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INTRODUCTION
The leaves of Gongronema latifolia, Ocimum gratissimum and 
Vernonia amygdalina locally known as Utazi, Onugbu and Nchanwu 
are widely used for food and medicinal purposes in South Eastern 
Nigeria. G. latifolia is a climber while O. gratissimum (Lamiaceae) 
and V. amygdalina (Asteraceae) are shrubs. Their leaves are ethno 
medically believed to be effective for the treatment of diabetes, 
dysentery, gastrointestinal disorders and fever. They are also 
used for culinary purposes such that soups prepared with these 
leaves either in combination or individually, are believed to improve 
lactation. Aqueous and ethanolic extracts of G. latifolia has been 
reported to possess antioxidative, hypoglycemic, hypolipidemic and 
anti-inflammatory properties [1-3]. Eleyinmi demonstrated that G. 
latifolium has potential food and antibacterial uses [4]. The topical 
application of the essential oils of O. gratissimum is also reported 
by Usip et al., to reduce the biting ability of Simulium damnosum 
(black flies) by about 90% [5]. Some bioactive constituents like 
the vernolides from V. amygdalina exhibited high activity against 
P. notatum, A. flavus, A. niger and Mucor hiemalis, respectively, 
while vernodalol showed moderate inhibitions against A. flavus, P. 
notatum and A. niger [6].

Acetaminophen is one of the most common medications found in 
households. It is one of the most common sources of pharmaceutical 
products poisoning and account for most drug overdoses in 
Australia, New Zealand, the United Kingdom, and the United States 
[7-10]. It is primarily metabolized by glucuronidation (40 - 67 %), 
sulfation (20–40 %) and N-hydroxylation and followed by conjugation 
with glutathione [11,12]. When this detoxification pathway becomes 

saturated N-acetyl-p-benzoquinone imine (NAPQI) accumulates 
thereby causing liver injury. Eventually, this may lead to hepatic 
necrosis, renal tubular necrosis, hypoglycemic coma, and death. 
Liver disease is often reflected by biochemical abnormalities of one 
of the two different hepatic systems or liver function.

MATERIALS AND METHODS

Plant Materials
The plant materials used in this study, leaves of G. latifolia, O. 
gratissimum and V. amygdalina were bought from from Oyingbo 
market in Lagos, Nigeria metropolis during the rainy season (May 
2007). The plant material was identified and authenticated at 
the Department of Pharmacognosy, College of Medicine of the 
University of Lagos, Nigeria. Voucher specimens (PCGH 444, 
PCGH 443 and PCGH 432) of G. latifolia, O. gratissimum and V. 
amygdalina respectively were deposited in their herbarium for 
reference purposes. 

preparations of Polyherbal Extract (gOV)
Twelve kilograms each of fresh leaves of G. latifolia, O. gratissimum 
and V. amygdalina were blended with five liters (5 L) of aqueous 
ethanol (50 % v/v) and subsequently filtered using a muslin cloth. 
The filtrate was evaporated to a small volume in a rotary evaporator 
and subsequently to dryness in an oven set at 40 °C. The dried 
extract was weighed and reconstituted in distilled water to give a 
concentration of 100 mg/ml.

drugs and chemicals
LIV 52 syrup (Himalaya Drug company, India), Acetaminophen (APAP) 

ABSTRACT
Aim: A polyherbal formulation prepared from a mixture of leaves 
of Gongronema latifolia, Ocimum gratissimum and Vernonia 
amygdalina (GOV) was evaluated for hepato-nephro protective 
properties against acetaminophen-induced toxicity in Wistar 
albino rats. 

Materials and Methods: Normal Wistar albino rats were orally 
treated with different doses of GOV extract (2, 4 and 8 g/kg b. 
wt), distilled water and some standard hepatoprotective drugs 
such as Liv 52 and silymarin for 14 days. However, a day prior to 
the 14th day, 3 g/kg body weight dose of Acetaminophen (APAP) 
was administered p.o. 1h before GOV and the standard drugs to 
induce hepatic and renal damage. The normal control was setup 
which received only distilled water. The serum levels of liver 
marker enzymes, biochemical analytes, antioxidant enzymes and 
hematological parameters were monitored.  

Results: The results showed that pretreatment of experimental 
animals with a different doses of the polyherbal formulation 

dose dependently caused a significant (p≤0.05) increase in the 
levels of most of the measured hematological parameters but 
significantly (p≤0.05)  reduced the levels of MCV and monocytes 
when compared to the APAP induced toxin control group. Rats 
pretreated  with GOV exhibited significant (p< 0.05) increase 
in serum levels of ALP, ALT, AST, GGT, LDH, Cholesterol, 
Triglycerides, Urea and a subsequent decrease in Albumin, 
Creatine and Total protein when compared to the normal rats.  
This trend in enzyme and biochemical analytes levels were 
significantly (p< 0.05) reversed when compared to toxin control 
group. GOV significantly (p< 0.05) and dose dependently 
increased the serum, kidney and hepatic CAT, GPx, GSH, GST, 
SOD and total protein activity in APAP induced damage in rats 
compared to the toxin control groups.

