
THE EFFECTS OF SHORT PHOTOPERIOD, BLINDING AND THE
PINEAL GLAND ON PROLACTIN IN THE SYRIAN HAMSTER

(STALK-MEDIAN, EMINENCE, DOPAMINE, HYPOTHALAMIC).

Item Type text; Dissertation-Reproduction (electronic)

Authors ORSTEAD, KEVIN MICHAEL.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:23:39

Link to Item http://hdl.handle.net/10150/187784

http://hdl.handle.net/10150/187784


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Custumer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
MicrOfilms 

International 
300 N. Zeeb Road 
Ann Arbor, MI48106 





8426603 

Orstead, Kevin Michael 

THE EFFECTS OF SHORT PHOTOPERIOD, BLINDING AND THE PINEAL 
GLAND ON PROLACTIN IN THE SYRIAN HAMSTER 

The University of Arizona 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 

PH.D. 1984 





PLEASE NOTE: 

In ali cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark __ ,1_ 

1. Glossy photographs or pages ~ 
2. Colored illustrations, paper or print __ 

3. Photographs with dark baCkgrOund-L 

4. Illustrations are poor copy __ 

S. Pages with black marks, not original copy __ 

6. Print shows through as there is text on both sides of page __ 

7. Indistinct, broken or small print on several pages __ 

B. Print exceeds margin requirements __ 

9. Tightly bound copy with print lost in spine __ 

10. Computer printout pages with indistinct print __ 

11. Page(s) _____ Iacking when material received, and not available from school or 
author. 

12. Page(s) _____ seem to be missing in numbering only as text follows. 

13. Two pages numbered __ 4_9 ___ . Text follows. 

14. Curling and wrinkled pages __ 

·is. Other ---------------------------------

University 
Microfilms 

International 





THE EFFECTS OF SHORT PHOTOPERIOD, BLINDING 

AND THE PINEAL GLAND ON PROLACTIN 

IN THE SYRIAN HAMSTER 

by 

Kevin Michael Orstead 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ANATOMY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 984 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Kevin Michael Orstead -----------------------------------------
entitled The Effects of Short Photoperiod, Blinding and the Pineal Gland 

on Prolactin in the Syrian Hamster 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

& /; #'/ 
Date 

Date 0/' /t2~ 

~ \ 1\ Q1S"4-
Date I 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation Director Date 



STATEMENT BY THE AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this dissertation are ja110wab1e without 
~pecia1 permission, provided that accurate acknow1edgnent of source is 
made. Requests for permission for extended quotation ,from or reproduc
tion of this manuscript in whole or in part may be granted by the head 
of the major department or the Dean of the Graduate cd1 lege when in his 
or her judgement the proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission must be ob
tained from the authnr. 



This dissertation ;s lovingly 

dedicated to 

Mom and Dad 

and my everloving wife 

Joanne 

iii 



ACKNOWLEDGMENTS 

I am deeply indebted to Dr. David E. Blask for his constant 

encouragement, moral support and guidance throughout my graduate educa

t i on. As my major professor, Da vi d has made the 1 ast two yoars of my 

tenure here extremely rewarding and memorable. His trust in me and 

knowledge of the scientific literature combined to create a rich labora

tory environment for learning. In his own way, David taught me what it 

takes to be a good scientist and the value of a probing scientific mind. 

Finally, I want to thank him for being such a good friend and humorist; 

I will dearly miss his quick wit. 

I would also like to thank the faculty and staff of the Depart

ment of Anatomy, University of Arizona, for their varied and numerous 

contributions to my graduate training. I particularly would like to 

single out Dr. Bryant Benson for his financial support during the past 

six years, and more importantly for giving me the opportunity to begin 

my graduate studies in his laboratory; for this I am deeply grateful. I 

would also like to express my sincere thanks to Dr. Christopher Leadem 

for teaching me the procedure for disc electrophoresis, and for allowing 

me to use his computer and word processor during the preparation of this 

dissertation. I would also like to thank Dr. Jay B. Angevine and Dr. 

Phi 11 ip H. Krutzsch for their friendship and contributions to my train

ing. 

iv 



v 

I am a 1 so gra tefu 1 to both Or. Richard L. Stouffer and Dr. 

Wi 1 ') i am H. Dantz 1 er for thei r ser vice on my commi ttee and input into 

this dissertation. 

Lastly, I wish to express my appreciation to several graduate 

students (past and present) of the Department of Anatomy for their 

f r i end s hip s : Dr. P a u 1 Fin dell, S t eve n H ill , J 0 h n I~ ass a and U r s u 1 a 

Hauser. 



TABLE OF CONTENTS 

Page 

. . . . xi LIST OF ILLUSTRATIONS 

LIST OF TABLES. 

ABSTRACT. • • • 

INTRODUCTION. • 

. . . . . . . .. .... . . • xvii 

. . . . 
Prolactin. • • • • • • •••• 

Act ions . . . . . . . . . . . . . . . . . . . . . . . 
Effects of Prolactin on the Male Reproductive System. 

Studies in the Rat • • • • . • . . • . • • . • . 
Studies in the Hamster ••.•••••••••••• 

Effects of Prolactin on the Female Reproductive System •. 
Studies in the Rat • . • • • . • • • • . • • • 
Studies in the Hamster • . • . • . • o. • • • • 

Physiological Changes in Prolactin Secretion •• 
Studies in the Rat • .• ••••• 
Studies in the Hamster • . • • • . • • 

Prolactin Cells. • • • • • • . •• • •••••••. 
Studies in the Rat • • . • • • • . • • • •• 
Studies in the Hamster • • • • • . • • • . • . . • • 

Hypothalamic Control of Prolactin Secretion ••..• 
Prolactin Inhibitory Factors (PIFs) and Dopamine .• 
Non-Dopaminergic PIFs •••••••..••••••• 
Hypothalamic Prolactin Releasing Factors (PRFs) ••• 
Other Hypothalamic Regulators of PRL Secretion. 
Studies in the Hamster • • • • • . . •. •.•. 

Feedback Regulation of Prolactin Secretion •• 
Gonadal Steroids and Prolactin •. 

Studies in the Rat • • ••• • • • • • . . . • • 
Studies in the Hamster • • • . • • . • • . . . 

The Pineal Gland • • • • • • . • • . 
General History • • . . • • • • • . • • 
The Pineal Gland and Reproduction •• 

Studies in the Rat • • . 
Studies in the Hamster 

Pineal-Prolactin Relationships •. 
Studies in the Rat. . . 
Studies in the Hamster •• 

vi 

. . . . . . . . 

. . 

xx 

1 

1 
1 
1 
1 
4 
9 

10 
13 
14 
14 
17 
20 
20 
23 
25 
25 
33 
34 
36 
37 
38 
42 
42 
47 

49 
49 
53 
53 
55 

64 
64 
67 



vii 

TABLE OF CONTENTS - -' Continued 

page 

STATEMENT OF THE PROBLEM AND SPECIFIC AIMS. • 73 

MATERIALS AND METHODS • • • • • • . . • • • • • . 75 

Experiment 1: The Time Course of the Changes in Prolactin 
Storage and Release Brought About by Short Photoperiod in 
Male Hamsters.. • . • . • . . • . . • . . . • • • . . • . .. 75 

Experiment 2: The Effects of Short Photoperiod on the Ki
netics of Prolactin Release In Vitro by Pituitaries from Male 
Hamsters • • • • • • • • . . • • • • • • . • • • • • . . • •• 76 

Experiment 3: The Time Course of the Changes in Prolactin 
Synthesis, Storage and Release Brought About by Short Photo
period in Male Hamsters. • . . • • • • • • • • • • • • • • •• 77 

Experiment 4: The Effects of Blinding, Pinealectomy and 
Sham-Pinealectomy Evaluated Individually and in Combination 
on Prolactin Synthesis, Storage and Release in Male Hamsters. 78 

Experiment 5: The Effects of Blinding, Pinealectomy and 
Sham-Pinealectomy Evaluated Individually and in Combination 
on Prolactin Synthesis, Storage and Release in Female 
Hamsters • • • • . . . • • • • . . • • • • • . . . . • . • .. 78 

Experiment 6a: The Time Course of Prolactin Synthesis, 
Storage and Release in Intact Female Hamsters •..•••••• 79 

Experiment 6b: The Effects of Blinding and Sham-Pineal
ectomy on the Time Course of Prolactin Synthesis, Storage and 
Release in Female Hamsters ••••••.••••••••.•• 81 

Experiment 6c: The Effects of Blinding and Pinealectomy on 
the Time Course of Prolactin Synthesis, Storage and Release 
in Fema 1 e Hamsters ••..•.••• 0 • • • • • • • • • • •• 82 

Experiment 7a: The Effects of Stalk-Median Eminence Ex
tracts from Intact Female Hamsters on Prolactin Synthesis, 
Storage and Release by Pituitaries from Intact Female 
Hamsters • • • . • • • •.• • • • • . • . • . • . • . . • • •. 82 

Experiment 7b: The Effects of Stalk-Median Eminence Ex
tracts from Blind/Sham-Pinealectomized Female Hamsters on 
Prolactin Synthesis, storage and Release by Pituitaries from 
I n t act F em ale H am s t e r s • . . • • • • • • • • • • • . • • • .• 8 7 



TABLE OF CONTENTS - - Continued 

Experiment 7c: The Effects of Stalk-Median Eminence Ex
tracts from Blind/Pinealectomized Female Hamsters on 
Prolactin Synthesis, Storage and Release by Pituitaries from 

viii 

page 

I n t act F em ale Ham s t e r s • • • . • • • • • • • • • • • • • • •. 87 

Experiment 8: The Effects of Dopamine on Prolactin Synthe-
sis, Storage and Re 1 ease in the Fema 1 e Hamster . • • • • • •• 88 

Experiment 9: The Effects of Pimozide on the Dopamine
Induced Inhibition of Prolactin Synthesis, Storage and 
Release in the Female Hamster. • • • • • . • • • • • • . • •• 88 

ExperimentlO: The Effects of Pimozide on the Inhibition of 
Prolactin Synthesis, Storage and Release Induced by Stalk
Median Eminence Extracts in Female Hamsters ••••.••••• 89 

Statistical Analyses of Data 

RESULTS •••••.••• . . 
Experiment 1: The Time Course of the Changes in Prolactin 
Storage and Release Brought About by Short Photoperiod in 

90 

91 

Male Hamsters. • • . . • • . • • • • • • • • • . • . . • . •. 91 

Experiment 2: The Effects of Short Photoperiod on the Ki
netics of Prolactin Release In Vitro by Pituitaries from Male 
Hamsters • . • • • . • • • • • • • • • • • • • • . • • • • •. 95 

Experiment 3: The Time Course of the Changes in prol actin 
Synthesis, Storage and Release Brought About by Short Photo
period in Male Hamsters •••••••••••••••••••• 100 

Experiment 4: The Effects of Blinding, Pinealectomy and 
Sham-Pinealectomy Evaluated Individually and in Combination 
on Prolactin Synthesis, Storage and Release in Male Hamsters. 112 

Experiment 5: The Effects of Blinding, Pinealectomy and 
Sham-Pinealectomy Evaluated Individually and in Combination 
on Pro 1 act in Synthes is, Storage and Re 1 ease in Fema 1 e 
Hamsters • • • • . • • . • • • • • • • • • • • • • • • . . . . 120 

Experiment 6a: The Time Course of Prolactin Synthesis, 
Storage and Re 1 ease in Intact Fema 1 e Hamsters. • • • • • • •• 130 



ix 

TABLE OF CONTENTS - - Continued 

page 

Experiment 6b: The Effects of B1 inding and Sham-Pinea 1-
ectomy on the Time Course of Prolactin Synthesis, Storage and 
Release in Female Hamsters •.•.•••••••••••.•. 136 

Experiment 6c: The Effects of Blinding and Pinea1ectomy on 
the Time Course of Prolactin Synthesis, Storage and Release 
in Fema 1 e Hamsters. • • • • • • • • • • • • • . • • • • • •. 141 

Experiments 6a vs. 6b vs. 6c: Comparison of the Effects of 
Blinding and Sham-Pinea1ectomy with that of Blinding and 
Pinealectomy on the Time Course of Prolactin Synthesis, Stor-
age and Re 1 ease in the Fema 1 e Hamster. • . • • • • • . • • •• 147 

Experiment 7a: The Effects of Stalk-Median Eminence Ex
tracts from Intact Female Hamsters on Prolactin Synthesis, 
Storage and Release by Pituitaries from Intact Female 
Hamsters • • • • • • • . • • . . • . • • • • • • • • • • • •• 164 

Experiment 7b: The Effects of Stalk-Median Eminence Ex
tracts from B1ind/Sham-Pinea1ectomized Female Hamsters on 
Prolactin Synthesis, Storage and Release by Pituitaries from 
Intact Female Hamsters •••••••••••••••••.•• 170 

Experiment 7c: The Effects of Stalk-Median Eminence Ex
tracts from B1ind/Pinea1ectomized Female Hamsters on 
Prolactin Synthesis, Storage and Release by Pituitaries from 
Intact Female Hamsters .••••.•.•.•.••...... 174 

Experiment 7a vs. 7b vs. 7c: Comparison of the Effects of 
Stalk-Median Eminence Extracts from Intact, B1ind/Sham
Pinea1ectomized and B1ind/Pinea1ectomized Female Hamsters on 
Prolactin Synthesis, Storage and Release by Pituitaries from 
Intact Female Hamsters ••••.•••••.•••.••••• 178 

Experiment 8: The Effects of Dopamine on Prolactin Synthe-
sis, Storage and Release in the Female Hamster •••••••• 184 

Experiment 9: The Effects of Pimozide on the Dopamine
Induced Inhibition of Prolactin Synthesis, Storage and 
Release in the Female Hamster •••••••••••.•.••. 188 

ExperimentlO: The Effects of Pimozide on the Inhibition of 
Prolactin Synthesis, Storage and Release Induced by Sta1k
Median Eminence Extracts in Fema 1 e Hamsters. . . • . . • • .• 193 



x 

TABLE OF CONTENTS - - Continued 

page 

DISCUSSION. • • • • . • . . . . . . . . . . . . . . . . . . . . . . 196 

Inhibitory Effects of the Pineal on the Reproductive Systern.. 196 

Effects of the Pineal on the Anterior Pituitary Gland. 199 

The Effects of the Pineal on PRL Levels In Vivo •. 

The Effects of the Pineal on PRL Levels In Vitro 

203 

209 

Effects of the Pineal on Stalk-Median Eminence PIF Activity. • 227 

The Effects of Dopamine on PRL Levels In Vitro. 251 

CONCLUSIONS • 

SUMMARY • • • 

APPENDIX A: HETEROLOGOUS PROLACTIN RADIOIMMUNOASSAY •• 

APPENDIX B: 3H-PROLACTIN ASSAY • • • • • • • • • 

APPENDIX C: INCORPORATION CURVE FOR 3H-LEUCINE . 

APPENDIX D: HOMOLOGOUS PROLACTIN RADIOIMMUNOASSAY. 

APPENDIX E: DNA ASSAY •••• . . . . . ~ . . . . 
APPENDIX F: ABBREVIATIONS.. • 

REFERENCES. 

. . . . 
. . . 

. 

. 

259 

262 

265 

270 

285 

286 

291 

293 

298 



LIST OF ILLUSTRATIONS 

Figure . page 

1. Inferior surface of the hamster brain. • • • • • • . • • • •. 86 

2. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum and pituitaries from male hamsters maintained 
in a short photoperiod (L:O 10:14) for either 0, 3, 6, 9 or 
12 weeks • • • • • • • • • • • • • • . . • • • • • . • • • •• 94 

3. The mean amounts of immunoassayable PRL-like activity (RIA-
PRLa) in serum and pituitaries from seven week old male 
hamsters maintained in either a long (L:O 14:10) or short 
photoperiod (L:O 10:14) for 12 'weeks. • • • • . • . • • • •• 98 

4. Total mean amounts of immunoassayable PRL-like activity (RIA
PRLa released into the media following 30, 60, 90 or 120 
minutes of incubation of anterior pituitaries from seven week 
old male hamsters maintained in either L:D 14:10 or 1:0 10:14 
for 12 weeks • • • • • • • • • • • • • • • • • • • • • • • •• 99 

5. Testicular weights of seven week old male hamsters maintained 
in L:D 14:10 or L:O 10:14 for either 0, three, six, nine, 12 
or 15 weeks. . . . . . . . . . . . . . . . . . . . . . . 105 

6. Seminal vesicle weights of seven week old male hamsters ex
posed to L:O 14:10 or L:O 10:14 for either 0, three, six, 
nine, 12 or 15 weeks • • • • • • • • • • • • • • • • • • 106 

7. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa in serum of seven week old male hamsters maintained in 
L:D 14:10 or L:O 10:14 for either 0, three, six, nine, 12 or 
15 weeks • • • • • • • • • • • • • •.. • • • • • • • • • . •• 107 

8. The mean total (medium + pituitaries) amounts of immuno
assayable PRL-like activity (RIA-PRLa) contained in vials 
following five hours of incubation of anterior pituitaries 
from seven week old male hamsters maintained in L:O 14:10 or 
L:O 10:14 for either 0, three, six, nine, 12 or 15 weeks. •• 108 

9. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum of seven week old male hamsters maintained in 
L:O 14:10 for eight weeks after treatment. • • • • • . . • • • 116 

xi 



LIST OF ILLUSTRATIONS - - Continued 

Figure 

10. The mean total, pituitary and media amounts of immunoassay
able PRL-like activity (RIA-PRLa) contained in vials 
following five hours of incubation of anterior pituitaries 
from seven week old male h~msters maintained in L:D 14:10 for 

xii 

page 

eight weeks after treatment. • • • • • • • • • • • • • • • •• 117 

11. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum of seven week old female hamsters maintained 
in L:D 14:10 for 12 weeks after treatment. • • • • • • • • •• 126 

12. The mean total, pituitary and media amounts of immunoassay
able PRL-like activity (RIA-PRLa) contained in vials 
following two hours of incubation of anterior pituitaries 
from seven week old female hamsters that were maintained in 
L:D 14:10 for 12 weeks after treatment • • • • • • • • • • •• 127 

13. The mean
3
total, pituitary and media amounts of newly-synthe

sized (H-) PRL contained in vials following two hours of 
incubation of anterior pituitaries from seven week old female 
hamsters that were maintained in L:D 14:10 for 12 weeks after 
treatment. . . . . . . • . . . . . . . • . . . . . . . . . .. 128 

14. The mean total, pituitary and media amounts of immunoreactive 
PRL (RIA-PRL) contained in vials following either 30, 60, 90, 
120, 180 or 240 minutes of incubation of anterior pituitaries 
from seven week old intact female hamsters maintained in L:D 
14:10 for 12 weeks • • • • • • • • • • • • • • • • • • • • • . 133 

15. The mean
3
total, pituitary and media amounts of newly-synthe

sized (H-) PRL contained in vials following either 30, 60, 
90, 120, 180 or 240 minutes of incubation of anterior pitui
taries from seven week old intact female hamsters maintained 
in L:D 14:10 for 12 weeks. • • • . • • • • • • • . . . . • •• 134 

16. The percent release of RIA-PRL and 3H- PRL following either 
30, 60, 90, 120, 180 or 240 minutes of incubation of anterior 
pituitaries from seven week old intact female hamsters main
tained in L:D 14:10 for 12 weeks • • • • • • • • • • • • • • • 135 

17. The mean total, pituitary and media amounts of immunoreactive 
PRL (RIA-PRL) contained in vials following either 30, 60, 90, 
120, 180 or 240 minutes of incubation of anterior pituitaries 
from seven week old blind/sham-pinealectomized female 
hamsters • • • • • • • • • . • • • • • • • • . • • • • • • •• 138 



LIST OF ILLUSTRATIONS - - Continued 

Figure 

18. The mean
3
total, pituitary and media amounts of newly-synthe

sized (H-) PRL contained in vials following either 30, 60, 
90, 120, 180 or 240 minutes of incubation of anterior pitui
taries from seven week old blind-sham/pinealectomized female 

xiii 

page 

hamsters . . . . . . . . . . . . . . . . . . . . . . . . . .. 139 

19. The percent release of RIA-PRL and 3H-PRL following either 
30, 60, 90, 120, 180 or 240 minutes of incubation of anterior 
pituitaries from seven week old blind/sham-pinealectomized 
female hamsters. • • • • • • • • • • • • • • • • • • • • • •• 140 

20. 

21. 

The mean total, pituitary and media amounts of immunoreactive 
PRL (RIA-PRL) contained in vials following either 30, 60, 90, 
120, 180 or 240 minutes of incubation of anterior pituitaries 
from seven week old blind/pinealectomized female hamsters ••• 

The mean total, pituitary and media amounts of newly-synthe
sized (3H-) PRL contain-eG ·in vials following either 30, 60, 
90, 120, 180 or 240 'minutes of incubation of anterior pitui
taries from seven week old blind/pinealectomized female 
hamsters . . . . . . . . . . . . . . . . . . . . . . . . . . . 

144 

145 

22. The percent release of RIA-PRL and newly-synthesized (3H-) 
PRL following either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old 
blind/pinealectomized female hamsters. • • . . • • • • • • • • 146 

23. The mean amounts of immunoassayable PRL (RIA-PRL) in serum of 
seven week old intact, blind/sham-pinealectomized and 
blind/pinealectomized female hamsters. • • • • • • • • • • •• 153 

24. The mean total amounts (medium + pituitaries) of immuno
reactive PRL (RIA-PRL) contained in vials following either 
30, 60, 90, 120, 180 or 240 minutes of incubation of anterior 
pituitaries from seven week old intact, blind/sham-pineal
ectomized and blind/pinealectomized female hamsters. • • • . • 154 

25. The mean pituitary amounts of immunoassayable PRL (RIA-PRL) 
following either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old in
tact, blind/sham-pinealectomized and blind/pinealectomized 
female hamsters •••••••••••••••••••••.•• 155 



LIST OF ILLUSTRATIONS - - Continued 

Figure 

26. The mean amounts of irrununoreactive PRL (RIA-PRL) released 
into the media following either 30, 60, 90, 120, 180 or 240 
minutes of incubation of anterior pituitaries from seven week 

xiv 

page 

old intact, blind/sham-pinealectomized and blind/pineal
ectomized female hamsters. • • • • • • • • • • • • • • • • •• 156 

27. The mean to~al amounts (medium + pituitaries) of newly
synthesized ( H-) PRL contained in vials following either 30, 
60, 90, 120, 180 or 240 minutes of incubation of anterior 
pituitaries from intact, blind/sham-pinealectomized and 
blind/pinealectomized female hamsters. • • • • . . • • • • . • 157 

28. The mean pituitary amounts of newly-synthesized (3H-) PRL 
follwing either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from intact, blind/sham
pinealectomized and blind/pinealectomized female hamsters. • • 158 

29. The mean amounts of newly-synthesized (3H-) PRL released into 
the media following either 30, 60, 90, 120, 180 or 240 min
utes of incubation of anterior pituitaries from intact, 
blind/sham-pinealectomized and blind/pinealectomized female 
hamsters . . . . . . . . . . . . . . . . . . . . . . . . . .. 159 

30. The percent release of imnunoreactive PRL (RIA-PRL) following 
either 30, 60, 90, 120, 180 or 240 minutes of incubation of 
anterior pituitaries from intact, blind/sham-pinealectomized 
and blind/pinealectomized female hamsters •••.••••••• 160 

31. The percent release of newly-synthesized (3H-) PRL following 
either 30, 60, 90, 120, 180 or 240 minutes of incubation of 
anterior pituitaries from intact, blind/sham-pinealectomized 
and blind/pinealectomized female hamsters ••••••••••• 161 

32. The mean total, pituitary and media amounts of immunoreactive 
PRL (RIA-PRL) contained in vials following incubation of 
anterior pituitaries from seven week old. Stalk-median emi-
nence (SME) extracts from intact female hamsters were added 
to vials after a 60 minute preincubation in one ml KRB at 
concentrations of either 0, 0.5, 1.0, 2.0 or 4.0 Equivalents 
(Eq)/ml of medium. • • • • • • • • • • • • • • • • • • . • •• 166 



LIST OF ILLUSTRATIONS - - Continued 

Figure 

33. The mean
3
total, pituitary and media amounts of newly-synthe

sized (H-) PRL contained in vials following incubation of 
anterior pituitaries from seven week old female hamsters. 
Stalk-median eninence (SME) extracts from intact female ham
sters were added to vials after a 60 minute preincubation in 
one ml KRB at concentrations of either 0, 0.5, 1.0, 2.0 or 

xv 

page 

4.0 Equivalents (Eq)/ml of medium. • • • • • • • • • • • • •• 167 

34. The mean total, pituitary and media amounts of immuno
assayable PRL (RIA-PRL) contained in vials following 
incubation of anterior pituita~ies from seven week old female 
hamsters. Stalk-median emlnence (SME) extracts from 
blind/sham-pinealectomized female hamsters were added to 
vials after a 60 minute preincubation in one ml KRB at con
centrations of either 0, 0.5, 1.0, 2.0 or 4.0 Equivalents 
(Eq)/ml of medium. • • • • • • • • • • • • • • • • . • • • •• 172 

35. The mean
3
total, pituitary and media amounts of newly-synthe-

sized (H-) PRL contained in vials following incubation of 
anterior pituitaries from seven week old female hamsters. 
Stalk-median eminence (SME) extracts from blind/sham-pineal
ectomized female hamsters were added to vials after a 60 
minute preincubation in one ml KRB at concentrations of 
either 0, 0.5, 1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. 173 

36. The mean total, pituitary and media amounts of immunoreactive 
PRL (RIA-PRL) contained in vials following incubation of 
anterior pituitaries from seven week old female hamsters. 
Stalk-median eminence (SME) extracts from blind/pineal
ectomized female hamsters were added to vials after a 60 
minute preincubation in one ml KRB at concentrations of 
either 0, 0.5, 1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. 176 

37. The mean
3
total, pituitary and media amounts of newly-synthe-

sized (H-) PRL contained in vials following incubation of 
anterior pituitaries from seven week old female hamsters. 
Stalk-median eminence (SME) extracts from blind/pineal
ectomized female hamsters were added to vials after a 60 
minute preincubation in one ml KRB at concentrations of 
either 0, 0.5, 1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. 177 

38. Schematic diagram of the possible ways in which blinding and 
the pineal gland may influence hypothalamic hypophysiotrophic 
factor activities in the female hamster. • • • • • • • • • . • 250 



LIST OF ILLUSTRATIONS - - Continued 

Figure 

39. Polyacrylamide disc gels showing the protein bands seen after 
electrophoresis of either 25 pg of standard rat PRL, five pg 
of standard hamster PRL, or electrophoresis of 200 pl of 
medium or 200 pl or pituitary homogenate obtained from in 
vitro incubation of three female hamster hemipituitaries fro 

xvi 

page 

two hours. . . . . . . . . . . . . . . . . . . . . . . . . . . 278 

40. The total amount of tritium in five mm polyacrylamide gel 
segments after electrophoresis of 200 pl of pituitary homog-
enate obtained from in vitro incubation of three female 
hamster hemipituitaries for two hours. • • • • • • • • • • • • 279 

41. The total amount of tritium in five mm polyacrylamide gel 
segments after electrophoresis of 200 pl of medium obtained 
from in vitro incubation of three female hamster hemipitui
taries for two hours • • • • • • • • • • • • • • • • • • . • • 280 

42. The total amount of radioimmunoassayable PRL (RIA-PRL) in 
eluents of five mm polyacrylamide gel segments after electro
phoresis of five pg of standard hamster PRL. • • • • • • • • • 281 

43. The total amount of radioimmunoassayable PRL (RIA-PRL) in 
eluents of five mm polyacrylamide gel segments after electro
phoresis of 200 pl of pituitary homogenate obtained from in 
vitro incubation of three female hamster hemipituitaries for 
two hours. . . . . . . . . . . . . . . . . . . . . . . . . .. 282 

44. The total amount of radioimmunoassayable PRL (RIA-PRL) in 
eluents of five mm polyacrylamide gel segments after electro
phoresis of 200 pl of medium obtained frrnn in vitro 
incubation of three female hamster hemipituitaries for two 
hours. • • • • • • • • • • • • • • • • • • • • • • . • • • • • 283 

45. The mean
3
total, pituitary and media amounts of newly-synthe-

sized (H-) PRL contained in incubation vials following in 
vitro incuba~ion of anterior pituitaries from intact. fem~le 
hamsters. Elther 0, 0.5, 1.25, 2.5, 5.0 or 10.0 Cl or H
leucine was added to vials containing one ml KRB • . . • . • • 285 

46. Representative standard curve for the homologous hamster PRL 
radioimmunoassay • • • • • • . • . • • • • . • • • • • • . -. . 290 



LIST OF TABLES 

Table page 

1. The time course of the changes in mean body, testicular and 
seminal vesicle weights of seven week old male hamsters 
maintained in a short photoperiod (L:D 10:14) for either 0, 
three, six, nine or 12 weeks • • • • • • • • • • • • • • • •• 93 

2. Mean body, testicular and seminal vesicle weig~ts of seven 
week old male hamsters maintained in a long (L:D 14:10) or 
short photoperiod (L:D 10:14) for 12 weeks .•. " • • • • •• 97 

, 

3. Mean body weights of seven week old male hamster~ maintained 
in long (L:D 14:10) or short photoperiod (L:D .110:14) for 
either 0, three, six, nine, 12 or 15 weeks • • • • • • • • •• 104 

4. The effects of exposure of seven week old male Ihamsters to 
long (L:D 14:10) or short photoperiod (L:D 10:14) for either 
0, three, six, nine, 12 or 15 weeks on the t~tal amounts 
(medium + pituitaries) of newly-synthesized (~-) PRL in 
vitro ...................... I. . . . . . . 109 

5. The effects of exposure of seven week old male hamsters to a 
short photoperiod (L:D 10:14) for 12 weeks on t~tal, pitui
tary and media amounts of newly-synthesized (H-) PRL in 
vitro. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 110 

6. Mean in vitro pituitary weights of seven week old male ham
sters maintained in long (L:D 14:10) or short photoperiod 
(L:D 10:14) for either 0, three, six, nine, 12 or 15 weeks.. 111 

7. The effects of blinding (Blind), pinealectomy (Pinx), blind-
ing and pinealectomy (Blind/Pinx) and sham operations on mean 
testicular and seminal vesicle weights of seven week old male 
hamsters eight weeks after treatment • • • • • • • • • . • • • 115 

8. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectomy (Blind/Pinx) and sham operations on the 
t~tal amo~nts. (medium + pituitaries) of newly-synthesized 
( H-) PRL ln vltro • • • • • • • • • • • • • • • • • • • • 118 

9. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectomy (Blind/Pinx) and sham operations on mean 
body and in vitro anterior pituitary weights of seven week 
old male hamsters eight weeks after treatment. • • • • • • . • 119 

xvi i 



LIST OF TABLES - - Continued 

Table 

10. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectomy (Blind/Pinx) and sham operations on mean 
ovarian and uterine weights of seven week old female hamsters 

xviii 

page 

12 weeks after treatment • • • . • • • • • • • • . • • . • •• 125 

11. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectorny (Blind/Pinx) and sham operations on mean 
body and in vitro anterior pituitary weights of seven week 
old female hamsters 12 weeks after treatment • • • • • • • •• 129 

12. The effects of blinding and sham-pinealectomy (Blind/Sham) 
and blindi~g and pinealectomy (Blind/Pinx) on total protein 
synthesis ( H-protein) in vitro and on the specific activity 
(dpm/~g PRL) in pituitaries of seven week old female hamsters 
12 weeks after treatment • • • • • • • • • • • • • • • • • •• 162 

13. The effects of blinding and sham-pinealectomy (Blind/Sham) 
and blinding and pinealectomy (Blind/Pinx) on in vitro pitui-
tary weight and pituitary DNA content of seven week old 
female hamsters 12 weeks after treatment • • • • • • • • • •• 163 

14. The effects of cerebral cortical (CC) extract on total, 
pituitary and media amounts of immunoassayable PRL (RIA-PRL) 
in vitro • • • . • • • • • • • • • • • • • • • • • • • • • .• 168 

15. The effects of cerebral cortical (CC) extract on total, 
pituitary and media amounts of newly-synthesized (3H-) PRL in 
vitro. • • • • • • • • • • • • • • • • • • • • . • • • • 169 

16. Comparison of the effects of either 2.0 or 4.0 Equivalents 
(Eq)/ml of stalk-median eminence (SME) extracts from intact, 
blind/sham-pinealectomized (Blind/Sham) and blind/pinealecto
mized (Blind/Pinx) female hamsters on the percent inhibition 
of total PRL synthesis in vitro. • • • . • • • . • . . . . •. 181 

17. Comparison of the effects of either 2.0 or 4.0 Equivalents 
(Eq)/ml of stalk-median eminence (SME) extracts from intact, 
blind/sham-pinealectomized (Blind/Sham) and blind/pinealecto
~ize~ ~Blind/Pinx) fem~le ham~ter~ on the percent reduction 
1n p1tu1tary values of H-PRL 1n v1tro • . • • • • • • . • 182 



xix 

LIST OF TABLES - - Continued 

Table page 

18. Comparison of the effects of either 2.0 or 4.0 Equivalents 
(Eq) /ml of stalk-median eminence (S~1E) extracts from intact, 
blind/sham-pinealectomized (Blind/Sham) and blind/pinealecto
mized (Blind/Pinx) female hamsters on

3
the percent inhibition 

of the release of newly-synthesized ( H-) PRL in vitro. • 183 

19. The effects of dopamine (OA) in vitro on the inhibition of 
total, pituitary and media amounts of immunoassayable PRL 
(RIA-PRL) by pituitaries from seven week old female hamsters. 186 

20. The effects of dopamine (OA) in vitro on the inhibition of 
total, pituitary and media amounts of newly-synthesized (3 H-) 
PRL by pituitaries from seven week old female hamsters •••• 

21. The effects of pimozide on the dopamine (OA) -induced inhibi
tion of total, pituitary and media levels of immunoreactive 
PRL (RIA-PRL) by pituitaries from seven week old female 

187 

hamsters . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

22. The effects of pimozide on the dopamine (OA) -induced 
inhibition of

3
total, pituitary and media amounts of newly

synthesized (H-) PRL by pituitaries from seven week old 
female hamsters. • • • • • • • • • • • • • • • • • • • • • . • 192 

23. The effects of pimozide on the inhibition of total, pituitary 
and media levels of immunoassayable PRL (RIA-PRL) induced by 
stalk-median eminence (SME) extracts from intact female ham-
sters by pituitaries from seven week old female hamsters • • • 194 

24. The effects of pimozide on the inhibitio~ of total, pituitary 
and media values of newly-synthesized ( H-) PRL induced by 
stalk-median eminence (SME) extracts from intact female ham-
sters by pituitaries from seven week old female hamsters • .• 195 



ABSTRACT 

The physiological effects of the pineal gland on the prolactin 

cells of the adenohypophysis were examined in short photoperiod-exposed 

male hamsters, as well as in blinded male and female hamsters. 

Pituitary storage of prolactin was assessed by monitoring radioimmuno

assayable prolactin levels in the pituitaries in vivo and the total 

amount of immunoreactive prolactin in vitro. The effects of the pineal 

on prolactin secretion were estimated by measuring immunoassayable pro

lactin titers in the serum. Prolactin synthesis was measured by the 

ability of anterior pituitaries to incorporate 3H-l euc ine into prolacin 

in vitro. Finally, the effects of blinding and the activated pineal on 

hypothalamic hypophysiotrophic activity was assessed by incubating 

pituitaries in the presence of neutralized, acidic extratts of the 

stalk-median eminence (SME) region of the mediobasal hypothalamus. 

In the male hamster, the pineal gland inhibits PRL cell function 

which encompasses reductions in the synthesis, storage and release of 

prolactin. The depressions in prolactin release and in pituitary stor

age are evident as early as three weeks after males are deprived of 

light. However, the inhibitory influence of the pineal on prolactin 

synthes ismay be on 1 y part i a 11 y apparent by ei ght to nine weeks after 

male hamsters are deprived of light, and is not fully evident until 12 

weeks of light restriction. 

In the b 1 i nded fema 1 e hamster, the synthes is, storage and re

lease of prolactin are also markedly suppressed. Hawver, all aspects of 

xx 



xxi 

prolactin cell innibition in the female may not be pineal-mediated. 

Furthermore, it appears that there may be some direct hypothalamic 

mechanism by which orbital enucleation inhibits prolactin cell function 

that is independent of the pineal gland. Based on the data presented in 

this dissertation, it is concluded that the SME region of the, female 

hamster contains inhibitory activity which may be specifically respon

sible for the inhibition of prolactin synthesis. Furthermore, blinding 

and the pineal gland may independently exert rather specific influences 

upon hypophysiotrophic activity within the SME region of the female 

hamster. 



INTRODUCTION 

Prolactin 

Actions 

Evidence for the existence of the anterior pituitary hormone 

prolactin (PRL) was first obtained more than 50 years ago when its 

lactogenic action was discovered by Stricker and Greunter [1]. Since 

then, PRL has Qeen shown to have more than 80 different actions in a 

number of diverse biological systems [2]. The various regulatory roles 

of the hormone among the vertebrates ha ve been grouped by Ni co 11 and 

Bern [2] into six general kinds of physiological processes: osmoregula

tion, growth and development, metabolism, reproductive functions, 

integumenta~y (ectodermal) actions, and actions that are synergistic 

with or antagonistic to the effects of steroids. Whether there is a 

common primary mechanism whereby PRL exerts its multifunctional effects 

is not known. In fact, the mechanism by which anyone of the many 

actions of PRL is carried out is not completely understood. 

Effects of Prolactin on the Male Reproductive System 

Studies in the Rat. A wealth of evidence has accumulated to 

suggest that PRL may be directly involved in the regulation of male 

reproductive function under various physiological conditions. The dis

covery of PRL binding sites (receptors) in the testis, prostate gland 

and seminal vesicle of the rat [3,4] has fostered the bel ief that PRL 

itself may in some way directly regulate the function of these tissues. 

1 
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In the testis, radiolabeled PRL has been reported to bind specifically 

to the interstitial cells of Leydig [5,6]. 

Prolactin, by itself, has been shown to promote the growth of 

the testes. Transplantation of PRL-secreting pituitary homografts be

neath the kidney capsule induces testicular growth in both adult 

hypophysectomized (HYPOX) and immature HYPOX rats [7,8]. In contrast, 

other studies in HYPOX rats have demonstrated that while PRL was inef

fective by itself, it enhanced the ability of either luteinizing hormone 

(LH) or follicle-stimulating hormone (FSH) to maintain testicular 

weights, and to stimulate testicular steroidogenesis and spermatogenesis 

[9-11]. The latter findings support the contention that PRL may act 

synergistically with the gonadotrophins at the level of the testis. 

The results of many studies suggest that the number of LH recep

tors in the rat testis are altered by changes in circulating PRL titers. 

It has been shown that treatment of animals with exogenous PRL may 

increase the number of testicular LH receptors in intact [12], and in 

immature and adult HYPOX rats [11,13]. These observations suggest that 

PRL may be responsible, at least in part, for the increase in testicular 

responsiveness to LH, and thus testosterone (TST) output. Prolactin is 

presumed to sustain testicular sensitivity to circulating levels of LH 

by maintaining the number of LH receptors without an alteration of 

receptor affinity [14,15]. 

A number of studjes have confirmed that PRL may potentiate the 

action of LH on test.icular steroidogenesis. Treatment of intact rats 

with PRL increases the steroidogenic response of Leydig cells to LH in 

vitro [14], suggesting that PRL may playa role in maintaining the 
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functional integrity of Leydig cells. Although the administration of 

PRL alone to HYPOX rats had no detectable effect on testicular steroido

genes i sin vitro, the synthes i s of TST was increased in those an ima 1 s 

injected with LH, and further increased by combined treatment with PRL 

pl us LH [16,17]. These observations suggest that PRL may augment the 

stimulatory effect of LH on TST production. In contrast, however, it 

was more recently demonstrated that PRL may indeed directly stimulate 

steroidogenesis by testicular tissue in vitro [18]. 

The role of PRL in maintaining its own testicular receptors is 

not clearly understood. Whereas short-term treatment (two to seven 

days) of either immature or mature rats with PRL reduces the concentra

tion (PRL binding/mg protein) and total content (PRL binding/testes) of 

testicul ar PRL receptors [15,18], prolonged treatment (fi ve weeks) with 

PRL may increase the binding of PRL to the testis [19]. 

According to Negro-Vilar [20], the stimulatory effects of PRL on 

accessory sex organs may be explained by at least three mechanisms, none 

of which are mutually exclusive: PRL might promote growth 1) by acting 

directly upon the accessory sex glands; 2) by synergizing with circu

lating androgens; and/or 3) by increasing the output of androgens from 

the testis and/or adrenal glands. 

Both in vivo and in vitro studies indicate that PRL may act 

independently to stimulate growth of the accessory sex glands. It has 

been shown that either placement of pituitary homografts beneath the 

renal capsule, or treatment with exogenous PRL, can increase seminal 

vesicl e and prostate weights in HYPOX, castrated' or castrate-adrena 1-

ectomized rats [7,8,21]. These observations, particularly those in 
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castrate-adrenalectomized animals, suggest that PRL itself may promote 

the growth of the sex accessories in the absence of any possible source 

of androgens. 

However, the foregoing evidence does not preclude the possibili

ty that PRL itself may either increase androgen production by the 

testis, or that PRL and androgens may act synergistically to promote the 

growth of the accessory sex glands. Morphological studies clearly 

substantiate a synergism between PRL and androgens to enhance eell 

height, cellular proliferation and apocrine secretion of the prostatic 

epithelium [22,23]. Also, in either castrated or HYPOX rats, PRL may 

potentiate the effect of exogenous TST in stimulating the growth of 

accessory sex organs [8,24]. Furthermore, PRL binding to specific 

membrane receptors of the sex accessories may also increase the binding 

of androgens [24,25]. Conversely, TST may augment the binding of PRL to 

its receptors on the accessory sex organs [26,27]. 

Studies in the Hamster. It now appears that PRL may al so pl ay 

an important role in mediating reproductive organ function in the golden 

Syrian hamster. In contrast to studies performed in the rat, however, 

it is evident that studies in the hamster have been directed toward 

defining a functional role for PRL in pineal-mediated gonadal involu

tion. 

As early as 1971, Czyba et ale [28] demonstrated that chronic 

treatment of hibernating ma 1 e hamsters with sul piride, a dopamine (DA) 

receptor antagonist (and thus a potent stimulator of PRL release), 

completely reversed the seasonal involution of the testes and saninal 

vesicles. A great majority of the succeeding studies regarding the role 
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of PRL in regulating testicular function in this species have been 

conducted by Bartke et a1. [29]. They showed that dai 1y injections of 

PRL for 2.5 weeks partially reversed the short photoperiod-induced 

reductions in reproductive organ weights and completely restored the 

depressed plasma levels of TST. These observations, coupled with the 

previously reported ability of PRL to augment testicular production of 

TST in rats, led them to suggest that PRL may be involved in regulating 

gonadal steroidogenesis in the hamster. Subsequent investigations have 

further substantiated the role for PRL in testicular regulation in 

hamsters. Matthews et a1. [30] reported that daily injections of exoge

nous PRL partially prevented gonadal and accessory sex gland atrophy 

induced by bl inding. Simi 1 arly, the imp1 antation of pituitary homo

grafts may partially maintain reproductive organ weights in hamsters 

that are either blinded [30,31] or exposed to a short photoperiod [32-

34]. Moreover, the transplantation of pituitary grafts into short 

photoperiod-exposed [32,35,36] or blinded hamsters [36] may either par

tially or completely reverse pineal-induced reproductive organ 

regression. It is evident from the foregoing studies that there is no 

consistent correlation between the number of ectopic pituitary grafts 

implanted and the degree to which pineal-induced gonadal involution is 

either prevented or reversed. Furthermore, daily PRL injections may 

partially reverse testicular regression induced by short photoperiod 

exposure [37]. 

Other lines of evidence also suggest a possible gonadal-regula

tory role for PRL in this species. It has been shown that suppression 
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of endogenous PRL levels by administration of bromoergocryptine (CB-

154), a DA receptor agonist, may slightly decrease the weights of the 

testes and adnexa [37]. Ad~itionally, CB-154 can retard the spontaneous 

regeneration of the reproductive system when gonadally-regressed ham

sters are returned to a stimulatory (long) photoperiod [38]. 

Other investigations further point to the importance of PRL in 

promoting testicular growth in this species. It has been reported that 

daily treatment of light-deprived hamsters with either LH, FSH, or LH 

plus FSH failed to stimulate the growth and function of atrophic gonads 

[29,37,39]. Similarly, daily injections of synthetic luteinizing 

hormone-releasing hormone (LHRH), which in both male and female hamsters 

stimulate the release of LH [40,41] but not PRL [41,42], failed to 

stimulate the growth of the reproductive organs in light-deprived ham

sters [31,42]. However, Chen and Reiter [31] showed that twice-daily 

injections of LHRH into blinded hamsters also bearing two renal pitui

tary transplants completely prevented testicular and accessory sex gland 

involution, suggesting that LH, FSH and PRL may act synergistically to 

restore normal reproductive organ function in light-deprived hamsters. 

Similar to observations in the rat, several studies in the 

hamster indicate that the PRL-induced stimulation of testicular function 

is mediated by an increased binding of LH to the testis. While daily 

injections of LH plus FSH into gonadal ly-regressed hamsters had no 

detectable effect on the binding of radio labeled LH to its testicular 

receptors [39], treatment of the animals with either exogenous PRL or 

ectopic pituitary transplants increased the number of LH receptors 

[37,39]. Interestingly, the injection of PRL into gonadally-regressed 
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hamsters during the light (0900 hours), but not the dark phase (1600 

hours) of the short photoperiod increased testicular weights and the 

number of LH binding sites [37]. The reasons for this diurnal rhythm in 

gonadal sensitivity to PRL, however, are not clearly understood. 

Decreases in LH receptors have been reported to precede any 

changes in gonadal weights of hamsters transferred to a short photo

period [43,44]. Furthermore, the presence of PRL-secreting pituitary 

grafts may prevent this decline [32]. 

Until very recently, it was difficult to conclude whether the 

effects of PRL on the hamster testis were direct or pituitary-mediated. 

Pre'vious studies had shown that circulating titers of FSH were consis

tently elevated in hamsters either bearing ectopic pituitary transplants 

[45-47] or injected with exogenous PRL [37]. It cannot be stated with 

certainty that pituitary grafts do not secrete gonadotrophins, but it 

has been demonstrated that the presence of such grafts may stimulate the 

synthesis and release of FSH by the host's own pituitary [46]. These 

observations suggest that the effects of PRL on the testes in this 

species are mediated, at least in part, by a PRL-induced stimulation of 

FSH secretion from the in situ pituitary. Therefore, it seems 1 ikely 

that the effects of the pi tu itary grafts on the gonads may then be due 

to an elevation of both PRL and FSH levels in the circulation. However, 

more recent resul ts obta'ined in studies with HYPOX hamsters suggest that 

the previously observed increases in testicular LH receptor concentra

tions in PRL-treated intact hamsters may be due to PRL itself, rather 

than to a PRL-induced stimulation of FSH release by the in situ pitui

tary [48]. It has been demonstrated that treatment of HYPOX hamsters 
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with pituitary transplants increases the content and concentration of LH 

receptors in the testis [48]. This finding suggests that PRL itself may 

indeed have a direct action to promote normal function of the testis in 

this species. 

Tamarkin et ale [43] reported that the transfer of hamsters to a 

short photoperiod induced dramatic reductions in the total content of 

testicular PRL receptors. Furthermore, they showed that decreases in 

testicular receptors for PRL preceded the decline in gonadal weights of 

these animals. More recently, it was demonstrated that both the content 

and concentration of testicular PRL receptors are progressively reduced 

in hamsters exposed to a short photoperiod for 28 days [49]. Whereas 

the content of gonadal PRL receptors was even further reduced by 12 

weeks of light deprivation, the effects on PRL receptor concentration 

were variable. The decreased PRL binding could not be attributed to a 

reduced affinity of testicular receptors for the hormone [49], suggest

ing that the number of PRL receptors were reduced in these hamsters. 

Also, no daily rhythms in PRL receptors were detected in either long or 

short photoperiod-exposed hamsters [49]. These findings suggest that 

the variable testicular sensitivity to exogenous PRL throughout the day 

[37] may not be due to changes in receptor numbers for PRL, but rather 

to alterations subsequent to binding of PRL to its receptors. Further

more, in view of the previous observations that serum PRL titers in 

hamsters are reduced by 15 days of light-deprivation [50], the early 

reductions in testicular PRL receptors in these animals provide indirect 

evidence for the ability of PRL to regulate its own gonadal receptors. 
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Recent studies in the hamster suggest that endogenous PRL can 

increase its own gonada 1 receptors. K 1 emcke et a 1. [51] demonstrated 

that treatment of intact, mature hamsters for ten days with an inhibitor 

of endogenous PRL release (CB-154) decreased testicular LH and PRL 

receptor concentrations. They also showed that concomitant administra

tion of exogenous PRL with CB-154 increased both PRL and LH binding 

sites to levels above those measured in either CB-154- or vehicle

injected control animals. Neither serum TST nor serum FSH levels were 

altered by these treatments, suggesting that the effects of CB-154 and 

PRL on testicular PRL and LH receptors may represent direct effects of 

PRL on the gonad, rather than effects secondary to changes in TST and/or 

FSH. Moreover, studies have also shown that the presence of PRL

secreting pituitary grafts may also increase testicular PRL receptors in 

intact, adult hamsters [52], further supporting the hypothesis that 

endogenous PRL can increase its own gonadal receptors. It has also been 

reported that inject ions of CB-154 into prepuberta 1 male hamsters de

creases the total content of testicular PRL receptors [51]. In vitro 

tests eliminated the possibility of direct effects of CB-154 on testicu

lar receptors in this study. Taken together, these observations suggest 

that PRL may be required for the maintenance of normal levels of tes

ticular PRL and LH receptors in both adult and immature hamsters. 

