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ABSTRACT 

The direction of this study was the investigation 

of the hypothalamic-hypophysial-thyroid axis of the chicken. 

The specific purpose of the study was to evaluate the re

sponse of pituitary thyrotrophs to exogenous modifiers in 

order to determine: 1) the distribution of thyrotrophs in 

the avian hypophysis, 2) the possible presence of 2 distinct 

types of thyrotrophs and 3) the controls imposed on the 

thyrotrophs by endogenous mediators. 

The study was divided into 2 sections; 1 investi

gated the effects of thyroidectomies on pituitary thyroid 

stimulating hormone (TSH) content and the other, using organ 

culture, investigated the effects of thyrotropin releasing 

hormone (TRH) and thyroxine (T4) on pituitary TSH content 

in vitro. 

Thyroidectomies of 2 to 5-day-old chicks were accom

plished via surgical intervention. Pituitaries were assayed 

at 8 and 12 weeks post-thyroidectomy using thyroidal uptake 

32 of P by baby chick thyroids as an indicator of TSH pres

ence. Pituitaries were divided into rostral and caudal 

portions prior to assay and the pooled halves were assayed 

separately. 

Organ cultures were performed on pituitaries removed 

from 18-month-old chickens. Pituitaries were divided into 

vii 
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rostral and caudal portions prior to incubation. A Dubnoff 

Incushaker was used and pituitaries were exposed to TSH or 

at 25.00 pg and 10.0 jug respectively. After incubation 

pituitaries were assayed for TSH content using thyroidal 

3° 
P uptake as described above. 

Pituitaries from birds thyroidectoni^ed for 8 weeks 

did not differ from controls in their ability to stimulate 

3° 
'"P uptake by the thyroid in baby chicks. In contrast, 

birds thyroidectomised for 12 weeks had an increased TSH 

content in both rostral and caudal lobes of the pituitary. 

The rostral and caudal portions differed significantly in 

TSH content from each other in both experimental and con

trol groups. 

In the organ cultures, gland portions incubated with 

TRH had a significantly increased TS1I content in the rostral 

lobe only while T^ depressed TSH content in both lobes. 

Gland portions incubated without the addition of T^ or TRH 

had an increased TSII content. 

Rostral and caudal lobes appeared to be functioning 

independently in relation to TRH; however, both seemed to be 

responsive to . 

The results of this study diu not substantiate the 

previous reports of other authors that the caudal portion of 

the chicken pituitary is without thyrotropic function. 

In the intact animal it appears likely that thyro

trophs are of 2 types: 1 type (A-j_) is responsive to 
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hypothalamic TRH; the other (Ag) responsive to feed

back from the thyroid. It is proposed that thyrotrophs 

are localized in the rostral lobe only while Ag thyrotrophs 

are found in both lobes. 

The findings of this study may be used to explain 

the observations of several authors that pituitary discon

nection from the hypothalamus did not uniformly result in 

thyroid inactivity. In fact, the A2 cells may have become 

more active in the production of TSH as a result of de

creased feedback and, thus, adequately maintained thyroid 

activity. 



INTRODUCTION 

The avian pars distalis is morphologically divided 

into 2 lobes; an anterior (cephalic) rostral lobe and a pos

terior caudal lobe (Mikami, 1958; Singh and Dominic, 1970). 

The 2 lobes, although fused in the adult, can be separated 

histologically. Tixier-Vidal, Follott and Farner (1967) 

have described 7 cell types in the pars distalis of the 

Coturnix Quail (Coturnix coturnix japonica) and most of 

these cells were localized in either the rostral or caudal 

lobe. Of the 7 cell types, only 2, the delta and kappa 

cells were distributed throughout both rostral and caudal 

lobes. Of the other 5 cell types, beta, epsilon, and eta 

cells were localized in the rostral lobe while alpha and 

gamma cells occurred only in the caudal lobe (Tixier-Vidal, 

Follett and Farner, 1968). In the chicken (Gallus domesti-

cus) 5 of the cell types were found in both lobes but delta 

and kappa cells were found only in the rostral lobe (Mikami, 

1958). Payne (1944) had previously reported this same 

arrangement in the chicken. In a 1968 study, Tixier-Vidal 

et al., reporting on sections stained by various techniques, 

described 7 distinct chromophil cell types in the Coturnix 

Quail. Three were glycoprotein containing and were there

fore periodic-acid-Schiff positive. These were confirmed as 

delta (thyrotrophs), beta (gonadotrophs), and gamma (thought 

1 
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to also have gonadotropic function) by experimental manipu

lation. Four types of acidophilic cells were also found; 

alpha, eta, epsilon and kappa. It was concluded that these 

cell types secreted somatotropic hormone, prolactin, adreno

corticotropic hormone, and melanophore stimulating hormone 

respectively. 

