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Background: Piroxicam is one of the nonsteroidal anti-inflammatory drugs used as antipyretic, analgesic and anti-
inflammatory drug often used for the relief of nonspecific fever condition and in arthritis. This study investigated the 
protective potential of tannin-rich extract of Chasmanthera dependens (TRECDS) against piroxicam-induced hepatotoxicity 
in male Wistar rats.
Materials and Methods: Thirty two rats were divided into four groups. Group 1 received normal saline and served as the 
control group, group 2 were given 20 mg/kg piroxicam only, while groups 3 and 4 were given 20 mg/kg piroxicam with the 
addition of 200 and 400 mg/kg of tannin-rich extract of Chasmanthera dependens, respectively. All rats were treated orally 
once daily for ten days. 
Results: Administration of piroxicam caused liver atrophy demonstrated by significant rise in serum alanine aminotransferase 
(ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), glucose-6-
phosphate dehydrogenase (G6PDH) levels of albumin (ALB), bilirubin (BIL), total cholesterol (TCHOL), triglyceride (TRIGS) and 
low-density lipoprotein (LDL). Piroxicam also decreased high-density lipoprotein (HDL) level, enzymatic and nonenzymatic 
antioxidant levels significantly (p>0.05) with attendant increase in oxidative stress indices in the liver of rats compared 
with control group. Histological assessment reveled severe damaged to the liver of rats. However, co-administration with 
TRECDS reversed these observations as evidenced in the histological results.
Conclusion: The findings of this study showed that exposure of rats to piroxicam provoked damage to the liver via oxidative 
damage and TRECDS has the potential of ameliorating the damage.
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Introduction

Piroxicam is a non-steroidal anti-inflammatory drug 
(NSAID) that belongs to a group of enolic acids use in 
treatment of pain and inflammatory conditions as analgesic, 

antipyretic and anti-inflammatory drug.1 Its long time usage 
can cause various side effects ranging from gastrointestinal 
injury, kidney dysfunction, hepatotoxicity, and other 
processes associated with prostaglandins functions.2,3 

Piroxicam mechanism of actions involves inhibition of 
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cyclooxygenase, an enzyme responsible for the synthesis of 
prostaglandin, generation of free radicals, several different 
forms of acute and chronic renal failure that can lead to 
sodium retention, hyperkalemia.4,5 The liver is a vital organ 
in xenobiotic metabolism thus predominantly susceptible to 
adverse effects produced by reactive metabolite from drug 
metabolism that can result in hepatotoxicity.6 The balance 

between the antioxidant defense and prooxidant conditions 
in humans has been suggested as a useful parameter in 
evaluating the risk of oxidative damage.7

	 Medicinal plants are reservoirs for numerous 
phytochemicals that work synergistically and some of these 
phytochemicals are well-known and have been used as 
remedial agents for a variety of ailments.8,9 Chasmanthera 

dependens is a plant usually found in home gardens.10 It is 

cultivated as a medicinal plant in west and central Africa. 
The plant is distributed from Sudan in the north to Ghana 
in the west coast, and spreads down south to Ethiopia and 
South Africa. Chasmanthera dependens has been reported 
containing different phytoconstituents including alkaloids 
most of which are quaternary protoberberine alkaloids 
and the non-phenolic quaternary alkaloids, oleic acid, 
tannin, steroids and phenol.10 The plant is commonly used 
by traditional medical practitioners to cure sprained joints 
and bruises.11 The plant has also been reported to possess 
analgesic and anti-inflammatory properties on experimental 
animals.12,13 It is also use as a medication for venereal 
releases or as a common tonic for physical or nervous frailty 
in inflammatory and exhaustive illnesses but there are no 
scientifical evidence on its hepatoprotective activity. Thus, 
this study investigated the mechanism of action of tannin-
rich extract of Chasmanthera dependens stem (TRECDS) at 
subcellular levels in liver piroxicam-induced damage. 

Materials and methods

Plant Collection and Authentication
Fresh stems of Chasmanthera dependens stem were obtained 
in a local garden at Oke Oba area in Iwo along Ibadan-Iwo 
express road, Osun state, Nigeria. Iwo is located on latitude 
7.6292˚N and longitude 4.1872˚E. The plant material was 
identified and authenticated at University of Ibadan with 
voucher number UIH -22478 by Esimekhuai, D.P.O.

