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Background: 1‑nitropyrene  (1‑NPy) is one of the most abundant nitro‑polycyclic aromatic 
hydrocarbons particularly in diesel exhausts. It is a mutagenic and carcinogenic pollutant 
very widespread in the environment. So the discovery of antimutagenic agents is essential. 
Harpagophytum procumbens  (HP) is traditionally used as anti‑inflammatory and analgesic 
particularly against painful osteoarthritis. Harpagoside  (HS), its major iridoid glycoside, is 
considered as the main active component. Objective: The aim of the present study was to 
evaluate the antimutagenic activity of HS and HP extracts against mutagenic activity of 
1‑NPy. Materials and Methods: The antimutagenic activity was investigated using the in vitro 
cytokinesis‑block micronucleus assay in cultured human lymphocytes. Cells were exposed to HS 
or HP extracts before (pretreatment), during (co‑treatment), and after (posttreatment) treatment 
with 1‑NPy. Results: Results showed that HS significantly reduced the mutagenicity of 1‑NPy in 
pretreatment and particularly in co‑treatment, whereas all HP extracts significantly reduced the 
genotoxicity in the three protocols. Conclusion: These results suggested that HS was strongly 
involved in antimutagenic activity of HP extracts in co‑treatment, but other components in HP 
extracts participated in this activity in pre‑ and post‑treatment.
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INTRODUCTION

Human exposure to environmental mutagenic/
carcinogenic pollution is still a matter of  concern. 
Pollution of  air, water and soil is estimated to account 
for 1–4% of  all cancers.[1] Among the large number 
of  worrying pollutants, nitro‑polycyclic aromatic 
hydrocarbons compounds (nitro‑PAHs) have been related 
to the development of  lung, skin and bladder cancers.[2,3] 
Several studies have shown that 1‑nitropyrene (1‑NPy) is 
one of  the most abundant nitro‑PAH particularly in diesel 
exhausts.[4] The International Agency for Research on 
Cancer has assessed that 1‑NPy is possibly carcinogenic to 
humans (Group 2B).[3] 1‑NPy was found to be mutagenic 

in mutagenicity test using bacteria and mammalian cells.[5‑8] 
Many genes related to pro‑inflammatory response were 
induced by 1‑NPy, suggesting that 1‑NPy plays a pivotal 
role in the pathogenesis of  inflammatory diseases caused 
by ambient air pollutants such as diesel exhausted particles 
and urban air particulates.[9‑11] 1‑NPy is present in the 
human environment, and its elimination seems to be 
impossible, so studies carried out to avoid its deleterious 
effects are parts of  the general policy of  environmental 
carcinogenesis prevention. An interesting way is the 
identification of  natural agents that could significantly 
reduce mutagenic effects and/or increase the resistance 
of  the human organism. The use of  antimutagenic plants 
to inhibit DNA and/or chromosomal damage that initiate 
carcinogenesis appears to be a feasible strategy in the 
prevention of  cancer.[12,13] Various medicinal and dietary 
plants containing cancer preventive and antimutagenic 
molecules have been described.[14‑18] Plant extracts are 
interesting in the search of  antigenotoxic or antimutagenic 
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activity because they contain several compounds 
associated with complementary or synergistic activity.

Among these compounds, iridoids represent an important 
group of  natural constituents. These secondary metabolites 
are cyclopentano[c] pyran monoterpenoids and are usually 
found as glycosides. They are present in a large number of  
medicinal plants belonging to various genera particularly 
Plantago, Cornus, Scrophularia, Gentiana and Harpagophytum. 
A  large number of  iridoids, described as the active 
compounds of  various plants used in traditional medicine, 
display a broad range of  biological and pharmacological 
activities such as choleretic,[19] hepatoprotective,[20] 
hemodynamic,[21] antimicrobial,[22] antitumoral[23] and 
anti‑inflammatory activities.[24,25]

