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Introduction  

 Inflammatory responses are series of stimuli that leads to the 

recruitment of molecules including cytokines, chemokines, growth 

factors, proteases, oxidative stress products, and lipid mediators after 

system assault by a viral infection, bacterial infection or physical 

injuries.1,2 However, players of inflammation differ depending on the 

duration and nature of systemic abuse. In an acute inflammatory 

response, the time range of development is usually within minutes or 

hours and involves the migration of leukocytes, particularly neutrophils, 

and exudate of fluids and plasma protein towards the affected area.3 

Chronic inflammation takes a longer time to develop and it is 

characterized by the recruitment of lymphocytes and macrophages in 

the histology, leading to fibrosis and tissue necrosis.4  
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The use of non-steroidal anti-inflammatory drugs (NSAIDs), 

analgesics, and corticosteroids had been the treatment approach for 

inflammation via the inhibition of cyclooxygenase 2 (COX2). However, 

long-term usage threatens the human organs such as the liver, kidneys 

and the gastrointestinal tract due to their side effects.3 Hence, the need 

for an alternative with lesser or no adverse effect while proffering a 

comparable therapeutic effect for the treatment of inflammation cannot 

be overemphasized. Traditional remedies have recently gained 

increased acceptance and application in Africa as inflammatory-related 

diseases, epidemics, and pandemics appear to be on the increase.4 

Medicinal plants have proved to be an excellent alternative to 

conventional medicines due to their richness in diverse types of 

phytochemicals and micronutrients such as alkaloids, flavonoids, 

terpenes, tannins, saponins, zinc, iron etc. These phytochemicals are 

responsible for the therapeutic activities of medicinal plants such as 

antioxidant, antimicrobial, antidiabetic, anticancer, neuroprotective 

effects.3,4  

Ginger -  Zingiber officinale Roscoe (family Zingiberaceae) is one of 

the plants prominently used for several disease management. It is 

abundant in different bioactive compounds and minerals. Its fresh form 

contains mainly gingerols (6-gingerol, 8-gingerol, and 10-gingerol), 

which are converted to shogaols after heating,5 and finally to paradols 

upon hydrogenation. In addition to the gingerols and its derivatives, 

there are also several other phenols in ginger such as zingerone, 

gingerenone-A, quercetin and 6-dehydrogingerdione terpenes, 

polysaccharides, lipids, organic acids, and raw fibers. Antioxidant, 

antiviral, anti-inflammatory, anti-tumor, neuroprotective, and 
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antifungal are among the medicinal properties of the Z. officinale due to 

the accumulation of many of these nature-derived bioactive 

compounds.5 

The lemon, or Citrus limon (L.) Burm., is a member of the Rutaceae 

family and is indigenous to Asia. Lemon fruit is an important 

component of a healthy diet, a rich source of nutrients, and offers health 

advantages. Lemons are an intriguing source of dietary fibre and health-

promoting bioactive compounds including carotenoids, essential oils, 

vitamins, minerals, and anti-inflammatory flavonoids. Macroscopically, 

Lemon, is a yellow or pale-yellow fruit with up to ten seeds that is used 

in many different food cultures around the world. The fruit's juice, 

which is praised for its tart, acidic, and fresh flavor, is frequently used 

as an ingredient in both homemade and commercial cuisines. Lemon is 

rich in flavonoids, especially flavanones and flavone glycosides. 

Flavonols, flavone aglycones, and polymethoxyflavones have also been 

reported in lower concentrations than those of flavanones and flavones.6  

Garlic - Allium sativum L. (family Amaryllidaceae)  is the second most 

utilized species of the genus Allium after onions (Allium cepa L.). 

