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Introduction 
Hepatic and renal diseases are major threats to public health 

in many parts of the world, especially in developing nations, where 

access to quality health delivery systems is limited. Liver diseases are 

responsible for the death of about 2 million people yearly throughout 

the world,
1
 while about 5-10 million patients die from renal diseases 

on an annual basis.
2
 The liver and kidneys are susceptible to the 

harmful effects of infectious agents including viruses. Both organs are 

also predisposed to the toxicities of drugs mainly because of their 

involvement in biotransformation and elimination of toxins from the 

body. In addition, environmental contaminants including carbon 

tetrachloride (CCl4) add to the global burden of hepato-renal diseases. 

The CCl4 is an industrial solvent that found application in many 

products including polish, rubber waxes, dry cleaning agents, 

fumigants, and insecticides.  

 
*Corresponding author. E mail: qaakinwumi@yahoo.co.uk 

                                  Tel: +2348035639816 
 

Citation: Akinwumi KA, Eleyowo, OO, Odesola KA. Adegboyega AM, 

Okon-ben VM, Onapelumi AT. Ethanol Leaf Extract of Acrostichum 
aureum Modifies Carbon Tetrachloride-induced Oxidative Stress and 

Hepato-renal Damage in Rats. Trop J Nat Prod Res. 2024; 8(6): 7388-

7396. https://doi.org/10.26538/tjnpr/v8i6.8 
 

Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

University of Benin, Benin City, Nigeria 

 

Paradoxically, it is a well-known environmental toxicant and 

biohazard that is released directly into to environment via these 

products and as a result of industrial activities.
3
 Human exposure to 

CCl4, therefore, occurs at workplaces and in polluted air, soil, and 

water through dermal inhalation, oral, and dermal routes.  Inside the 

cell, CCl4 is metabolically activated or converted into noxious free 

radical species such as trichloromethyl radical (
•
CCl3), trichloromethyl 

peroxy radical (•CCl3OO) dichlorocarbene (
•
CCl2) and chloride radical 

(
•
Cl2) that can result in lipid peroxidation, oxidative stress, and cellular 

injury. The CCl4 intoxication affects many tissues including the liver 

and kidneys.
4-5

 In the liver, CCl4 exposure results in hepatic necrosis, 

steatosis, fibrosis, and cirrhosis,
6-8

 while its pathology in the kidney 

includes acute tubular necrosis and decreased glomerular mass.
9-10

 In 

addition, CCl4 exposure can result in cancers of the liver and other 

tissues in rodents, albeit with no sufficient evidence in humans. 

Therefore, regulatory bodies on cancers have classified it as a 

probable carcinogen (class IIB) in humans.
11

 Apart from being an 

environmental toxicant and probable carcinogen, CCl4 is a well-

established model for studying oxidative stress, hepato-renal toxicity, 

and the potential beneficial effects of medicinal plants.
12

   

Conventional drugs used in the treatment of hepato-renal diseases are 

costly, limited, and can have serious adverse effects.
13

 Relatively 

effective regimens and inexpensive drugs with little or no side effects 

are recently being sought from medicinal plants especially those with 

antioxidant properties since hepato-renal diseases are associated with 

oxidative stress.
3,14

    

Acrostichum aureum Linn is a plant that is widely distributed in 

Mangrove forests around the world including Nigeria.
15-7

 It belongs to 
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the family and genius, Pteridaceae and Acrostichum respectively. It is 

found in mangrove swamps, salt marshes, and canal margins.
18

 It is 

commonly known as mangrove fern, golden leather fern, tiger fern, 

and swamp fern. The plant is locally used in Nigeria for the treatment 

of stomachache, internal heat, skin diseases, and migraines.
19

 It is also 

used in other countries for the treatment of fever, skin infections, 

boils, ulcers, wounds, diabetes, pharyngitis, hemorrhoids, dysentery, 

hernia, chest pain, constipation, and snake bites.
19-23 

Other documented 

traditional medicinal uses of the plants are in the treatment of asthma, 

sore throat, elephantiasis, asthma, worm infection, hypotension, and 

digestive problems.
16,24 

Moreover, the young fronds of the plant are 

consumed as vegetables in some Asian countries.
25 

The plant is rich in 

beneficial secondary metabolites and valuable phytochemicals 

including quercetin and its glycosides, isotachioside, kaempferol, 

lupeol, campesterol, stigmasterol, β and γ- sisosterol, pterosin P and C, 

tetracosane, patriscabratine and α-amyrin.
16,26-30 

The plant has been reported to have anti-tumor,
16,29

 antiulcer,
31

 

anthelmintic,
32 

antibacterial,
33

 anti-diarrheal,
18

 analgesic,
22 

antiviral,
34 

and tyrosinase inhibitory
35

 properties. The in vitro antioxidant activity 

and the reducing power of different extracts of the plant have also 

been demonstrated.
21

 Recently Wu et al
31

 showed that a polar extract 

of the plant protected against ethanol-induced ulcers in rats by 

reducing oxidative stress and inflammation. However, there is a 

paucity of information on the effect of the plant on hepatic and renal 

damage.  Consequently, the CCl4 rat model of hepato-renal toxicity 

was used to evaluate the protective effect of ethanol extract of 

Acrostichum aureum in the liver and kidney. 