Harpagophytum procumbens  (HP) D.C.  (Pedaliaceae) 
commonly called Devil’s claw, is an herbaceous plant 
growing in the south of  Africa, mainly in the Kalahari 
Desert and in the Namibian steppes. HP is traditionally 
used as anti‑inflammatory in treating pain and inflammation 
in arthritis and rheumatism. The herbal drug consists 
the secondary roots that contain iridoids as active 
compounds. The powdered herbal drug or the aqueous 
and hydroethanolic extracts are generally used in 
phytotherapy. The iridoid glycoside fraction contains 
mainly harpagoside  (HS), procumbide, harpagide and 
8‑0‑p‑coumaroylharpagide. HS  [Figure  1], the main 
iridoid glycoside of  HP, has been extensively investigated 
with respect to its pharmacological properties including 
anti‑inflammatory and analgesic activities.[26‑28] The precise 
mechanisms by which HP may reduce inflammation remain 
to be elucidated, but HS is designated as a marker in this 
indication.[29]

The in  vitro cytokinesis‑block micronucleus  (CBMN) 
assay has emerged as one of  the preferred methods for 
assessing chromosomal damage because they enable to 
reliably measure both aneugenic (chromosome loss) and 
clastogenic (chromosome breakage) events (Organisation 
for Economic Co‑operation and Development [OECD] 
guideline 478).[30] Micronuclei  (MN) may contain 
acentric chromosomal fragments formed by unrepaired 
double‑strand breaks, or lagged chromosomes that have 
failed to segregate into a daughter macronucleus during 
mitosis. At telophase, a nuclear envelope forms around 

the lagging chromosomes and fragments forming a small 
nucleus, named MN. The rate of  micronucleated cells is, 
therefore, a biomarker of  chromosome damage. Although 
CBMN assay is usually used to screen for environmental 
mutagens, it can be used to identify the antimutagenic 
potential of  natural extracts or chemicals on eukaryotic 
cells. Three different experimental protocols were used 
to investigate the mechanism of  antimutagenicity:  (a) A 
pretreatment protocol to show the ability of  compounds to 
prevent mutagen‑induced DNA damage; (b) a co‑treatment 
protocol in which direct chemical interactions between 
natural compounds and extracts and mutagen could 
occur either outside or inside the cells; (c) a posttreatment 
protocol in which a protective effect could be seen only if  
the damage to the cells is not converted to chromosome 
breakage or loss at the end of  the mutagen exposure period.

In the present study, we evaluated HS and HP extracts 
for their ability to decrease 1‑NPy induced chromosomal 
damage in cultured human lymphocytes using the in vitro 
CBMN assay. In order to evaluate the HS contribution in 
the chromosome damage modulation, HS and HP extracts 
containing the same HS concentration were tested. Cells 
were exposed to HS or HP extracts before (pretreatment), 
during (co‑treatment), and after treatment (posttreatment) 
with 1‑NPy in order to determine the possible mechanism 
of  antimutagenicity.

MATERIALS AND METHODS

Chemicals
Harpagoside  (HS  –  purity 99%) was purchased 
from Extrasynthèse (Genay, France). 1‑nitropyrene 
(1‑NPy – purity 99%), mitomycin C (MMC – purity 98%), 
chlorophyllin (Chl) sodium copper salt (Chl – purity 99%), 
dimethyl sulfoxide (DMSO), phytohemagglutinin (PHA), 
L‑ergothioneine  (ERT) and cytochalasin B were from 
Sigma‑Aldrich (Saint Quentin Fallavier, France). Heparin 
was purchased from VWR (Fontenay‑sous‑Bois, France).