The anatomy of the avian pituitary vascular system 

has been described in detail by Vitums et al. (1964). In 

addition Assenmacher (1952) has described pituitary blood 

flow in the Mallard Duck (Anas platyrhynchos) and Sharp and 

Follett (1968) have described these vessels in the Coturnix 

Quail. The primary plexus of the median eminence is sup

plied by infundibular arteries arising from the internal 

carotids and is drained by portal vessels to the pars dis-

.talis. The pars distalis capillaries drain into the caver

nous sinus. There is no direct vascular supply from the 

carotid or infundibular arteries to the pars distalis. 

Vitums et al. (1964) and Sharp and Follett (1968) 

have proposed a point to point vascular supply in the White-

crowned Sparrow (Zonotrichia leucophrys) and Coturnix Quail 

respectively between the median eminence and the pars dis

talis. Rostral and caudal portions of the pars distalis 

receive blood from rostral and caudal portions of the capil

lary plexus respectively. 

In mammals, releasing factors (hormones) are pro

duced in the hypothalamus and effect the release of trophic 
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hormones from the pars distalis (Guillemin, 1967). This 

also may be the case for thyrotropin in the bird (Bolton, 

Chadwick and Scanes, 1973). In the mammal (primarily rat 

and man) the control of thyrotropin (TSH) release from the 

pituitary in response to thyrotropin releasing hormone (TRH) 

and thyroxine (T4) as well as triiodothyronine (Tg) has 

been discussed and relatively complete models of control 

have been constructed (Hershman and Pittman, 1971). The 

mechanisms for control of the avian hypothalamic-

hypophysial-thyroid axis are not as clearly understood. 

According to Payne (1944) and Mikami (1958) the 

thyrotropic cells of the chicken pituitary are limited to 

the rostral end of the pars distalis while Tixier-Vidal et 

al. (1967) have reported thyrotrophs in both lobes of the 

Coturnix Quail. Tixier-Vidal et al. (1968) have remarked on 

the "apparent difference" between these 2 Galliform species 

and note that the distribution of delta cells in the quail 

is the same as that in the Pekin Duck (Anus platyrhnchos) 

(Tixier-Vidal and Assenmacher, 1962), the Common Pigeon 

(Columba livia) (Tixier-Vigal and Assenmacher, 1966), and 

in the Orange Weaver (Pyromelana franciscana) (Gourdji, 

1965). 

Brasch and Betz (1971) used pituitary transplant 

techniques on chicken embryos to study the regional distri

bution of trophic hormones. Estimation of TSH presence was 

determined from thyroid gland histology. This study 



4 

supports localization of TSH in the rostral lobe of the 

chicken but does not allow interpolation to other species. 

Radke and Chiasson (1974), using the Lamberg (1953) 

assay for TSH, showed the rostral lobe of the chicken to 

contain the predominant amount of TSH but also found signi

ficant levels in the caudal lobe. A similar study (Radke 

and Chiasson, 1975) has shown this same relationship in the 

Coi-turnix Quail. It appears that these 2 Galliform species 

are more similar in thyrotroph distribution than has been 

indicated by Tixier-Vidal et al. (1963). 

Assenmacher and Tixier-Vidal (1962) sectioned the 

portal vessels of the male Pekin Duck and interposed a 

sclerotic sheet without changing thyroid fixation of radio-

iodine or modification of the rate of thyroid hormone syn

thesis but they did increase plasma radioactivity. These 

workers also found that hypophysectomy decreases the fixa

tion of radioiodine and increases plasma radioactivity and 

concluded that iodotyrosine synthesis was not inhibited but 

production nearly ceased and T^ was greatly reduced. 

Rosenberg et al. (1967) studied the effects of hypo-

131 physectomy and transected portal vessels on thyroid I 

127 metabolism and I content in the male duck and found that 

portal vessel transection depressed thyroid function but not 

as severely as did hypophysectomy. 

Egge and Chiasson (1963) lesioned the median emi

nence and infundibular stalk of White Leghorn hens with no 
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noticeable effect on thyroid activity, although egg laying 

was stopped and secondary sex characters were suppressed. 

