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ABSTRACT 

This study evaluated the impact of administration of aqueous extract of Hibiscus sabdariffa Linn calyx on 

liver function following chronic exposure to paracetamol. Four (4) groups were involved: control, extract 

only, paracetamol only and post-treatment (drug at zero time and extract 8h later). There were 5 mice in 

each group. Paracetamol and Hibiscus sabdariffa Linn calyx extract (HSCE) were administered orally 

500 mg/kg body weight and 250 mg/kg body weight respectively, on a daily basis for 16 weeks. At the 

end of the experiment, all the animals were sacrificed. Activities of liver marker enzymes, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl 

transferase (GGT), and levels of bilirubin, albumin, total protein and total cholesterol were assessed in 

serum. Malondialdehyde (MDA) and antioxidant status (superoxide dismutase and catalase activities, and 

reduced glutathione level) were estimated in liver homogenate. Histopathological examinations of liver 

sections were also carried out on experimental mice. Paracetamol toxicity was evidenced by a significant 

increase (P ≤ 0.05) in biochemical indices of liver function with decreased protein content. Post-treatment 

with the extract was seen to mitigate the changes prompted by exposure to paracetamol; this was also 

confirmed by histopathological studies. The observed amelioration by the extract may not be unrelated to 

the presence of phenolic compounds, anthocyanins, flavonols and protocatechuic acid (PCA), which has 

been widely reported. 
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INTRODUCTION 

Hibiscus sabdariffa Linn is an annual shrub that 

is cultivated between April and November in the 

tropics and it belongs to the Malvaceae family 

[1].  
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It is thought to be native to Africa and Asia 

[1]. In some areas around the world, it is 

cultivated as a home garden crop, cultivation can 

be achieved either through the seeds, rooting or 

shoot cuttings on a well-drained soil with an 

annual rainfall of 130-260 mm in the first 

quarter of growth. Dry weather is favorable 

during the later months of growth. Proper 

monitoring of the water content and careful 

avoidance of mixed cultivation with crops 

susceptible to root and stem rot will prevent root 

and stem rot in Hibiscus sabdariffa Linn [2].  

Parmar et al. [3] reported that it is very difficult 

to find any drug capable of protecting the liver 

from damage or help in hepatic cell regeneration 

despite the success in modern medicine 

recorded. However, Ukegbu et al. [4] reported 

the frequency in which many active plant 

extracts are utilized to treat a wide variety of 

clinical diseases including liver disease. 

Hibiscus sabdariffa Linn has been reported to 

show the presence of phenolic compounds, 

anthocyanins, flavonols, protocatechuic acid 

(PCA), etc [5]. Herrera-Arellano et al. [6] 

described the positive effect of this plant extract 

in reducing blood pressure in experimental 

animals and humans. The hypo-cholesterolemic 

activity of the plant was confirmed when they 

observed lowering effect in the different lipid 

fraction of hypercholesterolemic rat [7]. The 

ability of the extract to protect the liver from 

radiation and over-dosage effect of 

acetaminophen were also reported [8, 9]. 

The liver is the most significant organ of the 

body for detoxification; disorders to this organ 

remain some of the most serious health 

problems. The organ is very important in 

regulation of physiological processes involved in 

several vital functions like storage, secretion and 

metabolism. It is also heavily involved in the 

detoxification of a variety of drugs and 

xenobiotics and plays central role in the 

transformation and clearing of chemicals [10]. 

Hepatotoxicity has been known to cause severe 

metabolic disorders and sometimes eventually 

death. Hepatic damage occurs mostly because 

the liver is involved in different functions, chief 

of which is detoxification of xenobiotics, 

ultimately leading to oxidative stress which 

when in excess distorts all of its functions [11]. 

Acetaminophen (paracetamol or N-acetyl-p-

aminophenol (APAP)) is a derivative of para-

aminophenol and is used as an analgesic and 

antipyretic drug. It belongs to the para-

aminophenol class of the nonsteroidal anti-

inflammatory drugs [12]. At therapeutic doses, 

paracetamol is not harmful or toxic, but at higher 

doses, it could lead to acute liver damage. The 

hepatotoxicity of APAP has been linked to the 

formation of toxic highly reactive metabolite N-

acetyl-p-benzoquinone imine (NAPQI) which 

causes oxidative stress and glutathione depletion 
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[13]. It is a well-known antipyretic and analgesic 

agent, which produces hepatic necrosis at larger 

doses [14]. 

The unending interests in this plant up to now 

have led to numerous scientific discoveries that 

exceed the traditional medicinal belief. 

However, the present study examined the 

hepato-regenerative potential of H. sabdariffa on 

paracetamol induced liver damage in mice using 

the liver function tests, total cholesterol, lipid 

peroxidation and antioxidants as biomarkers. 

