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INTRODUCTION
Gestation, defined as the period between conception and delivery, 
is associated with an increased dietary protein demand. During 
pregnancy, a female undergoes numerous physiological changes, 
along with the rapid growth of the foetus and the placenta [1]. 
Therefore, from this perspective, the nutritional status during 
pregnancy is considered a determinant factor for maternal and 
neonatal health outcomes [2,3].

If pregnancy is associated with an improper diet leading to protein 
deficiency, the prospects for maternal and foetal outcomes may be 
catastrophic. Protein and vitamin deficiencies are common among 
pregnant women belonging to lower socioeconomic groups, which 
can adversely affect serum protein concentrations [4]. From a 
biochemical viewpoint, nutritional status is assessed through various 
tests that measure levels of haemoglobin, circulating iron, vitamins, 
and trace elements [5,6].

To ensure the development of the foetus, the body undergoes a series 
of physiological changes. Progesterone and estrogen levels increase 

throughout pregnancy, which suppresses the hypothalamus and, 
consequently, menstrual cycles [7]. These alterations, necessary to 
cope with adaptations, are reflected in the biochemical profiles and 
are distinct from the non-pregnant state.

Protein status is typically evaluated by measuring levels of total 
serum proteins, albumin, or the plasma ratio of non-essential to 
essential amino acids [8]. Albumin constitutes 41-53 g/L of plasma 
proteins in normal non-pregnant females [9] and plays a major 
role in stabilising extracellular fluid volume by contributing to the 
oncotic pressure of plasma. Albumin levels generally decrease 
during pregnancy due to increased blood volume and transfer to the 
foetus. However, significant deviations from the expected decrease 
could indicate underlying issues such as protein malnutrition or liver 
dysfunction [10].

Globulins are a group of proteins found in blood and are synthesised 
by the liver. They play important roles in liver function, blood 
clotting, and fighting infections [11]. Levels of alpha-1 and alpha-2 
globulins typically increase during pregnancy, particularly in the 
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ABSTRACT
Introduction: Nutritional status during pregnancy is a 
determining factor for maternal and neonatal health outcomes. 
Protein is an essential nutrient for foetal development. If 
pregnancy is associated with an improper diet leading to protein 
deficiency, the prospects for maternal and foetal outcomes may 
be catastrophic. An electrophoretic study of serum protein 
patterns in pregnancy can help identify pregnancy-specific 
protein markers and facilitate the monitoring of feto-maternal 
health.

Aim: The aim of this study is to assess serum protein levels 
and their fractions (albumin, alpha-1 globulin, alpha-2 globulin, 
beta globulin, and gamma globulin) using gel electrophoresis in 
healthy pregnant women attending an antenatal clinic.

Materials and Methods: This cross-sectional study was 
conducted in the Department of Medical Biochemistry in 
collaboration with the Department of Obstetrics and Gynecology 
at Sultania Zanana Hospital, associated with Gandhi Medical 
College, Bhopal, Madhya Pradesh, India, between January 
2021 and February 2021. Fifty normal non-pregnant women 
of childbearing age and 50 normal pregnant women in the first 
trimester of pregnancy attending an antenatal clinic were enrolled 
and followed-up through the second and third trimesters for 
investigations. Serum total protein, albumin, and globulin levels 
were estimated using a fully automated chemistry analyser, and 
the electrophoretic patterns of serum protein fractions were 
analysed using an automated gel electrophoresis apparatus. Epi-
Info statistical software was used for the statistical analysis of 
data, with p<0.05 considered the statistical significance level.

Results: The serum total protein level in non-pregnant women 
was 6.36±0.40 g/dL, while in pregnant women, it was 8.01±0.40 
g/dL, 8.00±0.42 g/dL, and 6.36±0.43 g/dL in the first (T1), 
second (T2), and third (T3) trimesters, respectively. The serum 
albumin level was 3.90±0.30 g/dL in non-pregnant women, while 
in pregnant women it was 4.24±0.38 g/dL, 4.58±0.34 g/dL, and 
3.87±0.36 g/dL in T1, T2, and T3, respectively. The globulin level 
in non-pregnant women was 2.46±0.28 g/dL, while in T1, T2, and 
T3 it was 3.86±0.22 g/dL, 3.42±0.20 g/dL, and 2.49±0.24 g/dL, 
respectively. A significant difference was found among the groups 
for serum total protein, serum albumin, and serum globulin. In 
non-pregnant women, the protein fractions- albumin, alpha-1 
globulin, alpha-2 globulin, beta globulin, and gamma globulin- 
did not show any deviation from normal levels. However, there 
was a decrease in albumin and beta globulin levels, along with 
an increase in alpha-2 globulin levels in the first trimester. An 
increase in beta globulin and a decrease in gamma globulin levels 
were observed in the second trimester. In the third trimester, all 
these fractions did not show any significant alterations, except 
for gamma globulin.

