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I. Introduction
When a new animal is found that would be useful 

as a subject in biological experimentation, attempts 
must be made to develop a consistently reproducing 
laboratory colony. If the colony is to be successful, 
information must be obtained concerning its habits 
and reproductive cycle.

A. The Monogolian Gerbil. ____ The Mongolian
gerbil (Meriones unguiculatus, Order Rodentia, Family 
Cricetldae, Subfamily Gerblllinae) was introduced 
to the United States in 1963 by Dr. Victor Schwentker 
of the West Foundation (Schwentker, 1963). Although 
the animal is new to the field of biological research, 
it has been used with increasing frequency during the 
recent years in a variety of experimental work. The 
animal has been useful in the study of cholesterol 
metabolism (Gordon, 1959» 1961). Its metabolic 
characteristics as a desert rodent have been reported 
by Robinson (1959)» Kramer (196*0 has given an account 
of linear measurements and organ-weight determinations. 
Benitz (1965) has published a description of spontaneous 
tumors. Ruhren (1965) and Dellenback (1965) have 
reported on the hematology in various age groups.
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In their report concerning the breeding, management 
and reproductive physiology of the Mongolian gerbil, 
Marston and Chang (1964; 1965) were unable to determine 
a predictable estrous cycle using the vaginal smear 
technique and phase microscopy. Marston and Chang 
realized that their present "inability to characterize 
the oestrous cycle makes experiments on reproductive 
physiology difficult." They further contended that a 
"more constant oestrous cycle will appear as the 
animal becomes more domesticated, and, especially as 
more research workers gain experience with the Mongolian 
gerbil•"

B. The Vaginal Smear Technique. ____ Before the
vaginal smear technique was applied to determine the 
estrous cycle in mammals, any detection of the time of 
ovulation had to be accomplished by observations of the 
female, including her copulatory response, or mating 
activity. Examinations of the external genitalia, 
vaginal secretions and anatomical studies of the 
reproductive system could lead to no predictable cycle.

Stockard and Papanicolau (1917) responded to the 
challenge that it was generally impossible to detect 
the proestrous condition in either the rat or guinea 
pig with any absolute certainty. They inaugerated the 
use of the vaginal smear technique in rodents. They
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introduced a nasal speculum into the vaginal opening 
of the guinea pig and prepared smears of any fluid that 
was present. After examination of the vaginal contents, 
they noted that cytological cyclic changes in the vaginal 
fluid occurred in a regular predictable fashion. With 
this method they were able to divide the cycle into 
proestrous, estrous and metestrous phases. Through 
histological examination, Stockard and Papanicolau noted 
that cyclic, histological changes also occurred in the 
ovary, uterus and vaginal mucosa in a pattern that could

\be correlated with the smear cytology. Their work on 
the guinea pig was confirmed by Selle (1922), Myers (1936) 
and Young (1937)•

Using the same techniques, Long and Evans (1920) 
discovered a predictable cycle in the laboratory rat.
They later published a lengthy and complete study of the 
changes in the vaginal smear picture and reproductive 
organs of the rat during the estrous cycle (Long and 
Evans, 1922).

Following the pioneer work of Long and Evans,
E. Allen (1922) reported the estrous cycle of the 
mouse determined by the same technique, with histolo
gical examinations of the vagina, uterus, ovary and 
oviduct. Allen (1923), Allen and Creadick (1937)



continued their studies of the estrous cycle emphasizing 
that ovulation occurred in the mouse in late proestrous—  
early estrous phase, which was confirmed by Snell (19^0).

With the papers of Long and Evans, and Allen to 
serve as basic criteria, others have subsequently been 
able to determine the estrous cycles in various rodents 
(hamster— Parkes, 1931» Sheehan and Bruner, 19^5» mouse—  
Brambell, 1927; Deansley, 1930; rat— Blandau, 1939)» A 
summary of these cytological and histological changes of 
the vagina, uterus and ovary in the rat and mouse as

\

reported by Long and Evans (1922) and Allen (1922) appears 
in Appendix A.

Thus, since 1922, use of the vaginal smear has 
become a standard technique for determination of the 
estrous cycle in many mammals. Cyclic changes in the 
cytology of vaginal secretions can successfully be 
detected and correlated with histological variations in 
the ovary, uterus and vagina. Vaginal smear cytology 
has also been combined with a potentiometer to measure 
electrical changes at ovulation (Burr, 1935)» and, more 
recently, with fluorescence microscopy (Wallace, 1965)*

The vaginal smear method had been perfected to such 
an extent that Papanicolaou (1933) successfully applied
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this technique to the reproductive cycle of human 
females.

C. Statement of Problem. ____ This area of
research was undertaken as a preliminary study of 
reproductive physiology and its variations in a small 
colony of Mongolian gerbils. The vaginal smear tech
nique was used to note the presence of proestrous, 
estrous and metestrous stages in the estrous cycle.
Cyclic cytological fluctuations were studied in an 
attempt to determine the presence of a predictable 
regular cycle. Sample histological examinations were 
made of the vagina, uterus and ovary to detect histologic 
patterns in these organs during the cycle. The general 
gross anatomy has been included, as well as records of 
breeding, litter size and survival. Observations of 
mating habits, and maturity as related to eax and eye 
openings, vaginal openings sued the first estrous were 
included.
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II. Materials and Methods
A. Animal Colony and Care, __ _ The original

colony of Mongolian gerbils (Merlones unguiculatus) 
was obtained from Tumblebrook Farm, Brant Lake, New 
York. This colony consisted of nineteen mature virgin 
females for the initiation of the study of vaginal 
smears and for anatomical studies.

