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ABSTRACT: Malacantha alnifolia (Sapotaceae) is a perennial plant found in the tropical rainforests of West Africa. In Côte d’Ivoire, this 

species usually used rheumatism and diarrhea children treatment. This study evaluated anti-arthritic effect of hydroethanol extract of 
Malacantha alnifolia (HEMa) at doses of 125, 250 and 500 mg/kg bw in rats. HEMa is prepared by cold maceration of 100 g of M. alnifolia 
trunk bark powder in one liter of a 30% water/70% ethanol mixture for 24 h. Thirty-six albino Rattus norvegicus rats (130-185 g), aged 8 
to 16 weeks, were divided into 6 batches of 6 rats each and treated daily during 10 days. Healthy and arthritic rats control received NaCl 
9 ‰ (10 mL/kg bw) by gavage, those from batches 2, 3 and 4 received HEMa at 125, 250 and 500 mg/kg bw, respectively. Positive control 
rats received methotrexate at 0.75 mg/kg bw by gavage. Non-immunological arthritic model induced by injection of 0.1 mL 2.5% 
formaldehyde was used. Arthritic was assessed throught paw and knee edema, arthritic index scores, sedimentation rate, and 
inflammation-related hematological and biochemical parameters. Percentages inhibition of these parameters were calculated for each 
treated group of rats compared to the control group with arthritis. Edema established for 3 days by formaldehyde was significantly 
reduced by HEMa at doses of 250 and 500 mg/kg bw with reductions in paw thickness ranging from 23.18 to 28, respectively. 89% and 
25.60 to 31.34% compared to paw thickness of arthritic control rats. Hydroethanolic extract of Malacantha alnifolia has remarkable anti-
arthritic properties similar to that of methotrexate. 

KEYWORDS: Malacantha alnifolia, anti-arthritic, formaldehyde, rat. 

1 INTRODUCTION 

Rheumatoid arthritis is the most common autoimmune disease. It is a chronic, progressive, systemic inflammatory disease affecting 
the joints and associated with long-term disability and premature mortality [1]. Epidemiological study has shown that around 1% of the 
world’s population has rheumatoid arthritis, which has a significant impact on their life quality [2]. In Côte d’Ivoire, a study carried out in 
the rheumatology department of the CHU de Cocody (Abidjan) by [3] showed that around 2% of rheumatoid arthritis patients were 
affected. Despite advances in conventional medicine, the cause of the disease is still unknown. HLA-DR genes are the most important 
genetic risk factor. In addition, this disease inducted inflammation of the synovium, hyperplasia, cartilage destruction, bone deformation 
and systemic complications (cardiovascular, pulmonary, psychological and skeletal disorders) [4]. In modern medicine, treatments with 
non-steroidal anti-inflammatory drugs (NSAIDs) and steroids, biological agents such as antagonists of pro-inflammatory cytokines 
(tumour necrosis factor alpha (TNFα) and interleukin-1 beta (IL-1ß)) and analgesics are prescribed to treat this disease without any real 
success [5,6]. However, the prolonged using of anti-inflammatory pharmaceutical substances is accompanied by secondary undesirable 
effects [7] Prolonged using of NSAIDs can lead to gastrointestinal disorders, kidney and skin toxicities, infections and cardiovascular risks 
[8,9]. Then, research is needed into new anti-inflammatory and analgesic substances that are more effective in reducing inflammation 
and pain. Medicinal plants are becoming an important sources to explore in the search for effective drugs with fewer side effects [10,11]. 
Several medicinal plant species and recipes have been identified in Côte d’Ivoire [12,13]. Among these plants Malacantha alnifolia (Bak.) 
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Pierre, commonly used in traditional medicine to treat children diarrhoea, rheumatism, conjunctivitis of the eyes and stomach ache, and 
as a purgative in the treatment of poisoning and elephantiasis of the scrotum [14]. The aim of this study was to evaluate chronical and 
anti-inflammatory potential of a hydroethanol extract of Malacantha alnifolia trunk bark. Specifically, chronical and anti-inflammatory 
activity of formaldehyde oedema induction method will be assessed by determining haematological and biochemical parameters 
associated with inflammation. 

2 MATERIALS AND METHODS 

2.1 PLANT MATERIAL 

Plant material consists of Malancatha anifolia trunk bark harvested in Béoumi in August 2021. The species was identified at Nangui 
ABROGOUA University in Abidjan and authenticated by lecturers from the university’s botany laboratory. 

2.2 ANIMALS 

Rats, (Rattus norvegicus) aged 8 to 16 weeks and weighing between 130 and 185 g were used in the study. These animals were 
supplied and bred in the animal house of the Physiology, Pharmacology and Pharmacopoeia laboratory of the Natural Sciences Training 
and Research Unit (UFR-SN) of Nangui ABROGOUA University (Côte d’Ivoire). They had free access to water and food (Ivograin®) with a 
photoperiod of 12 h of light and 12 h of darkness in accordance with standards of good laboratory practice. Various experimental 
protocols were drawn up in accordance with the laboratory animal protection protocols of the European Council of Legislation 
2012/707/EU [15]. 

2.3 LABORATORY EQUIPMENT 

Equipment consisted of an electric grinder (Culati, France), electronic digital balance (Digital scal- SF-400, China), magnetic stirrer 
(OVAN, USA), oven (Heto type CD 52- I, France), digital micrometer or calliper (Hardened Stainless, China), a Coulter haematological 
analyser (Mindray BC-2800, China), semi-automatic spectrophotometer (Prietest Touch Robonik, India) and a camera (TECNO, China). 

2.4 PHARMACODYNAMIC REAGENTS AND SUBSTANCES 

Reagents used in this study were hydroethanol extract of Malancatha anifolia, methotrexate (Bellon®) (Sanofi, France) as the 
reference anti-inflammatory, 2.5% formalin solution, ether and 9 ‰ NaCl solution as the reference physiological solution. 

2.5 METHODS 

2.5.1 PREPARATION OF HYDROETHANOLIC EXTRACT OF MALACANTHA ALNIFOLIA 

Hydroethanolic extract of Malacantha alnifolia was prepared according to the method described by [16]. Malacantha alnifolia trunk 
bark was washed with distilled water, dried at room temperature for 15 days and then finely pulverised using an electric grinder (Culati, 
France). Then quantity of 100 g of powder obtained from Malacantha alnifolia was cold macerated for 24 h in a litre of a mixture of 30% 
water and 70% ethanol. Resulting solution was filtered through cotton wool and then Whatman Number 3 mm filter paper. Half a litre 
of the hydroethanol mixture was added to the pellet and a further cold maceration was carried out for 24 h, followed by filtration. 
Filtrates substances obtained were evaporated and dried in an oven at 45°C for 48 h. A 6.7 g yellow paste corresponding to the 
hydroethanol extract of Malacantha alnifolia (HEMa) was obtained. 

