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Abstract: Malic acid is an organic dicarboxylic acid commonly found in vegetables and fruits. Gouty 

inflammation is a disease characterized by the accumulation of monosodium urate (MSU) crystals 

around the tissues and joints. Hence, the current study has been conducted to evaluate the anti-

inflammatory efficacy of the malic acid against the potassium oxonate (PO) induced animal model. The 

hematological, biochemical, and histopathological analyses were carried out to evaluate the efficacy of 

malic acid in treating gouty inflammation. The elevated levels of various biological markers such as 

liver injury markers (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, 

bilirubin), renal function markers (urea, creatinine, uric acid), inflammatory markers (C-reactive protein 

and rheumatoid factors) and blood markers (hemoglobin, erythrocyte sedimentation rate) and white 

blood cells were observed in PO induced rats. Histological analysis also revealed inflammation in the 

ankle joint of PO-treated rats. The malic acid (25,50,100mg/kg bwt) treatment made the rats regain the 

biological markers near to their normal values. It was revealed that the malic acid had potential anti-

gouty inflammatory activity against PO induced rat model. Hence, malic acid can be proposed as an 

excellent drug molecule with detailed examinations.  
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1. Introduction 

Gout is an inflammatory disease which is featured by the accumulation of monosodium 

urate (MSU) crystals around the tissues and joints [1]. Formation of the MSU crystal is the 

consequence of the elevated level of uric acid in body fluid, and this clinical condition is known 

as hyperuricemia [2]. The MSU crystal deposition induces the inflammatory cascade and 

released pro-inflammatory mediators when the tissue macrophage recognizes it. These 

mediators activated the cytokines, followed by the release of an excess amount of neutrophil 

into the synovium and affected tissues, thereby inducing inflammation-mediated clinical 

complications such as joints destruction, tissue damage, etc. [3,4]. Gout is associated with 

many risk factors, including kidney dysfunction, cardiovascular dysfunction, diabetes, 

hypertension, and other comorbid conditions [5–7]. A combined treatment strategy (blood 

urate-lowering treatment and the use of anti-inflammatory drugs) is currently effective against 

gouty inflammation and its associated diseases [8]. Various anti-inflammatory drugs 

(colchicine, nonsteroidal anti-inflammatory drugs, and glucocorticoids ) used to treat gouty 

inflammation exerts severe side effects such as renal toxicity or gastrointestinal bleeding, etc. 
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[9–11]. Hence, a better drug alternative with good efficacy and fewer side effects is a better 

choice for the treatment. 

Natural biomolecules have boundless unexplored biological activities, and many are 

currently considered as lead drug molecules [12]. Malic acid is an organic dicarboxylic acid 

commonly found in vegetables and fruits. It is an inevitable component in the food, beverage, 

cosmetics industry and is used as a taste enhancer, food acidulant, and food preservative 

[13,14]. The malic acid, its combined form with citric acid and succinic acid, exhibited 

antithrombotic, antiplatelet, antiproliferative, antixerostomia activities, and protective effect on 

myocardial ischemia/reperfusion injury [15–18]. The anti-inflammatory effect of malic acid in 

association with gout is not well studied yet. The present work focused on examining the anti-

gouty inflammatory activity of malic acid in a potassium oxonate-induced animal model.  

2. Materials and Methods 

2.1. Chemicals. 

Malic acid was purchased from Sigma-Aldrich (Spruce Street, St. Louis, MO, USA). 

The potassium oxonate was procured from Sigma-Aldrich (Spruce Street, St. Louis, MO, 

USA). All other chemicals used were of analytical grade, and ultrapure water was used for the 

study. 

2.2. Experimental animals.  

Male Wistar rats were procured from the small animal breeding station (SABS), Kerala 

Veterinary and Animal Sciences University, Mannuthy, Thrissur, Kerala.  The animals were 

maintained in polypropylene cages under controlled room temperature (22±2°C) and humidity 

(55±5%) with a 12 h light and 12 h dark cycle. All the rats were fed with normal rat pellet 

obtained from VRK’s Scientists' choice laboratory animals feed- VRK Nutritional solutions, 

Maharashtra, India. The water was provided ad-libitum throughout the experimental period. 

The study protocol was approved by the Institutional Animal Ethical Committee, School of 

Biosciences, Mahatma Gandhi University (Reg. No. IAEC No: 23092019-2) according to the 

Government of India accepted principles for laboratory animals' use and care. 

2.3. Experimental design. 

Wistar rats (130–150 g) were randomly divided into six groups, and each group 

contained six rats. 

