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The amniotic fluid was collected and weighed from 
a total of 403 loculi reprcsentin days 9 through 16 of 
gestation. Although loculi were apparent as early as the 
6th day of gestation, no amniotic fluid was present until 
day 9. From day 9 until day 13, the weight of aLniotic 
fluid per embryo increased from an average value of 
0.038 g. to an average value of 0.203 g. Between days 
13 and 15 the weight of amniotic fluid increased at a 
very rapid rate, from a value of 0.203 g. to 0.405 g. 
per embryo. From day 15 to day 1t, the weight of amniotic 
fluid decreased to a value of 0.218 g. 

Thus amniotic fluid production does not begin 
until about mid-gestation and from this time until day 
13, the volume increases at a comparatively uniform rate. 
From day 13 to day 15, there is a rapid increase of this 
fluid followed by an abrupt decrease from day 15 to day 
16 9term). The value for day 16 is approximately one- 
haif of the iaaximu attained. 

The prenatal growth in the golden hamster was 
determined by making individuLi crown-rump measureìents 
on a total of 330 embryos representing days 9 through 16 
of gestation and, by calculating the average weights of 
411 embryos collected during the saine period. 

The average crown-rump lengthsper embryo were 
found to be 4.5 mm., 6.52 rain., 9.41 min., 10.50 min., 

11.42 nain., 16.42 mm., 19.69 mm., and 21.32 mm. on days 
9 through 16 respectively. These figures show a rapid 
and nearly uniform increase for this period. 

The average weights per embryo were as follows: 
0.0024 g., 0;031 g., 0.064 g., 0.147 g., 0.224 g., 

0.756g., 1.303 g., and .052 g. for days 9 through 16 

respectively. Three periods O: uniform weight increase 
occur, each succeeding period being at a higher rate. 



The uterus wab excised from a total of 70 pregnant 

feiliales. Following removal of the embryos and amniotic 

fluid, the remaining tissue was weighed and the average 

amount of nutrient tissue per embryo was recorded. 

The average weights of placental tissue per embryo 

for days 6 through lb of gesttion were respectively as 
follows: 0.060 g., 0.132 g., 0.153 g., 0.161 g., 0.281 g., 

0.338 g., 0.477 g., 0.458 g., 0.711 g., 0.929 g., 0.704 g., 

The increase is relatively slow and fairly uniform from 

days 6 to 13; from day 13 to day 15, the increase is 

sharp, but from day 15 to parturition the average weight 

per embryo drops to about 75% of the friaximum attained, 

the latter reflecting a characteristic deterioration in 

placental efficiency near term. 

comparison of these values obtained for placental 

tissue with values obtained for amniotic fluid volumes 

and. with increaees in the weights of eiabroys, indicates 

that the placenta is well developed and the amnioic 
fluid volume high in advance of the onset of rapid 

embryonic development which occurs on day 13 of gestation. 

The uteri and ovaries from a total of 72 pregnant 

hamsters representing days 6 through 16 of pregnancy 

were removed at sacrifice; a count was made on the 

numbers of corpora lutea and viable embryos for each 

mother. By dividing the number of viable embryos by 

the number of corpora lutea, a quotient was obtained 

which was used to represent the individual percentage 

mortality. 

The individual values obtained were plotted 

against time. The highest percentage mortality for any 

mother was found to be 77%, the lowest 0%. In general, 

the prenatal mortality rances from 6% to 35%; the lower 

averages are found in early pregnancy, the higher averages 

between days 12 and lb of gestation. 

The most frequently 
viable embryos was 10, and 

pregnancies studied. 

occurring litter size of 
it occurred in 20% of the 

Resorptions of embryos were noted on days 9 

through 16 and no "niuininies'1 

were found. 
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PRENATAL STUDIES IN THE GOLDEN HAMSTER (CRICETUS 
AUBATUS WATERHOUSE) WITH SPECIAL REFERENCE 

TO PRENATAL MORTALITY, GROWTH AND 
AMNIOTIC FLUID VOLUMES 

k'ART A. 

VOLUME CHANGES IN THE AMNIOTIC FLUID OF 
THE GOLDEN HAMSTER (Cricetus auratus) 

INTD DUCT ION 

k(elatively few studies have been made on 

amniotic fluid volumes, including the work of Draper (45) 

and leben (9) on the guinea pig, Leu (410) on the rabbit, 

and wislocki (16) on the SOW and cat. 
This study on the golden hamster was made in 

order to expand available information on this subject 

and to lay a foundation for any experimental investi- 

gations on the source and. mechanism of amniotic fluid 

rrotudction and reduction. 

MATERIALS AND METHODS 

The loculi of the excised uterus were suspend&. 

over the mouth of a weiiing bottle and carefully opened. 

In most instances the embryo emerged surrounded by the 

amnion which was opened so the amniotic fluid. would drab 

into the bottle. Although this method worked well for 
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days 10 through 16, it was necessary because of the 

relatively small amount of fluid present, to open the 

loculi of day 9 on a piece of filter paper of known 

weight. Al]. operations were accomplished with dispatch 

to hold evaporation to a minimum, and care was taken 

to prevent the addition of blood to the collection. 

Following the collection of fluid, the fluid- 

soaked filter paper, or the weighing bottle with lid 

replaced, as the case may be, was placed on an analyti- 

cal balance. The dry weight of the fil-ter paper was 

subtracted from the wet weight, and the known weight of 

the bottle was subtracted from the filled-weight. These 

differences represented the total weight of amniotic 

fluid for a given litter. This net weight was divided 

by the number of loculi to obtain a quotient represent- 

ing the average weight of amniotic fluid per embryo for 

a given litter. The volumes of amniotic fluid from all 

mothers for the same day of gestation were also totalled 

and divided by all the loculi involved to obtain a 

figure representing the average weight of amniotic fluid 

per embryo for a given litter. The volumes of amniotic 

fluid from all mothers for the same day of gestation 

were also totalled and divided by all the loculi in- 

volved to obtain a figure representing the average 
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weight of airniiotic fluid for a].]. ernbryoe taken; this 

latter figure was placed on the curve (Figure 1). 

