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Abstract 
Hepatic injury has been reported to be associated with chloroquine therapy. 
Gomphrena celesioides has been claimed to have pleiotropic protective prop-
erties in the liver by traditional herbal practitioner but there is no scientific 
evidence to this claim. This investigation therefore sought to evaluate the ef-
fect of Gomphrena celesioides administration on chloroquine-induced he-
patic injury in rats. Forty adult male rats were divided into five groups of 
eight rats and were treated orally once daily. Rats in group one received 1 
ml/kg body weight of 0.9% normal saline; rats in group two received 250 
mg/kg body weight of chloroquine for three days; groups three, four and five 
rats were pre-treated with 200 mg/kg, 400 mg/kg and 800 mg/kg body weight 
of methanol extract of Gomphrena celesiodes for three days and on the fourth 
day were given 250 mg/kg body weight of chloroquine for three days. The ex-
periment lasted for seven days. Liver injury was manifested biochemically by a 
significant increase in serum level or activities of hepatic markers (aminotrans-
ferases, alkaline phosphate, bilirubin, cholesterol and gamma glutamyl trans-
ferase). In addition, hepatic tissue from chloroquine-treated rats showed a sig-
nificant increase in lipid peroxidation with a decrease in hepatic superoxide 
dismutase, catalase, glutathione peroxidase, glutathione-S-transferase and glu-
tathione reservoirs. Moreover, the liver histopathologic evaluation revealed sig-
nificant in chloroquine-treated rats. Gomphrena celesioides administration sig-
nificantly alleviated chloroquine-induced pathologic changes in serum bio-
chemistry and liver tissue. The results also suggest that Gomphrena celesioides 
possesses protective properties against chloroquine-induced liver injury via miti-
gation of drug-induced oxidative stress and its consequent events. 
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1. Introduction 

Liver is a vital organ of the body and plays a crucial role in regulating the various 
physiological processes of human body and plays a magnificent role in the me-
tabolism of endogenous and exogenous agents including detoxification and re-
moval of toxic wastes from the body [1]. It has a great capacity to detoxify toxic 
substances and synthesize useful metabolites. Humans are exposed intentionally 
and unintentionally to a variety of diverse chemical agents that harm target or-
gans of the body including the liver. Indiscriminate use of certain therapeutic 
drugs such as paracetamol, anti-malarial drugs, anti-tubercular drugs, oral con-
traceptives, analgesics, antidepressants, anti-arrhythmic drugs and toxic sub-
stance (carbon tetrachloride [CCl4], thioacetamide, aflatoxin), etc. are threat to 
the integrity of the liver. Uncontrolled consumption of alcohol, various infec-
tions and some autoimmune disorders can also facilitate hepatic damage [2]. These 
hepatotoxic agents are one of the leading causes for hepatitis, cirrhosis, liver cancer 
and at last death [3]. Injury to the liver poses serious medical problems, which 
must be properly managed. Some of the liver injuries are caused by the use and 
abuse of drugs. Prescription-drugs like chloroquine can cause serious side effects 
especially when used in excess and for prolonged periods of time [4]. 

Numerous mechanisms of drug-induced liver injury have been identified, among 
which metabolism-mediated toxicity is well recognized. Although some parent 
compounds directly damage specific organelles such as mitochondria, reactive 
electrophilic metabolites and free radicals generated via hepatic drug metaboliz-
ing enzymes often produce toxicity. The toxic metabolites covalently bind to 
proteins, lipids, and DNA and cause adverse consequences such as oxidative 
stress, lipid peroxidation, DNA damage, glutathione depletion, and eventually 
cell death [5]. Toxic metabolites also provoke immune responses and sensitize 
the liver to toxicity [6]. Recently, mitochondrial dysfunction has emerged as one 
of the important underlying mechanisms in drug-induced liver injury, because 
several lines of evidence have revealed that mitochondria are the target of some 
drugs [7] [8]. 

