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Introduction

Obesity–a rising public health concern in all industrialized nations 

of the world–is often designated as an epidemic, affecting about 
600 million adults worldwide and with an annual death toll of 
300,000 in South-East Asia.1 As a result, consumption of alterna-
tive anti-obesity medications has gained popularity. Among them, 
weight-loss dietary supplements containing hydroxycitric acid 
(HCA), derived from the dried fruit rind of Garcinia sp. (16–26% 
HCA), include a major fraction, with a permissible dose of 15–47 
mg/kg/day (900∼2800 mg/day for a person weighing 60 kg).2 Nev-
ertheless, clinically obese patients have the propensity to consume 
unregulated doses in order to achieve their target weight. The fruit 
of Garcinia sp. is used in traditional Chinese medicine for its anti-
oxidant properties, which can be partly attributed to the presence of 
HCA.3,4 It performs competitive inhibition of ATP citrate lyase, an 
extra- mitochondrial enzyme which catalyzes the formation of the 
primary building blocks of fatty acid and cholesterol biosynthesis, 
oxaloacetate and acetyl coenzyme A from citrate coenzyme A.5

Cyto-genotoxicity studies on HCA are limited and their results 
are often conflicting, since different investigators have used differ-
ent production processes, concentrations, Garcinia sp. and sam-
pling points; the contradictions may also be due to the structural 
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instability of HCA, as it alters from open chain to lactone form, 
which is stabilized by counter ions such as potassium or calcium.5 
In vivo genotoxicity studies have revealed the induction of chro-
mosome aberration (CA), sister chromatid exchange (SCE) and 
micronuclei (MN).6,7 Paradoxically, recent in vitro studies did not 
reveal genotoxicity but showed cytotoxicity.8,9

Thus, in view of the recent incongruent scientific findings and 
the rising demand for HCA, the present study was undertaken using 
multiple cytotoxic (trypan blue dye exclusion (TB) test and MTT 
assay), genotoxic (comet, DNA diffusion assays) endpoints for the 
first time, with emphasis on their mechanisms by detection of reac-
tive oxygen species (ROS) generation (to reflect genotoxicity), mi-
tochondrial membrane potential (signified by ΔΨm) and apoptosis/
necrosis (to reflect cytotoxicity) in human lymphocytes. The hemo-
lytic effect of HCA in erythrocytes was also assessed. The assays for 
total polyphenolic content (TPC) and total flavonoid content (TFC) 
were employed for an initial phytochemical analysis. HCA showed 
high TFC, absence of cytotoxicity and hemolysis, but induced geno-
toxicity at concentrations higher than that recommended daily.

Methods

Test substance

Calcium salt of HCA (extracted from the fruit rind of Garcinia 
cambogia) was procured from Arjuna Natural Extracts Limited 
(Kerala, India) (Product code: GCC-073; CAS No. 90045-23-1). 
Figure 1 represents the chemical structure of HCA. The percentage 
of HCA was 50.9% (by high-performance liquid chromatography), 
with calcium content of 13–19% and salt content of <2.5%, as pro-
vided by the manufacturer. The lactone and citric acid contents 
were 1.2% and 3.1%, respectively.10 This compound containing 
∼50% HCA was used for toxicity studies without further purifica-
tion, as it is consumed in its crude form.

Phytochemical analysis

Ethanolic extracts of HCA (5, 7.5 and 10 mg/mL) were used for 
phytochemical screening.TPC was estimated according to the 
method of Singleton et al.11 using gallic acid as the standard. For 
TFC, the method of Chang et al.12 was used with the minor modi-
fications described by Nag et al.13 with quercetin as the standard. 
TPC was measured spectrophotometrically (Beckman Coulter, 
CA, USA) at 765 nm and expressed in terms of mg gallic acid 
equivalent per g HCA extract (mg GAE/g). TFC was estimated at 
420 nm (Beckman Coulter) and calculated as mg quercetin equiva-
lent per g HCA extract (mg QUE/g). All experiments were per-
formed in triplicate.

Test systems and treatment

Human blood was drawn by venipuncture from 3 healthy male 

adult volunteers (non-smokers, non-alcoholics and not consuming 
any medication), with their consent and following the Organisa-
tion for Economic Co-operation and Development (OECD) guide-
lines.14 Lymphocytes from each donor were isolated separately 
following the method of Boyum,15 using Histopaque density gra-
dient followed by resuspension in RPMI-1640 media at a concen-
tration of 2×106 cells/mL. Cell populations with >98% viability, as 
determined by TB test, were used.16 Erythrocytes were separated 
as previously described by Ghosh et al.17 and diluted in phosphate-
buffered saline (PBS) to a concentration of 2×106 cells/mL.