Conclusion: The data from this  study suggest that the polyherbal 
formulation possess hepato and nephron-protective potential 
against acetaminophen induced hepatotoxicity in rats, thus 
providing scientific rationale for its use in traditional medicine for 
the treatment of liver diseases.
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(Emzor Pharmaceuticals, Nigeria), Gower’ Solution (Eng Scientific 
Inc), Turk blood diluting fluid (Ricca Chemical Company LLC), Acetic 
acid, Hydrochloric acid (HCl) and trichloroacetic acid (TCA), were 
obtained from Fisher, while Silymarin, Ethanol, 2-Thiobarbituric 
acid, Drabkin’s neutral diluting fluid, Wright stain solution, Ellmans 
reagents, phosphate buffer, glutathione, epinephrine, cDNB 
(1-chloro-2,4-dinitrobenzene), hydrogen peroxide, gentian violet, 
sodium sulfate and potassium dichromate were purchased from 
Sigma-Aldrich Co. LLC. 

All biochemical tests - (Albumin (ALB), Alkaline phosphatase (ALP), 
Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), 
Cholesterol (CHO), Creatinine (CREA), total protein (TP), triglycerides 
(TG), Lactate dehydrogenase (LDH), Gamma-glutamyl transferase 
(GGT) and Urea) - were assayed using Randox kits.

animals
Forth-nine Wistar albino rats weighing between 120–160 g and 100 
Swiss albino mice of 20-25 g weight of either sex were obtained 
from the Laboratory Animal Centre of the College of Medicine, 
University of Lagos, Nigeria. The animals were left for 10 days to 
acclimatize under controlled environmental conditions with free 
access to drinking water and standard diet ad libitum. This study 
was conducted according to the rules and regulations of The 
University of Lagos Ethical Committee on the use of experimental 
animals.  

acute Toxicity 
According to the Organization of Economic Cooperation and 
Development (OECD) guidelines for testing of chemicals, five groups 
of 10 mice each were treated with different doses of the GOV (1, 
2, 4, 8 and 16 g/kg body weight) orally (p.o) while another five 
groups were intraperitoneally (i.p.) administered with 0.5, 1, 1.5, 2 
and 2.5 g/kg doses of the GOV. The control group consisting of 10 
mice received 10 ml/kg distilled water. The animals were observed 
continuously for 24h for behavioral changes and mortality.

acetaminophen (apap) induced hepatotoxicity in rats
Wistar Albino rats of either sex were randomly selected and 
assigned into seven groups of seven animals each. Each group of 
rats received varied treatment for 14 days.

Animals in group 1 (control) were treated with distilled water 10 ml kg 
body weight p.o. while the toxin control animals (group 2) received 
APAP 3 g/kg body weight in distilled water on the 13th day only.

The test animals in groups 3-5 were treated with 2, 4 and 8 g/kg 
body weight of polyherbal extract (GOV) respectively for 14 days. On 
the 13th day, the drugs were administered 1hour before treatment 
(p.o.) with APAP 3 g/kg body weight in distilled water. 

Group 6 and 7 animals received LIV 52 syrup (0.3 g/kg body 
weight) and Silymarin (0.3 g/kg body weight in distilled water) 
(p.o.) respectively for 14 days. On the 13th day, the drugs were 
administered 1hr before treatment (p.o.) with APAP 3 g/kg body 
weight in distilled water.

biochemical and histological studies
Forty eight hours after APAP intoxication, the animals were 
anesthetized mildly with ether and blood was collected from the 
retro-orbital plexus. They were sacrificed and more blood samples 
were collected by cardiac puncture for evaluating the biochemical 
parameters. Heart, Liver and Kidney were carefully harvested and 
preserved in 10 % normal saline for histological studies.

Blood samples from the experimental animals were collected in 
ethylene diamine tetra-acetic acid (EDTA) -coated sample bottles 
for analysis of haematologic indices and lithium heparin tubes for 
estimation of antioxidant activities, liver and kidney markers. 

Haematologic indices packed cell volume (PCV) [13], Haemoglobin, 
(HB)  [14], Red blood cell count (RBC) [15], mean corpuscular volume 

(MCV), mean corpuscular haemoglobin (MCH), mean corpuscular 
haemoglobin concentration (MCHC), white cell (Leucocyte) count, 
leucocyte (White Cell) differential count and platelet count were 
analysed.

The biochemical parameters estimated using Randox kits are 
cholesterol (CHO) [16] total protein (TP) [17], Albumin (ALB) [18], 
Creatinine (CREA) [19], Alanine Aminotransferase (ALT), Aspartate 
Aminotransferase (AST) [20], triglycerides (TG) [21], Alkaline 
phosphatase (ALP), Lactate dehydrogenase (LDH) [22, 23], Gamma-
glutamyl transferase (GGT) [24] and Urea [25]. The instructions on 
Randox kits manual were strictly adhered to.

Lipid peroxidation in terms of thiobarbituric acid reactive substances 
(TBARS) formation was measured using the method of Niehaus and 
Samuelsson [26]. Reduced glutathione (GSH) reacts with DTNB 
(5,5’-dithiobis-(2-nitrobenzoic acid) and gets reduced to a yellow 
coloured complex which has an absorption maximum at 412 nm. 
Reduced glutathione and Glutathione peroxidase (GPx) activities in 
plasma, kidney and liver were measured by the method of Ellman 
[27]. Glutathione-S-transferases (GST) catalyzes the conjugation 
reaction with glutathione in the first step of mercapturic acid 
synthesis. The activity of the enzyme was measured according to 
the method of Habig and Jakoby [28]. Catalase level was measured 
according to the method of Sinha [29]. The activity of SOD was 
measured following the method modified by Kakkar et al., [30].

