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ABSTRACT

The normal reproductive and related parameters are described 
for the iguanid lizard, Sceloporus cyanogenys, from the beginning 
of vitellogenesis through ovulation. Early vitellogenic animals 
stimulated with PMS showed marked ovarian growth and related changes. 
In vitellogenic animals treated with progesterone, ovulation failed 
to occur and oviduct size was reduced. The effect of prolactin in­
jections was similar to that of progesterone but less pronounced. In 
near-ovulatory animals, intrahypothalamic and intrapituitary implants 
of progesterone, and deafferentation and lesions of the hypothalamus 
failed to inhibit ovulation or show related changes.
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INTRODUCTION

A number of physiologic actions of progesterone in the eutherian 
mammals are well-documented. These include stimulation of uterine growth 
following estrogen (Corner and Allen, 1928; Hisaw, 1950), pregnancy main­
tenance (Corner and Allen, 1928), inhibition of ovulation (Emmens, 1959; 
Sawyer and Everett, 1959), mammary gland development (Hisaw, 1939; Pearl- 
man, 1948; Emmens, 1959), and certain behavioral changes concerned with 
post-natal care (Emmens, 1959). All of these actions of the hormone are 
related to, and essential for, a successful pregnancy and post-natal care 
of the young. In birds, progesterone is involved in oviduct development 
(Brandt and Nalbandov, 1956), ovulation (Ralph and Fraps, 1960), and be­
havioral changes associated with post-natal care (Marshall and Serventy, 
1956; Marshall and Coombs, 1957).

In the lower vertebrates, such information is lacking. There is 
good evidence, however, that the ovaries of reptiles and elasmobranchs can 
systhesize progesterone in vitro (Callard and Leathern, 1964, 1965), and 
that the delta-5, 3-beta hydroxy steroid dehydrogenase enzyme, essential 
for the conversion of pregnenolone to progesterone, is present in the cor­
pora lutea of both of these vertebrate groups (Callard, 1966; Lance and 
Callard, 1969). Further, the presence of progestins in the blood of rep­
tiles has been suggested on the basis of bioassay data (Bragdon et al., 
1954). Thus far, however, no physiologic role for this hormone in the



Reptilia or other lower vertebrate class has been clearly demonstrated, 
although Panigel (1956) found a stimulation of the oviducal muscularis 
following progesterone treatment in Lacerta vivipara. Ovariectomy has 
no effect on the course of gestation in a number of different reptilian 
species (Clausen, 1935, 1940; Rahn, 1939; Bragdon, 1950, 1951; Panigel, 
1956; Lien and Callard, 1968).

Recent results from this laboratory have suggested two possible 
effects of progesterone in reptiles which may be of physiologic impor­
tance, McConnell (1970) found that implants of progesterone in the median 
eminence region of the brain of Sceloporus cyanogenys significantly in­
hibited gonadal development and ovulation. In addition, progesterone 
(Zeigler, 1970) and prolactin injections (Callard and Zeigler, 1970) are 
known to inhibit PMS-stimulated gonadal development in the iguanid liz­
ard, Dipsosaurus dorsalis. Since prolactin is a luteotrophic agent in 
several mammalian species, most notably the rat (Lahr and Riddle, 1936; 
Astwood, 1953), it is possible that a similar action in reptiles is re­
sponsible for the gonadal inhibition of this hormone reported by Callard 
and Zeigler (1970).

The present investigation was undertaken to clarify these possibil­
ities in the o v o - y i v i p a r o u s  lizard, Sceloporus cyanogenys. In addition, 
the effect of hypothalamic lesions and deafferentation upon ovulation was 
studied in an attempt to define more clearly areas of the hypothalamus 
concerned with ovulation and gonadal growth in this species.
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MATERIALS AND METHODS

A. ANIMALS
Adult female Sceloporus cyanogenys, the ovoviviparous blue spiny 

lizard, were obtained in two groups from a commercial supplier in Texas 
from late October to early January. Animals were housed in 20 sq. ft. 
enclosures on a bedding of "Sanicel" (Paxton Processing Co.). Room tem­
perature was maintained at 28° ± 2°C during the day and fell to 22° ± 2°C 
during the night. A 250 watt heat lamp was suspended at the edge of the 
pen which allowed a maximum of 37°C at the floor with a decreasing gra­
dient across the pen. Shade was supplied and water was available ad 
libitum. Heat lamps and overhead fluorescent lights were automatically 
controlled on a 12 hour light - 12 hour dark cycle centered on seven 
o'clock. Animals were fed commercially supplied crickets daily.
B. EXPERIMENTAL GROUPS

Series JE: These animals were received during late October and early
November and possessed ovaries in the early growth phase. The influence 
of pregnant mare serum gonadotrophin (PMS) and progesterone was tested. 
Experiment 1. The following groups were included in this experiment:

a. Controls, start. This group allowed verification of the stage 
of ovarian development at the beginning of the experiment. (n=5)

b. Controls, end (n=5)
c. PMS injected (n-15)
d. PMS and progesterone injected (n=9)
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e. Progesterone injected (n=8)
The experimental period was 14 days and animals were autopsied on
day 15.

