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Abstract 

 

Background: Arsenic, a major water pollutant in India, produces toxic effects on male reproductive system due to oxidative stress. Ar-

senic contaminated drinking water causes several health problems such as Blackfoot disease, hypertension, diabetes mellitus, disturb-

ances in the nervous system and cancers of liver, kidney, lung and bladder in humans.  

Aim: This study accessed the efficacy of Chlorophytum borivilianum in reducing arsenic-induced biochemical and nucleic acid damages 

in mice testis.  

Methods: A different group of adult Swiss albino mice was made such as control group, C. borivilianum group, sodium arsenite group 

and combination group. For antioxidant activity, ABTS radical cation decolorization assay was done. Body and testis weight, protein, 

sialic acid, ATPase activity, DNA and RNA content in the testis were also estimated.  

Results: Animals exposed to sodium arsenite at the dose of 4.0 mg/kg b.wt. showed significant decrease (p<0.001) in testicular protein, 

sialic acid, ATPase activity, DNA and RNA content indicate DNA damage and apoptosis whereas combination group showed a signifi-

cant increase in all the parameters.  

Conclusion: The results thus led us to conclude that administration of C. borivilianum at the dose of 800 mg/kg b.wt. Significantly pro-

tects against arsenic-induced oxidative stress. 
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1. Introduction 

Arsenic is a naturally occurring metalloid with potent toxic and 

mutagenic effects (Klein et al., 2007). It is present ubiquitously in 

the environment and releases from both natural and man-made 

sources (Erbanova et al., 2008). Humans are exposed to arsenic by 

ingestion of contaminated water, food and drugs or inhalation 

from burning of arsenic contaminated coal, semiconductor and 

glass manufacturing sites (Ali and Ali, 2010). Drinking water may 

be contaminated with arsenic from arsenical pesticide, natural 

mineral deposits or improperly disposed arsenical chemical (Guha 

Mazumder, 2008). Contamination of drinking water is a major 

health problem in certain areas including parts of Bangladesh, 

United States, Taiwan, Mexico, Japan and India where the arsenic 

concentration exceeds the WHO’s drinking water provisional 

guideline value 10 µg/L (Kokilavani et al., 2005). Chronic expo-

sure has been linked with a myriad of possible health effects, in-

cluding skin lesions, hypertension, cardiovascular disease, pulmo-

nary disease, reproductive (Sharma and Kumar, 2011; 2012) and 

neurological dysfunctions, hematological changes, and malignan-

cies of the skin and internal organs (Gopalkrishnan and Rao, 2006; 

Santra et al., 2007). Oxidative stress has been proposed as a plau-

sible general mode of action for arsenic toxicity (Sharma et al., 

2009). Oxidative stress is characterized by generation of several 

ROS, such as superoxide anion, hydroxyl radical, hydrogen perox-

ide, singlet oxygen, peroxyl radical and nitric oxide (Vizcaya-Ruiz 

et al., 2009). Among these, the hydroxyl radical is the most toxic  

 

 

because it easily passes through membrane barriers to the cell’s 

nucleus and strongly reacts mutagenically with DNA (Robertson 

et al., 2003). Arsenic induced formation of ROS and subsequent 

depletion of antioxidant cell defenses can result in disruption of 

the antioxidant/prooxidant equilibrium in mammalian tissues 

(Jomova et al., 2011). Metabolic disorders, hypertrophy of adrenal 

glands (Biswas et al., 1994) inhibition of the activity of testicular 

steroidogenic enzymes (Sarkar et al., 2003) and a reduction in the 

weight of the testis and accessory sex organs (Sarkar et al., 1991) 

are associated with exposure to arsenics. Toxicity of such agents 

in the testis may lead to testicular dysfunction, arrest of spermato-

genesis and production of abnormal sperms (Peltola et al., 1994).  

For the amelioration of toxicological effects of environmental 

toxicant especially heavy metals, natural products obtained from 

plants are positively used. Chlorophytum borivilianum Sant. F. 

