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ABSTRACT: In recent years, natural products such as Boswellic acids 

(BAs) have attracted researchers around the globe because of their 

significant potential against various diseases without any toxic effects. 

Boswellic acids, which belong to the pentacyclic triterpenes type of class, 

are extracted from the gum-resin portion of Boswellia serrata and many 

other different species such as Boswellia sacra, Boswellia papyrifera, and 

Boswellia carterii. The Boswellic acids obtained from these species are 

broadly classified into two categories as α-Boswellic acids and β-

Boswellic acids. The six major recognized acids which are obtained from 

the gum resinous extract of Boswellia serrata and Boswellia carterii 

includes α-Boswellic and β-Boswellic acids, acetylated α-Boswellic acids 

and β-Boswellic acids and 3-O-acetyl-11-keto-β-Boswellic acid and 11-

keto-β-Boswellic acid. In recent years, several biological potentials of 

Boswellic acids have been investigated, including inhibition of 

inflammation, anti-arthritic, anti-microbial, anti-diabetic, anti-asthmatic, 

anti-cancer, etc. In addition to leukotriene inhibiting property, the 

Boswellic acid and their analogues also possess the potential to be used 

against inflammatory bowel disease and neurodegenerative diseases. The 

most common are Alzheimer’s disease, Parkinson’s disease, Huntington’s 

disease, etc. Their broad spectrum of pharmacological activities also 

include shypolipedimic, hepatoprotective, immune-modulatory, 

antithrombotic, analgesic, antioxidant, dermal safety and diuretic 

activities. In the present review, an attempt has been made to update the 

therapeutic potential of various Boswellic acids. 

INTRODUCTION: A gum resin herbal extract 

obtained from the Indian frankincense, also known 

as Boswellia, plant species has been used as a 

natural medicine for a long time. It is considered to 

be a promising natural source to treat. 
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The inflammation and associated conditions, 

including rheumatoid arthritis, osteoarthritis, 

inflammatory bowel disease and asthma Boswellia 

serrata, also known as Salai guggul, belong to the 

family Burseraceae 
1
.  

With around 25 species, the genus Boswellia is 

mainly found in the parts of the north-eastern coast 

of Africa, Arabia and India. The oleo-gum resins of 

boswellia species contain 35-60% resin, 7-10% of 

essential oils, which are easily soluble in organic 

solvents and the rest is formed polysaccharides 

which are soluble in water. Boswellia serrata and 
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Boswellia sacra are the two most important 

medicinal species of boswellia plant, which consist 

of Boswellic acid 
2, 4

.  Boswellic acids compounds 

are a series of pentacyclic triterpenoid-type 

molecules. This has been found as a gum resin 

isolated from the plant origin of species of 

Boswellia. The six major acids recognized from the 

gum resin of Boswellia serrata and 

Boswelliacarteri includes α and β-Boswellic acids, 

acetylated α and β-Boswellic acids and 3-O-acetyl-

11-keto-β-Boswellic acid and 11-keto-β-Boswellic 

acid, The gum resin of this plant have been used as 

a fragrance not only in cultural and religious 

practices but also as medicine since the ancient 

times. Boswellic acid appears in the resins of the 

plant exudates 
5, 6

. The genus Boswellia consists of 

many species, out of which more than 20 species of 

trees grow in Arabia, Africa and India. Boswellia 

extracts have been used for centuries in different 

parts of African and Asian cities in their traditional 

method of curing and the traditional folk medicines 
1, 3

. The standard dosage of medication contains 

around 30-40% of Boswellic acid. Boswellic acids 

are commonly steroidal in nature; hence they are 

not soluble in the intestinal fluid; as a result, their 

systemic bioavailability is limited and observed to 

be less 
7
. The average essential oil content in these 

plant species was found to be approximately 11%, 

and the remaining amount is the presence of resins 

and terpenoids. According to the different species 

of boswellia plant and different plant grades, the 

amount of chemical constituents varies in different 

amounts 
8
. In addition to this, it has also been 

investigated that various dietary supplements claim 

that they are enriched with the content of AKBA 

and KBA. 

FIG. 1: STRUCTURES OF SOME COMMON BOSWELLIC ACIDS 

TABLE 1: SOURCES OF Boswellic ACIDS AND THEIR 

GEOGRAPHIC LOCATION 11 

Source of Boswellia acid Geographical Location 

Boswellia serrata India 

Boswellia avalifoliolata India 

Boswellia sacra Oman Yemen 

Boswelliacarteri Somalia 

Boswelliaalobusa Simaila 

Boswellia frereana Ethiopia Somalia 
Boswellia papyrafira Ethiopia Sudan 

Boswellia bullata Socotra 

Boswellia elongate Socotra 

Boswellia riyae Socotra 

 

Boswellic acids are obtained from the incision in 

the bark of Boswellia plant species. It is the white 

milky exudate from the incision of bark which is 

when exposed to the atmosphere, becomes hard and 

changes its color to a dull yellowish texture. These 

are the oleo-gum resins of frankisence 
9, 10

. 

Therapeutic Potential of Boswellic Acid and Its 

Analogues: Various pharmacological actions of 

Boswellia serrata as a bioactive herb with their 

mechanism of action has been documented. Anti-

inflammatory or anti-arthritic activity is because of 

the inhibition of 5-lypoxygenase, TNF-α, IL-β, and 

pro-inflammatory mediators. Antimicrobial activity 

is seen against both gram (+) and gram (-) bacteria. 

Antiviral activity was reported by acetyl-11keto-β-

Boswellic avid and β-Boswellic acid. Anti-cancer 

activity was reported by inhibition of IL-1β, IL-6, 
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IL-8, IL-10 and TNF-α in different cell lines. 

Neuroprotective activity in Alzheimer’s disease 

was a result of the elevation of acetylcholine and 

reduction of Ach enzyme activity in brain 

homogenate 
12

. In a recent study, it has been 

established that frankincense shows different 

pharmacological activities based on inflammatory 

responses. The gum resin from frankincense has 

been proved to be beneficial in several diseases 

such as diabetes, asthma, arthritis, epilepsy and 

cancer.  

It also plays a major role in treating and preventing 

various neurodegenerative diseases such as 

Alzheimer’s, Parkinson’s, and some infection and 

allergies described on the basis of anti-

inflammatory effects
 13

. Boswellic acids (BAs) have 

been found to show anti-arthritic, analgesic, 

antimicrobial, anti-inflammatory, anti-cancer or 

antitumor, hypolipidemic, immune-modulatory, 

hepatoprotective, hypoglycemic, anti-asthmatic, 

antidiarrheal, diuretic and neuroprotective 

potential. It has been found to be useful on skin and 

psoriasis to 
14, 15, 17

. Boswellia significantly prevents 

the tumor necrosis factor-α which induces 

expression of matrix metalloproteinases and 

adhesion of the molecules and induce the 

expression of the mediators of apoptosis 
16, 19

. 

Anti-Microbial Activity: The hydroalcoholic 

extract of Boswellia serrata at different 

concentrations of 50 mg/ml, 100 mg/ml, and 200 

mg/ml resulted in the inhibition of some oral 

micro-organisms such as Candida albicans, 

Streptococcus mutans, Candida krusie, and 

Candida glabrata 
20

. According to the findings, the 

essential oils obtained from Boswellia serrata by 

supercritical fluid carbon dioxide method show 

high antimicrobial activity. The essential oils 

responsible for this activity are α-thujene, 

camphene, myrcene, and limonene via well 

diffusion and microdilution broth assay 
21

. In 

arecent study, it was depicted that the essential oils 

of Boswellia species are responsible for 

antibacterial activity against Sterptococcus 

pneumoniae and Klebsiella pneumoniae with the 

inhibition zone of 2-30 mm diameter
 22

. The 

hydroalcoholic extract of Boswellia serrata has 

shown antibacterial activity and proved to be 

effective in treating periodontal diseases 
23

. 

According to various findings, the resinous extract 

of Boswellia serrata powder is said to possess anti-

microbial activity. Boswellia serrata was 

investigated to have a relatively wide inhibition 

zone against the tested strains. The anti-microbial 

activity was checked with respect to minimum 

inhibitory concentration (MIC), which is the 

concentration required for inhibiting the growth of 

microorganisms from portraiting the anti-microbial 

activity. The acidic fractions of Boswellia carterii 

and Boswellia serrata are characterized by 

increased antibacterial activity. Boswellia carterii, 

exhibited an antibacterial activity by acetyl-keto-

Boswellic acid, 3-oxo-tirucallic acid, and alpha and 

beta-Boswellic acid. The potential of these 

compounds has been recorded to be stronger in 

Boswellia serrate. After further evaluation in post-

antibiotic effect (PAE) studies and biofilm 

susceptibility assays, the most potent antibacterial 

activity exhibited by acetyl-keto-β-Boswellic acid 

(AKBA).  