Garlic is an organosulphur-containing herbaceous annual spice with an 

aromatic pungent flavor. Its main bioactive compound is allicin [S-(2-

propenyl)-2-propene-1-sulfinothioate], which is responsible for the 

characteristic smell and taste.6 In addition to allicin, other sulphur and 

cysteine-containing compounds (alliin, allyl mercaptan) also contribute 

to garlic's aromatic features. Bioactive compounds present in garlic 

have been reported to be responsible for its different medicinal 

properties such as anti-inflammatory, antibacterial, antidiabetic, 

antioxidant, antifungal, cardioprotective, anticancer, and 

antihypertensive.7  

Aloe vera (L.) Burm.f. (family Asphodelaceae) is an herbaceous, 

perennial succulent xerophyte which is a water-storing vasculature due 

to its native habitat in the desert. Aloe vera plant is one of the most 

utilized plants globally as its medicinal uses can be dated as far back as 

1500 BC across ancient countries like China, Greece, Egypt, and 

Mexico.8 It is morphologically featured with a water-storing 

mucilaginous tissue which is reported to contain about 75 compounds 

including vitamins, minerals, enzymes, sugars, anthraquinones or 

phenolic compounds, lignin, saponins, sterols, amino acids, and 

salicylic acid. Several reports had described the anti-inflammatory 

efficiency of Aloe vera particularly in wound healing process.9 

Honey, produced by the Apis spp (Family Apidae) contains macro and 

micronutrients that are influenced by a number of parameters, including 

bee type, floral supply, and ambient and processing conditions. Sugar, 

protein, enzymes, minerals, vitamins, amino acids, and a wide spectrum 

of polyphenols are among the approximately 200 components found in 

honey. Each honey has a varied color, flavor, viscosity, and medicinal 

activity due to the various ratio of these chemicals. As a result, the 

combination of all of these chemicals works synergistically in a variety 

of applications making honey one of the most powerful natural wound 

healing agents.10 Traditional uses and clinical applications of honey 

include antimicrobial, antioxidant, anti-inflammatory, anticancer, 

antihyperlipidemic, and cardioprotective properties, as well as the 

treatment of eye, gastrointestinal tract, neurological fertility disorders 

and wound healing activity.11 Traditional medications are frequently 

made as polyherbal formulations and have often been observed to have 

improved therapeutic effects and reduced toxicity. This is simply 

because of the reduced dose of each component. Each of these plants 

have been reported to have some beneficial effect but until this time of 

reporting, no scientific report is available on the beneficial effect of this 

indigenous polyherbal formulation under investigation. Our study is 

therefore focused on establishing the general safety and possible 

beneficial effect of this polyherbal phytomedicine in experimental 

animals.  

 

Materials and Methodology 

Plant collection and Extraction 

These commonly sold plant parts used during this experiment were 

purchased in August, 2022 from Bodija market ( 7° 26' 14" north and 

3° 54' 57" east), Ibadan, Oyo state, Nigeria and identified by Dr F. A 

Attah and Mr Bolu of the Herbarium unit, Department of 

Pharmacognosy and Drug Development, Faculty of Pharmaceutical 

Sciences, University of Ilorin, Nigeria using the Flora of West Tropical 

Africa as main reference and by comparing with herbarium specimens. 

The following collection numbers were respectively assigned to 

Zingiber officinale, Citrus limon, Aloe vera, and Allium sativum – FPS-

PDDHI: 028, 029, 030 and 031. Samples were washed and dried before 

size reduction. Powdered plant samples (500 g) from each plant source 

were macerated and extracted separately and independently using 5 L 

of 70% ethanol in distilled water for 72 h. The content was 

intermittently shaken for thorough extraction, the menstruum 

containing the extracted metabolites was decanted and filtered.  These 

were further concentrated under reduced pressure using rotary 

evaporator and the concentrated sample was lyophilized and kept in the 

refrigerator at (-4ºC) and used when needed.   

 

Experimental Animals 

Wistar rats (150–160 g) both male female were obtained from the 

Department of Biochemistry, University of Ilorin, the animals were 

housed and maintained in standard plastic cages in the Animal House 

of the Department of Pharmacology and Toxicology, Faculty of 

Pharmaceutical Sciences with light and darkness (12/12 h) and free 

access to food and water ad libitum. 

 

Experimental procedure 

The experiment was performed in accordance with the procedures laid 

down by the University of Ilorin Ethics Committee for care and use of 

laboratory animals and in accordance with the principles of laboratory 

animal care by the National Institute of Health (NIH publication No. 85- 

23, which was revised in 1985). The rats were acclimatized for one 

week before the start of the experiment and Ethical clearance was gotten 

from the Ethical Review Committee of the University of Ilorin, Ilorin, 

Nigeria. The experiment was given an approval no: 

UERC/ASN/2022/2353 

 

Acute Oral Toxicity  

The acute oral toxicity study was performed as per the guidelines of 

Organization for Economic Cooperation and Development as described 

by Obohon and colleagues.12 Healthy female albino rats were used for 

this study. The rats were divided into 2 groups, with 3 animals in each 

group. From 12 hours before until 3 hours after the oral administration, 

the animals were kept without access to food. The control group 

received normal saline at 1 mL/kg by oral gavage while the treatment 

group received 2,000 mg/kg of the extract. The safety of the 2,000 

mg/kg dose was subsequently confirmed in another 3 animals as 

recommended in the OECD guidelines. Immediately after 

administration, all of the animals were observed for signs of toxicity and 

mortality, with special attention given during the first 6 to 24 hours. 

 

Sub-acute toxicity 

Four experimental groups of six female wistar rats each were 

established as control group (treated orally with normal saline I mL/kg) 

and different doses of the polyherbal extract (125 mg/kg, 250 mg/kg, 

and 500 mg/kg) for 28 days. During the duration of the treatment, signs 

of toxicity, including body weight changes were recorded on days 0, 7, 

14, 21, and 28 of the experiment. After the completion of the study, all 

animals were fasted overnight before blood sampling and the rats were 

euthanized in an airtight glass chamber saturated with diethyl ether. 

 

Hematological assays  

Blood samples were collected by cardiac puncture into ethylene 

diamine tetra acetic acid (EDTA) bottles. Hematological examination 

was performed as previously described by Ebohon et al., 13using an 

automated hematological analyzer (Beckman Coulter JT series 

Hematological Analyser). The hematological parameters of interest that 

were estimated include; white blood cell (WBC) count, Red blood cells 

(RBC) count, hemoglobin (HGB), mean corpuscular hemoglobin 

concentration, mean corpuscular volume, monocyte, neutrophil, 

lymphocyte and platelet count.  