The Heart, Liver and Kidney samples were fixed in 10 % formal 
saline. The tissues were processed and 3 µm thick paraffin 
sections of buffered formalin-fixed tissue samples were stained 
with heamatoxylin and eosin for photomicroscopic observations 
of the histological architecture of the control and treated rats. The 
histological architecture of the organs of the normal control group 
(group 1) was compared with those of the treated rats (groups 
2-9).

sTaTisTical analysis
All the results were expressed as mean ± S.E.M. and analyzed using 
analysis of variance (ANOVA) statistical SPSS package (15.0) version 
(SPSS Inc, USA). For post hoc comparison, the Tukey HSD test was 
employed. p–values less than 0.05 (p ≤ 0.05) were considered to be 
statistically significant.

RESULTS

acute Toxicity
Oral and intraperitoneal administration of the extract up to 16,000 
and 2,500 mg/kg respectively did not result in deleterious effect 
or mortality 24 hr after and within seven days post treatment 
irrespective of the extract doses tested.

effect of gOV on hematological parameter 
acetaminophen-induced hepatotoxic rats
The polyherbal formulation (GOV) dose dependently caused a 
significant (p≤0.05) increase in the levels of Hb, PCV, RBC, WBC, 
Platelet count, MCHC, granulocytes and lymphocytes and also 
significantly (p≤0.05) reduced the levels of MCV and monocytes 
when compared to the APAP induced toxin control group [Table/
Fig-1a,1b). At 2 g/kg, GOV increased the Hb, MCHC and 
neutrophil level while the PCV was almost equal compared to Liv 
52 and Silymarin groups. At 4 g/kg, GOV increased the platelet 
count compared to Liv 52 group while it was restored to normal 
with reference to the control group. When compared to the Liv 
52 and silymarin groups, GOV at 8 g/kg increased the Hb and 
MCHC levels while the RBC, platelet counts and granulocytes 
levels were increased compared to Liv 52. Administration of GOV 
at 8 g/kg reduced the MCV level compared to all the groups.

effect of gOV on serum hepatic enzymes and 
chemical analytes on acetaminophen intoxicated rats
[Table/Fig-2a] shows serum ALP, ALT, AST, LDH and GGT activities 
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control group of animals compared to the normal control group 
of animals while total protein concentrations were decreased 
significantly (p ≤ 0.05) indicating the induction of severe nephro-
hepatotoxicity [Table/Fig-2b]. At 4 g/kg, GOV significantly increased 
albumin concentration and also decreased cholesterol, creatinine, 
triglyceride and BUN concentrations compared to the toxin control 
group. Treatment with different doses of GOV dose dependently 
decreased the concentrations of serum cholesterol, creatinine, 
triglyceride and BUN and that of albumin and total protein were 
increased compared to the toxin control group indicating its nephro-
hepatoprotective potentials.

in rats fed GOV by intragastral gavage before administration 
of acetaminophen. The levels of serum marker enzymes were 
significantly (p ≤ 0.05) elevated in the toxin control group compared 
to the control group indicating induction of severe liver damage. 
Administration of GOV at the doses of 2, 4 and 8 g/kg significantly (p 
≤ 0.05) repressed hepatotoxicity induced by APAP by reducing the 
levels of the serum marker enzymes in a dose dependent manner. 
At 4 and 8 g/kg, GOV lowered the level of LDH to normal indicating 
its hepatoprotective potentials. 

Serum cholesterol, creatinine, triglyceride and BUN concentrations 
were significantly (p ≤0.05) increased in the APAP treated toxin 

[Table/Fig-1a]: Effect of pretreatment with GOV on the hematological parameter in rats with APAP induced hepatotoxicity
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV + APAP (2g/kg) group. (d) = p ≤ 0.05 as compared with the GOV + APAP (4g/kg) group.
(e) = p ≤ 0.05 as compared with the GOV + APAP (8g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test.
PCV =Packed Cell Volume, Hb = Haemoglobin, RBC = Red Cell Count, WBC = White Blood Cell

[Table/Fig-1b]: Effect of pretreatment with GOV on the hematological parameter in rats with APAP induced hepatotoxicity
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV + APAP (2g/kg) group. (d) = p ≤ 0.05 as compared with the GOV + APAP (4g/kg) group.  
(e) = p ≤ 0.05 as compared with the GOV + APAP (8g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test.
MCV = Mean Cell Volume, MCH = Mean Cell Haemoglobin, MCHC = Mean Cell Haemoglobin Concentration, WBC = White Blood Cell

groups dose (g/kg) pcV (%) rbc (106/µl) hb (g/dl) Wbc (103/µl) platelet (103/µl)

Control (Grp 1) 42.86 ± 0.91(b, d) 6.53 ± 0.17(b, d) 12.67 ± 0.41(b) 4.33 ± 0.27(b, d) 36.03 ± 2.08(b)

Toxin Control 
(Grp 2)

3 29.74 ±1.04(a, c, d, e) 3.84 ± 0.146(a, c, d, e) 7.77 ± 0.25(a, c, d, e) 1.89 ± 0.13(a, c, d, e) 10.63 ± 0.79(a, c, d, e)

GOV + APAP 
(Grp 3)

2 40.07 ± 1.56(b) 6.14 ± 0.08(b) 12.51± 0.37(b) 3.41 ± 0.25(b) 32.19 ± 1.72(a, b)

(Grp 4) 4 36.3 ± 1.36(a, b) 5.27 ± 0.17(a, b, e) 11.26 ± 0.45(b) 3.19 ± 0.32(a, b) 35.04 ± 2.24(b)