The antibacterial action of acetyl-keto-β-Boswellic 

acid (AKBA) was investigated to be due to fissure 

of the microbial membrane structure 
14, 17

. 

According to an experimental activity, a culture of 

bacterial preparation was prepared with Mueller 

Hinton agar, and then different concentrations of 

resin powdered extract were added on Whatman 

filter paper 1, and it was inoculated with a loop of 

the test organism. This experiment is done in 

triplicate, and the plates were kept in the incubator 

at 37 °C for about 24 h.  

The zone of inhibition was measured, and 

minimum effective concentration was determined, 

and this was compared with the standard antibiotic 

drug ciprofloxacin. The inhibitory activity of the 

extract against different organisms was found in the 

order: Escherichia coli > Staphylococcus aureus > 

Bacillus subtilis > Salmonella typhi > Klebsiella 

pneumonia > Streptococcus pneumonia > 

Enterobacter aerogenes > Proteus vulgaris. Hence, 

it was proved that Boswellia serrata extract 

possesses the bacteriostatic property 
24

. Acetyl-11-

keto-β-Boswellic depicts the characteristics of 

antimicrobial activity. They majorly target the oral 

cavity pathogens, especially the Streptococcus 

mutants. The most active agent against bacterial 

pathogens was found to be AKBA. This compound 

is explored to have a wider range of activities 

against different strains of bacteria such as 
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Streptococcus mutans, Enterococcus faecium, 

Enterococcus faecalis, Streptococcus sanguis, 

Porphyromonas intermedia, Porphyromonas 

gingivalis, and Actinomyces viscosus. It is highly 

effective against aerobic and anaerobic bacteria as 

compare to 11-keto-β-Boswellic acid. It shows a 

bacteriostatic antibacterial potential 
25

.  

Anti-Inflammatory Activity: It has been 

established that oral administration of Boswellic 

acid with Piper longum enhances the 

bioavailability and better efficacy against 

inflammatory diseases 
26

. The 3-O-actyl-11-keto-β-

Boswellic acid has been observed to be an effective 

anti-inflammatory candidate by performing the in-

silico studies and checking the docking score by the 

mechanism of inhibition of 5-lipoxygenase, C2 

convertase, and topoisomerase 
27

. According to one 

research, the Boswellic acid inhibits the bisphenol-

A induced lung toxicity by its anti-inflammatory 

activity. It decreases the oxidative damage of the 

bio-molecules (NADPH and MDA) and 

inflammatory variables (IL-6, TNF-α, and MPO). It 

also inhibits lung inflammation by preventing 

JNK/ERK/cFos pathway 
28

. 

Boswellic acids obtained from different Boswellia 

plant species have been investigated to depict 

effective anti-inflammatory activity by the 5-

lipoxygenase pathway. 5-lipoxygenaseenzyme (5-

LOX) is more efficiently inhibited by acetyl-11-

keto-β-bo-swellic acid molecule. The inhibition of 

the formation of pro-inflammatory mediators and 

decreased production of leukotrienes has also been 

demonstrated forboswellic acid from Boswellia 

carterii. The inhibition of the production of pro-

inflammatory enzymes, 5-hydroxyeicosatetraenoic 

acid, lipoxygenase enzyme, and leukotriene B4 

inhibition during the in-vitro studies in animal 

models has been demonstrated for the Boswellic 

acid 
29

. According to recent studies it has been 

investigated that the series of Boswellic acids 

obtained such as 11-keto-beta-Boswellic acid 

(KBA) and acetyl-11-keto-beta-Boswellic acid 

(AKBA) have been researched to show a well-

known anti-inflammatory property. The gum-

resinous part of Boswellia serrata includes 

monoterpenes, diterpenes, triterpenes, tetracyclic 

triterpenic acids and major pentacyclic triterpenic 

acids i.e. beta-Boswellic acids are responsible for 

inhibition of pro-inflammatory enzymes 
30, 31

. 

Boswellia serrata plant extract also elicits anti-

inflammatory properties in human peripheral blood 

mononuclear cells (PBMCs) and mouse 

macrophages by inhibiting the tumor necrosis 

factor-alpha (TNF-α) and preventing interleukin-1-

β (IL-1-β), NO and mitogen-activated protein 

(MAP) kinases production. This compound has 

been tested on animal models for its anti-

inflammatory property, and it has been found to 

inhibit the 5-lipoxygenase enzymes
 32

. 9-α-

hydroxy-11-keto-β-Boswellic acid analogues 

constituted with variable functionality at ring A 

have been synthesized from 3-O-acetyl-11-keto-β-

Boswellic acid. This compound has been 

investigated to have an anti-inflammatory activity 

as opposed to the pro-inflammatory cytokine and 

tumor necrosis factor-α, which results in proving 

the anti-inflammatory potential of this derivative of 

Boswellic acid 
33, 34

. 

Analgesic Activity: Experiments were conducted 

with the extracts of Boswellic serrata in various 

analgesic animal models such as acetic acid-

induced writhing in rats and tail flicking models in 

mice which proved to be very effective and 

successful. Boswellia sacra extract was used in the 

analgesic model of acetic acid-induced and 

formalin-induced pain in rat models. Acetyl-11-

keto-β-Boswellic acid is one of the major 

pentacyclic triterpenic acids present in the acidic 

extract of Boswellia serrata, which has been found 

to be a very effective 5-lypoxygenase inhibitor, 

thereby inhibiting the leukotriene synthesis via 

interaction with the 5-lypoxygenase activated 

protein. This compound has been proved to have 

antinociceptive activity for at least 60 min when 

tested in an acetic acid-induced writhing model. 

Antinociceptive activity was achieved by inhibition 

of LTB4 and HETE factors and also prevents 

capsaicin activation
 35

. 

In one of the studies, a randomized clinical trial 

was conducted with healthy volunteers to check the 

efficiency and efficacy of Boswellia serrata 

compared with the placebo effect for analgesic 

effect. In this clinical trial, the pain threshold force 

and their time is taken, and the pain tolerance force 

and its time were evaluated. This study was done 

by Randall selitto or paw pressure test using the 

apparatus Ugo Basile Analgesymeter which was 

used for producing mechanical pressure on the 
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nailbed of non-dominant hand index finger, for 

producing pain-like sensation. It has been proved 

that pentacyclic triterpenes of boswellia extract 

causes inhibition of 5-lypoxygenase and 

cyclooxygenase enzyme. As a result of this study, it 

was concluded that the pain tolerance force and 

time were increased from the baseline after 

administration of boswellia extract after every 

1hour as compared to placebo; hence it was proved 

that Boswellic acids present in boswellia plant 

show pharmacological activity as analgesic agent 
36

.  

Immunomodulatory Activity: It has been found 

that Boswellia papyrifera and Boswellia serrata 

show therapeutic benefits in patients of multiple 

sclerosis by anti-inflammatory, antioxidant, and 

immune-modulatory activity 
37

. The compound 3-

O-acetyl-α-Boswellic acid obtained from Boswellia 

carteri has been evaluated to suppress T-

lymphocytes and suppress the immune system. It is 

based on the nuclear factor of activated T cell 

(NFAT) mechanism and inhibits the proliferation 

of (CD-3 and CD-28) activated human T 

lymphocytes, hence proved as immune-suppressing 

agent 
38

. 