Effects of Prolactin on the Female Reproductive System 

The role of PRL in female reproduction has been studied exten

sively. The classical biological systems that have been most thoroughly 

investigated with regard to the mechanism of PRL action are its 
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stimulation of the growth of and secretion of milk (lactogenesis) by the 

mammary gland, and its regulation of ovarian corpus luteum function. 

Studies in the Rat. Early on, Talwalker and Meites[53,54] 

showed that mammary lobulo-alveolar growth could be induced by treatment 

of rats with either exogenous PRL or ectopic pituitary grafts. Placement 

of median eminence (r1E) lesions, which el iminate the inhibitory hypotha

lamic influence over PRL secretion, also stimulated mammary tissue 

growth and lactation [55]. It was subsequently demonstrated that radio

labeled PRL binds specifically to the mammary gland [56,57]. 

Interestingly, PRL may also be internalized by the epithelial (milk 

secretory) cells [58], suggesting that PRL might have intracellular 

actions. However, whether the internalized PRL is biologically active 

and has intracellular' actions is of critical importance and remains to 

be estab 1 i shed. 

The other classical role for PRL in the rat is to regulate the 

function of the corpus 1 uteum (Cl) of the ovary. Everett [59] showed 

that female rats bearing ectopic pituitary grafts maintained Cl function 

for three to four months, which is four to five times the normal dura

tion of pregnancy. These observations served to instigate one of the 

most intensely investigated areas of female reproductive physiology. 

The specific binding of radiolabeled PRl has been localized 

primarily to the Cl, although other regions of the ovary bind PRl to a 

lesser extent [57,60]. Studies have also presented evidence to support 

the hypothesis that PRl is internalized by cells of the Cl [61,62]. 

Additionally, it has been suggested that estrogens may in some way 

regulate the access of PRl to various intracellular control points 
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within the CL [58]. Furthermore, the demonstration of intracellular PRL 

receptors in the CL [62] suggests that the entrance of PRL into these 

eel ls may be required for some of its physiological actions, and is not 

mere 1 y secondary to its i nterna 1 i za t ion for degredat ion by 1 utea 1 ce 11 s. 

Other studies suggest that FSH may stimulate the formation of 

specific PRL receptors in luteal eel ls, and that these FSH-induced PRL 

receptors are functionally coupled to progesterone (P4) production [63]. 

Whereas PRL can directly increase the number of luteal eel 1 receptors 

for LH [64,65], PRL may also increase the number of luteal PRL receptors 

without affecting the number of LH receptors [66]. While it is thought 

that the presence of PRL may be a prerequisite for the luteotropic 

action of LH [67], it has been suggested that the PRL-mediated regula

tion of luteal LH receptors is probably distinct from the stimulatory 

effects of PRL on the secretion of P4 [68]. 

It has been demonstrated that injections of PRL into either 

intact or HYPOX rats dramatically increase circulating titers of P4 

[69,70]. Furthermore, whereas injections of PRL into intact rats dra

matically increase the synthesis of P4 by the CL in vitro [70], 

treatment of HYPOX rats with PRL completely prevents the depressed 

synthesis of P4 in vitro [71]. Also, while the addition of PRL in vitro 

may stimulate P4 production by cultured luteal cells, the combination of 

PRL plus FSH in vitro has an additive effect in stimulating P4 produc

tion [72]. Whereas LH by itself in vitro had no effect on luteal 

steroidogenesis [72], the addition of LH to the incubation medium in

creased the synthesis of P4 in CL from PRL-injected rats [70]. Also, 

the combination of PRL and LH in vitro resulted in a stimulation of P4 
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production that was greater than that produced by PRL alone [72J. Taken 

together~ these observations suggest that PRL may act directly on luteal 

cells to stimulate the production and secretion of P4, and that LH may 

synergize with PRL to enhance luteal steroidogenesis. 

In contrast to the stimulatory action of PRL on P4 production, 

treatment of rats with PRL decreases the production of estradiol (E 2) 

by ovarian follicles in vitro [73J. Also, whereas the addition of PRL 

to incubation media reduces E2 production by cultured rat granulosa 

cells, PRL also inhibits the FSH-induced increase in E2 production in 

vitro [72J. This inverse relationship between PRL and E2 production 

suggests that PRL may act directly on follicular cells to suppress the 

synthes is of E2• 

It has been clearly established that PRL is the major hormone 

responsible for transforming the CL of the estrous cycle into the CL of 

pseudopregnancy (PSP) and pregnancy, and therefore is the major 1 uteo

trophic hormone in the rat [67,74,75J. In the postpartum 1 actating rat, 

PRL again appears to be an indispensable luteotrophic agent [76J. 

Interestingly, PRL may also display a luteolytic action in the 

rat. Whereas endogenous PRL from transplanted pituitary homografts 

caused structural luteolysis of CL in HYPOX rats, continuous treatment 

of these animals with a DA receptor agonist prevented luteolysis, pre

sumab 1 y as a resu 1 t of the i nh i bi t i on of PRL re 1 ease from the ectopi c 

pituitaries [77J. It has also been reported that treatment of HYPOX 

rats with exogenous PRL causes luteolysis of the CL [78J. Other studies 

in the cyclic rat suggest that PRL subserves primarily a luteolytic 
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function and is probably not involved in regulating P4 secretion during 

the estrous cycle [75,79,80]. 

Studies in the Hamster. Evidence has also accumulated to sug

gest a luteotrophic role for PRL in the Syrian hamster. Greenwald [81] 

demonstrated that if hamsters are HYPOX on day 4 of pregnancy~ daily 

injections of PRL, but not LH or FSH, maintained the function of the CL. 

Although pregnancy was terminated after HYPOX, concomitant injection of 

FSH with PRL maintained pregnancy and luteal production of P4 [81,82]. 

Another study showed that LH rather than FSH may synergize with PRL in 

the maintenance of pregnancy and luteal function in HYPOX hamsters [83]. 

These studies suggest that PRL by itself may not be able to maintain 

sufficient P4 production to maintain pregnancy in this species, but 

rather, requires an interaction with gonadotrophins at the level of the 

CL. It was al so reported that treatment of hamsters with ergocryptine 

(a DA receptor agonist similar to CB-154) on day 5 after mating resulted 

in the termination of pregnancy [84], indicating that the CL became non

functional. In this study, pregnancies could be maintained in 

ergocryptine-treated hamsters if animals were also given high daily 

doses of exogenous PRL. 

Daily injections of PRL into hamsters may also prolong PSP [85]. 

I n add it ion, treatment of hams ters with ei ther CB-154 or ergo crypt i ne 

induces luteolysis and terminates PSP, concomitant with a precipitous 

decl ine in circulating titers of P4 [86,87]. In the majority of cases, 

concomitant daily administration of exogenous PRL completely prevented 

the fall in P4 levels induced by the DA agonist, further suggesting that 
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PRL may be a necessary 1 uteotrophic hormone during early PSP, without 

which luteolysis ensues. 

An exhaustive review of the literature has revealed that, in 

contrast to the male hamster, there are no published reports investi

gating a possibll~ role for PRL in regulating pineal-induced reproductive 

organ involution in this species. 

Physiological Changes in Prolactin Secretion 

Studies in the Rat. Prolactin levels remain relatively low in 

both male and female rats until about 20 days of age [88], after which 

time the first changes in peripheral PRL titers occur with puberty. In 

the male rat, an initial elevation in serum PRL levels occurs at 25 days 

of age, with a secondary rise occurring between 50 and 90 days [89]. 

Serum PRL levels in the female rat increase sharply on the day of 

vaginal opening (37 days), with a secondary rise occurring at the first 

es trus (41 to 47 days) [90]. 

It has long been known that PRL secretion during the rat estrous 

cycle is a rhythmic, endogenously controlled phenomenon. Circulating 

PRL titers are higher on the afternoon of proestrus than at any other 

time during the cycle; beginning at about 1200 hours on proestrus, 

circulating PRL titers begin to rise, reach maximal levels at approxi

mately 1500 hours and then return to basal values by the morning of 

estrus [74,91,92]. The proestrus surge of PRL is apparently induced by 

rising estrogen levels beginning on the afternoon of metestrus [74,93]. 

Interestingly, a second surge of PRL, of smaller amplitude and shorter 
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duration, has been detected in the late morning·or mid-afternoon of 

estrus [94,95]. 

Sterile mating or mechanical stimulation of the uterine cervix 

on proestrus has long been known to institute a PSP lasting approxi

mately two weeks in the rat [96]. Freeman and Neill [97] originally 

characterized the increased PRL secretion during PSP as a major noctur

nal surge (0300 to 0500 hours) occurring at approximately 24-hour 

interva 1 s. The increase in PRL secretion during PSP was subsequentl y 

demonstrated to take the form of two daily surges, diurnal and noctur

nal, which begin on the first day of and continue throughout PSP 

[74,98,99]. Whereas the diurnal surge begins while the lights are on, 

peaks at 1 ights off (1900 hours) and then returns to basal va 1 ues, the 

nocturnal surge begins while lights are off, peaks as the lights turn on 

(0500 hours) and then returns to baseline values; in general, the 

nocturna 1 surges are greater in magnitude than diurna 1 surges [98,99]. 

Freeman et ale [98] postulated a "mnemonic system" within the hypothala

mus that may be activated by cervical stimulation and which retains and 

expresses this information repeatedly. 

Interestingly, whereas the initiation of the daily surges of PRL 

induced by cervical stimulation does not require the presence of the 

ovaries, their magnitude is differentially dependent upon circulating 

levels of ovarian steroids [98,100]. The termination of the PRL surges 

at the end of PSP appears to be due to a fall in P4 secretion coupled 

with a modest rise in estrogen titers [101,102], suggesting that a 

shifting steroid ratio may be important in terminating the PRL surges of 

PSP. 
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The pattern of PRL release during the early part of pregnancy is 

essentially the same as that during PSP. A distinct rhythm in peri-. 

pheral PRL titers has the temporal and quantitative characteristics of 

that for PSP until the 8th day of pregnancy; both diurnal and nocturnal 

surges are completely absent by the 11th day of gestation [99]. Prolac

tin levels then continue to remain low until one or two days before 

parturition, when a significant increase occurs [103]. 

Suck 1 i ng appears to be the primary st imul us for PRL secret i on 

during lactation. On the first postpartum day, PRL titers increase to 

levels even higher than those measured at the end of gestation and are 

maintained at these levels by the suckling stimulus for eight to ten 

days [103,104]. Amenomori et al. [103,105] were the first to demon

strate that within 30 minutes after the initiation of suckling, a 

dramatic increase in peripheral PRL levels occurs concomitant with a 

precipitous decl ine in pituitary PRL content. Whereas the suckl ing

induced discharge of PRL first becomes significant within two to five 

minutes, PRL levels continue to rise until they reach maximal levels at 

about 30 minutes, and remain elevated at a plateau for at least 60 to 90 

minutes if the suckling stimulus continues [106]. Pro 1 act i n t Hers 

then return to basal values within 30 minutes after litter removal 

[103,105]. 

Although studies in the male rat are not in perfect agreement as 

to the temporal rhythm in PRL secretion, in general they do agree upon 

the existence of circadian (approximately 24-hour) fluctuations in the 

release of the hormone [107-109]. 
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The last physiological state to be considered which affects PRL 

secretion is stress. Lactation was induced in estrogen-primed female 

rats by applying "non-specific" stresses such as severe cold, intense 

light and heat, physical restraint or the injection of formaldehyde 

[110]. Neill [111] then showed that the stress of ether anesthesia 

could elevate PRL levels three- to eight-fold in the female rat. It has 

been repeatedly shown that treatment of either male or female rats with 

various anesthetics will increase PRL secretion [112,113]. Factors such 

as handling, the transport of animals to the laboratory or placing rats 

in a novel environment can also induce PRL release [114,115]. Other 

studies have confirmed that, in the fema le, the PRL response to stress 

varies according to the physiological state of the animal [116]. 

Studies in the Hamster. The profile of circulating PRL titers 

in prepuberta 1 hamsters is unknown. I f data can be extrapo 1 ated from 

the rat, it might be assumed that PRL titers remain low until the time 

of pubertal onset. This hypothesis is supported by the finding that 

pituitary PRL levels in 7-day old female hamsters are less than eight 

percent of those found in the adult [117]. 

Circulating PRL levels in female hamsters have also been shown 

to vary throughout the estrous cycle. Bast and Greenwald [118] and 

Varavudhi and Meites [119] reported that a preovulatory surge of PRL 

occurs in cyclic hamsters between 1500 and 1800 hours on proestrus. 

Prolactin titers then return to basal values by the morning of estrus. 

It is assumed that rising E2 levels, which begi~ on the morning of 

metestrus and reach a maximum by the morning of proestrus [120], may be 
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responsible for the proestrous surge of PRL in the hamster. Bast and 

Greenwald [118] also found that PRL titers fluctuate to a minor degree 

during the four-day estrous cycle and tend to be higher during the light 

phase than the dark phase on each day of the cycle. Widmaier and 

Campbell [121] demonstrated a diurnal variation in serum PRL levels in 

cyc 1 i c hamsters on the day of metes trus. Whereas the in i t i a 1 ri se in 

PRL occurred at the midpoint of the light phase of the light:dark (L:D) 

cycle, circulating PRL titers peaked just prior to lights off and de

clined precipitously right after the lights were turned off. In 

contrast, Vomachka and Greenwald [122] were unable to detect any diurnal 

variations in circulating PRL levels on any day of the estrous cycle; 

interestingly, howver, th.ey also detected only a marginal increase in. 

PRL titers on the afternoon of proestrus. 

The only report of serum PRL measurements during PSP in the 

hamster revealed that PRL titers fluctuate considerably during days 2 to 

12 of PSP [123]. 

During pregnancy, serum PRL levels in the hamster increase two

fold from days 1 to 3, remain elevated until day 8, and then gradually 

decline during the last half of the 16-day gestation period to levels 

measured on the first day of pregnancy [124]. Another report showed 

that serum PRL levels remained relatively constant through day 8 of 

pregnancy, at which time PRL titers dropped precipitously and remained 

low until day 12 of gestation [123], presumably due to the establishment 

at this time of a placental source of PRL-like luteotrophin [81,125]. 

In contrast, Soares and Talamantes [126] recently demonstrated that 
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serum PRL levels steadily increased from days 8 to 16 of pregnancy and 

reached their peak at the end of gestation. The discrepancy between 

these studies in PRL measurements during the last half of gestation in 

the hamster may be attributed to the fact that the PRL antiserum used in 

the radioimmunoassays (RIAs) may have been cross-reacting with a PRL

like hormone from the hamster placenta [127,128], the release of which 

also progressively increases during days 8 to 16 of gestation [126]. 

Donofrio et ale [117] were among the first to demonstrate that 

plasma PRL levels in the "lactating hamster (postpartum day 7) are nearly 

double those measured in the cyclic animal; "furthermore, pituitary PRL 

concentrations are significantly reduced, suggesting a high rate of PRL 

secretion. Serum PRL titers in hamsters were subsequently reported to 

remain relatively stable throughout the first 16 days of lactation, at 

levels comparable to those measured at the end of gestation [124]. 

In the male hamster, only minor fluctuations in PRL secretion 

occur during a 24-hour period [129]. 

Similar to the rat, stress may also induce the release of PRL in 

the hamster. Donofrio et ale [117] reported that serum PRL levels were 

elevated in females exposed to ether vapors for three minutes, concomi

tant with depress ions in pituitary PRL concentrati ons. Go 1 dman et a l. 

[129] subsequent ly showed that serum PRL titers in ma 1 es subjected to 

ether stress were elevated over decapitated controls only at one time 

during the day (0600 hours). Borer et ale [130] found that plasma PRL 

levels in the female are increased in response to ether stress, although 

they did not specify on which day of the estrous cycle the animals were 
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tested. Matt et al. [131J was unable to demonstrate any significant 

elevation in serum PRL titers in male hamsters after ether anesthesia. 

In two different experiments in their study, diestrous females exposed 

to ether fumes had elevated PRL levels; however, there was either no 

effect, or a pronounced increase in PRL titers in metes~rous females in 

response to ether stress. These investigators [131 J a 1 so showed that 

the transport of females from the animal room to the laboratory indu~ed 

a significant rise in PRL levels, regardless of the stage of the estrous 

cycle. 

Prolactin Cells 

Studies in the Rat. Three types of adenohypophysial cells have 

been described on the basis of their staining affinities: acidophil s, 

basophils and chromophobes [132J. Because of the changes in the acido

philic population of cells during lactation, the PRL cell (lactotroph) 

was considered to belong to this cell type. Using immunocytochemical 

methods, the lactotroph can be reliably distinguished as a distinct cell 

type from its fellow acidophil, the growth hormone (GH) -producing cell 

(somatotroph) [133,134J. Furthennore, immunocytochemistry of the female 

rat pars distalis has shown that the PRL cells are evenly distributed 

throughout the gland [132J. In the rat, the PRL cells in adult females 

and males constitute about 52% and 50% of adenohypophysial cells, re

spectively [135J. 

Farquhar et a 1. [136,137] origina lly described the u 1 trastruc

ture of PRL cells based on the changes in lactotroph morphology observed 

during lactation. Normal PRL cells have a round, oval or polygonal 
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shape; a 1 arge, eccentric nucl eus; 1 arge, dense, irregul arly-shaped 

secretory granules (600-900 nm in diameter); a well-developed Golgi 

complex associated with small, irregularly-shaped immature secretory 

granu 1 es; and a 1 arge amount of 1 ame 11 ar rough endop 1 asmi c ret i cu 1 urn 

(RER). The lactotrophs are most readily identified by their content of 

the largest secretory granules of any parenchymal cell type in the pars 

distal is. Further proof that these large granules can be used as a 

distinguishing feature for PRL cells stems from the demonstration by 

electron microscopic immunocytochemistry that PRL antibodies adhere only 

to secretory granules of the presumptive lactotrophs [138]. 

During lactation, the PRL cells hypertrophy and appear to be 

more active [137]. The RER becomes more abundant, forming parallel 

arrays which may 1 ine the periphery of the cell; often times, the RER 

forms elaborate concentric whorls. The Golgi apparatus greatly en

larges, and many small immature secretory granules are found along its 

concave surface. Mature secretory granules are rare, due ostensibly to 

the high rate of PRL release. Lastly, many exocytosis patterns are 

observed at the cell plasma membrane. 

The order 1 y scheme of PRL synthes is, pac kag i ng into secretory 

granules, storage within the lactotroph and release from the cell has 

been elegantly described by Farquhar et al. [139,140]. Using the com

bination of pulse-labelling techniques followed by electron microscopic 

autoradiography, they defined the morphological correlates of PRL syn

thesis and intracellular transport. They pulse-labeled dissociated rat 

anterior pituitary cells with 3H-l euc ine for five minutes and then 
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incubated the cell s for various lengths of time in medium containing 

unlabeled leucine. Within the first five minutes, the label was 

localized over the RER where, ostensibly, it was incorporated into 

newly-synthesized PRL. Five minutes later, the label was localized over 

the Go 1 gi comp 1 ex where the PRL was concentrated into membrane-bound 

secretory granules. The label was subsequently associated with the 

imma ture granu 1 es on the conca v e surface of the Go 1 g i apparatus. The 

immature granules coalesced within 15 to 115 minutes into the large 

secretory granules; the label was localized predominantly over these 

mature granules only after approximately three hours. 

Prolactin secretion from the lactotroph is classically thought 

to occur via the exocytosis of the mature secretory granules. In PRL 

cells, exocytosis involves movement of the mature secretory granule to 

the cell plasma membrane and then fusion of the granule membrane with 

the cell membrane, thereby extruding the PRL into the pericapil lary 

space [141]. The contents of the granule slowly dissol ves, possibly 

under the influence of PRL-inhibitory and -releasing factors [142]. 

However, exocytosis may not be the only method whereby PRL is 

released from the lactotroph. During periods of intense PRL cell stimu

lation, such as suckling, PRL appears in the blood prior to any 

morphological evidence of exocytosis [143,144]. This non-granule me

diated release of PRL was associated with a collapse of the RER [143], 

which suggested a direct release of soluble PRL from this organelle. A 

similar phenomenon is observed when pituitaries are incubated in vitro. 

Newly-synthesized PRL, as measured by 3H-l euc ine incorporation, appears 
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in the incubation media within 15 to 45 minutes [145], which is long 

before the 3H- PRL is packaged into mature secretory granules [140]. 

This phenomenon appears to be related to the fact that newly-synthesized 

PRL is preferentially secreted over the older, storage form of PRL [145-

147]. Even so, there is no evidence that the established secretory 

pathway for PRL is by-passed, since transport, concentration and granule 

format i on all occ ur, probably wi t,h exocytos i s of immature secretory 

granules [145]. A functional heterogeneity has also been noted within 

the PRL cell population, with some lactotrophs rapidly secreting new1y

synthesized PRL while others exhibit slower rates of intracellular 

transport [145]. 

In addition to exocytosis, the secretory granules of 1actotrophs 

can also undergo intracellular degradation; this phenomenon is especial

ly prevalent during periods of increased PRL synthesis but low rates of 

secretion, such as pup removal during lactation [137]. During these 

periods, 1ysosomes are observed to fuse with both mature and immature 

secretory granules [137]. The enzymes within these lysosomes are then 

presumed to digest the contents of the granules and return the granule 

products to the cytoplasm; such lysosomal degradation of secretory 

products has been termed "cri nophagi' [137]. 

Studies in the Hamster. Our entire knowledge of PRL cell mor

phology in the hamster pituitary stems from electron microscopic studies 

by Dekker [148] and Yang et a1. [149]. According to these authors, the 

PRL cells of the hamster adenohypophysis also are distinguished from 

other ce 11 types by the size of the i r secretory granu 1 es. Norma 1 
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1actotrophs have an oval or pyramidal shape; sometimes the cells display 

cytoplasmic processes that insinuate themselves between adjacent paren

chymal cells to terminate in the pericapi11ary space; a large, round, 

eccentric nucleus; round to oval mature secretory granules (350-700 nm 

in diameter) of uniform density that are regularly distributed through

out the cell; pleomorphic immature secretory granules that are 100-200 

nm smaller in diameter than mature granules; elaborate arrays of RER in 

compact stacks of parallel cisternae and/or forming whorl-like, concen

trically-arranged cisternae; and a well-developed Go1gi apparatus. 

In females, 1actotrophs account for about 42% of all pituitary 

cell types; in the male, PRL cells are smaller in size and number, 

constituting approximately nine percent of all cell s [148J. The PRL 

cells are distributed uniformly throughout the gland with no apparent 

regional localization [148J. 

Dekker [148J also originally established the anatomical identity 

of PRL cells in the hamster on the basis of increased relative cell 

counts in the lactating female, together with cytologic changes general

ly regarded as an indication of increased cell function. In the 

lactating female, there is an apparent hyperplasia of the PRL cells; the 

secretory granules of the 1actotrophs tend to be irregular in shape and 

decreased in number, assuming the appearance of immature secretory 

granules; the Go1gi complex is also markedly hypertrophied. One day 

after the cessation of suck1 ing, an accumu1 ation of mature secretory 

granules and few exocytotic patterns are observed [149J. 
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In the OVX female hamster, a significant decrease in the number 

of PRL cells occurs, whereas no such change results after castration of 

the male [148]. In contrast, administration of large doses of TST to 

males induces the proliferation and hypertrophy of PRL cells [149]. 

Hypothalamic Control of prolactin Secretion 

Prolactin Inhibitory Factors (PIFs) and Dopamine. In the last 

two decades, considerable efforts have been made to study the regulation 

of PRL secretion. The primary focus of attention has been centered 

around the mechanisms by which the hypothalamus tonically inhibits the 

anterior pituitary's capacity to release PRL. The findings of PRL 

hypersecretion in rats following either the transplantation of the 

anterior pituitary to an ectopic site [59,150,151], pituitary stalk 

section [152,153], placement of lesions in the median eminence (ME) of 

the hypothalamus [154-156], or the incubation of the adenohypophysis in 

vitro [157-160], all support the view that the predominant action of the 

mammalian hypothalamus on PRL secretion is inhibitory in nature. 

Several comprehensive reviews have been written on the neuroendocrine 

control of PRL secretion, to which the reader is referred [161-163]. 

Since PRL release was found to be increased after removal of 

hypothalamic influence, it became of interest to determine whether a 

substance was present in the hypothalamus which could inhibit PRL secre

tion. The existence of such a factor was first demonstrated by Pasteels 

[164,165] and by Talwalker et al. [166]. Using in vitro methods, they 

showed that the release of PRL was significantly reduced when crude 

acidic extracts or homogenates of rat hypothalamic tissue were added to 
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incubations or cultures of rat pituitaries. Cerebral cortical extracts 

were without effect on the in vitro secretion of PRL in their studies. 

A nega t i ve dose- response re 1 at ion sh i p was subsequent 1 y demons trated 

between the amount of rat hypothalamic extract (HE) added to an incuba-

tion medium containing rat pituitaries, and the amount of PRL released 

in vitro [167]. Hypothalami from rats previously injected with L

dihydroxyphenylalanine (L-dopa), the metabol ic precursor of OA, also 
I 

showed increased PRL inhibitory activity in vitro [16S], suggesting that 

the increase in hypothalamic OA induced by treatmeht with L-dopa was 

responsible for the increased inhibitory activity of IHE. Other investi

gators have shown that HE inhibits PRL secretion after, its infusion into 

a cannulated hypophysial portal vessel [169,170], or lafter the systemic 

injection of HE into rats [171,172]. Taken togeth,r, these studies 

provided the first evidence for the existence of a hypothalamic PRL 

inhibitory factor (PIF) in the rat which presumably mediates the inhibi

tory influence over pituitary PRL secretion. 

There is now little doubt that PRL synthesis and secretion are 

greatly influenced by hypothalamic catecholamines. The high concentra

tion of DA in the ME of the hypothalamus [173,174] provided initial 

support for the concept that the tuberoinfundibular dopaminergic (TIDA) 

neuronal system of the mediobasal hypothalamus (MBH) [175,176] may be 

responsible for the direct control of PRL secretion, especially since 

many termi na 1 s of TIDA neurons are found in juxtapos ition to the hypo

physial portal capillaries in the external layer of the ME [177,178]. 

Furthermore, highly purified hypothalamic fractions containing PIF 
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activity have been shown to contain significant amounts of catechol

amines [179]. Shaar and Clemens [180J reported that removal of 

catecholamines fran HE by adsorption on alumina abolished the PlF ac

tivity, suggesting that the inhibitory activity of extracts could be 

tota 11 y accounted for by the amount of endogenous catecho 1 ami nes con

tained within the hypothalamus. Although the latter findings support 

the notion that hypothalamic DA may be identical to PlF, other investi

gators have detected potent PlF activity in HE almost completely devoid 

of DA [181-183]. 

Some investigators have hypothesized that DA acts at the level 

of the hypothalamus to stimulate the release of another, as yet uniden

tified, PIF. Kamberi et al. [169,184] showed that whereas the 

intracerebroventricular (lCV) injection of DA into rats decreased plasma 

PRL levels, the infusion of DA into a cannulated portal vessel did not 

alter PRL re 1 ease. These same invest igators [185] a 1 so demonstrated 

that the lCV injection of DA increased the PlF activity of stalk plasma 

when tested in vitro. Similarly, whereas the portal vessel infusion of 

stalk plasma from donor rats previously injected lCV with DA decreased 

PRL levels in recipient rats, the infusion of stalk plasma from donors 

not injected with DA had no detectable effect on PRL secretion in recip

ients [186]. The results of these comprehensive studies suggest that 

the inhibitory effect of DA on PRL secretion is mediated through the 

release of a hypothal amic PlF, rather than by a direct action of the 

catecholamine on the anterior pituitary. 
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However, evidence supporting the hypothesis that DA can act 

directly on the pituitary to inhibit PRL synthesis and release has been 

provided by numerous in vitro studies. PRL inhibitory effects were seen 

with micromolar to nanomolar concentrations of either DA [180,187,188] 

or its receptor agonists [189,190], while the co-incubation of pitui

taries with specific DA receptor antagonists completely blocked the 

inhibitory effects of either DA or it agonists on PRL synthesis and 

secretion in vitro [191,192]. Furthermore, the PIF activity of HE was 

blocked by co-incubation of pituitaries with a DA receptor antagonist 

[181]. Interestingly, however, PRL secretion by pituitaries in vitro 

can actually be stimulated by DA when using concentrations of the amine 

that are 1000-fold less than those required for inhibition [193,194]. 

Further evidence for a role of DA in inhibiting PRL release has 

been provided by infusion studies. It has been shown that the direct 

infusion of physiological concentrations of DA into a cannulated portal 

vessel of rats inhibits PRL secretion in vivo [170,195,196]. Even more 

convincing are the findings that either the infusion of DA· directly into 

the renal artery [197], or the injection of a DA agonist into HYPOX rats 

[189], inhibits PRL release from pituitaries transplanted beneath the 

rena 1 caps u 1 e. 

Three more recent findings are strongly supportive of the notion 

that DA itself is a hypothalamic PIF of physiological importance, a 

concept originally proposed by van Mannen and Smelik [198]. The first 

of these is the occurrence of DA in hypophysial portal blood at concen

trations that are substantially higher than those measured in the 
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systemic circul ation [195,199'-201]. The second findi ng is the occ ur

rence of OA in the anterior pituitary [202,203]. Importantly, the 

anterior pituitary does not contain tyrosine hydroxylase (TH), the rate

limiting enzyme necessary for the synthesis of OA [204], further 

suggesting that the OA found there is derived from portal blood. The 

last finding is the characterization of pituitary OA receptors. stereo

specific, reversible, high-affinity binding of radio labeled OA 

[205,206], as well as OA receptor agonists and antagonists [190,205,206] 

to crude membrane preparations of rat anterior pituitaries has been 

reported. Using immunocytochemical techniques, this putative OA recep

tor has been specifically localized in electron micrographs to the 

plasma membranes of PRL-secreting cells [207]. In the event that TIOA 

neurons caused the release of a PIF in the ME, the presence of OA 

receptors would be expected in this location. However, high-affinity 

receptors for either OA or its antagonist were not found in the rat MBH 

[205], further suggesting that OA may act directly as an inhibitor of 

PRL secretion rather than by releasing a PIF from nerve terminals in the 

ME. Taken together, the preceeding observations are supportive of the 

concept that portal blood DA is derived from TIDA neurons within the ME 

of the hypothalamus. In this way, its determination in portal blood may 

be a reliable indicator of OA secretion from TIOA neurons [178,208,209]. 

Although an inverse correlation between OA concentrations in portal 

blood and peripheral PRL levels has been demonstrated in pregnant and in 

lactating rats, this correlation is not precise [201]. 
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Additional convincing evidence for the participation of DA as 

an inhibitory neurohormone in the regulation of PRL production has been 

provided by in vivo studies in which drugs that specifically augment or 

inhibit DA synthesis were injected into rats. Injections of either L

dopa [168,210] or DA receptor agonists [211,212] were shown to reduce 

PRL levels in the circulation. Converse'ly, injections of either DA 

synthesis inhibitors [187,213] or DA receptor antagonists [214,215] 

induced PRL secretion. Furthermore, the injection of catecholamine 

synthesis inhibitors into rats greatly increased the synthesis and 

release of PRL when their pituitaries were placed in vitro [216,217]. 

Therefore, it is clear that DA may playa pivotal role in the inhibitory 

control of PRL synthesis and secretion, and the bul k of evidence sup

ports the concept that DA may very well be a, if not the, physiological 

PIF. 

studies on the molecular mechanisms of action of DA on the PRL 

cells have yielded confl icting results. In some studies, neither DA 

itself nor its receptor agonists had any detectable effect on the syn

thesis of cycl ic adenosine monophosphate (cAMP) in the anterior 

pituitary [218,219], suggesting that the DA receptors which mediate PRL 

secretion are not associated with adenyl ate cyclase. Conversely, other 

investigators have demonstrated that whereas both DA [220,221] and its 

agonists [221,222] decreased pituitary cAMP levels, DA receptor antago

nists by themselves increased glandular levels of cAMP [220] and 

reversed the DA-induced inhibition of cAMP accumulation [221]. These 

findings suggest that dopaminergic binding to membrane receptors 
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decreases adeny1ate cyclase activity. Hill et a1. [223] reported that 

derivatives of cAMP reversed the inhibitory effects of DA and its ago

nists on PRL release in vitro, further supporting the notion that the 

inhibitory effect of DA on PRL secretion may be mediated by an inhibi

tion of adeny1ate cyclase activity. According to Cronin [224], the 

existence of DA receptors which do not interact with adeny1ate cyclase 

is not grounds for proposing two types of DA receptors, as have some 

investigators [225,226], since the same receptor cou 1 d cause mu1 tip 1 e 

effects depending on which second messenger is expressed within a given 

cell. 

It is now widely accepted that calcium ion (Ca2+) flux across 

the 1actotroph plasma membrane is important in maintaining the tonic 

level of PRL release. Whereas increasing concentrations of Ca2+ enhance 

the release of PRL in vitro [227], existing sub-optimal, extracellular 

levels of Ca2+ or adding Ca2+ channel blockers inhibit the release of 

PRL [219]. In fact, DA has been reported to inhibit PRL secretion by 

reducing the influx of extracellular Ca2+ across the lactotroph plasma 

membrane [219]. 

Dopaminergic stimulation has also been shown to decrease the 

levels of PRL messenger ribonucleic acid (mRNA) in the pituitary. 

Maurer [228] reported a close correspondence between the in vitro inhi

bition of PRL synthesis induced Oy a DA receptor agonist and the 

reduction of PRL mRNA levels. It. was subsequently demonstrated t~at 

treatment of rats with a DA agonist not only decreased PRL synthesis 

when their pituitaries were placed in vitro, but also decreased the 
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activity and content of PRL mRNA [212]. Conversely, the injection of a 

DA antagonist caused an increase in pituitary PRL mRNA activity [229]. 

These findings suggest that dopaminergic inhibition of PRL production 

may invol ve regulation at a pre-translational level. 

It has been $uggested that the inhibitory effects of DA on the 

synthesis and secretion of PRL may involve not only binding of DA to 

lactotroph plasma membrane receptors, but also cellular internalization 

[207,230] and association o( the amine with the PRL secretory granules 

[230,231]. Furthermore, the inhibitory action of DA on PRL release is 

reportedly associated with a DA-induced stimulation of adenohypophysial 

lysosomal enzyme activity. Nansel et ale [232] reported that treatment 

of female rats with L-dopa appeared to induce an increase in both the 

number of lysosomes and the fusion of lysosomes with PRL secretory 

granules (crinophagy). Moreover, whereas treatment of rats with L-dopa 

increased lysosomal enzyme activity, treatment with either a DA antago

nist or an inhibitor of catecholamine synthesis decreased lysosomal 

enzyme activity. These authors further showed that incubation of pitui

taries with DA in vitro increased the activity of lysosomal enzymes in a 

dose-dependent fashion. These findings suggest that such a change in 

PRL cell lysosomal function may be part of the mechanism by which DA 

stimulates the intracellular degradation of PRL. Their work also sup

ports an earlier study by Dannies and Rudnick [233], who reported that 

the incubation of dispersed pituitary cells in the presence of a DA 

receptor agonist increased the rate of intracellular PRL degradation. 

More recently, Reifel et ale [234,235] demonstrated an accumulation of 
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mature secretory granu 1 es in 1 actotrophs within two minutes after the 

intravenous (IV) administration of DA or its agonist; these morpho

logical findings were interpreted to suggest the inhibition of PRL 

secretion. 

Non-Dopaminergic PIFs. To argue that the control of PRL secre

tion is mediated excl usively via changes in hypothalamic DA secretion 

would be unfounded and probably erroneous. Therefore, other non

dopaminergic inhibitory factors of the hypothalamus have also been 

suggested in the regulation of PRL secretion. Among the leading candi

dates for such a PIF is gamma-aminobutyric acid (GABA). Interestingly, 

both the hypothalamus and adenohypophysis contain 1000-fold more GABA 

than DA [236]. It has been reported that the systemic i.njection into 

rats of either GABA [237] or its agonists [238,239] decreases circu

lating titers of PRL. Also, the injection of GABAergic agents reduces 

the elevated levels of PRL induced by pre-treatment of rats with either 

DA antagonists or DA synthesis inhibitors [239,240]p suggesting a direct 

pituitary site of action for GABA. Furthermore, in vitro PRL secretion 

was inhibited with low concentrations of either GABA [183,237,240] or 

its agonists [239,241]; co-incubation of pituitaries with GABA receptor 

antagonists completely blocked this effect [183,239,241]. 

Additional findings are supportive of the notion that GABA may 

be a PIF of physiological importance. The hypothalamus contains high 

levels of glutamic acid decarboxylase (GAD), the rate-limiting enzyme in 

the synthesis of GABA [236,242]. The anterior pituitary, despite the 

presence of GABA [236,243], does not contain GABA biosynthetic enzymes 
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(GAD) [236], suggesting that the GABA found here is derived from hypo

physial portal blood. This finding is analogous to the observation that 

DA is present in the anterior pituitary, even though its biosynthetic 

enzyme, tyros ine hydroxyl ase (TH), cannot be detected [204]. Further 

evidence supporting the hypothesis that the main source of pituitary 

GABA is the hypothalamus is the finding that the anterior pituitary 

transplanted beneath the kidney capsule has a GABA r.oncentration that is 

three-fold less than that of the in situ pituitary [236]. High-affinity 

receptor sites for radiolabeled GABA and its agonists have also been 

demonstrated [241]. Taken together, these findings suggest the possible 

existence of a tuberoinfundibular GABAergic neuronal system that may 

playa role in the physiologic control of PRL secretion. 

Seeming to confound this issue are reports that the ICV injec

tion of either GABA or GABAergic agents into rats increases circulating 

titers of PRL [239,244], suggesting a PRL-stimulatory role of GABA 
.. 

exerted through the central nervous system. An alternative hypothesis 

is that the ICV-injected GABA may inhibit further release of GABA via 

ultra-short loop feedback, the end result being an elevation in peri-

phera 1 PRL 1 eve 1 s. 

Hypothalamic Prolactin Releasing Factors (PRFs). There is also 

a growing body of evidence to support the existence of a hypothalamic 

PRL re 1 easing factor (PRF) of physio 1 ogica 1 importance [245-247]. The 

first evidence for the existence of a PRF was presented by Nicoll et al. 

[171] and shortly thereafter by Valverde et al. [248,249]. Although the 

chemical identity of the putative physiological PRF(s) renain(s) to be 
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determi ned, thyrotroph in re 1 eas i ng hormone (TRH) was one of the fi rs t 

peptides shown to stimulate the secretion of PRL. Tashjian et ale [250] 

first reported that TRH could stimulate PRL release by pituitary cells 

in culture, thus suggesting a direct pituitary site of action. Mueller 

et al. [251] subsequently demonstrated that the systemic injection of 

synthetic TRH into rats could rapidly increase serum PRL levels. Fur

thermore, administration of TRH antiserum diminished the proestrous 

surge of PRL [252]. Although these findings suggest that TRH may be 

important in the regulation of PRL secretion, disagreememt still exists 

regarding its role as a physiological PRF [253]. 

Another possible candidate for a physiological PRF is vasoactive 

intestinal polypeptide (VIP). This peptide has been detected in both 

the hypothalamus [254] and portal blood [255,256]. When administered to 

rats systemically, VIP stimulates PRL secretion [257,258]. Furthermore, 

VIP may stimulate the release of PRL from pituitaries in vitro 

[237,257,259], and antagonize the in vitro PRL-inhibitory effects of DA 

[260].-The ,stimulation of PRL release by VIP in vitro is dose-dependent 

[261], and apparent 1 y in vo 1 ves an increase in the format i on of cAM P 

[262]. 

Several authors agree that the endogenous opioid peptides (EOPs) 

such as endorphins and enkephalins may playa role in stimulating PRL 

secretion [263-265]. The EOPs are reportedly present in high concentra

tions in the hypothalamus [266]. While it has been suggested that the 

EOPs may stimulate the release of PRL via an inhibition of DA release 

from nerve endings in the ME [267-269], the EOPs may stimulate PRL 
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secretion by blocking the PRL-inhibitory effect of DA directly at the 

level of the pituitary [270]. Other investigators have suggested that 

hypothalamic EOPs may stimulate PRL release either by acting directly 

on the PRL cells, or by modulating the release of other hypothalamic 

PIFs and/or PRFs [271,272]. Taken together, these observations provide 

strong presumptive-evidence that the EOPs are involved in the control of 

PRL secretion, perhaps by interacting with other hypothalamic biogenic 

amines. 

Other HYpotha 1 ami c Regu 1 ators of PRL Secretion. Ev idence has 

also been presented to indicate a role for serotonin (5-hydroxytrypt

amine; 5-HT) in stimul ating the secretion of PRL [273-275]. Lamberts 

and Macleod [276] $uggested that the complex mechanisms through which 5-

HT acts to stimulate PRl secretion may involve the hypothalamic 

dopaminergic system. On the other hand, Clemens et ale [277] suggested 

that 5-HT may induce PRl secretion by stimulating the release of a 

hypothalamic PRF, rather than by inhibiting the release of DA. 

Norepinephrine is also thought to playa role in control ling the 

secretion of PRl. However, its function in this regard is still contro

versial, since the amine may either stimulate [278-280], inhibit 

[170,180,191] or have no effect on PRl secretion [184,281]. Controver

sial data have similarly been reported for acetylcholine in regulating 

PRl secretion [281,282]. 

Other hypothalamic substances have been shown to stimulate the 

secretion of PRl. Since most of these are reportedly ineffective when 

tested on pituitaries in vitro, it is presumed that they stimulate PRL 
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release by altering the secretion of PIF (DA) and/or PRF. Included 

among these substances are melatonin [273,283] and the neuropeptide 

substance P [284,285]. Other miscellaneous factors such as histamine 

(H) have been implicated in the hypothalamic control of PRl secretion 

[286]. In the brain, H has its highest concentration in the hypothalamus 

[287,288]. Histamine has been reported to either stimulate PRl release 

[289-291], presumably via H1 receptors [292], or inhibit PRl secretion, 

ostensibly through H2 receptors [290]. 

Studies in the Hamster. Studies designed to specifically eluci

date the hypothalamic mechanisms governing the control of PRl secretion 

in the Syrian hamster are indeed sparse. Using a heterologous RIA for 

measuring hamster PRL, Donofrio et al. [117] demonstrated that the 

addition of HE (the equivalent of one hypothalamus/vial) to the incuba

tion medium significantly decreased the amount of PRL released by female 

hamster pituitaries in vitro; however, the HE was without effect on 

pituitary PRL levels. Also in this study, the incubation of pituitary 

tissue with cerebral cortical (CC) extract had no detectable effect on 

either pituitary PRL values or the amount of PRL released into the 

medium. 

More recently, Steger et al. [293] reported that DA at a concen

tration of 50 nanomolar was unable to inhibit PRL release in vitro by 

pitUl tari es from intact, long photoperiod-exposed ma 1 e hamsters. Thi s 

finding is rather surprising, considering the close phylogenetic rela

tionship between the hamster and rat. It has also been reported that 

light-deprived female hamsters have an increased turnover rate of 
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hypotha 1 amic DA [294], wh i ch sugges ts that the increased act i vi ty of 

dopaminergic neurons may be responsible for the reduced PRL level s in 

these animals. In contrast, steger et al. [295] reported that both the 

content and turnover rate of hypothalamic OA, as well as PRL levels, are 

significantly reduced after exposure of male hamsters to short days for 

ten weeks. These authors suggested that the reduced content and turn

over rate of hypothalamic DA may be the result of a decreased negative 

feedback from circulating PRL. 

Feedback Regulation of Prolactin Secretion 

The question of whether PRL is capable of regulating its own 

secretion has be~n the topic of intense investigation in recent years. 

It was demonstrated early on that the implantation of either normal 

pituitary glands [296,297] or PRL-secreting pituitary tumors [298,299] 

beneath the kidney capsule of intact rats results in a reduction of the 

content and concentration of PRL in the host's own pituitary. Simi lar 

observations were made after the implantation of PRL-containing pel lets 

into the ME of rats [300,301] or after the daily injection of exogenous 

PRL [302,303]. Furthermore, the presence of ectopic pituitaries has 

been reported to reduce the ability of the in situ pituitary to synthe

size and release PRL when incubated in vitro [160,304]. Similarly, 

peripheral levels of PRL in rats are reduced after either the implanta

tion of PRL pel lets into the MBH [300,305], the ICV infusion of PRL 

[306], or when hyperprolactinemia is induced by systemic injections of 

PRL [303,307]. 
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Accord i ng' to one theory of short-loop feedbac k, PRL may 1 imi t 

the rate of its own secretion via an action upon neural elements within 

the MBH. Fuxe et al. [308] originally suggested that high circulating 

levels of PRL may provoke the selective activation of TIDA neurons 

within the ME. It has been shown that either the ICV injection of PRL 

[309,310], the systemic administration of PRL [311,312] or the trans

plantation of either PRL-secreting pituitary tumors [313] or normal 

pituitaries to ectopic sites [306,314] increases the rate of DA turnover 

in the ME-MBH region. Persistent elevation of peripheral PRL levels by 

implantation of ectopic pituitaries increases DA turnover only in the 

ME-MBH region [306,313,314], suggesting that the effects of PRL are 

apparently specific to TIDA neurons. 

Correlated with these turnover studies are the,findings that DA 

concentrations in hypophysial portal blood are increased after the ICV 

injection of PRL [310], or after hyperprolactinemia is induced either by 

implants of normal pituitaries or PRL-secreting pituitary tumors [315]. 

Hyperprolactinemia produced by pituitary tumor transplants also in

creases the synthesis of hypothalamic DA [313] while also reducing DA 

concentrations in the ME [316]. Interestingly, the addition of PRL in 

vitro was reported to augment the release of DA from superfused MBH 

fragments in a dose-dependent manner [317], further supporting the 

hypothesis that PRL can influence its own secretion by stimulating the 

relea~e of hypothalamic DA. 

Recent studies also suggest that the PRL-induced stimulation of 

TIDA neuronal activity may invol ve a process dependent upon protein 
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synthesis within these neurons. It has been demonstrated that the 

administration of cycloheximide, a protein synthesis inhibitor, partial

ly prevented the PRL-mediated increase in DA synthesis in TIDA neurons 

[318,319]. Although actual measurements of TH, the rate-limiting enzyme 

in the syntnesis of OA, were not made in these studies, it was suggested 

that PRL may induce the synthesis of TH within the perikarya of TIOA 

neurons. 

In addition, the autoradiographic identification of lactogen 

binding sites has been demonstrated in both the arcuate nucleus (ARCN) 

and ME of rats [320,321], further suggesting that PRL may interact with 

specific receptors in discrete regions of the MBH containing the hypo

physiotropic machinery implicated in the regulation of PRL secretion. 

However, the retention of full lactogen binding capacity by the ME after 

ARCN neurons were destroyed by the administration of monosodium gluta

mate led to the suggestion [321] that the ARCN may. not be the primary 

target for PRL, and that an entire complement of ARCN neurons is not 

required for PRL regulatory feedback mechanisms. 

In summary of the first theory of PRL feedback, the regional 

localization of PRL action on neuronal elements of the ME support the 

hypothesis that the effects of exogenous or endogenous PRL upon its own 

secretion are mediated, at least in part, by an action of blood-borne 

PRL upon the TIOA neurons. In this manner, increases in periphera 1 PRL 

titers directly increase the synthesis and release of DA from TIOA 

terminals in the ME, eventuating in the reduction of PRL release from 

the in situ pituitary. 
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Although more controversial in nature, a second theory of PRL 

feedback supposes that the hormone can inhibit its own secretion through 

a direct action of PRL on the anterior pituitary (autoregulation). 

Spies and Clegg [322] were the first to suggest that PRL may influence 

its own production by feeding back directly upon the pituitary lacto

trophs. In support of their hypothesis, Frantz et a 1. [323] found that 

radiolabeled PRL binds to normal rat pituitary cells in culture. Al

though this finding could not be correlated with any specific eel 1 

t y p e ( s) , i t s e ems v a 1 i d to as s u me t h at t he P R L may h a v e been b o u n d t o 

receptors on or within the p.ituitary lactotrophs. 

It has also been demonstrated that the release of PRL from 

cultures of either normal rat pituitaries [324] or pituitary tumor eel ls 

[325] is acutely (one hour incubation) inhibited by the addition of PRL 

to the incubation medium. Also, PRL may inhibit its own release from 

cultured rat pituitary eel ls in a dose-response fashion [326,327]. 

Interesting 1 y, Oos terorn et a 1 • [328] recent 1 y demonstrated that when an 

increasing number of rat pituitary eel ls is cultured in a constant 

volume, the secretion of PRL is significantly diminished, further sug

gesting a direct negative feedback of high medium PRL concentrations on 

the PRL-secreting eel ls. 

Thus, current evidence suggests that the feedback regulation of 

PRL secretion may occur directly at the cellular level within the anter

ior pituitary, and/or indirectly by selectively increasing the synthesis 

and turnover of hypothalamic DA by TIDA neurons within the ME. In 

either case, increasing concentrations of PRL in the circulation 
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ultimately result in declining release of PRL from the in situ pituitary 

and a consequent reduction in PRL titers. Whether one of these proposed 

sites of feedback regulation predominates over the other is presently 

unknown • 

Gonadal Steroids and Prolactin 

Studies in the Rat. It has long been known that the administra

tion of either natural or synthetic estrogens causes hypertrophy of the 

anterior pituitary gland and stimulates the secretion of PRL [329,330]. 

Whereas ovariectomy decreases the amount of PRL in pituitaries of rats, 

the administration of estrogens increases the pituitary content of PRL 

in these animals [296,302,330]. Similarly, gonadectomy of male and 

female rats is accompanied by a decrease in circulating PRL titers, 

which is reversed by administration of estrogens [331,332]. The incre

ments of circulating PRL titers in these studies were proportional to 

the amount of estrogens administered. A 1 so, gonadectomy resul ts in a 

decreased production of PRL by pituitaries in vitro, whereas injections 

of E2 into either intact" or gonadectomized male and female rats increase 

PRL synthesis and release by incubated pituitaries [217,329,331,332]. 

Taken together, these observations suggest that estrogens may stimulate 

the production and release of pituitary PRL. 

