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ABSTRACT 
Gouty arthritis is caused due to the accumulation of uric acid crystals in joints which is the by-product of purine 
metabolism in our body. The elevated level of uric acid in the blood is known as hyperuricemia that may results 
in deposition and inflammation of joints. This research experiment has examined the protective effect of Bacopa 
monnieri, an herb against the monosodium urate crystal-induced gouty arthritis in female Wistar albino rats. The rats 
were divided into four groups with six rats in each group. Group-I was normal control rats, group-II rats were induced 
with monosodium urate crystal, group-III was administrated with B. monnieri in monosodium urate crystal-induced 
rats, and group-IV was administrated with indomethacin in monosodium urate crystal-induced rats. The rats were 
examined for liver enzyme markers, antioxidant assays, and paw histopathology. The results of B. monnieri were 
compared with that of standard drug indomethacin. The symptoms of arthritis, such as the elevation of paw volume, 
increased liver enzyme markers, decreased antioxidant enzymes, and histopathological changes, were found to be 
reversed to the normal level by the treatment with B. monnieri which is due to its anti-inflammatory properties. As 
conclusion, B. monnieri has shown its anti-arthritic properties against gouty arthritis.

INTRODUCTION
Bacopa monnieri is also known as Herpestis monniera, 

locally popular as Brahmi or Jalanimba in India. It is widely 
treasured as the modernized herb that was used by Ayurvedic 
medical practitioners for about 3,000 years (Mukherjee and Dey, 
1966).The herb is found all over the Indian subcontinent in watery 
and swampy places (Nadkarni and Nadkarni, 1976). For centuries, 
the herb has been used in Ayurvedic medical system as a sensory 
organ replenisher, brain and cardiotonic, enhancing memory power, 
and as antiepileptic drugs and an antidepressant (‘Bacopa monniera. 

Monograph’, 2004; Chopra et al., 1956). The nootropic functions of 
Bacopa has been described and studied extensively on memory and 
cognition (Kongkeaw et al., 2014; Neale et al., 2013). The main 
compounds that are responsible for the pharmacological effects 
of the herb include sterols, saponins, and alkaloids, while other 
alkaloids like nicotine and herpestine have been reported (Chopra  
et al., 1956; Dhawan, 2015). It has been found that the main chemical 
compound responsible for neuropharmacological effects, cognitive 
enhancement, and antiamnestic effect of the herb is bacoside A, 
assigned as 3-(a-L-arabinopyranosyl)-O-b-D-glucopyranoside-10, 
20-dihydroxy-16-keto-dammar-24-ene (Gubbannavar et al., 2013).

Gout is a disease caused by the reduction in uric acid 
excretion due to disorder in purine metabolism which is induced 
either by acquired or genetic factors. Excess uric acid in the blood, 
deformities in the joints, and chronic gouty arthritis are the medical 
characteristics of gout. With the developing living standards, 
the predominance of this disease has developed gradually 
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(Chilappa et al., 2010). Gouty arthritis (GA) is a painful condition 
due to crystallization of urate in joints and soft tissue, resulting 
in the elevation of uric acid in the body (Bhansing et al., 2010). 
About 8.3 million of older men and women were estimated to 
have been affected in USA (Zhu et al., 2011). GA if left untreated, 
leads to a chronic stage characterized by continuous inflammation 
and visible monosodium urate (MSU) accumulation known as 
tophi, resulting in permanent damage of the joints, erosion in 
bone, and significant disability (Doherty et al., 2012; Richette and 
Bardin, 2010). The management of GA is to prevent new crystal 
formation and to dissolve the existing crystal, which is attained 
by using urate-lowering therapy aimed for keeping up the serum 
uric acid below the saturation point for MSU. The manifestations 
are controlled by using anti-inflammatory therapy, including non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and 
colchicine (Zhang et al., 2006). Although these drugs are effective, 
many patients with GA are found to have disorders due to GA 
medications and correlated contraindications to the regularly 
available medications (Chuang et al., 2011; Keenan et al., 2011). 
It has also been found that some patients fail to respond and/or are 
incompliant to the available standard anti-inflammatory treatment 
leading to the complexity of maintaining gouty flares. “Difficult to 
treat” GA are those patients with repeated gouty flares for whom 
colchicines, NSAIDS and corticosteroids cannot be used for the 
treatment (Neogi, 2010; So et al., 2010; Schlesinger, 2011). GA 
initially is the periodic chapters for men as monoarticular arthritis 
and in women as oligoarticular arthritis in post menopause 
and subsequent flares in men. In men, monoarticular arthritis 
and in female, oligoarticular arthritis are commonly known 
GA. The frequency and severity of flares may increase if left 
untreated (Hoffmeister et al., 2014; So et al., 2010; Schlesinger 
et al., 2011). The rising predominance of GA is because of the 
increased established risk factors, such as the use of diuretics 
and cyclosporine, conditions such as hypertension and diabetes 
(Klemp et al., 1997; Roubenoff et al., 1991; Tykarski, 1991; Zaka 
and Williams, 2006). The best dependable diagnostic criterion for 
GA is the presence of double refraction. In the synovial fluid of 
the joint, needle-shaped urate crystals were observed when viewed 
under a polarizing microscope; the clinicians are unwilling to 
perform these diagnostic criteria as a joint puncture; therefore, 
the proper clinical diagnosis is by imaging procedures. In order 
to detect the joint effusion, increased cell number, bone and soft 
tissue lesions high-frequency ultrasound is used (Chowalloor and 
Keen, 2013; Zhang et al., 2018). The search for better drug in 
treating arthritis without side effect had paved a way to assess the 
herbal plant in finding its effectiveness as an anti-inflammatory 
agent. Therefore, the aim of the study is to analyze the effect of B. 
monnieri in treating the arthritis induced by MSU in female Wistar 
albino rats.