The animals were housed in 810 square inch clear 
plastic cages with metal hoppers. Each cage contained 
one breeding pair, or three to seven mature animals, 
or five to ten young. The breeding pairs were never 
separated since the animals are considered monagomous.
The young were weaned between twenty-one to twenty-five 
days of age and then segregated according to sex. The 
cages were arranged in tiers in the air conditioned 
animal hospital with the lighting controlled for a 
twelve hour day (6 a.m.— 6 p.m.). Although the 
temperature varied during the summer months from 70° to 
90° F., the average temperature ranged between 70° to 
75° F. The animals were supplied with ground corn cobs 
for cage litter and paper toweling for nesting materials. 
Commercially prepared food pellets, supplemented with 
fresh fruits and vegetables and water were replenished
as needed
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The original animals were marked by punching 
the ears, but since the young gerbils* ears were too 
small for this method, marking procedure was changed 
to digital amputation. (See Appendix B) With this 
system the stock colony was recorded with number only, 
and the inbred litters were indicated with the prefix 
"L."

B. The Vaginal Smear Technique. ____ Vaginal
smears were taken daily between three to five p.m.
A toothpick wrapped with a few shreds of absorbent 
cotten moistened with physiological saline was gently 
inserted into the vaginal opening. The swab was then 
rolled on a clean slide which was immersed for fixation 
in fifty per cent ethanol-ether solution, or in 
ethanol-ether fixative plus a few drops of methylene 
blue. The slides fixed in the latter solution were 
immediately observed at lOOx and ¿+00x magnification.
The three major cell types per one hundred cells were 
counted with a digital counter. The slides that had 
been fixed in alcohol-ether were stained with Shorr*s 
trichrome differential Biebrich scarlet, orange G and 
fast green stain (Shorr, 19^1).
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The schedule:
Alcohol-ether fixative. . . . . . .
Absolute alcohol........ .
50% ethyl alcohol ................
Distilled water ..................
Harris hematoxylin.......... ..
Cold running tap water............
Distilled water ..................
Shorr differential trichrome stain.
50% ethyl alcohol ................
95% ethyl alcohol........ ..
Absolute alcohol. ........  • • • •
Xylene............ ................

5 minutes 
10 dips 
10 dips 
10 dips 
1-2 minutes 
5-10 minutes 
5 dips
1 minute 
10 dips 
10 dips 
10 dips
2 minutes

The slides were mounted in permount and observed
at -̂OOx. The cell types were counted, noting the
per cent of each of the three cell types per one 
hundred cells.

C. Sectioned Tissues. ____ Several mature females
in each phase of the cycle (proestrous, estrous, 
metestrous), as determined by vaginal smears, were 
anesthetized with ether and the reproductive organs 
surgically removed. The ovaries, uterus and vagina 
were cut into 3 to $ mm pieces and immediately fixed 
in Bouin or Allen's B fixatives. Routine histological
procedures were used for embedding of the tissues in 
paraffin, followed by sectioning at 8 u thickness.
The sections were stained with Harris hematoxylin and 
eosin and observed at lOOx and *K)0x magnifications. 
(See Appendix C)
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D. Gross Anatomy. ____ Five mature female gerbils
were selected for anatomical study. After killing with 
ether, the reproductive organs were grossly exposed. 
Measurements and sketches were made of the ovaries, 
oviducts, uterus and vagina.

E. Related Data. ____ Observations of possible
pregnancy and length of gestation, initially noted by 
the appearance of sperm on the vaginal smeaacs or the 
presence of a vaginal plug, were recorded. Data con
cerning litter production and viability of the young 
were also received, as well as maturity as related to 
the age at ear, eye and vaginal opening, and the 
occurrence of the first estrous, as noted on vaginal 
smears. In some instances, smears were taken from 
pregnant and lactating females to note any specific 
cytological deviations.
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III. Results

gross study of the reproductive organs was made on 
eight mature females (fig. 1, 2). The ovaries, 
approximately 0.5 cm in length, were covered by an 
ovarian capsule consisting of peritoneum with subjacent 
thin connective tissue membrane and attached to the 
uterus and dorsal abdominal wall by ligaments. The 
blcornuate uterus and the ovaries were surrounded by 
fat bodies, the amount being proportional to the 
weight of the animals. In all cases examined the 
right uterine horn, which measured 1.2 to 1.7 cm, 
was slightly longer than the left which was .9 to 1.*+ cm 
in length. A thin septum divided the interior of the 
corpus uteri into left and right horns, and the vagina 
formed pockets on either side of the cervix uteri.
The upper end of the vagina, about 0.^ cm wide, was 
approximately 0.1 cm wider than the cervix. This 
formed a definite margin between the two areas. The 
vagina was broad and flat, and the vaginal orifice 
was surrounded by a pigmented area of skin.

B. Vaginal Smear Cytology. ____ Fifty female
animals were smeared almost daily for two to twelve 
months. Thirty-one of these females showed cyclic

A. Gross Reproductive Anatomy. ____ A preliminary
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fluctuations in the vaginal cytology which was divided 
into three phases of proestrous, estrous and metestrous, 
on the basis of vaginal smears.

The proestrous smear (fig. 3) was marked by the 
presence of round to oval nucleated squamous epithelial 
cells, which stained blue to green with Shorr's stain.
The early proestrous smear showed an abundance of these 
ovoid cells as well as some leucocytes. The late 
proestrous smear showed a predominance of the round 
nucleated epithelial cells with some non-nucleated 
cornified cells.

Orange-staining squamous non-nucleated cornified 
cells predominated on the vaginal smears during the 
estrous phase (fig. *0. Although the mature cells 
were enucleated, various stages of nuclei degeneration 
to pirknosis with fluctuations in staining reaction of 
cytoplasm green to orange were observed, demonstrating 
the stages of progressive maturity. In early estrous 
smears, some ovoid nucleated epithelial cells were 
present with non-aggregated cornified cells. At the 
peak of this stage, the cornified cells appeared in 
large, loose aggregations, and late in estrous leucocytes 
appeared. In twenty-one estrous smears an intact sheet 
of vaginal epithelium appeared to be extruded from the
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vaginal orifice, although this was not observed in the 
majority at estrous.

