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Abstract: The leaves of Eugenia uniflora are used as anti-inflammatory and analgesic in the treatment of tissue injury in 

traditional medicine. The study evaluates the anti-inflammatory, analgesic, hematological and histological effects of ethanol 

extract of E. uniflora. The anti-inflammatory effect was accessed in test groups given different doses (50, 100 and 200 mg/kg, p. 

o) of the extract, a control group (0.1 mL/kg, normal saline) and standard drug group (Ibuprofen 100mg/kg, p. o) on formalin- 

induced paw edema. Body weight, paw weight, thickness and volume were evaluated. Analgesic property was accessed on 

separate group of animals by acetic acid-induced writhing and formalin-induced paw licking tests. Thereafter, hematological 

parameters were estimated and sections of the edematous skin were processed and stained with H and E. The Eugenia uniflora 

decreased paw volume and thickness after 3hr. There was dose dependent significant (P<0.05) decrease in the number of 

abdominal writhing and insignificant reduction in the second or late phases of formalin-induced paw licking test group. 

Reduction in RBC, HB, PCV and increase in platelet, ESR, WBC were observed in the formalin-induced paw edema group. 

Histopathological assessment revealed aggregation of inflammatory cells in skin sections of the untreated group of the 

formalin-induced paw edema but a noticeable reversal in the extract and Ibuprofen treatment groups. These profiles indicate E. 

uniflora has potent anti-inflammatory and analgesic effects comparable to Ibuprofen a non steroidal anti-inflammatory drug 

(NSAIDs) and justifies it use in the treatment of inflammation and local tissue injury. 
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1. Introduction 

The use of natural remedies for the treatment of local tissue 

injury has a long history in Ayurveda and other systems of 

traditional medicine. Presently, Non-Steroidal 

Anti-Inflammatory drugs (NSAIDs), opioid and 

corticosteroids are the first line of drugs for the management 

of pain and inflammatory conditions. These drugs have direct 

and/or indirect adverse drug effects on the gastrointestinal 

tract which could cause gastrointestinal bleeding and peptic 

ulceration [1]. There is scarce literature on the histological 

impact of the plants that are accessed for anti inflammatory 

and analgesic activity as drugs. Thus, there is need to source 

for safer alternatives that have minimal adverse effects and 

affordable. 

Eugenia unfilora L. (E. unfilora) is a plant in the family 

myrtaceae, widely grown in tropical regions, native to Brazil 

and other countries in the Northern America [2]. The plant is 

also found in parts of Africa including Nigeria. The decoction 

of the leaves and fruits of E. uniflora have been used in folk 

medicine for treatment of diarrhea, inflammation, rheumatic 

pains, fever, stomach problems and hypertension [3, 4]. In 

Nigeria, the leaves are used as an antipyretics, local 

anti-inflammatory and analgesic in the treatment of tissue 

injury [5, 6]. Amongst its wide range of biological activities, E. 

uniflora has exhibited hypoglycemic as well as hypolipidemic 

effects [7]. E. uniflora contains primary metabolites like total 

soluble carbohydrate, protein, total amino acids and secondary 

metabolites such as flavonoids, total phenol and tannins [6]. A 

pharmacological study on the leaf extract of E. uniflora 

indicates that its flavonoid fraction inhibits the activity of the 

xanthine oxidase enzyme, decreases blood pressure via direct 
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vasodilatation and a slight diuretic effect which could be due 

to an increase in renal blood flow [4, 8]. 

Inflammation is part of the complex biological response of 

body tissues to harmful or injurious stimuli such as 

pathogens, damaged cells, or irritants and is a protective 

response involving immune cells, blood vessels and other 

chemical mediators [9]. It is characterized by classical signs 

which include heat, pain, redness, swelling, and loss of 

function [9]. Acute inflammation is the initial response of the 

body to harmful stimuli is achieved by the increased 

movement of plasma cells and leukocytes (especially 

granulocytes) from the blood into the injured tissues. A 

series of biochemical events propagate and nurture the 

inflammatory response, involving the local vascular system, 

the immune system and various cells within the injured 

tissue. In chronic inflammation, a prolonged inflammatory 

response involves a progressive change in the type of cells 

present at the site of inflammation and characterized by 

simultaneous destruction and repair of the tissue [10]. This 

can be caused by physical factors like burns, biological 

factors such as pathogens and trauma due to ionizing 

radiation, psychological factors like excitement and 

chemical irritants such as formalin [11]. 

