
Bulletin 406 January, 1938 

A STUDY OF THE INFLUENCE OF THE . 

INTERVAL BETWEEN MATINGS UPON THE 
I REPRODUCTIVE PERFORMANCE 
I 

OF THE ALBINO RAT 

ARTHUR H. SMITH, 1 1 - 1 ~ ~ 1 . 4 ~  E. ANDERSOS 
, AND n E ~ E c c . 4  R .  HUBBELL 



A STUDY OF THE INFLUENCE OF THE 
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REPRODUCTIVE PERFOR3ZANCE 

OF THE ALBINO RAT 

M uch of our present-day knowledge of nutrition has been derived 
from experimentation with small animals such as rats and mice 

because suitable diets can be economically prepared in quantities sufficient 
for long periods. In 1911, Osborne and Mendel (26) wrote: 
"Minor deficiencies may fail to become conspicuous in even comparatively long periods 
of time in the case of animals whose size ancl span of life indicate a considerable store of 
reserve material. . . . Irurthern~ore the various stages of growth and maturity are com- 
pleted in the smaller animals within relatively short periotls of time, so that the perma- 
nent effects of any dietary become apparent within a range of days or months that is not 
outsicle of ordinary experimental pohsibilities of observation." (See also 27). 

A survey of many of the studies that have been made \vith the albino 
rat since this statement was written shows that investigators early appreci- 
ated the need for a higher degree of uniformity in the results of experi- 
ments with this species than is ordinarily obtained. The breeding and 
care of the rat have therefore received considerable attention. There are 

I well-known colonies today in which the animals have been maintained on 
carefully planned rations for many years, and in which the general breeding 
procedure has been controlled. Workers in this field do not need to be 
reminded of the records of the colonies a t  the Wistar Institute, in Sherman's 
laboratory a t  Columbia Universily, or a t  the Connecticut Agricultural 
Experiment Station where Osborne and Menclel conducted their investiga- 
tions. In the management of these, as well as of many other colonies, 

I every effort has been made to provide the investigator with animals of 
uniform strain and known nutritional background. 

As a result of care in breeding and in the application of more adequate 
knowledge of nutrition, there has been a marked change in the rate of 
growth of this laboratory animal during the past 30 years. The decrease 
in the time required for male rats to grow from 60 gm. to 200 gm. body 
weight has been discussed in earlier papers from this laboratory (28, 22, 24) 
and from the Laboratory of Physiological Chemistry a t  Yale (1, 37). 

Nom: This investigation, conducted in the Biochemical Laboratory of this 
Station, was started in 1930 hy Professors Arthur 13. Smith and Wm. E. Anderson of 
Yale University a t  the invitation of Professor Lafayette B. Mendel. The expenses were 
shared by the Connecticut Agricultural Experiment Station and the Carnegie Institution 
of Washington. 
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In striking contrast to a daily gain of approximately 2 gm. recorded by 
various workers in the period from 1906 to 1915 (4, 5, 26) are the figures of 
4, 5, or even 6 gm. daily gain characteristic of the animals in some of 
these colonies today. Expressed in a different way, Donaldson and his 
collaborators reported in 1906 a weight of 165 gm. for rats 100 days of age; 
whereas in 1915 (10) animals of the same colony reached a weight of 200 
gm. a t  this age. Thirteen years later, Smith and Bing (37) a t  Yale ob- 
served in their colony a body weight of 315 gm. for rats of the same sex 
and age. This change represents an increase of approximately 100 per- 
cent in rate of growth. - 

In a recent paper, Mendel and Hubbell (23) have recorded observa- 
tions concerning the relation of diet to rate of growth in the colony of rats 
a t  the Connecticut Agricultural Experiment Station. Data collected over 
a period of 23 years show a marked increase in body weight for all ages. 
Whereas in 1912 the weight a t  weaning (21 days of age) of male rats in 
this colony was only 23 gm., and the body weight a t  100 days was only 
165 gm., in 1935 the corresponding figures were 448 and 364 gm. respectively. 
These investigators also remark that "the improved growth rate has been 
accompanied by superior reproductive performance.'' 