The isolation and identification of some 

compounds including triterpenoids, has been shown 

by immune modulatory bioassay-guided 

fractionation of the oleo-gum resin extract of 

Boswellia carterii. The 11-keto-β-Boswellic acid 

(KBA) and acetyl-11-keto-β-Boswellic acid have 

been investigated to be the most active compound 

among the various Boswellic acids. It is also 

recorded that Boswellic acid derivatives increase 

phagocytosis of macrophages. By interaction with 

the release of cytokines they affect the cellular 

defense system. Boswellic acids and their 

derivatives down-regulates and inhibits the tumor 

necrosis factor-α (TNF-α) and also decrease the 

production of interleukins (IL-1, IL-2, IL-4, IL-6) 

and interferon-γ (IFN-γ). It has been found that 

extracts from the gum-resin of Boswellia serrata 

and Boswellia papyrifera have an action on the 

defense system. 11-keto-β-Boswellic acid (KBA) 

and acetyl-11-keto-β-Boswellic acid have been 

found to show immune-modulatory activity. In the 

humoral defense system, a mixture of Boswellic 

acid derivatives at elevated doses decreases 

primary antibody titres and, on the other hand, 

reduces doses enhanced secondary antibody titres, 

this was observed with sheep erythrocytes 

treatment 
39, 40

. The triterpenoids obtained from the 

Boswellia carterii which have been resulted and 

proved to have immune-modulatory activity 

includes β-Boswellic acids such as 11-keto-β-

Boswellic acid, acetyl β-Boswellic acid, acetyl 11-

keto-β-Boswellic acid and α-Boswellic acid i.e., 

acetyl-α-Boswellic acid and 3-oxo-tirucallic acid 

and 3-hydroxy-tirucallic acid. These derivatives of 

Boswellic acid activate the mitogen-activated 

protein kinase (MAPK) pathway (p42 and p38) 

isolated from human polymorph nuclear 

leukocytes. Their oleo-gum resin has been proved 

to have immune-modulatory activity 
40

. 11-keto-β-

Boswellic acid & acetyl-11-keto-β-Boswellic acid 

extracted from the gum resin of Boswellia serrata 

also displays immune defense property. The action 

of NFkB and subsequent NFkB-dependent cytokine 

production by macrophages in the form of signals 

was remarkably reduced when acetyl-11-keto-β-

Boswellic acid was administered systemically or 

locally in a mouse with psoriasis 
41

. 

Anti-Cancer Activity: The 11-keto-α-Boswellic 

acid was evaluated for the anti-tumour activity in 

the breast cancer cell line. It resulted in cytotoxicity 

against triple-negative breast cancer cells and also 

induced apoptosis in the cell line
 42

. The Boswellic 

acids have been proven to have cytotoxic activity. 

According to recent studies, it has been established 

that acetyl-keto-β-Boswellic acid, keto-β-Boswellic 

acid, and their analogues show a toxic activity in 

cells affected with cancer; hence, it has been 

considered to be an effective therapy for anti-

cancer drug discovery
 43

. A modification in the 

hydroxyl or carboxyl group of 11-keto-β-Boswellic 

acid depicts anti-cancer activity by nuclear 

fragmentation in the cells and it has been found to 

be potent against tumour cancer cells MCF-7 

(breast cancer cells) and LNCaP (prostate cancer 

cells) 
44

.  

The pentacyclic triterpendiol obtained from 

Boswellia serrata was observed to have apoptic and 

cytotoxic effects in the human cancer cell lines. It 

causes DNA damage and expression of the pro-

apoptotic protein such as TNF-R1, cytochrome C 

and PARP cleavage in HL-60 cells 
45

. Among all 

the species of boswellia plant, the most effective 

species found to be is Boswellia serrata.  
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The pentacyclic triterpenes obtained from the 

Boswellia serrata has been profound to be effective 

as cancer drug sensitizing agent. They show 

antitumor effects in various cells such as liver, 

brain, prostate, colon, breast and leukocytes. The 

AKBA has been reported to be useful in the case of 

brain cancer, prostate cancer and pancreatic cancer, 

while 11-carbonyl-β-Boswellic acid was 

investigated to have an inhibitory effect on lung 

cancer cells. Keto-β-Boswellic acid and acetyl-11-

keto-β-Boswellic acid has been found to inhibit 

proliferation, enhancing the caspase-3 activity, IL-6 

levels and TNF-α and inducing apoptosis through 

caspases-8 pathway in the liver cancer cells to 

prevent liver cancer. 3-O-acetyl-β-Boswellic acid 

was found to be used in the treatment of breast 

cancer. Analogues of Boswellic acids show anti-

cancer effects on colon cells to prevent continuous 

growth by various mechanisms.  

The α-keto-Boswellic acid acts on the NFκB and 

the STAT-3 related pathways and demonstrated an 

inhibitory effect, which also enhances the processes 

of apoptosis and inhibiting the angiogenesis in 

neoplastic cells. Moderation of breast cancer and 

brain tumour metastases has been shown by 

Boswellia serrata extract. The main derivatives 

which have been found to show an anti-

carcinogenic activity are 11-dien-24-oic acid, 3-

hydroxy-urs-9, 24-dien-21-oic acid, 3-alpha-

hydroxy-tirucall-8, 3-O-11-hydroxy-beta-Boswellic 

acid, 3-beta-hydroxytirucall-8, 24-dien-21-oic acid, 

and α-amyrin 
46, 47

. Acetyl-keto-β-Boswellic acid 

has depicted cytotoxic action on meningioma cells 

by inhibiting the extracellular signal-regulated 

kinases signal transduction pathway. 

Acetyl-11-keto-β-Boswellic acid has been observed 

to inhibit the cell growth by the inhibition of Ki-67, 

CD31, Cycloxygenase-2, MMP-9, CXCR4, and 

VEGF in cancerous cells of pancreas 
48

. The major 

analogues of β-Boswellic acid, such as 3-O-acetyl-

β-Boswellic acid and 11-keto-β-Boswellic acid have 

been found to have an anti-tumour activity in 

leukaemia in which there is inhibition of DNA, 

RNA and protein synthesis in the human leukemia-

60 cells. Boswellic acids have repressed tumours 

and inflammation in mice. Boswellia serrata 

extract has also been scrutinized for anti-

carcinogenicity in mice with Ehrlic ascites 

carcinoma and S-180 tumour and reduces tumor 

cell proliferation and induces apoptosis 
49, 50

. 

Acetyl-keto-β-Boswellic acid has depicted 

cytotoxic action on meningioma cells by inhibiting 

the extracellular signal-regulated kinases, signal 

transduction pathway. Acetyl-11keto-β-Boswellic 

acid has been observed to inhibit cell growth by the 

inhibition of Ki-67, CD31, Cycloxygenase-2, 

MMP-9, CXCR4, and VEGF in cancerous cells of 

pancreas 
51

. 

Anti-arthritic Activity: According to the meta-

analysis report of a clinical trial involving 545 

patients, Boswellia, and its extract effectively 

relieve pain in the joints and may be an effective 

treatment option for osteoarthritis patients with 

administration for the duration of four weeks 
52

. A 

unique composition containing the acidic and 

nonacidic fractions of Boswellia serrata gum resin 

named LI13019F1 (also known as Serratrin) is 

depicted to have activity against osteoarthritis. This 

composition strongly inhibited 5-LOX activity with 

the half-maximal inhibitory concentration (IC50) of 

43.35 ± 4.90 μg/ml. Also, LI13019F1 strongly 

inhibited the leukotriene B4 (IC50, 

7.80 ± 2.40 μg/ml) and prostaglandin E2 (IC50, 

6.19 ± 0.52 μg/ml) productions in human blood-

derived cells. Besides, LI13019F1 also reduces 

TNF-α production with the IC50 of 

12.38 ± 0.423 μg/ml 
53

. A novel extract of 

Boswellia serrata named Boswellin comprising of 

3-acetyl-11-keto-β-Boswellic acid with β-Boswellic 

acid was tested on approximately 48 patients 

suffering from osteoarthritis to this double-blind, 

randomized controlled trial, it was observed that it 

reduces osteocytes and exerts anti-inflammatory 

and anti-arthritic activity
 54

. 

Kumar et al. in their research study, observed that 

Boswellia serrata extract was effective in the 

treatment of rheumatoid arthritis. This activity was 

confirmed by complete Freund’s adjuvant-induced 

arthritis in wistar rats. This activity was assessed by 

his pathological examination and various other 

parameters such as ankle diameter, paw volume, 

and arthritis index 
55

. A novel synergistic 

composition derived from Boswellia serrata gum 

resin is Aflapin. Improvement in pain with 

osteoarthritic knee function has been demonstrated 

by Boswellia serrata in clinical trials
 56

. Boswellic 

acids have been explored and observed to inhibit 

toll-like receptor (TLR)-mediated activation of 



Rastogi and Dwivedi, IJPSR, 2021; Vol. 12(10): 5238-5252.                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5244 

monocytes, inhibiting LPS-induced production of 

nitric oxide, IL-1β and TNFα. The derivatives 

comprising of Boswellic acids have been 

demonstrated to significantly suppress interleukin-β 

induced apoptosis of chondrocytes and also TNFα 

induced production of matrix metallo proteinases-3 

(MMP3) by synovial fibroblasts thus exhibiting the 

therapeutic potential of the crude drug in the 

treatment of osteoarthritis. Patients suffering from 

osteoarthritis of the knee have been recommended 

for Boswellia extract. Various experiment have 

been demonstrated to show that Boswellic acid is a 

potential anti-arthritis drug with significant 

tolerance and free from toxic effects
 57

. Reduced 

arthritic scores, decreases paw edema with marked 

suppression of local tissue TNF-α- and IL-1β in 

rats that have been observed with acetone extract of 

Boswellia carterii gum-resin. The patients 

receiving Boswellia treatment resulted in a 

decreased knee pain, increased knee flexion, and 

enhanced walking distance. The swelling of the 

knee joint was also decreased. 3-acetyl-11-keto-β-

Boswellic acid is used in topical gel in the form of 

polymeric nano micelles gel, which portrays much 

higher anti-arthritic activity for a longer duration of
 

58
. 

