


Mitigating Effect of Aqueous Extract of Andrographis paniculata Against Sodium Arsenite Induced Hepatotoxicity and Clastogenicty In Rats

ABSTRACT
Arsenic toxicity has been linked to liver cancer and medicinal plants are possible sources of antidote to arsenicosis. Andrographis paniculata (AP), generally known as king of bitters has various pharmacological as well as medicinal properties. In the present study, the protective effect of AP leaves on sodium arsenite (SA) induced hepatotoxicity and clastogenicity in albino wistar rats was evaluated. Forty male albino rats were randomly divided into eight groups. Group 1 received distilled water only, group 2 was given 5 mg/kg body weight of sodium arsenite orally on 7th 14th, 21st and 28th day of the experiment while group 3, group 4 and group 5 were administered daily with 200mg/kg bwt, 500mg/kg bwt and 1000mg/kg bwt of aqueous extract of AP respectively simultaneously with 5 mg/kg bwt of SA once a week. Groups 6, 7 and 8 were treated with only extracts at 200 mg/kg bwt, 500 mg/kg bwt and 1000 mg/kg bwt respectively daily. Finding from the study indicated that SA significantly increased the number of micronucleated polychromatic erythrocyte cells (mPCEs) formation by 2.5 folds relative to control. The number of mPCEs scored was significantly reduced by pretreatment with all doses of AP. 	Also, there was a significant (p <0.05) increase in serum -GT, ALT, AST and ALP enzymes activities in SA treated group relative to the control group. However, rats treated with AP and SA had significantly decreased values of -GT, ALT, AST and ALP relative to SA alone treated group. Histological analysis showed that AP at 200 and 500 mg/kg is non- toxic and elicited hepatoprotective effect. Therefore, revealed the aqueous extracts of AP leaves ameliorated SA induced hepatotoxicity and clastogenicity in wistar male rats.
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INTRODUCTION
“Liver diseases have become a worldwide problem with increasing exposure to environmental hepatotoxicants such as aflatoxin and heavy metals like arsenic, cadmium and lead. Human and animals in certain regions of the world are unavoidably exposed to inorganic arsenic through ground water which is the primary source of drinking water” (1,2). Sodium arsenite is the most toxic among the arsenics and has been reported to have genotoxic, hepatotoxic, tumorigenic and carcinogenic effects (3,4,5). Toxicity of sodium arsenite has been linked with the generation of reactive oxygen species (6). “Antioxidants used in food industries prevent deterioration, nutritional losses and off-flavoring in various foods especially those containing polyunsaturated fatty acids. Of recent, there have been considerable increase in the search for naturally occurring antioxidants for use in foods because of their potential in health promotion and disease prevention, their high margin safety and consumer acceptability” (7,8). “Several epidemiological studies have indicated an inverse relationship between plant-based diet and the risk of development of chronic pathological processes associated with oxidative stress including cancer and cardiovascular diseases” [6].
Andrographis paniculata (AP), also known as “king of bitters” belong to the family Acanthaceae. It has a surprisingly broad range of pharmacological effect including anti-inflammatory (9,10), anti-dirrhoeal (11), anti-microbial (12), anti-malarial (13), Cardiovascular protective (14), anti- cancer (15) and immunostimulatory activities (16). Mostly the leaves and roots have been traditionally used for different medicinal purposes in Asia and Europe as a folklore (Avani and Rao, 2008; Das et al., 2021; Bahadur et al., 2024).
Research findings have shown andrographolide, a major bioactive compound of Andrographis paniculata to inhibit the expression of inducible nitric oxide synthase (17). Also, aqueous extracts of AP has been shown to protect aginst chemical induced toxicities in mammalian models (18,19). Also, activity of AP against carbon tetrachloride, galactosamine and paracetamol intoxication in animal models has been reported (20). The effects of AP extracts on SA toxicities have not been reported. The study was therefore designed to assess the effects of AP on sodium arsenite induced clastogenic and hepatotoxicity in rats. 
MATERIALS AND METHODS
Chemicals
Sodium arsenite (NaAsO2; BDH chemicals Ltd poole England), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma glutamyltransferase (γGT) kits were obtained from Randox Laboratories, Crumlin, UK. All other chemicals and reagents were of analytical grade products of Sigma- Aldrich Chemical Co. St. Louis, MO., USA or BDH Chemical Ltd, Poole, England 
 Experimental Animals
Forty male albino Wistar rats (150g-180g) were obtained from Central Animal House, University College Hospital, Ibadan, Nigeria and kept in the experimental animal facility of the Department of Biochemistry, University of Ibadan. They were acclimatised under a 12/12h light/dark cycle for two weeks, fed standard pellets diets with clean tap water ad libitum.
Preparation of Plant Materials:
The fresh AP leaves were collected from Abadina, University of Ibadan, Ibadan and authenticated at the Department of Botany, University of Ibadan, (voucher No FIH 108967). The leaves were washed with clean water and air-dried. 100 g of the powdered dry leaves were soak in 500 ml of distilled water for 24 hours. The filtrates were pooled and concentrated using rotary evaporator at 40OC to obtain the crude extract. The extract so obtained was then lyophilized using facilities at the International Institute of Tropical Agriculture (IITA), Ibadan.
Phytochemical Screening