Formalin is an aqueous (water) 40% solution of 

formaldehyde, a pungent gas, which can be used as antiseptic, 

disinfectant and as a fixative for histological tissues. Injection 

of formalin into the paw of rodents induces an inflammatory 

process that is associated with edema of the affected area [12, 

13]. This study investigates the anti-inflammatory, analgesic, 

hematological and histological effects of Eugenia uniflora 

extract in rat models in order to establish the likely potential of 

the plant as source of an anti inflammatory and analgesic drug. 

2. Materials and Methods 

2.1. Collection and Preparation of Plant Material 

The plant material was harvested from a private botanical 

garden in Enugu. It was authenticated by a curator in the 

Department of Plant Science and Biotechnology of the 

University of Nigeria, Nsukka. The Eugenia uniflora leafs 

were air dried at room temperature for 6 days and pulverized 

into powdery form using electric grinder (Binatone Inc. 

BLG-402-1.5L. England). 1762.359g of the powdered sample 

was soaked in 3litres of 75% ethanol for 24 hours with 

continuous stirring. Thereafter, the mixture was filtered with 

whatman paper NO1 and the filtrate was concentrated using 

water bath at 60°C to obtain the crude ethanol extract of 

144.087g which yielded 8.175% of extract. The extract was 

preserved in refrigerator at 4°C in a dark container until 

required for the experiment. 

2.2. Animal Husbandry 

Total of fifty-six (56) Wistar rats were purchased from the 

animal house of the College of Medicine, University of 

Nigeria, Enugu campus. The rats were bred in the animal 

facility of animal house of the College of Medicine ESUT, 

Parklane Enugu. The animals were housed in netted iron cages 

in groups of six, fed twice daily with grower's mash and 

provided water ad-libitum. The animals were maintained 

under standard laboratory conditions (temperature 24°C ~ 

25°C, with relative humidity of 60-70% and 12 hours 

light-dark cycle). They were allowed to acclimatize for two 

weeks before the commencement of the experiment. 

Thereafter, the animals were randomly divided into six groups 

of four animals each, a normal control group and 5 

experimental groups. The body weights of the animals were 

obtained using a weighing scale before and after 

acclimatization. 

2.3. Ethical Statement 

The experimental procedures and techniques used in the 

study were in accordance with accepted principles for 

laboratory animal use and care. All protocols and techniques 

used in this study were approved by the Faculty of Medicine 

Research Ethic Committee. 

2.4. Assessment of Anti-inflammatory Property 

Twenty-four rats were used and subdivided into six groups 

(1-6) of 4 rats each, inflammation was induced in all the 

groups except group 1 which served as a normal control group. 

Group 2 animals were injected with 0.1ml of 2.5% formalin on 

the sub-plantar region of the left hind paw (untreated). Group 

3 animals were injected 0.1ml of formalin (2.5%) and treated 

with 50mg/kg/bw of E. uniflora. Group 4 animals were 

injected 0.1ml of formalin (2.5%) and treated with 

100mg/kg/bw of E. uniflora. Group 5 animals were injected 

0.1ml of formalin (2.5%) and treated with 200mg/kg/bw of E. 

uniflora. Group 6 animals were injected 0.1ml of formalin 

(2.5%) and treated with 100mg/kg of standard drug 

(Ibuprofen). 

2.4.1. Paw and Body Weight Measurements 

Paw weight was measured using the digital weighing scale 

at the baseline (o) and end of the 3rd hour. The sole of the right 

hind paw (that wasn't injected formalin) was measured and 

was used to estimate the change in paw weight to the left hind 

paw that was injected with formalin. Therefore the right hind 

paw served as an initial paw weight. The weight of the paw 

was measured at the zero hour and 3rd hour after formalin 

injection. 