 

Materials and Methods 

Chemicals 

The CCl4, 2-thiobarbituric acid, 1-chloro-2,4-dinitrobenzene, and 

reduced glutathione (GSH) were sourced from Sigma-Aldrich Co, St 

Louis, USA.  The biochemical assay kits were obtained from Cobas 

Diagnostics (Mannheim, Germany). Other reagents used were of 

analytical grade and produced by standard Biotech companies. 

 

Collection of plant materials and extract preparation 

Fresh leaves of Acrosticum aureum were collected in February 2021 

from the wild at Lagoon Waterfront, University of Lagos, Lagos State. 

The plant was authenticated by Dr. G.I. Nodza, an experienced 

Taxonomist at the herbarium of the Department of Botany, University 

of Lagos. A voucher specimen (no. 112796) was deposited at the 

herbarium. The leaves were thoroughly cleaned with water and air-

dried in a shady room for 4 weeks. Dried leaves were milled into a 

powdered form using a laboratory blender and extracted as previously 

described.
36

  

 

Animal Husbandry and Experiment Protocol 

The study was conducted with forty-eight, 12-weeks-old healthy male 

Sprague Dawley rats with an average weight of about 140 g. They 

were purchased after physical and behavioral veterinary examination 

at the Department of Physiology, University of Ibadan, Ibadan, 

Nigeria. The rats were housed under standard conditions prescribed in 

the guidelines for the use of laboratory animals for experiments
37

 at 

the institutional Animal Holding Facility and ethical permission was 

obtained before the commencement of the studies 

(FMCA/470/HREC/02/2022/18).  The ARRIVE guideline was 

adopted for reporting the study.
38

 The rats were fed with commercially 

available rat chow (Top Feeds Nigeria Limited) and clean water ad 

libitum. A week after acclimatization; the rats were separated into 

eight groups of six rats each and treated  with corn oil,  10 mg/kg body 

weight quercetin, 50 mg/kg body weight of Ethanol leaf extract of 

A.aureum (ELAA), 100mg/kg body weight of ELAA, 1 ml/kg body 

weight of carbon tetrachloride (CCl4) , 10 mg/kg body weight 

quercetin + 1 ml/kg body weight CCl4,  50 mg/kg body weight of 

ELAA + 1 ml/kg body weight CCl4, 100 mg/kg body weight of ELAA 

+ 1 ml/kg body weight CCl4 

The CCl4 was given intraperitoneally twice every week, while ELAA 

was fed orally once daily for three weeks. The rats were placed on an 

overnight fast after the last treatment and euthanized by cervical 

dislocation. Before euthanasia, the final weights of the rats were taken 

and blood was collected from the retro-orbital plexus of each rat 

anesthetized with 45 mg/kg ketamine and 5 mg/kg xylazine into tubes 

containing heparin. The tubes were spun for 15 minutes at 3000 X g to 

separate the plasma supernatant that was used for the evaluation of 

liver and kidney health biochemical parameters. In addition, the liver 

and kidney were harvested from all the sacrificed rats, washed in 

saline, and blotted with filter paper. Both organs were weighed and 

organ-somatic indices were determined. Subsequently, a portion of the 

liver and right kidney were processed for the evaluation of oxidative 

stress markers, while the remaining portion of the liver and left kidney 

were saved for pathological examination. 

 

Determination of plasma biochemistry parameters 

The biochemical indices were determined using assay kits from Cobas 

Diagnostics (Mannheim, Germany) following the manufacturer’s 

instruction on a Roche/Hitachi C311 chemistry analyzer (Mannheim, 

Germany). The markers determined assayed were alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin, 

creatinine, urea, total protein, albumin, sodium ion (Na
+
) and chloride 

(Cl
-
). 

 

Determination of liver and kidney oxidative stress indices 

A portion of the liver and right kidney obtained from each rat were 

weighed and homogenized in 5 times the volume of their weight in 

cold 50 mM Tris-HCl buffer (pH 7.4) using a Potter Elvejhem 

homogenizer equipped with a Teflon pestle. The homogenates were 

centrifuged for 15 minutes at 12000 X g in a Himac CR21G cold 

centrifuge (Hitachi Co Ltd, Japan). The supernatant was decanted and 

used for the spectrophotometric determination of oxidative stress 

markers. A Uniscope SM7504 UV (Surgified Medicals, England) was 

employed for the assessment of oxidative stress parameters.  Lipid 

peroxidation was measured as malondialdehyde (MDA) was 

determined following the method of Esterbauer and Cheeseman.
39

 The 

method of Sun and Zigma
40

 was employed to measure SOD activity. 

The GST activity was evaluated based on the method previously 

described by Habig et al
41

, while the activity of GPx was assessed 

according to Rotruck et al.
42

      

 

Histopathology Examination 

The remaining portion of the liver and left kidney saved for 

pathological examination were kept in ten percent neutral buffered 

formaldehyde. Both organs were dehydrated in graded ethanol and 

embedded in paraffin blocks as previously described.
43 

The blocks 

were cut into 3-4 µm thick sections and stained with hematoxylin and 

eosin (H/E). A light microscope was used to examine pathological 

changes in the sections. 

 

Statistical Analysis 

Data were displayed as averages and standard errors of the average. 

They were analyzed by one-way analysis of variance (ANOVA) using 

the 17
th
 version of SPSS. For each parameter, the variation between 

the average of the control and test groups was assessed using the 

Duncan Multiple Range Test. The level of significance was set at p 

<0.05. 