DISCUSS ION 

The amniotic fluid from a total of 403 loculi 

was collected covering the period from day 9 through 16 

(terni). For the details on weights and. their averages, 

reference is made to table i which is self-explanatory. 

Figure 1 presents a curve showing that amniotic fluid 

production begins on day 9. Fluid increase is rela- 

tively slower from days 9 to 13, after which an abrupt 

increase occurs to day 14, followed by a smaller value 

to day 15. The period from day 15 to day 16 (term) is 

marked by a precipitous drop in fluid volume to approxi- 

mately 53% of the maximum value attained. The fluid on 

day 16 is markedly viscous in comparison with that 

taken on any other day. 

Draper (5) reports that in the guinea pig the 

weight of the amniotic fluid is equa]. to that of the 

embryo from day 29 through day 32, after which time the 

amniotic fluid increases slowly until day 45. From 

day 45 to parturition the weight of the fluid remains 

constant. However, leben (9) records data at variance 

with that of Draper, finding in this animal a steady 

increase of amniotic fluid until parturition except for 
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Figure 1 

The average weight in grams of aniniot le fluid per 
embryo plotted against days of gestation. 
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Table i 

Quantitative Changee in Amniotic Fluid 
Th.iring Gestation 

Day of Number Total Average Total Average 
geetatior of weight weight of weight weight 

embryos of fluid per of fluid per 
per fluid euibryo of all embryo 
mother per 

mother 
(each 
mother) 

embryos 
each day 

for each 
day 

6 0.297 g 0.049 g 9 
8 0.250 0.031 
8 0.358 0.044 
6 0.185 0.031 
5 0.172 0.034 

1.262 g 0.038 g 

10 8 0.920 0.115 
10 1.221 0.122 

8 0.914 0.114 
6 0.802 0.133 

3.857 0.120 

11 5 0.714 0.142 
3 0.329 0.107 
8 1.576 0.212 
9 1.127 0.125 

l] 1.514 0.137 5.360 0.148 

12 7 1.293 0.184 
4 0.600 0.150 
5 0.716 0.143 
9 1.721 0.191 
5 1.116 0.223 

15 2.641 0.176 
13 2.626 0.202 
12 2.561 0.213 
13 2.727 0.209 
12 2.234 0.186 

18.235 0.191 



Table i continued 

Quantitative Chanaes in Amniotic Fluid 
Durir.g Gestation 

Day of 
gestation 

Number 
of 

Total 
weight 

Average 
weight of 

Total 
weight 

Average 
weight 

enibryos oÍ fluid per of fluid per 
per fluid embryo of all embryo 
mother per (each embryos for each 

mother mother) each day day 

13 5 0.884g 0.176 g 
11 2.038 0.185 
10 1.751 0.175 
11 2.080 0.189 
10 2.795 0.279 

9.548 g 0.203 g 

14 11 4.965 0.451 
12 3.943 0.329 

9 2.618 0.298 
10 4.367 0.436 

7 2.675 0.382 
13 4,784 0.368 

8 3.141 0.392 
11 ö.947 0.358 
4 1.596 0.399 

, 
32.036 0.376 

15 5 2.035 0.407 
4 1.435 0.358 
7 2.688 0.384 
4 2.372 0.593 

lo .633 O.63 
12.16 0.405 

16 10 1.560 0.156 
12 2.075 0.172 

7 2.69 0.384 
9 2.054 0.228 
7 1.463 0.209 

9.845 0.218 



7 

the period from day 50 to day 55 in which a small 

temporary drop in volume occurred. Isben's paper IB 

probably the more accurate since he accounted for the 

amniotic fluid trapped by the fetal hair. 

Leu (io) reports that in the rabbit the 

amniotic fluid volume increases slowly until day 26 

from which time until birth lt diminishes rapidly. 

Wislocki (16) reported on the volume of fetal fluid in 

the sow and cat. He found that the amniotic fluid of 

the cat showed a temporary drop between the 100 and the 

120 mm stages. In the sow there is a steady rise of 

amniotic fluid until the end of the third month after 

which time the volume changes become erratic. Windle (15) 

states that in man and sheep it is probable that the 

amniotic fluid reaches a maximum sometime before parturi- 

tion and that this volume is maintained until birth. 

SUMMARY 

1. Amniotic fluid production in the golden hamster 

begins on day 9, with an average weight of 0.038 g. 

per embryo. 

2. The maximum value of 0.405 g. is attained on day 

15 after which a precipitous drop to a value of 

0.218 g. on day 16 (term) occurs; this latter figure 
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represents a drop to 53% of the maximum value 

att ained. 

3. Amniotic fluid taken on day 16 is markedly ViSCOUS 

in comparison with that of all previous days. 



PART B. 

PRENATAL GROWTH IN TH GOLDEN HAMSTER 
(Cricetus auratus) 

INTRODUCT ION 

A number of studies have been made on the 

embryonic growth of manixnals in terms of weights and 

crown-rump meacurements, including those of Gonzlez 

(6) and Stoteenburg (13) on the albino rat, Draper (5) 

and leben (9) on the guinea pig, Hartman (8) on the 

opossum, Warwick (14) on the swine, and Leu (10) on 

the cat Similar Information obtained for golden 

hamster is presented as an addition to comparative data. 

