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Introduction
 The liver is the second largest and an essential organ in the body. 
It performs a lot of functions which include but not limited to assist-
ing in blood clotting, eliminating toxins from the blood, combating 
infections and illnesses, the ability to regenerate after an injury, me-
tabolizing cholesterol, glucose, iron as well as regulating their levels 
[1]. Liver injury due to environmental toxicants and drugs can lead to 
complete loss in the functions of the liver and this can further lead to 
death [1].

 Liver disease remains one of the main causes of death yearly 
and accounts for about 3.5% of all deaths that occur worldwide [2]. 
According to the latest data, about 3.46% of total deaths in Ghana 
are attributed to liver diseases with the adjusted rate being 36.74 per 
10,000 [2]. One of the main causes of liver diseases is drug over-
dose. Drug-induced liver injury accounts for about 50% of total cases 
of acute liver failure [3]. Acetaminophen remains the most common 
cause of acute liver injury, with cases rising each year [4]. Apart from 
drugs, environmental toxicants are also responsible for many cases 
of liver injury. Lead is a well-known environmental toxicant that has 
detrimental effects on people’s health and still remains an important 
public health problem [5]. In many parts of West Africa, Lead expo-
sure exceeds the recommended limits set by the World Health Orga-
nization [6]. Liver transplantation has become the first-choice treat-
ment for the management of liver conditions. Although this method 
has been hailed in the past, it is now facing certain setbacks such as 
having a mortality rate of about 5% and also 1 and 5years survival 
rate of 85% and 65% respectively. Besides, this mode of treatment is 
very expensive for people to afford and also comes with other med-
ical consequences such as frequent hospitalization with a rise in the  
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Abstract
 Liver disease is a major health problem as it continues to lead to 
so many deaths worldwide. The cost of treatment for liver diseas-
es is very costly, thus treatment options become available to only a 
select few. Therefore, it has become necessary to protect the liver 
against injury. This study aimed at assessing the safety and hepa-
toprotective activity of a polyherbal formulation of ginger, turmeric, 
cinnamon, moringa and black pepper extracts against lead and 
acetaminophen-induced hepatotoxicity. Materials and Methods: Ex-
tracts were characterized by phytochemical screening, heavy met-
als analyses, Invitro antioxidant assays such as DPPH, assessment 
of total phenolics in comparison to gallic acid, assessment of total 
flavonoids in comparison to quercetin. Hepatoprotective activities 
were assessed using the Lead model (50mg/kg) and para model 

(500mg/kg). Extracts were tested at 100 mg/kg, 250 mg/kg and 500 
mg/kg btw and Silymarin as standard drug (100 mg/kg). Serum liv-
er function was assessed based on liver biochemical parameters 
such as ALT, GGT, TBIL. Histological examinations were made on 
the liver sections. Results: Saponins and terpenoids were present in 
the aqueous extract while alkaloids, phenols, saponins, tannins and 
terpenoids were present in the 50% hydroethanolic extract. Heavy 
metals such as Cr and Pb were below detection limits in both ex-
tracts while Cu, Fe and Ni were within acceptable limits accepted 
by FAO/WHO. Both extracts exhibited good free radical scavenging 
activity. The extracts did not have significant effect on relative or-
gan weight. Treatment with lead and acetaminophen (para) induced 
hepatocellular injury with significant (p˂0.05) increase in the levels 
of ALT, AST, ALP, GGT and total bilirubin (TBIL), and inflammatory 
indices (NLR and PLR). However, co-treatment with the aqueous 
and 50% hydroethanolic extracts resulted in significant (p˂0.05) de-
crease in these parameters. The biochemical data were confirmed 
by histological observations. Conclusion: This study suggests that 
the polyherbal formulation of ginger, turmeric, cinnamon, moringa 
and black pepper extracts is safe and possesses significant hepato-
protective activity.
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cost of care, unavailability of donors and increased mortality rate [7]. 
Apart from this mode of treatment, certain synthetic drugs are also 
employed in the management of liver conditions. These drugs do not 
only come with their own side effects but also come with high cost 
hence side-lining the ordinary in the society from affording. Thus, it 
has become necessary to look for cost effective and safe means of 
protecting the liver from drugs and environmental toxicants induced 
liver injury.

 Since time immemorial, natural products have been employed 
in the treatment of numerous illnesses. Natural products have now 
gained so much attention and are now referred to as natural medi-
cine. They are seen to be safer and cost effective than their synthetic 
counterparts. Plants are the ultimate source of a large number of nat-
ural drugs [8]. Spices such as ginger (Zingiber officinale), turmeric 
(Curcuma longa), cinnamon (Cnnamomum verum), moringa (Mor-
inga oleifera) and black pepper (Piper nigrum) are natural food con-
diments which are used in the preparation of our daily diets. They 
have been used since time immemorial to enliven our foods. They 
house both nutritional and medicinal properties. Due to their health 
benefits, they are employed in the medical field for the management 
and treatment of numerous illnesses. They have both antioxidant and 
anti-inflammatory potentials [9]. There has not been any report on 
the safety and hepatoprotective activity of a polyherbal formulation 
of ginger, turmeric, cinnamon, moringa and black pepper. Therefore, 
this study aimed at assessing the safety and hepatoprotective activity 
of a polyherbal formulation of Ginger, Turmeric, Cinnamon, Moringa 
and Black Pepper (GTCMB) extracts in lead and acetaminophen-in-
duced hepatotoxicity.

Materials and Methods
Chemicals

 Ethanol was obtained from Changshu Hongsheng Fine Chemicals 
Co. Ltd. (China). All other chemicals and reagents were of analytical 
grade and were obtained from standard suppliers.

Plant collection and Extraction

 Plant materials. Fresh ginger roots, turmeric stem, cinnamon bark, 
moringa leaves and black pepper fruit were obtained from a nearby 
market within the KNUST environ in Kumasi in the Ashanti region 
of Ghana in September 2021. The various parts of these spices were, 
washed, air dried and milled into a powder. A 100 g each of the milled 
ginger, turmeric, cinnamon and moringa were weighed. A 25 g of the 
milled black pepper was also weighed. They were then transferred 
into a Ziplock bag and mixed thoroughly. A 50% hydroethanolic ex-
traction and aqueous extraction were carried out by suspending the 
mixture in 5000mL of 50% ethanol (50:50, ethanol: water, v/v) and 
500mL of distilled water respectively. The mixture was then left to 
stand for 24 hours in the dark. The liquid extract was then decanted 
and the sediment was squeezed in a clean white cloth over a pan to 
obtain more liquid extract. The liquid extract was then filtered using 
a cotton wool and dried over a water bath at 70 0C allowing the evap-
oration of some of the ethanol content before freeze drying using a 
freeze dryer. The freeze-dried samples were then conveyed into sterile 
zip lock. Preparation of the doses for the study was done by reconsti-
tuting the extracts in freshly distilled water. The extracts were anal-
ysed for phytochemical constituents using standard procedures [10], 
in vitro antioxidant assays such as DPPH scavenging activity [11], to-
tal phenolic [12] and total flavonoid determination [13]. Heavy metals  

composition was also assessed using standard procedures [14]. FTIR 
spectrometer was used for functional group assessment.