Selection of the concentration of HCA for study was based on 
preliminary cytotoxicity tests, previously published literature and 
recommended daily dosage.2 Cytotoxicity analysis was performed 
using MTT assay in concentrations ranging from 0–200 µg/mL 
HCA, where the cut-off point was deemed to be 70% cell viability 
as reported by Henderson et al.18 The freshly isolated lymphocytes 
and erythrocytes were incubated with 0, 10, 20, 40 or 100 µg/
mL HCA in RPMI-1640 media, along with positive control com-
pounds (100 µM H2O2 for TB, MTT, ΔΨm, apoptosis/necrosis, 
ROS assays; 100 µM methylmethanesulfonate (MMS) for comet 
and DNA diffusion assays; and 1 % TritonX-100 for hemolysis 
test(data not shown)) at a density of 1×106 cells/mL per concentra-
tion, with exposure for 3 h or 24 h at 37 °C.

All experiments were approved with ethical clearance by the 
Research Ethics Committee of University of Calcutta, India. The 
cells were treated with each concentration of HCA separately for 
each donor without pooling. To achieve acceptable results, all ex-
periments were repeated thrice from blood collected from each 
donor and each of the treatment concentrations were analyzed in 
triplicate.

Cytotoxicity analyses

TB test and MTT assay were performed according to the methods 
of Tennant and Mosmann, respectively, with modifications.16,19,20 
In the TB test, cell viability was scored using a Neubauer hemocy-
tometer under a light microscope (Leica, Wetzlar, Germany). For 
MTT, the optical density (OD) values were read (iMark™ Micro-
plate Absorbance Reader; Bio-Rad, CA, USA) at 570 nm, with 630 
nm as reference wavelength.

For ΔΨm, the cells were washed in PBS, stained with rhoda-
mine 123 (10 µM in PBS) and incubated for 15 min at 37 °C 
in the dark.17,21 Apoptotic and necrotic cell death was quantified 
using the annexin V-FITC/PI staining method by an apoptosis/
necrosis detection kit (BD Pharmingen, CA, USA).20,22 The cells 
were washed with PBS, resuspended in calcium binding buffer 
(100 µL), stained with annexin V-FITC (5 µL) and propidium io-
dide (PI) (5 µL; 1 µg/mL) for 15 min in the dark. Approximately 
10,000 events were analyzed for both ΔΨm and apoptosis/necro-
sis by flow cytometry (BD FACS Verse™; Becton Dickinson, NJ, 
USA). Data analysis was carried out using the BD FAC Suite soft-
ware, version 1.0.5.3841 (Becton Dickinson). The percentages of 
viable (PI−, annexin V−), early apoptotic (annexin V+, PI−), late 
apoptotic (annexin V+, PI+) and necrotic (annexinV−, PI+) cells 
were calculated. The results of ΔΨm were expressed as fold-
change over control.

Genotoxicity analysis

Comet assay was performed following the method of Tice et 
al.23, with modifications.20 Slides were prepared in triplicate 
per concentration;image procurement (Leica) and data analysis 

Fig. 1. Chemical structure of hydroxycitric acid.
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were carried out using Komet 5.5 software (Kinetic Imaging, 
Nottingham, UK). Among the comet parameters, we report the 
medians of the percent tail DNA from 300 (100×3) nuclei/con-
centration. The number of hedgehog structures were counted 
manually (300 nuclei/concentration; 100/slide) and expressed 
as percent.24

DNA diffusion assay was performed according to the method 
of Gichner et al.25, with modifications.20 Slide processing was the 
same as for the comet assay, but without subjectionto electropho-
resis. The slides were placed in spermine solution (1 mg/mL in 
50% ethanol) for 30 min after lysing. Staining, visualization and 
data analysis was the same as in the comet assay. The percentage 
of nuclear area of 300 (100×3) nuclei per concentration was used 
to express nuclear DNA diffusion and the percentage of diffused 
nuclei was calculated manually.

The treated lymphocytes were incubated in 2′, 7′ dichlorofluo-
rescein diacetate (DCFH-DA) (25 µM in PBS) for 30 min at 37 
°C in the dark for ROS analysis.17,26 About 10,000 events were 
analyzed by flow cytometer using the same instrument and data 
analysis software as for the study of ΔΨm and apoptosis/necrosis. 
Data are expressed as fold-change over control.