 

Histopathological Examination of the Organ.  

Liver and kidney removed and fixed in 10% neutral buffered formalin 

and then dehydrated by successively passing through a gradient of 

http://www.worldfloraonline.org/taxon/wfo-7000000018
http://www.worldfloraonline.org/taxon/wfo-0000758976
http://en.wikipedia.org/wiki/Apidae
https://www.sciencedirect.com/topics/engineering/coulter
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mixtures of ethyl alcohol and water. The samples were rinsed with 

xylene and embedded in paraffin. Organs sections (5 μm thickness) 

were cut, stained (hematoxylin and eosin dye) and examined under light 

microscope.  

 

Relative Organ Weight. 

The relative organ weight (ROW) of each animal was calculated as 

follows: 

Relative organ weight (%) = 𝑂𝑟𝑔𝑎𝑛 𝑤𝑒𝑖𝑔ℎ𝑡/𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 ×  100 

 

Serum Biochemistry. 

Biochemical (albumin, alkaline phosphatase, alanine aminotransferase, 

aspartate transaminase, bilirubin, cholesterol, triglyceride creatinine 

and urea) analysis  was facilitated by assay kits used for liver and kidney 

function tests which were products of Randox Laboratories (Antrum, 

UK).14 AST and ALT were measured at 405 nm while that of ALP was 

taken at 405 nm. Absorbance of urea was determined at 560 nm and 

creatinine at 492 nm. Reading of the absorbance was done with nano-

UV/vis spectrophotometer (Optima, USA) 

 

Evaluation of Anti-Inflammatory Activity.  

Carrageenan-Induced Hind Paw Edema 

Female albino rats were divided into four groups of 6 animals. Group A 

(control) received 0.2 mL of normal saline; Group B and Group C will 

receive aqueous doses of 200 mg/kg and 400 mg/kg of extract 

respectively. Group D (positive control) animals were administered 

with diclofenac sodium (10 mg/Kg body weight.). Inflammation was 

induced by subplantar administration of freshly prepared 0.9% salt 

solution of carrageenan (100μL of 1% w/v) into the hind paws of the 

animal. Paw thickness were measured just before the carrageenan 

administration and at 30 minutes interval for 3 hours after carrageenan 

injection.14,15 The percentage inhibition of edema in extract-treated 

group was calculated using the formula below. 

 

 Percent Inhibition =   Difference in paw size (control) – Difference in 

paw size (agent)  x 100  

Difference in paw size(control) 

 

In-vivo analgesic activity 

Acetic Acid Writhing Method  

The writhing test was carried out as described by Ajayi et al.,14 with 

some modification (Spindola et al. 2010). Female albino mice were 

divided into 5 groups of 6 mice each. The animals were treated orally 

with diclofenac (20 mg/kg), distilled water (10 mL/kg), and 200 mg/kg 

and 400 mg/kg of extract. Writhing was induced with intraperitoneal 

injection of 0.6% w/v acetic acid solution (20 mL/kg) 30 minutes after 

pre-treatment.  Five minutes after injection of the acetic acid solution, 

the writhes (abdominal constrictions and hind limbs stretching) were 

counted for 10 minutes. The percentage of analgesic activity (writhes 

reduction) was calculated as follows: 

 
number of writhes (control)  −  Number of writhes (agent)

Number of writhes (control)
 

 

Mechanistic study  

The Mice were randomly selected in eight groups (n= 8). The first phase 

involved the pre-treating mice the selected antogonist: Groups I and II 

received Normal saline (0.2 mL) and extract (400 mg/kg) respectively. 

Group III- naloxone (2 mg/kg), Group IV- prazosin (1 mg/kg), Group 

V-yohimbine (1 mg/kg), Group VI-propranolol (20 mg/kg), Group-VII 

metergoline (2 mg/kg) and Group VIII- l-arginine (50 mg/kg). 

Thirty (30) minutes after the pre-treatment with antagonists, 400 mg/kg 

of the extract was administered to all the animals in groups III-VIII. 

0.6% v/v of Acetic acid (10ml/kg) was administered intraperitoneally 

to induce pain. Sixty (60) minutes after the above treatments, the 

numbers of writhes were counted, and percentage inhibition calculated 

and compared to that of the control group. 