Group I: Normal control (NC) 

Group II: Potassium oxonate (PO) treated disease control (250 mg/kg bwt intraperitoneally) 

Group III: PO+Indomethacin (3mg/kg bwt orally) 

Group IV: PO+ malic acid (25mg/kg bwt orally) 

Group V: PO+ malic acid (50mg/kg bwt orally) 

Group VI: PO+ malic acid (100mg/kg bwt orally) 

The PO, indomethacin, and malic acid were administrated once a day for the 28 days 

of the experimental period.  
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2.4. Experimental parameters. 

The blood (white blood cell count (WBC), hemoglobin content (Hb), erythrocyte 

sedimentation rate (ESR)), renal (creatinine, blood urea nitrogen (BUN), blood urea, uric acid, 

etc.) and liver functional (aspartate transaminase (AST), alanine transaminase (ALT), alkaline 

phosphatase (ALP), total bilirubin) markers were analyzed using standard diagnostic kits 

procured from Span Diagnostics Limited, Surat, India. The inflammatory markers such as C- 

reactive protein(CRP) and Rheumatoid factor (RF) were measured by using DiaSys Diagnostic 

kit (Germany). UV–Vis spectrophotometer (U-5100, Hitachi High Technologies, America, 

Inc.) was used for the absorbance measurement. The histopathological changes associated with 

gouty inflammation in the ankle joints were examined using the hematoxylin and eosin (H&E) 

staining.  

2.5. Statistical analysis. 

The statistical analysis was made using the GraphPad Prism© version 5.03 for 

Windows (GraphPad Software, San Diego, CA, USA). All the data have been expressed as 

mean ± standard deviation. The statistical significance between the groups was analyzed by 

One way- ANOVA. The P-value less than 0.05 (P < 0.05) was considered significant. 

3. Results and Discussion 

Gout is a systemic inflammatory disease caused by the deposition of monosodium urate 

crystals in the joints [19]. The socio-economic burden of gout and related diseases is gradually 

increasing, with an estimated global prevalence rate of 1% to 6.8% [20]. The elevated level of 

uric acid in the body fluid initiates the MSU crystal formation [21]. When the macrophage 

recognizes the MSU crystals, it activates the NLRP3 inflammasomes and pro-inflammatory 

cytokines [22]. The matured pro-inflammatory mediator (IL-1β) induces the influx of 

neutrophils infiltration into the inflamed site [23]. This inflammatory cascade led to clinical 

complications such as pain, swelling, tissue damage, and joint distortion [24,25]. Lowering 

urate levels and using anti-inflammatory drugs combined is the effective treatment strategy 

adopted nowadays to manage gouty inflammation. Using drugs such as allopurinol, 

corticosteroid, and nonsteroidal anti-inflammatory drugs to treat gout has some adverse side 

effects [26]. Hence, the current study examines the anti-gout activity of malic acid against the 

potassium oxonate-induced gouty inflammation in the animal model. The results obtained from 

the current study revealed that the malic acid exerts potential anti-gouty inflammation activity.  

Abnormal levels of creatinine, BUN, blood urea and uric acid were found in body fluids 

when the kidneys are not functioning properly or if there is any damage to the kidneys [27]. 

Such conditions are a cautionary sign of many diseases, the most important of which is 

inflammation. The elevated uric acid levels can cause hyperuricemia, a metabolic disorder that 

can lead to other related diseases like gouty arthritis etc. [28]. Experimental rats were found to 

have elevated creatinine levels, BUN, blood urea, and uric acid due to PO treatment. In the 

present study, we found that renal function markers elevated in the disease were retained near 

to its normal levels upon treatment with malic acid (25, 50, 100mg/kg bwt concentrations) 

(Figure 1,2). Based on these results, it can be said that malic acid has the ability to restore the 

normal functioning of the kidneys. 

Group II showed significantly (P < 0.05) higher levels of liver function markers (AST, 

ALT, ALP, and Bilirubin) of liver functions compared to the normal group. With the treatment 
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of standard drug and malic acid, the level of liver function markers decreased and came close 

to the normal level (Group III to Group VI) (Figure 2,3). The liver plays a significant role in 

the metabolic process. It is adequate to check the level of the liver function markers in serum 

to evaluate the functional aspect of the liver. The elevated liver function markers such as AST, 

ALT, ALP, and total bilirubin in serum were considered as an indication of abnormal liver 

functioning or liver injury [29]. The abnormal levels of liver function markers were found in 

rats treated with PO. In addition, it reduced near the normal range in rats treated with malic 

acid.  

Hematological parameters such as ESR, Hb, and WBC count were found to be elevated 

in rats induced with potassium oxonate. After treatment with malic acid, the concentration of 

hematological parameters was found to be near to its normal level. (Table 1). The ESR, Hb 

level and WBC count are the important hematological parameters associated with 

inflammation. Hematological markers are found in higher levels in body fluids when there is 

any tissue injury or inflammation[27]. In the present study, rats treated with PO increased their 

ESR, Hb, and WBC levels. However, in PO-induced rats treated with malic acid, the level of 

hematological markers was found to be lower and closer to the normal range. These findings 

strengthen the anti-inflammatory properties of malic acid.  