Animals

 Adult male rats of Wistar strain with a weight ranging between 
130 and 150 g were obtained from the animal facility of the Depart-
ment of Biochemistry and Biotechnology, KNUST were used in this 
study. They were kept under standard laboratory conditions and han-
dled as stipulated in the guidelines of the Committee for the purpose 
of Control and Supervision of Experiment on Animals (CPCSEA, 
New Delhi, India). The Animals were housed at Clinical Analyses 
Laboratory of the department of Biochemistry and Biotechnology, 
KNUST-Kumasi in clean plastic cages bedded with wood shavings 
which were changed daily and the animals were kept under standard 
laboratory conditions of humidity and temperature. They were also 
given standard feed and distilled water, except for an overnight fast 
before being sacrificed. They were also given the opportunity to adapt 
to their new environment for seven days before the experiment. They 
were then marked uniquely on their tails with permanent markers for 
easy identification. Animals were humanely handled according to the 
Guide for Care and Use of Laboratory Animals [15]. The protocol for 
the animal study was reviewed and approved by a veterinarian in the 
team.

Treatments

 Sixty-nine animals (23 groups, n= 3) were employed to study the 
acute safety and Hepatoprotective activity the polyherbal formulation 
of ginger, turmeric, cinnamon, moringa and black pepper extracts in 
lead and acetaminophen-induced hepatotoxicity. Details of the exper-
imental design and treatments are shown in tables 1-3. In the acute 
safety study (Table 1), Group 1 served as a vehicle control. Group 1 
received 1mL/kg body weight (b.wt) of distilled water throughout the 
experiment. Group II, III and IV were treated with 100 mg/kg, 250 
mg/kg and 500 mg/kg of the aqueous extracts only throughout the 
study. Group V, VI and VII were also treated with 100 mg/kg, 250 mg/
kg and 500 mg/kg of the 50% hydroethanolic extract throughout the 
study. In the Lead model (Table 2), Group 1 served as a vehicle con-
trol. Group 1 received 1mL/kg body weight (b.wt) of distilled water 
throughout the experiments. Group II to IX were treated with 1 mL 
of 50 mg/kg Lead acetate (Pb (Ac)2) intraperitoneally on day 2,3,4 
and 6. Group II was maintained as Pb (Ac)2 control without any drug 
treatment. Group III was treated with standard hepatoprotective agent 
(100 mg/kg b.wt silymarin orally), from day 1 to 8. Group IV, V and 
VI were co-treated with 100 mg/kg, 250 mg/kg and 500 mg/kg aque-
ous extracts from day 1 to 8. Group VII, VIII and IX were co-treated 
with 100 mg/kg, 250 mg/kg and 500 mg/kg 50% hydroethanolic (HE) 
extract from day 1 to 8. In the para model (Table 3), Group 1 served 
as a vehicle control. Group 1 received 1mL/kg body weight (b.wt) of 
distilled water throughout the experiment. Group II to IX were treat-
ed with 1 mL of 500 mg/kg paracetamol (para) orally from day 2 
to day 8. Group II was maintained as Para control without any drug 
treatment. Group III was treated with standard protective agent (sily-
marin) orally for 8 consecutive days. Group IV, V, VI were co-treated 
with 100 mg/kg, 250 mg/kg and 500 mg/kg aqueous extract from day 
1 to 8. Group VII, VIII and IX were co-treated with 100 mg/kg, 250 
mg/kg and 500 mg/kg 50% HE from day 1 to 8.
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Blood Collection and Assessment of Hepatoprotective Ac-
tivity

 At the end of the study, all the animals were sacrificed after an 
overnight fast on the 8th day by cervical dislocation. Blood samples 
were collected into gel activated and EDTA tubes by creating an inci-
sion in the cervical region with the aid of a sterile blade for biochem-
ical and haematological analyses. Biochemical parameters such as 
Alanine Transaminase (ALT), Alanine Phosphatase (ALP), Aspartate 
Transaminase (AST), Total Protein (TP), Albumin (ALB), Globulin 
|(GLO), Total Cholesterol (TC), Indirect Bilirubin (IBIL), Direct bil-
irubin (DBIL) were measured using the Selectra E (Vital Scientific, 
Japan) autoanalyzer. Haematological parameters such as White Blood 
Count (WBC), Haemoglobin (HGB), Haematocrit (HCT), Mean Cor-
puscular Volume (MCV), Mean Corpuscular Haemoglobin (MCH), 
Mean Corpuscular Haemoglobin Concentration (MCHC), Platelets 
(PLT), Lymphocyte (LYM), MXD, Neutrophil (NEUT), Red Cell 
Distribution Width (RDW-SD and RDW-CV), Platelet Distribution 
Width (PDW) and Mean Platelet Volume (MPV) were analyzed using 
a haematology analyzer.

Determination of Relative Organ Weight (ROW)

 Excised liver of rats was washed in buffered normal saline and 
weighed to obtain the absolute liver weights (ALW). The relative or-
gan weights (RLW) were calculated using the formula:

Histology

 Pieces of liver tissues were submerged in 10% buffered formalde-
hyde solution to ensure that they were well for proper 24 h fixation. 
Afterward, the samples were washed using double distilled water and 
dehydrated with dilutions of methanol and ethanol. Specimens were 
purified in xylene and then embedded in paraffin at 56 0C in an oven 
for 24 h. Paraffin beeswax 8 blocks were prepared for sectioning with 
a thickness of 4 µm using a sled microtome. The tissue sections ob-
tained were placed on glass slides, deparaffinized, and counterstained 
with haematoxylin and eosin for analysis. The stained tissues were 
examined under a microscope at magnification of X40 (BX-51) and 
photographed by a chare-couple device (CCD) camera.

Statistical analysis

 Data was analyzed by Graphpad prism 9 for windows and the 
results were expressed as the mean ± standard error mean (SEM). 
Data was then assessed by two-way analysis of variance followed by 
Tukey’s multiple comparison test to determine significant difference 
between the various groups. Values for which p< 0.05 was considered 
as statistically significant.

 Percentage protection was calculated based on the principal indi-
cators of liver protection; AST, ALT, ALP, GGT and TBIL using the 
formula:

% Protection = [(a-b)/(a-c)]x100,

 Where a is the mean value of biomarkers (AST, ALT, ALP, GGT 
and TBIL) produced by hepatotoxin only, b is the mean values of bio-
markers (AST, ALT, ALP, GGT and TBIL) produced by hepatotoxin  
 

Group 
Number

Group Treatment

I
Normal 

(Control)
Water p.o (1 mL/kg b.wt)

II
100 mg AQ 

only
100 mg/kg Aqueous (AQ) only (per day, p.o.) for 8 

consecutive days

III
250 mg AQ 

only
250 mg/kg AQ only (per day, p.o.) for 8 consecutive 

days

IV
500 mg AQ 

only
500 mg/kg AQ only (per day, p.o.) for 8 consecutive 

days

V
100 mg HE 

only
100 mg/kg Hydroethanolic (HE) only (per day, p.o.) for 

8 consecutive days

VI
250 mg HE 

only
250 mg/kg HE only (per day, p.o.) for 8 consecutive 

days

VII
500 mg HE 

only
500 mg/kg HE only (per day, p.o.) for 8 consecutive 

days

Table 1: Safety assessment (Acute study).

