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Background: Uranium is a toxic heavy metal, naturally present in soil and water, that causes several
health effects due to free radical generation and damage to DNA. Gynmenma sylvestre is a pharmacolog-
ically important medicinal plant that has been used in the treatment of diabetes and several other ail-
ments. Accordingly, in this analysis, we intended to examine the protective effect of G. sylvestre leaf
extract (GSE) against uranium toxicity.
Methods: Aqueous leaf extract of Gymnema sylvestre was prepared and its qualitative and quantitative
phytochemical analysis was carried out. The antioxidant potential of the extract was analysed. Human
lymphocytes isolated from freshly collected blood samples were treated with uranyl nitrate and GSE
independently and in combination. The toxic effects of uranium and the protective effect of the leaf
extract have been analyzed by MTT assay, micronucleus and cH2AX DNA damage response detection.
Results: Phytochemical analysis revealed the presence of major and important phytochemical groups
such as alkaloids, flavonoids, saponins, tannins, etc. 15 lg/mL of GSE significantly reduced toxicity in
the 3 different uranium concentrations (0.25, 0.50 & 0.75 mM). Cell viability percentage increased from
90.44 to 94%, 80.40 to 86% and 72.03 to 77.40% in the GSE and uranium co-exposure groups. GSE treat-
ment led to statistically significant reduction in the average number of micronuclei observed per 1000
binucleate cells in all three groups with values 30.66, 40 and 48.33 micronuclei respectively. GSE was
successful in reducing the cH2AX percentages in the treated cell groups with statistically significant pro-
tection with values 22.11 ± 1.56, 48.43 ± 0.83 and 51.14 ± 1.78 respectively.
Conclusion: This study is the first to report the in vitro toxic effects of uranium in human peripheral blood
mononuclear cells as well as the protective effect of Gymnema sylvestre against uranium induced dam-
ages. GSE could alleviate DNA damage in cells treated with uranium in a dose-dependent way.
Together these findings emphasize that GSE could be a promising protective agent against uranium-
induced damages and should be further evaluated for the identification of active principle(s).
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction have demonstrated the detoxifying capability of Gymnema sylves-
Uranium is an abundant heavy metal present in the earth’s
crust. However human activities such as uranium mining, over-
pumping of groundwater from archaic rock reservoirs, use of ura-
nium in ammunition, nuclear reactor, and nuclear processing facil-
ities, have led to elevated exposure of uranium to humans (Council,
1999). Occupational exposure and communities living in uranium
mining regions are often exposed to long-term implications of ura-
nium toxicity (Redvers et al., 2021). Uranium toxicity generates
free radicals in the cellular systems which affects biomolecules
and causes genetic damage (Gerber et al., 2018). The major toxico-
logical concern is biochemical rather than radiochemical. Uranium
has known to have direct genotoxic effects leading to DNA adduct,
DNA damage due to chromosome breakage and nongenotoxic
effects such as generation of reactive oxygen species which cause
indirect genomic damage (Dashner-Titus et al., 2020; Stearns
et al., 2005). This in turn leads to hypermutability, genomic insta-
bility, loss of growth; greatly increasing the risk of cancer (Council,
2012). Increased genotoxic and micronuclei damage in uranium
miners’ blood lymphocytes have been observed in short as well
as long-term impact studies in cytogenetic analysis (Kryscio
et al., 2009; Zölzer et al., 2012).

Health effects of uranium on humans have come from epidemi-
ological studies done on accidental exposures and studies carried
on occupationally exposed groups (Kelly-Reif et al., 2020). Cytoge-
netic analysis of lymphocytes in such studies has indicated geno-
mic damages but has provided inconsistent results.
Epidemiological studies are not controlled experiments and there-
fore difficult to establish causal relationship (Checkoway et al.,
2019). Therefore, there is a need to understand molecular mecha-
nism and toxic effects of uranium to human cells and tissues. The
limited work done to assess uranium effects invitro has yielded
positive results but calls for further research in this area. Even
though renal tissues have been long considered the primary target
of uranium effects, many studies have shown deleterious effects on
other organ systems including testes, spleen, thyroid, lymph nodes,
and nervous system and cells (Homma-Takeda et al., 2019). While
the standard procedure for estimating uranium, exposure is by
urine testing, it is considered that 60–70% of uranium is excreted
out (Keith et al., 2013).

