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The Seasonal Spermatogenic Cyole end the Influence of
' Dehydration on Spermatogenesis in the EKangareo Rat,

. Dipodomys spectabilis spectabilis Merrism

INTRODUCTION

| In reeent years, work on the testes of
memmals has been ‘d'zst:.‘.hntod over a wide field. Seme of the
_ 1iterature of only two phases of the general werk will be .
reviewed briefly here. First, the literature on seasonal
spermatogenic cycles in the mammals;. second, the literature
- on seme physielogical factors which have been shown to modify
normal spermategenic ocycles. Tandler and Grosz (1911) found
in the mole, Talpa europasa, that spermatogenic astivity de-
creased during February and attained its height during March.
The increase in size was entirely due to the p:olitont@dn
of germ cells. Marshall (1911) noted in the hedgehog, that
no spermatogenio activity was observable during the perfed
- of hibernation, but beginning with the latter part of April
‘and extending to the latier puét of October, mature sperma-
tozoa were observei in the duotus deferens. With this period
| which marked the produstion of mature sperm, an inecrease in
the size of the testis was observed; this increase was partily
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due to the enlargement of the seminiferous tudbules, btut was
largely caused by proliferation of the interstitial &11:.
Rasmussen (1917) found in thi' woodolmek, Marmota monax, that:
during hivernation, which wes in the fall and winter months,

spermatogenic actijuty inereased markedly and reached its
height during the latter part of March and the first of April.
This active period was followed by a marked decrease, which
reached a minimum in June and July. A complete review of the
literature on seasonal eycles of vertebrates has been made by
oélnnd (1928); however, very few studies have been made on
mammals. - -
The literature on conditions affecting

the various testicular elements is extensive and has been re-
viewed fully by Moore (1926). Experimental cypterchidism

has been shown by Moore (1922) and Moore and Oslund (1924)
" 40 cause a decided decrease in the amount of germinal epithe-
lium of sheep, which they have demonstrated to be due to a
higher teﬁperaturb m the abdomen than in the sorotum. This
has been confirmed by Bissonnette (1926) in cattle. Oslund *
and Bachman (1926) have shown that x-ray treatment of the
testes of rats caused a large reduction in the amount of ger-
minal epithelium, but not total destruction. The same e‘tre’etu
were alao'noitod'by Tguzuki (1926) in radbbits, Evans, Burr,
and Althausen (1927) found that rats fed a diet consisting -
of all the necessary ingredients oxe,qpt'fltamin"d: E, suffered
sterility. The testes showed degeneration of the germinal |
epithelium of the a@n;nifere'ns'tubulea, which eould be corrected
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before maturity, in most cases, h& feeding them a diet con-
“talning sufficient vitamine E. Bissonnette (193le) found
that‘lights:ot.aitrtront wave lengths had a marked effect on
-pcr;atogtnnlil in the testes ofzthﬁ Burepean starling, Stur-
Bus valgaris. In these studies, 3 sets af birds were exposed
to white, red, and green light, respectively, and it was demon-
strated that in thd'nlrly days of treatment, those which re-~
ceived white light showed the greatest acceleration in testi-
cular activity, while tha‘biras sub jeoted to red light showed
less activity, and the spermatogenic astivity of those treated
with green light wes inhibited; dut after 33 days the birds
that received treatments of red light surpassed in testis
activity those exposed to white light and the spermatogeaio.
 aotivity of those treated with green light was definitely in-
 hibited. Kudo (1921) found in experiments on thirst and its
effeocts on the weights of the various organs of the adult
albino rat, that as a result of acute dehydration, the aver-
ngé loss in testis weight was less than half the loss in bedy
weight; but during chronic water inanition, extending over a
period of 47 to 55 days, the loss in testis weight was greater
‘than the loss in body weight. Im ohronic dehydration, the
loss in weight of the testis was approximately four times
.greater than the loass during acute dehydration. Garofeenm

and Dereviei (1924) deprived dogs, which were fed a diet of
dry bread, meat, @nd‘uultyltned,»et water for periods varying
from 4 to 9 deys, and killed the animals at various stages

of dehydration. Mioroseopical examination of the organs
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showed lesions in lungs, liver and thyroid, and $0 a lesser
degree in the kidneys, adrenals and stomach; it was also ob-
served that there were differences in the vasoular dilatation
of different organs, as well as differences in the same organ,
No mention was made of the effeots of dehydration on the testes.
~ 8ince no studies have been made on the
‘physiology of the reproductive organs of desert ninaul..‘thn
. pépscnt study was undertaken with the kangarco rat, Dipodomys
spoctabilis spectabilis Merriam, for two purposes: first, to
collect tc-tpa of the kangareo rat at approxinatol& nonthly
1nferv§ll and to study the macroscopie and miocroscopic changes
whioh occur in the seminiferous tubules in order to determine
whether or not there is a definite spermatogenic cyole; second,
to study the effect of dehydration on spermatogenesis in an
effort to determine whether or notva'dooroaao in water intake
might ;nfluonoc the prodﬁotion or'nnturo, male germ cells.
Unlike f'm, albino rat, which has been thoroughly studied, the
Mangaroo rat has a doﬁnito breeding season, the exmot limi-
tation of 'hich,'hbuovor, is unknown. Vorhies and Taylor
(1922)fhav¢ estimated its breeding season to extend rréu Jan-
?uary'folAngnlf, inclusive; this estimate was based loiply on
rioldl;tndies. Kidtological studies have not been made on
ths'knngnroo rat and therefore no data are available on poss-
ible seasonal changes in testis or ovary, neither has this
rat been used for laboratory experimentation, and therefore
no literature is available on physiological factors whieh .
might affect the activity of the males in the perpetuation of



the species. The kangaroo rat, according to Vorhies and Tay-
lor (1922) has a range of Southwestern Arizona, Senthbutorn
and Central New Mexico, the extreme western part of Texas,
and parts of the Mexican States of Somora and Chihuahua, and
is somehow so adapied phytio;ogiuily to semi-arid regions
that it does not require free water. |

| | The writer wishes to express his thanks
to.Dr. G, 7, Caldwell, under whose direction this study has
been koarrio-l. out, for his 'm:lpvrul suggestions and advice.