Preparation of the Plant Extract
The stems were chopped into pieces and air dried at room 
temperature. The dried samples were pulverized with an 

electric blender, weighed and kept in an air-tight container 
prior to extraction.
	 The tannin-rich extract of Chasmanthera dependens  

was prepared by extracting 1 kg of powdered Chasmanthera 

dependens with 2.5 Litres of 70% acetone and heated at 
50oC for 15 minutes with intermittent stirring, allowed to 
cool and filtered with cheese cloth. The filtrate obtained 
was subjected to further extraction using equal volume of 
diethyl ether in separating funnel and shaken vigorously, 
until complete separation. The tannin-rich layer which 
is in the lower layer was then collected and evaporated 
under reduced pressure using rotary (Edward Vacuum 
Cooperation, Crawley, England) at 40oC. The aliquot 
obtained was freeze dried to obtain a dark brown extract of 
20.17% w/w referred to as TRECDS. The dried extract was 
stored in an air tight container in the refrigerator at -20oC 
and used for this study.	

Animals Preparation
Thirty-two male Wistar rats (6 weeks, weighing 150-180±5 
g) used in this study were obtained from the Department 
of Biochemistry University of Ibadan, Ibadan, Nigeria. 
The rats were housed in plastic cages and placed in a well-
ventilated rat house at the Department of Biochemistry, 
Bowen University, Iwo, Nigeria, to acclimatize for 14 days 
prior to the commencement of the experiment. The rats were 
fed with standard rat chows and water ad libitum throughout 
the experiment and subjected to natural photoperiod of 12-h 
light/12-h dark cycle. 
	 All the rats were given humane treatment following 
the ethics specified in the ‘‘Guide for the Care and Use 
of  Laboratory  Animals’’ set  by  the  Nationa l Academy 
of Science (NAS) and issued by the National Institute of 
Health.14 The experiment was performed in accordance 
with the United States NAS Guidelines and permission was 
obtained from the University Ethics Committee for Medical 
and Scientific Research (No. BFSC/18/127).

Experimental Design
We investigated TRECDS effect on the biomarkers of 
hepatic functions, antioxidant enzymes and oxidative stress 
indices following piroxicam exposure in rats. Rats were 
fasted overnight and water withdrawn for 3-4 h before 
the administration of the drug or the extract. Rats were 
weighed and randomly assigned to four groups of eight 
rats per group. The research design comprises concomitant 
oral administration of the rats with piroxicam (Ningbo 
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Dahongying Pharmaceutical Industry Co. Ltd, Zhejiang, 
China) and TRECDS once daily for ten days according to 
the previous study.15 

	 Group 1 were the normal control and were given 0.5 
mL normal saline (0.9% v/v), group 2 received 20 mg/kg 
body weight piroxicam alone, group 3 were treated with 
20 mg/kg body weight of piroxicam with concomitant 
administration of 200 mg/kg body weight of TRECDS, and 
group 4 were given 20 mg/kg body weight of piroxicam 
and concomitantly received of 400 mg/kg body weight 
of TRECDS. Twenty four hours after the last doses of 
the extract and/or piroxicam, about 5 mL of blood was 
collected by retro-orbital bleeding separately from each 
overnight-fasted rat and all the rats were sacrificed by 
cervical dislocation. The blood from each rat was collected 
into plain bottle, kept at room temperature (28oC) and then 
centrifuged at 3000 g for ten minutes to get the serum. The 
serum was stored at -20oC and used in evaluation of liver 
biochemical markers. Doses of the extract used were based 
on our previous studies.

Liver Sample Preparation
Portions of liver from each rat were collected into separate 
tube, rinsed with ice-cold saline, blotted and weighed then 
homogenized in cold 50 mM Tris–HCl buffer (pH 7.4) 
containing 1.15% potassium chloride. The liver homogenate 
was afterward centrifuged at 12,000 x g for 15 min at 4oC to 
obtain the post mitochondria fraction, and the supernatant 
was collected for antioxidant assays.

Determination of Liver Function Markers
The liver function markers were estimated using 
commercially available kits from Randox Laboratories 
Limited (Crumlin, UK). The assays comprise serum 
activities of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
gamma-glutamyl transferase (GGT), glucose-6-phosphate 
dehydrogenase (G6PDH) and concentrations of albumin 
(ALB), direct bilirubin, (dBIL) and total bilirubin (tBIL). 
		

Metabolic Parameters
Levels of serum total cholesterol (CHOL), triglyceride 
(TRIGS), low-density lipoprotein (LDL), and high-density 
lipoprotein (HDL) were determined according to the 
manufacturer’s instructions using commercially available 
diagnostic kits (Randox Laboratories Limited).	