2.5.2 ASSESSMENT OF CHRONIC ANTI-INFLAMMATORY ACTIVITY (ARTHRITIS) INDUCED BY 2.5% FORMALDEHYDE 2.5% 

Non-immunological arthritis model described by [17] was used with slight modification. Experiments lasted 14 days and the curative 
model was used. 36 rats were divided into 6 batches and 6 rats received various treatments. Arthritis was induced by injecting 0.1 mL of 
freshly prepared 2.5% formaldehyde into the right hind paw of rats from all batches except batch 1 (healthy control) on days 1 and 3. 
Firstly, initial thickness of the rats’ right hind leg or knee was measured using a calliper prior to any treatment. Then, after the 3rd day of 
formaldehyde injection, rats from batch 1 (healthy control) and batch 2 (arthritic control) were given NaCl 9 ‰ at a rate of 10 mL/kg bw 
by gavage. Rats in batches 3, 4 and 5 were force-fed with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 
mg/kg bw respectively. Finally, rats in batch 6 received methotrexate at a dose of 0.75 mg/kg bw by gavage. These different substances 
were administered daily for 10 days to each rat. Progression of arthritis was assessed by measuring the thickness of the rats’ leg or knee 
again. Percentage of INH inhibition (%) of oedema was calculated for each group of treated rats compared to the arthritic control group 
according to the formula used in the work of [18]: 
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% 𝐼𝑁𝐻 (%) =
𝐸𝑐 − 𝐸𝑡

𝐸𝑐
 ×  100 

Ec: thickness of oedema in the right hind leg or knee of rats in the arthritic control group 
Et: thickness of oedema in the right hind leg or knee of rats from treated batches. 

2.5.3 CALCULATION OF ARTHRITIC INDEX SCORES 

Determination of clinical symptoms in the formaldehyde-induced arthritis test was assessed by a visual scoring system on a scale 
from 0 to 4. A score of 0 means that no change is visible. A score of 1 indicates slight swelling of the limb and a score of 2 indicates slight 
swelling and skin redness of the limb. A score of 3 indicates significant swelling and reddening of the skin of the limb, and a score of 4 
indicates significant deformity and incapacity of the limb. Every three days, scores were determined on each rat and then averaged for 
the group [1]. 

2.5.4 RAT BODY WEIGHT MEASUREMENT 

Body weights of the rats were assessed on days D0, D4 and D14 of the experiment using a balance (Digital scal-SF 400, China). 

2.5.5 BLOOD SAMPLING 

During this study, three blood samples were taken on D0, D4 and D14 of the experiment. Rats were anesthetized with ether then 
blood samples were taken by puncture from the orbital sinus of the eye using a Pasteur pipette according to the technique described by 
[19]. Pasteur pipette was rotated, and once introduced into the animal’s retro-orbital sinus, blood was drawn up into the pipette. Blood 
samples were introduced into EDTA tubes for blood count analysis using an automatic haematological analyser, coulter (Mindray BC-
2800, China), which is an impedance variance device, and into dry tubes for determination of biochemical parameters using an automatic 
spectrophotometer (Prietest Touch Robonick, India). 

2.5.6 PRINCIPLE OF IMPEDANCE MEASUREMENT 

Impedance measurement technique, also known as the Coulter principle after its inventor Wallace Coulter, is designed to count 
particles and cells and measure their size. The cells pass through an opening to which an electric current is applied. Each time a cell passes 
through the aperture, the electrical resistance increases, which is translated into electrical impulses whose height is directly proportional 
to the cell volume. 

2.5.7 DETERMINATION OF BLOOD COUNT 

13 µL sample of whole blood taken on EDTA is diluted in an iso-osmotic buffer solution and aspirated through an orifice that separates 
two chambers, one containing a positive electrode and the other a negative electrode. Each particle passing through the orifice 
momentarily produces an increase in electrical resistance which is recorded as a pulse. Coulter Hematology Analyzer (Mindray BC-2800, 
China) enumerates platelets and red blood cells on the same dilution channel and considers particles of small sizes between 2 and 36 fL 
as platelets and those larger than 36 fL like red blood cells. Erythrocyte indices are determined from the histogram whose height is 
directly proportional to the mean corpuscular volume (MCV). 

2.5.8 DETERMINATION OF BIOCHEMICAL PARAMETERS 

Blood collected in dry tubes was used to determine serum levels of various biochemical parameters using a spectrophotometer 
(Prietest touch Robonik, India) and various diagnostic kits. Alkaline phosphatase (ALP), alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were determined by the kinetic method [20,21]. Serum concentrations of total protein, calcium, albumin and 
phosphorus were measured by colorimetric assay [22]. 

2.5.9 SHOOTING 

To associate the percentage inhibition of oedema thickness with the photographs, photos were taken on days 0, 4 and 14 of the 
experiment. The instrument used was a mobile phone (TECNO, China) fitted with a camera. 
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2.5.10 STATISTICAL ANALYSIS 

Results were given as mean followed by standard error on the mean (M ± SEM) and percentage inhibition. Statistical analysis was 
carried out using Graph Pad Prism 5.01 software (San Diego, California, USA). Student’s t-test and ANOVA1 (one-way analysis of variance) 
followed by Dunnett’s comparison test were used to identify differences between the treated batches and the negative and positive 
control batches. Differences are significant for p< 0.05. 

3 RESULTS 

3.1 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON FORMALIN-INDUCED PAW OEDEMA IN RATS 

At day 0, initial mean thickness of the legs varied non-significantly and ranged from 2.25 ± 0.14 to 2.31 ± 0.16 mm. There were no 
signs of arthritis or inflammation (oedema). Three days later of formalin arthritis induction, the mean leg thickness of arthritic rats 
increased significantly (p< 0.001) from 6.38 ± 0.12 to 6.96 ± 0.16 mm compared with the mean leg thickness of healthy control rats (2.34 
± 0.13 mm) (Table 1). Arthritic and inflammatory signs of arthritic rats were apparent in the presence of oedema, redness, swelling and 
deformation of the paw (figure 1). The mean thickness of the paw of the arthritic control rats increased and reached a maximum of 7.37 
± 0.35 mm on day 3 after treatment, with a slight and non-significant decrease to 6.68 ± 0.16 mm on day 10. In arthritic rats treated with 
HEMa at 125 mg/kg bw, mean leg thickness was significantly reduced, ranging from 20.62% (day 1 post-treatment) to 26.86% (day 7th 
post-treatment) compared with the arthritic control. Arthritic rats treated with EHMa at doses of 250 and 500 mg/kg bw, respective 
decreases in leg thickness ranging from 23.18 to 28.89% and from 25.60 to 31.34% compared with the mean leg thickness of arthritic 
control rats were recorded. The reduction of leg oedema in methotrexate-treated rats ranged from 26.74% (day 1 post-treatment) to 
35.47% (day 10 post-treatment) compared with arthritic control rats (table 1). Photographs of arthritic legs treated with HEMa at 125, 
250 and 500 mg/kg bw and methotrexate showed reduction in redness and swelling at the sites of arthritis and inflammation (Figure 1). 

