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Abstract

Background. Tobacco use is causatively associated with various human cancers, including oral carcinoma.
A number of pathways have been delineated to describe its etiopathological link with oral carcinogenesis,
including alterations in the expression of stem cell markers, Embryonic stem cell markers, such as sex-de-
termining region Y-box 2 (SOX2), octamer-binding protein 4 (0CT4) and homeobox protein Nanog, which
are mainly involved in the maintenance of stemness and pluripotency, have been positively associated with
the pathogenesis of oral potentially malignant disorders and oral cancers. In this context, we attempted to
explore the subcellular impact of tobacco through examining the expression of these stem cell markers in
normal and normal-appearing oral mucosa in non-tobacco users and tobacco users.

Objectives. The aim of the study was to analyze the immunoexpression of SOX2, 0CT4 and Nanog in the
normal-appearing oral mucosa (NAOM) of tobacco users as compared to the normal oral mucosa (NOM)
of non-tobacco users,

Material and methods. The tissue samples of tobacco users and non-tobacco users (n =150 per group)
were immunohistochemically stained to assess the expression of SOX2, 0CT4 and Nanog.

Results. In the oral mucosa of non-tobacco users, a peculiar parabasal expression pattern of SOX2 and
OCT4 was observed, whereas Nanog was non-reactive. The grade of inflammation was found to be a pre-
dictive variable influencing the expression of the 2 markers. In tobacco users, variables such as male gender,
mixed habit and basilar hyperplasia significantly controlled the basilar and suprabasilar expression of SOX2,
0CT4and Nanog. The expression of SOX2 and 0CT4 was higherin tobacco users; in particular, OCT4 positiv-
ity was significantly increased (p < 0.001) in comparison with non-tobacco users.

Conclusions. The altered expression of the examined stem cell markers could be an indication of early
molecular changes in NAOM under the influence of tobacco,
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Introduction

Tobacco use is one of the leading contributors to un-
timély deaths and associated economic damage globally,
as it has been consistently linked with the etiopathogen-
esis of several human cancers, including oral cancer. Vari-
ous forms of tobacco, including smoking and smokeless,
or some combination of both, are thought to be involved
in the multistep process of oral carcinogenesis.! Around
60 chemicals, including pro-carcinogens that are present
in tobacco products, can cause genetic and epigenetic ab-
errations in oral mucosal cells through DNA damage and
chromosomal instability, and thus contribute to field can-
cerization. These subcellular changes appear to be early
events in multistep progression from clinically normal
and histopathologically non-dysplastic mucosa (normal
oral mucosa (NOM)), through oral potentially malignant
disorders, to oral cancer.? The deleterious effects of tobac-
co at the cellular level need to be detected early through
biomarkers so that individuals at risk of developing clini-
cal lesions can be identified and managed accordingly.

A well-characterized transcription factor called sex-
determining region Y-box 2 (SOX2) is known to play
a crucial role in the maintenance of pluripotency and
the self-renewal capability of human embryonic stem
(ES) cells.® Another transcription factor, octamer-bind-
ing protein 4 (OCT4) — a member of the POU-family
of DNA-binding proteins, also contributes to the regu-
lation of pluripotency of ES cells through cooperative
interactions with SOX2.* Homeobox protein Nanog is
another member of core pluripotency regulators that
acts on the downstream targets of OCT4, and hence
plays a key role in cell fate determination, mainly in the
differentiation of ES cells.® Several clinical studies have
reported on the association of these master regulators
of ES cell pluripotency at various stages of carcinogen-
esis and the overall prognosis of various human malig-
nancies.®® The expression of SOX2, OCT4 and Nanog
have been studied in combination with or without other
stem cell markers as predictors of the risk of malig-
nant transformation in oral potentially malignant dis-
orders and with regard to the clinical outcomes of oral
cancer. Despite the conflicting results, the overexpres-
sion of these transcription factors has been observed to
play a vital role in oral carcinogenesis.!! Furthermore,
a number of studies have also noticed an increased ex-
pression of these markers in normal-appearing oral mu-
cosa (NAOM) adjacent to the lesional carcinoma tissue,
supporting the association of SOX2, OCT4 and Nanog
in the field cancerization of oral mucosa under the influ-
ence of tobacco.”!? Based on this evidence, we evaluated
the expression of SOX2, OCT4 and Nanog in the NOM
of non-tobacco users in comparison with that of tobacco

users by means of immunohistochemistry to assess the -

influence of tobacco on oral mucosa prior to any evi-
dence of clinically established lesions. , 1/

Methodology
Patients and tissue sample collection

The research protocol was reviewed and ethically ap-
proved by the institutional Ethical Review Board at the
MGM Institute of Health Sciences, Navi Mumbai, India
(No. of approval: MGMIHS/RES./02/2018-19/63).
Healthy patients, with or without tobacco habits, were
selected from among the individuals who visited the den-
tal hospital for periodontal, orthodontic or surgical treat-
ment, such as crown lengthening, ridge augmentation,
pericoronitis, or periodontal flap surgery. After obtaining
informed consent from the participants, the discarded
NAOM samples taken from the abovementioned surgical
procedures were collected. A total of 100 tissue samples
were obtained from non-tobacco users (n = 50) and to-
bacco users (# = 50) for the present study.

Histopathological assessment

All tissue samples were fixed in 10% neutral buffered
formalin, followed by tissue processing and staining with
the use of hematoxylin and eosin (H&E). The histopath-
ological assessment of the samples was carried out by 2
independent oral pathologists for the presence of micro-
scopic changes, such as basilar hyperplasia and inflamma-
tion. Inflammation in the samples was scored as follows:
0 - no inflammation; 1 — mild (less than 25 inflammatory

- cells); 2 — moderate (more than 25 and less than 125 in-

flammatory cells); and 3 - severe (more than 125 inflam-
matory cells).1?

Immunohistochemical staining

From each paraffin-embedded block, tissue sections
were cut to a thickness of 3 um with a rotary microtome
(Leica RM 2245; Leica Camera, Wetzlar, Germany). The
sections were dewaxed in xylene, and then rehydrated
in absolute alcohol, 95% alcohol and 85% alcohol. An-
tigen retrieval was performed by immersion in Tris-
EDTA (0.1 M, pH 9) in a decloaking chamber at 125°C
for 10 min. Endogenous peroxidase activity was blocked
by using 3% hydrogen peroxide in methanol for 30 min.
The slides were then incubated with an anti-SOX?2 rab-
bit monoclonal antibody (prediluted, Clone EP103, Cat.
No. PR071; PathnSitu Biotechnologies, Livermore, USA),
an anti-OCT4 rabbit monoclonal antibody (prediluted,
Clone EP143, Cat. No. BSB2029; Bio SB, Santa Barbara,
USA) and an anti-Nanog mouse monoclonal antibody
(prediluted, Clone 5A10; Novus Biologicals, Centennial,
USA) diluted in Tris-buffered saline (TBS) and 5% bovine

“serum albumin (BSA) at 4°C overnight in a wet chamber.

For the subsgrate chromogenic reaction, the sections were
immersed-in a freshly prepared solution of 0.03% diami-
nobenzidine for 2 min at room temperature, followed by
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counterstaining with Mayer’s hematoxylin. The samples
of colon carcinoma, esophageal carcinoma and seminoma
were used as positive controls, whereas the substitution
of the primary antibody with TBS served as an internal
negative control for each batch of staining.

Immunohistochemical analysis
and scoring

Two pathologists independently reviewed the stained
slides without any access to clinical or demographic data
of the patients. The nuclear expression of SOX2, OCT4
and Nanog was observed in the epithelial cells of both to-
bacco users and non-tobacco users. A total of 1,000 cells
were counted in a x400 magnification field per specimen,
using the Image] software (National Institutes of Health
(NIH), Bethesda, USA; https://imagej.nih.gov/ij/). The
percentage positivity of all markers was calculated by di-
viding the total number of positively stained cells by the
total number of cells in the section (minimum 1,000 cells)
in high-power fields x100%. Staining intensity was ob-
served and graded as weak, moderate or strong. The scor-
ing of percentage positivity (<5% of cells — 0; 5-24% — 1;
25-49% — 2; 50-74% — 3; and >75% of cells — 4) and inten-
sity (no cells — 0; weak — 1; moderate — 2; and strong — 3)
was done according to the methodology proposed by Vi-
jayakumar et al.!* The final scoring of each section was
calculated by adding the scores of percentage positivity
and intensity (0-3 — low expression; and 4-7 — high ex-
pression). If any disagreement occurred (intensity score
discrepancy >1), the slides were re-evaluated by a third
independent pathologist along with previous observers to
obtain a consensus diagnosis.’

Statistical analysis

The observations were noted and recorded in
a Microsoft® Excel sheet (Microsoft Corporation, Red-
mond, USA). The results were compared for statistical sig-
nificance using IBM SPSS Statistics for Windows, v. 24.0
(IBM Corp., Armonk, USA). Student’s independent ¢ tests
were used to analyze the intra- and intergroup variations
in SOX2, OCT4 and Nanog expression. Linear regression
analysis was applied to explore independent predictor
variables influencing the expression of stem cell markers.

Results

The study participants constituted 2 groups: group I
comprised healthy controls with NOM, without any to-
bacco habit (7 = 50); and group II consisted of individuals
with NAOM with a tobacco habit (# = 50). The associa-
tion of the expression patterns of the stem cell markers
with the demographic data of both groups are depicted
in Tables 1-4.

Expression patterns of SOX2,

OCT4 and Nanog, and their correlation
with clinicopathological factors

in non-tobacco users (group )

The nuclear expression of SOX2 and OCT4 was observed
only in the parabasal layer of NOM, with mild to moderate
intensity of immunoreactivity observed for both markers.
Nanog was found to be negative for all NOM samples (Fig. 1).
The association between the percentage expression of SOX2
and OCT4 and the clinicopathological features of this group,
including age, gender and the grade of inflammation, was ex-
amined with the independent ¢ test. The percentage expres-
sion of SOX2 and OCT4 was statistically significantly differ-
ent among the grades of inflammation (p < 0.001), whereas
age and gender did not seem to influence their expression
(Table 1). Linear regression analysis showed the grade of in-
flammation to be a significant and independent predictor
of expression of these 2 stem cell markers (Table 2).

Fig. 1. Histopathological staining of oral mucosa (hematoxylin and eosin (H&E);
%400 magnification) in non-tobacco users (A) and tobacco users (B).

In non-tobacco users, the immunohistochemical expression of SOX2 (C),
OCT4 (E) and Nanong (G) were found to be limited to the parabasal layer
(if positive for staining), whereas the immunoreactivity of all these markers
increased up to the basal and suprabasal layers and above in tobacco
users (D, F and H for SOX2, OCT4 and Nanong, respectively)
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Table 1. Correlation between demographic features and the percentage expression of SOX2 and OCT4 in normal oral mucosa (NOM) in non-tobacco users

Percentage expression of OCT4

Vanabtes

Age <40 28 3124159 S 0.93 +£0.93
[years] >40 22 3034172 098 +1.07
2.83 +1.64 0924098
Gender as 2 : 0053 0723
female 12 3.88 +1.40 1.04 +1.07 y
no 34 258 +1.43 0.65 +0.83

Grade mild 8 3214156 <0.001% 093 +103 <0.001*
of inflammation

moderate 8 5.06 +0.93 2.62 £041

Data presented as mean + standard deviation (M +5D). * statistically significant (unpaired two-sample ¢ test).

Table 2. Multiple regression analysis showing the association of predictive variables with the percentage expression of SOX2 and OCT4 in the normal oral
mucosa (NOM) of non-tobacco users

| 95%Ciforp

(constant) 2.002 0843 ki 2374 0022 0.303 3700

SOX - age -0.248 0401 -0076 -0618 0539 -1.055 0559
expression gender 0622 0.485 0.164 1.284 0.206 ~0.354 1599
grade of inflammation 0.890 0.331 0415 2692 0.010* 0.224 1.556

(constant) 0710 0527 - s e e ey 1772

oCT4 age 0,000 0242 0000 000t - D99 ousy 0488
expression gender L 0 0294 ~0.125 Toos s gas e o 0305
grade of inflammation 0.668 0.190 S 0513 31527 0.001* 0286 1.050

SE - standard error; C/ - confidence interval; * statistically significant.

Expression patterns of SOX2,

OCT4 and Nanog, and their correlation
with clinicopathological factors

in tobacco users (group 11)

In NAOM, the nuclear expression of all 3 markers was
noticed in both basal and suprabasal layers of oral mu-
cosa. The immunoexpression of these markers was ana-
lyzed along with the clinicopathological parameters of to-
bacco users, including age, gender, type of habit (smoking,
smokeless and mixed, i.e., with alcohol), duration of habit,
and tobacco contact time, and histopathological features,
such as basilar hyperplasia and the grade of inflamma-
tion. Male gender, mixed habit and the presence of basi-
lar hyperplasia significantly contributed to the alteration
of the percentage expression of SOX2, OCT4 and Nanog
(Table 3). For SOX2 expression, the type of tobacco habit
was found to be a significant predictive variable, whereas
age, duration of habit, basilar hyperplasia, and the grade
of inflammation emerged as independent predictive vari-
ables for OCT4 expression in linear regression analysis.
Gender, tobacco contact time and the grade of inflamma-
tion were observed to have significantly influenced Nanog
immunoexpression (Table 4). The intensity of immunore-
activity of all markers was noticed to increase along with
an increase in the grade of inflammation.

“Intergroup comparison of SOX2,

OCT4 and Nanog expression

The mean value of percentage expression of QOCT4
(9.74 +4.79%) was found to be statistically higher in
tobacco users when compared to non-tobacco users
(0.95 £0.99) (p < 0.001). A similar increasing trend was
observed in SOX2 expression under the influence of to-
bacco, though the result was not statistically significant.
In the case of Nanog, the 2 groups were not compared, as
this marker was expressed only in tobacco users and was
absent in the NOM of non-tobacco users.

Co-expression of SOX2, OCT4 and Nanog

The co-expression of SOX2, OCT4 and Nanog was
assessed by evaluating the percentage expression in
the same area of the tissue specimens. In tobacco us-
ers, a higher co-expression of SOX2 and OCT4 (76%)
was observed in comparison with non-tobacco users
(30%), though the statistical correlation was found to
be non-significant (Spearman’ coefficient p = 0.120;
P = 0.408). The co-expression of all 3 markers was ob-
served in 58% of all tobacco users. The overall inten-
sity of immunoreactivity of all markers was observed
to be higher in tobacco users in comparison with non-
tobacco users.
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Table 1. Correlation between demographic features and the percentage expression of SOX2 and OCT4 in normal oral mucosa (NOM) in non-tobacco users

po | samplesize Percentage expression of SOX2 S Pg'rcen‘tage expression of OCT4
 Variables e e S fob
sl b BT A ,
: : 093 +093
Age <40 28 312 £1.59 e 0853
[years] >40 22 3.03%1.72 0.98 £1.07
’ 834164 0.92 +098
Gender pls 2 Ay 0053 0723
e female 2 3.88 £1.40 1.04 £1.07
no 34 2.5841.43 0.65 +0.83
Sl mild 8 321 £156 <0.001* 093 +103 <0.001*
of inflammation
moderate 8 5.06 £0.93 2.62 +041

Data presented as mean + standard deviation (M +5D), * statistically significant (unpaired two-sample t test).

Table 2. Multiple regression analysis showing the association of predictive variables with the percentage expression of SOX2 and OCT4 in the normal oral
mucosa (NOM) of non-tobacco users

(constant) 2.002 0.843

SOX2 age —-0.248 0.401

expression gender 0622 0485

grade of inflammation 0.890 0.331

{constant) 0710 0.527

OCT4 age 0.000 0.242
expression gender —0286 0294

grade of inflammation 0.668 0.190

L 9s% Cifor
L f',upperbound
: 2374 0022 0303 3700
~0076 -0618 0539 -1.055 0,559
0.164 1.284 0.206 ~0.354 1599
0415 2692 0.010* 0.224 1.556
. 1347 - 0.185 ~0.352 1772
0,000 0,001 Doog e e 0488
~0125 ~0975 pass o 0.305
0513 3522 0.001* 0.286 1050

SE - standard error; C/ - confidence interval: * statistically significant.

Expression patterns of SOX2,

OCT4 and Nanog, and their correlation
with clinicopathological factors

in tobacco users (group 11)

In NAOM, the nuclear expression of all 3 markers was
noticed in both basal and suprabasal layers of oral mu-
cosa. The immunoexpression of these markers was ana-
lyzed along with the clinicopathological parameters of to-
bacco users, including age, gender, type of habit (smoking,
smokeless and mixed, i.e., with alcohol), duration of habit,
and tobacco contact time, and histopathological features,
such as basilar hyperplasia and the grade of inflamma-
tion. Male gender, mixed habit and the presence of basi-
lar hyperplasia significantly contributed to the alteration
of the percentage expression of SOX2, OCT4 and Nanog
(Table 3). For SOX2 expression, the type of tobacco habit
was found to be a significant predictive variable, whereas
age, duration of habit, basilar hyperplasia, and the grade
of inflammation emerged as independent predictive vari-
ables for OCT4 expression in linear regression analysis.
Gender, tobacco contact time and the grade of inflamma-
tion were observed to have significantly influenced Nanog
immunoexpression (Table 4). The intensity of immunore-
activity of all markers was noticed to increase along with
an increase in the grade of inflammation.

