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Changes in food intake during menstrual cycles and pregnancy of normal 
and diabetic rhesus monkeys 
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Summary. Food intake of control and streptozotocin-diabetic 
rhesus monkeys was measured during menstrual cycles and 

pregnancy. Intake of control monkeys was lower at the time of 
ovulation than during other phases of the menstrual cycle. In- 
take of control monkeys was also low during most of pregnan- 
cy, but this was accompanied by normal fetal growth and net 
maternal weight gain. Diabetic monkeys ate more than con- 
trols in all conditions and their intake did not vary reliably ac- 
cording to reproductive status. It is suggested tfiat (1) oestro- 

gen normally inhibits food intake during menstrual cycles and 
pregnancy, (2) food energy is utilized more efficiently during 
pregnancy than during non-pregnant states, and (3) the influ- 
ence of oestrogen on food intake is either attenuated by insu- 
linopenia or is obscured by the hyperphagia typically ex- 
hibited by the diabetic monkeys. 

Key words: Rhesus monkey, streptozotocin, food intake, oes- 
trogen, menstrual cycles, pregnancy. 

Caloric intake of females of several species varies ac- 
cording to reproductive condition. For example, food 
intake of most laboratory species is relatively low near 
the time of ovulation and it is elevated during pregnan- 
cy and lactation [17]. Primates have been less thorough- 
ly studied in this regard, but periovulatory decreases in 
caloric intake have been reported for baboons [9] and 
macaques [3, 4, 15], as well as women [6]. Food intake is 
also generally presumed to increase during the primate 
pregnancy in order to accommodate fetoplacental de- 
velopment, but there is surprisingly little quantitative in- 
formation on this topic. These fluctuations in food in- 
take during reproductive cycles are thought to be 
mediated, to a large extent, by an inhibitory influence of 
oestrogen on eating behaviour [4, 16]. 

Food intake is elevated in cases of poorly controlled 
diabetes mellitus where insulin insufficiency impairs 
the utilization of blood-borne nutrients. The potential 
interactive effects of insulin and ovarian hormones on 
the modulation of caloric intake are of interest for two 
reasons. Firstly, predictable changes in hunger are of 
practical importance for counselling insulin-dependent 
women; secondly, the documentation of these effects 
would provide insight into the mechanism of action of 
these hormones on behaviour. In this report we describe 
food intake of normal and diabetic rhesus monkeys in 
relation to their reproductive condition. 

Materials and methods 

Fourteen adult female Macaca mulatta were included in these obser- 
vations as part of a project designed to explore the mechanisms for 
abnormal lung maturation in fetuses of diabetic mothers [11, 13]. Sev- 
en of them were treated with the pancreatic B cell toxin streptozotocin 
(STZ; 47.5 mg/kg). All STZ-treated animals exhibited marked glu- 
cose intolerance during glucose tolerance tests conducted 4-6 weeks 
after STZ treatment [t 1]. Six of these animals were maintained for ap- 
proximately 1 year before insulin therapy was initiated. At that time 
insulin was given to arrest the progressive deterioration of their physi- 
cal condition. The remaining monkey required daily insulin within 
2 weeks of STZ treatment. Insulin therapy was designed to maintain 
fasting plasma glucose values in the range of 8.5-19.5 mmol/1 by a 
single daily injection of 5-20 units of NPH insulin or NPH plus 2.5-5 
units of soluble insulin [11]. Seven control animals comparable in age 
and weight to STZ-treated animals were studied concurrently 
(Table 1). 

All animals were individually housed in metabolic cages 
(76 cmx 71 cm x 79 cm high) in a room which was artificially lighted 
from 06.00 to 18.00 h and maintained at approximately 21 ~ Tap wa- 
ter was available ad libitum and high protein Purina monkey chow 
(25% protein, 4.3 kcal/g) was also freely available except during occa- 
sional overnight deprivations for experimental purposes. Daily food 
intake was measured by calculating the difference between the num- 
ber of biscuits given to each animal in the morning and the number re- 
maining in the cage and drop pan the following morning. Average bis- 
cuit weights were determined by weighing a sample of 50 biscuits 
from each bag of chow. One or two pieces of fruit were also fed one to 
two times daily; this was always quickly and completely eaten. The 
animals were weighed at least weekly during the period of observa- 
tion. 
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Table 1. Characteristics of diabetic and control monkeys 