The extract obtained above was subjected to the phytochemical screening using standard methods for flavonoids, alkaloids, tannins, anthraquinones, saponins and phenols according to the method of Kokate (21).
Test for Alkaloids
A small portion of the extract is stirred with few drops of 1% hydrochloric acid and filtered. The filtrate is treated with Wagners reagent. Reddish brown precipitate indicates the presence of alkaloids.
Test for Saponins
One ml of extract is diluted with 20ml of distilled water and shaken vigorously for 15 min. Formation of stable foam indicates the presence of saponin.
Test for Tannins
One ml of extract is treated with ferric chloride. Formation of blue green color indicates the presence of tannins.
Test for Phenols
A small portion of the extract is diluted with 5% ferric chloride solution. Development of intense color indicates the presence of phenol.
Test for Steroids   
One ml of extract is treated with 50% sulphuric acid and a few drops of acetic anhydride are added. The development of reddish-brown ring indicates the presence of steroids.
Test for Flavonoids
One ml of the extract is treated with few drops of 5% ferric chloride. The appearance of blackish green color indicates the presence of flavonoids.  
Test for triterpenes and steroids
0.5g of plant sample was dissolved in chloroform (3ml) and a few drops of acetic anhydride and concentrated H 2 SO 4 were added. A purple coloration indicated the presence of triterpenes while bluish-green coloration indicated the presence of steroids. The formation of two layers upon addition of H2SO4 is characteristic of the presence of both triterpenes and steroids.
Test for cardiac glycosides
One milligram of plant sample was suspended in 5ml of glacial acetic acid containing one drop of ferric chloride solution. Then 1ml of concentrated sulphuric acid was added gradually along the wall of the test tube. The formation of a brown ring at the interface indicated the presence of a deoxysugar, characteristics of cardenolides.
Experimental protocol
Forty male rats were randomly divided into eight groups of five rats each. The extract was calculated (mg/kg body weight of rat) and dissolved in water and administered orally using a metal cannula attached to a 2ml syringe.
1: Group of rats given distilled water only
2: Group of rats given sodium arsenite at 5.0 mg/kg body wt.
3: Group of rats given sodium arsenite (5.0 mg/kg bwt) and AP extract at 200mg/kg bwt.
4: Group of rats given sodium arsenite (5.0 mg/kg bwt) and AP extract at 500mg/ kg bwt.
5: Group of rats given sodium arsenite (5.0 mg/kg bwt) and AP extract at 1000mg/kg bwt.
6: Group of rats given AP leaf extract at 200mg/kg bwt only.
7: Group of rats given AP leaf extract at 500mg/kg bwt only.
8: Group of rats given AP leaf extract at 1000mg/kg bwt only.
The sodium arsenite was administered orally on 7th, 14th, 21st and 28th day of the experiment before the animals were sacrificed though the AP extract was administered orally on a daily basis for 28 days. All rats were sacrificed by cervical dislocation 24 hrs after the last exposure to sodium arsenite. The femur and blood samples were collected from each rat. Bone marrow from femurs were used for micronucleus assay.
Preparation of Serum and Tissue homogenate
Blood was allowed to clot at room temperature. The clotted blood was then centrifuged at 3000rpm for 30 mins, serum were discanted and used for the estimation of biochemical parameters like  gamma Glutamyltransferase (-GT), Alanine aminotransferase (ALT), Aspartate aminotransferase(AST) and Alkaline phosphatase (ALP) using commercial kits obtained from Randox.  The livers were harvested and weighed. A small portion of the liver were fixed in 10% formalin for histopathlogical examination. 
Micronuclei Test
“Clastogenic effects of the extract and toxicant were evaluated in the rats bone marrow cells using the micronucleus assay as described by Heddle and Salmone, (22). Bone marrow from femurs were used for preparing the slides. The slides were air-dried and pretreated with May-Grunwald solution and later stained with 5% Giemsa solution. The slides were scored for the presence of micronucleated polychromatic erythrocytes (mPCEs) in 1000 cells according to standard procedure” [5].
Enzyme Assay
“Gamma glutamyltransferase (γ-GT) activity was assayed in the serum using the reconstituted γ-GT diagnostic reagent, following the method of Szasz” (23). Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were assayed according to Reitman and Frankel (24) using commercial diagnostic kits. “This involves the reaction of pyruvate, the product of transamination reaction catalysed by ALT or AST, with 2, 4-dinitrophenyl hydrazine to produce intensely coloured hydrazone read at 546 nm using spectronic-20 spectrophotometer. Alkaline phosphatase (ALP) assay was based on the method of Williamson” (25). This is based on spectrophotometric (405 nm) determination of concentration of p-nitrophenol formed by the dephosphorylation of p-nitrophenyl phosphate (PNPP) catalysed by ALP.
Histology
Liver samples were harvested from all the animals and fixed with 10% formaldehyde in phosphate-buffered saline for 24 h. Tissue pieces were washed with distilled water, dehydrated in alcohol, and embedded in paraffin. Approximately 5μm sections were mounted on glass slides and stained with haematoxylin–eosin dye and finally observed under a microscope.
Statistical Analysis:
The results are expressed as mean ± standard deviation. Data obtained was subjected to One-way analysis variances (ANOVA) using Statistcal Package for Social Science (SPSS) software Inc. Chicago, Standard version. The values p <0.05 were considered statistically significant using the least significant difference (LSD).