MATERIALS AND METHODS 

The prenatal growth in the golden hamster was 

determined by making individual crown-rump measurements 

on a total of 330 eurnryos representing days 9 through 

16 of gestation and, by calculating the average weights 

of a total of 411 embryos collected during the same 

period. 

Following removal of the uterus at sacrifice, 
the loculi were carefully opened to prevent rupture of 

the amnions. With a pair of dividers, the crown-rump 
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measurement was taken of the embryo in-amnio and translatea 

into millimeters. It was regarded better to make this 
measurement while the embryo was still in-arnnio, to avoid 

the tendency toward. straightening out through muscular 

movements when set free. The measurements made on all 
individuale collected for a given day were totalled, 

averaged and the quotient used to represent the average 

crown-rump for the embryo on that particular day of 

gestation. The average crown-rump measurement for all 

embryos of any one mother was also calculated. 

To obtain weights, the amnions were ruptured, 

and all embryos from any one mother were placed in a 

bottle of known weight and placed on an analytical balance. 

The figure obtained was divided y trie number of embryos 

to represent the average weight per embryo in that litter. 
Average weights for an embryo for any one day of gestation 

was also determined by lumping all litter weights and 

dividing by the total number of embryos collected. for 

that day. 

DISCUSS ION 

Although loculi were apparent as early as the 

6th day of gestation, it was impracticable because of 

small size to obtain either measurements or weights 
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before the 9th day. Table 2 shows the number of litters 
examined, the total weight of all embryos for any one 

litter, the average weight of all embryos for each mother 

and the average weight of all embryos of all litters for 
each day of gestation studied. These data were plotted 
on the coordinates of (Figure 2) and from it one may see a 

relatively slow but uniform weight increase from day 9 

to 11; from day 11 to 13, the increase is again uniform 

but accelerated; from day 13 through 16 a third uniform 

increase has taken on an "explosive" acceleration. This 

curve is similar to that obtained by Beatty and Hillemann 

(in press) for the ossification rate in the golden hamster. 

In general it may be stated that the embryo 

increases in weight during the early stages of' pregnancy 

at a uniform rate; however, towards the end of the 
gestation period (approximately the last 12% of this 
period) there is a much more rapid increase than before. 
This seems to agree with Gonziez (6) and Stotsenburg (13) 

for the albino rat, Draper (5) and leben (9) for the 

guinea pig, Hartman (8) for the opossum, Warwick (14) for 

the swine and LeU (10) for the rabbit. 
Table 3 contains the number of litters measured 

for each day of gestation from 9 through 16, together 

with the number of embryos per litter, the average crown- 

rump for all embryos of all litters for any one day. 
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Table 2 

Increase in Weight of Embryos During Gestation 

Day of Number Total Average Average 
gestation of weight of weight weit of 

embryos embryos of all all embryos 
(each (each embryos each day 
mother) mother) (each (all 

mother) mothers) 

s' 9 29 19.8637 g 0.0024 g 

lo 9 O.O2 0.033 g 

5 0.099 0.019 
10 0.277 0.027 
8 0.215 0.026 
6 0.302 0.050 

0.031 

11 10 0.886 0.088 
5 0.107 0.021 
7 0.309 0.044 
9 0.677 0.075 

11 0.710 0.064 
0.064 

12 7 1.221 0.174 
4 0.415 0.103 
5 0.381 0.076 
5 0.465 0.092 
3 0.389 0.129 

15 2.084 0.138 
13 1.931 0.148 
12 2.418 0.201 
13 1.992 0.153 
12 1.798 0.149 

________ - [ 

0.147 

* These 29 enrnryoe carrie from 6 different mothers and 
were lumped together as though from a single mother 
to obtain an average weight. 
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Table 2 continued 

Increaee in Weight of Enìbryos During Gestation 

Day of Number Total Average Average 
gestation of weight of weight weight of 

embryost embryos of all all embryos 
(each (each embryos each day 
mother) mother) (each (all 

mother) mothers) 

---- __ -------- -- 
5 0.810 g 0.162 g 

11 1.408 0.128 
10 1.675 0.167 
11 2.335 0.212 
10 4.305 0.430 

0.224 g 

14 11 7.645 0.695 
12 5.113 0.426 

9 2.941 0.326 
10 11.541 1.154 

7 5.805 0.829 
13 10.515 0.808 

8 7.441 t 0.930 
11 10.946 ' 0.995 

4 2.539 0.634 
o .758 

15 6 6.046 1.007 
4 3.563 0.890 
7 5.283 0.754 
4 6.480 1.620 

10 19.051 1.905 
I 

1.303 

16 11 25.012 2.273 
12 25.776 2.148 

7 15.582 3.226 
9 15.767 1.751 
5 8.644 1.728 
9 15.972 1.774 
7 16.379 3.339 

___I -____ 2.052 
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Figure 2 
Curve showing the average embryo weight plotted 
against days of prenatal development. 
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Table 3 

Changes in Crown-Rump Measurements 
During Gestation 

Day of Number of 
gestation embryos 

(each 
mother) 

10 

11 

12 

9 
5 

10 
6 
6 

10 
i 

4 
7 
9 
4 

8 
5 
5 
5 
3 
5 
7 
5 

10 
3 

Average 
crown-rump 
of embryos 
(each mother) 

5.77 mm 
6.00 
6 .70 
7.00 
7.16 

9,70 
6.00 
4.75 
8.00 
8 60 

10.00 

11 .00 
9.10 
9.10 
9.80 

10.00 
10.80 
11.00 
12 .20 
11.00 
11.50 

15 

n 
Average crown- 
rump of all 
embryos (each 
day of gestation 

4.5 mm 

6.52 

9.41 

10.55 



ay of 
estat ion 

13 

14 

15 

16 

Table 3 continued 

Chan gee in Crown-Bump Measur ement s 
During Gestation 

Number of 
embryo s 
(each 
mother) 

6 
11 
10 
1]. 