Conclusion: Serum total protein, serum albumin, and serum 
globulin levels showed a significant difference. However, a slight 
increase in serum globulin levels compensated for the fall in 
albumin levels during pregnancy. Variations in the levels of beta 
globulin, alpha-2 globulin, and gamma globulin were observed 
during pregnancy, while, on the other hand, alpha-1 globulin 
did not show any alterations in pregnant women during the first, 
second, and third trimesters, although its level was higher in 
pregnant women compared to non-pregnant women.
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obtaining approval from the Institutional Ethics Committee (Letter 
No. 11595/MC/IEC/2020, Bhopal, dated 14/05/2020) at Gandhi 
Medical College, Bhopal, and written informed consent was 
obtained from all study participants. After enrolment, all participants 
underwent a detailed clinical history, general physical examination, 
systemic examination, and data were recorded in a case proforma 
sheet. The Body Mass Index (BMI) was calculated, and the study 
participants were categorised based on their BMI according to the 
criteria of the World Health Organisation (WHO) [25]. The socio-
economic status of the study participants was classified according 
to the BG Prasad socio-economic classification [26,27]. For the 
convenience of statistical calculation the upper class and upper 
middle class were categorised as “upper class”, the middle class 
were categorised as “middle class” and lower middle class and 
lower class were categorised as “lower class”.

Sample collection and lab investigations: A 5 mL fasting blood 
sample was collected in a plain test tube and an EDTA tube. To 
separate the serum, the blood was centrifuged, and the serum was 
stored in an Eppendorf tube at 2-8°C for the study of electrophoretic 
patterns of serum proteins in the Department of Medical Biochemistry. 
Routine laboratory investigations, such as a Complete Blood Count 
(CBC with haemoglobin) and serum glucose, were conducted in 
the clinical lab and recorded in the case sheets. Serum total protein, 
albumin, and globulin levels were estimated using a fully automated 
chemistry analyser in the clinical biochemistry laboratory and the 
Multidisciplinary Research Unit. To study the electrophoretic pattern 
of serum protein fractions (albumin, alpha-1 globulin, alpha-2 
globulin, beta globulin, and gamma globulin), serum proteins 
were analysed using an automated gel electrophoresis apparatus 
(HYDRASCAN, SEBIA, France) for all blood samples.

STATISTICAL ANALYSIS
The Epi-info statistical software was used for data analysis. 
Descriptive statistics were calculated using frequencies and 
percentages for categorical data, and means and standard deviations 
for continuous data. Data were presented as Mean±SD, number 
(n), and percentage (%). Differences were assessed using student’s 
t-tests for continuous data and Chi-square tests for categorical 
data. An ANOVA (Analysis of Variance) test was also employed 
to assess differences among groups. Statistical significance was 
considered to be p<0.05.

RESULTS
According to [Table/Fig-1], the mean age of women in the non-
pregnant participant group was 25.14±3.72 years, while the mean 
age for women in the pregnant participant group was 24.18±3.35 
years. Out of 100 participants, the majority of women, 72 (72%), 
belonged to rural areas, while only 28 (28%) were from urban 
areas. Eleven out of the 100 women were from a higher socio-
economic background, while 27% and 62% belonged to middle 
and lower socio-economic groups, respectively. Additionally, most 
of the participants (62%) were non-vegetarian, while 38% were 
vegetarian.

However, no significant difference was found between the 
groups for the aforementioned variables. A significant difference 
was reported for Systolic Blood Pressure (SBP), Diastolic Blood 
Pressure (DBP), haemoglobin, and serum glucose levels among the 
groups. There was no significant difference found in BMI among the 
groups. According to [Table/Fig-2], the majority of women (67%) 
had a normal BMI. Fourteen percent were underweight, 17% were 
overweight, and 2% were classified as obese.

The serum protein levels among normal non-pregnant women 
and pregnant women in the first, second, and third trimesters are 
presented in [Table/Fig-3].

The mean total serum protein concentration in non-pregnant women 
was 6.36±0.40 g/dL, while in pregnant women, it was reported as 

third trimester [12,13]. This rise is attributed to the production of 
pregnancy-associated proteins like alpha-fetoprotein and alpha-1-
antitrypsin, which contribute to foetal development and maternal 
health [10]. Significant deviations from the expected rise could 
warrant further investigation. Beta globulin levels, particularly 
transferrin, may increase during pregnancy due to the heightened 
iron demands of the developing foetus [14]. However, significant 
deviations could indicate underlying conditions such as infections 
or liver disease. Gamma globulin levels may not significantly change 
during pregnancy, but the specific types of immunoglobulins can be 
altered [15].

Gel electrophoresis is a widely recognised technique used to 
separate and identify serum protein fractions, namely albumin, α1-
globulin, α2-globulin, β-globulin, and γ-globulin, based on charge, 
size, and isoelectric point [16]. It is a convenient, fast, and inexpensive 
method, as it requires only microgram quantities of protein [17]. The 
electrophoretic patterns of serum proteins in pregnant women have 
also been previously investigated. Brown T reported decreased total 
serum protein and serum albumin in the third trimester of pregnancy 
[18]. Kulkarni BS et al., also reported a decline in total protein due to 
a decrease in the albumin fraction [19].

Very few studies [20-22] have reported on serum protein patterns 
in pregnant women using a variety of techniques. However, the 
results are not in complete agreement with each other. Variations in 
serum protein levels in these studies may be attributed to different 
racial groups, sample sizes, local dietary patterns, local health 
facilities, and varying physiological and pathological conditions 
[23,24].