The foregoing evidence of the enhanced rate of growth of the albino 
rat emphasizes the possibilities of development as the nutritional environ- 
ment approaches an optimum. As indications of changes in the organism 
which accompany variations in rate of growth may be cited the independ- 
ence of body size and proportions (29), the dependence of the mineral 
content of the bones (24), and the definite alteration in the chemical com- 
position of the increments of growth with respect to fat, protein, water, 
and ash (30). The possible effect of both rapid growth and favorable 
nutrition on reproduction is of practical as well as theoretical interest. 

One of the details of the reproductive cycle which has been held to be 
of great significance is the interval between successive pregnancies. Ac- 
cording to the customary breeding procedure in this laboratory, a female 
is mated only three times, with a period of not less than three weeks 
between weaning a litter and subsequent remating. In other colonies a 
much shorter period of rest is allowed. At times, in this as well as in other 
laboratories, animals have been bred only when young were needed for 
experimental purposes; thus the interval between matings has not always 
been uniform. In view of this variation in breeding procedure and of the 
possible influence of the mating interval upon rats in which unusually 
rapid somatic development is promoted by favorable nutrition, i t  seemed 
of interest to study the effect of a superior colony ration under different 
conditions of mating, in order to determine whether a diet that seemed 
adequate when the females were permitted a rest of three weeks would be 
satisfactory if the period of rest were reduced to two weeks, or to one week. 

Accordingly, the breeding performance of rats of the Connecticut 
Agricultural Experiment Station strain was followed through several suc- 
cessive generations in order to study the relationship of the interval be- 
tween pregnancies to the number and size of litters and to the weight of the 
young a t  weaning. The present report describes results obtained over a 
period of six years on a total of 474 breeding females and 9,261 weanling 
young. 

The ration used was a modificatjon of that suggested by Maynard 
(20): G.L.F. calf meal, 97 percent, and cod liver oil, 3 percent. 

The addition of vitamin A, in the form of cod liver oil, was made 
because of extensive experimental evidence that shows the manifold direc- 
tions in which this dietary factor can affect reproduction. For example, 
i t  is known that the integrity of the vaginal epithelium, the maintenance 

! of fetal attachments to the uterus throughout normal gestation, and the 
vigor of the young, are closely associated with a satisfactory level of 
vitamin A in the ration (38, 2, 6, 18, 19, 17). 

The composition of the calf meal was as follows: 

Calf Meal 

i 
% % 

Linseed oil meal 15.0 Oat flour 15.0 
Ground malted barley 10.0 Yellow corn meal 20.0 
Wheat red dog flour 22.0 Steamed bone meal 1.0 
Dried skim milk 15.Q Ground limestone 1.0 

Sodium chloride 1.0 

This represents the formula a t  the start of this experiment in May, 
1930. The meal used beginning in November of that year was modified 
slightly by the manufacturers, 1.5 percent soluble blood meal being sub- 
stituted for an equal quantity of dried skim milk. In November, 1933, 
the ground limestone was omitted and 1 percent yellow corn meal was 
added. Beginning January, 1935, the calf meal formula was further 
changed to include 0.25 percent cod liver oil reinforced with a vitamin 
concentrate that contained 3000 units (U.S.P.) of vitamin A and 400 
units (U.S.P.) of vitamin D per gram of concentrate. On the basis of this 
final change, a mixture that contained 98 percent of calf meal and 2 
percent of cod liver oil was fed for the remainder of the experiment. 

It has been the practice in this laboratory since 1912 to  include in the 
dietary of the nursing mothers some readily available concentrated food 
which not only supports more satisfactory lactation, but. serves also to 
lessen the difficulty of transition for the young from mother's milk to  an 
experimental ration (23). According1 y, in this experiment, the lactating 
mothers were given, in addition to the calf meal food, the following "paste 
food": casein, 25 percent; whole milk powder, 25 percent; wheat embryo, ' 

i 20 percent; and lard, 30 percent.' Young rats received paste food for three 
weeks after weaning, or until they were six weeks old.2 

Until October, 1932, 10 gm. of lettuce were fed to  each rat daily. 
After this date, for economy, the same amount of lettuce was given only 

! 
once a week and, in addition, 3 gm. of wheat embryo per week were fed to 
the rats that did not receive "paste food". Throughout the study, all 
of the animals received 1 grn. of dried yeast daily. 

That the known destructive action of lard on vitamin E (7, 3, 15) did not lay a 
part in these experiments seems assured by the high ratio of total vitamin E &heat 
germ and lettuce) to lard in the dietary regimen and by the success of the routine breed- 
ing procedure on a similar dietary, but without lettuce. 