(Liliaceae) also known as 'Safed Musli' is a traditional rare Indian 

medicinal herb which has many therapeutic applications in 

Ayurvedic, Unani, Homeopathic and Allopathic system of medi-

cine (Vijaya and Chavan, 2009).Root is used as aphrodisiac, diu-

retic, astringent ,useful in dysentery, as an antidiabetic and as 

appetizing agent (Chetty and Rao, 1989).  It deals with the proper 

modulation of neuro-endocrino- immunological systems 

(Patwardhan et al., 2005). Its activity ranges from improvement in 

mental acuity, maintenance of homeostasis, prevention of degen-

erative disease, antioxidant and improves in failing sexual func-

tion (Kaushik, 2005). Its root contains steroidal and triterpenoidal 

saponins, sapogenins and fructans which act as therapeutic agents 

and play vital role in many therapeutic applications (Thakur and 
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Dixit, 2008). It is a source of alkaloids, vitamins, proteins, carbo-

hydrates, steroids, saponins, potassium, calcium, magnesium, 

phenol, resins, mucilage, and polysaccharides and also contains 

high quantity of simple sugars, mainly sucrose, glucose, fructose, 

galactose, mannose and xylose (Thakur et al., 2009). The aim of 

the present study was, therefore undertaken to investigate the 

modulatory role of Chlorophytum borivilianum against arsenic 

induced biochemical and nucleic acid damages. 

2. Materials and methods 

2.1. Test system 

Adult male Swiss albino mice (6–8weeks old, weighing 25±2g) 

maintained in the animal house as an inbred colony (Procured 

from IVRI, Izatnagar, India) under controlled conditions of tem-

perature (25±2◦C), relative humidity (50±15%) and normal photo-

period (12 h light and 12 h dark). The animals were housed in 

standard polypropylene laboratory cages containing 5-cm deep 

layer of sawdust bedding. Mice were given standard mice feed 

(Hindustan Lever Ltd., India) and tapwater  adlibitum. Once in a 

fortnight tetracycline water was given as a preventive measure 

against infection. The ethical committee of Department of Zoolo-

gy, University of Rajasthan, Jaipur (India) has approved to carry 

out the experimental protocol.  

2.2. Test chemical and plant material 

Arsenic in the form of NaAsO2 (mol. wt. 129.9) was obtained 

from standard commercial suppliers [Himedia, Mumbai, India 

Ltd.]. The roots of C. borivilianum were collected from the market 

and it was identified (RUBL No.19902) from the herbarium of 

Department of Botany, University of Rajasthan, Jaipur, India. The 

animals were administered C. borivilianum root extract dissolved 

in DDW orally up to 30 days (100, 200, 400, 800 mg/kg b.wt.) 

and LPO and GSH contents were measured in the liver. The opti-

mum dose selection of C. borivilianum root extract was decided 

on the basis of previously performed experiments in our own la-

boratory (Kumar et al., 2010). Among the doses 800 mg/kg 

b.wt./day was selected for the study. 

2.3. ABTS radical cation decolorization assay 

The 2, 2 azinobis (3-ethylbenzothiazoline-6-sulfonic acid) radical 

cation (ABTS) decolorization test was used to assess the antioxi-

dant activity of root extract. The ABTS assay was carried out us-

ing the improved assay of Re et al., (1999). ABTS˙+ was generated 

by oxidation of ABTS with potassium persulphate. ABTS was 

dissolved in deionized water at a concentration of 7mM concentra-

tion and potassium persulphate was added to a concentration of 

2.45 mM. The reaction mixture was left to stand at room tempera-

ture overnight (12-16 h) in the dark before use. For the study of 

root extract, the ABTS˙+solution was diluted with ethanol, to an 

absorbance of 0.700± 0.020 at 734 nm. After addition of 1ml of 

diluted of ABTS solution to 10 µl of root extract, the absorbance 

reading was taken at 30 C exactly 1 min after initial mixing and 

up to 6 min and study was carried out in triplicate. Ascorbic acid 

was taken as positive control. 