Experiment 2. On arrival in the laboratory in mid-November autopsy of 
a control group showed advanced vitellogenesis and ovarian growth. A 
thirty-day experimental period was allowed as the estimated time required 
for the completion of ovarian development and ovulation, based upon pre­
vious experience in this laboratory. The influence of prolactin and pro­
gesterone injections upon ovulation and ovarian development was tested 
using the following experimental groups:

a. Controls, start (n=5)
b. Controls, end (n=5)
c. Prolactin injected (n=9)
d. Progesterone injected (n=9)
Series II: Animals used for these experiments were received in mid-

December and all possessed large ovaries close to ovulation (relative ovar­
ian weight = 10.133 ± .500 g/100 g body weight). The influence of hypo­
thalamic progesterone implants, deafferentation and lesions upon ovulation 
were tested in the following experiments, lasting thirty days post-operation. 
Experiment 1. All animals were laparatomized on Day 1 and the ovaries in­
spected to insure proper knowledge of reproductive status. The following 
groups were set up using only preovulatory animals:

a. Controls, end (n=7)
b. Cholesterol implants (n=5)
c. Progesterone intrahypothalamic implants (n=8)
d. Progesterone subcutaneous implants (n=6)



e. Progesterone intrapituitary implants (n=9)
Experiment 2. The following groups were set up:

a. Controls. Eight animals were autopsied on Day 1 to determine
the state of the gonads.

b. Hypothalamic deafferentation (n=9)
c. Sham deafferentation (n=5)
d. Hypothalamic lesion (n=10)
e. Sham lesion (n=5)

Since both experiments in Series II were run in parallel using the same 
shipment of animals, the untreated controls for Experiment 2 were those 
of Experiment 1.
C. INJECTIONS

PMS (pregnant mare serum gonadotrophin, Ayerst, "Equinex") was in­
jected by the intraperitoneal route, 25 i.u./.05 ml distilled water per 
day for 14 days. Progesterone (Nutritional Biochemicals Corp.) in the 
amount of 2 mg/0.1 ml sesame oil was injected subcutaneously daily for 
either 14 (Experiment 1) or 28 (Experiment 2) days. Prolactin (NIH-P-B-2 
Bovine) was administered subcutaneously daily for 28 days at a dose of 
.01 mg (.25 i.u.) in distilled water per 1 gm body weight.
D. OPERATIVE TECHNIQUES

All operative techniques were performed under Nembutal anesthesia 
(2.5 mg/100 g body weight) following 30 minutes in a refrigerator. In all 
hypothalamic operations a small hole was drilled through the roof of the 
skull 0.5 mm posterior to the pineal eye and the instrument (hormone-laden 
stainless steel tubing, electrode, or Halasz knife) lowered to a point 0.5



mm above the basisphenoid bone following positioning of the animal in a 
Kopf small mammal stereotaxic instrument. *
1. LESIONS. An electrode of stainless steel insulated with "Insulex" 

to within 0.5 mm of its tip was used and a lesion produced by using an 
average of 23 volts for 50 seconds. After lesioning the electrode was 
withdrawn and the hole plugged with Gelfoam and covered with dental ce­
ment. Sham-operated controls were provided by the same method, but no 
current was passed.
2. DEAFFERENTATION. A knife fashioned after the specifications of 