MATERIALS AND METHODS

Animals
Albino Wister female rats weighing approximately 

150–200 g were obtained from the Animal house, VIT, Vellore, 
Tamil Nadu, India. These rats were maintained under, humidity-
controlled room with 12 hours of light and 12 hours of dark cycles 
at temperature of 30˚C–35˚C. The rats were randomly taken and 

divided into control and experimental groups and provided with 
normal standard diet and maintained in different cages. Animals 
utilized as a part of this study were dealt with and watched over 
as per the rules prescribed by the Committee for the purpose of 
Control and Supervision of Experiments on Animals (CPCSEA), 
Ministry of Culture, Government of India, and (CPCSEA) Tamil 
Nadu, Chennai. The Institutional animal ethical committee 
VIT affirmed the test convention followed in this study (VIT/
IAEC/10th/March 14th/No.22). The research work on the animal 
model was carried out in VIT animal house and the total duration 
of animal study is 3 days 

Drug: The commercially available B. monnieri (dry 
powder) was purchased from Himalayan Drug Company, 
Bangalore, India. Fifty grams of B. monnieri was dissolved in 
100 ml of distilled water and vortexed for 10 minutes and process 
was repeated three times before use. 0.5 ml of a drug was orally 
administrated after 1 hour of incorporating the test animals with 
MSU crystals in their paw.

Preparation of MSU crystal
Four grams of uric acid was dissolved in 800 ml of water 

and pH was adjusted to 8.9 using 0.5 N NaOH. The solution was 
heated at 60°C and cooled overnight in a cold room at 4°C, then 
it was washed and dried. Needle-like MSU crystals obtained were 
examined under the microscope and suspended in clean saline at a 
concentration at 20 mg/ml. 

Indomethacin (positive control)
Indomethacin was purchased from Tamilnadu Dadha 

Pharmaceuticals Ltd., Chennai, India. It was dissolved in 2% gum 
acacia solution and orally administrated at the dosage of 3 mg/
kg/b.wt after 1 hour infusion of MSU crystal. It was repeated for 
3 days. 

Monosodium urate crystal-induced inflammation in rats
The animals were divided in following four groups:

 Group I: Normal control (2 ml of sterile saline was 
injected intraperitoneally)
 Group II: 0.2 ml (4 mg) of MSU crystal was administrated 
intradermally at right foot, inflammation was induced 
(body yellow).
 Group III: MSU crystal-induced rats were orally 
administrated with 0.5 ml/kg/b.wt and B. monnieri for 
3 days
 Group IV: MSU crystal-induced rats were orally 
administrated with 3 mg/kg/b.wt indomethacin for 3 
days.