Table 1. Effect of hydroethanol extract of Malacantha alnifolia on paw thickness during formaldehyde-induced arthritis in rats 

Lots  
(mg/kg bw) 

Average leg thickness (mm)/Percentage reduction in oedema in brackets (%) 

Day 0 Day 3 after 
induction 

Day 1 after 
treatment 

Days 3 after 
treatment 

Days 7after 
treatment 

Days 10 after 
treatment 

Healthy control 
(NaCl 9‰) 

2.31 ± 0.25 2.34 ± 0.13 2.30 ± 0.19 2.32 ± 0.11 2.27 ± 0.15 2.29 ± 0.15 

Arthritic control 
(NaCl 9‰) 

2,25 ± 0,14 6,65 ± 0,25### 7,03 ± 0,31### 7,37 ± 0,35### 6,96 ± 0,27### 6,68 ± 0,16### 

HEMa 125 2.31 ± 0.16 6.43 ± 0.17### 5.58 ± 0.15*** 
(20.62) 

5.66 ± 0.23*** 
(23.20) 

5.09 ± 0.26*** 
(26.86) 

5.01 ± 0.19*** 
(25) 

HEMa 250 2.28 ± 0.27 6.52 ± 0.12### 5.40 ± 0.22*** 
(23.18) 

5.46 ± 0.22*** 
(25.91) 

4.96 ± 0.12*** 
(28.73) 

4.75 ± 0.27*** 
(28.89) 

HEMa 500 2.29 ± 0.11 6.96 ± 0.16### 5.23 ± 0.17*** 
(25,60) 

5.06 ± 0.15*** 
(31,34) 

4.83 ± 0.23*** 
(30.60) 

4.66 ± 0, ±1.6*** 
(30.23) 

Methotrexate 0.75 2.27 ± 0.16 6.38 ± 0.12### 5.15 ± 0.21*** 
(26.74) 

5.20 ± 0.22*** 
(29.44) 

4.54 ± 0.19*** 
(34.77) 

4.31 ± 0.26*** 
(35.47) 

### p< 0.001: significant difference compared to the mean leg thickness of the healthy control for each evaluation period. *** p< 0.001; n = 6: significant 
difference compared with the arthritic control for each evaluation period. HEMa: Hydroethanol extract of Malacantha alnifolia. 
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Fig. 1. Photographs of the right legs of rats before and after formaldehyde injection D0: day 0, D4: day 4 and D14: day 14 

3.2 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON FORMALIN-INDUCED KNEE OEDEMA IN RATS 

The mean initial knee thickness of the rats ranged from 4.04 ± 0.22 to 4.19 ± 0.16 mm. Three days later of arthritis induction by 
formaldehyde, the knee of all rats (except healthy control rats) underwent a significant increase (p< 0.001) ranging from 6.64 ± 0.47 to 
6.93 ± 0.23 mm compared with that of healthy controls (4.17 ± 0.19 mm). The mean knee thickness of rats treated with HEMa at 125 
mg/kg bw was significantly reduced (p<0.01) from 11.77% to 16.74% compared with the mean knee thickness of arthritic control rats. 
Knees of arthritic rats treated with HEMa at 250 and 500 mg/kg bw had reductions in oedema ranging from 15.10% to 22.96% and from 
18.03% to 31.11% respectively compared with the knees of arthritic control rats. Knees of rats treated with methotrexate underwent a 
significant (p< 0.001) slightly greater reduction than HEMa at these different doses. This reduction in knee thickness in rats pre-treated 
with methotrexate at 0.75 mg/kg bw corresponded to a maximum reduction of 35.34% (at day 7th post-treatment) compared with the 
arthritic control rat (Table 2). 

3.3 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON SCORES DURING FORMALIN-INDUCED ARTHRITIS IN RATS 

At day 0, absence of arthritic signs and inflammation in all rats corresponds to a score of 0. Three days later of arthritis induction by 
formaldehyde, arthritic and inflammatory signs appeared in all rats (except healthy control rats). These signs corresponded to mean 
scores ranging from 3.64 ± 0.38 to 3.98 ± 0.22. After treatment with HEMA at doses of 125 and 250 mg/kg bw, a reduction in arthritic 
and inflammatory signs corresponding respectively to a reduction in the arthritic index score ranging from 3.41 to 16.53% and from 5.14 
to 38.13% compared with the score of arthritic control rats was recorded. The scores of rats treated with HEMa at 500 mg/kg and 
methotrexate at 0.75 mg/kg bw underwent significant (p< 0.001) and maximum decreases of 41.06% and 43.73% respectively compared 
with the scores of arthritic control rats (Table 3). 
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Table 2. Effect of hydroethanol extract of Malacantha alnifolia on knee thickness during formaldehyde-induced arthritis in rats  

Lots  
(mg/kg bw) 

Average knee thickness (mm) / Percentage reduction in oedema in brackets (%) 

Day 0 
Day 3 after 
induction 

Days 1 after 
treatment 

Days 3 after 
treatment 

Days 7 after 
treatment 

Days 10 after 
treatment 

Healthy control 
(NaCl 9‰) 

4.06 ± 0.15 4.17 ± 0.19 4.11 ± 0.31 4.16 ± 0.27 4.09 ± 0.18 4.18 ± 0.14 

Arthritic control 
(NaCl 9‰) 

4.10 ± 0.24 6.68 ± 0.19### 6.82 ± 0.22### 6.71 ± 0.47### 6.62 ± 0.28### 6.45 ± 0.14### 

HEMa 125 4.05 ± 0.23 6.67 ± 0.41### 
5.94 ± 0.18 

(12.90) 
5.92 ± 0.47* 

(11.77) 
5.627 ± 0.18** 

(16.01) 
5.37 ± 0.15*** 

(16.74) 

HEMa 250 4.19 ± 0.16 6.93 ± 0.23### 
5.79 ± 0.25 

(15.10) 
5.61 ± 0.34*** 

(16.39) 
5.10 ± 0.30*** 

(22.96) 
5.14 ± 0.2*** 

(20.31) 

HEMa 500 4.04 ± 0.22 6.65 ± 0.16### 
5.52 ± 0.22* 

(20.96) 
5.50 ± 0.22*** 

(18,03) 
4.56 ± 0.18*** 

(31.11) 
4.61 ± 0.13*** 

(28,52) 

Methotrexate 0.75 4.09 ± 0.13 6.64 ± 0.47### 
5.48 ± 0.48* 

(21.61) 
5.05 ± 0.24*** 

(24.73) 
4.28 ± 0.38*** 

(35.34) 
4.46 ± 0.16*** 

(30.85) 

###p< 0.001: significant difference compared to the mean knee thickness of healthy control rats for each evaluation period. *p< 0.05; **p< 0.01; ***p< 
0.001; n = 6: significant difference compared with the respective arthritic control for each evaluation period. HEMa: Hydroethanol extract of Malacantha 
alnifolia. 