Halasz and Pupp (1967) was used for this operation. It was lowered into 
the brain in the anterior saggital plane to within 0.5 mm of the floor 
of the skull; the blade was then turned 90° right and left inscribing a 
semicircular arc anterior to the hypothalamus. The hole was plugged with 
Gelfoam after removal of the knife from the brain. Sham-operated controls 
were operated on using the identical technique, but the blade was not ro­
tated in the brain.
3. STEROID IMPLANTATION. The tip of a 32-gauge stainless steel tube 

was primed with progesterone or cholesterol and lowered into the hypo­
thalamus as described above. In some animals a small amount of proges­
terone was implanted directly into the adenohypophysis. A small slit was 
made in the buccal mucosa and a hole made in the basisphenoid bone using 
a dental pick. The small amount of progesterone was implanted directly 
into the pituitary and held in place by a Gelfoam plug. Additional con­
trols were provided by animals with progesterone-laden probes being im­
planted subcutaneously. The progesterone content of the probes was
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estimated spectrophotometrically, prior to use; the probes contained 
39 ± 7 ug. After removal from the brain, the amount remaining was
11.8 ± 6.5 ug.
E. AUTOPSY

On the last day of each experiment all animals were killed by decap­
itation, the blood being collected.and centrifuged at 2500 rpm for 10 
minutes. The plasma was frozen for later analysis. The thyroid gland, 
adrenals, ovaries, oviducts and livers were dissected out, weighed, and 
samples preserved in Bouin’s fixative for later histological analysis.
The brains of all operated animals were also fixed in Bouin*s, but were 
transferred to 70% ethanol after two weeks.
F. LOCATION OF IMPLANTS AND BRAIN DAMAGE

Macroscopic examination of all brains with steroid implants was ac­
complished by careful removal of the pituitary gland from the ventral 
side and observation of the probe under a dissecting microscope. Brains 
were then removed from the skull and, transferred to 20% ethanol prior to 
embedding in gelatin following which they were sectioned serially at 80u 
using a cryostat. Serial sections were stained in thionin and observed 
for microscopic location of implants and brain damage.

The brains of the animals operated on with the Halasz knife were 
taken from 70% ethanol and embedded in paraffin. They were then sectioned 
at lOu and every tenth section stained with hematoxylin and eosin, and 
observed for microscopic location of cut and brain damage.
G. ELECTROPHORESIS

The frozen serum specimens were thawed and separated in a Gelman



Deluxe Electrophoresis Chamber (No. 51170) using Sepraphore III cellulose 
polyacetate support membranes. The resultant bands were then scanned by 
the Gelscan Automatic Recording and Integrating Scanner, thus yielding the 
percentage composition for each protein fraction in the serum. Total se­
rum protein values were obtained in duplicate with the standard Biuret 
Reagent and spectrophotometrie analysis on the Spectronic 20. Simple math­
ematical comparisons gave the absolute amount of circulating protein in 
grams per 100 ml blood. In addition, an albumin/total globulin ratio was 
computed for each sample. Throughout all protein analyses the fractions 
normally termed Fractions 1,2,3,4, and 5 were assumed to correspond with 
the typical mammalian distribution of albumin, a^ globulin, a2 globulin,
B globulin, and gamma globulin. Total globulin was found for each animal 
and used in statistical comparisons.
H- STATISTICAL METHODS

All organ weight and blood protein data were analyzed for signifi­
cant differences using the Student’s t test for unpaired observations. 
Ovulation frequency was studied using the Fisher exact probability test 
for two independent samples. Significance was determined to be the 95% 
level (p < .05), whereas a p < .001 was considered highly significant.
In the tables, all data are expressed as mean ± standard error.
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RESULTS

A. BODY WEIGHT CHANGES (Table 1)
All animals were weighed on arrival in the laboratory and at autopsy. 

With few exceptions animals increased in weight during the experimental 
period.
B, THE NORMAL OVARIAN CYCLE AND ASSOCIATED ORGAN CHANGES (Figure 1 and 

Table 2)
Data from all control groups is presented separately in an attempt 

to express the changes associated with ovarian growth, ovulation and early 
gestation. These data represent both starting and finishing controls from 
each experiment. In addition, animals with cholesterol intrahypothalamic 
implants are included since these animals were not different from other 
control groups as far as the parameters tested were concerned.

Ovarian weight and appearance in late October indicated that vitel- 
logenesis had begun. Ovarian weight in animals received during November 
was somewhat greater, but the change was not significant. However, a 
marked increase in ovarian weight occurred during the next three weeks as 
indicated by the control animals killed on December 3 (p < .001). A small 
additional increment in ovarian weight occurred by mid-December, followed 
by a sharp drop (p < .001) after ovulation in the later half of December. 
Ovaries of pregnant animals consisted of corpora lutea and small follicles 
and weighed approximately .028 mgs. Oviduct weight changes followed closely 
those of the ovary, increasing rapidly in weight between mid-November and
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and early December (p <. 001). Oviduct weight remained high following 
ovulation and during early pregnancy. i