Nagy and MacLeod [333] reported that the primary effect of E2 is 

on the synthesis of PRL and that the increased rate of secretion is 

secondary to that. They found that serum PRL levels increased five-fold 

within 24 hours after administration of E2 .to male rats, whereas 

glands from these animals synthesized 1000-1500% more PRL in vitro than 



did pituitaries from vehicie-injected controis. At the ~olecular levei. 

estrogens have been shown to increase the synthesis of PRL ~RNA in 

pituitaries of rats [229,334], suggesting that E2 may increase the 

transcription of the PRL gene. 

In vivo studies have shown that the stimulatory effects of 

estrogens on PRL secretion in the rat are not simple relationships. 

Whereas the implantation of E2-containing silastic capsules into OVX 

rats results in repeated daily surges of PRL [162], when male rats are 

similarly treated a continuous elevation of the hormone occurs [335]. 

It has been suggested that this sexual difference arises from neonatal 

androgenization of the hypothalamus; while neonatal castration produces 

an adult male that secretes PRL surges after estrogen treatment, treat

ment of neonatal female rats with TST prevents this response in the 

adult [335]. However, closer inspection of the PRl secretory pattern in 

male rats has subsequently revealed that the injection of a single bolus 

of E2 into castrate animals is followed, after a two-hour latent period, 

by a pulsatile pattern of PRL secretion that lasts for more than 24 

hours [336]. 

A 1 though the fundamenta 1 mechani sm(s} whereby estrogens stimu-

1 ate PRl production has (have) not been el uCidated, there are both in 

vivo and in vitro data to support the hypothesis of a direct effect of 

E2 on the pituitary to increase PRl synthesis and secretion. It has been 

shown that the incubation of rat pituitaries in the presence of E2 

increases the synthesis and secretion of PRl [147,337]. Evidence has 

also been presented to suggest that estrogens may induce the 



44 

proliferation of PRL cells [338,339]. For example, the implantation of 

an E2-containing pel let into the anterior pituitary of female rats 

causes hypertrophy and hyperp 1 as ia of PRL ce 11 s, as determi ned by im

munohistochemical staining for lactotrophs [340J. Furthermore, estrogen 

receptors have been specifically localized t~ the pituitary lactotrophs 

[341,342], and treatment of female rats with E2 may increase pituitary 

levels of nuclear estrogen receptors [343J. Also, the antiestrogen 

tamoxifen can inhibit the E2-stimulated synthesis of PRL by rat pitui

taries in vitro [344J, further suggesting the existence of receptors for 

estrogens on PRL cells. 

Furthermore, it has also been reported that the prior incubation 

of rat pituitaries in the presence of E2 can almost completely prevent 

the inhibitory effects of dopaminergic agents on PRL synthesis and 

release in vitro [345,346J, suggesting a potent anti-dopaminergic effect 

of estrogens on PRL secretion. It has also been suggested that the 

abi 1 ity of estrogens to antagonize the inhibitory effect of DA on PRL 

secretion may be mediated via an estrogen-induced reduction in the 

capacity of DA to stimulate lysosomal enzyme activity in the pituitary 

[347J. Additionally, DA binding sites in the pituitary of the female ra~ 

are decreased by E2 treatment [348J, suggesting that estrogens may 

reduce dopaminergic receptor density and thus increase PRL secretion by 

acting directly on the adenohypophysis. Estrogens have also been shown 

to decrease the uptake of DA by the PRL ce 1 1 s [349 J. Taken together, 

these observations further support the hypothesis of a direct pituitary 

site of action for estrogens in the regulation of PRL secretion. 
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A number of studies have also presented evidence to indicate 

that estrogens may act at the hypothalamic level to increase PRL secre

tion. Implants of estrogens into the ME have been shown to stimulate 

the secretion of PRL [350]. It has also been reported that treatment of 

rats with E2 reduces the PIF activity of hypothalami when tested in 

vitro [351], suggesting that E2 depletes the hypothalamus of PIF activi

ty and thereby removes the hypothalamic inhibition of PRL secretion. In 

addition to the effects of estrogens on PIF activity, this steroid has 

also been demonstrated to increase the activity of hypothalamic PRF 

[352,353]. Further support for a hypothalamic site of action for estro

gens in the regulation of PRL secretion stens from the demonstration of 

the uptake of radio labeled E2 by TIDA neurons within the arcuate nucleus 

(ARCN) of the MBH [354,355]. 

During the rat estrous cycle, circulating levels of E2 and PRL 

are reported to reach their highest levels in the afternoon of proestrus 

[74,103,356]. Conversely, the concentration of DA in hypophysial portal 

blood is lowest on proestrus between 1000-1600 hours [195]. The essen

tial nature of E2 in facilitating the proestrous PRL surge was shown by 

the finding that the administration of antiserum to E2 on diestrus 

abo 1 i shes the norma 1 increase in plasma PRL on the afternoon of proes

trus [93]. 

Although measurements of hypothalamic content [203,357] and 

turnover rate of OA [311,358] have been made in an attempt to correlate 

estrogen levels with hypothalamic DA metabolism, the data have been 

conflicting. However, taken together, the data suggest that the effects 
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of E2 on hypothalamic DA are probably mediated by increased PRL levels 

via short-loop negative feedback, rather than through a dir~ct effect of 

estrogens on the TIDA neurons. 

Therefore, considerable evidence has accumulated to suggest that 

estrogens may increase PRL synthesis and release 1) by acting directly 

upon the anterior pituitary; and/or 2) by modulating the re1ease'of 

hypotha1&nic releasing and/or inhibiting factors (including DA) into the 

portal vasculature. 

Progesterone (P 4) has a 1 so been demonstrated to infl uence PRL 

release both in vivo and in vitro. When P4 is injected by itself into 

OVX rats, no detectab 1 e effect on PRL secret i on is obser ved [330,359]. 

Similarly, treatment of OVX rats with P4 does not alter PRL synthesis 

and release by their pituitaries in vitro [359]. Whereas P4 can par

tially inhibit the stimulatory effect of estrogen on PRL secretion in 

OVX rats [330,359], P4 may [360] or may not [359] reduce the stimulation 

by E2 of PRL synthesis and release in vitro. Since the P4-induced 

inhibition of PRL secretion in vivo occurs only when estrogens are 

present, it has been suggested [359] that the negative feedback effect 

of P4 is probably at the level of the hypothalamus to reduce the stimu

latory effect of E2 on PRL secretion. 

Evidence has also been presented to suggest that P4 may stimu

late the secretion of PRL. When OVX rats are pretreated with estrogens, 

a single dose of P4 incre?ses serum PRL titers in a dose-response manner 

[361]. It has been suggested that this priming effect of E2 might be 

due to an induction of P4 receptors in the pituitary and/or hypothalamus 

[362]. 
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The last category of gonadal steroids which may effect PRL 

secretion are the androgens. Receptors for androgens have been detected 

in both the pituitary and hypotha 1 amus of rats [363,364]. However, the 

reported effects of TST on PRL release are controversial, since circu

lating PRL levels either remain unchanged [203,365] or are slightly 

depressed [366,367] after castratibn of male rats. While treatment of 

intact male rats with TST either may [368] or may not increase PRL 

levels [365], administration of androgens to castrated"animals may 

increase circulating titers of PRL [331,332,367,368]. Also, whereas TST 

has been demonstrated to either stimulate [369] or produce no detectable 

effect of PRL release in vitro [360], it may reduce the stimulatory 

effect of estrogens [360]. 

Studies in the Hamster. Considerable controversy exists over 

the ability of estrogens to influence PRL secretion in the female ham

ster. Reiter et al. [370] were the first to report that ovariectomy of 

hamsters causes a reduction in both pituitary and plasma PRL levels. 

However, they were unable to restore depressed PRL values to those 

measured in intact controls at 72 hours after a single injection of E2• 

These authors also showed that whereas ovariectomy of anima 1 s did not 

alter pituitary gland weights, a single injection of either E2 or E2 

plus P4 elevated pituitary weights in OVX hamsters to values greater 

than those of intact controls 72 hours post-injection. A subsequent 

study showed that whereas serum PRL levels in hamsters are reduced 

within four weeks after ovariectomy, implantation of an E2-containing 

silastic capsule at the time of surgery completely prevented the decline 

in circulating PRL titers [121]. 



48 

In contrast, Vomachka and Greenwa 1 d were unab 1 e to detect any 

significant changes in serum PRL titers in hamsters either within the 

first 24 hours [122] or first two weeks after ovariectomy [371]. Whereas 

serum PRL levels in OVX hamsters show an apparent circadian rhythm of 

secretion, which is characterized by a nadir in serum values at 2400 

hours [371], no such rhythm in PRL release is detected in OVX rats 

[372]. Circulating PRL titers in hamsters have also been reported to 

undergo a progressive, yet statistically insignificant increase during 

28 weeks subsequent to ovariectomy [371]. The latter findings suggest a 

possible inhibitory influence of estrogens on PRL secretion in the 

hamster. In support of this hypothesis is the observation that serum 

levels of E2 decrease precipitously between days 14 and 16 of pregnancy 

in the h~nster, whereas circulating PRL levels increase markedly during 

the same time [126]. 

In the female hamster, both the pituitary [373,374] and the ARCN 

of the hypothalamus [375,376] demonstrate the uptake of radiolabeled E2, 

suggesting that estrogen receptors are present in these tissues. 

Controversy also exists over the ability of P4 to influence PRL 

secretion in the female hamster. One study reported that serum PRL 

levels in cyclic hamsters were elevated by a single injection of P4 only 

at 1900 hours on diestrus [377]. Progesterone has also been suggested 

to reduce PRL secretion in the female hamster [121]. In support of an 

inhibitory influence of P4 on PRL release is the finding that serum 

levels of this steroid decrease precipitously between days 14 and 16 of 

pregnancy, whereas circulating PRL titers increase markedly during the 
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same time [126]. Yet another study demonstrated that a single injection 

into OVX hamsters of P4 alone or in combination with E2 did not restore 

reduced pituitary and plasma PRL levels to those values measured in 

intact controls [370]. However, the latter investigators also reported 

that the combined treatment of OVX animals with both of these steroids 

elevated the reduced pituitary levels of PRL to values greater than 

those observed in vehicle-injected OVX hamsters. 

The ARCN of the male hamster binds radiolabeled TST [376,378], 

suggesting the specific loca 1 ization of androgen-concentrating neurons 

in this location. However, it has been reported that castration of male 

hamsters does not lead to a decline in circulating PRL titers, and that 

the administration of TST to intact, short photoperiod-exposed males 

does not elevate the reduced levels of peripheral PRL [32,37]. 

Hence, it appears that there are basic differences between rats 

and hamsters in the response to gonadectomy, and in the responsiveness 

of pituitaries to exogenous replacement therapy with estrogens, pro

gesterone and androgens. 
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The Pineal Gland 

General History 

The pineal organ, or epiphysis cerebri, exists in one form or 

another in all classes of vertebrates. In man, this small, azygous 

(unpaired), cone-shaped gland lies just inferior to the splenium of the 

corpus callosum, deep between the cerebral hemispheres. 

The history of pineal research has been divided into three 

periods [379]. The first period starts at about 300 B.C. with the 

discovery of the organ in humans by Herophilus (325-280 B.C.). The 

early reputation of the pineal gland was based more upon philosophical 

satire than upon scientific knowledge. The French philosopher Rene 

Descartes (1596-1650) even dec 1 ared the pinea 1 to be the "seat of the 

soul." This period ended at approximately the middle of the 19th cen

tury with the rejection of most all theories about pineal function, and 

probably more or less due to a general lack of interest in the organ. 

During the second era, which lasted until about the middle of 

the present century, interest in the pineal was revived, first in con

nection with the development of the field of comparative anatomy and 

then by the discovery of the endocrine organs. lJuring this era, much 

confusion and speculation existed in which opinions about the function 

of the pineal vascillated between the extremes of being either a func

tionless, vestigial rudiment of the non-mammalian photosensory parietal 

or "third" eye, to a multipotent endocrine gland [379]. 

About 30 years ago, research on the pineal came to a virtual 

standsti 11. A new approach was needed to 1 iberate the organ from the 
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vestigiality complex with which it was burdened. Two landmark events 

marked the turning point for epiphysology during the 1950's. The first 

was the publication of the book by Kitay and Altschule entitled The 

Pineal Gland [380]. This work critically summarized practically all 

data on pineal physiology to date, as well as indicated lines for future 

research. Suggesting that the gland may influence the function of the 

reproductive system, their insight probably guided the course for modern 

pineal research. The second event providing a strong impetus for subse

quent investigations on this organ was the isolation and identification 

of melatonin, the first potential pineal hormone, from bovine pineal 

tissue by Lerner et al. [381,382]. Soon after the discovery of this 

indoleamine, the biosynthetic pathways for the production of melatonin 

began to be elucidated. 

More is known about indoleamine production within the pineal 

than about any other compounds within the gland. The best known of 

these is N-acety l-5-methoxytryptamine, better known as me 1 aton in (MEL). 

It is now known from early studies that the amino acid tryptophan is 

taken up from the peripheral circulation and is converted to serotonin 

in a two-step process; the enzymes invol ved in these conversions are 

tryptophan hydroxylase [383] and aromatic L-amino acid decarboxylase 

[384]. Pineal serotonin is then N-acetylated to N-acetylserotonin by N

acetyl transferase (NAT) [385]. The latter compound is then O-methylated 

by hydroxyindole-O-methyltransferase (HIOMT) [386] with the resultant 

production of MEL. Melatonin is thought to be one of the pineal hor

mones responsible for the antigonadotrophic effects of the pineal 



51 

[387,388], and indeed, a sizeable literature of this aspect of melatonin 

function exists in both rats and hamsters. 

At least as important as the discovery of MEL, however, was the 

finding that light and darkness govern the biochemical activity of the 

pineal gland. One of the greatest difficulties in evaluating early 

experimental work in pinea1o1ogy was the failure of investigators to 

mention the lighting conditions under which the animals were maintained. 

It was not until the 1960's that a relationship between environmental 

lighting and the metabolic activity of the pineal was established. 

About 20 years ago, Quay [389] and Wurtman et a 1. [390] pub 1 is hed re

ports linking the environmental photoperiod with the biosynthetic 

act i v i ty of the pi nea 1. Bas i ca 11 y, they found that the synthes i s of 

serotonin and melatonin were increased during periods of darkness and 

inhibited during periods of light. The activities of the pineal enzymes 

HIOMT [391] and NAT [392] have also been shown to fluctuate in response 

to environmental lighting, also being increased during darkness. Short

ly thereafter, Hoffman and Reiter [393] provided the first physiological 

evidence that the pineal has an intermediate position between environ

mental lighting and the status of the reproductive organs. Since their 

early studies, remarkable advances have been made in elucidating the 

endocrine functions of the pineal, and 1 iterally hundreds of reports 

have described the importance of the gland in altering sexual physiology 

in mammals, usually rodents. Despite this progress, some scientists 

have still persisted in perpetuating an image of the gland which charac

terizes the organ as a vestigial remnant [394]. 
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Kapper's [395] originally showed that the manmalian pineal re

cei ves an important neura 1 projection from the periphera 1 sympathetic 

nervous system. Indeed, it has been demonstrated that the gland depends 

very heavily on neural information derived from this portion of the 

autonanic nervous system both for its biosynthetic [390] and hormonal 

capabilities [396,397]. In manmals, retinal photoreceptors detect the 

photic information which eventually cues the pineal gland. The neural 

information is transferred from the eyes to the pineal over a circuitous 

connection of neurons involving retinohypothalamic fibers, the supra

chiasmatic nuclei, hypothalamospinal fibers and the peripheral 

sympathetic nervous system [398]. Since it was genera 11y agreed that 

the neural input to the pineal is transduced into the secretory products 

that modulate neuroendocrine function, Wurtman and Anton-Tay [399] pre

ferred to call the pineal a "neuroendocrine-transducer," the function of 

which is to mediate the effects of various environmental parameters on 

the reproductive system. This term undoubtedly describes what actually 

takes place when neural imformation reaches the pineal via the post

ganglionic sympathetic fibers. 

Although the site(s) and mechanism(s) of action of pineal fac

tors are currently unknown, most investigators in the field generally 

agree that the primary targets for pi nea 1 subs tances may be the hypotha

lamic neurons producing the releasing and/or inhibiting hormones 

(factors) [400,401]. Even though a central nervous system site of 

action is teleologically very reasonable, considering the close proximi

ty of the pineal gland to the cerebrospinal fluid and hypothalamus, 
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other sites of action cannot be excl uded at this' time. In fact, there 

are studies indicating possible peripheral effects of pineal principles 

via a direct action at the level of the anterior pituitary [402,403] and 

more distant target organs [404,405]. 

Historically, many metaphysical epithets have been applied to the 

pineal organ, but those implying an influence upon reproduction, for 

example IIsexual brake ll or lI.chastity gland ll [406], can now be unques

tionably retained. 

The Pineal and Reproduction 

Studies in the Rat. The reproductive systems of laboratory rats 

are notoriously unresponsive to manipulations of the pineal. Rats have 

therefore been traditionally classified as non-photoperiodic, since 

neither maintenance of animals in short day lengths or constant dark

ness, nor blinding, have much, if any effect on reproductive competence 

[407,408]. In fact, Reiter [409] has stated that lIif researchers had to 

depend on the laboratory rat for conclusive evidence of pineal-gonadal 

interaction, most investigators may still deny an endocrine function of 

the pinea 1 gl and.1I 

There are, however, experimental procedures which when combined 

with light deprivation, apparently render the hypothalamic-pituitary

gonadal axis of rats more sensitive to the inhibitory influence of the 

pineal. These procedures are referred to as IIpotentiating factors,1I and 

include experimentally-induced anosm{a, neonatal androgen treatment and 

food restriction [410-413]. Any of these treatments, when coupled with 
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light deprivation, severely effects the morphology and function of the 

reproductive organs in both male and female rats. 

The first potentiating factor to be considered, and most inves

tigated, is anosmia as induced by bilateral olfactory bulbectomy. This 

procedure apparently unmasks photoperiodic responsiveness in male rats. 

Both pre- and postpuberta 1 bu 1 bectomized ma 1 es that are either exposed 

to short day lengths or blinded have reduced gonadal and accessory organ 

weights, reduced testicular spermatogenesis and decreased TST titers as 

compared to similarly treated males maintained on long days or to intact 

rats exposed either to long photoperiods or deprived of light [411,414-

416]. 

In prepubertal female rats, dual sensory deprivation induced by 

blinding plus anosmia may delay the onset of vaginal opening and results 

in reproductive organ atrophy as adults [417,418]. Peripheral levels of 

E2 and P4 are also reduced in these animals [419]; with the exception 

of E2, a 11 of these effects are prevented by pi nea 1 ectomy. Simi 1 ar 

resu 1 ts are observed when postpubertal females are rendered blind and 

anosmic or blind, anosmic and pinealectomized [420,421]. 

Although the mechanism(s) by which anosmia potentiates the ef

fects of the pineal are not clearly understood, it ;s thought that 

anosmia does not increase pineal activ ity per se [411,414,421]. Reiter 

and Sorrentino [410] originally suggested that anosmia may potentiate 

the effects of light deprivation by sensitizing the site(s) of action of 

pineal antigonadotrophic principles. Their hypothesis is supported by 

the observation that anosmia may sensitize the male rat to the effects 

of daily afternoon injections of MEL [422,423]. 
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The second procedure which potentiates the effects of pineal 

activation in rats is neonatal androgenization. When male rats are 

both blinded and neonatally androgenized, the weights of the testes and 

accessory sex organs are dramatically reduced and the gonads are asperm

a tog en i c [ 4 2 4 ] ; p i n e a 1 e c tom y o b v i at e s the e f f e c t s of s u c h d u a 1 

treatment. When female rats are treated at birth with androgens and 

also deprived of light, a pronounced involution of the reproductive 

system results which is greater than that following either treatment 

alone [425]. After approximately eight weeks, females so treated have 

greatly reduced reproductive organ weights [426,427]; pinealectomy of 

such dually-treated female rats completely obviates the effects on the 

reproductive system. It has been hypothesized that neonatal androgen 

treatment renders the animals more sensitive to pineal antigonadotrophic 

factors, rather than by promoting an increase in pineal activity per se 

[410]. 

The last procedure which potentiates the effects of pineal 

stimulation in rats is underfeeding. In males, the combination of light 

deprivation with food restriction results in reproductive organ hypo

trophy that is greater than that obtained by either condition alone; 

again this sensitizing effect of underfeeding is reversed by pineal

ectomy [ 428]. 

Studies in the Hamster. The seasonally-breeding Syrian hamster 

has proven to be an invaluable species in studies on ~he influence of 

the pineal gland upon reproductive physiology. Hoffman and Reiter [393] 

originally demonstrated that either exposure of male hamsters to only 
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one hour of light per day, or blinding animals by bilateral orbital 

enucleation, induces gonadal atrophy within approximately four weeks. 

More important, they also showed that whereas pinea1ectomy of long 

photoperiod-exposed hamsters had no effect on functioning testes, 

pinea1ectomy of light-deprived animals completely prevented testicular 

involution. These investigators concluded that the pineal secretes an 

antigonada1 "autacoid" and that pineal secretory activity is enhanced by 

light restriction. Since these early studies, it has been repeatedly 

shown that pineal extirpation completely prevents reproductive organ 

atrophy in both sexes as a result of blinding or short photoperiod 

exposu\'~e [41,396,397,429-433]. 

Reiter [397] also reported early on that the transplantation of 

the pineal under the renal capsule of b1ind/pinea1ectomized hamsters 

fails to cause testicular involution, presumably due to the loss of 

sympathetic innervation of the grafted pineal. This finding was sup

ported by the observation that bi lateral superior cervical 

ganglionectomy (SCGx), like pinea1ectomy, prevents gonaQa1 regression in 

light-deprived hamsters [396,397]. Similarly, surgical interruption of 

the nervi conarii (postganglionic sympathetic fibers from the superior 

cervical ganglia) just prior to their entrance in to the pineal [434], 

or severing preganglionic sympathetic fibers to the ganglia [435] have 

effects equivalent to pinea1ectomy in light-restricted hamsters. Al

though procedures such as pinea1ectomy or SCGx alone or in combination 

produce no alterations in the weights of reproductive organs in long 

photoperiod-exposed male and female hamsters [393,396], it has been more 
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recently demonstrated that pinealectomy of males kept in a long photo

period stimulates testicular spermatogenesis [436]. 

Thus, the pineal organ is undoubtedly a mediator of darkness

induced gonadal involution in this species, since either extirpation of 

the gland, or disconnec.ting it from its symputhetic innervation, pre

vents the inhibitory effe~ts of light deprivation on the size and 

function of the sexual organs. This latter finding indicates that the 

function(s) of the pineal is (are) regulated, at least in part, byway 

of the sympathetic nervous system. 

Since the initial studies by Hoffman and Reiter [393], later 

studies have revealed that although the rate of regression and degree of 

atrophy has remained uniform, for unknown reasons the latency from the 

onset of experiments to the induction of reproductive involution has 

become progressively longer; therefore, it now requires anywhere from 

six to ten weeks of 1 ight deprivation before the onset of gonadal re

gress ion [437,438]. 

Although there are no actual field studies in the hamster, 

experiments with these animals exposed to natural daylight and tempera

ture conditions throughout at least a one-year period have permitted a 

plausible description of this species' reproductive cycle. The annual 

reproductive cycle of the Syrian hamster has been divided into four 

phases [437,439]: the inhibition phase, the sexually quiescent phase, 

the restoration phase and the sexually active phase, as described in 

detail below. Although characterized more fully in the male, the fe

male's annual reproductive cycle corresponds in all essential respects 

to that of the male [432,433,440]. 
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The inhibition phase is instituted naturally during the autumn 

as the day lengths are naturally decreasing, or artificially as the 

ambient laboratory photoperiod to which animals are exposed is reduced 

below a certain length, or when animals are subjected to total light 

deprivation induced by blinding. Under any of these conditions, the 

pineal gland is activated and gonadal regression ensues. In any case, 

the critical event for the initiation of reproductive organ involution 

is a decrease in the 1 ength of the 1 ight phase of the 1 i.ght:dark (L:O) 

cycle below 12.5 hours per day [441-443]. Whereas any daily light 

interval less than 12.5 hours of light per day appears to induce the 

same rate and degree of gonadal atrophy [406,443-445], exposure of 

animals to a stimulatory photoperiod, that is, greater than or equal to 

12.5 hours of light per day, maintains normal neuroendocrine-gonadal 

function [441-443,445,446]. Apparently, then, this species is capable 

of relatively fine discrimination of day length. 

In males, testicular weights decline dramatically during the 

inhibition phase, with maximal invol ution occurring within eight to 12 

weeks [295,396,397,431,447]. Interestingly, whereas depressions in 

pituitary levels of LH and FSH are consistently found [410,435,447,448], 

reductions in blood levels of the gonadotrophins are somewhat less 

consistently observed [47,295,448-451]. Spermatogenesis ceases 

[440,444,445], testicular steroid production is reduced 

[29,37,39,445,448,450] and the androgen-dependent accessory sex organs 

decrease in size [295,396,397]. However, anterior pituitary weights in 

males are not appreciably altered by light deprivation [293,452]. 
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It has frequently been postulated that the reduced levels of LH 

and FSH in light-restricted males are due to the action of the pineal 

antigonadotrophic hormone(s) to inhibit the synthesis an~/or release of 

hypothalamic LHRH [41,435,453]. Along these lines, it has been reported 

that the hypothalamic content [295] and concentration of LHRH [454] are 

increased in male hamsters exposed to short photoperiods for six and 13 

weeks, respectively. "These observations suggest that an accumulation 

LHRH may account for depressed levels of gonadotrophins in the circula

tion. In contrast, B1 ask et ale [455] reported that the in vitro 

releasing activities for LH and FSH in MBH extracts were depressed in 

b 1 i nded ma 1 e hamsters 11 weeks after treatment. Whereas reduced LHRH 

activity was not prevented by pinea1ectomy, the releasing activity for 

FSH in b1ind/pinea1ectomized hamsters was completely restored to values 

observed in intact controls [455]. 

In females, uterine weights decline during the inhibition phase, 

assuming an infantile appearance [430,432,433,440,456]; this is pre

sumably due to reduced levels of estrogens in the circulation [121]. In 

contrast to the gonads in males, the ovaries are not atrophied 

[396,429,433,440,456] or may actually hypertrophy [41,432,453,457]. 

Also in contrast to males, pituitary reserves of LH and FSH are in

creased [41,453,457], and gonadotrophin secretion is actually augmented 

as evidenced by daily mid-afternoon surges of both hormones 

[442,458,459]. In spite of this, the ovaries no longer shed ova 

[440,442,458-460]. Visible indications of reproductive involution in 

these females are the absence of postovu1atory vaginal discharge and 
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behavioral estrus [460-462]. Lastly, anterior pituitary weights of 

light-deprived female hamsters are usually reduced, and pinea1ectomy of 

such females either partially or completely prevents the depression in 

pituitary weight [41,117,453,457,463]. At the end of the inhibition 

phase, which is usually completed within eight to 12 weeks after the 

onset of light deprivation [437,438,441,443], the animals are incapable 

of reproducing [433,464]. 

During the quiescent phase, which also coincides with the winter 

months under natural photoperiodic conditions, the atrophic testes are 

not actively gametogenic and contain seminiferous tubules of reduced 

diameter that are lined predominantly by Serto1i cells and spermatogonia 

[393,397,441] •. The agametogenic ovaries are marked by the pr.o1 iferation 

of interstitial tissue and the relative absence of Graafian follicles 

and corpora 1utea [41,440,453,456]. The hypertrophied interstitial tis

sue of the ovary becomes very active, releasing P4 in daily surges 

[458]. Nadirs in circulating levels of gonadotropins and gonadal ster

oids are maintained for an additional eight to 12 weeks 

[437,438,448,465]. 

The gonads are presumably held in an atrophic state during the 

quiescent phase by darkness acting via the pineal gland. This is illus

trated by the fact that if male and female hamsters at this time are 

transferred either from natura11y- or artificially-shortened photo

periods to a long photoperiod. or are pinea1ectomized or subjected to 

SCGx, the gonads a 1most immediately begin to regenerate with full ana

tomical and functional restoration requiring roughly eight weeks 
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[408,440,447,465,466]. Interestingly, an elevation in serum gonado

trophin levels usually precedes the pinealectomy- or long photoperiod

induced gonadal recrudescence by approximately two weeks [448,465]. 

Thus, the approximately 20-week period of sexual dormancy induced by 

short days generally prevents delivery of the young during the disadvan

tageous winter season, and parturition largely coincides with the season 

optimal for survival of the offspring [433]. 

As spring approaches, the daily photoperiod progressively in

creases in length and the reproductive organs in both sexes begin to 

regenerate [431], signalling the onset of the restoration phase. One of 

the more remarkable features of this system is that even with continued 

exposure of hamsters to short days or complete light deprivation ind.uced 

by blinding, the reproductive organs still recover and resume their 

gametogenic and secretory activities [431,432,440,447,449,466]. Thus 

the regrowth of the sexual organs during the restoration phase is ap

parently spontaneous or endogenous, and is independent of light and of 

the presence of the pineal gland. In the male, spontaneous gonadal 

recrudescence is preceeded by an increase in FSH release which is fol

lowed within a few weeks by increasing titers of LH and androgens 

[47,129,449,465,467,468]. Spontaneous recrudescence in the female in

volves the resumption of estrous cyclicity with suppression of the daily 

surges of LH, FSH and P4' reorganization of the ovary that accompanies 

the onset of foll iculogenesis and the induction of normal proestrous 

gonadotrophin surges [437,438,468]. This spontaneous regeneration of 

the reproduct i ve organs apparentl y ensures that the an ima 1 s are 
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immediately capable of reproducing when they emerge from hibernation in 

the spring. 

This spontaneous recrudescence of the gonads to their mature, 

adult condition usually occurs within 20 to 30 weeks after the onset of 

light deprivation [440,447,'466-470], suggesting that the neuroendocrine

gonada 1 ax i s becomes refractory to the i nh i bi tory effects of an 

activated pineal gland. That is, animals no longer respond to short days 

and apparently no amount of short day exposure will reinitiate reproduc

tive in vo 1 ution. 

The sexuany active phase begins when the animals emerge from 

hibernation. The short gestation period (16 days) in the hamster allows 

the females to deliver their litters early in the spring [433]. During 

this phase, the animals are still in a refractory state; that is, ham

sters whose testes have regrown are still insensitive to the inhibitory 

effects of light-deprivation. Termination of this refractory state 

requires from ten to 20 weeks of exposure to long days [466,469,471-

473]. It is not known whether the same is true for the female, but it 

seems unlikely that the two sexes would differ substantially in this 

regard [437,438]. The long days of summer are required to terminate the 

refractory period, at which time the animals become photosensitive [438] 

so the short days of fall will again inhibit the reproductive system. 

Reiter [466] originally suggested that refractoriness may be due 

either to exhaustion of the pineal antigonadotrophic factor(s), or to 

the development of insensitivity by target tissue(s) to the pineal 

hormone(s). r~ore recent studies by Bittman et ale [472,473] suggest the 

latter hypothesis to be more tenable. 
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Lastly, it has been demonstrated that the hamster pineal can 

synthesize the MEL [474,475], and that daily afternoon injections of 

MEL can induce gonadal atrophy in both pineal-intact and pinealectomized 

male hamsters [476-480]. eycl ic female hamsters also can be rendered 

anovulatory and acyclic by daily afternoon MEL injections, and show 

daily gonadotrophin release patterns identi~al to those reported in 

light-deprived females [476,481,482]. 
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Pineal-Prolactin Relationships 

studies in the Rat 

Evidence to support a role of the pineal gland in controlling 

PRL secretion in the rat is laden with conflicting data. Pinealectomy 

alone in male rats may only cause minor alterations in peripheral PRL 

levels. Whereas Ronnekleiv et ale [483] reported that pinealectomy of 

male rats abolished the early morning rise in PRL titers, their results 

could not be subsequently duplicated [484]. Furthermore, other investi

gators have found only slight modifications in the circadian rhythm in 

PRL secretion in male rats after pinealectomy [485,486]. More recently, 

Leadem [487] demonstrated that pinealectomy alone did not significantly 

alter serum PRL levels in female rats. 

In the male rat, anosmia induced by olfactory bulbectomy may 

decrease serum PRL titers and pituitary PRL content, but these reduc

tions are not obviated by pinealectomy [488]. In contrast, anosmia by 

itself in females does not appreciably alter serum PRL levels [487]. 

Relkin [489] originally demonstrated that whereas exposure of 

male and female rats to constant darkness depressed pituitary PRL 

levels, plasma levels were elevated; pinealectomy reversed these 

changes. He also showed that blinding of rats produced similar changes 

in pituitary and blood PRL levels [490]. In contrast, others have 

reported that blinding of either female [487,491] or male rats [488,485] 

does not appreciably alter peripheral PRL titers after five to eight 

weeks, while the observed depressions in pituitary PRL content are not 

always significant. 
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Much greater effects of the pineal on PRL are observed when rats 

are dual sensory-deprived, that is, rendered both blind and anosmic. 

Under these conditions, the most consistently reproducible effect of the 

pineal in male and female rats is its abi 1 ity to reduce both anterior 

pituitary weight [411,415,420,421,487] and pituitary PRL content and 

concentration [487,488,492-494]. These studies have shown that either 

pinealectomy or pineal denervation partially or completely prevents the 

depressions in pituitary weight and pituitary PRL levels. 

Confl icting resul ts again arise in a discussion of periphera 1 

PRL levels in blind/anosmic rats. Whereas peripheral PRL levels are 

consistently depressed in blind/anosmic males [487,488,493,495], pineal

ectomy does not completely prevent this reduction [487,488,493]. In 

blind/anosmic females, circulating PRL titers are either reduced 

[487,496,497], increased [494,496,498] or unaltered [491,496]; pineal

ectomy prevents the effects of dual sensory deprivation on PRL levels in 

female rats irrespective of the direction of change. 

In view of the dramatic pineal-induced depressions in pituitary 

PRL levels in blind/anosmic rats in vivo, it is not surprising that 

these glands synthesize and release significantly reduced amounts of PRL 

when incubated in vitro. Leadem [487] recently demonstrated that the 

total content of immunoassayable PRL present in incubation vials con

taining pituitaries from either male or female rats that were rendered 

blind/anosmic eight weeks previously was depressed when compared to 

intact controls. Whereas pinealectomy of males only partially prevented 

this reduction, pinealectomy of females either partially or completely 
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ameliorated this depression. Similarly, the total amounts of incorpora

tion of 3H-1eucine into PRL by pituitaries from blind/anosmic male and 

female rats in vitro was markedly reduced; whereas pinea1ectomy of 

blind/anosmic females elevated total PRL synthesis to values signifi

cantly greater than that of intact animals, pineal removal in 

blind/anosmic males only partially obviated the reduced synthesis of PRL 

in II itro [487]. 

At least one way in which the pineal gland may affect the PRL 

cells is via the hypothalamus. B1ask and Reiter [498] reported that MBH 

extracts from blind/anosmic female rats had predominantly PIF activity 

when injected into OVX, estrogen-progesterone primed fema 1 es. In con

trast, MBH extracts obtained from b1ind/anosmic/pinea1ectomized females 

demonstrated predominantly PRF activity when injected in vivo. These 

same investigators [499] subsequently confirmed the effects of dual 

sensory deprivation and pineal removal on MBH PRF activity with the use 

of in vitro methods. 

Whereas daily afternoon injections of MEL into either intact or 

fed rats has no appreciable effect on PRL levels [422,423,500], similar 

injections of MEL into either anosmic or underfed male and female rats 

reduce both pituitary and blood PRL levels [422,423,492]. 

Shiino et al. [494] originally examined the ultrastructure of 

pituitary 1actotrophs in blind/anosmic female rats. They found that the 

PRL cells contained few mature secretory granules, many immature gran

ules, a highly-developed RER and many exocytosis patterns. These 

findings were all suggestive of a high rate of PRL synthesis and 
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secretion, and correlated well with the depressed pituitary and elevated 

serum levels of PRL in these animals. Also in their study, pinealectomy 

of b 1 i nd/ anosmi c fema 1 es caused an accumu 1 at i on of mature secretory 

granules and a decrease in the incidence of exocytotic patterns which 

suggested an inhibition in PRL secretion. 

More recently, Leadem [487] demonstrated that PRL cells of 

blind/anosmic female rats were reduced in size as compared to those of 

intact animals, showed scanty RER, few mature and no immature secretory 

granules, and rare exocytosis patterns. In contrast, PRL cells of 

b 1 i nd/ anosmi c/ pi nea 1 ectomi zed fema 1 es were s im i1 ar in appearance to 

those of intact females; pinealectomy prevented the decrease in size of 

lactotrophs, and the cells had a large amount of RER, many mature secre

tory granul es and frequent exocytotic patterns. These observed 

ultrastructural alterations were correlated with corresponding changes 

in pituitary and serum PRL levels in these animals [487]. 

studies in the Hamster 

The findings of normal or near normal blood levels of LH and FSH 

[29,41,435,442,453,454] in the presence of reproductive organ atrophy in 

light-deprived hamsters were initially perplexing. However, in addition 

to the gonadotrophins, it has been suggested that PRL might play an 

important role in mediating gonadal function in hamsters experiencing 

pineal-induced reproductive involution, an hypothesis first advocated by 

Bartke et al. [29]. Their premise was based upon previous reports of 

depressed blood and pituitary PRL levels in hamsters exhibiting pineal

mediated gonadal atrophy. 



68 

Until very recently, investigators have relied upon the use of a 

heterologous RIA to measure hamster PRL, as originally developed by 

Donofrio et a1. [117]. These very authors were the first to demonstrate 

that the pineal could dramatically influence PRL levels in ,the female 

hamster; they showed that both the content and concentration of PRL in 

pituitaries of blinded females were dramatically reduced eight weeks 

after treatment. Although plasma PRL levels in blinded females tended 

to be lower than those of intact animals, these differences were not 

significant. Importantly, pinea1ectomy completely prevented the depres

sions in pituitary PRL levels [117]. 

Subsequent studies in the female hamster have revealed that 

pituitary PRL content and concentration are markedly reduced in animals 

that are either blinded [41,453,457] or exposed to short photoperiodic 

conditions [501] for eight to 12 weeks. These depressions are either 

partially [457] or completely prevented by pinealectomy [41,453,501]. 

Also, SCGx of blinded females may completely prevent reduced pituitary 

PRL levels [453]. In contrast, no significant alterations in peripheral 

PRL titers have been observed in either short day-exposed [501] or 

b 1 i nded fema 1 e hamsters [41,453,457], at 1 east when measured with the 

use of a heterologous RIA. However~ more recently, Borer et al. [130], 

with the use of their newly-developed homologous RIA for hamster PRL, 

demonstrated that serum PRL levels in female hamsters maintained in 

short days fo~ 15 weeks were reduced to 23% of those values measured· in 

females maintained in long days. They also showed that pituitary PRL 

content and concentration in short day-exposed fema 1 es were reduced to 

17% of those levels in long photoperiod-exposed controls. 
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More comprehensive studies in the male hamster have also re

vealed that the pineal may exert profound effects upon PRL. Reiter and 

Johnson [435] were the first to demonstrate that the pituitary PRL 

content and concentration in blinded male hamsters are significantly 

reduced; this effect occurred within nine weeks. However, pinea1ectomy 

or SCGx only partially prevented these depre'ssions. Interestingly, 

whereas blinded males also had dramatically reduced plasma PRL titers, 

neither pinea1ectomy nor SCGx ameliorated the PRL-inhibitory effects of 

blinding [435]. 

Subsequent studies in male hamsters have also revealed that 

pituitary PRL content and concentration are markedly reduced in animals 

that are either blinded [36] or exposed to natura11y- or artificia11y

reduced photoperiods [36,42,447,502]. A 1 though there is a report that 

pituitary PRL levels were not significantly altered in male hamsters 

that were blinded for seven weeks [30], in general the reductions in 

pituitary PRL values are observed within eight to 12 weeks after light 

deprivation. Furthermore, these reductions are completely prevented by 

pinea1ectomy [447]. Recently, Tamarkin et al. [43] reported that de

creases in pituitary PRL levels precede the decline in testicular 

weights of hamsters placed in short photoperiods. 

Although there are reports that plasma PRL titers are not sig

nificantly altered by exposure of male hamsters to short days [42,503], 

numerous investigators have demonstrated that nadirs in Circulating PRL 

levels are reached approximately six to 12 weeks after either bl inding 

[30,31,36,435], or exposure of males to natural or artificial short days 
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[34,36,37,44,295,503 J. There are even reports that. peri phera i PRL titers 

are reduced within three to four weeks of exposure to short days 

[32,502,504 J. Furthermore, these reductions in short day exposed ani

mals have been reported to essentially parallel testicular involution 

[43J. Also, decreases in the concentration and turnover rate of hypotha

lamic DA have been correlated with depressed plasma PRL levels in male 

hamsters exposed to short days for ten weeks [295]. Borer et a1. [130], 

utilizing their homologous RIA to measure hamster PRLi, showed that se'rum 

PRL levels in male hamsters maintained for 15 week~ on short days are 

reduced to 2% of those values in long photoperiod-exposed males. 

Depressed peripheral PRL levels in male hamst.rs have been shown 

to undergo a spontaneous rise between 16 and 23 weeks of continuous 

exposure to short days [44,129,295,465,504], reaching values of long 

photoperiod controls by 25 weeks [129]. These increases either parallel 

[44,465] or immediately follow [44,295] the initial rise in spontaneous 

testicular regrowth in chronically light-deprived males. Similarly, 

reduced peripheral PRL titers in IHa1es chronically exposed to short days 

increase sharply within two to four weeks after pinea1ectomy [43,465] or 

transfer to long photoperiods [465,504,505]. Furthennore, increases in 

PRL titers in the circulation either immediately precede [43,505] or 

parallel [465] the increase in testicular regrowth induced by these 

treatments. 

In light of these dramatic pineal-induced depressions in PRL 

levels in_vivo, it is not surprising that pituitaries from these ham

sters synthesize and release significantly reduced amounts of PRL when 
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incubated in vitro. B1ask et al. [506] demonstrated that pituitaries 

from male hamsters that were b1 inded for ten weeks secrete 60% less PRL 

in vitro that those from intact controls. Interestingly, pinea1ectomy 

did not prevent the reduced release of immunoassayable PRL in vitro. 

Also, B1ask and Leadem [507] showed that pituitaries from male hamsters 

that were blinded for 14 weeks released 53% less newly-synthesized 3H-

PRL in vitro than glands from intact controls; pinea1ectomy completely 

prevented this depressed release. These authors similarly demonstrated 

that pi tu itari es from fema 1 e hams ters that were b 1 i nded for the same 

length of time released 94% less 3H-PRL than glands from intact animals; 

in contrast to males, pinea1ectomy of females only partially prevented 

the depressed production of PRL in vitro. These initial studies showed 

that the response of the PRL synthetic machinery to blinding and pineal 

removal may be sexually divergent. 

With the use of a homologous RIA for hamster PRL, steger et a1. 

[293] recently demonstrated that pituitaries from male hamsters exposed 

to short days for four weeks released less PRL in vitro than glands from 

long photoperiod controls; this reduced secretion was even further 

suppressed by 11 weeks. However, at 15 weeks, in vitro PRL release 

between pituitaries from long and short day animals was not different. 

They also showed that pituitaries from 11- and 15-week groups of short 

day animals were more sensitive to the in vitro inhibitory effects of 50 

nano,mo 1 ar DA than glands from long day contro 1 s; PRL re 1 ease was i n

hibited by 38% and 75% at these two time periods, respectively. Even 

more interesting, pituitaries from long day-exposed males were com

pletely insensitive to the PRL-inhibitory effects of DA in vitro [293]. 
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Last 1 y, dail y afternoon inject ions of MEL ha ve been shown to 

decrease pituitary PRL content and concentration in hamsters of both 

sexes [478,508-511]. Also, whereas in males daily MEL injections may 

decrease circulating PRL levels [478,479], in females similar injections 

of MEL may either depress [511] or have no effect on PRL titers [510]. 



STATEMENT OF THE PROBLEM AND SPECIFIC AIMS 

It is apparent from the foregoing review' that the pineal gland 

exerts profound influences upon PRL secretion in the hamster, but com

prehensive investigations on the effects of the pineal on PRL cell 

function are lacking. These findings also suggest that further studies 

to eval uate the possible, if not probable, invol vement of the hypo

thalamus in mediating the pineal-induced alterations in PRL secretion 

should be very informative. Ironically, more is known about the pineal 

control of PRL in the hamster than about the hypotha 1 amic mechanisms 

regulating PRL in this species. In view of this, I plan to study the 

physiology of both the pineal and hypothalamic control of PRL synthesis, 

storage and release in light-deprived hamsters. 

The specific questions addressed in this study are: 

1. Does light deprivation influence prolactin synthesis, 

storage and release in the female hamster? If so, does 

the pineal gland mediate this influence? 

2. Is there a differential response of prolactin cells to 

the influence of the pineal in female versus male 

hamsters? 

3. What are the temporal aspects of the pineal-induced 

alterations in prolactin synthesis, storage and re

lease? 

73 
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4. Can PRL-inhibitory factor (PIF) activity be demon

strated in hypothalamic extracts from female hamsters 

on their pituitaries in vitro? 

5. Are there differences in the inhibitory activity of 

hypothalamic extracts between intact, blind/sham

pinealectomized and blind/pinealectomized female 

hamsters? 

6. Can low concentrations of dopamine (DA) inhibit prolac

tin synthesis, storage and release by pituitaries from 

female hamsters in vitro? 



MATERIALS AND METHODS 

Experiment 1: The Time Course of the Changes in Prolactin 
Storage and Release Brou1ht About by Short Photoperiod 

in Ma e Hamsters 

Thirty-eight adult male golden Syrian hamsters (seven weeks old, 

90 g, Lakevisw Hamster Colony) were acclimated for one week in a light 

(L:D 14:10; lights on 0600-2000 hours) and temperature (23°C) controlled 

room. In all subsequent experiments, animals were similarly acclimated 

for one to four weeks prior to the initiation of studies. At week 0, 

eight animals were sacrificed (see below), while the remaining 30 ani

mals were transferred to a short photoperiod (l:D 10:14; lights on 0600-

1600 hours). In this and all subsequent experiments, animals were 

housed four to five per cage, and 1 aboratory chow and water were pro

vided ad libitum. 

At week 0, and at three-week intervals thereafter throughout a 

12-week period, anima 1 s (seven to eight/group) were weighed and then 

killed by decapitation during the morning hours (1000-1100). In all 

subsequent experiments, animals were similarly sacrificed between 0900-

1200 hours. Truncal blood was collected in glass tubes and allowed to 

clot at room temperature for one hour. The clotted blood was then 

centrifuged at 3200 rpm for 20 minutes. The serum was aspirated and 

stored at -12 0C until assayed. The pituitary gland from each animal was 

excised, the posterior lobe removed and the anterior lobe weighed, 

homogenized by sonication in 0.5 ml O.OIM phosphate-buffered saline 

75 
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(PBS; pH 7.6) and then stored at -12 0 C until assayed. Testes and semi-

nal vesicles were removed from each animal and weighed on a precision 

balance. 

Irrmunoreactive PRL levels in serum and pituitaries were esti

mated by National Institute of Arthritis, Metabolism and Digestive 

Diseases (NIAMDD) double antibody radioimmunoassay (RIA) according to a 

modification of methods previously described [117] (see Appendix A for 

details). 

Levels of PRL in the serum were considered indicative of PRL 

release, whereas glandular content was representative of PRL storage. 

Experiment 2: The Effects of Short Photo~eriod on 
the Kinetics of Prolactin Release In vi ro by 

Pituitaries from Male Hamsters 

Fourteen male golden Syrian hamsters (seven weeks old, 90 g, 

Lakeview Hamster Colony) were separated into two groups: seven animals 

were maintained on L:D 14:10, while seven others were transferred to L:D 

10:14. At the end of 12 weeks, the animals were weighed and then 

sacrificed. The weights of the testes and seminal vesicles were re

corded for all hamsters. The remaining protocol was the same as in 

Experiment 1, except that the excised anterior pituitary from each 

animal was bisected for use in in vitro incubations. 

Pituitary incubation was performed by placing two homologous 

hemipituitaries in small plastic incubation vials (seven vials/group) 

containing one ml of medium 199 (Microbiological Associates). The vials 

were incubated at 37 0 C in a Dubnoff metabolic shaker with constant 
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shaking (60 rpm) and aerated with 95% O2 : 5% C02' At 30 minute inter

vals, the medium was aspirated, saved and replaced with fresh medium 

199. At the end of the two-hour incubation, hemipituitaries were 

weighed and then homogenized by sonication in 0.5 ml PBS. Media and 

pituitary homogenates from the incubations were stored at -12 0 C until 

assayed. 

Experiment 3: The Time Course of the Chan{es in Prolactin 
Synthesis, Storage and Release Brough About by 

Short Photoperiod in Male Hamsters 

Fifty-seven male golden Syrian hamsters (seven weeks old, 90 g, 

Lakeview Hamster Colony) were separated into two groups: 32 were main

tained on L:O 14:10, whi le 25 were transferred to L:O 10:14. 

At week 0, and at three-week intervals thereafter throughout a 

15-week period, animals from each photoperiod (four to seven/group) were 

weighed and then sacrificed. The exception to this was that no L:O 

14:10 animals were killed at six weeks. The weights of the testes and 

seminal vesicles were recorded for all hamsters. 

The pituitary incubation protocol was the same as that described 

for Experiment 2, except that homologous hemipituitaries were incubated 

for five hours (four to seven vials/group). Additionally, each vial 

contained 20 ~Ci of L-(3,4,5- 3H) leucine (Research Products Inter

national, specific activity = 40 Ci/mM). Labeled PRL in vitro was 

assayed by polyacrylamide gel electrophoresis followed by liquid scin

ti 11 ation spectrophotometry of the PRL band (see Appendix B for 

details). Prolactin synthesis was defined as the total amounts (i.e., 

medium + pituitaries) of 3H-l euc ine incorporated into PRL in vitro. 