Table 3. Effect of hydroethanol extract of Malacantha alnifolia on arthritis index scores 

Lots  
(mg/kg bw) 

Score/Percentage reduction in score in brackets (%) 

Day 3 after 
induction 

Days 1 after 
treatment 

Days 3 after 
treatment 

Days 7 after 
treatment 

Days 10 after 
treatment 

Healthy control 
(NaCl 9‰) 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Arthritic control 
(NaCl 9‰) 

3.91 ± 0.28 3.89 ± 0.37### 3.81 ± 0.39### 3.77 ± 0.36### 3.75 ± 0.63### 

HEMa 125 3.95 ± 0.33 
3.74 ± 0.27 

(3.89) 
3.68 ± 0.42 

(3.41) 
3.52 ± 0.62 

(6.63) 
3.13 ± 0.44** 

(16.53) 

HEMa 250 3.97 ± 0.21 
3.69 ± 0.41 

(5.14) 
3.59 ± 0.28 

(5.77) 
2.41 ± 0.36** 

(36.07) 
2.32 ± 0.38*** 

(38.13) 

HEMa 500 3.95 ± 0.32 
3.65 ± 0.46 

(6.16) 
3.52 ± 0.47* 

(7.61) 
2.39 ± 0.27*** 

(36.60) 
2.21 ± 0.57*** 

(41.06) 

Methotrexate 0.75 3.98 ± 0.22 
3.64 ± 0.38 

(6.42) 
3.51 ± 0.51* 

(7.87) 
2.29 ± 0.46*** 

(39.25) 
2.11 ± 0.62*** 

(43.73) 

### p< 0.001: significant difference compared to the scores of the healthy control rats for each evaluation period. *p< 0.05, 
**p< 0.01; ***p< 0.001; n = 6: significant difference compared with the respective arthritic control for each evaluation period. 
HEMa: Hydroethanol extract of Malacantha alnifolia 

3.4 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON BODY WEIGHT 

On day 0, the average body weight of the rats varied non-significantly and ranged from 138.3 ± 2.65 to 146.5 ± 2.59. On day 4 later 
of arthritis induction, the mean body weight of the rats decreased significantly (p< 0.001) from 129.3 ± 3.30 to 134.5 ± 4.48 g compared 
with the mean weight of healthy control rats (141.9 ± 2.97 g). 14th day later of treatment, the mean body weights of rats treated with 
HEMa at doses of 250 and 500 mg/kg bw increased significantly by 3.5% and 5.89% respectively compared with the body weights of 
arthritic control rats. The mean body weight of methotrexate-treated rats increased by 6.30% compared with the body weight of arthritic 
control rats (Table 4). 

3.5 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON WHITE BLOOD CELLS 

At day 0, the mean white blood cell count varied non-significantly and ranged from 11.92 ± 2.54 to 12.98 ± 0.87.103/μL Three days 
later of arthritis induction, the mean white blood cell count increased significantly (p< 0.001) in all rats, from 17.4 ± 3.44 to 20.1 ± 
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3.07.103/μL compared with healthy control rats (12.03 ± 2.61). 14th day later, white blood cell counts of rats treated with HEMa at doses 
of 250 and 500 mg/kg bw were significantly (p<0.05) reduced by 19.01 % and 21.01 % respectively compared to the white blood cell 
counts of arthritic control rats (Table 5). 

3.6 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON RED BLOOD CELLS 

On day 0, the mean red blood cell count varied non-significantly from 6.79 ± 2.25 to 7.78 ± 3.14.106/μL. On day 4 later of arthritis 
induction, the mean red blood cell count showed no significant decrease (p˃ 0.05) with a maximum value of 13.02 % compared to healthy 
control rats. 14th day later of treatment, HEMa at the doses tested had no impact on the mean number of red blood cells compared with 
the number of red blood cells in the arthritic control rats. In rats treated with methotrexate, a non-significant variation in red blood cell 
count was also recorded compared with the red blood cell count of arthritic control rats (Table 6). 

Table 4. Effect of hydroethanol extract of Malacantha alnifolia on body weight 

Lots  
(mg/kg bw) 

Average body weight of rats (g)/(percentage reduction or gain) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

141.2 ± 3.14 141.9 ± 2.97 144.62 ± 1.93 

Arthritic control 
(NaCl 9‰) 

144.0 ± 2.67 
131.5 ± 3.57### 

(7.32) 
127.62 ± 4.21### 

HEMa 125 138.3 ± 2.65 
129.3 ± 3.30### 

(8.87) 
129.73 ± 3.51 

(1.62) 

HEMa 250 139.3 ± 4.21 
130.0 ± 3.69### 

(8,38) 
132.26 ± 2.71* 

(3.5) 

HEMa 500 146.5 ± 2.598 
133.0 ± 6.84### 

(6.27) 
135.61 ± 3.52** 

(5.89) 

Methotrexate 0.75 140.3 ± 3.67 
134.5 ± 4.48### 

(4.58) 
136.21 ± 3.19** 

(6.30) 

### p< 0.001: significant difference compared to the body weight of healthy control rats for each evaluation period. * p< 0.05, ** p< 0.01; n = 6: significant 
difference compared with the respective arthritic control for each evaluation period. HEMa: Hydroethanol extract of Malacantha alnifolia. 

Table 5. Effect of hydroethanol extract of Malacantha alnifolia on white blood cell count 

Lots  
(mg/kg bw) 

Mean white blood cell count (103/μL)/(percentage increase or reduction) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

12.74 ± 3.51 12.03 ± 2.61 12.61 ± 2.58 

Arthritic control 
(NaCl 9‰) 

12.48 ± 2.59 
17.4 ± 3.44# 

(44,63) 
16.51± 2.67# 

HEMa 125 12.68 ± 1.28 
17.6 ± 3.66# 

(46,3) 
15.39 ± 2.44 

(6.78) 

HEMa 250 12.77 ± 1.45 
20.1 ± 3.07### 

(67.08) 
13.37 ± 2.11* 

(19.01) 

HEMa 500 11.92 ± 2.54 
18.8 ± 3.54## 

(56,27) 
13.04 ± 2.63* 

(21.01) 

Methotrexate 0.75 12.98 ± 0.87 
19.7 ± 2.99### 

(63.75) 
13.07 ± 2.17* 

(20.83) 

# p< 0.05; p< 0.01; p< 0.001: significant difference compared with the white blood cell count of healthy control rats for each evaluation period. * p< 0.05; 
n = 6: significant difference compared with the arthritic control. EHMa: hydroethanol extract of Malacantha alnifolia 
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Table 6. Effect of hydroethanol extract of Malacantha alnifolia on red blood cell count 