Effect on erythrocytes by hemolysis test

The treated erythrocyte suspensions were analyzed for hemolysis 
according to the method of Katsu et al.27, with modifications.17 
The degree of hemolysis was estimated by measuring the absorb-
ance of the supernatant at 540 nm (Beckman Coulter). Results are 
expressed as:

Where a = AbsorbanceSample, b = AbsorbanceNegative control, and c = 
AbsorbancePositive control

Statistical analysis

One-way ANOVA (Sigma Plot 12.0, Systat Software Inc., CA, 
USA) was performed and the level of statistical significance was 
established at p < 0.05. Multiple comparisons were carried out us-

ing Duncan’s multiple range tests. All data are presented as mean 
± SEM of three replicates.

Results

Phytochemical analysis of HCA

TPC and TFC of HCA were assessed for phytochemical analysis. 
TPC was estimated to be 0.105 ± 0.022 mg GAE/g, as determined 
by reference to the standard curve of gallic acid (y = 0.088x + 
0.132, R2 = 0.99). A high TFC of 8.94 ± 0.082 mg QUE/g was de-
tected, by reference to the standard curve of quercetin (y = 0.037x 
+ 0.0017, R2 = 0.99).

Effect of HCA on cell viability, mitochondrial function and mode 
of cell death in human lymphocytes

Figure 2 demonstrates the absence of significant induction of cyto-
toxicity, as evaluated by TB test and MTT assay. No significant de-
cline in cell viability was observed by TB test at either time interval 
(p < 0.05), demonstrating lack of effect on cell membrane perme-
ability. Exposure to the highest concentration of HCA (100 µg/mL) 
led to 89.88% and 80.83% cell viability at 3 h and 24 h, respectively. 
The percent cell viability with the positive control H2O2 (100 µM) 
was 81.7% and 73.2% at 3 h and 24 h, respectively. MTT assay 
displayed no significant decline in cell viability, indicating no effect 
on the mitochondrial dehydrogenase activity after 3 h and 24 h, with 
the exception of a significant decline (76.79%) at the highest con-
centration of 100 µg/mL at 24 h (Fig. 2). IC50 values of HCA ranged 
from 29.330 ± 0.072 mg/mL at 3 h to 27.695 ± 0.069 mg/mL at 24 
h exposure. The positive control H2O2 (100 µM) revealed percent 
cell viability of 69.41% and 56.69 % at 3 h and 24 h, respectively.

The cationic fluorescent probe rhodamine 123 revealed insignif-
icant depolarization of the mitochondrial membranes (ΔΨm) upon 
HCA treatment at both time points (Fig. 3). The least decline in 
the intensity of rhodamine 123 fluorescence quantified at 24 h was 
∼21% less than control in 100 µg/mL HCA-treated cells.

The mode of cell death was assessed by annexin V-FITC/PI 
double-staining. There was insignificant rise in early or late apo-
ptotic cells and negligible occurrence of necrotic cells at all treat-
ment concentrations (Fig. 4). These results mirror the MTT assay 
data. Thus, the unaffected mitochondrial dehydrogenase activity, 
unaltered mitochondrial metabolic activity and the retention of in-
tact mitochondrial membranes are correlated with the absence of 
apoptosis. The meager frequency of necrotic cells can be corrobo-
rated with the TB test data showing lack of cell membrane damage.

Evaluation of genotoxicity and oxidative stress in human lym-
phocytes

HCA-induced DNA damage (tail DNA percent) was statistically 
significant at concentrations of 40 and 100 µg/mL, at both time 
points,as observed by comet assay. The percent tail DNA values 
were approximately 6- and 7-fold higher than the respective con-
trols at 100 µg/mL after 3 h and 24 h, respectively (Fig. 5a). These 
concentrations are almost identical to and approximately double 
the maximum permitted dose (i.e. 900–2800 mg/day or 15–47 mg/
kg/day, respectively).2 The percent increase in hedgehogs followed 
a similar pattern as the comet results (p< 0.05). The positive con-
trol MMS (100 µM) showed 62.9% and 76.42% tail DNA and led 

