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INTRODUCTION 

Inflammatory bowel disease (IBD) imposes a significant 

health and economic burden on communities worldwide 

and substantially compromises the patients’ quality of 

life.1 The estimated number of cases of IBD is 6.8 million 

globally, and the burden is estimated to rise considerably.1 

It is characterized by non-infectious chronic inflammation 

of the gastrointestinal tract that includes ulcerative colitis 

(UC) and Crohn’s disease (CD). Chronic diarrhea, 

abdominal pain, rectal bleeding, weight loss, and 

shortening of the colon are common symptoms of IBD. 

Pathophysiology of IBD broadly shares a multifactorial 

etiology where an interplay of genetic and environmental 

factors triggering an array of immune responses has a 

pivotal role to play.2,3 Increase in the number of reactive 

oxygen species and different proinflammatory mediators 

like nitrogen metabolites, eicosanoids, chemokines and 

cytokines actively contribute to the pathogenic cascade of 

inflammatory responses in the gut.2,3 
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ABSTRACT 

Background: Objective of this study was to evaluate anti-inflammatory properties of a novel standardized Boswellia 

serrata extract–bsRx (developed using natural excipients and designed to have specific ratio of its major actives, viz. 

AKBA and BBA) in dextran sodium sulfate (DSS)-induced IBD model in BALB/c mice. 

Methods: Animals (BALB/c mice) in control (CL) group were administered vehicle; DSS-induced colitis group (DSS 

group), 2.5 % DSS; and Boswellia serrata group (BS group) received DSS, for inducing colitis, together with a novel 

standardized extract of Boswellia serrata (41 mg/kg, 4.1 mg/ml solution in distilled water) for 10 days. Reference group 

(SS group) received DSS with sulfasalazine (30 mg/kg, 3.0 mg/ml suspension in distilled water) for 10 days. Clinical 

assessment for disease activity index (DAI), histopathological examination and hematological assessments were 

performed. 
Results: Treatment with Boswellia serrata showed significant reduction in the DAI score on day 10 compared to the 

DSS group (2.49±0.93 versus 3.63±0.55, p≤0.05). Body weight (18.54±2.21 gm versus 17.05±3.53 gm) and colon 

length (6.8±0.9 cm versus 7.6±0.6 cm, p≤0.05) also improved in the BS group compared to DSS group, respectively. 

Histological scoring of colitis was lower in the BS group (10.1±1.37). There was no difference in leukotriene levels 

between groups (p>0.05). 

Conclusions: Treatment with novel Boswellia serrata extract improved colon length, DAI and histological scoring 

index in DSS-induced colitis in IBD mice models. Our results indicate the promising potential of novel Boswellia 

extract in IBD and gut health management. 
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Current IBD therapies include classic anti-inflammatory 

drugs such as 5-aminosalicylic acid (5-ASA), 

sulfasalazine; immunosuppressants like azathioprine, 

corticosteroids; and biological therapy with anti-tumor 

necrosis factor (TNF) agents.4 However, despite their 

better efficacy, the frequency and severity of adverse 

effects, inconvenient dosing regimen, and their high costs 

limit long-term use. Moreover, single-target therapy may 

not be successful owing to the pathogenic heterogeneity of 

IBD. Given these limitations, developing alternative 

treatment options with multiple therapeutic targets could 

result in combining efficacy, convenient dosing and fewer 

side-effects. Thus, use of complementary and alternative 

medicine (CAM) has emerged as a novel approach for 

managing gastrointestinal diseases and for improving and 

maintaining gut health. In fact, studies have reported that 

almost half of the patients with IBD are currently using 

complementary therapies or have taken them in the past.5 

Among various complementary therapies available, 

botanical products hold potential relevance as they present 

with a long history of traditional usage and are composed 

of multiple phytoactives, which can concurrently target 

several inflammatory response pathways thus, providing a 

more comprehensive approach in managing the disease.  

Boswellia serrata is a traditional plant indigenous to 

India.6-8 The anti-inflammatory and analgesic activities 

from the oleogum resin of Boswellia have been recognized 

since the ancient times and it is traditionally used in the 

management of diseases like bronchial asthma, 

osteoarthritis, rheumatoid arthritis, UC, and CD.9 Along 

with anti-inflammatory properties, its antioxidant, 

antiulcer, hepatoprotective, wound healing, analgesic and 

anticancer properties are also being evaluated to navigate 

treatment and prevention.7-10 Lately, several clinical trials 

on the anti-inflammatory responses of the herb have been 

reported.11 However, there has been little progress in terms 

of exploring the therapeutic potential of Boswellia serrata 

in the gastrointestinal conditions such as IBD and 

ulcerative colitis, and its role in the management of gut 

health. Here we present a study that was conducted to 

establish the multifaceted therapeutic properties of a novel 

standardized Boswellia serrata extract – bsRx (developed 

using natural excipients and designed to have specific ratio 

of its major actives, viz. AKBA and BBA) in dextran 

sodium sulfate (DSS)-induced IBD model in BALB/c 

mice. 