Plant material and extraction
Dried secondary roots of  HP were purchased from Cailleau 
Herboristerie, batch 19995 (Chemillé, France). Roots were 
protected from light and humidity and were ground to a 
fine powder before use. HP powder (20 g) was extracted 
successively with ethanol and water/ethanol (50:50, v/v) by 
percolation for 12 h at room temperature. The extracts were 
evaporated to dryness under vacuum. For hydroalcoholic 
solution, after evaporation of  ethanol, the aqueous 
solution was then freeze‑dried. The dried extracts were 
dissolved in DMSO before antimutagenicity evaluation. 
Aqueous extract of  HP was prepared by boiling 20 g of  
powdered roots in 300 mL of  distilled water for 15 min. Figure 1: Chemical structure of harpagoside
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The decoction was passed through a layer of  cotton, and it 
was then freeze‑dried. This extract was dissolved in water 
before antimutagenicity evaluation.

High‑performance liquid chromatography analysis
Analyses were performed using an Agilent 1100 Series 
apparatus (degasser G1379A, quaternary pump G1311A, 
autosampler G1313A, a photodiode array detector G1315B). 
The system was piloted by ChemStation computer software. 
The chromatographic separation was achieved using a 
Symmetry C18 column 250  ×  4.6  mm, 5  µm  (Waters, 
MA, USA) protected by a Symmetry C18 (20 × 3.9 mm, 
5 µm) guard column. The mobile phase was a mixture of  
methanol and water (57:43, v/v) under isocratic conditions. 
The flow rate of  the mobile phase was 1.0 mL/min and 
the injection volume was 20 µL. All separations were 
performed at room temperature. Quantification was carried 
out at a single wavelength of  278 nm. High‑performance 
liquid chromatography (HPLC) analysis was performed as 
described in the monograph “harpagophyton (racine d’)” 
of  the European Pharmacopeia.[31] A standard solution of  
HS was prepared at a concentration of  0.2 mg/mL in the 
mobile phase and filtered through a syringe filter (0.45 μm, 
Millipore) before HPLC analysis. The extract solutions 
were prepared at a concentration of  10.0 mg/mL in the 
mobile phase and filtered through a syringe filter (0.45 μm, 
Millipore) before HPLC analysis.

Cytokinesis‑block micronucleus assay
Lymphocyte cultures
Antimutagenic and mutagenic properties of  HS and HP 
extracts were investigated in whole blood lymphocyte 
cultures, which may facilitate metabolic activation or 
detoxification of  the tested compound.[32] Blood was 
obtained by venipuncture from 33 healthy nonsmoking 
male and female donors aged 20 to 55, after informed 
consent, and collected in heparinized tubes. A 0.35 mL 
amount of  blood was cultured in 4.6  mL of  X‑vivo 
serum‑free medium  (Lonza, Levallois‑Perret, France) 
supplemented with 1% PHA and 1% heparin and incubated 
in 5% CO2 at 37°C for 72 h. All treatments were performed 
in duplicate in three independent experiments.

Mutagenic assay
Harpagoside and HP extracts were first evaluated for 
mutagenicity. Sterile DMSO and MMC (5 µg/mL) were 
used as negative and positive controls respectively. HS, 
HP extracts and controls were added to culture 24  h 
after PHA stimulation. HS was dissolved in water and 
then serially diluted in order to prepare solutions with 
HS concentration of  0.001, 0.01, 0.1 and 1.0  µg/mL. 
The highest non‑mutagenic concentrations of  HS will be 
selected to evaluate its protective potential against 1‑NPy 
induced DNA damage. HP extracts concentrations used 

to evaluate their mutagenicity were defined by their HS 
content so that the HS concentration in each extract was 
the highest non‑mutagenic concentrations of  HS.