Animal Age a Weight a Number of menstrual 
(years) (kg) cycles 

Without With 
insulin insulin 
therapy therapy 

STZ-treated 
U14 6 4.93 3 
U06 6 4.23 3 
E58 14 6.44 6 
N68 8 6.33 1 
1681 10 4.39 1 
1682 12 5.56 1 
R53 7 6.34 0 

Control 
U78 6 5.50 2 
1=48 13 8.88 8 
158 11 7.02 9 
1767 6 3.82 4 
F51 13 6.50 1 
H47 14 6.25 2 
1686 13 6.70 4 

3 
5 
7 
0 
1 
0 

11 

a At STZ treatment or beginning of observation period 
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Fig. 1. Ratings of intensity of colouration of the sexual skin (upper 
panel) and food intake (lower panel) during the middle 25 days of 
30 normal menstrual cycles of seven monkeys, Results expressed as 
mean _+ SEM 

Table 2. Food intake during phases of menstrual cycle 

Animals Food intake (g) 

Early follicular Pre-ovulatory Mid-luteal Late luteal 

Control (n = 7) 173 _+ 20 a 
Diabetic, without insulin therapy (n = 6) 280 + 25 
Diabetic, with insulin therapy (n = 5) 266 _+ 22 

97 + 16 a b 179 + 15 a 165 _+ 12 a 
259 + 24 287 + 22 269 _+ 25 
251 ___ 34 266 _+ 35 243 --_+ 19 

Results expressed as mean _+ SEM 
a < both groups of diabetic monkeys, p<0.001; b < during other phases, p<0.001 

Daily ratings of intensity of colouration of the sex skin were made 
and occurrence of menstruation was noted. A pattern of increasing 
values for colour ratings for 2 3 weeks followed by a precipitous de- 
cline (colour breakdown) and then menstruation 12-18 days later is 
considered to indicate an ovulatory cycle [5]. Ovulation usually occurs 
2 days before colour breakdown. Food intake data from apparently 
normal menstrual cycles were aligned relative to the day of colour 
breakdown for descriptive purposes. For statistical analysis, four peri- 
ods of these cycles were defined: the early follicular phase (5 days be- 
ginning with the first day of menstruation), pre-ovulatory phase (days 
2-4 before colour breakdown), the midluteal phase (5 days midway 
between the day of presumed ovulation and the first day of subse- 
quent menstruation), and the late luteal phase (4 days immediately 
preceding menstruation). 

Matings were performed during some cycles at the time of antic- 
ipated ovulation. When pregnancies ensued food intake data were 
similarly aligned relative to the estimated day of conception. Pregnan- 
cies were terminated by Caesarean section delivery on days 142-145 
of gestation for the purposes of a related study [13]. 

Data were statistically evaluated by analysis of variance with 
Newman-Keuls tests, Student's t-test, and Pearson's Product Moment 
Correlation Coefficient. 

Results  

Average  f o o d  intake o f  seven cont ro l  m o n k e y s  dur ing  
30 menst rua l  cycles is i l lustrated in Figure  1. In take  o f  

this g roup  averaged  be tween  1 5 0 - 2 0 0 g / d a y  except  at 
midcyc le  w h e n  there was a m a r k e d  decrease.  In take  o f  
these m o n k e y s  was signif icantly lower  dur ing  the pre-  
ovu la to ry  phase  than  dur ing  the early follicular, midlu-  
teal and  late luteal phases  (Table 2). This pat tern  o f  low- 
est intake dur ing  the p re -ovu la to ry  phase  was consis- 
tently evident  for  six o f  the seven animals  and  for  81% 
o f  all cycles studied.  Ne i the r  average  f o o d  intake n o r  
magn i tude  o f  suppress ion  o f  intake at ovula t ion  was  re- 
lated to b o d y  weight.  