METHODS 

Animals and ethics 

A total of 50 BALB/c mice (Mus musculus) of both 

genders, aged between 7 to 10 weeks, weighing between 

18 and 26 g were used in this study. Animals were selected 

based on the proposed design of randomization, and the 

rest of the animals were returned to the animal facility 

without any investigation. Study animals were maintained 

at 20.2-24.3 0C at 48-67% relative humidity in a light and 

dark cycle of 12 hours. Animals were housed individually 

in autoclaved polysulfone cages with stainless steel top 

grill that had a provision for holding pellet food and 

drinking water in a polycarbonate bottle with stainless 

steel sipper tube. Autoclaved corn cob was used as the 

bedding material. Cages and water bottles were changed at 

least 2 times a week. Bedding material was analyzed 

routinely for any microbial and chemical contaminants.  

The study was performed as per the Organisation for 

Economic Cooperation and Development (OECD) 

principles of good laboratory practice (GLP) 

ENV/MC/CHEM (98) 17, Environment Directorate, Paris, 

1998. This study also met the requirements of the US FDA 

principles of GLP for testing of chemicals as specified by 

CFR 21 - part 58, revised 01 April 2017. The OECD-GLP 

by the national GLP compliance monitoring authority 

(NGCMA), department of science and technology, 

government of India, certified the testing facility for 

compliance to GLP and by international association for 

assessment and accreditation of laboratory animal care 

(AAALAC) for standard lab animal care. All procedures 

related to animal experimentation were performed as per 

the recommendations of ‘guide for care and use of 

laboratory animals’ and the ‘committee for the purpose of 

control and supervision of experiments on animals’ 

(CPCSEA) guidelines. Ethical practices laid down in the 

CPCSEA guidelines for animal care were followed. The 

protocol number was VLL/1218/NG/P002. 

Study design 

All animals were acclimatized for five days. They were 

observed once daily (at least) for clinical signs, and twice 

daily for any mortality/morbidity. Their body weights 

were recorded on the day of randomization. Forty animals 

(20 of each gender) were selected for the study and 

randomized by a zig-zag method based on body weight. 

The animals were then divided into four groups of 10 

animals each (05 mice/gender/group). Those in the control 

(CL) group were treated with vehicle; DSS-induced colitis 

group (DSS group) received 2.5% DSS and the Boswellia 

serrata group (BS group) received DSS for inducing 

colitis, together with a novel standardized extract of 

Boswellia serrata containing acetyl-11-keto-β-boswellic 

acid (AKBA) and beta boswellic acid (BBA) (41 mg/kg, 

4.1 mg/ml solution distilled water) for 10 days. The fourth 

group being the reference group (SS group) received DSS 

together with sulfasalazine (30 mg/kg, 3.0 mg/ml 

suspension in distilled water) for 10 days. Test samples of 

standardized Boswellia serrata extract were obtained as an 

off-white colored hygroscopic powder from Inventia 

Healthcare Ltd., India. The samples and reference products 

were stable at room temperature and analyzed as per the 

certificate of analysis provided by the vendor before the 

study.  

Induction of colitis  

Owing to ease of use and potentially short turnaround time 

for obtaining results, DSS is one of the most commonly 
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used chemical agents for inducing colitis in animal 

models. To induce colitis, DSS was administered to the 

animals in drinking water for 10 days (2.5%; 36 KDa to 50 

KDa molecular weight) according to the weight and the 

type of strain used in this study. The animals were 

observed once daily (minimum) throughout the study for 

signs of colitis, namely, dullness, anorexia, hunched back 

posture, abnormal gait, morbidity, and mortality.  

Disease activity index 

The disease activity index (DAI) was calculated as an 

arithmetic average of graded scores for clinical signs 

(Table 1). All animals were monitored once daily for 

clinical signs of colitis, mortality, and morbidity 

throughout the study period. The DAI was calculated as 

the sum of combined scores of weight loss, stool 

consistency and bleeding, divided by 3. This method of 

scoring was shown to correlate well with more specific 

measures of inflammation in experimental models of 

IBD.12 Onset of colitis was assessed for up to 10 days. 