[Intergroup comparison of SOX2,
OCT4 and Nanog expression

The mean value of percentage expression of OCT4
(9.74 +4.79%) was found to be statistically higher in
tobacco users when compared to non-tobacco users
(0.95 £0.99) (p < 0.001). A similar increasing trend was
observed in SOX2 expression under the influence of to-
bacco, though the result was not statistically significant.
In the case of Nanog, the 2 groups were not compared, as
this marker was expressed only in tobacco users and was
absent in the NOM of non-tobacco users.

Co-expression of SOX2, 0CT4 and Nanog

The co-expression of SOX2, OCT4 and Nanog was
assessed by evaluating the percentage expression in
the same area of the tissue specimens. In tobacco us-
ers, a higher co-expression of SOX2 and OCT4 (76%)
was observed in comparison with non-tobacco users
(30%), though the statistical correlation was found to
be non-significant (Spearman’ coefficient p = 0.120;
p = 0.408). The co-expression of all 3 markers was ob-
served in 58% of all tobacco users. The overall inten-
sity of immunoreactivity of all markers was observed
to be higher in tobacco users in comparison with non-
tobacco users.
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Table 3. Correlation between demographic features and the percentage expression of SOX2, OCT4 and Nanog in normal-appearing oral mucosa (NAOM)
in tobacco users

Percentage expression

Percentage expression | = Percentage expression

. Sarri%:!e size o , L ofoCTA a‘\)akcej _of Nanog
. ; - of SOX2 olOCld . [ PYalde (i
e Peddor i G mae e (%]
9.85 +7.14 3.96 +4.65
lyears] >40 22 413 +4.62 9.60 +8.07 2542466
: 538 +£5.82 SlAR A e LT
Gender niale il : ; £ <0001 . 00345 i e 0.016*
‘ female 9 137.£1.37 5324593 1 : 1000+0.00
smoking 15 3114156 1266 +7.11 3714358
Type of habit  smokeless 23 2.81 +4.66 <0.001** 4.54 +4.04 <0.001** 1.24 £1.71 0.003**
mixed 12 10.10 +6.98 15.38 £6.90 6.72+7.21
o4 b 26 594 £6.20 £ 12094757 = | easng
Duration e :
of habit 6-10 16 3724522 0.19 7.69 +6.55 0.060 2714390 0.136
[ysaid >10 8 e 622 +785 %1 Ik 1 iR AH050 176 i
Tobacco <1 36 3.84 +4.37 944 +7.63 354 4541
contact time 0.197 0.662 0.609
h] >1 14 6.73 +7.57 1049 +7.33 278 +1.63
Sasilar absent S O 1984185 . 5444580 , i 145 1,72 _
EEg G e : ~ ~ 0001* <0001* , 0016*
hyperplasia present 30 644642 T 12607070 S o . 4594555
no 9 333 +3.09 596 +801 191192
e mild 15 4734652 6.09 46.11 198 177
: ; 0535 0.025* 0260
ofinflammation  moderate 24 468 +4.96 1237 £7.05 463 4627
severe 2 9.80 £13.85 16.30 £8.02 425 +0.63

Data presented as mean + standard deviation (M SD). * statistically significant (unpaired two-sample t test); ** statistically significant (one-way ANOVA (two-tailed)).

Table 4. Multiple regression analysis showing the association of predictive variables with the percentage expression of SOX2, OCT4 and Nanog
in the normal-appearing oral mucosa (NAOM) of tobacco users

e onOrs
! i Upperbound
age -0.636 1.886 -0.058 -0.337 0.738 —4.448 3.176
gender -2913 2.903 —-0.204 —1.004 0.322 —-8.781 2.954
type of habit 3259 1.254 0436 2599 0.013* 0.724 5.793
2xog(rzession duration of habit 0.701 1.451 0.095 0483 0.632 —2.232 3.633
tobacco contact time -0972 2078 -0.080 -0468 0.642 =571 3227
basilar hyperplasia 2.075 1.710 0.186 1.214 0.232 —-1.381 5531
grade of inflammation 0.343 1.090 0.052 0.315 0.754 —1.860 2.547
' age A R OEEER Tl e 19278
gender -4440 . 3302 L e -1347 OfIE5 L e D0 e Hos
. ~ typeofhabit 0552 1644 L 0 Hed 30336 00 2771 3.875
S)f;:ssion duration of habit —40208. 1634 —0403 : | 52405 : 0.018* —7.329 : =01722
- tobacco contact time =5060 2676 : —080720 ¢ ¢ 1892 S 0066t 0 —10470 0.346
basilar hyperplasia 4.460 1937 0295 AL O 0.547 8378
_ grade of inflammation o iy 1.223 047750 - colr e 1.830 - B
age 0694 1464 0075 0474 0638 —2.265 3653
gender —4.752 2,049 -0.395 -2.320 0.026% -8.893 -0.612
type of habit 1.739 1.028 0.276 1.691 0.099 —0.340 3817
s:;rzgsion duration of habit -0.904 1125 -0.145 -0.804 0426 -3.177 1.369
tobacco contact time —5.407 1.590 -0.526 —3.400 0.002* -8.621 -2.193
basilar hyperplasia 1.089 1.322 0.115 0.824 0415 —-1.582 3.760
grade of inflammation 2132 0.839 0.380 2.540 0.015* 0436 3.829

* statistically significant.
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Discussion

The cumulative evidence of a positive correlation
between the immunoexpression of SOX2, OCT4 and
Nanog and various oral potentially malignant disorders
and oral carcinoma indicates the putative role of these
proteins in oral carcinogenesis. Though previous re-
search has reported on the presence or absence of these
pluripotent stem cell markers in normal mucosa as com-
pared to that of the lesional tissues, an exclusive study
targeting their expression in adult stem cells in NOM
‘has not been conducted until now. In this context, the
present study observed only SOX2 and OCT4 expres-
sion in NOM, which is in agreement with the observa-
tions of Qiao et al.,!° whereas all the samples showed
negative immunoreactivity toward Nanog.1%15 SOX2 is
thought to be a guardian of the embryological develop-
ment of the head and neck region through its expression
in neural crest cells. Since most of the oral and orofacial
structures are derived from the migrated neural crest
cells, the presence of SOX2 in the NOM of non-tobacco
users explains its putative role in oral mucosa differen-
tiation through a precise cell flow.16

The lower mean value of OCT4 percentage expres-
sion as well as the absence of Nanog expression in NOM
could be explained by the regulatory and repressing ef-
fect of SOX2 on OCT4 and Nanog during specific lin-
eage differentiation.''” We observed the parabasal layer
expression of these pluripotent stem cells, in contrast to
the basal layer expression reported by many authors. As
NOM is thought to have its stem cell population distrib-
uted in the quiescent basal cell and active parabasal cell
layers, this justifies the peculiar pattern of parabasal lay-
er expression of SOX2 and OCT4 rather than the basal
cell layer expression, as observed in previous studies.!s
The presence of inflammation not only was found to be
significantly associated with an increased immunoreac-
tivity of these markers, but also emerged as a predictive
variable for the same in the NOM of non-tobacco users.
Inflammation has an inducible effect on stem cell pro-
liferation through cytokine production. In NOM, even
sterile inflammation (non-microbial), which may result
from chemical and physical insults, can cause the prolif-
eration of stem cells. At the site of injury, inflammatory
cells recognize danger-associated molecular patterns
and secrete molecules that prime the tissue restoration
via stem cell induction.?®

In tobacco users, an increased expression of SOX2 and
OCT4 and the appearance of Nanog in tobacco-affected
oral mucosa were observed. Naini et al. reported similar
results in the adjacent non-tumor oral tissue, which in-
dicated the potential role of these markers in the early
molecular stages of carcinogenesis.!> Fu et al. also ob-
served a similar higher expression of Nanog in the cor-
responding tumor-adjacent normal tissues as compared
to their normal counterparts, which supports its under-

explored behavior in carcinogenesis.” Significant associa-
tions between tobacco-related parameters, including the
type of habit and tobacco contact time, and an increased
immunoreactivity of all these markers indicate a critical
role of nicotine in oral carcinogenesis through the regula-
tion of the expression and stemness of SOX2, OCT4 and
Nanog.?’ In addition, a mixed habit that includes alcohol
use was shown to be associated with an increased expres-
sion of all of these ES cells markers, which is in accor-
dance with the experimental findings showing the alco-
hol-activated induction of cancer stem cells.?!

Histopathological factors, including basilar hyperpla-
sia, were correlated with an elevated expression of stem
cell markers in the present study. Under the influence
of tobacco, the shift and expansion of the stem cell niche
from the parabasal cell layer (active stem cell population)
to the basal cell layer (quiescent stem cell population)
was evident from the basal cell hyperplasia observed in
histopathological examinations and the criteria depict-
ing architectural changes in epithelial dysplasia. In addi-
tion, the grade of inflammation also correlated positively
with an increased expression of stem cell markers. Both
smokeless and smoke tobacco can cause genetic and pro-
teomic alterations through the dysregulation of inflam-
mation-associated pathways, such as MAPK/ERK as well
interferon signaling in oral keratinocytes.22

The mean percentage expression values of all of the
markers were significantly elevated in tobacco users in
comparison with non-tobacco users, which may indicate
the cumulative effect of long-term tobacco exposure on
oral keratinocytes by inducing the expansion of the em-
bryonic stem cell population. The co-expression of SOX2
and OCT4 was found to be increased in the oral mucosa
of tobacco users, similar to the observations made by
Qiao et al,, who reported an elevated SOX2+*QCT4+ pro-
file in the transforming oral mucosa of the rat and in pre-
cancerous lesions of humans that displayed simple hyper-
plasia.!® The co-expression of all 3 markers in over a half
of tobacco users could be a result of the mechanical and
chemical impact of tobacco on oral keratinocytes.

Conclusions

The use of tobacco and the tobacco habit can induce
early molecular changes at the cellular level through
the expansion of the stem cell niche, which could be
recognized histopathologically as basilar hyperplasia.
Increased expression and co-expression of pluripotent
stem cell markers SOX2, OCT4 and Nanog in NAOM
may indicate another molecular pathway of tobacco-
induced oral carcinogenesis. The observations of the
present study could be used as a baseline for further re-
search on the impact of tobacce on oral mucosal stem
cells in the development of various oral potentially ma-
lignant disorders and oral cancer.
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Identification of genetic instability in peripheral l:‘>lood
lymphocyte of oral squamous cell carcinoma patients assess

by comet assay
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Abstract Context: Studies established that human cancer is principally a genetic disease; it arises as accumulation
R plasetol genetic changes. In the pathogenesis of cancer, genetic instability is the sequential event to a

carcinogenic stimulus resulting in various genomic changes including DNA damage.
Aims: To assess genetic instability, as susceptibility to DNA damage, we used single-cell gel
electrophoresis (comet assay) to study double strand breaks in associated with the risk of oral squamous
cell carcinoma (OSCC).
Materials and Methods: We used comet assay to measure double strand break in individual peripheral
blood lymphocytes from 50 individuals with OSCC and 30 healthy control subjects. All personal information
was gathered from subjects including tobacco history. DNA damage was visualized as comet assay and
quantified by movement of damaged strands as length of tail. ‘
Results: Study results of 0SCC patients were observed in relation to clinical staging and histological grading
of carcinoma. On the basis of clinical observation, cases were grouped in to Stage I, Stage I, Stage 11l and
Stage IV. No stage I cases were in study sample. The mean DNA damage migration length was observed
4.600 + 0.4613 um in stage II, whereas in Stage 11l and Stage 1V, it was observed to be 4.961 £ 0.5620
pm and 4.833 = 0.410 um, respectively. The DNA damage length in histological grades of squamous cell
carcinoma patients in Grade ['was 4.6437 + 0.3061 um and Grade llwas 53533 + 0.3831 um. In comparison
with control group and squamous cell carcinoma group, it was observed in the range of 0.02-0.36 im and
varied from 4.04 to 5.84 pm range, respectively. Thus, the results were statistically significant with the
histological grading of OSCC. Statistical Analysis: Unpaired’ test and “ANOVA” test are used for statistics.
Conclusion: The amount of DNA strand breaks in peripheral lymphocytes are measured by comet assay
which is associated with relative risk of OSCC.

Keywords: Comet ‘assay, DNA damage, DNA strands, gel el’ectrqphoresis, lymphocyte, squamous cell
carcinoma
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As i

~ Figure 1: Silver nitrate-stained lymphocyte shows comet (head with
tail) appearance of DNA strand breaks of oral squamous cell carcinoma
patient :

the image (nuclear) diameter were measured using an
ocalometer fitted to the eyepiece after standardization with
a stage micrometer. The DNA tail lengths were measured
by subtracting the diameter from the total length.

RESULTS AND OBSERVA’I‘IONS

The present study on the basis of clinical staging grouped
as 3 cases (6%) of Stage 1L, 20 cases (40%) of Stage 111
and 27 cases (54%) of Stage IV. Not a single case was
observed in Stage 1. Histological grading was done of all
50 patients as 32 cases (64%) of Gradel and 18 cases (36%)
of Grade 1T squamous cell carcinoma. There was no cas¢
of Grade III carcinoma.

The DNA damage length was obsetved in the control
group [Figure 2] which was in the range of 0.02-0.36 um,
whereas it vatied from 4.04 to 5.84 im range in squamous cell
carcinoma group. The mean DNA damage length observed
in the control group was found to be 0.0987 + 0.0546 pum,
whereas in the squamous cell carcinoma group, it was
observed to be 4.8992 1 0.4781 pm, which were statistically
significant [Table 1.

In squamous cell carcinoma group, DNA-SSB in different
clinical stag

in Stage 1. In Stage 11, the mean DNA damage length was
observed 4.600 * 0.4613 pm, whereas in Stage 111 and
Stage 1V, it was observed to be 4.961 £ 0.5620 um and

4,883 + 0.410 pum, respectively [Table 1].

oes was observed as follows. There were nO cases

The DNA damage length in histological grades of

squamous cell carcinoma patients was as follows: The mean
DNA damage length in Grade I was 4.6437 £ 0.3061 pm,
whereas in Grade II, it was 5.3533 + 0.3831 um. There

5;‘;' il ilkes . &
Figure 2: Silver nitrate-stained lymphocyte of a healthy indivi
shows no tail of DNA strand break

dual

Table 1: Comparison of length of DNA damage in various
parameter '

Parameter Number of cases  MeanzSD {pm) P
Clinical stages :
Stage | Nil Nil 0.47
Stage Il 3 4.600+0.4613
Stage Ill 20 4.961+0.5620
Stage IV 27 4.883+0.410
Histological grade :
Grade | 32 4.6437+0.3061  <0.0001
Grade |l 18 5.3533+0.3831
Grade Il 0 Nil
Study group
SCC group 30 4.8992+0.4781  <0.0001
Control group 50 0.0987+0.0546

SD: Standard deviation, SCC: Squamous cell carcinoma

was no case in Grade III squamous cell carcinoma

patients [Table 1].

The difference between mean DNA damage length values
of different histological grades was calculated and statistical
evaluation was done using an unpaited #test. The DNA
damage length was found to increase from Grade I and -
Grade 11, and the difference was extremely statistically
significant [P < 0.0001; Table 1]. ‘

The values of DNA damage length were also compared
within different clinical stages of squamous cell carcinoma,
the mean difference was calculated and the statistical
analysis was done using one-way “ANOVA” test, the values
were observed, but the difference was not statistically
significant [P = 0.47; Table 1] since thete was 00 case in
Stage L.

DISCUSSION

Oral cavity cancer is one of the most lethal cancers,
ranking as the sixth-leading cause of cancer morttality

Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 2 | April-Jupe 2022
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worldwide 319 Majority of new cases of intraoral cancer
are discovered only when patients become symptomatic.
More than 80% of these cancers are in advanced stages.

Alterations in peripheral blood cells in a diverse range of
malignancies ate well known. The occurrence of DNA
damage in these cells is a recent finding. The increased
frequ&cy of DNA-SSB was observed in peri_pheml blood
Jeukocytes in the patients with precancerous and cancerous
lesions of the utetine cervix.”!!

Lymphocytes play an important role in defense mechanism.
Hence, the above observations lead us to study the
DNA-SSB in lymphocytes of OSCC patients. A solitary
study has been done in OSCC by Rao ¢/ 2117 where DNA
damage in petipheral blood leukocytes was examined.

The single-cell gel electrophoresis assay utilizes nucleated
cells, which are sandwiched between different agarose
layers and subsequently subjected to lytic treatment at
high salt concentrations. After electrophoresis under
alkaline conditions and staining with fluorescent dyes or
silver nitrate, nuclei with damage can be quantified undet
a microscope using atl ocular micrometes.

DNA-specific dyes used for comet visualization depend
on largely investigator-specific needs and presumably
have little effect on assay sensitivity ot reliability.""! The
Auorescent dyes used most frequently are ethidium
bromide,® propidium iodide, 4, 6-diamidino-2 and
phenylindole (Lee and Steinert, 2003),0" and SYBR
Green (Singh e al. 1998).¥ The common nonfluoresent
staining technique for visualization of commet assey is
by silver nitrate staining technique.'#?) In the present
study we used silver nitrate stain due to its simple staining
technique and ready availability. The stained slides were
obsetved in monocular microscope in 100X to identify
DNA damage.

In the present study, the squamous cell carcinoma cases
were distributed in the 3d g 5 G and 7* decades.
The maximum number of cases were observed to
involve alveolar ridge (20 cases) followed by buccal
mucosa (15 cases), which was the actual placement of
tobacco quid in most of the patients.