Group 
Num-

ber
Group Treatment

I Normal (Control) Water p.o (1 mL/kg b.wt)

II Pb (Ac)2 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

III Sily + Pb (Ac)2

100 mg/kg Silymarin (per day, p.o) for 8 consecutive 
days and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

IV
100 mg AQ +Pb 

(Ac)2

100 mg/kg AQ (per day, p.o) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

V
250 mg AQ +Pb 

(Ac)2

250 mg/kg AQ (per day, p.o) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

VI
500 mg AQ +Pb 

(Ac)2

500 mg/kg AQ (per day, p.o) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

VII
100 mg HE +Pb 

(Ac)2

100 mg/kg HE (per day, p.o) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

VIII
250 mg HE +Pb 

(Ac)2

250 mg/kg HE (per day, p.o.) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

IX
500 mg HE +Pb 

(Ac)2

500 mg/kg HE (per day, p.o.) for 8 consecutive days 
and 50 mg/kg Pb (Ac)2 i.p on day 2,3,4 and 6

Table 2: Pb (Ac)2 model.

Group 
Number

Group Treatment

I
Normal 

(Control)
Water p.o (1 mL/kg b.wt)

II Para 500 mg/kg para from day 2 to day 8

III Sily + para
100 mg/kg Silymarin (per day, p.o) for 8 consecutive 

days and 500 mg/kg para from day 2 to day 8

IV
100 mg AQ 

+para
100 mg/kg AQ (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

V
250 mg AQ 

+para
250 mg/kg AQ (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

VI
500 mg AQ 

+para
500 mg/kg AQ (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

VII
100 mg 

HE+para
100 mg/kg HE (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

VIII
250 mg 

HE+para
250 mg/kg HE (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

IX
500 mg 

HE+para
500 mg/kg HE (per day, p.o.) for 8 consecutive days and 

500 mg/kg Para p.o. from day 2 to day 8.

Table 3: Para (Acetaminophen) model.
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plus test substance (extracts) and c is the mean value of biomarkers 
(AST, ALT, ALP, GGT and TBIL) produced by the normal control.

Results
Preliminary Phytochemical screening

 Preliminary phytochemical screening of the aqueous and HE ex-
tracts revealed the presence of major phytochemical groups as shown 
in table 4.

Heavy metals analysis

 The raw, aqueous and HE extracts were screened for the presence 
of heavy metals such as Chromium (Cr), Copper (Cu), Iron (Fe), 
Nickel (Ni) and Lead (Pb) as shown in table 5.

In vitro Antioxidant assay

1,1-diphenyl-2-picrylhydrazyl (DPPH) Scavenging Activity: The 
DPPH scavenging ability of GTCMB aqueous and hydroethanolic 
extracts were evaluated to determine the antioxidant activity of both 
extracts. Figure 1 shows the % inhibition of DPPH by the GTCMB 
Aqueous and 50% hydroethanolic extracts, comparing it to gallic 
acid, a standard known to have potent antioxidant activity. Gallic acid 
had a % inhibition (97.60 ± 0.04 %) while the GTCMB aqueous and 
50% hydroethanolic extracts have % inhibition (75.35 ± 0.42 %) and 
(75.81 ± 0.57 %) respectively.

Estimation of total phenolic Content (TPC) compared to Gallic 
acid as a standard: The total phenolic content was estimated and 
compared to gallic acid standard.

 A linear plot of Gallic acid standard produced a straight line (y 
= 10.303x + 0.4944, R2 = 0.9884) as shown in Figure 2. The total 
phenolic content of the GTCMB aqueous and GTCMB hydroetha-
nolic extracts were extrapolated from the Gallic acid standard curve  

and was estimated as gallic acid equivalent (GAE); [phenolic] mg 
GAE/100g.

Estimation of total flavonoid content compared to quercetin as 
standard: A linear plot of Quercetin standard produced a straight 
line (y = 22.612x + 0.006, R2 = 0.996) as shown in figure 3. The 
total flavonoid content of the combinatory formulation of ginger, tur-
meric, cinnamon, moringa and black pepper (GTCMB) aqueous and 
GTCMB hydroethanolic extracts were extrapolated from the Querce-
tin standard curve and was estimated as quercetin equivalent (QE); 
[flavonoid] mg QE/ 100 g.

Phytochemicals
GTCM 

Raw 
 GTCMB 
Aqueous

 GTCMB Hydroethanolic 

Alkaloids  -  -  +

Flavonoids  -  -  -

Phenols  -   + + +

Saponins  +  + +  + + + 

Tannins  -  + + +  + + +

Terpenoids  +  -  + + +

Table 4: Phytochemical constituents of Raw, aqueous and hydroethanolic 
extracts of GTCMB.

= Absent, + = Present, ++ = Present in moderate concentration, +++ = Pres-
ent in high concentration

Cr (mg/l) Cu (mg/l) Fe (mg/l) Ni (mg/l) Pb (mg/l)

Raw 
GTCMB

BDL BDL 6.92±0.11 2.47±0.31 BDL

Aqueous 
GTCMB

BDL BDL 4.21±0.06 4.61±0.08 BDL

Hydroethano-
lic GTCMB

BDL
0.23±0.00

2.70±0.05 4.65±0.15 BDL

Table 5: Heavy metals constituents of the raw, aqueous and hydroethanolic 
extract of GTCMB.

Values are expressed as mean± SD, BDL means below detection limit De-
tection Limit - 0.00001mg/l.

Figure 1: Free radical scavenging activity by GTCMB aqueous and hy-
droethanolic extracts compared to gallic acid standard. Each bar represents 
a mean ± standard deviation, n = 2, p˂0.005 between the extracts and gallic 
acid. Gallic acid has a % inhibition (97.60 ± 0.04 %) while the GTCMB 
aqueous and hydroethanolic extracts have % inhibition (75.35 ± 0.42 %) 
and (75.81 ± 0.57 %) respectively.

Figure 2: Standard concentration curve of absorbance against concentra-
tion of Standard Gallic Acid. In terms of Gallic acid equivalence, the total 
phenolic in the GTCMB aqueous extract was estimated to be 513.34 ± 0.14 
mg GAE/ 100 g while the GTCMB hydroethanolic extract was estimated 
to be 5740.46 ± 0.62 mg GAE/ 100 g.
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Fourier-Transform Infrared Spectroscopy (FTIR) Analy-
ses

 The Fourier Transform Infrared Spectroscopy (FTIR) analysis was 
done to determine the functional groups of the active components of 
the aqueous and hydroethanolic extracts of GTCMB based on peak 
value in the region of infrared radiation. The results of FTIR analysis 
of both aqueous and hydroethanolic extracts GTCMB are shown in 
tables 6 and 7 respectively.

Effect of Treatment on Relative Organ Weight (ROW)

 Treatment with only aqueous and HE did not have any effect 
on ROW when compared to the normal control as shown in figure 
4. Intoxication with Pb (Ac)2 and para caused an increase in ROW. 
However, ROW was decreased by co-treatment with the aqueous and 
HE extracts of GTCMB. The Pb (Ac)2 co-treated groups at 100, 250, 
500 mg/kg b.wt of the aqueous and HE GTCMB extracts reduced 
the ROW when compared to the Pb (Ac)2 only. The para co-treated 
groups at most doses of the aqueous and HE GTCMB extracts caused 
a reduction in the ROW when compared to the Para only group as 
shown in figure 4.