Anti-diabetic Activity: The recent in-silico 

research performed on Boswellic acid derivatives 

involving molecular docking has proven that 

Boswellia serrata gum resin contains a large 

number of compounds that are beneficial in 

antidiabetic activity. Auto dock Vina tool was used 

in this study 
59

. According to recent research, the 

Boswellia species have beneficial effect on various 

metabolic disorders such as diabetes mellitus, 

hyperglycemia, hypertension, and dyslipidemia. 

The antidiabetic effect resulted from a reduction in 

insulin resistance and it also helps restore the 

pancreatic beta-cell to prevent depletion in the 

blood glucose level 
60

. 

Anti-diabetic property of Boswellia serrata extract 

was tested on non-insulin-dependent diabetes 

mellitus in a streptozocin-induced diabetic rat 

model, which was found to decrease blood glucose 

level compared to phenformin significantly. The 

formulations in question worked by affecting 

hepatic gluconeogenesis, influencing pyruvate 

carboxylase and phosphoenolpyruvate 

carboxykinase systems. The effect of Acetyl-11-

keto-β-Boswellic acid was studied in an experiment 

for a period up to 12 weeks, and the reduction of 

blood glucose level was recorded 
61, 62

.11-keto-β-

Boswellic acid has been investigated to be the 

significant potential compound as an anti-diabetic 

agent. 11-keto-β-Boswellic acids were researched 

to suppress the induction of diabetes, overcome the 

cytokine burst, lead to the initiation of insulitis, and 

down-regulate the blood glucose level in the mouse 

model of multiple low-dose streptozotocin-induced 

diabetes thereby weakening the stimulation of pro-

inflammatory responses 
62

. 

Antioxidant Activity: Beghelli et al. in their 

research showed that the different extracts of 

Boswellia serrata have different concentrations of 

acetyl-keto-β-Boswellic acis, and they have been 

proved to be effective in the antioxidant activity via 

the DPPH assay
 63

. Studies have revealed that the 

Boswellia serrata methanolic leaves extract 

contains high amounts of total phenolic and 

flavonoids used as strong reducing agents and show 

antioxidant activity. An analogue of Boswellic acid 

secluded from the oleo-gum resin of Boswellia 

carterii, a pentacyclic terpenoid, has also been 

investigated for its antioxidant property. These 

studies have been conducted using different in vitro 

animal models such as 1,1-diphenyl-1,2-picryl 

hydrazyl (DPPH) radical scavenging activity and 

nitric oxide (NO) radical scavenging activity, the 

most common models 
64, 65

. Methanolic or aqueous 

extract of Boswellia serrata quenched with nitric 

oxide NO donor shows a good antioxidant activity. 

The presence of antioxidant principles in the 

extract competes with oxygen to react with nitric 

oxide (NO), which concludes in the formation of 

reactive nitrogen species 
66

.  

Antithrombotic Activity: The β-Boswellic acid a 

triterpenoid compound obtained from Boswellia 

serrata ameliorates the plasma coagulation factors 

and enhances nitric oxide and cyclic level 

guanosine 3, 5-monophosphate in the carotid artery 

of blood stasis in rats. The β-Boswellic acid 

attenuates the knockdown of the eNOS signaling 

pathway, showing a protective effect on blood 

stasis induced endothelial dysfunctioning, thereby 

depicting anti-thrombotic potential 
67

. The water 

and hydroalcoholic extract have been investigated 

to have anti-platelet activity by inhibiting the 

thrombin protein. This extract also decreases the 
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thrombin anti-thrombin complex and increases the 

content of prostacyclin (PGI2) in blood when 

administered in rats. They also inhibit clotting 

factors Xa and XIa, which prove that boswellia also 

have anti-coagulating potential 
68

. In a research 

study it has been observed that when rats are fed 

with high fat-diet, they have a tendency of 

developing platelet aggregation, but when they are 

administered with boswellia extract, this prevents 

the story effect. Platelet hyper-aggregation in hip 

late let aggregation thereby showing anti-aggreggh 

fat diet rats is due to the inflammation and 

increased production of reactive oxygen species 

(ROS) hence when they are gives Boswellic acid 

extracts it causes oxidative stress and show an 

inhibitory effect on interleukin-1β, 

cyclooxygenase-1 and tumor necrosis factor-α 

thereby depicting an anti-platelet activity
 69

.  

In one of the recent study it was observed that the 

resin gum extract of Boswellia serrata obtained 

from stem bark used in the form of water extract 

and hydroalcoholic extract which consist of 3-

acetyl-11-keto-β-Boswellic acid shows anti-

thrombotic and anti-coagulant activity. According 

to this study it has been observed that water and 

hydroalcoholic extracts act on ADP-induced 

platelet aggregation using the apparatus multimode 

detection plate reader and blood coagulation 

activity was detected with the help of automated 

blood coagulation analyzer. Result obtained from 

the study was the boswellia extracts inhibits the 

platelet aggregation by preventing the endogenous 

aggregating agents involved in thrombus formation. 

It enhances the pro thrombin time and activated 

partial thromboplastin time which are considered as 

the diagnosis tests for coagulation of blood, hence 

increased prothrombin time and activated partial 

thromboplastin time illustrates that it also have an 

anti-coagulant property
 70

. 

Anti-Asthmatic Activity: It has been observed that 

the oil obtained from the tree of Boswellia genus 

consists of various Boswellic acids which are 

responsible for the inhibition of NF-kB, IL-1, IL-2, 

IL-4, IL-6 and LOX-5 which can indirectly cause 

hindrance in the pathophysiology of asthma. 

Boswellia serrata, Curcuma longa and Glycyrrhiza 

glabra in combination can be used for asthma 

treatment
 71

. Boswellia serrata was evaluated for 

trachea contractility with respect to anti-asthmatic 

potential. In the experiment, Boswellia serrata 

extract resulted in bronchodilator efficacy by 

inhibiting the airway smooth muscle contraction. 

This can prove the validation of the use of 

Boswellia serrata in the treatment of airway 

diseases
 72

. Boswellia serrata extract was evaluated 

for lung disorder treatment by different fractions 

with diverse mechanisms. It has been observed to 

inhibit the leukotriene C4 synthase activity, 

leukotriene A4 hydrolase activity and COX-2 

activity by IC50 of 12.5 μg/ml at 50 and 100 mg/kg 

B.W. in BALB/c mice which proves that it can be 

used in lung disorder such as allergy and asthma 
73

. 

About 70-75% of the patients with a prolonged 

history of asthma were observed to show better 

results in physical signs and symptoms of dyspnea, 

a number of asthma attacks, and stimulates the 

mitogen-activated protein kinase pathway MAPK 

and intracellular Ca2+movement with alcoholic 

extract of salai guggal. Significant reduction in Th2 

cytokines, suppressed airway inflammatory cells 

infiltration induced by allergens, resulting in 

reduced eosinophil and total inflammatory cells in 

BALF has been recorded in various studies of 

Boswellic acid testing. These results supported that 

Boswellic acid appears to be effective for the 

treatment of allergic asthma and can be developed 

as an anti-asthmatic agent 
74, 75

. 

Anti-ulcer Activity: Patients consuming NSAIDs 

have a major issue of developing the ulcer. H. 

pylori infection is also a major cause of this 

disease. As an alternative herbal medication, 

Boswellic acids have been found to exhibit ulcer 

protective activity by various mechanisms such as 

degradation of matrix metalloproteinase and 

prevention or inhibition of cyclooxygenase and 

lipoxygenase enzyme, which indirectly depicts 

ulcer protective property
 76

. Boswellia serrata gum 

resin is an important Indian medicinal plant, and in 

various studies, it has been found that Boswellic 

acid was useful in many gastrointestinal conditions. 