MATERIALS AND METHODS

In this study 93 adul£ male rats have been
used, and the testes of 81 have been studied microscopically.
A total of 53 animals was used to study the seasonal sperma-
togenic cycle, and to serve as controls for the dih&drated :
animalé.' Forty animals have been used in the dehydration ex-
periments, to:defermine effects of water deprivation on sper-
matogenesis and_tostia weight to body weight ratios. Ko ani-
‘mals were trapped in June, July, and August. Table I gives

/ .
the number of rats caught each month, and the numbers used in

eac%}division of this study.

TABIE I
Number of Normal Rats used each anth and Humber of

Pats Dehydrated each lonth

Month ; Normal rate Dehydrated rats

:
Septombor........:
Det@bcroio¢o‘o-onz
november¢ooooooo.:
mc@mbortoooﬁooucs
JANUArYeececcosne
- Februaryecesecees?
Mraho...........:
April..‘.........o:
my..-.o...-..ooo:
' :

H

e
g*huoaooau
ammmumamuu

“..“...........‘“...‘..




. In the Lirst experiments, the rats were -
weighed as soon as they were csught, killed with illuminating
gas, the testes removed, tunicao“nlbtglniu pricked at each end
of its leng axis and placed in Allcn!arxolbzkill;ng fluia,
which consisted of saturated aqueocus solution of pieric-acia,
76 cic.; formalin osps, 20 0.0.; glacial agetis acid, 10 e.e.,
warmed to 28°C. with 1.5 grams. of ohremic aoid and. 2.0 grems
of urea were added Just before using. The testes were left .
in the killing fluld approximately 2 hours, then removed and
placed in 70 per cent aleohol containing a small amount of

11th1untenrbanatonuntxl all the pioric acid had been removed.
‘ They were then put into 80 per oent, 95 per cent, and 100 per
oenf alcohols for 1 hour each.  Chloreform was used in sclear-
ing, and 1nt11traiion“wn-~ncoonpliahod by adding a small amount
of paraffin to the solution containing the tissues; this was
followed by three baths ef pure paraffim for 1/2 hour each, to
remove all traces of the clearing fluid, and then the tissues
were embedded in paraffin, - It was found that this method of
handling preduced distortion of_thn;tillnc, and: resulted in -
poor fixatien of )abta-ofsthn;teltil. ‘This was probably due
to failure of the fluid to penetrate readily the: dense tunicae
albuginea.  Twenty-two pairs.of normal testes were Xkilled and
fixed by this method, = - . .- - . 7 T R

e A second method of killing, fixing, de- -
hydreting and olearing was used, based on a modification of -
Allen's (1919) methed. The animals were weighed as before,
the testes removed, tunicae pricked in the center of the -
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testes, placed in the same killing fluid that was used in the
previous method, weighed in order to determine whether or not
there were seasonal changes in the weights of the tissues, and
allowed to‘remain 30 minutes. The tissues were then removed
from the fluid, and out into sections 4 mm. thick, at right
angles to the long axis of the testes, replaced in the fixing
fluid, and allowed to remain approximately 3 hours. The de-
hydration and clearing was acoomplished by the apparatus de-
soridbed by Allen (1919), using the same solutions. All flu-
ids were added by the drop method and agitation was maintained
| byvbubbling air through the solutions. For dehydration, the
tissues were firat pleced in 5 per cent alcohol to which aév-
eral dropa of saturated aqueous solution of 1ithium cafhonate
had been added. At the end of 2 hours 50 per cent aloohol
was added by ihe diap method, until the mixture hed reached
a concentration of 30 per cent, when the tissues were allowed
to stand in this mixture for 1 hbﬁr. Equal partavof 50'p§r‘
cent alcohol and aniline oil were slowly added until all of
the lower grade aloohola had been removed; equal parts of 70
per ‘sent alocohol and anilino 011 were added very alowly. then
* {he tissues were changed to fresh 70 per aont and aniline oil
-~and pure aniline was alowly addpd by the drop method. Allen
(1919) recommended that the tissues be placed in fresh fluid
of the strength to which they had mma; before a different
solution was added; this was done in all cases. Synthetic il
of wintergreen was used for a;éaring“the'tissuea, which was

also added by the drop method, at a very slow rate. Infil-



tration was aocomplished by using graded strengths of paraffin
and wintergreen o0il, in the following mixtures:

Per cent and ~  Per cent
Paraffin S Wintergreen 0il

10 90

20 : . 80

30 ' 70

- 40 ' | ‘ 60"

50 50

60 40

80 ' 20

80 - 10

The tissues were then pladeg in pure par-
affin, where approximately 2-1/2 hours were consunea'in in-
filtration. Following this, the tissues were placed in four
changes of pure paraffin, which roqnired 2 to»z hours and |
then.immediately embedded. Eight pairs of normal testes were
Xilled, fixed, dehydrated, cleared and embedded by this method.
Subsequent microsocpical examination of thpge‘teétea revea;edv
considerable diatortibn of the interstitial matqriélé, and
poor fixation in certain areas of ths tubulel.

A third method of killing, fixing, de-
hydrating and clearing was used that produced very £004 re-
sults; the animals were killed as before, thevtestes r@moved,
and a out made in the tunicae albuginea, at right.angles to
the long axis and about oné-third of the géeatest ciécﬁﬁfer-
enoé. Tha'taatés icre ylaced in Bouin's fixative (saturated
aqueous solution of piorie aoi&, 756 ¢.0.; formalin, 25 o.oQ;
glacial acetic ééid, 10vo.c.; used at room temperature),
weighéd, and allowed to stay in this fluid epproximately 20