Chloroquine is a member of an important series of chemically related antima-
larial agents (the quinolone derivatives). Being a 4-aminoquinoline, it is a rap-
idly acting blood schizontocide with some gametocytocidal activity [9]. Chloro-
quine is effective for the treatment and prophylaxis of malaria [10] and has been 
the anti-malarial drug of choice for many years in most parts of the world, in-
cluding Nigeria in spite of increasing prevalence of resistance of the malaria para-
site to the drug [11]. However, evidences abound that over dosage and prolonged 
use of chloroquine are known to cause hepatotoxicity [12]. Chloroquine is also 
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used in the management of lupus erythematosus and rheumatoid arthritis [13] 
[14]. Chloroquine is also one of the most effective disease-modifying antirheu-
matic drugs (DMARDs) [13]. Several cases of chloroquine-induced liver injury 
are reported [15] [16] and investigations have indicated the role of reactive me-
tabolites and oxidative stress as one of the major mechanisms in chloroquine 
hepatotoxicity [11] [12]. 

Against the backdrop, that liver diseases are major global concerns and still have 
an extremely poor prognosis and high mortality, natural remedies from tradi-
tional plants are been sought for as safe and effective alternative treatments for 
hepatotoxicity. Many research efforts are now been directed towards the discov-
ery and development of agents of plant origin, which might protect cells from 
oxidative reactions with potential hepatoprotective effects [4]. This study, there-
fore sought to evaluate the hepatoprotective potential of Gomphrena celesioides 
on chloroquine-induced liver damage. 

2. Materials and Methods 
2.1. Chemicals 

Ellman’s Reagent [5’-5’-dithiobis-(2-dinitrobenzoic acid), DNTB], sulphosalicylic 
acid, epinephrine, Folin-Ciocalteau reagent, Bovine serum albumin (BSA), tri-
chloroacetic acid (TCA), thiobarbituric acid (TBA), reduced glutathione,1-chloro-2, 
4-dinitrobenzene were supplied by Sigma-Aldrich® (USA), alanine aminotrans-
ferase (ALT) kit, aspartate aminotransferase (AST) kit, alkaline phosphates (ALP) 
kit, bilirubin kit, cholesterol kit, gamma glutaryl tranferase kit were from Randox 
Laboratories Limited, UK. All other chemicals and solvents are of analytical grade. 

2.2. Drug 

Chloroquine (250 mg) (Emzor Pharmaceutical Industries Ltd., Lagos, Nigeria) 
was purchased from the Pharmacy unit of Bowen University Teaching Hospital 
(BUTH), Iwo, Osun State. The tablets were dissolved in appropriate volume of 
sterile distilled water according to the required concentrations needed for ad-
ministration to the rats on the basis of their body weight. 

2.3. Plant Materials 

Fresh leaves of Gomphrena celesioides (G. celesiodes) were collected in June 
2018, from Bowen University, Iwo, Osun State, Nigeria. Iwo is located on lati-
tude 7.6292˚N and longitude 4.1872˚E. The plant material was identified and 
authenticated at Bowen University herbarium by Dr. Ayanbamiji, Department of 
Biological Sciences, Bowen University, Iwo, Osun State, Nigeria. The specimens 
sample was deposited with voucher number BUH 097. 

2.4. Preparation of the Extract 

The leaves of G. celesioides plant were harvested and air-dried for 7 days. The dried 
leaves were pulverized with an Electric Pulveriser (DIK-2910, Daiki Rika Kogyo 
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Co. Ltd, Tokyo, Japan) and thereafter, 500 g of the powdered plant was weighed 
into a round bottomed flask and soaked in 5 litres of absolute methanol for 72 
hours with intermittent shaking for complete extraction at room temperature. 
The mixture was filtered through a double layer cheese-cloth. The filtrate was 
concentrated in vacuo to dryness on Vacuum Pump Rotatory Evaporator (Ed-
ward Vacuum Co-operation, Crawley, England) at 40˚C to give dark brown crude 
methanol extract. The crude methanol extract was stored in the desiccators until 
dryness. The dried crude extract which will be referred to as MEGC in this study 
was then stored and used for this study. The percentage (%) yield of the extract 
was calculated. 