7 

7 
12 

9 
8 
7 
2 
8 

6 
4 
7 
4 

10 

1]. 
13 

7 
9 
5 

Average 
crown-rump 
of embryos 
(each mother) 

10.33 nut 
10.00 
11.75 
11.36 
13.70 

18.00 
15.00 
13.10 
16.75 
16.00 
17.00 
19.10 

20.10 
17.75 
18.20 
20.70 
21.70 

24.00 
20.00 
21.20 
19.42 
22.00 

Average crown- 
rump of all 
embryos (each 
day of gestat ion 

11.42 nun 

16.42 

19.69 

1 .32 

16 



17 

Figure 3 represents the latter averages plotted against 

days gestation from which can be seen a more or less 

uniform increase in length during the period studied. 

This pattern of prenatal growth in length is 

similar to that of other mammals. Draper (5) working 

with guinea rigs, Gonzez (6) with albino rats and 

Warwick (14) with swine find that prenatal growth in 

length increases at a fairly uniform rate throughout 

gestation. Hartman (8) reports that the postnatal 

growth curves of the opossum follow the same shape as 

the prenatal growth curves of higher mammals. 

SUMMARY 

1. The prenatal increases in weight in the golden 

hamster beginning with day 9 and extending through 

day 16 (term) run from an average value of 0.0024 

g. to 2.052 g; three periods of uniform weight in- 

crease occur, each succeeding one being at a higher 

rate. 
2. Increases In the crown-rump measurements for the 

same period run from an average value of 4.5 mm. 

to 21.32 mm. The rate of increase is fairly 

constant throughout this period. 
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Curve showing average crown-rump length of embryo 

plotted against daye of prenatal devrelopxnent. 
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PART C. 

CHANGES IN THE WEIGHTS 
OF PLACENTAL TISSUE PEP ERYO FOR EACH DAY 

OF GESTATION IN THE GOLDEN HAMSTER 
(Cricetus auratue) 

INTRO DUCT IO N 

Draper (5) working with guinea pigs, report8 

that in the early stages of gestation, the fetal niem- 

branes gain more rapidly in weigat than do the embryos, 

that between days 32 and. 33 of gestation, the weights 

of the membranes and embryos are equal and that from 

day 33 to parturition, the embryos gain rapidly while 

the membranes increase slowly. A similar study on 

rabbits by Lell (io) presents the fetus as increasing 

rapidly during the last 10 days of gestation; the fetal 
membranes increase slightly up to day 24 and retain the 

weight attained to parturition. 
The present paper was prepared as an additional 

study along these saine lines on a different animai and 

as a comparison of the progress of the placental tissues 

with the growth of the embryo and with the amniotic 

fluid. 
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MATERIALS AND METHODS 

A total of 70 pregnant females were selected to 

represent days 6 through 16 of gestation. The gravid 

uteri were excised at sacrifice, the embryos and amniotic 

fluid removed and the residue weighed on an analytical 

balance, taking precautions against undue evaporation. 

This residue consisted of all the uterine tissue including 

not only the maternal placenta but also the fetal placenta 

and represented the sum total of tissues involved in the 

nutrition of the embryos. Care was taken to keep the 

loss of blood from the uterine tissues to a minimum. 

The weight obtained for each uterus was in turn 

divided by the number of embryos (or loculi for days 6 

through 9) and the resultant quotient recorded as the 

average weight of supporting tissue per embryo in the 

litter. The weights of all such uteri for a given day 

of gestation were also totalled and the average weight 

of nutritional tissue per embryo or all litters involved 

was calculated. 
In those instances where a loculus was 

comparatively small and contained a resorbing or resorbed 

embryo, the loculus was cut out and. not included in the 

weight nor was the embryo included in the count. This 

procedure eliminated a source of error in making 

determinations. 
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Since the embryos on days 6 through 9 are 

small, very difficult to find, and tlieir weights relative 

to that of their portions of the uterine tissue negligible, 

no figure representing their weights was subtracted from 

the uterine tissue weight. Their weights were regarded 

as a negligible source of error. 

DISCUSSION 

No loculi were apparent before day 6, therefore 

the study began on this day and continued through day 16 

(term) . A detailed record of all figures obtained are 

presented in table 4. A curve was also prepared (iigure4 ) 

in which the average weights of nutritional tissues 

(uterus plus maternal and fetal placenta) per embryo 

for all litters were plotted against days of gestation. 

From day 6 through 13, the increase is, in general, uniforn 

and at a slower rate than that obtaining from day l 

through 15. From day 15 to parturition (day 16) the 

average weight drops to about 75% of the maximum attained 

(day lE) arid reflects a placental deterioration during 

the short period before parturition. 

When the change in the weights of nutritional 

tissues, embryos and amniotic fluid are superimposed on 

one graph (Figure5 ), a number of relationships are 
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Table 4 

Changes In Weigrit of Pregnancy-uterus Per 
Embryo During Gestation 

Day of Number Weight of Average Average 
gestation of pregnancy- weight of weight of 

embryos uterus pregnancy-. pregnancy- 
( each (each uterue per uterus per 
mother) mother) embryo embryo (all 

(each mothers) 
mother) each day of 

g e st at io n 

e 12 1.000 gr. 0.083 gr. 
10 0.747 0.074 
13 1.067 0.082 
11 0.821 0.074 
13 1.142 0.087 

0.080 gr. 