Therefore, an estimate of uranium toxicity in blood cells would
provide a better estimate of the systemic burden and indicate
exposure to uranium. No such invitro studies on human lympho-
cytes had been done so far. Although there have been few epidemi-
ological researches for estimating the toxicity of uranyl nitrate,
very less has been explored in terms of protection. Several reports
point towards the antioxidant capacity and drug detoxification
potential of plant extracts, without themselves causing any side
effects (Flieger et al., 2021). Ayurvedic medicine in India has
tapped into this potential of phytochemicals to treat and alleviate
symptoms of several diseases. Gymnema sylvestre R. Br., also
known as ‘‘Meshasringi” in India, has been used to treat diabetes
mellitus for centuries (Khan et al., 2019). Bioactive components
of Gymnema sylvestre extract have been demonstrated to help with
eye diseases, asthma, snakebite, piles, chronic cough, dyspesis,
haemorrhoids, cardiopathy, colic discomfort and wound healing
(Patel et al., 2012; Subramanian et al., 2020). GSE has been shown
to have anti-diabetic, anti-inflammatory, anti-ulcer, anti-cancer
and wound healing properties (Aleisa et al., 2014; Arunachalam
et al., 2014; B. Aggarwal et al., 2011; Khan et al., 2019;
Subramanian et al., 2021). Recent studies also indicated radiopro-
tective effects of GSE in the alleviation of gamma radiation-
induced toxicity (Sinha et al., 2018a). Several studies in the past
2

tre, however its protective action against uranium induced toxicity
has never been reported so far.

The present study aims to explore the protective capability of
the aqueous extract of Gymnema sylvestre against cellular damage
caused by uranium in human lymphocytes in vitro. In this study,
we carried out preliminary investigations to determine the NOAEL
value of the GSE on human lymphocytes in vitro and to examine
the potential of GSE in alleviating the uranium-induced toxic
effects by micronucleus assay and Gamma-H2AX measurement.

2. Materials & methods

2.1. Chemicals

RPMI 1640, foetal bovine serum (FBS), L-glutamine, phyto-
hemagglutinin (PHA), Monoclonal antibody anti-phospho- Histone
H2A.X, FITC Conjugate were procured from Sigma Aldrich, India.
Uranyl nitrate hexahydrate (UO2(NO3)2�6H2O, analytical grade
was bought from Merck, India. 1,1-diphenyl-2-picrylhydrazyl
(DPPH), MTT, Ficoll HiSep, and other chemicals were purchased
from Himedia, India.

2.2. Preparation of the aqueous leaf extract

Leaves of the G. sylvestre plant were obtained from the ‘‘Herbal
Garden at Tamil University, Thanjavur, Tamil Nadu”, and the
herbarium was prepared for authentication (CENR/PTC/2018/05).
The plant samples were validated by botanist, Prof. P. Jayaraman,
‘‘Plant Anatomy Research Centre, Chennai”. The leaves were
washed with tap water twice, followed by rinsing in deionized
water thrice. The leaves were shade dried at room temperature
and powdered. To avoid the toxicity induced by the solvents, aque-
ous extract of leaf sample was prepared. Powdered leaf material
was extracted thrice in distilled water at an orbital shaker for
72 h. Followed by this, the Whatman No.1 filter paper was used
to filter the extract, lyophilized, and stored at �80 �C until further
use (Aiyegoro and Okoh, 2010). The percentage yield (w/w %) was
calculated from the product that was obtained after lyophilization
using the given formula (Dowlath et al., 2020).