Liver weight changes associated with vitellogenesis appeared to 
precede ovarian growth in onset and reached a peak in early December 
(p< .01 compared to October 22 controls). The cessation of vitello­
genesis and ovarian growth was marked by a concomitant decrease in li^ 
ver weight following ovulation (p< .001 between the same groups). Li­
ver weight remained low during early pregnancy. Total serum protein 
changes correlated well with liver growth, increasing (p< .05, November 
4 controls versus December 3 controls) during vitellogenesis and de­
creasing following ovulation. Examination of serum protein patterns by 
electrophoresis showed quantitative changes correlated with both the 
liver and total protein changes. However, due to large standard errors, 
no significant differences were observed except in plasma albumin levels. 
Albumin increased from October 22-December 3 (p .05) and decreased be­
tween December 3 and January 4 (p < .001). The a-̂ fraction decreased be­
tween December 3 and January 15 (p< .02).
C. THE EFFECT OF PMS AND PROGESTERONE UPON OVARIAN GROWTH AND FUNCTION 

(Tables 3 and 4)
The effect of PMS was tested on animals in the early vitellogenic 

phase as indicated by ovarian weight and appearance. Injection of the 
hormone markedly increased ovarian, oviduct and mean egg weights, and 
maximum follicular diameter (p< .001 for all comparisons to controls).
In addition, the mean number of eggs was increased (p < . 05).

Liver weight and total plasma proteins were elevated in PMS-injected
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animals, but^compared to the end controls the differences were not sig­
nificant, However, the liver weight in PMS-treated animals was signi­
ficantly higher than that of the starting controls (p< ,02), Simultaneous 
injections of progesterone with PMS were highly effective in curtailing 
the stimulatory effects of PMS on all parameters: ovarian, oviduct and 
mean egg weights, and maximum follicular diameter (p< .001) and relative 
liver weight (p< .05). were all larger in PMS-treated animals than in 
animals treated with PMS plus progesterone. Injections of progesterone 
alone appeared to have no effect upon these parameters.
D. THE EFFECT OF PROLACTIN AND PROGESTERONE ON ANIMALS IN THE LATTER 

STAGES OF VITELLOGENESIS (Tables 5 and 6)
Ovaries were large (9.1 g/100 g body weight) in the starting con­

trols, and ovulation occurred in four out of five animals kept in the 
laboratory for thirty days. Ovulation frequency for progesterone-in­
jected animals was significantly lower than that in the final controls 
(p< .02); the progesterone injections prevented ovulation in all but one 
of the nine treated animals. This inhibition was associated with a de­
crease in ovarian weight compared with the starting controls, although 
the difference was not significant. Mean egg weight and maximum fol­
licular diameter were not different from those of the controls. However, 
progesterone injections significantly decreased oviduct weight compared 
to starting controls, (p < .001).

Prolactin was less effective than progesterone in ovulation inhibi­
tion, five of nine ovulation successfully (p<0.1). Other measurements 
in the preovulatory prolactin-injected animals were similar to those of 
the initial controls, except for the oviduct weight which was decreased 
(p< .01) as with progesterone treatment. Prolactin did not inhibit oviduct
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growth in animals which ovulated. Oviducts of these animals were larger 
than those of preovulatory prolactin-injected animals (p£ .001).

Liver weights in preovulatory progesterone-treated animals remained 
at the level of the initial preovulatory controls which was higher than 
that of the postovulatory final controls (p< .001). Liver weights also 
decreased in postovulatory prolactin-treated animals (p<.001 to con­
trols). However, liver weights of preovulatory prolactin-treated ani­
mals were also low compared to preovulatory ’controls and progesterone- 
treated animals (p< .001). No significant differences were observed in 
total serum protein or individual protein fractions related to hormonal 
treatment.
E. THE EFFECT OF INTRAHYPOTHALAMIC PROGESTERONE IMPLANTS ON OVULATION 

(Tables 7 and 8)
This experiment was performed using animals at a stage of the 

ovarian growth cycle similar to those used in the previous experiments 
(ovarian weight= 10.13 g/100 g body weight). Location of cholesterol 
and progesterone implants in the hypothalamus was verified at the time 
of dissection of the brain from the skull and following thionin staining 
of frozen sections. All probes ended in the hypothalamus; in some cases 
the tip of the stainless steel tube carrying the hormone was so close 
to the surface of the brain so as to make determination of the exact lo­
cation difficult. Three implants ended in the antero-lateral hypothala- 
,mus, and the remaining five terminated in the region of the anterior bor­
der of the median eminence. One hundred percent ovulation occurred in 
all treated groups with the exception of animals with progesterone im­
plants in the anterior pituitary gland. In this group three out of nine
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animals failed to ovulate. While ovarian weights of all postovulatory
1animals were similar, ovaries of animals with progesterone intrapituitary 

implants showed evidence of some degree of follicular atresia. None of 
the other parameters measured revealed differences between the various 
experimental groups.
F* THE effect of hy po t h a l am i c deafferentation and lesions on ovulation