minutes. The testes were removed, cut with a sharp razor
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blade through their greatest diemeter, replaced in the fluid -
for:approximately 10 minutes, then removed, halved again and
placed in fresh Bouin's;rixntivi where they remained 18 teo
&4 hours. The testes were placed in ncvnrdlﬁohnngca"of 70 per
cent alcohol, ocontaining & aropnlat'-atnratcd‘aquoonn golution
or';;thium'onrbcnat.,.nntil.all the pioric acid had been re-
moved, and then run up the graded aloohols through 100 per -
cent. The tissues were olearcaf1nzcedarioil,'withant_uny N
intermediate steps betwsen the 100 per cent aloohel and the
0il, It was found that tissues oould be left indefinitely
in cedar oil, without any injurious effects,-deyer (1917),
and Allen (1919). Infiltretion was accomplished by saturating
the oil vith’pnrarfih‘at'roontonporaturu;-thinfpluo;ag,it
ix_x »tho oven where pqraftih\'va-‘mawly. aau{ and -;thb‘ ol
poured off until the mixture wnlralno:t*puro paraffin, ‘The
testes were rnh'thiough three changes of paraffin and embedded.
A1l testes were sectioned at 5 micra, at right angles to the
long axis of tho-orgin and apprexinatoly*z'nm; from the out
surtado‘ot'th»'tia:no. ' This procedure gave representative
seotions of the different testes. Tho;sootibnk.wtre stained
Awith’Elrril"hncnutoxwlin~ceuntorstaincd'withialeoholic
erythrosin, mounted ‘in balum,'v and ,tm.a at magnifications
of ‘100, 440,,and'960561amctorl;*;Fivu‘nhimnil.woroitrappaavh'
and’ immediately dehydrated during the following months: Jen-
“9Y72Februa§y;‘nkrch; April, May, October, November, and
Decembeyr. - D L Lo e
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_ The method of dehydration 1s that of Cald-
well (1921). The dehydration apperatus consisted of a large
glass bell Jar, with a ground glass flange which rested on
plate glass and served as the animal chamber. A wire cage
divided into five compariments with 1ndividual‘feed boxes,
served as the animal,oontainnr. The cage rested in a shallow
pan, whioch caught ﬁhé waste rood; feces ana'nriho. Muoh light
was eliminated by blasck paper placed around the bell jar on
the outside. Air was drawn into the animal chamber thgough.
two Williem's gas-washing bottles, containing HpSO,, through
ég empty washing bottle, several feet of largc—boro glass tub-
ing rillqd,yith douicohlora, thrwugh a flow-meter and into
the animal~ahaﬁbpia From the animal chamber th&valr'wﬁn
bubbled through a bottle containing concentrated H,SO,, through .
a sﬁall.bottle that acted as a ttgp, and finally through a
U-tube oentainins Pgog,}te a T-tube, one end of which_ynn ocon~
neoted to an eleotrio mo&or pulp, the other to a water pump.
Alr wes passed thrangh the animal chamber at a rate of 1, 000
c.o.4por‘m1nutey Five rats were dehydrated at one timo* thny
were wcighnd, taggod, dusted with insect powder, one rat-placed
in each eompariment of the cage and the animal ehanﬁoi a@aleq.
The animals were fed on Sherman rat dief apﬂ were ocarefully
welighed every third day, in order to note the prOgiéssiie loss
of water. However, in this rcjort, only the initial gn@~f1hal'
weights are included. The average experiment 1agted.15 days.
When the animals appeared to be in such odndition that 6ne or -
more might not live another 24 hours, they were ﬁoighéd, killed,



the testes removed and prepared by the same procedure as that
for the contrels of that month.

EXPERIMENTAL RESULTS

Gross Seasonal Changes in Testes -

It was found in the mature male Xkangaroo
rat that the testes were most frequently in the sorotum, bni
the inguinal canals remained open s0 that in many animals one
testis was in the sorotal position and the other could be
changed from sorotal to abdominel or the opposite by the ap-
plication of slight manual pressure. From the lack of spo;
oific information, several immature males were used in the
rirﬁt oxperimontu; These immature males were characterized
by baving very small testes located in the abdomen with 1ittle
development of the scrotum. The immature animals have not
been included in the study of the seasonal spermatogenic cycle,
nor in computing the average monthly testes weight, nor were
they used in the 6ompar1-on- with the dehydrated animals.

The testes varlied markedly in gross size,
even between the two testes of the same animal; this differ-

- ence may have booh due in some cases to one testis remaining

- too long in the abdomen and assuming & somewhat oryptorchid
conditioh~~ﬂbo§e (1922). Other factors probably entered in-
to these differences. Rasmussen (1917) found in the woodchuck,



«13«

in which the testes seoupied $wo peuches heside the roet of
the tail. anrang tha breeding seasén, that the testes of the
same animal were nearly the same’ weight. - e

| The testis color was cream; and no ohanges
were obmerved at aifftrtnt periods of the yénr;~athnq-bobh’”
reported by Bissonnette (1932) in the testes of the starling. -

|  7able II shows tmt a wide variation oc-

ours in the body and testes weights of normsl rats trapped the
same month, which is also noticeable in the differences in. the
rqtioi etftoiticnlar‘woight to body weight. Similar verie-
tions in body weight and testes weight w'ro-hotiooable in the
experimental animals (Table III). The average body weights
of the animals trapped each month, the average to-ficular
weights und the ratio- between these two are given in Table
III. It oan bde ob-orvod that thn average body weights fluo-
tuate while the toatos'lhow a gradual inerease in weight be-
ginning with September and roaqhing a maximum in Junﬁiry ana‘
February whioh is followed by a marked deocline in weight in
May (Figs 1). Since no animals were trapped during the sum-
mer nonthu, no figures are available for this poriod. The
average toight of testes for May was somewhat higher than that
for September (Fig. 1). Because of the small rmumber of rats
secured each month, Tables I and II are merely indicative eof
tha“dvqragu body“and testes weights of the rats dn:ing’tho
variqﬁg months. The greatest average testis uoight;;vhich’
was found to be in January, correlates olololyvvith”tho be=
ginning of the béooaing season. Vorhies and Taylor (1922)
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caught thelir first suckling female the 1atta.i- part of January
and the young were approximately one week old. The writer
trapped eight females on Fahmry 17th, and found that five of
these were pregnant, the largest embryos were 6 mm., long; the
other three females were neither pregnant nor suckling, which
indicated that it was near the bd@.nning of the brnaing season.,
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Tadle I

Normal rats, months caught, weight of animals,

weight of testes, ana ratio of toctes weight to body wtight.‘

B .
w.:ggt

Rat in
No. Date grams
58 9/20/31 100.8
59 9/20/ 119.8
60 9/31/ 120.9
61 ' 9/21/ - 111.7
62 9/21/

111.7
69 11/8 120,11
70 - 11/8 111,9
71 11/3 112.3

108_8MA'

Weight of

Both Testes

in grann

0,388
0,676
0:696
0.453
0.4494

0.7275
0.4708
0.609
0.6005
0.703

" Ratio of Testes

Weight to

" Body Weight

1:259,53
1:177.2
Y:173.7
1:244,9

1:242.1

12163.86 s
1:855.85
1:183.74
1:196.53

112.8

80 12/8 S 111.1
81 12/9/ - 114.5
82 12/16/ 102.9
Average 110.42
8% 2/8/22 126.5
84 2/8/ 124.5
1) 2/24/ 101.9 -
86 2/29/ 112,9
87 2/29 123.9
verage .