Lots  
(mg/kg bw) 

Mean red blood cell count (106/μL)/(percentage increase or reduction) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

7.78 ± 3.14 7.22 ± 3.29 7.34 ± 2.62 

Arthritic control 
(NaCl 9‰) 

7.18 ± 2.40 
6.58 ± 2.34 

(8.86) 
6.47 ± 2.91 

HEMa 125 6.96 ± 2.42 
6.66 ± 2.43 

(7.75) 
6.79 ± 2.72 

(4.94) 

HEMa 250 7.14 ± 3.33 
6.28 ± 3.66 

(13.02) 
6.93 ± 2.04 

(7.10) 

HEMa 500 6.79 ± 2.25 
6.31 ± 2.26 

(12.60) 
6.73 ± 2.61 

(4.01) 

Methotrexate 0.75 7.06 ± 2.37 
6.75 ± 2.48 

(6.50) 
6.49± 2.55 

(0.3) 

# p< 0.05: significant difference compared with the red blood cell count of healthy control rats for each evaluation period. * p< 0.05; n = 6: significant 
difference compared with the arthritic control. HEMa: Hydroethanol extract of Malacantha alnifolia. 

3.7 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON PLATELETS 

The mean initial platelet count varied non-significantly from 814 ± 56.6 and 971 ± 95.2.103/μL. On day 4 later of arthritis induction, 
the mean platelet count increased significantly from 4.36% to 15.38% compared with the platelet count of healthy control rats. 14th day 
later, the mean platelet count of rats treated with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw 
increased significantly (p< 0.01) compared with the platelet count of arthritic control rats. This increase corresponds to 10.52%, 11.84% 
and 15.70% respectively compared with the platelet count of arthritic control rats. The platelet count of methotrexate-treated rats also 
showed a significant increase of 14.56% compared with the platelet count of arthritic control rats (Table 7). 

3.8 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON SEDIMENTATION RATE 

At day 0, sedimentation rate varied non-significantly from 5.05 ± 2.83 to 6.83 ± 3.74 mm/h at hour 1 and from 13.5 ± 2.03 to 15.7 ± 1.17 
mm/h at hour 2. On day 4 later of arthritis induction, a significant increase (p<0.001) in sedimentation rate from 105.28 to 139.29% at hour 
1 and from 68.75 to 91.47% at hour 2. 14th day later of treatment with hydroethanol extract at doses of 125, 250 and 500 mg/kg bw, the 
sedimentation rate was significantly reduced by 7.76, 25.72 and 28.15% at hour 1 and by 27.79, 35.34 and 42.29% at hour 2, respectively, 
compared with the sedimentation rate of arthritic control rats. The sedimentation rate of methotrexate-treated rats was also significantly 
reduced by 29.12% at hour 1 and 47.12% at hour 2, compared with the sedimentation rate of arthritic control rats (Table 8). 

Table 7. Effect of hydroethanol extract of Malacantha alnifolia on platelet count 

Lots  
(mg/kg bw) 

Mean platelet count (103/μL)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

950 ± 111 962 ± 98.2 977 ± 100.1 

Arthritic control 
(NaCl 9‰) 

815 ± 70.2 
1109 ± 60.5# 

(15.28) 
1140 ± 89.1# 

HEMa 125 960 ± 83.6 
1110 ± 81.2# 

(15.38) 
1020 ± 81.2* 

(10.52) 

HEMa 250 971 ± 95.2 
1169 ± 104.6## 

(21.51) 
1005 ± 93.3* 

(11.84) 

HEMa 500 814 ± 56,6 
1061 ± 90.4 

(10.29) 
961 ± 86,6** 

(15.70) 

Methotrexate 0.75 848 ± 61.5 
1004 ± 94.1 

(4.36) 
974 ± 85.9** 

(14.56) 

#p< 0.05, ##p < 0.01: significant difference from platelet counts in healthy control rats for each evaluation period. *p < 0.05, **p< 0.01; n = 6: significant 
difference from arthritic control. HEMa: Hydroethanol extract of Malacantha alnifolia 
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Table 8. Effect of hydroethanol extract of Malacantha alnifolia on sedimentation rate 

Lots  
(mg/kg bw) 

Sedimentation rate/(percentage increase or reduction) (%) 

Day 0 Day 4 Day 14 

1 h 2 h 1 h 2 h 1 h 2 h 

Healthy control 
(NaCl 9‰) 

6.83 ± 0.74 13.5 ± 2.03 7.94 ± 0.74 17.6 ± 4.75 6.44 ± 1.65 15.7 ± 5.35 

Arthritic control 
(NaCl 9‰) 

5.0 ± 1.83 14.8 ± 1.08 
19.0 ± 1.83### 

(139.29) 
30.7 ± 6.16### 

(74.43) 
20.6± 4.61### 33.1 ± 5.54### 

HEMa 125 6.0 ± 5.35 16.7 ± 1.17 
17.0 ± 5.35### 

(114.10) 
34.7 ± 8.49### 

(97.15) 
19.0 ± 3.74 

(7.76) 
23.9 ± 6.73** 

(27.79) 

HEMa 250 5.8 ± 3.89 15.2 ± 2.63 
18.8 ± 3.89### 

(136.77) 
29.7 ± 11.6### 

(68.75) 
15.3 ± 5.53* 

(25.72) 
21.4 ± 8.65** 

(35.34) 

HEMa 500 5.3 ± 1.87 14.3 ± 1.87 
16.3 ± 1.87### 

(105.28) 
33.7 ± 0.84### 

(91.47) 
14.8 ± 3.37* 

(28.15) 
19.1 ± 0.76*** 

(42,29) 

Methotrexate 0.75 7.0 ± 3.48 14.0 ± 2.24 
17.0 ± 3.48### 

(114.10) 
31.7 ± 3.66### 

(80.11) 
14.6 ± 4.82* 

(29.12) 
17.5 ± 9.52*** 

(47.12) 
###p< 0.001: significant difference from sedimentation rate of healthy control rats for each evaluation period. *p< 0.05, **p< 0.01; ***p< 0.001; n = 6: 
significant difference from the respective arthritic control for each evaluation period. HEMa: Hydroethanol extract of Malacantha alnifolia 

3.9 EFFECT OF HYDROETHANOL EXTRACTOF MALACANTHA ALNIFOLIA ON TOTAL PROTEIN LEVELS 

Mean total protein count on day 0 varied non-significantly from 5.00 ± 0.21 to 6.34 ± 0.97 g/dL. 