(Tables 9 and 10)
This experiment was performed on animals similar to those used above 

for hormonal implants and the same untreated controls served for both 
experiments. Halasz cuts were located following paraffin embedding and 
staining with hematoxylin and eosin. Placement of cuts was variable.
In four animals, hypothalamic damage was visible at the surface of the 
anterior hypothalamuc, posterior to the optic chiasma. Three animals 
had cuts extending across the anterior hypothalamus, midway between the 
median eminence and the optic chiasma. Two others had extensive lateral 
hypothalamic damage, with no clear line of deafferentation. No dif­
ferences related to placement of the cuts were observed, ovulation being 
unaffected by the operations performed.

Lesions were located following examination of thionin-stained 
cryostat sections under the microscope. No correlation between lesion 
location and the occurrence of ovulation could be made. Lesions were 
seen in seven out of ten animals, the placement of the lesion varying 
from the antero-lateral and medial regions of the hypothalamus, including 
the anterior region of the median eminence in two animals. All of these 
animals ovulated. In three animals which did not ovulate lesions were not 
visible. Ovarian weight in animals with sham lesions was high due to 
follicular atresia.
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TABLE 1
BODY WEIGHTS OF EXPERIMENTAL ANIMALS

Experimental Groups n Weight in Grams Mean Weight Change, gm
Start Etid

Start Controls 5 35.6+4.3 -

PMS, IP 15 35.012.8 33.613.5 -3L.33
PMS, Progesterone IP 9 29.112.3 37.212.4 +8.07
End Controls 5 33.816.3 39.516.4 +5.62
*Progesterone IP 8 36.213.8 37.413.6 +1.20

Start Controls 5 49.1+6.3 - —

Progesterone IP 8 43.913.1 47.313.0 +3.4
Prolactin Preov. IP 4 36.712.5 40.913.6 +4.2
Prolactin Post. IP 5 43.312.2 51.114.0 +7.8
End Controls 4 45.614.9 51.414.6

. ,6 .4.1
+5.8

End Controls 7 40.413.8 42.913.7 +2.5
Progesterone Subcut. 9 42.0+3.6 43.913.7 +1.9
Cholesterol Implant 4 46.815.5 53.715.8 +6.9
Progesterone Implant 8 41.213.4 38.112.0 -2.1
Progesterone Preov. AP 3 43.216.9 36.614.1 -6.6
Progesterone Post. AP 6 66.518.4 71.317.7 +4.8

First Controls 8 44.4l3.4 - —

Lesions Preov. 3 47.514.6 42,.312.7 -5.2
Lesions Post. 7 45.216.8 47..417.2 +2.2
Sham Lesions 5 35.112.8 37..512.5 +2.4
Halasz Cuts 9 44.914.7 45,,414.9 +0.5
Sham Cuts 5 40.717.1 39.,315.8 -1.4
End Controls 4 38.115.9 39..015.1 +0.9

IP= intraperitoneal injection 
Preov.= preovulatory animals 
Post.= postovulatory animals 
Implant= intrahypothalamic implant 
AP= intrapituitary implant
*Data supplied from Dr. Ian P. Callard from animals of similar conditions.
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DISCUSSION

On the basis of data collected from animals supplied during the 
period October through January, it is possible to describe some of the 
events in the reproductive cycle„ of Sceloporus cyanogenvs leading to 
ovulation and pregnancy. The data suggest that vitellogenesis and ovarian 
growth begin during the early fall and by late December the process is 
complete. Since all animals received prior to mid-December were pre­
ovulatory, and those observed during early January were already preg­
nant, it appears that ovulation occurs in the latter half of December.
In support of this observation, most animals which were near ovulation 
in mid-December as determined by laparotomy, and which were maintained 
in the laboratory for a four-week period, had ovulated at the end of 
the month. These observations support previous data from this labora­
tory relating to the time of ovulation in Sceloporus cyanogenvs received 
from Texas over a three-year period (McConnell, 1970) and Callard.(per­
sonal communication). Oviduct weight changes follow very closely ovarian 
changes, reflecting ovarian steroid production, probably estrogen 
(Chieffi, 1966); however, oviduct weights remained high during pregnancy, 
and do not regress following ovulation.