Antimutagenic assay
Lymphocyte cultures were treated with mutagen, 
1‑NPy (1 µg/mL) 24 h after PHA stimulation. Antimutagenic 
activity of  Chl, ERT, HP extract and HS was evaluated. 
Three treatment schedules were used to assess the capability 
of  compounds to inhibit the mutagenicity of  1‑NPy: (a) 
Pretreatment protocol: Lymphocytes were first treated with 
compounds for 5 h, washed with supplemented X‑vivo 
medium, then treated with 1‑NPy for 5 h. (b) Posttreatment 
protocol: Lymphocytes were first treated with 1‑NPy for 
5  h, washed with supplemented X‑Vivo medium, then 
posttreated with compounds for 5  h.  (c) Co‑treatment 
protocol: Cells were co‑treated with 1‑NPy and either Chl 
or HS or HP extracts for 5 h. Vehicles used for Chl, ERT, 
HS (sterile water EP Grade), HP extracts (sterile water EP 
Grade or DMSO) and 1‑NPy (DMSO) were added in the 
culture medium of  the negative controls, so that controls 
and tests medium have the same volume. 1‑NPy (1 µg/mL) 
alone was used for the positive control to mutagenic activity, 
and 1‑NPy treated with Chl (35 µg/ml) was used as positive 
control for antimutagenic activity.

Cell harvest and slide scoring
Cytochalasin B was added to the cultures 43 h after PHA 
stimulation at a final concentration of  6 μg/mL, and 
lymphocyte cultures were harvested after 72 h. Lymphocytes 
were collected, then treated with 5 mL of  0.075 M KCl for 1 
min. Cells were fixed immediately using a 3:1 methanol/acetic 
acid solution. This fixation step was repeated twice after 
20 min of  storage at 4°C. Cells were spread on precleaned 
slides, air‑dried, and staining was achieved with 5% Giemsa 
for 10  min. Stained slides were examined under a light 
microscope. For each culture, the binucleated micronucleated 
cell  (BMNC) rates were expressed as the numbers of  
micronucleated cells per 1000 binucleated lymphocytes. MN 
was scored according to standard criteria.[33]

Evaluation of protective capacity against 
1‑nitropyrene
The reduction of  BMNC rate was determined as follows: 
Reduction (%) = ([BMNC rate in A – BMNC rate in B]/
[BMNC rate in A – BMNC rate in C]) ×100, where A is 
the positive control, B is the group of  cells treated with 
mutagen and HP extract or HS, and C is the negative 
control.

Evaluation of cytotoxicity
Cytotoxicity was evaluated by determination of  cytostasis 
calculated from the cytokinesis block proliferation 
index (CBPI).
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Cytokinesis block proliferation index indicates the 
number of  cell cycles per cell during the period of  
exposure to cytochalasin B, was determined by scoring 
500 cells per treatment. It was calculated as follows: CBPI 
= (M1 + 2 [M2] +3 [M3])/500, where M1, M2 and M3 are 
the number of  cells with 1, 2, 3 or more nuclei, respectively.

Cytostasis was calculated as follows: Cytostasis (%) = 
100 – 100 ([CBPIB – 1]/[CPBIC – 1]), where B is the group 
of  cells treated with mutagen and HP extract or HS and 
C is the negative control. A cytotoxicity is defined by a 
cytostasis of  55 ± 5% or more (OECD guidelines).

Statistical analysis
The BMNC rate was compared to control and treatments 
using Mann–Whitney U‑test. This test is a nonparametric 
statistical test for assessing whether one of  the two 
samples of  independent observations tends to have larger 
values than the other. U‑test can be applied for samples, 
which don’t follow the normal distribution. P < 0.05 was 
considered as statistically significant.

RESULTS AND DISCUSSION

1‑nitropyrene is a mutagenic and carcinogenic pollutant very 
widespread in the environment. It is well known that 1‑NPy 
induces several genes involved in the pro‑inflammatory 
response and that an inflammatory pathway seems one 
of  the environmental mutagenic mechanisms.[9‑11] For this 
reason, it was relevant to test a natural anti‑inflammatory 
compound for its antimutagenicity against the mutagenic/
carcinogenic pollutant 1‑NPy. HP is a medicinal plant 
containing HS and used for its anti‑inflammatory 
properties.