The usefulness in treating 2, 4, 5-trinitrobenzene 

sulfonic acid (TNBS)-induced colitis in rats has 

been observed, which supports its use in patients 

with ulcerative colitis. In the pyloric ligation, 

ethanol/HCl, acetylsalicylic acid, cold restraint 

stress, and indomethacin models of study, it is said 

to possess antiulcer effects 
77

. 3-O-acetyl-9, 11-

dihydro-β-Boswellic acid has been found to be the 
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most potent compound in urease inhibitory activity, 

which helps in anti-ulcer activity. This compound 

has been found to be the most effective activity 

against urea se enzyme. Other derivatives such as 

3-O-acetyl-11-hydroxy-β-Boswellic acid, 11-keto-

β-Boswellic acid, 3-O-acetyl-11-keto-β-Boswellic 

acid possess the lesser activity 78. Various studies 

have proved to have anti-ulcer genic effect 

different animal models such as pylorus ligation 

induced, ethanol/HCl induced, aspirin-induced, 

indomethacin-induced, and thermal stress-induced 

gastric ulceration. Boswellic acids have been 

proved to inhibit ulcers in these various models of 

ulceration in animals. The ulcer pathology induced 

by aspirin and indomethacin is mainly because of 

the biosynthesis of cytoprotective prostaglandin, 

resulting in overproduction of leukotriene and other 

inflammatory mediators of 5-lipoxygenase 

pathway, hence due to the lipoxygenase inhibitory 

pathway, the Boswellic acids provides anti-ulcer 

effects
 79

. 

Hypolipedimic and Cardiovascular Activity: 

Boswellic acids were also evaluated for the 

cardioprotective activity with the help of the model 

involving doxorubicin-induced cardiotoxicity. The 

blood was withdrawn via cardiac puncture, and 

various biological parameters were measured such 

as SGOT, LDH, CPK and troponin T level. It was 

observed and concluded that the Boswellic acids 

decrease the severity of myocardial infarction by 

lowering the level of cardiac biomarkers
 80

. 

According to one recent research, hypertension 

considered a metabolic disorder was found to be 

curative because of the protective effect of 

boswellia species by modifying the blood lipid 

profile and elevating the adiponectin level TNF-

<UNK> and TNF-α and IL-1β levels
 81

. 

Atherosclerosis results from plaque formation in 

the lining of blood vessels/arteries and the blood 

capillaries lead to the thickening and hardening of 

the blood capillaries. An investigation done on the 

effect of acetyl-keto-β-Boswellic acid (AKBA) in 

Apolipoprotein E-deficient mice was visualized 

that it inhibited NFkB. Hence this is a remedy for 

conventional treatment strategies against chronic 

inflammatory diseases like atherosclerosis might be 

the plant resins from the Boswellia family 
82

. The 

reduction in total cholesterol (38-48%) and 

elevated high-density cholesterol level (22-30%) in 

rats fed on atherogenic food diet by water-soluble 

fraction of Boswellia serrata extract proved its 

effectiveness hypolipidemic potential. The same 

fraction in in-vitro inhibits the nitric oxide 

production that has been induced by 

lipopolysaccharide in rat macrophages. Feeding of 

rats with salai guggal reduced cholesterol levels in 

Wistar rats which were due to significant decrease 

in cholesterol biosynthesis. Acetyl-α-Boswellic acid 

derivative has resulted in inhibiting the NFkB, and 

p38 MAP kinase pathway is activated 

macrophages. It has also been investigated that it 

lowers the level of low-density cholesterol, thereby 

showing a strong cardio-protective property
 83

. 

Hepatoprotective Activity: A recent study on 

Boswellic acids has indicated hepatoprotective and 

cardioprotective activity against two very common 

environmental pollutants: bisphenol-A and 

Gamma-radiations. For hepatoprotective activity, it 

was observed that Boswellic acid plays a major role 

in upregulating the hepatic PPAR-α/p 38 signaling 

against bisphenol-A and γ-radiations to prevent 

liver damage 
84

.  

The anti-oxidant, anti-inflammatory, and anti-

fibrotic effects of Boswellia serrata gum resin were 

evaluated against CCl4 induced liver toxicity. The 

depressed oxidative stress and improved 

antioxidant capacity of the liver and the 

downregulation of expression of TNF-α, COX-2, 

TGF-β, IL-6, and NF-kB result in hepatoprotective 

potential 
85

. A reduction in the level of titer of 

SGPT, SGOT, aminotransferase, and serum 

enzymes has been shown by the alcoholic extract of 

Boswellia species in endotoxin/galactosamine 

induced hepatic damage in mice model, which 

suggest its use as hepatoprotective.  

The alcoholic extract of Boswellia ovalifoliolata 

has been tested to have a hepatoprotective 

potential. This alcoholic extract has been proved to 

be hepatoprotective against paracetamol-induced 

hepatotoxicity. Administration of extract of 

Boswelllia ovalifoliolata is able to mitigate hepatic 

damage induced by paracetamol. It also prevents 

the elevation of levels of SGPT, SGOT and LDL 

levels in blood serum which helps in hepatic 

productivity 
86

. Acetyl-keto-β-Boswellic acid has 

been proved to have GIT protective activity. This 

compound was used in the experimental model of 
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ileitis and experimental murine colitis induced 

model. Oral dose of boswellia extract was given, 

and as a result, this compound was found to show 

adherence to the leukocyte-endothelial cells. This 

administration was found to inhibit and reduce the 

microscopic, macroscopic and microcirculatory 

inflammatory indication within the gastrointestinal 

tract, a treatment measure of chronic inflammatory 

bowel disease. The oleo-gum resin of Boswellia 

serrata was active in treating various 

gastrointestinal diseases and symptoms such as 

constipation, diarrhea, vomiting and flatulence 
87

. 

Diuretic Activity: According to the statistical data 

in a study, it is proved that the aqueous Boswellia 

serrata oleo gum resin extract shows diuretic 

activity without any signs of toxicity. This property 

has been evaluated on the basis of the increased 

level of excretion of urine volume and some 

electrolyte such as sodium, potassium, bicarbonate, 

and chloride. The creatinine was found to be at a 

normal level which shows that there is no toxic 

effect on the kidney 
88

. In another study performed 

on albino mice with the extract from the leaves of 

Boswellia serrata it was observed that it shows a 

positive effect in a diuretic property. In this study, 

the leaf extract was taken and evaluated for acute 

toxicity study and diuretic activity on albino mice, 

considering the following parameters: production 

of urine volume, excretion of electrolytes and the 

blood urea nitrogen level, and the creatinine levels. 

According to this study, it was observed that the 

total urine volume produced was significantly at a 

high level, excretion of electrolytes is high, which 

proves the diuretic activity of the extract. The 

boswellia leaf extract showed a controlled level of 

blood urea nitrogen and creatinine level, which 

results in a negative toxic effect on the kidney 
89, 90

. 

Dermal Safety Activity: The diterpenoid and 

triterpenoid obtained from frankincense have been 

evaluated as a good anti-psoriatic agent by some 

diverged mechanisms. These compounds act on 

some possible targets such as TNF-α, IL17, IL13, 

IL23, IL36-γ, and some inflammatory pathways 

such as MAPK-2, JAK-1/2/3 and INF-γ, which 

proves its anti-psoriatic potential 
91

. Frankincense 

has been found to decrease the irritation and 

redness in the skin to restore the skin tone, and it 

has also been investigated to treat skin bruises and 

sores in the dermal layer of skin. Boswellia has 

been researched to reduce wrinkles and fine lines. 

It helps the skin appear smoother and softer. It also 

tones the skin and decreases the redness in the skin. 

According to a research, it has been found that a 

cosmeceutical formulation of boswellia acid known 

as Bosexil has been investigated to have a 

beneficial effect on skin disorder i.e., psoriasis and 

erythematous eczema 
92

. According to a 

randomized clinical trial, it has been investigated 

that the application of a topical cream containing 

0.5% low concentration of Boswellic acids when 

used for 30 days leads to some clinical changes in 

the skin. The changes in the skin were a reduction 

in the face line and wrinkles, and skin thickness 

was enhanced. Facial redness, also called facial 

erythema, telangiectasia, and enlargement of the 

sebaceous gland, were enhanced in this study but 

not at notable level 
93

. 

Neuroprotective Activity: A recent research 

discussed the effectiveness of Boswellic acids 

against Alzheimer's disease (a neurodegenerative 

disorder). It was observed that β-Boswellic acids 

lead to the enhancement of MAP polymerization 

and increase MT length, α-Boswellic acids decrease 

the hyper phosphorylated Tau-protein and can be 

utilized as a neuroprotective agent
 94

. The resin 

obtained from Boswellia sacra consists of 

Boswellic acid which has been evaluated for anti-

seziure activity via zebrafish and mouse epilepsy 

model. The triperpene β-Boswellic acid obtained 

from hexane extract of Boswellia sacra was found 

to show the strongest activity in pentylenetetrazole-

induced seizure and hence proved the anti-epileptic 

activity
 95

. 