Pregnancy represents the most anabolic period of a female’s life 
cycle. Protein, as a nutrient, is an essential component for the 
proper development of a growing foetus. Despite the importance 
of maintaining adequate levels of plasma proteins in pregnant 
women, there are not enough studies on the prevalence of protein 
deficiencies, and data from descriptive and analytical assessments 
remain insufficient. This study focuses on pregnant women in 
Central India and aims to contribute valuable data on protein profiles 
specific to this underrepresented population. Additionally, this study 
examines protein patterns within defined gestational age ranges 
(e.g., 1st, 2nd, and 3rd trimesters) rather than throughout the entire 
pregnancy, providing a more detailed picture of how protein levels 
change during pregnancy in this population.

Therefore, in light of these considerations, the present study was 
undertaken to assess serum protein levels and their fraction patterns 
using gel electrophoresis in healthy pregnant women attending an 
antenatal clinic in a tertiary care hospital setting.

MATERIALS AND METHODS
This was a cross-sectional study conducted in the Department 
of Medical Biochemistry in collaboration with the Department of 
Obstetrics and Gynecology at Sultania Zanana Hospital, associated 
with Gandhi Medical College, Bhopal, Madhya Pradesh, India. A 
total of 70 pregnant women who attended the antenatal care clinic 
between January 2021 and February 2021 were screened for 
enrolment in the study. Out of these, 50 pregnant women agreed to 
participate and were deemed eligible in the first trimester, yielding 
a response rate of 71.42%. These same 50 pregnant women were 
followed up for investigations in the second and third trimesters. Along 
with this, 50 normal non-pregnant healthy women of childbearing 
age were also included in this study. Normal pregnant women in 
their first trimester, aged between 20 and 30 years, with singleton 
pregnancies, and who were normotensive and normoglycaemic, 
were included in the study. Pregnant women with pre-existing 
medical conditions such as thyroid problems, hypertension, 
gestational diabetes, urinary tract infections, renal disease, or any 
history of obstetric or medical complications were excluded from 
the study. Enrolment of study participants was conducted after 
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Parameters
healthy non-pregnant 

women (n=50)

Pregnant women (n=50)

χ2 p-valueFirst trimester Second trimester Third trimester

Age (Years) 25.14±3.72 24.18±3.35 0.178

Urban/Rural {n (%)} 17 (34%)/33 (66%) 11 (22%)/39 (78%) 1.785 0.181

Vegetarian/Non-vegetarian {n (%)} 20 (40%)/30 (60%) 18 (36%)/32 (64%) 0.169 0.680

Socio-economic status (Upper/Middle/Lower) (n (%)) 6 (12%)/14 (28%)/30 (60%) 5 (10%)/13 (26%)/32 (64%) 0.192 0.908

Primigravida/Multigravida {n (%)} 21 (42%)/29 (58%)

Height (m) 1.58±0.06 1.56±0.06 0.098

Weight (Kg) 57.38±5.14 52.60±9.30 53.05±10.05 54.48±8.35 0.022

BMI (kg/m2) 23.03±2.23 21.45±5.02 21.76±4.13 22.45±2.96 0.150

SBP (mmHg) 124.24±5.43 116.10±12.06 113.84±11.34 116.68±10.1 ≤0.001

DBP (mmHg) 81.84±5.64 76.12±10.99 75.52±10.79 77.76±9.11 0.003

Haemoglobin (g/dL) 12.1±1.32 11.2±1.11 11.0±0.98 10.23±1.21 ≤0.001

Fasting serum glucose (mg/dL) 84.3±8.21 86.0±6.67 89.12±7.76 102.1±4.53 ≤0.001

[Table/Fig-1]: Demographic, clinical and biochemical characteristics of all healthy non-pregnant and pregnant women.
BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Data is presented as mean±SD percentage (%) and number of individuals (n), ANOVA (Analysis of Variance) test, 
Student t-test and Chi-square test are applied for analysis; p<0.05 is considered as significance level

Study group BMi (Kg/m2) Number (n) Percentage (%)

Under weight <18.5 14 14.00%

Normal weight 18.5-24.9 67 67.0%

Over weight 25-29.9 17 17.00%

Obese ≥30 2 2.0%

[Table/Fig-2]: Distribution of study subjects based on their Body Mass Index (BMI) 
status.
BMI: Body mass index; Number (n); Percentage (%)

Group

Total protein 
(g/dL) 

(Mean±Sd)

Serum 
albumin (g/dL) 

(Mean±Sd)

Serum 
globulin (g/dL) 

(Mean±Sd)

A/G 
ratio 

(Mean)

Non-pregnant 
women (n=50)

6.36±0.40 3.90±0.30 2.46±0.28 1.60

First trimester 
pregnant women 
(n=50)

8.1±0.40 4.24±0.38 3.86±0.22 1.10

Second trimester 
pregnant women 
(n=50)

8.0±0.42 4.58±0.14 3.42±0.20 1.34

Third trimester 
pregnant women 
(n=50)