Percentageyield ¼ Weight of the extract after lyophilization
Weight of the initially taken powdered sample

� 100
2.3. Preliminary phytochemical investigations

The qualitative phytochemical analysis for the aqueous extract
of G. sylvestre was carried out by previously established methods.
The extract was analyzed for the presence of phenolics (alkaline
test, lead acetate reagent test), flavonoids (alkaline reagent test),
alkaloids (Mayer’s, Wagner’s, Dragendorff’s test), triterpenes
(Liberman-Burchard test), phenolics (lead acetate, alkaline reagent
test), tannins (gelatine test), glycosides (Kellar Killani’s test), triter-
penes (Tschugajen test) and saponins (foam test). The presence and
absence of these phytochemicals in the extract were determined
(Kumar et al., 2013).

2.4. Quantitative phytochemical analysis

2.4.1. Determination of total phenolic content
The Folin Ciocalteu method was performed to determine the

phenolic contents present in the prepared extract (Hatami et al.,



Sherin John Joseph, S. Shanmugasundaram, Mohammed Junaid Hussain Dowlath et al. Journal of King Saud University – Science 34 (2022) 101895
2014). In this assay, the extract was mixed for 2 h in dark condi-
tions with FC reagent at 37 �C and the absorption was measured
using a UV–Vis spectrophotometer at 765 nm (Lab India, India).
Gallic acid of 0.1 mg/mL concentration was used as the standard
and values were represented in mg Gallic acid equivalent per gram
of dry extract.
2.4.2. Determination of total flavonoids
The aluminum chloride colorimetric technique was used to

identify the total flavonoids in the plant extract (Fattahi et al.,
2014). The extract has been dissolved in deionized water and
mixed with 5% sodium nitrite and incubated for 6 min. Further, fol-
lowing the addition of aluminum chloride (10%), the tube was
incubated for 5 min. 1 M sodium hydroxide was added and the
tubes were incubated at room temperature for 5 min. Spectropho-
tometrically, absorbance was recorded at 510 nm (UV–VIS spec-
trophotometer, Lab India). The total flavonoids were calculated in
mg catechin equivalent (CE)/g of plant extract.
2.5. Total antioxidant capacity

This capacity can be determined by dissolving the extract in
water in equal volume and to it, a reagent solution containing
4 M ammonium molybdate, 28 mM sodium phosphate, and
0.5 M sulfuric acid, was added (Jan et al., 2013). The solution
obtained was mixed thoroughly and incubated for 5 min. The
absorption was read spectrophotometrically at 695 nm (at UV–
Vis spectrophotometer, Lab India, India). The reaction mixture
has been incubated and absorbance determined at 695 nm with
a reagent blank. The standard used was Gallic acid and the results
were calculated as ascorbic acid equivalent.
2.6. DPPH radical scavenging assay

This assay was performed to estimate the free radical scaveng-
ing activity of GSE (Rahman et al., 2014). In this method, GSE was
mixed with 0.1 mM DPPH solution. The mixture was thoroughly
mixed and incubated for 30 min at 25 �C. Ascorbic acid (1 mM)
was considered the standard. The absorbance was read spec-
trophotometrically at 517 nm (UV–VIS spectrophotometer, Lab
India, India). The DPPH radical scavenging ability value is repre-
sented as ascorbic acid equivalents per grams of the plant extract.
2.7. Cytoprotective ability

2.7.1. Lymphocytes isolation
A total of five healthy male volunteers were enrolled in this

study who belonged to an age group of 20 to 30 years with a mean
age of 28 ± 1.6 years and were non-alcoholic and non-smoking
without recent exposure to mutagens or drug therapy. After receiv-
ing written consent from the volunteers, 5 mL of blood sample was
collected by the venipuncture method. The study was approved by
the ‘‘Ethics Committee, SRMMedical College Hospital and Research
Centre” (IEC:1400A). The blood taken in heparin vacutainers was
thoroughly mixed with the same volume of PBS (‘‘Phosphate Buf-
fered Saline”). The diluted blood sample was then gently stacked
and centrifuged to produce the buffy layer using Ficoll HiSep. The
buffy layer of peripheral blood mononuclear cells was washed
three times with PBS. The cells (1x106 cells/mL) were then poured
in a medium RPMI 1640, mixed with 10% FBS, also stimulated with
2% PHA and cultured at 37 �C with an atmosphere of 5% CO2. All
experiments were performed invitro on isolated human peripheral
blood mononuclear cells obtained from the study participants’
blood samples.
3