     

Results and Discussion 

The liver and kidney are targets of CCl4 toxicity, primarily due to their 

involvement in its metabolism and elimination from the body.  The 

CCl4 toxicity in both organs is associated with oxidative stress and 

damage to cellular components.
7,10-11

 In the current study, the CCl4-

induced model of hepato-renal injury was used to assess the anti-

oxidative and protection offered by ELAA in rats. Acrostichum 

aureum is one of the local medicinal plants that have been used as 

remedies for various human diseases including gastrointestinal 

diseases.
44

 The results showed that ELAA has potential in vivo 

antioxidant and protective effects against CCl4-induced injury in the 
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liver and kidney as evidenced by the reduction of organo-somatic 

indices, oxidative stress, and amelioration or inhibition of hepato-renal 

lesions in treated rats. 

The effect of the different treatments on hepato-renal weight and 

relative weight is presented in Figure 1. Injection of CCl4 significantly 

increased LWT (p< 0.01) and RLW (p< 0.001) when compared to the 

control.  The values obtained for both parameters were reduced by the 

co-treatment with either of the two doses of ELAA or quercetin. The 

KWT values were similar across groups, while RKW was significantly 

(p < 0.01) increased in the CCl4-treated group. The RKW values were 

dose-dependently reduced in the ELAA co-treatment groups. In 

addition, quercetin also reduced the RKW to a similar degree as 100 

mg/kg ELAA. The RKW of the groups that were administered 

quercetin or the two doses of the ELAA were similar to the control. 

The increase in relative organ weight observed in the CCl4-treated 

group is suggestive of hepato-renal injury and inflammation. 

Following CCl4-induced hepatic injury, inflammatory cells are 

recruited into the liver,
45

 and this may be responsible in part for the 

increase in LWT, RLW, and RKW in the CCl4-treated. This study’s 

increase in LWT and RLW study is similar to that of a recent report in 

a mice model of CCl4-hepato-renal toxicity.
46

 The protective effect of 

ELAA was, however clearly demonstrated by the dose dependently-

reduction in absolute and relative hepato-renal weights.  

 

 

 

 

 

A B 

  
C D 

Figure 1: The effects of ELAA on organ weight indices in rats exposed to CCl4 and ethanol leaf extract of  Acrostichum aureum          

(A) Liver weight (B) Relative Liver (C) Kidney Weight (D) Relative Kidney Weight. 
*Significantly different from control at p <0.05,*Significantly different from control at p <0.01. ***Significantly different from control at p <0.001 
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A B 

 

 

C D 

Figure 2: Liver oxidative stress parameters in test and control rats. (A) Malondialdehyde (B) Superoxide peroxidase                              

(C) Glutathione –S-transferase (D) Glutathione Peroxidase 
*Significantly different from control at p <0.05,*Significantly different from control at p <0.01 

 

 

The effects of the administration of ELAA or quercetin on the hepato-

renal lipid peroxidation and oxidative stress maker enzymes following 

treatment with CCl4 are presented in Figures 2 and 3. According to the 

results, CCl4 significantly (p< 0.05) increased MDA levels in both the 

liver and kidney when compared to the control. In contrast, co-

administration with 50 and 100 mg/kg ELAA dose-dependently 

reduced MDA. A similar reduction of MDA level was observed for 

quercetin co-treatment. The SOD, GPx, and GST activities in both the 

liver and kidney were however significantly reduced following CCl4 

treatment as compared to the control.  Supplementation with the two 

doses of ELAA or quercetin enhanced the activities of the enzymes 

and returned them toward control value. Meanwhile, the values 

obtained for lipid peroxidation and antioxidant parameters in the 

groups that were exposed alone to each of the two doses of ELAA or 

quercetin were comparable to the control. In the liver and kidney, CCl4 

is metabolically biotransformed primarily by CYP2E1 into 

trichloromethyl radical 
.
chloromethane, dichlorocarbene, and 

trichloromethyl peroxyl radicals.
3-5

 These radicals can either bind 

directly to tissues or initiate a cascade of free radical-mediated 

reactions leading to lipid peroxidation. Therefore, the elevation MDA 

observed in the CCl4-treated group is a manifestation of CCl4-induced 

lipid peroxidation.  Similar results are well documented in recent 

reports.
7,45-6

 During lipid peroxidation, cellular antioxidant and 

detoxification systems including SOD, GPX, and GST are intrinsically 

activated to counter lipid peroxidation. However, CCl3 and CCl2 

radicals are capable of binding and inhibiting these antioxidants. 

Therefore, the decrease in antioxidant enzymes, SOD, GPX, and GST 

in the CCl4-treated groups could be due to the overwhelming effects of 

oxidants and their inhibitory actions on antioxidant defense in both 

tissues during CCl4 intoxication. The observed decrease in the 

antioxidant enzymes is in accord with previous studies.
47-8

 However, 

ELAA retarded lipid peroxidation and augmented antioxidant 

enzymes against CCl4 intoxication as displayed by the reduction of 

MDA together with enhancement of SOD, GPX, and GST activities in 

both the liver and kidney in a similar fashion to quercetin that was 
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used as the standard drug in this study. A prior study showed that 

water extract of Acrostichum aureum exerted an antioxidant effect 

against ethanol-induced gastric ulcers in rats
31

 and our current findings 

are consistent with it. Thus demonstrating that the decline in MDA 

and up-regulation of SOD, GPX, and GST in the groups treated with 

ELAA and CCl4 could be attributed to the antioxidant potential of 

ELAA. 