Fig. 2. Cytotoxicity evaluation of HCA at 0, 10, 20, 40 and 100 µg/mL 
in human lymphocytes after 3 h and 24 h by trypan blue dye exclusion 
test and MTT assay. *p< 0.05 vs. control, one-way ANOVA, n=3. Abbrevia-
tions: HCA, hydroxycitric acid; TB test, trypan blue dye exclusion test; MTT, 
3-(4,5-dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium bromide.
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to the formation of 37.2% and 52.4% hedgehogs, after 3 h and 24 
h, respectively. DNA diffusion under alkaline/neutral conditions 
is a widely-accepted biomarker of DNA strand breaks that lead 
to apoptotic/necrotic cell death.24 Figure 5b shows the minor rise 
in the percent nuclear area and frequency of diffused nuclei upon 
HCA treatment, which is indicative of low cytotoxicity. The high-
est treatment concentration of HCA (100 µg/mL) induced signifi-
cant increase in the percent nuclear area at 3 h and 24 h compared 
to the respective controls. MMS (100 µM) induced substantially 
high increase in the percent nuclear area and the percent diffused 
nuclei at 3 h and 24 h.

As a mechanism of DNA damage, oxidative stress was evalu-
ated using the hydrophobic non-fluorescent dye DCFH-DA,which 
infiltrates cells rapidly and is hydrolyzed by intracellular esterases 
to produce DCFH. The oxidation of DCFH by intracellular ROS to 
its fluorescent 2-electron product 2′, 7′dichlorofluorescein (DCF) 
was quantified by flow cytometry. Significant increase in ROS 
production was found at concentrations of 40 µg/mL and above 
at both the 3 h and 24 h times compared to the respective controls 
(Fig. 6). The results were approximately 2- and 3-fold higher for 
100 µg/mL of HCA exposure than that of control at 3 h and 24 h, 
respectively.

Taken together, the results suggest that HCA-induced geno-
toxicity may not lead to apoptotic/necrotic cell death. Such DNA 
damage can be attributed to oxidative stress, which is independ-
ent of mitochondrial ROS generation, as reflected by negligible 
decline in ΔΨm.

Estimation of hemolytic potential

Toxicity studies on lymphocytes were succeeded by an analysis 
of the hemolytic potential of erythrocytes. As shown in Figure 7, 
there was no significant rise in percent hemolysis at either 3 h or 

24 h compared to control.

Discussion

The rising problem of clinical obesity has led to the increased us-
age of HCA derived from Garcinia sp. as the chief component of 
weight-loss dietary supplements, thereby necessitating its thorough 
toxicological evaluation. Reports on its safety and efficacy are 
conflicting, and the published in vitro studies using cyto-genotox-
ic endpoints are limited. Therefore, the present investigation was 
carried out using human lymphocytes and erythrocytes to provide 
information on (a) cytotoxicity and mitochondrial function, (b) ge-
notoxicity and oxidative stress, and (c) hemolysis induced by HCA.

Phytochemical screening of HCA in terms of TPC and TFC 
was undertaken to understand the correlation between its chemical 
constituents and their biological effects in vitro. The TFC (8.94 
± 0.082 mg QUE/g) of HCA was higher than the TPC (0.105 ± 
0.022 mg GAE/g). Present literature is replete with diverse val-
ues of TPC and TFC which vary with extraction solvents (ethanol, 
methanol, water) and Garcinia species.3,4 High flavonoid content 
of G. cambogia fruit extracts (ethanolic/methanolic and water) 
ranges between 0.137–30 mg QUE/g.3,4 Our result of high TFC for 
pure Ca salt of HCA derived from G. cambogia fruit rind is within 
the range of these available values for crude G. cambogia extracts. 
Such high TFC of HCA is also validated by previous studies and is 
reported to cause hypolipidemic activity.28

In our study, HCA was non-cytotoxic to human lymphocytes, 
as demonstrated by TB test and MTT assay,and showed negligible 
mitochondrial dysfunction at the tested concentrations. Findings 
reported from elsewhere have indicated that G. atroviridis acid 
ester derivatives containing HCA were non-cytotoxic in CEMSS 
(human T-lymphoblastic leukemia) cells and Raji (human B-lym-
phoblastoid) cells.29 On the other hand, exposure of 3T3 fibroblast 