2.4. Experimental design 

Mice selected from inbred colony were divided into 4 groups such 

as 

Group I (Control group): - Animals received double distilled water 

(DDW) as vehicle orally for 30 days. 

Group II (C. borivilianum root extract treated group):- Root ex-

tract dissolved in DDW was administered orally for 30 days at 800 

mg/kg b.wt/day. 

Group III (Sodium arsenite treated group):- Sodium arsenic dis-

solved in DDW was administered orally for 30 days at 4 mg/kg b. 

wt/day.  

Group IV (Combination group): - C. borivilianum root extract was 

administered orally for 10 days. On the 11th day, sodium arsenite 

and root extract both were given up to 30 days orally.  

The animals from all the groups were weighted and sacrificed at 1, 

3,7, 15,30 days. Testis were removed, blotted and processed for 

biochemical assays. 

2.5. Biochemical studies 

2.5.1. Total protein 

Total protein content in the testes was estimated by Lowry et al., 

(1951) method. Here, protein is precipitated with trichloroacetic 

acid. When Folin Ciocalteu reagent (Phosphatungstic 

phosphomolybdic acid) is added, a complex result, the intensity of 

which accounts for the amount of proteins present in tissue. Read-

ing was taken at 640 nm. Protein content was expressed as mg of 

protein/g of tissue. 

2.5.2. Sialic acid 

Sialic acid in the testes was estimated by the method of 

Svennerholm, (1960) as given by Glick. The principle involved 

depends on the fact that sialic acid (neuraminic acids) exhibit pur-

ple color in an acidic medium with resorcinol. Reading was taken 

at 580 nm (Green Filter) against the blank. Sialic acid content was 

expressed as mg of sialic acid/g of tissue. 

2.5.3. Adenosine triphosphatase (ATPase) 

For quantitative analysis of the activity of ATPase, the method 

given by Sickevitz and Potter, (1953) was followed. Tissues were 

homogenized in sucrose. Disodium salt of ATP was used as 

substrate. The activity was measured in term of inorganic 

phosphorus liberated from the tissue as for the acid and alkaline 

phosphatases. The absorbance was read at 640 nm. 

2.5.4. DNA estimation assay 

DNA was quantified by the method described by Ceriotti (1955). 

Testis was dissected out and a homogenate was prepared in glacial 

distilled water. Homogenate was taken in a centrifuge tube and 1 

ml indole reagent was added. Then, 1 ml of concentrated HCl was 

added. Thereafter chloroform treatment was given. The water 

layer was separated out from the organic layer by centrifugation. 

The intensity of yellow colour was measured at a green filter 

against a blank. The volume of DNA was calculated from the 

graph and then the quantity of DNA in the tissue was calculated in 

μg/ mg tissue.  

2.5.5. RNA estimation assay 

RNA was quantified by the method described in Ceriotti (1955). 

Testis was dissected out and a homogenate was prepared in glacial 

distilled water. The reaction mixture contained 5 ml homogenate + 

5 ml orcinol + 5ml isoamyl alcohol. The upper coloured layer was 

separated and the intensity was measured against red filter. The 

concentration of RNA from standard graph was calculated and 

then the amount of tissue RNA was calculated in μg/ mg tissue.  

2.5.6 Statistical analysis 

The data were expressed as mean ± SE. The values at each autop-

sy interval for each experiment was compared with control, i.e. 

Control (Group I) vs C. borivilianum (Group II) /Arsenic (Group 

III); Arsenic (Group III) vs C. borivilianum +Arsenic + C. 

borivilianum (Group IV). Statistical significance between the 

groups was determined by Student’s t-test (Ipsen and Feigl, 1979). 