Colon length, body weight and histological colitis score 

All animals were euthanized by CO2 overdose 24 hours 

after the last treatment day i.e. day 11. Body weight and 

colon length were measured and samples were prepared 

for histopathological examination. Microscopic and 

macroscopic analysis was performed for histological 

samples. Gross lesions were evaluated by a scoring system 

and classified according to a criteria modified from Morris 

et al.13 The isolated distal portions of the colon from all 

animals were preserved in 10% neutral buffered formalin. 

The colon was then processed, embedded and sections 

were cut at 3-5 μ, and placed on grease-free slides and 

stained with hematoxylin and eosin for histopathological 

evaluation. The microscopic changes in the colonic 

mucosa were scored for crypts and inflammation and were 

graded (Table 1). Any damage caused was evaluated per 

criteria by Millar et al.14-16 

Leukotriene estimation 

Retroorbital blood samples from all animals were obtained 

under mild anesthesia using 2% v/v isoflurane on day 10 

for leukotriene estimation and was mixed with 

anticoagulant, 10% dipotassium ethylenediaminetetra-

acetic acid (K2EDTA) and centrifuged at 3500 rpm for 10 

min under refrigeration (2-8°C). All plasma samples were 

stored at -70°C until enzyme-linked immunosorbent assay 

(ELISA) was performed for estimating leukotriene B4 

(LTB4).  

An ELISA kit (Biocodon Technologies Rat Leukotriene 

B4 ELISA kit) measured the LTB4 content in cell-free 

culture supernatants following the manufacturer’s 

instructions. The assay utilized competitive antigen-

antibody binding principle. Following the substrate 

reaction, the absorbance of the developed color was 

measured at 450 nm in a microplate reader (Model, 

Maker). The amount of LTB4 present in the supernatants 

was quantified by comparing the optical density values 

with a standard curve plotted against the known 

concentrations of the analyte. 

Statistical analysis 

All data were presented as mean±SD and were obtained by 

calculating the group mean and standard deviation using 

statistical package for the social sciences (SPSS)® 

statistical software, United States of America (USA). 

Observations were subject to analysis of variance 

(ANOVA) at 95% (p≤0.05) and 99% (p≤0.01) confidence 

intervals to prove its statistical significance. The control 

group was compared to the DSS and the DSS group was 

compared to the treated groups.

Table 1: Scoring for disease activity index and histological scoring index. 

Score 

Disease activity index Histological scoring index 

Weight 

loss 

(%) 

Stool 

consistency 

Faecal  

occult blood 
Crypt 

Crypt 

(%) 
Inflammation  

Extent of 

damage 

(%) 

0 0 Normal Normal Crypt intact - Normal - 

1 1 to <5 - - Loss of 1/3 crypt 1-25 

Focal 

inflammatory cell 

infiltrate 

1-25 

2 
5 to 

<10 
Loose Positive** Loss of 2/3 crypt 26-50 

Inflammatory cell 

infiltrate, gland 

drop out and crypt 

abscess 

26-50 

3 
10 to 

<20 
- - 

Loss of entire crypt with 

intact surface epithelium 
51-75 

Mucosal 

ulceration 
51-75 

4 >20 Diarrhea 
Gross 

bleeding** 

Loss of entire crypt with 

erosion of surface 

epithelium 

76-100 - 76-100 

*Presence of occult blood in stool, **profuse bleeding from the rectum
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RESULTS 

Clinical observations 

The routine cage observations were done once daily 

throughout the study for signs of colitis (dullness, 

anorexia, hunched back posture, and abnormal gait), 

morbidity, and mortality. Dullness and hunchback posture 

were observed from day 04 of the study until the end of 

study (day 10) in all the study groups.  

Colon length and body weight 

The colon length reduced in the DSS group compared to 

the control group (6.8±0.9 cm versus 8.8±1.1 cm, p≤0.01) 

whereas mice from the BS group showed longer colon 

compared to those of the DSS group (6.8±0.9 cm versus 

7.6±0.6 cm, p≤0.05). Weight loss was observed in all 

groups compared to the control group. However, body 

weight on day 10 for the DSS group was lower than the 

control group (17.05±3.53 gm versus 21.29±2.25 gm, 

p≤0.05) whereas that of the BS group improved compared 

to DSS group (18.54±2.21 gm versus 17.05±3.53 gm). 