 

  
A B 

  

C D 

Figure 3: Kidney oxidative stress parameters in test and control rats.  (A) Malondialdehyde (B) Superoxide peroxidase 

 (C) Glutathione –S-transferase (D) Glutathione Peroxidase. 
*Significantly different from control at p <0.05, *Significantly different from control at p <0.01,  

.

The results of the hepato-renal function/health biomarkers presented in 

Figure 4 showed that CCl4-administration resulted in significant 

increases in serum ALT (51.53%), AST (41.03%), bilirubin (47.00%) 

and creatinine (81.4%) as compared to the control. Co-treatment with 

50 and 100 mg/kg ELAA dose-dependently reduced ALT activity to 

48.59 and 7.9% respectively, while quercetin reduced ALT to 1.67% 

when compared to the control. Similarly, AST was decreased to 5.68, 

9.37, and 4.53% in the groups supplemented with quercetin, 50 and 

100 mg/kg ELAA respectively as compared to the control.  In 

addition, bilirubin level was reduced to 37.30% and 32.12% 

respectively in the 50 and 100 mg/kg ELAA co-treatment groups, 

while quercetin reduced it to 38.86%.  Creatinine values were reduced 

to 42.67% and 33.90 % by 50 and 100 mg/kg ELAA co-administration 

respectively, whereas it was reduced to 33.33% by quercetin co-

administration. The Na
+ 

and Cl
- 
were significantly reduced by 5.79 and 

7.05% respectively in the CCl4-administered group. In contrast, serum 

Na
+ 

was improved slightly to 3.68% and 2.98% in the 50 and 100 

mg/kg ELAA co-administration groups. Enhancement of lipid 

peroxidation and inhibition of enzymes, otherwise known as oxidative 

stress could lead to alteration of membrane permeability, loss of 

membrane integrity, and cellular damage in both the liver and kidney. 

Consequently, hepato-cellular contents including liver health and 

function markers are leached into the bloodstream.  The rise in blood 

AST and ALT may therefore be indicative of CCl4-induced damage 

and impairment of hepatic function. Similarly, the high blood bilirubin 

in the CCl4-treated rats is suggestive of impairment of bilirubin 

conjugation and excretion.  
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Figure 4: Effect of ethanol leaf extract of Acrostichum aureum on CCl4-induced alteration of liver and kidney health parameters.         

(A) Alanine aminotransferase (B) Aspartate aminotransferase (C) Bilirubin (D) Creatinine (E) Urea(F) Total protein (G) Albumin             

(H) Sodium ion (I)  Chloride ion. 
 *Significantly different from control at p <0.05,*Significantly different from control at p <0.01 
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The surge in markers of hepatic injury and function in the current 

study is supported by recent reports.
48-9

 The rise in creatinine and 

reduction of Na
+ 

and Cl
-
 may be indicative of CCl4–induced toxicity in 

the kidney.  

Related findings have been documented by Ujowundu et al
50

 and 

Wang et al
51

. However, ELAA seems to modify liver health and 

function as demonstrated by the reduction of ALT, AST, and bilirubin 

concentration in groups  co-administered CCl4 and ELAA. Similarly, 

the reversal of creatinine, Na
+
, and Cl

-
 towards the control levels by 

the co-treatment with ELAA may be indicative of the protective effect 

of ELAA in the kidney. The protection offered by ELAA against 

CCl4-induced alteration of renal and hepatic health markers in this 

study suggests that extract possesses membrane stabilizing and/ or 

repairing properties. 

The effect of ELAA on the pathological changes caused by CCl4 

intoxication in the liver is displayed in Figure 5. No apparent 

pathological lesions were observed in the hepatic histo- architecture of 

the rats that received corn oil, quercetin, and each of the two doses of 

ELAA alone (A-D). However, the group administered CCl4 only had 

severe bridging hepatocellular swelling (arrowhead), necrosis (black 

arrows), kupffer cell hyperplasia (blue arrows), and inflammation (red 

arrows) (E) Quercetin ameliorated the effect of CCl4 as treated rats 

showed attenuated hepatocellular swelling (arrowhead), necrosis 

(black arrow) and inflammation (red arrows) (F). Similarly, ELAA 

dose-dependently reduced the degree of CCl4-induced hepatic lesion 

as evidenced by random hepatocellular necrosis with kupffer cell 

hyperlasia (blue arrow) in the 50 mg/kg ELAA co-treatment group (G) 

and moderate portal inflammation (red arrow) in the 100 mg/kg ELAA 

co-treatment group (H). 

The results of the pathological examination of the kidney presented in 

Figure 6 showed no observable lesson in the kidney of the groups 

treated alone with corn oil, quercetin, 50 mg/kg, and 100 mg/kg of 

ELAA (A-D). However, the group administered CCl4 only presented 

with foci of tubular necrosis (black arrows) and glomerular tuft, 

hyperplasia (black arrows) (E). Co-treatment with quercetin prevented 

CCl4-induced lesions in the kidney (F), while 50 mg/kg of ELAA co-

treatment showed random tubular atrophy and necrosis (black arrows) 

(G). The renal histo-architecture of the group co-treated with 100 

mg/kg of ELAA showed no observable lesion (H). Lesions observed 

in CCl4-treated group confirmed the toxicity of CCl4 to the liver and 

kidney. Many of the lesions are oxidative stress-related and are risk 

factors for many diseases including hepatocellular and renal cancers. 