Three days later of arthritis induction, the mean number of total proteins suffered a significant decrease (p< 0.05) ranging from 
29.60% to 42.19% compared to the mean number of total proteins of healthy control rats. 14th day later, the average number of total 
proteins of rats treated with hydroethanolic extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw underwent significant 
increase (p< 0.05) ranging from 11.92; 27.10 and 30.35% compared to the average number of total proteins of arthritic control rats. 
Mean total protein count of methotrexate-treated rats was significantly increased (p< 0.05) by 31.70% compared to the mean total 
protein count of arthritic control rats (Table 9). 

3.10 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON ALBUMIN LEVELS 

Mean albumin levels on day 0 ranged non-significantly from 3.11 ± 0.50 to 3.35 ± 0.57 g/dL. Three days later of arthritis induction, all 
rats showed a significant (p<0.001) decrease in albumin levels, ranging from 38.88% to 56.17% compared with healthy control rats. 14th 
day later, albumin levels in rats treated with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw 
increased significantly, by 26.25, 36.31 and 45.81% respectively, compared with albumin levels in arthritic control rats. Mean albumin 
content of methotrexate-treated rats increased significantly (p< 0.05) by 20.11% compared with the mean albumin content of arthritic 
control rats (Table 10). 

Table 9. Effect of hydroethanol of Malacantha alnifolia extract on total proteins 

Lots  
(mg/kg bw) 

Average total protein (g/dL)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

5.39 ± 0.77 5.64 ± 0.53 5.51 ± 1.02 

Arthritic control 
(NaCl 9‰) 

5.64 ± 1.03 
3.30 ± 0.56# 

(41.48) 
3.69 ± 0.97# 

HEMa 125 6.34 ± 0.97 
3.97 ± 0.38 

(29.60) 
4.13 ± 0.66 

(11.92) 

HEMa 250 5.76 ± 0.89 
3.27 ± 0.56# 

(42.02) 
4.69 ± 0.75 

(27.10) 

HEMa 500 5.47 ± 1.05 
3.49 ± 0.60 

(38.12) 
4.81 ± 0.54* 

(30.35) 

Mthotrexate 0.75 4.00 ± 0.21 
3.26 ± 0.57# 

(42.19) 
4.86 ± 0.82* 

(31.70) 
# p< 0.05: significant difference compared with total protein in healthy control rats for each evaluation period. 
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* p< 0.05; n = 6: significant difference from arthritic control. HEMa: Hydroethanol extract of Malacantha alnifolia. 

Table 10. Effect of hydroethanol extract of Malacantha alnifolia on albumin levels 

Lots  
(mg/kg bw) 

Mean albumin (g/dL)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

3.35 ± 0.57 3.24 ± 0.14 3.31± 0.44 

Arthritic control 
(NaCl 9‰) 

3.11 ± 0.50 
1.42 ± 0.17### 

(56.17) 
1.79 ± 0.37### 

HEMa 125 2.99 ± 0.30 
1.45 ± 0.32### 

(55.24) 
2.26 ± 0.22* 

(26.25) 

HEMa 250 3.27 ± 0.56 
1.80 ± 0.38### 

(44.44) 
2,44 ± 0,38* 

(36.31) 

HEMa 500 3.13 ± 0.51 
1.91 ± 0.40### 

(41.04) 
2.61 ± 0.57* 

(45.81) 

Methotrexate 0.75 3.24 ± 0.60 
1.98 ± 0.40### 

(38.88) 
2.15 ± 0.11* 

(20.11) 

### p< 0.001: significant difference from albumin levels in healthy control rats for each evaluation period. 
* p< 0.05, ** p< 0.01; *** p< 0.001; n = 6: significant difference from arthritic control. HEMa: Hydroethanol extract of Malacantha alnifolia. 

3.11 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON ALKALINE PHOSPHATASE LEVELS 

Mean alkaline phosphatase levels varied non-significantly from 135 ± 14.9 to 155 ± 23.9 IU/L on day 0 of the experiment. Three days 
later of arthritis induction, the mean alkaline phosphatase count of all rats showed an increase ranging from 50.43 to 93.91% compared 
with the mean alkaline phosphatase count of healthy control rats. 14th day later, mean alkaline phosphatase levels in rats treated with 
hydroethanol extract of Malacantha alnifolia at doses of 250 and 500 mg/kg bw were significantly reduced (p< 0.05) by 10.92 and 14.20% 
respectively, compared with mean alkaline phosphatase levels in arthritic rats. Mean amount of alkaline phosphatase in methotrexate-
treated rats increased significantly (p< 0.05) by 15.84% compared with the mean amount of albumin in arthritic control rats (Table 11). 

3.12 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON ASPARTATE AMINOTRANSFERASE LEVELS 

On day 0, mean aspartate aminotransferase (AST) levels ranged nonsignificantly from 111 ± 8.73 to 114 ± 4.11 IU/L. Three days later 
of arthritis induction, the mean AST levels of all rats increased significantly, from 88.99% to 94.49% compared with the mean AST levels 
of healthy control rats. 14th day later, the mean amount of AST at 500 mg/kg bw in rats treated with hydroethanol extract of Malacantha 
alnifolia was significantly reduced (p< 0.05) by 15.63% compared with the mean amount of AST in arthritic rats. Mean amount of AST in 
methotrexate-treated rats was significantly (p<0.05) reduced by 18.95% compared with the mean amount of AST in arthritic control rats 
(Table 12). 

Table 11. Effect of hydroethanol extract of Malacantha alnifolia on alkaline phosphatase (ALP)  

Lots  
(mg/kg bw) 

Average amount of ALP (IU/L)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

148 ± 21.4 115 ± 14.4 123 ± 10.2 

Arthritic control 
(NaCl 9‰) 

165 ± 23.9 
223 ± 18.2### 

(93.91) 
183 ± 14.8### 

HEMa 125 123 ± 16.4 
213 ± 17.3### 

(85.21) 
173 ± 18.5 

(5.46) 

HEMa 250 125 ± 14.9 
173 ± 17.3### 

(50.43) 
163 ± 15.7* 

(10.92) 

HEMa 500 154 ± 14.4 
220 ± 19.4### 

(91.30) 
157 ± 15.6* 

(14.20) 

Methotrexate 0.75 137 ± 19.8 
210 ± 18.1### 

(82.60) 
154 ± 16.5** 

(15.84) 
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### p< 0.001: significant difference compared with alkaline phosphatase (ALP) levels in healthy control rats for each evaluation period. * p< 0.05, ** p< 
0.01; *** p < 0.001; n = 6: significant difference from arthritic control. HEMa: hydroethanol extract of Malacantha alnifolia 

Table 12. Effect of hydroethanol extract of Malacantha alnifolia on aspartate aminotransferase (AST) levels 

Lots  
(mg/kg bw) 

Mean AST (UI/L)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

112 ± 6.25 109 ± 24.3 115 ± 38.3 

Arthritic control 
(NaCl 9‰) 

113 ± 8.16 
208 ± 17.7### 

(90.82) 211 ± 21.1### 

HEMa 125 118 ± 15.2 
207 ± 19.7### 

(89.90) 
202 ± 14.9 

(4.26) 

HEMa 250 111 ± 8.73 
212 ± 10.6### 

(94.49) 
192 ± 26.1 

(9.00) 

HEMa 500 122 ± 4.11 
214 ± 28.4### 

(96,33) 

178 ± 22.7* 
(15.63) 

Methotrexate 0.75 114 ± 4.11 
206 ± 28.7### 

(88.99) 
171 ± 25.4* 

(18.95) 

### p< 0.001: significant difference compared with aspartate aminotransferase (AST) levels in healthy control rats for each evaluation period. * p< 0.05, 
** p< 0.01; *** p< 0.001; n = 6: significant difference from arthritic control. HEMa: hydroethanol extract of Malacantha alnifolia. 