 

 

Percent Inhibition   =Number of writhes (control) - Number   

  Number of writhes (control)GC-MS analysis 

The major phytochemical components of the polyherbal phytomedicine 

were profiled using the gas chromatography-mass spectrometry (GC-

MS, model-GCMS-QP2010SE Shimadzu, Japan) technique carried out 

at Shimadzu Training Centre for Analytical Instruments (STC) Lagos, 

Nigeria. The Restek Rtx-5MS fused silica capillary column (5%-

diphenyl-95%-dimethylpolysiloxane) of 30 m×0.25 mm internal 

diameter (di) and 0.25 mm in film thickness was used to separate the 

metabolites. The mass spectrometer was operated in electron ionization 

mode of 70 eV and an acquisition mass ranged of 45-700 amu. To 

identify separated metabolites, mass spectra were matched with libray 

using the NIST computer data bank, as well as by comparing the 

fragmentation pattern with those reported in the literature.16  

 

Statistical analysis 

Data were collected from the different methods used above and 

analyzed using GraphPad Prism version 9.05 for Windows 

(GraphPadSoftware, San Diego, CA, USA). The results were expressed 

as mean ± SEM and a comparison of mean values between different 

groups was performed by one-way analysis of variance (ANOVA) 

followed by Dunnett's multiple comparison tests.  

 

Results and Discussion 

Acute toxicity and sub- acute toxicity 

In the first and second phases of the acute toxicity study, no signs of 

toxicity, abnormalities, or mortality were seen in the animals after an 

oral dose of 2000 mg/kg of extract was given to three animals. As a 

result, the median lethal dose (LD50) of the extract in rats was calculated 

to be higher than or equal to 2000 mg/kg. During the 14-day observation 

period, all of the animals were active and healthy. 

Effect of polyherbal extract on body weight and relative organ body 

weight 

No significant difference (p < 0.05)  in the weight of the rats at Day 0 

and Day 28, weight gain and percentage weight gain as depicted in 

Table 1. When comparing groups treated with (125, 250, and 500 

mg/kg) of the extract to the control group, there was no significant 

difference (p>0.05) in the relative liver to body weight ratio as depicted 

in Table 2. 

 

Effect of polyherbal extract on hematological parameters 

All measured hematological parameters in groups treated with the 

extract were not significantly different (p < 0.05) when compared with 

those obtained from control group (Table 3).  

 

Effect of Polyherbal extract on Serum biochemical parameters 

A significant decrease (p < 0.05) of 31.68% in the levels of alkaline 

phosphatase in the group administered with 125 mg/kg of the extract as 

compared with the control group (Table 4). A progressive increase of 

6.06%, 8.96% and 15.47% respectively was observed in the high 

density lipoprotein cholesterol levels (HDL-C) for group treated with 

doses of 125 mg/kg, 250 mg/ and 500 mg/kg of extract when compared 

to the values of the control group after 28 days of administration. All 

other parameters in groups treated with extract were not significant 

different from those of control. 

 

Effect of Extract on histological Examination of Liver 

Histopathological examination of the liver sections of the rats treated 

with various doses of the extract for 28 days are consistent with the 

normal liver histology of rats with no variations with the liver histology 

results observed in rats in the control group (Figure 1A-D).  

Effect of Extract on histological Examination of kidney  

Histopathological examination of the kidney sections of the rats treated 

with various doses of the extract for 28 days are consistent with the 

normal kidney histology of rats with no variations with the kidney 

histology results observed in rats in the control group (Figure 1E-H).  

Polyherbal formulations are commonly used in traditional medicine and 

have been found to often offer better therapeutic benefits with lower 

toxicity compared to single herbal formulations. This is believed to be 

due to the synergistic effects of pharmacodynamics and 

pharmacokinetics present in polyherbal phytomedicines, making them 

a preferred choice.17 The principal aim of evaluating the safety of any 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspartate-transaminase
https://www.sciencedirect.com/topics/medicine-and-dentistry/alanine-aminotransferase
https://www.sciencedirect.com/topics/medicine-and-dentistry/alkaline-phosphatase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spectrophotometers
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medicinal plant is to identify the nature and significance of adverse 

effect and to establish the exposure level at which this effect is 

observed.18 The results of the acute toxicity study indicate that the 

polyherbal extract at 2000 mg/kg dose did not pose any toxic threat or 

death to the test animals at both the first and second phases, thus, the 

LD50 of the extract is larger than or equivalent to 2000 mg/kg body 

weight. According to OECD criteria under its Globally Harmonised 

Classification System (GHS) for chemical substances and mixtures, 

substances with LD50 > 2000–5000 mg/kg are categorised as 

unclassified or category 5.11 The approximate lethal dose of the extract 

was determined to be higher than 2000 mg/kg and the polyherbal extract 

is likely to be safe. This is not surprising, as existing data showed that 

many constituents of the extract are not prominently toxic.19,22  

Substances administered in chronic disease conditions often require 

repeated dosing toxicological evaluation (sub-acute toxicity study) 

since daily use may result in accumulation in the body with gradual 

effects on tissues and organs.23,24The sub-acute toxicity study is 

effective in evaluating target organ and hematological or biochemical 

effects of extracts that are not observable in acute toxicity testing. It is 

also important in determining human safety, particularly in the 

development of pharmaceuticals. 24Therefore, this study evaluated the 

sub-acute toxicity profile of the extract in rats by measuring body 

weight, hematological, biochemical, and histological parameters. 