(Grp 5) 8 37.97 ± 0.56(b) 6.62 ± 0.31(b, d) 12.07 ± 0.63(b) 3.57 ± 0.33(b) 34.27 ± 1.73(b)

LIV 52+ APAP  
(Grp 6)

0.3 40.64 ± 1.56(b) 6.43 ± 0.28(b, d) 11.06 ± 0.32(b) 4.26 ± 0.17(b) 34.74 ± 2.36(b)

Silymarin+APAP 
(Grp 7)

0.3 40.93(b) 6.9 ± 1.32(b, d) 11.59 ± 0.7(b) 4.19 ± 0.27(b) 38.8 ± 1.11(b)

groups dose (g/kg) mchc (%) mcV  (fl) mch (pg) granulocytes (%) lymphocyte (%) monocyte (%)

Control (Grp 1) 29.72 ± 1.22(b) 66.01 ± 2.6(b) 19.43 ± 0.54 9.16 ± 0.85(c) 84.04 ± 1.53(b) 6.8 ± 0.92(b)

Toxin Control 
(Grp 2)

3 21.04 ± 1.35(a, c, d, e) 78.3 ± 2.35(a, c, e) 20.55 ± 1.43 6.89 ± 0.61(c, d, e) 66.46 ± 1.47(a, c, d, e) 26.66 ± 1.29(a, c, d, e)

GOV+APAP (Grp 3) 2 31.2 ± 0.82(b) 65.23 ± 3.54(b) 20.34 ± 1.32 14.43 ± 0.73(a, b) 78.17 ± 1.86(b) 7.4 ± 1.25(b)

(Grp 4) 4 30.96 ± 1.54(b) 68.9 ± 2.45(e) 21.57 ± 0.59 11.94 ± 0.99(b) 80.43 ± 1.86(b) 7.59 ± 1.08(b)

(Grp 5) 8 33.87 ± 1.3(b) 56.53 ± 1.14(b, d) 18.97 ± 0.99 12.23 ± .76(b) 80.04 ± 1.56(b) 7.73 ± 1.04(b)

LIV 52+APAP 
(Grp 6)

0.3 27.73 ± 1.08 60.25 ± 2.46(b) 17.35 ± 0.83(d) 11.11 ± 0.71(b) 80.57 ± 1.42(b) 8.31 ± 0.9(b)

Silymarin+APAP 
(Grp 7)

0.3 29.95 ± 3.97(b) 59.64 ± 2.54(b) 18.07 ± 0.59 12.31 ± 0.98(b) 79.76 ± 1.46(b) 7.93 ± 0.81(b)

[Table/Fig-2a]: The activities of ALT, AST, ALP, LDH and GGT in rats treated with a polyherbal formulation (GOV) and a single dose of acetaminophen (APAP)
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV+APAP (2 g/kg) group. (d) = p ≤ 0.05 as compared with the GOV+APAP (4 g/kg) group.  (e) 
= p ≤ 0.05 as compared with the GOV+APAP (8 g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test
ALP = Alkaline Phosphatase, ALT = Alanine Aminotransferase, AST=Aspartate Aminotransferase, LDH = Lactate Dehydrogenase, GGT = L-γ-glutamyltransferase

groups dose (mg/kg)
liVer FuncTiOn enzymes

alT (u/l) asT (u/l) alp  (u/l) ldh (u/l) ggT (u/l)

Control (Grp 1) 24.2±1.2(b, c, d) 10.3±1.0(b, c, e) 70.0±6.5(b,c) 14.0±1.4(b) 1254.7±84.6(b)

Toxin Control  
(Grp 2)

3 95.9±2.2(a, c, d, e) 77.8±2.1(a, c, e) 447.0±11.5(a, c) 56.5±3.5(a) 3920.0±421.1(a)

GOV + APAP 
(Grp 3)

2 45.4±4.4(a, b, d, e) 18.8±1.5(a, b) 165.6±16.1(a,b) 19.7±3.6(b) 1584.0 ±57.5(b)

(Grp 4) 4 65.1±4.7(a, b, c) 16.8±1.0(a, b) 116.9± 23.1(b) 13.5± 0.6(b) 2611.9±95.8(a,b)

(Grp 5) 8 75.7±5.1(a, b, c) 21.2±0.8(a,b) 131.1±8.4(a, b) 10.7±0.4(b) 2518.3±81.6(a,b)

LIV 52 + APAP 
(Grp 6)

0.3 47.8±3.8(a, b, d, e) 16.55±1.67(a,b) 93.2±7.3(b, c) 18.36±2.6(b) 1719.9±214.2(b)

Silymarin +APAP 
(Grp 7)

0.3 28.3±3.7(b, c, d, e) 11.1±0.4(b, c, e) 110.1±5.3(b, c) 10.1±1.8(b) 1420.6±65.5(b)
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[Table/Fig-2b]: Effect of GOV on serum ALB, CHO, CREA, TP, TG and BUN concentrations in rats treated with a polyherbal formulation (GOV) and a single dose of APAP
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV+APAP (2 g/kg) group. (d) = p ≤ 0.05 as compared with the GOV+APAP (4 g/kg) group.  (e) 
= p ≤ 0.05 as compared with the GOV+APAP (8 g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test
ALB = Albumin, CREA = Creatinine, CHO = Cholesterol, TP = Total Protein,  TG = Triglyceride, BUN = Blood Urea Nitrogen

groups
dose 

(mg/kg)

biOchemical parameTers

Tp
(g/l)

alb
(g/l)

bun
(mmol/l)

crea
(mmol/l)