3.13 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON ALANINE AMINOTRANSFERASE LEVELS 

On day 0, mean alanine aminotransferase (ALT) levels ranged nonsignificantly from 60.3 ± 9.98 to 67.8 ± 4.43 IU/L. Three days later 
of arthritis induction, the mean ALT levels of all rats showed a significant increase ranging from 19.21 to 42.94% compared with the mean 
ALT levels of healthy control rats. 14th day later, mean ALT levels at doses of 250 and 500 mg/kg bw of rats treated with hydroethanol 
extract of Malacantha alnifolia were significantly reduced (p< 0.05) by 17.61 and 19.84% respectively, compared with the mean ALT 
levels of arthritic rats. Mean ALT levels in methotrexate-treated rats were non-significantly reduced by 12.82% compared with mean ALT 
levels in arthritic control rats (Table 13). 

3.14 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON CALCIUM LEVELS 

On day 0, the mean amount of calcium varied non-significantly from 3.11 ± 0.72 to 4.06 ± 1.61. Three days later of arthritis induction, 
the mean calcium level of arthritic rats increased significantly, from 72.37% to 97.00%, compared with the mean level of healthy control 
rats. 14th day later, calcium levels in rats treated with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg 
bw were significantly reduced (p< 0.01) by 32.85 at 43.33% compared with the mean calcium levels in arthritic control rats. Mean calcium 
content of methotrexate-treated rats was also significantly reduced (p< 0.01) by 47.14% compared with the mean calcium content of 
arthritic control rats (Table 14). 

Table 13. Effect of hydroethanol extract of Malacantha alnifolia on alanine aminotransferase (ALT) levels 

Lots  
(mg/kg bw) 

Mean ALT (IU/L)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

65.5 ± 8.88 68.7 ± 9.36 60.3 ± 12.41 

Arthritic control 
(NaCl 9‰) 

60.3 ± 9.98 
96.5 ± 10.39### 

(40.46) 
89.7 ± 11.54## 

HEMa 125 61.0 ± 5.29 
89.6 ± 9.87## 

(30.42) 
79.6 ± 9.87 

(11.25) 

HEMa 250 64.3 ± 11.4 
93.9 ± 8.65### 

(36.68) 
73.9 ± 8.65* 

(17.61) 

HEMa 500 67.8 ± 4.43 
81.9 ± 10.41# 

(19.21) 
71.9 ± 10.41* 

(19.84) 

Methotrexate 0.75 63.7 ± 5.42 98.2 ± 11.77### 78.2 ± 11.77 
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(42.94) (12.82) 

# p< 0.05; ## p< 0.01; ### p< 0.001: significant difference compared with alanine aminotransferase (ALT) levels in healthy control rats for each evaluation 
period. * p< 0.05, ** p < 0.01; *** p< 0.001; n = 6: significant difference from arthritic control. HEMa: hydroethanol extract of Malacantha alnifolia. 

Table 14. Effect of hydroethanol extract of Malacantha alnifolia on calcium levels 

Lots  
(mg/kg bw) 

Average amount of calcium (IU/L)/(percentage increase or decrease) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

4.87 ± 0.95 4.67 ± 1.01 4.69 ± 0.83 

Arthritic control 
(NaCl 9‰) 

4.16 ± 1.61 
9.2 ± 2.36### 

(97.00) 
10.5 ± 2.14### 

HEMa 125 3.11 ± 0.72 
8.55 ± 2.58### 

(83.08) 
6.55 ± 2.46* 

(32.85) 

HEMa 250 4.01 ± 1.53 
9.06 ± 2.42### 

(94.00) 

6.06 ± 2.67** 
(42.28) 

HEMa 500 3.19 ± 1.77 
8.05 ± 2.51### 

(72.37) 
5.95 ± 2.65** 

(43.33) 

Methotrexate 0.75 3.37 ± 1.61 
8.95 ± 2.39### 

(91.64) 
5.55 ± 2.54** 

(47.14) 

### p< 0.001: significant difference compared with calcium levels in healthy control rats for each evaluation period. * p< 0.05, ** p< 0.01; *** p< 0.001; n 
= 6: significant difference from arthritic control. HEMa: hydroethanol extract of Malacantha alnifolia. 

3.15 EFFECT OF HYDROETHANOL EXTRACT OF MALACANTHA ALNIFOLIA ON PHOSPHORUS LEVELS 

At the start of the experiment, the average amount of phosphorus varied non-significantly from 5.06 ± 2.64 to 6.43 ± 2.84. On day 4 
later of arthritis induction, the mean phosphorus content of all rats showed a significant increase ranging from 115.85 to 142.83% 
compared with the mean phosphorus content of healthy control rats. 14th day later, the mean phosphorus content of rats treated with 
hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw was significantly reduced (p< 0.001) by 21.23 to 
45.89% compared with the mean phosphorus content of arthritic control rats. Mean phosphorus content of methotrexate-treated rats 
was significantly reduced (p<0.001) by 53.49% compared with the mean phosphorus content of arthritic control rats (Table 15). 

Table 15. Effect of hydroethanol extract of Malacantha alnifolia on phosphorus levels 

Lots  
(mg/kg bw) 

Average amount of phosphorus (IU/L)/(percentage increase or reduction) (%) 

Day 0 Day 4 Day 14 

Healthy control 
(NaCl 9‰) 

5.93 ± 1.58 5.93 ± 1.58 6.07 ± 1.67 

Arthritic control 
(NaCl 9‰) 

6.18 ± 2.13 
14.1 ± 2.13### 

(137.77) 
14.6 ± 2.67### 

HEMa 125 5.96 ± 2.53 
13.9 ± 2.53### 

(134.40) 
11.5 ± 2.10* 

(21.23) 

HEMa 250 6.43 ± 2.84 
14.4 ± 2.84### 

(142.83) 
10.1 ± 1.97** 

(30.82) 

HEMa 500 5.71 ± 2.51 
13.5 ± 2.51### 

(127.65) 
7.90 ± 2.27*** 

(45.89) 

Methotrexate 0.75 5.06 ± 2.64 
12.8 ± 2.64### 

(115.85) 
6.79 ± 2.23*** 

(53.49) 

### p< 0.001: significant difference compared with phosphorus levels in healthy control rats for each evaluation period. * p< 0.05, ** p< 0.01; *** p< 
0.001; n = 6: significant difference from arthritic control. HEMa: hydroethanol extract of Malacantha alnifolia. 