MATERIALS AND METHODS 

Plant material 

The calyces of Hibiscus sabdariffa Linn were 

purchased from a well-known market in Abuja, 

Nigeria’s capital city. The plant was identified at 

the Department of Plant Biology and 

Biotechnology, University of Benin, Benin City. 

Subsequently a voucher specimen of the plant 

(voucher number UBHm 0261) was deposited at 

the Herbarium, University of Benin, Benin City. 

The extract was prepared as earlier described 

[15]. 

Experimental Animals 

Twenty (20) mice weighing between 27 to 32 g 

were used for the study. They were obtained 

from a breeder in Benin City and housed in 

wooden cages in controlled optimum conditions 

in the animal house of the Department of 

Biochemistry, University of Benin. The mice 

were given free access to food and tap water for 

two weeks to allow for acclimatization before 

commencement of treatment. The study was 

conducted according to the conventional 

procedures accepted by National Institute of 

Health Guide for the Care and Use of 

Laboratory Animals and approved by Ethic 

Committee of the Faculty of Pharmacy, 

University of Benin, Benin city, Nigeria.  

Paracetamol preparation 

Paracetamol powder was first dissolved in 

dimethyl sulfoxide (DMSO) (2.5% aqueous 

solution of DMSO), then mixed with distilled 

water to make up the required quantity. 

 

Experimental design and treatment schedule 

 

Four (4) groups were involved: control, extract 

only, paracetamol only and post-treatment (drug 

at zero time and extract 8h later). There were 5 

mice in each group. Paracetamol (500 mg/kg 

body weight) and Hibiscus sabdariffa Linn 

calyx extract (HSCE) (250 mg/kg) were 

administered orally. The experiment lasted for 

16 weeks after which all the mice were 

sacrificed. 

 

Biochemical analyses   
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The mice were sedated using chloroform, after 

which blood was taken by cardiac puncture and 

placed in plain sample bottles. The liver was 

also harvested for biochemical analyses and 

histopathological investigations. Analyses 

carried out on serum include alanine 

aminotransferase (ALT) [16], aspartate 

aminotransferase (AST) [16], alkaline 

phosphatase (ALP) [17], gamma glutamyl 

transferase (GGT) [18], total cholesterol [19], 

albumin [20], total protein [21] and bilirubin 

(total and direct) [22]. Reduced glutathione 

(GSH) [23], malondialdehyde (MDA) [24], 

superoxide dismutase (SOD) [25] and catalase 

[26] were carried out on liver homogenate. 

 

Statistical analysis  

Data obtained were presented as mean ± S.E.M. 

Analysis for significance was done by one way 

ANOVA and mean values that differed 

significantly were identified using the Duncan’s 

multiple range test. P ≤ 0.05 was considered 

significant. 

Results 

Effects of post-treatment of HSCE on chronic 

paracetamol exposure 

Liver function parameters 

Table 1 shows results for liver function tests 

carried out in serum. After 16 weeks, it was 

observed that post-treatment with extract 

brought about a significant reduction close to the 

control for ALT, AST, total cholesterol, ALP, 

GGT, Total bilirubin and Direct Bilirubin levels 

while for Total Protein and Albumin levels there 

was a significant increase with values returned 

close to the control, compared to paracetamol 

only.  

Table 1:  

Antioxidants and lipid peroxidation in the 

liver 

Table 2 shows results for antioxidants and lipid 

peroxidation tests carried out in liver 

homogenate. After 16 weeks, it was observed 

that post-treatment with extract led to a 

significant reduction very close to the control for 

MDA levels while for the antioxidants there was 

a significant increase and returned close to the 

control, compared to paracetamol only.  

Table 2:  

 

Histopathological findings  

Liver ultrastructure of mice exposed to 

paracetamol before extract 

The control mouse showed normal architechure 

of the liver, composed of portal vein (A) and 

hepatocytes (B), separated by sinusoids (C) 

(plate 1). The mouse that received extract only 

showed moderate Kupffer cell activation (A) 

(plate 2). The mouse that received paracetamol 

only showed portal congestion (A) and moderate 

infiltrates of inflammatory cells (B) (periportal 
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hepatitis) (plate 3), while the mouse that 

received paracetamol at zero time and extract 8h 

later showed moderate periportal lymphocytosis 

(A) and vascular congestion (B)  (plate 4).   

Figure 1:  

DISCUSSION 

This study has shown that the ALT, AST and 

ALP levels which were significantly increased 

in the paracetamol only group relative to control, 

significantly reduced when the HSC extract was 

added 8 hours later. This is consistent with the 

work of [27] who showed a similar trend when 

water extract of HSC was added following 

oxidation induced by paracetamol. Similarly, 

according to the work of [28] a polyphenol 

extract of Hibiscus Sabdariffa ameliorated 

acetaminophen induced hepatic steatosis. A 

possible mechanism could be due to a strong 

antioxidant activity, which ensures reduction of 

cellular damage by reducing oxidative stress and 

by stopping mitochondrial dysfunction through 

decreasing Bax and tBid expression in the liver 

[28]. 