Tg
(mmol/l)

chO
(mmol/l)

Control (Grp 1) 112.8 ± 12.5(b) 34.3±1.9 6.4±0.4(b) 63.9±1.5(b) 1.5±0.1(b) 1.7±0.1(b)

Toxin Control  
(Grp 2)

3 56.2±1.9(a) 28.9±1.9 13.6±0.7(a) 89.8±3.5(a) 2.9±0.2(a) 3.0±0.1(a, d)

GOV + APAP 
(Grp 3)

2 71.7±6.1(a) 35.1±0.8 7.5±0.3(b) 70.0±3.1(b) 1.9±0.2 (b) 2.3±0.1

(Grp 4) 4 74.9±3.3(a) 42.4±2.2(b) 5.9±0.1(b) 70.5±2.9(b) 1.5±0.1(b) 1.9±0.2(b)

(Grp 5) 8 73.0±2.9(a) 34.7±2.9 6.1±0.5(b) 67.2±3.1(b) 1.5±0.3(b) 2.3±0.2

LIV 52 + APAP 
(Grp 6)

0.3 79.6±5.0(a, b) 38.2±1.9(b) 6.3±0.3(b) 60.7±4.0 (b) 2.0±0.2(b) 2.0±0.1(b)

Silymarin +APAP 
(Grp 7)

0.3 79.9±3.9(a, b) 38.8±1.7(b) 6.2±0.1(b) 62.2±2.6(b) 1.4 ± .09(b) 2.2±0.1(b)

[Table/Fig-3]: The effect of APAP damage on serum antioxidant enzymes in rats pretreated with GOV
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV+APAP (2 g/kg) group. (d) = p ≤ 0.05 as compared with the GOV+APAP (4 g/kg) group. (e) 
= p ≤ 0.05 as compared with the GOV+APAP (8 g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test.
CAT = Catalase, GPx = Glutathione Peroxidase, GSH = Reduced Glutathione, GST = Glutathione-S-Transferase, MDA = Malondialdehyde, SOD = Superoxide Dismutase, TP 
= Total protein

groups dose (g/kg) caT (µmol/min/
mg protein)

gpx (µmol/ml) gsh (µmol/ml) gsT  (µmol/ml) mda (nmol/
ml)

sOd (µmol/
ml)

Tp (g/l)

Control (Grp 1) 68.73 ± 2.9(b) 5.38 ± 0.03(b) 19.29 ± 0.53(b) 65.01 ± 3.13(b, e) 27.25 ± 1.68(b) 77.43± 2.63(b, 

c, d, e)

148.50 ± 12.48(b)

Toxin Control 
(Grp 2)

3 26.57± 1.18(a, c, d, e) 2.2 ± 0.002(a, c, d, e) 4.18 ± 0.26(a, c, d, e) 30.58 ± 1.78(a, 

c, d, e)

88.81± 0.74(a, 

c, d, e)

32.21± 1.51(a, 

c, d, e)

57.67 ± 2.58(a)

GOV+APAP (Grp 3) 2 57.75 ± 1.45(b) 4.96 ± 0.26(b) 12.91 ± 0.78(a, b) 67.48 ± 2.21(b, 

d, e)

35.08 ± 1.64(b) 54.36 ± 
0.81(a, b)

71.67± 6.14(a)

(Grp 4) 4 68.3 ± 1.53(b) 5.16 ± 0.72(b) 13.81 ± 0.47(a, b) 53.71 ± 2.03(b, c) 32.87 ± 1.53(b) 59.29 ± 
1.84(a, b)

73.44 ± 3.7(a)

(Grp 5) 8 55.97± 2.77(b) 4.75 ±0.48(b) 13.2 ± 0.26(a, b) 48.12 ± 3.37(a, b, c) 29 ± 3.1(b) 59.83± 7.08(a, b) 68.74± 3.35(a)

LIV 52+APAP 
(Grp 6)

0.3 82.07± 5.64(b, c, e) 4.9 ±0.003(a, c, d, e) 15.77 ± 0.6(a, b, c, e) 53.36 ± 2.75(b, c) 26.16 ± 2.69(b) 63.79 ± 3.79(b) 63.91 ± 4.16(a)

Silymarin+APAP 
(Grp 7)

0.3 84.76 ± 4.4(a, c, d, e) 5.2 ± 0.02(a, c, d, e) 13.88 ± 0.64(a, b) 56.63 ± 2.98(b) 26.3± 3.4(b) 73.85 ± 
4.45(b, c)

71.32 ± 0.8(a)

[Table/Fig-4]: The effect of APAP damage on kidney antioxidant enzymes in rats pretreated with GOV
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV+APAP (2 g/kg) group. (d) = p ≤ 0.05 as compared with the GOV+APAP
 (4 g/kg) group. (e) = p ≤ 0.05 as compared with the GOV+APAP (8 g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test.
CAT = Catalase, GPx = Glutathione Peroxidase, GSH = Reduced Glutathione, GST = Glutathione-S-Transferase, MDA = Malondialdehyde, SOD = Superoxide Dismutase, TP 
= Total protein

groups dose (g/kg) caT (µmol/min/
mg protein)

gpx (µmol/ml) gsh (µmol/ml) gsT  (µmol/ml) mda (nmol/
ml)

sOd (µmol/
ml)

TOTal 
prOTein (g/l)