6.36±0.43 3.87±0.36 2.49±0.24 1.56

p-value ≤0.001 ≤0.001 ≤0.001

[Table/Fig-3]: Values of serum total protein, albumin and globulin in non-pregnant 
and pregnant women trimester wise.
Data is presented as mean±SD, ANOVA test is applied for analysis of groups; p<0.05 is considered 
as significance level

Group
Total protein mean 

value (gram/100 mL) Albumin (%)

Globulin

Total globulin 
(%)

A/G 
ratio

α1 Globulin 
(%)

α2 Globulin 
(%)

β Globulin 
(%)

γ Globulin 
(%)

Non-pregnant women (n=50) 6.4 61.5 2.8 10.8 11.1 13.8 38.5 1.60

Pregnant women first trimester (n=50) 8.1 52.4 4.8 16.7 8.5 17.6 47.6 1.10

Pregnant women second trimester (n=50) 8.0 57.3 4.2 9.0 18.6 10.9 42.7 1.34

Pregnant women third trimester (n=50) 6.4 60.9 3.4 10.9 12.1 12.7 39.1 1.56

[Table/Fig-4]: Electrophoretic patterns of serum proteins in healthy non-pregnant and pregnant women.
Data is presented as mean, Percentage (%) and Number of individuals (n)

8.01±0.40 g/dL, 8.00±0.42 g/dL, and 6.36±0.43 g/dL in the first (T1), 
second (T2), and third (T3) trimesters, respectively. The mean serum 
albumin levels were noted to be 3.90±0.30 g/dL for non-pregnant 
women, while they were 4.24±0.38 g/dL, 4.58±0.34 g/dL, and 
3.87±0.36 g/dL for pregnant women in T1, T2, and T3, respectively. 
The total globulin levels in non-pregnant women were 2.46±0.28 g/
dL, whereas the values reported for pregnant women in T1, T2, and 
T3 were 3.86±0.22 g/dL, 3.42±0.20 g/dL, and 2.49±0.24 g/dL, 
respectively. The differences in serum protein, albumin, and globulin 
levels among the groups were found to be statistically significant. 

Data regarding the various fractions of proteins as a percentage of 
total proteins are detailed in [Table/Fig-4].

The alpha-1 globulin levels were found to be 2.8 gm% for non-
pregnant subjects, 4.8 gm% for the first trimester (T1), 4.2 gm% for 
the second trimester (T2), and 3.4 gm% for the third trimester (T3). 
The alpha-2 globulin fractions were reported to be 10.8 gm% for 
non-pregnant women, while they were 16.7 gm%, 9.0 gm%, and 
10.9 gm% for pregnant women in T1, T2, and T3, respectively. The 
beta globulin levels were 11.1 gm% for non-pregnant women, 8.5 
gm% for T1, 18.6 gm% for T2, and 12.1 gm% for T3 in pregnant 
women. Gamma globulin levels were reported to be 13.8 gm% for 
non-pregnant women, 17.6 gm% for T1, 10.9 gm% for T2, and 
12.7 gm% for T3. The A:G ratio was found to be 1.60 for non-
pregnant women, while for pregnant women, it showed a steady 
increment with increasing gestational age, measuring 1.10, 1.34, 
and 1.56 for T1, T2, and T3, respectively, as shown in [Table/Fig-4]. 
The representative image of serum protein electrophoresis for non-
pregnant women is shown in [Table/Fig-5].

In normal pregnant women, all fractions, such as albumin, alpha-1 
globulin, alpha-2 globulin, beta globulin, and gamma globulin, did 
not show any deviation from the normal values. The representative 
image of serum protein electrophoresis for pregnant women 
in the first trimester showed a decrease in albumin and beta 
globulin levels, along with an increase in alpha-2 globulin levels, as 
demonstrated in [Table/Fig-6]. The representative image of serum 
protein electrophoresis for pregnant women in the second trimester 
is shown in [Table/Fig-7].

The serum protein electrophoresis analysis in the second trimester 
revealed an increased beta globulin level and a decrease in 
gamma globulin level; however, other fractions did not show 
significant alterations. The representative image of serum protein 
electrophoresis for pregnant women in the third trimester is shown 
in [Table/Fig-8], where all the serum protein fractions were found 
to be within normal ranges; however, a slight increase in gamma 
globulin levels was observed.
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[Table/Fig-5]: Representative image of serum protein electrophoresis (non-preg-
nant women).

[Table/Fig-6]: Representative image of serum protein electrophoresis (first trimester 
pregnant women).

[Table/Fig-7]: Representative image of serum protein electrophoresis (second 
trimester pregnant women).