Estimation of Liver Oxidative Stress and Antioxidant 
Markers
Superoxide dismutase (SOD) activity was estimated as 
described16 whereas catalase (CAT) activity was determined 
using H

2
O

2
 as a substrate according to the method described 

by the previous study.17 Reduced glutathione (GSH) level was 
determined at 412 nm according to the method described by 
previous study.18 Lipid peroxidation (LPO) was quantified as 
malondialdehyde (MDA) according to method of previous 
study19 and the result was expressed as micromoles of MDA 
per milligram protein. Protein concentration was determined 
according to the method described by the previous study.20 

All chemicals and reagents were purchased from Sigma 
Aldrich Chemical Co. (St. Louis, MO, USA) and British 
Drug House (Poole, Dorset, UK).

Histopathological Examination
Liver samples were fixed in 10% neutral buffered 
formaldehyde solution. After dehydration procedures, the 
samples were embedded in paraffin. Sections of 4-5 mm 

were cut by a microtome and stained with hematoxylin and 
eosin (H&E). All slides were coded before examination with 
light microscope (Olympus CH, Olympus, Tokyo, Japan) 
by pathologists who were blinded to normal control and 
treatment groups and photographed with a digital camera.21 

	

Statistical Analysis
Statistical analysis was carried out using one-way analysis 
of variance (ANOVA) to compare the experimental groups 
followed by Duncan’s test to identify significantly different 
groups (SPSS for Windows version 17, IBM Coorporation, 
Armonk, NY, USA). A p<0.05 was considered statistically 
significant.

Results

Effect of PIRO and TRECDS Treatments on Rats’ Body 
Weight and Relative Organ Weight
The body weight and the relative liver weights of rats treated 
with piroxicam alone and piroxicam with TRECDS for 10 
consecutive days are presented in Table 1. Administration 
of piroxicam alone decreased the final body weight and 
relative liver weights of the rats significantly (p<0.05) when 
compared with the control (Group 1), but concomitant 
administration of piroxicam and TRECDS produced 
increased final body weights and relative organ weights 
of the rats significantly (p<0.05) when compared with the 



30

Print ISSN: 2527-4384, Online ISSN: 2527-3442
DOI: 10.21705/mcbs.v5i1.186Molecular and Cellular Biomedical Sciences, Vol.5 No.1, March 2021, p.27-36

Variables Group 1 Group 2 Group 3 Group 4

Initial body weight (g)  104.56±4.11 108.35±3.20a 120.13±3.02ab 119.36±2.11b

Body weight gain (g) 11.04±3.21 -19.23±3.48a -5.74±1.72ab -2.10±2.51b

Relative liver weight (g) 5.28±0.45 3.89±0.28a 4.78±0.34ab 4.98±0.19b

Table 1. Body weight and relative organ weight (g/100g bw) of rats following exposure to piroxicam and TRECDS.

Each value represents mean±standard error of mean. ap<0.05 was significant when compared to Group 1, bp<0.05 was 
significant when compared to Group 2. 
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Figure 1. Effects of piroxicam and TRECDS on the activities of ALT (A), ALP (B), AST (C) and GGT (D) in rats’ 
liver. Each bar represents mean±standard error of mean. ap<0.05 was significant when compared to Group 1, bp<0.05 was 
significant when compared  to Group 2. 

piroxicam alone group (Group 2)  and the increase was 
dose dependent. Additionally, Group 2 showed significant 
decreasing of body weight gain when compared with the  
control  group.  Co-administration  of  piroxicam  and 
TRECDS significantly increased the body weight gain of 
the rats when compared with the rats in Group 2, but the 
increase was not significant when compared with the control 
(p<0.05).

Effect of Piroxicam and TRECDS Treatments on Liver 
Function Markers
The results of hepatic function in rats treated with piroxicam 
and TRECDS for 10 days were presented in Figure 1 and 2. 
The activities of ALT, ALP, AST, GGT and G6PDH were 
significantly elevated following oral administration of 
piroxicam to rats (p<0.05) when compared with the control 
(Group 1). Additionally, oral administration of piroxicam 
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Figure 2. Effects of piroxicam and TRECDS on G6PDH activity (A),  ALB concentration (B), dBIL concentration (C), 
and tBIL concentration (D) in rats liver. Each bar represents mean±standard error of mean. ap<0.05 was significant when 
compared  to Group 1, bp<0.05 was significant when compared  to Group 2.

increased the concentrations of ALB, dBIL and tBIL 
respectively when compared with the control group. But 
co-administration of  piroxicam with TRECDS was able to 
decrease the activities of ALT, ALP, AST, GGT and G6PDH 
and the concentrations of ALB, dBIL and tBIL.