Alterations in body weight and body weight gain have been employed 

as a measure of the general health status of experimental animals.24Oral 

administration of the extract daily over the period of 28 days exposure 

to extract showed no significant changes in the body weight gain of rats 

across all groups. Again, in toxicity studies, changes in the weight of 

organs are valuable indicators of toxicity, as well as the effects on 

enzymes, physiological disruptions, and damage to target organs. An 

increase in the weight of an organ indicates hypertrophy, while a 

decrease indicates necrosis in the targeted organ. However, organ 

weight measurements must be interpreted in conjunction with other 

findings such as gross pathology, clinical pathology, and histopathology 

to gain a complete understanding of the effects of the substance being 

tested.24,25 Oral administration of the extract daily over the period of 28 

days exposure test showed no significant changes in the relative liver 

and kidney weight of rats across all groups. The relative and kidney 

weights of rats obtained lie within normal ranges. This is consistent with 

findings from the histopathological examination of the liver and kidney 

of rats across all groups which were found to be consistent with normal 

histology.  

Analysis of haematological parameters are used to study the extent of 

toxicity of drug substances including plant extracts.18 Alterations in the 

haematopoietic system have a higher predictive value for human 

toxicity when data are translated from animal studies.24-25 

 

Table 1: Effect of polyherbal extract on body weight of rats 
 

Groups  Day 0(g) Day28 (g) Weight gain Percentage weight gain 

Control 116.0 137.1 21.1 15.52% 

125 mg/kg of extract 116.7 149.3 32.6 20.46% 

250 mg/kg of extract 128.8 145.4 16.6 11.42% 

500 mg/kg of extract 117.4 130.4 12.9 17.96% 

n=5, Data are expressed as mean  ±  S.E.M 

 

Table 2: Effect of polyherbal extract on relative organ weight (ROW) in rats 
 

Organ Groups 

Control 
MLRE 

(125 mg/kg) 

MLRE 

(250 mg/kg) 

MLRE 

(500 mg/kg) 

Kidney (×10-3) 3.36 ± 0.171 3.19 ± 0.150 4.90 ± 0.694 3.08 ± 0.084 

Liver (×10-3) 38.90 ± 2.158 36.65 ± 1.738 40.56 ± 1.410 35.89 ± 2.396 

n=5, Data are expressed as mean  ±  S.E.M 

 

Table 3: Effect of polyherbal extract on haematological parameters in rats 
 

Parameter Groups 

Control MLRE 

(125 mg/kg) 

MLRE 

(250 mg/kg) 

MLRE 

(500 mg/kg) 

WBC (X10^3/microliter) 14.74 ± 1.001 14.62 ± 1.260 12.68 ± 2.209 9.96 ± 0.457 

%RBC (X10^6/microliter) 7.29 ± 0.203 7.62 ± 0.125 6.846 ± 0.054 7.28 ± 0.314 

HGB (g/dL) 10.96 ± 0.092 11.32 ± 0.115 10.94 ± 0.107 11.12 ± 0.305 

HCT (%) 37.78 ± 0.414 39.60 ± 2.200 36.40 ± 0.446 38.60 ± 1.274 

MCV (fL) 53.42 ± 0.715 51.94 ± 10.280 52.58 ± 0.597 53.10 ± 0.880 

MCH (pg) 15.86 ± 0.483 14.88 ± 0.618 16.16 ± 0.344 15.34 ± 0.463 

MCHC (g/dL) 29.00 ± 0.192 28.30 ± 0.354 30.06 ± 0.204 28.84 ± 0.526 

PLT (X10^3/microliter) 67.00 ± 58.990 874.40 ± 0.583 676.4 ± 47.220 597.20 ± 48.590 

LYM (%) 90.66 ± 1.486 85.12 ± 0.301 84.66 ± 2.829 81.06 ± 4.329 

n=5, Data are expressed as mean  ±  S.E.M 
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Figure 1: Micrographs of Liver sections ((A-D) and kidney sections (E-H) from rats treated with different doses of MLRE A) Control, 

B) 125 mg/kg, C) 250 mg/kg, D) 500 mg/kg respectively. 40×Magnification., Central vein (CV), Hepatocyte (HCT), Sinusoid (SV), 

Intrahepatic bile duct (IHD), Arteriole (AT), Tubular lumen (TL), Glomerulus (GM), Renal tubules (RT), Arteriole (AT) 

 

Table 4: Effect on polyherbal extract on serum biochemical parameters 
 

Parameter                                 Groups (mg/kg of extract) 