Effect of Treatment on Haematological indices

 The effect of the aqueous and HE extracts of GTCMB on haemato-
logical indices in the safety study is shown in table 8. There is no sig-
nificance difference between the WBC, HGB, MCV, MCH, MCHC 
of Normal and extract only groups. There is significance difference 
between the PLT, LYM% of Normal and extracts only group. Effect 
of treatment on haematological indices of Pb (Ac)2 and Para co-treat-
ed groups are shown in tables 9 and 10 respectively. Following Pb 
(Ac)2 administration, significant differences (p˂0.05) were observed 
in the WBC, RBC and HGB). Co-treatment with both aqueous and 
hydroethanolic extracts caused a reversion in these parameters as 
shown in table 9. Following Para administration, significant chang-
es (p˂0.05) were observed in haematological indices such as WBC 
and LYM% when compared to normal. Treatment with extracts (250  

Figure 3: Standard concentration curve of absorbance against concentra-
tion of Standard Quercetin. In terms of Quercetin equivalence, the total 
flavonoid content in the GTCMB aqueous extract was estimated to be 715 
± 0.31 mg QE/ 100 g while the GTCMB hydroethanolic extract was esti-
mated to be 365.31 ± 0.15 mg QE/ 100 g.

Peak X(cm-1) Bond Functional Group

1 3268.44 –C≡C–H: C–H stretch Alkynes (terminal)

2 2918.30 C–H stretch Alkanes

3 2209.92 –C≡C– stretch Alkynes

4 2151.62 C≡C– stretch Alkynes

5 2099.34 Unknown Unknown

6 1981.16 Unknown Unknown

7 1942.96 Unknown Unknown

8 1884.33 Unknown Unknown

9 1594.04 C–C stretch (in–ring) Aromatics

10 1365.43 C–H rock Alkanes

11 1319.68 C–O stretch
Alcohols, carboxylic 
acids, esters, ethers

12 1263.40 C–H wag (–CH2X) Alkyl halides

13 1148.92 C–N stretch Aliphatic amines

14 1076.45 C–N stretch Aliphatic amines

15 1019.67 Unknown Unknown

16 857.00 C–H “oop” Aromatics

17 759.60 C–Cl stretch Alkyl halides

18 569.86 C–Br stretch Alkyl halides

19 516.37 C–Br stretch Alkyl halides

20 442.55 Unknown Unknown

21 416.07 Unknown Unknown

Table 6: FTIR Peak Values of Aqueous GTCMB extract.

Peak X(cm-1) Bond Functional Group

1 3262.55 O–H stretch, H– bonded Carboxylic acids

2 2933.41 C–H stretch Alkanes

3 2135.65 –C≡C– stretch Alkynes

4 1579.32 Unknown Unknown

5 1389.96 Unknown Unknown

6 1266.18 C–H wag (–CH2X) Alkyl halides

7 1044.90 C–N stretch Aliphatic amines

8 921.98 O–H bend carboxylic acids

9 508.39 Unknown Unknown

Table 7: FTIR Peak Values of Hydroethanolic GTCMB extract.

Figure 4: Effect of Extracts Treatment on Relative Organ Weight. Values 
are expressed mean ± SEM (n=3).
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Parameter Normal 100 mg Aq only 250 mg Aq only 500 mg Aq only 100 mg HE only 250 mg HE only 500 mg HE only

WBC*10^3/µL 6.70±0.36 11.60±0.40 9.27±0.28 12.23±0.55 9.83±0.44 10.83±0.32 10.47±0.78

HGB g/dl 11.63±0.15 11.20±0.40 12.97±0.44 12.60±0.40 12.30±0.40 13.17±0.19 13.17±0.60

HCT% 48.50±2.12 45.37±1.22 49.83±0.46 50.67±1.44 49.37±0.77 50.23±0.93 51.17±3.26

MCV fL 80.73±3.60 74.60±1.57 71.30±1.40 73.80±1.61 71.37±0.76 70.53±0.37 66.97±0.29

MCH pg 19.37±0.20 18.40±0.46 18.53±0.39 18.37±0.23 17.43±0.59 18.47±0.12 17.30±0.32

MCHC g/dL 24.07±0.99 24.67±0.47 26.03±0.98 24.87±0.81 24.90±0.42 26.20±0.15 25.77±0.52

PLT*10^3/µL 1019.33±10.33 1028.00±8.96 788.67±49.33a 733.67±30.33a 749.67±58.34a 909.00±56.45 816.00±45.71

LYM% 70.73±0.38 63.33±1.65 53.90±0.98a 56.07±7.08 58.87±5.48 52.53±5.49a 51.93±1.56a

MXD% 8.87±0.45 7.70±0.26 8.03±0.39 10.17±1.44 6.40±0.60 7.30±0.55 6.57±0.24

NEUT% 23.27±2.92 41.87±9.41 34.40±3.44 47.93±1.48 35.70±4.43 36.83±2.02 40.53±0.82

LYM*10^3/µL 4.70±0.25 4.57±0.09 5.33±0.43 7.17±1.01 6.40±0.17 6.00±0.85 5.47±0.58

MXD*10^3/µL 0.67±0.07 0.80±0.06a 0.73±0.03 1.33±0.20 0.67±0.12 0.80±0.06a 0.77±0.07a

NEUT*10^3/µL 1.43±0.15 3.33±0.15a 3.20±0.25 4.40±0.72a 2.93±0.09 4.53±0.43a 4.40±0.12a

RDW-SD fL 76.07±2.58 53.73±1.76 48.77±1.19a 52.50±3.79a 54.77±0.84 50.70±0.60a 47.47±1.76a

RDW-CV % 29.13±0.77 23.43±0.15 22.77±0.64a 21.87±0.12a 21.97±1.13a 20.20±0.12a 20.23±0.77a

PDW fL 9.83±0.18 10.20±0.25 9.67±0.09 10.17±0.38 9.00±0.35 9.47±0.20 9.60±0.15

MPV fL 7.97±0.07 8.17±0.09 7.80±0.06 8.33±0.07 7.53±0.27 7.73±0.07 7.53±0.15

P-LCR % 12.27±0.55 14.43±0.18 11.67±0.23 14.57±0.37 11.27±0.52a 11.27±0.12a 11.80±0.82

PCT % 0.79±0.02 0.80±0.04 0.59±0.01a 0.60±0.01 0.57±0.03a 0.73±0.01 0.63±0.04

Table 8: Effect of treatment on the haematological parameters in the acute safety study.

Values are expressed as mean±SEM (n=3). Statistical significance “a” at p˂0.05 compared to Normal.

Parameter Normal Pb only Sily+Pb 100mg Aq+Pb 250mg Aq+Pb
500 mg 
Aq+Pb

100mg HE+Pb
250 mg
 HE+Pb

500 mg 
HE+Pb

WBC* 10^3/µL 6.70±0.36 15.80±0.06a 7.93 ± 0.48b 15.60±1.08a 15.37±3.58a 15.50±0.89a 12.13±0.79b 15.67 ±2.74a 11.63±0.03b

RBC *10^6/µL 6.01±0.02 4.82±0.18a 7.23 ± 0.36b 6.82±0.10ab 5.83±0.02 6.72±0.16b 6.61±0.43b 6.41±0.74b 6.83±0.09b

HGB 
g/dL

11.63±0.15 5.20±0.47 10.93 ± 0.64b 8.60±0.47b 9.07±0.0b 11.63±0.22b 11.13±0.96b 10.67±1.23b 11.37±0.38b

HCT % 48.50±2.12 43.40±1.25 50.13 ± 2.09 43.07±5.51 37.10±2.63 46.90±2.03 47.23±4.10 43.80±3.40 45.47±1.53

MCV fL 80.73±3.60 63.63±0.56 65.26 ± 0.84 73.63±3.24 68.90±1.22 72.37±2.53 71.27±2.08 69.07±3.17 66.70±1.96