The significance level was set at P < 0.05 (a), P < 0.01 (b) and P < 

0.001 (c). 
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3. Results 

3.1. Antioxidant activity 

C. borivilianum root extract showed significant antioxidant activi-

ty in the ABTS decolorization assay. It scavenges ABTS free radi-

cals effectively as evidenced by a decrease in the absorption up to 

6 minutes. The extract showed 0.522±0.016 inhibition of ABTS 

after 6 minutes (Figure 1). 

3.2. Body weight 

A highly significant (p<0.001) decrease in body weight was ob-

served in an arsenic treated group. Combined treatment of C. 

borivilianum and arsenic showed a highly significant increase with 

respect to NaAsO2 intoxicated mice (Figure 2). 

3.3. Testis weight 

A highly significant (p<0.001) decrease in testis weight was ob-

served in an arsenic treated group. Combined treatment of C. 

borivilianum and arsenic showed a highly significant increase with 

respect to NaAsO2 intoxicated mice (Figure 3). 

3.4. Total protein 

A highly significant (p<0.001) decline was observed in the testicu-

lar protein level in arsenic intoxicated mice whereas combined 

treatment of C. borivilianum and arsenic showed a highly signifi-

cant elevation in protein at all autopsy intervals with respect to 

NaAsO2 intoxicated mice (Figure 4). 

 

 

 

 
Fig. 1: ABTS˙+ Activity at Different Time Interval of Chlorophytum Borivilianum. 

 

 
Fig. 2: Variation in Body Weight (in Gm.) of Male Swiss Albino Mice in Different Treated Groups. Significance Level Was Set at P < 0.05(A), P < 

0.01(B) and P < 0.001 (C). 

 



International Journal of Pharmacology and Toxicology 65 

 

 
Fig. 3: Variation in Testis Weight (in Mg) of Male Swiss Albino Mice in Different Treated Group. Significance Level Was Set at P < 0.05(A), P < 
0.01(B) and P < 0.001 (C). 

 

 
Fig. 4: Variation in Total Protein (Mg/Gm. Tissue) of Male Swiss Albino Mice in Different Treated Group. Significance Level was Set at P < 0.05(A), P 

< 0.01(B) and P < 0.001 (C). 

 

3.5. Sialic acid 

A highly significant (p<0.001) decline was observed in the testicu-

lar sialic acid content in arsenic intoxicated mice whereas com-

bined treatment of C. borivilianum and arsenic showed a highly 

significant increase in sialic acid content with respect to sodium 

arsenite treated group (Figure 5). 

3.6. Adenosine triphosphatase (ATPase) 

The testicular activities of adenosine triphosphatase was signifi-

cant (p<0.001) declined after sodium arsenite treatment in com-

parison to control group. Co-administration of C. 

borivilianum and arsenic showed a highly significant elevation in 

adenosine triphosphatase at all autopsy intervals with respect to 

arsenic intoxicated mice (Figure 6). 

3.7. DNA 

A highly significant (p<0.001) decline was observed in DNA in 

arsenic intoxicated mice as compared to control group. Combined 

treatment of C. borivilianum and arsenic showed a highly signifi-

cant elevation in DNA at all autopsy intervals with respect to 

NaAsO2 intoxicated mice (Figure 7). 

3.8. RNA 

A highly significant (p<0.001) decline was observed in RNA in 

arsenic intoxicated mice as compared to control group. Combined 

treatment of C. borivilianum and arsenic showed a highly signifi-

cant elevation in RNA at all autopsy intervals with respect to 

NaAsO2 intoxicated mice (Figure 8). 
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Fig. 5: Variation in Sialic Acid (Mg/Gm. Tissue) Of Male Swiss Albino Mice in Different Treated Group. Significance Level was Set At P < 0.05(A), P < 
0.01(B) and P < 0.001 (C). 

 

 
Fig. 6: Variation in Atpase Activity (Mg Pi/Gm. /Hr.) of Male Swiss Albino Mice in Different Treated Group. Significance Level Was Set at P < 0.05(A), 

P < 0.01(B) and P < 0.001 (C). 