Experiment 4: The Effects of B1 indinQ~ Pinea1ectomy 
and Sham-Pinealectom~ Evaluated Incivl ually and in 

combination on Prolactln Synthesis, storage and Release 
in Male Hamsters 
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Thirty-six male golden Syrian hamsters (seven weeks old, 90 g, 

Lakeview Hamster Colony) were separated into the following groups: six 

intact, six pinealectomized (pinx), six sham-pinx, five blind, six 

b1ind/sham-pinx and seven b1ind/pinx. 

Blinding was performed by bilateral orbital enucleation. Pinea1-

ectomy was accomplished by the technique of Hoffman and Reiter [512]: 

an approximately 4 mm circular bone disc was removed from the skull 

overlying the confluence of sinuses, the dura at the confluence was then 

pierced and the underlying pineal gland removed with fine forceps. The 

sham procedure was identical to that described for pinea1ectomy, except 

the pineal was not removed. All operations were performed under ether 

anesthesia. After surgery the animals were housed in L:D 14:10. 

Eight weeks following the operations, all animals were sacri

ficed. The pituitary incubation protocol was identical to that 

described in Experiment 3. All other procedural aspects of this experi

ment were conducted as described in Experiment 1. 

Exaeriment 5: The Effects of B1indinQa Pinea1ectomy 
an Sham-pinealectom~ Evaluated Indivl ually and in 

combination on Prolactln Synthesis, Storage and Release 
in Fema e Hamsters 

Fifty-two adult female golden Syrian hamsters (seven weeks old, 

80 g, Lakeview Hamster Colony) were separated into the following groups: 

ten intact, ten pinx, nine sham-pinx, six blind, nine blind/sham and 
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eight blind/pinx. The operations were performed identically to those 

described in Experiment 4. After surgery, animals were maintained in 

L:D 14:10 for 12 weeks. 

Beginning approximately two weeks prior to sacrifice, animals 

were examined daily for the presence (or absence) of postovulatory 

vaginal discharge according to the methods of Orsini [461]. During the 

12th week, animals exhibiting regular four-day estrous cycles were 

killed on diestrus (Day 3 of the cycle), while acyclic (blind and 

blind/sham) animals were randomly sacrificed during the same week. 

The pituitary incubation protocol was the same as that described 

in Experiment 3, except that glands were incubated for two hours in one 

ml of Kreb ' s Ringer bi carbonate buffer containing 100 mg% gl ucose (KRB; 

pH 7.6). The ovaries and uteri were removed from animals and weighed on 

a precision balance. All other procedural aspects of this experiment 

were the same as those described in Experiment 1. 

Experiment 6a: The Time Course of Prolactin Synthesis, 
Storage and Release in Intact Female Hamsters 

Fifty-four intact female golden Syrian hamsters (seven weeks 

old, 80 g, Lakeview Hamster Colony) were maintained in L:D 14:10 for 12 

weeks. Upon sacrifice, truncal blood was collected and the sera stored 

frozen until assayed. The pituitaries were excised, the posterior lobes 

removed and the anteri or lobes bi sected. Randomi zed hemi p itu i tar i es 

were placed into incubation vials (three hemipituitaries/vial) con

taining one ml KRB. Additionally, each vial contained 10 pCi L-(3,4,5-

3H) leucine (specific activity = one Ci/mM; see Appendix C for details). 
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Pituitaries were incubated for a tota 1 of either 30, 60, 90, 120," 180 or 

240 minutes (six vials/time point). After incubation, the medium was 

aspirated and the three hemipituitaries/vial weighed together and then 

homogenized by sonication in 0.75 ml PBS. Media and pituitary homog

enates were stored at -20oC until assayed for RIA- and newly-synth~sized 

(3 H-) PRL. 

Irrmunoreactive PRL levels in sera, media and pituitaries were 

measured in this and all subsequent experiments with the use of a new 

homologous RIA recently developed by Soares et al. [513] (see Appendix D 

for deta i1 s). 

The total DNA content of the in vitro pituitaries from the 120 

minute time point in this study (6a) and the following two experiments 

(6b and 6c) were determined by the Burton colorimetric assay (see Ap

pendix E for detail s). 

Also, the incorporation of 3H-l euc ine into total protein was 

determined by precipitation with 10% trichloroacetic acid [514] for the 

180 minute time point in Experiments 6a, 6b and 6c, as follows: 

1. 0.1 ml aliquots of the pituitary homogenates were placed in 

small plastic vials. 

2. 0.5 ml ice-cold 10% trichloroacetic acid was added to each 

vial to precipitate all proteins; the vials were kept one 

ice for 30 minutes. 

3. The samples were than centrifuged for two minutes in a 

Beckman microfuge to separate the protein pellet from all 

non-proteinaceous material. 
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4. The supernatant was aspirated from each vial and then 

placed in a scintillation vial with 10 ml ACS scintillation 

cock ta i1(Amersham Sear 1 e Corporat i on) and 1 eft to stand 

for 48 hours at room temperature. 

5. One ml of NCS tissue solubilizer (Amersham Searle Corpora

tion) was added to each vial containing the protein pel let 

and allowed to stand at room temperature for 24 hours. 

6. The protein solution from step 5 was aspirated from each 

vial, placed in a scintillation vial and then treated as 

described in step 4. 

7. The vials were counted on a scintillation counter (Searle). 

The external ratios method was used to correct cpm to 

disintegrations per minute (dpm). 

This study (6a) and the following two experiments (6b and 6c) 

were performed on consecutive days at the same time of day. Samples 

from all three experiments (6a-6c) were run in the same RIA so that 

statistical comparisons could be made-between studies. Pituitary and 

media samples from these three experiments were also placed in the same 

electrophoresis runs so that comparisons of PRL synthesis between 

studies could be made. 

Experiment 6b: The Effects of Blinding and 
Sham-Pineal ectomy on the Time Course of Prol actin 
Synthesis, Storage and Release in Female Hamsters 

Fifty-four female golden Syrian hamsters (seven weeks old, 80 g, 

Lakeview Hamster Colony) were blinded and sham-pinealectomized as 
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described in Experiment 4. After the operations, animals were main

tained in L:D 14:10 for 12 weeks. The pituitary incubation protocol and 

all other procedural aspects of this study were performed as described 

in Experiment 6a. 

Experiment 6c: The Effects of Blinding and Pinealectomy 
on the Tlme Course of Prolactln Synthesis. Storage and 

Release in Female Hamsters 

Fifty-four female golden Syrian hamsters (seven weeks old, 80 g, 

Lakeview'-Hamster' Colony) were blinded and pinealectomized as described 

in Experiment 4. After the operations, animals were maintained in L:D 

14:10 for 12 weeks. The pituitary incubation protocol and all other 

procedural aspects of this study were performed as described in Experi

ment 6a. 

Experiment 7a: The Effects of Stalk-Median Eminence Extracts 
l!om Intact Female Hamsters on Prolactin Synthesis. 

Storage and Release by Pituitaries from Intact Female Hamsters 

Fifty-four intact, adult fenale golden Syrian hamsters (seven 

weeks old, 80 g, Lakeview Hamster Colony) were sacrificed by decapita

tion. The pituitaries were then excised, the posterior lobes removed 

and the anterior lobes bisected. Hemipituitaries were randomly placed 

into incubation vials (three per vial) containing one ml of KRB. Pitui

taries were then preincubated for 60 minutes at 37 0C and gassed with 95% 

O2 : 5% CO 2• 

At the end of the preincubation, the medium was aspirated and 

rep 1 aced with one m 1 of KRB conta in i ng 10 pC i of 3H-l euc i ne a lone, or 
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which also contained either 0.5,1.0,2.0 or 4.0 equivalents per ml of 

stalk-median eminence (SME) extracts (see below) obtained from intact 

fenale hamsters in Experiment 6a (six vials/group). Additionally, 4.0 

equivalents per ml of a cerebra.l cortical (ee) extract (see below), also 

derived from the intact female hamsters in Experiment 6a, were added to 

a final set of six vials. The incubation was continued for another two 

hours, after whi ch the pituitaries were weighed and then hanogeni zed by 

sonication in 0.75 ml PBS. The media and pituitary homogenates were 

stored at -200e until assayed for RIA- and newly-synthesized PRL. 

This study (7a) and the following two experiments (7b and 7c) 

were all performed within the same week at the same time of day. Sam

ples from all three experiments (7a-7c) were run in the same RIA so that 

statistical comparisons could be made between studies. Pituitary and 

media samples from these three experiments were also placed in the same 

electrophoresis runs so that comparisons of PRL synthesis between 

studies could be made. 

Neutralized, acidic stalk-median eminence (SME) extracts for 

th iss tudy were prepared from intact fema 1 e hams ters in Exper iment 6 a 

with the use of a modification of the protocol previously described by 

Talwalker et al. [166]. The preparation of SME extracts was as follows: 

1. After decapitation, the skull was opened with scissors and 

the brain carefully removed and then inverted on a plastic 

. block. 

·2. Using fine, curved iridectomy scissors, the Sr1E region of 

the mediobasal hypothalamus was excised; the vertical depth 
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of the cut was approximately 0.5 mm (see Fig. 1 for ana

tomical boundaries of the excised SME region). 

3. The SME region was weighed on a precision balance and then 

placed in a glass homoginization tube containing ice-cold 

0.1 N Hel; the SME regions from 54 animals were pooled in 

3.0 ml Hel for a concentration of 18 SME/ml. 

4. The pooled SME regions were homogenized with a pestle and 

then centrifuged at 3200 rpm for 30 minutes. 

5. The supernatant was aspirated, placed into another tube and 

then centrifuged again as described in the previous step. 

6. The resultant supernatant was aspirated and then neutral

ized to pH 7.6 by the addition of 0.1 N NaOH. 

7. A dilution of the neutralized, acidic SME extract from step 

6 was then made with KRB to obtain a stock solution con

taining the equivalent of 4.0 SME/ml; this stock solution 

was then stored at -20 0e until the day of the experiment. 

8. . On the day of the experiment, appropriate dil utions of the 

stock SME extract were made with KRB to obtain final con

centrations of 0.5, 1.0, 2.0 and 4.0 equivalents of SME/ml. 

SME extracts were identically prepared from blind/sham-pineal

ectomized (Experiment 6b) and blind/pinealectomized female hamsters 

(Experiment 6c) for use in Experiments 7b and 7e, respectively. The 

weights of ten SME regions each for intact, blind/sham-pinealectomized 

and bl ind/pinealectomized animals averaged 2.2!. 0.2 mg, 2.0!. 0.2 mg 

and 2.1 + 0.2 mg, respectively. 
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Additionally, a cerebral cortical (CC) extract from intact fe

ma 1 e hamsters in Experiment 6a was prepared for use in Experiment 1 a. 

Cortical tissue from the temporal lobe was excised and an amount equiva

lent in weight to that of the pooled SME regions was similarly 

homogenized in 3.0 ml ice-cold 0.1 N HCl. All other procedural aspects 

of the preparation of CC extract were the same as that described above 

for SME extracts, except that only the equivalent of 4~ CC extract/ml 

was used in Experiment la. 
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Figure 1. Inferior surface of the 'hamster brain. The excised stal k
median eminence (SME) region of the mediobasal hypothalamus is 
demarcated by the dashed line. Other landmark structures labeled for 
reference include: oc, optic chiasm; mb, mammillary body; tc, tuber 
cinereum; is, infundibular stem; tl, temporal lobe. 



Experiment 7b: The Effects of Stalk-Median Eminence 
Extracts from BlindfSha~Pinealectomized Female Hamsters 

on Prolactin Synthesis, storage and Release by 
Pituitaries from Intact Female Hamsters 

87 

Forty-five intact, adult female golden Syrian hamsters (seven 

weeks old, 80 g, Lakeview Hamster Colony) were sacrificed by decapita

tion. Excised hemipituitaries (three/vial) were preincubated 

identically to the procedure described in Experiment 7a. At the end of 

the preincubation, the medium was aspirated and replaced with one ml of 

KRB containing 10 ~Ci of 3H-l euc ine alona, or which also contained 

either 0.5,1.0,2.0 or 4.0 equivalents per ml of SME extracts (see 

Experiment 7a for details) obtained from the blind/sham-pinealectomized 

fema 1 e hamsters in Exper iment 6b (s ix v i a 1 s/ group). The rema i nder of 

the experimental protocol was performed as described in Experiment 7a. 

Experiment 7c: The Effects of Stalk-Median Eminence Extracts 
from BlindfPinealectomized Female Hamsters on Prolactin 

S~nthesis, Storage and Release by 
Pitultaries from Intact Female Hamsters 

Fifty intact, adult female golden Syrian hamsters (seven weeks 

old, 80 g, Lakeview Hamster Colony) were sacrificed by decapitation. 

Excised hemipituitaries (three/vial) were preincubated identically to 

the procedure described in Experiment 7a. At the end of the preincuba

tion, the medium was aspirated and replaced with one ml of KRB 

containing 10 ~Ci of 3H-l euc ine alone, or which also contained either 

0.5,1.0,2.0 or 4.0 ~quivalents per ml of SME extracts (see Experiment 

7a for details) obtained from the blind/pinealectomized female hamsters 
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in Experiment 6c (six to eight vials/group). The remainder of the 

experimental protocol was performed as described in Experiment 7a. 

Experiment 8: The Effects of Dopamine on Prolactin 
Synthesis, Storage and Release in the Female Hamster 

Forty-five adult female golden Syrian hamsters (seven weeks old, 

80 g, Lakeview Hamster Colony) were sacrificed by decapitation. Excised 

hemipituitaries (three/vial) were preincubated identically to the proce

dure described in Experiment 7a in one ml of either KRB alone (six 

vials) or KRB containing 5.6 x 10-4 M ascorbic acid (four sets of six 

vials). At the end of the preincubation, the medium was aspirated and 

replaced with one ml of the corresponding medium containing 10 Ilei of 

3H-leucine. Add"itionally, either 5 x 10-9 M, 5 x 10-7 M or 5 x 10-5 M 

dopamine JDA) was added to three sets of ascorbic acid-containing vials. 

The remainder of the experimental protocol was performed as described in 

Experiment 7 a. 

Exeerimen~ 9: The Effects of Pimozide on the 
Dopamlne-Induced Inhibition of Prolactin Synthesis~ 

Storage and Release in the Female Hamster 

Sixty-eight adult female golden Syrian hamsters (seven weeks 

old, 80 g, Lakeview Hamster Colony) were sacrificed by decapitation. 

Excised hemipituitaries (three/vial) were preincubated identically to 

the procedure described in Experiment 7a in one ml of either KRB alone 

(six vials), KRB containing 1.15 x 10-6 M tartaric acid (two sets of six 

vials), KRB containing 5.6 x 10-4 M ascorbic acid (two sets of six 

vials) or KRB containing both tartaric acid and ascorbic acid (15 
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vials}. At the end of the preincubation, the medium was aspirated and 

replaced with one ml of the corresponding medium containing 10 ",Ci of 

3H-l euc ine. Also, 10-8 M pimozide was added to half of the vials con

taining tartaric acid, while 5 x 10-7 M DA was added to each of six 

vials containing either ascorbic acid or both tartaric acid and ascorbic 

acid. Additionally, both DA and pimozide were added to the final set of 

nine vials containing ascorbic acid plus tartaric acid. The remainder 

of the experimenta 1 protocol was performed as described in Experiment 

7 a. 

Experiment 10: The Effects of Pimozide on the Inhibition 
of Prolactin Synthesis, Storage and Release Induced by 

stalk-Median Eminence Extracts in Female Hamsters 

Fifty-four adult female golden Syrian hamsters (seven weeks old, 

80 g, Lakeview Hamster Colony) were sacrificed by decapitation. Excised 

hemipituitaries (three/via1) were preincubated identically to the proce

dure described in Experiment 7a in one ml of either KRB alone (six 

vials) or KRB containing 1.15 x 10-6 M tartaric acid (five sets of six 

vials). At the end of the preincubation, the medium was aspirated and 

replaced with one ml of the corresponding medium containing 10 ",Ci of 

3H-l euc ine. Additionally, either 4.0 equivalents per ml of SME extracts 

(see Experiment 7a for details) prepared from intact fanale hamstel"S in 

Experiment 6a (six via 1 s), 10-8 M pimozide (six via 1 s) or SME extracts 

plus pimozide (12 vials) were added to the tartaric acid-containing 

vials. The remainder of the experimental protocol was performed as 

described in Experiment 7a. 
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statistical Analyses of Data 

statistical comparisons between groups were made with the use of 

a one-way analysis of variance (ANOVA) followed by the Student Newman

Keu1s multiple range test in Experiments 1, 4, 5, 6a, 6b, 6c, 7a, 7b, 

7c, 8, 9 and 10. The same statistical procedures were used to compare 

data between Experiments 7a vs. 7b vs. 7c. A two-way ANOVA and the 

Newman-Keuls test were used to compare groups in Experiments 2 and 3, as 

~/e 11 as to compare data between Experiments 6a vs. 6b vs. 6c. All other 

statistical comparisons between the two groups in Experiment 2 were made 

with the use of the Student's t-test. 



RESULTS 

Experiment 1. The Time Course of the Changes in Prolactin 
Storage and Release Brou1ht About by Short Photoperiod 

in Ma e Hamsters 

Relative testicular weights (i.e., mg/100 g body weight) of 

hamsters were reduced (p < 0.05) by six weeks of short photoperiod (L:D 

10:14) exposure (Table 1). Gonadal weights proceeded to decl ine even 

further with continued maintenance on short days, and by 12 weeks were 

reduced to approximately 17% (p < 0.001) of their original size (Table 

1). The relative weights of seminal vesicles were depressed (p < 0.05) 

at nine weeks of L:D 10:14, and by 12 weeks were reduced to about 39% (p . 

< 0.001) of their original size (Table 1). Body weights of animals 

increased gradually during the study. 

Anterior pituitary weights did not vary throughout the study, 

averaging 2.4 .!. 0.1, 2.5 .!. 0.2, 2.5 .!. 0.3, 2.6 .!. 0.3 and 2.7 .!. 0.4 mg at 

0, three, six, nine and 12 weeks of short photoperiod exposure, respec-

tively. 

Serum titers of immunoassayable PRL-like activity (RIA-PRLa) 

declined precipitously after transfer of hamsters to a short photo

period. Serum PRLa values were initially depressed (p < 0.05) by three 

weeks of L:D 10:14, and by 12 weeks were approximately 13% (p < 0.001) 

of their initia 1 value (Fig. 2). 

The content of PRLa in pituitaries also dropped dramatically 

during the study. The amounts of PRLa/gland were initially reduced (p < 

91 
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0.001) at three weeks, and by 12 weeks of L:O 10:14 were depressed by 

about 97% (Fig. 2). 
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Tab 1 e 1. The time course of the changes in mean body, test i cu 1 ar and 
seminal v·esicle weights of seven week old male hamsters maintained in a 
short photoperiod (L:D 10:14) for either 0, three, six, nine or 12 
weeks. 

Weeks Body wt. Testicular wt. Seminal Vesicle wt. 
(g) (mg %) (mg %) 

0 90.9 .:!::. 2.6 2568.9 + 132.4a- c 308.0 + 21. 9ab 

3 112.9 + 5.8 2766.4 + 109.7d- f 325.9 + 17.3cd 

6 123.3 + 4.2 1963.4 + 238.4adgh 365.7 .:!:. 31. 2ef 

9 141.6 .:!:. 4.8 931.3 + 229.4begi 237.1 + 25.5aceg 

12 138.7 + 7.9 437.5 + 81.2cfhi 119.5 + 14.2bdfg 

Values are the mean + standard error of the mean (SEM) of seven to eight 
animals in each group. Organ weights are expressed relative to body 
we"ight, i.e., mg % = mg/100 9 body weight. Means in each col umn with 
the same superscript are significantly different from each other. Tes
tes: a,i, p < 0.05; d, p < 0.01; b,c,e-h, p < 0.001. Seminal vesicles: 
a,c, p < 0.05; e, p < 0.005; b,d,f,g, p < 0.001. 



94 

20 
[J 

5 I 
I 

• I 
[J 

I a,b-d 
I ~ 
I r-o I • \\ 0 

4 \\ 16 ,.. 
)( 

C\I \\ ,... 
I \ \ "C 
0 \ \ 

c ,.. as 
)( \\ CD ,... 

\ \ 
..... - en E \ \ 12 
.... 

'" 3 -en \ \ c .... \ \ t. ::::l - ...., 
c \ \a,e,f 

::::l \ , as ...., 
..J 

as \ \ a: 
..J \~ \ 

a.. 
a: 2 8 
0- A,E,F,G, '\ T < 
< a: 
- , , b 

>-a: \ , ... 
e \ , as 

\ , .... . -:::J 
\ " :::J ... 

4 
.... 

G) 1 
B'~~, "+c,e a.. en ........... 

" .................. d,f , , 
C ~[J- e,G , ---[J 

0 3 6 9 12 

Weeks in L:D 10:14 

Figure 2. The mean amounts of irrmunoassayab 1 e PRL - 1 ike act i v ity (RIA
PRLa) in serum (dark circles; Units PRLa/ml) and pituitaries (open 
squares; Units PRLa/gland) from male hamsters maintained in a short 
photoperiod (L:D 10:14) for either 0, 3, 6, 9 or 12 weeks. There were 
seven to eight animals per group at each time point. Vertical lines 
extending from each mean represent the SEM. Mean serum or pituitary 
PRLa levels with the same superscript represent val ues which, are sig
nificantly different from each other. Serum: a,e,f, p< 0.05; b,c,d, p 
< 0.001. Pituitary: A-D,F,G, p < 0.001; E, p < 0.05. 



Experiment 2. The Effects of Short PhotoFeriod on 
the Kinetics of Prolactin Release n vitro by 

Pituitaries from Male Hamsters 
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Exposure of male hamsters to a short photoperiod (L:D 10:14) for 

12 weeks reduced the relative weights of testes and seminal vesicles to 

approximately 23% and 43% of those in their respective long photoperiod 

(L:D 14:10) controls (p < 0.001) (Table 2). Body weights were not 

different between the two treatment groups. 

Immunoreact i ve PRLa "I eve 1 s in the serum of short photoperiod

exposed animals were about 16% (p < 0.005) of those in long photoperiod 

controls (Fig. 3). 

The release of immunoreactive PRLa into the medium by pitui

taries obtained from L:D 14:10 males proceeded in a linear fashion. 

Furthermore, at each time point, the total amount of immunoreactivePRLa 

released into the incubation media by pituitaries from long photoperiod

exposed animals was greater (p < 0.005) than that during the preceeding 

period of time (Fig. 4). The average rate of release by these glands 

over the two-hour incubation was approximately 23,600 Units PRLa/hour. 

In contrast, the rate of release by pituitaries from short photoperiod

exposed hamsters over the same period of time averaged about 10,600 

Units PRLa/hour. Only at 120 minutes were media PRLa values of the 

latter group greater (p < 0.01) than those at the initial time point 

(Fig. 4). Although at 30 minutes media PRLa levels between long- and 

short-day groups were not different, at all other time points pitui

taries from L:D 10:14 animals released about half as much (p < 0.001) 

PRLa in vitro as glands from long photoperiod controls (Fig. 4). 
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The content of RIA-PRLa in pituitaries from short day-exposed 

hamsters after incubation was approximately 12% (p < 0.001) of that 

measured in glands fran L:O 14:10 animals (Fig. 3). In vitro pituitary 

weights of long and short photoperiod-exposed animals were not different 

from each other, averaging 2.1 + 0.2 and 2.0 .! 0.2 mg, respectively. 
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Table 2. Mean body, testicular and seminal vesicle weights of seven 
week old male hamsters maintained in a long (L:D 14:10) or short photo
period (L:D 10:14) for 12 weeks. 

Treatment 
(L:D) 

14: 10 

10:14 

Body wt. 
(g) 

138.3 + 4.1 

135.7 + 4.1 

Testicular wt. 
(mg %) 

2197.2 + 160.Sa 

503.8 + 101. 7a 

Seminal Vesicle wt. 
(mg %) 

411.8 + 17.9a 

178.9 + 13.6a 

Values are the mean + SEM of seven animals in each group. Organ weights 
are expressed relative to body weight, i.e., mg % = mg/100 g body 
weight. Testes: a, p< 0.001. Seminal vesicles: a, p< 0.001. 
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Figure 3. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum (open bars; Units PRLa/ml) and pituitaries (cross-hatched 
bars; Units PRLa/gland) from seven week old.male hamsters maintained in 
either a lona (L:O 14:10) or short photoperiod (L:O 10:14) for 12 weeks. 
There were seven animals per group, and two hemipituitaries per vial 
containing one ml medium 199. Pituitary incubation lasted two hours. 
Vertical lines extending from each mean represent the SEM. Serum: at 
p< 0.005. Pituitary: b, p<O.OOl. 



4 

~ 
I 
0 
~ 

)( 

3 -" e .... 
CD ... -c 

::l -as 
~ 2 
a. 
cC 
a: 
e 
:::II -'tJ 
G) 1 
~ 

99 

L:D 
14: 10 c---c 
10: 14 .---. 

30 60 90 120 

Minutes 

Figure 4. Total mean amounts of immunoassayable PRL-like activity (RIA
PRLa) released into the media (Units PRLa/ml) following 30,60,90 or 
120 minutes of incubation of anterior pituitaries from seven week old 
male hamsters maintained in either L:O 14:10 (open squares) or L:O 10:14 
(dark circles) for 12 weeks. There were seven vials per group and two 
hemipituitaries per vial containing one ml medium 199. Vertical lines 
extending from each mean represent the SEM. L:O 14:10: a-c,e, p. < 
0.001; d,f, P < 0.005. L:O 10:14: a, p < 0.01. L:O 14:10 vs. L:D 
10:14: * p < 0.001. 



Experiment 3: The Time Course of the Changes in Prolactin 
Synthesis, Storage and Release Brought About by 

Short Photoperiod in Male Hamsters 
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At 12 weeks, body weights of short photoperiod-exposed male 

hamsters were greater (p < 0.01) than those of their respective L:D 

14:10 controls (Table 3). At no other time points were there any dif

ferences in body weights between the two treatment groups. 

Relative testicular weights of hamsters maintained in L:D 14:10 

did not vary during the 15-week study (Fig. 5). IHowever, gonadal 

weights of short photoperiod-exposed animals were reduced (p < 0.001) by 

nine weeks (Fig. 5). Testes of these animals were ~epressed to less 

than 10% of their initial weight at 12 weeks. Also,lat nine, 12 and 15 
; 

weeks, testicular weights of L:D 10:14 animals were less (p < 0.001) 
; 

than those of their respective long photoperiod-exposed controls (Fig. 

5) • 

Relative seminal vesicle weights of L:D 14:10 hamsters also did 

not vary during the IS-week study (Fig. 6). In contrast, the size of 

the accessory sex organs in short photoperiod-exposed animals was de

pressed (p < 0.005) by nine weeks, and even further reduced (p < 0.001) 

by 12 weeks of L:D 10:14 (Fig. 6). At 15 weeks, the seminal vesicle 

weights in this treatment group were reduced to one-fourth of their 

initial value. Furthermore, the accessory organ weights of L:D 10:14 

hamsters were less (p < 0.005) than those of their respective long 

photoperi od contro 1 s at ni ne, 12 and 15 weeks (Fig. 6). 

Concomitant with the reductions in reproductive organ weights 

induced by short photoperiod were progressive depressions in serum 
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titers of immunoassayable PRL-like activity (RIA-PRLa). Serum PRLa 

levels in L:D 10:14 animals were initially reduced (p < 0.005) by thl~ee 

weeks, and were depressed even more (p < 0.001) by six weeks of short 

photoperiod exposure compared with initia 1 va 1 ues. (Fig. 7). Further 

exposure of animals to L:O 10:14 did not reduce serum PRLa values sig

nificantly below those measured at three weeks. The nadir in PRLa 

titers occurred at 12 weeks, when levels were approximately one-tenth of 

their initia 1 va 1 ue (Fig. 7). 

Interestingly, animals maintained constantly in L:O 14:10 also 

showed a progressive decline in serum PRLa levels, even though they did 

not exhibit gonadal regression. In these hamsters, PRLa titers were 

also initially depressed (p < 0.05) by three weeks, and were further 

reduced to approximately 35% (p < 0.005) of their initial value at nine 

weeks of L:O 14:10 (Fig. 7). Thereafter, circulating levels of PRLa 

began to rise, undergoing a dramatic, spontaneous elevation between 12 

and 15 weeks of continued exposure to L:D 14:10. Serum PRLa titers in 

animals at 15 weeks were not different than those at the initiation of 

the study (Fig. 7). Also, only at 15 weeks were peripheral PRLa levels 

of L:D 14:10 hamsters greater (p < 0.001) than those of their respective 

short photoperiod-exposed animals. Occasionally, one animal in each 

group of either photoperiod treatment had a serum PRLa value that was 

much greater than two standard deviations from the mean of that group, 

and, as such, was eliminated. 

The total amounts (i.e., medium + pituitaries) of immunoreactive 

PRLa contained in incubation vials of the long photoperiod-exposed group 
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showed slight alterations during the 15-week study. Total PRLa levels 

in vials at 15 weeks were greater (p < 0.05) than those measured at nine 

weeks of L:D 14:10 (Fig. 8). More important,. total amounts of PRLa in 

vials containing pituitaries from short photoperiod-exposed hamsters 

were reduced (p < 0.05) by six weeks, and further depressed by nine (p < 

0.005) and 12 weeks (p < 0.001) of L:D 10:14 (Fig. 8). The nadir in 

total PRLa levels in vitro was reached at 15 weeks of L:D 10:14, when 

values were about 17% (p < 0.001) of those measured initially. Further

more, total in vitro PRLa values of the short photoperiod-exposed group 

were less than those of their respective L:D 14:10 controls at nine (p < 

0.05), 12 and 15 weeks (p < 0.001) (Fig. 8). 

With regard to the synthetic ability of the PRL cells, the total 

incorporation of 3H-l euc ine into PRL by pituitaries from short photo

period-exposed males was from 21% to 54% less than that by glands from 

long-day control animals between nine and 15 weeks. However, a two-way 

analysis of variance revealed that there were no significant differences 

in total PRL synthesis vitro, either within each photoperiod treatment 

or when comparing long vs. short photoperiod-exposed hamsters at any 

time point (Table 4). However, it is evident from Table 4 that at 12 

weeks, the total production of 3H- PRL by pituitaries from short-day 

animals is markedly depressed when compared to that by glands from long 

photoperiod-exposed control hamsters. Therefore, the Student's t-test 

was performed at this time point to analyze the differences in total, 

pituitary and media levels of 3H-PRL between these two treatment groups. 
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Tota 1 amounts (i .e., medium + pituitaries) of newl y-synthesi zed 

PRL in short day-exposed males were reduced by 54% (p < 0.005) when 

compared to those values in long photoperiod control animals at 12 weeks 

(Table 5). Also, pituitary levels of 3H- PRL were depressed by 45% (p < 

0.02) in the L:D 10:14 males. Furthermore, when compared to long-day 

controls, the in vitro release of newly-synthesized PRL by pituitaries 

from short photoperiod-exposed animal s was reduced by 56% (p < 0.005) 

(Table 5). 

There were no significant differences between L:D 14:10 vs. L:D 

10:14 hamsters with regard to in vitro pituitary weights (Table 6). 
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Table 3. Mean body weights of seven week old male hamsters maintained 
in long (L:D 14:10) or short photoperiod (L:D 10:14) for either 0, 
three, six, nine, 12 or 15 weeks. 

Weeks 
L:D 14:10 

o 99.8 + 2.6 

3 

6 

9 

12 

15 

199.7 ~ 3.7 

120.8 + 5.4 

138.1 + 5.9a 

129.0.2:, 7.4 

Body wt. (g) 
L:D 10:14 

127.5.2:, 3.8 

134.4 + 6.8 

139.4 ~ 12.0 

170.6+ 7.4a 

118.8.2:, 6.1 

Values are the mean + SEM of four to seven animals in each group. Means 
with the same superscript are significantly different from each other. 
L:D 14:10 vs. L:D 10:14: a, p < 0.01. 
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Figure 5. Testicular weights of seven week old male hamsters maintained 
in L:D 14:10 (open squares) or L:D 10:14 (dark circles) for either 0, 
three, six, nine, 12 or 15 weeks. Testicular weights are expressed 
relative to body weight, i.e., mg% = mg/100 g body weight. Values 
represent the mean of four to seven animals per group at each time 
point. Vertical lines extending from each mean represent the SEM. 
Values with the same superscript represent means which are significantly 
different from. each other. a-f, p < 0.001; g-i, p < 0.005. L:D 14:10 
vs. L:D 10:14: *, p < 0.001. 
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Figure 6. Seminal vesicle weights of seven week old male hamsters 
exposed to L:O 14:10 (open squares) or L:O'10:14 (dark circles) for 
either 0, three, six, nine, 12 or 15 weeks. Seminal vesicle weights are 
expressed relative to body weight, i.e., mg% = mg/l00 g body weight. 
Val ues represent the mean of four to seven animal s per group at each 
time point. Vertical lines extending from each mean represent the SEM. 
Values with the same superscript represent means which are significantly 
different from each other. a,g,h, p < 0.005; b,c,e,f, p < 0.001; d, P < 
0.05. L:O 14:10 vs. L:O 10:14: *, p < 0.005. 
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Figure 7. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum (Units PRLa/ml) of seven week old male hamsters 
maintained in L:D 14:10 (open squares) or L:D 10:14 (dark circles) for 
e i the r 0, t h r e e, six, n i n e, 12 0 r 15 we e k s • The r e we ref 0 u r to s eve n 
animals per group at each time point. Vertical 1 ines extending from 
each mean signify the SEM. Mean serum PRLa levels with the same super
script represent values which are significantly different from each 
other. a,d, p < 0.05; b,c,e-g, p < 0.005; h-k, P < 0.001. L:D 14:10 
vs. L:D 10:14: *, p < 0.001. 
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Figure 8. The mean total (Le., medium + pituitaries) amounts of im
munoassayable PRL-like activity (RIA-PRLa) contained in vials following 
five hours of incubation of anterior pituitaries from seven week old 
male hamsters maintained in L:D 14:10 (open squares) or L:D 10:14 (dark 
circles) for either 0, three, six, nine, 12 or 15 weeks. There were 
four to seven vials per group at each time point and two hemipituitaries 
per vial containing one ml medium 199. Vertical lines extending from 
each mean signify the SEM. Mean total PRLa levels with the same super
script represent values which are significantly different from each 
other. a,b, p < 0.05; c, p <: 0.005; d,e, p < 0.001. L:D 14:10 vs. L:O 
10:14: *, p < 0.05; **, P < 0.001. 
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Tab 1 e 4. The effects of exposure of seven week old ma 1 e hamsters to 
long (L:D 14:10) or short photoperiod (L:D 10:14) for either 0, three, 
six, nine, 12 or 15 weeks on 1he total amounts (i.e., medium + pitui
taries) of newly-synthesized ( H-) PRL in vitro. 

Weeks Total 3H-PRL (dpm/vial) 
L:D 14:10 L:D 10:14 

° 54,973 ~ 4,358 

3 

6 

9 

12 

15 

52,582 ~ 7,032 

67, 756 ~ 11 ,360 

90,635 ~ 9,016 

67,916 ~ 9,366 

57,273 ~ 5,633 

43,545 ~ 8,480 

53,642 ~ 9,628 

41,620 ~ 4,428 

47 ,403 ~ 6,976 

Values are the mean + SEM of three to six incubation vials in each 
group. Each vial contained two hemipituitaries in one ml medium 199 
plus 20 pCi 3H-l euc ine that were incubated for five hours. p > 0.05. 
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Table 5. The effects of exposure of seven week old male hamsters to a 
short photoperiod (L:O 10:14) ~or 12 weeks on total, pituitary and media 
amounts of newly-synthesized ( H-) PRL in vitro. 

Treatment Total 3H-PRL Pituitary 3H··PRL Med i a 3H- PRL 
(L:O) (dpm/vial) (dpm/gland) (dpm/ml) 

14: 10 90,635 .:!:. 9,016 a 17 ,686 .:!:. 1,416 a 72,949 .:!:. 9,143a 

10:14 41,620 + 4,428a 9,798 .:!:. 2,098a 31 s822 .:!:. 4,659a 

Values are the mean + SEr4 of four to six incubation vials in each group. 
3ach vial contained~wo hemipituitaries in one ml medium 199 plus 20 ~Ci 
H-leucine that were incubated for five hours. Means in each column 

with the same superscript represent values which are significantly 
different from each other. Total: a, p < 0.005. Pituitary: a, p < 
0.02. Medium: a, p < 0.005. . 
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Table 6. Mean in vitro pituitary weights of seven week old male ham
sters maintained in long (L:D 14:10) or short photoperiod (L:D 10:14) 
for either 0, three, six, nine, 12 or 15 weeks. 

Weeks Pituitary wt. (mg) 
L:D 14:10 L:D 10:14 

o 1.7 + 0.2 

3 

6 

9 

12 

15 

1.6 + 0.2 

1.7 .:!:. 0.2 

2.3 + 0.1 

2.4 + 0.2 

1.9 + 0.2 

2.4 + 0.1 

1.7 .:!:. 0.2 

2.4 + 0.3 

2.0 .:!:. 0.3 

Values are the mean + SEr~ of four to seven incubation vials in each 
group. Each incubation vial contained two hemipituitaries. p > 0.05. 



Exaeriment 4: The Effects of Blindin~ Pinealectomy 
an Sham-pinealectomy Evaluated indivl~ually and in 

Combination on Prolactin Synthesis. Storage and Release 
in Male Hamsters 

l12 

Relative testicular and seminal vesicle weights of intact, 

pinealectomized (pinx) and sham-pinx animals did not differ from each 

other (Table 7). Whereas the weights of the accessory sex glands in 

intact and pinx males were not different, the size of these organs in 

sham-pinx hamsters was. greater (p < 0.01) than that in the pinx gr'oup 

(Table 7). Gonadal and accessory organ weights in blind and blind/sham 

ma 1 es were depressed (p < 0.001) as compared to intact, pinx and sham

pinx animals (Table 7). Whereas pinealectomy of blinded hamsters 

completely prevented gonadal atrophy (p < 0.001 vs. blind and blind/sham 

groups), pineal removal did not prevent the decline in seminal vesicle 

weights (Table 7). The size of these androgen-dependent organs in 

blind/pinx males was less (p < 0.005) than those of intact, pinx and 

sham-pinx animals, but were not different than those in either blind or 

blind/sham hamsters. There were no differences in body weights between 

groups (Table 9). 

Neither pinealectomy nor sham-pinealectomy had any effect on 

serum levels of immunoreactive PRLa when compared to values in the 

intact group (Fig. 9). However, serum PRLa titers in bl ind and 

blind/sham males were reduced to approximately one-fourth of those 

measured in sham-pinx (p < 0.01) and pinx animals (p < 0.05) (Fig. 9). 

Interestingly, although serum PRLa levels in both blind and blind/sham 

groups were about 70% less than those measured in intact hamsters, on a 
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statistical basis these differences were not significant. Pinealectomy 

of blinded males only partially prevented the depression in circulating 

levels of PRLa; serum PRLa titers in blind/pinx animals were not sig

nificantly different than those in any of the other groups (Fig. 9). 

Total amounts (i.e., that released into the medium plus that 

contained within pituitaries) of immunoassayable PRLa contained in 

incubation via 1 s of pinx and sham-pinx groups were not different from 

those of the intact group (Fig. 10). In contrast, total PRLa values in 

blind and blind/sham groups were reduced to about one-half (p < 0.001) 

of those measured in either intact, pinx or sham-pinx groups (Fig. 10). 

Furthermore, whereas total PRLa levels of the blind/pinx group were 

greater (p < 0.001) than those of both blind and blind/sham groups, 

total in vitro PRLa values of the blind/pinx group were not different 

from those in any of the other groups (Fig. 10). 

Simi larly, in vitro pituitary PRLa content of intact, pinx and 

sham-pinx groups were not different from each other (Fig. 10). However, 

pituitary PRLa levels of blind and blind/sham groups were one-fourth to 

one-third (p < 0.005) of values in glands of either intact, pinx or 

sham-pinx groups (Fig. 10). Pi nea 1 ectomy of b 1 i nded ma 1 es compl ete 1 y 

prevented the reduction in pituitary PRLa levels, since the content of 

PRLa in glands from these animals was greater (p < 0.05) than that in 

pituitaries from both blind and blind/sham groups, but were not dif

ferent than those in either intact or pinx males (Fig. 10). 

With regard to the release of immunoreactive PRLa in vitro, 

media PRLa levels of intact, pinx and sham-pinx groups were not 
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different from each other. However, pituitaries from bl ind and 

blind/sham animals released approximately 38% to 50% less (p < 0.001) 

PRLa in vitro as compared to glands from either intact, pinx or sham

pinx males (Fig. 10). Furthermore, pinealectomy of bl inded hamsters 

completely prevented the depressed release of PRLa in vitro; media PRLa 

levels in the blind/pinx group were greater (p < 0.001) than those of 

both blind and blind/sham groups, but were not different than those in 

any of the other groups (Fig. 10). 

With regard to the synthetic ability of the PRL cells, the total 

incorporation of 3H-l euc ine into PRL by pituitaries from blind and 

blind/sham males was 26% and 29% less than that by glands from intact 

animals (Table 8). However, on a statistical basis, there were no 

significant differences between groups in the total production of 3H- PRL 

after five hours of pituitary incubation. Similarly, there were no 

significant differences in the in vitro weights of anterior pituitaries 

between the various groups (Table 9). 



115 

Table 7. The effects of blinding (Blind), pinealectomy (Pinx), blinding 
and pinealectomy (Blind/Pinx) and sham operations on mean testicular and 
seminal vesicle weights of seven week old male hamsters eight weeks 
after treatment. 

Treatment n Testicular wt. Seminal Vesicle wt. 
(mg %) (mg %) 

Intact 6 2120.0 + 101.3ab 265.2 + 18.4a- c 

Sham-Pinx 6 2213.3 ~ 179.1cd 312.3 + 22.6d-g 

Pinx 6 2270.4 ~ 202.1ef 231.8 + 31.0dh- j 
- . 

Blind 5 354.2 ~ 44.3aceg 97.9 + 6.ciaeh 

Blind/Sham 6 626.5 ~ 206.0bdfh 89.5 + 5 .1Ibf~ 
Blind/Pinx 7 2503.7 + 159.09h 148.4 + 7.1cgJ 

Val ues are the mean + SEM of the number (n) of an ima 1 sin each group. 
Organ weights are expressed relative to body weight, ~.e., mg % = mg/100 
g body weight. Means in each column with the same sup,erscript represent 
values which are significantly different from each other. Testes: a-h, 
p < 0.001. Seminal vesicles: a-c,e-i, p < 0.001; d, p < 0.01; j, p < 
0.005. 
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Figure 9. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum (Units PRLa/ml) of seven week old male hamsters 
maintained in L:O 14:10 for eight weeks after treatment. There were 
five to seven animal s per group. Vertical 1 ines extending from each 
mean signify the SEM. Mean serum PRLa levels with the same superscript 
represent values which are significantly different from each other. 
a,b, p < 0.01; c,d, P < 0.05. 
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Figure 10. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of immunoassayable PRL-1ike activity 
(RIA-PRLa) contained in vials following five hours of incubation of 
anterior pituitaries from seven week old ma 1 e hamsters ma inta ined in L:D 
14:10 for eight weeks after treatment. Total amounts (i.e., medium + 
pituitaries) of PRLa are expressed as Units/vial, pituitary as 
Units/gland and medium as Units/m1. There were five to seven vials per 
group and two hemipituitaries per vial containing one m1 medium 199. 
Vertical lines extending from each mean signify the SEM. Mean total, 
pituitary or media PRLa levels with the same superscript represent 
values which are significantly different from each other. Total: A-H, 
p < 0.001. Pituitary: a,b, p < 0.005; c,d,f,g, P < 0.001; e,h,i, p < 
0.05. Medium: a-h, p < 0.001. 
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Table 8. The effects of blinding (Blind), pinealectomy (Pinx), blinding 
and pinealectomy (Blind/Pinx) and sham operations fn the total amounts 
(i.e., medium + pituitaries) of newly-synthesized ( 11-) PRL in vitro. 

Treatment 

Intact 

Sham-Pinx 

Pinx 

Blind 

Blind/Sham 

Blind/Pinx 

n 

6 

6 

6 

5 

6 

7 

Total 3H-PRL 
(dpm/vial) 

45,345 ',:, 3,258 

41,780 ,:, 4,037 

46,444 ,:, 4,612 

33,483 ,:, 5,498 

32 , 17 2 ,:, 2,972 

40,662 ,:, 6,040 

Values are the mean + SEM of the number en) of incubation vials in each 
group. Animals were maintained in L:D 14:10 for eight weeks after 
treatment. E~ch vial contained two hemipituitaries in one ml medium 199 
plus 20 ~Ci H-leucine that were incubated for five hours. p > 0.05. 
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Table 9. The effects of blinding (Blind), pinealectomy (Pinx), blinding 
and pinealectomy (Blind/Pinx) and sham operations on mean body and in 
vitro anterior pituitary weights of seven week old male hamsters eight 
weeks after treatment. 

Tt'eatment n Body wt. Pituitary wt. 
(g) (mg) 

Intact ' 6 142.7 + 5.6 2.1 + 0.1 

Sham-Pinx 6 129.3 + 9.9 2.2 + 0.3 

Pinx 6 129.2 + 5.3 2.0 + 0.2 

Blind 5 129.4 + 10.6 1.9 + 0.2 

Blind/Sham 6 127.3 + 5.7 2.4 + 0.1 

Blind/Pinx 7 120.9 + 5.9 2.2 + 0.1 

Va 1 ues are the mean + SEM of the number (n) of an ima 1 sin each group. 
Animals were maintained in L:D 14:10 for eight weeks after treatment. 
Each incubation vial contained two hemipitu;taries in one ml medium 199 
that were incubated for five hours. Body wt.: p > 0.05. Pituitary 
wt.: p > 0.05. 



Exaeriment 5: The Effects of BlindinQ Pinealectomy 
an Sha~pinealectomy Evaluated Indiv,aually and in 

Combinatfon on Prolactin s,nthesis, storage and Release 
in Fema e Hamsters -----
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Relative ovarian weights of bl ind hamsters were greater (p < 

,0.05) than those in all other groups of animals (Table 10). There were 

no other differences in ovarian weights between any of the other groups. 

The relative weights of uteri in blind and blind/sham females were 

reduced to about one-fourth (p < 0.001) of those in intact, pinx and 

sham-pinx animals (Table 10). Furthermore, pinealectomy completely 

prevented the uterine hypotrophy induced by blinding; uterine weights of 

blind/pinx females were greater (p < 0.001) than those of both blind and 

blind/sham animals, but were not different than those in any of the 

other groups (Table 10). Body weights of blind animals were also less 

(p < 0.05) than those of intact and sham-pinx animals (Table 11). There 

were no other differences in body weights between the various groups. 

Circulating levels of immunoreactive PRLa in intact, pinx and 

sham-pinx females were not different from each other (Fig. 11). Al

though serum PRLa titers in blind and blind/sham animals were reduced by 

22% to 53% as compared to those values in intact, pinx and sham-pinx 

hamsters, there were no sign i fi cant differences between these groups. 

Pinealectomy obviated the modest, blinding-induced reduction in serum 

PRLa levels; PRLa titers in blind/pinx females were approximately two

and three-fold greater than those in bl ind (p < 0.05) and bl ind/sham 

animal.s (p < 0.01), respectively (Fig. 11). Serum PRLa levels in 

bl ind/pinx hamsters were not different than those in any of the other 
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groups. Occasionally, one animal within each group had a serum PRLa 

value that was much greater than two standard deviations from the mean 

of that group, and, as such, was e1 iminated from statistical calcula

tions. 

Total amounts (i.e., medium + pituitaries) of immunoreactive 

PRLa contained in incubation vials of intact, pinx and sham-pinx groups 

were not different from each other (Fig. 12). However, total in vitro 

PRLa values of blind and blind/sham groups were reduced to approximately 

15% (p < 0.001) of those in either intact, pinx or sham-pinx groups 

(Fig. 12). Furthermore, total PRLa levels of the blind/pinx group were 

greater (p < 0.001) than those in both blind and blind/sham groups, but 

were not different than those in any of the other groups (Fig. 12). 

Also, in vitro pituitary PRLa content of intact, pinx and sham

pinx groups were not different from each other (Fig. 12). In contrast, 

the glandular content of PRLa in blind and blind/sham groups was depres

sed by 80% to 90% (p < 0.001) as compared to pituitary values of either 

intact, piQX or sham-pinx animals (Fig. 12). Pinealectomy of blinded 

females entirely prevented the decline in pituitary PRLa levels, since 

the PRLa content in gl ands from these an ima 1 s was greater (p < 0.001) 

than that in glands from both blind and blind/sham animals, but was not 

different than that in pituitaries from any of the other groups of 

animals (Fig. 12). 

Similarly, with regard to the release of immunoreactive .PRLa in 

vitro, media PRLa levels of intact, pinx and sham-pinx groups were not 

different from each other (Fig. 12). However, pituitaries from blind 
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and blind/sham females released about one-tenth (p < 0.001) as much PRLa 

in vitro as did glands from either intact, pinx or sham-pinx animals 

(Fig. 12). Also, pinealectomy of blinded hamsters completely obviated 

the reduced secretion of PRLa in vitro; media PRLa levels in the 

b 1 ind/pinx' group were greater (p < 0.001) than those in both b 1 i nd and 

blind/sham groups, but were not different than those in either intact, 

pinx or sham-pinx groups (Fig. 12). 

With regard to the synthetic ability of the PRL cells, the total 

amounts (i.e., medium + pituitaries) of 3H- PRL contained in incubation 

vials of intact, pinx and sham-pinx groups were not different from each 

other (Fig. 13). In contrast, total amounts of newly-synthesized PRL in 

vials of blind and blind/sham groups were reduced by approximately 67% 

(p < 0.001) as compared to values in either intact, pinx or sham-pinx 

groups (Fig. 13). Similarly, total values of 3H- PRL in vials of the 

blind/pinx group were depressed by about 45% (p < 0.01) when compared to 

intact, pinx and sham-pinx groups (Fig. 13). Interestingly, total PRL 

synthesis by pituitaries from blind/pinx females was not significantly 

different than that by glands from either blind or blind/sham animals 

(Fig. ,13). Two animals in the blind/pinx group had total values of 3H-

PRL that were six- and 45-fold greater than the mean of that group, and 

so pituitary, media and total levels of newly-synthesized PRL in these 

animals were eliminated from statistical calculations. Due to technical 

difficulties, three other pituitary and/or media samples in this group 

were either contaminated or the amounts of samples remaining after RIA 

were insufficient to also measure PRL synthesis. Therefore, the 
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calculations of total, pituitary and media values of 3H- PRL in the 

b1ind/pinx group included only three data points. 