2.7.2. Treatment and MTT assay
Lymphocytes were analyzed for toxicity induced by GSE in the

concentration range of 1–50 lg/mL. As no adverse effect level
(NOAEL) was found, the maximum dosage of extract which is not
substantially different from the control response was determined
(Tualeka et al., 2019). Combination treatment of NOAEL dose of
G. sylvestre with three uranyl nitrate concentrations; 0.25, 0.50 &
0.75 mM were thereafter performed with filter sterilization. The
cells were cultured for 96 h after respective treatments and then
the cytotoxic and cytoprotective ability was evaluated using the
standard MTT assay. Briefly, after the treatment, the cells were
incubated with an MTT reagent (5 mg/mL) at 37 �C for 4 h. The
absorbance of the formazan crystals formed was analyzed by dis-
solving in dimethyl sulfoxide and reading at 570 nm and 720 nm
with an ELISA reader (Multiscan EX, Thermo Scientific, United
States). The percentage of cell viability was measured by the fol-
lowing equation (Meerloo et al., 2011):

Cell viability ¼ O:D: of Treatment � O:D: of Blank
Mean O:D: of Control� O:D: of Blank

� 100
2.7.3. Micronucleus (MN) assay
MN assay was done by addition of cytochalasin B, 44 h after ini-

tiation of culture (Akyıl et al., 2015). The cells were then cen-
trifuged and treated with hypotonic solution (0.125 M KCl). The
pellet was then harvested by resuspending in KCl, mixing, and
repeating the steps three times. Carnoy’s fixative was poured into
the tube and thereafter slides were prepared. The slides were
stained by Giemsa and inspected with a full filter at 800X1000
magnification with Nikon Eclipse 80i light microscope. These slides
have been coded for scoring, and 1000 binucleated (BN) cells were
evaluated for the presence of one or more micronuclei for every
exposure.
2.7.4. Gamma-H2AX measurement
Gamma-H2AX (cH2AX) detection was carried out according to

the manufacturer’s protocol using flow cytometry and FITC tagged
antibody (Muslimovic et al., 2008). Cells were incubated for a 96 h
study period, after which the cells were fixed by adding
paraformaldehyde (4%). The samples were washed once with PBS
and 0.5 percent Triton X-100 was applied to permeabilize the cell
wall. Thereafter, the cells were centrifuged, the supernatant
removed and monoclonal antibody anti-phospho- Histone H2A.X,
FITC Conjugate was added to the cells. The cells were then resus-
pended in PBS after incubation at 37 �C for 2 h and analyzed
directly on a Becton-Dickinson FACS-Calibur flow cytometer. To
analyze, histograms were plotted based on the fluorescence inten-
sity in arbitrary units, and by using BD CellQuest Pro software, the
mean fluorescence intensity has been determined (Ismail et al.,
2007). The mean cH2AX antibody staining intensity to the isotype
control was calculated with the mean fluorescence. The labeled
samples were gated according to the control histograms to calcu-
late the percentage of cells stained with cH2AX antibody. Each
sample was analyzed for 10,000 cells.
2.8. Statistical analysis

A two-way ANOVA test was done with Tukey’s multiple com-
parisons test for statistical analysis by utilizing GraphPad Prism
8.2 software. These treatments were performed triplicates and
the findings were expressed as a mean ± S.D. (standard deviation).
As statistically significant, P < 0.05 was considered.