An abundance of leucocytes was typical of the 
metestrous smear (fig. 5)* Leucocytes usually repre
sented over sixty per cent of the entire cell population 
with lesser numbers of ovoid nucleated epithelial and 
non-nucleated cornlfied cells. A high number of 
leucocytes was also the characteristic smear of immature, 
pregnant, and lactating females. The percentage of 
nucleated ovoid epithelial cells, cornified cells and 
leucocytes present on vaginal smears from two virgin 
females is shown in figures 6 and 7. These animals 
were smeared daily at late afternnon and both showed 
regular cyclic fluctuations at five day intervals. The 
proestrous smear of female L18 showed over sixty per 
cent nucleated epithelial cells, with some leucocytes 
and cornified cells present. Animal L26 was not smeared 
at the height of proestrous. In both animals, cornified 
cells represented over sixty per cent of the cell popu
lation at estrous, and a sudden rise in leucocyte number 
was typical of metestrous.

C. Histology of the Vagina, Uterus and Ovary. ___ _
Comparative histological cyclic fluctuations were noted 
in the vagina, uterus and ovaries which showed some 
degree of correlation with the vaginal smear cytology.



The vaginal stratified squamous epithelium showed 
the most striking histological changes. At proestrous 
(fig. 8, 9) the vaginal compound stratified epithelium 
consisted of three zones of cells. The outer zone, 
lining the lumen, was composed of rows of epithelial 
cells with nuclei showing signs of pyknosis. Below this 
was the stratum granulosum, which, with the approach of 
estrous, became the cornified layers. The third zone 
consisted of multiple layers of round parabasal cells 
and beneath this was the germinatum basal layer with 
subjacent lamina propria. The serial sections of 
proestrous vagina showed nucleated epithelial cells 
loose in the vaginal lumen. At estrous (fig. 10, 11) 
the vagina showed ten to fourteen layers of cornified 
cells in various stages of delamination into the vagina, 
which gave the characteristic smear cytology. During 
metestrous (fig. 12, 13) the stroma and epithelium were 
infiltrated with leucocytes. The stratum granulosum 
appeared in the various thicknesses of six to seven cell 
layers in early metestrous to as many as twenty-two 
layers in late metestrous sections.

The uterus also showed related cyclic alterations, 
although these were not so pronounced as the vaginal 
changes. During proestrous (fig. 14) the lumen became

13



distended and filled with fluid, which was also seen in 
grossly exposed animals. During late estrous (fig. 16) 
and metestrous (fig. 18) the uterus was collapsed. The 
endometrial columnar glandular epithelium was tall 
during proestrous (fig. 15) and, in estrous (fig. 17)» 
showed signs of degeneration with cytoplasmic vacuoles 
present. During metestrous (fig. 19) the epithelium 
appeared as low columnar with leucocytes present in 
both the epithelium and stroma.

The few histological sections of the ovaries 
studied revealed cyclic changes of growth, maturity 
and empty follicles, as well as the formation of corpora 
lutea (fig. 20, 21, 22). Mature follicles and corpora 
lutea were seen at the proestrous and estrous stages.
In some cases, large empty ovarian follicles were observed 
at proestrous, and various sizes of follicles and 
corpora lutea were present at metestrous.

D. Estrous Cycle Lengths. ____ Fifty female animals
were smeared daily to determine a predictable estrous 
cycle length. The cycles were recorded from initial 
proestrous to subsequent proestrous. If there was an 
interruption in the smearing procedure, no cycle was 
recorded for the intervening time.

Three hundred and ten cycles were observed in 
thirty-one animals. The cycle lengths of the thirteen
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females which were originally acquired, were compared 
to the inbred females which were produced from the ten 
original breeding pairs (table 1). In the thirteen 
original females, two hundred and four complete cycles 
were recorded with the mean length of 7*2 + 2.59 days, 
ranging between three to thirty-five days. In the inbred 
females, one hundred and six cycles were recorded, 
with a mean length of 6.2 + 1.88 days, ranging from 
three to fourteen days. This comparison of the original 
with the inbred females showed no statistical differences 
in cycle lengths.

The three hundred and ten cycles were also divided 
into virgin and mated female groups for comparison 
(table 2). Twenty-five virgin females showed two 
hundred and twenty-two cycles with a mean length of 
6.8 + 0.71 days. Thirteen mated females showed eighty- 
eight cycles, with a mean length of 8.7 + 8.5 days. 
However, if animal 4 was eliminated from this group 
because it demonstrated only one cycle of thirty-five 
days, the mean cycle length of the mated females was 
6.5 + 0.86 days. Statistical evaluations showed no 
difference in the cycle lengths of the virgin and 
mated females.

A study of the mean cycle length per month of 
the original thirteen females and the inbred females
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showed that the length varied from 3 ± 0.00 to 13*5 
+ 0.71 days throughout a twelve month period (fig. 23; 
table 3). The original colony showed the shortest mean 
cycle length in February (3.0 + 0.0 days) and the longest 
in September (13.5 ± .70 days). However, only two 
complete cycles were observed in both months. The 
present data for the inbred colony indicated the shortest 
mean cycle lengths in August (4.2 + 1.3 days), September 
(4.6 + 0.8 days), and January (5.0 + 1.8 days). The 
longest cycle lengths in the inbred colony were recorded 
for October (7.8 + 3.8 days) and November (7.3 ± 2.49 
days). These data were insufficient to compare the 
original and inbred colony mean cycle lengths per month.

E. Mating Activity. ____ In eight cases of observed
daytime deliveries, post partum mating activity was 
observed. In these cases the male attempted copulation 
as many as ten times in fifteen minutes. Between 
copulations, the animals licked their genitals, followed 
by another attempt by the male to copulate, indicating 
that ejaculation occurred after many attempts. At no 
time in these post partum matings were the females 
observed to exert apparent lordosis. No copulation 
attempts were observed between mated pairs during the 
daytime other than post partum. However, sperm were
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present on eight late afternoon vaginal smears of the 
mated females. Six of the smears showed the proestrous 
phase and two the estrous phase.

Six pairs of gerbils were used to study monogamous 
breeding habits. Three males (16, LI, L23) and three 
females (2, 12, L4), after successfully breeding with 
their original mates, were remated. All six animals 
produced litters with the second mate.

F, Breeding Records, ____ Of twenty-four pairs of
animals, sixteen produced forty-six litters (table 4-, 5)* 
A total of one hundred and ninety-seven offspring were 
produced with a mean litter size of 4,34 young. However, 
only one hundred and twenty-seven offspring were suc
cessfully weaned, giving 64,4 per cent survival rate 
for this colony.