MCH pg 19.37±0.20 16.70±0.55a 18.13 ± 0.08 17.47±0.23a 15.47±0.19a 17.47±0.15a 17.13±0.17a 16.57±0.20a 16.27±0.12a

MCHC g/dL 24.07±0.99 27.23±0.46 23±0.50 22.83±1.05 22.47±0.6ab 24.67±0.69 23.57±0.03 24.20±1.17 25.00±0.25

PLT*
10^3/µL

1012.33 
±111.93

1019.00 
±10.33

934.67 ± 149.94a 967 ±131.04 876.67 ±6.69ab
880.00 

±195.62ab
958.67±144.01ab 865±175.b 984.0±14.9b

LYM% 70.73±0.38 42.27±4.65 58.13 ± 2.88 41.87±11.93 20.73±2.47a 40.37±2.84 47.60±5.56 42.03±10.58 47.40±5.41

MXD% 8.87±0.45 6.47±0.20 1.30+0.2 12.30±3.76 12.6±0.36ab 12.97±1.55 9.63±3.22 6.50±0.72 8.27±1.18

NEUT% 23.27±2.92 47.20±1.13a 41.80 ± 2.85 50.30±12.96 56.07±9.43 46.97±1.53 51.43±16.33 37.03±3.76 44.33±6.53

LYM*
10^3/µL

6.60±0.74 4.70±0.25 6.20±0.70 9.47±2.09 5.33±0.92 6.70±0.12 6.47±0.15 15.33±0.98b 7.47±0.39

MXD*
10^3/µL

0.67±0.07 1.13±0.09  0.07±0.01 0.55±0.03 2.77±0.92 1.90±0.29 1.50±0.17 1.10±0.12 1.20±0.00

NEUT*
10^3/µL

1.43±0.15 8.53±0.69 1.87±0.13 11.30±2.84 10.77±0.20a 7.40±0.56 4.53±0.96 5.40±1.15 6.53±0.69

RDW-SD fL 76.07±2.58 43.00±1.43 38.90 ± 1.15a 61.80±4.00 65.67±1.48 55.47±1.47 55.03±1.59b 54.30±4.33b 51.47±1.69b

RDW-CV % 29.13±0.77 18.60±0.65a 14.63 ± 0.94 28.27±3.61 23.60±4.21 23.03±1.01 22.70±0.06 23.33±1.93 20.77±1.09

PDW fL 9.83±0.18 9.57±0.41 8.60 ± 0.40 9.40±0.20 9.80±0.64 9.10±0.21 9.83±0.50 9.33±0.64 10.17±0.67

MPV fL 7.97±0.07 7.63±0.41 7.30 ± 0.35 8.03±0.07 7.80±0.55 7.70±0.17 8.23±0.07 7.97±0.33 7.93±0.09

P-LCR % 12.27±0.55 11.20±1.10 7.90±2.10 11.80±0.40 13.64±1.76 10.57±1.60 12.70±1.27 12.80±1.40 10.50±0.44

PCT % 0.79±0.02 0.78±0.10 0.69±0.14 1.15±0.09 0.91±0.15 1.02±0.18 0.93±0.25 1.09±0.19 1.25±0.03

Table 9: Effects of treatment on the haematological parameters of Pb (Ac)2 treated groups.

Values are expressed as mean± SEM (n=3). Statistical significance “a” at p˂0.05 compared to normal; “b” at p˂0.05 when compared to Pb-treated group 
only.
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mg/kg aq GTCMB) significantly (p˂0.05) decreased the WBC levels. 
Treatment with 500 mg/kg b.wt HE extract significantly (p˂0.05) de-
creased LYM% as shown in table 10.

Effect of Treatment on some Biochemical Indices

 Table 11 & figure 5 shows the effect of treatment on some Bio-
chemical Indices in the safety study. Table 12 shows the effect of 
treatment on Pb (Ac)2 co-treated groups. Treatment with Pb (Ac)2 
resulted in a significant increase in biochemical indices such as 
AST, ALP, ALT, GGT, ALP. Co-treatment with the aqueous and HE 
GTCMB extracts at most doses caused a significant reduction of these 
parameters as shown in table 10 and figure 6. Table 13 shows the ef-
fect of treatment on Para treated groups. Treatment with Para caused 
a significant elevation in parameters such as AST, ALP, TP, ALT and 
GGT as shown in table 13 and figure 7.

Effect of Treatment on some Inflammatory Indices (NLR 
and PLR)

 Figure 8 shows the effect of treatment of both aqueous and HE 
GTCMB extracts on NLR and PLR. There are no significance dif-
ferences between the NLR and PLR of the normal and all the doses 
of both aqueous and hydroethanolic extracts only groups. Treatment 
with Pb (Ac)2 caused an elevation in NLR. However, co-treatment 
with all doses of both aqueous and HE GTCMB reversed the levels 
of NLR to near normal. The 250 mg/kg also caused a significant de-
crease in PLR levels as shown in figure 8. Treatment with Para result-
ed in an elevation in the level of NLR, which were reversed to near  

normal by co-treatment with all doses of the aqueous and HE extracts. 
Para treatment and co-treatment with the extracts did not cause any 
significant effect on PLR as shown in figure 8.

Percentage hepatoprotection

 Percentage hepatoprotection was assessed based on principal indi-
cators of liver protection (ALT, AST, GGT, ALP and TBLIL). Figure 
9 show the percentage hepatoprotection of Silymarin, Aqueous and 
Hydroethanolic of GTCMB extracts at all doses against Pb and Para 
intoxication. GTCMB HE at 500 mg/kg b.wt offered the best hepato-
protection against lead and acetaminophen-induced hepatotoxicity.

Effect of Treatment on liver histology

 Figure 10 (A-G) show the micrographs of liver sections of the nor-
mal and extract only groups. Figure 10 (H-O) show the micrographs 
of liver sections of the Pb treated groups. Figure 10 (P-W) show the 
micrographs of the liver sections of para treated groups. There was 
massive centrilobular hepatocellular atrophy, necrosis with sinusoi-
dal dilation in the liver sections of the animals treated with Pb only. 
There was severe portal inflammation and necrosis of limiting plate 
hepatocytes in the liver sections of rats treated with paracetamol only. 
There was massive centrilobular hepatocellular atrophy, necrosis with 
sinusoidal dilation in the silymarin +Pb group and moderate portal in-
flammation and necrosis of limiting plate hepatocytes in the silymarin 
+ Para group. There was moderate atrophy of hepatic cords, moderate 
centrilobular necrosis with sinusoidal dilation with mild perivascular 
inflammation in the hepatocytes of rats treated with extracts and nor-
mal hepatocyte with no observable lesions in certain cases.