For total protein and albumin, paracetamol only 

group showed significant decreased total protein 

and albumin content when compared with the 

control and there was a significant rise in the TP 

and Alb level after the HSCE was added 8 hours 

later. This agrees with the work of [29] who also 

reported a significant decrease in total protein 

and albumin levels when paracetamol toxicity 

was induced. Similar report was made by [30] 

who worked on the amelioration of paracetamol 

hepatotoxicity and oxidative stress on mice liver 

with silymarin and Nigella sativa extract 

supplements. It is known that hepatic cytolysis 

and loss of biochemical functions have the 

ability to cause inhibition of albumin production, 

ultimately causing a decrease in albumin. 

Albumin ensures oncotic pressure is maintained 

and various substances such as iron, fatty acids, 

calcium, hormones, and bilirubin are 

transported. 

With respect to total and direct bilirubin, it was 

observed that there was a significant increase in 

the paracetamol administered group, compared 

to the control; while their levels significantly 

decreased in the group that received the extract 8 

hours later, relative to paracetamol only group. 

The increase in value of T-BIL and D-BIL are 

also associated to DNPH induced liver toxicity 

[31]. The hepatic cytolysis is followed by the 

alteration of the cell membrane with the loss of 

functions thereof. These results are in line with 

those obtained by [32]. These results enable to 

assert once again the hepatotoxicity of 

paracetamol exposure and highlight the 

important role of the liver in detoxification of 

toxic substances.  

In the lipid peroxidation and anti-oxidant 

analysis, it was observed that malondialdehyde 

(MDA) was increased significantly in the 

paracetamol administered group and when the 
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extract was added 8 hours later, there was a 

significant decrease when compared with the 

paracetamol administered group, while for the 

anti-oxidant analysis, all three anti-oxidants 

namely catalase, superoxide dismutase and 

reduced glutathione showed significant decrease 

in the group administered paracetamol only 

when compared to the control but a marked 

increase very close to the control when the 

extract was added 8 hours later. The results of 

lipid peroxidation test are in tandem with those 

obtained by some authors [33]. The high value 

of paracetamol significantly different (P<0.05) 

from that of the control group, indicates lipid 

peroxidation of polyunsaturated membrane 

leading to cell necrosis with accumulation of 

MDA in the serum of rats [33]. The production 

of MDA in biological tissues mainly results 

from free radical attacks during oxidative stress. 

The cell membrane is altered ultimately leading 

to the loss of biochemical and physiological 

functions of the cell that occurs in cell necrosis. 

These results would mean that the exposure to 

paracetamol causes an oxidative stress with an 

excessive production of free radicals which 

tends to tilt the antioxidants/pro-oxidants 

balance in favor of the latter. Excess 

paracetamol exposure could also lead to a failure 

of the antioxidant defense system through the 

inactivation of enzymes, biochemical substrates, 

and trace elements. The superoxide formation 

encourages peroxynitrite generation and protein 

nitration that may further result into oxidative 

damage to proteins, DNA and lipids [34]. 

Furthermore, the mitochondria can interact with 

both paracetamol and NAPQI inducing depletion 

of mitochondrial glutathione content, decline in 

ATP content, and uncoupling of the 

mitochondrial respiratory chain combined with 

electron leakage [35]. Glutathione is a 

ubiquitous tripeptide present in all cell types in 

millimolar concentrations. Glutathione plays 

major role in the maintainance of the 

intracellular redox balance and elimination of 

xenobiotics and ROS [36]. According to the 

decline in hepatic glutathione content, it was 

evident that paracetamol-induced toxicity led to 

a change in cellular redox status toward a state 

of oxidative stress. A wide variety of oxidizing 

molecules such as ROS and/or depleting agents 

can affect glutathione redox state, which 

normally is maintained by the activity of 

glutathione-depleting (GPX, GST) and 

glutathione-replenishing enzymes. Therefore, it 

can be assumed that the decrease in glutathione 

concentration might cause the effectiveness of 

GST and GPX activity to be restricted, as 

evident by the intensification of lipid 

peroxidation. The decrease in catalase activity 

from our result also indicates a decrease in the 

antioxidant capacity. The decreased activity of 

SODs may be attributed to the consumption of 

these enzymes in ROS detoxification. Halliwell 

and Gutteridge, [37] reported that antioxidant 

enzymes can be inactivated by lipid peroxides 

and ROS. SOD is inhibited by hydrogen 
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peroxide, while GSH and catalase are inhibited 

by an excess of superoxide radical on the same 

grounds as indicated in our study [38]. Lipid 

peroxidation according to [39] is expected to 

cause the destruction and damage to cell 

membranes, lead to changes in membrane 

permeability and fluidity and enhance the 

protein degradation in mice.  