Table 2
Quantitative phytochemical analysis of Gymnema sylvestre leaf extract. All the values
given in the table are means of triplicate determinations. Data presented as the
mean ± standard deviation.

Qualitative Analysis Results

Total Phenolics 295.24 ± 1.12
Total flavonoids 134.63 ± 15.85
Total antioxidant activity 10.14 ± 0.04
DPPH free radical scavenging activity 62.14 ± 0.32

Fig. 1. Effect of G. sylvestre extract (GSE) on uranyl nitrate (UN) induced cytotoxicity
in human peripheral lymphocytes. A = 0.25 mM, B = 0.50 mM and C = 0.75 mM
uranyl nitrate, GSE (NOAEL) = 15 lg/mL. # refers to P values of UN vs UN + GSE
group with statistical significance P < 0.05 level. Values given in Table 2.
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3. Results

3.1. Phytochemical screening

The percentage yield (w/w %) of G. sylvestre aqueous extract was
calculated and found to be 13.8%. The results of the preliminary
phytochemical analysis of the GSE screening are shown in Table 1
and Table 2. The phenol content was 295.24 ± 1.12 lg/g, flavonoids
were 134.63 ± 15.85 lg/g, total antioxidants were 10.14 ± 0.04 and
free radical scavenging activity of 62.14 ± 0.32 were detected in
GSE.

3.2. Cytotoxicity in human lymphocytes

When assayed by MTT, G. sylvestre did not show any cytotoxic-
ity in the tested doses in human lymphocytes. In concentrations
above 15 lg/mL higher cellular counts than the control was
observed, indicating the mitogenic ability of plant extract. The con-
centration of 15 lg/mL of GSE was the maximum extract dosage
not statistically distinct from the control response (data not given)
and was thus identified as NOAEL. Uranyl nitrate was toxic to
human peripheral blood mononuclear cells in all tested doses
(P < 0.05 versus Control). G. sylvestre was observed to be successful
in protecting against uranyl nitrate-induced cytotoxicity (Fig. 1).

3.3. Micronuclei frequency in treated human lymphocytes

The micronuclei frequency in cultures treated with uranyl
nitrate was significantly higher than control values. An increase
in concentrations of uranyl nitrate resulted in increased micronu-
clei (Fig. 2 and Fig. 3). A significant decrease in micronuclei was
observed in cell cultures treated with GSE along with uranyl nitrate
(P < 0.05). GSE by itself did not cause any genetic damages (P-value
non-significant compared to control). The average number of
micronuclei observed per 1000 binucleate cells with treatment
doses 0.25 mM, 0.50 mM & 0.75 mM were 40.66 ± 2.08,
49.66 ± 3.03 and 55.33 ± 3.05 respectively.

3.4. Measurement of DNA damage and repair response

A considerable augmentation of DNA damage response was
observed as enhanced phosphorylation of histone H2AX, with
increasing doses of uranyl nitrate in human lymphocytes which
were statistically significant in all treatment groups (Fig. 4). Treat-
ment with G. sylvestre alone did not result in cH2AX detection sig-
nifying no DNA damage in comparison to control (P-value non-
significant compared to control). The average number of cH2AX
percentages in the cells treated with uranium doses 0.25 mM,
0.50 mM & 0.75 mM were 33.52 ± 3.33, 57.18 ± 2.24and
63.02 ± 1.84 respectively. G. sylvestre was successful in reducing
the cH2AX percentages in the treated cell groups with statistically
significant protection observed in all three treatment groups
(Table 3).
Table 1
Qualitative phytochemical investigations of Gymnema sylvestre leaf extract.

Phytochemical Presence (+)/ Absence (-)

Alkaloids +
Flavonoids +
Glycosides –
Saponins +
Triterpenoids +
Phenolics +
Steroids +
Tanins +

Fig. 2. Micronucleus assay results depicting MN (%) in human lymphocytes treated
with different concentrations of uranyl nitrate (UN) and G. sylvestre extract (GSE).
BN = Binucleate cell, # refers to P values of UN Vs (UN + GSE) group with statistical
significance P < 0.05 level. Abbreviations and values as in Table 2.