Parameter Normal Para only Sily +Para
100 mg Aq + 

Para
250 mg Aq 

+Para
500 mg 

Aq+Para
100 mg HE 

+Para
250 mg HE+ 

Para
500 mg HE 

+Para

WBC*
10x3/µL

6.70±0.36 13.10±1.44a 9.77±0.66ac 12.23±0.28ac 10.73±0.91ac 13.00±0.75a 8.40±0.56c 10.83±0.68ac 9.43±015ac

RBC*
10^6/µL

7.86±0.2 6.01±0.027 8.32±0.50ac 6.62±0.64 6.94±0.06 6.49±0.13 7.19±0.42 6.95±0.13a 7.66±0.08c

HGB g/dL 13.63±0.23 11.63±0.15 14.47±0.15c 12.70±0.31 14.00±0.06c 13.73±0.49c 13.30±0.23c 14.13±0.20c 14.17±0.03c

HCT % 48.50±2.12 50.87±0.03 54.57±0.58 53.93±1.49 54.33±2.13 52.47±4.03 53.13±2.15 54.23±1.24 51.17±0.82

MCV fL 80.73±3.60 63.47±0.87 60.60±0.49 75.70±0.46 81.53±0.07c 71.13±0.61 65.37±1.32 69.23±1.05 66.50±1.74

MCH pg 19.37±0.20 17.33±0.35 16.50±0.60 18.60±0.21 19.97±0.07c 19.43±0.34c 16.40±0.15 19.43±0.71c 17.47±0.81

MCHC g/dL 24.07±0.99 27.33±0.22 26.60±0.26 24.00±0.51 25.83±0.98 25.67±1.28 25.00±0.51 26.40±0.75 27.60±0.36

PLT *10^3/µL 1197.33 ±10.33
1119.00 
±102.79a

838.67 ±6.24c 815.67 ±8.69a 745.00 ±8.72c 1897.00 ±44.43c
642.33 
±37.88a

767.67 
±42.45a

891.00 ±5.69a

LYM% 70.73±0.38 53.83±1.13 49.57±2.67 52.00±0.31 55.47±1.21 47.17±0.43a 49.33±1.65 53.87±3.41 47.20±1.12a

MXD% 8.87±0.45 6.70±0.15 7.47±0.67 8.30±0.49 6.77±0.09 15.30±1.91 6.20±0.31 7.40±0.25 6.37±0.35

NEUT% 23.27±2.92 40.37±0.38 45.03±2.58a 39.70±0.25 37.40±0.47 83.00±2.5ac 44.00±1.81 40.70±1.51 37.73±0.15

LYM *10^3/µL 6.67±0.25 4.70±0.39 5.30±0.21a 6.33±0.15a 5.73±0.33 5.67±0.15a 4.10±0.23 6.03±0.18 5.33±0.13c

MXD *10^3/µL 0.67±0.07 0.90±0.06 0.77±0.09 1.00±0.10 1.00±0.06 0.43±0.24c 0.60±0.06 0.63±0.03 0.57±0.03

NEUT *10^3/µL 1.43±0.15 5.53±0.45 3.60±0.40 4.63±0.27 4.33±0.64 2.03±1.17 3.50±0.21 3.57±0.12 3.60±0.06

RDW-SD fL 76.07±2.58 39.43±0.38a 41.33±0.78a 65.73±1.50c 78.10±2.62c 54.57±2.45 46.37±2.03c 55.50±1.73a 41.80±0.21c

RDW-CV % 29.13±0.77 19.73±0.52a 20.37±0.93a 26.60±0.29 27.10±1.71 25.40±2.19 23.10±1.65 23.47±0.15 20.13±0.61a

PDW fL 9.83±0.18 9.37±0.19 9.20±0.38 9.33±0.55 9.67±0.49 9.67±0.26 9.10±0.70 8.60±0.29 8.67±0.03

MPV fL 7.97±0.07 7.73±0.12 7.63±0.18 7.67±0.22 7.80±0.32 8.07±0.32 7.63±0.50 7.40±0.32 7.20±0.12

P-LCR % 12.27±0.55 9.67±0.70 10.20±0.61 9.63±0.35 10.50±1.06 12.27±1.62 12.43±2.65 8.90±1.96 7.43±0.20

PCT % 0.79±0.02 0.65±0.02 0.87±0.11 0.62±0.01 0.69±0.06 0.78±0.14 0.58±0.06 0.64±0.07 0.64±0.00

Table 10: Effect of treatments on haematological parameters of Para treated groups.

Values are expressed as mean±SEM (n=3). Statistical significance “a” at p˂0.05 compared to Normal; “c” at p˂0.05 when compared to Para-treated group 
only.
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Parameter Normal 100 mg Aq 250 mg Aq 500 mg Aq 100 mg HE 250 mg HE 500 mg HE

DBIL µmol/L 2.26±0.56 1.83±0.30 2.59±0.26 2.26±0.16 1.48±0.25 1.86±0.18 1.28±0.07

AST U/L 75.93±0.91 125.90±0.92a 105.67±5.93a 104.00±6.34a 53.90±1.48 66.13±6.61 134.27±3.07a

ALP U/L 140.67±3.86 94.93±1.37 114.73±8.26 141.67±8.40 145.80±6.32 96.10±1.94 144.20±12.10

TP g/L 52.93±6.33 45.90±4.33 43.47±6.27 42.77±4.59 55.37±6.10 55.40±2.71 39.87±4.25

ALB g/L 26.87±0.58 22.07±0.09 20.53±2.33 21.00±1.05 24.93±2.11 24.43±2.11 26.27±3.17

TC mmol/L 3.00±0.42 2.33±0.33 2.56±0.30 3.43±0.84 3.08±0.47 1.97±0.08 1.68±0.36

GLO g/L 26.07±5.86 23.83±4.25 22.93±4.07 21.77±3.64 30.43±3.99 30.97±0.62 13.60±1.08

IBIL mmol/L 7.56±0.19 1.74±0.03a 5.30±0.40 2.02±0.29 8.54±0.44 1.65±0.29a 1.39±0.17a

Table 11: Effects of treatment on the Biochemical Parameters in the acute safety study.

Values are expressed as mean±SEM (n=3). Statistical significance “a” at p˂0.05 compared to Normal.

Figure 5: Effect of Extract Treatment on key liver biochemical parameters in the acute safety study. Values are expressed as mean ± SEM (n=3). Statistical 
significance “a” at p˂0.05 compared to Normal.

Parameter Normal Pb Only Sily+Pb 100 mg Aq+ Pb 250 mg Aq+ Pb
500 mg Aq 

+Pb
100 mg HE +Pb 250 mg HE +Pb

500 mg HE 
+Pb

DBIL 
µmol/L

1.36±0.14 2.26±0.56 4.05±0.31 1.40±0.16 1.17±0.08 1.37±0.03 1.55±0.03 1.40±0.14 1.31±0.07

AST U/L 75.93±0.91 341.47 ±7.54a 100.20 ±3.84b 223.97 ±13.99ab 243.17 ±9.70a 103.43 ±1.37b 209.00 ±1.48 231.90 ±6.29a 179.57 ±9.75b

ALP U/L 140.67 ±22.86 333.27 ±22.98a 107.37 ±3.43ab 175.93 ±40.9ab 178.70 ±34.92ab 171.87 ±1.54ab 191.87 ±18.59ab 225.43 ±4.64ab 170.57 ±16.55ab

TP g/L 52.93±6.33 48.63±1.20 70.67±2.96 55.60±3.89 52.80±1.46 26.53±1.30b 49.33±3.76 53.50±3.41 53.00±2.62

ALB g/L 26.87±0.58 22.20±0.89 59.33±5.21 22.70±1.46 24.77±1.41 13.70±0.55 21.57±1.89 24.30±0.99 22.27±0.55

TC mmol/L 1.47±0.06 3.00±0.42 5.23±0.30 1.76±0.06 1.66±0.29 0.94±0.00 1.55±0.22 1.61±0.17 1.37±0.08

GLO g/L 26.07±5.86 26.43±0.32 11.33±2.33 32.90±4.44 28.03±0.47 12.83±0.93 27.77±3.19 29.20±3.13 30.73±2.97

IBIL 
mmol/L

1.49±0.10 7.56±0.19 4.33±0.18 1.38±0.45 1.13±0.09 1.25±0.28 0.62±0.19 1.55±0.33 1.44±0.15

LDH U/L 37.37 566.97 ±12.15a 188.67 ±8.76b 417.43 ±20.41 268.17 ±16.72 ab 228.00 ±4.31 ab 364.67 ±28.29b 474.17 ±4.63 367.60 ±26.77b

Table 12: Effect of treatment on the Biochemical Parameters of Pb co-treated groups.