The separate rat groups were treated orally with B. 
monnieri and indomethacin for 3 days and after completion of 
each 24 hours, the weight of the rats and the swelling of the rat’s 
leg were checked and noted. 

Examination of paw inflammation
For the evaluation of paw inflammation, the thickness of 

the paw was measured using Vernier caliber and measurement was 
taken every 24 hours within interval of 3 days. 
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Tissue collection and homogenate preparation
At the end of 72 hours, the rats were given chloroform 

(anesthesia) and sacrificed by euthanasia. The liver, spleen, 
and kidney were removed from all the rats and homogenate 
were prepared using homogenizer. Blood from all the rats was 
collected and serum was isolated for all the biochemical studies. 
The tissue homogenate of liver, spleen, and kidney were used for 
assaying liver enzyme marker levels, antioxidant enzyme levels, 
histopathology of skin and bone.

Effect of B. monnieri on antioxidant enzymes of MSU crystal 
induced gouty arthritis rats

Superoxide dismutase (SOD) activity was tested using 
the protocol followed by Marklund and Marklund ( 1974). SOD 
is a first-line defense antioxidant and this will act and prevent the 
generation of free radicals in cells. Catalyst test was proceeded 
based on a standardized method by Sinha (1972) and catalase 
activity was measured.

Effect of B. monnieri on Lipid peroxidation of MSU crystal 
induced gouty arthritis rats

Lipid peroxidation (LPO) activity was measured using 
Ledwozyw’s method ( 1986). Lipid peroxidation is the oxidative 
degradation of lipids. This process will cause cell damage by 
taking electrons from lipids in the cell membrane.

Effect of B. monnieri on Liver enzyme markers of MSU crystal 
induced gouty arthritis rats

ALT (Alanine transaminase) is a transaminase 
enzyme. It is also called as ALT (Alanine aminotransferase) 
and serum glutamate-pyruvate or pyruvic transaminase. ALT 
catalyzes the transfer of an amino group from L-alanine to 
α-ketoglutarate, the products of this reversible transamination 
reaction being pyruvate and L-glutamate and is mostly found 
in liver. AST (Aspartate transaminase) is apyridoxal phosphate-
dependent transaminase enzyme. It is also called aspartate 
aminotransferase and serum glutamic oxaloacetic transaminase. 
AST catalyzes the transfer of amino group between L-Aspartate 
and α Ketoglutrate to form Oxaloacetate and Glutamate and 
found in the liver, heart, skeletal muscle, kidneys, brain, and 
RBC. 

ALP (alkaline Phosphatase) hydrolysis p-Nitrophenly 
phosphate to form p-Nitrophenol and phosphate. The rate of 
formation of p-Nitrophenol is measured as an increase in absorbance 
which is proportional to ALP activity in the sample.

Histopathological examinations
The Portion of the ankles was dissected soon after 

sacrificing the rats and washed with phosphate buffer then 
placed in 10% formalin. Using isopropanol followed by xylene, 
the samples were washed and dehydrated. Before sectioning the 
tissue, sample was embedded with paraffin wax. The sections 
(5 µm) were examined under the microscope by staining with 
Hematoxylin and Eosin stains for histological examination.

Statistical analysis
The mean of the data obtained from each group was 

determined and differences in the mean of each group were 
statically expressed in mean ± SD. Analysis of variance (ANOVA) 
was performed followed by Student Newman–Keul’s test to 
determine the significant (p < 0.05) difference between the groups.

RESULTS

Observation of paw swelling and inflammation in MSU crystal 
induced Gouty arthritic rats

Table 1 shows the results of the measurement of paw 
inflammation in rats. Paw swelling of rats of all the four groups 
was checked on everyday basis until the day of sacrifice. Paw 
swelling was considered as a measure of paw inflammation. Paw 
swelling was observed significantly higher (p < 0.05) in Group II 
rats as compared to Group I. Paw swelling in B. monnieri treated 
rats was observed to normalize the swelling caused by MSU 
crystal which was similar to the level of normal control rats. The 
results of B. monnieri were compared with that of standard drug 
indomethacin.

Assessment of body weight of rats
Table 1 shows the results of measurement of body 

weight of rats. Body weights of Group II rats were found to be 
reduced and compared to Group I rats. After the treatment with B. 
monnieri, the rats regained their body weight nearly to the normal 
level which was better than standard group. 