0.692
0.700
0.647
0.624

0.6656

0.822
0.812
0.633
' 0.629
0,686

* = Left teatis oryptorchid.

h1;164'4aww:w

1:163.00
1:168.7

1:176.83
1:164.90.

1:166.35

1:152,04
1:152.22
1:160.83

X:176.4
1:195,.2



Table II contxnnoa

Bo
‘ WOigit Weight of Ratio of Testes

Rat in ' Both Testes Weight to

Ko. Date grams © 4in grams - Body Weight

88 3/6/38 111.9 0,597 © 1:187.43

89, 3/6/ 109.8 0.713 © 1:183.9

90 3/1/ - 113.7 0.465 ~ 1:165.37

91 5/12/ 107.9 0.596 1:181.04

1:192.67

.45  4/28/31  108.1 0.805 1:134.28
46 4/28/ 109, 6 0.533 1:205.68
47 4/20/ 110.6 0,595 ~ 1:185.88

verage
54 5/26/  110.1 0. 603 1:182.6
55 5/26/ 101.7 . 0.743 1:136.8
56  5/28/ 103.3 0,641 1:160.9

*s Very slightly immature.
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‘ : Fig. 1. Graph of testes weight and
body weight of normal rats as determined for the months
indicated on the ordinate. Solid line represents teites
weights, Broken line reoresents body weights. Dotted
line indicates period of one month when no rats were -- -
trapped for seasonal cycle studies,
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Histological Seasonal Changes in Testes

The testis of the kangaroo rat was found
tﬂrﬁe typiocal or'thz‘manuall and is oomposed of 6bmin1£§reni
tubules, with interstitial material and blood vessels between
them. The tunica albuginea composed the outer ocovering of the
testis proper, and the haniment membrane surrounded the indi-
_vidual tubules. The tubule consisted of & germinal epithelium,
which extended from th; basement membrane to a lumen, whish
wags in the center of the tubule; this epithelium contained two
types of cells: first, the Sertoli cells; second, the sexual
cells. The nuolei of the Sertoli oells were located close to
the basement membrane, and the oytoplasm extenied in columns
‘ toward the lumen. In the rat these cells appoarqa somewhat
| flattened and the oytoplasm took a dcepef'stain'with erythro-
sin than'diQ'the oytoplasm of the sexual cells. In many sec-
tions nthﬂied. the Serfeli oytoplasm oontﬁin&d spermatids,
extending from the molei to the edge of the lumen. These
nucled of the spermatids could bb'roaaily’éﬁacrv%d siﬁop they
stained with haematoxylin. The germinal cells constituted
the remainder of the tissue of the tudule, and in th@iﬁﬁngaroo
rat it was found tﬁat multiplication, division and reduction
of these cells oscurred in "waves" along the tubule (Fig. II),
‘which'resnltea-;n differences in the appearance of the various
tubules in a given section (Fig. 5). Allen (1918) Joéééihed
‘this phenomenon in the albine rat, but Bissonnette (1982) a1
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not find it present in the starling.
| In September the testes of the kangaroo
rat showed some aotivity in the germinal epithelium; this was
based upon comparisons with testes of other months. All stages
of apérmatogenoais were found, and the lumina of many tubules
were partielly filled with the tails of spermatids and mature
sperm, but relatively few of thg latter were found 1n‘eompar~
‘1son with other months (Figs. 2, 3, and 4). The germinal
epithelium of -ene.tubulai was orowded with dividing sperma-
togonia and others with primary spermatocytes in the different
stages of mitosis. The average section of tpia month provead
that the animals were sexually active, as far as the produc-
tion of mature, male germ cells was concofned. The intersti-
tial material was soanty}in propprtion to the amounts observed
in fhe testes of aﬁimals trapped during the winter months
(Fig. 2)s The tunieca albuginea and the basement membranes
were very thin, which 1n¢1eatod.that there was considerable
tension on them; aome‘diaintogration was pralent'in‘the germinal
epithelium, but it was very unevenly distributed in & single
slide, and a wide variation was found between different seo- .
tions.
The testes collected in November showed
2 higher degree of activity in the average section when com-
pared to the normal testes of the previous month (Fig. 5).
Upon examination it was found that the cells were active,
which was true for all -tagcn»or multiplication, diviaibn,
and reduction. lany tubules were orowied with spermatids,



PLATE II

Fig. 2. IierophotogrAph of
soction throngh the testis of normal rat number
- 68, trapped in September. x 100.

Fig. 3. Microphotograph of
a cross-sootion of one of the tubules in Fig. 2.
x 300,

- " Fig. 4. Same tubule as
shown in Fig, 3. x 800.

| Fig. 5. Microphotograph of
section through the testis of normal rat number
68, trapped in Novembsr. x 100.
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some were found without tails, close teo the bancm@nt membrane
in the Sertoll tissue, while others with tails were nearer,
or on the edge of the inner margins, with the tails extended’
into the lumina. Both the tunica alduginea and the basement
membranes were thin in the testes of this monih. Disinte-
gration of the germinal epithelium was found to be present
in varying degrees, both in the same seotion and in differ-
ent sections. The interstitial material was slightly more
prevalent in comparison with the amount ebserved in November;
this material was not measured quantitatively so the exaect
differences are not known.