Values are expressed as mean ± SEM (n=3). Statistical significance “a” at p˂0.05 compared to Normal; “b” at p˂0.05 when compared to Pb-treated group 
only.

http://dx.doi.org/10.24966/ACIM-7562/100425
http://dx.doi.org/10.24966/ACIM-7562/100438


Citation: Sedeafor R, Larbie C, Emikpe BO, Sarfo-Antwi F, Donkor S, et al. (2024) Safety and Hepatoprotective Assessments of Polyherbal Formulation in Lead and 
Acetaminophen-induced Hepatoxicity in Rats. J Altern Complement Integr Med 10: 438.

• Page 9 of 13 •

J Altern Complement Integr Med ISSN: 2470-7562, Open Access Journal
DOI: 10.24966/ACIM-7562/100438

Volume 10 • Issue 1 • 100438

Figure 6: Effect of Extracts Treatment on key liver biochemical parameters. Values are expressed as mean±SEM (n=3). Statistical significance at “a” at 
p˂0.05 compared to Normal; “b” at p˂0.05 when compared to Pb-treated groups only.

Parameter Normal Para Only Sily+ Para
100 mg Aq + 

Para
250 mg Aq + 

Para
500 mg 

Aq+Para
100 mg 

HE+Para
250 mg 

HE+Para
500 mg 

HE+Para

DBIL µmol/L 2.26±0.56 1.70±0.18 1.65±0.01 1.45±0.24 1.27±0.07 1.13±0.04 1.45±0.07 1.44±0.01 1.58±0.16

AST U/L 75.93 ±0.91 367.67 ±10.48a 267.67 ±14.43ac 258.17 ±26.51ac 219.50 ±11.52ac
251.47 

±10.76ac
216.67 ±3.15ac 137.67 ±18.08ac 62.87±8.95c

ALP U/L 140.67 ±3.86 1472.27± 394.19a 1168.83 ±71.25 ac
1433.4 

3±212.80a

1469.70 
±191.77a

761.33 
±90.54 ac

1396.97 
±64.56a

256.17 ±14.54c 134.77±1.83c

TP g/L 52.93±6.33 71.97±3.86a 65.53±1.32 60.57±2.31 57.03±4.89 68.33±1.93 65.93±1.82 41.87±4.75 21.47±4.31c

ALB g/L 26.87±0.58 25.67±0.44 25.37±1.73 30.60±1.08 33.30±1.47 28.37±3.11 26.40±1.76 22.30±3.26 10.07±1.66

TC mmol/L 3.00±0.42 1.59±0.26 1.61±0.06 2.32±0.14 2.33±0.11 2.03±0.08 2.14±0.17 1.94±0.14 0.85±0.18c

GLO g/L) 26.07±5.86 32.30±3.42 40.17±2.26 29.97±1.31 37.53±3.67 39.97±5.04 39.53±3.44 19.57±2.01 11.40±2.76ac

IBIL mmol/L 7.56±0.19 1.37±0.25 1.33±0.19 1.61±0.22 0.58±0.12 1.31±0.12 0.90±0.10 1.29±0.56 1.49±0.41

Table 13: Effect of treatment on the Biochemical Parameters of Para co-treated groups.

Values are expressed as mean ± SEM (n=3). Statistical significance “a” at p˂0.05 compared to Normal; “c” at p˂0.05 when compared to Para-treated group 
only.
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Discussion
 Natural bioactive compounds from plants play vital roles in en-
hancing human health by performing specific biological functions 
[16]. The intake of these compounds, found abundantly in plants, 
has become a common practice to mitigate the risk of well-known 
non-communicable diseases in various age groups. Phytochemicals 
present in plants exhibit robust antioxidant activity against reactive 
oxygen species, thus contribute to various health benefits [17]. Nota-
bly, phenols, flavonoids, terpenoids, alkaloids, tannins and saponins 
are well-studied phytochemicals which possess potent antioxidant  

Figure 7: Effect of Extract Treatment on key liver biochemical parameters. 
Values are expressed as mean ± SEM (n=3). Statistical significance “a” at 
p˂0.05 compared to Normal; “c” when compared to Para-treated group 
Only.

Figure 8: Effect of treatment on some inflammatory indices (NLR and 
PLR). Values are expressed as mean ± SEM (n=3). Statistical signifi-
cance “a” at p˂0.05 compared to Normal; “b” at p˂0.05 when compared 
to Pb-treated groups only, “c” at p˂0.05 compared to para-treated groups 
only.

Figure 9: Percentage protection by GTCMB Aq, HE and Silymarin 
against lead (II) acetate and Para induced liver toxicity.

Figure 10: Photomicrograph (A) – (G) shows normal hepatocytes with no 
observable lesion; (H) and (I) shows massive centrilobular hepatocellular 
atrophy, necrosis (black arrows) with sinusoidal dilation (red arrows); (J) 
– (N) shows normal hepatocytes with no observable lesion; (O) shows 
Kupffer cell hyperplasia with sinusoidal dilation (red arrow); (P) shows 
severe portal inflammation (red arrow) and necrosis of limiting plate he-
patocytes (black arrows); (Q) shows moderate portal inflammation and 
necrosis of limiting plate hepatocytes (black arrows); (R) there is no ob-
servable lesion; (S) shows mild perivascular inflammation (black arrows); 
(T) shows no observable lesion; (U) shows moderate atrophy of hepatic 
cords with moderate necrosis (black arrows); (V) shows moderate centri-
lobular necrosis (black arrows) with sinusoidal dilation (red arrows); (W) 
there is no observable lesion. (H&E x 400).
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properties. Phytochemical screening of the raw, aqueous and hy-
droethanolic extracts confirmed their presence.

 This study also quantified five heavy metals (Chromium, Copper, 
Iron, Nickel and Lead) in this formulation. Iron concentration was 
highest in the raw mixture (6.92±0.11 mg/l), followed by the aque-
ous extract (4.21±0.06 mg/l) and lowest in the hydroethanolic extract 
(2.70±0.05 mg/l). Nickel was highest in the hydroethanolic extract 
(4.65±0.15 mg/l) and lowest in the raw mixture (2.47±0.31 mg/l). All 
these were below the permissible limits of Iron and Nickel set by [18] 
in edible plants which are 20 mg/l (20 ppm) and 10 mg/l (10 ppm) 
respectively. Copper was present in only the hydroethanolic extract 
(0.23±0.00 mg/l), below the 10 mg/l limit. Chromium and lead were 
undetected in all samples. Higher Ni and Cu in the hydroethanolic 
extract might be from the solvent. These results were supported by 
the acute safety study, suggesting that the extracts pose no harm when 
consumed.

 Oxidative stress, linked to injuries results from prooxidant-anti-
oxidant imbalance [19]. Antioxidants from plants defend against dis-
eases and lower risks for diseases like cancer, heart disease [20]. A 
rapid and cost-effective method for antioxidant assessment employs 
DPPH radical. This method evaluates free radical scavenging activity 
and hydrogen donating capacity [20]. From this study, the aqueous 
and hydroethanolic extracts recorded percentage DPPH inhibition of 
75.35 ± 0.42 and 75.81 ± 0.57 respectively, and the standard (gallic 
acid) having % DPPH inhibition of 97.60 ± 0.04. These results sug-
gest that GTCMB could help in protecting against diseases.