Genus Boswellia and their Boswellic acids act 

through several mechanisms to prevent different 

neurodegenerative diseases. Methanolic extract of 

Boswellia serrata was found to suppress the level 

of acetylcholine esterase in the brain and serum, 

nuclear factor kappa light chain enhancer of B-

cells, monocyte chemoattractant protein-1 and 

leukotriene B4 in the brain, which proves the 

effective treatment in Alzheimer’s disease. 

Boswellia resin extract enhances cell viability and 

decreases apoptotic feature and prevents toxicity in 

human dopaminergic cell lines, which helps 

prevent Parkinson’s disease 
96

. Acetyl-11-keto-β-

Boswellic acid was evaluated for a neuroprotective 

potential via sciatic nerve crush injury model rats 
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with low, medium and high doses. The results 

indicated the repair of rat sciatic nerve by 

stimulating the phosphorylation of extracellular 

signal regulated kinase signaling pathway and 

formation of myelin sheet of Schwann cells
 97

. 

Boswellic acid have a tremendous role in treatment 

and prevention of various central nervous system 

disorders such as Alzheimers disease and Parkinson 

disease. It has been evaluated that α-Boswellic 

acids are more effective in preventing the 

progression of alzheimers disease. Antiapoptotic, 

anti-amyloidogenic effects because of modification 

of miRNA-155 has been observed for acetyl-keto-

β-Boswellic acid in neuro-inflammatory animal 

model of mice.  

Alzheimers disease is a neuro disorder which has 

been investigated to be cured with alpha-Boswellic 

acids. Experimentally induced alzheimers disease 

in rats were administered with extract of Boswellic 

acid and checked in rotarod test which show better 

efficacy and performance after administration 
98

. 

Acetyl-11-keto-β-Boswellic acid has been 

identified as a very potent neuroprotective agent in 

various studies. This compound has been 

administered intra-peritoneal to prevent cerebral 

ischemic injury. It also attenuates oxidative stress 

and protects the neurons against injury. The role of 

neuronal protection of this compound is because of 

Nrf2/HO1 pathway. According to the studies 

administration of the compound also prevents 

neuronal apoptosis. AKBA activates the Nrf2 

which enhances the protective defense mechanism 

via HO-1 neuroprotective pathway in ischemic 

cortex 
99

.In another study it has been observed that 

aqueous extract containing β-Boswellic acids 

increases the neurite branching in the primary cell 

of hippocampal tissue in rats. Acetyl-11-keto-beta-

Boswellic acid because of its anti-inflammatory 

action down-regulates the various inflammatory 

mediators such as interleukin-1β (IL-1β) and 

interleukin-6 (IL-6), tumor necrosis factor-α (TNF-

α) in blood cells and can also reduce neuronal cell 

death which proves neuroprotective efficacy of the 

compound. It also inhibits oxidative stress and 

prevents ischemia. According to investigations it 

has been found that oxidative stress plays a major 

role in neurodegeneration of Parkinson disease. 

This disease is detected on the basis of motor 

function test in open field arena. It is observed that 

in rotenone induced Parkinsonism there is decrease 

in dopamine level, therefore after administration of 

high dose of boswellia extract there is increase in 

the dopamine level due to as ynergism in the 

dopaminergic neurons from Nurr1/GPX-1-

expressing ES cells and this proves the 

degeneration of Parkinson’s disease 
100

. Acetyl-11-

keto-β-Boswellic acid acts on the meningioma cells 

and inhibits the activation of extracellular signal-

regulated kinase-1 and 2 by inhibiting its 

phosphorylation and results in cytotoxic action on 

the meningioma cells thereby depicting 

neuroprotection potential 
101

. 

Gastroprotective Activity: Boswellia serrata 

extract is effective in preventing diarrhoea, without 

leading to constipation-like symptoms in the 

subjects related to inflammatory bowel disease. It 

has proved to prevent and inhibit the contraction of 

smooth muscles in the intestine of the 

gastrointestinal tract and thereby controls and treats 

the inflammation caused by acetylcholine and 

barium chloride, which induces diarrhoea 3. In 

accordance with the findings, the acetyl-11-keto-β-

Boswellicacid (AKBA) derivative showed anti-

inflammatory activity against the dextran sodium 

sulfate-induced acute and chronic colitis in mice. 

However, further clinical studies need to be done to 

bring acetyl-11-keto-β-Boswellic as a potential 

anti-inflammatory drug candidate for the treatment 

of inflammatory bowel disease 
102

.  

According to a recent study, it has been scrutinized 

that extract of Boswellia serrata works by a 

different mechanism to depict the potential activity 

against inflammatory bowel disease. 11-keto-β-

Boswellic acid and acetyl-11-keto-β-Boswellic acid 

are the derivatives that inhibit the P-selectin protein 

expression in the endothelial leukocyte and in the 

intestinal microcirculation. It also inhibits the up-

regulation of lipid peroxidation and iNOS 

expression 
103

.  

Boswellia extract consisting of acetyl-11-keto-β-

Boswellic acid was tested for inflammatory bowel 

disease. The results were compared with standard 

drug such as prednisolone and sulfasalazine in 

different animal models was concluded that it has 

potential activity against corn’s disease and 

experimental ileitis condition 
104

. 
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Anti-viral Activity: Goswami et al. in a research 

study showed that the Boswellic acids present in 

methanolic extract of Boswellia serrata evaluated 

by MTT and plaque reduction assay resulted in 

anti-viral potential against the herpes simplex 

virus-1.  

It inhibits the viral replication and down regulation 

of NFkB and p-38 MAP-kinase promotion
 105

. The 

chikengunia virus has also been evaluated to be 

treated with the help of Boswellia serrata extract. It 

was observed that the gum resin extract block the 

entry of chikengunia virus and inhibited the CHKV 

infection, and also prevents the CHKV from spread 

in the skin hence proving to possess antiviral 

potential
 106

. 

CONCLUSION: Frankincense was used in both 

traditional as well as a modern systems of medicine 

because of its numerous beneficial therapeutic 

potential. Various analogues of α-Boswellic acids 

and β-Boswellic acids have been reported to 

possess good pharmacological and therapeutic 

potential. It can also be noted that β-Boswellic 

acids such as acetyl-11-keto-β-Boswellic acid, 3-O-

acetyl-11-keto-β-Boswellic acid, 11-keto-β-

Boswellic acid and 3-acetyl-9, 11-dihydro-β-

Boswellic acid, etc. have somewhat better 

therapeutic activities as compared to α-Boswellic 

acids. The different therapeutic activities found in 

Boswellic acids and their effectiveness toward 

svarious cellular and molecular targets such as 

growth factors, transcription factors, kinases, 

enzymes, and receptors in different therapeutic 

conditions have attracted researchers around the 

globe to develop and modify these molecules as an 

effective drug candidate. 

ACKNOWLEDGEMENT: Authors would like to 

thank Amity University Uttar Pradesh, Lucknow 

campus, for their valuable support and 

encouragement. 

CONFLICTS OF INTEREST: The authors 

declare no conflict of interest. 

REFERENCES: 

1. Mustafa AR and Kiczorowazaska B: Frankincense - 
therapeutic potential. Advances in Hygiene and 
Experimental Medicine 2016; 70(3): 380-91. 

2. Woolley CL, Suhail MM, Smith BL, Boren KE, Taylor LC 
and Schreuder MF: Chemical differentiation of Boswellia 

sacra and Boswellia carterii essential oils by gas 
chromatography and chiral gas chromatography-Mass 
spectroscopy. J of Chromato A2012; 126(1): 158-63. 

3. Iram F, Khan SA and Husain A: Phytochemistry and 
potential therapeutic actions of Boswellic acid: A Mini 
review. Asian Pacific Journal of Tropical Biomedicine 

2017; 7(6): 513-23. 
4. Pikhwal N and Dhaneshwar S: An update on the 

pharmacological profile of Boswellia serrata. Asian 
Journal of Pharmaceutical and Clinical Research 2019; 
12(5): 49-56. 

5. Blain EJ, Ali AY and Duance VC: Boswellia frereana 
(Frankincense) suppresses cytokine-induced matrix 
metalloproteinase expression and production of pro-
inflammatory molecule in articular cartilage. Phytotherapy 

Research 2010; 24(6): 905-12.  
6. De Rapper S, Van Vuuren SF, Kamatou GP, Viljoen AM, 

and Dange E: The additive and synergistic antimicrobial 
effects of select Frankincense and Myrrh oils - A 
combination from the pharaonic Pharmacopoeia. Letters in 
Applied Microbiology 2012; 54(4): 352-58. 