 

 
Fig. 7: Variation in the DNA Content (Μg/Mg of Tissue) in the Testis of Swiss Albino Mice in Different Treated Groups. 
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Fig. 8: Variation in the RNA Content (Μg/Mg of Tissue) in the Testis of Swiss Albino Mice in Different Treated Groups 

 

4. Discussion 

In the present study oral administration of NaAsO2 for 30 days to 

mice brought about a significant reduction in the body and testicu-

lar weight which may be due to cellular regression of tissue. This 

observation is in corroboration with the earlier finding of 

Sanghamitra et al., (2008). Testicular weight is a valuable index of 

reproductive toxicity and the decrease in testis weight was con-

sistent with damage and elimination of germ cells (Sharma and 

Kumar, 2011; Chapin and Lamb, 1984). 

In the present study, protein content depicted a highly significant 

decline after sodium arsenite administration. This decline might be 

due to the destructive action of arsenic on tissue and enzymatic 

activity. Our study is in support with Wang et al., (2006) who 

reported that arsenic treatment showed decreased protein levels in 

the testes. The toxicity of arsenic arises in part from its electro-

philic nature, as arsenite binds to electron-rich sulfhydryl groups 

on proteins, which modulates protein activity (Squibb and Fowler, 

1983; Chang et al., 2007). As the protein constitutes one of the 

major components of tissue weight, the alteration in the tissue 

protein and their synthesis are responsible for the changes in the 

weight of tissue. Reactive oxygen species increases lipid peroxida-

tion; modulation of intracellular oxidized states, DNA damage, 

membrane damage; all these altered the protein expression and 

apoptosis (Chang et al., 2007; Stohs et al., 2000). 

In the present study, a highly significant decline in sialic acid con-

tent was observed in testis on exposure to arsenic. Sialic acid is an 

important molecule found on the cell surface as secreted 

glycoconjugates. It is present in the spermatids and spermatozoa 

and essential for the maintenance of the structural integrity of 

sperm membrane and sperm maturation (Chinoy et al., 1994). 

Mann (1964) reported that the sialic acid concentration in the tes-

tes declined with the decrease in the rate of spermatogenesis. The 

impaired spermatogenesis and fertility of arsenic treated animal 

may partly be due to low level of sialic acid and the associated 

changes in sperm maturation. It is established that arsenic induce a 

germ cell depletion (Jana et al., 2006; Manna et al., 2008) and 

decrease in the sialic acid concentration may be due to the degen-

erative changes in the testis. 

ATP loss causes deleterious effects on sperm morphology and 

viability. In the present study, a highly significant decline in 

ATPases was observed in testis on exposure to arsenic. Most toxi-

cants interact with the intracellular target molecules and cell 

membrane, change the cellular metabolism and functions that lead 

to membrane damage and lysis. Ramalingam & Vimaladevi, 

(2002) reported that metals generally inhibit the function of ion 

dependent ATPases leading to disturbances in the ion homeostasis 

which results in impaired signal transduction, altered cellular me-

tabolism, changes in cell membrane permeability and integrity, 

and disturbances of vital function. Arsenic inhibits pyruvate dehy-

drogenase by binding to the sulfydryl groups of dihydrolipoamide, 

resulting in a reduced conversion of pyruvate to acetyl coenzyme 

A (CoA), while both citric acid cycle activity and production of 

cellular ATP are decreased (Bergquist et al., 2009). Uncoupling of 

oxidative phosphorylation occurs because of the lack of formation 

of high energy phosphate bonds. In the presence of pentavalent 

arsenic, adenosine diphosphate (ADP) forms ADP arsenate instead 

of ATP, with the absence of the high energy ATP phosphate 

bonds (Jomova et al., 2011).  