These researchers also lesioned the preopticus anterior in 

the hen and found a reduced thyroid weight and a reduced 

number of reabsorption lacunae of the thyroid colloid which 

was interpreted to indicate reduced TSH at the thyroid. 

The results of Assenmacher and Tixier-Vidal (1962), 

Egge and Chiasson (1963) and Rosenberg et al. (1967) above, 

appeared to indicate that the pituitary is necessary in 

order to maintain thyroid function in the bird and further 

that disconnection of the pituitary from the hypothalamus 

only slightly alters thyroid function. 

Egge, Radke and Chiasson (1975) lesioned White Leg

horn hens in 2 areas: the septomesencephalic tract (tract 

lesions) and the supraoptic or ventrolateral nuclei (nuclear 

lesions). Each lobe of the pars distalis was assayed for 

changes in TS1I content by the Lamberg (1953) assay and 

brains were histologically examined to verify lesion loca

tions. In birds with tract lesions the rostral lobe was 

found to contain significantly higher levels of TSH than the 

rostral lobe of controls and the caudal lobe was unchanged. 

In birds with nuclear lesions there was a slight but insig

nificant increase in rostral lobe TSH levels. The caudal 

lobe of birds with nuclear lesions was increased but to an 

insignificant degree. These results appeared to indicate 

a separate control of rostral and caudal lobes. 



6 

Gehrmann (1967) with somewhat less conclusive evi

dence had also shown that tract lesions stimulated thyroid 

activity in White Leghorns and White Mountain Breeders, 

131 finding an increased I uptake and release as well as a 

reduced thyroid gland weight. 

The discrepancy between the histological results of 

Mikami (1958), Brasch and Betz (1971) and the TSH assay re

sults of Radke and Chiasson (1974) as to the presence of 

thyrotrophs in the caudal pars distalis of the chicken re

mains an enigma. The possibility that the small TSH acti

vity found in the caudal lobe (Mikami, 1958) was a result of 

contamination from the rostral lobe as was concluded has not 

been entirely eliminated by the studies of Radke and 

Chiasson (1974). Further, the possibility of separate and 

apparently discrete portal vessel supplies to the 2 lobes 

raises the question of similarly separate controls for 

caudal thyrotrophs should they exist. 

The apparently independent control of rostral and 

caudal lobes of the avian pars distalis, disclosed by Egge 

et al. (1975), may have significance when considered in con

junction with the autonomous functioning of the pars dis

talis after hypothalamic disconnection. 

The present study was designed to determine if 

caudal thyrotrophs do exist in the chicken as in other avian 

forms and to identify the roles of rostral and caudal thyro

trophs in the avian hypothalamic-hypophysial-thyroid axis. 



MATERIALS AND METHODS 

Two approaches to the problem were undertaken, a 

thyroidectomy study and an in vitro study involving incuba

tion of Y/hite Leghorn pituitary portions. The assay for 

thyrotropin which was employed in each of the studies was 

that of Lamberg (19 53). 

The Lamberg Assay 

Procedural modifications of the assay from the tech

nique of Lamberg (1953) were kept at a minimum, the only 2 

involving: 1) the use of chicks of both sexes instead of 

males only and 2) a time interval of 2 hours rather than 3 

between isotope injection and dissection. 

As a result of a preliminary assay of HIH bovine 

TSH-B„ it was determined that these changes did not affect 
b 

the linearity or sensitivity of the assay which remained 

linear from 0.25 mU to 4.0 rnU (rnilli International Units) of 

TSH. These same limits of linearity were also reported by 

Lamberg (1953). 

At hatching White Leghorn chicks were placed in an 

environmental chamber of 36° C, with constant fluorescent 

illumination and 30% humidity and remained under these con

ditions until the termination of the assay. At 1 day of age 

the chicks (10 per treatment group) were injected (subcuta-

neously on the right breast) with a known TSII concentration 

7 
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(National Institute of Health bovine TSH-B^) dissolved in 

albumin saline (a.s.). Albumin saline was prepared as 0.9% 

NaCl, 0.5% bovine albumin in distilled water. Unknowns were 

injected with a.s. as a solvent. Albumin saline was also 

injected into controls. All injections were administered at 

the rate of 2 chicks every 2 minutes. The TSH knowns were 

injected in 10 mU and 40 mU/rnl a.s. (0.1 cc/chick). Each 

unknown pituitary sample was diluted to give the same rela

tive concentrations as the knowns as a check of assay par-

allelicity. 

