
      
 

                Jain,  et al., Int J Res Pharm Sci 2015,  5(1) ; 12 – 17   

 

12 

      

 Available online at www.ijrpsonline.com 

  

 Research Article 

 

Role of macronutrients during pregnancy and lactation in swiss mice 
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    ABSTRACT 
In the present investigation the role of macronutrients (carbohydrates, proteins and fats) 

during pregnancy and lactation was studied in Swiss mice. To find out the role of 

macronutrients, selected pregnant females were fed with High carbohydrate (4gm Potato 

with 2.31gm Wheat + 2.31gm Maize + 0.93gm Gram + 0.45gm Groundnut), High protein 

(4ml Egg with 2.31gm Wheat + 2.31gm Maize + 0.93gm Gram + 0.45grm Groundnut) 

andHigh fat (4gm Sesame seeds2.31gm Wheat + 2.31gm Maize + 0.93gm Gram + 0.45gm 

Groundnut) diet during gestation and lactation. After parturition the body weight (BW) and 

crown to rump length (CRL) of pups were recorded on 1
st
 day, 7

th
 day, 14

th
 day and 21

st
 

day.Statistically significant changes were noted in the BW of pups on 1
st
 day, 14

th
 day and 

21
st
day in all experimental groups. There was no significant change in the CRL on 1

st
 day 

but significantly changesoccurred on 7
th

 day, 14
th

 day and highly significant changes were 

noted on 21
st
 day. In the present investigation it was conclude that high protein diet increased 

the BW and high fat diet reduced the BW of pups when their mothers were fed during 

pregnancy and lactation. We also conclude that CRL of pups were also reduced during 

postnatal days in all groups in comparison to control group.  

 

      
  
 
      

INTRODUCTION 

Nutrition is called as a science of food values, which is 

evolved from chemistry and physiology. A healthy diet is 

required for maintaining optimal health throughout life of 

organism. For women, good nutrition is necessary for 

preparing the body for the demands of pregnancy. Proteins, 

carbohydrates, fats, vitamins, minerals, antioxidants and 

lactating agents are essential nutrients which are necessary 

for a pregnant women to reduce the adverse birth out 

comes. Nutritional requirement changes during the 

different stages of a life span. Pregnancy is the stage when 

nutritional requirements are higher. Therefore proper 

nutrition is important, because nutritional status of mother 

plays a critical role in the outcomes of pregnancy and also 

in foetal growth and development
1, 2

. Every  year  all  over  

the world  many  children  are  born  with  low  birth  

weight
3
. Nearly 3.6 million children are dying during 

neonatal period
 4

. More than one third of child deaths are 

due to maternal and child under malnutrition
5
.  

Micronutrients  supplements to pregnant  women  reduce  

adverse pregnancy  outcomes  and  improve  maternal  

nutrition  and  immune  status
6, 7

. Many developing 

countries provide iron and folic acid supplements at little 

additional cost to pregnant women 
8
. Carbohydrate provide 

large amount of energy to the body. Since the energy 

requirement increases during pregnancy so proper 

carbohydrate intake by mother is important to ensure 

adequate glucose for the mother’s brain metabolism. Even 

foetus use glucose as a primary source of energy which 

comes from carbohydrate. Glucose is main metabolic fuel 

for the developing embryo and foetus 
9
. Body fuel is 

needed for the physical activity and also for proper organ 

function which is provided by carbohydrates 
10. 11

. 

Romsonet al.
12

 observed normal growth and development 

in dogs fed with carbohydrate-free triglyceride, but 

survival of foetuses was lower than the dogs which fed 

with high carbohydrate diet. Women who consume low 

carbohydrate foods have low weight gain in pregnancy and 

also have offspring of lower birth weight
13

. It was 

demonstrated that increased protein content in the diet may 

improve weight loss and reduce the loss of lean body mass 

in overweight and obese individuals
14

. There is evidence 

that increased protein content may lead to increased fat 

oxidation, perhaps due to the leucine which causes weight 

loss. Furthermore, weight regain after the low calorie 

period ends is less when protein intake is high compared to 

more normal dietary compositions 
15

. Thus, high protein 

intake seems to be quite advisable during weight loss, at 

least in obese and overweight individuals. Fatty diet cause 
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obesity, obesity is complex and chronic disease. It is 

related with many chronic disorders such as Non-Alcoholic 

Fatty Liver Disease (NAFLD) 
16

. In obesity energy intakes 

increases and energy output concerning body weight and 

glucose metabolism decrease so it is a severe metabolic 

disorder 
17

. A study conducted by piers et al.
18 

shown that 

diet high in MUFA (mono unsaturated fatty acid) in obese 

males resulted in weight loss compared with a diet rich in 

saturated fatty acids. 