The observed attenuation of hepatic and inhibition of renal lesions by 

ELAA similar to quercetin may not be unrelated to its ability to stem 

down lipid peroxidation and boost antioxidant enzyme defenses 

against CCl4–induced toxicities.   

 

 
Figure 5: Amelioration of CCl4-induced hepatic damage by 

ethanol leaf extract of Acrostichum aureum in rats (H&E). 

Liver sections in the groups treated with corn oil (A), quercetin 

(B), 50 mg/kg ELAA (C), 100 mg/kg ELAA (D) (E) CCl4, 

CCl4 + quercetin (F) CCl4 + 50 mg/kg (G) CCl4 + 100 mg/kg 

(H).  

 
Figure 6: Prevention of CCl4-induced renal damage by ethanol 

leaf extract of Acrostichum aureum in rats (H&E).  Renal 

sections in the groups treated with corn oil (A), quercetin (B), 

50 mg/kg ELAA (C), 100 mg/kg ELAA (D) (E) CCl4, CCl4 + 

quercetin (F) CCl4 + 50 mg/kg  (G) CCl4 + 100 mg/kg (H). 
 

The benefits of ELAA in protecting against CCl4-induced oxidative 

stress and hepato-renal toxicity could be due to its rich content of 

phytochemicals including lignans, sterols, flavonoids, and phenolic 

compounds.
20,26,29

 Some of these compounds suppress ROS production 

and boost antioxidant defense mechanisms in vitro and animal models. 

For example, kaempferol, quercetin, and quercetin-3-O-β-D-

glucoside
30

 which are present in the plant,
30

 exert protective action 

against oxidative damage in the liver and kidney.
51-52 

Moreover, 

pinoresinol-4-O-glucoside isolated from A.aureum by Minh et al
26

 

possesses antioxidant activity and was shown to reduce serum ALT 

and AST activity in a CCl4 model of hepatoxicity.
53

 In addition, β-

sitosterol and lupeol identified in Acrostichum aureum by Basyuni et 

al
27

 were recently shown to exert hepatoprotective effects in different 

models of hepatoxicity.
54-5 

 

Conclusion  

Our findings suggest that ethanol extract of Acrostichum aureum 

protects against oxidative stress and hepato-renal injury caused by 

CCl4 intoxication. Acrostichum aureum could therefore be a potential 

therapeutic agent for managing hepato-renal injury. However, further 

studies are required to isolate the active principles in the plant. 

 

Conflict of Interests 

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article are 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgments 

Mr. W.A. Yusuf is appreciated for his effort in the management of the 

rats used in this study 

 

References 

 
1. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of 

liver diseases in the world. J Hepatol. 2019;70 (1):151-171.  

2. Luyckx VA, Tonelli M, Stanifer JW. The global burden of 

kidney disease and the sustainable development goals. Bull 

World Health Org. 2018;96(6):414-422D. 

doi:10.2471/BLT.17.206441 

3. Unsal V, Cicek M, Sabancilar İ. Toxicity of carbon 

tetrachloride, free radicals and role of antioxidants. Rev 



                               Trop J Nat Prod Res, June 2024; 8(6):7388-7396                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

7395 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Environ Health 2021; 36 (2):279-95. 

https://doi.org/10.1515/reveh-2020-0048  

4. Lixin X, Erli G, Songping H, Yonggen Z, Wang J, Lijun Y. 

Yi guan jian, a traditional Chinese herbal medicine, alleviates 

carbon tetrachloride-induced liver injury. eCAM. 

2019:9824728. 

5. Acheampong DO, BLixin X, Erli G, Songping H, Yonggen 

Z, Wang J, Lijun Y. Yi guan jian, a traditional Chinese 

herbal medicine, alleviates carbon tetrachloride-induced liver 

injury. eCAM. 2019:9824728. 

6. Eze GI, Akonoafua KA. Effects of ethanol leaf extract of 

Lawsonia inermis Linn. on carbon tetrachloride-induced liver 

injury in adult Wistar rats.Trop J Nat Prod Res 2019; 

3(8):252-260 

7. Alkinani KB., Ali  EMM, Al-Shaikh TM, Khan JAA, Al-

naomasi TM, Ali SS, Abduljawad AA, Mosa OF, Zafar TA. 

Hepatoprotective effects of (−) epicatechin in CCl4-induced 

toxicity model are mediated via modulation of oxidative 

stress markers in rats, eCAM 2021;4655150. 

8. Jin S, Li H, Han M, Ruan M, Liu Z, Zhang F, Zhang C, Choi 

Y, Liu B: Mesenchymal stem cells with enhanced Bcl-2 

expression promote liver recovery in a rat model of hepatic 

cirrhosis. Cell Physiol Biochem 2016;40:1117-28 

9. Yilmaz-Ozden T, Can A, Karatug A, Pala-Kara Z, Okyar A, 

Bolkent S. Carbon tetrachloride-induced kidney damage and 

protective effect of Amaranthus lividus L. in rats. Toxicol.  

Ind. Health 2014; 32(6): 1143–52. 

doi:10.1177/0748233714555390 

10. Bellassoued K, Ben Hsouna A, Athmouni K.van Pelt J, 

Makni AF, Rebai T, Elfeki A. Protective effects of Mentha 

piperita L. leaf essential oil against CCl4 induced hepatic 

oxidative damage and renal failure in rats. Lipids Health Dis 

2018;17: 9.  