32 Carrier free P (phosphoric acid-IICl free) was in

jected subcutaneously on the left breast so that each chick 

received the isotope exactly 3 hours after receiving the 

initial hormone injection. Twenty/iCi/chick were given in a 

volume of 0.1 cc a.s. 

Again in the same sequence, each chick was killed by 

a blow to the skull exactly 2 hours after receiving the iso

tope injection. Both thyroids from each chick were dis

sected, fat and connective tissue were carefully trimmed, 

and the cleaned glands were placed on individual 14 inch 

diameter, stainless steel planchets. The glands were dried 

for 24 hours in an oven at 100° C and then allowed to equi

librate at room temperature for 2 hours before counting. 

Counting of beta emission was done on a Nuclear Chicago 192A 

geiger counter and scaler with an automatic planchet changer 

and time printer. Time to count 20,000 counts was 
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determined for each pair of thyroids. Counting voltage was 

1250 v and gas flow was a constant 4 psi. The same radium 

source was used to determine the plateau for the entire ex

periment. A warm up time of at least 6 hours was allowed 

before each counting session. Background and calibration 

counts were taken periodically during each counting session. 

The square root of the time to count 1000 counts was 

then plotted against dosage for the knowns, and then un

knowns were calculated from the resulting curve. Statisti

cal significance was determined by the Student Newman-Keuls 

mean comparison procedure at the 95% interval (Steel and 

Torrie, 1960). 

Thyroidectomies 

Numbers of adult (18-month) female Y/hite Leghorns 

were maintained on a diet of chicken laying mash (University 

of Arizona Poultry Experiment Station) and water ad libidum. 

Two groups of thyroidectomized birds were studied. The 

first group was thyroidectomized 8 weeks before sacrifice 

for TSH assay and the second group was assayed 12 weeks 

after thyroidectomy. The birds were from 2 to 5 days of age 

when thyroidectomized. Other procedures were identical in 

the 2 experiments except where otherwise indicated. Thir

teen (exp. 1) and 11 (exp. 2) 4-week-old chicks (sex unde

termined) were thyroidectomized under Nembutal (30 mg/kg 

body weight, exp. 1) or ether (exp. 2) anesthesia. Thyroids 
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were either destroyed in situ by electro-cautery (exp. 1) or 

removed with forceps (exp. 2). Incisions were closed by 

metal clips (9 mm Autoclips, Clay-Adams). All birds, in

cluding 11 (exp. 1) and 9 (exp. 2) control birds, were main

tained in individual cages and were given chicken laying 

mash and water ad libidum. Photoperiod was 16 L : 8 D. 

Birds were weighed at thyroidectomy and sacrifice as 

an aid in determining the success of thyroidectomy. The 

birds were also examined at sacrifice for the presence of 

thyroid tissue. All birds were killed by cervical fracture 

and the pituitaries were removed. Rapid pituitary removal 

was facilitated by bilateral cuts from the orbit of the eye 

to the foramen magnum with bone cutters. The upper and 

lower halves of the skull were grasped between the thumb and 

.forefinger of each hand and the 2 halves were pulled apart. 

In this way the pituitary was extracted from the sella tur

cica and remained attached to the infundibulum. The pars 

distalis could then be easily plucked from the stalk with a 

fine pointed, curved forceps. The pituitaries were dis

sected on glass slides into 3 portions; rostral, middle and 

caudal. The middle portion was discarded to prevent over

lap of rostral and caudal tissue (Brasch and Betz, 1971). 

The portions were immediately pooled and placed in separate 

Potter's homogenizers over ice. The portions were then mas-

cerated with 0.1 ml of a.s. per portion. The samples were 

diluted for TSH assay and injected in 2 groups of assay 
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chicks as the equivalent of 1.0 and 0.25 pituitary portions/ 

chick. 

Organ Cultures 

In vitro techniques were used to determine TSH 

levels in separate pars distalis portions incubated with: 

1) nothing, 2) or 3) TRH. These 3 determinations were 

accomplished by individual experiments of similar design 

and may be described together. 