The process of vitellogenesis is reflected in the observed changes 
in liver weight and serum proteins. Since ovarian growth is due to the 
uptake by the ovary of the products of hepatic vitellogenesis, it is 
natural that hepatic growth correlated with the beginning of vitellogenesis
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should precede ovarian growth. It is known that vitellogenesis is de­
pendent upon the production of estrogens by the ovary (Hahn jet al.,
1969; Follett jet aJ., 1968), and hepatic growth and vitellogenesis have 
been correlated with ovarian and oviduct growth (Schjeide e£ al., 1963) 
and estrogen injections (Dessauer and Fox, 1959; Redshaw et al.. 1969).
It is considered that the role of estrogen is perhaps one of induction 
of specific vitellogenic protein production (Hahn et al., 1969; Redshaw 
et al.. 1969), and these specific proteins appear in the blood only in 
the presence of estrogens or an actively growing ovary. Presumably, 
ovarian estrogen secretion begins in advance of vitellogenesis.

The onset of vitellogenesis in reptiles is normally correlated 
with an increase in serum protein fractions. In this study, however, 
only Fraction 1 showed a significant rise and fall correlated with 
vitellogenesis, hepatic and ovarian growth, and ovulation. Total serum 
protein levels also showed the same changes. Although few significant 
alterations in other plasma protein fractions were observed, all in­
creased during vitellogenesis and decreased follwoing ovulation. In 
other reptiles a change in Fraction 4 has been well correlated with 
ovarian growth, and this beta globulin fraction is considered to be the 
specific vitellogenic protein-induced by ovarian estrogen (see Dessauer 
and Fox, 1959, for snakes). The reason for the absence of significant 
alterations in these experiments may be due to an increased uptake of 
beta globulin by the ovary under gonadotrophic stimulation.

Injections of mammalian gonadotrophin (pregnant mare serum) 
exerted its typical mammalian follicle stimulating effect (Cole and Hart,



1930) in Sceloporus when injected early in the ovarian growth phase.
Two weeks of injection of the hormone was adequate to cause near-cora- 
pletion of the ovarian growth cycle thus accelerating ovarian maturation 
to a great extent. Judging by ovarian appearance, the process was nor­
mal. However, hyperstimulation is suggested by an increase in the mean 
number of eggs maturing for each animal. Oviduct weight increased 
markedly following PMS injections, and this is presumably a reflection 
of ovarian estrogen secretion. On the basis of the normal picture of 
ovarian growth and vitellogenesis, an increase in liver weight and plasma 
proteins was expected following PMS treatment. While these parameters 
were elevated, comparison with controls killed at the same time did not 
reveal significant changes. However, a trend towards an increase of

Or-

both liver size and plasma proteins is revealed by comparison with the 
controls killed at the beginning of the experiment. Injections of pro­
gesterone concomitantly with PMS inhibited all actions of the PMS noted 
above. The inhibition was not complete, however, in that some increase 
in these parameters above the initial control levels was noted with PMS 
and progesterone treatment.

The results suggest that progesterone acts to inhibit ovarian growth, 
but the mechanism of action is not clear. There are several possibilities 
(a) an inhibition of vitellogenesis, and thus a decrease in the availa­
bility of the raw materials required for ovarian growth; (b) an inhibition 
of ovarian uptake of vitellogenic proteins. Evidence from liver weight 
and serum protein changes would seem to favor (a), inasmuch as one might 
expect a further increase in serum protein level if the ovary were not
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actively removing the material from the serum. Further, one would not 
expect an inhibition of liver growth due to inhibition of ovarian uptake 
of vitellogenic protein. If the action of progesterone is on -the liver, 
preventing vitellogenesis, then it may be acting directly in its own 
right or by an inhibition of the action of estrogen. In this regard, an 
inhibitory action of progesterone on oviduct growth (presumably induced 
by endogenous estrogen) is also suggested by the data. Such an estrogen- 
progesterone antagonism has been noted in the chick oviduct (Oka and 
Schimke, 1969) and is a possible explanation of the inhibition of oviduct 
growth following progesterone administration which is observed in these 
experiments. It is possible that such an estrogen-progesterone antago­
nism exists with regard to hepatic vitellogenesis.