Fig. 3. Flow cytometric estimation of mitochondrial membrane potential by rhodamine 123 staining in human lymphocytes treated with various concen-
trations of HCA for 3 h and 24 h. (a) Intensity of rhodamine 123 fluorescence as fold-change over control. (b) Representative flow cytometry histograms of 
control and the highest treatment concentration of HCA (100 µg/mL) at 3 h and 24 h time intervals. *p< 0.05 vs. control, one-way ANOVA, n=3. Abbrevia-
tions: HCA, hydroxycitric acid; FITC, fluorescein isothiocyanate.
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cells to G. indica crude extracts diluted in dimethyl sulfoxide at a 
concentration of 240 µg/mLled to nearly 80% decline in cell vi-
ability after 6 days.9 Such divergent results may be due to differ-
ences in treatment duration, test system, type of extracts and dilu-
tion solvent. Therefore, we considered it prudent to evaluate the 
mechanisms of induced cytotoxicity with regard to mitochondrial 
membrane potential and mode of cell death by flow cytometry.

Alteration in mitochondrial membrane potential (as signified by 
ΔΨm) as a result of mitochondrial dysfunction and subsequent ap-
optosis is a key mechanism of cytotoxicity.21 The effect of HCA on 
mitochondrial function was negligible, as observed by the uptake 
of the positively-charged fluorescent dye rhodamine-123 by mi-
tochondrial membranes of the treated lymphocytes. These results 
are congruent with the findings of MTT assay and the mode of cell 
death analyzed by annexin V-FITC/PI double-staining. Hence, we 
provide the first report of Ca salt of HCA derived from G. cambo-
gia being non-cytotoxic to human lymphocytes.

HCA-induced genotoxicity was significant at high concentra-
tions (40 and 100 µg/mL) for both time intervals examined. Im-
portantly, these concentrations are nearly equivalent to and higher 
than the permissible dose (i.e. 2800 mg/day), respectively.2 The rise 
in hedgehog frequency and nuclear area validated the increase in 
percent tail DNA by comet assay, although such DNA strand breaks 
did not culminate in apoptosis/necrosis. In this regard, it can be 
assumed that repair enzymes may be involved to prevent the onset 
of cytotoxicity as a result of a continuous process of DNA damage.

Hedgehogs are comet structures with pin-like heads and nearly 
all DNA concentrated in the tail. Recent reports have affirmed the 
occurrence of hedgehogs as an upper end of a continuous process 
of DNA damage and not diagnostic of apoptosis/cytotoxicity, as 
previously believed.24 Hence, DNA diffusion assay was used in 

this study to distinguish apoptotic nuclei having dense central 
nuclear DNA with a hazy and lighter halo-like outer zone from 
necrotic nuclei with well-defined outer boundary and relatively 
distinct appearance.25 Among the diffused nuclei, we observed ap-
optotic nuclei rather than necrotic nuclei. This is in agreement with 
the negative finding of necrotic cells by TB test and the annexin V-
FITC/PI double-staining data showing minor but insignificant rise 
in early apoptotic cells and negligible necrotic cell populations.

Our group recently affirmed the DNA damaging potential of 
G. indica fruit extracts in mice by the cytogenetic endpoints of 
SCE and CA.6 Lee and Lee,7 reported significant induction of MN 
at higher concentrations of HCA-SX (Ca/K salt of 60 % HCA) 
in mice.7 In particular, chromosome aberration tests performed 
in Chinese hamster ovary cells exposed to HCA-SX revealed ab-
sence of chromosome aberrations.7 In another study, comet assay 
of human blood treated for 4 h with crude G. cambogia extracts 
(at 125 and 250 µg/mL concentrations) showed a steady but sta-
tistically insignificant rise in DNA damage.8 Furthermore, in vivo 
cytogenetic studies and in vitro bacterial mutagenicity analyses 
were negative for citric acid and its sodium and tripotassium salts 
present in HCA formulations, proving HCA to be the chief cause 
of genotoxic responses.30

These contrasting genotoxicity findings in the literature lead 
us to hypothesize that the DNA strand breaks induced by HCA at 
higher concentrations may not always progress to form chromo-
some aberrations in vitro, but may induce MN, chromosome aber-
rations and SCE in vivo. The likelihood of such DNA damages be-
ing repaired over time and not terminating into any genetic hazard 
cannot be ruled out. Similar flavonoid-rich phytochemicals such as 
curcumin from Curcuma amada rhizome and Punica granatum L. 
(pomegranate) whole fruit extracts have been reported to be non-