Adult White Leghorn chickens, 12-24 months of age of 

both sexes, were maintained on laying rnash and water ad 

libidurn. These birds were sacrificed by cervical fractures 

as in the previous experiments. Pituitaries were removed 

and dissected as previously described. The portions were 

pooled in rostral and caudal groupings and placed in 20 ml 

Teflon beakers containing 1.5 ml of Difco Media 199 (Difco 

Labs., Detroit, Michigan). The media was pre-heated to 35°C 

and gassed continually in 95% 0o, 5% C0o at a flow rate of 

150 ml/min. in a Dubnoff Incushaker shaking at 44 rprn. 

After a 15 rnin. pre-incubation period the pituitary portions 

were transferred to fresh pre-heated Media 199. At this 

time either nothing (exp. 1), 10.0 xig T^ (L-Thyroxine, so

dium salt, Sigma, exp. 2) or 25.0 pg TRH (pyroglutamy1-

histidyl-prolyl-amide, Calbiochem, exp. 3) was added to 1 

beaker each of rostral and caudal portions. The incubation 

continued for 5 hours at which time either nothing (exp. 1), 



(exp. 2) or TRH (exp. 3) was added to the corresponding 

control beakers of rostral and caudal portions in amounts 

equal to the experimental groups. The experiment was imme

diately terminated and the pituitary portions were weighed 

and mascerated as in the previous studies with 0.4 ml a.s./ 

pituitary portion. Samples were then assayed for TSH con

tent by injecting the equivalent of -J of a gland portion 

into each assay chick. Tissue TSH values were reported as 

mU TSH/gland portion. Media samples were assayed by inject

ing 0.1 ml of media/chick. Media TSH values were reported 

as mU TSH/ml media/pituitary portion. 

Effects of T4 and TRII on 32P Uptake 

In order to determine the possible effects of T^ and 

TRH on the Lamberg assay for TSH, T^ and TRH were injected 

directly into day-old chicks and assayed as previously de

scribed for TSH presence. 

Thyroxine was administered in concentrations of 5.0, 

10.0 and 20.0 /ag/ml a.s. in dosages of 0.1 ml/chick subcu-

taneously. Thyrotropin releasing hormone was administered 

in concentrations of 5,0 and 10.0 pg/ml a.s. in dosages of 

0.1 ml/chick subcutaneously. Results were reported as raU 

30 
TSH equivalents required to induce the same uptake. 



RESULTS 

Thyroidectomies 

No significant differences were found in TSH content 

between control and 8-week thyroidectomized birds in either 

rostral or caudal pars distalis portions (Table 1). Rostral 

and caudal portions differed significantly in TSH content 

from each other in both control and thyroidectomized birds. 

The TSH content of both pars distalis portions of 

12-week thyroidectomized birds was increased significantly 

over that of the controls (Table 1). The TSH content of 

caudal pars distalis portions of thyroidectomized birds was 

increased to a level not significantly different from 

rostral controls. The rostral pars distalis portions of 12-

week thyroidectomized birds had an increased TSH level of 

about 0.75 times that of the controls. TSII levels of 

rostral and caudal pars distalis portions differed signif

icantly in both control and thyroidectomized groups. 

Organ Cultures 

Incubation of Pituitary Portions 

The level of TSH in incubated pars distalis portions 

is nearly 3 times higher in both rostral and caudal portions 

(Table 2) than that reported by Radke and Chiasson (1974) 

for unincubated pars distalis portions. In all cases the 

13 



Table 1. The effects of thyroidectomy on TSH levels in portions of the chicken 
pars distalis. Values are in mU TSH/pituitary portion. 

Experiment # 
(Duration) Treatment Sample Size 

_Pituitary Portion _ 
Rostral (X+S.E.) Caudal (X+S.E.) 

(8 wks) 
Control 

Thyroidectomy 

11 

13 

4.37+0.29 

4.16+0.53 

b* 
1.90+0.72 

1.21+0.38' 

a 

(12 wks) 
Control 

Thyroidectomy 

9 

11 

3.43+0.65 

5.29+0.67 

0.44+0.23' 

2.66+0.41 
be 

•Means of the same experiment with the same superscript are not significantly 
different. 



Table 2. The effects of in vitro incubation on TSH levels in portions of the 
chicken pars distalis. Values are in mU TSH/pituitary portion for 
tissue and mU TSH/ml media/pituitary portion for media. 

Sample Size Pituitary Portion Media 
portions/ Rostral Caudal Rostral Caudal 

Assay# beaker (X±S.E.) (X+S.E.) (X±S.E.) (X+S.E.) 