Effect of Piroxicam and TRECDS Treatments on Lipid 
Profile 
Figure 3 showed that administration of piroxicam alone 
caused significant metabolic disorders in the rats. There 
was a significant (p<0.05) decrease in HDL level in rats 
treated with piroxicam alone when compared with control. 
However, there was a marked increase in the levels of 
LDL, TRIGS, and CHOL in Group 2 when compared with 
the control (p<0.05). But, following co-administration of 
200 and 400 mg/kg TRECDS with piroxicam, there were 
significant dose-dependent increase in HDL. Furthermore, 

co-administration of 200 and 400 mg/kg TRECDS with 
piroxicam revealed a significant dose-dependent decrease 
in the levels of LDL, TRIGS, and CHOL when compared 
with the rats in Group 2.

Effect of Piroxicam and TRECDS Treatments on 
Antioxidant Status
Effects of oral administration of piroxicam and TRECDS 
on antioxidant defense system and biomarkers of oxidative 
stress were depicted in Figure 4. Administration of piroxicam 
alone caused significant (p<0.05) decrease in antioxidant 
enzymes and GSH level, but produced significant (p<0.05) 
elevations in the lipid peroxidation biomarkers in the liver 
when compared with the control.   	
	 Precisely, SOD and CAT activities in the liver 
decreased significantly following administration of 
piroxicam. Additionally, there were significant reduction in 
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Figure 3. Effects of piroxicam and TRECDS on concentrations of HDL (A),  LDL (B), TRIGS (C) and CHOL (D) in 
rats’ liver. Each bar represents mean±standard error of mean. ap<0.05 was significant when compared  to Group 1, bp<0.05 
was significant when compared to Group 2. 

GSH levels in the liver of rats administered with PIRO alone 
when compared with the control (p<0.05) with concomitant 
significant increase in MDA in the liver of rats administered 
with piroxicam alone when compared with the control.  But 
co-administration of TRECDS with piroxicm significantly 
reversed the observation in a dose-dependent manner.

Histological Observations of Liver of Rats Exposed to 
Piroxicam and TRECDS
Figures 5 showed the representative photomicrographs 
of the liver from the experimental groups. The results of 
microscopic assessment of the liver are as follows. The 
liver of control rats appeared anatomically and functionally 
normal without any visible lesion (Figures 5A). In the liver, 
administration of piroxicam alone caused mild central 
venous congestion and cellular infiltration by neutrophils 
cells (Figure 5B) while co-administration of TRECDS at 
different doses improved the architectural appearance of the 
representative samples (Figures 5C and 5D). 

Discussion

The relative organ weight is a vital index of swelling, 
atrophy or hypertrophy. A rise in this parameter presents 
an inflammatory condition while a reduction may be 
associated with cellular constriction.22 Hence, the decrease 
in the relative liver weight accompanying the decrease in 
the body weight gain may suggest cellular constriction. In 
the present study, administration of piroxicam produced a 
significant reduction in the body weights and the relative 
liver weights of the treated rats, thus demonstrating obvious 
organ toxicity in the rats. 
	 The liver integrity of the normal control, piroxicam 
and TRECDS treated rats was determined by estimating 
serum biochemical markers together with microscopic 
examination of the liver. Aminotransferases serum activities 
possibly increase as a result of hepatocytes membrane 
destruction and leakage. The ratio of serum AST to ALT 
can be used to differentiate liver damage from other organ  
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Figure 4. Activities and levels of SOD (A), CAT (B), GSH (C), and LPO (D) in the liver  of rats following oral treatment 
with piroxicam and TRECDS for 10 consecutive days. Values are expressed as mean±SEM of eight rats. ap<0.05 was 
significant when compared to Group 1, bp<0.05 was significant when compared to Group 2. 