11. Cohen SM, Bevan C, Gollapudi B, Klaunig JE. Evaluation of 

the carcinogenicity of carbon tetrachloride.  J Toxicol  

Environ Health, Part B 2023;26(6): 342–370. 

12. Makni M, Chtourou Y, Garoui EM, Boudawara T, Fetoui H. 

Carbon tetrachloride-induced nephrotoxicity and DNA 

damage in rats: protective role of vanillin. Hum Exp Toxicol. 

2012;(8):844-52. 

13. Ali H, Kabir N, Muhammad A, Shah MR, Musharraf SG, 

Iqbal N, Nadeem S. Hautriwaic acid as one of the 

hepatoprotective constituent of Dodonaea viscosa. 

Phytomed.. 2014;21(2):131-40. 

14. Rahman, S., Husen, A. Potential role of medicinal plants in 

the cure of liver and kidney diseases. In: Husen, A., 

Bachheti, R.K., Bachheti, A. (eds) Non-timber forest 

products Cham: Springer; 2021  

15. Numbere AO, Camilo GR. Structural characteristics, above 

ground biomass and productivity of mangrove forest situated 

in areas with different levels of pollution in the Niger Delta, 

Nigeria. Afr J Ecol  2018;56(4):917-927 

16. Uddin SJ, Grice D, Tiralongo E. Evaluation of cytotoxic 

activity of patriscabratine, tetracosane and various flavonoids 

isolated from the Bangladeshi medicinal plant Acrostichum 

aureum. Pharm Biol 2012;50 (10): 1276-1280 

17. Zhong Y, Yu R, Chen Y, Zhou R, Liu Y.The complete 

chloroplast genomes of the mangrove fern Acrostichum 

aureum. Mitochondrial DNA Part B 2020, 5(3): 2258–2259. 

18. Hossain H,  Jahan IA,  Nimmi I, Hossain A, Kawsar H. Anti-

inflammatory activity of the ethanolic extract of Acrostichum 

aureum (Linn.) root.  Bangladesh Pharm. J 2011;14: 2:107-

109. 

19. Akinwumi KA, Abam EO, Oloyede ST, Adeduro MN, 

Adeogun YA, Uwagboe JE. Acrostichium aureum Linn: 

traditional use, phytochemistry, and biological activity. Clin. 

Phytosci.  2022;8(1):1-18.   

20. Badhsheeba MA, Vadivel V. Physicochemical and 

phytochemical contents of the leaves of Acrostichum aureum 

L. J Global Biosci. . 2020;9(4):7003-18. 

21. Badhsheeda A, Vadivel, V. Evaluation of in vitro antioxidant 

activity of Acrostichum aureum  Linn. Rachis. J Pharmacogn 

Phytochem 2018;7 (6): 1146-1151 

22. Khan SA, Hossain MA, Panthi S, Asadujjaman M, Hossin A. 

Assessment of antioxidant and analgesic activity of 

Acrostichum aureum Linn.(Family-Pteridaceae). 

PharmacologyOnline 2013;1:166-71. 

23. Roni M, Harilal CC. Biotoxicity of Acrostichum aureum L. 

synthesized zinc oxide nanoparticles against Aedes 

albopictus, and impact on predation efficiency of mosquito 

fish Gambusia affinis. Inorg. Chem. Commun. 2023; 156: 

111224. 

24. Ultari A, Handayani D,Eriadi A.  A review : study of 

chemical content , bioactivity of mangrove fern plants 

(Acrostichum aureum L). EAS J Pharm Pharmacol 

2021;3(1): 3–8. 

25. Awang NA, Ali AM, Mat N.  Alternative Medicines from 

edible bitter plants of Besut, Malaysia J. Agrobiotech. 9 (2), 

2018;80 – 91 

26. Nurhasnawati H, Sundu R, Sapri S, Supriningrum R, 

Kuspradini H, Arung ET. Antioxidant activity, total phenolic 

and flavonoid content of several indigenous species of 

q0ferns in East Kalimantan, Indonesia. Biodiversitas 

2019;20(2):576–80. 

27. Basyuni M, Putri LAP, Julayha Nurainun H, Oku H. Non-

saponifiable lipid composition of four salt-secretor and non-

secretor mangrove species from north Sumatra, Indonesia. 

Makara J Sci. 2012 2012;16 (2): 89-94  

28. Uddin SJ, Jason TL, Beattie, K. D. Grice, D. and Tiralongo, 

E. Isolation of novel cytotoxic compounds from a 

Bangladeshi medicinal plant Acrostichum aureum. Planta 

Med. 2011;77: 19 

29.  Thomas AP, Peter, KJ, Chandramohanakumar N. A 

profiling of anti-tumour potential of sterols in the mangrove 

fern Acrostichum aureum. Int. J. Pharmacogn. Pharm. Res. 

2016; 8 (11): 1828-1832. 

30. Minh TT, Thu NH, Toan HK, Quang TT, Thanh NT, Huong 

TT, Van Sung T. Three new phenolic sulfates from 

Acrostichum aureum collected from coastal area of Thai 

Binh Province, Vietnam and their cytotoxic activity. Rec Nat 

Prod. 2022;16(1):66-73. 