In vitro pituitary levels of 3H- PRL between intact, pinx and 

sham-pinx groups were not different (Fig. 13). In contrast, pituitary 

values of .new1y-synthesized PRL in blind and blind/sham groups were 23% 

to 35% of those measured in glands from either intact (p < 0.001), pinx 

(p < 0.001) or sham-pinx females (p < 0.05) (Fig. 13). Furthermore, 

whereas pituitary levels of 3H- PRL in the b1ind/pinx group were also 

less (p < 0.05) than those measured in glands from both intact and pinx 

hamsters, the amounts of newly-synthesized PRL in gl ands from b1 ind/pinx 

animals were not different than those in pituitaries from either blind 

or blind/sham females (Fig. 13). 

There were also no differences in the release of newly-synthe

sized PRL between intact, pinx and sham-pinx groups (Fig. 13). However, 

pituitaries from blind and blind/sham animals released 55% to 66% less 

3H- PRL (p < 0.001) into the media than glands from either intact, pinx 

or sham-pinx females (Fig. 13). Similarly, media levels of 3H-PRL in 

the b1ind/pinx group were approximately one-half (p < 0.001) of those 

measured in intact~ pinx and sham-pinx groups (Fig. 13). . Pinea 1 ectomy 

failed to prevent the reduced secretion of newly-synthesized PRL in 

vitro, since media values of 3H- PRL in the b1ind/pinx group were not 

different from those in either blind or blind/sham groups (Fig. 13). 

In vitro pituitary weights of intact, pinx and sham-pinx animals 

were not different from each other (Table 11). However, pituitaries 

from blind and blind/sham females weighed less (p < 0.05) than glands 
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from either intact, pinx or sham-pinx hamsters (Table 11). Pinealectomy 

only partially prevented the blinding-induced decline in pituitary 

weights, since the size of glands from blind/pinx animals was inter

mediate between, and not sig,nificantly different from, any of the other 

groups. One blind/pinx animal had a pituitary weight of 8.2 mgt and, 

being about three-fold greater than the mean glandular weight of this 

group, was eliminated from statistical calculations. 
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Table 10. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectomy (Blind/Pinx) and sham operations on mean ovarian 
and uteri ne we ights of se ven week old fema 1 e hams ters 12 weeks after 
treatment. 

Treatment n Ovar.ian wt. Uterine wt. 
(mg %) (mg %) 

Intact 10 20.2 + LOa 230.0 + 7.4ab 

Sham-Pinx 9 19.9 + 0.5 b 226.0 + 9.1 cd 

Pinx 10 19.8 + 0.6c 260.2 + 7.5ef 

Blind 6 26.9 + 2.5a-e 62.3 .:!:. 4.8aceg 

Blind/Sham 9 21. 7 + 1.6 d 70.0 + 5.4bdfh 

Blind/Pinx 8 22.2 + loge 233.3 .:!:. 20.39h 

Val ues are the mean + SEM of the number (n) of an ima 1 sin each group. 
Organ weights are expressed relative to body weight, i.e., mg % = mg/100 
g body weight. Means in each column with the same superscript represent 
values which are significantly different from each other. Ovaries: a, 
p < 0.005; b,c, p < 0.01; d,e, p < 0.05. Uteri: a-h, p < 0.001. 
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Figure 11. The mean amounts of immunoassayable PRL-like activity (RIA
PRLa) in serum (Units PRLa/ml) of seven week old female hamsters 
maintained in L:O 14:10 for 12 weeks after treatment. There were six to 
ten animals per group. Vertical lines extending from each mean signify 
the SEM. Mean serum PRLa 1 eve 1 s wi th the same superscri pt represent 
values which are significantly different from each other. a, p < 0.05; 
b, P < 0.01. 
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Figure 12. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of immunoassayable PRL-like activity 
(RIA-PRLa) contained in vials following two hours of incubation of 
anterior pituitaries from seven week old female hamsters that were 
maintained in L:D 14:10 for 12 weeks after treatment. Total amounts 
(ioe., medium + pituitaries) of PRLa are expressed as Units/vial, pitui
tary as Units/gland and medium as Units/ml. There were three to ten 
vials per.group and two hemipituitaries per via1 containing one ml KRB •. 
Vertical lines extending from each mean signify the SEM. Mean total, 
pituitary or media PRLa levels with the same superscript represent 
values which are significantly different from each other. Total: A-H, 
p < 0.001. Pituitary: a-h, p < 0.001. Medium: a-h, p < 0.001. 
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Figure 13. The mean total (open bars), pituitary (csoss-hatched bars) 
and media amounts (solid bars) of newly-synthesized ( H-) PRL contained 
in vials fbllowing two hours of incubation of anterior pituitaries from 
seven week old female hamsters that were maintained in L:O 14:10 for 12 
~eeks after treatment. Total amounts (i.e., medium + pituitaries) of 

H-PRL are expressed as dpm/vial, pituitary as dpm/gland and medium as 
dpm/ml. There were six to ten vials per grjup and two hemipituitaries 
per vial containing one ml KRB plus 20 pCi H-leucine. Vertical lines 
extending from each mean signify the SEM. Mean total, pituitary or 
media 4i-PRL levels with the same superscript represent values which are 
s i g n i f i can t 1 y d iff ere n t from e a c hot her. Tot a 1 : A , B , 0 ,E , G, H , P < 
0.001; e,I, p < 0.005; F, P < 0.01. Pituitary: a,b,f,g, p < 0.001; 
c,d,h, P < 0.05; e, p < 0.01. Medium: a-i, p < 0.001. 
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Table 11. The effects of blinding (Blind), pinealectomy (Pinx), blind
ing and pinealectomy (Blind/Pinx) and shcm operations on mean body and 
in vitro anterior pituitary weights of seven week old female hamsters 12 
weeks after treatment. 

Treatment n Body wt. Pituitary wt. 
( g) (mg) 

Intact 10 179.0 + 6.6a 3.7 + 0.2ab 

Sham-Pinx 9 180.8 .! 7.5b 3.3 + 0.3cd 

Pinx 10 167.9 + 5.2 3.4 + 0.3ef 

Blind 6 148.7.! 7 ,.ab .0 2.4 + O.lace 

Blind/Sham 9 175.0 + 4.9 2.4 + O.l bdf 

Blind/Pinx 8 157.3 + 11.8 3.0 + 0.2 

Va 1 ues are the mean + SEM of the number (n) of an ima 1 s in each group. 
Pituitaries were inCUbated for two hours. Body wt.: a,b, p < 0.05. 
Pit u it a r y wt.: a, p < 0.005; b, P < 0.01; c-f, P < 0.05. 
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Experiment 6a: The Time Course of Prolactin S{nthesis, 
. storage and Release in Intact Female Hams ers 

The mean + SEr., of the combined in vitro weights of three hemi

pituitaries/vial (n=35 vials) was 3.7 .!. 0.1 mg. 

Although the total amounts (i.e., medium + pituitaries) of 

immunoreactive PRL contained in vials increased slightly during the 

four-hour incubation, there were no differences in total RIA-PRL between 

the various time points (Fig. 14). I 

In vitro pituitary PRL content was reduced by a modest 15% (p < 

0.05) at two and four hours of incubation as compared to levels measured 

at the initial time point (Fig. 14). No other differences were evident 

in the glandular content of PRL between the different time points. 

Immunoreactive PRL was rapidly released w~thin the first 30 

minutes of placing pituitaries in vitro. Media PRL levels were further 

increased over those at the initial time point by 90 (p < 0.05) and 120 

minutes (p < 0.005) of pituitary incubation (Fig. 14). Although media 

PRL va 1 ues at four hours were increased by 53% (p < 0.001) as compared 

to the 30 minute time point, on a statistical basis, maximal release of 

PRL was obtained within the first 90 minutes, since media PRL levels 

were not significantly increased beyond this time (Fig. 14). 

Regarding the synthetic ability of the PRL cells, the incorpora

tion of 3H-1eucine into PRL proceeded in a 1 inear fashion during the 

four-hour incubation (Fig. 15). Tota 1 va 1 ues of new1 y-synthes ized PRL 

at one hour were about 60% greater (p < 0.05) than those at 30 minutes. 

In fact, at each consecutive time point, total PRL synthesis was greater 
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(p < 0.001) than that at the previous time point (Fig. 15). Total PRL 

production at the end of the four-hour incubation was increased by 660% 

over that at 30 minutes~ 

Pituitary values of 3H- PRL also increased in a linear manner 

through the first two hours of incubation; newly-synthesized PRL in 

glands at this time point were approximately 3.5-fold greater (p < 

0.001) than that in glands at 30 minutes (Fig. 15). Pituitary 1 eve 1 s of 

3H-PRL were not further increased after 120 minutes. 

Media levels of 3H- PRL at one hour were not significantly 

greater than those at 30 minutes (Fig. 15). However, after 60 minutes, 

the rate of re 1 ease of newl y- synthes i zed PRL in v itro appeared to i n

crease. At each successive time point after 60 minutes, media values of 

3H- PRL were greater (p < 0.001) than those at the preceeding period of 

time (Fig. 15). At the end of pituitary incubation, the media contained 

nearly 1400% more 3H- PRL than at the initial time point. 

The percent release of immunoassayable PRL at one hour was 

increased (p < 0.05) over that at 30 minutes (Fig. 16). In fact, 

maximal percent release of RIA-PRL was attained at 60 minutes, since the 

proport i on of the tota 1 amount of PRL secreted into the med i a was not 

significantly increased beyond this time point. In contrast, the per

cent release of newly-synthesized PRL was not increased over that at the 

initial time point until two hours (p < 0.05) (Fig. 16). Maximal per

cent release of 3H- PRL into the media was not reached until four hours 

of pituitary incubation. Although the percent release of RIA-PRL and 

3H- PRL were not different from each other at 30 and 180 minutes, the 
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percent re 1 ease of immunoreact i ve PRL was greater than that of newl y

synthesized PRL at 60 (p < 0.001). 90 and 120 minutes (p < 0.05) (Fig. 

16). After four hours of incubation. however. the percent release of 

3H- PRL exceeded that of RIA-PRL (p < 0.005). 
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Figure 14. The mean total (dark circles), pituitary (dark triangles) 
and media amounts (open squares) of immunoreacti ve PRL (RIA-PRL) con
tained in vials following either 30,60,90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old intact female 
hamsters maintained in L:D 14:10 for 12 weeks. Total amounts (i.e., 
medium + pituitaries) of PRL are expressed as ~g/vial, pituitary as 
~g/gland and medium as ~g/m1. There were five to six vials per time 
point and three hemipituitaries per vial containing one ml KRB. Verti
ca 1 1 i nes extend i ng from each mean sign i fy the SEM. Mean tota 1 , 
pituitary or media PRL levels with the same superscript represent values 
which are significantly different from each other. Total: p > 0.05. 
Pit u ita r y : a ,b, P < 0.05. M ed i u m: a, p < 0.05; b, c, P < 0.005; d, P < 
0.001. 
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Figure 15. The mean total (dark circles), pituitar~ (dark triangles and 
media amounts (open squares) of newly-synthesized ( H-) PRL contained in 
vials fol lowing either 30, 60, 90, 120, 180 or 240 minutes of incubation 
of anterior pituitaries from seven week old intact female hamsters 
maintained in '-:iD 14:10 for 12 weeks. Total amounts (i.e., medium + 
pituitaries) of H-PRL are expressed as dpm/vial, pituitary as dpm/gland 
and medium as dpm/ml. There were five to six vials per time point !nd 
three hemipituitaries per vial containing one ml KRB plus 10 llCi H
leucine. Vertical lines extending fro~ each mean signify the SEM. Mean 
tot a 1, pituitary or media amounts of ~H-PRL with the same superscript 
represent values which are significantly different from each other. 
Total: a, p < 0.05; b-o, p < 0.001. Pituitary: a, p < 0.005; b-g, p < 
0.001; h-j, p < 0.01. r~edium: a-n, p < 0.001. 
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Figure 16. The percent release of RIA-PRL (dark circles) and 3H- PRL 
(open squares) following either 30,60,90,120,180 or 240 minutes of 
incubation of anterior pituitaries from seven week old intact female 
hamsters maintained in L:O 14:10 for 12 weeks. P1rcent release was 
calculated by dividinj the levels of either RIA- or H-PRL in the medium 
by the total RIA- or H-PRL in each vial, respectively. Values are the 
mean ~ SEM of five to six vial s per time point ~ith three hemipitui
tari es per v i a 1. Mean amounts of RIA- of H-PRL wi th the same 
superscript represent values which are significantly different from each 
othe~. RIA-PRJ..: a,b,. p < 0.05; c,e,' p < 0.005; d, P '< 0.01. 3H-P~L: 
a,d,J, p < 0.05; b,c,f-1,k, P < 0.001; e,l, p < 0.005. RIA-PRL vs. H
PRL: *, p < 0.05; **, P < 0.005; ***, P < 0.001. 
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The mean + SEM of the combined in vitro weights of three hemi

pituitaries/vial (n=36 vial s) was 3.2 .:!:. 0.2 mg. 

Total amounts (i.e., medium + pituitaries) of RIA-PRL contained 

in vials fluctuated considerably during the first three hours of pitui

tary incubation (Fig. 17). Whereas total PRL at one and two hours were 

greater (p < 0.05) than those values at all other time points, total in 

vitro PRL levels at 30, 90, 180 and 240 minutes were not different from 

each other (Fig. 17). 

The pituitary content of RIA-PRL fluctuated in a similar manner 

to that described for total PRL during the first three hours of incuba

tion (Fig. 17). Pituitary levels of PRL at two hours were greater (p < 

0.05) than those at all time points except at one hour, while PRL values 

in glands at 30, 60, 90, 180 and 240 minutes were not different from 

each other (Fig. 17). 

The in vitro release of PRL also exhibited minor fluctuations, 

although there were no significant differences in media PRL levels 

during the entire incubation period (Fig. 17). Interestingly, no more 

PRL was secreted at four hours than that at 30 minutes. 

Similar to RIA-PRL levels, total PRL synthesis also fluctuated 

during the four-hour incubation. Maximal production of 3H- PRL occurred 

within the first two hours of pituitary incubation, since total values 

of newly-synthesized PRL were not significantly increased beyond this 

time point (Fig. 18). Whereas total levels of 3H- PRL at two and four 
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hours were not different from each other, they were both greater (p < 

0.05) than values at all other time points (Fig. 18). Total PRL produc

tion at 30, 60, 90 and 180 minutes were not different from each other. 

Pituitary values of 3H-PRL also reached their highest level at 

two hours; glandular 3H- PRL levels at 120 minutes were not different 

than those at either one or four hours of incubation, but were greater 

(p < 0.01) than those at all other time points (Fig. 18) • 
. 

Also, the in vitro release of newly-synthesized PRL fluctuated 

during the four-hour incubation. Maximal secretion of 3H- PRL occurred 

within the first two hours of pituitary incubation, and was not signifi

cantly increased thereafter (Fig. 18). Although media levels of 3H- PRL 

at 30, 60, 90 and 180 minutes were not different from each other-, they 

all were less (p < 0.05) than those values at two and four hours of 

incubation (Fig. 18). 

Neither the percent release of RIA- nor 3H-PRL varied signifi

cantly during the four-hour incubation. However, at all time points, 

the percent release of newly-synthesized PRL was greater (p < 0.01) than 

that of RIA-PRL (Fig. 19). 
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Figure 17. The mean total (dark circles), pituitary (dark triangles) 
and media amounts (open squares) of immunoreactive PRL (RIA-PRL) con
tained in vials following either 30,60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old blind/sham
pinealectomized fenale hamsters. Animals were maintained in L:D 14:10 
for 12 weeks after treatment. Total amounts (i.e., medium + pitui
taries) of PRL are expressed as 1.1 g/vial, pituitary as 1.1 glgl and and 
medium as 1.1 g/ml. There were six via 1 s per time point and three hemi
pituitaries per vial containing one ml KRB. Vertical 1 ines extending 
from each mean signify the SEM. Mean total, pituitary or medfa PRL 
levels with the same superscript represent values which are signifi
cantly different from each other. Total: a,c-e,h, p < 0.05; b,g, p < 
0.005; f, P < 0.01. Pituitary: a-e,g, p < 0.05; f, P < 0.005. Medium: 
p > 0.05. 
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Figure 18. The mean total (dark circles), pituitary (dark triangles) 
and media amounts (open squares) of newly-synthesized (3H-) PRL con
tained in vials following either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week ol~ blind/sham
pinealectomized fenale hamsters. Animals were maintained in L:D 14:10 
for 12 weets after treatment. Total amounts (i.e., medium+ pitui
taries) of H-PRL are expressed as dpm/vial, pituitary as dpm/gland and 
medium as dpm/ml. There were six vials per time point and three hemi
pituitaries per vial containing one ml KRB plus 10 ~Ci 3H-leucine. 
Vertical 1 ines extending from each mean signify the SEM. Mean total, 
pituitary or media amounts of 3H-PRL with the same superscript represent 
values whiGh are significantly different from each other. Total: 
a,b,e,g, p < 0.001; c, p < 0.005; d,f,h, p < 0.05. Pituitary: a, p < 
0 • 0 0 1 ; b , p < 0 • 0 5 ; c , d , p < 0 • 0 1 • M ed i u m : a , p < 0. 0 0 1 ; b , c , p < 
0.005; d,e,g, p < 0.01; f,h, p < 0.05. 
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Figure 19. The percent rel ease of RIA-PRL (dark circl es) and 3H- PRL 
(open squares) following either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old blind/sham
pinea 1 ectomized fema 1 e hamsters. Anima 1 s were maintained in L:D 14: 10 
for 12 weeks after treatment. Percent release was calculated by 
dividing the levels of either RIA- or 3H- PRL in the medium by the total 
RIA- or 3H-PRL in each vial, respectively. Values are the mean + SEM of 
six vials per time point

3
with three hemipituitarie~per vial containing 

one ml KRB plus 1011Ci H-leucine. RIA-PRL vs. H-PRL: p < 0.01 at 
each time poi nt. 
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The mean .:t.SEM of the combined in vitro weights of three hemi

pituitaries/vial (n=36 vial s) was 4.0 .:t. 0.2 mg. 

Total levels (i.e., medium + pituitaries) of RIA-PRL in vials 

from one through four hours of incubation were a 11 greater (p < 0.05) 

than those at 30 minutes (Fig. 20). However, maximal values of PRL were 

reached by one hour, since total levels were not significantly increased 

beyond this time point (Fig. 20). By two hours, total RIA-PRL in vitro 

was increased by approximately 63% (p < 0.001) over that at the initial 

time point. 

Similarly, the pituitary content of PRL from one to four hours 

were all greater (p < 0.05) than that in gl ands at 30 minutes (Fig. 20). 

Maximal pituitary PRL values also occurred at 60 minutes of incubation, 

since PRL levels were not appreciably altered thereafter (Fig. 20). By 

two hours, RIA-PRL in pituitaries was increased by about 82% (p < 0.001) 

over that measured in glands at the 30 minute time point. 

Media concentrations of immunoreactive PRL were increased beyond 

that at 30 minutes only at two (p < 0.05) and three hours (p < 0.01) of 

incubation (Fig. 20). On a statistical basis, maximal release of PRL 

was reached at two hours. since PRL secretion was not significantly 

increased after this time (Fig. 20). By two hours, the release of PRL 

was increased by approximately 50% over that at 30 minutes. 

With regard to the synthetic ability of the PRL eells, the total 

production of 3H- PRL proceeded in a logarithmic-like fashion up to three 



142 

hours of pituitary incubation, after which time PRL synthesis was not 

significantly increased (Fig. 21). Total production of 3H- PRL was not 

significantly increased over that at the initial time point until two 

hours, at which time total values of newly-synthesized PRL were in

creased 7-fold (p < 0.01). Maximal PRL production occurred within three 

hours, at which time the total synthesis of PRL was increased by 1360% 

over that at 30 minutes (Fig. 21). 

Pituitary values of 3H-PRL were first increased over the initial 

time point at 90 minutes (p < 0.05), after which time newly-synthesized 

PRL in glands increased even more (Fig. 21). Although pituitary levels 

of 3H-PRL at the end of the four-hour incubation were about 5.5-fold 

greater (p < O.OOl)·than those at 30 minutes, maximal values were mea

sured at three hours since there was no significant increase thereafter 

(Fig. 21). 

The release of newly-synthesized PRL followed a similar pattern 

to that described for total PRL production. Media 3H-PRL 1 evel s were 

initially increased at two hours (p < 0.05) as compared to the 30-minute 

time point (Fig. 21). r1aximal release of 3H- PRL occurred at three 

hours, at which time media values were approximately 550-fold greater (p 

< 0.001) than those at 30 minutes (Fig. 21). 

There were no significant differences in the percent release of 

RIA-F'RL throughout the four-hour incubation (Fig. 22). In contrast, at 

each consecutive time point through the first three hours, the percent 

release of newly-synthesized PRL was greater (p < 0.05) than that at the 

preceeding time point (Fig. 22). The maximal percent release of 3H-PRL 
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occurred at three hours of pituitary incubation. During the first 90 

minutes, the percent release of RIA-PRL was greater (p < 0.001) than 

that of 3H- PRL (Fig. 22). At two hours, and again at four hours, there 

were no differences between RIA- and 3H- PRL with regard to that propor

tion of the total amount released into the media. However, at three 

hours, the percent release of 3H- PRL was greater (p < 0.05) than that of 

RIA-PRL (F ig. 22). 
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Figure 20. The mean total (dark circles), pituitary (dark triangles) 
and media amounts (open squares) of immunoreactive PRL (RIA-PRL) con
tained in via 1 s. fa 1 lowing either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old blind/pineal
ectanized fema 1 e hamsters. Animals were maintained in L:O 14:10 for 12 
weeks after treatment. Total amounts (i.e., medium + pituitaries) of 
PRL are expressed as llg/vial, pituitary as llg/gland and medium as llg/ml. 
There were six vials per time point and three hemipituitaries per vial 
containing one ml KRB. Vertical lines extending from each mean signify 
the SEM. Mean total, media or pituitary PRL levels with the same super
script represent values which are significantly different from each 
other. Total: at p < 0.01; b,e, p < 0.05; c,d, p < 0.001. Pituitary: 
a, p < 0.01; b,e, p < 0.05; c, p < 0.001; d, p < 0.005. Medium: a, p < 
0.05; b, P < 0.01. 
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Figure 21. The mean total {dark circles), pituitary {dark triangles) 
and media amounts {open squares) of newly-synthesized (3H-) PRL con
tained in vials following either 30, 60, 90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old blind/pineal
ectomized female hamsters. Animals were maintained in L:D 14:10 for 12 
~eeks after treatment. Total amounts {i.e., medium+ pituitaries) of 

H-PRL are expressed as dpm/vial, pituitary as dpm/gland and medium as 
dpm/ml. There were six vials per time poi~t and three hemipituitaries 
per vial containing one ml KRB plus 10 llCi H-leucine. Vertical lines 
extending from each mean signify the SEM. Mean total, media or pitui
tary 3H-PRL levels with the same superscript represent values which are 
significantly different from each other. Total: a, p < 0.01; b,c,e-j, 
p < 0.001; d, p < 0.05. P-ituitary: a,b,e, p < 0.05; c,d,f, p < 0.001; 
g , h , p < 0 • 0 0 5 • M ed i u m : a , d , p < 0. 0 5 ; b , c , e- j , p < 0 • 0 0 1 • 
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Figure 22. T~e percent re 1 ease of RIA- PRL (dark c i rc 1 es) and newl y
synthes i zed ( H-) PRL (open squares) fa 1 1 owi ng ei ther 30, 60, 90, 120, 
180 or 240 minutes of incubation of anterior pituitaries from seven week 
old blind/pinealectomized female hamsters. Animals were maintained in 
L:O 14:10 for 12 weeks after treatment. perjent release was calculated 
by dividing t~e levels of either RIA- of H-PRL in the medium by the 
total RIA- or H-PRL in each vial, respectively. Values are the mean + 
SEM of six vials per time point with three hemipituitaries per viaT 
containing one ml KRB plus 1011Ci 3H-leucine. Means of RIA- or 3H- PRL 
with the same superscript represent values whi~h are significantly 
different from each other. RIA-PRL: p >30.05. H-PRL: a, p < 0.01; 
b-l, p < 0.001; m, p < 0.05. RIA-PRL v s. H-PRL: *, p < 0.05; **, p < 
0.001. 
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Serum titers of RIA-PRL in blind/sham-pinealectomized 

(blind/sham) females were reduced to about one-third (p < 0.001) of 

those measured in intact control s (Fig. 23). Furthermore, pinea lectomy 

of blinded animals completely prevented the depressed release of PRL in 

vivo, since serum PRL levels in blind/pinealectomized (blind/pinx) ham

sters were greater (p < 0.001) than those in blind/sham animals, but 

were not different than those in intact controls (Fig. 23). 

Total amounts (i.e., medium + pituitaries) of immunoassayable 

PRL in vials containing glands from intact females were from 305% to 

1270% greater (p < 0.001) than those containing glands from blind/sham 

animals during the entire incubation period (Fig. 24). Total PRL levels 

in the blind/pinx group also were at each time point from four- to 13-

fa 1 d g rea t e r (p < 0.001) t han tho s e i nth e b 1 i n d / sham 9 r 0 up (F i g • 24). 

Although at one, two and three hours the total amounts of PRL in intact 

and blind/pinx groups were not different, at 30, 90 and 240 minutes 

total PRL in the intact group was 25% to 53% greater (p < 0.05) than 

that in the bl ind/pinx group (Fig. 24). 

Pituitary values of PRL in the blind/sham group ranged from 10% 

to 35% (p < 0.001) of those in glands from intact hamsters during the 

entire incubation period (Fig. 25). Similarly, at all time points 

glandular levels of RIA-PRL in the blind/pinx group were from three- to 

U.5-fold greater (p < 0.001) than those in the bl ind/sham group (Fig. 
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25). Even though the content of PRL in pituitaries from b1ind/p~nx 

animals were less (p < 0.01) than that in glands from intact females at 

30 and 90 minutes of incubation, at all other time points there were no 

differences in pituitary PRL values between these two groups (Fig. 25). 

During the entire four-hour incubation, media levels of PRL in 

the' b 1 i nd/ sham group ranged from 7% to 20% (p < 0.001) of those in the 

intact group (Fig. 26). Howe¥er, pinealectomy of blinded animals com

pletely obviated the depressed secretion of PRL in vitro, since media 

PRL levels in the blind/pinx group ranged from about five- to 14.5-fold 

greater (p < 0.001) than those in the blind/sham group at all time 

points (Fig. 26). The PRL release profiles of intact and blind/pinx 

groups were essentially the same; only at the end of the four-hour 

incubation were media PRL levels between these two groups different (p < 

0.001) (Fig. 26). 

Regarding the synthetic abil ity of the 1 actotrophs, tota 1 pro

duction of PRL by pituitaries from blind/sham females was less (p < 

0.001) than that in the intact group at all times except at 30 minutes 

(Fig. 27). Total levels of 3H-PRL in the blind/sham group were from 20% 

to 70% (p < 0.001) of those in the intact group, this disparity becoming 

more pronounced at later time points. Interestingly, pinealectomy of 

blinded animals failed to prevent the depressed production of PRL in 

vitro; during the entire incubation period total values of 3H-PRL in the 

intact group were from four- to 10.5-fo 1 d greater (p < 0.001) than those 

in the blind/pinx group (Fig. 27). In fact, through the first two hours 

of incubation, total PRL synthesis in the blind/sham group was greater 
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(p < 0.001) than that in the blind/pinx group (Fig. 27). At three 

hours, total production of PRL in the bl ind/pinx group surpassed (p < 

0.001) that in the blind/sham group. However, at four hours there were 

no differences in the total levels of newly-synthesized PRL between 

these two groups (Fig. 27). 

Pituitaries from blind/sham females contained reduced amounts of 

31-/-PRL when compared to glands from intact animals (p < 0.001) at all 

time points except at 30 minutes (Fig. 28). Glandular values of newly

synthesized PRL in the intact group were from 100% to 500% greater than 

those in the blind/sham group. Pituitary levels of 3H-PRL in the intact 

group were also about 4.5- to eight-fold greater (p < 0.01) than those 

in the blind/pinx group during the entire incubation (Fig. 28). Pitui

tary values of 3H-PRL in blind/sham and blind/pinx groups were not 

significantly different from each other. 

The release of newly-synthesized PRL by pituitaries from 

blind/sham animals was less (p < 0.001) than that by glands from intact 

females from 90 through 240 minutes (Fig •. 29). Interestingly, media 

values of 3H-PRL in the blind/sham group were greater (p < 0.05) than 

those in the intact group through the first hour of incubation (Fig. 

29). Also, pinealectomy of blinded hamsters failed to prevent the 

depressed release of newly-synthesized PRL, since media levels of 3H-PRL 

in the intact group were from three- to 190-fold greater (p < 0.001) 

than those in the bl ind/pinx group during the entire i,ncubation period 

(Fig. 29). The fact that the release of 3H-PRL by the blind/pinx group 

was virtually non-existent at 30 minutes accounts for such a disparity 
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(190-fold) between these two groups at this time point. Furthermore, 

the secretion of 3H- PRL by the bl ind/sham group was greater (p < 0.001) 

than that by the blind/pinx group during the first two hours (Fig. 29). 

Although media levels of 3H- PRL in these two groups were not different 

at four hours, at three hours the release of 3H- PRL in the blind/pinx 

group was about 50% greater (p < 0.001) than that in the blind/sham 

group (Fig. 29). 

There were only modest differences in the percent release of 

RIA-PRL between intact, blind/sham and b 1 ind/pinx groups. In fact, at 

one, three and four hours of pituitary incubation, the percent release 

of immunoassayable PRL between the three groups was not significantly 

different (Fig. 30). The percent release of PRL by glands from 

blind/sham fenales was less (p < 0.05) than that by the intact group at 

90 and 120 minutes (Fig. 30). The percent release of PRL by the 

blind/pinx group was greater (p < 0.01) than that by the blind/sham 

group at 30, 90 and 120 minutes of incubation (Fig. 30). Only at 30 

minutes were there .any differences (p < 0.05) between intact and 

blind/pinx groups in this regard. 

The profi les of the percent release of ne\l/ly-synthesized PRL 

were quite different between intact, bl ind/sham and bl ind/pinx groups. 

The percent release of 3H- PRL by glands from bl ind/sham animals was 

greater (p < 0.001) than that of the blind/pinx and intact groups during 

the first 90 and 120 minutes of incubation, respectively (Fig. 31). The 

percent release of 3H-PRL in the intact gro~p was also greater (p'< 

0.001) than that in the bl ind/pinx group during the first hour, but at 
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90 minutes these two groups were not different (Fig. 31). At two and 

three hours, the percent release of newly-synthesized PRL in the 

bl ind/pinx group surpassed (p < 0.01) that of the intact group. At the 

end of the four-hour incubation, there were no significant differences 

between the three groups in this regard (Fig. 31). 

Total protein synthesis by pituitaries from bl ind/sham females 

was red uced by 44% (p < 0.001) as compared to that by glands from intact 

animals (Table 12). The specific activity (dpm/ g PRL) in pituitaries 

from blind/sham animals was 120% greater (p < 0.001) than that in glands 

from intact females (Table 12). Interestingly, pinealectomy further 

decreased the bl inding-induced reduction in pituitary amounts of 3H-

protein in vitro. Total protein synthesis by glands from blind/pinx 

animals was 47% and 26% of that in pituitaries from blind/sham and 

intact females, respectively (p < 0.001) (Table 12). Concomitant with 

this greater decline in total protein synthesis in the blind/pinx group 

was an 82% decrease (p < 0.001) in the specific activity of PRL within 

the glands when compared to intact controls. The specific activity of 

PRL in pituitaries from blind/pinx animals was 8% of that in glands from 

blind/sham anim~ls (p < 0.001) (Table 12). 

In vitro pituitary weights in blind/sham females were 14% less 

(p < 0.05) than those of intact an ima 1 s (Tab 1 e 13). Concomitant with 

this weight decrease was a 25% increase in the DNA content of these 

glands; however, this increase was not significant (Table 13). Addi

tionally, pinealectomy of blinded animals completely prevented the 

decline in pituitary weights; combined weights of three 
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hemipituitaries/vial in the bl ind/pinx group were greater (p < 0.005) 

than those in the blind/sham group, but were not different than those in 

intact controls (Table 13). However, pinealectomy failed to prevent the 

modest, bl inding-induced increase in pituitary DNA content. In fact, 

the content of DNA in glands from blind/pinx females was 60% greater (p 

< 0.05) than that in pituitaries from intact' animals (Table 13). The 

28% increase in glandular DNA of blind/pinx hamsters over that in pitui

taries from blind/sham females was not significant. 
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Figure 23. The mean amounts of inmunoassayab 1 e PRL (RIA-PRL) in serum 
of seven week old intact, blind/sham-pinealectomized (Blind/Sham) and 
blind-pinealectcmized (Bl'ind/Pinx) female htmsters. Animals were main
tained in L:D 14:10 for 12 weeks after treatment. There were nine to 30 
animals per group. Vertical lines extending from each mean signify the 
SEM. Mean serum PRL levels with the same superscript represent values 
which are significantly different from each other. a,b, p < 0.001. 
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Figure 24. The mean total amounts (i.e., medium + pituitaries) of 
immunoreactive PRL (RIA-PRL) contained in vials following either 30,60, 
90, 120, 180 or 240 minutes of incubation of anterior pituitaries from 
seven week old intact (dark circles), blind/sham-pinealectomized 
(Blind/Sham; dark triangles) and blind/pinealectomized (Blind/Pinx; open 
squares) female hamsters. Animals were maintained in L:D 14:10 for 12 
weeks after treatment. There were five to six vials per time point and 
three hemipituitaries per vial containing one ml KRB. Vertical lines 
extending from each mean signify the SEM. ~1ean total PRL levels at each 
time point with the same superscript represent values which are signifi
cantly different from each other. a··c, p < 0.001; d, p < 0.05; e, p < 
0.005. 
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Figure 25. The mean pituitary amounts of immunoassayable PRL (RIA-PRL) 
following either 30, 60, 90,120,180 or 240 minutes of incubation of 
anterior pituitaries from seven week old intact (dark circles), 
blind/sham-pinealectomized (Blind/Sham; dark triangles) and 
b 1 ind/pinea 1 ectanized (Bl ind/Pinx; open squares) fema 1 e hamsters. Ani
mal s were maintained in L:D 14:10 for 12 weeks after treatment. There 
were five to six vials per time point and three hemipituitaries per vial 
containing one ml KRB. Vertical lines extending from each mean signify 
the SEM. Mean pituitary PRL levels at each time point with the same 
superscript represent values which are significantly different from each 
other. a-c, p < 0.001; d, P < 0.01. 
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Figure 26. The mean amoun ts of irrvnunoreacti ve PRL (RIA- PRL) re 1 eased 
into the media following either 30,60, 90,120, 180 or 240 minutes of 
incubation of anterior pituitaries from seven week old intact (dark 
circles), blind/sham-pinealectomized (Blind/Sham; dark triangles) and 
blind/pinealectomized (Blind/Pinx; open squares) female hamsters. Ani
mals were maintained in L:D 14:10 for 12 weeks after treatment. There 
were five to six vials per time point and three hemipituitaries per vial 
containing one ml KRB. Vertical lines extending from each mean signify 
the SEM. Mean media PRL levels at each time point with the same super
script represent values which are significantly different from each 
other. a-c, p < 0.001. 
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Figure 27. The m~an total amounts (i.e., medium + pituitaries) of 
newly-synthesized ( H-) PRL contained in vials following either 30, 60, 
90, 120, 180 or 240 minutes of incubation of anterior pituitaries from 
intact (dark circles), blind/sham-pinealectomized (Blind/Sham; dark 
triangles) and blind/pinealectomized (Blind/Pinx; open squares) female 
hamsters. Animals were maintained in L:D 14:10 for 12 weeks after 
treatment. There were five to six vials per time point and three hemi
pituitaries per vial containing one ,"1 KRB plus 10 llCi 3H-leuci~e. 
Vertical lines extending from each mean signify the SEM. Mean total H
PRL levels at each time point with the same superscript represent values 
which are significantly different from each other. a-c, p < 0.001. 
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Fig ure 28. The mean pi tu i tary amoun ts of newl y- synthes i zed (3H-) PRL 
following either 30, 60,90,120,180 or 240 minutes of incubation of 
anterior pituitaries from intact (dark circles), blind/sham-pineal
ectomized (Blind/Sham; dark triangles) and blind/pinealectomized 
(Blind/Pinx; open squares) female hamsters. Animals were maintained in 
L:O 14:10 for 12 weeks after treatment. There were five to six vials 
per time point and three hemipituitaries per vial containing one ml KRB 
plus 10 ~Ci 3H-leucine. ~ertical lines extending from each mean signify 
the SEM. Mean pituitary H-PRL levels at each time point with the same 
superscript represent values which are significantly different from each 
other. a, p < 0.01; b,c, p < 0.001. 
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Fig ure 29. The mean amoun ts of newl y- syn thes i zed (3 11 -) PRL re 1 eased 
into the media following either 30, 60,90, 120, 180 or 240 minutes of 
incubation of anterior pituitaries from intact (dark circles), 
b 1 ind/ sham-pinea 1 ectomized (Bl ind/Sham; dark triangl es) and 
blind/pinealectomized (Blind/Pinx; open squares) female hamsters. Ani
ma 1 s were ma i nta i ned in L: 0 14: 10 for 12 weeks after treatment. There 
were five to six vials per time point and three hemipituitaries per vial 
containing one ml KRB plus 10 lJCi 3H-leucine.

3 
Vertical lines extending 

from each mean signify the SEM. Mean media I1-PRL levels at each time 
point with the same superscript represent values which are significantly 
different from each other. a,b,d, p < 0.001; c, p < 0.05. 
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Figure 30. The percent re 1 ease of immunoreact i ve PRL (RIA- PRL) fa 1-
lowing either 30, 60, 90, 120, 180 or 240 minutes of incubation of 
anterior pituitaries from intact (dark circles), blind/sham-pineal
ectomized (Blind/Sham; dark triangles) and blind/pinealectomized 
(Blind/Pinx; open squares) female hamsters. Animals were maintained in 
L:D 14:10 for 12 weeks after treatment. Percent release was calculated 
by dividing the levels of PRL in the medium by the total PRL in each 
vial. Values are the mean + SEM of five to six vials per time point 
with three hemipituitaries per vial containing one ml KRB. Means at 
each time point with the same superscript represent values which are 
significantly different from each other. a, p < 0.05; b,c, p < 0.01. 
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Figure 31. The percent release of newly-synthesized (3H-) PRL following 
either 30, 60, 90, 120, 180 or 240 minutes of incubation of anterior 
pituitaries from intact (dark circles), blind/sham-pinealectomized 
(Blind/Sham; dark triangles) and blind/pinealectomized (Blind/Pinx; open 
squares) female hamsters. Animals were maintained in L:D 14:10 for 12 
weeks aftes treatment. Percent release was

3
calculated by dividing the 

levels of H-PRL in the medium by the total H-PRL in each vial. Values 
are the mean + SEM of five to six vials per time point ~ith three 
hanipituitariesper vial containing one ml KRB plus 10 ].lei H-leucine. 
Means at each time point with the same superscript represent values 
which are significantly different from each other. a-c, p < 0.001; d, p 
< 0.01. 
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Table 12. The effects of blinding and sham-pinealectomy (Bl ind/Sham) 
a~d blinding and pinealectomy (Bl ind/Pinx) on total protein synthesis 
( H-protein) tn vitro and on the specific activity (dpml g PRL) in 
pituitaries of seven week old female hamsters 12 weeks after treatment. 

Treatment n 3H-Protein Specific Activity 
(dpm/gland) (dpm/pg PRL) 

Intact 6 1,169,379 + 36,391ab 1807.9 + 173.4ab 

Blind/Sham 6 659,201 ! 66,373ac 3991.3 + 416.9ac 

Blind/Pinx 6 311,335 ! 56,868bc 325.8 + 27.1 bc 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. Ther~ were three hemipituitaries per vial containing one ml KRB 
plus 10 Ci H-leucine. Pituitaries were incubated for 180 minutes. 
The incorporation of 3H-l euc ine into total protein was determined by 
precipitation with 10% trichloroacetic acid. Means in each column with 
the same superscriRt represent values which are significantly different 
from each other. H-Protein: a-c, p < 0.001. Specific activity: a-c, 
p < 0.001. 
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Table 13. The effects of blinding and sham-pinealectomy (Blind/Sham) 
and blinding and pinealectomy (Blind/Pinx) on in vitro pituitary weight 
and pituitary DNA content of seven week old female hamsters 12 weeks 
after treatment. 

Treatment n Pituitary Weight Pituitary DNA 
(mg) (pg/vial) 

Intact 35 3.7 + O.la 23.5 + 1.1 a 

Blind/Sham 36 3.2 + 0.2ab 29.4 + 3.3 

Blind/Pinx 36 4.0 + 0.2 b 37.7 + 3.Sa 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. Determinationi of DNA content. included only six vials per group. 
Each via 1 contained three hemipituitaries. Means in each co 1 umn with 
the same superscript reptesent values which are significantly differ~nt 
from each other. Pituitary Weight: a, p < 0.05; b, p < 0.005. Pitui
tary DNA content: at p < 0.05. 



Experiment 7a: The Effects of Stalk-Median Eminence Extracts 
from Intact Female Hamsters on Prolactin Synthesis, 

Storage and Release by Pituitaries from Intact Female Hamsters 
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Surprisingly, at no concentrations tested did the addition of 

stalk-median eminence (SME) extracts obtained from intact female 

hamsters inhibit total amounts (i.e., medium + pituitaries) of irnmuno-

reactive PRL in vitro (Fig. 32). Although 4.0 Equivalents (Eq)/ml of 

SME extract produced a modest, 20% (p < 0.05) reduction in in vitro 

pituitary PRL levels, at no other concentration did SME extracts appre

ciably alter the glandular content of PRL (Fig. 32). The addition of 

SME extracts to incubation vials caused a slight (10% to 40%), yet 

insignificant stimulation of the release of RIA-PRL in vitro (Fig. 32). 

Similarly, 4.0 Eq/ml of cerebral cortical (CC) extract affected neither 

total, pituitary nor media levels of immunoassayable PRL in vitro (Table 

14). 

In contrast to the equivocal results regarding the affect of SEM 

extracts on RIA-PRL levels, the addition of extracts to the incubation 

media resulted in a dose-dependent inhibition in the total production of 

3/1-PRL in vitro (Fig. 33). A 1 though 1.0 SME Eq/ml produced a slight 

stimulation of total PRL synthesis, neither 0.5 nor 1.0 Eq/ml of SME 

produced any significant inhibition of 3H- PRL production (Fig. 33). The 

equivalent of 2.0 and 4.0 SME/ml inhibited total PRL synthesis by ap

proximately 30% and 50%, respectively, when compared to control vial s 

without extract (p < 0.001) (Fig. 33). 

Similarly, pituitary levels of 3H-PRL were reduced in a dose

dependent manner by SME extracts. Whereas 0.5 Eq/ml had no affect, 1.0 
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SME Eq/ml produced a slight accumulation (p < 0.05) of 3H- PRL in pitui

taries when compared to 0.5 SME Eq/ml but not when compared with control 

vials without extract (Fig. 33). When compared to control vials, 2.0 

and 4.0 SME Eq/ml reduced pituitary levels of 3H- PRL by 35% and 57%, 

res p e c t i vel y (p < 0.001) (F i g. 33). 

Interestingly, both 0.5 and 1.0 Eq/ml of SME stimulated (p < 

0.05) the release of newly-synthesized PRL by 10% and 13% (Fig. 33). In 

contrast, the two- higher concentrations of SME inhibited (p < 0.001) the 

release of 3H- PRL by about 20% and 35%, respectively (Fig. 33). 

Furthermore, 4.0 Eq/ml of CC extract inhibited total, pituitary 

and med i a va 1 ues of 3H- PRL by approxima te 1 y 60%, 70% and 43%, respec

tively, when compared to control vials without extract (p < 0.001) 

(Table 15). 

The mean + SEM of the combined in vitro weights of three hemi

pituitaries/vial (n=36 vials) was 4.0 + 0.1 mg. 
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Figure 32. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of immunoreactive PRL (RIA-PRL) contained 
in vials following incubation of anterior pituitaries from seven week 
old fema 1 e hamsters. Sta lk-median eminence (SME) extracts from intact 
female hamsters were added to vials after a 60 minute preincubation in 
one ml KRB at concentrations of either 0, 0.5, 1.0, 2.0 or 4.0 Equiva
lents (Eq)/ml of medium. Pituitary incubation was continued for an 
additional two hours. There were six vials per group and three hemi
pituitaries per· vial. Total amounts (i.e., medium + pituitaries) of PRL 
are expres sed as u gl v i a 1 , pi tu i tary as ugl gland and med i um as ug/m 1 • 
Vertical lines extending from each mean signify the SEr~. r1ean total, 
pituitary or media PRL levels with the same superscript represent values 
which are significantly different from each other. Total: p> 0.05. 
Pit u ita r y : a, p < 0.05. M ed i u m : p > 0.05. 
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Figure 33. The mean total (open bars), pituitary (csoss-hatched bars) 
and media amounts (solid bars) of newly-synthesized ( H-) PRL contained 
in vials following incubation of anterior pituitaries from seven week 
old fema 1 e hamsters. Sta 1 k-med ian eminence (SME) extracts from intact 
female hamsters were added to vials after a 60 minute preincubation in 
one ml KRB at concentrations of either 0, 0.5, 1.0, 2.0 or 4.0 Equi va
lents (Eq)/ml of medium. Pituitary incubation was continued for an 
additional two hours. There were six vials fer group and three hemi
pituitaries per vial. Total amounts of H-PRL are expressed as 
dpm/v ia 1, pituitary as dpm/gl and and medium as dpm/ml. Vertica 1 1 ines 
extending from each mean signify the SEM. Hean total, pituitary or 
media 3H-PRL levels with the same superscript represent values wh1ch are 
significantly different from each other. Total: A-F, p < 0.001. 
Pituitary: a,b,e-g, p < 0.001; c,h, p < 0.05; d, p < 0.005. Medium: 
a,b, p < 0.05; c-h, p < 0.001; i, p < 0.005. 
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Table 14. The effects of cerebral cortical (CC) extract on total, 
pituitary and media amounts of immunoassayable PRL (RIA-PRL) in vitro. 

Treatment n Total RIA-PRL 
(1l9/vi a 1) 

No Extract 5 122.6 + 4.3 

CC Extract 6 126.8 + 4.7 

Pituitary RIA-PRL 
(Ilg/gland) 

83.8 + 1.5 

81.5 + 2.1 

Media RIA-PRL, 
(jlg/ml) 

37.6 .!. 4.1 

45.3 + 4.3 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. Each vial contained three hemipituitaries fran seven week old 
female hamsters. Cerebral cortical (CC) extract from intact female 
hamsters was added to via 1 s after a 60 minute preincubation in one ml 
KRB at a concentration of 4.0 Equivalents/ml of medium. Pituitary 
incubation was continued for an additional two hours. Total: p > 0.05. 
P; tu itary: P > 0.05. Med; um: p > 0.05. 
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Table 15. The effects of cerebral cortical (C5) extract on total, 
pituitary and media amounts of newly-synthesized ( H-) PRL in vitro. 

Treatment Total 3H-PRL Pituitary 3H-PRL Media 3H-PRL 
(dpm/vial) (dpm/gland) (dpm/ml) 

No Extract 289,554 ! 12,542a 187,647 ! 11,864a 101,907 ! 2,871a 

CC Extract 112,327 ! 5,580a 54,144.:!:. 4,551 a 58,183 ! 1,118a 

Values are the mean + SEM of six incubation vials per group. Each vial 
contained three hemlpituitaries from seven week old female hamsters. 
Cerebral cortical (CC) extract from intact female hamsters was added to 
vials after a 60 minute preincubation in one ml KRB at a concentration 
of 4.0 Equivalents/ml of medium. 3 Pituitary incubation was continued for 
an additional two hours. Mean H-PRL levels in each column with the 
same superscript represent values which are significantly different from 
each other. Total: a, p < 0.001. Pituitary: a, p < 0.001. Medium: 
a, p < 0.001. 



Experiment 7b: The Effects of Stalk-Median Eminence 
Extracts from Blind/Sham-Pinealectomized Female Hamsters 

on Prolactin Synthesis, Storage and Release by 
Pituitaries from Intact Female Hamsters 
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Stalk-median eminence (SME) extracts from blind/sham-pineal

ectomized (blind/sham) female hamsters at each concentration tested 

increased the total amounts (i.e., medium + pituitaries) of RIA-PRL per 

vial. The smallest concentration increased total PRL levels by about 

30% (p < 0.005), while 4.0 Eq/ml of St1E produced a 16% rise in total PRL 

(p < 0.05) when compared to control vials without extract (Fig. 34). 

The various concentrations of SME extract were not significantly dif

ferent in their stimulation of total PRL in vitro. 

An examination of the affects of different concentrations .of SME 

extracts on in vitro pituitary PRL levels yielded equivocal results 

(Fig. 34). In contrast, each dose of extract stimulated the release of 

RIA-PRL in vitro. Whereas 1.0 SME Eq/ml enhanced PRL secretion by about 

45%, this effect was not significant when compared to control vials 

without extract (Fig. 34). However, all other concentrations of extract 

stimulated (p < 0.05) the secretion of PRL in vitro; the increase in 

media PRL level s ranged from 46% by 4.0 Eq/ml to 69% by 0.5 SME Eq/ml 

(Fig. 34). There were no significant differences between the various 

doses of extract in their stimulation of PRL release in vitro. 