The normal testes secured in December
were found to be more active than any secured in the fall.
The individual sections showed active spermatogenesis, and
all,thé gstages of maturation w%ée observed. It was found that
& very large number of tubules were S0 crowded with sperma~ -
tias anaAnaarly mature sperm around the lumen, that it gave '
' the appearance of a "ring" of eells. In some tubules the
lumina were almost obliterated by the tails of the sperma-
tids and in others they were almoast filled with a syncitial-
like mass; it is not known what caused this "filling in",
but since germinal disintegration was present in varying
degrees, this may havo been, in part, the cause. The inter-
stitial material appeared relatively greater than in the - -

previous months.
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"~ The econdition in the normal testes in

January showed the greatest astivity of any month studied;
this could bde observed in the number of "rings" of sperma-
tids and mature sperm seen in the average section of this
period. Almost all lumina contained some tails; the nuclei
of these spermatids and the heads of the sperms were embedded
at various depths in the SQrtoli”eyfopla-m. Some tubules
showed uneven disintegration in the germinal cpithilinm.
The interstitial material was s0 distorted that adtqnaft _
comparisons with testes of other months could not be made.
The blood vessels were prominent in the intra-tubular spaces
and were apparently larger than in the previous ménths.

| The testes collected in February were
found to have npproxim;teiy the same activity as those studied
in Jnnnnfy;.tho seotions showed marked variation in sperma-
togenesis in different tubules (Fig. 6), as they 4id in Jan-
- uaéy.‘ Many "rings" of spermatids and spermatazoa were obe
served (Fig. 8); also the amount of interstitial material
was large and the blood vessels were prominent in the inter-
. tubular spaces (Fig. 7). Diaintogratién of the germinal
‘epithelium in some tubules was marked, which may have caused

the "f1lling in" of the lumina (Fig. 8).
. The degree of sexual activity in thc:tos-

tes secured in Merch appeared slightly less than in January
- and February and because the production of germ cells ocourred

in waves, it was diffiocult to compare sections as to the



PLATE III

Fig. 6. HMicrophotograph 6:
section through the testis of normal- rat number
- 84, trapped in Februasry. x 100.

B Fig. 7. Miocrophotograph of
- a cross-section of one of the tubules in Fig. 6.
x 300, .

Fig. 8. Hiorophotograph of
section through the -testis of normal rat number
86, trapped in February. x 100,

Fig 9. Miocrophotograph of
section through the testis of normal rat number
56, trapped in May. x 100.
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relative amounts of activity. Some tubules were crpwﬂed with
spermatids, which formed "rings". The interstitial material
was approximately ednnl that in Januvary and February (Fig. 1l).
| * The activity of the testes collected in

April was slightly less than in March, The 1ndividual ocells
ﬁérc observed in'the various atagcs af mitolii; also ailln
were found in the dirferent ntagcs of mntnration, whieh showed
that the gonads were in an active condition. Somt tnbnloa
were found to contain mature uparu. bux the relative number
of thaae cells was much less than in Jnnnnry and Februvary.

A "£illing in" of the lumina or sqnc tuknles was noted, as
has been mentioned before, but was prciont to a less degree
than in February. The interstitial material was fairly prom-
inent, but tha average amount in oaoh scction appuarcd to be
‘muoh less thnn was reund in March. This differ!nca was cntire-
1y tao great to be the'renalt of fizat&on.'

The minimum aexual activity observod oc-
curred in the testes of the animals secured in May and the
typical section in this month was quite different from those
collected in December, January and February (Figs. 9 and 10).
Upon examination the various stages of spermatogenesis were
found, which proved that cell activity wﬁs'presont, as in the
pie#ioﬁa months, but the relative number of tubules thaet showed
"rings" of spermatids and nearly matu:e spermatozoa, with
tails in the lumina was greétly reduced. The obliteration of
the lumina, which was probably caused by disintegration of
the epithelium, was greatly reduced when compared with that



PLATE 1V

PLATE 1V

Fig. 10. Microphotograph of
cross-section of one of the tubules iIn Fig. 9.
x 300.

Fig. 11. Microphotograph of
section through the testis of dehydrated rat
number 94, dehydrated in March, x 300.
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of December, Jhnuarj, and February. Here again it was found

that disinteération'was very irregular in the different tubu-
 leg. -'The interstitial material was markedly reduced in volume
when compared to the testes studied in December, January, Feb-

ruary and March.

" Histologioal Changes in Testes After Dugydration

The testes of the dehydrated rata were
studied mioronoopioally in an attempt to determine whether
or not waterAdeprivatipn produced histological changes in the
structure of the testis when oompared with the testes of the
controls. The tissues of the dehydrated animals were compared
with the control animels in the following points: the size
dffthe-tubulengithe thickness of the germinal epithelium,
the degree of vacuolization and disintegration of the elements
of ‘the testia,'the activity of the individual cells of the
tubules and the appearance of ths'interatitiul material., It
was decided without using quantitative methods that no marked
difference in size of the individual tubules oocurred in ihe
experimental animals, when compared with the controls, since
there were noticeable variations within the testes of a single
control. - The basement membranes appeared t0 show the same
degree of folding, which was probably due to the method of
preparation, HNo differences could be found in the degree of
vaéubliéation-andkdisintegéation between the two groups,

since there were varying amounts in the same preparation.
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In eomparison of the normal and dely-
drated rats in respect to the degree of cell aotivity, ne
oonolusive differences oould be observed; this was pertly due
to the fact that nptrintgcnncc&l ogcurred in "-lvu:;" which
caused the .indiviqual tudbules to be at different otago of .
dovolopmont.- Because of the lack of time and also due to ths
peor,proparation;a{iqala of the t;;pqcp,_;t;hgl”baon:;g@ongv
ivle to mnk@;nlarousoyic quantisative noa:grguenta,,ﬁh;ch__‘
may hnve_rovc;lod»tOltLaalax ehanges due to dchyﬁration;_;

- Gress Effects of Dehydration on Testes
‘the average length of dehydration of the

éxporimontal rats was 13 days, during which time they were
kept in dry air, bn£ were gilven food, which contained only
6§ 40 8 per oent available moisture. It was found that approx-
imately 80 per cent of the animals survived for this period
.and consumed fo0d throughout the experiment. Many appeared
at tho end of 13 days as though they were able to exist for
long periods.