In the present study, DNA damage index in peripheral
blood lymphocyte of the control group was observed in
the range of 0.02-0.36 wm with a mean damage index
of 0.0987 + 0.0546 pm. The study done by Rao ¢/ al'
showed quite similar results in healthy control groups
as 0.4900 £ 0.1323.

In the present study, the DNA damage index was
evaluated according to histological grades of squamous
cell carcinoma. The mean levels observed wete 4.643
and 5.353 um fot Grade T and Grade 1L, respectively.
These levels were similar to those obtained by Rao ¢ alt?
which were 4.352 and 5.131 pm for Grade 1 and Grade 11
squamous cell carcinoma, respectively. The overall level of
DNA damage index was observed to be in the range of
4.04 to 5.84 um, which was in the range of those obtained
by Rao e 4/ which were 3.72 to 6.84 um.

Another observation in the study of Rao & 4l was that
the DNA damage length increased significantly from
Grade 1, Grade 11 and Grade 111 respectively in squamous
cell carcinoma group. Thus, the DNA damage detected by
single-cell gel electrophoresis of comet assay corselated well
with the histological grading of squamous cell carcinoma.
In the present study, similar results were obtained.

The patients werc also grouped according to clinical
stages. The DNA damage length was obsetved to be more
in Stage 111 (40961 £ 0.562 (m) as compared to Stage
IV (4.883 £ 0.410 um) and Stage 11 (4.60 £ 4.61 um). The
results were not in increasing order as in clinical stages.
Hence, the difference was not statistically significant. There
were no cases in Stage I, and hence, a comparison could be
done between I and 11 and 111 and IV stages. The results
obtained by Venkateswara R ¢/ 4117 were highly significant
between Stage 1 and Stage 11, Stage 1 and Stage 1V, Stage
11 and Stage IV and Stage 111 and Stage IV, while between
Stage 1 and 111 and 11 and 111, it was not very significant.

CONCLUSION

Genetic instability in the form of DNA damage appeats
to be associated with an increased relative sisk of oral
cancer. Measuting single strand break with comet assay
is a reliable approach fot determining susceptibility and
genetic instability in an individual toward cancer. Patients
suffering from OSCC show a temarkable difference in
the degree of single strand breaks as a result of genetic
instability. Control subjects show a constant degree of SSB
in comparison with OSCC patients.

Single-cell gel electrophoresis is simple method to detect
single strand breaks in the DNA of individual cells through
peripheral blood lymphocyte. OSCC is known to have
DNA damage in oral epithelial cells and in peripheral
blood leukocytes. Although this study may 00t enough
to demonstrate the progression and prognosis of disease,
large p(.)pulation—based studies are required to validate
comet assay utility in clinical practice.

Journal of Oral and Maxillofacial pathology | Volume 26 | Issue 2 | Apriljune 2022
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INTRODUCTION

Oral cancer globally is 2 serious growing problem and
" occupies the sixth most commof cancer wotldwide."
New cases of oral cancef exceed 410,000 annually and
account for between 1% and 5% of all cancer wotldwide,
but in India may be as high as 15%—40% of all cancer
regi,stcrcd.[“ﬁl Oral squamous cell carcinoma (OSCC)
accounts for 3%—5% of all malignancies. The World Health
Organization predicts a continuing worldwide increase in
the incidence of oral cancer.

A number of factors contribute to the cause of oral cancer.
In country like India where the standard of living is low, otal
cancer has the highest rate and is the most common type of
cancer in males. Various irtitants such as tobacco, (chewed,
inhaled, or swallowed) and alcohol are cleatly important.

In carcinogenesis, the initial step involves mote Of less
alteration in the DNA of the cell.l” Malignancy~ass<>ciated
changes were also noted in blood Jeukocytes, megakatryocytes

“and monocytes.© "

A variety of methods have been developed for detecting
DNA strand damage such as micronuclei, sister-chromatid
exchange assay and snapshot of DNA strand break
single-cell gel electrophoresis.

Single-cell gel electrophoresis of comet assay is a more
recent method to detect DNA single strand breaks (SSB)
and alkali-labile sites by measuring the migration of DNA
from immobilized nuclear DNA and have an advantage
over other methods like it can be done on any eukaryotic
cell, economical, simple and fastlH

The aim of this study was to find out the DNA damage
index in peripheral blood lymphocytes in patients with
OSCC and to compate the DNA damage index between
patients of OSCC and the healthy control group.

MATERIALS AND METHODS

The study consisted of 50 diagnosed patients of OSCC
and 30 healthy individuals without any tobacco-related
habit with a detailed case history. All participants entolled
with prior consent and detailed case histoty filtets the
prerequisite for study.

Under all aseptic conditions, 2 ml of venous blood was
drawn from OSCC patients and healthy subjects with
the help of a disposable needle and syringe. It was then
transferred into sterile glass bottles containing 3.8% sodium

citrate, used as an anticoagulant.

The clinical staging of patients suffering from OSCC
was done based on site, size and extent of the lesion
and involvement of lymph nodes as per the TNM
classification given by the American Joint Committee for
cancer staging and end result reporting (AJCCS) in 2018.
Histopathological grading of squamous cell carcinoma was
done as Grade I (well differentiated), Grade 11 (moderately
differentiated) and Grade 111 (pootly differentiated)
according to the malignancy grading system.!

Preparation of slides for single-cell gel electrophoresis
[ ymphocytes wete isolated from the sample of blood by
standard centrifugation at 400 X g at room temperature
for 30 min with lymphocyte separating medium™ (HiSep™
LSM 1077).

Lymphocyte cell suspension was added to 140 pl of 0.5%
low melting agarose (26°C-30°C).

Plane microscopic slides wete covered with 220 Wl of 0.5%
normal melting agarose (melting point 36°C £ 1.5°C)
in Ca®*- and Mg**-free phosphate—buffercd saline and
immediately covered with a coverslip and placed in the
freezer at 4°C for 3 min to solidify. After gently removing
the coverslip, 140 ul of 0.5% melting agarose in which
blood sample is loaded at 37°C was rapidly pipetted on the
first layer of agarose and kept at 4°C for 4 min to solidify.
The second layer was overlaid. Similarly, third layer of Jow
melting agarose (140 wl of 0.5%) placed on slide and kept
in freezer at 4°C to solidify. Then, the slides were immetsed
in cold (5°C-8°C) lysing solution (2.5 M Nacl, 100 mM
disodium EDTA, 10 mM Tris at pH 10) to which the freshly
prepared 1% Titron X 100 and 10% dimethyl sulfoxide wete
added and the slides were left over night at 4°C.

The slides were then removed from the lysing solution and
left in alkaline buffer for 20 min ptiot to electrophoresis
in order to allow unwinding of DNA.

Then, the slides wete placed in a horizontal gel
electrophoresis system. The tank was filled with fresh
electrophoresis buffer (1 mM disodium EDTA and
300 mM NaOH). :

After electrophoress, the slides were washed by flooding
with neutralizing buffer (0.4 M Txis, pH 7.5) and left for
10 min so as to neutralize the charged ions. This procedute
was repeated twice. After neutralization, slides were stained
with silver nitrate.

Cells with DNA damage appeared as comets [Figure 1}.
Total image length (nuclear and migrating DNA) and

Journal of Oral and Maxillofacial pathology | Volume 26 | Issue 2 | April-June 2022
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Abstract: Premenstrual syndrome (PMS) refers to a heterogenous group of symptoms occurring in luteal phase of the menstrual
cycle. Women of childbearing age are affected by PMS, and it may impact their quality of life. Various factors related to the biology of
& menstruation, hormones, and lifestyle are associated with PMS.
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Purpose: To explore the incidence and severity of PMS among students in India and its correlation with nutrient intake, adiposity, and
lifestyle factors.

Methods: A semi-structured questionnaire was used to collect data on menstrual pattern, nutrient intake, dietary habits, and physical
activity. Moose’s Menstrual Distress Questionnaire and Premenstrual Symptoms Screening Tool were employed for the identification
and classification of PMS. Anthropometric indices included height, weight, body mass index, waist circumference, hip circumference,
waist-tolhip ratio, and four-site skinfold thickness—tricep, bicep, subscapular, and suprailiac.

Results: Of the 330 participants, 71.3% reported to have experienced at least one symptom of PMS. Furthermore, 46.9% had mild
PMS, 31.5% had moderate PMS, 8.3% had strong PMS, and 13.3% had no symptoms. Anxiety and irritability were the most observed
symptoms. The mean body mass index (BMI) of the participants was within the normal range (21.76 + 4.81 kg/m?); however, body fat
percentage was above the normal range (33.95% % 4.89%). PMS severity was significantly correlated with body fat percentage and
BML Nutrient intake was significantly lower than the recommended dietary allowance (RDA), but dictary fat consumption was higher
than the RDA. Protein intake was higher in participants with mild PMS than those with moderate and severe PMS (p<0.05). An
inverse association between oilseed consumption and PMS was observed.
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Conclusion: PMS was associated with anthropometric parameters, nutrient intake, and dietary preference. PMS showed correlation
with the intake of calorie-rich foods, sweets, and fried salted snacks, whereas consumption of oilseeds alleviated its incidence.
Keywords: premenstrual syndrome, adiposity, dietary habits, nutrient intake, lifestyle factors

Introduction
Premenstrual syndrome (PMS) is a condition in which certain symptoms arise during the late luteal phase of menstrua-
tion and disappear when menstruation commences. The World Health Organization (WHO) has classified PMS under the
10th revision of the International Classification of Diseases (ICD-10)." This condition can be experienced by any woman
of childbearing age. The most experienced symptoms include irritability, anxiety, breast pain, and body aches. The
symptoms are well defined and have been studied widely.? The American College of Obstetrics and Gynecology has
defined PMS as the cyclic occurrence of symptoms that are sufficiently severe to interfere with some aspects of life, and
that appear with a consistent and predictable relationship to the menses.” Approximately 80-95% of women of child-
bearing age experience some form of PMS. However, 3-8% of women may experience a severe form of PMS, known as
" premenstrual dysphoric diserder (PMDD).*® PMDD is an intense form of PMS with predominantly psychological
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MDD have been well described by many researchers. The interaction of ovarian
1d be one of the 1:>athophysiolog,ies.7 Many experts have opined that PMS is
nd behavioral factors.? Irritability, nervousness or

symptoms. The symptoms of PMS and P
hormones with brain neurotransmitters cou
caused by a combination of genetic, hormonal, psychological, dietary, a ‘ -
anxiety, mood changes, reduced concentration, and sleep problems are the common psychological sxgns of PMS. T.he
common physiological symptoms include abdominal bloating, breast pain or tenderness, weight gain, tiredness, appe.tlte
changes, and food cravings.3’4’9 Nutraceutical therapy and other natural approaches have been documented to alleviate
the symptoms.lo’” The inclusion of probiotic sources has been researched for its role in other gynecological diseases,
such as polycystic ovarian syndrome (PCOS).12 Researchers have surveyed the impacts of dietary habits, nutritional
supplementation, and lifestyle modifications on PMS.5'? Although menstruation is a natural biological phenomenon, it is
considered as “unclean” or as a “problem,” and several taboos associated with it prevail in many parts of India. Health
issues related to the menstrual cycle, such as irregular menses, painful menses, and premenstrual syndrome, cannot be
discussed openly under these circumstances. Nutritional status, diverse anthropometric indices indicating adiposity, and
several lifestyle factors impact the overall health of women. Moreover, issues linked to the menstrual cycle, including
PMS, affect women’s health. Most research on PMS has been conducted in the West or Far East, and very few studies
have been performed in India. Cultural variations influence the disease phenomena and lifestyle. Therefore, this
observational study was aimed at understanding PMS in the context of body composition, adiposity, nutrient intake,
and lifestyle.

Materials and Methods

This observational study was conducted among women in the age group of 18-24 years who were studying at the
Symbiosis International (Deemed) University. The sample size was determined based on the prevalence from a similar
study.9 For the power of the study to be 0.9 with a 5% level of significance, the sample size calculated was 330 women
aged 18-24 years, unmarried, and apparently healthy. Women who were diagnosed with hypertension, diabetes mellitus,
PCOS, or any disorder related to systems and glands were excluded. Morcover, women students who were on
medications or hormonal therapy, as advised by a medical practitioner, were excluded.

The study was conducted in agreement with the principles indicated in the Declaration of Helsinki. The research
proposal and protocol were approval by the Research Advisory Committee and the Independent Ethics Committee of
the Symbiosis International (Deemed) University (SIU/IEC/02122015). Written informed consent was obtained from
the willing participants prior to their enrolment in the study. The participants were enrolled from July 2018 to
August 2019.

A pilot study was performed to assess the reliability and validity of the data collection instruments and semi-
structured questionnaires. The pilot study also aided in ensuring the standardization of the adopted techniques. The
questionnaire consisted of the following categories:

Sociodemographic Information

This questionnaire was based on the Kuppuswamy’s Scale for Socioeconomic Status (SES) in India and included
information on age, educational status, place of residence, type of accommodation, and family income.'* These variables
were scored as per the scale, and the participants were grouped into SES categorics.

Menstrual History and PMS Assessment

Age at menarche, days of bleeding during the menstrual cycle, interval between two cycles, and problems related to the
length of the menstrual cycle were included in the menstrual history. PMS was assessed as per the diagnostic criteria
recommended by ICD-10. Rudolf Moose’s Menstrual Distress Questionnaire (MDQ) comprising 46 PMS symptoms
grouped under eight subscales—pain, water retention, autonomic reaction, negative effect, impaired concentration,
behavioral changes, arousal, and control—was used.'® The symptoms were rated according to their severity in the luteal
phase of the menstrual cycle, and the total raw score was calculated. The scores were compared with the intermenstrual
symptom scores to confirm PMS. Steiner’s Premenstrual Symptoms Screening Tool (PSST) was utilized to categorize the

participants based on the severity of PMS sympt01ns.'6
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Anthropometric Measurements
The participants were instructed to wear light

Height — A stature meter was used for measuring the height. The p
the stature meter witheut shoes, with their heels, back of knees, buttocks, shoulder blades,
back of the board and the head held in the Frankfurt plane. The height was documented to the closest 0.1 cm.

Weight — Weight was measured using a digital weighing scale. It was ensured that the participants wore light clothing
and that the footwear was removed while measuring the weight.

Body mass index (BMI) — BMI was calculated using the Quetlet’s formula: BMI = Weight (kg)/Height (m)?, and the
participants were classified into BMI categories for Asians."”

Waist and hip circumference — For measuring the circumferences, a non-stretchable fiberglass tape was used. The
waist circumference is one of the indicators of central obesity, and it was measured at the midpoint between the lower rib

and comfortable clothing for measuring the anthropometric parameters.
articipants were made to stand on the footboard of
and back of head touching the

cage and iliac crest. The hip circumference was measured at the level of maximum extension of the buttocks while the
participant stood upright, with the feet held together. The waist-to-hip ratio (WHR) was calculated as waist circumfer-
ence (cm) divided by hip circumference (cm).'® Similarly, waist-to-height ratio (WHtR) was computed as waist
circumference (cm) divided by height (cm).

Skinfold thickness (SFT) — The skinfold thickness was measured at four sites: triceps, bicep, subscapular, and
suprailiac. SFT was measured using the Harpenden skinfold caliper. First, body density was calculated using the sum of
the skinfolds and Durnin and Womersley’s equation. Body fat percentages were derived from the body density using
Siri’s equation.'®?°

Dietary Habits and Nutrient Intake

A 3-day-diet recall was recorded, including one weekend, which included the consumption of foods and beverages for 3
consecutive days. Time of meal intake, total meals consumed per day, and quantity of each food item were documented.
Food Frequency Questionnaire (FFQ) was also used to assess nutrient intake. The questionnaire consisted of 70 food
items grouped as fruits, green leafy vegetables, pulses, sprouts, milk and milk products, Indian sweets, confectionaries,
fried and savory snacks (common street foods), and fast foods.?! Macronutrient and micronutrient intake was calculated
using the DietCal software version 5.0.

Physical Activity Level (PAL)

Modified International Physical Activity Questionnaire was used to assess the duration of each physical activity per day.
Energy expenditure over a period of 24 hours was calculated using the appropriate metabolic equivalent (MET) for each
activity. PAL was calculated as the ratio of total energy expenditure (TEE) and basal metabolic rate (BMR).**

Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) software v. 16.0 for MS
Windows. The STROBE guidelines were followed to report the analysis. Descriptive statistics was applied to present the
data in the form of mean, standard deviation, number of counts, and percentages, as appropriate. Pearson’s correlation
was employed to assess the linear relationship between the variables, and Spearman rank—order correlation was used for
associations between ordinal/categorical and continuous variables. Paired ¢-test and analysis of variance were applied for
comparisons between variables. Statistical significance was set at p < 0.05.

Results
The mean age of the study participants was 20.08 = 1.25 years (range: 18-24 ycars). Of the total participants, 237 (72%)
were pursuing undergraduate studies and the remaining 93 (28%) were studying at the postgraduation level. The detailed
characteristics of the study participants are presented in Table 1.