ResultsTable 1: Results of preliminary screening of  aqueous Andrographis paniculata  leaf  extract 


	Phytoconstituents
	Test/Reagent 
	Aqueous extract 

	Alkaloids 
	Wagner Reagent 
	++++ 

	Flavonoids 
	Acid-Alcohol test 
	+++ 

	Terpenoids
	Sulphuric acid reagent 
	+ 

	Tannis
	Ferric chloride reagent 
	++ 

	Saponins
	Frothing test 
	+ 

	Reducing Sugar 
	Fehling’s reagent 
	_ 

	Phenolics
	Ferric chloride test 
	+++ 

	Steroids 
	Leibermann-Burchard Test 
	++ 

	Anthraquinones
	Borntrager’s test 
	++ 

	Carotenoids 
	Acid test 
	+ 


 Key: +++ = abundance, ++ = Moderately present, + = present, - = absent

Phytochemical profile of AP indicated the presence of phenolics, flavonoids, saponins, anthraquinones, alkaloids as shown on Table 1.

[bookmark: _Hlk49272930]Table 2: Body and organ weight (g) of experimental animals before and after exposure to sodium arsenite and Andrographis paniculata (AP) extracts
	Treatments 
	% weight change 
	Relative liver wt (%)
	Relative kidney wt (%)

	Distilled water only 
	15.38 ± 1.15 
	3.09 ± 0.51 
	0.59±0.09 

	SA only (5.0mg/kg bwt) 
	7.69 ± 0.35 #   
	2.75± 0.48#  
	0.62±0.13 

	SA+200mg/kg bwt extract 
	23.43± 1.38* 
	3.12± 0.41#   
	0.62±0.06 

	SA+500mg/kg bwt extract 
	 25.00± 0.69* 
	2.97±0.41 
	0.65±0.08 

	SA+1000mg/kg bwt extract 
	27.98±1.47* 
	3.03 ± 0.40 
	0.61±0.03 

	200mg/kg bwt extract only 
	12.20±0.58 
	2.78±0.39 
	0.66±0.24 

	500mg/kg bwt extract only 
	14.63±0.27 
	2.99 ± 0.58 
	0.67±0.13 

	1000mg/kg bwt extract only 
	28.04±1.08* 
	2.91±0.74 
	0.66±0.24 


  Values are mean ± SD of 5 rats 
 #  = The mean difference is significant (p< 0.05) when compared with negative control
Within column values with *are significantly (p <0.05) different from positive control 
	There was no significant (p<0.05) difference in the relative kidney weight. However, administration of sodium arsenite caused a significant (p<0.05) reduction in the percentage weight change as compared with the negative control. There was no significant (p>0.05) change in the body weight in other groups when compared with the negative control (Table 2). Also, changes in the relative liver weights of rats of the extract only groups (200 mg/kg and 500 mg/kg) were not significant (p> 0.05) when compared with the negative control.  Consequently, the effect of pre-treatment with AP showed an increased in liver weights similar to those of the control, indicative of AP exhibiting a potent protective effect on hepatocytes.