2.5. Experimental Animal and Design 

This study was carried out in compliance with national and international laws and 
Guidelines for Care and Use of Laboratory Animals in Biomedical Research Insti-
tutes of Health (revised 1985). Forty adult male Wistar rats weighing 150 - 200 ± 2 g 
were obtained from the animal house of the Department of Physiology, University 
of Ibadan, and housed in the Animal House of the Department of Biochemistry, 
Bowen University, Iwo, Nigeria. The rats were acclimatized for two weeks and 
were kept in wire meshed cages at ambient temperature of 25˚C ± 3˚C, fed with 
commercial rat pellets, had access to water ad libitum, and exposed to a natural 
daily photoperiod of about 12 hours light and 12 hours darkness during the period 
of acclimatization and throughout the study. After the acclimatization period, the 
rats were fasted for 24 hours before administration of the extract or chloroquine. 

The study contained five experimental groups with eight rats per group and 
treated oral gavage; group one served as the normal control group and received 1 
ml/kg body weight of 0.9% normal saline, rats in group two received 250 mg/kg 
body weight of chloroquine (CQ) for three days, groups three, four and five rats 
were pre-treated with 200 mg/kg, 400 mg/kg and 800 mg/kg body weight of 
methanol extract of Gomphrena celesiodes for three days and on the fourth day 
were given 250 mg/kg body weight of chloroquine for three days. The experi-
ment lasted for seven days. On the eight day, all the rats were humane sacrificed 
and blood was collected separately from each rat by retro-orbital bleeding, dis-
pensed into anti-coagulant free bottle and allow clotting at room temperature 
(28 ˚C) then centrifuged at 3000 g for ten minutes to obtain serum. The serum 
obtained was stored at −20˚C and used for evaluation of hepatotoxicity parame-
ters. The liver from each rat was also collected into separate tube, rinsed with 
ice-cold saline, blotted and weighed then homogenized with ice-cold 0.1 M 
Tris-HCl buffer (pH 7.4) using ultra homogenizer. The homogenate was centri-
fuged at 10,000 g for fifteen minutes. The supernatant were collected into sepa-
rate tubes, stored at −20˚C and used for the antioxidant assays. 

2.6. Evaluation of Hepatotoxicity Parameters 

The serum levels of alanine aminotransferase (ALT), aspartate aminotransferase 
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(AST) and alkaline phosphatase (ALP), bilirubin (BIL), cholesterol, gamma glu-
tamyl transferase (GGT) were evaluated spectrophotometrically by an Ultro-
spec2000® spectrophotometer (Pharmacia Biotech, Uppsala, Sweden) in accor-
dance with the methods provided by the diagnostic kits (Randox Laboratories 
Limited, UK). 

2.7. Antioxidant Assays 

Assessment of liver antioxidant statues was evaluated by determining the activi-
ties of superoxide dismutase (SOD) by Mirsa and Fridovich [17] method, cata-
lase (CAT) by Sinha [18] method, method of Rotruck et al. [19] for glutathione 
peroxidase (GPx), glutathione-S-transferase (GST) by method of Habig et al. 
[20], whereas the levels of glutathione (GSH) was by the method of Buetler et al. 
[21], lipid peroxidation as expressed in terms of malondialdehyde (MDA) by the 
method of Varshney and Kale [22] and total protein concentration by Lowry et 
al. [23] method. 

2.8. Histological Assessment 

Sections of liver tissues were collected and fixed in 10% formalin after sacrifice 
and each sample was embedded in paraffin and cut into 5 μm thick slices using a 
Leica RM2135 microtome (Leica, Berlin, Germany), for histological evaluation. 
Tissue sections were stained with hematoxylin and eosin (H&E) and examined 
under a light microscope (Leica Microsystems, Germany) as described by [24]. 