Increased levels of inflammatory markers such as CRP and RF were observed in the 

potassium oxonate treated groups. Treatment with malic acid found that the level of 

inflammatory markers decreased close to its normal (Figure 4, 5). The CRP and RF are 

considered to be an important biomarkers of inflammatory diseases[30]. In this clinical 

condition, pro-inflammatory cytokines (IL-6) cause high levels of CRP and RF in the blood. 

Higher levels of RF and CRP in PO-induced rats were observed in the present study. These 

elevated levels of  RF and CRP got back near to its normal value after the treatment with malic 

acid. 

 

Figure 1. Effect of malic acid on urea and BUN in different experimental groups. Values are expressed Mean ± 

SD value, n = 6 in each group. a and b represent the statistical difference with a normal group and statistical 

difference with disease group, respectively (P < 0.05). 

The outer dense connective tissue and the inner layer of the synovial membrane (SM) 

in the joint capsule are usually found in the ankle joint of the normal experimental rat. A thin 

layer of synovial epithelium that overlying the connective tissue (CT) was observed in the 
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normal rats. In the event of an injury or other inflammation in the ankle, it affects the normal 

function and structure [31]. The important characteristic feature of gouty inflammation is the 

hyperplastic synovial membrane and the inflammatory cell infiltration. Potassium oxonate-

induced rats were found to have a thicker synovial membrane (synovial hyperplasia (SH)) and 

moderate inflammatory cell infiltration in the ankle. The treatment with malic acid retained the 

normal structure of tissues compared with the histological changes in the PO-induced group. 

The malic acid-treated group exhibited a normal structure of the synovial membrane, joint 

cavity, chondrocytes, trabecula, and connective tissue (Figure 6). These results revealed the 

anti-gouty inflammatory activity of malic acid. 

 

Figure 2. Effect of malic acid on creatinine, uric acid and bilirubin in different experimental groups. Values are 

expressed Mean ± SD value, n = 6 in each group. a and b represent the statistical difference with a normal group 

and statistical difference with disease group, respectively (P<0.05). 

 

Figure 3. Effect of malic acid on liver function markers in different experimental groups. Values are expressed 

Mean ± SD value, n = 6 in each group.  a and b represent the statistical difference with a normal group and 

statistical difference with disease group, respectively (P < 0.05). 
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Figure 4. Effect of malic acid on CRP in different experimental groups. Values are expressed mean ± SD value, 

n = 6 in each group. a and b represent the statistical difference with a normal group and statistical difference with 

disease group respectively (P < 0.05). 

 

Figure 5. Effect of malic acid on RF in different experimental groups. Values are expressed mean ± SD value, n 

= 6 in each group. a and b represent the statistical difference with a normal group and statistical difference with 

disease group, respectively (P < 0.05). 

Table 1. Hematological parameters evaluation in different experimental groups. 
Experimental groups ESR  

(mm/hr) 

Hb  

(g/dL) 

Leukocytes 

(x103/μL) 

Group-I 1.18±0.01 17.32±0.01 5.65±0.03 

Group-II 5.34±0.01a 15.24±0.02 a 17.34±0.03 a 

Group-III 2.36±0.01 ab 16.94±0.01 ab 8.24±0.02 ab 

Group-IV 4.83±0.02 ab 15.70±0.07 ab 13.29±0.04 ab 

Group-V 3.43±0.02 ab 16.46±0.02 ab 11.21±0.06 ab 

Group-VI 2.25±0.03 ab 16.91±0.01 ab 8.08±0.05 ab 

Values are expressed mean ± SD value, n = 6 in each group.  a and b represent the statistical difference with a 

normal group and statistical difference with disease group, respectively (P < 0.05). 
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Figure 6. Histological evaluation of synovium in different experimental groups. SM: Synovial Membrane, JC: 

Joint Cavity, CC: Chondrocytes, T: Trabecula, SH:Synovial Hyperplasia, IN: Inflammation, CT: Connective 

Tissue. . A: Group I; B: Group II; C: Group III; D: Group IV; E: Group V; F: Group VI. 

4. Conclusions 

Based on the current findings, it can be concluded that malic acid can normalize the ill 

effects associated with gouty inflammation to an extent. The properties exhibited by malic acid 

made it be used as an enviable component in our daily diet. Suppose the detailed studies (the 

molecular level mechanism and other pharmacological evaluation) are successful. In that case, 

the malic acid will prove its efficacy to act as a promising therapeutic agent for gout and its 

associated diseases. Hence these studies could be a great relief for those who are the victim of 

such diseases. 
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