7. Upaganlawar A and Ghule B: Pharmacological activities 
of Boswellia serrata Roxb. - Mini review. Ethanobotanical 

Leaflet 2009; 13(1): 766-74. 
8. Mahajan B, Taneja SC, Sethi VK and Dhar KL: Two 

terpenoids from Boswellia serrata gum resin. 
Phytochemistry 1995; 39(2): 453-55. 

9. Maksimovic Z: On Frankincense. Archives of Pharmacy 
2021; 71(1): 1-21. 

10. Al-Harrasi A, Rehman NU, Khan KA, Al-Broumi M, Al-
Amri I, Hussain J, Hussain H and Cusk R: Chemical, 

molecular and structural studies of Boswellia species: β-
Boswellic aldehyde and 3-epi-11-β-dihydroxy Boswellic 
acid precussor in biosynthesisof Boswellic acids. Plos One 
2018; 13(6): 0198666. 

11. Al-Harrasi A, Hussain H, Cusk R and Khan HY: 
Chemistry and bioactivity of Boswellic acids and other 
terpenoids of the genus Boswellia. 1st Edition 2018; 2: 
9780081024485. 

12. Mishra S, Bishnoi RS, Maurya R and Jain D: Boswellia 
serrata Roxb. - A bioactive herb with various 
pharmacological activities. Asian J of Pharmaceutical and 
Clinical Research 2020; 13(11): 33-39. 

13. Zaker R and Beheshti S: An updated review of the 
therapeutic anti-inflammatory effects of frankincense. 
Advanced Herbal Medicine 2020; 6(1): 1-27. 

14. Roy NK, Parama D, Banik K, Bordoloi D, Devi AK, 
Thakur KK, Padmavathi G, Shakibaei M, Sethi G and 

Kunnumakkara AB: An update on pharmacological 
potential of Boswellic acids against chronic diseases. 
International Journal of Molecular Sciences 2019; 20(17): 
4101. 

15. Chaturvedi D, Dwivedi PK, Cahtuevedi AK, Mishra 
N,Siddiqui HH and Mishra V: Semisynthetic hybrids of 
Boswellic acids: a novel class of potential anti-
inflammatory and anti-arthritic agents. Medicinal 

Chemistry Research 2015; 24: 2799-12. 
16. Sultana A, Rahman KU, Padmaja AR and Rahman SU: 

Boswellia serrata Roxb. A traditional herb with versatile 
pharmacological activity: A review. International Journal 
of Pharmaceutical Sciences and Research 2013; 4(6): 
2106-17. 

17. Vuddanda PR, Singh S, and Velaga S: Boswellic acid - 
Medicinal use of an ancient herbal remedy. Journal of 

Herbal Medicine 2016; 6(4): 163-70. 
18. Qurishi Y, Hamid A, Zargar MA, Singh SK and Saxena 

AK: Potential role of natural molecule in health and 



Rastogi and Dwivedi, IJPSR, 2021; Vol. 12(10): 5238-5252.                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5250 

diseases: Importance of Boswellic acid. Journal of 
Medicinal Plants and Research 2010; 4(25): 2778-85. 

19. Sharma A, Mann AS, Gajbhiye V and Kharya MD: 
Phytochemical profile of Boswellia serrata: An overview. 
Pharmacognosy Review 2007; 1(1): 140. 

20. Bakhtiari S, Nematzade F, Hakemi-Vala M and Talebi G: 

Phenotypic investigation of the antimicrobial effect of 
organic and hydroalcoholic extracts of Boswellia serrata 
on oral microbiota. Frontiers in Dentistry 2019; 16(5): 
386-92. 

21. Ayub MA, Hanif MA, Sarfraz RA and Shahid M: 
Biological activity of Boswellia serrata Roxb. Oleo gum 
resin essential oil: Effects of extraction by supercritical 
carbon dioxide and traditional methods. International 
Journal of Food Properties 2018; 21(1): 808-20. 

22. Sahar K and Al-Dosary: Antibacterial effect of thymus sp. 
and boswellia sp. extracts on streptococcus pneumonia and 
klebsiella pneumonia isolates. African Journal of 
Biotechnology 2018; 17(5): 133-38. 

23. Vahabi S, Hakemi-Vala M and Gholami S: In-vitro 
antibacterial effect of hydroalcoholic extract of Lawsonia 
inermis, Malva sylvestris and Boswellia serrata on 
aggregatibacter actinomycetemcomitans. Advanced 

Biomedical Research 2019; 8(22): 1-7. 
24. Ismail SM, Aluru S, Sanbasivarao KRS and Matcha B: 

Antimicrobial activity of Boswellia serrata. International 
Journal of Current Microbiology and Applied Sciences 
2014; 3(10): 1095-01. 

25. Raja AF, Ali F, Khan IA, Shawl AS and Arora DS: 
Acetyl-11-keto-β-Boswellic acid (AKBA): targeting oral 
cavity pathogens. Biomedical Res Notes 2011; 4(1): 406. 

26. Vijayarani KR, Govindarajulu M, Ramesh S, Alturki M, 
Majrashi M, Fujihashi A, Almaghrabi M, Kirubakaran N, 
Babu RJ, Smith FR, Moore T and Dhanasekaran M: 
Enhanced bioavailability of Boswellic acid by Piper 
longum: A computational and pharmacokinetic study. 
Frontiers in Pharmacology 2020; 11(2020): 1-8. 

27. Nanda RK and Gupta B: Docking of Boswellic acids and 
their derivatives on anti-inflammatory and anti-cancer 

target. Current Trends in Pharmacy and Pharmaceutical 
Chemistry 2020; 2(1): 1-23. 

28. Mansour SZ, Moawed FSM, Badawy MMM and 
Mohamed HE: Boswellic acid synergizes with low-level 
ionizing radiation to modulate bisphenol induced-lung 
toxicity in rats by inhibiting jnk/erk/c-fos pathway. Dose-
Response An International Journal 2020; 18(4): 1-10. 

29. Ramakrishnan G, Allan JJ, Goudar K, and Amit A: 
Comparative evaluation of anti-inflammatory activity of 

different extracts of Boswellia serrata in Wistar Albino 
rats. Inter J of Pharma Research 2011; 3(1): 261-67. 

30. Siddiqui MZ: Boswellia serrata A potential anti-
inflammatory agent: An overview. Indian Journal of 
Pharmaceutical Sciences 2011; 73(3): 255-61. 

31. Dwivedi KP, Chaturvedi KA, Chaturvedi D, Mishra N, 
Siddiqui HH and Mishra V: Semisynthetic hybrid of 
Boswellic acids: A novel class of potential anti-

inflammatory and anti-arthritic agents. Medicinal 
Chemistry Research 2015; 24(7): 2799-12. 

32. Sharma A, Bahtia S, Kharya MD, Gajbhiye V, Ganesh N, 
namdeo AG and Mahadik KR: Anti-inflammatory and 
analgesic activity of different fractions of Boswellia 
serrata. Internl Jl of Phytomedicine 2010; 2(10): 94-99. 

33. Majeed M, Nagabhushanam K, Bani S and Choudhury 
AK: Highly oxygenated 11-keto-β-Boswellic acid 

analogue and their anti-inflammatory potential. Chemistry 
Select Chemistry Publications Society Europe 2018; 3(11): 
3087-91. 

34. Hussain H, Al-Harrasi A, Cusk R, Shamraiz U, Green IR, 
Ahmed I and Ali Z: Therapeutic potential of Boswellic 
acids: A patent review 1990-2015. Expert Opinion on 
Therapeutic Patents 2016; 27(1): 81-90. 

35. Boshnoi M, Patil CS, Kumar A and Kulkarni SK: 
Analgesic activity of acetyl-11-keto-β-Boswellic acid, A 

5-lipoxygenase enzyme inhibitor. Indian Journal of 
Pharmacology 2005; 37(4): 255-56. 

36. Prabhavathi K, Cahndra US, Soanker R and Rani P: A 
randomized, double blind, placebo controlled,cross over 
study to evaluate the analgesic activity of Boswellia 
serrata in healthy volunteers using mechanical pain model. 
Indian Journal of Pharmacology 2014; 46(5): 475. 

37. Maryam B, Ghasem M, Ali G and Ali G: Immuno 
modulation in multiple sclerosis by phytotherapy. Current 

Immunology Reviews 2020; 16(14): 28-36. 
38. Zimmermann-Klemd AM, Reinhardt JK, Nilsu T, Morath 

A, Falanga CM, Schamel WW, Huber R, Hamburger M, 
and Grundermann C: Boswellia carteri extract and 3-O-
acetyl-alpha-Boswellic acid suppress T cell function. 
Fitoterapia 2020; 146(2020): 104694. 