Fig. 4. Mode of cell death assessed by annexin V/FITC-PI staining in human lymphocytes treated with 0, 10, 20, 40 and 100 µg/mL HCA after 3 h and 24 h. 
Frequency of live, early apoptotic, late apoptotic and necrotic lymphocytes after (a) 3 h and (b) 24 h. (c) Representative flow cytometry dot plots showing the 
distribution of events according to the intensity of FITC and propidium iodide scattering among the quadrants segregated as LL (live cells), LR (early apoptotic 
cells), UR (late apoptotic cells) and UL (necrotic cells) at control and the highest HCA concentration (100 µg/mL). *p< 0.05 vs. control, one-way ANOVA, n=3. 
Abbreviations: HCA, hydroxycitric acid; FITC, fluorescein isothiocyanate.
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cytotoxic but genotoxic at higher concentrations both in vitro and 
in vivo.31,32

Oxidative stress is a known mechanism of DNA damage.17,20 
Therefore, estimation of ROS in human lymphocytes was carried 
out in this study to investigate the mechanism of the genotoxic 
responses observed in comet assay. A significant increase in ROS 
was noted at the similar higher concentrations that showed geno-
toxic response. In this regard, studies on the potential toxicity of 

plant extracts rich in flavonoids by others have affirmed their pro-
oxidant activities and possible genotoxic responses at higher con-
centrations.33 Thus, high TFC of HCA can be a probable cause of 
ROS generation at higher concentrations.

Minimal decline in ΔΨm and subsequent low cytotoxicity im-
plies the ability of intracellular antioxidant systems to regulate 
ROS levels lower than the minimum threshold limits necessary for 
cell injury/death. This also leads to the assumption of possible in-

Fig. 6. Dose-dependent induction of ROS generation in human lymphocytes treated with 0, 10, 20, 40 or 100 µg/mL HCA for 3 h and 24 h. (a) Fold-change 
of 2′, 7′dichlorofluorescein fluorescence over control. (b) Representative flow cytometry histograms of the treated lymphocytes at control and the highest 
HCA concentration (100 µg/mL) after 3 h and 24 h. *p< 0.05 vs. control, by one-way ANOVA, n = 3. Abbreviations: HCA, hydroxycitric acid; ROS, reactive 
oxygen species; FITC, fluorescein isothiocyanate.

Fig. 5. Genotoxicity analysis in human lymphocytes treated with 0, 10, 20, 40 or 100 µg/mL HCA after 3 h and 24 h. (a) Comet assay (percent tail DNA and 
percent hedgehogs). (b) DNA diffusion assay (percent nuclear area and percent diffused nuclei). *p< 0.05 vs. control, by one-way ANOVA, n = 3. Abbrevia-
tions: HCA, hydroxycitric acid.
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volvement of other known cellular organelles such as endosomes, 
lysosomes and Golgi apparatus, instead of mitochondria, in the 
generation of ROS.34,35 Therefore, DNA damage incited by HCA 
at high concentrations is ROS mediated and may be, putatively, 
repaired over time with the activation of cellular ROS quenching 
mechanisms since such genotoxic responses did not culminate in 
cell death. Further studies involving prolonged exposure are re-
quired to affirm such a premise.

In agreement with our findings in lymphocytes, HCA did not 
display any hemolytic potential in erythrocytes in our study ei-
ther. A previous study on G. cambogia fruit extracts also revealed 
absence of hemolytic activity.8 Moreover, the same extracts also 
showed erythropoetic activity in Wistar rats.36

Hence, additional studies are needed to assess the DNA damage 
and repair pathways associated with HCA exposure at high con-
centrations. Moreover, our results ascertain the safe consumption 
of HCA within the acceptable dose limit (∼2800 mg/day).

Conclusion and future perspectives

The findings of this study provide support for the absence of he-
molysis in erythrocytes and cytotoxicity of HCA in human lym-
phocytes. The genotoxic potential of HCA as a result of oxidative 
stress was noted at tested concentrations that were high and be-
yond the permissible limit. Its high flavonoid content may impart 
pro-oxidant properties, resulting in ROS generation and leading 
to DNA damage. However, the possibilities of ROS quenching by 
the cellular antioxidant system facilitating DNA repair over time 
cannot be ruled out. Since our study was composed of only in vitro 
experiments, further studies are required to understand the DNA 
damage and repair mechanisms incited by HCA at different time 
points, both in vitro and in vivo, for its safer and more efficient 
long-term usage. Hence, consumption of HCA at low concentra-
tions can be recommended for weight loss in obese and overweight 
individuals,with the aim of motivating them to embrace a healthier 
diet with regular exercise.
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