Total cholesterol levels were significantly 

increased in the paracetamol administered group 

only as compared to the control but was 

significantly reduced after 8 hours when HSCE 

was added. This shares so much similarity with 

the work of [40] who also reported elevated 

levels with paracetamol induced toxicity and 

reduced levels when the extract of Hibiscus 

sabdariffa was added, albeit it was in rats unlike 

this study that is on mice. The result shows that 

the extract has the ability to reduce total 

cholesterol levels by improving HDL production 

from the liver. Improving the synthesis of HDL 

from the liver could be as a result of 

regeneration of liver cells or mopping up of free 

radicals from the system. 

The histopathological findings confirmed the 

results of all biochemical assays undertaken. 

Histopathological examination of the liver of the 

animals treated with paracetamol showed 

damage to hepatic structural integrity by 

revealing severe destruction of hepatic 

architecture [15], necrosis, and infiltration of 

inflammatory cells. Similar observations have 

been previously reported [41]. Administration of 

HSC at 250 mg/kg significantly attenuated 

hepatocyte necrosis and inflammatory cell 

infiltration into paracetamol-injured liver. 

In conclusion, hepatic injury is more common 

than we give credit to, and from the above 

findings, it has been revealed that taking 

acetaminophen at larger doses than 

recommended ultimately leads to hepatotoxicity. 

Hibiscus sabdariffa Linn calyx extract has been 

shown to attenuate liver toxicity and therefore 

more experimentation is required to properly 

ascertain the particular active ingredient that 

ensures the attenuation of hepatic injury.  
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Table 1: Effects of post-treatment with aqueous HSCE on liver function parameters in 

serum of mice on chronic paracetamol exposure: 

Biochemical 

parameter 

(serum) 

Control 
Extract 

only 

Paracetamol 

only 

Paracetamol 

(zero time), 

then extract 

(8 h later) 

ALT (U/I) 8.64±0.39d 8.96±0.39d 17.28±0.78a 10.88±0.32c 

AST (U/I) 53.90±0.86e 53.20±0.70e 91.70±0.70a 62.30±0.70c 

TP (g/dL) 6.88±0.08b 7.28±0.08a 5.24±0.10e 5.92±0.15d 

ALBUMIN(g/dL 3.26±0.03b 3.65±0.04a 2.34±0.05f 2.86±0.03d 

TOTAL 

CHOLESTEROL 

(mmol/L) 

8.38±0.12c 8.29±0.10c 12.62±0.10a 10.98±0.10b 

ALP (IU/L) 41.59±0.72d 42.18±0.59d 77.59±0.36a 56.34±0.29b 

GGT (U/I) 23.16±0.00d 20.84±2.32d 53.27±2.84a 37.06±2.32c 

TOTAL 

BILIRUBIN 

(mg/dL) 

0.34±0.02d 0.32±0.00d 0.65±0.00a 0.41±0.02b 

DIRECT 

BILIRUBIN 

(mg/dL) 

0.17±0.03b 0.17±0.03b 0.32±0.03a 0.26±0.03b 

Values are Mean ± SEM (n=5) 

Values with different letters within a row differ significantly from each other (P ≤ 0.05). 

 

 

 

 

 

 



 

 

Journal of Phytomedicine and Therapeutics 2021; 20(2) 668 

 

  Journal of Phytomedicine and Therapeutics        Orji et al  

      www.niprdjopat.gov.net; niprdjopat@gmail.com   
 

Table 2: Effects of post-treatment with aqueous HSCE on antioxidants and lipid 

peroxidation in the liver of mice on chronic paracetamol exposure:  

 

Biochemical 

parameter 

(liver) 

Control 
Extract 

only 

Paracetamol 

only 

Paracetamol 

(zero time), 

then extract 

(8 h later) 

MDA (mol/g 

tissue) 
0.08±0.00d 0.08±0.00d 0.13±0.00a 0.11±0.00b 

SOD (Units/mg 

tissue) 
0.06±0.00a 0.06±0.00a 0.04±0.00c 0.05±0.00b 

CATALASE 

(Units/g tissue) 
7.95±0.24a 8.44±0.30a 5.08±0.14d 6.16±0.08b 

REDUCED 

GLUTATHIONE 

(mmol/L) 

0.08±0.00a 0.08±0.00a 0.05±0.00b 0.06±0.00b 

Values are Mean ± SEM (n=5) 

Values with different letters within a row differ significantly from each other (P ≤ 0.05). 
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Figure 1: Photomicrograph of liver tissues from mice (H & E, x400). (1) Control (2) HSCE-

only (3) Paracetamol-only (4) Paracetamol at zero time and HSCE 8 h later.  

 