Three  m o n k e y s  in the control  g r o u p  b e c a m e  preg- 
nan t  dur ing the pe r iod  o f  observat ion.  Average  scores 
for  sex skin coloura t ion ,  f o o d  intake, and  b o d y  weight  
fo r  these pregnancies  are i l lustrated in Figure 2. C o l o u r  
scores varied dur ing the cycle o f  concep t ion  and  dur ing  
early p r e g n a n c y  reflecting changes  in oes t rogen  secre- 
t ion by  the ovary  and  placenta ,  and  then remained  high 
dur ing  the second  and  third trimesters w h e n  oes t rogen  
levels are also elevated [2]. C o l o u r  intensity decreased  
when  the fetus and  p lacen ta  were delivered. F o o d  in- 
take var ied inversely with co lour  rat ings before,  during,  
and  after  pregnancy,  and  it was no t  h igher  dur ing preg- 
n a n c y  than  in the n o n - p r e g n a n t  state. For  example ,  in- 
take  o f  these three m o n k e y s  dur ing  the p re -ovu la to ry  
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Table 3. Characteristics of pregnant monkeys 
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Animal Insulin therapy Weight at Weight gain Fasting blood Kg b Fetal 
conception during pregnancy glucose a weight c 
(kg) (kg) (mmol/1) (%/min) (g) 

Con~ol 
H47 
F51 
1686 

STZ-treated 
1681-1 
1681-2 

E58 

6.83 1.52 3.7 3.94 448 
6.45 0.35 5.9 4.85 374 
6.46 1.75 2.2 5.22 420 

- 4.23 0.82 13.1 0.34 629 
15U NPH + 4.90 1.45 13.5 0.87 341 

5U soluble 
10-20U NPH + 9.30 0.24 14.4 1.41 529 
2.5-5U soluble 

a On day 125 of pregnancy; b Kg=glucose disappearance rate during an intravenous glucose tolerance test on day 125 of pregnancy [11]; 
~ At delivery, day 142-145 of pregnancy 
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Fig. 2. Mean daily ratings of sex skin colouration 
(upper panel), daily measures of food intake (centre 
panel), and weekly body weights (lower panel) dur- 
ing three control pregnancies 

phase of menstrual cycles averaged 72% of midluteal 
values. Similarly, from week 8 of pregnancy until deliv- 
ery food intake averaged 76% of the mid-luteal mean 
(132 + 10 versus 181 + 19 g/day). In spite of this 24% av- 
erage reduction in caloric intake during most of preg- 
nancy, maternal body weight increased by 1.2 kg from 
conception until delivery, and following delivery it re- 

mained 0.3 kg higher than the value at conception. Fetal 
development in these pregnancies was normal for gesta- 
tional age [11], and fetal body weights at delivery aver- 
aged 414 g (Table 3). Food intake was not related to ma- 
ternal weight in these pregnancies, but the mother who 
ate the least gained the least weight and had the smallest 
fetus. 
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Diabetic monkeys ate more chow than control mon- 
keys and average values of intake were not detectably 
related to stages of the menstrual cycle (Table 2). Intake 
of diabetic monkeys was typically at least 50% greater 
than that of  controls and it was not affected by the insu- 
lin dosages employed here. (It should be noted, how- 
ever, that the insulin therapy was designed to moderate 
but not eliminate hyperglycaemia.) 

Three pregnancies of diabetic monkeys have been 
studied under these conditions. One monkey was ob- 
served during two pregnancies, one with and one with- 
out insulin therapy, while the third pregnancy was of 
another insulin-treated monkey (Table 3). Intake during 
these pregnancies was more variable than observed dur- 
ing pregnancies of normal monkeys, and no reliable re- 
lationship between food intake and colour ratings was 
detected. Maternal weight gain during pregnancy was 
0.8 kg and after delivery average maternal weight was 
0.3 kg less than at conception. Weights of these off- 
spring of diabetic mothers averaged 500 g (Table 3). 