2.4.2. Paw Volume Paw and Thickness Measurements 

Paw volume was estimated using the formula: paw 

volume (mm)=1/2 (length of long axis × length of short axis 

× paw thickness [14] at the zero hour and 3rd hour 

according to the interval as used by Onasanwo [15]. The 

thickness of the hind paw was measured using a venier 

caliper. The baseline paw thickness was first measured 

before the injection of formalin on the hind paw and then 

the changes in paw thickness was measured at the zero hour 

and 3rd hour for each group. 
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2.5. Assessment of Analgesic Property 

2.5.1. Formalin -induced Paw Licking Test 

Sixteen (16) Wistar rats were used for this study. The 

method of Ardeshir [16] was adopted; 0.1ml of 2.5% 

formalin was injected into the subcutaneous region of the left 

hind paw 60 minutes after oral administration of saline and 

extract (50,100,200mg/kg) and ibuprofen (100mg/kg) 

respectively. The licking of the formalin injected paw was 

indicative of pain. The numbers of licking within 0-5 minutes 

and 15-30 minutes after injection of formalin were counted. 

The initial, acute nociceptive response within 0-5 minutes 

after injection of formalin indicated the first phase while 

within 15-30 minutes indicated the chronic phase. These 

phases represented the neurogenic and inflammatory pain 

responses respectively. 

2.5.2. Acetic Acid-induced Abdominal Writhing Test 

Twenty (20) Wistar rats were used for this study which 

received intraperitoneal injection of 0.1ml/kg/bw of 3% 

acetic acid solution 60mins after oral pre-treatments with 

0.1ml saline (vehicle), extract (50, 100, 200mg/kg) and 

ibuprofen (100mg/kg). The number of writhing was observed 

between 5-15 minutes. 

2.6. Hematological Evaluation 

2ml of blood were collected from each animal at the end of 

the anti-inflammatory study via the retro-orbital plexus under 

ester anesthesia into plain and EDTA blood sample bottles as 

appropriately required to perform analysis of blood hematology 

included hemoglobin level indicator, hematocrit level, 

erythrocyte number, and leukocyte number. Hemoglobin level 

(%) was measured using a hemoglobin Tall Quist scale. 

Hematocrit level (%), PCV was measured when collecting 

blood put in microhematocrit heparinized tubes then 

centrifuged. The erythrocytes and leukocytes were counted 

directly viewed at 400 x magnifications using a Neubauer 

chamber [17] Platelet count estimation was done using the 

Neubauer-Haemocytometer method, Determination of 

Erythrocytes Segmentation Rate using the Westergen Method. 

2.7. Histopathological Assessment 

At the end of the formalin-induced inflammation test and 

after the blood sample have been collected, the animals were 

sacrificed under inhaled ether anesthesia. The edematous skin 

was excised and fixed in 10% formal-saline. It was processed, 

embedded in paraffin; 5µm-thick sections were obtained. 

Deparaffinized sections were stained with hematoxylin and 

eosin (H&E). The photomicrographs of each group was 

captured and interpreted for histopathological changes. 

2.8. Data Analysis 

Data on the hematological, inflammatory and analgesic 

parameters, were analyzed by one-way ANOVA (P<0.05) 

using statistical package for social sciences (SPSS) version 23, 

USA, followed by the Bonferronni test. Data are represented 

as the mean±standard deviation (SD). 

3. Results 

3.1. Assessment of Anti-inflammatory Property 

 

Figure 1. Mean weight of animals before (0 hr) and 3 hrs after treatment. 

Weights showed no significant differences (P>0.05) in treatment groups when 

compared with the control group at 0 and 3 hrs. However, significant 

differences were observed in group B (p<0.05), C, E and F (p<0.01 

respectively) after 3 hours of extract administration when compared with the 

baseline weight before treatment. 

 

Figure 2. Anti-inflammatory effect of E. uniflora in treated groups. Maximum 

paw thickness was observed from 1 hour in all groups B, C, D, E and F at 

0.75±0.03, 0.65±0.03, 0.73±0.05, 0.65±0.05 and 0.65±0.03 respectively. No 

significant differences were observed between treatment groups compared to 

A the control. Analysis of trend showed significant differences in groups A 

(p=0.0043), E (p=0.0088) and F (p=0.0015). 