The time spent on sedentary activities was 162.2 + 70.7 minutes/day, moderate activities was 18.01 + 8.7 minutes/day,
and household chores was 33.79 + 6.15 minutes/day. Significant differences were not seen in the time spent on various
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Table | Characteristics of the Participants
(n = 330)
Characteristics n (%)
Field of study
Technology 203 (61.5)
Arts 91 (27.5)
Social sciences 36 (10.9)
Type of accommodation
University hostel 109 (32.9)
Rented apartment 55 (16.8)
Own house 68 (20.6)
With family 98 (29.6)
Socioeconomic status
Upper 37 (11.1)
Upper middle 129 (39.3)
Lower middle 121 (36.5)
Lower 43 (13)
Tobacco use/smaoking
Yes 44 (13.3)
No 286 (86.7)
Alcoholic beverages
Yes 98 (29.6)
No 232 (70.4)
Interval between menstrual cycle
2| to 35 days 218 (66.1)
<21 days 55 (16.6)
> 35 days 57 (17.3)
Menstrual problems
Oligomenorrhea 117 (35.3)
Polymenorrhea 28 (8.5)
Amenorrhea 9 (2.8)
None 176 (53.3)
Type of diet
Lactovegetarian 99 (29.8)
Ovolactovegetarian 62 (19)
Nonvegetarian 169 (51.2)
Usual mode of transport
Walking 123 (37.2)
Car/motorbike 183 (55.5)
Bus 19 (5.7)
Cycle 65 (1.7)
Physical activity level
Sedentary (1.40-1.69) 290 (87.9)
Moderately active (1.70-1.99) 33 (10)
Very active (2.00-2.40) 7 (2.1)
668 bkepsi | International Journal of Women’s Health 2022:14
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activities among the participants belonging to the three PMS categories. Furthermore, alcohol consumption and smoking

were not associated with the occurrence or severity of PMS symptoms.

Menstrual History and PMS

The findings showed that in 66.1% of the participants,
had shorter cycles. The mean age of menarche was 13.0 £ 1.25 years. Moreover, 236

the menstrual cycle interval was 21-35 days; 17.3% had longer

menstrual cycles, and 16.6% :
(71.39%) participants experienced at least one PMS symptom. With regard to the MDQ scores, 155 (46.9%) had mild
PMS, 104 (31.5%) had moderate PMS, 27 (8.3%) had strong PMS, and 44 (13.3%) participants had no symptoms atall.'?

Table 2 lists the frequencies of PMS symptoms of varied severity.

Table 2 Frequency of PMS Symptoms and Severity (n = 330)

Symptoms None Mild Moderate Severe
n (%)
Psychological symptoms
Depression/mood swings 45 (13.6) 130 (39.3) 100 (30.3) 55 (16.7)
Hopelessness 123 (37.3) 108 (32.7) 76 (23) 23 (6.9)
Anxiety 95 (28.8) 106 (32.1) 72 (21.8) 57 (17.3)
Anger feeling 34 (10.3) 123 (37.2) 98 (29.7) 75 (22.7)
Irritability/agitated 70 (21.2) 97 (294) 101 (30.6) 62 (18.8)
Lack of interest 81 (24.5) 106 (32.1) 98 (29.7) 45 (13.6)
Difficulty concentrating 141 (42.7) 118 (35.7) 48 (14.5) 23 (6.9)
Loss of control 93 (28.2) 102 (20.9) 79 (23.9) 56 (16.9)
Feeling overwhelmed 98 (29.7) 106 (32.1) 87 (26.4) 39 (11.8)
Physiological symptoms
Lethargy/fatigue 55 (16.7) 105 (31.8) 106 (31.1) 64 (19.4)
Increased appetite 112 (33.9) 85 (25.7) 79 ‘(29‘9) 54 (16.4)
Food cravings 75 (22.7) 103 (31.2) 89 (26.9) 63 (19.1)
Sleep problems 99 (30) 84 (25.4) 89 (26.9) 58 (17.6)
Breast tenderness 136 (41.2) 95 (28.8) 67 (20.3) 32 (9.7)
WVeight gain 170 (51.5) 79 (23.9) 54 (16.3) 27 (8.2)
Headache 127 (38.5) 116 (35.1) 57 (17.3) 30 (9.1)
Pain (muscle/join/back/abdomen) 69 (20.9) 85 (25.7) 98 (29.7) 78 (23.6)
Acne 91 (27.6) 101 (30.6) 73 (22.1) 65 (19.7)
Behavioral symptoms
Symptoms interfere with relationship 179 (54.2) 98 (29.7) 37 (11.2) 16 (4.9)
Symptoms interfere with study 193 (58.5) 96 (29.1) 34 (10.3) 7 (2.1)
Symptoms interfere with routine 124 (37.6) 140 (42.4) 50 (15.1) 16 (4.8)
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Anthropometric Indices

The mean body fat percentage was significantly different among the thre
severe.'>!¢ Similarly, significant differences were noted in weight, BMI, t
thicknesses, and a sum of skinfolds. Leaner participants with lower circumferences and skinfold thicknesses experienced
milder PMS symptoms compared with those in the severe PMS category. The anthropometric measurements of the

¢ PMS categories of mild, moderate, and
ricep, subscapular, and suprailiac skinfold

participants are described in Table 3.

Figure 1 illustrates the BMI categories of the participants. One third of the participants (132, 39.9%) had normal BMI,
65 (19.9%) were underweight, 85 (25.6%) were overweight, 25 (7.6%) had grade I obesity, and 23 (7.1%) had grade 1I
obesity according to the BMI cutoffs for Asians."’

Dietary Habits and Lifestyle Factors

Assessment of the dietary habits revealed that 169 (51.2%) were nonvegetarians, 98 (29.9%) were lactovegetarians,

PMS across the types of diet consumed. However, the type of diet was negatively correlated with some symptoms of
PMS individually, such as decreased interest in home activities (p < 0.01), decreased interest in social activities (p <
0.05), hypersomnia (p < 0.05), and anxiety and fearfulness (p < 0.05). This observation indicated that lactovegetarians
and ovolactovegetarians participants experienced milder PMS symptoms than those who consumed a nonvegetarian
diet.

Figure 2 depicts the actual nutrient intake of the participants with reference to the RDA. The energy consumption was
1494 + 466 Kcal per day, which was less than the RDA. Similarly, the intakes of proteins, dietary fibers, calcium, iron,
vitamin C, and vitamin B12 were significantly deficient. Carbohydrate consumption was slightly higher than the RDA,
probably because cereals and millets are the staple foods in India. However, fat consumption was significantly higher

Table 3 Anthropometric Measurements of the Participants

(n = 330)
Measurement Mean (SD)
Height (cm) 155.4246.20
Weight (Kg) 53:64(I1,93*
BMI (Kg/m?) 21.76+4.81%
Waist circumference (cm) 7431103
Hip circumference (cm) 95:57£9.52
WHR 0.79+0.64
WHtR 0.47+0.06
Mid upper-arm circumference (cm) 25.59+£3.97
Tricep skinfold (mm) 17.60+6.3 1%
Bicep skinfold (mm) 9.38+4.08
Subscapular skinfold (mm) 22.26+8.24*
Suprailiac skinfold (mm) 33.04+8.56*
Sum of skinfolds (mm) 82.23424.35%
Body fat percentage (%) 33.36+4.89*

Note: *Significant difference among PMS categories (p < 0.05).
Abbreviations: BMI, body mass index; WHR, waist to hip ratio; WHR, waist to
height ratio.
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© Underweight <18.5kg/mZ2

= Normal 18.5-22.9kg/m2

i Overweight 23.0-24.9kg/m2
Obese grade-1 25.0-29.9kg/m2

& Obese grade-2 30.0-34.9kg/m2

Figure | Participants across the BMI categories (n = 330).
Abbreviation: BMI, body mass index.
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Figure 2 Nutrient intake compared with RDA (n = 330).
Abbreviations: RDA, recommended dietary allowance; CHO, carbohydrates.

than the recommended value (p < 0.01). No difference was observed in energy intake between the weekdays and
weekends, but the intakes of fat and carbohydrate were significantly higher on the weekend than on the weekdays (p <
0.01). Protein intake was significantly higher in participants with mild PMS than in those with moderate and severe PMS
(p < 0.05). However, in all three categories of PMS, protein intake was less than the RDA.

Table 4 describes the Pearson’s correlation, which indicated the significant correlation of PMS with the consumption
of sweets, fried savory foods, and fast foods.
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Table 4 Correlation Analysis Between Lifestyle/Food Intake and PMS Score

(n = 330) :
Ses i ers]
Lifestyle/Food Intake R value P folrue
Indian sweets (mithais) 0.163 0.0937‘1*
Chocolates/candies o.l1é 0:035%
Fried snacks (samosa/kachori) 0.190 0.00 1#*
Wafers/chips 0.128 0.020*
Fast foods 0.113 0.040%
Instant noodles 0.270 0.00 1%
Bakery and confectionary 0.180 0.00 | #*
Salads -0.294 0.00 1%
Oilseeds (sesame/flax seeds) =0.117 0400’)’1‘*
Physical activity level -0.270 0.00 |+

Notes: *Significant correlation at the 0.05 level; *¥significant correlation at the 0.01 level.

Physical Activity Level

Physical activity levels were examined, which included various factors, such as the duration of sleep, screen time, mode
of transport to college/institute, time spent on sedentary and moderate activities, and active participation in sports. As
seen in Table 1, most of the participants (290, 87.9%) were sedentary, only few (33, 10%) were moderately active, and
only a negligible number of women (7, 2.1%) were highly active. The computed PAL showed significant negative
correlation across PMS scores (r = —0.270, p < 0.01), as presented in Tablc 4. The participants with low PAL displayed
high scores in the MDQ subscales. i

Discussion
Anxiety, nervousness, irritability, mood swings, and fatigue were the symptoms most frequently reported by the study
participants. These findings are consistent with those from other Indian studies in which psychological symptoms were
prevalent.” 25 However, minimal work has been done on the prevalence of PMS in India, particularly in the age group of
18-24 years. In our study, at least 71% of the participants experienced PMS symptoms. Comparable findings have been
reported in a study from Thailand involving women of a similar age group.”® Weight, WHR, and body fat percentage
were significantly correlated (p < 0.01) with the PMS score of the participants. Parallel findings have been observed in
a study from Japan.?” Body fat percentage was higher than the cutoffs for adiposily even though the mean of BMI was
normal. WHR was at the borderline of cutoffs (WHR < 0.08) as per the recommendations of WHO.'® On the MDQ scale,
higher scores were noted for participants with higher body fat. Body fat percentages differed significantly across the PMS
categories (p < 0.05). Additionally, BMI and the sum of the four skinfold thicknesses were significantly different among
the PMS categories. The participants in the mild PMS category had smaller circumferences and skinfolds compared with
those in the moderate and severe categories. Leptin, which is synthesized by the adipose tissues, plays a role in the
regulation of gonadotropins. Overweight/obese women may have a higher level of leptin because of the greater number
of fat cells, which could explain the role of adiposity in PMS. Nurse’s Health Study — 2 on PMS and adiposity has
predicted a higher risk for PMS with an increase in BMR among women in the USA.?® These findings have also been
supported by work done in Pakistan, Iran, and Korea ™"

Traditionally, exercise is considered to be one of the nonpharmacological treatments for PMS. Many researchers have
observed that the frequency of PMS is higher among women with a sedentary lifestyle. In this study too, similar findings
were obtained, and the physical activity level was inversely associated with the PMS symptom scores. Physical activity
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may alleviate the PMS symptoms via several biological mechanisms, such as secretion of endorphins and improvement

actions during exercise reduce back pain and pelvic discomfort and ease
: ; 35-37

dins and other inflammatory substances. However,

ties contribute equally to the risk for

in mental and physiological health. Muscle contr
PMS symptoms by lowering the local concentrations of prostaglan
a Japanese study has reported that high-intensity exercises and sedentary activi .
PMS.>® Lifestyle changes and traditional relaxation methods have been shown to reduce pain and enhance the quality of
life.*®**

The important role of nutrition in the reproductive health of women has a strong theoretical foundation. Various
studies have established the association of certain nutrients with PMS and PM DD A trend of eating street foods, which
are generally high in sugars, salt, and oil, is commonly seen among youths. In our study, a significant association was
observed between PMS score and the intake of foods high in sugar, fat, and salt. Higher consumption of these foods was
linked to higher MDQ scores. These findings are consistent with reports by Houghton et al and Hussein et al, who have
shown that the consumption of foods rich in simple carbohydrates and fats was associated with a higher risk for
PMS.*!**2 The positive association of the PMS score with high-calorie foods, sweets, and fried and salty snacks noted in
our study is consistent with a study on the Iranian population.43 Participants who were lactovegetarians or ovolactove-
getarians reported milder PMS symptoms than those who preferred a nonvegetarian diet. Protein intake is related to PMS
via several potential physiological mechanisms. An increased intake of proteins from food sources of animal origin is
linked to raised estrogen/estradiol levels, which may be a precursor for certain PMS symptoms. Substitution of proteins
with carbohydrates during the luteal phase may increase the risk for the incidence of PMS.** Consumption of salads and
oilseeds (sesame and flax seeds) is inversely associated with the PMS score. Oilseeds, particularly sesame and flax seeds,
are consumed widely in most regions of India in the form of chutneys or dips. Our study is probably the first to describe
the inverse association of oilseed consumption with PMS symptoms among Indian women. Nutrient intake and dietary
practices play a key role in PMS, which has been supported by findings from various studies. Less incidence and reduced

severity of PMS symptoms has been associated with healthy food choices and adherence to a balance diet.!**

Conclusions

The present study has attempted to explore PMS and its determinants among university students, thus emphasizing the
prevalence of the condition. Nutrient intake, body composition parameters, and adiposity influence women’s health.
Anthropometric indices demonstrated that despite normal BMI, body fat percentage and WHR were higher than the
recommended values. The studied population showed deficient intake of vital nutrients, such as protein, iron, calcium,
and vitamin B12. Lactovegetarians and ovolactovegetarians experienced milder symptoms compared with the nonvege-
tarians. An association of the severity of PMS symptoms with the consumption of high-calorie foods, sweets, and fried
snacks with high sodium was observed, whereas the consumption of oilsceds was linked to a reduced incidence of PMS.
These findings highlight the importance of awareness on a balanced dict and healthy lifestyle. The use of oilseeds in the
treatment of PMS should be further explored in future studies. Our observations are limited to young women in the age
group of 18-24 years. Prospective studies with middle-aged women would add to the existing knowledge. Our findings
have established the influence of the analyzed factors on PMS and could serve as a valuable resource to suggest lifestyle
modifications as an interventional program to treat PMS in young women.
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Abstract

Proteins can be procured from both plants and animals. Plant proteins are
more preferable as the animal proteins may cause adverse health effects to
human life. Proteins derived from plant sources are less expensive and
hence are more cost effective. Quality of proteins relies on several factors
and biological value is one such factor. Proteins with major essential amino
acid are with high biological value. Every plant source is deficient in one or
more essential amino acids so it is recommended to include multiple plant-
based diets. Also proteins obtained from plant sources are less palatable s0
it is important to add flavor in order to make it more palatable. The quality
and quantity of the proteins also depend on the techniques used for isola-
tion and purification of proteins. Elucidation of the structure of proteins
involves the use of techniques like nuclear magnetic resonance, X-ray crys-
tallography and spectroscopy- Apart from the structural analysis the func-
tioning of the protein could be determined by amino acid sequencing which
could be performed using mass spectroscopy- Ultrasound assisted extrac-
tion, enzyme assisted protein extraction and electro activation method are
few of the isolation and purification method which can be used in isolation
and purification of these proteins. Owing to the vast availability of plant-
based proteins it has various industrial applications like, plant based pro-
tein can be used as a dairy substitute, plant based meat analogue and its
use as bioactive peptides which have been briefly discussed in the review.

Keywords

Biological value, essential amino acids, legumes, plant proteins, pseudocereals

Introduction

With the rise in population there is increase in demand of food supply. In
such condition fulfilling the nutritional requirement not just involves the
adequate calorie intake but also intake but also intake of proper macronu-
trient. Proteins are one of the important macronutrient, however the pro-
duction of proteins on such largescale is of major concern. Proteins derived
from animal source are considered to be of superior quality, but the re-
sources required to sustain the continuous requirement is not adequate (1)
In order to overcome this problem finding an alternative protein source as
become necessary. Plant based proteins represent a promising solution as it
could be cultivated easily at lower productivity cost and are also environ-
mentally sustainable.

The quality of the protein depends on its €O
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and the human body contain 20 amino acids which are
further classified as essential and nonessential amino ac-
ids. Nonessential amino acids, are synthesized in our body
and are not required essentially through the external diet;

Table 1. Comparison between plant and animal source of protein

with better digestibility and bioavailability. Plant proteins
are inferior to animal proteins and are often recognized as
incomplete. Table 1. Shows comparison between plant
and animal sources of proteins. Therefore, protein prod-

i Reference

Animal protein Plant protein

i i Envi entally sustainable (5)
Less environmentally sustainable nvironm y
Negative health impacts as it can cause various fiEait] Positive health impacts as it provide greater food safety (6)
hazards
High cost due to which it is not affordable Low cost easily affordable (7)
i i'n all essontial Amine aelds-and! proviks LomplEse Deficient in essential amino acids as it provide incomplete protein * (6)
protein
It consists of saturated fat and may contain harmful It consist of unsaturated fats and fiber also rich in various antioxidants and useful ®

toxins and low in antioxidants

bioactive compounds and minerals

which includes alanine, arginine, aspartic acid, cysteine,
glutamic acid, glycine, proline, serine, and tyrosine. On the
other hand, essential amino acids are not made by our
body and should be supplied through the external diet.
This group includes histidine, leucine, isoleucine, valine,
lysine, phenylalanine, methionine, threonine and trypto-
phan (2).