Control (Grp 1) 238.42 ± 18.04(b) 0.46 ± 0.01 (b) 0.91 ± 0.08(b, c, e) 81.71 ± 1.79(b, c, e) 30.48 ± .71(b, c) 49.1± 0.88 (b, d) 17.95 ± 0.32(b, 

c, d, e)

Toxin Control 
(Grp 2)

3 88.81 ± 3.37(a ,c, d, e) 0.3 ± 0.01(a, c, d, e) 0.43 ± 0.03 (a, d, e) 43.81 ± 2.55(a, d, e) 56.64 ± 2. 8(a, 

c, d, e)

28.72 ± 1.18 (a, c, e) 7.86 ± 0.43(a, 

c, d, e)

GOV+APAP (Grp 3) 2 193.38 ± 20.49(b) 0.49 ± 0.03(b) 0.59 ± 0.03(a, e) 58.57± 0.78 (a, b) 41.4 ± 1.5(a, 

b, d, e)

42.16 ± 1.88(b) 11.69 ±0 .76 (a, b)

(Grp 4) 4 208.92 ± 4.12(b) 0.46± 0.02(b) 0.83 ± 0.04(b, e) 70.19 ± 1.62(b) 32.33± 0.92(b, c) 36.8 ± 2.22(a) 12.57 ± 0.29(a, b)

(Grp 5) 8 204.61 ± 3.17(b) 0.47 ± 0.01(b) 1.41 ± 0.01(a, 

b, c, d)

67.87± 1.31(a, b) 31.48±0.89(b, c) 39.98± 1.59(b) 12.32±0.48(a, b)

LIV 52+APAP 
(Grp 6)

0.3 247.8 ± 19.03 (b) 0.6 ± 0.02 (a, b, c, d, e) 1.12 ± 0.1(b, c, d, e) 56.19 ± 0.77 

(a, b, d)

29.67 ± 0.63(a, 

b, c, d, e)

40.1 ± 4.12(b) 13.71 ± 0.21(a, b, c)

Silymarin+APAP 
(Grp 7)

0.3 280.05 ± 27.85 

(b, c, e)

0.62 ± 0.03(a, b, c, d, e) 0.76 ± 0.04 (a, b, e) 70.33 ± 5.91(b) 29.87 ± 
2.06(b, c)

44.11 ± 3.39 (b) 12.85 ± 0.47(a, b)

The Effects of APAP on Antioxidant Defence Enzymes 
of Albino Rats
Serum CAT, GPx, GSH, GST, MDA and SOD levels in rats fed GOV 
by intragastral gavage before administration of APAP are shown in 
[Table/Fig-3]. The CAT, GPx, GSH, GST and SOD activity in the APAP 

treated toxin control group were significantly (p≤0.05) decreased 
while the MDA levels were significantly (p≤0.05) increased when 
compared to the groups administered the different doses (2, 4 and 
8 g/kg) of GOV. The GST level was reversed to normal by GOV at 
a dose of 2 g/kg compared to the normal control and toxin control 
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groups while the GPx levels of the different doses of GOV were dose 
dependently reversed compared to Liv 52 and Silymarin groups. 
At 8 g/kg, GOV reduced the serum MDA level to normal. The GSH 
activity of GOV at 4 g/kg was almost the same as that of silymarin 
while Liv 52 was significantly higher than GOV at 2 and 8 g/kg.

The effect of GOV on CAT, GPx, GSH, GST, SOD and total protein 
activity were significantly (p ≤ 0.05) and dose dependently increased 
compared to the toxin control group, while the MDA activities were 
significantly (p ≤ 0.05) reduced as shown in [Table/Fig-4]. At 8 g/kg, 
GOV significantly (p ≤ 0.05) increased the activity of GSH compared 
to all the groups while at 4 g/kg, GOV increased the levels of GSH, 
GST and total protein compared to Liv 52 and Silymarin groups. The 
GPx levels of the different doses of GOV were restored to normal. 
The polyherbal formulation dose dependently reversed the nephro-
toxic activity of APAP on rats compared to the control and toxin 
control groups.

The polyherbal formulation significantly (p ≤ 0.05) and dose 
dependently increased the activities CAT, GPx, GSH, GST, SOD 
and total protein compared to toxin control group as shown in 
[Table/Fig-5]. At 4 g/kg, GOV increased the GPx, GSH, SOD and 
total protein levels compared to Liv 52 and Silymarin groups, while 
the catalase activity was restored to normal compared to the 

control group. The liver of Liv 52 and silymarin treated animals also 
showed a significant (p ≤ 0.05) increase in antioxidant enzymes 
levels compared to acetaminophen treated rats. On treatment with 
different doses of GOV, MDA contents were significantly (p≤0.05) 
reduced compared to the toxin induced control group.

The liver of rats in the toxin group [Table/Fig-6] showed vacuolization 
of hepatocytes, sinusoidal dilation and centrilobullar hepatic necrosis 
compared to control [Table/Fig-7]. Additionally, it showed severe 
steatohepatitis with marked neutrophillic activity and periportal 
mixed necro-inflammatory cells, infiltrated with lymphocytes and 
Kupffer cells. 

Administration of the different doses of GOV did not show diffuse 
microvesicular steatosis [Table/Fig-8-10]. However, there was 
minimal periportal lymphocytic infiltration with necrosis at different 
concentrations of the extract compared to animals in the toxin 
group. The morphology of liver of rats in Liv 52 and silymarin groups 
were almost normal. 