 

MATERIALS AND METHODS 

 
The proposed experiments were conducted in the 

Environmental and Developmental Toxicology Research 

Laboratory, Department of Zoology, University College of 

Science, Mohanlal Sukhadia University, Udaipur, 

Rajasthan, India to observe the Role of macronutrients 

during pregnancy and lactation in Swiss mice. 

 

Animals 

Healthy adult female Swiss mice 8-10 weeks old and 30gm 

average body weight were used for this study. Animals 

were obtained from the animal house of our department. 

Male and female mice in the ratio (1:4) were kept in the 

cages for mating. Femalemice were examined every day in 

the morning and females showing vaginal plug were 

isolated and their gestation period were recorded. Presence 

of spermatozoa in the vagina the following morning was 

considered day one of gestation. Confirmed pregnant 

females were housed in polyvinyl chloride cages 

(270×220×140mm) wrapped with rice husk bedding, and 

maintained under standard laboratory conditions. The 

laboratory animals were kept in well ventilated animal 

room with relative humidity of 70-80%. The room lighting 

consisted of alternate 12 hours light and dark periods. 

The animals had free access to food and waterad labitum. 

The maintenance and handling of the animals were done as 

per the guidelines of Purpose of Control and Supervision 

of Experimental Animals, Ministry of Environment and 

Forests, Government of India. The experimental protocols 

were approved by the Institutional Animal Ethical 

Committee of the University (No. CS/Res/07/759). 

 

Experimental design 
The selected pregnant females were separated in the 

following groups (six animals in each group and sub-

group), to study the variation in BW and CRL on 1
st
, 7

th
, 

14
th

 and 21
st
 days. 

1. Control group [1 mice receiving (3.85gm Wheat + 

3.85gm Maize + 1.55gm Gram + 0.75gm 

Groundnut) for 6 mice(23.1gm Wheat + 23.1gm 

Maize + 9.3gm Gram + 4.5gm Groundnut)]. 

 

2. Experimental group was further divided in to 3 

subgroups. 

 

Group A-  

 

High carbohydrate (Potato) 

[receiving (2.31gm Wheat + 

2.31gm Maize + 0.93gmGram + 

0.45grm Groundnut + 4gm 

potato) for 1mice] 

 

Group B-  

High protein (Egg) 

[receiving(2.31gm Wheat + 

2.31gm Maize + 0.93gm Gram 

+ 0.45grm Groundnut + 4ml 

Egg) for 1mice] 

 

Group C-  

High fat (Sesame seeds) 

[receiving(2.31gm Wheat + 

2.31gm Maize + 0.93gm Gram 

+ 0.45grm Groundnut + 4gm 

Sesame seeds) for 1mice] 

 

Estimation of body weight and crown to rump length 

After fostered with different diets, mice were kept 

separately for 42 consecutive days (21 days of gestation 

and 21 days of lactation). BW and CRL of the control and 

experimental animals were taken on 1
st
, 7

th
, 14

th
 and 21

st
 

days after parturition. BW was estimated by WJ series 

electronic balance model No.WJ302A. CRL was estimated 

by measuring scale. The data was analyzed statistically 

using SPSS v. 17 (SPSS, Chicago, USA). The significance 

differences among means were carried out using Duncan’s 

multiple range tests at p< 0.05. The results are expressed as 

mean ± SD of four experiments. 

 

RESULTS AND DISCUSSION 
 

Details of the BW in various experimental groups are 

shown in Table 1 and also in Figure. 1 and CRL in table 2 

and Figure. 2. A balanced diet is supplemented, which 

include carbohydrates, lipids, Proteins, vitamins, minerals, 

antioxidants and lactating agent helps pregnant women to 

have healthy babies.  It is suggested that infections, 

infectious diseases and weaken immune system increase 

the risk to mother and her baby. Due to malnutrition many 

diseases are caused like kwashiorkor, marasmus, anaemia, 

eye disease, heart disease and reproductive diseases etc. 

therefore proper nutrition is important for good health, 

optimal growth, development and prevention of disease 
19

. 