Control  125  250  500  

Urea (mg/dl)  180.60 ± 13.06  174.9 ± 11.67  183.90 ± 18.02  181.10 ± 24.08  

Creatinine (mg/dl)  2.13 ± 0.20  1.63 ± 0.64  1.73 ± 0.43  2.32 ± 0.63  

Sodium (mg/dl)  57.56 ± 1.09  63.60 ± 2.77  59.44 ± 2.48  60.44 ± 3.71 

Potassium (mg/dl)  1.32 ± 0.08  1.02 ± 0.13  1.34 ± 0.05  1.46 ± 0.07  

Chloride (mg/dl)  26.97 ± 0.62  25.04 ± 0.62  24.54 ± 0.41  25.88 ± 1.12  

HCO3 (mg/dl)  14.41 ± 1.44  8.80 ± 0.84  15.90 ± 1.33  15.02 ± 2.00  

Protein (mg/dl)  31.08 ± 0.41  31.54 ± 0.42  32.75 ± 0.62  29.93 ± 1.86  

Albumin(mg/dl)  9.62 ± 0.37   9.38 ± 0.18  10.26 ± 0.30  10.18 ± 0.73  

AST (U/L/mg protein)  35.35 ± 4.90  28.43 ± 3.03  33.63 ± 3.71  38.26 ± 3.70  

ALT (U/L/mg protein)  17.52 ± 0.46  15.56 ± 0.29  15.67 ± 1.15  15.87 ± 1.16 

ALP (U/L/mg protein)  67.30 ± 0.76  45.98 ± 3.02*  63.02 ± 2.44  70.39 ± 3.23  

Total bil (mmol/L) 41.14 ± 2.14 39.98 ± 2.71 42.22 ± 1.39 43.47 ± 3.49 

Dir bil (mmol/L) 23.77 ± 1.90 19.95 ± 1.88 19.60 ± 1.02 22.21 ± 1.89 

Triacylglycerol (mmol/L)  4.69 ± 0.28   4.38 ± 0.19 5.29 ± 0.44  4.61 ± 0.26  

HDL cholesterol (mmol/L) 17.98 ± 2.41 19.14 ± 0.74 19.75 ± 1.31  21.27 ± 2.74  

Total cholesterol((mmol/L) 31.97 ± 1.86 34.29 ± 0.99 39.28 ± 1.89 36.84 ± 1.61 

 

 

Table 5. Effect of polyherbal extract on acetic acid-induced writhing response in mice 
 

Groups/Treatment Number of writhes 

(per 10 mins) 

Percentage of inhibition 

Control 60.90 ± 1.887 _ 

Diclofenac sodium 20 mg/kg 25.40 ± 0.678 58.29 

200 mg/kg of extract 43.40 ± 0.871 28.74 

40 mg/kg of extract 30.25 ± 1.648 50.32 

Values were expressed as mean  ±  SEM of 5 determinations; * p<0.001, ** p<0.05 versus Control 
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After 28 days of treatment with the extract, the hematological 

parameters showed non-significance (P > 0.05) when compared to 

control group. However, there was a reduction of 6.11%, 6.62% and 

10.6% in the lymphocyte levels and WBC counts, for group treated with 

doses of 125 mg/kg, 250 mg/kg and 500 mg/kg of extract respectively 

after 28 days of administration (Table 3).  

 

Table 6: Effect of polyherbal extract on carrageenan-induced 

paw oedema in mice 
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Table 7. Effect of different receptor blockers on analgesic 

activity of polyherbal extract on acetic acid-induced writhing 

test in Mice 
 

Groups/Treatment Number of writhes 

(per 10 mins) 

Percentage  

of inhibition 

Control 56.92 ± 1.313        _ 

400 mg/kg of extract 28.28 ± 0.667* 50.32 

Naloxone + extract 31.70 ± 1.271** 44.31 

Prazosin + extract 32.30 ± 1.562** 43.25 

Yohimbine + extract 33.40 ± 2.835** 41.32 

Propanolol + extract 37.70 ± 0.916 33.77 

Metergoline + extract 40.90 ± 1.134 28.14 

L-Arginine+ extract 47.60 ± 2.141*** 16.37 

Values were expressed as mean ± SEM of 5 determinations; * p<0.001, 

** p<0.05 versus Control, *** p<0.05 versus 400 mg/kg of extract. 

 

The study found no significant changes in liver-related biochemical 

markers, including AST, ALT, ALP, bilirubin, albumin, and protein, 

when compared to the control group (Table 4). These markers are 

essential in assessing the cellular integrity and functionality of the 

liver.26 Elevated liver enzymes, ALP, ALT and AST, are sensitive 

indicators of hepatocellular damage caused by liver injury induced by 

hepatotoxins. Conversely, decreased serum levels of total proteins, 

bilirubin, and albumin indicate impaired synthetic liver function and 

suggest liver damage as indicated by previous studies.2427 However, the 

extract did not affect the serum levels of transaminase activities, ALP, 

bilirubin, albumin, and protein, indicating that its sub-acute 

administration did not induce hepatotoxicity. These results suggest that 

the plant extract may be safe for traditional medicinal use, although the 

ALP levels increased significantly at the 125 mg/kg dose level, which 

was considered unlikely related to treatment given the small magnitude 

of change and lack of dose-response or histological changes in the liver.  

Similarly, no significant changes were observed in kidney-related 

biochemical markers, including creatinine, urea, and electrolyte levels, 

when compared to the control group, indicating that the sub-acute 

administration of the extract was not associated with any kidney 

toxicity. Creatinine levels, which are crucial indicators of the 

glomerular filtration rate,24 urea and electrolyte levels are common 

parameters used to evaluate the concentrating and diluting capacity of 

tubular functions of the kidneys and the kidneys' overall function.26 

The histological analysis of the cellular structure of the liver and  idney 

(as shown in Fig. 1) did not reveal any abnormalities in the extract-

treated rats compared to the control rats. This finding suggests that the 

extract did not adversely affect the morphology of these vital organs. 