 Medicinal plants are rich in phenolic compounds with strong an-
tioxidant potentials [21]. Phenolic compounds possess antioxidant 
abilities [22]. They protect against cell damage from reactive oxygen 
species such as hydrogen peroxide and lipid peroxides [23]. The total 
phenolic content in the extracts (aqueous: 513.34±0.14 mg GAE/100 
g, hydroethanolic extract: 5740.46±0.62 mg GAE/100 g) correlates 
positively with their antioxidant activity [24]. The hydroethanolic ex-
tract exhibited the highest antioxidant potential. The results suggest 
that these extracts can protect against injuries and diseases through 
their antioxidant actions. One of the most essential groups of phe-
nolics is flavonoids [25,26]. The ortho-dihydroxyl and conjugation 
structures in flavonoids are very significant due to their maximum 
free radical scavenging capacity [27]. Flavonoids are able to suppress 
the activity of oxidases enzymes [28,29]. Total flavonoid content of 
the extracts was determined using the Aluminium chloride method 
and using quercetin as the standard. The total flavonoid of the aque-
ous and hydroethanolic extract was found to be 715 ± 0.31 mg QE/ 
100 g and 365.31 ± 0.15 mg QE/ 100 g respectively. These suggest 
that the aqueous and hydroethanolic GTCMB extracts could help in 
disease prevention.

 The liver plays crucial roles in the body, aiding other organs and 
performing vital functions [30]. The liver can be damaged by hepa-
totoxins. Notable hepatotoxins include lead and acetaminophen [31]. 
Lead targets the liver and can cause severe damages even at low dos-
es. Acetaminophen can cause side effects even at therapeutic doses. 
Liver damage from acetaminophen starts at doses as low as 125 to 
150 mg/kg [31]. It harms the liver through mechanisms such as gen-
eration of a toxic metabolite, disruption of the mitochondria, and al-
teration of immune response [32].

 Haematological parameters are crucial in evaluating health and 
physiological status, and often serve as indicators of various disease  

conditions. In this study, Lead and paracetamol caused significant de-
crease in haemoglobin and RBC when compared to the normal group. 
These reductions in haemoglobin and RBC counts by lead are in line 
with previous report by [33,34]. The decrease in haemoglobin and 
RBCs by paracetamol is also in agreement with previous report by 
[35]. Lead is known to have a direct effect on the haematopoietic sys-
tem by hindering the synthesis of haemoglobin through the inhibition 
of various major enzymes which play crucial roles in the synthesis of 
haem. Besides, Lead decreases the lifespan of erythrocytes by altering 
the fragility of their cell membranes. These processes further result 
in anaemia [36,37]. On the other hand, the decrease in haemoglobin 
level in paracetamol treated group could be due to the reduction in 
the oxygen carrying capacity of blood and the quantity of oxygen 
transported to the kidney. And also, the reduction in RBCs count in 
the paracetamol treated group could be due to destruction of matured 
red blood cells and the reduction in the rate of red blood cells synthe-
sis [35].

 Administration of lead and paracetamol led to a significant increase 
in the populations of white blood cells (WBCs). This is in agreement 
with previous report by [38] and [39] respectively. According to [40], 
a significant elevation in total WBCs could be an indication of infec-
tion, trauma, inflammation and certain diseases. In other words, this 
could signify that the immune system has been compromised. Also, 
the administration of lead resulted in substantial decrease in plate-
lets population. However, paracetamol administration did not have 
a significant effect on platelets population. This significant decrease 
in platelets population is a condition known as “thrombocytopenia”. 
According to [41], acute thrombocytopenia could be an indication of 
severe infection.

 Liver enzymes such as Alanine transaminase (ALT), Aspartate 
transaminase (AST) and Gamma-glutamyl transferase (GGT) are the 
key indicators used to assess hepatotoxicity. Total bilirubin (TBIL) 
is also an indicator of liver diseases. In this study, lead and parac-
etamol administration resulted in a significant increase in key liver 
biomarkers such as ALT, AST and GGT including TBIL, confirming 
the successful induction of hepatotoxicity. When the liver becomes 
damaged, these liver biomarkers are released into the extracellular 
space [42]. Co-treatment with either aqueous or hydroethanolic ex-
tracts at most doses (especially at 500 mgkg-1 b.wt. hydroethanolic) 
brought about a significant decrease in the levels of these key indica-
tors to near normal, a reflection of hepatoprotective potential. Also, 
lead and paracetamol administration significantly increased the levels 
of the enzymes, Alkaline phosphatase (ALP) and Lactate dehydroge-
nase (LDH). Surprisingly, most doses of the aqueous and hydroetha-
nolic extracts especially, the 500 mgkg-1 b.wt hydroethanolic extract 
caused a significant decrease in the level of these enzymes,. It was 
also observed that the administration of paracetamol significantly in-
creased the levels of total protein (TP). However, the administration 
of the aqueous and hydroethanolic extracts resulted in decrease in 
the level of total protein. The administration of lead did not have any 
significant effect on the levels of total protein. The hepatoprotective 
activity of these extracts could be attributed to the presence of phe-
nolic compounds and other phytochemicals with potent antioxidant 
activities.

 Inflammation is the body’s immune system’s way of responding 
to injuries or infections. Inflammation is an indication that the body 
is trying to combat foreign materials. A high Neutrophil to Lympho-
cytes Ratio (NLR) in the course of inflammation may be due to a drop  
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in lymphocyte population or an elevation in neutrophil population or 
both [43]. Apart from NLR, Platelet to Lymphocytes (PLR) is also an 
inflammatory index in certain diseases [44,45]. The administration 
of lead and paracetamol resulted in a significant increase in NLR, 
confirming inflammation, thus injury. The administration of lead 
and paracetamol also caused increase in the level of PLR. However, 
co-treatment with the aqueous and hydroethanolic GTCMB extracts 
at most doses resulted in a decrease in the levels of NLR and PLR in 
both lead and para treated groups.

 The results of histopathological examination of sections of liver 
tissues of normal, hepatotoxicant-induced groups and groups treated 
with extracts were examined using light microscopy as presented in 
Figure 10. These are consistent with liver damage observed in the 
biochemical parameters. Treatment with the aqueous and 50% hy-
droethanolic GTCMB extracts show reversion of hepatic damage 
when compared to the toxicants only groups, although the Pb- in-
toxicated groups treated with aqueous and hydroethanolic extracts 
showed higher level of regeneration of liver cells as compared to the 
paracetamol-intoxicated groups. This attests that the damage caused 
by paracetamol intoxication was higher than that caused by the Pb 
intoxication. The histopathological examinations confirm the hepato-
protective activities of the aqueous and 50% hydroethanolic GTCMB 
extracts. The aqueous and hydroethanolic extracts recorded almost 
equal percentage hepatoprotection against Pb intoxication (Figure 9) 
while the hydroethanolic extract recorded the highest percent hepato-
protection against paracetamol intoxication (Figure 9).

Conclusion
 Based on the findings of this study, it is concluded that the poly-
herbal formulation of ginger, turmeric, cinnamon, moringa and black 
pepper extracts is safe and possesses protective effect against lead and 
acetaminophen-induced hepatotoxicity.
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