BMI (body mass index) is measured by dividing a person’s 

weight in kilograms by the square of person’s height in 

meters and multiplying by 100. The term BMI is widely 

used for body fat and has been correlated with other 

measure of adiposity 
20

.The body mass index (BMI) is 

commonly used for adults obesity detection. Obesity is 

related to the increased risk of diabetes, heart diseases, 

strokes, hypertension, dyslipidaemia, several cancers, liver 

and gallbladder disease, sleep apnea, respiratory problems, 

osteoarthritis, abnormal menses and infertility 
21

. Even in 

mid-life, adiposity strongly contributes to reduce the 

probability of healthy long term survival in women 
22

. 
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Table 1 – Variation in the body weight of pups on 1
st
, 

7
th

, 14
th

 and 21
st
 days when their mothers are fed on 

high carbohydrate, high protein and high fat diets. 

 

 

Values are expressed as mean ± S.D. for six female Swiss mice/group, P 
value >0.05 = non-significant (ns), <0.05 = significant (*) and <0.01 = 

highly significant (**). Mean followed by the same letter within columns 

are not significantly different (P < 0.05) using Duncan’s multiple rang 
test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Body weight of the pups on 1st, 7th, 14th  

and 21st days when their mothers are fed on high 

carbohydrate, high protein and high fat diets.  

Standard deviations (SD) are also presented. 
 

Table 2 – Variation in the crown to rump length of 

pups on 1
st
, 7

th
, 14

th
 and 21

st
 days when their mothers 

are fed on high carbohydrates, high protein and high 

fat diets. 
 

 
Values are expressed as mean ± S.D. for six female Swiss mice/group, P 

value >0.05 = non-significant (ns), <0.05 = significant (*) and <0.01 = 

highly significant (**). Mean followed by the same letter within columns 
are not significantly different (P < 0.05) using Duncan’s multiple rang 

test. 

 

Figure 2 – Crown to rump length of the pups on 1st, 

7th, 14th and 21st days when their mothers are fed on 

high carbohydrate, high protein and high fat diets. 

Standard deviations (SD) are also presented. 
 
BW and CRL in high carbohydrate group 

In the present study BW and CRL are statistically non-

significant in high carbohydrate treated group in 

comparison to control but significant changes are observed 

when compared with high protein fed group. High 

carbohydrate diets may be adopted for successful weight 

management because it is energy restrictive and nutritious 
23

.Carbohydrates, cereals, fiber and low-glycemic-index 

foods had a smaller waist circumference and BMI 
24

. Low-

fat, high-carbohydrate diets have been suggested to 

promote weight loss in the obese persons
25-27

. 

 

BW and CRL in high protein group 

BW of pups is significantly different in high protein treated 

group in comparison to control, high carbohydrate and 

high fat treated group but CRL is non-significant in 

comparison to respective groups.Protein seems to act as an 

appetite suppressant because it can significantly eliminate 

the calories which people may consume from snacks 

between their meals. In many clinical investigations U.S. 

Dietary Guidelines supported the efficiency of high-protein 

diets for weight loss/fat loss, as well as for improved 

insulin sensitivity and blood lipid profiles. High protein 

diet leads to reduced body weight
28-32

. Proteins are the 

building block of body. It is essential not only to promote 

liver tissue repair but also helps in preventing fatty 

infiltration by providing agents such as methionine and 

choline
33

. It was demonstrated that protein rich diet 

increases nitrogen in the body tissues, followed by urea 

production in liver 
34

and also decreases urine pH
35

. It was 

also demonstrated that low protein diet leads to higher 

level of reactive oxygen species in the body. Study was 

done in which rats were exposed in utero to a low protein 

diet; there are fewer but larger liver lobules 
36

. It was also 

found by experiments in rats that protein malnutrition in 

mother results in decreased postnatal lactase and alkaline 

phosphatase activities in small intestine which reduce 

gastrointestinal function in neonates
37

. 

 

Treatments Body weight of pups on postnatal days (in gm.) 