These results are consistent with the biomarkers of liver and kidney 

damage, which were not significant different in the groups that received 

the extract when compared to the control group. 

 

Effect of Extract on Acetic Acid-Induced Writhing Response in Mice. 

The intraperitoneal injection of acetic acid (0.6%) caused strong 

nociceptive response in the control group, with (60.90±1.8887) 

abdominal contortions.Treated animals with 400 and 200 mg/kg of the 

extract inhibited writhings caused by acetic acid by 50.32% and 

28.74%, respectively. Diclofenac sodium (20 mg/kg), the standard for 

this experiment, reduced writhing by 58.29% (Table 5). 

 

Anti-inflammatory, Analgesic activity of extract 

Effect of Extract on Carrageenan Induced Paw Oedema 

Significant differences in anti-inflammatory activity were observed for 

all time intervals for rats administered with 400 mg/kg of the extract 

and Diclofenac versus those that were administered with normal saline 

as seen in Table 6. No Significant differences in anti-inflammatory 

activity were observed for time intervals of 30 minutes for rats 

administered with 200 mg/kg of the extract versus the rats in control, 

however significant differences were observed at all other measured 
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time intervals for rats administered with 200 mg/kg of the extract versus 

the rats in control. 
 

Mechanistic study  

The pretreatment of animals with l-arginine significantly increased the 

number of writhes produced by the extract (47.60±2.141) when 

compared with the number of writhing produced by the extract alone 

(56.92±1.313). However, the pretreatment of animals with naloxone, 

prazosin, yohimbine, propranolol or metergoline each did not 

significantly decrease or increase the number of writhes produced by 

the extract (Table 7). 

In the anti-inflammatory assay of the extract via the Carragenan Induced 

left Paw Oedema method, significant inhibition of the 

oedema/increased rat paw size induced by carrageenan were recorded 

in all the groups of rats given the 400 mg/kg of the extract and 

Diclofenac at all-time intervals measured in the study. This suggests 

that the extract posseses some anti-inflammatory activities, especially 

at the 400 mg/kg dose. The observed anti-inflammatory and analgesic 

effects of the extract may be attributed to the presence of various 

bioactive compounds in the individual plant sources. Earlier studies on 

some African medicinal plants particularly the individual components 

of the extract reported that they contain flavonoids and phenolic 

compounds which are known antioxidants and possess anti-

inflammatory properties as well.28-30 Garlic bulb contains allicin, which 

has been shown to have anti-inflammatory effects by inhibiting the 

production of pro-inflammatory cytokines.31 Honey contains flavonoids 

and phenolic acids, which have been reported to possess anti-

inflammatory and analgesic effects.32 Aloe vera gel contains aloin, 

which has been shown to have anti-inflammatory effects by inhibiting 

the activity of cyclooxygenase (COX) and lipoxygenase (LOX).33 The 

juice of citrus limon contains limonene, which has been reported to 

possess anti-inflammatory and analgesic effects by inhibiting the 

production of pro-inflammatory cytokines and increasing the levels of 

anti-inflammatory cytokines.34 Ginger rhizomes have been reported to 

contain gingerols and shogaols, which exhibit anti-inflammatory and 

analgesic effects by inhibiting prostaglandin synthesis and COX-2 

activity.35  

The central and peripheral pathways have been observed to be involved 

in analgesia. Plants having anti-inflammatory properties have also 

frequently been observed to have potent analgesic effects.36 The acetic 

acid writhing reflex test is used to assess for compounds that mediate 

their anti-nociceptive effect via peripherally related mechanisms. When 

acetic acid is injected into the peritoneal cavity, endogenous mediators 

such as tumour necrosis factor (TNF-), interleukins, and prostaglandins 

are produced.36 

The peripheral mediated analgesic activity of acetic acid is associated 

with the stimulation of peripheral receptors especially the local 

peritoneal receptors at the surface of cells lining the peritoneal cavity, 

and may be due to either its action on visceral receptors sensitive to 

acetic acid or the inhibition of the synthesis of allogenic substances.37 

In this study, the extract at 400 mg/kg dose significantly (P < 0.05) 

reduced the number of acetic acid-induced writhes in the mice. 

However, the reduction in number of writhes produced by the extract at 

400 mg/kg was lesser than the reduction produced by the standard drug, 

Diclofenac.   

Popular mechanisms for peripherally mediated analgesic activity 

include inhibition of prostaglandin synthesis, GMP-ATP-sensitive K+ 

channel cascade, serotonergic pathway, adrenergic pathway, inhibition 

of cytokine production, L-Arginine-Nitric Oxide pathway amongst 

others.38,39 

Figure 2: Effect of different receptor blockers on analgesic  

activity of extract on acetic acid-induced writhing test in mice. 