The nutritive value of protein depends on their ami-
no acid content, bioavailability, purity, digestibility, an-
tinutritional factor (substances that when present affects
the availability of proteins by themselves or by some meta-
bolic reactions) etc. Animal protein such as egg, meat,
poultry, milk and fish contain complete and high quality
proteins as they provide all the essential amino acids.
However, they also include fats and cholesterol which are
threat to human health and may cause heart disease, high
blood pressure, stroke etc (3). Consuming more animal
proteins are also associated with depletion of natural re-
sources, damage to biodiversity, climate crisis, freshwater
.depletion etc (3). Therefore, there is shift towards plant-
based proteins in recent times. However, these proteins
are deficient in one or more essential amino acids.

Replacing plant proteins with animal proteins put
forth various challenges. It is very important for protein
content and quality should be intact while it is undergoing
various processing. The cost of processing and raw materi-
al should be affordable. Plant based protein food should
be tasteful flavors can be added to make it palatable. It
should be easily digestible and available. The effects of
anti-nutrients and allergens should be minimized (4).

Individuals who depend completely on plant pro-
teins should have variation in their plant based diet i.e.,
they should have all types of plant diet which include leg-
umes, cereals, seeds, nuts, variety of fruits and vegetables
etc. to meet their protein demands. Plant proteins provide
excellent source of protein with reduced fats and choles-
terol.

As the world population is growing day by day and
to provide safe and nutritious food to the current popula-
tion without having any negative impact to the environ-
ment and maintain healthy ecosystem, it is important to
replace traditional animal proteins and develop proteins

(-

ucts are developed with the help of advanced techniques
by blending various plant proteins. While developing new
formulations of protein, it is important to note that the
protein should remain stable and active during transporta-
tion, storage and administration inside the human body,
as these proteins are prone to degradation (3).

Biological value

There are various approaches to determine the quality of
protein one such approach is to determine its biological
value. Protein quality or its biological value relies on the
amount of essential amino acids consumed through diet
(9). Biological value of protein is defined on the basis of
number of amino acids present in the particular protein
sources that can be digested, absorbed and are utilized by
the body to form new proteins (10).

Proteins of superior quality are those which have
the most essential amino acid content in them i.e., they
are with high biological value whereas proteins of inferior
quality have low biological value since they lack one or
more amino acids especially the essential amino acids
(11). Table 1 represents a summary of biological value of
important sources of proteins.

The biological value of protein is calculated by esti-
mating the amount of nitrogen consumed and eliminated
by the body as nitrogen is the main component of amino
acids. Experimental animals with 2 dietary condition
groups are considered; one by feeding the nitrogen free
diet and the test sample are kept on protein diet. The
amount of nitrogen lost in urine and fecal matter are cal-
culated in both the groups.

The number of amino acids absorbed and retained
by the body represents the biological value. Through the
formula given below, the biological value of plant or ani-
mal sources can be calculated (12). Table 2 gives infor-
mation about biological value of some plants and animal
sources.

Biological WValue {(BV) =

reatained N [M intskel-[A fecal NI— (& urinary Ny
absorbed N [N intakel— (A fecal Ny

ERTRY ..Eqn.l
(where N = nitrogen content) ,
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Table 2. Biological value of various protein sources (12)

Sources of Protein Biological value

Egg 94
Fish 76
Beef 74
Sunflower seed 70
Casein 80
Oats 65
Rice 65
Peanuts 55
Soybeans 73
Wheat 65
Maize 59
Lentils 45

There are some other methods by which protein quality
can be assessed such as net protein utilization (NPU) and
protein efficiency rate (PER). Some researchers find NPU
more suitable as it also considers the digestibility of the
protein. In case of PER, it is assumed that all the protein
are used for growth.

Sources of proteins

Animals, microorganisms and plants are the different
sources of proteins. Major animal proteins include milk,
egg, poultry, meat and fish which provide complete pro-
teins with major essential amino acids. Egg proteins are
divided among yolks and egg white. They also contains
fats and cholesterol due to which it is considered as un-
healthy and its consumption is declining over a past few
decades especially for elderly people (13). Milk proteins
are classified in to 2 major proteins i.e. whey and casein
both are complete protein and also contain minerals like
calcium and phosphorus (14). Meat proteins are associated
with fatty acids mostly saturated fatty acids as well as cho-
lesterol. There are many health-related problems associat-
ed with meat proteins. Heart disorders due to high choles-
terol and fat, type-2 diabetes, bone health due to absorp-
tion of sulphur containing amino acids in animal proteins,
high animal protein leads to more urinary excretion of cal-
cium which affects bone density and leads to osteoporosis,
high blood pressure etc (15). Fishes are rich source of pro-
teins and also contains polyunsaturated fatty acids mainly
omega-3 fatty acids; vitamins; minerals like calcium, zinc
and iron. However, due to bicaccumulation of heavy metal
like mercury, lead, nickel etc. fishes have become a matter
of concern for human health (16).

Major plant protein sources
Legumes

Legumes belong to the family Leguminosae. They play an
important role in human diet due to their rich protein con-
tent as well as certain minerals, vitamins and calories. Leg-
umes are considered as poor man’s meat as they are rich
source of protein at low cost (17,18). Pulses which belong
to the family of legumes are major contributors of protein

822

in African and Asian diets. Some common pulses shown in
Fig 1. include beans, peas, pigeon. peas, chickpeas, pea-
nuts (ground nuts), faba beans, soybeans, lentils, mung,
kidney beans (also known as common or dry beans), cow-

peas, and black gram (19).

D E

Fig. 1. Lentils and legumes: The given figure represents different sources of
lentils and legumes. (A) Soy beans; (B) Green gram beans; (C) Red lentil; (D)
Bengal gram; (E) Cow peas; (F) Chickpeas.

Soy proteins

Soy beans are legumes grown as pulses and for extracting
oils. Soy beans contain approximately 34 to 37% of protein
which is highest in comparison to other cereals and leg-
umes. They also contain carbohydrates and dietary fibre.
Human consumption needs a little more processing after
which various soy products are manufactured, which in-
cludes soy milk for kids, soy flour, soy concentrates, tofu
and soy isolates. Soy proteins include storage proteins like
glycinin and B-conglycinin which contain most of the es-
sential amino acids but low in sulfur containing amino ac-
ids like i.e., cysteine and methionine. Other minor protein
includes lectins, lipooxygenase etc. but these proteins are
removed as they may disturb the nutritional quality of pro-
teins and also affects the taste (20).

Lentils

Lentils are the legumes belongs to the Leguminosae fami-
ly. They are called “lentil” due to their lens shaped struc-
ture. Various types of lentils are available in market for
consumption. Some of the very commonly used are green
gram beans, red lentils, yellow pigeon pea, green and
white peas, bengal gram, black gram etc. Lentils are rich in
essential amino acids like phenylalanine, leucine, threo-
nine, lysine, but contain low amount of sulfur containing
amino acids like cysteine and methionine. Lentils also con-
tain minerals like iron, potassium, phosphorus, zinc etc.
They are also rich sources of vitamin B. Lentils are often
consumed with cereals as they make complete protein
source together (21).

Cereals

Cereals are edible seeds, which are often referred as grains
and are belonging to grass family Gramineae. Cereals
shown in Fig. 2. are staple food that provide nutrients like
starch, proteins, vitamins and minerals. Wheat, barley,
maize, rice, oat etc. are some of the major cereals.

Rice is the major staple food consumed in major

Plant Science Today, ISSN 2348-1900 (online)
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D E

Fig. 2 Cereals and Pseudocereals: The given figure represents different cere-
als and Pseudocereals (A) Rice; (B) Wheat; (C) Amaranth; (D) Buckwheat; (E)

Maize.

part of the world and especially in Asian countries. In mar-
ket rice is available in 2 forms: brown rice and white rice.
Various storage proteins are present in rice like albumin,
globulin, gluteins and prolamins. Brown rice is compara-
tively more nutritious than white rice as it contains higher
content of cereals, proteins minerals and vitamins. Aleu-
ron layer and germ gets removed from brown rice due to
polishing and provide us with white rice which contains
low proteins, vitamins, minerals and large amount of fibre
as compared with brown rice. The amino acid composition
of prolamins include alanine, glutamic acid, arginine, hy-
drophobic amino acids like glutamine, valine and leucine
but low sulphur containing amino acids and also deficit in
lysine. Both gluteins and globulins are rich in sulphur con-
taining amino acids with disulphide cross-linkage (22).

Another important cereal is wheat which is con-
sumed in the form of chapati, bread, noodles, pasta etc
(23). Gluten is the main storage protein present in wheat
other proteins present are albumin, gliadins, globulin. Ly-
sine is present in lower content but other sulphur contain-
ing amino acids are leucine, valine and isoleucine. L- gluta-
mine is the readily available essential amino acid, which
helps in immunity boost up and are considered important
for athletes (24).

Pseudo cereals are gluten free and are recommend-
ed for patients with celiac disease and are used as food for
infants. Pseudo cereals includes amaranth, buckwheat,
quinoa. Pseudo cereals are rich in their protein content
with high essential amino acids (25). Amaranth has the
highest source of protein among all pseudo cereals i.e.
approximately 13 to 16% whereas buckwheat contains 11
to 19 % and quinoa 12 to 14 %. Amaranth is rich in essen-
tial amino acids like methionine, arginine, cysteine, lysine,
tryptophan as compared with cereals (26). Quinoa contain
high amount of methionine, cysteine and lysine and are
defjcit in aromatic amino acids like tyrosine and phenylal-
anine. Buckwheat are nutritionally superior than cereals. It
contains cereals like glutamic acid, arginine, lysine and
aspartic acid but are limiting in amino acids like threonine,
methionine, cysteine, phenylalanine and tyrosine (27).
Buckwheat is unsuitable as staple food due to its low nutri-
tional value but it can be have in combination with other
sources to compensate the amino acids content (25).

Seeds and nuts as protein source

Peanuts

Peanuts are considered as highest source of plant based
proteins. They also contain other nutrients like carbohy-
drates, fats, vitamins and minerals. Carbohydrates with
high dietary fiber and monounsaturated and polyunsatu-
rated fatty acids like omega fatty acids are present.
Though peanuts contain all the major essential amino ac-
ids the other amino acids can get supplemented by includ-
ing other plant based diets (28).

Flax seeds

Flax seeds are rich in proteins and oil content which con-
sists approximately 73% of PUFA and 9% of saturated fatty
acids. Flax seed protein includes amino acids like aspar-
tate, glutamic acid, glutamine, asparagine whereas lysine,
threonine and tyrosine are limiting amino acids of flax
seeds (29).

Chia seeds

Chia seeds include approximately 25 to 41% carbs, 14 to
25% of protein, and 25 to 40% of fat. Chia seeds includes
globulin as higher protein fraction and also contain aro-
matic and sulfur containing amino acids. Amino acids
composition of chia protein includes aspartic acid, glutam-
ic acid, threonine, histidine, leucine, isoleucine, lysine,
valine, methionine, tryptophan, cysteine and phenylala-
nine. Amino acids present in chia seeds plays an important
role in metabolic pathways i.e. plays an important role in
hormonal regulation, immunity boost up, sulfur containing
amino acids helps in maintaining structure of proteins,
protection from cardiovascular disease (30).

Canola seeds

Canola seed occupies second rank in oil extraction after
soybean. They are also rich in protein and provide a bene-
ficial food source due to high levels of essential amino ac-
ids and sulfur based amino acids. All the essential amino
acids are present but due to various processing method
during oil extraction and increased temperature lysine
contents gets reduced.

Various other seed and nuts rich in proteins include
sunflower seeds, pumpkin seeds, cashews, almonds etc.
Fig. 3. represents some of the seeds and nuts. Researchers
are still looking for various plant-based protein sources

D I [

Fig. 3. Seeds and Nuts: The following are the seeds and nuts as source of
plant based proteins (A) Peanuts; (B) Flax seeds; (C) Chia seeds; (D) Sunflower
seeds; (E) Pumpkin seeds; (F) Almonds.
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and their composition to meet the demand of growing
world population. Processing methods performed to ob-
tain plant based products also affects the quality of pro-
tein. Therefore, though plant protein contains majority of
amino acids they are still deficient in one or more amino
acid so it is recommended to include multiple plant based
diets (31).

Protein alternatives as supplements

Animal based food products are considered to be the con-
ventional source of proteins. Meat makes up a considera-
ble portion of diet over the globe. However various health
concerns have led to replacement of these animal based
proteins with plant based proteins. Table 3. Given below
mentions various plant protein based alternative along
with the advantage and disadvantage.

Table 3. List of plant based protein alternatives

824

must be purified in order to separate them from non-
protein part. For better purification of protein various
techniques are applied such as ultrafiltration, dialysis, mi-
cellar precipitation techniques and isoelectric precipita-
tion. The techniques mentioned are generally used for ex-
traction of protein however while extraction combination
of protein and non-protein part is obtained. In order to
purify the obtained protein various techniques are availa-
ble some of which are mentioned below (38).

Ultrasound assisted extraction is one of the meth-
ods use. This process has presented a considerable effect
on the rate of different method in the food industry (39).
The advantage of ultrasound assisted extraction has been
reported earlier wherein they have shown that UAE in
combination with micelles is effective in increasing the
yield of wheat germ protein. Along with the increase in

Product Plant based alternative Advantages Disadvantages Reference
— Protein from peanut, soy, Good potential to lower the lipid profile  Amount of nutritional content may be 32)
vegetable fat Low cost of production low
e q i Functional properties (emulsification,
roteins from flax seed, pea  foaming) similarto e : ; =%
Egg SiSTRfloWar Sead g g8 Contains anti nutritional substance (33)
Low fat content
Efficient for digestive disorder (lactose
Milk Soy, almonds, coconut intolerance), Ideal as vegan source of Less palatable if not flavoured (34)
milk
Chlorella sp. Requires less land Microalgae produced through genetic
Microalgae o 5 : modification can have regulatory (35)
Spirulina sp. High protein content issues.

Tremendous research has been carried out in order to ob-
tain plant based products which is palatable nutritious
and most importantly has texture identical to meat. Con-
sumers demand products that are sustainable, palatable,
safe, nutritious, available and affordable.

Isolation and purification of plant based proteins

In order to understand the functionality of protein it is im-
portant to know the aminoc acid sequence and structure of
particular protein. Methods like nuclear magnetic reso-
nance, X-ray crystallography and spectroscopy are widely
used for analysis of 3D structure of proteins. Apart from
knowing the structure of protein it is also important to
know the amino acid sequence. As mass spectroscopy re-
lies on the separation of molecules on the basis of mass to
charge ratio, it is considered as an ideal method for, pep-
tide and protein sequencing, conformation analysis of pro-
tein and dynamics (36). Apart from amino acid sequencing
is selected afterward taking into account. After under-
standing the characteristic properties such as structure
and amineo acid sequence isolation and purification from
desired source can be performed.

Depending upon the physicochemical properties
proteins could be isolated, quantitated and purified by
various methods. Chemical, physical, biological properties
of sources and type of proteins are considered for suitable
isolation methods (36). While using these techniques vari-
ous parameters like temperature, pH and type of solvent
need to be carefully controlled (37). Proteins after isolation

extraction, the overall time required was alsc reduced (40).
In UAE milled soybean slurry used was subjected to ultra-
sound using laboratory probe for various time interval 0,
0.5, 1, 5 and 15 min. From this it was found that 1 min
treatment gave approximately 10% improved yield of pro-
teins. Further studies done by using Confocal laser scan-
ning microscopy revealed the effect of ultrasound which
showed the presence of undisrupted intact cells. From this
it was found that the improved extraction of soya proteins
was due to improved solubility. Thus, ultrasound assisted
extraction is considered to be a reliable method because it
gave improved yield in short time interval with lower ener-
gy consumption (40).

Solvent extraction is mostly used in initial step for
separation and extraction of proteins. Various solvents
could be employed for this purpose. Alcohol extraction
method used for extraction of zein from maize (41). On
commercial scale zein is extracted from corn gluten meal
in small amount. 70% ethanol is used for extraction of zein
which was then diluted using 40% ethanol and subjected
to centrifugation. About 70-80 % protein was extracted. It
also allowed removal of other components prior to dilu-
tion of extract (42).

Peanuts are found to have a wide industrial applica-
tion as they have a superior content of oil and protein. But
separation and isolation of oil and protein could be a tedi-
ous process. In order to separate the protein from the pea-
nut seed enzyme assisted protein extraction technique
was can be used. Through the use of various proteases this
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plants as source of proteins has now led to their use in
various field. The application of plant-based protein is de-
picted in Fig. 4. Given below.
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Fig. 4. Application of plant based proteins: Plant based protein could be
beneficial means asa protein source.

Application of plant based protein in biomedical indus-
try

Emergence of plant-based proteins has led to their com-
mercialization and its production at industrial scale. The
emergence of various molecular biology techniques has
proved very useful in production of recombination pro-
teins using plants. Monoclonal antibodies is one such
products. As per one study, it has shown that the use of
monoclonal antibodies produced from plants which has
their use as immunotherapeutic agent for cancer (45). The
production of monoclonal antibodies for various viral dis-
eases such as rabies is possible using plant systems. Apart
from monoclonal antibodies various other pharmaceutical
products such as enzymes, hormones, vaccines etc. could
be produced and considered to be of prime importance
(46).

Neem leaf glycoprotein (NLGP) is an active ingredi-
ent present in neem leaf extract. NLGP enhance immune
system in tumor bearing host by increasing amount of vari-
ous immune cells like T helper cells, cytotoxic T cell, mac-
rophage, monocyte, dendritic cell etc. (47). In cancer cells
there are various suppressor like Tregs, myeloid derived
suppressor cells (MDSCs) and tumor associated macro-
phages (TAMs) impairs the immune functions. Function of
such suppressor cells is amplified in cancer cells (48).
NLGP upregulates the immune system by downregulating
the suppressor cells.