A third possibility related to the inhibitory effects of progester­
one is present; namely, that it exerts its inhibitory effects at the 
level of the hypothalamic-pituitary unit, decreasing the output of re­
quired gonadotrophins. In this particular experiment: this is unlikely, 
inasmuch as the gonadotrophin is supplied exogenously. However, it is 
possible that progesterone could effect the production of other hormones 
of the pituitary necessary for vitellogenesis, and have its inhibitory 
effect in that way. This possibility will be discussed more fully below.

To a certain extent, the results of Experiment 2 support those of 
Experiment 1 of the first Series. In this experiment, the effect of pro­
gesterone on ovarian growth was not as pronounced as in the previous ex­
periment, as the ovaries were already large and close to ovulation. However, 
progesterone injections caused an apparent reduction in ovarian size as
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compared to the initial control level, and prevented ovulation in all but 
one animal. The reduction in ovarian size is apparent, and not real, 
inasmuch as other parameters of ovarian growth (mean egg weight, follicu­
lar diameter) were not defferent from initial controls, although mean 
number of follicles was reduced. In these animals four out of eight 
showed follicular atresia which could be the cause of reduction in mean 
number of follicles. However, since ovarian weight usually exceeds 
9.0 g/100 g body weight prior to ovulation, (highest ovarian weights 
recorded in this laboratory were of the order of 12.0 g/100 g body weight), 
it is likely that progesterone inhibited ovarian growth at the peripheral 
level. The data suggest that ovarian growth was prevented during the period 
of the experiment by the injection of progesterone. Ovaries did not thus 
reach their normal size and ovulation did not occur. It is not possible 
to determine what the effect of progesterone is upon the process of ovu­
lation per se from this experiment. As in:the first experiment, proges­
terone appeared to antagonize oviduct growth, but the effect was more 
marked, as the oviducts regressed from the level seen in the initial con­
trols •

The effects of prolactin injection were similar to those of progester­
one, but the hormone was not as effective in ovulation inhibition. Ovaries 
of animals injected with prolactin which did not ovulate did not show any 
further growth from the initial control level. The fact that five animals 
ovulated successfully when injected with prolactin suggests that the dose 
of prolactin was not adequate to inhibit fully the processes of final 
ovarian maturation and ovulation. This may be due to the fact that the 
animals which ovulated were physiologically more advanced at the onset of
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the experiment than those that did not, and that injection of prolactin 
came too late, and perhaps in too low a dosage, to prevent final ovarian 
maturation. This is supported by the fact that liver weights of pre­
ovulatory animals treated with prolactin are smaller than those of other 
preovulatory animals, suggesting that vitellogenesis had already begun 
to decrease in these animals. Of interest with regard to preovulatory 
versus postovulatory prolactin-injected animals is the fact that oviducts 
of postovulatory animals were elevated to the control level in spite of 
the presence of prolactin. This would suggest that the presence of fert­
ilized eggs in the oviducts is sufficient to stimulate the oviduct and to 
overcome the inhibition of prolactin. This may be due to the presence 
of quantities of estrogen in the large-yolked eggs. Ovaries of elas- 
mobranchs are known to contain large quantites of estrogen (Wotiz, et al., 
1958), and it was suggested that the function of this estrogen is to 
stimulate the oviducts locally during gestation (Te Winkle, 1950'; Hisaw 
and Hisaw, 1959).

Prolactin injections were also noted to cause oviduct regression, 
as did progesterone. This data suggests that prolactin may act through 
the intermediary of progesterone, which is the active material in pre­
vention of ovarian'maturation. This concept is supported by recently 
reported results of Callard and Zeigler (1970), who found that prolactin 
inhibited PMS-induced ovarian growth in the oviparous lizard. Dipso- 
saurus dorsalis. and that the action of the hormone could be exerted

i
in the absence of the pituitary when the animals were suitably prepared 
with hormonal supplements. Recent unpublished results (Zeigler, 1970) 
have shown that progesterone injections have the same effect as prolactin
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in inhibiting PMS-induced ovarian growth in Dipsosaurus. These data, 
and those presented here suggest that prolactin may stimulate the pro­
duction of progesterone by the ovary of the lizard, and that an action 
of progesterone is to antagonise ovarian growth in some way. Since the 
ovaries of both Sceloporus and Dipsosaurus do not contain corpora lutea 
until after ovulation, the prolactin effect is not strictly a mammalian 
type luteotrophic effect (Dresel, 1935; Lahr and Riddle, 1936; Astwood, 
1941), but less specific, perhaps also stimulating progesterone pro­
duction by developing follicles.