| Kudo (1921) observed that ons albino rat,
whioch was subjected to total inanition ate about half its
tail. This was observed in only one rat of the 40 animals
dehydrated in these experiments. Xudo (1921) also reported
that some dehydrated rais were observed in which the conjunc-
tivae ierc congeated, which has been observed in approximately
three animals in these cxpprinontl. |
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Table III gives in detail the history of
. each rat doaaicateé, with the dates of thc experiment, the

_ norml night of the animal, the weight aﬂer aohydration, the
. 10:5 1n body night in gm, the loss in be&y u.tght in per
-:oent und the retio of the dehydrated testes weight to the total
dehydrated body weight. It was found that marked variations
oecu.rrea in the per cent of body nlght loss betnon animals

) dehydmted at the same time. This 1a ahmm m the gre'ap de-
“hyarated in April in which animal No. 41 lost 36.6 per cent
“of its baéy night and no. 44 of the same grmp lost 25.3 per
_cent' 6f the bedy weight; both of these animals were dehydrated
;"nndoz- 1dantica1 oconditions.
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. . PABLE III

Dehydrated rats, dates of experiment, initial :
woiiht of experimental animal in grams, weight after dehy-
dration in grams, loss in weight grams, loss in weight per-
cent, weight of aehyarated testes in grams and the ratio

of testes weight to body weight. o

‘Initial ' " Loss

Dura- Wt, of Wt. Loss in Ht. of .

tion Bxp. ° after in Wt Dehy. Ratio of
Rat of Animals Dehy. #wWt,  per- ‘Testes Testis to
No. Exp. grams grams gms, cent grams Rody wt,
63 10413/31 110.3 85.7 24.6 22.3 0,738 1:117.1
64 0 1156.2 86.3 28.9 26.8 0,478 1:180.5

22‘ 10/24/ 121.1 92.56 28.6 23,6 0.455 = 1:203.2

67* , ‘6 8 0 O ‘ ‘. * o @0 .... ... ."...“'

‘e ®-® &0 L N ”* o o0 & o 06 6% 0o ..O‘l...

74 11/11  125.4  93.6 B31.8 25,3 0.597  1:156:556
75  to 123,6  93.6 29,9 24,2 0.501 1:186.82
76 11/24  117.6 = 91.1 26,5 28.5 0,580 1:157.16
77 115.7 92,8 22.9 19.8 0.4856  1:191.23

8  12/4/30 110.2  80.3 29.9 27.13 eev..

9 to X 11206 82.5 30.1 26.73 ssose

L X 2K N N )
o0 ceop e

LR NN NN R N ]

116.3 84,1 31e28 27,32 ceu.n

12* ... sees _oeeee

Ave  112.56 80.4 38,1 28.57

LK ] o 69 ¢008 004

® e 00 o600 s 000

Died during experiment
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' PABLE III Continued
Initial Loss \
Dura~ W, of Wts  Loss in wte of S
tion Exp, after in ¥t. Dehy. Ratio of
Rat of Aninals Dehy. Tt. per~- Tastes Testes
Ko. BExp. grams grams gms, gent grams Body Wt.
C 84 1/31/31 105.3  8l.7 83,6 22,41  seses cessse
‘ 85_ to o f107,6 88.4 19.2 19.70 sosns sesaes
26 2/12/ ' 106.6 B80s3 26¢% 24467  ceves casene
_37_ . '__10406 73.4 310 2909  eesen eveocod
28 aed0T00 P18 352 BBeO  aeeee oo

29* 2/25/

sense sesces
_30. to :.:o. esvsee
31 3/10/ veave esvese
gg sseces sesesns

L X XK [ X E XA
- ;_T- scsee ssse0ss

93 3/21/22 131.2 97,0 34.2 26,0 o.vav 1:131.6

9¢ to 122,1 98,1 30.0 24.57 0,502%* 1:183.4
95 4/5/ -~ 113.1 76,9 36,2 38,01 0,460 = 1:168.3

96 : - 132.8 98,9 42,3 2l.21 0, 618 3 1 150,32

40* 4/88/31 [ A X NN ) [ F X W J 24090 oe s [ XN R X ) [ RN N NN ]
41 to 136.4 89.8 3646 2648 00,6012 1316500
42 5/11 11047 81.8 28,9 26,1  0.2650%T 1:224.1
43 , 125,8 96,0 29.8 23,7 0.7016 1:156.8

| .1 f 10,4098 1: 193 1

'Died during expsriment
Left testie oryptorehid
2 Right testis cryptorohid



: Initial
Dura- Wt, of
tion  Exp.

Rat of @ Animals
No, IExp. grams

49 5/12/31 114.6
50 to _  108.1

61 5/25/ = 126.3

52 sevee

-1

TABLE ;II Continued

Wt. Loss

after
D'hy .

grams

 84.8

8l.9
101.6

se e

in
We..
gmns,
30.0
26.2

24,7

*e 0

Wt, of .
Dehy. Ratio of
Testes Testes to
grams  Body Wt,.

0.600  1:141.0
0.569  1:143.9

© 0.432  1:234.7

LR AN N [ IR N R J

*  Died during experiment
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‘ " Table IV is a comparison of the data on
the dehydrated and control rats. Five groups of dehydrated
rats are included with the respective control rats for each
gfanp; three groups of dehydrated animals were not 1no1ud§d.
because in the early experiments the testes were not weighed
and therefore the loss in testicular tissue due to acute de-
hydration could not be determined. The average individual
weight of the control animals was 110.7 grams, while the
average initisl weight of the aphydrated animels was 118,21
~grams., Therefore the average rat which was subjected to
dehydration was 7.51 grams heavier at the beginning of fhe
experiment than the average oontrol animal. This was not
the result of selestion, but purely the result of ehsnce in
trapping. The average weight of the individuel rats compris-
ing the five groups was 89,09 grams at the end of'dohydraw
tion, which was a loss of 26.26 per cent of the body weight.
‘Xudo (1921) observed that albino rats in normal air which were
given £00d ad libitum and 5 grems of milk per day weakened
réplaiy“and survived only approximately 10 days, during which
time some difficulty was encountered in the refusal of the
animal to eat. It wes found in these experiments on the
kangaroo rat, in which the animals were constantly subjected
to dry air and were3on1y given the water which ocourred in
the air-dried food, 6 to 8 per cent, that approximately 80
per cent were able to withstand dehydration for 13 days with-
" out reaching the vital limit. YVery little trouble was en-
countered with tho-doh@di&téd animals due to refusal of food.
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This marked difference between the albino rat and the kangaroo
rat clearly indicates that the kangaroo rat is so physiologioc-
ally adapted that it is able to conserve the water in its
tiunﬁo§ during periods of extreme water dcprivation.A