damage.23 Serum elevations of ALT and AST observed in the 
piroxicam alone-treated rats indicate hepatic damage which 
may be associated with altered membrane permeability.
	 Alkaline phosphatase (ALP) is use to assess the 
integrity of the hepatobiliary system and flow of bile into 
the small intestine24, while gamma-glutamyl transferase 
is a specific biomarker of hepatobiliary injury. These two 
enzymes help to ascertain the occurrence of bone or liver 
injury and their raised level is indicative of liver or bile duct 
disease. In this study, rats that received piroxicam alone had 
elevated activities of ALP and GGT, this is in accordance 
with previous result25, but co-administration with different 
doses of TRECDS decreased the level of this enzyme.
	 Increase in bilirubin with little or no increase in 
ALT indicates cholestasis. This study revealed increased 
concentrations of total and direct bilirubin, an indication 
that piroxicam administration caused both hepatocellular 

and cholestasis injury to the liver. The results of this study 
conform to previous reports.26,27 Co-administration of 
piroxicam with 200 and 400 mg/kg body weight of TRECDS 
significantly decreased their levels.
	 The level of proteins in the blood will increase due to 
the inflow of protein from the damaged liver into the blood.28 

The results of this study showed that the concentrations of 
albumin and total protein increased in groups treated with 
piroxicam alone when compared with the normal control 
group. This is in accordance with previous report.29 But 
co-administration with 200 and 400 mg/kg body weight of 
TREDS ameliorated these observations.
	 G6PDH antioxidant role has been reported and its 
activity can be altered as a result of cellular insult. In this 
study, the activity of G6PDH increased in PIRO alone 
treated rats. However, TREDS reversed this observation in 
a dose dependent manner. 
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A B

C D

Figure 5. Photomicrographs of the liver. A: Group 1 showing normal architecture of liver; B: Liver of rats in Group 2 
showing mild periportal penetration by inflammatory cells (black arrows); C: Group 3 with mild inflammation (black arrow); 
D: Rats' liver in Group 4 almost had complete restoration of the hepatocytes. H&E 100x magnification, white bar:s100 mm.   

	 Variation in the concentrations of major lipids such 
as LDL, HDL, cholesterol, and triacylglycerol could offer 
useful information on the susceptibility to atherosclerosis.30 

The elevations in atherogenic indices, serum levels of LDL, 
triacylglycerol, and cholesterol with a significant decline 
in the serum HDL level observed in the piroxicam alone-
treated rats in the present study may indicate a possible 
disposition of the animals to dyslipidemia. Furthermore, 
TRECDS reversed these observations. 
	 In an effort to explicate the mechanism of piroxicam 
action at subcellular echelons in the liver, we investigated 
its influence on the hepatic antioxidant status. The 
damaging effects of oxidative stress are normally offset by 
antioxidant defense apparatuses to protect the biological 
system against reactive oxygen species (ROS). Endogenous 
antioxidant enzymes are responsible for the detoxification 
of injurious oxygen radicals and their activities are used to 
assess oxidative stress in cells. The major cellular defense 
is normally obtained by a supportive relationship between 
metalloenzymes SOD and CAT.31 The activities of hepatic 
SOD and CAT were significantly diminished in rats treated 
with piroxicam alone in the present study. The decrease in 

the activities of these antioxidant enzymes may indicate 
inhibition of their defensive action against cellular oxidative 
damage in the rats. Scavenging of hydroxyl radical and 
singlet oxygen by glutathione is an important secondary 
line of defense against intracellular injurious effects of free 
radicals and peroxides generated by oxidative stress. The 
observed diminution in the hepatic GSH level in the present 
study may imply an increased demand or overutilization of 
GSH by the cell probably to fight ROS production in the 
piroxicam alone-treated rats. Unsaturated fatty acid residues 
of cellular constituents are commonly attacked by reactive 
oxygen species to generate peroxyl radicals and ultimately 
trans-4-hydroxy-2-nonenal and MDA.32 The present study 
showed an elevated level of LPO with concomitant depletion 
of the GSH level in piroxicam alone-treated rats; this result 
conformed with the earlier report.33 However, administration 
of TRECDS to rats significantly reverse these changes by 
suppressing LPO level and increasing GSH level. This may 
be due to the free radical scavenging properties of TRECDS 
and up regulation of the antioxidant enzymes activities. 
	 The histopathological assessment of the liver of rats 
exposed to piroxicam alone showed mild central venous 
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congestion and cellular infiltration by neutrophils. But, 
TRECDS restored the architecture of the liver in a dose-
dependent manner. These observations further support the 
biochemical results. 

Conclusion

Overall, the results of this study showed that piroxicam 
induced liver damage and that TRECDS has the potentials to 
attenuate the hepatotoxicity caused by piroxicam probably 
due to its scavenging, ability upregulation of antioxidant 
mechanisms and hepatoprotective capacity. 
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