During the very early weeks of the e riment, when "paste food" was inad- 
vertently withheld from the young immediatFafter weaning, a number of them died 
or failed to grow satisfactorily. 
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The dietary procedure for the major part of the experiment may be 
sumfnarized as follows: 

1. "Calf meal food" to all rats ad libiluna. 
2. "Paste food" to nursing mothers and to young rats under six weeks of age 

* ad libitum. 
3. 3 gm. wheat embryo weekly to each rat not supplied with "paste food." 
4. 1 gm. dried yeast daily to each rat except nursing young. 
5. 10 gm. lettuce weekly to each rat except nursing young. 

There is at  present an appreciation, based on accumulating experi- 
mental and practical evidence, that an imbalance of-such dietary constitu- 
ents as vitamins, proteins, or minerals may seriously interfere with normal 
reproduction and development (9, 25, 33, 12, 14, 13). On the basis of 
current knowledge, i t  appears that the foregoing program provides a 
generous allowance of dietary constituents known to be required for satis- 
factory reproduction, lactation, and growth of young. The biological 
value of the protein mixture both of the calf meal and of the paste food is 
presumably excellent. That the nutritive ratio is satisfactory is assured 
by the facts that the protein content of the dried calf meal is 22.1 percent, 
and of the dried paste food 34.9 percent. 

Support for this statement may be found in a number of studies that 
deal with the level of dietary protein. ' Slonaker (35, 36) reported that, 
under his experimental conditions, reproductive efliciency was greater on 
the ration which contained approximately 14 percent of protein than on 
rations with a lesser or greater content. On the other hand, Macomber 
(16) found that, on a diet containing 20 percent protein, fertility and lacta- 
tion were optimum as compared with diets with lower protein content. 
Kozlowska, McCay and Maynard (11) fed diets that contained 10 percent 
and 40 percent of protein and showed that the lower level was inferior for 
prolonged lactation. Russell (31) observed good reproductive performance 
with a ration containing 22 percent protein. In all of these studies, the 
rat was the species employed. The importance of the r6le of the protein 
factor, considered both qualitatively and quantitatively, is stressed in a 
review of recent work on dietary requirements in pregnancy and lactation 
in various species (8). The earlier literature concerned with the relation 
of diet to milk secretion was summarized by Meigs (21). 

The presence of dried milk, whole grains, and mineral salts in the calf 
meal fed to our animals makes it certain that the inorganic portion of the 
ration was satisfactory. Experience with this diet has given every indica- 
tion of its ability to promote superior skeletal development.' The vitamins 
required by the rat were amply provided by the dried yeast, whole grains, 
milk powder, cod liver oil, wheat germ, and lettuce. 

The general procedure was the same for all groups of animals. The 
rats were first bred at  110 to 120 days of ape, with three females and one 
male in each mating cage. At this age, according to Sherman and co- 
workers (34,32), the store of calcium is large. At the end of three weeks, the 
females were placed in individual cages and "paste food" was supplied 
in addition to the "calf meal food."2 All litters were reduced a t  birth to 

Personal communication from Dr. hfaynard with respcct to the calf meal moiety 
and unpublished observations from this laboratory in regard to the complete ration. 

In the interest of a more uniform nutritional background for both the mother 
and the young, the present procedure is to withhold "paste food" until parturition. 
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eight rats and the young were weaned a t  21 days of age. When the 
twenty-first day fell on Sunday, the litter was weaned the following day 
and a correction of 4 gm. body weight was made for each rat. Each female 
was mated four times and no female was bred more than once with the same 
male. Brother and sister matings were carefully avoided. From the 
progeny of the last mating of each generation, 18 females and 6 to 8 males 
of average size and vigor, and as widely distributed over the entire group 
as possible, were selected as breeders for the following generation. 