1 5 12. 93+2. 49b* 4. 58+1.66a  2. 06+0. 74a  1. 12+0. 

00 lO 

2  5 7. 04+1. 24d  3. 06+0.77a b c  4. 48+0. 75° 1. 44+0. 00
 

•ft
. D

4 

3 5 6. 67+1. 10C  1. 39+0.64a  4. 25+0. 67b  2. 99+1. 03a b  

4 4 14. 52+4. 44C  3. 
a T"* 

73+3.73 0. 25+0. 25a  0. 00+0. ooa  

5 5 9. 00+1. 12C  0. 89±0.47a b  3. 91+1. 23b  0. 20+0. 12a  

6 5 11. 34+1. 25c  0. 54+0.32a  

X 10. 25 2. 37 2. 99 1. 15 

Radke and Chiasson 
(1974) values for 
unincubated pitui-
taries (n=100) 3.60+0.45 0.90+0.32 

*Means of the same assay # with the same superscript are not significantly different. 
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rostral portions were significantly greater in TSH content 

than the caudal portions. 

The TSH content of the media was not in proportion 

to the levels determined for tissue TSH. The caudal lobe 

media was much higher in TSH content than extrapolation on 

the basis of tissue levels indicated. Y/ith 1 exception 

(assay #2) rostral and caudal samples of incubation media 

did not differ from each other in TSH content. 

Incubation of Pituitary Portions with T^ 

Rostral and caudal pars distalis portions incubated 

with T^ usually had depressed TSH levels (Table 3) but these 

results were highly variable and in some instances were not 

significant. The means of the 5 assays, representing 50 

assay chicks/mean, show that TSH values in both rostral and 

caudal portions are reduced by nearly half with the addition 

of T^ to the incubation media. 

Incubation of Pituitary Portions with TRH 

Incubation of pituitary portions with TRH produced 

an increased TSH level in the rostral portion but not in the 

caudal portion. The increase in TSH levels of the rostral 

portions was significant in 3 out of 5 experiments 

(Table 4). 

Mean values (50 assay chicks/mean) showed rostral 

portion TSH levels of TRH treated pituitaries to be nearly 

twice that of control pituitaries and 5 times the values 



Table 3. The effects of T4 on TSH content in in vitro incubated portions of the 
chicken pars distalis. Values are in mU TSH/pituitary portion. 

Sample Size Control Pituitary Portions T^ Treated Pituitary Portions 
portions/ Rostral Caudal Rostral Caudal 

Assay # beaker (X±S.E.) (X±S.E.) (X±S.E.) (X+S.E.) 

1 4 6.41+ 2.35a* 1.94+1.94a 6. 39±2. 29a 3. 83±2. 30a 

2 3 14.52± 2.48b 1.93±1.08a 4 _ 00
 

H- 64a 1. 99±1. 24a 

3 3 11.54+ 2.75bc 16.60±3.03d 13. 14±1. 70Cd 2. 74±1. 78a 

4 3 53.12+22.34b 4.15+2.93a 33. 86+8. 94ab 7. 77±3. 68a 

5 5 5.15+ 1.95b 4.67+1.40a 1. 38+0. 77 a 2. 28+1. 35a 

X 18.15 5.86 11. 93 3. 72 

•Means of the same assay # with the same superscript are not significantly different. 



Table 4. The effects of TRH on TSH content in in vitro incubated portions of the 
chicken pars distalis. Values are in mU TSH/pituitary portion. 

Sample Size Control Pituitary Portions TRH Treated Pituitary Portions 
(pituitary por- Rostral Caudal Rostral Caudal 

Assay# tions/beaker) (X+S.E.) (X+S.E.) (X+S.E.) (X+S.E.) 

1 3 7.60±1.18b* 3.26+0.46a 10. 15+0. 63° 3.56±0.81a 

2 3 12.37±3.24ab 9.25+2.92ab 14. 56+4. 31b 8.57+2.42b 

3 3 9.69±3.78a 5.81+2.01a 29. 17+3. 28b 0.79±0.59a 

4 3 14.52+2.43bc 4.94±0.82a 17. 92+1. 09C 6.44+1.37ab 

5 5 5.15±1.95a 4.67+1.40a 24. 00+7. 72b 2.02+1.00a 

X 9.87 5.59 19. 16 4.27 

•Means of the same assay # with the same superscript are not significantly different. 
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reported by Radke and Chiasson (1974) for unincubated pitu

itary portions. Caudal portion TSH levels of TRH treated 

pituitaries were equal to incubated controls. 