7 10 1.475 0.147 
10 1.345 0.134 

6 0.870 0.145 
10 0.860 0.086 
12 1.130 0.152 

0.132 

8 3 0.712 0e237 
11 1.435 0.130 
12 1.700 0.141 
17 2.610 0.153 

9 1.130 0.125 
0.153 
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Table 4 continued 

Changes in Weight of Pregnancy-uterus Per 
Embryo During Gestation 

Day of Number Weight of Average Average 
gestation of pregnancy- weight of weight of 

embryos uterus pregnancy- pregnancy- 
(each (each uterus per uterus per 
mother) mother) embryo embryo (al 

(each mothers) 
mother) each day o 

gestation 

9 6 1.025 gr. 0.170 gr. 
8 1.280 0.160 

13 2.005 0.154 
10 1.310 0.131 
9 1.802 0.200 
9 1.400 0.155 

16 2.700 0.170 
11 1.880 0.170 
11 1.585 0.144 

10 9 2.771 0.307 
11 2.701 0.245 
10 2.695 0.269 
8 2.322 0.290 
6 1.772 0.295 

0.161 gr. 

0.281 

11 10 3.280 0.328 
3 0.858 0.366 
7 1.955 0.279 

11 3.675 0.361 
9 3.500 0.388 

12 4.600 0.388 
0.338 

_L 
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Table 4 contInued 

Changes in weight of Pregnancy-uterus Per 
Embryo Thir1ng Gestation 

Day of Number Weight of Average Average 
gestatior of pregnancy- weight of weight of 

embryos uterus pregnancy- pregnancy- 
(each (each uterus per uterus per 
mother) mother) embryo embryo (all 

(each mothers) 
mother) each day of 

gestation 

12 7 4.595 gr. 0.656 gr. 
4 2.132 0.533 
5 2.580 0.516 
9 4.627 0.514 
7 2.697 0.385 

15 6.176 0.411 
13 4.756 0.365 
12 5.845 0.487 
13 6.305 0.485 
12 5.082 0.423 

0.477 gr. 

13 5 2.322 0.464 
11 4.164 0.378 
10 3.720 0.372 
1]. 5.526 0.502 
10 5.770 0.57? 

O 458 

14 1]. 6.429 0.584 
12 8.642 0.721 

9 4.862 0.542 
10 6.482 0.648 

7 6.218 0.888 
13 7.743 0.595 

8 6.745 0.843 
11 6.571 0.597 

0.711 



Table 4 continued 

Changes in weight of Pregnancy-uterus Per 
Embryo During Gestation 

Day of Ilumber 
gestation of 

embryo s 
(each 
mother) 

5 5 
4 
7 
4 

10 

11 
10 

7 
9 
6 
9 
7 

Weigrit of 
pr e gn an c y- 
uterus 
(each 
moth er) 

4.705 gr. 
3.505 

5.670 
8.375 

6.490 
6.291 
8.292 
ö.940 
4.647 
3.080 
6.828 

Average 
weight of 
pregnancy- 
uterus per 
embryo 
(each 
mother) 

0.922 gr. 
0.876 

10 
1.401 
0.837 

0.590 
0.629 
1.184 
0.437 
0.774 
0.342 
0.975 

25 

Average 
weight of 
pregnancy- 
uterus per 
embryo (al 
mothers) 
each day o 
gest at ion 

0.929 gr. 

0.704 
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revealed. The curves for the amniotic fluid production 

and the changes in the weight of the nutritional tissues 

both exceed the growth curve of the embryo during the 

early stages of gestation. Between days 13 and 14, the 

weight of the embryo overtakes the weights of the nutri- 

tional tissues and amniotic fluid. From this point the 

weight of the embryo increases rapidly until parturition 

while the weights of the nutritional tissues and amniotic 

fluid increases until day 15 followed by a decrease 

between days 15 and 16. Thus it is seen that the weights 

of the nutritive tissues and amniotic fluid are high 

in advance of the onset of rapid embryonic development 

which occurs on the 13th day of gestation. 

Draper (5) reports in the guinea pig, that in 

the early stages of gestation the fetal membranes gain 

more rapidly than the embryos, and tetween days 2 and 33 

the weight of the membranes equal the weight cf the 

embryos. From day 35 to parturition the emoryos gain 

rapidly while the membranes increase slowly. Leu (10) 

reports that the rabbit fetus increases rapidly during 

the last 10 days of gestation, that the membranes in- 

crease slowly until day 24 and then remain the same 

during the rerLainder of gestation and that the amniotic 

fluid increases slightly until day 26 from which time 

until parturition it diminishes rapidly. 
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SUMMAFY 

1. The nutritive tissues (uterus plus fetal and 

maternal placenta) in the golden hamster begins 

witri an average weight of 0.080 g. per embryo on 

day 6 and by gradual increments obtains a value of 

0.458 g. on day 13. 

2. From day 13 the curve of increase climbs steeply 

to day 15 with an average value per embryo of 0.929 

3. The period from day 15 to parturition (day 16) is 

marked by a precipitous drop to an average value 

of 0.704 g. per embryo, and represents a loss 0±' 

about 25% of the highest value attained (day 15); 

the drop reflects placental deterioration. 

4. The curve for the average weights of nutritive 

tissue is overtaken by the curve on weight in- 

creases per embryo on day 14 of gestation. The 

growth curve overtakes the amniotic fluid weight 

curve on day 13 of geet.at ion. 

5. Nutritive tissues are well developed in advance 

of the time of maximum need as if in physiological 

anticipation. 
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PART D. 

PRENATAL MORTALITY IN THE GOLDEN HAJSTER 
(Cricetus auratus) 

INTW) DUCT ION 

A review of papers dealing with prenatal 

mortality in various mammals revealed a number of in- 

terest, particularly those of Nicol (11) on guinea 

pigs, Hammond (7) on swine, Robinson (12) on the ferret 

arid Brambell (3) on the wild, rabbit. Out of an interest 

in comparative studies, a similar analysis was made In 

the golden hamster. 