2.9. Statistical Analysis 

All results were expressed as the Means of eight rats ± S.E. using One way analy-
sis of variance (ANOVA) and Duncan’s multiple comparisons Test using Statis-
tical packages for social Scientists—version 18.0 (SPSS version 18.0). Value of p 
< 0.05 was considered significant. 

3. Results 

Results of this study showed that administration of chloroquine at a dose of 250 
mg/kg body weight to Wistar rats caused a significant increase in the activities of 
all the hepatic enzymes estimated as well as the concentrations of both total and 
direct bilirubin and the cholesterol in the serum when compared with the nor-
mal control rats. However, pre-treatments with 200 mg/kg, 400 mg/kg and 800 
mg/kg body weight of MEGC for three days significantly decreased the activities 
of the enzymes and the concentrations of both bilirubin and cholesterol in a 
dose dependent manner Table 1. 

As shown in Figure 1 & Figure 2, the activities of both enzymatic and non- 
enzymatic antioxidant were significantly decreased in the liver homogenate with 
concomitant increase in the level of lipid peroxidation of the chloroquine alone 
treated group. Again pre-treatments with different doses of MEGC for three days 
brought the activities and levels of the antioxidant markers near to normal. 
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Table 1. Activities of hepatic enzymes and concentrations of bilirubin and cholesterol of 
chloroquine-, MEGC-administered and control rats. 

 
Control CQ MEGC1 +CQ MEGC2 +CQ MEGC3 + CQ 

ALT (IU/L) 11.33 ± 1.15 53.50 ± 0.71 25.00 ± 0.10* 16.01 ± 0.20#* 12.50 ± 0.71$#* 

AST (IU/L) 10.75 ± 0.50 46.50 ± 0.71 27.00 ± 0.20* 19.50 ± 0.71#* 11.04 ± 1.00$#* 

ALP (IU/L) 35.19 ± 0.50 88.32 ± 0.10 42.44 ± 0.10* 37.32 ± 1.59#* 34.50 ± 0.59$#* 

tBIL (µmol/L) 6.64 ± 0.13 15.24 ± 0.16 11.43 ± 0.21* 9.54 ± 0.24#* 6.69 ± 0.24$#* 

dBIL (µmol/L) 3.64 ± 0.30 12.42 ± 0.32 8.98 ± 0.58* 6.10 ± 0.77#* 2.98 ± 0.98$#* 

CHOL (µmol/L) 1.48 ± 0.25 5.10 ± 0.65 2.74 ± 0.32* 1.66 ± 0.22#* 1.42 ± 0.19$#* 

GGT (IU/L) 28.00 ± 0.71 56.00 ± 0.26 43.00 ± 0.38* 32.00 ± 0.17#* 29.67 ± 0.08$#* 

Results are expressed as mean ± standard error of mean. *p < 0.05 is significant when compared with the 
chloroquine alone group. #p < 0.05 is significant when compared with the MEGC1 + CQ group. $p < 0.05 is 
significant when compared with the MEGC2 + CQ group. ALT: alanine aminotransferase; AST: aspartate 
aminotransferase; ALP: alkaline phosphatase; tBIL: total bilirubin; dBIL: direct bilirubin; CHOL: cholester-
ol; GGT: gamma-gutamyl transferase; MEGC1: 200 mg/kg body weight of methanol extract of Gomphrena. 

 

 
Figure 1. Activities of antioxidant enzymes of chloroquine-, MEGC-administered and control rats. Each 
bar represents mean ± standard error of mean. *p < 0.05 is significant when compared with the chloroquine 
alone group. #p < 0.05 is significant when compared with the MEGC1 + CQ group. $p < 0.05 is significant 
when compared with the MEGC2 + CQ group. SOD: superoxide dismutase; CAT: catalase; Gpx: glutathione 
peroxidase. 