Figures 1 and 2 show the effects of Boswellia serrata on 

colon length and body weight when used concomitantly 

with DSS, respectively. 

 

Figure 1: A comparative graph showing effect of 

standardized extract of Boswellia serrata on colon 

length at day 10. 
*Significant low at p≤0.01 versus vehicle control; #significant 

high at p≤0.01 versus DSS control; $significant high at p≤0.05 

versus DSS control 

 

 

Figure 2: (a) A comparative graph showing effect of 

standardized extract of Boswellia serrata on body 

weight at day 10, and (b) mortality in percentage for 

various groups. 
*Significant low at p≤0.05 versus vehicle control. 

 

Figure 3: A comparative graph showing effect of 

standardized extract of Boswellia serrata on the 

disease activity index (DAI) at day 10. 
*Significant high at p≤0.01 versus vehicle control; #significant 

low at p≤0.05 versus DSS control 
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Figure 4: A comparative graph showing effect of 

standardized extract of Boswellia serrata on 

histopathology score at day 10. 
*Significant high at p≤0.01 versus vehicle control 

Disease activity index 

The DSS group showed an onset of colitis with signs of 

perianal bleeding, weight loss, and loose stools from day 

04 of the study period whereas the BS group showed no 

mortality or morbidity (Figure 2). On day 10, one-fifth of 

the group population showed mortality in both DSS and 

SS groups. At end of study, the DAI for the DSS group 

was significantly higher (3.63±0.55 versus 0.19±0.22, 

p≤0.01) than the control group indicating presence of 

active colitis in the DSS group of the study. Whereas, the 

BS group showed a significant reduction in the DAI score 

on day 10 compared to the DSS group (2.49±0.93 versus 

3.63±0.55, p≤0.05). Figure 3 shows the effect of Boswellia 

serrata on DAI when used concomitantly with DSS. 

Histological scoring of colitis 

The colonic tissues were normal in the control group and 

damaged in the DSS groups. Histological scoring of colitis 

for the DSS group was significantly higher than that of the 

control group (10.5±1.63 versus 0.00, p≤0.01). On the 

other hand, the scoring slowed a slight reduction in the BS 

group (10.1±1.37). Figure 4 shows the positive effects of 

treatment with Boswellia serrata on histological scoring. 

Figure 5 shows characteristic features of colitis in study 

groups.  

Leukotriene concentration  

Presence of LTB4 in the mouse plasma was estimated 

using ELISA in all mice who survived. Low concentrations 

(below 1 ng/ml) of LTB4 were detected in all groups. There 

was no difference in the leukotriene levels between groups 

(p>0.05). 

 

Figure 5: Histopathological changes in colon of the 

animal from (a) DSS control group (b) Boswellia 

natural excipients group and (c) Salfasalazine group. 

The arrows in yellow, green, blue and grey indicate 

neovascularization, edema, fibroblast proliferation 

and epithelial cell regeneration, respectively. 

DISCUSSION 

Present study evaluated the preventive potential of novel 

Boswellia serrata extract in mice model of DSS-induced 

UC. Treatment with novel standardized Boswellia extract 

inhibited the adverse impact of DSS on colon length, body 

weight, histopathological scores and reduced the DAI. 

Hence, our study product–Boswellia serrata extract has a 

promising potential for use in reducing the severity of UC.  

Boswellia serrata has been used for centuries as a remedy 

for many health problems in the traditional ayurvedic 

medicine system in India. Boswellic acids have also been 

used as anti-inflammatory agents in several small clinical 

trials, however, relatively not much is known about the 

mechanisms that underlie their anti-inflammatory actions 
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in vivo.17-20 Boswellia extract also exhibits antioxidant 

actions that reportedly produced 25% reduction in the 

number of reactive oxygen species induced by H2O2 in an 

in vitro study that used Caco-2 cell lines.21 It also inhibits 

5-lipoxygenase, a key enzyme for the production of 

leukotrienes in the body.10 AKBA is a potent inhibitor of 

leukotriene synthesis and directly acts on 5-lipoxygenase.6 

Boswellia serrata also reportedly down-regulates TNF-α, 

IL-1β, and IL-6 mRNA expression and inhibits production 

of nitric oxide, leukocyte elastase, cytokines (ILs and 

TNF-α) and the complement system.22,23 Inhibition of 

TNF-α and its signaling pathways has been recognized as 

a highly successful strategy for the treatment of IBD.24 

Collectively, these findings provide molecular basis for the 

anti-inflammatory properties of Boswellia serrata extract, 

and therefore, we hypothesize it to be effective in 

preventing inflammatory cascade in mice models of UC. 