DISCUSSION
In the present study, a cohort of pregnant and non-pregnant women 
from different age groups, socioeconomic backgrounds, and 
dietary patterns was examined. As shown in [Table/Fig-1], most 
of the women (47%), both pregnant and non-pregnant, belong to 
the age group of 20-23 years. The mean age of pregnant women 

[Table/Fig-8]: Representative image of serum protein electrophoresis (third trimes-
ter pregnant women).

was 24.18±3.35 years, while for non-pregnant women, it was 
25.14±3.72 years. Most of the women belong to middle and lower 
socioeconomic groups, where early marriages and conception are 
common. According to the National Family Health Survey-III, the 
occurrence of pregnancy at a young age is more prevalent among 
women with no education than among those with 12 or more years 
of education [28]. Besides the lack of education, the prevalence of 
religious and cultural beliefs also promotes marrying and conceiving 
at a young age. However, other studies show that advanced 
maternal age can lead to an increased frequency of adverse 
pregnancy outcomes [29,30]. Higher educational levels, career-
oriented thinking, and shifts in cultural values are some reasons that 
contribute to delaying pregnancy [31].

From [Table/Fig-1], it has been observed that the majority of women 
(62%) who participated in this study consumed a non-vegetarian 
diet. This reflects the customary dietary patterns prevalent in the 
region. Despite the higher prevalence of a non-vegetarian diet, 
the protein content in the serum of non-pregnant women is on 
the lower end of the spectrum, indicating poor nutritional status 
and inadequate dietary intake. During pregnancy, these protein 
levels are found to be increased, as proper nutrition is provided 
to pregnant women. [Table/Fig-2] gives us insight into the BMI of 
the study subjects. Most women (67%) from both the pregnant 
and non-pregnant groups were classified as having a normal 
weight. Meanwhile, 17% were reported to be overweight, and 14% 
were categorised as underweight. Only 2% of the women were 
obese. When compared to socioeconomic factors, women from 
upper socioeconomic groups were typically classified as normal 
weight or overweight, whereas women from middle and lower 
socioeconomic statuses were more likely to be in the normal or 
underweight categories.

According to [Table/Fig-3], the mean total serum protein concentration 
in non-pregnant women was 6.36±0.40 g/dL, while in pregnant 
women, it was reported to be 8.01±0.40 g/dL, 8.00±0.42 g/dL, 
and 6.36±0.43 g/dL in the First (T1), Second (T2), and Third (T3) 
trimesters, respectively. The decline in total serum protein levels was 
consistent with the data reported by Smith EK et al., and MacGillivray 
I and Tovey JE [32,33]. A significant decrease in total protein levels 
was observed in the third trimester. This can be attributed to the 
extensive maternal-to-foetal transfer of nutrients during this period, 
owing to the higher rates of foetal growth [34]. The lower values of 
total serum protein levels in non-pregnant women indicate the poor 
nutritional status of women in the nearby region. A similar finding 
was reported by Alemnji G et al., [35]. The decreasing values of total 
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proteins were more pronounced in women from middle and lower 
socioeconomic backgrounds, for both pregnant and non-pregnant 
subjects. Similar findings were also reported by Gómez-Cantarino 
S et al., [36]. A few studies have reported changes in total serum 
protein, typically observed during dehydration or fluid overload, with 
insignificant changes in the albumin-to-globulin (A:G) ratio [37,38]. 
Lund CJ and Donovan JC, have also reported that plasma volume 
steadily increases during pregnancy, from the sixth to the thirty-
sixth week, by about 50% [39]. Thus, when interpreting serum 
concentrations of protein during pregnancy, factors that alter plasma 
volumes and cause haemodilution should be considered [40,41]. 
The decline in total protein levels may be associated with hydremia 
during pregnancy, as stated by Brown T in their study [18].

The mean concentration of serum albumin levels was found to be 
3.90±0.30 g/dL for non-pregnant women, while it was 4.24±0.38 g/
dL, 4.58±0.34 g/dL, and 3.87±0.36 g/dL for pregnant women in the 
first, second, and third trimesters, respectively. The level of maternal 
serum albumin was found to decrease significantly with advancing 
gestational age. A certain degree of decline in serum albumin levels 
during the progression of pregnancy is considered normal [41,42]. 
The decrease in the third trimester is particularly significant. This 
trend is similar to previous studies [34,43]. Low serum albumin 
values in the third trimester have often been linked to an increased 
risk of infant and maternal mortality and morbidity, as reported 
by O’Connell TX et al., and Sufrin S et al., [44,45]. The decline in 
serum albumin was notably significant among women from lower 
socioeconomic categories. This finding is consistent with studies 
carried out by Caso G et al., and Butte NF et al., [46,47]. The total 
globulin level in non-pregnant women was 2.46±0.28 g/dL, while 
the values reported for pregnant women in the first (T1), second (T2), 
and third (T3) trimesters were 3.86±0.22 g/dL, 3.42±0.20 g/dL, and 
2.49±0.24 g/dL, respectively. The elevated globulin levels in pregnant 
women compared to non-pregnant women were significantly noted. 
This increase can be attributed to a compensation for the fall in 
serum albumin levels with advancing gestational age. However, 
Knopp RH et al., reported that there was no significant change in 
globulin levels due to pregnancy [48]. Similarly, Xydas NP et al., 
found no significant difference in maternal serum protein levels due 
to advancing gestational age [49]. According to [Table/Fig-4], the 
alpha-1 globulin level was found to be 2.8 gm% for non-pregnant 
women, and 4.8 gm%, 4.2 gm%, and 3.4 gm% for pregnant 
women in T1, T2, and T3, respectively. In this study, pregnant 
women exhibited higher levels of alpha-1 globulin in their serum 
than non-pregnant women, which may be due to the involvement of 
pregnancy-associated proteins. The alpha-2 globulin fractions were 
reported to be 10.8 gm% for non-pregnant women, while they were 
16.7 gm%, 9.0 gm%, and 10.9 gm% for pregnant women in T1, 
T2, and T3, respectively. These findings do not align with previous 
studies conducted by Brown T [18] and MacGillivray I and Tovey JE, 
which reported a significant and steady rise in alpha-1 and alpha-2 
globulin levels throughout pregnancy [33]. The beta globulin levels 
were reported as 11.1 gm% for non-pregnant women, 8.5 gm% 
for T1, 18.6 gm% for T2, and 12.1 gm% for T3. A similar increase 
in beta globulin levels has been reported by Brown T, Kulkarni BS 
et al., and Coryell et al., [18,19,50]. The gamma globulin level was 
found to be 13.8 gm% for non-pregnant women, and 17.6 gm%, 
10.9 gm%, and 12.7 gm% for T1, T2, and T3, respectively. Brown 
T and Coryell Mn et al., also reported a similar decline in gamma 
globulin levels [18,50]. As corroborated by Menon MK et al., higher 
levels of gamma globulins may suggest a probable chronic infection 
during childhood or adolescence [51]. It was observed that the mean 
values of total proteins, serum albumin, and globulins were higher 
for women belonging to upper socioeconomic groups compared 
to those from middle and lower socioeconomic groups. This data 
aligns with previous studies conducted by Gómez-Cantarino S et 
al., [36]. There has been no study on changes in maternal serum 
protein levels during pregnancy in our region for a considerable time. 