4. Discussion 

Currently, liver diseases have become a global health problem, lacking helpful cura-
tive approach. There are so many plants that are used as hepatoprotective agents 
in traditional medicine systems [3] [25]. It is, therefore, necessary to assess the  
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Figure 2. Activity of GST and the levels of GSH and LPO of chloroquine-, MEGC-administered and control 
rats. Each bar represents mean ± standard error of mean. *p < 0.05 is significant when compared with the 
chloroquine alone group. #p < 0.05 is significant when compared with the MEGC1 + CQ group. $p < 0.05 is 
significant when compared with the MEGC2 + CQ group. GST: glutathione-S-transferase; GSH: glutathione; 
LPO: lipid peroxidation.  

 
scientific basis for the reported hepatoprotective activity of these plants. The cur-
rent investigation was sought to evaluate the potential protective effects of MEGC 
against liver-induced damage. 

Plasma concentration of liver enzymes is normally low, but is elevated in the 
event of hepatotoxicity, which may occur in alcohol, drug or herb induced liver 
damage leading to necrosis of hepatocytes, increased permeability and leakage of 
cellular enzymes from the liver cytosol into the blood stream. The main value of 
the aminotransferases, alkaline phosphatase, gamma glutamyl transferase, con-
centrations of bilirubin and cholesterol are usually use in detecting hepatocellu-
lar damage and monitoring the patient's progress as the levels rapidly return to 
normal following resolution of the factors causing hepatocellular damage. The 
observed increased in enzyme activities in the chloroquine group is thought to 
be due to a leakage of cytoplasmic enzyme into circulation as a result of hepato-
cytes damage. 

The increased level of serum ALT and AST activities in chloroquine alone treated 
rats reflect damage to hepatocyte and indicated the increased cellular permeabil-
ity [26] [27]. Pretreatment of the rats with different concentrations of the MEGC 
shows hepatoprotective effect of the extract on ALT and AST activities in the liver. 
The result of this present investigation agreed with the work of [28]. 
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Serum bilirubin is usually used as a biomarker of biliary tree injury [29] [30]. 
The increased concentration of total and direct bilirubin with concomitant in-
crease in the concentration of cholesterol and ALP activity in rats treated with 
chloroquine alone in the current investigation, revealed that the nature of the 
antimalarial drugs-induced hepatotoxicity is predominantly of the hepatocellular 
and cholestatic damage [29] [30]. Cholestasis may also be a consequence of the 
canalicular secretion of reactive metabolites or disintegration of labile glutathione 
and/or glucuronide conjugates thereby damaging cholangiocytes or triggering an 
immune response. Increased level of GGT in the chloroquine alone treated group 
also confirm the hepatocyte membrane damage and affirmed that the hepatocyte 
damage caused by chloroquine administration is hepatobiliary and cholestatic in 
nature [31] [32]. Administration of different doses of MECG however, restored 
the activities of these enzymes and the concentrations of bilirubin and choles-
terol in rats. 

Chloroquine is metabolized in liver through CYP2C8 and CYP3A4 [33]. It has 
been found that chloroquine-induced hepatotoxicity is associated with reactive 
oxygen species formation and oxidative stress in liver [11] [12]. ROS generation 
is a normal component of oxidative phosphorylation and plays a role in normal 
redox control of physiological signalling pathways [34] [35] [36]. However, ex-
cessive ROS generation triggers cell dysfunction, lipid peroxidation, and DNA 
mutagenesis and can lead to irreversible cell damage or death [34] [35] [36] and 
other ROS-mediated alterations in the cell. Modification of proteins by ROS can 
cause inactivation of critical enzymes and can induce denaturation that renders 
proteins non-functional [37] [38]. Several lines of evidence suggest that the forma-
tion of reactive metabolites play a central role in the pathogenesis of drug-liver in-
jury [39]. Reactive metabolites can covalently bind proteins to form drug-protein 
adducts that might trigger immune-mediated reactions or exert direct toxicity 
[40] [41]. Oxidative damage in the liver could be a consequence of cytosolic oxi-
dant stress after drug metabolism or could arise from oxidant stress directly gen-
erated in mitochondria and the subsequent inflammatory cell response by in-
jured hepatocytes. 