 

Figure 3. Effect of E. uniflora on paw weight of formalin induced 

inflammation in rats. No statistical significant changes (p>0.05) were 

observed between treatment groups. Group B, C, E and F revealed statistical 

significant increase, p=0.003, p=0.029, p=0.014 and p=0.016 respectively) 

in paw weight 3 hours after extract administration when compared with their 

corresponding baseline paw weight. 
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Figure 4. Mean paw volume of treated animals. No significant changes in 

paw volume before treatment and 3 hours after treatment in all the study 

groups. However statistical significant changes were observed in treatment 

groups (C P<0.01, E p<0.05 and F p<0.05) when compared with the control 

at baseline and no significant difference (p>0.05) 3 hours after 

administration. 

3.2. Analgesic Assessment 

In group A, early phase (66.75±14.49) compared with late 

phase (102.5±32.65), it showed an increase though 

statistically insignificant. A statistically non-significant 

increase also occurred in groups B, early phase (60.75±29.55) 

and late phase (72.25±5.94), C early phase (50.25±27.51) and 

late phase (60.75±55.45) and E early phase (48.25±38.58) and 

late phase (60.75±30.67) when each of these groups late and 

early phases were compared. Group D, an exception, showed a 

statistically non-significant decrease when the early phase 

(6.25±4.25) and late phase (0.75±0.75) were compared. 

Though, there were increases in groups A, B, C and E and a 

decrease in group D, all were not statistically significant as all 

their p-values are higher than 0.05. 

Table 1. Effect of Formalin –Induced Paws Licking. 

 Group a Group b Group c Group d Group e Pvalue 

Early phase 66.75±14.4 60.75±29.55 50.25±27.51 6.25±4.25 48.25±38.5 0.529 

Late phase 102.5±32.6 72.25±5.94 60.75±55.45 0.75±0.75 60.75±30.6 0.302 

Table 2. Abdominal writhing test. 

Group A Group B Group C Group D Group E P-Value 

19.25±2.29 22.5±1.84 A 9.00±0.71 C 1.00±0.71 D 8.00±0.41 <0.001 

3.3. Hematological Result 

Table 3. Hematological parameters. 

Parameter Group a Group b Group c Group d Group e Group f Pv 

PCV 45.75±3.73 44.0±5.82 40.0±3.16 44.0±2.94 52.5±0.96 46.25±1.11 0.202 

HB 15.55±1.27 14.95±1.95 13.60±1.07 14.93±0.49 17.88±0.34 15.68±0.37 0.194 

WBC 7950±170.78 9800±408.25 9000±355.90 ab 8925±288.87 Ab 7750±221.74 Ab 8700±129.10 <0.01 

PLATELET 97.5±8.54 267.5±12.5 A 245±17.08 Ab 225±8.66 Ab 188.75±11.97 Ab 235±6.45 <0.01 

ESR 102.5±24.28 122.5±8.54 77.5±12.33 85.0±3.53 132.5±4.79 86.25±8.51 0.03 

R BC 197.5±20.16 195±28.72 175.0±10.4 185±6.45 230.0±4.08 180.0±10.8 0.227 

 

It is statistically significant when p<0.05. Group A 

(19.25±2.29) compared with group B (22.5±1.84) revealed a 

statistically non-significant increase while group A and group 

C when compared showed a statistically significant decrease 

in group C (p<0.01). Furthermore, group A compared with 

group D and E, both showed a statistically significant decrease; 

group D (p<0.001) and group E (p<0.001) respectively. All the 

values are expressed as mean±SD (n-6 for each group). values 

not sharing a common alphabet as superscripts are 

significantly different from each other at the level of (P<0.01) 

and (P<0.05) respectively. 