Table 1. Results for the assessment of paw inflammation and body weight in rats.

Parameters Day Group I (normal 
control)

Group II (MSU 
induced)

Group III (MSU + 
Bacopa)

Group IV (MSU + 
Indomethacin)

Body weight 1st 212 ± 0.94 180 ± 1.37b* 215 ± 1.28b* 200 ± 1.37b*c*

2nd 214 ± 2.46 186 ± 1.97a* 219 ± 2.03a*b* 202 ± 1.99b*

3rd 217 ± 1.90 189 ± 1.83a* 223 ± 2.34a* 204 ± 1.38b*

Paw swelling 1st 0.54 ± 0.06 0.94 ± 0.09a* 0.60 ± 0.03b* 0.73 ± 0.06c*

2nd 0.58 ± 0.05 0.89 ± 0.02a* 0.61 ± 0.02a*b* 0.69 ± 0.06a*b*c*

3rd 0.56 ± 0.06 0.98 ± 0.01a* 0.64 ± 0.02a*b* 0.75 ± 0.04a*b*c*

The values are expressed as mean ± S.D. Six Animals in a group where comparisons represented as: a. group I vs. 
group II, III and IV; b. group II vs. group III and IV; c. group III vs. group IV. Statistical analysis was performed 
by one-way ANOVA used by Student’s Newman–Kuel’s test. The symbols (*) indicates statistical significance  
(p < 0.05) between the groups.
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Effect of B. monnieri on the serum levels of liver enzyme 
markers in MSU crystal induced Gouty arthritic rats

Table 2 shows the results for the assessment of serum 
levels of liver enzyme markers. Serum levels of liver enzyme 
markers in Group II rats were found to be significantly higher  
(p < 0.05) than normal. While in Group III treated rats, the 
alteration caused by MSU was decreased by the treatment of B. 
monnieri that was almost in normal levels on all these enzymes. 
Bacopa monnieri was better in normalizing the level of serum 
markers than the rats treated with indomethacin.

Effect of B. monnieri on the antioxidant enzyme activities in 
MSU induced rats

Table 2 shows the results of the evaluation of levels of 
antioxidant enzymes in serum, liver, and kidney samples of rats. 
Antioxidant enzyme levels in rats were analyzed by obtaining 
the samples of liver, kidney, and the serum of rats from all the 
four groups. The activities of antioxidant enzymes were found 
to be normal in Group I rats in liver, kidney, and serum. The 
levels of these enzymes were reduced significantly (p < 0.05) 
in Group II rats. In B. monnieri treated rats, antioxidant enzyme 
levels were recovered to normal from the inflammation caused 
by MSU crystal; this indicates the efficiency of B. monnieri 
in reducing the oxidative stress. Table 2 shows the results of 
lipid peroxidation levels in serum, kidney, and liver samples of 
rats. Lipid peroxidation levels were found significantly higher  
(p < 0.05) in liver, kidney, and serum samples of Group II, whereas 
in Group III, reduced levels of lipid peroxidation were found 
reflecting the antioxidant capacity of the test drug in treating the 
inflammation of MSU crystal.

Results of histopathological analysis
Figures 1 and 2 shows the results of histopathological 

analysis of skin and bone tissues in rat foot, respectively. Skin 
and bone tissues of the foot of rats from each experimental group 
were stained with hematoxylin and eosin and then observed under 

the microscope. Normal morphology of skin and bone tissues was 
observed in control rats (Fig. 1a and Fig. 2a). In MSU-treated rats 
(Fig. 1b and Fig. 2b), hemorrhage was observed in subcutaneous 
tissues of skin, while diminishing joint space and deformed 
articular cartilage was observed in bone tissues representing the 
arthritic effect of MSU crystals in rats. In Group III (Fig. 1c and 
Fig. 2c), it was found that B. monnieri was successful in recovering 
the normal skin morphology; joint spaces, articular cartilage also 
appeared normal indicating the anti-inflammatory effect of B. 
monnieri.