Eight to twelve pairs were allowed to breed each 
month. The breeding records per month showed that 
seventy-two per cent of the bred females produced 
litters in August, 1966, and sixty per cent produced 
litters in July and October, 1966, (fig. 24). No 
litters were born in December, 1966, with one litter 
each in January and February, 1967* The number of 
offspring per bred female was 3*2 during August and 
2.6 during July (fig. 25).
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G. Maturity Records. ____ Twenty-three immature
animals were examined daily for ear and eye opening 
(table 6). The outer ear appeared unfolded at the 
mean age of 1^.9 days, and eyelids separated at a 
mean age of 20.2 days.

Immature female animals were examined for vaginal 
opening (table 7)« Of the forty-four females examined 
twenty-one showed vaginal openings between eight to 
ten weeks, seven between twelve to fourteen weeks, 
eleven between sixteen to eighteen weeks and two over 
twenty weeks. The first estrous observed from vaginal 
smears, was noted in nineteen animals. Of these, one 
female showed the first estrous between eight to twelve 
weeks, six from twelve to thirteen weeks, six from 
sixteen to eighteen weeks, five from twenty to twenty- 
one weeks, and one at twenty-four weeks.

H. Gestation Period. ____ Possible pregnancy was
recorded when spermatozoa appeared on the vaginal smear, 
or if a vaginal plug was present. The vaginal smear of 
the pregnant female showed typical cytology of the 
metestrous stage, and erythrocytes appeared on the smear 
midway through pregnancy. Gestation was recorded in 
eight females (table 8). In seven females the gestation 
period was twenty-five days, and in one lactating female,



the length was extended to thirty-one days. In all 
pregnant females, erythrocytes appeared on the smear 
between twelve and fifteen days, and remained until 
delivery.
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IV. Discussion and Conclusions
A. Gross Reproductive Anatomy. ____ A brief survey 

of the gross reproductive anatomy shows that the anatomy 
is similiar to the rat (Farris, 19^9; Greene, 1935) and 
the mouse (Snell, 19^1? Cook, 1965). The unequal 
lengths of the right and left uterine horn are in 
agreement with Kramer (1965)» who found the mean length 
of the right uterine horn to be 19*65 ± 3*32 mm and the 
left horn 19.01 + 3.32 in fifty Mongolian gerbils 
examined.

B. Vaginal Smear Cytology. ____ The vaginal smear
cytology demonstrates no great variation in the smear 
cell types from that of the rat (Long and Evans, 1922; 
Young, 19^1), mouse (Allen, 1922; Snell, 19^1)t guinea 
pig (Stockard, 1917) and hamster (Chang, 1938)« In 
these rodents an abundance of nucleated epithelial cells 
typically marked the presence of proestrous, cornified 
cells of estrous, and leucocytes of metestrous.

In the gerbil, Marston and Chang (1965) bad 
recognized the same characteristic stages of the estrous 
cycle as determined by vaginal cytology with phase 
microscropy that had been found in other rodents.

The extrusion of the entire sheet of vaginal 
epithelium during the cornified cell stage, found in
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twenty-one estrous smears in this colony, was not 
mentioned by Marston and Chang* Since the cornified 
cells originated from the delamination of vaginal 
stratified squamous epithelium, it appears possible 
that daily smearing over a long period of time caused 
increased cornification and loosening of the cornified 
layers, which allowed them to be extruded as a sheet. 
Non-smeared females were not examined for this variation. 
Further study of the estrous phase in larger inbred 
samples by external daily examinations, could indicate 
whether this was an artefact produced from the smearing 
technique, or a characteristic of estrous of the 
Mongolian gerbil.

C. Histology of the Vagina, Uterus and Ovary. ____
The cyclic histological fluctuations found in the vagina 
and uterus are in agreement with the variations found in 
the rat (Long and Evans, 1922), mouse (Allen, 1922; Snell, 
19M.) and guinea pig (Stockard, 1917). In these rodents 
variations in the vaginal epithelium and leucocytosis 
demonstrated the most striking histological changes, 
with the uterus showing less demonstratable fluctuations.

In the mouse and rat ovulation occurs during the 
late proestrous and the early estrous smear. Large
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unruptured follicles are found in the ovary at proestrous, 
ruptured follicles and early corpora lutea at late 
estrous, and eggs in the oviducts at late estrous# In 
the gerbil histological examinations of ovary revealed 
empty follicles and large corpora lutea in animals showing 
the nucleated epithelial cell smear. Mature follicles 
were also found in sections of ovary tissue in the 
estrous smear. Further study by examination for tubal 
eggs and flushing of eggs from living animals, which was 
not attempted, in the present study, would yield 
information relating ovulation to the vaginal smear 
cytology.

D. Study of Cycle Lengths. ____ This study indicates
that regular estrous cycles did occur in most animals 
over at least three continuous cycles. However, the 
cycle lengths fluctuated per female throughout the year. 
The variations in cycle lengths of the inbred colony 
(3-14 days) tended to be less than the original colony 
(3-35 days). Although there were wide variations in 
both groups, statistical evaluation shows the mean to be 
6.2 and 7.2 days with no significant difference between 
the two groups.

Asdell (1964) listed the length of estrous cycles 
for rodents in the subfamily Gerbilllnae, and in females
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of the genus Merlones, not including the Mongolian 
gerbil, the cycle length was recorded at ten days.

An attempt was made to correlate the cycle length 
per month, showing related fluctuations in the animals 
throughout the seasons. Although the mean cycle lengths 
did fluctuate throughout the year from three to thirteen 
days, statistical analysis showed no statistical 
differences. However, the wide variations in cycle 
lengths that were demonstrated could have resulted from 
pseudopregnancy, which also gives the metestrous smear, 

x variable conditions in the animal hospital, irritations 
caused by continuous handling and smearing, or by actual 
periods of anestrous or irregular deviations in cycle 
lengths in the animals.