In contrast to the results obtained with regard to RIA-PRL, SME 

extracts from blind/sham animals inhibited the total synthesis of PRL in 

a dose-response manner (Fig. 35). Although 1.0 Eq/ml of SME inhibited 

total levels of 3H- PRL to a slight degree, neither 0.5 nor 1.0 Eq/ml 
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significantly reduced PRL synthesis. Both 2.0 and 4.0 Eq/ml, however, 

inhibited tota 1 PRL production by about 20% (p < 0.05) (Fig. 35). 

Although the smallest concentration of extract reduced pituitary 

values of 3H-PRL by about 17%, at no dose tested did the presence of SME 

extracts significantly reduce pituitary levels of 3H- PRL (Fig. 35) • 
. 

There was a slight, yet insignificant stimulation of the release 

of newly-synthesized PRL by 0.5 Eq/ml of SME (Fig. 35). Furthermore, 

whereas 1.0 Eq/ml al so had no affect, both 2.0 and 4.0 SME Eq/ml in

hibited the release of 3H- PRL by 26% (p < 0.05) and 42% (p < 0.001), 

respectively, when compared to control vials without added extract (Fig. 

35). 

Two vials in each of the St4E extract groups had total, pituitary 

and media 3H- PRL values that were much greater than two standard devia-

tions from the mean of their .respective groups, and, as such, were 

eliminated from all statistical calculations. 

The mean ~SEM of the combined in vitro weights of three hemi

pituitaries/vial (n=30 vials) was 4.1 + 0.1 mg. 
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Figure 34. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (sol id bars) of immunoassayable PRL (RIA-PRL) con
tained in vials following incubation of anterior pituitaries from seven 
week old fema 1 e hamsters. Sta 1 k-med i an eminence (SME) extracts from 
blind/sham-pinealectomized female hamsters were added to vials after a 
60 minute preincubation in one ml KRB at concentrations of either 0, 
0.5, 1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. Pituitary incuba
tion was continued for an additional two hours. There were five to six 
vials per group and three hemipituitaries per vial. Total amounts of 
PRL are expressed as pg/vial, pituitary as pg/gland and medium as pg/ml. 
Vertical lines extending from each mean signify the SEt1. Mean total, 
pituitary or media PRL levels with the same superscript represent values 
which are significantly different from each other. Total: A, p < 
0.005; B-O, p < 0.05. Pituitary: p> 0.05. Medium: a-c, p < 0.05. 
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Figure 35. The mean total (open bars), pituitary (cr'oss-hatched bars) 
and media amounts (solid bars) of newly-synthesized (3 H-) PRL contained 
in via 1 s following incubation of anterior pituitaries from seven week 
old fema 1 e hamsters. Sta 1 k-med i an eminence (SME) extracts from 
blind/sham-pinealectomized female hamsters were added to vials after a 
60 minute preincubation in one ml KRB at concentrations of either 0, 
0.5, 1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. pituitary incuba
tion was continued for an additional two hours. There were four to six 
I ials per group and three hemipituitaries per vial. Total amounts of 

H-PRL are expressed as dpm/vial, pituitary as dpm/gland and medium as 
dpm/ml. Vertical lines ex~ending from each mean signify the SEM. Mean 
total, pituitary or media H-PRL levels with the same superscript repre
sent values which are significantly different from each other. ·Total: 
A,B, p < 0.05. Pituitary: p > 0.05. Medium: a,e, P < 0.05; b,d,e, p 
< 0.001; f, P < 0.005. 



Experiment 7c: The Effects of Stalk-Median Eminence Extracts 
from SlindlPinealectomized Female Hamsters 'on Prolactin 

Synthesis, Storage and Release by 
Pituitaries from Intact Female Hamsters 
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Stalk-median eminence (SME) extracts from blind/pinx female 

hamsters had no significant effect on total levels of RIA-PRL at all 

doses tested (Fig. 36). 

In contrast, each concentration of SME extract reduced pituitary 

PRL 1 eve 1 s by about 15% (p < 0.05) as compared to va 1 ues in glands of 

control vials without extract (Fig. 36). 

Although 4.0 SME Eq/ml stimulated the release of RIA-PRL by 

approximately 30%, at no concentration tested did the addition of ex

tracts significantly alter the secretion of PRL in vitro (Fig. 36). 

The presence of SME extracts from blind/pinx females inhibited 

the total production of 3H- PRL in a dose-dependent fashion. Although 

neither 0.5 nor 1.0 Eq/ml of SME appreciably altered PRL synthesis, the 

equi val ent of 2.0 and 4.0 SME/ml inhibited tot a 1 PRL product ion by 35% 

and 48%, respecti vely (p < 0.001) (Fig. 37). 

Extracts of SME also reduced pituitary 3H- PRL values in a dose

dependent manner. Although neither 0.5 nor 1.0 Eq SME/ml significantly 

a ltered pituitary va 1 ues of 3H-PRL , doses of 2.0 and 4.0 Eq/ml reduced 

pituitary levels of newly-synthesized PRL by 35% and 55% (p < 0.001), 

when compared to via 1 s without extract (Fig. 37). 

Similarly, increasing concentrations of SME extract progressive-

ly inhibited the release of newly-synthesized PRL. Whereas the two 

largest doses of SME both inhibited the secretion of 3H- PRL by about 35% 



175 

(p < 0.001), neither of the two smaller doses significantly reduced the 

release of 3H- PRL in vitro (Fig. 37). 

The mean + SEM of the combined in vitro weights of three hemi

pituitaries/vial (n=33 vials) was 4.0 + 0.1 mg. 
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Figure 36. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of immunoreactive PRL (RIA-PRL) contained 
in via 1 s fo 11 owing incubation of anterior pituitaries from seven week 
old female hamsters. Stalk-median eminence (SME) extracts from 
b1ind/pinea1ectomized female hamsters were added to vials after a 60 
minute preincubation in one m1 KRB at concentrations of either 0, 0.5, 
1.0, 2.0 or 4.0 Equivalents (Eq)/m1 of medium. Pituitary incubation was 
continued for an additional two hours. There were five to eight vials 
per group and three hemipituitaries per vial. Total amounts (i.e., 
medium + pituitaries) of PRL are expressed as ug/via1, pituitary as 
g/gland and medium as ug/ml. Vertical lines extending from each mean 
signify the SEM. Mean total, pituitary or· media PRL levels with the 
same superscript represent values which are significantly different from 
each other. Tota 1: p > 0.05. Pi tu i tary: a-d, p < 0.005. Med i urn: p 
> 0.05. 
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Figure 37. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of newly-synthesized (3H-) PRL contained 
in vials following incubation of anterior pituitaries from seven week 
old fema 1 e hamsters. Sta 1 k-med i an emi nence (SME) extracts from 
blind/pinealectomized female hamsters were added to vials after a 60 
minute preincubation in one ml KRB at concentrations of either 0,0.5, 
1.0, 2.0 or 4.0 Equivalents (Eq)/ml of medium. Pituitary incubation was 
continued for an additional two hours. There were six to eight vials 
per group and three hem~pituitaries per vial. Total amounts (i.e., 
medium + pituitaries) of H-PRL are expressed as dpm/vial, pituitary as 
dpm/gland and medium as dpm/ml. Vertical lines extending from each ·mean 
signify the SEM. Mean total, pituitary or media 3H-PRL levels with the 
same superscript represent values which are significantly different from 
each other. Total: A,B,O-G, p < 0.001; C,H, p < 0.05. Pituitary: a
e, p < 0.001; f, p < 0.01; g, p < 0.05. Medium: a,b,d-g, p < 0.001; c, 
p < 0.005. 



Experiments 7a vs. 7b vs. 7c: Comparison of the Effects 
of Stalk-Median Eminence Extracts from Intact, 

Blind/Sham-Pinealectom;zed and Blind/Pinealectomized 
Female Hamsters on Prolactin Synthesis, Storage and 
Release by Pituitaries from Intact Female Hamsters 
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In review, stal k-median eminence (SME) extracts obtained from 

intact female hamsters failed to significantly alter the total amounts 

(i.e., medium + pituitaries) of RIA-PRL in vitro (Fig. 32). In con

trast, each concentration of SME extract from blind/sham-pinealectomized 

(bl ind/sham) females increased the total amounts of immunoreactive PRL 

per vial; whereas 0.5 Equivalents (Eq)/ml of SME produced a 30% rise in 

tota 1 RIA-PRL (p < 0.005), the 1 argest dose of extract increased total 

PRL levels by about 16% (p < 0.05) as compared to control vials without 

added extract (Fig. 34). Similar to SME extracts from intact animals, 

extracts from blind/pinealectomized (blind/pinx) animals had no signifi

cant effect on total levels of RIA-PRL in vitro (Fig. 36). 

An examination of the effects of different concentrations of SME 

extracts from intact female hamsters on in vitro pituitary PRL levels 

revea 1 ed that 4.0 Eq/ml produced a slight, 20% reduction (p < 0.05) in 

the glandular content of the hormone (Fig. 32). At no other dose tested 

did extracts from intact females appreciably alter the pituitary content 

of RIA-PRL. Similarly, SME extracts obtained from blind/sham females 

failed to significantly change in vitro pituitary PRL values (Fig. 34). 

In contrast, each dose of SME extract from blind/pinx animals depressed 

the glandular content of RIA-PRL by roughly 15% (p < 0.05) when compared 

to those values in control vials without added extract (Fig. 36). 
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The addition of SME extracts from intact female hamsters also 

failed to significantly alter the release of immunoassayable PRL in 

vitro (Fig. 32). In contrast, each dose of extract obtained from 

blind/sham animals stimulated the in vitro release of RIA-PRL (Fig. 34). 

Although the 45% increase in media PRL levels induced by 1.0 Eq/m1 of 

SME was not significant as compared to control vials without extract, 

a 11 other doses of extract from b 1 i nd/ sham fema 1 es enhanced (p < 0.05) 

the release of PRL in vitro; this stimulation of PRL secretion ranged 

from "46% (4.0 Eq/m1) to 69% (0.5 Eq/m1) (Fig. 34). Simi 1 ar to SME 

ext r act s from in t act f em ale s, at no con c e n t rat ion did the add it ion 0 f 

extracts obtained from b1ind/pinx animals significantly alter the in 

vitro release of RIA-PRL (Fig. 36). 

The equ i val ent of 2.0 SME/m 1 from intact, b 1 i nd/ sham and 

b1ind/pinx hamsters were not significantly different in their ability to 

inhibit total PRL synthesis in vitro (Table 16). However, 4.0 Eq/m1 of 

SME from blind/sham animals were less than half as potent in reducing 

total PRL production as an equal amount of extract from intact females 

(p < 0.001) (Table 16). Furthermore, pinea1ectomy of blinded animals 

completely prevented the decline in PRL synthesis-inhibitory activity of 

4.0 SME Eq/m 1 (Tab 1 e 16). 

Similarly, 2.0 SME Eq/m1 from the three groups of animals were 

equipotent in their reduction of pituitary levels of 3j1-PRL (Table 17). 

In contrast, the ability of 4.0 Eq/m1 of SME from blind/sham females to 

decrease 3H-PRL values in pituitaries was profoundly reduced (p < 0.001) 

as compared to an equa 1 amount of extract from intact anima 1 s (Tab 1 e 
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17). In fact, the equivalent of 4.0 SME/ml from both intact and 

blind/pinx hamsters were equally potent in reducing the accumulation of 

3H- PRL in pituitaries (Table 17). 

There were no significant differences between the three groups 

jn the ability of either 2.0 or 4.0 Eq SME/ml to inhibit the release of 

newly-synthesized PRL in vitro (Table 18). 
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Tab 1 e 16. Comparison of the effects of either 2.0 or 4.0 Equi va 1 ents 
(Eq)/ml of stalk-median eminence (SME) extracts from intact, blind/sham
pinealectomized (Blind/Sham) and blind/pinealectomized (Blind/Pinx) 
female hamsters on the percent inhibition of total PRL synthesis in 
vitro. 

SME Extract n Percent Inhibition of Total PRL Synthesis 
from 2.0 SME Eq/ml 4.0 SME. Eq/ml 

Intact 6 31.9 + 6.4 49.7 + 3.6a 

Blind/Sham 4 20.1 + 7.3 21.2 + 8.3ab 

Blind/Pinx 6 34.2 + 6.3 48.3 + 1.8 b 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. There

3
were three hemipituitaries per vial containing one ml KRB 

plus 10 pCi H-leucine. Percent inhibition of total PRL synthesis was 
calculated by dividing the total dpm in each vial by the mean total 
dpm/vial for the control (no extract) vials in each of Experiments 7a, 
7b or 7c, respectively. Means in each column with the same superscript 
represent values which are significantly different from each other. 2.0 
Eq/ml: p > 0.05. 4.0 Eq/ml: a,b, p < 0.001. 
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Table 17. Comparison of the effects of either 2.0 or 4.0 Equivalents 
(Eq)/m1 of stalk-median eminence (SME) extracts from intact, b1ind/sham
pinea1ectomized (Blind/Sham) and blind/pinealectomized (B1ind/Pinx) 
female hamsters on the percent reduction in pituitary values of 3H-PRL 
in vitro. 

SME Extract n Percent Reduction in Pituitary 3H-PRL 
from 2.0 SME Eq/m1 4.0 SME Eq/m1 

Intact 6 35.3 + 8.2 57.2 + 4.5a 

B1 ind/Sham 4 14.1 + 9.5 1.5 + 15.5ab 

B1ind/Pinx 6 35.3 + 9.0 56.6 + 2.8b 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. There

3
were three hemipituitaries per vial containi~g one m1 KRB 

plus 10 "Ci H-1eucine. Percent reduction in pituitary H-PRL levels 
was calculated by dividing the dpm in each gland by the mean dpm/g1and 
for the control (no extract) vials in each of Experiments 7a, 7b or 7c, 
respectively. Means in each column with the same superscript represent 
values which are significantly different from each other. 2.0 Eq/m1: p 
> 0.05. 4.0 Eq/ml: a,b, p < 0.001. 
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Table 18. Comparison of the effects of either 2.0 or 4.0 Equivalents 
(Eq)/ml of stalk-median eminence (SME) extracts from intact, blind/sham
pinealectomized (Blind/Sham) and blind/pinealectomized (Blind/Pinx) 
female hamst!rs on the percent inhibition of the release of newly
synthesized ( H-) PRL in vitro. 

SME Extract n Percent Inhibition of 3H-PRL Release 
from 2.0 SME Eq/ml 4.0 SME Eq/ml 

Intact 6 19.7 + 3.9 36.0 + 2.2 

Bl ind/Sham 4 26.4 + 7.2 41.9 + 1.7 

Blind/Pinx 6 32.9 + 3.4 38.2 + 1.7 

Values are the mean + SEM of the number (n) of incubation vials in each 
group. Ther1 were three hemipituitaries per vif.l containing one ml KRB 
plus 10 pCi H-leucine. Percent inhibition of H-PRL release was calcu-
1 ated by dividing the media dpm in each vial by the mean media dpm/ml 
for the control (no extract) vials in each of Experiments 7a, 7b or 7c, 
respecti vel y. 2.0 Eq/ml: p > 0.05. 4.0 Eq/ml: p > 0.05. 



Experiment 8: The Effects of Dopamine on Prolactin 
Synthesis? Storage and Release in the Female Hamster 
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N e i the r 5 x 1 0 -9 M do pam i n e (D A) nor as cor b i c a c i d its elf, an 

anti-oxidant and the vehicle for DA, produced any appreciable affect on 

total amounts (i.e., medium + pituitaries) of RIA-PRL in vitro (Table 

19). In contrast, both the intermediate and largest concentrations of 

DA tested decreased total PRL levels by about 17% (p < 0.005) and 11% (p 

< 0.05), respectively, when compared to PRL levels in vials containing 

ascorbic acid, the appropriate controls for comparison (Table 19). 

Pituitary values of PRL in vials containing 5 x 10-5 M DA were 

greater (p < 0.05) than those containing the smallest dose of DA (Table 

19). There were no other significant differences in the glandular 

content of PRL between groups. 

Neither 5 x 10-9 M DA nor ascorbic acid reduced media PRL levels 

in vitro. However, both the intermediate and largest concentrations of 

DA inhibited the release of RIA-PRL by about 55% and 52%, when compared 

to vials containing ascorbic acid (p < 0.001) (Table 19). 

Neither ascorbic acid itself, 5 x 10-9 M nor 5 x 10-5 M DA 

produced any significant effect on total production of 3U- PRL in vitro 

(Table 20). However, the intermediate dose of DA inhibited the total 

synthesis of PRL by a modest 17% when compared to vials containing 

ascorbic acid (p < 0.05) (Table 20). 

Pituitary values of 3H-PRL between the various groups were not 

different from each other. Interestingly, ascorbic acid slightly in

hibited the release of newly-synthesized PRL when compared to vials 
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containing only KRB (p < 0.05) (Table 20). Although the smallest con

centration of DA failed to reduce media levels of 3H-PRL when compared 

to control vials containing ascorbic acid, 5 x 10-7 M and 5 x 10-9 M DA 

inhibited the release of 3H-PRL by 25% and 23%, respectively (p < 0.001) 

(Table 20). 



186 

Table 19. The' effects of dopamine (DA) in vitro on the inhibition of 
tota 1, pituitary and media amounts of immunoassayab 1 e PRL (RIA-PRL) by 
pituitaries from seven week old female hamsters. 

Treatment 

KRB 

Ascorbic 
Acid 

5 x 10-9 
M DA 

5 x 10-7 
M DA 

5 x 10-5 

M DA 

Total PRL 
(pg/v i a 1 ) 

93.5 + 2.-5ab 

91.1 + 3.8cd 

91.7 + 3.3ef 

75.6 + 1. 2ace 

81.5 + 3.0bdf 

Pituitary PRL Media PRL 
(pg/gland) (pg/ml) 

64.2 + 2.2 29.1 + 1.1 ab 

60.3 + 1.8 30.9 + 2.8cd 

57.7 + 2.0a 34.0 + 3.2ef 

61.6 + 1.3 14.0 + 0.6ace 

66.8 + 2:4a 14 .7 + 0.9 bd f 

Values are the mean + SEM of six incubation vials per group containing 
three hemipituitaries-per vial. Various concentrations of DA or vehicle 
(ascorbic acid) were added to via ls after a 60 minute preincubation in 
one ml KRB. Pituitary incubation was continued for an additiona 1 two 
hours. Mean PRL levels in each column with the same superscript repre
sent values which are significantly different from each other. Total: 
a,c,e, p < 0.005; b,d,f, p.< 0.05. Pituitary: a, p < 0.05. Medium: a
f, P < 0.001. 
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Tab 1 e 20. The effects of dopami ne (DA) in vitro on the i n~i bit i on of 
total, pituitary and media amount$ of newly-synthesized ( H-) PRL by 
pituitaries from seven week old female hamsters. 

Treatment Total 3H-PRL Pituitary 3U- PRL Media 3H- PRL 
(dpm/vial) (dpm/gland) (dpm/ml) 

KRB 239,391 ~ 11,670a 126,999 ~ 12,334 112,391 ! 3,338a-d 

Ascorbic 241,877 ! 12,674b 
Acid 

140,323 ! 9,765 101,554! 4,963aef 

5 x 10-9 
M DA 

235,099 ! 8,206 135,996 ! 5,222 99 103 + 3 525 bgh 
, -' 

5 x 10-7 200,697 ~ 6,087 ab 
M DA 

124,797 ~ 5,071 75,900 ! 1,430ceg 

5 x 10-5 226,333 ~ 9,424 
M DA 

147,775 ! 8,416 78 559 + 2 353dfh 
, -' 

Values are the mean + SEM of six incubation vials per group containing 
three hemipituitarieS-per vial. Various concentrations of DA or vehicle 
(ascorbic acid) were added to vials after a 60 minute preincubation in 
one ml KRB. Pituitary ~ncubation was continued for an additional two 
hours. Mean 1 evel s of H-PRL in each col umn with the same superscript 
represent values which are significantly different from each other. 
Total: a,b, p < 0.05. Pituitary: p > 0.05. Medium: a,b, p < 0.05; 
c-h, p < 0.001. 



Exeeriment 9: The Effects of Pimozide on the 
Dopamlne-Induced Inhibition of Prolactin Synthesis, 

storage and Release in the Female Hamster 
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Neither tartaric acid, 10-8 M pimozide nor ascorbic acid appre-

ciably altered total levels of RIA-PRL in vitro (Table 21). In 

contrast, 5 x 10-7 M dopamine (DA) reduced total PRL values by about 18% 

(p < 0.05) as compared to vials containing ascorbic acid (Table 21). 

The presence of tartaric acid had no effect on the inhibitory effect of 

DA on total PRL values, since vials containing DA plus tartaric acid 

similarly depressed PRL levels by 18% (p < 0.05) when compared to con

t r 0 1 v i a 1 s con t a i n i n gas cor b i c a c i d (T a b 1 e 21). Pi mo z ide com p 1 e tel y 

prevented the DA-induced inhibition of total RIA-PRL in vitro, since PRL 

values in this group were greater (p < 0.005) than those in both DA- and 

DA plus tartaric acid-containing vials (Table 21). Furthermore, the DA 

plus pimozide vials had more total PRL than vials with KRB; tartaric 

acid or pimozide (p < 0.05), but were not different than vials contain

ing ascorbic acid (Table 2l). 

In vitro pituitary content of PRL in DA plus pimozide-containing 

vials were about 23% greater (p < 0.05) than those in vials with DA plus 

tartaric acid (Table 21). There were no other differences in pituitary 

values of PRL between the various groups. 

Ascorbic acid by itself stimulated the release of RIA-PRL when 

compared to KRB- (p < 0.005) and tartaric acid-containing vials (p < 

0.01) (Table 21). Dopamine inhibited the release of PRl by approximate

ly 57% (p < 0.001) when compared to ascorbic ~cid-containing vials 

(Table 2l). Interestingly, tartaric acid partially prevented OA-induced 
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inhibition of PRL release in vitro, since these vials had more PRL in 

the media than those with OA (p < 0.01), but sti 11 had 25% less media 

PRL than vials containing ascorbic acid (p < 0.05) (Table 21). Lastly, 

pimozide completely prevented the OA-induced inhibition of PRL secre

tion; media PRL levels in this group were greater than both DA- (p < 

0.001) and OA plus tartaric acid-containing vials (p < 0.05), and were 

not different than media values in vials with only ascorbic acid (p < 

0.01) (Table 21). 

Neither tartaric acid, pimozide nor ascorbic acid affected the 

total synthesis of PRL in vitro (Table 22). In contrast, as compared to 

control vials with ascorbic acid, OA reduced the total production of 3H-

PRL by about 20% (p < 0.005) (Table 22). Tartaric acid partially pre

vented the OA-induced inhibition of PRL synthesis; total 3H- PRL levels 

in this group were not different than those in either the OA- or ascor

bic acid-containing groups of vials (Table 22). Pimozide completely 

prevented the reduction in total PRL synthesis induced by OA, since the 

total production of PRL in this group was greater (p < 0.005) than that 

in the presence of DA alone, but was not different than that in vials 

with ascorbi c acid (Table 22). 

There were no significant differences in pituitary values of 3H-

PRL between the v ari ous groups of v i a 1 s (Tab 1 e 22). Ne i ther tartari c 

acid, pimozide nor ascorbic acid appreciably altered the secretion of 

newly-synthesized PRL in vitro (Table 22). However, as compared to 

control vials containing ascorbic acid, OA inhibited the release of 3H-

PRL by about 42% (p < 0.001) (Table 22). Tartaric acid also partially 
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prevented the DA-induced inhibition in the secretion of 3H- PRL in vitro; 

media values of newly-synthesized PRL in the latter group were greater 

(p < 0.05) than those in DA-containing vials, yet were still less (p < 

0.001) than media 3H- PRL levels in the vials with ascorbic acid (Table 

22). Pimozide almost completely prevented the DA-induced reduction in 

3H- PRL release in vitro; media values of 3H- PRL in the DA plus pimozide 

group were greater (p < 0.001) than those in the DA only group, but were 

still about 17% less (p < 0.05) than media levels J,f 3H- PRL in vials 

with ascorbi c acid (Tab le 22). 



191 

Tab 1 e 21. The effects of pimozide on the dopami ne (DA) - induced 
inhibition of total, pituitary and media levels of imnunoreactive PRL 
(RIA-PRL) by pituitaries from seven week old female hamsters. 

Treatment 

KRB 

Tartaric 
Acid 

Pimozide 

Ascorbic 
Acid 

Dopamine 

Dopamine 
+ 

Tartaric 
Acid 

Dopamine 
+ 

Pimozide 

Total PRL 
(I'g/vial) 

79.4 + 4.7a 

b 79.2 + 2.5 

81.2 + 6.5c 

90.2 + 2.5de 

74.0 + 3.9df 

73.7 + 3.2eg 

93.8 + 1. 7a- cfg 

Pituitary PRL 
(Ilg/g land ) 

58.4 + 2.8 

56.6 + 1.6 

52.4 + 3.6 

57.0 + 2.9 

59.8 + 3.3 

49.0 + 1.5a 

60.2 + 1. 7a 

Media PRL 
(I'g/ml) 

20.9 + 2.4a- c 

22.6 + 1.2d- f 

28.8 + 3.8g 

33.1 + 2.3adhi 

14.2 + 1.0beghjk 

24.7 +,1.9 ijl 

33.6 + 1.6cfkl 

Values are the mean + SEM of six to nine incubation vials per ~roup 
containing t~ree hemlpituitaries per vial. Dopamine (5 x 10- M), 
pimozide (10- M) and/or their appropriate vehicles were added to vials 
after a 60 minute preincubation in one ml KRB. Pituitary incubation was 
continued for an additional two hours. Mean PRL levels in each column 
with the same superscript represent values which are significan~ly 
different from each other. Total: a-e, p < 0.05; f,g, p < 0.005. 
Pituitary: a, p < 0.05. Medium: a,c,f, p < 0.005; b,e,i,l, p < 0.05; 
d,j, p < 0.01; g,h,k, p < 0.001. 
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Table 22. The effects of pimozide on the dopamine (DA) -induced inhjbi
tion of total, pituitary and media amounts of newly-syntheiszed ( H-) 
PRL by pituitaries from seven week old female hamsters. 

Treatment Total 3U-PRL Pituitary 3H- PRL r~edia 3H- PRL 
(dpm/vial) (dpm/gland) ( dJ:XT1/m 1 ) 

KRB 249,003 ~ 13,224~ 120,603 ~ 6,456 128,401 ~ 9,412ab 

Tartaric 
Acid 

256,580 ~ 7,650b 128,705 ~ 3,285 127,874 + 5,768cd 

Pimozide 260,120 ~ 13,543c 127 ,028 ~ 7,383 133,092 ~ 7,733e- g 

Ascorbic 
Acid 

245,220 ~ 4,912d 108,324 ~ 4,027 136,896 ~ 3,289h- j 

Dopamine 195,972 ~ 4,436 a- e 116,871 ~ 3,233 79 101 + 2 075acehkl , -' 
Dopamine 

+ 222,056 ~ 8,091 123, 137 ~ 5,036 98 919 + 4 431bdfikm , -' Tartaric 
Acid 

Dopamine 
+ 238,648 + 6,490e 124,469 + 5,508 114,183 ~ 1,709gjlm 

Pimozide 

Va 1 ues are the mean ~ SEM of fi ve to nine v i at s per group wi th tHree 
hemipituitaries per vial. Dopamine (5 x 10- M), pimozide (10- M) 
and/or the appropriate vehicle were added to vials after a 60 minute 
preincubation in one ml KRB.

3 
Pituitary incubation was continued for an 

additional two hours. Mean H-PRL levels in each column with the same 
superscript represent values which are significantly different from each 
other. Total: a,d,e, p < 0.005; b,c, p < 0.001. Pituitary: p > 0.05. 
Medium: a,c,e,h,i,l, p < 0.001; b,c,f, p < 0.005; g,j,k,m, p < 0.05. 
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Interestingly, there were no significant differences in the 

total, pituitary or media amounts of immunoreactive PRL between the 

various groups (Table 23). 

Similarly, there were no significant differences in the total or 

pi tu itary val ues of newl y- synthes i zed PRL between the different 

treatment groups (Table 24). Media amounts of 3H- PRL in the pimozide

containing vials were greater than those in both the SME extract plus 

tartaric acid- (p < 0.01) and SME extract plus pimozide-containing vials 

(p < 0.05) (Table 24). 
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Table 23. The effects of pimozide on the inhibition of total, pituitary 
and media levels of immunoassayable PRL (RIA-PRL) induced by stalk
median eminence (S~1E) extracts from intact fema 1 e hamsters by 
pituitaries from seven week old female hamsters. 

Treatment Total PRL 
(pg/vial) 

KRB 103.9 + 2.3 

Tartaric 109.0 + 2.6 
Acid 

SME 
Extract 

+ 
Tartaric 

Acid 

Pimozide 

SME 
Extract 

+ 
Pimozide 

107.9 + 5.7 

104.7 + 3.7 

110.2 + 4.7 

Pituitary PRL 
(pg/gland) 

66.2 + 1.7 

71.3 + 2.8 

65.3 + 2.2 

61.5 + 3.2 

62.7 + 2.4 

Media PRL 
(pg/ml) 

37.7 + 1.6 

37.8 + 1. 9 

42.7 + 3.5 

43.2 + 2.6 

46.9 + 2.9 

Values are the mean + SH1 of five to 11 incubation vials containing 
three hemipituitaries-per vial. SME extract (4.0 Equivalents/ml), pimo
zide (10-8 M) and/or the vehicle for pimozide (tartaric acid) were added 
to vials after a 60 minute preincubation in one ml KRB. Pituitary 
incubation was continued for an additional two hours. Total: p > 0.05. 
Pi tu itary: p > 0.05. M ed i urn: p > 0.05. 
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Table 24. The effects of pimozide on thl inhibition of total, pituitary 
and media values of newly-synthesized ( H-) PRL induced by stalk-median 
eminence (SME) extracts from intact female hamsters by pituitaries from 
seven week old female hamsters. 

Treatment Total 3H- PRL Pituitary 3H- PRL Media 3H- PRL 
(dpm/vial) (dpm/gland) (dpm/ml) 

KRB 236,252 + 5,017 125,799 !. 5,062 110,453 + 3,116 

Tartaric 
Acid 

235,075 !. 8,702 124,094 + 4,326 110,982 !. 4,885 

SME 
Extract 

+ 233,938 !. 
Tartaric 

3,867 133,134.!. 3,746 100,804 .!. 3,180a 

Acid 

Pimozide 249,377 !. 12,113 128,193 !. 9,547 121,185 .!. 2,854ab 

SME 
Extract 

106,514 !. 3,062 b + 220,452.!. 6,761 113,938 + 5,508 
Pimozide 

Values are the mean + SEM of six to 12 incubation vials containing three 
hem1fituitaries per vial. SME extract (4.0 Equivalents/ml), pimozide 
(10- M) and/or tartaric acid (the vehicle for pimozide) were added to 
vials following a 60 minute preincubation in one ml KRB. Pituitary 
1ncubation was continued for an additiona 1 two hours. Mean 1 evel s of 

H-PRL in each column with the same superscript represent values which 
are significantly different from each other. Total: p > 0.05. Pitui
tar y : p > 0. ° 5 • M ed i u m : a, p < ° . ° 1; b, P < 0. 05 • 



DISCUSSION 

Inhibitory Effects of the Pineal on the Reproductive System 

In go 1 den Syri an hamsters, the pi nea 1 gland exerts a powerfu 1 

inhibitory influence upon the reproductive system. This effect is 

remarkably impressive under certain experimental situations, as fol lows. 

Consonant with the findings of Reiter et al. [393,431,447], male 

hamsters in Experiments 1, 2 and 3 showed consistent reductions in 

testicular and seminal vesicle weights within six to 12 weeks after 

placement of animals in a short photoperiod. Similarly, blind and 

blind/sham-pinealectomized (blind/sham) males in Experiment 4 showed a 

pronounced decrease in reproductive organ weights eight weeks after 

treatment, again compatible with previous studies by Reiter et al. 

[393,396,397]. Also consonant with the results in either blind 

[393,396,397] or short day-exposed animals [393,431,433,447] was the 

finding in Experiment 4 that pinealectomy completely prevented the 

blinding-induced decline in gonadal weights. 

It is interesting to note, however, that pineal removal in 

blinded hamsters partially but insignificantly prevented the reduction 

in the weights of the sex accessories. To my knowledge, pinealectomy of 

light-deprived hamsters has always entirely obviated the depression in 

seminal vesicle weights. The testes of blind/pinealectomized 

(blind/pinx) hamsters are grossly and microscopically indistinguishable 

from those of intact animals [397,440]. Presumably, testosterone levels 

196 



197 

also are not different between these two types of animals. The reduced 

weights of the seminal vesicles in blind/pinx hamsters from Experiment 4 

may be logically explained in at least two ways. First, since these sex 

adnexa are androgen-dependent structures, their reduced weights in 

blind/pinx animals suggests that the secretion of testosterone from the 

Leydig cells remained depressed. Secondly, in view of the known stimu

latory effect of PRL on the accessory sex glands in the male rat 

[20,21], the serum PRL deficit observed in these blind/pinx hamsters may 

also account, in part, for the seminal vesicle hypotrophy. Ostensibly, 

both of these phenomenon may we working in concert. 

The fact that pinx males in Experiment 4 had seminal vesicle 

weights that were significantly less than those of sham-pinx hamsters is 

probably not biologically meaningful, since the weights of the accessory 

organs were not different between either pinx and intact animals, or 

intact and sham-pinx males. Consistent again with previous studies 

[393,396], the individual operations of pinealectomy or sham-pineal

ectomy in this study failed to induce changes in testicular weights. 

Consonant with previous reports [396,440,456], blind and 

blind/sham female hamsters in Experiment 5 exhibited depressions in 

uterine weights 12 weeks after treatment. Consistent again was the 

finding that pinealectomy completely prevented this effect. The failure 

of either of the individual blinding procedures to alter ovarian weights 

is also in agreement with other studies [396,440,456]. Compatible again 

with previous studies was the finding that neither sham-pinealectomy nor 

pinealectomy induced any significant alterations in reproductive organ 

weights [429,456]. 
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Since the blind or short photoperiod-exposed hamster exhibits 

pineal-induced reproductive organ involution, as demonsrated here and in 

other studies, this species represents an excellent animal model system 

in which to study the effects of the pineal on the anterior pituitary. 
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Effects of the Pineal on the Anterior Pituitary Gland 

Compatible with the findings of other investigators 

[293,447,452], neither blinding nor short photoperiod in my studies 

caused any significant alterations in anterior pituitary weights of male 

hamsters. In contrast, however, it has been reported that pituitary 

weights in bl inded males are reduced when compared to those of intact 

animals, and that pinealectomy completely prevents this effect [396]. 

In contrast to the male, anterior pituitary weights of blind and 

blind/sham female hamsters in Experiments 5 and 6 were depressed 12 

weeks after treatment as compared to those of intact animals. This is 

in accordance with previous results in blinded females [41,117,453,457]. 

Also compatible with the work of other investigators [117,453,457], 

pinealectomy of blind animals in Experiments 5 and 6 partially and 

completely prevented the depressions in pituitary weights, respectively. 

It is possible that orbital enucleation may in certain instances di

rectly effect the hypothalamo-hypophysial axis independent of the 

pineal, since extirpation of the pineal does not always completely 

prevent the decline in anterior pituitary weight. Seeming to confound 

this issue is an early report showing that blind female hamsters did not 

have reduced adenohypophysial weights eight weeks after treatment [396]. 

However, the discrepancies between these studies might be reconciled by 

differences in the experimental design, perhaps invol ving the age and 

strain of the animals. 

Considering the structure of the pars distalis, there are sev

eral ways in which pituitary weights could be depressed in blind and 
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b 1 i nd/ sh am fema 1 e hamsters. The adenohypophys is is composed of both 

parenchymal and stromal elements, the latter component probably com

prising a small fraction of the pituitary. Therefore, the 35% reduction 

in pituitary weights of b1 ind and bl ind/sham females in Experiment 5 

probably cannot be accounted for by a reduction in the stromal elements 

alone. Most, if not all of the weight loss probably occurs in the 

parenchymal compartment. 

There are at least two ways in which a loss in the mass of the 

secretory cell population can occur: 1) a decrease in cell number 

(hypoplasia); and 2) a decrease in cell size (hypotrophy). Lastly, a 

combination of these two events may occur. To differentiate between 

these two events, the DNA content of the pituitaries was' measured in 

Experiment 6 to assess the influence of blinding and blinding plus 

pinealectomy on cell number. 

The slight, albeit nonsignificant increase in pituitary DNA 

content in blind/sham females attests to a marginal increase in pitui

tary cell number. This 25% increase was indeed surprising in view of 

the significant (14%) reduction in pituitary weight. Furthermore, this 

increase in cell number is in direct contrast to male and female rats, 

which show approximately equal reductions in both pituitary cell number 

(30-40%) and pituitary weight (50%) when rendered blind and anosmic 

prior to pubertal onset [487]. The data in my study suggests a slight 

increase in pituitary cell number concomitant with a greater degree of 

cellular hypotrophy to account for the significant decline in pituitary 

weight. 



201 

On the other hand, blind/pinx female hamsters in Experiment 6 

showed a 60% increase in pituitary DNA content, indicating a significant 

increase in pituitary cell number over that in intact animals. Since the 

pituitary weights between these two groups of animals were not dif

ferent, these data may indicate a significant proliferation of the 

secretory cell population combined with a similar degree of cellular 

hypotrophy. 

The data on pituitary weight and pituitary DNA content in this 

study suggest that two independent processes may be occurring. The 

decrease in pituitary weight appears to be pineal-dependent, since the 

decline in glandular weight is prevented when blinded animals are 

pinealectomized. In contrast, the increase in pituitary DNA content may 

be dependent upon blinding. Whereas blinding alone marginally increased 

pituitary cell number, pinealectomy of blinded animals greatly increased 

cell number. The latter phenomenon further suggests that the pineal may 

constrain the blinding-induced increase in pituitary cell number, such 

that when the pineal is removed from these animal s, the full effect of 

blinding on cell proliferation is unrestricted. In view of the direct 

retinal projections to the hypothalamic suprachiasmatic nuclei (SeN) in 

the hamster [515,516], it might be that the activity of the SeN are 

altered as a consequence of orbital enucleation. The altered activity 

of the SeN might then be translated via some neuroendocrine mechanism(s) 

not invol ving the pineal gland which the adenohypophysis interprets 

either as a stimulus for cell proliferation or as a release from the 

inhibition of cell prol iferation. Such a hypothesis is not all that 
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unreasonab 1 e since the SCN have also been suggested to represent the 

endogenous clock responsible for maintaining hormonal and behavioral 

circadian (24-hour) rhythms [517,518]. This hypothesis could be tested 

by imp 1 anti ng mi croe 1 ectrodes into the SCN of intact, b 1 i nd/ sham and 

blind/pinx hamsters and recording any changes in the activity of neurons 

in this location. In the bl ind/sham female hamster, it might al so be 

postulated that the pineal substance(s) act(s) either at the level of 

the hypothalamus [400,401] or perhaps directly upon the adenohypophysis 

[402,403] to inhibit the blinding-induced stimulation of pituitary cell 

proliferation. Thus, when the pineal gland is removed, the full conse

quence of blinding on cell proliferation in the pars distalis is 

uninhibited. 

From the data on anterior pituitary weight and DNA content, it 

can be concluded that: 1) the pineal may cause hypotrophy of one or 

more of the secretory cell populations; 2) blinding may cause a substan-

·tial increase in an established population of adenohypophysial cells; 

and 3) the pineal may act to restrain the bl inding-induced increase in 

pituitary cell proliferation. Importantly, however, it cannot be deter

mined from these data alone upon which secretory cell population(s) the 

effects of the pineal and blinding are being exerted. 



203 

The Effects of the Pineal on PRL Levels In Vivo 

Concordant with numerous other investigations 

[34,36,37,42,44,130,295,447,503], male hamsters in Experiments 1, 2 and 

3 that were maintained in a short photoperiod had dramatically reduced 

serum levels of immunoassayable PRL-like activity (RIA-PRLa). Similar

ly, pituitary PRLa levels of animals in Experiments 1 and 3 were 

markedly depressed. Moreover, serum and pituitary PRLa values of ani

mals in Experiments 1 and 3 showed progressive reductions with continued 

maintenance in short days. Consistent again were the findings that 

serum PRLa levels of males in the latter two studies were significantly 

depressed by three weeks of exposure to a short photoperiod 

[32,502,504]. 

To my knowledge, the results in Experiment 1 of depressed pitui

tary PRLa values in males by three weeks of short photoperiod has not 

previously been reported. However, Reiter and Ferguson [33] have shown 

that pituitary PRL levels are reduced in males within four to five weeks 

after exposure to natura 11 y-decreas ing day 1 engths. The decreases in 

pituitary PRLa levels of short day-exposed animals in Experiment 1 

preceded the decline in testicular weights. These findings are in 

agreement with those of Tamark i n et a 1. [43], who reported that red uc

tions in serum PRL titers essentially paralleled the testicular 

in vol ution induced by short photoperiod. In contrast, I found that the 

depressions in serum PRLa values preceded the reduction in gonadal 

weights of these animal~ 
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Remarkably, serum PRLa levels of long photoperiod-exposed males 

in Experiment 3 also showed progressive and marked reductions through 

the first 12 weeks of the study. Between 12 and 15 weeks, serum PRLa 

values rose and became sig~ificant1y greater than those in animals 

maintained in short days. Similar depressions in serum and pituitary 

PRL levels of long photoperiod-exposed male and female hamsters have 

been reported by other investigators. Reiter [447] found that although 

pituitary PRL levels of pinx males exposed to naturally-decreasing day 

lengths during the winter months were always greater than those of 

similarly treated sham-pinea1ectomized animals, pituitary PRL in pinx 

hamsters also declined progressively during the 12-week study to values 

approximately one-third of those measured initially. In addition, 

Reiter [501] reported that pituitary PRL levels of female hamsters 

maintained in a long photoperiod for eight weeks were significantly 

depressed as compared to those values in control animals sacrificed at 

the initiation of the experiment. In both of his studies, Reiter 

[447,501] suggested that these reductions in pituitary PRL levels were 

the result of aging of the animals. However, this explanation is diffi

cult to accept since these hamsters were either six to eight weeks [447] 

or 12 to 13 weeks of age [501] at the initiation of these studies. 

Also, Goldman [504] recently demonstrated that serum PRL concentrations 

of intact male hamsters exposed to long days also declined progressive

ly; at 18 to 20 weeks, serum PRL levels were about one-third of those 

measured at the initiation of the study. However, after 20 weeks, serum 

PRL titers began to rise again, similar to the findings in Experiment 3 
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between 12 and 15 weeks of continued maintenance of animals on long 

days. These resu 1 ts were attributed to indi v idua 1 vari abil 'ity in serum 

PRL concentrations. 

All of these studies may suggest an expression of an endogenous, 

perhaps circannual rh~thm in the hypothalamic regulation of PRL secre

tion which is independent of the pineal gland. In support of this 

hypothesis are the findings that in one of the afor1mentioned studies 

the animals were pinealectomized [447J, while in other studies [501,504J 
; 

and in Experiment 3, the animals had an i~tact pineal!. Ostensib1y, the 

latter animals were functionally pinea1ectomizedlin the sense that 

gonadal regression does not occur in long photoperi<:>d-exposed animals. 

It is interesting to note also that both Reiter's study [447J and Ex

periment 3 were performed during the fall to winter mqnths under natural 

and artificial lighting conditions, resp,ectively. It is not known at 

what time of year the other investigations [501,504J took place. The 

results of Experiment 3 may further suggest that pineal-induced repro

ductive involution is independent of changes in PRL levels. 

Pituitary and blood levels of PRL are usually reduced in blinded 

male hamsters within six to 12 weeks after tr.eatment [30,31,36,435]. 

Serum PRLa titers of bl ind and b1 ind/sham males in Experiment 4 were 

significantly depressed 12 weeks after treatment when compared to those 

values in pinx and sham-pinx hamsters. However, serum PRLa levels were 

not significantly reduc~d when compared to those of intact animals. The 

latter finding is not altogether surprising, since others have previous

ly reported that circulating titers of PRL are not necessarily depressed 
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in short day-exposed males [42,503], and that pituitary PRL values are 

not always reduced in blinded animals [30]. 

Also In Experiment 4, pinealectomy only partially prevented the 

blinding-induced depression in serum PRLa levels~ since these values 

were intermediate between, and not significantly different than those in 

intact or either of the blinded groups. This finding is compatible with 

a previous study [435] demonstrating that whereas pinealectomy fails to 

prevent the blinding-induced reduction in peripheral PRL titers, extir

pation of the gland partially prevents the depression in pituitary PRL 

values. 

Serum PRLa levels in blind and blind/sham female hamsters in 

Experiment 5 were not significantly depressed 12 weeks after treatment. 

This finding agrees with the results of other investigations with 

blinded [41,117,453,457] or short photoperiod-exposed females [501]. 

However, in all of these studies, pituitary levels of PRL were signifi

cantly depressed. Interestingly, all of these investigators, myself 

included, utilized a heterologous RIA to measure hamster PRL. 

With the use of a recently-developed homologous RIA for hamster 

PRL [513], serum PRL levels of blind/sham females in Experiment 6 were 

shown to be reduced to 33% of those values in intact animals 12 weeks 

after treatment. To my knowledge, this is the first report of signifi

cantly depressed peripheral PRL titers in blinded female hamsters. This 

finding is consistent, however, with a recent study by Borer et al. 

[130]; utilizing their new homologous RIA, serum PRL titers of females 

maintained in short days for 15 weeks were reportedly reduced to about 
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25% of those values in long photoperiod controls. Pituitary PRL levels 

of these short day-exposed animals were also depressed to less than 20% 

of those in long day-exposed females. 

In Experiment 5, serum PRLa levels of blind/pinx female hamsters 

were significantly greater than those in both blind and blind/sham 

animals. Consistent with previous findings in female rats [487] and 

female hamsters [117], serum PRLa levels in blind/pinx females show a 

high degree of variability, covering a wide range of values. This 

variability might indicate some type of episodic or pulsatile secretion 

of PRL in these animals. 

Another new finding in Experiment 6 is that pinealectomy of 

fema)es completely prevented the blinding-induced depressions in serum 

PRL titers. This result is compatible with those of previous studies 

showing that pinealectomy of light-deprived females either partially 

[457] or completely prevents the reduction in pituitary PRL values 

[41,117,453,501,509]. Serum PRL levels of blind/pinx females Experiment 

6 were also more variable than those of intact animals. However, this 

variability was not as great as that found in blind/pinx females in 

Experiment 5 or in that reported previously [117] when PRL measurements 

were made with the use of a hetero 1 ogous RIA. Thus, the rat PRL ant i

body used in the heterologous RIA might have been cross-reacting with 

something other than PRL, which was then reflected as a greater degree 

of variability in serum PRLa titers. 

Prolactin titers in the serum are dependent upon three physio

logical processes: 1) the secretion of the hormone from the PRL cells; 
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2) peripheral utilization by target tissues; and 3) its metabolic clear

ance rate from the circulation. In the rat, alterations in peripheral 

PRL concentrations are demonstrated to be a close reflection of the 

secretion of the hormone from the adenohypophysis [106,519,520]. In 

fact, the metabolic clearance rate of PRL has been shown to remain 

fairly constant in the face of various physiological changes in PRL 

titers. Hence, changes in serum PRL concentrations in the rat are 

generally indicative of alterations in PRL secretion. However, this may 

not be true for the hamster, since measurements of peripheral utiliza

tion and metabolic clearance of PRL have not been made. 

From the data discussed above, it can be concluded that PRL 

secretion is reduced in light-deprived male hamsters ~nd that this 

effect may be partially attributable to the pineal gland. From my 

results in studies with the female hamster, particularly those seen in 

Experiment 6, it can also be concluded that PRL release is also depres

sed in blinded animals and that this effect is entirely attributable to 

the pineal gland. 
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The Effects of the Pineal on PRL Levels In Vitro 

The decreased rate of release of immunoassayable PRL-like activ

ity (RIA-PRLa) by pituitaries from short photoperiod-exposed male 

hamsters in Experiment 2 was not unexpected in view of the previous 

discussion on depressed pituitary PRL levels in light-deprived males in 

vivo. The in vitro content of PRLa in glands from these animals was 

also dramatically reduced. Similarly, a sequential analysis of PRLa 

release by pituitaries from male hamsters that were maintained in short 

days for varying lengths of time (Experiment 3) revealed a progressive 

reduction in the total content of immunoreactive PRLa in vitro over the 

15-week study. It was also shown that the total, pituitary and media 

content of PRLa in vitro are depressed in blind and blind/sham male 

hamsters eight weeks after treatment (Experiment 4). Whereas pinea 1-

ectomy of blinded animals completely prevented the reductions in all of 

these parameters, neither pinealectomy nor sham-pinealectomy by them

selves resulted in any significant alterations in these parameters. 

The forgoi ng resu 1 ts are compat i b 1 e wi th those of B 1 ask et a l. 

[506]; these authors demonstrated with the use of a heterologous RIA to 

measure hamster PRL that pituitaries from blinded male hamsters released 

60% less PRL in vitro than glands from intact animals ten weeks after 

t rea tm e n t. A 1 tho ugh i n Ex per i men t 4 pit u it a r i e s from b 1 i n dan d 

blind/sham males released 38% and 46% less PRLa in vitro than glands 

from intact animals, the slight discrepancies between these two studies 

may be reconciled by the differences in the length of time after 

bl inding when pituitary incubations were performed (eight versus ten 
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weeks). This explanation is even more tenable in view of the findings 

in Experiment 3, which demonstrate that total RIA-PRLa levels in vitro 

continued to decline between nine and 15 weeks of short days; at 12 and 

15 weeks, total in vitro PRLa levels of the short day males were 66% and 

86% less than their respective long photoperiod controls. Ostensibly, 

the release of PRLa into the incubation medium was depressed by a simi-

1 ar magn i tude. 