DISCUSSION
Inflammation of the paw by MSU crystals was found to 

be reduced upon administering B. monnieri. MSU crystal-induced 
paw swelling was also observed in other studies (Dinesh and 
Rasool, 2017). The effect of the test drug was compared with the 
standard drug Indomethacin. Administration of MSU crystals to 
Wistar rats resulted in an increase in lipid peroxide, which could 
be due to its release from monocytes and neutrophils during 
inflammation, which remained concealed in the liver of MSU 
treated rats due to decreased levels of hepatic cytochrome P-450 
(Martin et al., 2009). The similar result of MSU crystal was also 
observed in other studies (Dhanasekar and Rasool, 2016). The 
increased levels of lipid peroxide could also be due to its release 
into the bloodstream from the liver, resulting in its increased 
levels in the serum. Increase in lipid peroxide levels resulted in a 
decrease of antioxidants, such as SOD, catalase, and glutathione 
peroxidase in the MSU crystal-treated rats. The similar activity of 
MSU was also observed in other studies on MSU crystal (Ruiz-
Miyazawa et al., 2018). Treatment of the rats with B. monnieri 
helped bring down the MSU-induced lipid peroxide levels 
and increase the antioxidant levels closer to the normal range. 
Elevated liver enzyme markers indicate inflammation or damage 
to the hepatocytes (Li et al., 2019). Liver enzyme markers, such 
as ALT, ALP, and AST were found to increase drastically in MSU 
crystal-induced rats which are similar to other studies (Araújo  
et al., 2016; Martin et al., 2009;). Administration of B. monnieri to 

Table 2. Results of evaluation of levels of liver enzyme markers, lipid peroxidation and antioxidant enzymes in rats.

Samples Parameters Group I  
(normal control)

Group II  
(MSU induced)

Group III  
(MSU + Bacopa)

Group IV (MSU + 
Indomethacin)

Liver SOD (Units/min/mg/protein) 3.9 ± 0.85 1.34 ± 0.62a* 3.54 ± 0.18b* 2.76 ± 1.01a*b*c*

Catalase (Units/min/mg/protein) 11.84 ± 1.08 4.93 ± 0.97a* 10.03 ± 0.67a*b* 9.06 ± 0.87c*

LPO (Units/min/mg/protein) 1.69 ± 0.54 2.58 ± 0.95a* 1.76 ± 1.02a*b* 1.94 ± 0.86b*a*

Kidney SOD (Units/min/mg/protein) 3.02 ± 1.81 0.95 ± 1.87a* 2.95 ± 1.7a* 2.15 ± 1.94b*

Catalase (Units/min/mg/protein) 5.94 ± 0.77 2.97 ± 1.34a* 5.37 ± 1.64b* 4.62 ± 1.64*

LPO (Units/min/mg/protein) 1.75 ± 1.02 3.02 ± 2.5a* 1.85 ± 2.64a*b* 2.01 ± 2.04b*c*

Serum ALT (mg/dl) 60.77 ± 1.68 150.24 ± 1.84a* 76.45 ± 2.21a*b* 80.75 ± 1.84b*c*

ALP (mg/dl) 89.25 ± 1.68 305.87 ± 0.37a* 110.54 ± 1.24b* 145.82 ± 1.34a*c*

AST (mg/dl) 90.47 ± 1.85 210.25 ± 1.35a* 150.46 ± 1.94b* 165.21 ± 1.54a*b*c*

SOD (Units/min/mg/protein) 185.29 ± 1.45 95.15 ± 1.09a* 179.28 ± 2.91b* 169.46 ± 1.38b*

Catalase (Units/min/mg/protein) 13.48 ± 1.98 5.09 ± 2.34a* 11.37 ± 3.84a*b* 10.95 ± 2.48a*b*c*

LPO (Units/min/mg/protein) 2.06 ± 1.58 3.83 ± 1.38a* 2.01 ± 2.15a* 1.69 ± 1.64a*b*

The values are expressed as mean ± S.D. Six Animals in a group where comparisons represented as: a. group I vs. group II, III and IV; 
b. group II vs. group III and IV; c. group III vs group IV. Statistical analysis was performed by one-way ANOVA used by Student’s  
Newman–Kuel’s test. The symbols (*) indicates statistical significance (p < 0.05) between the groups.
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the rats showed a significant reduction in the liver enzyme marker 
levels. The results were compared with Indomethacin, which also 
showed a considerable reduction in the liver enzyme marker levels 
in the MSU crystal-induced rats. A similar study using Coenzyme 