Effects of on P Uptake 

The thyroids of 1-day-old chicks did not increase 

32 their uptake of P when the chicks were injected with thy

roxine in a.s. (Table 5) and increasing the dosage of T^ 

32 administered to the chicks did not increase P uptake. 

Table 5. Theogffects of T^ administration on thyroid uptake 
of P in 1-day-old chicks. Results are expressed 
as mU of TSH which would cause an equivalent P 
uptake in the thyroid. 

Treatment # of Chicks 

39 
Uptake of P i_n TSH mU 
Equivalents (X+S.E.) 

5.0 ̂ig T4/ml a.s. 7 0.54+0.10a* 

10. 0 jug T4/ml a. s. 7 0.85+0.43a 

20.0 ;ug T4/ml a.s. 6 0.58±0.20a 

*Means with the same superscript are not significantly dif
ferent . 

Effects of TRH on ^ P Uptake 

One pg of TRH injected into day-old chicks has the 

32 same effect on the uptake of P by thyroid tissue as 2.0 

mU of TSH (Table 6). 
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Table 6. The effect ̂ of TRH administration on thyroid 
uptake of P in 1-day-old chicks. Results are 
expressed as mU of TSH which would cause an equi
valent P uptake. 

Uptake of P in TSH mU 
Treatment # of Chicks Equivalents (X+S.E.) 

0.5 Pg TRH 8 
a * 

1.00±0.08 

1.0 Pg TRH 8 2.00±0.07b 

2.0 mU TSH 8 2.00+0.13b 

4.0 mU TSH 8 4.00±0.10c 

*Means with the same superscript are not significantly dif
ferent . 

The assumption that 1-day-old chicks do not respond 

to TRH is shown to be incorrect by these results. Conclu

sions such as those of Bolton et al. (1973) based on samples 

assayed for TSH and containing TRH must be considered ques

tionable . 

In all subsequent in vitro experiments samples of 

incubation media containing TRH were not assayed for TSH. 

TRH which adhered to incubated tissue samples was in amounts 

too small to have an effect on assay results. This was 

verified by the addition of TRH to the controls (in amounts 

equal to experimental groups) at the end of incubations. 



DISCUSSION 

The results of TSH location studies made by Radke 

and Chiasson (1974) have indicated that TSH is produced in 

both lobes of the chicken pars distalis. Other studies 

(Tixier-Vidal et al., 1967; Tixier-Vidal and Assenmacher, 

1962; Tixier-Vidal and Assenmacher, 1966; Gourdji, 1965; and 

Radke and Chiasson, 1975) have reported these same results 

in a variety of avian species. When the avian hypophysial 

portal system was interrupted by lesion (Egge and Chiasson, 

1963) or by interposition of a sclerotic sheet (Assenmacher 

and Tixier-Vidal, 1963), or by transecting the portal ves

sels (Rosenberg et al., 1967), thyroid function is affected 

little if at all as measured by morphological alteration, 

fixation of iodine or modification of thyroid hormone syn

thesis. In conjunction with these findings, the works of 

Vitums et al. (1964), Vitums et al. (1966), Sharp and 

Follett (1968) and Singh and Dominic (1970) which show dis

crete portal blood supplies to rostral and caudal lobes of 

the avian pars distalis, have suggested the possibility of 

separate control of TSH levels in the 2 lobes of the pars 

distalis. 

Experiments with thyroidectomies (Table 1) and pitu

itary incubations with and without T^ (Table 3) have shown 

the ability of both lobes of the chicken pars distalis to 
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increase TSH levels as a result of the absence of thyroid 