The mutagenicity of  HP extracts and HS has not been 
evaluated yet. In the current study, the mutagenicity of  HP 
extracts and HS were evaluated using CBMN assay. The 
results of  the mutagenicity testing are presented in Table 1. 
According to OECD 487, the criterion for a positive 
mutagenic response is a statistically increase in the BMNC 
rates compared to negative controls, without cytostasis 
greater than 55% ± 5%. Studies on HP anti‑inflammatory 
activity showed that extracts with HS concentrations 
ranging from 0.8 µg/ml to 20 µg/ml, inhibited COX‑2 
and PEG2 activities and interleukine production in whole 
blood[26] and in human monocytes.[34] Mutagenic activity 
was determined at these active concentrations. HS (0.01, 
0.1, 1 and 10 µg/mL) did not increase the BMNC rate 
and was not cytotoxic [Table 1]. Results indicated that HS 
was neither clastogenic nor aneugenic in the range of  the 
tested concentrations. The selected HS concentration to 
be used in antimutagenic assay was, therefore, the highest 

tested concentration, 10  µg/mL. For each HP extract, 
the single tested concentration was defined in order to 
obtain 10  µg/mL of  HS in the culture medium. The 
content of  HS in HP extracts was determined by HPLC 
analysis. The chromatograms of  the three extracts are 
presented in Figure 2. For each extract, HS is the main 
compound and 8‑O‑p‑coumaroylharpagide is a minor 
iridoid identified by comparison with a reference isolated 
in the laboratory. The ethanolic extract showed the highest 
HS content  (10.80%, w/w) and hydroethanolic extract 
the lowest HS content (1.46%, w/w), the HS content for 
aqueous extract is 1.88%  (w/w). So, the concentrations 
were 532 µg/mL, 93 µg/mL and 685 µg/mL for aqueous, 
ethanolic and hydro‑ethanolic extracts, respectively. At 
these concentrations, the three HP extracts did not increase 
the BMNC rate in lymphocyte culture, and no cytotoxic 
effect was observed [Table 1].

Results of  the antimutagenicity test are presented in 
Tables 2 and 3. The criterion for a positive antimutagenic 
response was a statistically significant decrease in the 
BMNC rate compared to 1‑NPy induced BMNC rate, 
without cytostasis greater than 55% ± 5%. In each 
treatment, 1‑NPy induced a significant increase in BMNC 
rates compared to vehicle controls and Chl caused a 
significant decrease in 1‑NPy induced BMNC rates. Chl 
is a water‑soluble derivative of  chlorophyll that possesses 
anticarcinogenic and antimutagenic properties.[35,36] In all 
protocols, 1‑NPy alone or in combination with Chl or HS 
or HP extracts did not change cytostasis. Antimutagenic 

Table 1: Effects of HS and HP extracts on the 
BMNC rate and cytostasis, in human peripheral 
lymphocytes cultured in vitro

Concentration 
(µg/mL)

BMNC/ 
1000 BNCs

% 
cytostasis

DMSO 0.1% 5.2±0.8
MMC 5 17.2±1.5** 5%±3
Harpagoside 0.01 5.3±0.5 3%±2

0.1 5.8±0.8 3%±3
1 5.3±0.8 4%±4
10 5.5±1.2 4%±5

DMSO 0.1% 9.0±3.7
MMC 5 26.0±5.4** 1%±10
Aqueous extract 532 10.8±4.9 4%±9
DMSO 0.1% 5.7±1.6
MMC 5 26.7±3.4** 2%±8
Ethanolic extract 93 6.8±1.5 1%±9
Hydroethanolic extract 685 7.3±1.0 0%±11

**P<0.01, (U‑test). Each datum represents three independent experiments 
performed in duplicate. HP extracts concentrations were adjusted so that 
HS concentration was 10 µg/mL in the culture medium. Results indicated 
that HP extracts and HS were neither mutagenic nor cytotoxic in the tested 
concentrations. BMNC: Binucleated micronucleated cell, BNCs: Binucleated 
cells, HP: Harpagophytum procumbens, HS: Harpagoside, MMC: Mitomycin C, 
DMSO: Dimethyl sulfoxide
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activity was evaluated using  (i) Chl at 35  µg/mL 
(ii) the highest HS concentration tested (10 µg/mL) and 
(iii) aqueous, ethanolic and hydroethanolic HP extracts.