Marston and Chang (1965) were not able to demonstrate 
a regular, predictable estrous cycle in the gerbil, 
although they predicted a short cycle of four to six days. 
They had described the proestrous stage as lasting rarely 
more than two days, the cornified cell stage from one to 
three days, up to ten in some animals, and the leucocyte 
stage as long as twenty days. These authors had con
cluded that more experimentation with an established 
colony over a long period of time could lead to a more 
predictable cycle. The data from the present study are 
also inconclusive regarding a predictable cycle length.
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Further data on inbred colonies would indicate whether 
this animal in captivity does demonstrate year around, 
regular cyclic cytological fluctuations in smears.

E. Mating Activity. ____ Only post partum mating
attempts were observed in this colony, although sperm 
were found on the proestrous and estrous smears of non
pregnant mated females. Marston and Chang (1965) 
reported that in their colony of twenty original breed
ing pairs and one hundred and eighty-seven litters, over 
a period of one and a half years, they detected fifty- 
eight matings by the presence of vaginal sperm. The 
majority of these were observed at 5 p.m. "when the 
female was actively pursued by the male and was 
permissive to coitus." They further described lordosis 
by the female, and male behavior of partially standing on 
his hind limbs and "thumping" with his hind feet to 
produce a sound "characteristic of mating or great 
excitement." In this colony on no occasion other than 
post partum matings were neither copulation attempts 
noticed during the daytime, nor were any actions of the 
female or male, such as lordosis or the copulatory 
response observed.

Thus far, the Mongolian gerbil has been considered 
monogamous. Schwentker (1963) reported that any attempts 
to remate previously mated females were unsuccessful.
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However, in this study, three males and three females 
which successfully bred with their original mates, 
bred successfully with a second mate immediately, or 
one month between matings.

F. Breeding Records. ____ The present data from a
total of twenty-four pairs of gerbils showed forty-six 
litters with a mean litter size of 4.34, and 64.4 per 
cent viability at weaning. Marston and Chang (I965) 
reported a mean litter size of 4.4 and a survival rate 
of 67.4 per cent on one hundred eighty-seven litters. 
The monthly breeding records indicate that the gerbil 
exhibits a breeding peak between May to October. This 
is in agreement with Walker (1965)» who reported a 
breeding season from April to October.

G. Maturity Records. ____ A comparative summary of
aspects of maturity in three gerbil colonies is given 
below.

Table 9
Post natal development in relation to age (in days).

Source Ear
opening

Eye
opening

Vaginal
opening

Sexual
maturity

Schwentker
(1963)

5 20 4 5 70-84

Marston & 
Chang (I965) 3-7 16-20 40-60 63-84
This colony 13-17 18-22 60-240 75-180



The discrepancy between the ear opening age could be 
due to different criteria used to judge the incident.
The present colony was judged by unfolding of the 
external ear; the two colonies listed in table 9 were 
judged by the opening of the external canal. The 
present colony showed a variation in the age at eyelid 
separation. In six animals of twenty-three, the eyelids 
separated at twenty-two days compared to twenty days 
as the latest age in other colonies. This study demon
strated an even greater discrepancy in vaginal openings. 
Forty-four immature females were examined daily. In no 
cases did the vagina open earlier than two months. In 
sixty-one per cent of the animals, the opening occurred 
later than sixty days. The first estrous, determined 
by smears, was noted in only nineteen of the forty-four 
females. The earliest cycle occurred at seventy-five 
days, and the latest at one hundred eighty days.

Measrock (1953) reported that in two species of 
gerbils, Tatera brantsi and Tatera afra, the female 
maturation age varied. If the females were born early 
in the breeding season (before May) they reached 
puberty at roughly three months of age. Females born 
late in the breeding season (June— October) did not 
demonstrate estrous until the following January. The 
wide variations in attainment of female maturity in the
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present limited colony could be related to the breeding 
season. The animals born April through July tended to 
display vaginal openings between two to three and one- 
half months, with the first estrous occurring one week 
to four months after vaginal opening. In animals born 
August through November, the vagina opened between three 
to four months. In females born at this time, only 
five showed fluctuations in vaginal smear cytology 
indicative of an estrous cycle. The first estrous 
apparently occurs at a later time.

H. Gestation Period. ____ A comparison of gestation
data is summarized in table 10.

Table 10
Gestation characteristics of the gerbil (in days).

Source Erythrocytes 
in smear

Gestation:
non-nursing

Gestation:
nursing

Schwenkter 24 + 3-30 hr.
(1963)
Marston & 
Chang (I965)

12-13 24-26 25-39
This colony 12-15 25 31

The gestation period for non-nursing females 
was found to be twenty-five days in this colony. 
Marston and Chang reports an increase of gestation 
proportional to the number of young being suckled.
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In one case of a nursing female in this colony, the 
gestation was increased to thirty-one days.

I. Conclusions. ____ In this colony of Mongolian
gerbils, fluctuations in vaginal smear cytology have 
benn demonstrated in agreement with Marston and Chang 
(1965). The typical characteristic stages indicating 
cyclic fluctuations are proestrous-ovoid nucleated 
epithelial cells, estrous-cornified cells, metestrous- 
leucocytes, few nucleated epithelial and cornified cells.

Corresponding fluctuations of the histology of the 
vagina and uterus are in general agreement with the rat, 
mouse, hamster and guinea pig. The time of ovulation was 
not determined.

No definite conclusions are made concerning a 
regular predictable estrous cycle in this colony due 
to fluctuations in cycle lengths. A number of possibili
ties present themselves. First, that a regular predict
able cycle does occur in the gerbil, however, the smear 
method does not accurately provide information concerning 
a consistent pattern. Secondly, that there was actually 
no predictable cycle in this colony due to handling and 
external conditions of the animal hospital environment. 
Thirdly, that the estrous cycle length actually 
fluctuated, but in accordance with the breeding season.
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The first possibility that the method was inappro
priate does not seem logical. Examination of the vaginal 
cytology by smears has been successful in other rodents 
of the same family (Cricetidae). The fact that short 
periods of regular cycles were detected in this colony 
indicates that the method is functional.