HIF1a regulates vascular endothelial growth factor
(VEGF). VEGF is important for angiogenesis in cancer as it
fulfills the nutrient and oxygen requirement for the cancer
development and growth. NLGP reduces VEGF secretion by
preventing the binding of HIF1a to VEGF. NLGP shows anti-
metastaic role by inhibiting VEGF by reducing angiogenesis
(49).

Plant based protein as edible coatings
Plant based proteins are also used as edible films. Environ-
mental concerns have led to replacement of coating mate-

rial like plastic with edible plant protein based film. Plant
protein based films provided an option of using a renewa-
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ble resource. Various cereals, pulses could be used for pro-
duction of edible films example soya, wheat etc. Gluten
protein present in wheat is found to have high elastic
properties which is used as a film or coating (50). Apart
from gluten various other protein sources like zein, rice
bran protein etc can also be used. Zein has proved to show
excellent result as edible film due to its hydrophobic na-
ture and higher amount of disulfate and hydrogen linkage.

Application of plant based protein as dairy substitute

Increased population and demand of food has led to con-
sumption of plants as protein source which has various
health effects (51). Plant based proteins could be used as
an alternate source in disease and disorders Lactose intol-
erance is one of the increasing disorders which involves
inability of an individual to digest milk due to lack of en-
zymes lactase (52) . Plant sources are thus used to obtain
analogues of milk known as plant based non-dairy milk.
Also, the milk obtained from plant source could be sub-
jected to fortification with vitamins, minerals etc. Apart
from lactose intolerance various diseases like chronic kid-
ney disease could be cured by addition of plant-based pro-
teins in diet (53). Including plant protein in various diet is
nutritionally adequate and have pleiotropic effects which
may be useful for chronic kidney disease patient (54).

Plant based protein as meat analogue

Plant-based meat alternatives (PBMA) have been used as a
substitute to conventional animal based meat product.
These meat analogues are derived through processing of
different legumes, vegetable and fruits, examples of differ-
ent plant based meat analogues are mentioned in the Fig.
4, (55). Vegetarianism and Veganism are the phenomenon
which though sound similar but has a minor difference.
Vegetarianisms is exclusion of animal meat (56). Whereas
Veganism is referred to as complete exclusion of animal
meat as well animal based products like milk. With the
exclusion of animal and other non veg source of protein
plant based protein is considered to be the most appropri-
ate source of protein. A vegan diet is considered to have
various health related benefits which is one of the reasons
in globalincrease in trend of vegan diets.

Other industrial application of plant based proteins

The advances in food technology and search for renewa-
ble source of food material have led to the development of
alteranative sources. Bioactive peptides are organic sub-
stances formed by amino acids joined by covalent bonds
also known as amide or peptide bond. Studies perfomed
by Samaei et al., depict the use of faba bean Faba bean
based bioactive peptides in obtaining fortified fruit juice
and other functional food. Apart from BAP plant based
protein also as has good potential as stabilizers (57). Pea-
nut protein Pea protein concentrate and soy protein iso-
late have shown resistance to lipid oxidation and reduced
droplet flocculation.

Conclusion

Out of the four macromolecules protein is one of the im-
portant macromolecules which is building block of human
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method has proved to give a considerable increase in yield
of protein (36). Apart from enzyme assisted method vari-
ous studies show the use of electro activation method
wherein proteins from canola were isolated. Higher pro-
tein extractability with improved quality of protein was
found through this technique. It can be observed that use
of these advance techniques is supposed to be very effi-
cient for isolation of proteins from plant sources.

Composition of plant proteins

Proteins are classified into various system due to their di-
verseness. Some are classified based upon biological and
chemical properties and some on the basis of technologi-
cal applications. Osbrone classification system is the old-
est classification system based on proteins solubility in
various solutions. Osbrone on the basis of solubility classi-
fied plant protein into four major fractions; albumin, prola-
mins, globulin, glutelins mentioned in Table 4. (43). Albu-
mins are soluble in water and diluted salt solutions where-
as globulins are soluble in salt solutions but insoluble in
water. Prolamins are soluble in water alcohol mixture but
insoluble if only water or alcohol is present and glutelins
are insoluble in salt, alcohol or neutral water solutions but
soluble in dilute acids or alkali solutions.

(11S) in sunflower seeds, cucurbitin (11S) in Cucurbita spp.
etc. (37).

Prolamins

Cereals are rich in prolamins except oats and rice (44). Pro-
lamins were the first proteins studied scientifically and
they were named gliadin but Osbrone proposed a new
name i.e., prolamins as they yield high levels of proline and
amides on hydrolysis. It also yields small amounts of argi-
nine and histidine but lysine content is very little or totally
absent. According to Osbrone there are four principle pro-
lamins hordeins in barley, gliadins in wheat and rye, karfi-
rins in sorghum and zein in maize. Prolamins present in
oats are avenins.

Prolamins are grouped into four cereals categories.
Triticeae which includes wheat, barley and rye and are
further divided into three categories sulphur rich prola-
mins (S-rich) mainly includes amino acids proline, gluta- .
mine and sulphur containing amino acid cysteine with in-
ter and intrachain disulphide bonds, High molecular
weight prolamins (HMW) are rich in glycine and glutamine
and sequence similar to S-rich prolamins and Sulphur poor
amino acids. Prolamins in oats include avenins which oc-
cupies 10% of the seed protein; Prolamins in rice are divid-

Table 4. Composition of plant proteins: major and minor fractions of plant proteins present in various sources

Components 2S Albumins 7-8S Globulins 11-12S Globulins Prolamins Glutelins
Legumes Legumes Legumes
Cruciferae Cotton seed Compositae
Compositae Palms Cucurbitaceae
Major components Castor beans cocoa Oats and rice cereals wheat
Cotton seed Cruciferae
Brazil nut Cannabis
Brazil nut
Minor components Cereals French bean Oats and rice

Albumins

According to one report (44), albumins are storage pro-
teins majorly present in legumes, oilseeds, and pulses ra-
ther than cereals. On ultra-centrifugation of various plant
sources 3 fractions of albumin were isolated; 2S and 11S
mainly present in all types of plant sources and 7S expect
few sources present in all. Out of 3 fractions 2S is the major
storage albumin protein in many sources. This globular
small 2S albumin proteins are high in sulphur containing
amino acids in various plant sources like legumes, lupines
and peas though they occupy only 10 to 30% of total pro-
teins.

Globulins

The major globulin content is present in legumes. They are
present in both dicot, monocot and are also present in
gymnosperms. As compared with albumin, globulins are
deficient in sulphur based amino acids. The globulin frac-
tions obtained after ultra-centrifugation is 7S and 11S.
Some globulin proteins in various plant sources includes
B-conglycinin  (7S) and glycinin (11S) in soybean,
B-conglutin (7S) and a- conglutin (11S) in lupins, leguminin
(11S), convicilin (7S) and vicilin (7S) in peas, helianthnin

ed into four class out of which class 1 to 3 are major prola-
mins and class 4 is minor prolamins but rich in sulphur
amino acids methionine and cysteine (44). Prolamins in
maize are zein which includes various fractions a, §, y and
8. Sorghum includes karfirins are with disulfide bond with
high cysteine residues which are further divided into sub-
classes q, B, y and &.

Glutelins

Glutens are mixture of two proteins i.e., prolamins and
glutelins present in various grass varieties. Wheat contains
gluten which are further categorized into two groups pro-
lamins are called gliadin and glutelins are called glutenin.
Gliadin are monomeric proteins and glutenins are poly-
meric proteins. Glutenins are with intrachain disulfide
bonds present between two subunits i.e., HMW and LMW
(i.e., high molecular weight and low molecular weight sub-
units) (44).

Application of plant based proteins

Plant based protein could be beneficial means as a protein
source due to their composition, availability and other
techniques available for isolating them. The availability of
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body. The availability of protein is distributed in various
cources out of which plant-based protein is one such
source which has increase in demand. The review gives
information about various sources of plant-based proteins
with its composition. From the information mentioned
about the composition of plant-based proteins it is clear
that to get all the essential amino acids one protein source
needs to be complimented with other. This is because one
of the drawback of plant based protein over animal based
protein source. The techniques used for purification dis-
cussed above are most widely used for extraction, howev-
er in order to improve the functionality of extracted pro-
tein advanced techniques are to be considered to be iso-
lated. Some advance isolation techniques like ultrasound
assisted extraction, enzyme assisted method and electro
activation method provides efficient isolation of desired
proteins however, these advanced techniques could be
expensive, Thus, advance techniques which are more cost
effective must be employed. The application of plant-
based proteins in various aspects state the abundance
availability of plant-based proteins. The usage of plant-
based protein in various form should thus be considered
as a replacement for animal and other sources which
would help in overcoming the increase in demand of the
protein in nutritional and other aspects. Thus, more re-
search on plant based proteins need to be conducted.

Acknowledgements

The study was funded by the Research Society for the
Study of Diabetes in India (RSSDI/HQ/Grants/2017/342).

Authors contributions

KM and SDS searched, collected and wrote the first draft.

HA, and NP reviewed and edited the manuscript. MT and
DJ critically reviewed and edited the same. AA analysed
the manuscript, provided the regular assistance to revise
and finalize it. All authors read and approved the final
manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethicalissues: None.

References

1. AlcortaA, Porta A, Tarrega A, Alvarez MD, Vaquero MP. Foods for plant
-based diets: Challenges and innovations. Foods. 2021 Feb 1,10
(2):293. https://doi.org/ 10.3390/foods10020293

2. Hoffman JR, Falvo MJ. Protein - Which is Best? J Sport SciMed. 2004;3
(3):118-30.
3. Almeida AG, Franco Moreno YM, Mattar Carciofi BA. Plant proteins as

high-quality nutritional source for human diet Trends Food Sci Tech-
nol, 2020; 97:170-84. https://doi.org/10.1016/}.tifs.2020.01.011

4. Hertzler SR, Lieblein-Boff JC, Weiler M, Allgeier C. Plant proteins: As-
sessing their nutritional quality and effects on health and physical
function. Nutrients. 2020; 12(12): 3704. https://doi.org/10.3390/

10.

11.

12,

13.

14.

15.

16.

17.

18.

19,

20.

21.

22,

nul2123704
Langyan S, Yadava P, Khan FN, Dar ZA, Singh R, Kumar A. Sustaining

protein nutrition through plant-based foods. Frontiers in Nutrition.
2021;8. https://doi.org/ 10.3389/fnut.2021.772573

Fathi M, Mohebbi M, Razavi SM. Application of image analysis and
artificial neural network to predict mass transfer kinetics and color
changes of osmotically dehydrated kiwifruit. Food and Bioprocess
Technology. 2011 Nov;4(8):1357-66. https://doi.org/10.1007/511947-
009-0222-y

Sabaté J, Soret S. Sustainability of plant-based diets: back to the
future. The American journal of clinical nutrition. 2014 Jul 1,100
(suppl_1):4765-82S. https://doi.org/10.3945/ajcn.113.071522

Poji¢ M, Midan A, Tiwari B. Eco-innovative technologies for extraction
of proteins for human consumption from renewable protein sources
of plant origin. Trends in Food Science and Technology. 2018 May
1;75:93-104. https://doi.org/10.1016/j.ifs.2018.03.010

Allison JB. Biological Evaluation of Proteins. Adv Protein Chem.1949;
5:155-200. https://doi.org/ 10.1016/S0271-5317(99)00117-7

Moore DR, Soeters PB. The biological value of protein. Nestle Nutr Inst
Workshop Ser. 2015; 82:39-51. https://doi.org/ 10.1159/000382000

Friedman M. Nutritional value of proteins from different food sources.
A review. J Agric Food Chem.1996;44(1):6-29. https://doi.org/10.1021/
if9400167

Brody T. Protein. Nutritional Biochemistry 2 ed, University of Califor-
nia, Berkely, Academic Press.1998; 421-87. https://doi.org/10.1016/
B978-012134836-6/50011-1

Abeyrathne ED, Lee HY, Ahn DU. Egg white proteins and their poten-
tial use in food processing or as nutraceutical and pharmaceutical
agents-A review. Poult Sci. 2013; 92(12):3292-99.  https://
doi.org/10.3382/ps.2013-03391

Bar C, Mathis D, Neuhaus P, Durr D, Bisig W, Egger L, Portmann
R. Protein profile of dairy products: Simultaneous quantification of
twenty bovine milk proteins. Int Dairy J. 2019; S7:167-75. https://
doi.org/10.1016/}.idairyj.2019.01.001

Picota L, Bordenavea S, Didelota S, Fruitier-Arnaudina |, Sanniera F,
Thorkelssonb G et al. Antiproliferative activity of fish protein hydroly-
sis on human breast cancer cell lines. Proc Bio. 2006; 41(5):1217-22.
https://doi.org/10.1016/j.procbio.2005.11.024

Maurya PK, Malik DS, Yadav KK, Kumar A, Kumar S, Kamyab
H. Bioaccumulation and potential sources of heavy metal contamina-
tion in fish species in river Ganga basin: Possible human health risks
evaluation. Toxicol Rep. 2019;6:472-81 https://doi.org/10.1016/
j-toxrep.2019.05.012

Jabborova DP, Enakiev YI, Davranov KD, Begmatov SA. Effect of co-
inoculation with Bradyrhizobium japonicum and Pseudomonas
putida on root morph-architecture traits, nodulation and growth of
soybean in response to phosphorus supply under hydroponic condi-
tions. Bulg J Agric Sci. 2018;1;24(6):1004-11.

Jabborova D, Wirth S, Kannepalli A, Narimanov A, Desouky S, Dav-
ranov K et al. Co-inoculation of rhizobacteria and biochar application
improves growth and nutrientsin soybean and enriches soil nutrients
and enzymes. Agronomy. 2020;10(8):1142. https://doi.org/10.3390/
agronomy10081142

Singh U, Singh B. Tropical grain legumes as important human foods.
Econ Bot. 1992; 46(3):310-21. https://doi.org/10.1007/BF02866630

Thrane M, Paulsen PV, Orcutt MW, Krieger TM. Soy Protein. Nadathur
S et al. Sustainable Protein Sources 1* ed. Academic press. 2017;23-
45, https://doi.org/10.1016/ B978-0-12-802778-3.00002-0

Samaranayaka A. Lentil: Revival of poor man’s meat. In: Nadathur S,
Wanasundara JPD, Scanlin L: Sustainable protein sources 1* ed. Aca-
demic press. 2017;185-96. https://doi.org/10.1016/B978-0-12-802778-
3.00011-1

Hoogenkamp H, Kumagai H, Wanasundara, JPD. Rice protein and
rice protein products. In: Nadathur S, Wanasundara JPD, Scanlin L.

https://plantsciencetoday.online



23.

24.

25.

26.

27.

28.

29.

30.

31,

32.
33:

34.

35.

36.

3l

38.

3.

40.

Sustainable protein sources 1% ed. Academic press. 2017; 47-65. https://
doi.org/10.1016/ B978-0-12-802778-3.00003-2

Jabborova D, Narimanov A, Enakiev Y, Kakhramon D. Effect of Bacillus
subtilis 1 strain on the growth and development of wheat (Triticum
aestivum L.) under saline condition. Bulg J Agric Sci. 2020;26(4):744-
47.

Flambeau M, Red| A, Respondek F. Proteins from wheat. In: Nadathur
S, Wanasundara JPD, Scanlin L. Sustainable Protein Sources 1% ed.
Academic press. 2017;67-78. https://doi.org/10.1016/B978-0-12-
802778-3.00004-4

Schoenlechner R, Siebenhandl S, Berghofer E. Pseudacereals. Gluten-
free cereal products and beverages. 2008;149-V. https://
doi.org/lO.10l6/B978—012373739-7.50009—5 .

Orona-Tamayo D, Paredes-Lopez O. Amaranth Part 1—Sustainable
Crop for the 21st Century. In: Nadathur S, Wanasundara JPD, Scanlin
L. Sustainable Protein Sources 1% ed. Academic press. 2017; 239-56.
https://doi.org/10.1016/B978-0-12-802778-3.00015-9

Scanlin L, Lewis KA. Quinoa as a Sustainable Protein Source. Nada-
thur S, Wanasundara JPD, Scanlin L. Sustainable Protein Sources 1%
ed. Academic press. 2017;223-38. https://doi.org/10.1016/B978-0-12-
802778-3.00014-7

Arya SS, Salve AR, Chauhan S. Peanuts as functional food: A review. J
Food Sci Technol. 2016; 53(1):31-41. https://doi.org/10.1007/s13197-
015-2007-9

Marambe PWMLHK, Shand PJ, Wanasundara, JPD. An in-vitro investi-
gation of selected biological activities of hydrolysed flaxseed (Linum
usitatissimum L.) proteins. J Am Oil Chem Soc. 2008;85(12):1155-64.
https://doi.org/10.1016/j.plaphy.2014.04.020

Orona-Tamayo D, Valverde ME, Paredes-Lopez O. Chia-The New Gold-
en Seed for the 21st Century. In: Nadathur S, Wanasundara JPD, Scan-
lin L. Sustainable Protein Sources 1% ed. Academic Press. 2017;265-81.
https://doi.org/10.1016/B978-0-12-802778-3.00017-2

Wanasundara JPD, Mcintosh TC, Perera SP, Withana-Gamage TS,
Mitra P. Canola/rapeseed protein-functionality and nutrition. OCL.
2016; 23(4):D407. https://doi.org/10.1051/0cl/2016028

Bachmann, HP. Cheese Analogues: A review. Int Dairy J. 2001;11:505-
15. (Cross Ref). https://doi.org/10.1016/S0958-6946(01)00073-5

Soderberg J. Functional properties of legume proteins compared to
egg proteins and their potential as egg replacers in vegan food.