In Table  2, the antimutagenicity assay performed using 
HS showed a significant decrease in BMNC rates in 
both pre‑  and co‑treatment protocols but not in the 
posttreatment. The clastogenicity and/or aneugenicity of  

1‑NPy was moderately (43%) and strongly (101%) reduced 
by HS in the pre‑ and co‑treatment protocols, respectively.

The effects of  HP extracts, in pre‑, co‑ and post‑treatment 
protocols, on the 1‑NPy induced BMNC rates and cytostasis 
are shown in Tables 3. In pre‑treatment protocol, the three 
extracts induced a significant decrease in 1‑NPy induced 
BMNC rates (P < 0.01). Decreases in BMNC rates were 
much closed, ranging from 81% to 85%. The protective 
effects of  the three HP extracts toward 1‑NPy were higher 
than the protective effect observed using pure HS. This 
observation supports the hypothesis that compounds other 
than HS can prevent chromosome damage are present in 
the three HP extracts. In co‑treatment protocol, the extracts 
induced a significant decrease in 1‑NPy induced BMNC 
rates (P < 0.01). The BMNC rates were reduced by 95%, 
84% and 78% using aqueous, hydroethanolic and ethanolic 
extracts respectively. The strong protective effect of  the 
three HP extracts toward 1‑NPy induced chromosome 
damage can mainly be attributed to HS. Indeed, decreases 
in BMNC rates are considerable (>78%) using HP extracts 
and HS. In posttreatment protocol, similar effects were 
observed. The three extracts induced a significant decrease 
in 1‑NPy induced BMNC rates: 95%, 95% and 46% for 
aqueous, ethanolic and hydroethanolic extracts respectively. 
A strong protective effect of  the aqueous and ethanolic 
extracts toward chromosome damage was observed 
whereas HS has no protective effect. The hydroethanolic 
extract was moderately protective toward 1‑NPy induced 
chromosome damage. These results suggest that other 

Table 2: Effects of HS (10 µg/mL) and ERT on 
the 1‑NPy (1 µg/mL) induced BMNC rate and 
cytostasis, in human peripheral lymphocytes 
cultured in vitro

BMNC/ 
1000 BNCs

% 
reduction

% 
cytostasis

DMSO 0.1% 8.5±0.5**
1‑NPy 18.2±2.9 3%±2
1‑NPy+HS 
pretreatment protocol

13.8±1.9* 43%±17 9%±2

1‑NPy+HS 
posttreatment protocol

15.5±2.4 26%±20 10%±3

1‑NPy+HS 
co‑treatment protocol

8.5±1.2** 101%±11 4%±2

1‑NPy+Chl 
co‑treatment protocol

9.9±2.0** 85%±16 3%±2

1‑NPy+ERT 
co‑treatment protocol

11.4±2.1** 69%±7 3%±3

*P<0.05, **P<0.01, (U‑test). Each datum represents three independent 
experiments performed in duplicate. The mutagenicity of 1‑NPy was reduced by 
HS in the pre‑ and co‑treatment protocols and by ERT, a free radical scavenger, 
in the co‑treatment. BMNC: Binucleated micronucleated cell, BNCs: Binucleated 
cells, Chl: Chlorophyllin (35 µg/mL), HS: Harpagoside, 1‑NPy: 1‑nitropyrene, 
ERT: L‑ergothioneine (0.5 mM), DMSO: Dimethyl sulfoxide

Figure 2: High-performance liquid chromatography chromatographic profiles of Harpagophytum procumbens extracts. (a) Aqueous extract, 
(b) hydroethanolic extract, (c) ethanolic extract

c

ba
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components in HP extracts participated in this activity in 
posttreatment.