Therefore, the observations from this study suggest novel laboratory 
findings and may encourage further research into maternal health 
during pregnancy.

Limitation(s)
This study had a smaller sample size, which may not represent the 
entire population of India or, more specifically, our region as a whole. 
Regional variations could affect the data elsewhere. 

CONCLUSION(S)
In conclusion, socio-economically, women from middle and lower 
socioeconomic groups were in poorer condition. This indicates an 
overall low protein level in both pregnant and non-pregnant women 
from the Central India region. A significant difference was found 
among the groups for serum total protein, serum albumin, and 
serum globulin levels; however, the serum globulin levels showed 
a slight increase, indicating compensation for the decrease in 
albumin levels. This study also demonstrated that globulin fractions 
did not show any distinct pattern during pregnancy; however, the 
alterations in globulin fractions according to the trimester highlight 
the importance of pregnancy-associated proteins. Further large-
scale studies are needed to analyse and address these findings.

Acknowledgement
The authors would like to acknowledge the support received from 
Indian Council of Medical Research (ICMR) under ICMR-STS 
program and Multidisciplinary Research Unit (MRU), Gandhi Medical 
College, Bhopal to complete this project research work.

REFERENCES
 Lewis S, Lucas RM, Halliday J, Ponsonby AL. Vitamin D deficiency and pregnancy: [1]

From preconception to birth. Mol Nutr Food Res. 2010;54(8):1092-02.
 Mousa A, Naqash A, Lim S. Macronutrient and micronutrient intake during [2]

pregnancy: An overview of recent evidence. Nutrients. 2019;11(2):443.
 Veena SR, Gale CR, Krishnaveni GV, Kehoe SH, Srinivasan K, Fall CH. Association [3]

between maternal nutritional status in pregnancy and offspring cognitive function 
during childhood and adolescence; A systematic review. BMC Pregnancy 
Childbirth. 2016;16:220.

 Bhatty N, Javed MT, Jamila M, Zahoor T, Tabassum B. Periparturient observations [4]
on protein malnutrition, serum proteins and neonatal birth weight in women of 
different socio-economic and age groups. International Journal of Agriculture 
and Biology. 2001;3(1):75-79.

 World Health Organization. Haemoglobin Concentrations for The Diagnosis of [5]
Anemia and Assessment of Severity. 2011.

 Flores-Quijano ME, Vega-Sánchez R, Tolentino-Dolores MC, López-Alarcón MG, [6]
Flores-Urrutia MC, López-Olvera AD, et al. Obesity is associated with changes 
in iron nutrition status and its homeostatic regulation in pregnancy. Nutrients. 
2019;11(3):693.

 Tran HA. Biochemical tests for abnormalities in pregnancy. Aust Prescr. [7]
2006;29:48-52.

 Varma DR, Yue TL. Influence of age, sex, pregnancy and protein-calorie [8]
malnutrition on the pharmacokinetics of salicylate in rats. Br J Pharmacol. 
1984;82(1):241-48.

 Abbassi-Ghanavati M, Greer LG, Cunningham FG. Pregnancy and laboratory [9]
studies: a reference table for clinicians. Obstet Gynecol. 2009;114(6):1326-31.

 Anderson GH, Turner RM. Serum proteins in normal pregnancy. Clinica Chimica [10]
Acta. 2002;322(1-2):7-16.

 Mathew J, Sankar P, Varacallo M. Physiology, Blood Plasma. 2021 Apr 28. In: [11]
Stat Pearls [Internet]. Treasure Island (FL): Stat Pearls Publishing.