Sethi S, Tyagi SK, Anurag RK. Plant-based milk alternatives an emerg-
ing segment of functional beverages: A review. Journal of Food Sci-
ence and Technology. 2016 Sep;53(9):3408-23.  https://
doi.org/10.1007/s13197-016-2328-3

Koyande AK, Chew KW, Rambabu K, Tao Y, Chu DT, Show PL. Microal-
gae: A potential alternative to health supplementation for humans.
Food Science and Human Wellness. 2019 Mar 1;8(1):16-24. https://
doi.org/10.1016/j.fshw.2019.03.001

Zhu Y, Fang Q. Analytical detection techniques for droplet microfluid-
ics. Anal Chim Acta. 2013;787:24-35. https://doi.org/10.1016/
j-aca.2013.04.064

Hadnadev M, Hadnadev TD, Pojic M, Saric B, Misan A, Jovanov T,
Sakac M. Progress in vegetable proteins isolation techniques: A re-
view. Food Res. 2017; 44(1):11-21. https://doi.org/10.5937/
FFR1701011H

Moure A, Sineiro J, Dominguez H, Parajé JC. Functionality of oilseed
protein products: a review. Food Res Int. 2006; 39(9):945-63. https://
doi.org/10.1016/j.foodres.2006.07.002

Gendag E, Gorguc, A, Yilmaz FM. Recent advances in the recovery
techniques in plant based proteins from agro industrial by products.
Food Rev Int. 2020;1-22. https://
doi.org/10.1080/87559129.2019.1709203

Chemat F, Huma Z, Khan, M. Applications of ultrasound in food tech-

nology: Processing, preservation and extraction. Ultrason Sonochem.

2011;18(2011):813-35. https://doi.org/10.1016/j.ultsonch.2010.11.023

41.

42,

43,

45.

46.

47.

48.

49,

50.

5L

52.

53.

54.

55,

56.

57.

828

Preece K, Hooshyar N, Krijgsman A, Frye P, Zuidam N. Intensified soy
protein extraction by ultrasound. Chem Eng Process. 2016;113:94-
101. https://doi.org/10.1016/j.cep.2016.09.003 g
Dickey L, Parris N, Craig JC, Kurantz MJ. Ethanolic extraction of zein
from maize. Ind Crops Prod. 2000;13(2001):67-76.  https://
doi.org/ 10.1016/50926—6690(00)00054-6

Takiguchi Y, Osada O, Uematsu M. Thermodynamic properties of
{xC2H50H+(1-x)H20} in the temperature range from 320 Kto 420 Kat
pressures up to 200 MPa. J Chem Thermodyn. 1996; 28(12):1375-85.
https://doi.org/10.1006/jcht.1996.0120

Shewry P, Casey R. Seed Proteins. 1*ed. Springer publishing House.
1999;1-11. https://doi.org/ 10.1007/978-94-011-4431-5_1

Nessa M, Rahman M, Kabir, Y. Plant-produced monoclonal antibody
as immunotherapy for cancer. Biomed Res Int. 2020;3038564. https://
doi.org/10.1155/2020/3038564

Wadhave A, Jadhav A, Arsul, V. Plant proteins applications: A review.
World J Pharm Sci. 2014;3(3):702-12.

Hao F, Kumar S, Yadav N, Chandra D. Neem components as potential
agents for cancer prevention and treatment. Biochimica et Biophysi-
ca Acta (BBA)-Reviews on Cancer. 2014 Aug 1;1846(1):247-57, https://
doi.org/10.1016/j.bbcan.2014.07.002

Bose A, Baral R. Neem leaf glycoprotein in cancerimmunomodulation
and immunotherapy. In: New Look to Phytomedicine. Academic
Press. 2019 Jan 1;391-408. https://doi.org/10.1016/B978-0-12-814619-
4.00016-1

Saha A, Nandi P, Dasgupta S, Bhuniya A, Ganguly N, Ghosh T et al.
Neem leaf glycoprotein restrains VEGF production by direct modula-
tion of HIF1a-linked upstream and downstream cascades. Frontiers in
Oncology. 2020 Mar  6;10:260. https://doi.org/10.3389/
fonc.2020.00260

Dangaran K, Tomasula PM, Qi P. Structure and function of protein
-based edible films and coatings. In: Huber K, Embuscado M.
(Editors) Edible Films and Coatings for Food Applications. Spring-
er, New York, NY. 2009. https://doi.org/10.1007/978-0-387-92824-
1.2

Mariotti F, Gardner C. Dietary protein and amino acids in vegetarian
diets-A review. Nutrient. 2019;11(11):2661. https://doi.org/10.3390/
nullll2e6l

Vanga SK, Raghavan V. How well do plant based alternatives fare
nutritionally compared to cow's milk?. J Food Sci Technol. 201855
(1):10-20. https://doi.org/10.1007/s13197-017-2915-y

Grant CA, Hicks AL. Comparative life cycle assessment of milk and
plant-based alternatives. Environ Eng Sci. 2018;35(11):1235-47.
https://doi.org/10.1089/ees.2018.0233

Paul AA, Kumar S, Kumar V, Sharma R. Milk analog: Plant based alter-
natives to conventional milk, production, potential and health con-
cerns. Crit Rev Food Sci Nutr. 2019; 1-19. https:/
doi.org/10.1080/10408398.2019.1674243

Joshi VK, Kumar S. Meat analogues: Plant based alternatives to meat
products-A review. International Journal of Food and Fermentation
Technology. 2015;5(2):107-19. https://doi.org/10.5958/2277-
9396.2016.00001.5

Dagnelie PC, Mariotti F. Vegetarian diets. Vegetarian and plant-based
diets in health and disease prevention. 2017;3-10. https://
doi.org/10.1016/B978-0-12-803968-7.00001-0

Samaei SP, Ghorbani M, Tagliazucchi D, Martini S, Gotti R, Themelis T
et al. Functional, nutritional, antioxidant, sensory properties
and comparative peptidomic profile of faba bean (Vicia faba L.)
seed protein hydrolysates and fortified apple juice. Food Chem-
istry. 2020 Nov 15;330:127120. https://doi.org/10.1016/
j.foodchem.2020.127120

§8§

Plant Science Today, ISSN 2348-1900 (online)



SPRINGER LINK

= Menu = (Q search

/Q\ Log in

T cart

Home » Regenerative Engineering_and Translational Medicine > Article

Review { Published: 08 August 2022
Angiogenic Potential and Its Modifying Interventions in
Dental Pulp Stem Cells: a Systematic Review

Nilaja Badodekar, Smriti Mishra, Gaurang Telang, Shruti Chougule, Darpan Bennur,

Mansee Thakur & Nishant Vyas

Regenerative Engineering and Translational Medicine 9, 52—82 (2023)

116 Accesses I 3 Altmetric [ Metrics

Abstract

Background

Dental pulp stem cells (DPSCs) have been reported to have a pro-
angiogenic effect indicative of the inherent property. Angiogenesis is a
phenomenon crucial for wound healing, tissue regeneration, and
vascularization of engineered scaffolds. Therefore, it is crucial to explore
the angiogenic potential and the contributing fﬁctors in order to exploit

this potential in stem cell research and tissue engineering.

Aim
To systematically review the literature on the angiogenic potential of
DPSCs as well as to explore the effect of external environmental

interventions on the angiogenic potential.

Methods
Three databases, PubMed, MEDLINE, and Cochrane, were systematically
reviewed for literature with a suitable inclusion criterion. The data was

screened for quantitative data for use in a meta-analysis.

Result

Overall, the studies indicated that DPSCs possess an inherent angiogenic
potential that can be enhanced through external stimulation. The
experimental methodology lacked consistency, and thus no quantitative

data could be extracted for meta-analysis.

Conclusion

DPSCs are pro-angiogenic, which can be enhanced through external

manipulation, making them a feasible option for use in tissue engineering

DPSCs.
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Abstract

The study focuses on the ability of bacterial strain Stenotrophomonas pavanii DSM 25135(T)
isolated from textile effluent to decolourize one of the commonly used textile colourants, Basic
Fuchsin, which is a carcinogen. The isolated bacterial strain was screened for its biodegrading
capability at high dye concentrations (0.05% and 0.1% w/v) and at different time intervals (24 hr,
48 hr, 72 hr, 96 hr and 120 hr). The experimental results showed that Stenotrophomonas pavanii
has a high capability for decolourizing this triphenylmethane dye at a dye concentration of 0.1%
w/v. The capability of this bacterial strain to degrade the dye was tested in the free cell system
as well as in the immobilized cell system. The isolate showed enhanced degradation of the dye
(90.4%) in the immobilized state within 120 hr. The isolated microbe can, therefore, be utilized as

a pre-treatment tool in the decolourization step adopted by various textile industries.

Keywords

Bioremediation, Biodegradation, Textile effluent, Water pollution, Decolourization, Basic Fuchsin,

Immobilization, Calcium-alginate beads
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ABSTRACT

The study’s aim and the objective were to evaluate the association between progesterone receptor PROGINS and preterm delivery by

correlating with clinical data. The study had begun with 150 preterm delivery cases (PTD) among which it has classified into 3 cohorts as extreme

preterm i.e. 24 - 28 gestation weeks, n= 37, very preterm i.e. 28 to <32 gestation weeks, n =36; and late preterm i.e. 32 to <37 gestation weeks, n =77.

150 cases of term delivery were evaluated for progesterone receptor PROGINS gene polymorphism. Software R version 3.6.3 was used for the

statistical analysis. PTD cases were having higher PR mutation. The mutant allele of T2 frequencies were .23 in preterm delivery women and .01 in

controls with odds ratio 18.0 (CI, 4.25- 76.1). Homozygous for T2 allele was present in 2.6% of preterm delivery women. PROGINS polymorphisms

had showed association in preterm labor and are evidently enhancing risky genetic factors in terms of the susceptibility of PTD.
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INTRODUCTION
World health organization (WHO) has defined that if birth

occurs before 37 weeks of gestation is preterm delivery. 121 pPTD
plays a major role in contributing to increased global neonatal
morbidity and mortality %], with prolonged negative effect for health
and poor intellectual development as well as financial support for
health, (461

The gestational period acts as the most important clinical
marker for determining the health and survival of an infant.
Statistically on an average 80-85% number of preterm babies born
between 32 to < 37 weeks of gestation (moderate/late preterm); on
the other hand, 10% of premature babies are born in between 28 to 32
weeks and 5% of babies bom prematurely in < 28 gestation weeks. It
has also resulted in fetal mortality cases, which are found in alarming
numbers in countries with low income. Additionally, the global
prevalence rate shows the highest number of preterm birth cases
where India occupies the first position. (]

Genetic findings have proved to be an associated factor of
preterm birth since a couple of decades. Due to the complexity of the
disorder, the causes of the disorder are still unclear. Moreover, it is
involved with several other factors such as pathological, genetic and
environmental factors. [481 There are a few pathways which assume a
crucial part in the support of a pregnancy which is fiuitful.

Progesterone pathway and folate pathway are the two most

Journal of medical pharmaceutical and allied sciences, Volume 10 - Issue 6, 1858,

fundamental pathways related with fruitful pregnancy are. So any
distutbance in these fundamental pathways prompts the intricacy in
pregnancy. [489]

Progesterone hormones has an important role in pregnancy
maintenance particularly in later gestation.[10] Progesterone is a
composite hormone of Carbon 21 a steroid hormone it is produced in
brain, ovaries, placenta and the adrenal glands which help in
menstrual cycle in females, embryogenesis and of pregnancy that is
found in several mammalian groups. [11] Progesterone receptors are
found in many pregnancy-associated tissues including fetal amniotic
and chorionic membranes.'l In progesterone receptor (PR) gene
{PROGINS) polymorphisms has been identified, with the insertion of
306 base pair PV/HS-1 (an Alu subfamily in intron G).1*%

In this paper, we assessed the role of genetic variation in
progesterone receptor qualities to distinguish ladies who might be at
sequential danger of preterm conveyance contrasted and everybody
hazard. Uncovering hereditary variations in the progesterone receptor
that are related to a high danger of preterm birth could prompt the
designated utilization of progesterone interventional treatments later
on. Also, one of the genuine worries that the western locale of India
is a zone with an exceptionally large number of instances of preterm
conveyance cases. Shockingly, no logical examinations have been
embraced to &éte, to recognize the basic sub-atomic mechanism(s) or
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hereditary inclination related to preterm conveyance and related
inconveniences from this space. 9.14]

MATERIALS AND METHODS

Study Group and Design
Mothers who had undergone labor (n=300) were selected

for the study. Pregnant women of the suburban population who had
preterm labor (n = 150) had selected on the bases of the gestation
period (>37 weeks of gestation). Three cohort’s gestation age were
considered under the preterm delivery cases as: extremely preterm i.e.
24 to 28 weeks, very preterm i.e. 28 to <32 weeks, and moderately or
late pre-term i.e. 32 to <37. Additionally, term delivery cases (n=
150) were selected as a control group, with all the clinical findings
for both pre as well as term deliveries from MGM Medical College
and Hospital, Kalamboli, Navi Mumbai following the guidance of a
practitioner who is registered for medical practice with the informed
consent and necessary clinically important data along with in this
mothers with Tuberculosis, HIV, Jaundice, Infection of HPV, HBV,
UTI or urinary tract infection, eclampsia, pre-eclampsia, miscarriage,
pregnant female's twin fetus, a fetus with congenital anomalies and
IUGR had been excluded. The Institutional Ethics Committee of
MGMIHS, Navi Mumbai had approved the study.

PCR genotypic investigation of PR (PROGIN) Gene
mutation: 3 ml of Peripheral blood was collected from MGM
Hospitals in EDTA vacutainer. The collected blood was additionally
prepared for extraction of DNA utilizing NucleoSpin Dx Blood
DNA, RNA and protein refinement Kit (Macherey-Nagel, Germany).
The DNA was put away at 4°C until investigated. For the polymerase
chain reaction (PCR), we utilized the accompanying oligonucleotide
introductions for in vitro intensification of explicit progesterone
receptor fragment of gene: 5/ GGC AGA AAG CAA AAT AAA
AAG A 3 (forward) and 5 AAA GTA TTT TCT TGC TAA
ATG TC 3" (reverse).'s) The wild sort of the PR was characterized
as the insertion shortfall. At the point when this PCR technique was
utilized, the wild-type created a 149-base pair section and the freak
produced a base pair of 455. PCR items were settled by using 2%
concentration of agarose gel. Alleles were recorded on the basis of
the individual band molecular weight.

Statistical analysis
The frequencies of Allele were compared with genotype in

the control groups and patient group were compared and analyzed
with the Fisher exact test. One-way ANOVA and Post hoc test were
used for the demographic tests. The strength of the association was
measured using the odds ratio (OR) between the frequencies of allele,
genotype, and preterm. Statistical analysis was done using the
software R version 3.6.3. All p-values were two-tailed, and 95% CIs
were calculated. p-value less than .05 was considered statistically

significant.

+
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RESULT
Clinical Demographic patient’s profile: In the current
study, we had enrolled women who had underwent labor (n=300).