Values presented as Mean ± SEM; Values were expressed as 

mean ± SEM of 5 determinations; * p<0.001, ** p<0.05 versus 

Control, *** p<0.05 versus 400 mg/kg of extract. 

NAL=naloxone, PRA= prazosin, YOH=yohimbine, PRO=prop

ranolol, MET= metergoline, L-ARG=l-arginine
 

 

 

 
Figure 3: GCMS chromatogram of the 70% ethanol extracts of RA polyherbal phytomedicine with clear peaks showing some marker 

compounds including gingerol (peak 35 from Zingiber officinale), Limonene (peak 5 from Citrus limon), Vitamin E, (peak 61 - Aloe 

vera), Retinoic acid (peak 33 - Aloe vera), Palmitic acid – peak 22 and beta sitosterol – peak 42. 
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A mechanistic study on the extract was further conducted to determine 

more specific pathways implicated in the analgesic activity of the 

extract. The extract at dose of 500 mg/kg was used for this mechanistic 

study because it gave the peak response in the writhing test.  

Further studies on the analgesic properties of the extract were conducted 

by using six different receptor blockers; naloxone, prazosin, yohimbine, 

propranolol, metergoline and L-Arginine. The significant difference in 

analgesic activity between mice that received the extract after being 

pretreated with l-Arginine and mice who were administered with 400 

mg/kg and no prior pretreatment with any receptor blockers 

demonstrate that the L-arginine-NO-cGMP pathway is involved in the 

extract's analgesic effects. This conclusion derives from the fact that 

that the analgesic effect caused by the extract was reversed by 

pretreating mice with l-arginine, the substrate of nitric oxide synthase 

and suggests that the L-arginine-NO-cGMP may play a crucial role in 

analgesic activity of the extract. In living systems, NO is produced from 

l-arginine by the action of the enzyme iNOS, which is induced by 

bacterial lipopolysaccharide (LPS) stimulation in many cells including 

macrophages. This pathway has been linked to thermal inflammatory 

hyperalgesia and neuropathic pain, and overproduction of NO has been 

associated with a range of clinical disorders such as convulsions, pain, 

and schizophrenia.40 The analgesic activity of the extract may not 

involve the opioidergic, adrenergic and serotonergic pathway. These 

notions are because the pretreatment of mice with naloxone (a 

nonselective opioid receptor antagonist), prazosin (a α1-adrenoceptor 

antagonist), yohimbine (a α2-adrenoceptor antagonist), propranolol (a 

β-adrenoceptor antagonist) and metergoline (a serotonin antagonist) 

each failed to reverse the analgesic activity of the extract.   

 

GC-MS analysis of the polyherbal extract 

Polyherbal extract was formulated from an equal amount of each of the 

following crude drugs; Zingiber officinale, Allium sativum, Aloe vera, 

Citrus limon and honey. The chromatogram from the GC-MS analysis 

(Figure 1) revealed that the extract possesses a wide range of plant 

metabolites, a majority of which have been reported for each of the 

individual plants extract making up the polyherbal extract.5,6 Some 

peaks which correspond to known compounds present in the constituent 

of the polyherbal extract (Figure 1). These compounds include gingerol 

(from Zingiber officinale), Limonene (from Citrus limon), Vitamin E, 

(Aloe vera), Retinoic acid (Aloe vera), Palmitic acid, beta sitosterol, etc. 

Some other marker compounds detected using GCMS include Palmitic 

acid (N-hexadecanoic acid - peak 22), D-Limonene (peak 5), 

Butanedioic acid, monomethyl ester (or Succinic acid_peak 6,7), 4H-

Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-m, 4 Terpinen-4-ol, 2,3-

dihydrobenzofuran, 2-Ethylbutyric acid and tridecyl ester.  

The GC-MS analysis was used for the identification and quantification 

of the secondary metabolites of the polyherbal extract. Several known41 

anti-inflammatory compounds have been identified in the GC-MS 

analysis which may be responsible for the documented activity and thus 

chemically validating the bioactivity of the extract. Furthermore, the 

GC-MS fingerprint of this polyherbal extract could help in the quality 

control of the standardized phytomedicine.  

 

Conclusion 

This study showed that the polyherbal extract is not toxic at both acute 

and sub-acute stages as there was no mortality through the duration of 

the study which was also corroborated with the findings from the liver 

and kidney function biomarkers which did not show toxicity of the 

polyherbal phytomedicine at the doses used. This study also 

demonstrates the anti-inflammatory and analgesic potentials of the 

polyherbal extract particularly at 400 mg/kg body weight in rodents. 

The L-arginine-NO-cGMP pathway is specifically involved in the 

analgesic effects of the extract. Hence, the polyherbal extract 

demonstrates to be a promising regimen for the treatment of disease 

conditions associated with inflammation and analgesia with a little to 

no adverse effect. The GCMS data revealed marker compounds in the 

investigated phytomedicine which will be helpful in the proper 

identification and quality control of the anti-inflammatory 

phytomedicine. The polyherbal phytomedicine requires further 

elaborate standardization42 to make it suitable for a possible for 

application as a complimentary medicine. 
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