3.4. Histopathological Findings 

Section of hind paw of control showed normal skin tissue 

histology (A), Section of hind paw of animal lesions which include 

the elongation of the epidermal ridge (EER) and severe 

aggregation of inflammatory However, hind paw sections of group 

treated with different doses of the extract (C – E), showed 

improvement of the above symptoms, reduced skin lesion and 

aggregation of inflammatory cells. Ibuprofen (F) treatment showed 

a significant improvement, but not up to high dose of extract (E). 
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Figure 5. A Control section of hind paw shows normal section of hind paw of skin with epidermis (E), dermis (D) and stratum corneum (SC). B-section of hind 

paw induced with formalin only shows skin lesion with elongation of the epidermal ridges (EER) and severe aggregation of inflammatory cell (SAIC). C- section 

of hind paw induced with formalin and 50mg /kg of Eugenia uniflora leave extract shows mild healing with moderate elongation of the epidermal ridges (MEER) 

and moderate aggregation of inflammatory cell (MAIC). D- section of hind paw induced with formalin and 1oomg /kg of Eugenia uniflora leave extract shows 

mild healing with moderate aggregation of inflammatory cell (MAIC) and focal area of ulceration within the dermal layer. E- section of hind paw induced with 

formalin and 200mg /kg of Eugenia uniflora leave extract shows moderate healing in epidermis. However there focal area of ulceration (FAU). F- section of hind 

paw induced with formalin and 100mg /kg of ibuprofen shows moderate healing in the layers of the skin shown and area of ulceration (AU) within the dermis. 

(X100)(H/E). 

4. Discussions 

Inflammation is a normal and pathological reaction 

following an injury, and characterized by redness, swelling, 

heat, pain and loss of function. The anti-inflammatory effect 

of Eugenia uniflora was evaluated using formalin- induced 

acute inflammation model which has been used in screening 

candidates for anti-inflammatory property in preclinical 

studies [17]. It effect was compared with ibuprofen a standard 

non steroidal anti inflammatory drug (NSAID) which exhibits 

it anti inflammatory effect via prostaglandin, cyclooxgynase 

-1 and, cyclooxgynase -2 inhibition, neutrophil migration 

suppression, and oxygen free radical inhibition [18]. This 

plays an important role retarding inflammatory processes after 

acute injury, limits the area of secondary tissue damage and 

speed up recovery after acute soft tissue injuries [19]. 

The findings in this study was positive and treatment with 

ethanolic extract of E. uniflora showed a progressive decrease 

in body weight reduction in a dose. 

Dependent manner when compared with its initial weight 

(0hr) and weight after 3hrs of formalin induction in each of the 

extract, groups. This changes in body weight observed in 

100mg/kg of extract group D was found to be significantly 

(P<0.05) comparable with that of the ibuprofen pretreated 

group i.e. when comparing the rate of their ability to return the 

body weight back to normal (level of the initial weight at 0hr). 

The significant decrease in body weight of the Wistar rats 3hrs 

after induction of formalin in the hind paw in 100mg/kg group 

of extract group was possible due to the presence of protein in 

the phytochemical content E. uniflora [4]. Therefore, this 

present study shows that high dose (200mg/kg) of extract even 

though not statistically significant slightly brought the weight 

to normal which was not observed in the standard drug A peak 

increase in paw thickness was exhibited with E. uniflora 

extract treatment. This was previously noted in same model of 

acute inflammation [16, 20]. Formalin also increased paw 

volume which correlates with previous reports [13, 21, 22]. 

However, E. uniflora decreased paw volume in a dose 

dependent manner. It high dose exhibits similar effect as the 

standard drug. This implies the anti-inflammatory effect of E. 

uniflora in reduction in paw weight, volume and thickness [13; 

23]. 

The analgesic effect of Eugenia uniflora Linn was assessed 

by the paw licking test acetic induced abdominal writhing and 

compared with ibuprofen [24]. Formalin produced a distinct 

biphasic response an early and later phase reflecting different 

stages of pain [15]. The early phase of pain was attributed to 

the direct activation of nociceptors and primary afferent fibers 

by formalin, leading to the release of bradykinin and 

tachykinin [25, 26]. E. uniflora decreases the number of paw 

licking in a dose dependent manner with the most effective 

dose being the high dose of the extract. This implies a dose 

dependent or biphasic analgesic effect of the extract which 

could be triggered by modulatory release of bradykinin and 

tachykinin. The tissue injury would also cause release of 

histamine, serotonin, prostaglandin [27, 28]. Therefore, the 

potency of the extract is comparable to the standard drug. 