Furthermore, the Kidney [Table/Fig-11] of APAP-treated rats 
showed hemorrhage vacuolization, tissue oedema with few dilated 
blood filled vessels, tubular degeneration and necrosis while the 
kidney of the normal control rats [Table/Fig-12] showed normal 
renal glomeruli and tubules. The kidney of animals in groups 3-7 

[Table/Fig-5]: The effect of APAP damage on liver antioxidant enzymes in rats pretreated with GOV
Values are expressed as Mean ± SEM for seven rats. The Mean difference is significant at the .05 level. (a) = p ≤ 0.05 as compared with the normal control group. (b) = p ≤ 
0.05 as compared to APAP control group. (c) = p ≤ 0.05 as compared with the GOV+APAP (2g/kg) group. (d) = p ≤ 0.05 as compared with the GOV+APAP (4g/kg) group. (e) 
= p ≤ 0.05 as compared with the GOV+APAP (8g/kg) group. The significance of differences among all groups was determined by the Tukey HSD test.
CAT = Catalase, GPx = Glutathione Peroxidase, GSH = Reduced Glutathione, GST = Glutathione-S-Transferase, MDA = Malondialdehyde, SOD = Superoxide Dismutase, TP 
= Total protein

groups dose (g/kg) caT (µmol/min/
mg protein)

gpx (µmol/ml) gsh (µmol/ml) gsT  (µmol/ml) mda (nmol/
ml)

sOd (µmol/
ml)

Tp(g/l)

Control (Grp 1) 54.22 ± 4.07 (b) 0.6 ± 0.02(b, c, d, e) 1.31 ± 0.11(b, 

c, d, e)

112.57 ± 4.02(b, 

d, e)

32.21 ± 0.91(b, 

c, d)

62.05 ± 3.16(b, 

c, d, e)

22.65 ± 0.72(b, 

c, d, e)

Toxin Control 
(Grp 2)

3 27.64 ± 19.59(a, c, d) 0.29 ± 0.01(a, c, d, e) 0.6 ± 0.01(a, c, d, e) 65.48 ± 1.29(a, c, d) 51.42 ± 3.14(a, 

c, d, e)

34.85 ± 
2.72(a, c)

9.7 ± 0.53(a, c, d, e)

GOV+APAP (Grp 3) 2 44 ± 4.48(b) 0.49 ± 0.01(a, b, e) 0.89 ± 0.04(a, b) 123.1 ± 3.13(b, 

d, e)

41.95 ± 
1.73(a, b)

39.78 ± 2.69(a) 14.65 ± 0.2(a, b)

(Grp 4) 4 54.04 ± 1.88(b) 0.51 ± 0.02(a, b, e) 1.05 ± 0.02(a, b) 91.33 ± 2.11(a, 

b, c, e)

39.62 ± 
1.31(a, b)

48.4 ± 3.93(a, b) 16.29 ± 0.3(a, b)

(Grp 5) 8 42.47 ± 4.15 0.4 ± 0.02(a, b, c, d) 0.94 ± 0.01(a, b) 76.38 ± 2.22(a, c, d) 36.1 ± 0.6(b) 46.82 ± 1.38(a) 15.02 ± 0.68(a, b)

LIV 52+APAP 
(Grp 6)

0.3 61.94 ± 3.9(b, c, e) 0.45 ± 0.03(a, b) 1.11 ± 0.08(b) 96.88 ± 4.48(a, 

b, c, e)

35.34 ± 1.16(b) 50.29 ± 4.28(b) 16.95 ± 0.42(a, b, c)

Silymarin+APAP 
(Grp 7)

0.3 63.27 ± 3.58(b, c, e) 0.53 ± 0.03(b, e) 1.17 ± 0.03(b, c) 103.33 ± 2.51(b, 

c, e)

30.63 ± 0.6(b, 

c, d)

51.52 ± 0.89(b) 17.06 ± 0.5(a, b, c)

[Table/Fig-6]: Distilled water + APAP (liver) [Table/Fig-7]: Control (Liver), [Table/Fig-8]: Extract 2 g/kg + APAP (liver) [Table/Fig-9]: Extract 4 g/kg + APAP (liver) [Table/Fig-
10]: Liv. 52 + APAP (liver) 

[Table/Fig-11]: Control (kidney) [Table/Fig-12]: Distilled water + APAP (kidney) [Table/Fig-13]: Liv 52 + APAP (kidney)  [Table/Fig-14]: GOV (4 g/kg) + APAP (kidney) 
[Table/Fig-15]: GOV (8 g/kg) + APAP (kidney)
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SOD, CAT and GPx enzymes are important scavengers of superoxide 
ion and hydrogen peroxide. The non-enzymic antioxidant, 
glutathione is one of the most abundant tripeptides present in the 
liver and its functions are mainly concerned with the removal of free 
radical species such as hydrogen peroxide, superoxide radicals 
and alkoxy radicals, maintenance of membrane protein thiols and 
as a substrate for glutathione peroxidase and GST [35]. These 
enzymes prevent generation of hydroxyl radical and protect the 
cellular constituents from oxidative damage [36]. Recent studies 
have demonstrated that oxidative stress is a major mechanism in 
the development of APAP-induced hepatotoxicity [37]. 