The second possibility, that of handling and 
environmental conditions of the animal hospital, is not 
favored. Regular cycles were noted in the colony, with 
the inbred animals showing less variation in cycle lengths 
than the original colony.

The third possibility, that the cycle fluctuated 
with the breeding season, appears to be the most logical. 
The breeding records show fluctuating periods of increased 
litter production from Kay to October. The data con
cerning age at vaginal opening also indicate that the 
maturity of the female is seasonally dependent. Females 
born April to early August matured at a younger age than 
those born late August through December. Extended studies 
of the estrous cycle length in a large colony of inbred 
animals, as well as breeding and maturity data over a 
long time period, might indicate whether the gerbil is 
seasonally dependent concerning fluctuations in estrous 
cycle length, litter production and age at sexual maturity.
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V. Summary1
A small colony of female Mongolian gerbils was 

examined for a study of a predictable estrous cycle. Using 
the vaginal smear method with Shorr’s stain, three distinct 
phases, proestrous (nucleated epithelial cells), estrous 
(cornified cells) and metestrous (leucocytes, cornified 
and epithelial cells), were observed. In fifty gerbils,
303 cycles were detected showing a mean length of 7 .2  
days in the original colony obtained for smearing pur
poses, and 6.2 days in the inbred colony. The mean cycle 
length in this group varied on a monthly basis from 3 .0  
to 13.5 days over a twelve month period. Fixed, stained 
and sectioned material demonstrated histological cyclic 
fluctuations in both the vagina and uterus. Variation 
occurred in leucocytosis and the degree of differentiation 
of vaginal squamous epithelium, endometrial glandular 
degeneration-regeneration and size of corpus uteri lumen 
in correlation with the phase of the cycle as indicated 
on vaginal smears. Gross reproductive anatomy showed the 
gerbil to be generally similiar to the rat and mouse in 
breeding habits, and data on gestation (25 days), size 
and survival of litters were included, as well as maturity 
related to ear and eye opening, vaginal opening and the 
occurrence of the first estrous cycle.

Presented at the sixty*-seventh annual meeting of the 
Nebraska Academy of Science, 1967.
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Plate 1. Vaginal smear cytology

Figure 3

Figure 4

Figure 5

Proestrous smear. Ovoid nucleated epi
thelial cells.

Estrous smear. Cornified squamous cells.

. Metestrous smear. Leucocytes and nucleated
epithelial cells
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Fig. 4

Fig. 5
Plate 1. Vaginal smear cytology.
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Plate 2. Histology of the vagina

Figure 8. Animal L37» 35*. Proestrous. Delamination 
of ovoid nucleated epithelial (A) and cornl- 
fied cell layers (B). C shows parabasal 
cell layer.

Figure 9. Animal L37» 5^0x. Proestrous. High power 
of delamination of nucleated (A) and corni- 
fied cell layers.

Figure 10. Animal L35» 35x. Estrous. Continued delami 
nation of cornified cell layers. Urethra 
shown in upper right corner.

Figure 11. Animal L35» 5**0x. Estrous. High power

of delamination of cornified cell layers.

Figure 12, Animal L15» 35^» Metestrous. Minimum 
thickness of epithelial cell layers. 
Thickening parabasal cell layer.

Figure 13* Animal L6 , 5**0x . Metestrous. High power 
of thickening parabasal layer.
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Plate 3 Histology of the uterus

Figure 1*K Animal L37, 35x. Proestrous. Distended 
lumen. (E) endometrium. (M) myometrium.

Figure 15» Animal L37* 5^0x. Proestrous. High power 
picture of intact tall columnar epithelium 
(CE) with stroma.(S).

Figure 16. Animal L35, 35x. Estrous. Decreased dis
tension of lumen.

Figure 17. Animal L35» 5/*0x. Estrous. High power 
picture of vacuolar degeneration of col
umnar epithelium.

Figure 18. Animal L6 , 35x . Metestrous. Decreased 
distension of lumen.

Figure 19. Animal L15» 5^0x. Metestrous. High 
power picture of columnar epithelium. 
Leucocytes present in epithelium and stroma.
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Fig. 18 Fig. 19

Plate 3» Histology of the uterus.

Fig. 14

Fig. 16

Fig. 15



Plate k. Histology of the ovary

Figure 20. Animal L37» 35^. Proestrous. Empty 
follicle (F) and. corpora lutea (CL).

Figure 21. Animal L3S» 35*. Estrous. Growing 
follicles and corpora lutea.

Figure 22. Animal L6 , 35x . Metestrous. Growing
. Oviduct in upper center.follicle
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Table 1

Cycle records: original vs. inbred colony.

Original colony Inbred colony

1 4.0
2
2

6.5
5.412 .2

5 6.4
6 5.9
7 7.38 6 .2
9 6 .5
10 8 .1
11 13.112 5.8
13 6 .6

+ 0.00 (3)* 
+ 2 .60 (23) 
+ 2 .02 (15) 
+ 9.92 (10) 
+ 2.44 (14) 
+ 2 .50 (20) 
+ 3.79 (19) 
+ 3.34 (17) 
+ 2 .20 (8 )
+ 3.54 (14) 
+ 8 .16 (10) 
± 3.37 (33) 
+ 4.17 (18)

Total Mean cycle 
animals length

13 7 .2 ± 2.59 (204)

L4
L8
L15L18
L26
L27
L28
L32
L34
L35
L36
L38
l44
L47
L48
L54
L66
L70

4.9
4.5 
4.8
5.14.0
4.7
8.5
6.5
9.3
8.3 
10.7
5.7
6.5
5.0
5.0
7.0
6 . 0
4.8

+ 1 
+ 1 
± 1
±
+
+ 1 
+ 4 
+
± 3 + 2
+
±+
+
±+
1  ? + 1

1
1
0
3

48
95
17
69
63
03
04 
52 
50 
50 
30 
80 
00 
00 
00 
60 
00 
26

(15)*
( 10 )
( 6)
(7)
( 6)
( 6)
(3)
( 6)
(5)
(14)
(3) 
(7)
(4)
(3)
( 1 )
(3) 
( 1 )
(4)