In the present study, DNA content was found to decrease in the 

arsenic treated group as compared to control group. Our observa-

tion demonstrated that free radicals might be involved in arsenic 

induced DNA damage. ROS are involved in chromosomal aberra-

tions, gene mutation (Hei et al., 1998), DNA strand breakage 

(Lynn et al., 2000), generation of micronuclei (Wang and Huang, 

1994) and apoptosis (Gurr et al., 1999). Metabolism of arsenic 

generates oxygen radicals (Valko et al., 2006) which may damage 

the cellular macromolecules and decrease cytP450 

biotrasformation enzymes involved in xenobiotic metabolism 

(Albores et al., 1989). These ROS damage DNA directly or indi-

rectly, induces DNA adducts and inhibition of the DNA repair 

process (Barstch and Nair, 2000), damage to bases and the sugar-

phosphates, as well as single-or double-strand breaks within DNA. 

Moreover, the reactive aldehydes such as MDA and 4- 

hydroxyalkenals that are derived from the peroxidized phospholip-

ids by ROS and free radicals can also react with DNA and causes 

several damage by forming exocyclic DNA adducts (Johari et al., 

2011).The decrease in DNA contents could also be attributed to 

the inhibition of DNA synthesis. 

In the present study RNA content was significantly decreased in 

arsenic treated mice testis as compared to control group that might 

be partly due to diminished DNA content and inhibited transcrip-

tion. Any damage inflicted on DNA molecule further results in the 

diminished RNA contents and suppressed the protein expression 

within the organism (Johari et al., 2011). These findings indicate 

that exposure to toxic metals affects primary spermatocyte DNA 

and are suggestive of possible direct testicular toxicity. Significant 

DNA damage was found in primary spermatocytes from rats with 

chronic exposure to toxic metals such as arsenic trioxide (Nava-

Hernández et al., 2009).  

The aqueous root extract of C. borivilianum produces significant 

% inhibition at the level of ABTS free radical that shows its anti-

oxidant potential. This study is in support of Visavadiya et al., 

(2010). The herbs have been traditionally used as Vajikaran 

Rasayana herbs because of their putative positive influence on 

sexual performance in humans (Chakraborthy and Aeri, 2008). C. 
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borivilianum contains proteins (8-9%), carbohydrates (41%), root 

fibers (4%), saponins (2-17%), minerals and vitamins. Saponins 

and alkaloids present in the plant are the primary source of its 

significant medicinal properties. The root is a rich source of phar-

maceutical active compounds like steroids, glycosides, 

spirostanosides and phenols (Thakur et al., 2009(a). 

In the present study increased body weight and testicular weight in 

combination group is due to the antioxidant activity of C. 

borivilianum against oxidative damage induced by arsenic. Co-

administration of arsenite and C. borivilianum restored the repro-

ductive organ indices towards normal which may be due to its 

androgenic activity (Jana et al., 2006). Improvement in body 

weight is generally attributed to steroidogenesis and is a biological 

indicator of the effectiveness of the herbal drugs in improving the 

genesis of steroidal hormones (Chakraborthy and Aeri, 2008). 

Due to the antioxidant activity of C. borivilianum, it decreases 

lipid peroxidation, maintains cell membrane integrity, recovers 

germ cell population and maintains the level of protein, sialic acid 

and ATPase and protects the DNA and RNA content in the com-

bination group. The overall constitution of aqueous root extract 

rich in steroidal saponin and fructo-oligosaccharide provides a 

prototype combination for combating the degenerative influence 

on sexual function caused by ROS (Thakur et al., 2009(a). The 

saponins in the roots are aphrodisiac, adaptogenic , antiaging , 

health restorative, health promoting (Vijaya and Chavan, 2009) 

and shows spermatogenic property and is found beneficial in cur-

ing impotency.  

5. Conclusion 

Thus the present study concludes that arsenic induced testicular 

toxicity may be alleviated by C. borivilianum root extract, which 

is reflected by elevation in total protein, sialic acid, ATPase activi-

ty, DNA and RNA content with maintaining spermatogenesis in 

Swiss albino mice. 
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