31. Wu X, Huang Q, Xu N, Cai J, Luo D, Zhang Q, Su Z, Gao C, 

Liu Y. Antioxidative and anti-inflammatory effects of water 

extract of Acrostichum aureum Linn. against ethanol-induced 

gastric ulcer in rats. eCAM 2018: 3585394. 

32. Devi RK, Rajesh NV, Vasantha S, Geetha VS. Anti-

parasiticaction of Actinopteris radiata, Acrostichum aureum 

and  Hemionitis arifolia. Pteridological Res. 2015;4:1-9 

33. Shamsuddin AA, Najiah M, Suvik A, Azariyah MN, 

Kamaruzzaman BY, Effendy AW, John B.A. Antibacterial 

properties of selected mangrove plants against Vibrio species 

and its cytotoxicity against Artemia salina. World 

Appl. Sci. J.  2013;25:333–340. 

34. Uddin SJ. Guillon, P. Grice ID, Tiralongo E. In-vitro 

antiviral activity of a novel phthalic acid ester derivative 

isolated from the Bangladeshi mangrove fern Acrostichum 

aureum. J Antiviral Antiretroviral 2013;5:6 

http://dx.doi.org/10.4172/jaa.1000078 

35. Lai HY, Lim YY. Evaluation of antioxidant activities of the 

methanolic extracts of selected ferns in Malaysia.  Int. J. Sci. 

Environ Sci. Dev2011;2: 442-447. 

36. Akinwumi KA, Jubril AJ, Olaniyan OO, Umar YY. Ethanol 

extract of Nigella sativa has antioxidant and ameliorative 

effect against nickel chloride-induced hepato-renal injury in 

rats. Clin. Phytosci. 2020;6(1):1-12. 

37. National Research Council. Guide for the care and use of 

laboratory animals, 8th ed., Washington USA: National 

Academic Press; 2011. 

38. Percie du Sert, N, Hurst V, Ahluwalia A,  Alam S, Avey  

MT, Baker,M, BrowneWJ, Clark A, Cuthill,IC, Dirnagl U, 

Emerson M, Garner P, Holgate ST, Howells DW, Karp 

https://doi.org/10.1515/reveh-2020-0048
https://docs.google.com/viewer?a=v&q=cache:Q-QjMmkTY-UJ:www.bps-bd.org/journal/volume14_2/06.%20AkbarF.pdf+acrostichum+aureum+study&hl=en&pid=bl&srcid=ADGEESgoBRTdRLTS_dFS9mVRBbP6EUkVyYsyU_xg7RgDMaq99UW4nzkiKcHCJCv90-w8wjXO8TtjdzRaCM67NDmUWMk5jH3X-lZT39XSeIL6tZ-WqXf1BVpEjqXtSHQTHVAD-w4RdAVn&sig=AHIEtbQuOLpNpYvKJTALUWd-QmGD3IuykQ
https://docs.google.com/viewer?a=v&q=cache:Q-QjMmkTY-UJ:www.bps-bd.org/journal/volume14_2/06.%20AkbarF.pdf+acrostichum+aureum+study&hl=en&pid=bl&srcid=ADGEESgoBRTdRLTS_dFS9mVRBbP6EUkVyYsyU_xg7RgDMaq99UW4nzkiKcHCJCv90-w8wjXO8TtjdzRaCM67NDmUWMk5jH3X-lZT39XSeIL6tZ-WqXf1BVpEjqXtSHQTHVAD-w4RdAVn&sig=AHIEtbQuOLpNpYvKJTALUWd-QmGD3IuykQ
https://docs.google.com/viewer?a=v&q=cache:Q-QjMmkTY-UJ:www.bps-bd.org/journal/volume14_2/06.%20AkbarF.pdf+acrostichum+aureum+study&hl=en&pid=bl&srcid=ADGEESgoBRTdRLTS_dFS9mVRBbP6EUkVyYsyU_xg7RgDMaq99UW4nzkiKcHCJCv90-w8wjXO8TtjdzRaCM67NDmUWMk5jH3X-lZT39XSeIL6tZ-WqXf1BVpEjqXtSHQTHVAD-w4RdAVn&sig=AHIEtbQuOLpNpYvKJTALUWd-QmGD3IuykQ
https://www.researchgate.net/publication/329277538_Evaluation_of_in_vitro_antioxidant_activity_of_Acrostichum_aureum_Linn_Rachis
https://www.researchgate.net/publication/329277538_Evaluation_of_in_vitro_antioxidant_activity_of_Acrostichum_aureum_Linn_Rachis
https://pubmed.ncbi.nlm.nih.gov/?term=Howells+DW&cauthor_id=32663096


                               Trop J Nat Prod Res, June 2024; 8(6):7388-7396                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

7396 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

NA, Lazic SE, Lidster K, MacCallum CJ,Macleod M, Pearl 

EJ, Petersen OH,Rawle F, Reynolds P, Rooney K, Sena ES, 

Silberberg SD, Steckler T, Würbel H. The ARRIVE 

guidelines 2.0: updated guidelines for reporting animal 

research. PLoS Biol 2020;18:e3000410.  

39. Esterbauer H, Cheeseman KH. Determination of aldehydic 

lipid peroxidation products, malondialdehyde and 4-

hydroxynonenal. Method Enzymol 1990;186: 407-421. 