	


[bookmark: _Hlk49272988]Table 3: Induction of micronucleated polychromatic erythrocytes (mPCEs) in bone marrow cells in the rats exposed/treated with sodium arsenite 
	Treatments
	mPCE/1000PCE

	Distilled water only
	2.44 ± 0.48*

	SA only (5.0mg/kg bwt)
	6.09 ± 1.44#

	SA + 200mg/kg bwt extract
	3.13 ± 0.62*

	SA +500mg/kg bwt extract
	3.63 ± 0.68*

	SA + 1000mg bwt extract
	3.40 ± 1.01*

	200mg/kg bwt extract only
	3.10 ± 0.34*

	500mg/kg bwt extract only
	3.08 ± 1.54*

	1000mg/kg bwt extract only
	3.10 ± 0.24*


    Values are mean ± SD of 5 rats 
#  = The mean difference is significant (p< 0.05) when compared with negative control
 Within column values with *are significantly (p < 0.05) different from positive control. 

The results clearly demonstrates that SA treated group significantly (p < 0.05) induced the formation of micronuclei in the polychromatic erythrocytes (mPCEs) of the rat bone marrow cells  as shown on Table 3. The mean number of mPCEs scored in the groups of rats treated with sodium arsenite was significantly (p < 0.05) more when compared with the mPCEs scored in the bone marrow of the control group. On the other hand, there was a significant (p < 0.05) decrease in mPCEs induction in the bone marrow in SA and AP-treated rats compared with the group treated with sodium arsenite only. 





[bookmark: _Hlk49273027]
Table 4: Effect of Andrographis paniculata (AP) administration on serum level of hepatic transaminases (γ- GT, AST,  ALT, ALP and ALT) in rats treated with sodium arsenite
	Treatments 
	ALP/ (U/L) 
	AST/ (U/L)
	ALT/ (U/L)
	ɣ-GT(U/L)

	Distilled water only
	19.32 ± 7.30*
	13.30 ± 1.08*
	20.26 ± 2.27* 
	8.49 ± 1.34*

	SA only
(5.0mg/kg bwt) 
	40.48 ± 0.45#
	26.00 ± 3.37#
	29.10 ± 3.32#
	22.00 ±11.05#

	SA+200mg/kg
bwt extract
	12.88 ± 4.22*
	17.70 ± 4.80*
	24.80 ± 2.64*
	7.68 ± 3.75*

	SA+500mg/kg
bwt extract
	16.56 ± 5.52*
	19.10 ± 5.13*
	23.84 ± 3.22*
	10.04 ± 1.77*

	SA+1000mgbwt
Extract
	18.40  ± 3.19*
	18.20 ± 4.21*
	23.93 ± 3.74*
	12.75± 3.06*

	200mg/kg bwt
extract only
	8.29 ± 2.76*
	15.74 ± 3.19*
	21.56 ± 1.94*
	12.74 ± 2.01*

	500mg/kg bwt
extract only
	13.80 ±4.78*
	14.73 ± 0.87*
	22.92 ± 3.46*
	10.42 ± 4.63*

	1000mg/kg bwt
extract only
	13.64 ± 6.95*
	17.38 ± 1.65*
	25.05 ± 1.71*
	5.79 ± 4.01*


Values are mean ± SD of 5 rats
SA = Sodium Arsenite, # = The mean difference is significant (p< 0.05) when compared with  negative control 
Within column values with *are significantly (p < 0.05) different from positive control treated with SA only

           The administration of sodium arsenite only resulted in a significant (p < 0.05) increase of the level of γ -GT, ALT, AST and ALP in the serum of the rats when compared with the negative control. Pre-treatment with leaf extracts of Andrographis paiculata (200, 500 and 1000 mg/kg body weight) after exposure to sodium arsenite led to significant (p < 0.05) reduction in the mean liver and serum γGT, ALT, ALP and AST activities when compared with groups administered with sodium arsenite only.

	

	


Figure 1: The photomicrograph of liver sections of rats treated with AP and/ SA.