In this present study, chloroquine markedly decreased the activities of SOD, 
CAT, GPx and GST a phase II drug-metabolizing enzyme. This result is in agree-
ment with the work of [42]. Farombi and Emerole [43] reported that chloro-
quine increased the cholesterol/phospholipid ratio, thereby disrupting mem-
brane fluidity and leading to membrane alteration of function. In agreement 
with this, in our study also the levels of lipids increased in chloroquine treated 
rats suggesting that chloroquine has devastating effect on membrane stability 
and functional state. The enzymatic antioxidant defence systems are the nature 
protector against lipid peroxidation. SOD, CAT and GPx enzymes are important 
scavengers of superoxide ion and hydrogen peroxide. These enzymes prevent 
generation of hydroxyl radical and protect the cellular constituents from oxida-
tive damage [44]. The decreased activities of SOD, CAT, GPx and GST observed 
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in the chloroquine administered rats suggesting the increased lipid peroxidation. 
Administration of MEGC in different doses to rats increased the activities of 
SOD, CAT, GPx and GST, this may result from the scavenging of the radicals 
generated by chloroquine-induced lipid peroxidation, and thereby decreasing 
the utilization of these antioxidant enzymes to reduce the chloroquine-induced 
oxidative threat. 

Increased ROS level affect some potential targets in cells including membrane 
lipids and cellular proteins [45]. Cellular glutathione (GSH) depletion is also a 
common event after oxidative stress [46]. Glutathione has an important role in 
hepatocyte defence against toxicity [46]. Severe glutathione depletion leaves the 
liver vulnerable to oxidative damage which causes progressive deterioration of 
macromolecules and finally organ injury. The result of this study revealed a sig-
nificant depletion of the GSH level in the chloroquine alone treated group. This 
result is in agreement with the report of [47]. However, pretreated with varying 
doses of MEGC raised the GSH level in rats. 

The histopathological assessments of rats treated with chloroquine alone showed 
feathery degeneration and/microvesicular type of fatty generation with sinusoid-
al dilation and focal necrosis. These observations were however very much ameli-
orated histopathologically in rats treated with chloroquine and MEGC (Figure 3). 

Overall, we found that treatment with MEGC protects the liver through at-
tenuation of lipid peroxidation and decreased the production of free radical de-
rivatives, as evident from the decreased levels of liver TBARS (lipid peroxidation), 

 

 
Figure 3. Photomicrograph of liver sections from (a) Normal control group with normal hepatocyte archi-
tecture; (b) CQ treated with sinusoidal congestion, hepatocyte vacuolization, inflammation and focal ne-
crosis; (c) 200 + CQ with inflammation and mild focal necrosis; (d) 400+ CQ normal hepatocyte with mild 
inflammation; (e) 800 + CQ hepatocytes appear normal. (H & E, ×40). 
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ROS formation and restoration of the architectural structure of the liver as ob-
served in the histological assessment. As reported in the in-vitro study, MEGC 
possesses free radicals scavenging and activity and antioxidant properties. Hence, 
the antioxidant capacity of MEGC along with its ability to protect intracellular 
targets such as different proteins might be involved in its mechanism of hepato-
protection against chloroquine-induced damage. 

5. Conclusion 

In conclusion, this present investigation indicates that MECG exerts protection 
against chloroquine-induced liver toxicity possibly through mitigation of drug- 
induced oxidative stress and its consequent events. The results of this study sug-
gest that MECG could be administered as an adjuvant therapy with chloroquine 
to reduce the adverse effects on the liver. Furthermore, MECG might be considered 
as a therapeutic option for a range of drugs and other xenobiotics-induced oxida-
tive stress and liver injury. 
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