The 1‑NPy genotoxicity partly acts through the production 
of  reactive oxygen species  (ROS) and partly through 
adduct formation. To ensure the generation of  ROS in our 
experimental model after 1‑NPy treatments, a supporting 
experiment has been performed. Lymphocyte cultures 
were treated with 1‑NPy and co‑treated with ERT  (0.5 
mM), a well‑known free radical scavenger.[37] Results are 
shown in Table 2. ERT significantly reduced the 1‑NPy 
induced BMNC rates (69%). The ROS production seems 
to be the major pathway of  1‑NPy mutagenesis in our 
experimental model. Several studies showed that HP 
exhibits antioxidant capacity by the radical scavenging 
effect, but HS did not contribute significantly to this 
activity.[28,38‑40,41] HP extracts contain, in addition to iridoids, 
phenylpropanoid glycosides (acteoside, isoacteoside), 
and flavonoids (kaempferol, luteolin), all well‑known for 

their antioxidant activities.[25,41‑43] These compounds could 
explain the strong increase in antimutagenic effect of  HP 
extracts in pretreatment. Antimutagenic properties of  
flavonoids have been reported against mutagenicity induced 
by tert‑butyl hydroperoxide, a ROS generator[44] and 
against mutagenicity induced by many other mutagens.[43] 
In addition, phenolic compounds possess a wide range of  
biological activities, which contribute to their inhibitory 
effects on carcinogenesis. Extensive research has been 
conducted in vitro or in vivo on antioxidant and anticancer 
activities of  phenolic compounds from medicinal and 
dietary plants, such as curcumin, gingerol and capsaicin.[17,45] 
Several studies have shown antimutagenic activities of  
plant extracts against 1‑NPy in Salmonella typhimurium, 
probably due to their polyphenolic composition.[46‑50] 
However, an anti‑adduct mechanism cannot be eliminated. 
Additional experiments are necessary to determine the 
precise mechanism of  antimutagenicity of  HP extract. 
Interestingly, studies on HP/HS anti‑inflammatory 

Table 3: Effects of aqueous, hydroethanolic and ethanolic HP extracts, in pre, co‑ and posttreatment 
protocol, on the 1‑NPy induced BMNC rate and cytostasis, in human peripheral lymphocytes cultured in vitro

Concentration (µg/mL) BMNC/1000 BNCs % reduction % cytostasis
Extracts in pretreatment

DMSO 0.05%+sterile water 7.7±1.8**
1‑Npy 1 14.8±1.9 1%±3
1‑NPy+aqueous extract 532 9.0±2.6** 81%±15 3%±4
1‑NPy+Chl 35 9.0±2.7** 81%±17 2%±1
DMSO 0.1% 3.7±1.8**
1‑NPy 1 10.2±0.8 1%±4
1‑NPy+ethanolic extract 93 4.8±0.4** 81%±13 0%±2
1‑NPy+hydroethanolic extract 685 4.5±1.0** 85%±16 1%±4
1‑NPy+Chl 35 4.9±2.1** 81%±15 2%±1

Extracts in co‑treatment
DMSO 0.05% + sterile water 5.8±1.5**
1‑NPy 1 13.7±2.1 10%±11
1‑NPy+aqueous extract 532 6.3±0.8** 95%±15 18%±10
1‑NPy+Chl 35 6.9±2.0** 85%±16 12%±10
DMSO 0.1% 8.3±4.0**
1‑NPy 1 19.8±4.9 3%±2
1‑NPy+ethanolic extract 93 10.5±3.1** 78%±14 2%±3
1‑NPy+hydroethanolic extract 685 10.0±4.5** 84%±7 1%±5
1‑NPy+Chl 35 9.9±3.0** 85%±12 3% ±2