| , The average weight of the testes of the
oontro;a was 0.6177 grams and the avdrage weight of the testes
of the dehydrated animals was 0,85379 grams, which is a differ-
ence of 12.92 per cent. Because of the number of animals used
in thélc experxmcnfs the error due to individual variations in
testes weight 1s materially reduced, and the difference in
weights of the tostoé of the dehydratead and‘control'aninals
is nndoubtedly significant. Kudo (1921) found in thn:albino '
rats which were suhjccteﬂ to varying degrees of aonto'fhirst
for pérgndn from 6 to 16 days, that the body loss was 26.1
per cent and the testes loss was 15.1 per cent. The results
of the present experiments show that in the kangaroo rﬁt.
acute dehydration also resulted in a loss in testis weight
which is approximately half the loss in body weight. Kndo
(1921) also reported that two albino rate fed on a diet of
maliq, without water or milk, lost approximately 56;7 per
cent of the body weight in 6-1/2 days, during which time the
animalé were kept in normal air. These experiments clearly
shoﬁhthat the kangaroo rat is able to withstand dehydratioh
approximately twice as lohg as the laboratory white rat, with
a percontago body weight loss that is noticeably leaa,'re-
gardless of the fact that the kangearoo rats were subjected

10 much more severe dchydratibn than the albkno rats.






TABLE IV

Comparison of averages of control weights with the
weights of the dehydrated rats showing gross
seasonal changes resulting from d.hyaraﬂoa_

Per cent : Ratio of
Co \ Per cent o Difg, in Testes
- Mo Hormal W, of Loss in Loss in Testes - Testes Vs, of - Ratioof = Wt, %o
o Weof . Wee of - Rats VWelight  Body We., = Wt, of wt,. of Coatrol - Testes Wt, Body Ws,
©.Contrel Exper. . after from = Dehy. . Normal Dehy. and Dehy.. to Boedy Wt, . Exper,.
Rat No. Date . ' Rats Rats Dehy. Dehy. - Rats. “ : Rats - Rats- Testes Controls Animels
40-44  April | 118.9 88.6 30,1 25,03 , 00,5194 o ' | 11198,77
Exper. May : ‘ ' ‘ o : ‘
! - - o 6.61
45-48 April 108,70 * : : : - 0,611 o 1:183,45
Controls May Lo
| 49-53 | | | |
prer- m 118.5 96,45 8508? 23.14 : - 0.4848 . ' S , 1:187.57
54-57 | : . o 24,87 | | |
Controls lMay 108,03 - : 10,6627 : 1:160,1
6367 o ,: | _
58-82.  Sept,* 112.4 | . ,0.5482 | | . 11810,36
Controls ' ‘ " A
74-78  Nov, 121.2 92,88 28,34 28,77 0.5482 o 1:170,78 -
Exper. - ' - .
Controls :
93-97  March 123,14 89,36 33,79  27.18 - ~ o.5e22 B e 1:185,98
Exper. April :
! . 9065 ;
88-92  March 112.86 - © 0.6444 1:176.06
—~Santral __ April .
~ AVERAGE 110,70 = 118,21 89,09 29,09 26,26 ‘Q.6177 - 0.58379 18,92

'1:1185.82  1:172.0

* All weights in grams
t Last part of the month



DISCUSSION.

Marshall (1911) noted that most wild ani-
mals had a dgfinite\breeding season, whereas related domestio
animals had a season that was much longer and in many cases no
periods of’aoxﬁnl inactivity were preaent."Thia difference in
the breeding seasons is found in the difference between the
kangaroo and the dbmostic'albino‘rat. The.kangaroo rat has not
bqop uaqgvtor a laboratory animal, but Vorhies and'Tayior_(l982)
egﬁimated thatrthe breeding season extended from January to-
August, inolusive. The albino rat has been thoroughly studied -
%1n ‘the laboratory and it is well known that no pcriods of sex--

/ual 1nact1v1ty oocour in the males.

H

;/;L;Vi R . In this'study of the kaagnroo rat the pres-.
eﬁce of. a definite seasonal spermatogenic .6ycle has been demon-
/5tpated. The haight of the seasonal ao@ivity wag found to occur

/ diring the months of December:to March, inclusive, and it has

-;f' baen fbund that the spermatids were so mumerous in some tubules

//‘ ‘that it fornea a "ring around the edge of the lumen. The per-
)iod of least aotivity was ‘obgserved in the testes collected in
MﬁQQI Sinoe no studies were made during the summer months, it

7{;’poaaible that the period of least aotivity may be between
Oﬁhy ana September. This appears to be possible "since more -
"éotivity was observed in the tubules in September than 'in May.
';'Vaﬁhies and Taylor (1922) ‘trapped 45 females in the month of -

June and 21 of thoae were “breeding " this field study shows

K I
Y FU
3 7] f’\
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that the animels were sexuslly active during this summer month,
but no records are available for the other summer months.