hormones. This is consistent with mechanisms described for 

mammalian systems (Hershman and Pittman, 1971). As a result 

of incubations of rostral and caudal portions without it 

was observed that TSH levels in the tissue increase dramat

ically. These increased levels were reduced when pituitary 

portions were incubated with T^. Most interesting is that 

these increases and decreases in TSH levels of the pars 

distalis appear to be entirely controlled by a T^ negative 

feedback system and do not involve hypothalamic TRH. Such 

autonomous functioning of thyrotrophs seems unique when 

compared to the mammalian system which appears dependent on 

TRH for thyrotroph function above basal levels (Wilber and 

Utiger, 1968). In the present study TSH levels in the media 

of incubated pituitary portions were also seen to increase 

(0.60 mU TSH/ml media/pituitary portion/hour in the rostral 

portion and 0.23 mU TSII/ml media/pituitary portion/hour in 

the caudal portion. In addition, the increase of incubated 

tissue TSH content over unincubated tissue (Radke and 

Chiasson, 1974) was 2.85 times (3.6 mU to 10.25 mU) in the 

rostral portion and 2.60 times (0.9 mU to 2.37 mU) in the 

caudal portion. The proportional magnitude of TSH level 

increase due to the lack of T^ feedback inhibition is simi

lar in rostral and caudal portions of the chicken pars dis

talis in both tissue and incubation media. 
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When pituitary portions were incubated with TRH the 

rostral portion had an increased TSH level over both control 

incubated and non-incubated rostral portions. The increase 

over control incubated portions was 1.9 times while the in

crease over non-incubated portions was 5.3 times. The 

caudal lobes incubated with TRH had no increase in TSH over 

control incubated portions. In conjunction with the results 

of lesion experiments by Egge et al. (1975) and Gehrrnann 

(1967) in which lesions of the septornesencephalic tract and/ 

or lateral forebrain bundle increased levels of TSH in the 

pars distalis of the chicken (especially the rostral lobe) 

it appears that TRH affects only this portion of the avian 

pars distalis. That is, TRH is capable of eliciting an in

crease in TSH levels only in the rostral portion of the 

chicken pars distalis. 

From these results it is possible to construct a 

model of the system involved in the control of avian pitui

tary TSH levels. It appears that 2 types of thyrotrophs 

exist. One type, found only in the rostral portion of the 

pars distalis, produces increased TSH levels in response to 

TRH (A^ thyrotrophs). The other, found in both rostral and 

caudal portions, increases TSH levels in both portions when 

T^ levels are reduced in the blood (A2 thyrotrophs, 

Figure 1). This model is also consistent with results 

observed when the portal system is interrupted, explaining 

the failure of such an operation to alter thyroid activity 
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Figure 1. The proposed hypothalamic-hypophysial-
thyroid axis of the chicken. 



25 

or morphology in the fowl and other avian species. When 

the portal system of the bird is interrupted the failure of 

the thyroid to cease function may be due to an increase in 

TSH production by A0 thyrotrophs. When thyrotrophs are 

no longer stimulated by TKH, TSH production should be re

duced. As a result, thyroid release probably falls and 

this negative feedback would stimulate thyrotrophs. The 

TSH produced by the &2 thyrotrophs is, according to the 

model, able to maintain thyroid function and morphology. 

While investigating the relationships between thyro

trophs and gonadotrophs of Corturnix Tixier-Vidal, Chandola 

and Franquelin (1972) examined the effects of T^ deprivation 

(thyroidectomy) and exogenous T^ stimulation on rostral and 

caudal thyrotrophs. These workers reported that delta cells 

(thyrotrophs) were located in both lobes of the quail pars 

distalis but the cells were not all modified to the same 

extent by thyroidectomy. Only peripheral cells of the 

rostral lobe showed hypertrophy and none of the caudal lobe 

thyrotrophs were affected 14 days after thyroidectomy. 

Birds which were thyroidectomized for 45 days had an in

crease in the number of hypertrophied delta cells in the 

rostral lobe but masses of unmodified delta cells also 

existed. In the caudal lobe, hypertrophied delta cells 

were now present. Birds with regenerated thyroids or which 

had been treated with T^ had hypophysial regions that could 

not be distinguished from controls. In thyroidectomized, 
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castrated males maintained on 18 L : 6 D, all delta cells 

in both lobes were involved. In these experiments manipula

tion of levels in the blood appears to affect only part 

of the thyrotrophs. When the birds were castrated and thy-

roidectomized thyrotrophs of both lobes were involved. The 

authors conclude that gonadal steroids have an inhibitory 

effect on delta cells. This effect may be a result of 

action through the hypothalamus and subsequent inhibition of 

TRH. When gonadal steroids are ablated (by castration) this 

may act to stimulate TRH release and thus cause hypertrophy 

of the remaining thyrotrophs (A^) of the rostral lobe. 

Further clarification of the TSH control system 

could be accomplished by a histological search for thyro

trophs which would employ in vitro stimulation of isolated 

pars distalis portions with TRH and inhibition with T^. 

This approach might enable one to locate the cell types 

which respond to T^ feedback and those which respond to TRH 

stimulation. 
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