A possible central nervous action of progesterone deserves dis­
cussion, This hormone is known to act at the level of the CNS to in­
fluence reproduction in both mammals (Sawyer and Everett, 1959) and 
birds (Rothchild and Fraps, 1949'; Ralph and Fraps, 1959, 1960). In 
these experiments, implants of progesterone into the anterior hypo­
thalamus and median eminence of the brain did not prevent ovulation, in 
contrast to progesterone injection. Animals used for implantation ex­
periments were essentially similar physiologically to those used for 
progesterone and prolactin injections, except that ovarian weights were 
greater, and the animals were received late in December during the nor­
mal ovulation period. It is possible, as with the prolactin-injected 
animals which ovulated successfully, that these animals were far enough 
advanced in the cycle to negate an influence of progesterone on vitel— 
logenesis and ovarian growth. Gross localization at the time of autopsy 
and microscopic examination of fixed brains confirmed the success of 
the implantation operation, although three of the eight implants were 
found to terminate in the antero-lateral portions of the hypothalamus.
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It is also possible that the hormonal interactions involved in release 
of ova from the ovary had been set in motion so that no influence of 
progesterone was noted. However, under similar circumstances, animals 
with even larger gonads (11.0 g/100 g body weight) when implanted with 
estrogen in the hypothalamus did not ovulate (McConnell, 1970). This 
fact would suggest that progesterone does not play any inhibitory role 
in the process of ovulation in spite of its apparent inhibition of 
ovarian growth and vitellogenesis.

Attempts to inhibit ovulation by interference at the hypothalamic 
level using deafferentation and lesion techniques were also unseccessful. 
Histological examination of the brains showed evidence of lesioning in 
seven out of ten animals. The fact that the three animals without ap­
parent lesions also failed to ovulate was not believed to be a direct 
correlation. Microscopic analysis of brain sections from animals operated 
on with the Halasz knife showed extensive and varied damage to the anter­
ior and lateral regions of the hypothalamus. No significant changes, 
however, were observed in these experimental animals either. One would 
expect that the properly placed lesions and Halasz cuts would have an 
inhibitory effect on ovulation and/or ovarian function. The absence of 
such effects is evidence that either hypothalamic control is not fun­
damental to the normal process of ovulation, or the events leading to 
ovulation had already been set in motion and interference with the hypo­
thalamus could have no retroactive effect. These experiments will have 
to be repeated using animals at an earlier stage of gonadal development.

In summary, the results of this investigation have shown that PMS
i

is a potent stimulatory agent to the gonads of Sceloporus cyanogenvs»
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and that progesterone is highly effective in inhibiting the stimulatory 
action of PMS. Progesterone also inhibits normal seasonal ovarian 
growth in this species, and the effects of progesterone are to a certain 
extent mimicked by prolactin. The data suggest that both prolactin and 
progesterone inhibit hepatic vitellogenesis or ovarian uptake of vitel­
logenic protein, or both, as well as antagonizing the action of estrogen 
on the oviduct. It is suggested that prolactin stimulates the produc­
tion of progesterone by the gonad, and that progesterone antagonizes 
the stimulatory action of estrogen on vitellogenesis. Prolactin has 
been found in the reptilian pituitary (Grignon and Herlant, 1959; Ni— 
coll and Bern, 1965; Nicoll, Bern and Brown, 1966) and more specifically 
the caudal acidophils (Licht and Nicoll, 1969). In addition, it is pos­
sible that estrogen produced by the lizard gonad under gonadotrophic 
stimulation may act to elicit prolactin secretion by the pituitary as 
has been observed in mammals (Meites and Turner, 1948; Meyer and Clifton, 
1956; Cohere and Meunier, 1963), thus bringing about the end of the 
ovarian cycle.

While progesterone has not yet been chemically identified and 
quantitated in the blood of the reptiles, there is adequate evidence re­
viewed above that reptilian gonads have the capacity to synthesize pro­
gesterone, and may indeed secrete the hormone. On the other hand, pro­
gesterone does not appear to be required for gestation in reptiles, preg­
nancy being completed successfully in a number of species in the absence 
of the gonads. A possible physiologic action of progesterone, suggested 
by these data, is the inhibition of ovarian follicular development. Such 
a function would be of value to the organism inasmuch as during gestation
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the production of a further set of ovarian follicles would be prevented 
while developing young are in utero and functional corpora lutea are 
present in the ovary.
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