The active ingredient of this extract is AKBA which is 

approximately 2-3% in higher grade Boswellia serrata 

extracts. AKBA inhibits the P-selectin-mediated 

recruitment of inflammatory cells protecting intestinal 

epithelial barrier from inflammatory damage suggesting it 

to be an effective alternative for management of gut 

health.17 BBA is another major boswellic acid present in 

the highest percentage in the oleo gum resin of Boswellia. 

Similar to AKBA, BBA also shows prominent anti-

inflammatory activity.25 In both in vitro and in vivo 

research studies, BBA has been shown to inhibit 

proinflammatory markers26 such as microsomal 

prostaglandin E2 synthase (mPGES-1), which plays a 

critical role in the gut motility dysfunction27 and cathepsin 

G (catG) that is an essential signaling molecule in 

gastrointestinal physiology. Dysregulation of catG elicits 

structural and functional changes in the mucosal barrier 

and participate in inflammation. Studies have shown that 

catG increases in IBD.28 

In the present study, the colon lengths and body weights of 

mice improved when treated with Boswellia serrata 

extract compared to the DSS group indicates its preventive 

action when concomitantly administered with DSS. 

Previous study by Latella et al. showed a significant 

increase in colon length with AKBA.29 However, the 

extract was not able to prevent weight loss compared to the 

control group, indicating that it does not reverse the effects 

on weight loss. A similar observation was also reported by 

Pawel et al where Boswellia serrata extract was earlier 

proven to possess protective properties and improve DAI 

of chemically-induced colitis in animal models.17,29,30 

Krieglstien et al proved that treatment with 20% AKBA 

resulted in up to 90% decrease in rolling and 98% decrease 

in adherent leucocytes in the ileitis model.31A remarkable 

decrease in the DAI score and improvement in the 

histopathological score could be due to the protective 

properties of AKBA on the colonic mucosa.  

Treatment with the novel Boswellia extract (containing 

specific ratio of AKBA and BBA) in our study showed 

dose-dependent decrease in DAI, and significant 

attenuation of the tissue injury scores that might be 

attributed to specific ratios of AKBA and BBA in the test 

product. Interestingly, the suppression of intensity of 

inflammation and reduced disease activity exhibited in 

mice receiving the test product in our study was 

comparable to those attained by sulfasalazine, an agent 

widely used for the treatment of IBD.8,9,32-35 Many studies 

also proved effectiveness of boswellic acids in UC 

compared to the effect of sulfasalazine using in vivo 

models and clinical studies.36-40 Both Boswellia extract and 

sulfasalazine in this study also showed similar pattern of 

results indicating anti-inflammatory potential of the 

standardized novel Boswellia extract (with specific ratio of 

AKBA and BBA) in mice models of UC thus, proving that 

the test product reduces macroscopic and microscopic 

inflammatory response in mice models. 

The content of AKBA and BBA in commercially available 

products vary greatly; however, the test product is 

standardized to a specific ratio of AKBA and BBA in order 

to consistently provide significant therapeutic benefits 

observed in this study. In addition, the test product is 

developed using natural excipients further contributing to 

the long-term safety of the product. 

The present study focuses on proving the effectiveness of 

the unique concentration combination of AKBA and BBA 

in the present Boswellia extract product. Due to 

bioavailability limitations, previous products of Boswellia 

extract have been unable to provide higher efficacy in in 

vivo models and clinical studies. The present Boswellia 

extract was able to improve the colon length, DAI and 

histological scoring index in DSS induced mice models of 

UC which had a direct and positive impact on mortality 

rate. Thus, proving our hypothesis and providing evidence 

of anti-inflammatory action of the test product. However, 

in the present study, the test product was unable to achieve 

a reduced leukotriene level and hence this parameter 

should be explored further and all the results should be 

substantiated with clinical trials.  

CONCLUSION 

In this experimental study, treatment with novel Boswellia 

serratta extract improved colon length, DAI, and 

histological scoring index in DSS induced mice models of 

UC. In line with the published literature on Boswellia 

serrata, our results support the anti-inflammatory action of 

novel Boswellia extract developed using specific ratio of 

AKBA and BBA along with natural excipients in mice. Our 

results show a promising role of the novel Boswellia extract 

in the management of IBD and gut health; however, 

clinical trials are required to substantiate these results 

further and confirm the role of this novel Boswellia serrata 

extract in the management of gut health. 
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