Similarly, Steger et al. [293] recently demonstrated with the 

use of a homo 1 ogous RIA for hamster PRL that in vitro PRL re 1 ease by 

pituitaries from male hamsters maintained in a short photoperiod for 

four and 11 weeks was reduced by approximately 38% and 76%, respective

ly, when compared to the PRL released by glands from long day-exposed 

control animals. Interestingly, they also reported that at 15 weeks the 

in vitro PRL release by pituitaries from short day males was not differ

ent than that by glands from long photoperiod controls. My results in 

Experiment 3 contradict these findings, since total in vitro PRLa levels 

at 15 weeks were still greatly reduced as compared to values for long 

photoper~od controls. The discrepancy between the in vitro results of 

Experiment 3 and those of Steger et ale [293] are difficult to reconcile 

in view of the pronounced pineal-induced depressions in serum and pitui

tary PRL levels that have been demonstrated at this time. It is 

difficult to believe that in vitro PRL release at 15 weeks was not 

different between short- and long-day animals [293], even though mea

surements of hamster PRL were made with the use of a homo logous RIA. It 

seems unlikely that differences in the length of pituitary incubation 
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could account for these divergent results, especially since my incuba

tions were for a longer period of time (five versus two hoursj. 

As alluded to previously, pinealectomy of males in Experiment 4 

completely obviated the blinding-induced depressions in the release of 

RIA-PRLa in vitro; the decline in pituitary and total PRLa values in 

vitro were similary prevented in blind/pinx animals. These results are 

in contrast to those previously reported by Blask et a1. [506], which 

demonstrated that p·inealectomy of blinded male hamsters failed to pre

vent the decline in PRL release by their pituitaries in vitro. Although 

blood PRL levels were not measured in their study, it was previously 

shown [435] that pinealectomy of blinded male hamsters fails to obviate 

reduced pl asma PRL titers and only partially prevents the decl ine in 

pituitary PRL levels. These latter findings appear to support the in 

vitro results of Blask et al. [506]. Similarly, my results in Experi

ment 4 showing that pinealectomy partially prevents the blinding-induced 

reduction in serum PRLa titers and completely obviates the depressions 

in PRLa levels in vitro are not at odds with each other. The discrepan

cy between the in vitro resul ts of Experiment 4 and those of Bl ask et 

al. [506] might be explained either by the differences in the length of 

time that animals were blinded (eight versus ten weeks) or by the dis

parity in the length of pituitary incubations (five versus three hours, 

respectively). 

Similar to the findings for the male, total, pituitary and media 

content of PRLa in vitro were markedly reduced in blind and blind/sham 

fema 1 e hamsters 12 weeks after treatment (Experiment 5). Whereas 
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neither pinealectomy nor sham-pineal ectomy in themsel ves induced any 

alterations in these parameters, pinealectomy of females completely 

prevented the blinding-induced depressions in total, pituitary and media 

levels of PRLa during this two-hour incubation. 

With the use of a recently-acquired homologous RIA for hamster 

PRL [513], I performed more comprehensive studies to compare the time 

course of PRL storage and release in vitro between pituitaries obtained 

from intact, bl ind/sham and bl ind/pinx female hamsters twel ve weeks 

after trea'bnent (Experiments 6a, 6b and 6c, respect i vel y). Throughout 

the entire four hour pituitary incubations, total, pituitary and media 

RIA-PRL levels in bl ind/sham females were dramatically reduced when 

compared to the respective values for intact animals. For the most 

part, pinealectomy of blinded animals completely prevented the depres

sions in all of these parameters. In fact, the relationship of in vitro 

PRLa levels between intact, blinded and blind/pinx females in Experiment 

5 (two hour incubation) coincide extremely well with the relationship of 

RIA-PRL values between the three groups of animals measured at the two

hour time point in Experiment 6. 

However, several points must be clarified regarding RIA-PRL 

levels in these time-course studies. Although total, pituitary and 

media PRL levels of blind/pinx animals were always much greater than 

those of bl'ind/sham females, at a few time points during the in vitro 

incubations total, pituitary and media values values of RIA-PRL in 

blind/pinx hamsters were significantly less than those levels in intact 

animals. Furthermore, it must be remembered that the PRL data at each 
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time point were derived from pituitaries obtained from a separate group 

of animals; i.e., pituitaries from different groups of animals were 

incubated for a total of either 30, 60,90 minutes, etc. However, had 

the PRL data been derived from serial sampling of media from groups of 

incubation vials at successive time points, total and pituitary PRL 

levels would not have been measured until the end of the incubation. 

The most logical explanation for the disparity in total RIA-PRL levels 

between intact and blind/pinx groups at 30 and 90 minutes of incubation 

in Experiment 6 is that pinealectomy probably only partially prevented 

the blinding-induced reduction in the pituitary content of PRL in vivo. 

This hypothesis is supported by previous studies demonstrating that 

pinealectomy only partially obviates the depressions in pituitary PRL 

levels in vivo in blinded male [435] and female hamsters [457]. 

Alternatively, the disparity in total and pituitary RIA-PRL 

values between intact and blind/pinx animals at 30 and 90 minutes (Ex

periment 6) might reflect differences in the rate of intraglandular PRL 

degradation. Studies in the rat have shown that an appreciable amount 

of intracell ular PRL degradation can occur when pituitaries are incu

bated in vitro. Using pulse-labeling techniques, Shenai and Wallis 

[521] demonstrated that intracellular degradation of newly-synthesized 

PRL occurs within the first three hours of incubation of female rat 

pituitaries. These authors similarly reported that a substantial amount 

of degradation of RIA-PRL may occur during the first hour of pituitary 

incubation. More recently, Maurer [522] showed that newly-synthesized 

PRL was also degraded within the first four hours of incubation of 
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dispersed female rat pituitary cells. The depressed pituitary values of 

RIA-PRL in bl ind/sham female hamsters in Experiment 6 at these early 

time points thus might possibly reflect an increased rate of intracellu

lar PRL degradation. 

According to Oannies and Rudnick [233], the intraglandular deg

radation of PRL may occur before or after the hormone is packaged into 

mature secretory granul es. If degradation occurs before PRL is pack

aged, the syn thes i s of new secretory granu 1 es may be rate-l imi t i ng so 

that all of the newly-synthesized hormone cannot be stored and, thus, 

the extra PRL is degraded. If degradation of PRL occurs after it is 

packaged, the lactotrophs must have some way of detecting an excess of 

secretory granules. In this case, the· granules containing newly-synthe

sized hormone must be degraded; however, the PRL within older secretory 

granules may be degraded also. 

The depressed in vitro re 1 ease of RIA-PRL by pi tu itari es from 

blind/pinx animals at four hours of incubation in Experiment 6 accounts 

primarily for the reduced total PRL values when compared to those levels 

in intact females at this time. Since pituitary levels of RIA-PRL in 

blind/pinx animals are also reduced, albeit not significantly, this 

depressed release might be explained by a greater degree of intraglandu

lar PRL degradation than that in pituitaries from intact animals. 

Another explanation for the reduced secretion of RIA-PRL by pituitaries 

from blind/pinx females at 240 minutes may be that the pituitary stores 

of RIA-PRL are being depleted; since PRL synthesis is so markedly de

pressed in these animals, the production of the hormone may not be able 
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to keep up with the high rate of release of RIA-PRL observed during 

shorter incubation times. 

The levels of immunoreactive PRL in vitro depict both the PRL 

stored in the pituitary in vivo prior to its removal and, probably to a 

lesser extent, that amount synthesized during incubation in vitro. On 

the basis of the in vivo and in vitro PRL levels in male and female 

hamsters, it can be concluded that: 1) the pineal gland inhibits PRLa 

storage in the pituitaries of blinded or short photoperiod-exposed male 

hamsters; and 2) the pinea 1 inhibits PRL (PRLa) storage in pituitaries 

of blinded female hamsters. 

Another aspect of lactotroph physiology studied in male and 

fema 1 e hams ters \oJas that of PRL synthes i s. The synthes i s of th i s hor

mone was measured by the incorporation of 3H-l eucine into PRL in vitro 

during pituitary incubation, with the radiolabeled (3 H-) PRL being 

separated from other labeled proteins by polyacrylamide gel electro

phoresis. This protocol for estimating PRL synthesis in the rat is a 

well-establ ished and rel iable technique [332,339,523,524J. The gel 

e 1 ectrophores i s system used here has proven to be an exce 11 ent method 

for the isolation of rat PRL (rPRL) [160,523,525-529J. 

Nicoll and Nichols [526J originally demonstrated the electro

phoretic pattern of proteins in the female hamster pituitary. Their 7% 

polyacrylamide gels contained a prominent protein band which demon

strated bioassayable (pigeon crop-sac; peS) PRL-like activity. In their 

gel system, this fast migrating protein band had a rel ative flow (Rf) 

value (obtained by dividing the distance from the origin of the gel to 
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the protein band by the distance from the origin to the dye front) that 

was slightly greater than that for a similar protein band in the female 

rat pituitary. As can be seen in Appendix B (Fig. 39), this greater 

migration of purified standard hamster PRL (haPRL) relative to that of 

standard (NIAMDD) rPRL holds true on my 7.5% polyacryl amide gel s. 

Until very recently, investigators (including myself) utilizing 

a gel electrophoresis system to measure PRL synthesis in the hamster 

have not had access to a purified standard of haPRL to use as a refer

ence for cutting the PRL band from gel s. Instead, they have used such 

references as .1 actating hamster serum or pituitary homogenates, which 

contain great quantities of PRL, or have simply used the rPRL standard 

as a reference. However, thanks to the work of Talamantes et al. 

[530,531], a reference preparation of purified haPRL is now available. 

Th~se investigators isolated and purified the secreted form of haPRL by 

gel filtration and ion exchange chromatography. The haPRL, having a 

molecular weight of approximately 22,000, was resolved into a major and 

minor band which migrated with an Rf value of 0.81 after electrophoresis 

on 7.5% alkaline polyacrylamide gels. The faster migrating (minor) band 

was believed to represent a deamidated form of haPRL. As can be seen in 

Appendix B (Fig. 39), the reference standard haPRL migrated with an Rf 

value of 0.83 after electrophoresis on my 7.5% alkaline polyacrylamide 

gels; this haPRL standard was also resolved into a major and minor band. 

Also, elect.rophoresis of female hamster pituitary and media samples 

showed prominent protein bands that co-migrated with standard haPRL, 

having Rf values of 0.84 and 0.86, respectively. Faster migrating, but 
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much less prominent minor bands were also visualized in these pituitary 

and media sampl es (see Appendix B, Fig. 39). 

Therefore, the gel electrophoresis system used here ;s an excel

lent method for the isolation of haPRL for the following reasons: 1) 

prominent protein bands from both pituitary and media samples co-migrate 

with standard haPRL; 2) the location within the gels of the PRL band 

agrees well with that reported previously [530]; 3) also as denonstrated 

in Appendix B (Fig. 39), these bands contain by far the most radio

activity of all proteins, which agrees well with published reports in 

the rat [487,523,525,529]; 4) the density of the PRL band varies among 

treatment groups in accordance with the changes in the pituitary and 

media levels of immunoassayable PRL in vitro; and 5) the vast majority 

of the RIA-PRL present in the gels is found in the PRL band (see Appen

dix B, Fig 43 and 44). 

According to Rannels et al. [532], there are several sources of 

error which may complicate studies of protein synthesis ;n a variety of 

tissues. This inaccuracy of the incorporation of radiolabeled amino 

acids to faithfully represent rates of protein synthesis usually re

flects variations in the intracellular specific activity (mCi/mM) of the 

radioactive precursor molecule. Changes in the specific activity of the 

precursor pool may be compl icated by a progressive dilution of the 

intracellular radioactive precursor with time; the time course of this 

dilution would depend upon both.the rate of intracellular protein degra

dation and the size of the precursor pool. As envisioned by their model 

of protein turnover, protein degradation would release amino acids to an 
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intracellular pool of low specific activity, which also contributes to 

an intracellular pool of radioactive amino acids and thus reduces its 

specific activity relative to that of the extracellular radioactive 

precursor. These qualifications suggest that the measured rates of 

protein synthesis would depend upon the time at which synthesis was 

measured. However, these considerations are probably of minor impor

tance if one assumes that there is a constant influx of labeled 

precursor of high specific activity from the extracellular fluid. 

One additional factor must be taken into consideration before 

drawing conclusions about PRL synthesis based upon the incorporation of 

3H-l euc ine in vitro: the various experimental manipulations could 

change the availability of 3H-l euc ine by the cells for incorporation 

into PRL. These alterations could result from changes in either the 

uptake of 3H-l euc ine from the incubat.ion medium, or in the size of the 

intrapituitary pool of free 3H-l euc ine [533]. Thus, the decreased 

incorporation of 3H-l euc ine into PRL by pituitaries from blind and 

blind/sham female hamsters in Experiments 5 and 6 could be interpreted 

as a reduced uptake of 3H-l euc ine, as a reduced rate of PRL synthesis in 

vitro, or both. Within anyone experiment, the same amount of 3H-

leucine was added to each incubation vial and each vial contained one ml 

of medium; therefore, the specific activity of leucine (i.e., the amount 

of radiolabeled leucine versus total leucine) in the medium was the same 

in each incubation vial. 

In Experiment 4, blinding or blinding plus sham-pinealectomy of 

male hamsters resulted in slight (26% to 29%), although nonsignificant 
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reductions in the total amounts of incorporation of 3H-l euc ine into PRL 

eight weeks after treatment. This was indeed surprising in view of the 

dramatic reductions in the total amounts of RIA-PRLa in vitro and the 

depressed serum PRLa levels in these same groups of animals. 

In contrast, when ma 1 e hamsters are exposed to a short photo

period for a longer period of time (12 weeks in Experiment 3), there are 

greater depressions (45% to 56%) in total, pituitary and media levels of 

3H- PRL in vitro when compared to those values in long day-exposed 

control animals. The results of Experiment 3, particularly in regard to 

the 56% reduction in the release of newly-synthesized PRL in vitro, 

agree very well with the previous findings of Bl ask and Leadem [507]. 

These investigators demonstrated that pituitaries from male hamsters 

that were blinded 14 weeks previously released 53% less 3H- PRL in vitro 

than glands from intact animals; furthermore, pinealectomy of blinded 

males completely prevented the depressed release of newly-synthesized 

PRL. Similar to the male hamster, Leadem [487] showed that the total in 

vitro production of PRL by pituitaries from blind/anosmic male rats was 

markedly reduced eight weeks after treatment; however, pinealectomy of 

blind/anosmic males only partially obviated the depressions in PRL 

synthes i s in vitro. 

From the results of Experiment 3 and those of Blask and Leadem 

[507], it is apparent that the synthesis of PRL in male hamsters is 

reduced after approximately 12 to 14 weeks of light deprivation, whether 

induced by blinding or by exposing animals to a short photoperiod. 

However, at earlier times, such as eight weeks after blinding (Experi

ment 4), only marginal depressions in PRL synthesis are observed. 
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In Experiments 5 and 6, either blinding or blinding plus sham

pinealectomy of female hamsters caused dramatic reductions (67%) in 

total PRL synthesis by their pituitaries 12 weeks after treatment. 

Additionally, the individual operations of pinealectomy and sham

pinea 1 ectomy had no significant effect on PRL produc.tion in v itro. In 

both of these studies, pituitaries from bl ind and bl ind/sham females 

released 51% to 66% less 3H- PRL in vitro than those glands from intact 

anima 1 s during two hour incubations. These resu lts I are consonant with 

those of Blask and Leadem [507J, who reported that th~ release of newly

synthesized PRL by pituitaries from blind female hamsters was reduced by 

94% 14 weeks after treatment. Similarly, pituitaries from female rats 

rendered blind and anosmic eight weeks previously synthesize 45% to 63% 

less PRL in vitro than glands obtained from intact animals [487J. 

Blask and Leadem [507J also showed that pinealectomy of blinded 

female hamsters partially prevents the depressed release of 3H- PRL in 

vitro. Furthermore, pineal removal partially obviates the blinding

induced reduction in total PRL synthesis (Blask, personal communica

tion). Experiments 5 and 6 are consistent with each other in that 

pineal extirpation failed to prevent the blinding-induced depressions in 

total, pituitary and media levels of newly-synthesized PRL. However, 

these findings contrast with those in the rat, in that pinealectomy of 

the adult blind/anosmic female rat entirely prevents the reduced synthe

sis of pituitary PRL in vitro [487J. Furthermore, pinealectomy of 

female rats rendered blind and anosmic prior to puberty results in a 

stimulation of PRL production above that in intact animals [487J. 
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The slight discrepancy between the results of Blask and Leadem 

[507] and those of Experiments 5 and 6 may be accounted for by differ

ences in experimental design, per~aps involving the different incubation 

media used (KRB versus minimal essentials medium supplemented with 

unlabeled leucine). Nevertheless, the data from all three of these 

studies consistently show that pinealectomy does not completely prevent 

the blinding-induced depressions in PRL synthesis in the female hamster. 

Even though Experiments 5 and 6 were conducted two years apart, 

contained a different number of hemipituitaries per vial (two versus 

three) and contained different amounts of 3H-l euc ine per vial (20 Ci 

versus 10 Ci), the total values of 3H- PRL in intact and blind/sham 

groups at the two-hour time point in Experiment 6 are nearly identical 

to those of these same groups of animals in Experiment 5 (two hours 

total incubation time). Likewise, pituitary and media levels of 3H-PRL 

in these groups are very similar at this time point. 

The disparity between the high levels of RIA-PRL (or PRLa) in 

vitro and the low levels of PRL synthesis in blind/pinx female hamsters 

in Experiments 5 and 6 is difficult to reconcile. However, the fol lowing 

mechanisms may account for these discrepancies (Fig. 38): 1) blinding 

itself, probably via direct hypothalamic mechanisms not involving the 

pineal gland, results in the inhibition of PRL synthesis since PRL 

production was markedly suppressed in both pineal-intact and pinealecto

mized female hamsters; and 2) consequent to the blinding-induced 

activation of the pineal gland, the pineal substance(s) may act either 

via hypothalamic mechanisms [400,401] or perhaps directly on the 
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adenohypophysis [402,403] to promote the degradation of pituitary RIA

PRL. The latter mechanism is proposed since serum values of 

immunoassayable PRL (or PRLa) in vivo and pituitary RIA-PRL (or PRLa) 

levels in vitro are so disparate between blinded and blind/pinx females. 

Thus, in the blinded animal, orbital enucleation acts to depress PRL 

synthesis via some pineal-independent mechanism, while at the same time 

promoting the degradation of RIA-PRL via a pineal-dependent mechamism. 

In the blind/pinx animal, blinding once again may act to depress 

PRL synthesis via a pinea"l-independent mechanism; however, since the 

pineal gland is removed very little degradation of RIA-PRL occurs. In 

this manner, both blind/sham and blind/pinx females would have reduced 

synthesis of PRL, but pituitary and serum levels of RIA-PRL in 

blind/pinx animals would be much higher than those in blind/sham ham

sters since there is a reduced amount of PRL degradation. To test this 

hypothesis, pulse-chase studies could be performed to compare the rates 

of PRL degredation between intact, blind/sham and blind/pinx female 

hamsters. 

Protein synthesis was also measured in pituitary samples from 

the three-hour time point in Experiment 6. In view of the 81% decrease 

in total PRL production by blind/sham females at this time, it was not 

surprising that total protein synthesis in pituitaries from these ani

mals was reduced by 44%. Also, in view of the 74% decrease in the 

production of 3H-PRL in blind/pinx females at three hours, it too was 

not surprising that total protein synthesis was reduced by 74% in pitui

taries from these fema 1 es. It is not known to what degree the 
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depressions in PRL synthesis contribute to the reductions in total 

protein 'synthesis. As alluded to in the previous discussion on the 

effects of blinding and of pinealectomy on the anterior pituitary, these 

procedures in themselves might in some way alter the population of 

pituitary 1actotrophs and/or some other parenchymal cells. However, the 

similar magnitude of the decreases in each of these parameters, particu

larly that in b1ind/pinx animals, suggests that the reductions in PRL 

synthesis probably contribute, at least partially, to the observed 

depressions in total protein synthesis. 

However, the specific activity of PRL (dpm/ g PRL) within pitui

taries (which may represent a rough estimate of uptake of radiolabeled 

precursor by the gland) from blind/sham fe,ma1es was greatly increased 

when compared to va 1 ues in glands from intact an ima 1 s. In contrast, 

the specific activity of PRL in pituitaries from blind/pinx animals was 

profoundly reduced when compared to that in glands from both intact and 

b 1 i nd/ sham hamsters. Thus, although total protein (and PRL) synthes i s 

was depressed in both blind/sham and blind/pinx females, the increased 

specific activity of PRL in pituitaries from blind/sham animals suggests 

that the reduced synthesis of protein (and perhaps that of PRL) in these 

f em ale sis pro b a b 1 y not due tot he 1 a c k 0 f up t a k e 0 f the r a d i 0 1 abe 1 e d 

precursor by the gland. On the other hand, the reduced specific activi

ty of PRL in pituitaries from blind/pinx females further suggests that a 

reduced uptake of 3H-l euc ine may be an important contributing factor to 

the depressed synthesis of PRL and total pituitary protein in these 

animals. Therefore, it might be that PRL synthesis per se in blind/pinx 
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females is not depressed, but instead, the reduced incorporation of 3H-

leucine into PRL in these animals may be due to a blindin"g-induced 

decrease in the uptake of radiolabeled precursor by the pituitary. 

The last consideration with regard to PRL levels in vitro are 

the effects of blinding plus sham-pinealectomy and of blinding plus 

pinealectomy on the percent release of 3H-PRL and that of RIA-PRL (which 

includes newly-synthesized PRL). When comparing intact, blind/sham and 

blind/pinx females in Experiment 6, there were no striking differences 

in the percent release of RIA-PRL during the entire four-hour incuba

tion. For the most part, however, the percent release of RIA-PRL by 

pituitaries from intact and blind/pinx animals were roughly equal in 

magnitude, and were both sl ightly greater than that of bl ind/sham fe

mal es. 

However, with regard to the percent release of 3H- PRL in vitro, 

the profiles of secretion by each group during the four hour incubation 

were strikingly different, particularly during the first 90 minutes. 

During this time, the percent release of newly-synthesized PRL by glands 

from intact animals was intermediate between that shown by the other two 

groups. The percent release of 3H- PRL in blind/pinx animals was very 

low at first, but rapidly increased during the next 90 minutes. In 

contrast, the percent re 1 ease of newl y- synthes i zed PRL by pi tu itari es 

from blind/sham females was very high initially and remained elevated at 

a plateau during the entire incubation period. Thus, although PRL 

synthesis is markedly depressed in bl ind/sham animals, the PRL cells 

are, relatively speaking, in "high gear" and what little PRL is synthe

sized is rapidly released from the cell. 
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Also in Experiment 6, the percent release of newly-synthesized 

PRL in blind/sham females was much greater than that of RIA-PRL during 

the entire incubation period. In contrast, in intact and blind/pinx 

animals, the percent release of RIA-PRL was greater than that of 3H-PRL 

during approximately the first two hours of incubation; after this time, 

the percent release of newly-synthesized PRL exceeded that of RIA-PRL in 

both of these groups of anima 1 s. Thus at four hours, the percent re

lease of 3H-PRL in each of the groups was greater than that of RIA-PRL. 

This apparent preferential release of newly-synthesized PRL at 

this time are similar to the previous findings of Leadem [487], who 

demonstrated the preferential release of 3H- PRL by pituitaries from 

intact, blind/anosmic and blind/anosmic/pinx female rats during a five 

hour incubation. Other studies in the rat have also demonstrated that 

newly-synthesized PRL is preferentially secreted over the older, storage 

form of PRL [145-147,331]. This more rapid, preferential release of 3H-

PRL in blind/sham female hamsters suggests that the exocytosis of 

immature secretory granules may be occurring at a faster rate than that 

in intact and blind/pinx animals. This process has also been documented 

when incubating rat pituitaries in vitro [140,145]. 

From the data on 3H-l euc ine incorporation into total pituitary 

proteins and into PRL in vitro, it can be concluded that: 1) the pineal 

inhibits PRL synthesis in male hamsters exposed to a short photoperiod 

for 12 weeks; 2) blinding inhibits PRL synthesis in the female hamster; 

3) the blinding-induced reductions in PRL synthesis in the female may be 

independent of the pineal gland; 4) blinding inhibits the total 
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s y nth e sis 0 f pit u ita r y pro t e ins i nth e f em ale hams t e r ; and 5) the 

blinding-induced depressions in total protein synthesis in the female 

may also be independent of the pineal. 
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Effects of the Pineal on Stalk-Median Eminence PIF Activity 

In view of the profound effects of bl inding and of the pineal 

gland on PRL synthesis, storage and release in the female hamster, I 

became extremely interested in determining the involvement of the hypo

thalamus in mediating these alterations in PRL cell function. To 

accomplish this, it was necessary to examine by bioassay the PRL-inhibi

tory factor (PIF) activity of stalk-median eminence (SME) regions 

derived from the three groups of animals in Experiment 6. 

The in vitro method was considered to be the method of choice in 

assaying for SME PIF activity since any effects obtained must be caused 

by a direct action of hypothalamic substances on the anterior pituitary. 

The purpose of Experiment 7 was therefore to determine: 1) 

whether in vitro PIF activity could be detected in crude, neutralized 

acidic Sf1E extracts obtained from intact female hamsters; 2) whether SME 

extracts from bl ind/sham females would show increased PIF activity in 

vitro as compared to that by extracts from intact animals; and 3) whe

ther pinealectomy of blinded females would prevent any changes in SME 

PIF activity. In this study, anterior pituitaries for incubations were 

obtained from intact female hamsters, while SME extracts were prepared 

from intact, bl ind/sham and bl ind/pinx animal s in Experiment 6. This 

constituted a bioassay in which the PIF activities of SME extracts were 

assayed in vitro by measuring, by RIA and by 3H-leucine incorporation, 

the pituitary response to these extracts. 

Surprisingly, at no concentration tested did the addition of SME 

extracts from either intact, blind/sham or blind/pinx female hamsters 
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inhibit the release of immunoreactive PRl or reduce total levels of RIA

PRL in vitro. It was even more surprising to see that SME extracts from 

blind/sham animals actually stimulated the release of RIA-PRL from 

pituitaries by 45% to 69% over that from glands in the absence of 

extract. Since pituitary levels of RIA-PRL were unaltered by the addi

tion of SME extract from blind/sham animals, the net result was an 

increase in total RIA-PRL levels after two hours of incubation in vitro. 

The magnitude of the stimulation of PRL release by these extracts with

out a concomitant decrease in pituitary values of RIA-PRL is intriguing. 

This phenomenon suggests that SME extracts from blind/sham females may: 

1) stimulate the synthesis of pituitary PRL; and/or 2) decrease the 

intracellular degradation of PRL. The PRL synthesis data in part 

supports both of these hypotheses because pituitary val ues of newly

synthesized PRL also remained constant at each concentration of SME 

extract from blind/sham animals. Furthermore, whereas the incorporation 

of 3H-l euc ine into PRL was not reduced by the two smal lest doses of 

extract from blind/sham females, the two highest concentrations of SME 

extract inhibited total PRL synthesis by only 20%. 

If St4E extracts from fema 1 e hamsters conta in very 1 itte or no 

PIF activity, presumably they would be incapable of inhibiting the 

release of RIA-PRL in vitro. Thus, under these circumstances, it might 

be expected that total, pituitary and media levels of RIA-PRL would be 

unaltered by any concentration of SME extracts tested. While this 

explanation would account for the lack of inhibition of immunoreactive 
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PRL '1 eve 1 s in v itro, it does not account for the PRL-re 1 eas ing factor 

(PRF) activity of SME extracts from blind/sham animals on RIA-PRL. 

The stimulation of PRL release by SME extracts after two hours 

of incubation is much earlier than that reported in previous studies. 

Nicoll et al. [171J found that during the initial four hours of incuba

tion of rat pituitaries, PRL secretion was inhibited by SME extract. 

However, duri ng the subsequent four hours PRL re 1 ease was sti.mu 1 ated in 

the presence of these same extracts. Similarly, Blask et al. [496,499J 

reported that PRL release from rat pituitaries was also stimulated by 

mediobasal hypothalmic extracts from female rats during a six hour 

incubation. 

Furthermore, Bl ask et a 1. [496,499J demonstrated that extracts 

of the MBH obtained from intact, blind/anosmic and blind/anosmic/pinx 

female rats stimulated the release of PRL from pituitaries in vitro. In 

contrast to the results of Experiment 7, the greatest amount of PRF 

activity in these studies [496,499J was found in extracts from 

blind/anosmic/pinx animals. However, pituitary PRL levels were also 

reduced by the extracts, so that total levels of immunoassayable PRL in 

vitro were probably not altered [496,499J. The results of Experiment 7 

and those of previous investigations [171,496,499J contrast markedly 

with those of classical neuroendocrinological studies in the rat, in 

that the addition of hypothalamic extracts (HE) to the incubation media 

decreased the release of PRL in a dose response fashion [164-167J. 

The results of Experiment 7 are also in contrast with those of 

Donofrio et ale [117J, who demonstrated with the use of a heterologous 
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RIA for measuring hamster PRL, that the addition of HE (the equivalent 

of one hypothalamus per·vial) to the incubation media reduced the re

lease (55%) of PRL by female hamster pituitaries. The discrepancies 

between my studies and this report [117] may be accounted for by differ

ences in the RIA to measure hamster PRL (homologous versus 

heterologous), the incubation media used (KRB versus medium 199), the 

weight of hypothalamic tissue used (SME region versus whole hypo

thalamus), and probably in procedural aspects in the preparation of 

extracts. However, in neither case did extracts have any appreciable 

effect on pituitary levels of RIA-PRL. In agreement with previous in 

vitro studies in the hamster [117] and rat [164-166], cerebral cortical 

extracts from intact females in Experiment 7 were without effect on RIA

PRL levels in vitro. 

It is doubtful that the PRF activity demonstrated by SME ex

tracts from blind/sham female hamsters was due to an artifact of 

preparation of the extracts, since: 1) extracts from all three groups 

of animals were identically prepared; 2) SME tissue from each group were 

equivalent in weight; and 3) all were tested on anterior pituitaries 

obtained from intact female hamsters. Yet, only extracts from 

blind/sham animals demonstrated PRF activity, while those from intact 

and blind/pinx females showed neither PIF nor PRF activity on RIA-PRL 

levels in vitro. The latter findings suggest a balance in the ratio of 

PRF:PIF activity in SME extracts from intact and blind/pinx animals. 

It is very doubtful that the data regarding the lack of inhibi

tion by SME extracts from intact and blind/pinx hamsters on RIA-PRL 
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levels in vitro could be explained on the basis of a reduced sensitivity 

of the anterior pituitaries to the extracts, since all three hemipitui

taries per vial were derived from three different animals which were 

probably at different stages of the estrous cycle. Similarly, it is 

unlikely that the heterogeneous group of pituitaries in each vial were 

all more sensitive to the PRF activity of SME extracts from blind/sham 

fanales. 

One might logically explain the lack of an effect of SME ex

tracts from intact and blind/pinx animals on RIA-PRL levels in vitro on 

the bas i s of es trous cyc 1 e fl uctuat ions in hypotha 1 am i c PI F. Sar and 

Meites [534] reported that the PIF activity of female rats was lowest on 

the days of proestrus and estrus. Therefore, if data can be extrapo

lated from the rat, it is possible that the e~tracts from intact and 

blind/pinx hamsters were obtained from cyclic females such that the 

majority were in either proestrus or estrus. Since vaginal smears were 

not recorded for intact and blind/pinx hamsters, it is not known at what 

stage of the estrous cycle these animals were at the time of sacrifice. 

Since SME regions were pooled from many animals in each of these groups, 

the resultant content of PIF activity (or lack thereof) in SME extracts 

from intact and blind/pinx females probably represents the mean levels 

in animals at different stages of the estrous cycle. In this way there 

may have been a "diluting-out" of the predominance of PIF or PRF activi

ty over that of the other; i.e., the heterogeneous extract probably 

represents a balanced ratio of PIF:PRF activity. 
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A logical interpretation of the data in my study with SME ex

tracts from b1 ind/sham female hamsters is that the extracts contained 

PRF activity to stimulate the release of RIA-PRL from pituitaries in 

vitro. Since blind/sham females are acyclic and anovulatory, there also 

are, ostensibly, no cyclic fluctuations in hypothalamic PRF and/or PIF. 

Therefore, the pooled SME regions from these animals should represent a 

homogeneous extract containing predominantly either PRF or PIF activity, 

or a balanced ratio of PRF:PIF activity. However, the data clearly show 

that PRF activity predaninates; this activity may possibly represent a 

relatively higher ratio of PRF:PIF activity in SME extracts from 

blind/sham female hamsters than that in extracts from either intact or 

blind/pinx animals. 

One can now begin to relate the in vitro data for RIA-PRL in 

Experiment 7 to the previously discussed in vivo and in vitro RIA-PRL 

resu 1 ts for Experiment 6. Reca 11 that in Experiment 6 intact fema 1 es 

had high serum PRL levels in vivo as well as high immunoassayable PRL 

levels in. vitro. If one assumes that there is a certain rate of release 

of hypothalamic PIF in intact animals, whatever that may be, then in the 

blind/sham female there is, ostensibly, an increased rate of release of 

PIF from the hypothalamus to eventuate in reduced serum PRL as well as 

depressed RIA-PRL levels in vitro. Since PRL levels in vivo remain 

depressed for a period of weeks in 1 ight-deprived hamsters, presumabl y 

there must also be a continued high rate of synthesis of PIF t~ keep up 

with its higher rate of release from the hypothalamus. However, the in 

vitro RIA-PRL data from Experiment 7 show that at the time of sacrifice, 
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St4E extracts from blind/sham fana 1 es had no demonstrab le PIF act iv ity 

when tested in vitro. This further suggests that the rate of release of 

PIF from the hypothalamus was greater than its rate of synthesis. 

Stated another way, once the animal is sacrificed, one now has a static 

rather than a dynami~ system, and the SME region can only be tested for 

the content of PI Fact i v ity at that moment in time. The fact that the 

PIF activity of extracts from blind/sham animals at that point in time 

was non-existent, coupled with the low in vivo and in vitro RIA-PRL data 

from Experiment 6, suggests that the re 1 ease of hypotha 1 amic PIF was 

extremely high (Fig. 38). It would be interesting to test the PIF 

activity of acidic extracts of anterior pituitaries from blind/sham 

females, were this possible. It might be expected that a higher PIF 

activity would be located further "downstream" at the hypophysial level 

where it is presumably exerting its inhibitory control over PRL secre

tion. 

However, the foregoing discussion assumes that PRL secretion in 

the hamster is solely under the inhibitory control of a hypothalamic 

PIF. What the RIA-PRL data from Experiment 7 suggest is the possibility 

of a dual hypothalamic control of PRL secretion; i.e., a PRF and PIF. 

This conclusion stems not only from the demonstration of PRF activity of 

SME extracts from bl ind/sham animals, but also from the inabil ity of 

extracts from intact females to inhibit RIA-PRL levels in vitro. If one 

assumes that there is an equilibrium between the rates of release of 

hypothalamic PRF and PIF which regulate the secretion of PRL in the 

intact animals, then at that point in time when SME regions are 
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harvested, the PRF and PIF activities would balance out and there would 

be no net effect of the extracts on RIA-PRL levels in vitro. 

In the blind/sham female, however, there might be a shift, in the 

relative rates of release of PRF and PIF from the hypothalamus such that 

in these animals a new equilibrium is reached in the ratio of PRF:PIF 

activity. If the rate of release of hypothalamic PIF is increased in 

blind/sham animals to cause a depression of RIA-PRL levels, then at the 

time of sacrifice the ratio of hypothalamic PRF:PIF would be increased 

such that SME extracts would then demonstrate predominantly PRF activity 

when tested in vitro. Also in the blind/sham female, there could be a 

decreased rate of release of hypothalamic PRF with the resultant accumu

lation of PRF. This too would increase the PRF:PIF ratio in the 

hypothalamus, with the net effect being the same as that just mentioned 

(Fig. 38). 

That such a shift toward a higher ratio of PRF:PIF activity in 

the hypothalamus of blind/sham females is dependent on the pineal gland 

is supported by the fact that pinealectomy completely prevents the 

bl inding-induced increase in PRF activity of SME extracts on RIA-PRL 

levels in vitro. Thus, in blind/pinx animals the equilibrium between 

the rates of release of hypothalamic PRF and PIF appears to remain 

relatively undisturbed such that SME extracts from these females now 

close 1 y res emb 1 e those of intact an ima 1 s; i.e., a ba 1 ance between PRF 

and PIF acti v ity. 

A question now arises as to the identity of the ostensible 

hypothalamic PRF in blind/sham female hamsters. Vriend et al. [535,536J 
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have shown that plasma levels of thyroxine (T4) are depressed in blinded 

male hamsters eight weeks after treatment; this effect was prevented by 

pinealectomy [535]. Similarly, peripheral titers of T4 are reduced in 

either blinded [537] or short photoperiod-exposed female hamsters [538]. 

These decreases in circulating levels of T4 in light-deprived hamsters 

are presumably the result of the reduced release of thyroid-stimulating 

hormone (TSH) from the anterior pituitary, and, ostensibly, due to a 

decreased release of thyrotrophin-releasi~g hormJne (TRH) from the 

hypotha 1 amuse The hypothesis that TRH release is i~hibited in 1 ight
i 

restricted hamsters is supported by the recent ~ork of Vriend and Wilbur 

[539], showing that the content of TRH in the MB is increased in 

blinded female hamster:s. Furthermore, pinealectomy of blinded fema.les 

prevented the increase in the MBH content of TRH. In light of the 

foregoing findings in the hamster, coupled with the experimental evi

dence in the rat showing that TRH can stimulate PRL release by 

pituitaries in vitro [250], the increased PRF activity of SME extracts 

from blind/sham females in Experiment 7 might logically be explained on 

the basis of an increased hypothalamic content of TRH. 

From the results of these studies on the effects of SME extracts 

on immunoreactive PRL levels in vitro, it can be concluded that: 1) SME 

extracts from intact female hamsters are devoid of demonstrable PIF 

activity; 2) blinding increases the PRF activity of SME extracts from 

female hamsters; and 3) pinealectomy completely prevents the increase in 

PRF activity of SME extracts from blinded female hamsters. 
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In contrast to the findings regarding RIA-PRl levels, quite 

different results were obtained in Experiment 7 when testing the effects 

of SME extracts on the synthesis of PRl in vitro. Extracts prepared 

from intact females inhibited the incorporation of 3H-leucine into PRl 

in a dose-response manner. This is the first demonstration of specific 

PRl synthesis-inhibitory activity (PSI A) in hypothalamic extracts from 

the hamster. Furthermore, an exhaustive review of the literature has 

revealed that such PSIA of hypothalamic extracts has never been demon

strated to affect PRl synthesis in the rat. In a 1970 review by Nicoll 

et al. [171J, Macleod stated that "the addition of rat stalk-median 

eminence extract to rat pituitary glands does not stimulate or inhibit 

the incorporation of amino acids into prolactin in the pituitary gland 

and in the medium in which they are incubated." Fourteen years subse

quent to this review, there have still been no published reports on the 

ability of hypothalamic extracts to either inhibit or stimulate the 

synthesis of PRl in vitro. 

The two greatest doses of SME extract (2.0 and 4.0 Eq/ml) from 

i n t act, b 1 i n d / sham and b 1 i n d / pin x f em ale h am s t e r s we r e not d iff ere n t 

from each other in their capacity to inhibit the release of newly

synthesized PRl from pituitaries during the a hour incubation. The 4.0 

Eq/ml dose of extract from animals in each of these groups in each case 

inhibited the release of 3H-PRl in vitro to a greater extent than the 

equivalent of 2.0 SME/ml. 

In contrast to the foregoing resu 1 ts, marked differences were 

noted between the various extracts in their ability to reduce pituitary 
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values of 3H- PRL• Whereas extracts from intact females depressed 

glandular levels of newly-synthesized PRL by as much as 57%, all concen

trations of extract from blind/sham females failed to significantly 

reduce the pituitary levels of 3H- PRL• Since glandular values of 3H- PRL 

were not depressed by extracts from blind/sham animals, the total syn

thesis of PRL was depressed by only 20%. These data might be explained 

on the basis of a pineal-induced increase in the release of PSIA from 

the hypotha 1 amus, such that 1 itt 1 e PSIA can be detected when extracts 

from blind/sham animals are tested on pituitaries in vitro (Fig. 38). 

Pinealectomy completely prevented the loss of PSIA in SME ex

tracts from blinded female hamsters, in that the reduction in pituitary 

levels of 3H- PRL, as well as the inhibition of total PRL synthesis 

induced by the two 1 argest concentrations of extract from bl ind/pinx 

fema 1 es were not different than those produced by equi va 1 ent doses of 

extract from intact animals. These findings suggest that the blinding

induced decrease in hypothalamic PSIA is pineal-dependent, such that the 

SME extracts from blind/pinx animals demonstrated high levels of PSIA 

and were fully capable of inhibiting PRL synthesis when tested in vitro. 

It is indeed puzzling that SME extracts from intact and 

blind/pinx female hamsters show neither PIF nor PRF activity on RIA-PRL 

in vitro, while at the same time these same extracts demonstrate the 

greatest ability to inhibit PRL synthesis. It is just as intriguing 

that SME extracts from blind/sham animals actually show PRF activity on 

RIA-PRL levels in vitro, while at the same time marginally, although 

significantly inhibiting the total synthesis of PRL by pituitaries in 

vitro. 
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If SME extracts from blind/sham females contain very little 

PSIA, they would be less capable of inhibiting the synthesis of PRL. 

Thus, if SME regions from these animals were tested on anterior pitui

taries in vitro, it might then be expected that total, pituitary and 

media levels of 3H-PRL would only be slightly reduced by SME extracts. 

Indeed, the data demonstrate that whereas extracts from these animals 

did inhibit the release of newly-synthesized PRL, they left pituitary 

values of 3H-PRL untouched and thus the total levels of 3H-PRL were then 

reduced by 20% at most. 

As alluded to previously in the discussion on the in vitro PRF 

activity of Sr~E extracts from blind/sham animals on RIA-PRL levels, it 

is doubtful that the reduced levels of PSIA in these extracts was due to 

an artifact of preparation. However, it is a possibility that any PSIA 

in the SME regions of blind/sham animals was more resistant to the 

extraction procedures than that in the SME regions of intact and 

blind/pinx hamsters. 

Once again, it is doubtful that the reduced amounts of PSIA in 

SME extracts from blind/sham females could be attributed to a decreased 

sensitivity of the pituitaries to the extracts, since all three hemi

pituitaries per vial were derived from different animals. Similarly, an 

increased sensitivity of the pituitaries to PSIA could not 1 ikely be 

used as a basis for explaining their response to extracts from intact 

and blind/pinx animals. 

However, one might explain the increased effectiveness of SME 

extracts from intact and blind/pinx animals in inhibiting PRL synthesis 
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on the basis of estrous cycle variations in the content of PSIA. As 

stated previously, it has been reported that the PIF activity of hypo

thalamic extracts from female rats is lowest on the days of estrus and 

proestrus [534]. Although PRL synthesis was not measured in the latter 

study, if this data can be extrapolated to the hamster, it might be that 

the SME extracts from intact and blind/pinx animals were derived from 

cyclic females such that the majority of hamsters were in days other 

than proestrus and estrus. However, the SME regions were pooled from 

many animals in each of the intact and blind/pinx groups, and so these 

extracts probably represent the mean content of PSIA in SME regions from 

these animals at different days of the estrous cycle. 

As stated earlier, hypothalamic extracts have never been shown 

to inhibit or stimulate the incorporation of radiolabeled precursors 

into PRL. Since SME extracts from blind/sham female hamsters were only 

slightly capable of inhibiting the synthesis of PRL in vitro, it might 

logically be concluded that the content of PSIA in extracts from 

blind/sham females was much less than that in extracts from intact and 

blind/pinx animals. However, since SME extracts from blind/sham ham

sters demonstrated PRF activity on RIA-PRL levels in vitro, the PRL 

synthesis data might also be interpreted to suggest that extracts from 

these animals also contain a PRL synthesis-stimulating activity (PSSA). 

If it is assumed that such PSSA activity indeed exists, then in the 

blind/sham female it might be that the ratio of PSSA:PSIA in the hypo

thalamus is relatively greater than that in the SME regions of intact 

and blind/pinx animals. In this manner, the amount of PSIA in SME 
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extracts from blind/sham females might be counterbalanced or "diluted 

out" by the presence of PSSA. Such a hypothesis might be used to 

explain the inability of extracts from these animals to reduce pituitary 

values of 3H- PRL in vitro when compared to those from intact and 

blind/pinx females. The finding that the release of newly-synthesized 

PRL was inhibited by 40% by the 1 argest concentrat ion of extract from 

blind/sham females without a concomitant decline in the pituitary con

tent of 3H- PRL , particularly when contrasted with the reduction of 

glandular levels of 3H- PRL induced by equivalent doses of extract from 

intact and blind/pinx animals, suggests that there may have been some 

degree of s t imu 1 at i on of PRL synthes is by PSSA in extracts from 

blind/sham hamsters. 

Alternatively, the failure of extracts from blind/sham females 

to reduce either RIA- or newly-synthesized PRL in pituitaries might be 

explained on the basis of a reduced amount of intracellular PRL degrada

tion. If one assumes that the SME region contains PRL degradation 

activity (PDA), it may be that in blind/sham animals the content of PDA 

in SME extracts was very low, such that they were incapable of promoting 

the degradation of RIA- and 3H-PRL• 

Since bl ind/sham female hamsters are acyclic and anovulatory, 

there are, presumably, no cyclic fluctuations in the content of hypotha

lamic PSSA and/or PSIA. Therefore, the pooled SME regions from these 

animals should represent a homogeneous extract containing a certain 

ratio of PSSA:PSIA. The data from Experiment 7 shows that there is very 

little PSIA in extracts from blind/sham females. One might conclude 
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that the extracts from blind/sham females contain a higher ratio of 

PSSA:PSIA than extracts from intact and blind/pinx animals, such that 

. the amount of PSSA negates some or most of the PSIA in extracts. As 

alluded to previously, the magnitude of the stimulation of RIA-PRL 

release (45% to 69%) by extracts from blind/sham animals without a 

concomitant decrease in pituitary values of RIA-PRL also suggests either 

a concomitant stimulation of PRL synthesis, or a reduced amount of 

intracellular PRL degradation induced by these extracts to keep up with 

the high rate of release of RIA-PRL. Since a slight decrease in PRL 

synthesis was observed, one might then conclude that there is an inhibi

tion of PRL degradation. 

One final explanation of the data regatding the potent inhibi

tion of PRL synthesis by SME extracts from intact and blind/pinx females 

concerns the uptake of 3H-leucine by the pituitaries in vitro. It is 

possible that the SME regions from these two groups of animals are 

different from those of blind/sham females, such that those from intact 

and blind/pinx females might decrease the uptake of 3H-l euc ine by the 

gland more readily than extracts from blind/sham animals. The net 

result would be the measurement of reduced PRL synthesis by the pitui

taries in the presence of these extracts. This hypothesis could be 

tested by assaying for total protein synthesis and the specific activity 

of PRL (dpm/ 9 PRL) in pituitaries tested with extracts from each of the 

groups. The measurements of intraglandular PRL specific activity would 

give a rough estimate of the uptake of labeled precursor by the gland, 

and one could then determine whether or not the decreased incorporation 
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of precursor into PRL was simply due to the SME extract-induced inhibi

tion of the uptake of 3H-leucine by the pituitary. 

The finding of potent PSIA in cerebra 1 cort.i ca 1 extracts from 

intact female hamsters in Experiment 7 was indeed puzzling, particularly 

in view of the lack of an effect of these extracts on RIA-PRL levels in 

vitro. Although the latter results are consonant with earlier in vitro 

investigations in the rat [164-.166] and hamster [117], Arimura et al. 

[172] reported that serum PRL levels were decreased in male and female 

rats after the IV infusion of a cerebral cortical extract. One can only 

speculate as to the identity of the PSIA contained in the cortical 

extract in my study, but it might be anyone of the neurotransmitters 

with previously demonstrated PIF activity; that is, GABA [183,237,240], 

norepinephrine [170,180,191], acetylcholine [281,282] or histamine 

[290]. The concentration of GABA in cerebral cortical tissue of rats is 

approximately 3-fold greater than that in the median eminence [242]. If 

this data can be extrapolated to the hamster, I would tentatively place 

this amino acid at the top of the list of cortical neurotransmitters 

which may have inhibited the synthesis of PRL in vitro. 

One can now begin to relate the in vitro data for newly-synthe

sized PRL in Experiment 7 to the previously discussed in vitro 3H- PRL 

results for Experiment 6. Recall from Experiment 6 that pituitaries 

from intact females synthesized great amounts of PRL when incubated in 

vitro. It could be suggested from this data that the rate of release of 

PSIA from the SME region in these animals was very low. Thus at the 

time of sacrifice, there was a high content of hypothalamic PSIA such 
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that when SME extracts from intact animals were tested on pituitaries in 

vitro, they demonstrated a potent inhibition of PRL synthesis. 

In the bl ind/sham female hamster, there is, ostensibly, an in

creased release of PSIA from the hypothalamus to eventuate in very low 

levels of PRL synthesis by their pituitaries when incubated in vitro 

(Fig. 38). If the release of PSIA is presumed to be high, then when 

bl ind/sham animal s are sacrificed and their SME regions harvested, the 

extracts would demonstrate little PSIA when tested on anterior pitui

taries in vitro (Fig. 38). 