MATERIALS AND METHODS 

Of a total of 92 supposedly pregnant f en:ales, 

72 proved to be pregnant at sacrifice. After removal 

of the pregnant uterus duplex and ovaries, the corpora 

lutea were extirpated and a separate count kept for 

each ovary; the embryos after day 8 were freed from 

their membranes and a separate count recorded for each 

born. 

The embryos on days 6, 7 and 8 were very small 

and difficult to find. Therefore, the relative size and 

development of the loculue was taken as a substitute 



measure of viability, with full cognizance of the 

possibilities of error. xperience indicated that the 

email loculi of later stages very frequently contained 

dead and resorbing embryos. 

After excluding all obviously non-viable 

embryos from the count, a percentage mortality for each 

litter was obtained by dividing the number of viable 

embryos per litter by the total number of corpora lutea 

taken from the two ovaries. 

Since no loculi were apparent before day 6, 

calculations began on this day and were continued through 

day 16 (term). 

Thought was given to probable sources of error 

in making counts. It le not possible to correct for 

identical twinning, for di- or polyovular follicles, or 

for coalesced. corpora lutea if their resulting bulk is 

no larger than that of any normal corpus. The corpora 

were found to be very uniform in 8ize within the 

individual as well as between individuals for any one 

day of gestation. Corpora lutea of the previous cycle 

were invariably very small and arproaching the albi- 

cans stage. 

Before any counts on corpora lutea were made 

a number of precautions were taken in order to reduce 

the possibility of error. It was first determined that 
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no ova shed could be bet in the peritoneal cavity 

because the ovary is inclosed in a burea; secondly, it 

was observed that the golden hanaster has a uterus duplex, 

consequently, there is little cXiance for loss of ova due 

to internal migration from one uterine horn to the other 

since the arrangement of the cervices make it impossible. 

This protection against the possibility of ova becoming 

lost in the peritoneal cavity has also been reported in 

rats, mice, and guinea pigs; while internal migration 

from one uterine horn to the other is possible in the 

pig it is impossible in the rat, mouse and rabbit because 

of the arrangement of the cervices, Allen (1). Internal 

migration has been shown to be possible in the guinea 

pig but experimental evidence does not show this to be 

the case, Nicol (il). 

DISCUSSION 

Table b contains all counts and. calculations 

on embryos and corpora lutea, and is self-explanatory. 

it is reasonable to assume that the percentage 

of prenatal mortality will increase as gestation pro- 

gresses. But since there is no workable method for 

making a day-by day count on the viable and non-viable 

embryos for a given pregnancy, small populations of 

pregnant females selected for each day of gestation were 
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Table 5 

Correlation of Embryos and. Corpora Lutea -- 
Jribryoï ___6i. a - 

lutea 

Day of Total Total Right Left Right Left 
stathr uterine uterinE ovary ovary embryos corpora 

horn horn per lutea pe 

7 5 

mother mother 

G 5 

_____ 

7 12 12 
4 6 4 6 10 10 
8 5 8 5 13 13 
6 5 9 5 11 14 
6 7 7 7 13 14 

59 63 

7 7 3 7 6 10 13 
9 1 9 1 10 10 
4 2 9 4 6 13 
7 3 7 3 10 10 
8 4 8 4 12 12 

48 58 

8 1 2 1 2 3 
6 5 6 6 11 12 
8 4 9 7 

1 
12 16 

8 9 8 9 
¿ 

1? 17 
5 4 6 5 9 

s 
__n 

9 5 3 5 3 8 8 
i 11 1 1]. 12 12 
7 6 8 6 13 14 
6 4 5 4 10 9 
7 3 13 3 10 16 
2 7 2 11 9 13 

lo 6 11 7 16 18 
7 5 8 6 12 14 
6 5 8 7 11 15 

101 119 
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Table 5 

Correlation of Embryoe and Corpora Lutea 

Totals for each day Lach 
of geetation (all mother 
mothers 

Corpora Number INorma' Corpora Percent ag Percentage 
lutea in of embryos lutea survival loss 
excess of abnormal of of 
embryos embryos embryos embryos 
(each 
motherl_____ 

0 0 
______ 

12 12 
_________ 

100.0 
___ ____ 

0.0 
o O 10 10 100.0 0.0 
o o 13 13 100.0 0.0 
3 0 11 14 78.6 21.4 
i 1 0 13 14 92.9 7.]. 

3 
o 
7 
o 
o 

o 
i 

4 
o 
2 

o 
o 
1 

-i 
6 
4 
2 
2 
4 

I 

I 

I 

I 

I 

I 

I 

I 

I 

'J 

o 
o 
o 
i 

o 

o 
o 
i 

1 

59 

10 
10 

6 
lo 
12 
48 

3 
11 
12 
17 

9 

8 
12 
13 

9 
10 

9 
16 
11 
10 

13 
10 
13 
lo 
12 

3 
12 
16 
17 li 

8 
12 
14 

9 
16 
13 
18 
14 
15 

77 .0 
100.0 
46.2 

100.0 
100.0 

100.0 
91.7 
75.0 

100.0 
81.9 

100,0 
100.0 
92.9 

100.0 
S2 .6 
69.3 
88 .9 
78.6 
66.6 

23.0 
o .o 

53 .8 
0.0 
0.0 

0.0 
8.3 

25.0 
0.0 

18.1 

0.0 
0.0 
7.1 
0.0 

37.4 
30.7 
11.1 
21.4 
33,3 

------ ---- _.l_._._.__ -.- 
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Table 5 continued 