 1st day 7th day 14th day 21st day 

Control 1.25±0.18b 2.74±0.55a 4.37±0.56a 6.11±0.82a 

High 

carbohydrate 

1.23±0.06b 2.61±0.17a 4.19±0.42a, 

b 
6.06±0.16a 

High protein 1.64±0.05a 2.91±0.25a 4.71±0.18a 6.87±0.25a 

High fat 0.97±0.25c 2.21± 

0.26a 

3.59± 

0.11b 

4.13± 0.15b 

 F-value-  

9.745** 

F-value-  

1.589ns 

F-value- 

4.060* 

F- value-  

13.670** 

Treatments Crown to rump length of pups on postnatal days  

(in cm.) 

 1st day 7th day 14th day 21st day 

Control 2.35±0.45a 3.13±0.48a 3.94±0.28a, 

b 

4.89±0.49a 

High 

carbohydrate 

2.37±0.21a 2.77±0.21a, 

b 
3.37±0.15a 4.30±0.17a, 

b 

High protein 2.03±0.15a 2.63±0.15 

a, b 

3.07±0.12a 4.13±0.15b 

High fat 1.83±0.12a 2.23±0.15b 2.77±0.12b 3.03±0.06c 

 F-value- 

1.895ns 

F-value- 

4.573* 

F-value- 

3.898* 

F-value- 

18.448** 
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BW and CRL in high fat group 

Highly significant decrease in BW of pups is observed in 

high fat nurtured group when compared with control, high 

carbohydrate and high protein treatment group but CRL is 

not altered in comparison to other group. CRL of pups is 

decrease in high fat treated group on 21
st
 day in 

comparison to other groups. High amount of body fat is 

defined as obesity 
38

.Fatty diet cause obesity; obesity is 

complex and chronic disease. It is related with many 

chronic disorders such as Non-Alcoholic Fatty Liver 

Disease (NAFLD) 
16

.Willett 
39

 suggested that higher 

percentage of fat in the diet is directly related with higher 

body weight. When the ethanolic extract of beniseed 

(sesame) at 3000 mg/kg body weight, with vitamin C 

administered in sprague-dawley rats it was observed that 

beni seeds has a potential to increase mean body weights of 

rats 
40

. This is because of the high fat composition of the 

seeds. According to Alipoor et al. 
41

no significant changes 

in anthropometric indexes like weight and BMI after eating 

sesame seeds. Some scientist says that sesame seeds 

consumption resulted in BMI reduction. Sankaret al.
42, 

43
observed that Consumption of sesame seeds resulted in 

weight loss and reductions in body mass index (BMI) in 

hypertensive diabetic patients. Some scientist says that 

sesame seeds consumption results in increased BMI. 

Increase in liver weight was observedin sesaminfed rats at 

2-5g/kg 
44-48

. Fats are the building blocks for the brain and 

nervous system. It provides metabolic energy to all the life 

processes. If we modify the fat components, than normal 

functioning of body also changes.Fatty acids are important 

for maternal and infant nutrition
49

. It is postulated that 

essential fatty acids play important role in pregnancy
50, 51

. 

During normal pregnancy accretion of fatty acids in a well-

nourished woman is 600g fatty acids. Lack of essential 

fatty acids brings poor vascular growth and consequent 

coagulation in blood vessels leading to infarctions in the 

placenta that result in reducedplacental function and low 

birth weights
52, 49

. High fat diet may contribute in the 

development of atherosclerosis which leads to a further 

risk of other cardiovascular events
53, 54

. A low fat diet 

during pregnancy and lactation helps to prevent metabolic 

disturbances in the offspring of obese mice with type 2 

diabetes mellitus 
55

. 

 

CONCLUTION 

 
From the present study we conclude that the 

macronutrients play an important role in the diet of a 

pregnant woman. High protein diet significantly increases 

the BW but not induces the obesity in the pups. According 

to the general hypothesis, high fat diet increases the BW, 

but it reduces the BW of pups when their mothers are fed 

with high fat diet during pregnancy and lactation. CRL is 

unaffected during pregnancy and early lactation in all 

studied groups in comparison to control but at the end of 

lactation significant reduction in CRL is observed. By 

analysing overall results of the present investigation it can 

be established that by nourishing carbohydrate, protein and 

fat in diet, different animal groups show variation in body 

weight and body length. It means that different 

combinations of diet affects the development of body and 

other factors which governs the growth of various systems 

in the body. So we can say that this study provide us a 

basic platform to evaluate the role of various combination 

of diet during pregnancy and lactation and focus our 

attention on the issue that whether these macronutrients 

play any role in the development of the organism. 
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