A definite inorease in testicular weight.
ocourred in the kengaroo rat from September to February, which
was followed by a deorease in April through May. Such seasonal
changes have been noted by: Marshall (1911) in the study of the -
hedgehog, Tandler and Grosz (1%11) in the mole, and éasmnﬁaen
(1917) in the woodchuck. These studies in the kangaroo rat.
showed that the changes in testicular weights were closely
correlated with the periods of greatest sexual activity. Be-
cause the relative volumes of the interstitial mtoriél were
not measured in this study on the kangaroo rat, the exact monthly
differences are not known. Marshall (1911) in the study of the
hedgoheg, found the same relationship between sexual aetivitj
and the volume of interstitial material estimated in this study.
Tandler and Grosz (1911) found in the testis of the mole that
- during the maximum spermatogenic activity, the volume of the
interstitial material was at the minimun and immediately after
breeding, when fhe ééormz had disappeared from the tubules, the
interstitial materiel increased and reached its maximum during
the period of lcnst_qexnal activity. -

' - No noticeable ehanéeslln the size of the
tubules were obso&ved<1n the kangaréo rat during the different
seasons of the year. A difference in the size of the tubules:
of the:testis has been reported by Bissonnette (1930) in the.
work on the European starling. 1In these studies on the kangaroo
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rat it was found that the individual tubules of the same sec-
tion of the testis varied markedly in area and it would there-
fore have been difficult to determine any seasonal changes in
the size of the tubules without the use of guantitative methods.
Spermatogenesis was found to ocour in waves

along the tubules in the kangareo rat which has also bdeen noted
by Allen (1918) in the albino rat, Because of this it has been
airrioult to determine the relative amount of activity in one
section as compared to another, | |

' Dehydration of the kangareo rats produced
an averag; testis weight loss of 12.92 per cent when the de-
hydrated testes were compared to the controls of that period.
During the same period of dehydration the animals loat 26,62
per oent of their body wcfght. It is possidle that the loss
of 12.92 per cent in testis weight was not sufficient to pro-
duce histological changes which would be observed by the meth-
0ds of study used in these cxperinenta.» Garefeanu and Dere-
vioi‘(1924) have shown that acute water deprivetion in dogs
produced 10:16n| Ln”lélq organs, but no mention was made of
the effect of échyﬂrafion on the testis. In this stndi no
observable lesions were found in the testes of the kangaroo
rat, but these may have ocourred, if the dehydration had been
less severe and had extended over a longer period. Kudo (1921)
has shown that chronic dehydration which extended ovor“poiiodl
of 47 to 55 days in albino rats resulted in the testes becom-
ing softer and somewhat atrophie in appearance. Xude (1921)
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has also shown that the average loss as a result of acute .. .
dehydration in the albino ret was 26 per cent,. and the testis
loss was 15.1 pér cent; also tiat ohronic dehydration caused
a loss of 52.4 per cent in body weight and a testis loss of
59.9.per cent. The loss in testicular weight in the kengaroo
rats in acule dehydration vas approximately half the body =
welght loss, which is epproximately the same ratio that Xudo
(1921) found in the rets, This similarity between the results
obtained by Kudo (1921). and the ;esu;#a,obtained in these ex-
periments is marked, which indicates the possibility that a
greater decrease in weight of the testes may have ocourred if
the water loss had been more gradual and extended over a much
longer period. This would approximate the.conditions that
might ococur 1n the,arid_and semi-arid regions during periods
of unusuel drought. . . . . .
Jackson and Smith (1931) have shown tﬁat
albino rats put on a resiricted water intake from 25 to 47
~days 0ld and given food ad libitum, could be kept at a con-
stant weight by regulating the,uater intake. They also ob-
served that the testes were approximately normal in weight.
This distinctly shows that albino rats are able to maintain
nearly normal testis weight, even though the body weight is
below normal, because of water deficienoy. Jackson and Smith
did not state whether mature sperms were found in the semin-
iferous tubules or whether the aooeeebry glands, the prostate

and seminal vesicles, were normal. Therefore, if ohronic




dehydration as reported by Kudo (1921) causes a greater amount
of weight loss in the animal, than does acute dehydration,

and results in a marked decrease in the weight of the testes,
it is possible that it m& affect the prostate and seminal
vesicles to the extent that sterility may result, even though
the testes are apparently normal, as haa been reported dy Jack-
gon and Smith (1931). MNarshall (1911) reports that walker
(Johns Hopkins Hos, Report XVI, 1911) found in albino rats

that removal of the prostate gland together with the seminal
vesicles did not inhibit sexual activity in the rat but ceaused
sterility. The removal of either the prbstate’or seminal
vesicles did not produce sterility. In the kangaroo rats
which were subjected to acute thjdration in these experiments,
the aooésso:y'glanda may have been so affected by water de-
privaiion that sterility resulted. |
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SUMMARY AND CONCLUSIONS

1. These studies have demonstrated the
presence of a well-defined seasonal cycle in the astivity of
the testis of the kangaroo rat. The most activity was found
in the winter months, from January to March, inclusive. The
minimum activity observed ooou:roa in May, but the actual min-
imum may ooour during the summer months, for which period no
studies were made. |
‘ ‘ 2. There was a definite inorease in the
weight of the testis from September to Februgri. which was
followed by a dgoroaso from March to May, inclusive., The
changes in weight were c¢losely correlated with the histo-
logical findings.

de The interstitial material of the tolQ
tis apparently reaches its maximum during December, January,
and February, which corresponds generally with the heighf_of
the spermatogenic activity. XNo guantitative methods were used
to'dotormino the relative volumes of interstitial material
for the different months, so that exact differences can not
be given.

4. Spormatogonosia'wau found to occur in -
"waves" along the seminiferous tubules in the testes of the
kangaroo rat. Thlé agrees with the report of others on the

albino rat.



5. 'No histological changes were observed
in the testes of acutely dehydrated rafs. when they were com-
pared to the normal testes of the same period; However, it
has been émphasized'that the variations'in.différenf tubules
of the same testis, as well as varistions in the testes of
different,animals trapped on the same date, make such a study
extrénely difficult unleas.quantitative methods are used.

6. Kangaroo rats have been dehydrated in
dry aeir, without acute starvation, on a diet containing 6 to
8 per cent available moisture for ajprqximafely 1% days with-
out'reaching the average vital limit. Such dehydration re-
‘sultdd in an average body weight loss of 56.26 per oent and
an aierége loss in weight of testes of 12,92 per cent, which
indioateé a physiologioal protection of germinal tissues
against water losses. ‘ |

It has been olearly shown that the kanga-
roo rat is able to withstand dehydration approximately twice
as long as the laboratory white rat, with a percentage body
weight loss that is noticeadbly less, regardless of the faot
that the kangardo rata:were.aubjectad to much more severe

dehydration than'the albino rats.
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