To initiate the experiment, 18 females were assigned to each of four 
groups, Ia, Ib, 11, and 111, the numbers referring to the interval in weeks 
to be allowed between weanings and subsequent matings. Two groups 
(Ia and Ib) with an interval of one week between weaning and remating 
were used. Of these, Group I b  was started somewhat later than the other 
three groups, and older animals were chosen. The object of this delayed 
start was to permit the animals of this group to complete the four repro- 
ductive cycles a t  the same time and a t  the same age as the animals in 
Group 111. I t  was anticipated that a poor response might be observed in 
Group Ia, since these animals would be younger than those in Group I11 
for all matings except the first. At the end of the first generation, however, 
the differences were not sufficiently marked to warrant continued emphasis 
on this point and, with the start of thc second generation, the animals in 
Group Ib  were accorded the same treatment as those in Group Ia. The 
inclusion of two groups with but one week interval between weanings and 
matings has furnished an added check on the effect of this shorter interval 
between reproductive cycles. 

Inasmuch as perfect performance with respect to gestation and lacta- 
tion could not be expected, i t  was necessary to establish a definite pro- 
cedure in case of failures. If a female failed to complete a reproductive 
cycle, either because no litter was cast or through failure to nurse the young, 
the practice was as follows: If no litter was cast within three weeks after 
the female was separated from the male, she was immediately remated. 
Jf an animal cast a litter, but failed to nurse i t  more than a day or two, 
she was remated according to the regular schedule, i.e., one, two, or three 
weeks from the day the litter was lost. 

' 

Groups Ia, Ib, and I1 were studied through seven generations; Group 
I11 through only six generations. The data in regard to fertility, the 
number of young born and weaned, and the weights of the young a t  wean- 
ing are summarized in Tables 1 to ?. In connection with the number of 
females used a t  each mating, (Column 3), attention is called to corrections 
that have been made in a few cases for failures due to sterile males. Dur- 
ing the first and second generations, there were many unproductive mat- 
i n g ~  that appeared to bc attributable to the males. As the object of the 
investigation was to study the relation of the mating interval to repro- 
ductive performance, i t  was important that there he a minimum of ir- 
regularity in the mating schedule. Therefore, the practice of "test matingc' 
was started. Each male designated for use was mated a t  the age of 75 
days with a stock female of proved fertility and only males of demon- 
strated potency were used. This procedure served to stabilize the experi- 
ment to a large extent, but did not, of course, prevent occasional failures. 
Therc are cases in the records of males that proved potent a t  the time of 
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was marked in Group Ia and slight in Group 111. In Group I b  there was 
a decrease in the fourth and fifth, and in both Groups Ia  and I b  a marked 
improvement in the sixth and seventh generations. Attention is called to 
the uniformly high percentage of fertility in Group 11; the mean value for 
the seven generations of this group is 91.8 percent with an average devia- 
tion of only 2.8 percent. 

Figure 3 illustrates the average number of young born per litter in 
successive generations throughout the experiment. The values show little 
difference between groups or between generations. The general average 
of the number of young born is high in all groups, the values ranging from 
8 to 10 per litter for the entire period of observation, with the possible 
exception of Group Ia, beginning with the third generation. I t  may be 
noted again in this connection that the data for Group I1 show the high 
average ~ a l u e s  of 9 to  10 young per litter with strikingly little variation. 

In Tables 1 to  7 (Column 12) are given data for the percentage of 
young weaned. Inasmuch as all litters immediately after birth were 
reduced to eight if they exceeded that number, this value represents t he  
relationship between the number of young weaned and the number in the 
reduced litter. Here again there was a definite tendency toward inferior 
performance a t  about the fourth generation. It is obvious (Figure 4) that 

Group I a Group I b Group I1 Group 111 
100 - 

Generations 

Figure 4. Average percentage of young weaned. 

Group Ia  presents the poorest record in all generations. On the other 
hand Groups I1 and I11 maintained a relatively superior performance. 
Group Ia  showed a minimum in the fourth, Group I b  in the fifth,-Group 
I1 in the fourth, and Group I11 in the third and fifth generations. Inas- 
much as the duration of the generation in various groups differed consider- 
ably, i t  appears that the decrease in percentage weaned cannot be at- 
tributed to seasonal environment. Rather i t  would seem to be associated 
with constitutional factors which in turn are conditioned by the reproduc- 
tive stress. Such factors include congenital vigor or debility as well as 
the efficiency of lactation. 