(A) Negative control, no visible lesions (B) SA only (5mg/kg), severe portal central and venous congestion with moderate portal cellular infiltration by mononuclear cells. (C) SA + 200mg/kg bwt AP, mild portal central and venous congestion with moderate portal cellular infiltration by mononuclear cells.  (D) SA + 500mg/kg bwt AP, moderate portal congestion. (E) SA + 1000mg/kg bwt AP, mild portal congestion and cellular infiltration by mononuclear cells. (F) 200mg/kg bwt AP only, no visible lesions. (G) 500mg/kg bwt AP only, no visible lesions seen. 
 (H) 1000mg/kg bwt AP only, mild portal cellular infiltration by mononuclear cells.B
C
D
E
G
H
A
F
E


The histological examination of the liver sections of negative control and extracts only rats showed no visible lesions when compared with the SA only group which showed severe portal central and venous congestion, moderate hepatic degeneration and necrosis and also moderate portal cellular infiltration by mononuclear cells. Pretreatments with graded doses of AP extract showed a reduction in portal congestion and marked reduction in periportal necrosis. 
Discussion:
“Continuous exposure of human to arsenic through long term ingestion of contaminated drinking water and its attendant health problems have been widely reported as a proof of the latter carcinogenicity” (2). Also the frequent use of sodium arsenite in herbicides, insecticides, rodenticides and wood preservatives has become a major challenge to the environment (26). “Recent studies have shown that sodium arsenite is hepatotoxic and clastogenic in experimental animals” (5, 27, 28). “Inefficient liver protective drug in modern medicine have resulted in a number of researches for hepatoprotective constituents from natural sources” (29). “The phytochemicals such as phenolic compounds, flavonoids, polyphenols, tannis were detected in appreciable amount in the aqueous extract of Andrographis paniculata with high levels of alkaloids and saponins. These phytochemicals could counteract the free radicals generated by SA through effective scavenging. Also, there was no significant increase in body weight throughout the study. However, there was a significant decrease in the relative liver weights of group 2 animals treated with SA only compared with other treatment groups” [27].  
“SA significantly induced micronuclei formation in the rat polychromatic erythrocytes when compared with control group. This observation is consistent with earlier findings in our laboratory and those of others on the clastogenic potentials of sodium arsenite in the bone marrow” (6,7). “The observed SA-induced mPCEs was however lowered significantly by AP pretreatment. This may be due to the fact that arsenite generates free radicals that can attack DNA leading to chromosomal breakage” based on observation of (29). “The increase in the frequency of micronucleated polychromatic erythrocytes in the animals treated in SA is indicative of the clastogenic effect of SA, however pretreatment with AP extract reduced the mPCEs by about 2 folds. This may reveal that the extract of AP has anticlastogenic activity” [28]. 
“In the present study, we observed that serum γGT, serum ALP, AST and ALT activities of experimental rats treated with sodium arsenite only have significantly higher (p < 0.05) than the value observed for the negative control group and the extracts only groups. Thus, the elevated levels of the liver function enzymes in SA treated group in this study may be indicative of cellular leakage and loss of functional integrity of cell membrane in liver” (30). The arsenic-induced liver dysfunction, hepatomegaly and liver fibrosis can advance to malignancy. However, the simultaneous treatment of rats with aqueous Andrographis paniculata extracts significantly (p<0.05) reduced the levels of γ-GT, AST, ALT and ALP in rats intoxicated with sodium arsenite to near normal. This suggests that AP plant extract could repair or prevent the hepatic injury and/or restore the cellular permeability, thus reducing the toxic effect of SA induced liver toxicity. The prevention of enzymes leakage into the blood circulation demonstrated that Andrographis paniculata extracts has hepatoprotective effect on sodium arsenite induced liver injury.
[bookmark: _GoBack]“Histological observations were in correlation with the biochemical results showing there was no pathologic abnormality in the groups of rats given extract only at 200 and 500 mg/kg body weight and the negative control group. Also, the liver histology revealed that AP at 200 and 500 mg/kg were able to reverse the severe lesions caused by SA thereby indicating that AP extract has a potential hepatoprotective activity. The phytochemicals along with flavonoids may have counteracted the free radicals generated by SA through effective scavenging” [30]. Therefore, the hepatoprotective action of Andrographis paniculata may be due to its natural antioxidants content that protected the structural integrity of hepatocellular membrane thus preventing enzymes leakage into the blood circulation and consequently enhance the recovery from hepatic damage.
Conclusion
In conclusion, the aqueous extracts of Andrographis paniculata ameliorated sodium arsenite induced hepatotoxicity and clastogenicity. Therefore, Andrographis paniculata extract can be useful in the management of arsenic toxicity and may be exploited for the treatment of liver diseases. 
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