Correlation of Embryos and Corpora Lutea -- Emji 
lut ea 

Day of Ïfh Left Tot al Total Right Ïft 
gestation uterine uterine ovar ovar embryoa corpora 

horn horn per lutea pe 
mother mother 

lo 6 9 8 6 15 14 
5 6 6 6 11 12 
8 2 8 2 10 10 
5 4 5 4 9 9 
4 3 6 3 7 9 

52 54 

11 5 6 5 6 11 11 
5 5 6 6 10 12 
3 7 6 7 10 13 
4 7 8 4 11 12 
4 6 4 7 10 11 
4 11 3 10 15 13 

__7 

12 6 3 7 3 9 10 
5 0 5 6 5 U. 
8 0 10 0 8 10 
7 4 9 4 11 13 
5 4 7 5 9 12 

11 6 12 6 1? 18 

6 7 6 7 13 13 
8 4 9 4 12 13 
7 8 9 10 15 19 
4 8 4 8 12 

111 131 

13 6 3 6 4 9 10 
4 8 7 11 12 18 
5 6 5 6 11 11 
4 7 4 7 11 11 
3 8 4 10 11 14 

54 64 
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Table 5 continued 

Correlation of Embryos and Corpora Lutea 

day ach 

Corpora 

of gestation 
Number normal 

(all 
Corpora 

mother 

Percentage Percentage 
lutea in of embryos lutea survival loss 
excess of &onormal of of 
embryo a embryos embryos embryos 
(each 
mother) ______ 

f4 -1 85.8 14.2 
1 3 8 12 66.3 33.3 
O O 10 10 100.0 0.0 
o 1 8 9 88.9 11.1 
2 1 6 9 66.6 33.3 

o 

3 
1 
i 

2 

1 
6 
2 
2 
3 
i 

o 
i 

4 
o 

1 
6 
o 
o 
3 

i 
4 
1 
3 
1 
2 

12 

O 

o 
3 
6 
6 
2 
o 
o 
2 
o 

i 

i 

1 
o 
i 
u 

44 

lo 
6 
9 
8 
9 

13 
55 

9 
5 
5 
5 
3 

15 
13 
12 
13 
12 
92 

8 
i]. 
lo 
li 
10 
50 

ii 
12 
13 
12 
11 
13 

10 
il 
10 
13 
12 
18 
13 
13 
19 
12 

10 
18 li 
11 
14 

91.0 
50.0 
69.3 
66.6 
81.0 

100 .0 

90.0 
46.0 
50 . O 

68.5 
¿5.0 
83.4 

loo .0 
92.4 
68.5 
loo .o 

80.0 
61 .2 
91 .0 

100.0 
7]. .3 

9.0 
50 . 7 
30.7 
33.3 
19.0 
0.0 

io .0 
54 O 

50 O 

61.5 
75.0 
16.6 
0.0 
7.6 

31.5 
0.0 

20.0 
38 .8 
9.0 
0.0 

28.7 
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Table 5 continuel 

Correlation of Embryos and Corpora Lutea 

Jmbryos uorpora 
lutea _____ ____ 

Day of Right Left Righ Left Total Total 
gest.tior uterine uterine ovar: ovary embry 3 corpora 

horn horn per lutea per 
motbei mother 

14 

_______ 

5 

________ 

7 7 6 12 13 
8 4 9 4 12 13 
2 10 2 12 12 14 
9 2 8 4 11 12 
2 7 2 7 9 9 
6 7 6 7 13 13 
5 5 5 5 10 10 
7 4 7 4 11 11 
2 6 11 7 8 18 

98 112 

15 4 1 9 5 12 
4 5 4 5 9 9 
5 6 5 6 11 11 
6 0 7 4 6 11 
4 6 4 6 10 10 

41 

16 6 5 7 5 11 12 
7 6 7 6 13 13 
2 5 7 7 7 14 
5 4 5 4 9 9 

2 5 5 11 7 16 
4 5 5 5 9 10 
4 

I 

3 7 4 7 1]. 
63 85 
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Table 5 continued 

Correlation of Embryos and Corpora Lutea 

Totale for each day ach 
of gestation (all mother mie) 

Corpora 
lutea in 
excess of 
embryos 
(each 

ther) 
J. 

Tumber 
of 
abnorma] 
embryos 

J. 

Normal 
embryos 

Corpora 
lutea 

Pe±centagelPercentagé 
survival 
of 
embryos 

loss 
of 
embryos 

11 13 84.6 Ï5.4 
1 0 12 13 92.4 7.6 
2 2 10 14 71.3 28.7 
1 1 10 12 83.4 16.6 
0 2 7 9 77.8 22.2 
0 0 13 13 100.0 0.0 
0 2 8 10 80.0 20.0 
o 0 11 11 100.0 0.0 

10 4 4 18 22.3 77.7 
12 86 

7 0 5 12 41.7 58.3 
0 2 7 9 76.8 22.2 
o 3. 10 11 90.0 9.0 
5 2 4 11 36.4 63.6 
o 0 10 10 100.0 0.0 

5 36 

1 0 11 12 91.7 8.3 
o 0 13 13 100.0 0.0 
7 0 7 14 50.0 50.0 
o 0 9 9 100.0 0.0 
9 1 6 16 7.5 62.5 
1 0 9 10 90.0 10.0 
4 7 11 63.6 36.4 

1 62 

------ 
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taken to substitute as a pregnancy history on viability. 

The percentage of prenatal mortality was 

individually calculated for the several litters on each 

day of gestation and plotted as percentage lose of 

viable embryos per mother for the appropriate day. 

From the resulting scatter-diagram (Figure 6 
), 

it is seen that overall mortality ran from a minimum of 

0% to a maximum of 77. When an average percentage mor- 

tality is calculated for each day, it ranges from 6% to 

35%; in general the lower averages are found in earlier 

gestation) the higher averages are found in the period 

from day 12 to 16. 