4

4. Discussion

Plant products have gained attention in research because of the
presence of medically important bioactive constituents. The avail-



Fig. 3. Representative images of micronuclei formation as observed in this study. a.) Binucleate cell (BN) with micronucleus (MN) b.) BN with nucleo-plasmic bridge c.) BN
cell d.) BN with nuclear bud e.) Apoptotic cell f.) Mononucleated cell with MN.
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ability of these compounds signifies the role of plant products in
healthcare industry (Mousavi et al., 2018). The application of plant
products with strong antioxidant activity which is due to the pres-
ence of phenolic compounds is considered as a better strategy for
preventing oxidative cellular damage (Dhanasekaran, 2019). Our
study shows the presence of phytochemicals such as alkaloids,
phenolics, flavonoids, saponins which are responsible for the
antioxidant activity. The GSE also had sufficient phenol content
(295.24 ± 1.12 mg GAE/g extract) and flavonoids (134.63 ± 15.85
mg CAE/g extract). The GSE is an efficient free radical scavenger
as shown in Table 2. We observed that G. sylvestre extract was non-
toxic to human lymphocytes in vitro in our tested dose. The tested
dose of GSE did not result in cH2AX detection signifying no DNA
damage in comparison to the control group. The identification of
mitogenic ability of the GSE is an added advantage suggesting that
G. sylvestre is safe for human lymphocytes and can potentially be
used for therapeutic purposes. In a study carried out by Singh
et al, 2016 Gymnemic acid, a phytochemical available in Gymen-
ema extracts were found to demonstrate stimulation of lympho-
proliferation, both in the presence and absence of mitogens on
splenic lymphocytes. They concluded that the Gymnemic acid
shows immunomodulatory and lympho proliferation abilities
(Singh et al., 2016).

Previous studies of uranium effect on human lymphocytes have
been epidemiological with studies carried out in samples from
individuals exposed to uranium via accident or working in ura-
nium mines. The casual impact was hard to identify as effects of
other toxicants and radon are also involved in uranium miners
(Kryscio et al., 2009). The present study involved preliminary
investigations of uranyl nitrate effect on human lymphocytes
in vitro and dose-dependent increase in cytotoxicity was observed
by MTT assay. An exorbitant elevation in micronuclei was observed
as a consequence of increased uranyl nitrate concentration. Consis-
tent with our micronuclei results, we observed a high DNA damage
response triggered in all uranyl nitrate treated cultures by an
5

increase in cH2AX percentage in human lymphocytes. Similarly,
a dose-dependent elevated cH2AX expression in BEP2D cells was
found following treatment with uranyl nitrate in a 24 h study
(Jin et al., 2017). The present study also demonstrates the geno-
toxic effects of uranyl nitrate on human lymphocytes using cH2AX
staining, confirming their utility as genotoxic biomarkers, a useful
tool for biomonitoring (Nikolova et al., 2014). cH2AX may
therefore serve as a useful biomarker of uranium exposure in
human communities such as individuals working in uranium
mines, communities living close to areas of uranium mining,
nuclear reactor workers, and those exposed to accidental exposure
to uranium.

From the results of the experiments conducted, G. sylvestre was
recorded to be successful in protecting cells induced with uranyl
nitrate cytotoxicity which can be attributed to the existence of
antioxidants and various secondary metabolites. The elevation in
the micronuclei got declined when treated with GSE proving its
efficacy in rectifying cytotoxicity. Environmental factors and
increased oxidative damage by chemicals trigger DNA double-
strand breaks which have also led to identifying plant-based ther-
apeutics to counter DNA damage. Previous studies have indicated
that G. sylvestre has a protective action against radiation-induced
DNA damages due to its free radical scavenging and antioxidant
capabilities (Sinha et al., 2018a). Besides being safe by not causing
any genetic damage to cells GSE was also successful in rectifying
DNA damage by efficiently reducing the percentage of cH2AX in
uranyl nitrate-treated cells in all tested doses. Natural antioxidant
compounds can be relied for preventing the DNA damage caused
by free radical generation (Aryal et al., 2019; De Giffoni De
Carvalho et al., 2019). G. sylvestre is rich in antioxidants com-
pounds such as gurmarin, conduritol A, gymnemasins, Gymnema
saponins, gymnemosides, kaempferol, quercetin besides contain-
ing compounds such as phenols and saponins (Sinha et al.,
2018b). These factors have contributed to its role as a drug detox-
ifying agent and the current study has evidenced its potential in