Extracts in posttreatment
DMSO 0.05% + sterile water 5.5 ± 2.4**
1‑NPy 1 13.3 ± 3.2 3%±4
1‑NPy+aqueous extract 532 5.7 ± 2.0** 95%±14 1%±6
1‑NPy+Chl 35 7.6 ± 2.1** 72%±17 4%±4
DMSO 0.1% 6.3 ± 1.2**
1‑NPy 1 19.5 ± 3.0 0%±3
1‑NPy+ethanolic extract 93 8.7 ± 0.8** 95%±14 1%±3
1‑NPy+hydroethanolic extract 685 12.2 ± 0.8** 46%±16 1%±4
1‑NPy+Chl 35 9.7 ± 2.1** 73%±20 4%±3

**P<0.01, versus mutagen (U‑test). Each datum represents three independent experiments performed in duplicate. HP extracts concentrations were adjusted so that HS 
concentration was 10µg/mL in the culture medium. In the three treatments protocol, the three extracts induced a significant decrease in 1‑NPy induced BMNC rates. BMNC: 
Binucleated micronucleated cell, BNCs: Binucleated cells, Chl: Chlorophyllin, HP: Harpagophytum procumbens, 1‑NPy: 1‑nitropyrene, HS: Harpagoside, DMSO: Dimethyl 
sulfoxide
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activities are in accordance with our results on HP/HS 
antimutagenic activities. Indeed, studies suggested that the 
anti‑inflammatory activity of  the HP extracts are higher 
than that of  pure HS.[28,41]

Lymphocytes were exposed to HS or HP extracts 
before  (pretreatment), during  (co‑treatment), and 
after  (posttreatment) treatment with 1‑NPy in order to 
collect much information as possible on the mechanism of  
antimutagenicity. Inhibition of  a chromosome damaging 
effect can result from  (i) a direct interaction between 
the mutagen and the antimutagen, and this interaction 
could occur outside and/or inside the cells,  (ii) a HS or 
HP extract induced cellular effect that could enhance a 
protective mechanism. In pre‑ and post‑treatment protocol, 
mutagen and antimutagen were not present simultaneously 
in the culture, suggesting that the antimutagenic effect was 
consecutive to a HS or HP extract induced cellular effect. 
In contrast, in co‑treatment protocol, both protective 
cellular effect and direct interaction between mutagen 
and antimutagen could occur. A classification of  possible 
mechanisms of  mutagenesis and carcinogenesis inhibitors 
has been proposed.[12] The mutagenicity of  1‑NPy was 
reduced in pretreatment (43% ± 17%) and more intensely in 
the co‑treatment (101% ± 11%). The decrease in BMNC rate 
observed in pretreatment protocol suggests an increase in 
protective cellular mechanisms mentioned previously, such 
as stimulation of  expression of  antioxidant enzymes. The 
BMNC rate decrease observed in the co‑treatment protocol 
is greater than in the pretreatment, indicating an additional 
protective mechanism, as a direct interaction between HS 
and 1‑NPy. HP extracts decrease 1‑NPy induced BMNC 
rates in the three treatment protocols [Table 3]. The BMNC 
rate decrease observed in the co‑treatment protocol for 
HS and HP extract is similar suggesting that antimutagenic 
activity in co‑treatment can be attributed to HS. The BMNC 
rate decrease is greater for HP extract than HS in pre‑ and 
post‑treatment, indicating compounds other than HS are 
probably involved in the cellular effect.

CONCLUSION

Harpagoside and HP extracts are antimutagenic toward 
the environmental mutagen/carcinogen 1‑NPy. This is 
the first report of  antimutagenic properties of  HS and 
HP. The 1‑NPy induced chromosomal damage protection 
was greater using HP extracts than HS, probably due to 
the presence of  natural antioxidants in the extracts. These 
results underline the interest of  aqueous or hydroethanolic 
extracts of  HP usually used in phytotherapy. Further 
investigations are necessary to deepen the knowledge of  the 
relationships between anti‑inflammatory and antimutagenic 
effects. This correlation could justify the evaluation of  

other anti‑inflammatory plants and natural molecules for 
their antimutagenic properties.
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