40. Sun M, Zigma S. An improved spectrophotometric assay of 

superoxide dismutase based on epinephrine antioxidation. 

Anal Biochem 1978;90:81-89. 

41. Habig, WH, Pabst MJ, Jakoby WB. Glutathione S-

transferases. The first enzymatic step in mercapturic acid 

formation.  J Biol Chem1974;249(22):7130–7139. 

42. Rotruck JT, Pope AL, Ganther HE. Prevention of oxidative 

damage to rat erythrocytes by dietary selenium. J Nutr 1972; 

102(5):689-96. 

43. Akinwumi KA, Olabode OO, Wakeel AA. The protective 

effect of methanol extract of Rauvolfia vomitoria against the 

clastogenicity and hepatotoxicity of sodium arsenite in mice. 

J. Can. Res. Updates. 2018;7(4):109-18 

44. Orijemie EA. Exploitation of aquatic resources in Ahanve, 

Badagry, South-Western Nigeria. Internet Archaeol 37. 2014; 

http://dx.doi.org/10.11141/ia.37.8  

45. Li R, Yang W, Yin Y, Ma X, Zhang P, Tao K. 4-OI 

attenuates carbon tetrachloride-induced hepatic injury via 

regulating oxidative stress and the inflammatory response. 

Front Pharmacol 2021;12:651444 

46. Lee YS, Cho IJ, Kim JW, Lee MK, Ku SK, Choi JS, Lee HJ. 

Hepatoprotective effects of blue honeysuckle on CCl4-

induced acute liver damaged mice. Food Sci Nutr. 2018 

;7(1):322-338 

47. Zamzami MA, Baothman OAS, Samy F, Abo-Golayel MK. 

Amelioration of CCl4-induced hepatotoxicity in rabbits 

by Lepidium sativum Seeds. eCAM.2019:5947234 

48. Yang C, Li L, Ma Z, Zhong Y, Pang W, Xiong M, Fang S 

and Li Y: Hepatoprotective effect of methyl ferulic acid 

against carbon tetrachloride-induced acute liver injury in rats. 

Exp Ther Med 2018;15: 2228-2238.  

49. Shaban NZ, El-Kot SM, Awad OM,.Afaf MH, Ghada 

MF. The antioxidant and anti-inflammatory effects of Carica 

papaya Linn. seeds extract on CCl4-induced liver injury in 

male rats. BMC Complement Med Ther 2021;21: 302.  

50. Ujowundu FN, Kalu JO, Ujowundu CO, Onyeocha IO, 

Onuoha CH, Ibeh RC, Obasi UK, Ntaji OE, Chigbu IN, 

Ezirim CY. Investigating the effect of flavonoid, saponin, 

alkaloids and tannins extracted from Combretum 

dolichopentalum Diels in CCl4-induced hepatotoxicity. Trop 

J Nat Prod Res  2022;6(8);1255-1261 

51. Wang Z, Sun W, Sun X, Wang Y, Zhou M. Kaempferol 

ameliorates cisplatin-induced nephrotoxicity by modulating 

oxidative stress, inflammation and apoptosis via ERK and 

NF-κB pathways. AMB Expr 2020;10:58.  

52. Song J, Kim Y, Lee J. Comparison of antioxidant and anti-

inflammatory activity of quercetin, isoquercitrin and rutin 

against alcohol‐ induced liver injury in HepG2 Cells. 

FASEB J.. 2018 32:670-0. 

53. Youssef FS, Ashour ML, El-Beshbishy HA, Ahmed Hamza 

A, Singab ANB, Wink M. Pinoresinol-4-O-β-D-

glucopyranoside: a lignan from prunes (Prunus domestica) 

attenuates oxidative stress, hyperglycaemia and hepatic 

toxicity in vitro and in vivo. J Pharm Pharmacol. 

2020;72(12):1830-1839.  

54. Huang S, Mo C, Zeng T, Lai Y, Zhou C, Xie S, Chen L, 

Wang Y, Chen Y, Huang S, Gao L. Lupeol ameliorates 

LPS/D-GalN induced acute hepatic damage by suppressing 

inflammation and oxidative stress through TGFβ1-Nrf2 

signal pathway. Aging 2021;13(5): 6592.  

55. Devaraj E, Roy A Veeraragavan GR  Magesh A. β-Sitosterol 

attenuates carbon tetrachloride-induced oxidative stress and 

chronic liver injury in rats. Naunyn-Schmiedeberg's Arch 

Pharmacol 2020; 393(6):1-9.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Karp+NA&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Lazic+SE&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Lidster+K&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=MacCallum+CJ&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Macleod+M&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Pearl+EJ&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Petersen+OH&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Petersen+OH&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Reynolds+P&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Sena+ES&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Silberberg+SD&cauthor_id=32663096
https://pubmed.ncbi.nlm.nih.gov/?term=Steckler+T&cauthor_id=32663096
http://dx.doi.org/10.11141/ia.37.8
https://www.researchgate.net/profile/Ezhilarasan-Devaraj
https://www.researchgate.net/scientific-contributions/Geetha-Royapuram-Veeraragavan-2212171304
https://www.researchgate.net/scientific-contributions/Anitha-Magesh-2102051392
https://www.researchgate.net/journal/Naunyn-Schmiedebergs-Archives-of-Pharmacology-1432-1912
https://www.researchgate.net/journal/Naunyn-Schmiedebergs-Archives-of-Pharmacology-1432-1912