Discussion 

The present observation of decreased food intake dur- 
ing the pre-ovulatory phase of the menstrual cycle is 
consistent with several previous reports. Gilbert and 
Gillman [9] monitored intake of three baboons during 
three menstrual cycles each and reported decreased in- 
take of a mixed diet during the follicular phase of the 
cycle. Czaja [3, 4] and Rosenblatt et al. [15] studied rhe- 
sus monkeys fed a standard commercial diet and found 
a decrease in intake at midcycle. Dalvit [6], utilizing in- 
terview data from a sample of eight women who were 
not aware of the purpose of the study, found that intake 
was lower during the follicular phase than during the 
luteal phase. The present report differs from the previ- 
ous studies in that the subjects had a standardized [6, 9], 
high-protein diet [3, 4, 15], which was continuously 
available [3, 4, 9, 15]. Thus, the present results confirm 
and extend the observation of systematic changes in 
food intake during the primate ovarian cycle. 

Spontaneous caloric intake during pregnancy has 
not been adequately defined for any primate species, 
but the prevailing assumption is that it increases. Con- 
sistent with this, Czaja [3] found that the proportion of 
pregnant rhesus monkeys that did not eat all of their al- 
lotted daily food decreased from 50% during week 6 of 
pregnancy to less than 10% by week 14. Similarly, Rio- 
pelle et al. [14] reported a 20% increase in caloric intake 
after week 6 of pregnancy for animals eating a semi-pu- 
rified diet containing 13% protein. Kohrs et al. [12], on 
the other hand, indicated that rhesus monkeys meal-fed 
an 11% protein liquid diet displayed a 10% reduction in 
intake after day 80 of pregnancy. It is difficult to evalu- 
ate these apparently contradictory results because of 
methodological differences among the studies. How- 
ever, the present observation of relatively low intake af- 

ter the second month of pregnancy for monkeys al- 
lowed to eat ad libitum provides further support for the 
existence of an inhibitory influence on eating behaviour 
during the primate pregnancy. 

It is difficult to assess accurately the caloric intake 
of women, particularly over long periods of time such 
as encompassed by pregnancy. Furthermore, the preg- 
nant woman is likely to be influenced by nutritional ad- 
vice which may or may not be supported by sound evi- 
dence. However, the results of two extensive studies of 
intake of pregnant women are consistent with the obser- 
vations of rhesus monkeys reported here [1, 7]. In both 
clinical studies caloric intake was found not to increase 
during pregnancy and it actually tended to decrease af- 
ter the second trimester. It was also noted that obesity 
was more likely to occur during pregnancy than was nu- 
tritional deficiency [7]. Continued development of a 
non-human primate model would enhance our under- 
standing of the energy requirements of the human preg- 
nancy. 

Oestrogen has been shown to exert a suppressive ef- 
fect on food intake of primates. Oestrogen injections [4] 
or implants [10] given to ovariectomized monkeys lead 
to a dose-related reduction in food intake. Also, oes- 
trogen levels are elevated during, the pre-ovulatory 
phase of the menstrual cycle when intake is lowest. Re- 
duced intake during the later portion of pregnancy is 
consistent with the notion of an oestrogen-mediated in- 
hibition of eating. It is more difficult, however, to recon- 
cile the substantial weight gain observed during preg- 
nancy with this lower energy intake. There must be a 
corresponding decrease in energy expenditure to ac- 
count for this imbalance. Further studies of physical ac- 
tivity and metabolic activity of pregnant monkeys 
would be very helpful in this regard. 

Intake of diabetic monkeys was greater than that of 
controls. Although food intake did not vary reliably ac- 
cording to reproductive condition, pre-ovulatory de- 
creases in food intake were evident during some men- 
strual cycles of diabetic animals. In one case involving 
an insulin-dependent monkey, such a pre-ovulatory re- 
duction was probably responsible for an episode of hy- 
poglycaemic shock. The absence of a statistically signif- 
icant relationship between phase of the cycle and food 
intake may be attributable to the consistently elevated 
and generally more variable intake of the diabetic ani- 
mals. However, a study of ovariectomized diabetic rats 
suggested a decreased sensitivity to the anorexic effects 
of exogenous oestrogen [8]. Continued studies of energy 
balance of normal and diabetic animals during repro- 
ductive cycles will be necessary to resolve these issues 
completely. 
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