In the present study, the elevations in the levels of end products 
of lipid peroxidation in the serum, kidney and liver of rats treated 
with paracetamol were observed. The increase in malondialdehyde 
(MDA) levels in serum, kidney and liver of the APAP induced toxin 
control groups suggests enhanced lipid peroxidation leading to 
tissue damage and failure of antioxidant defense mechanisms to 
prevent formation of excessive free radicals. The result in [Table/
Fig-3-5] indicates the anti-lipid peroxidation and/or adaptive nature 
of the systems as brought about by different doses of the polyherbal 
formulation against the damaging effects of free radical produced 
by APAP. 

Administration of GOV significantly (p<0.05) increased the level 
of GPx and GST in a dose dependent manner. It also caused a 
significant (p< 0.05) increase in SOD, CAT and GSH activity and thus 
reduces reactive free radical induced oxidative damage, protected 
the tissues from highly reactive hydroxyl radicals and attenuated 
lipid peroxidation in the liver, kidney and blood APAP treated rat. 
Iroanya et al had reported the anti-oxidative effect of this formulation 
against ethanol induced hepatotoxicity [38]. This shows that GOV 
can dose dependently reduce reactive free radicals that might 
lessen oxidative damage to the tissues and improve the activities of 
the hepatic antioxidant enzyme.

The trend of the results observed from biochemical studies are 
corroborated by the results from histological analysis of the 
liver and kidney sections. The hepatoprotective property of this 
polyherbal mixture can be attributed to the presence of these active 
principles which alone or in combination may be responsible for 
the hepatoprotection demonstrated in this study. This indicates 
that GOV has hepato- and nephro-protective effects against APAP 
induced toxicity.

CONCLUSION 
The hepato- and nephro- protective property of this polyherbal 
mixture can be attributed to the presence of its active principles which 
alone or in combination may be responsible for the hepatoprotection 
demonstrated in this study. This indicates that GOV has hepato 
and nephroprotective effects against APAP induced toxicity. It 
suggests the potential use of this polyherbal mixture as a hepato 
and nephroprotective agent. Further studies are however needed 
to elucidate its hepato and nephroprotective mechanisms, isolate 
the specific bioactive components responsible for the hepato and 
nephroprotective action and establish its mechanism of action.
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the measured hematological parameters compared to the normal 
control group. This result shows that APAP induced hematotoxicity 
can cause leukopenia, granulocytosis and neutropenia, 
thrombocytopenia and pancytopenia in rats. The recorded 
hematotoxicity could be secondary to the deleterious effect of 
APAP on organs of hematopoeisis in the body which include liver 
and kidneys. This shows that the extract could contain active 
biological principle(s) annulling the hematotoxic effect of APAP, with 
ensuing improvement of hematopoiesis. The biological principle(s) 
could also be arbitrating hematopoietin-like effect or augmenting 
the release of hematopoietin from hematopoetic organs such as the 
kidneys or liver.

The results reflected the hepatocellular damage in the APAP-induced 
hepatotoxicity animal model and is indicative of cellular leakage 
and loss of functional integrity of cell membrane in liver [31]. These 
observed elevations in APAP induced liver and kidney damage 
can be attributed to the release of enzymes from the cytoplasm 
into the blood circulation after the rupture of plasma membrane 
and cellular damage. Increase in serum level of ALP is due to 
increased synthesis, in presence of increasing biliary pressure [32]. 
Administration of GOV at the doses of 2, 4 and 8 g/kg significantly 
(p<0.05) prevented acetaminophen-induced hepatotoxicity in rats. 
The hepatoprotective effect of the different doses of GOV was shown 
by the decreases in the activities of ALT, ALP, AST, LDH and GGT. 
This is an indication of stabilization of plasma membrane as well 
as repair of hepatic tissue damage caused by acetaminophen. The 
reversal of increased serum enzymes in acetaminophen-induced 
liver damage by GOV may be due to the prevention of the leakage 
of intracellular enzymes by its membrane stabilizing activity. Acting 
as a stabilizing agent, GOV increased the stability of membrane 
and simultaneously attenuated the intracellular leakage of enzymes. 
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parenchyma and the regeneration of hepatocytes [33]. The effects 
of the different doses of GOV were comparable with that of the 
standard drugs Liv 52 and silymarin.

The APAP induced toxicity showed a significant (p<0.05) increase in 
the serum cholesterol, triglyceride, urea and creatinine concentrations 
in the APAP induced toxin control group when compared to the 
normal control group. Elevation of urea and creatinine levels in the 
serum was taken as the index of nephrotoxicity [34]. The reduction 
in albumin and protein concentrations and increase in triglyceride 
concentration is attributed to the initial damage produced and 
localized in the endoplasmic reticulum which results in the loss 
of P450 leading to its functional failure with a decrease in protein 
synthesis and  accumulation  of triglycerides leading to fatty liver. 
Oral administration of GOV dose dependently and significantly 
(p<0.05) attenuated serum cholesterol, triglyceride, urea and 
creatinine concentrations and increased the albumin and total protein 
concentrations when compared to the toxin control group. At 4 g/
kg, GOV increased the albumin concentration, lowered cholesterol 
and urea concentrations more than the standard drugs. The rise 
in protein and albumin concentrations and decrease in triglyceride 
concentration suggests the stabilization of endoplasmic reticulum 
leading to protein synthesis and the anti-hyperlipidemic effect of 
GOV. Silymarin, Liv 52 and the different doses of GOV decreased 
acetaminophen induced elevated enzyme levels in tested groups 
thereby, indicating the protection of structural integrity of serum, 
kidney and liver cell membrane or regeneration of damaged liver 
cells.
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