Fig. 4. Flow cytometric detection of cH2AX formation induced in human peripheral blood lymphocytes in response to treatments with uranyl nitrate (UN) and G. sylvestre
(GSE). M1 refers to cells with basal DNA damage response. M2 defines the percentage of cells with increased DNA damage response represented by enhanced phosphorylation
of histone H2AX. Statistical analysis and abbreviations as in Table 2.
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protection from uranium. This suggests that GSE can be a new
source of therapeutics against genotoxicity induced by metals such
as Uranium as recognized in this study. Our investigations, call for
6

further research to understand minimal uranium risk assessment
in human lymphocytes, as well as other cells and organs to
advance our knowledge on uranium toxicity to humans.



Table 3
Cell viability percentage, Micronuclei frequency and cH2AX percentage obtained in
the treatment groups. UN = uranyl nitrate, GSE = Gymnema sylvestre extract.
A = 0.25 mM, B = 0.50 mM and C = 0.75 mM uranyl nitrate. Values are given as
mean ± S.D., n = 3. Two- way ANOVA was performed using GraphPad Prism 8. P values
were calculated for each test group Vs control and UN group Vs (UN + GSE) group.

Treatment Groups Cell Viability % MN/1000BN Cells cH2AX %

Control 99.40 ± 0.51 8.33 ± 0.57 1.04 ± 0.16
GSE 98.66 ± 0.57a 7.66 ± 0.56a 0.95 ± 0.06a

UN (A) 90.77 ± 0.58b 40.66 ± 2.08b 33.52 ± 3.33b

UN (A) + GSE 94 ± 1.0b,j 30.66 ± 1.15b,i 22.11 ± 1.56b,g

UN (B) 80.40 ± 0.94b 49.66 ± 3.0b 57.18 ± 2.24b

UN(B) + GSE 86.81 ± 1.33b,g 40 ± 2.0b,i 48.43 ± 0.83b,j

UN (C) 72.03 ± 0.62b 55.33 ± 3.05b 63.02 ± 1.84b

UN (C) + GSE 77.40 ± 0.92b,g 48.33 ± 1.52b,j 51.14 ± 1.78b,g

summary: a to e is Control Vs treatment; f to j is UN Vs (UN + GSE)
a = not significant compared to control group, f = not significant compared to
respective UN treatment group.
b = significant compared to control group (P < 0.0001) (****), g = significant com-
pared to respective UN treatment group (P < 0.0001) (####)
c = significant compared to control group(P < 0.001) (***), h = significant compared
to respective UN treatment group (P < 0.001) (###)
d = significant compared to control group(P < 0.01) (**), i = significant compared to
respective UN treatment group(P < 0.01) (##).
e = significant compared to control group (P < 0.05) (*), j = significant compared to
respective UN treatment group (P < 0.05) (#).
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5. Conclusion

In conclusion, our study demonstrates the genotoxic effects of
uranyl nitrate on human lymphocytes using cH2AX detection by
flow cytometry. This study also indicates that GSE at 15 lg/mL
doesn’t exert any significant changes to the human PBMCs. It is
also evident that GSE ameliorates cytotoxicity and genotoxicity
induced by uranyl nitrate in human peripheral blood mononuclear
cells. GSE can be a source of therapeutics against DNA damage
induced by heavy metals.
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