Total Mean cycle
animals length

18 6.2 + 1.88 (106)

t= 1.15
p= 30$ 20$

♦mean + standard deviation (number of observations).
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Table 2
Cycle Records: Virgin vs. mated females

Virgin Females Mated females

1 4.0 + 0.00 (3)* 2 7.7 + 3.46 (7 ) *
2 5.5 + 1.59 (16) 4 35.0 ± 0.00 (1)
3 5.4 + 2.02 (15) 7 10.3 + 5.50 (3)
4 9.7 + 7.14 (9) 12 4.8 + 1.48 (15)
5 6.4 + 2.44 (14) L4 4.9 + 1.48 (15)
6 5.9 + 2.50 (20) L8 4.5 + 1.95 (10)
7 6 .8 + 2.4. (16) L15 4.8 + 1.17 (6 )
8 6 .2 + 3.34 (17) L28 8.5 + 4.04 (3)
9 6.5 + 2.20 (8 ) L32 6.5 + .52 (6 )
10 8.1 + 3.54 (14) L34 6.7 + 2 .08 (3)
11 13.1 + 8.16 (1 0) L35 5.7 + 2.24 (11)
12 6.3 + 3.90 (18) L36 8 .0 + 0 .00 (1)
13 6 .6 + 4.17 (18) L38 5.7 + 2.80 (7)
L18 5.1 + .69 (7)
L2Ó 4.0 + .63 (6 )
L27 4.7 + 1.03 (6 ) Total Mean Cycle
L34 11.0 + 4.24 (2 ) animals length
L35 9.3 + .57 (3)
L3Ó 12.0 + 0 .00 (2 ) 13 8.7 + 8.5 (88)
I M 6.5 + 1.00 (4) 12 6.5 + .86 (87)
IA? 5.0 + 1.00 (3)
L48 5.0 + 0.00 (3)
L54 7.0 + 3.60 (3) **Kean cycle less #4.
L66 6 .0 + 0.00 (1)
L70 4.8 + 1.26 (4)

Total Mean cycle
animals length

25 6.8 + .71 (222)

*Mean + standard deviation (number of observations).



Table 3
Cycle records per month: Original vs. inbred
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Jan. 7.0 ± 2.30 (4)* Jan. 5.0 + 1.80 (20)
Feb. 3.0 ± 0 .00 (2) Feb. 5.7 ± 2.35 (18)
Mar. 4.3 ± 1.20 (3) Mar.
Apr. 6 .8 ± 3.50 (47) Apr. —

May 6 .0 + 0.17 (45) May —

June 6 .2 + 2 .30 (41) June —

July 9.5 + oo. (3D July —

Aug. 7.9 + OCO•00 (14) Aug. 4.2 ± 1.30 (8 )
Sept. 13.5 + 0 .70 (2 ) Sept. 4.6 ± 0 .80 (17)
Oct. — — 0c t. 7.8 ± 3.80 (10)
Nov. 4.7 ± 0.57 (3) Nov. 7.3 + 2.^9 (11)
Dec. 6 .8 ± . co o (6 ) Dec. 6 .0 ± 2 A 5 (22)

*Mean + standard deviation (number of observations)
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Table 4
Breeding records.

Bred
pairs

Mos. # of 
bred litters

Total Mean 
offspring litter

#weaned
% sur
vival

15x16 5 mos 3 13 4.33 0 .00.0
17x18 5 mos 0 0 0.00 0 00.0
19x20 11 mos 7 33 4.71 29 87.8
21x22 11 mos 6 35 6.00 26 74.3
23x24 5 mos 3 9 3,00 3 33.3
25x26 6 mos 4 19 5.00 18 90 .0
~29x30 5 mos 1 3 3.00 2 66.7
27x28 6 mos 5 16 3.20 0 00.0
31x32 11 mos8 5 22 4.50 22 100.0
33x34 7 mos 2 6 3.00 0 00.0
2xLl 4 mos 2 7 3.50 5 71.4
2xLl6 1 mo Pg4x16 3 mos 1 8 8.00 0 00.0
12x18 3 mos 1 3 3.00 0 00.0
12xLl 1 mos pg
L4xL21 3 mos 1 4 4.00 4 100.0
L4xL23 1 mo 1 3 3.00 3 100.0
L8xL16 3 mos 2 6 3.00 5 83.3

L15XL23 3 mos 1 4 4.00 4 100.0
L28xL39 3 mos 1 6 7.00 6 100.0
L32XL34 3 mos 0 0 0.00 0 00.0
L35xL31 3 mos 0 0 0.00 0 00.0
L36xL25 3 mos 0 0 0.00 0 00.0
L38xL30 3 mos 0 0 0.00 0 00.0

Total Total Total Total Mean Total Mean
pairs months litters offspring litter weaned % sur.

4624 109 197 4.34 127 64.4
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Monthly breeding records.
Table 5

# pairs/ Litters/ Total off- # weaned $ via-
month month spring/month ble

January, 
1967: 8

1 6 6 100$

February,
1967: 9

1 7 7 100$

March,
1966: 10 2 15 0 0%
1967: 9 2 8 8 100$
April, 
1966: 10

2 10 9 90$

May,
1966: 10 5 19 lk 73.7$

June,
1966: 10 3 10 6 60$

July,
1966: 10

6 26 17 65.4$

August,
1966: 11

8 35 22 62.5$

September,
1966: 12 7 27 18 66.7$

October,
1966: 10

6 19 13 68.4$

November,
1966s 10 3 15 7 46.6$

December,
1966: 9

0 — — —

Total # Total # Viability
offspring weaned

197 127 64.4$



Maturity records: Ear and eye opening (in days)
Table 6

51

Animal Birthdate Ear opening Eye opening

LI (M) 4/6/66
L2 (F) 4/6/66
L3 (F) 4/6/66
L4 (F) 4/30/66
L5 (F) 4/30/66
L41 (M) 7/26/66
L42 (F) 7/26/66
L43 (F) 7/26/66
L44 (F) 7/26/66
L45 (F) 7/26/66
L46 (M) 7/26/66
L47 (F) 8/7/66
L48 (F) 8/7/66
L49 (M) 8/7/66
L50 (F) 8/7/66
L51 (F) 8/7/66
L52 (F) 8/7/66
L10 (M) 1/20/67
Lll (M) 1/20/67
L12 (F) 1/20/67
L13 (F) 1/20/67
Ll4 (F) 1/20/67
L19 (F) 1/20/67

15 20
16 21
16 21
17 22
17 22
14 22
14 22
16 22
17 22
17 22
16 22
14 19
14 18
14 18
14 19
14 18
14 19
13 19
15 19
14 19
15 19
13 20
14 19

Total animals
23

Mean ear opening Mean eye opening 
1 4 . 9 2 0 . 2
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Maturity records: Vaginal opening and first estrous
(in weeks).