 Peters T. Albumin. All about albumin. 2016. Available from: https://www.mdpi.[12]
com/1422-0067/22/18/10086.

 Salobac S, Erdem G, Celik M. Serum protein profile in normal pregnancy [13]
and in relation to parity. European Journal of Gynecology and Obstetrics. 
2003;69(1):07-11.

 Cetinkaya M, Aydin S. Reference ranges for serum iron, total iron binding [14]
capacity, and transferrin saturation in pregnancy. Journal of Clinical Laboratory 
Analysis. 2016;30(5):1122-26.

 Haram K, Augensen K, Elsayed S. Serum protein pattern in normal pregnancy [15]
with special reference to acute-phase reactants. British Journal of Obstetrics and 
Gynaecology. 1983;90(2):139-45.

 Tietz N W. Clinical Guide to laboratory Tests. 3[16] rd Edition. Philadelphia: WB 
Sanders Company; 1995:518-19.

 Garcia-Descalzo L, Garcia-Lopez E, Alcazar A, Baquero F, Cid C. Gel [17]
electrophoresis of proteins, Gel electrophoresis-principles and basics, Dr. Sameh 
Mgdeldin (Ed.), ISBN: 978-953-51-0458-2, In Tech.

 Brown T. Electrophoretic analysis of serum proteins in pregnancy. BJOG. An [18]
International Journal of Obstetrics and Gynaecology. 1954;61(6):781-87.



Pawan Kumar Kare et al., Electrophoretic Study of Serum Protein Patterns in Pregnancy www.jcdr.net

Journal of Clinical and Diagnostic Research. 2024 Oct, Vol-18(10): BC01-BC0666

PARTiCULARS oF CoNTRiBUToRS:
1. Demonstrator, Department of Medical Biochemistry, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
2. MBBS Undergraduate Student, Department of Medical Biochemistry, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
3. Professor and Head, Department of Medical Biochemistry, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
4. MBBS Undergraduate Student, Department of Medical Biochemistry, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
5. Professor, Department of Obstractics and Gynaecology, Gandhi Medical College, Bhopal, Madhya Pradesh, India.

PLAGiARiSM ChECKiNG METhodS: [Jain H et al.]

•  Plagiarism X-checker: May 05, 2024
•  Manual Googling: May 23, 2024
•  iThenticate Software: Aug 09, 2024 (9%)

NAME, AddRESS, E-MAiL id oF ThE CoRRESPoNdiNG AUThoR:
Dr. Pawan Kumar Kare,
Demonstrator, Department of Medical Biochemistry and Multidisciplinary Research 
Unit (MRU), Gandhi Medical College, Bhopal, Royal Market, Bhopal-462001, 
Madhya Pradesh, India.
E-mail: pawankare4@gmail.com

Date of Submission: May 04, 2024
Date of Peer Review: May 21, 2024
Date of Acceptance: Aug 10, 2024

Date of Publishing: oct 01, 2024

AUThoR dECLARATioN:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?   Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  NA

ETyMoLoGy: Author Origin

EMENdATioNS: 6

 Kulkarni BS, Chitre RG, Parikh MN. Electrophoretic study of the serum proteins [19]
during normal pregnancy, labour, puerperium and toxemia of pregnancy. Ind J 
Med Sci. 1960;14:689-94.

 Bacq Y, Zarka O, Brechot JF, Mariotte N, Vol S, Trichet J, et al. Liver function [20]
tests in normal pregnancy: A prospective study of 103 pregnant women and 103 
matched controls. Hepatology. 1996;23:1030-34.

 Kapsenberg LC, Cronje HS, van Jaarsveld H. Serum protein electrophoresis [21]
in HIV seropositive and seronegative pregnant women. Int J Gynaecol Obstet. 
2004;84(3):254-58.

 Ihara H, Matsumoto T, Kakinoki T, Aoki Y, Hashizumw N, Inada Y, et al. [22]
Concordance between results of serum electrophoresis of pathological serum 
by cellulose acetate and capillary zone electrophoresis. J Electrophoresis. 
2005;49:45-51.

 Ekeke GI, Nduka N, Rukari A. Serum calcium and protein level in pregnant [23]
African and Caucasian women. Trop Geogra Med. 1985;37:178-82.

 Cohen HJ, Crawford J, Rao MK, Pieper CF, Currie MS. Racial differences in the [24]
prevalence of monoclonal gammopathy in a community-based sample of the 
elderly. The American Journal of Medicine. 1998;104(50):439-44.

 WHO, Obesity: preventing and managing the global epidemic. Report of a WHO, [25]
World Health Organization Technical Report Series. 2000;894:1–253.

 Pandey VK, Aggarwal P, Kakkar R. Modified BG Prasad socio-economic [26]
classification, update 2019. Indian J Comm Health. 2019;31:123-25.

 Mahantshetti S, Singh J, Dhandapani S. Updated Modified BG Prasad [27]
Classification for October 2023. Natl J Community Med. 2024;15(1):89-90.

 International Institute for Population Sciences (IIPS) and Macro International. [28]
National Family Health Survey (NFHS–III); 2005-06: Ministry of Health and family 
welfare, India. 2007, Volume I. Mumbai.