The details of which are represented in the table:1

Table 1: Demographic profile
Cases Parity Birth Status
Maternal il Birth
Term § —'T—__}—_T —"1
i Age (n —_1 Death | Weight
range) 1 2 3 |45 Live
e e e R e e e
Extremely | 28.0126.0 56 |64 [24 |51 |137 13 2.75+0.58
Preterm 4
(24-28
weeks)
Very 28.02£6.9 |10 |16 |10 [ 01 4 28 1.16+0.66
Preterm 2
(28-<32
weeks)
Late 2836569 |14 |16 |3 2|1 |22 12, 2.0440.57
Preterm 8
(32-<37
weeks)
28.1446.8 |24 [40 |9 |3[1 |8 |4 1.80+0.71
8

The subjects were enlisted with complete details which
were clinically important of the baby and the mother along with the
weight at birth of the baby (table 1). In our investigation we had
discovered that childbirth weight was fundamentally lower in all the
preterm cases of the delivery as compared with the term cases of the
delivery (p-value 0.0001); just as in extremely preterm delivery cases
contrasted with moderately preterm cases of the delivery. The birth
weight of the baby was also significantly lower to very preterm
delivery cases compared to the moderately preterm delivery cases.
Hence it signifies that gestational age is proportional to birth weight
of the infant. Extremely premature infant and extremely low birth
weight infant (ELBW) are at high risk for disability and death with
mortality rate 30-50% and 20-50% at least risk of morbidity in
survivors.[!®

. In our findings, we had found that there is a difference of
1.83-1.51 kg of weight in extremely newborn and term infants, and
therefore there is the highest number of deaths seen in extremely
premature infants n=28 as compared to term infants n=13. Therefore,
survival rate among the term babies is higher compared to preterm
babies (Table 1). Similar patterns were expressed in other parts of the
world that in the USA the Preterm birth complicates 12.5% of all
deliveries, prominently describing itself as the main cause of
perinatal mortality and morbidity, accounting for as many as 75% of
perinatal deaths.!72% In recent years, preterm delivery incidence has
increased leading to different clinical risk factors and epidemiological
factors. But it is not just epidemiological or clinical factors which can
cause preterm labor, but also genetic aspect is vital and remains
relatively unexplored. 2]

The wild type allele (T1) is of 149bp and polymorph allele (T2) band is of
455bp. Lane (L) 1 represents 50 base pair (bp) ladder; L 2,4,6,8-10 represents
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PROGINS polymorphism which is associated with the Alu insertion
that decreases the progesterone activity during pregnancy [28]. In
current study we had found association between PROGINS and
preterm delivery. It was observed that intron G insertion had shown
significant in preterm delivery cases (22.6%) and in term it was
observed (1.3%) of genotype distribution. The association of
PROGINS gene polymorphism had also shown significant
(OR=20.06[95% CL: 4.71-85.45]; p= 0.0001) and has shown 20 folds
and in the variant genotype of PROGINS polymorph had resulted as
(OR=18 [95% CL: 4.25-76.1]; p=0.0001) which had also shown as
statistically significant with 18 folds. Later, the analysis was done
between the term groups and sub-cohorts of preterm our data had
given a pleasant results, when term was compared with extremely
preterm (OR=14.32, [95% CI: 2.67-74.31], p=0.0015) that resulted
statistically significant, next term was compared with very preterm
(OR=21.14, [95% CL 426-104.85], p=0.0002) which also
significant, and lastly term was compared to late preterm (OR=22.57
[95% CIL 5.07- 100.34], p=0.0001) that too resulted statistically
significant. Our data had shown correlating results with a study which
was conducted in north-eastern part of India (OR=2.652[95% CI:
0.830-8.474] p=0.115) [9]. Our study also resembled a study which
was conducted by Langmia etal, 2015 in Malaysia had found
association between progesterone receptor gene polymorph and
preterm delivery (OR 2.3,[ 95 % CL: 1.2-4.51P=0.011) where they
had found it significant different [29]. On the other hand, some
studies did not match our analysis and these are the studies which had
proved that progesterone receptor does not play a key role in any
manifestation. A study which was held to detect the polymorphism of
progesterone receptor and its association with recurrent spontaneous
abortion (RSA) in pooled (OD: 1.82 [95% CI: 0.98-3.37] p=0.056)
but the data did not show any significant difference [30].
Progesterone plays a vital role in sustaining pregnancy and has been
successfully used to prevent preterm labor reoccurrence. By
analyzing both maternal and fetal effects we examined the role of
genetic mutations in the progesterone receptor (PGR) gene in altering
risks to preterm labor. With enormous availability of data and studies
there is still vast gap between the associations of PROGINS with
preterm or related complications. Although our data has given a
descriptive path where the research could be continued but the actual
results will be only state if large sample size is been presented.

CONCLUSION
PROGINS polymorphisms had showed association in

preterm labor and are evidently enhancing risky genetic factors in

terms of the susceptibility of PTD.
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heterozygous polymorph; L 3 represents wild type; L 5 & 7 represents
homozygous polymorph Distribution of PR mutation and its association with
: preterm delivery

Figure 1: Representation of 2% Agaroe gel showing 306bp intron G insertion
of Progesterone Receptor Gene PROGINS polymorphisms
s

455bp

149bp & 455bp

Table 2: Allele and Genotype frequencies among mothers with preterm and

term deliveries
Preterm Term ODDS ratio P valie
(n=150) (m=150) (95% CI)
Genotypes
TUTI 118(78.66%) | 148(98.67%
TLT2 28(18.67%) | 2(1.33) 2006471~ | G001
T2/T2 4 (2.66) 0 85.45)
TUT2 & ” o
ke 32(22.6%) 2 (1.3%)
Alleles
Gl 150(100%) 150(100%) 18 (4.25- 0.0001
i) 36 (24%) 2(1.33) 76.1)
Data stated otherwise are number of patients in percentage
*T)T2 and T2/T2 Vs TUT1
b Fisher’s Test
Genotype Analysis

Genotype analysis was conducted in all enrolled cases for
the detection of wild type T1 and mutant T2 alleles shown in Figure
1. Women underwent preterm deliveries and term resulted
significantly difference, in the distribution of genotype frequency for
allele T2 (T1/T2 and T2/T2 Vs T1/T1 or 20.06 {95% CI 4.71-85.45};
p- 0.0001) and in the frequency of the mutant T2 allele (0.23-0.01; or
18 {95% CI: 4.25 — 76.1; p- 0.0001}). Four women from the study
group (preterm) and none in term (control) group were found
homozygous mutant for allele T2 (Table 2).

Preterm and its incidence by parity
Albeit, numerous interventions have been assessed, few

have a moderate-to-high proof for diminishing preterm birth:
smoking end and progesterone treatment in ladies with a high danger
of preterm birth in low to average-pay nations and cervical cerclage
for those in big-time salary nations. Risk partum and post-pregnancy
mediations (eg, antepartum maternal steroid organization, or
kangaroo mother care) to improve preterm neonatal endurance after
birth have been exhibited to be compelling yet have not been broadly
executed, [?2

In our study cohort, heterozygous variation was seen in 2
patients from the control group and 28 patients from preterm group
(study group). In the control group both the babies were born alive.

But from the preterm group it was seen that only 5 (17.85%) neonates

ISSN NO. 2320-7418

mﬁvived and 23 (82.14%) of them were either still bormn or died
immediately after birth. Additionally, the birth weight of 23 neonates
who had died and 5 neonates who had survived from the study group
were found in the range of 0-1 kg and 1-2 kg respectively. Similarly,
in preterm cases the homozygous variation was 4, among which 3
neonates were still born and 1 was alive. Neonates who survived
weighted 1.2kg and the still born weighted 0.80kg or less. This shows
how in both variations (heterozygous and homozygous) the neonates
who were still born were comparatively lower in weight as compared
to the neonates who survived.

As it is known, the age of the mother during pregnancy
plays another vital aspect for the outcome of the pregnancy and is
strongly linked with genetic variations we also found that 100% of
our study group mothers had access to full ANC and PNC care which
is very vital for proper monitoring and management of the pregnancy '
outcomes. Therefore, it shows that the cause of preterm birth and
stillborn neonates seen in mentioned 23 preterm cases with
heterozygous variation and 3 stillborn neonates seen in preterm cases
with homozygous variation occurred due to progesterone receptor
PROGINS polymorphisms.

Women who had received early prenatal care appears to
have a lower incidence of preterm birth than women who receive late
care or no prenatal care, and some researcher believes that this
decreased incidence results directly from some beneficial influence of
prenatal care.[23] The continuing elucidation of the mechanisms that
regulate preterm labor, combined with rigorous clinical assessment,
offer hope for future solutions.?’] To conclude, in this study the
variation in genetic factors, playé a significant role in preterm
delivery. However, this study resembles the studies where genetics
associations are found between SNP and clinically associated factors.
The major drawbacks in these studies are lack of evaluations of SNP,
small sample size, patient’s demographical data etc. However, our
finding puts a light on the SNP, whose research needed to be taken
into consideration to avoid the adverse pregnancy outcome in future.
With this current study, it has been analyzed that genetic factors are
involved with different clinical classification of Preterm deliveries
occurred in Navi Mumbai Population. Moreover, including the
cohorts from various regions of Navi Mumbai population is important
to correlate the findings from other regional populations that
contribute expanded knowledge for the cause of preterm delivery
DISCUSSION

Progesterone receptor gene altogether has seven introns and
eight exons (A-G). One of the progesterone receptor variant
polymorph consists of PV/HS-1 of 320/306bp Alu gets insert at
intron G and their [15, 24-27].PR involves in the physiological
effects of the progesterone and PR gene polymorphism, mostly in
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e hospital in Raigad
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Absiract Introduction: At end of 2019, a novel coronavirus caused severe acute respiratory syndrome, which

emerged in Wuhan, Hubei province of China. Health professionals have always used conventional mapping
(in recent times geographic information systems [GIS] mapping) as a useful tool for better tracking which
further facilitated better management of deadly contagions such as SARS-CoV 2. This study aimed to map
geographically the positive patients admitted in a dedicated COVID-19 hospital which is a tertiary care
hospital from April to June 2020 to gain insight into the local viral transmission and pattern of geographical
spread because of ongoing cluster transmission.

Objectives: The aims of this study were (1) to locate geographically the COVID-19 cases admitted from April
to June 2020 at a tertiary health-care facility, (2) to study trends and patterns of geographical spread, and (3)
to identify geographical clustering of cases, if any.

Materials and Methods: This was an observational, cross-sectional, secondary data-based study. The study was
conducted at MGM Medical College Hospital, Kamothe. The data were collected from existing surveillance and
lab data records. The data were analyzed in Excel and Epi info. Specialized GIS software was used for mapping
to Taluka level based on patients’ addresses using standard “.shp” files for the local area.

Results: There were a total of 968 cases. The majority of which were from Raigad district (839, 87%). The Panvel
taluka in Raigad District having Panvel as a major city and the thickly populated urban area has shown clustering
of cases extending to neighboring Uran taluka.

Conclusion: For better preparedness, we need to keep tracking new outbreaks through GIS and promote further
advances in mapping technologies.

Keywords: COVID-19, geographic information systems, mapping outbreak
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Table 1: Taluka wise distribution of COVID-19 positive cases admitted at hospital

District Mumbai

District Thane

District Raigad -
Alibag 9 Ward A 1 Ambarnath .
Karjat 16 Ward E 1 Kaly'an ‘ 2
Khalapur 17 Ward F/N 5 Navi Mumbai -
Mahad 11 Ward F/S 5 Thane
Mangaon 13 Ward G/N 3 Total 80
Panvel 629 Ward H/E 6
Pen 7 Ward H/W 1
Poladpur 1 Ward K/E 1
Roha 12 Ward L 1
Shrivardhan 2 Ward M/E 14
Uran 122 Ward N 4
Total 839 Ward P/N 1

Ward R/C 1

Ward R/N 1

Ward S 3

Ward T 1

Total 49

causing severe acute tespiratory syndrome (cotonavirus
disease-2019 [COVID-19]) emerged in Wuhan, Hubci
Province, China, and rapidly spread to other parts of China
and other countries around the world, despite China’s massive
efforts to contain the disease within Hubei. Compared to the
2002/2003 SARS-CoV and the 2012-2014 Middle Hast
Respiratory syndrome-related coronavirus (MERS-CoV),
the COVID-19 coronavirus spread strikingly fast. Although
MERS took about two and a half years to infect 1000 people
and SARS took roughly 4 months, the novel SARS-CoV-2
reached that figure in just 48 days. On January 30, 2020, the
World Health Organization (WHO) declared that the new
SARS-CoV-2 coronavirus outbreak constitutes a Public
Health Emergency of International Concern (PHEIC).P

Health professionals have long considered conventional
mapping, and more recently geographic information
systems (GIS), as ctitical tools in tracking and combating
contagion. The eatliest map visualization of the relationship
between place and health was in 1694 on plague containment
_in Italy®! The value of maps as a communication tool
blossomed over the next 225 yeats in the service of
understanding and tracking infectious diseascs, such as
yellow fever, cholera, and the 1918 influenza pandemic.
From the 1960s, when computerized GIS were born, the
possibilities for analyzing, visualizing, and detecting patterns
of disease dramatically increased again. A 2014 review of
the health GIS literature found that 248 out of 865 included
papers (28.7%) focused on infectious discasc mapping

In India, the initial COVID-19 testing strategy included
people who had international travel history with symptoms,
symptomatic contacts of laboratory-confirmed COVID-19
patients, and symptomatic healthcare workers managing
respiratory distress/severe acute respiratory illness
(SARI).®! All over India by May 14, 2020, a total of 51401

178

active cases, 27919 cured/discharged, and 2649 deaths
were reported.! Most people infected with the COVID-19
virus have mild disease and recover. Approximately 80%
of laboratory-confirmed patients have had mild disease,
15% required hospitalization, and 5% cases were critical
tequiring ventilator management. But the identification of
each case still was a critical part, to avoid those severe 20%
cases which add on as a major burden on the healthcare
system. Hence, this study was undertaken to identify the
pattern of the geographic distribution of cases [Table 1].

Objectives

1. To locate geographically the COVID-19 cases admitted
from April to June 2020 at a tertiary health-care facility.

2. To study the trend and pattetn of geographical spread
in the neighboring area over the time of 3 months.

3. To Identify geographical clustering of cases, if any.

MATERIALS AND METHODS

Study type
This was an observational, cross-sectional study, based on
secondary data.

Data collection

The study was conducted at MGM Medical College
Hospital, Kamothe, Navi Mumbai, India. The data were
collated from lab data records of the college by existing
surveillance.

Data sampling

Univessal sample. No sampling was done. All patients tested
positive for COVID-19 by real-time reverse transcription-
polymerase chain reaction (RT-PCR) or Gene Expert
technique, admitted at MGM Hospital, Kamothe, Navi
Mumbai, India from Aptil 1, 2020 to June 30, 2020.

MGM Joumnal of Medical Sciences
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Inclusion criteria
1. Patients admitted to MGM Hospital, Kamothe, Navi
- Mumbai, India from April 1, 2020 to June 30, 2020 as
COVID-19 cases with positive swab test results on RT-
PCR or Gene expert testing,
2. Residing in Mumbai city/Mumbai Subutrban/Thane/
Raigad district at the time of onset of symptoms.

Exclusion criteria
None.

Data analysis

Data were collated from surveillance/hospital /lab records
and entered in the spreadsheet, Microsoft Fxcel using the
standatd coding procedure. The data were analyzed in
Excel and Epi info. Specialized GIS software was used for
mapping to Taluka level based on patients’ addresses using
standard “.shp” files for the local area.

Quality control

*The process of data collation was supervised closely by all

co-investigators using standard cross-checking methods.
The Director, MGM School of Biomedical Sciences, Navi
Mumbai, India acted as a coordinator for Data Collation.
Department of Community Medicine, MGM Medical
College, and Hospital, Navi Mumbai, India conducted the
study. The principal invcstigator and all co-investigator
acted as guarantors for the integrity of the process of data
collection to the publication of results.

RESULTS

There were a total of 968 cases; the majority of which were
from the Raigad District (839, 87%) [Table 1]. The Panvel
taluka in Raigad District having Panvel as a major city and a
thickly populated urban area has shown clustering of cases
extending to neighboring Uran taluka [Figure 1].

In comparison, there were few patients from Thane and
Mumbai Districts secking treatment at this particular
hospital, however neighboring Navi Mumbai Corporation,
being a thickly populated urban area has shown relatively
more cases [Figute 2]. Cases from the M/E ward were
scen seeking treatment in this hospital, mostly due to road
connectivity and possibly being a catchment area [Figure 3].

DISCUSSION
To contain the COVID-19 epidemic, one of the

nonpharmacological epidemic control measures is reducing
the transmission rate of SARS-COV-2 in the population

MGM Journal of Medical Sciences | Volume 9 | Issue 2 | April-june 2022

Image 1

District - Raigad R e

100T =1 Case

Figure 1: The Panvel taluka in Raigad district having Panvel as a major
city and the thickly populated urban area has shown clustering of cases
extending to neighboring Uran taluka

>

through social distancing.” To maintain social distancing
and breaking the transmission chain, early identification
and prompt isolation of individuals is necessary, where
mapping proves its benefit as the disease is shown to be
spreading rapidly in thick urban populations.

A similar study done by Zahra Arab-Mazar in March—April
2020 in Iran stated that the highest number of COVID-19
cases were reported in the capital city, using GIS and
estimating the incidence/attack rates per province, that one
is placed as the seventh, having more cases per population
at Qom, Semnan, and Markaz, among other provinces.®!
Similarly in our study with the use of GIS mapping, we
were able to conclude that, the maximum number of cases
were from Raigad District (Panvel)

The WHO dirccts and coordinates international health,
combating communicable diseases through surveillance,
preparedness, and response, and applying GIS technology
to this work. On January 26, 2020, the WHO unveiled its
ArcGIS Operations Dashboard for COVID-19, which also

maps and lists coronavirus cases and the total number of
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Image 2

District - Thane

100T=1Cms

Figure 2: Navi Mumbai Corporation, being a thickly populated urban area has shown relatively more cases

deaths by country and Chinese province, with informational

image 3 ’ 19
panels about the map and its data resources.

John Snow (1813-1858) was able to trace the source of a
cholera outbreak in Soho, London, in 1854, thanks to his
well-known manual spatial analysis exercise using hand-
drawn paper maps of cholera cases and water pumps/
water companics supplying them with water. Today,
more advanced computerized spatial analyses integrating
phyloepidemiological methods are used to identify the likely
sources of new outbreaks.!"”)

A study by Kamel Boulos and Geraghty" in 2020 suggested
that dashboards and web maps bring together location and
time-sensitive events in relationship to spreading disease
and give travelers and officials the potential to reduce
exposure by avoiding public gatherings in case of a public
event. During the period of our study, it was observed
that during the peak phases of the pandemic in the Raigad
district, the cases were increasing, and the lockdown rules
were intensified, leading to a more strict lockdown.

3 o 5 Understanding of the burden on the health cate system
District - Mumbai can be facilitated by GIS mapping facing treatment facility
ik shortages in Wuhan, government officials commissioned

in late January the emergency construction of two new
Figure 3: Cases from the M/E (Maharashtra East) ward Yete.Seen hospitals, which together provide an additional 2600 beds.
seeking treatment in the hospital, mostly due to road connectivity and <

possibly being a catchment area. Ward-ME of Municipal Corporation 1 his increase in requirement for hospital facilities was
of Greater Mumbai predicted using GIS mapping.!'
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