Table 7

# Birthdate Vaginal
opening

First
estrous

First
litter

L2 4/ 6/66 8 dead mmmm

LA 4/ 30/66 10 16 22
L5 4/ 30/66 8 dead —

L7 4/30/66 10 dead —
L8 4/ 30/66 10 16 22
L15 5/ 14/66 8 13 16
L17 5/ 25/66 48 dead —

L18 5/25/66 13 14 sacrificed
L26 4/ 14/66 10 12 sacrificed
L27 4/ 14/66 10 12 sacrificed
L28 6/ 14/66 10 20 24
L32 7/ 3/66 8 16 mated
L34 7/10/66 10 14 mated
L35 7/10/66 8 20 mated
L36 7/10/66 8 10 mated
L38 7/ 3/66 8 24 mated
lA2 7/26/66 10 * unmated
IA3 7/26/66 8 ■* unmated
lA 4 7/26/66 8 12 unmated
lA 5 7/26/66 22 * unmated
iA? 7/26/66 8 22 unmated
lA8 8/7/66 8 20 unmated
L50 8/7/66 8 * unmated
L51 8/7/66 8 * unmated
L53 8/ 14/66 8 unmated
L54 8/ 14/66 8 20 unmated
L55 8/ 14/66 22 « unmated
L59 8/23/66 20 unmated
L6l 9/ 5/66 20 •* unmated
L62 9/5/66 20 «• unmated
L63 9/ 7/66 20 •* unmated
l 64 9/ 7/66 20 * unmated
L65 9/7/66 18 * unmated
l 66 9/ 7/66 20 18 unmated
L70 9/13/66 18 16 unmated
L71 9/ 13/66 18 16 unmated
L77 10/15/66 18 # unmated
L79 10/15/66 ■* unmated
L80 10/15/66 20 * unmated
L82 10/13/66 20 unmated
L83 10/11/66 *• * unmated
L84 10/11/66 22 * unmated
L5B 11/19/66 12 * unmated
L7B 11/19/66 13 * unmated
*None observed to
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Records of gestation and its characteristics (in days)
Table 8

Animal Erythrocytes 
on smear

Gestation
length

L8 1^ 25
L8 Ik 31*

L15 lk 25
L4 15 25
L4 14- 252 — 25
k 13 —12 12 • » « a

*L8 nursed litter of 3 during pregnancy



VIII APPENDICES
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Summary of the cyclic cytological and histological 
fluctuations of the vagina, uterus and ovary in the 
rat (Long and Evans, 1922) and mouse (Allen, 1922).

Appendix A

Smear Vagina Uterus Ovary

Pro-
estrous
E* only

Endometrium 
many cell 
layers.
Outer 4— 5 
layers of 
nucleated 
epithelial.

Increased
hyperemia
and
distension. 
Few L*.

Follicles
large.

Granulosa 
layer with 
increasing 
cornification•
Few L*. Ovulation

Estrous 
C* only.

Cornified 
layers de
laminating.
No L.

Distension
decreased.
Epithelium
degenerating.

Early corpora 
lutea present.
Many atretic 
follicles.

L beginning 
to penetrate 
epithelium.

Met
es trous
L— many 
C— few 
E— few

Minimum 
cell layers 
growing to 
maximum 
thickness.
Many L.

Wall collasped.

Epithelium
healthy.
Many L.

Corpora lutea 
present.
Rapidly grow
ing follicles.

*E=nucleated epithelial cells; C=cornified; L=leucocytes.
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Marking procedures used on gerbil colony.
Appendix B

Ear punching Digital amputation

Left ear Right ear Front feet Hind feet
1 y io 10 1 n u / un 12 ^ y 2o 20 11 il VII1111/ IW 2
= Q P 30 30 M// lltf II/// M 3
* C y 4o «  m i 1 1111/ II/// 4
» c y 5o 50 W II il \W \f//5
‘C y 6o- 60 W I'// W 1//// 6
’ C y 7o 70 Vili //// \ll/ w//7
•c y do eô li ////
9 ? y so 90 \\|l //// fill/ I////9

10 O 9" « I l  ////1111/ *////°



Staining schedule for sectioned tissues.
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Appendix C

Solutions Time

Xylene 1 ....................................5 minutes
Xylene 2 ....................................5 minutes
Absolute alcohol 1 .....................„ . . 2  minutes
Absolute alcohol 2 ....................... 2 minutes
95$ ethyl alcohol 1..........................2 minutes
95$ ethyl alcohol 2..........................2 minutes
70$ ethyl alcohol........................... 2 minutes
50$ ethyl alcohol........................... 2 minutes
30$ ethyl alcohol........................... 2 minutes
Distilled water............................. 2 minutes
Harris hematcxylin.......................... 1 minute
Cold running tap water.................... 10 minutes
Distilled water.  .....................4 dips
30$ ethyl alcohol........................... 2 minutes
50$ ethyl alcohol........................... 2 minutes
?0$ ethyl alcohol.-......................... 2 minutes
Eosin........................................2 minutes
95$ ethyl alcohol 1........................10 dips
95$ ethyl alcohol 2....................... 10 dips
100$ ethyl alcohol 1 ....................... 1 minute
100$ ethyl alcohol 2 ...........   1 minute
Xylene 3 ....................................5 minutes
Xylene 4 ....................................5 minutes
Mount.
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