 Lean SC, Derricott H, Jones RL, Heazell AEP. Advanced maternal age and [29]
adverse pregnancy outcomes: A systematic review and meta-analysis. PLoS 
One. 2017;12(10):e0186287.

 Varea C, Bernis C, González A, Maternal characteristics and temporal trends in [30]
birth outcomes: Comparison between Spanish and migrant mothers. Int J Popul 
Res. 2012;2012:412680.

 Mills M, Rindfuss RR, McDonald P, Velde E. ESHRE Reproduction and Society [31]
Task Force. Why do people postpone parenthood? Reasons and social policy 
incentives. Hum Reprod Update. 2011;17 (6):848-60.

 Smith EK, de Alvarez RR, Forsander J. Serum protein, lipid, and lipoprotein [32]
fractions in normal human pregnancy. American Journal of Obstetrics and 
Gynecology. 1959;77(2):326-34.

 MacGillivray I, Tovey JE. A study of the serum protein changes in pregnancy [33]
and toxaemia, using paper strip electrophoresis. J Obstet Gynaecol Br Emp. 
1957;64(3):361-64.

 King JC. Physiology of pregnancy and nutrient metabolism. Am J Clin Nutr. [34]
2000;71(5 Suppl):1218S-1225S.

 Alemnji G, Mbuagbaw J, Folefac E, Teto G, Nkengafac S, Atems N, et al. [35]
Reference physiological ranges for serum biochemical parameters among 
healthy Cameroonians to support HIV vaccine and related clinical trials. Afr J 
Health Sci. 2010;17:71-82.

 Gómez-Cantarino S, Agulló-Ortuño MT, de Dios-Aguado M, Ugarte-Gurrutxaga [36]
MI, Bouzas-Mosquera C. Prevalence of hypoproteinemia and hypoalbuminemia 
in pregnant women from three different socioeconomic populations. Int J Environ 
Res Public Health. 2020;17(17):6275.

 Varley H, Gowenlock AH, Bell M. The plasma proteins. In Practical Biochemistry, [37]
Vol. I 5th ed. William Heinemann Medical Books Ltd, London 1980; pp 335-95.

 Van Hunsel F, Van Gastel A, Neels H, Wauters A, Demedts P, Bruyland [38]
K, et al. The influence of psychological stress on total serum protein 
and patterns obtained in serum protein electrophoresis. Psychol Med. 
1998;28(2):301-09.

 Lund CJ, Donovan JC. Blood volume during pregnancy. Am J Obstet Gynecol. [39]
1967;98(3):393-403.

 Goodlin RC. Serum albumin reserve for bilirubin binding during pregnancy in [40]
healthy women. Obstet Gynecol. 1989;73(6):1054.

 Whittaker PG, Lind T. The intravascular mass of albumin during human [41]
pregnancy: A serial study in normal and diabetic women. Br J Obstet Gynaecol. 
1993;100(6):587-92.

 Seong WJ, Chong GO, Hong DG, Lee TH, Lee YS, Cho YL, et al. Clinical [42]
significance of serum albumin level in pregnancy-related hypertension. J Obstet 
Gynaecol Res. 2010;36(6):1165-73.

 Ekeke GI, Nduka N, Rukari A. Serum calcium and protein level in pregnant [43]
African and Caucasian women. Trop Geogra Med. 1985;37:178-82.

 O’Connell TX, Horita TJ, Kasravi B. Understanding and interpreting serum protein [44]
electrophoresis. Am Fam Physician. 2005;71(1):105-12.

 Sufrin S, Nessa A, Islam MT, Das RK, Rahman MH. Study on serum albumin in [45]
third trimester of pregnancy. Mymensingh Med J. 2015;24(3):464-66.

 Caso G, Scalfi L, Marra M, Covino A, Muscaritoli M, McNurlan MA, et al. Albumin [46]
synthesis is diminished in men consuming a predominantly vegetarian diet. J 
Nutr. 2000;130:528-33.

 Butte NF, Calloway DH, Van-Duzen JL. Nutritional assessment of pregnant and [47]
lactating Navajo women. Am J Clin Nutr. 1981;34:2216-28.

 Knopp RH, Bergelin RO, Wahl PW, Walden CE, Chapman MB. Clinical [48]
chemistry alterations in pregnancy and oral contraceptive use. Obstet Gynecol. 
1985;66(5):682-90.

 Xydas NP, May JH, Henson MC. Maternal serum amylase and lipase profiles [49]
in pregnancy: determinations in both once-sampled and multi sampled patient 
cohorts. South Med J. 1996;89:199-203.

 [50] Coryell MN, Beach EF, Robinson AR, Macy IG, Mack HC. Metabolism of 
women during the reproductive cycle. XVII. Changes in electrophoretic patterns 
of plasma proteins throughout the cycle and following delivery. J Clin Invest. 
1950;29(12):1559-67.

 Menon MK, Radha PD, Ramaswamy N. The behavior of serum protein factors in [51]
pregnancy and puerperium. Indian J Med Sci. 1958;12(11):930-34.

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