4 DISCUSSION 

In this study, arthritis, a chronic inflammatory joint disease, was induced experimentally in rats using formaldehyde diluted to 2.5%. 
Injection of formaldehyde causes localized inflammation and pain in a 1st phase with the release of inflammatory mediators, followed 
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by another phase involving inflammatory systems [23]. This late phase produces a proliferative joint inflammation that is responsible for 
joint changes similar to those seen in rheumatoid arthritis [24]. In addition, chronic inflammation involves the release of numerous 
destructive mediators such as cytokines, interferons, histamine, prostaglandins, leukotrienes [25], platelet-activating factor, nitric oxide 
and tumor necrosis factor [26]. According to [27], these mediators are responsible for the presence of edema, persistent pain and 
destruction of cartilage and bone, and severe disability in animals. 

Results reported in tables 1, 2 and 3 showed the presence of arthritic signs and inflammation with elevated scores in arthritic control 
lots compared to healthy control rats. Indeed, in this model, inflammation was established on days 1 and 3, leading to chronic 
inflammation. This chronic inflammation could lead to the presence of cells destroying the functional integrity of the animal’s right hind 
leg [28]. However, after treatment with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, reduction 
of signs of this pathology was observed. The hydroethanol extract of Malacantha alnifolia has anti-arthritic properties similar to 
methotrexate in the treatment of this pathology. These results are similar to those obtained by [17]. These authors showed that aqueous 
extract of Pleurotus ostreatus at doses of 100 and 300 mg/kg bw reduced the thickness of the paw rendered arthritic by formalin. Three 
days later of arthritis induction, body weight of arthritic rats decreased significantly. In fact, the injection of formaldehyde into the rat’s 
leg resulted in a loss of body weight in arthritic rats, which would be due to a change in their metabolic activity, since, according to [29], 
the change in rat body weight also occurs during the arthritic experimental period. However, ten days later of treatment, the mean body 
weight of rats treated with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw increased significantly. 
These results are similar to those of [30], who showed that the loss of body weight obtained after three days of arthritis induction was 
restored by the aqueous extract of Kirganelia reticulata. In terms of white blood cells, three days later of arthritis induction, the number 
of white blood cells increased significantly (p< 0.001) compared with healthy control rats. In fact, injection of formaldehyde triggered 
inflammation resulting in the active release of leukocytes, which would maintain the defensive activity of the host defense system [31]. 
After treatment with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, white blood cell counts were 
significantly reduced (p< 0.05) compared with arthritic control rats. These results are similar to those obtained by [32]. These authors 
showed that aqueous extract of Enicostemma axillare restored white blood cell counts. 

Erythrocyte counts during arthritis induction with 2.5% formaldehyde decreased three day later induction. This average red blood 
cell count showed a maximum and significant (p< 0.05) decrease of 16.62% compared with the red blood cell count of healthy control 
rats. Indeed, according to [33], a cell’s survival depends on the integrity of their membrane. Thus, exposure of the red cell membrane to 
a harmful substance such as formaldehyde could lead to reactions that would participate in red cell lysis. Ten days later of treatment 
with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, the red blood cell count was virtually restored. 
These results are similar to those obtained by [32]. These authors showed that the aqueous extract of Enicostemma axillare restored red 
blood cell counts. Three day later arthritis induction, mean platelet count and sedimentation rate increased significantly (p< 0.01) 
compared with healthy control rats. Platelets are known to play a role in hemostasis and local vasoconstriction. In addition, formalin 
induced inflammation by activating factor XII, with proteolysis cascades leading to the production of fibrin from fibrinogen, triggering 
coagulation [34]. Thus, the increase in fibrinogen could be one of the causes of the increase, on the one hand, in the sedimentation rate, 
and on the other, in the platelet count. However, 14th day later of treatment with hydroethanol extract of Malacantha alnifolia at doses 
of 125, 250 and 500 mg/kg bw, the mean platelet count and sedimentation rate of treated rats were significantly reduced compared 
with arthritic control rats. Treatment of rats with hydroethanol extract of Malacantha alnifolia restored these parameters. These results 
are similar to those obtained [17], who showed that aqueous extract of Pleurotus ostreatus at doses of 100 and 300 mg/kg bw restored 
platelet count and sedimentation rate in their work. 

4th day later of arthritis induction, mean numbers of total protein and albumin decreased significantly. In fact, formalin injection led 
to a decrease in total protein and albumin levels. This decrease in the level of these proteins could be due to denaturation and structural 
degradation of the proteins after formaldehyde injection [35,36] On the other hand, after 10 days’ treatment with hydroethanol extract 
of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, total protein and albumin levels were restored. These results are similar 
to those obtained by [37]. These authors showed that the aqueous extract of Murraya exotica restored total protein and albumin levels. 

Three days later of arthritis induction, arthritic rats showed significant increases in AST, ALT and ALP compared with healthy controls. 
The increase in these enzymes may be due to increased synthesis of inflammatory mediators by the liver. These enzymes present at very 
high concentrations in the liver can also elicit the presence of hepatocellular damage [38]. Indeed, formaldehyde injected into the rat’s 
right hind leg triggered systemic inflammation following a complex enzymatic reaction process [39]. However, after treatment with 
hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, these parameters were restored. These results are 
similar to those obtained by [37]. These authors showed that aqueous extract of Murraya exotica restored AST, ALT and ALP levels. 
Calcium and phosphorus levels in arthritic rats were significantly higher than in healthy control rats. Mineralization is a process that 
requires calcium and phosphate ions, and involves small vesicles rich in osteoblasts, a reservoir of calcium and phosphate [40]. The 
destruction of bone tissue leads to the loss of certain bone tissues in the form of bone erosion by increasing plasma mineralization 
[41,42]. After treatment with hydroethanol extract of Malacantha alnifolia at doses of 125, 250 and 500 mg/kg bw, calcium and 
phosphorus levels were restored. These results are similar to those obtained by [43]. The latter showed that methanolic extract of 
Barleria lupulina at 300 and 600 mg/kg bw restored calcium and phosphorus levels. 
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5 CONCLUSION 

Results showed that the hydroethanol extract of Malacantha alnifolia caused a reduction in signs of arthritis, decreases in white 
blood cell count, platelet count and sedimentation rate, as well as decreases in ALT, AST, ALP, calcium and phosphorus levels, and 
increases in rat body weight and red blood cell count previously increased or decreased in the presence of formaldehyde. The 
hydroethanol extract of Malacantha alnifolia has remarkable anti-arthritic properties similar to those of methotrexate. 
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