The data on weaning weights indicate that, under the conditions of 
this experiment, lactation was highly satisfactory. Except for Group I a  
in the fifth generation, and the females of Group I1 in the fourth generation, 
the average body weights of the young a t  weaning were 40 gm. to 45 gm. 
and were strikingly uniform. I t  is thus obvious that the variation in mat- 
ing interval played no significant r61e in influencing the weights of the 
young a t  weaning. These weights compare favorably with those reported 
by Smith and Bing (37) who used the same strain but a different diet, and 

by Russell (31) who used both a different strain and a different diet. On 
the other hand, in the parent colony from which this stock was taken, the 
weaning weights averaged 47 to 48 gm. in 1934 (23). Current figures from 
this colony indicate a trend toward still higher weaning weights. 

For some reason that is not entirely clear to us, the performance of 
the animals in Group Ia  was definitely inferior to that of the animals in 
Group I b  with the same treatment throughout. We have analyzed the 
data for possible reasons for this difference without finding an explanation 
that is adequate. The suggestion is made that  the poorer behavior is due 
in some measure to the chance assembling of inferior material a t  the start. 

I A study of the genealogy of each group shows that in Group Ia  the number 
of females that produced litters in the fourth matings and therefore 
provided material for the succeeding generations declined much more 
rapidly than in Group Ib. In Table 8 are recorded the total number of 
females available in each generation in terms of the original 18. For 
example, of the 18 in the first generation, only 5 of those in Group Ia  are 
represented by the animals available in the sixth generation. while in 
Group Ib  those in the sixth generation may be traced back to 10 of the 
original 18 females. A comparison of the two groups with respect to the  
average percentage weaned in all matings (Figure 4) and the average 
percentage weaned in the fourth mating alone (Figure 5 )  emphasizes the 

Croup I b Group I1 Group 111 

1 2 3 4 5 6 7  1 2 3 4 5 6 7  1 2 3 4 5 6  
Generations 

Figure 5. Average percentage of young weaned, fourth mating. 

inferiority of Group Ia  throughout, but particularly in the fourth matings. 
The foregoing possible explanation of the difference between the behavior 
of Ia  and I b  is further supported by the data on which Figure 6 is based. 
Here i t  is plain that, whereas the success of the individual reproductive 
cycles, as indicated by the average percentage weaned, is low in the fourth 
mating of Group Ia in comparison with the other matings, the reverse 
is true in the case of Group Ib. This observation is of particular signific- 
ance since the progeny of the fourth matings provided animals for the 
following generation. 

From Table VIII, i t  is evident that there was a similar decrease in the 
number of females in Group 11. In view of the superior performance of 
Group I1 as judged by all the measures employed, i t  would appear that the 
longer rest interval compensated for the influence of the factors which 
tended to cause the poor performance in Group la. The same line of 
reasoning may also be offered for comparison of Group 111 with Group 
Ia (Fig. 6). 
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Evidences are presented of the more or less regular biological variations 
which have been manifested in the course of this investigation. As has 
been pointed out in the foregoing discussion, several measures of perform- 
ance indicated a marked decrease in eficiency extending from the third 
through the fifth generation. It is striking that these variations appear to 
be more or less independent of the interval between matings or of the 
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Mating 1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  
Generation 1 2 3 4 5 6 7 

Figure 6. . ~ v e r a ~ e  percentage of young weaned per mating. 

season of the year. Of equal interest is the prompt recovery to high levels 
of performance in the interval covered by the sixth and seventh generations. 
It is possible that, had the experiment been extended, similar cyclic varia- 
tions might have recurred. Even in an experiment as carefully controlled 
as the present one, these fluctuations in reproductive performance were 
not entirely eliminated. 

SUMMARY 

The reproductive performance of a selected group of albino rats has 
been studied over a period of six years under favorable conditions of 
nutrition. Particular attention was devoted to the influence of mating 
interval as measured by certain specific criteria, namely percentage of 
fertility, number of young born, percentage weaned, and weights of young 
a t  weaning. Although the results obtained were essentially the same in 
all groups, i t  appears that an interval of two weeks between weaning a 
litter and remating is slightly more favorable for reproductive success. 
With this two-week interval, the following results were obtained: percent- 
age of fertility 91.8; average number born per litter 9.4; average percentage 
weaned per reduced litter 83.2, and weaning weights of the young, males 
43 gm., females 42 gm. 

In view of certain difficulties that seem to be attributable to restricted 
selection in breeding stock, the present study may be said to represent 
the minimum to be expected under the experimental procedure employed. 
The optimum should be obtained when a wider choice is made in selecting 
breeders. 
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