That this higher release of hypothalamic PSIA is due to the 

blinding-induced activation of the pineal is supported by the fact that 

SME extracts from blind/pinx females, not unlike those from intact 

animals, show a great amount of PSIA in vitro. These findings suggest 

that the release of PSIA from the hypothalamus in blind/pinx animals is 

much lower than that in bl ind/sham animal s, and is not different than 

that in intact females. What is really difficult to reconcile within 

this hypothesis is the fact that pinealectomy of blinded animals in 

Experiment 6 failed to prevent the reductions in PRL synthesis in vitro; 

i.e., the amounts of PRL synthesized by pituitaries from blind/sham and 

blind/pinx females were not different from each other and were both 

greatly depressed when compared to PRL production by glands from intact 

anima 1 s. Therefore, it was conc 1 uded from these resul ts that the 

bl inding-induced depressions in PRL synthesis are independent of the 

pinea 1 gl and. 
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The PRL synthesis data from Experiments 6 and 7 might logically 

be explained on the basis of multiple effects of orbital enucleation 

involving both pineal-dependent and pineal-independent mechanisms. A 

schematic diagram (Fig. 38) has been included to aid in visualizing some 

of the possible ways in which blinding and the pineal gland may in

fluence SME hypophysiotrophic factor activity in the female hamster. In 

this scheme, it is proposed that in the blind/sham female: 1) blinding 

directly stimulates the synthesis of a hypothalamic PIF which specific

ally inhibits the synthesis of PRL (i.e., PSIA), presumably via direct 

retinal projections to the hypothalamic suprachiasmatic nuclei [515,516J 

(pineal-independent mechanism); and 2) bl inding stimulates the pineal 

gland via the superior cervical ganglia. In the latter of these two 

mechanisms, the activated pineal ostensibly increases the release of its 

ant i gonadotroph i c sub s tance( s) wh i ch then act (s) on the hypotha 1 am us 

[400,401J to stimulate the release of PSIA from the hypothalamus. The 

PSIA then reaches the anterior pituitary, most 1 ikely via the portal 

vasculature, where it acts to inhibit the synthesis of PRL by the lacto

trophs. Since the pineal factor(s) may stimulate the release of any 

PSIA that is synthesized as a result of orbital enucleation, when the 

SME regions of bl ind/sham animal s are tested in vitro the content of 

PSIA is very low. 

In the blind/pinx female hamster, orbital enucleation still 

di rect 1 y s t imu 1 ates the synthes i s of hypotha 1 ami c PSIA v i a the same 

pineal-independent mechanism as th?t mentioned above. However, since 

the pineal is' removed, there is no stimulation of the release of this 
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PSIA from the hypotha 1 amuse Hence, when SME extracts are prepared from 

these animals, the content of PSIA is high and the extracts can inhibit 

the synthesis of PRL when tested on pituitaries in vitro. However, to 

account for the decreased synthes i s of PRL by pi tu itari es from 

. b 1 ind/pinx fema 1 es, there must yet be some amount of res idua 1 or "pas

sive" release (i.e., not pineal-stimulated) of PSIA from the 

hypothalamus that is sufficient to inhibit the synthesis of pituitary 

PRL. 

From the results of studies on the effects of SME extracts on 

3H- PRL levels in vitro, it can be concluded that: 1) SME extracts from 

intact female hamsters contain specific PRL synthesis-inhibitory activi

ty (PSIA); 2) the pineal gland reduces the PSIA in SME extracts from 

blinded female hamsters; and 3) pinealectomy prevents the blinding

induced decrease in the PSIA in sr~E extracts from the female hamster. 

It is apparent from the results of Experiments 6 and 7 that the 

hypothalamic control of PRL synthesis and release in the female hamster 

may indeed be very complex, and might possibly include the involvement . . 
of more than one hypothalamic hypophysiotrophic factors. In the intact 

female, the tested aspects of PRL cell function all appear to be 

functioning to their full capacity such that the release of RIA-PRL from 

the pituitary into the blood and into the incubation medium are both 

high, as are glandular stores of immunoassayable PRL in vitro. It might 

then be assumed that the release of an ostensible PIF from the hypo

thalamus is low and thus its content within the hypothalamus is high. 

However, since SME extracts from these animals failed to demonstrate any 
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PIF activity on RIA-PRL in vitro t it might be hypothesized that any PIF 

present was counter-balanced by an equal amount of hypothalamic PRF. 

This could then explain the inability of extracts from these animals to 

either increase or depress RIA-PRL levels in vitro. Also t the in vitro 

synthesis ?f PRL by pituitaries from intact females proceeds at a high 

rate. Logically, then t the release of the ostensible PSIA from the 

hypothalamus is very low and therefore its content within the hypothal

amus could be high. This hypothesis is supported by the findings that 

SME extracts from these animals demonstrated potent inhibitory activity 

(i.e. t PSIA) on the synthesis of PRL by pituitaries in vitro. Whether 

there is also a release of the ostensible PSSA from the hypothalamus in 

intact animals is not known. 

In the blind/sham female hamster t all tested aspects of PRL cell 

function appeared to be suppressed, in that the release of immuno

assayable PRL from pituitaries in vivo and in vitro was very low t as 

were in vitro pituitary RIA-PRL levels. These findings could be ex

plained on the basis of an increased release of PIF from the 

hypotha 1 amus; thus its content within the hypothalamus shoul d be very 

low (Fig. 38). Indeed, when SME extracts from blind/sham females were 

tested in vitro, they not orily failed to reduce RIA-PRL, but actually 

stimulated the release of immunoreactive PRL. Therefore, it might be 

assumed that these extracts contained a greater quantity of PRF activity 

such that the ratio of PRF:PIF activity was elevated. Whether the 

pineal stimulated the synthesis of this PRF, inhibited its release, or 

both is unknown. The depressed levels of RIA-PRL in blind/sham animals 
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may be further accounted for by a pineal-induced stimulation of PRL 

degradation. Whether the pineal stimul ates the re 1 ease of the osten

sible PDA from the hypothalamus, or whether the PDA is a pineal 

substance which acts directly on the pituitary (or both mechanisms) is 

also not known. Furthermore, the in vitro synthesis of PRL b~ pitui

taries from blind/sham females is greatly reduced. This finding could 

be explained by. a high release of PSIA from the hypothalamus; therefore 

the content of hypothalamic PSIA should be very low. This hypothesis is 

supported by the findings that SME extracts from these animals only 

marginally inhibited the total synthesis of PRL in vitro. The low PSIA 

of these extracts might be explained on the basis of a pineal-induced 

inhibition of the release of hypothalamic PSSA (Fig. 38). In this way, 

the content of PSSA in the hypothalamus could be elevated such that it 

now balances with an equal amount of PSIA. Therefore, when SME extracts 

from blind/sham animals are tested on pituitaries in vitro, PRL synthe

sis is only mildly inhibited. As previously alluded to, it is suggested 

that blinding acts directly on the hypothalamus via a pineal-independent 

mechanism to stimulate the synthesis of PSIA. In addition, the acti

vated pineal gland might then stimulate the release of this PSIA from 

the hypothalamus to eventuate in depressed PRL synthesis in these ani

mals (Fig. 38). Whether there might also be pineal-derived PSIA that 

acts direct 1 y on the anterior pituitary to reduce the synthes i s of PRL 

is not known. 

In the b1ind/pinx female hamster, some aspects of PRL cell 

physiology were suppressed similar to those in blind/sham animals, while 
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others were functioning as well as those in intact animals. The release 

of RIA-PRL from the pituitary both in vivo and in vitro, as well as in 

vitro glandular values of immunoassayable PRL were essentially the same 

as those observed in intact fema 1 es. These findings a 11 suggest that 

the blinding-induced depression in RIA-PRL levels both in vivo and in 

vitro are dependent on an activated pineal gland. Since the pineal is 

removed, the stimulation of PRL degradation may also be removed and thus 

pituitary stores of the hormone are not depleted. It might also be 

assumed that the release of hypothalamic PIF is low and that its content 

in the hypothalamus is high. Not unlike those from intact animals, SME 

extracts from blind/pinx females failed to show any PIF activity on RIA

PRL in vitro, again suggesting that any PIF present was balanced by an 

equal amount of hypothalamic PRF. However, like the blind/sham female, 

the in vitro synthesis of PRL by pituitaries from blind/pinx animals was 

still markedly depressed. This finding too could be explained on the 

basis of a continued high rate of release of PSIA from the hypothalamus, 

and thus the content of hypothalamic PSIA should be low. However, SME 

extracts from these animals demonstrated potent PSIA on pituitaries in 

vitro, a situation not unlike that found with extracts from intact 

females. Thus, the synthesis of hypothalamic PSIA must still be ele

vated in blind/pinx animals to account for the potent inhibitory 

activity of extracts from these animals on PRL synthesis in vitro. It 

is therefore proposed that in bl ind/pinx females, orbital enucleation 

still stimulates the synthesis of hypothalamic PSIA, but since the 

pineal is removed, there is no active stimulation of the release of this 
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PSIA. Instead, it is postulated that a passive or residual release of 

PSIA from the hypothalamus occurs concomitant with the blinding-induced 

stimulation of PSIA synthesis. That such a release of PSIA occurs is 

supported by the findings that pituitary PRL synthesis is still depres

sed in these animals. 

Although the identity of this specific PSIA in SME extracts from 

f em ale ham s t e r s was n eve r d ire c t 1 y add res s ed, the f 0 1 low i n g sec t ion 

discusses the results of studies designed to determine whether dopamine 

might be the hypothalamic PSIA in the female hamster. 



Figure 38. Schematic diagram of the possible ways in which 
blinding and the pineal gland may influence hypothalamic 
hypophysiotrophic factor activities in the female hamster. 
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Figure 38. Schematic diagram of the possible ways in which blinding and 
the pineal gland may influence hypothalamic hypophysiotrophic factor 
activities in the female hamster. 
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The Effects of Dopamine on PRL Levels In Vitro 

A dose-response study (Experiment 8) was designed to test the 

effects of dopamine (DA) in vitro on PRL synthesis, storage and release 

by pituitaries from intact female hamsters. Neither ascorbic acid, an 

anti-oxidant and the vehicle for DA, nor the smallest concentration of 

the catecholamine (5 x 10-9 M) had any detectable effect on total, 

pituitary or media amounts of immunoassayable PRL in vit'~ .. o. Although 5 

x 10-7 M and 5 x 10-5 M DA significantly reduced total levels of RIA-PRL 

in vitro, the depressions induced by these concentrations were no more 

than 17%. These meager reductions in total levels of immunoreactive PRL 

were entirely accounted for by a reduction in PRL in the media, because 

pituitary values of RIA-PRL were unaltered by DA. The latter results 

contrast greatly wit~ those of steger et al. [293], showing that 5 x 10-

8 M DA was unable to inhibit the release of PRL from male hamster 

pituitaries in vitro. The discrepancy between the findings of Experi

ment 8 and pre v ious resu 1 ts [293] may be accounted for by di fferences 

in: 1) the sex of the animal used; 2) the incubation media used (KRB 

versus medium 199); and/or 3) the concentration of DA used. Thus, the 

lack of an effect of DA as previously reported [293] might be explained 

on the basis of too low a concentration, since the dose of DA utilized 

was 10-fold less than that concentration in my study (i.e., 5 x 10-8 M 

versus 5 x 10-7 M) which resulted in an inhibition of RIA-PRL release; 

it may be that the threshold of sensitivity to the inhibitory effects of 

DA in vitro lies somewhere between these two concentrations. The 

magnitude of the inhibition of RIA-PRL release from rat pituitaries in 
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vitro with the use of similar concentrations of OA is equal to or 

greater than that observed in my study [161,180,187,188,328,540]. 

With regard to the 3H- PRL data in Experiment 8, neither ascorbic 

acid nor any of the doses of DA tested in vitro altered pituitary values 

of newly-synthesized PRL. Although 5.6 x 10-4 M ascorbic acid itsel f 

inhibited the release of 3H- PRL by only 10%, this effect was signifi

cant. However, the acid did not reduce total PRL synthesis in vitro. 

Interestingly, Oosterom et ale [328] reported that this same concentra

tion of ascorbic acid by itsel f decreased the basal secretion of 

immunoassayab 1 e PRL from cultured rat pituitary ce 11 s by 49%. In the 

present study, while 5 x 10-7 M and 5 x 10-5 M DA inhibited the release 

of 3H- PRL by about 25%, only the intermediate dose of DA resulted in a 

significant reduction (17%) of total PRL synthesis in vitro. In r:on

trast to these results, MacLeod [161] reported that the primary effect 

of 5 x 10-7 M DA on rat pituitaries in vitro was to inhibit the release 

of newly-synthesized PRL into the media; as a result, the radiolabeled 

PRL accumulates in pituitary tissue before the total synthesis of the 

hormone is inhibited. Since the release of 3H-PRL was reduced by 96%, 

while that of RIA-PRL was depressed by only 70%, MacLeod [161] suggested 

that the decrease in RIA-PRL was not proportionally as great as with 

newly-synthesized PRL due to the initial uninhibited secretion of pre

formed (stored) PRL. The discrepancies in the magnitude of the DA

induced inhibition of the release of 3H-PRL between Experiment 8 and 

studies in the rat may reflect differences in experimental protocol, 
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perhaps involving the incubation media, length of pituitary incubations 

or, more likely, species differences. 

Major discrepancies arise when trying to compare the effects of 

SME extracts (E-xperiment 7) on RIA-and 3H- PRL with those for DA (Ex

perimant 8). Whereas all concentrations of SME extracts from intact and 

blind/pinx animals neither inhibited the release RIA-PRL nor reduced the 

total amounts of RIA-PRL in vitro, 5 x 10-7 M and 5 x 10-5 M DA in

hibited the release of immunoreactive PRL by about 55%, and reduced 

tota 1 RIA-PRL 1 eve 1 s by approximate 1 y 15%. In contrast, SME extracts 

from blind/sham females stimulated the release of RIA-PRL by 45% to 69%, 

and increased total levels of immunoassayable PRL in vitro. Also, 

whereas the largest doses of SME extract from intact, blind/sham and 

blind/pinx females in Experiment 7 inhibited the release of 3H-PRL by 

36% to 42%, the most effective dose of DA (5 x 10-7 M) inhibited the 

release of newly-synthesized PRL by 25%. Similarly, whereas the largest 

concentrations of SME extract from intact and blind/pinx animals reduced 

total PRL synthesis by about 50%, the most effective dose of DA (5 x 10-

7 M) reduced total PRL production by only 17%. Lastly, whereas SME 

extracts from intact and blind/pinx animals reduced pituitary values of 

3H- PRL by 57%, at no concentration tested did DA alter this parameter. 

In this regard, neither did extracts from blind/sham female hamsters. 

One might explain the discrepancies between these two studies 

with regard to the RIA-PRL results on the basis of the inability of the 

extraction procedure to elute any of the DA from the SME regions ob

tained from intact and blind/pinx animals. However, in the rat, highly 
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purified hypothalamic fractions showing PIF activity in vitro have been 

shown to contain significant amounts of catecho1amines [179J. Since the 

anti-oxidant ascorbic acid was not added to the neutralized SME extracts 

in my studies, it is also possible that any DA extracted may have been 

oxidized prior to testing the extracts in vitro; this may account for 

the inability of extracts from any of the animals to reduce RIA-PRL 

levels in vitro. Alternatively, there may have been very little DA in 

the SME regions such that there was little to be extracted in the first 

place. In the rat, however, the concentration of DA in the median 

eminence of the hypothalamus is one of the highest measured in the brain 

[173,174]. Lastly, the inhibitory effects of DA in vitro on RIA-PRL 

levels may have been a phamaco10gica1 rather than a physiological ef

fect. 

When compared to the most potent concentration of DA, the 

greater ability of SME extracts from intact and b1ind/pinx animals to 

inhibit the release of 3H- PRL , as well as to reduce total PRL synthesis 

suggests that the effects of these extracts on the pituitary were due to 

some factor other than or in addition to DA itself; i.e., the extraction 

procedure may have eluted some specific PSIA from the SME regions. 

Having established that DA can inhibit the synthesis and release 

of PRL in the female hamster, it was necessary to determine whether 

these effects were due to the specific binding of the catecholamine to 

receptors on the PRL cells. To test this, the neuroleptic pimozide 

(PIM), a highly specific DA receptor antagonist [541,542], was added to 

incubation vials containing OA (Experiment 9). Should PIM block the in 
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vitro inhibitory effects of DA on PRL synthesis and release by 

pituitaries from intact female hamsters, it would provide at least 

indirect evidence for the existence of DA receptors on the lactotrophs, 

and that the inhibitory effects of DA may be due to the specific binding 

of the amine to these receptors. 

Consistent with the results of Experiment 8, 5 x 10-7 M DA in 

Experiment 9 inhibited the release of RIA-PRL by 57% while reducing 

total levels of immunoassayable PRL by 18%. Once again, DA had no 

effect on pituitary values of RIA-PRL. Pimozide entirely obviated the 

DA-induced reduction in total levels of immunoreactive PRL and complete

ly prevented the inhibition by DA of RIA-PRL release in vitro. However, 

this blocking effect may not have been due entirely to PIM, since tar

taric acid itself (the vehicle for pimozide) partially prevented the DA

induced inhibition of RIA-PRL release in vitro. Thus, it appears that 

tartaric acid itself may be acting as a partial DA receptor antagonist. 

This tartaric acid-induced increase in the release of RIA-PRL was accom

panied by a concomitant, albeit non...significant decrease in pituitary 

values of immunoreactive PRL when compared to vials containing only DA. 

This "partial DA antagonist" activity of tartaric acid has not, to my 

knowledge, been previously reported in the literature. Furthermore, it 

cannot be determined from the data presented whether this stimulatory 

effect of tartaric acid on RIA-PRL release was due to the competetive 

interaction with DA receptors, interaction with other non-dopaminergic 

receptors, or simply a non-specific stimulatory effect of the acid. 
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Interestingly, the presence of PIM in DA-containing vials also 

increased the total amounts of RIA-PRL over those measured in all other 

vials except those containing only ascorbic acid. Since the release of 

RIA-PRL in DA plus PIM-containing vials was also greater than that in 

vials containing only KRB or tartaric acid, it may be that PIM was not 

only acting as a DA receptor antagonist but may also itself have 

stimulated the release of RIA-PRL. It is unknown whether this is a non-

specific effect or whether PIM may also be acting as a "partial agonist" 

at some other receptor site. However, it has been reported that greater 

concentrations (micromolar) of PIM than that used in my study (10-8 M) 

can inhibit the secretion of RIA- and 3H-PRL by rat pitu~taries in vitro 

[192,543], suggesting a partia 1 agonist acti v ity at the DA t'eceptor site 

on PRL ce 11 s. 

The magnitude of the decrease in total values of 3H- PRL in 

Experiment 9 (20%) was comparable to that observed in Experiment 8. 

However, in Experiment 9, the DA-induced inhibition of the release of 

newly-synthesized PRL was greater (42%) than that in Experiment 8 (25%); 

it is not known whether this difference is significant. Similar to the 

results with RIA-PRL, tartaric acid itself partially blocked the DA

induced reduction in total PRL synthesis, and partially prevented the 

inhibition of the release of 3H- PRL by DA in vitro. While PIM almost 

completely blocked the DA-induced inhibition of the release of newly

synthesized PRL, it did completely prevent the reduction in total PRL 

synthesis induced by DA in vitro. 
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The re~u1ts of Experiment 9 are compatab1e with previous studies 

showing that the inhibitory effects of DA or its receptor agonists on 

PRL synthesis and release by rat pituitaries are completely blocked by 

nanomo1ar concentrations of PIM in vitro [192,543,544]. The fact that 

in my study PIM completely prevented the inhibitory effects of DA on PRL 

in vitro provides indirect evidence for the hypothesis that the PRL 

cells in the female hamster pituitary contain specific receptors for OA, 

and that the inhibition of RIA-PRL levels and PRL synthesis by OA in 

vitro may be due to the interaction of this catecholamine with specific 

membrane receptors on the PRL cells. 

From the resul ts of these studies on the effects of OA on RIA

and 3H- PRL levels in vitro, it can be concluded that in the female 

hamster: 1) OA can inhibit the the release of RIA-PRL and reduce the 

tot alamo u n t s 0 f i mm uno rea c t i ve P R Lin v it r 0; 2) 0 A can i n h i bit the 

release of 3H-PRL and reduce total PRL synthesis in vitro; and 3) these 

PRL-inhibitory effects of DA are completely prevented by the OA receptor 

antagonist PIM in vitro. 

The last study (Experiment 10) was designed to determine what 

contribution hypothalamic OA might have in the inhibitory effects of SME 

extracts from female hamsters on PRL synthesis in vitro. To test this, 

the DA receptor antagonist PIM was again added, only this time to vials 

containing SME extracts (4.0 Eq/m1) prepared from intact female ham

sters. 

As in Experiment 7, the equivalent of 4.0 SME/m1 had no effect 

on total, pituitary or media amounts of RIA-PRL in vitro. Surprisingly, 



258 

the extract failed to reduce either total, pituitary or media amounts of 

newly-synthesized PRL in vitro, results which contrast greatly with . 
those of Experiment 7. In my attempts to assure a proper set of control 

vials for the group of vials containing SME extract plus PIM, I also 

added an equal amount of tartaric acid (the diluent for PIM) to the 

extract-containing via 1 s. Reca 11 that in Experiment 9, tartaric acid 

partially prevented the DA-induced inhibition of the release of RIA- and 

3H- PRL in vitro, as well as partially blocked the reduction by DA of 

total PRL synthesis. This technical error could have been avoided had I 

already obtained the results from Experiment 9 prior to proceeding with 

Experiment 10. Thus, the most logical conclusion that can be derived 

from the results of this last study is that the tartaric acid present in 

the SME extract-containing vials might have acted as a receptor antago

nist for the PSIA and the~efore prevented the inhibitory effects of 

these SME extracts on PRL synthesis in vitro. 



CONCLUSIONS 

It is apparent that in the male hamster, the pineal gland in

hibits PRL cell function which encompasses reductions in the synthesis, 

storage and release of PRL. Furthermore, this inhibition of 1actotroph 

physiology occurs whether pineal activation is induced by exposure of 

males to a short photoperiod or by blinding. The depressions in PRL 

release and in pituitary PRL stores are evident as early as three weeks 

after male hamsters are deprived of light, whereas the inhibitory in

fluence of the pineal on PRL synthesis may be partially apparent at 

eight to nine weeks after males are deprived of 1 ight, it is not fully 

evident until 12 weeks of light restriction. One possible explanation 

for the latency to the onset of depressed PRL synthesis is that the 

pineal may initially and preferentially inhibit the storage of PRL. In 

this way, the pituitary becomes rapidly depleted of PRL, serum levels of 

the hormone decline at approx~mate1y the same rate, while the synthesis 

of PRL continues but is more gradually suppressed by the inhibitory 

influence of the pineal • 

. In the b 1 i nded fema 1 e hamster, the synthes is, storage and re

lease of PRL are also markedly suppressed. However, all aspects of PRL 

cell inhibition in the female may not be pineal-mediated. Furthermore, 

it appears that there may be some direct hypothalamic mechanism by which 

orbital enucleation inhibits PRL cell function that is independent of 

the pineal gland. Based on the data presented in this dissertation, it 

is concluded that under the conditions of the present experiments, 
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blinding and the pineal gland may independently exert rather specific 

influences upon hypophysiotrophic factors within the SME region of the 

female hamster. 

The pineal gland seems to be important in the regulation of PRL 

release via hypotha.lamic PIF and/or PRF. ,The pineal may possibly con

trol the secretion of PRL in the blinded female by inhibiting the 

release of PRF and by stimulating the release of PIF from the hypothal

amus such that the ratio of PRF:PIF activity is now increased. The 

pineal may also be involved in stimulating the degradation of pituitary 

PRL in the blinded female. Pinealectomy then appears to remove the 

stimulation of PRL degradation, as well as prevents the increase in the 

ratio of hypothalamic PRF:PIF activity. Therefore, in the blind/pinx 

female, there is a balanced ratio of PRF:PIF in the SME region. 

Furthermore, it appears that blinding itself may directly stimu

late the synthesis of hypothalamic PSIA via a pineal-independent 

mechanism. Moreover, the pineal possibly stimulates the release of this 

PSIA, such that there is 1 ittle accumul ation within the SME region and 

PRL synthesis is then inhibited. The possibility that some pineal 

substance(s) act(s) directly on the pituitary lactotrophs to inhibit PRL 

synthesis cannot be ruled out. Lastly, the pineal may inhibit the 

release of hypothalanic PSSA resulting in its accumulation in the Sr4E 

region. 

Pineal extirpation possibly prevents the stimulation of PSIA 

release; however, the synthesis of hypothalamic PSIA is still stimulated 

by orbital enucleation. Hence, there is an accumulation of PSIA within 
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the sr~E region. However there must still be a pineal-independent re-

1 ea se of PS I A in amounts that are su ffi c i ent to account for the 

depressed synthesis of PRL in blind/pinx females. 

Although DA can inhibit the synthesis and release of PRL from 

female hamster pituitaries in vitro, the exact role of this catechol

amine with respect to the pineal-dependent and -independent regulation 

of hypothalamic hypophysiotrophic factor activity is not at all clear. 

In view of the disparate effects of DA and SME extracts on PRL synthe

sis, it is doubtful that this amine plays.a major role in the regulation 

of PRL production in the female hamster. 



SUMMARY 

At the beginning of this study, I set about to further define 

the effects of the pineal gland on the PRL cell (lactotroph) of the 

anterior pituitary. I. was al so interested in determining the invol ve

ment of the hypothalamus in mediating the pineal-induced alterations in 

PRL cell physiology. From the data presented in this dissertation, it 

is evident that the pineal exerts a strong inhibition on all phases of 

PRL synthes is, storage and re 1 ease. Add i t i ana 11 y, there appear to be 

direct hypothalamic mechanisms not involving the pineal which can in

hibit PRL production. Specifically, the answers to my initial questions 

are: 
1. Q. Does light deprivation influence prolactin synthesis, 

storage and release in the female hamster? If so, does 

the pineal gland mediate this influence? 

A. Yes, blinding strongly inhibits all three of these pro

cesses. However, some aspects of PRL cell inhibition 

appear to be pineal-dependent, while others are pineal

independent. 

2. Q. Is there a differential response of prolactin cells to 

the influence of the pineal in female versus male ham

sters? 

A. No, the pineal inhibits PRL cells in both sexes. 

262 
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3. Q. What are the temporal aspects of the pineal-induced 

alterations in prolactin synthesis, storage and re

lease? 

A. In the male, the pineal-induced inhibition of PRL stor

age and release is fully developed after three weeks; 

however, the inhibition of PRL synthesis is not com

pletely evident until 12 weeks. In the female, the 

pineal- and blinding-induc~d inhibition ~f the PRL cell 

is also fully developed after 12 weeks. 

4. Q. Can PRL-inhibitory factor (PIF) activity be demonstrated 

in hypothalamic extracts from female hamsters on their 

pituitaries in vitro? 

A. Yes, specific PRL synthesis-inhibitory activity (PSIA) 

can be demonstrated in SME extracts from female ham

sters; however, demonstrable PIF activity on 

immunoassayable PRL is not present in these extracts. 

5. Q. Are there differences in the inhibitory activity of 

hypothalamic extracts between intact, blind/sham-pineal

ectomized and blind/pinealectomized female hamsters? 

A. Yes, whereas neither SME extracts from intact nor 

blind/pinx females show PIF activity on immunoreactive 

PRL in vitro, extracts from blind/sham animals demon

strate PRL-releasing factor (PRF) activity. In contrast, 

SME extracts from both intact and blind/pinx females 
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demonstrate potent PSIA in vitro, while those from 

blind/sham animals show little PSIA~ 

6. Q. Can low concentrations of dopamine (DA) inhibit prolac

tin synthesis, storage and release by pituitaries from 

female hamsters in vitro? 

A. Dopamine can inhibit the synthesis and release of PRL by 

pituitaries in vitro; however, pituitary stores of PRL 
I 

are unaltered by the presence of DA. .Also, marked dif-

ferences are noted between the PRL-inHibitory effects of 

DA and those produced by SME extracts'l 



APPENDIX A 

HETEROLOGOUS PROLACTIN RADIOIMMUNOASSAY 

The rat PRL for iodination (1-5), standard rat PRL (RP-2) and 

anti-rat PRL (S-7) were all generously supplied by NIAMDD Rat Pituitary 

Hormone Distribution Program. The procedures were as follows: 

I. Iodination of PRL 

A. Preparation of the column 

1. Sephadex G-75 was soaked overnight in 0.01 M phos

phate-buffered saline (PBS) at 4oC. On the day of 

use the sephadex was brought to room temperature 

and placed under vacuum to remove excess bubbles. 

2. Columns were prepared from disposable glass 10 ml 

pipettes to which was added a glass bead to keep 

the sephadex from running out the tip. 

3. The sephadex was poured into the column to a height 

of 20 em and 0.01 M PBS perfused through it for one 

hour. 

4. The column was then coated with 2 ml of 2% bovine 

serum albumin (BSA, Sigma Chemical Co.) in 0.01 M 

PBS and the column washed with 10 ml 0.01 M PBS. 

B. Iodination 

To a 400 ~l disposable reaction vial was added in the 

following order: 
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1. 2.5 pg iodination grade rat PRL previously dis

solved in 25 pl 0.01 M PBS. 

2. 100 pl 0.5 M PBS. 

3. 1.0 mCi Na-125 r (New England Nuclear Corp.) in 10 

pl 0.5 M PBS. 

4. 12.5 ~g choramine-T (Sigma Chemical Co.) in 25 ~l 

0.01 M PBS and vortexing begun. 

5. After 30 seconds, 250 pg sodium metabisulfite in 

100 pl 0.01 M PBS. 

6. After another 15 seconds, 50 ~l 5% BSA-PBS and 

vortexing continued for ten more seconds. 

C. Chromatography of 125r-PRL 

1. The entire contents of the reaction vial were then 

layered on top of the sephadex column and washed in 

with two 500 ~l aliquots of 0.01 M PBS. 

2. Five drop aliquots of the column eluent were col

lected in 13 x 100 mm tubes to which had been added 

50 pl 2% BSA-PBS. 

3. 50 tubes were collected. 

4. 10 ~l aliquots of each tube were then counted in a 

gamma counter (Packard) to determine the peak val

ues. The first peak was supposed to contain the 

intact 125r-PRL • The contents of the tubes from the 

first peak to the subsequent trough were saved. 
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II. Assay Protocol 

A. The appropriate number of 10 x 75 mm glass tubes were 

labeled. 

B. To each tube was added: 

1. 200 III 1% BSA- PBS. 

2. 200 III hamster sample (each sample was run in du

plicate) or the appropriate amount of standard rat 

PRL. Standard curves for the calculation of PRL

like activity (PRLa) in hamster samples were 

constructed by adding various aliquots of either a 

standard male hamster serum or pituitary pool (in

stead of standard rat PRL). 

3. 50 III 125I-PRL previously diluted to 25,000-30,000 

cpm/50 III 0.1% BSA-PBS. 

4. 100 III anti-rat PRL previously diluted to 1:2500 

with 3% normal rabbit serum (NRS) in 0.01 M PBS 

containing 1.88 g/100 ml ethylenediamine tetra

acetic acid. 

C. Two sets of additional tubes were added to each assay: 

1. Total count tubes - 50 III 125I-PRL solution. 

2. Non-specific binding tubes - 50 ~l 125 I-PRL solu

tion and 500 III 1% BSA-PBS. 

D. The tubes were then incubated either at 40C for three 

days or at room temperature for 24 hours. 
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E. To each tube,. except tot a 1 count tubes, was added: 

1. 100 III 2% NRS-PBS. 

2. 25 III sheep anti-rabbit gamma globulin (TLC Anti

bodies) and the tubes vortexed. 

F. Incubation was continued for another 24 hours. 

G. The tubes were then centrifuged at 2500 rpm for 20 

minutes and the supernatant aspirated from all tubes 

(except the total count tubes). 

H. The tubes were counted for one minute. 

I. The percent binding was calculated for each tube by 

dividing the cpm for that tube by the average cpm of 

the total count tubes. 

J. Standard curves were plotted as follows: 

1. A standard curve for rat PRL was plotted as percent 

binding for each dilution of standard rat PRL ver

sus the log of the known PRL concentration of that 

dilution and the slope determined by linear regres

sion. 

2. Standard curves for hamster PRL-like activity 

(PRLa) were plotted as percent binding for each 

aliquot of either the male hamster serum or pitui

tary pool versus the aliquot size and the slope 

determined by linear regression. Since the rat PRL 

standard curve and standard curves derived from the 

male hamster serum and pituitary pools did not show 
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parallelism, an arbitrary Unit of PRLa was desig

nated as that amount of PRL-like activity found in 

1 pl of either the standard male hamster serum or 

pituitary pool. Whereas hamster serum samples were 

read from the serum pool standard curve, pituitary 

and media samples were read from the pituitary pool 

standard curve. 



APPENDIX B 

3H-PROLACTIN ASSAY 

Labeled PRL in vitro in both the media and pituitary homogenates 

was separated from other labeled compounds by polyacrylamide gel elec

trophoresis according to methods previously described [160,298,545J as 

follows: 

I. Reagents 

Solution A: (pH 8.8-9.0) 

1 N HCl 48 ml 

Tris 36.3 9 

Tetramethylethylenediamine 

dH20 to make 

Solution C: 

Acrylamide 

Bi s Acryl amide 

dH20 to make 

Solution G: 

Ammonium Peroxydisulfate 

dH20 to make 

Tris-Glycine Buffer: 

Tris 

Glycine 

dH20 to make 
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0.36 ml 

100 ml 

28.0 9 

0.735 9 

100 ml 

0.14 9 

100 ml 

3.0 9 

14.1 9 

1 liter 



Tracking Dye: 

0.005% Bromphenol Blue Solution 

Specimen Stain: 

Analine Black 

7% acetic acid to make 

1.0 g 

200 ml 
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All reagents except HCl and acetic acid were obtained from 

Eastman Organic Chemicals. 

II. Preparation of Gels 

A. Previously cleaned 5 mm 10 x 75 mm gel tubes were placed 

in rubber stoppers and mounted in a polymerization rack. 

B. The gel solution was prepared by combining: 

1 part solution A 

2 parts solution C 

1 part dH 20 

4 parts solution G 

C. Each gel tube was fil led with the gel solution to within 

5-10 mm of the top. 

D. After all tubes were fil led, a few drops of dH 20 were 

gently layered on top of the gel solution with a syringe 

to eliminate the meniscus and form a flat surface on the 

polymerized gel. 

E. The polymerization rack was then placed in the dark and 

the gels allowed to polymerize for 30-45 minutes. 
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III. Preparation of Samples 

A. Incubation media: 

75",1 8% sucrose so 1 ut i on was added to 500 ",1 of med i a 

(i.e., a 15% volume:volume of an 8% sucrose solution). 

B. Pituitary homogenates: 

50",1 10% Triton X-IOO (Sigma Chemica 1 Co.) was added to 

500 ",1 of pituitary samples previously homogenized in 

0.01 M PBS. The homogenates were then left to stand at 

room temperature for 15 minutes, homogenized again, 75",1 

8% sucrose solution added and the tubes centrifuged for 

fi ve minutes at 3000 rpm. 

IV. Loading the Samples on the Gels 

A. After the gels were polymerized the rubber stoppers were 

removed, the water layer shaken off and the tubes fitted 

into the upper buffer chamber of an electrophoresis unit 

(Bio-Rad Laboratories). 

B. The lower buffer chamber was filled with the appropriate 

amount of tris-g1ycine buffer. 

C. The upper buffer chamber was fi1 led with tris-g1ycine 

buffer that contained 5 m1/1iter of tracking dye. 

D. A Hamilton syringe was used to carefully layer 200",1 of 

the samp 1 e into the we 11 1 eft on the top of each ge l. 

Each sample was run in duplicate. 
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V. Electrophoresis 

A. Once all the samples were loaded on the gels the elec

trodes were connected. 

B. The power supp 1 y was set for constant current at 4 

ma/gel. 

C. El ectrophoresis was continued unti 1 the dye front 

reached a point within a few mm of the bottom of the 

gel. 

VI. Staining 

A. The ge 1 s were removed from the ge 1 tubes by us i ng a 50 

ml syringe fil led with dH20 that had a blunted 20 gauge 

needle attached. The needle was inserted between the gel 

and the tube wall and dH20 injected to loosen the gel. 

B. The gels were then placed in 13 x 75 mm tubes and the 

tubes filled with specimen stain. 

C. The gels were stained for at least 30 minutes. 

VII. Destaining 

A. The unbound stain was removed either in an electrophore

tic destaining apparatus or in a diffusion destainer 

(Bio-Rad Laboratories). 

B. Destaining was continued until the protein bands were 

clear 1 y vis i b 1 e. 
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VIII. Cutting the Gel 

A. The gels were placed on a light table and that portion 

of the gel containing the appropriate band cut with a 

razor blade. 

B. The ge.l segments were bi sected and placed in sc i nt ill a

tion vials with I'ml NCS tissue solubilizer (Amersham 

Searle Corp.) that had previously been diluted to 92% 

with dH 20. 

C. The gel segments were incubated at room temperature for 

24 hours. 

o. 10 ml ACS scintillation cocktail (Amersham Searle Corp.) 

was then added to each vial and left to stand another 48 

hours at room temperature. 

E. The via 1 s were counted in a scinti 11 ation counter 

(Sear 1 e). The ex terna 1 rat i os method was u sed to cor

rect cpm to disintegrations per minute (dpm). 

IX. Validation 

A. Co-migration with standard hamster PRL 

Several major protein bands were seen in the gels 

after destaining (Fig. 39). The first, in order from the 

origin, consisted of a broad dense band in the media

containing gel while that in the pituitary sample gel 

appeared to be resolved more completely into two bands 

of lesser density. If data can be extrapolated from the 

rat, it might be assumed that these bands represent 
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growth hormone [160,525]. Whi 1 e the second band in the 

media sample gel was very dense, a corresponding band in 

the pituitary-containing gel was nearly absent; if data 

can be extrapolated from the rat, it might be assumed 

that this band represents serum albumin 

[298,525,526,528,546]. The identity of the next thin 

band in the pituitary sample gel is unknown. The band 

closest to the dye front co-migrated with. standard ham

ster PRL supp 1 i ed by Ta 1 amantes. The PRL band of both 

the samples and the standard hamster PRL actually con

sists of two bands, major and minor, with the major band 

being most prominent. 

When the entire gel from either pituitary homog

enates or incubation media was cut into five mm segments 

and each segment assayed for tritium, one major peak of 

activity was observed which derives from that region of 

the gel that contains PRL (Fig. 40 and 41). Also, in 

gels from pituitary homogenates (Fig. 40) a considerable 

quantity of tritium remained at the origin, suggesting 

that this tritium may be incorporated into very large 

proteins or membrane-bound. 

B. Radioimmunoassay for PRL 

To ensure that the presumptive PRL band actually 

contained the majority of the PRL from the samples, 

segments of the gel were subjected to radioimmunoassay 
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for hamster PRL (See Appendix 0). To accomplish this, 

duplicates of media and pituitary samples, as well as 

the hamster PRL standard, were electrophoresed as out-

1 ined above except that only one of each pair was 

stained for proteins. The other gel was wrapped in 

cellophane, placed in a tube and then stored at 40 C 

u~til the stained gels were destained by diffusion (ap

proximately 18 hours). The destained gels were then 

used as cutting guides for the unstained gels. Each 

unstained gel was cut into five mm segments from the 

origin to the dye band. Each segment was then bisected 

twi ce and placed in 500,,1 Ear 1 e' s ba 1 anced sa It so 1 ut ion 

for 24 hours at 40 C [546J. The gel eluents were then 

assayed for hamster PRL as described in Appendix o. 

With this procedure, a single peak of PRL was 

observed in the gel containing purified hamster PRL; 

this peak represented 71% of the total RIA-PRL in the 

gel (Fig. 42). Additionally, single yet broader peaks of 

PRL were observed in both pituitary homogenates and 

media (Fig. 43 and 44). This peak represented approxi

mately 64% and 72% of the total RIA-PRL in the gels from 

the pituitary and media samples, respectively. A moder

ate amount of PRL a 1 so remained at the origin in gel s 

from pituitary homogenates (Fig. 43), suggesting: 1) a 

very large protein with PRL-like immunoreactivity; 2) a 
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multiple molecular form of PRL (i.e., pre-prolactin); 

and/or 3) a solubilization artifact such that this 

quantity of PRL did not electrophorese. 
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Figure 39. Polyacrylamide disc gels showing the protein bands seen 
after electrophoresis of either 25 llg of standard rat PRL, five 1-lg of 
standard hamster PRL, or electrophoresis of 200 ~-tl of medium (M) or 200 
~-t l of pituitary homogenate (P) obtained from in vitro incubation of 
three female hamster hemipituitaries for two hours. The location of the 
presumptive growth hormone (GH) and serum albumin (Alb) bands are also 
shown. 
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Figure 40. The total amount of tritium in fiv~ mm polyacrylamide gel 
segments after electrophoresis of 200 ~ of pituitary homogenate obtained 
from in vitro incubation of three female hamste~ hemipituitaries for two 
hours. The incubation medium contained 10 pCi ~-leucine/ml. The loca
tion of the presumptive PRL band is indicated (arrow). 
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Figure 41. The total amount of tritium in five ~ polyacryl amide gel 
segments after electrophoresis of 200 ~l of me ium obtained from in 
vitro incubation of three female hamster hE!Tlipiti taries for two hours. 
The incubation medium contained 10 ~Ci 3H-leucin 'ml. The location of 
the presumptive PRL band is indicated (arrow). 
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Fig ure 42. The tota 1 amou nt of rad i 0 immunoas sayab 1 e PRL (RIA- PRL) ; n 
eluents of five mm polyacrylamide gel segments after electrophoresis of 
five ug of standard hamster PRL. The location of the PRL band is 
indicated (arrow). 
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Figure 43. The total amount of radioimmunoassayable PRL (RIA-PRL) in 
eluents of five mm polyacrylamide gel segments after electrophoresis of 
200 ~l of pituitary homogenate obtained from in vitro incubation of 
three female hamster hemipituitaries for two hours. The location of the 
presumptive PRL band is indicated (arrow). 
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Fig ure 44. The tota 1 amount of rad i 0 immunoas sayab 1 e PRL (RIA-PRL) in 
eluents of five mm polyacrylamide gel segments after electrophoresis of 
200 pl of medium obtained from in vitro incubation of three female 
hamster hemipituitaries for two hours. The location of the presumptive 
PRL band is indicated (arrow). 



APPENDIX C 

INCORPORATION CURVE FOR 3H-LEUCINE 

An incorporation curve for 3H-l euc ine was performed to determine 

what quantity of radiolabeled precursor should be added to incubation 

vials in subsequent experiments for an appropriate level of incorpora

tion into PRL in vitro. 

Either 0,0.5,2.5,5.0 or 10.0 pCi 3H-leucine (one Ci/mM) was 

added to incubation vials containing one ml KRB and three hemipitui

taries obtained from intact female hamsters. Pituitaries were incubated 

in vitro with constant shaking at 37 0 C. At the end of the two hour 

incubation, the three hemipituitaries/vial were homogenized in 750 pl 

0.01 M PBS, and the media aspirated and saved. Pituitary and media 

samples were stored at -20 0C until assayed for the incorporation of 3H-

leucine into PRL. 

The incorporation of 3H-l euc ine into PRL proceeded in a log

rithmic-like fashion with increasing quantities of radiolabeled 

precursor from 0.5 to 10.0 pCi 3H-l euc ine/vial (Fig. 45). Since the 

10.0 pCi amount of 3H-leucine provided the greatest amount of incorpora

tion of those amounts tested, this quantity of 3H-l euc ine was added to 

one ml of incubation medium (KRB) for all subsequent in vitro experi

ments. 
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Figure 45. The mean total (open bars), pituitary (cross-hatched bars) 
and media amounts (solid bars) of newly-synthesized (3 H-) PRL contained 
in incubation vials following in vitro incubation of anterior pitui
taries from intact female hamsters. Either 0,0.5,2.5,5.0 or 10.0 J£i 
3H-leucine was added to vials containing one ml KRB. There were six 
vials per group and three hemipituitaries per vial. Pituitary incuba
tion was continued for two hours. 



APPENDIX 0 

HOMOLOGOUS PROLACTIN RADIOIMMUNOASSAY 

The standard hamster PRL for Jodination and for use in assays, 

as well as anti-hamster PRL were all generously supplied by Dr. Frank 

Talamantes. The procedures were a modification of the methods of Soares 

et al. [513J as follows: 

I. Iodination of PRL 

A. Preparation of the column 

1. Sephadex G-75 was soaked overnight in 0.01 M 

phosphate-buffered saline (PBS) at 40C. On the day 

of use the sephadex was brought to room temperature 

and placed under vacuum to remove excess bubbles. 

2. Columns were prepared from disposable glass 10 ml 

pipettes to which was added a glass bead to keep 

the sephadex from running out the tip. 

3. The sephadex was poured into the column to a height 

of 20 em and 0.01 M PBS perfused through it for one 

hour. 

4. The column was then coated with 2 ml of 2% BSA in 

0.01 M PBS and the column washed with 10 ml 0.01 M 

P~. 

B. Iodination 

To a 400 pl disposable reaction vial was added: 
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1. 5.0 pg standard hamster PRL previously dissolved in 

10 pl 0.01 M sodium bicarbonate (pH 8.75). 

2. 100 pl 0.5 M PBS. 

3. 1.0 mCi Na-125 I(New England Nuclear Corp.) in 10 pl 

0.5 M PBS. 

4. 12.5 pg chloramine-T (Sigma Chemical Co.) in 25 1 

0.01 M PBS and vortexing begun. 

5. After 30 seconds, 250 pg sodium metabisulfite in 

100 pl 0.01 r~ PBS. 

6. After another 15 seconds, 50 pl 5% BSA-PBS and 

vortexing continued for ten more seconds. 

C. Chromatography of 125 I-PRL 

1. The entire contents of the reaction vial were then 

layered on top of the sephadex column and washed in 

with two 500 pl aliquots of 0.01 M PBS. 

2. Five drop aliquots of the column eluent were col

lected in 13 x 100 mm tubes to which had been added 

50 pl 2% BSA-PBS. 

3. 50 tubes were collected. 

4. 10 pl al iquots of each tube were then counted in a 

gamma counter (Packard) to detennine the peak val

ues. The first peak was supposed to contain the 

intact 125 I- PRL . The contents of the tubes from the 

first peak to the subsequent trough were saved. 
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II. Assay Protocol 

A. The appropriate number of 10 x 75 mm glass tubes were 

labeled. 

B. To each tube was added: 

1. 50 pl 0.1% BSA-PBS. 

2. 50 pl sample (each sample was run in triplicate) or 

the appropriate amount of standard hamster PRL. 

3. 100 pl anti-hamster PRL previously diluted to 

1:30,000 with 3% NRS in 0.01 M PBS containing 1.88 

g/100 ml ethylenediamine tetraacetic acid (except 

the total count and non-specific binding tubes; see 

step E below). 

C. The tubes were vortexed lightly and then incubated for 

24 hours at room temperature. 

D. To each tube was added 100 pl 125 I-PRL previously 

diluted to approximately 10,000 cpm/100 pl in 0.1% 

BSA-PBS. 

E. Two sets of additional tubes were added to each assay: 

1. Total count tubes - 100 pl 125 I-PRL solution. 

2. Non-specific binding tubes - 100 pl 125 I-PRL solu

tion and 100 pl 0.1% BSA-PBS. 

F. The tubes were lightly vortexed and then incubated at 

room temperature for 24 hours. 
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G. To each tube was added 100 pl goat anti-rabbit gamma 

globulin (Antibodies Incorporated) previously diluted 

1:16 with 0.01 M PBS (except the total count tubes). 

H. The tubes were vortexed lightly and then incubated for 

24 hours at room temperature. 

I. The tubes were then centrifuged at 3000 rpm for 20 

minutes and the supernatant aspirated from all tubes 

(except the total count tubes). 

J. The tubes were counted for one minute. 

K. The percent binding was calculated for each tube by 

dividing the cpm for that tube by the average cpm of 

the toal count tubes. 

L. The standard curve for hamster PRL was plotted as 

percent binding for each dilution of standard hamster 

PRL versus the log of the known PRL concentration of 

that dilution and the slope determined by linear re

gression. 
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Figure 46. Representative standard curve for the homo 1 ogous hamster PRL 
radioimmunoassay. 



APPENDIX E 

DNA ASSAY 

The DNA from the pituitary homogenates of three female hamster 

hemipituitaries incubated for two hours in vitro (Experiments 6a, 6b and 

6c) was extracted according to Maurer [339] and measured by the Burton 

colorimetric assay [547] as follows: 

I. Extraction Procedure 

A. To a two ml reaction vial was added: 

1. 100 ~l pituitary homogenate 

2. 25 ~l 1% BSA 

3. 125 ~l dH20 

4. 250 ~l 0.5 M perchloric acid (PCA) 

B. The samples were vortexed, placed on ice, then centri

fuged for two minutes in a Beckman microfuge. 

C. The supernatant was aspirated and the pellet washed 

twice by suspension in 500 ~l 0.25 M PCA and centri

fuged again. 

D. The supernatant was again aspirated and the pellet 

hydrolyzed by suspension in 250 ~l 0.5 M PCA and 

heated in a water bath to 80 0C for 30 minutes. 

E. The samples were then cooled and centrifuged again. 

II. Preparation of the Standard 
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A. 50 mg calf thymus DNA (Worthington Biochemical) was 

dissol ved in 10 ml 0.5 M PCA. 

B. The DNA was hydrolyzed by heating to 70 0 C for 15 

minutes, then cooled on ice and centrifuged at 3,000 

rpm for five minutes. 

C. The supernatant was decanted into a 50 ml volumetric 

fl ask and (without the addition of DNA) steps A and B 

repeated. 

D. The supernatants were combined and the volume brought 

to 50 ml with 0.5 M PCA (final dilution = Img/ml). 

III. Assay Protocol 

A. Either 200 ,,1 of the sampl e (supernatant from step I.

E.) or 200 ,,1 of the appropriate concentration of DNA 

standard (2-20 "g) was added to 10 x 75 mm glass 

tubes. 

B. 400 ,,1 diphenylamine reagent (1.5 g diphenylamine + 

100 ml glacial acetic acid + 1.5 ml concentrated 

sulfuric acid + 500 ,,1 1.6% acetaldehyde) was added to 

each tube. 

C. The tubes were then incubated in a water bath at 30 0 C 

in the dark for 15-17 hours. 

D. The absorbance of each tube was then read against a 

bl ank tube (200 ,,1 0.5 M PCA incubated as described 

above) at 600 m" on a spectrophotometer (Gilson). 
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