Q10 as the test drug (Udhaya Lavinya et al., 2016) yielded 
similar results. Indomethacin has also showed similar result in 
other studies (Araújo et al., 2016; Martin et al., 2009). Gout is 
a type of arthritis that involves a defect in uric acid metabolism, 
resulting in accumulation of uric acid in the blood, joints, and 
other tissues, such as the liver and kidney. GA occurs due to the 
deposition of MSU in and around the joints, especially in the 
leukocytes of the synovial fluid (Inokuchi et al., 2006), a small 
part of which phagocytose the MSU crystals and release certain 
mediators which causes inflammation (Landis and Haskard, 2001) 
along with reddening of the skin and intense pain (Chia et al., 
2008). The parameters used in this study include measurements 
of paw size, elevation in lipid peroxide, and falling antioxidant 
levels, along with histopathological examinations of the paws. The 
Subjugation of Wistar female albino rats to MSU crystals resulted 
in the incorporation of the crystals in the rats’ paws, resulting 
in paw swelling due to increased lysosomal enzyme release 
(Habicht, 1988; Weyand, 2000). It also resulted in changes in the 
normal physiological and metabolic functions, which was further 
validated by histopathological examination of the gouty arthritic 
rat’s foot. MSU crystal incorporation resulted in hemorrhage in 
the subcutaneous tissues, confirming gouty arthritis. Treatment 
with B. monnieri showed a decrease in the minimal area of erosion 
in joint spaces by blocking cytokines (van der Heijde, 2011), 
the results comparable to the effect of Indomethacin. This can 
be further explored to understand the mechanism of B. monnieri 
in treating the inflammation through the study on the metabolic 
pathways. The active  ingredient of B. monnieri responsible for its 
potential activity can be further studied through in vivo models.

CONCLUSION
The present research has demonstrated the effect of B. 

monnieri against GA which establishes the anti-gout activity of 
B. monnieri drug. It has shown to reduce paw swelling and lipid 
peroxidation that has also normalized the antioxidant enzyme, liver 
biomarker levels, and histopathological changes. Furthermore, the 
molecular studies can be carried out to understand its mechanisms 
in treating gout.

SIGNIFICANCE STATEMENT
This study discovered the potential activity of B. 

monnieri that can be beneficial for treating arthritis induced by 
monosodium urate crystal. Arthritis is one of the major illnesses 
among people caused due to increased deposition of uric acid. The 
use of herbal plants in treating arthritis would help in reducing side 
effect which could be also cost effective. This can be studied more 
to understand its molecular mechanism in treating the toxicity. 
This study will help the researchers to uncover the critical areas 
of finding herbal drugs in treating arthritis and for knowing the 
molecular mechanism behind them which many researchers were 
unable to explore. Thus, a new theory on treating MSU-induced 
arthritis may arrive at the in vivo studies. 
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Figure 1. Results of histopathological analysis of skin tissues of foot of rats. H 
and E stain was used to perform histological study as follows: top-left = Normal 
control group, top-right =MSU induced, bottom-left = MSU induced + Bacopa 
administrated and bottom-right = MSU induced + Indomethacin administrated. 
The changes are marked through arrow: A-inflammation and B-showing erosion 
articular cartilage. (a) Fragment of bone showing normal morphology (control); 
(b) Focal area showing erosion articular cartilage with diminished joint space 
(MSU), inflammation; (c) Normally appearing articular cartilage (MSU + 
Bacopa monnieri); and (d) Normally appearing articular cartilage (MSU + 
indomethacin).

Figure 2. Results of histopathological analysis of bone tissues of foot of rats. H 
and E stain was used to perform histological study as follows: top-left = Normal 
control group, top-right = MSU induced, bttom-left = MSU induced + Bacopa 
administrated and bottom-right = MSU induced + Indomethacin administrated. 
The changes are represented in arrow: A—degradation and B—mono nuclei. 
(a) Skin and adnexal structure appear normal (control); (b) subcutaneous tissue 
showing Hemorrhage (MSU treated); (c) Skin, adnexal structure, subcutaneous 
tissue showing normal morphology (MSU + Bacopa monnieri); and (d) Skin 
morphology appearing normal. One in subcutaneous tissue Hemorrhage  
(MSU + indomethacin).
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