The writhing reflex mimics model of visceral pain and an open 

response to the intense pain induced by irritants [29]. This pain 

induced by irritants is characterized by retraction of the abdomen 

and stretching of hind limbs. A mediator such as prostaglandin 

which contributes to the sensitivity of pain is released when the 

signal is transmitted to the central nervous system (CNS) [30]. 

The level of analgesic in acetic acid induced model is indicated 

by the percentage of reduction in the number of abdominal 

constrictions [31]. The E. uniflora showed a significant decrease 

in the number of writhing in a dose dependent manner but this 

time the middle dose was considered the effective dose for the 

analgesic activity. The analgesic effect of E. uniflora seen in this 

experiment maybe mediated through suppression of 

prostaglandin pathway [32] which plays a role in the production 

of pain, inflammation and fever. 

White blood cell (WBC) plays a major role in protecting the 

body against both infectious disease and foreign body 

invasion and may increase during inflammation due to the 

release of interleukins. In present study, E. uniflora treatment 

reduced WBC and platelet counts indicate substantial 

recovery from inflammatory process. This is a common 

feature of anti inflammatory agent to cause retraction of 

leucocytes which were early mobilized to the site of injury 
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where they provide defense to ret to retract following 

intervention. Likewise, platelet plays vital role of blood 

clotting during inflammation by releasing interleukin 11 

(IL-11) [33]. E. uniflora increased RBC, Hb, and PCV may 

suggest increase production of red blood cells, since the 

inflammatory process does not lead to loss of blood, the 

granulocytes tend to be the major group of blood cell recruited 

in the process. The increase is a tissue response to functional 

demand as in the case of anemia which is a normal 

pathological condition notable in inflammation due to 

deprived oxygen supply to the damaged tissues [34]. In 

addition, several studies have indicated that inflammation and 

NSAIDs (anti-inflammatory agents) often increases ESR [33, 

35-38]. 

The epidermis and the dermis of the skin normally exist in 

steady state equilibrium to form a protective barrier of internal 

organs against entry of infections or other noxious agents from 

the environment. Damage to the skin layers initiates complex 

biochemical responses that lead to tissue repair or normal 

healing. this process is characterized by dynamic and 

interactive events described in three phases, inflammation, 

proliferation and remodeling. 

In histopathological study, to investigate the 

anti-inflammatory effect of the ethanol extract of E. uniflora, 

Group1 (negative control) which received normal saline under 

a light microscope showed a normal skin tissue while the 

group2 (positive control) that received formalin (an 

inflammatory agent) showed skin lesion with elongation of the 

epidermal ridges and severe aggregation of inflammatory cell. 

This finding correlates with the research work done by [13, 39, 

40]. This observed effect proves the presence of inflammation 

to the skin tissue. Group3 (50mg/kg of extract) showed mild 

healing with moderate aggregation of inflammatory cell and 

moderate elongation of epidermal ridges. Micrograph of 

group4 (100mg/kg of extract) showed mild healing with 

moderate aggregation of inflammatory cell and ulceration of 

the dermal layer of the skin. Group5 & group 6 showed 

moderate healing with no aggregation of inflammatory cells 

nor elongation of epidermal ridges. 

Extract dose of 100mg, 200mg & standard drug showed 

ulceration of dermal layer of the skin. Skin ulceration is a 

tissue loss involving the deep layer of the dermis and 

hypodermis with low tendency to spontaneous healing, which 

can be caused by chemotherapy agents, trauma, and tumors. 

Therefore 100mg/kg (middle dose) and 200mg/kg (high dose) 

of extract can lead to skin ulceration. From the analysis of the 

results above, it can be deduced that the high dose of the 

extract (200mg/kg) showed almost the same potency as that of 

the standard drug. 

5. Conclusion 

In conclusion, the present experimental findings of 

hematological, histopathological, paw volume paw thickness, 

paw weight and body weight studies suggests that Eugenia 

uniflora L is a promising anti-inflammatory and analgesic 

agent in the treatment of inflammation and tissue injury. it 

effect could be have been mediated by the presences of 

flavonoid. 
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