A survey of the literature indicates that 

prenatal mortality is a common occurrence among mammals. 

From work done by Nicol (11) on guinea pigs, Hammond (7) 

on swine and Robinson (12) on the ferret, prenatal 

mortality was found to be approximately 29.5%, 2.3% 

and 35% respectively. Brambell (3) reports that in wild 

rabbits 60% of the litters are resorbed by the 14th day 

and of the remaining 40% which reach parturition, a loss 

of ova between 9 and 10 percent occurs. From limited 

data on the golden hamster it is difficult to make a 

definite statement in regard to mortality since the 

sampling was too small to arrive at valid figures; in 
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Figure 

6 
Scatterdiagram
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general the mortality rate fails somewhere between 

20% and 35% so far as the figures obtained are 

concerned, 

As seen from table 5, the main factors 

responsible for prenatal mortality are the failure of ova 

shed to be fertilized and the number of embryos being 

resorbed by the mother. Resorption is seen to begin on 

day 9 but probably begins earlier and continues to 

parturition. In some mothers it is seen that the number 

of embryos being resorbed is greater than the number of 

viable embryos. Corner (4) summarizes some causes for 

prenatal mortality as follows: 

A. Defect of Zygosis 

1. Failure of fertilization 

2. Irregular fertilization (Polyspermy) 

B. Defects of Maternal environment. 

1. Mechanical disorders of uterus. The 

uterus may not ce in the proper cycle 

for implanation but in most cases of 

abnormalities where this was checked 

Corner found that the uterine cycle was 

normal. 

2. Infection of uterus. The main objectia 

to this explanation is that normal and 

abnormal embryos are found side by side 
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In the same uterus. 

3. Toxicity of uterine development. 

4. Nutritional defect of uterine environment. 

It has been thought that large litters 

tend to have smaller embryos due to 

crowding and a subsequent lack of nutri- 

tion. (In the hamster we did not find 

this to be true except in cases of twin- 

fling. In these instances the average 

length of the twins was less than the 

average length of the other embryos in 

the uterus). 

5. Disorders of uterine perietalsis and other 

defects of implantation mechanisms. 

C. Defects of gametes and zygotes. 

1. Non-genetic defects of the germ cells. 

2. Genetic defects of the zygote. 

Figure 7 is a graph in which the number of 

viable embryos per litter is plotted against the per- 

centage frequency of occurrence of the litter size. Of 

some interest is the fact that 10 viable embryos occurred 

more frequently than any other viable litter size, and 

did so in 20% of the pregnancies studied. 

The first day on which unequivocal resorptions 

of actual embryos could be ascertained was day 9. Stages 
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of resorption were found on all subsequent days of 

gestation but never was a "mummy" found. 

SUMMARY 

1. The overall prenatal mortality in the golden 

hamster runs from a minimum of 0% to a maximum 

of 77%. 

2. The average percentage mortality calculated for 

each day of gestation ranges from 6% to 35%, the 

lower averages occurring in earlier gestation and 

the higher averages occurring in the period from 

day 12 to 16. 

3. The most frequently occurring litter size of viable 

embryos was 10 and it appeared in 20% of 72 preg- 

flandes studied. 

4. Resorptione of embryos were noted on days 9 through 

16 and no "mummies" were found at any time. 
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CONCLUS IONS 

1. Amniotic fluid production in the golden hamster 

begins on day 9, with an average weight of 

0.038 g. per embryo. 

2. The maximum value of O.4c5 g. is attained on day 

15 after which a precipitous drop to a value of 

0.218 g. on day 16 (term) occurs; this latter 

figure represents a drop to 53% of the maximum 

value attained. 

3. Amniotic fluid taken on day 16 is markedly viscous 

in comparison with that of all previous days. 

4. The prenatal increases in weight in the golden 

hamster beginning with day 9 and extending through 

day 16 (term) run from an average value of 0.0024 

g. to 2.O5 g; three periods of uniform weight in- 

crease occur, each succeeding one being at a 

higher rate. 

5, Increases In the crown-rump measurements for the 

same period run from an average value of 4.5 mm. 

to 21.32 mm. The rate of increase is fairly 

constant throughout this period. 

o. The nutritive tissues (uterus plus fetal and 

maternal placenta) in the golden hamster begins 

with an average weight of 0.080 g. per embryo on 
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day 6 and by gradual incremente obtains a value 

of 0.458 g. on day 13. 

7. From day 1 the curve of increase climbs steeply 

to day 15 with an average value per emtryo of 

0.929 g. 

8. The period from day 15 to parturition (day 16) 

is marked. by a precipitous drop to an average 

value of 0.704 g. per embryo, and represents a 

.ioss of about 25% of the higliest value attained 

(day 15); the drop reflects placental 
det eriorat ion. 

9. The curve for the average weights of nutritive 
tissue is overtaken by the curve on weight in- 

creases per ernryo on day 14 of gestation. The 

growth curve overtakes the amniotic fluid weight 

curve on day 13 of gestation. 

10. Nutritive tissues are well developed in advance 

of the time of maximum need. as if in physiological 

ant icipat ion. 

li. The overall prenatal mortality in tne golden 

hamster runs from a minimum of 0% to a maximum 

of 77%. 

12. The average percentage mortality calculated for 

each day of gesation ranges from 5% to 5%, the 

lower averages occurring in earlier gestation and 
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the higher averages occurring in the period from 

day 12 to 16. 

13. The most frequently occurring litter size of 

viable embryos was 10 and it appeared in 20% of 
72 pregnancies studied. 

14. Resorptions of embryos were noted on days 9 through 

16 and no were found at any time. 
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