39. Pungle P, Bhanavilkar M, Suthar A, Biyani M and Mengi 
S: Immuno modulatory activity of Boswellic acid of 

Boswellia serrata Roxb. Indian Journal of Experimental 
Biology 2003; 41(12): 1460-62. 

40. Badria FA, Mikhaeil BR, Galal T, Maatooq GT and Amer 
MMA: Immuno modulatory triterpenoids from the 
oleogum resin of Boswellia carterii bird wood. Journal of 
Nature Research 2003; 58(7-8): 505-16. 

41. Ammon HPT: Modulation of the immune system by 
Boswellia serrataextracts and Boswellic acids. 

Phytomedicine 2011; 18(4): 334. 
42. Schmeich M, Ulrich J, Lang SJ, Buchele B, Paetz C, St-

Gelais A, Syrovets T and Simmet T: 11-keto-α-Boswellic 
acid, a novel triterpenoid from Boswellia spp. with 
chemotaxonomic potential and antitumor activity against 
triple-negative breast cancer cells. Molec 2021; 26(2): 366. 

43. Hussain H, Ali I, Wang D, Hakkim FL, Westermann B, 
Rashan L, Ahmed I, and Green IR: Boswellic acids: 

privileged structures to develop lead compound for anti-
cancer drug discovery. Expert opinion on Drug Discovery 
2021; 2021: 1-17. 

44. Araba AB, Rehman NU, Al-Araimi A, Al-Hashmi S, Al-
Shidhani S, Cusk R, Hussain H, Al-Harrasi A, and Zadjali 
F: New derivative of 11-keto-β-Boswellic acid (KBA) 
induce apoptosis in breast and prostate cancer cells. 
Natural Product Research 2019; 35(5): 707-16. 

45. Bhushan S, Kakkar V, Pal HC, Guru SK, Kumar A, 

Mondhe DM, Sharma PR, Taneja SC, Kaur IP, Singh J, 
and Saxena AK: Enhanced anti-cancer potential of 
encapsulated solid lipid nanoparticle of TPD: A novel 
triterpenediol from Boswellia serrata. Molecular 
Pharmaceutics 2013; 10(1): 225-35. 

46. Garg P and Deep A: Anti-cancer potential of Boswellic 
acid: A mini review. Hygeia Journal of Drugs and 
Medicine 2015; 7(2): 18-27. 

47. Roy NK, Deka A, Bordoloi D, Mishra S, Kumar AP, Sethi 
G, and Kunnumakkara AB: The potential role of Boswellic 
acids in cancer prevention and treatment. Cancer Letter 
2016; 377(1): 74-86. 

48. Sharma T and Jana S: Boswellic acids as natural anti-
cancer medicine: Precious gift to humankind. Journal of 
Herbal Medicine 2019; 20(10): 100313. 

49. Ravanan P, Singh SK, Rao GS and Kondaiah P: Growth 

inhibitory, apoptotic and anti-inflammatory activities 
displayed by a novel modified triterpenoid, cyano enone of 
methyl boswellates. J Bioscience 2011; 36(2): 297-07.  



Rastogi and Dwivedi, IJPSR, 2021; Vol. 12(10): 5238-5252.                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5251 

50. Dureja N and Dureja H: Role of Boswellic acid in cancer 
treatment. J of Medical Science 2014; 14(6-8): 261-69. 

51. Ahmed HH, Adb-Rabou AA, Hassan AZ and Kotob SE: 
Phytochemical analysis and anti-cancer investigation of 
Boswellia serrata bioactive constituent in-vitro. Asian 
Pacific J of Cancer Prevention 2015; 16(16): 7179-88. 

52. Yu G, Xiang W, Zhang T, Zeng L, Yang K and Li J: 
Effectiveness of Boswellia and Boswellia extract for 
osteoarthritis patients: A systematic review and meta-
analysis. BMC Compl Med and Therap 2020; 20(1): 1-16. 

53. Alluri VK, Kundimi S, Sengupta K, Golakoti T and Kilari 
EK: An anti-inflammatory composition of Boswellia 
serrata resin extracts alleviates pain and protects cartilage 
in monoiodoacetate-induced osteoarthritis in rats. 
Evidence-Based Compl and Alterne Medi 2020; 1: 

7381625. 
54. Majeed M, Majeed S, Narayanan NK and Nagabhushanam 

K: A pilot, randomized, double‐blind, placebo‐controlled 
trial to assess the safety and efficacy of a novel Boswellia 
serrata extract in the management of osteoarthritis of the 
knee. Phytotherapy Research 2019; 33(5): 1457-68. 

55. Kumar R, Singh S, Saksena AK, Pal R, Jaiswal R and 
Kumar R: Effect of Boswellia serrata extract on acute 

inflammatory parameters and tumor necrosis factor-α in 
complete Freund's adjuvant-induced animal model of 
rheumatoid arthritis. International Journal of Applied 
Basic Medical Reseach 2019; 9(2): 100-06. 

56. Lim YZ, Hussain SM, Cicuttini FM and Wang Y: 
Nutirents and dietary supplements for osteoarthritis. 
Bioactive Food as Dietary Interventions for Arthritis and 
Related Inflammatiory Diseases 2019; 12(4): 97-37. 

57. Sharma ML, Bani S and Singh GB: anti-arthritic activity 
of Boswellic acid in bovine serum albumin induced 
arthritis. International Journal of Immunopharmacology 
1986; 11(6): 647-52. 

58. Gole A, Ahmad FJ, Singh RM and Singh GN: 3-acetyl-11-
keto-β-Boswellic acid loaded polymeric nanomedicine for 
topical anti-inflammatory and anti-arthritic activity. J of 
Pharmacy and Pharmacology 2010; 62(2): 273-78. 

59. Stapathy R: Evaluation of anti-diabetic nature of some 
Boswellic acid derivativesby molecular docking method. 
Current trends in Biotechnology and Pharmacy 2021; 
15(2): 177-81. 

60. Mahdian D, Abbaszadeh-Goudarzi K, Raoofi A, 
Dadashizadeh G, Abroudi M, Zarepour E and 
Hosseinzadeh H: Effect of Boswellia species on the 
metabolic syndrome: A review. Iranian Journal of Basic 
Medical Sciences 2020; 23(11): 1374-81. 

61. Ammon HPT: Boswellic extract and 1-keto-β-Boswellic 
acid prevents type 1 and type 2 diabetes mellitus by 
suppressing the expression of pro inflammatory cytokines. 
Phytomedicine 2019; 63(2019): 153002. 

62. Shehata AM, Quintanilla-Fend L, Bettio S, Jauch J, Scior 
T, Scherbaum WA and Ammon HPT: 11-keto-β-Boswellic 
acid prevents development of autoimmune reaction, 
insulitis and reduce hyperglycemia during induction of 

multiple low-dose Streptozotacin (MLD-STZ) diabetes in 
mice. Hormone and Metabolic Res 2015; 47(6): 463-69. 

63. Beghelli D, Isani G, Roncada P, Andreani G, Bistoni O, 
Bertocchi M and Alunno A: Antioxidant and ex-vivo 
immune system regulatory propertiesof Boswellia serrata 
extracts. Oxide Med and Cellular Longe 2017; 2017: 1-10. 

64. Afsar V, Reddy YM and Saritha KV: In-vitro antioxidant 
activity and anti-inflammatory activity of methanolic leaf 

extract of Boswellia serrata. Internl J of Life Sciences 
Biotechnology and Pharma Research 2012; 1(4): 15-23. 

65. Sharma A, Upadhyay J, Jain A, Namdeo A and Mahadik 
KR: Anti-oxidant activity of aqueous extract of of 
Boswellia serrata. Journal of Chemical Biological and 
Physical Sciences 2011; 1(1): 60-71. 

66. Hartmann RM, Fillmann HS, Martin MIM, Meurer L and 
Marroni NP: Boswellia serrata has beneficial anti-

inflammatory and anti-oxidant properties in a model of 
experimental colitis. Pharmacotherapy Research 2014; 
28(9): 1392-98. 

67. Wang M, Chen M, Ding Y, Zhu Z, Wie P, Wang J, Qiao 
Y, Li L, Li Y and Wen A: Pretreatment with β-Boswellic 
acid improves blood stasis induced endothelial 
dysfunction: Role of eNOS activation. Scientific Reports 
2015; 5(2015): 15357. 

68. Memariani Z, moeini R, Hamedi SS, Gorji N and 

Mozaffarpur SA: Medicinal plants with anti-thrombotic 
property in Persian medicine: A mechanistic review. 
Journal of Thrombosis and Thromb 2017; 45(1): 158-79. 

69. Twafik MK: Anti-aggregatory effect of Boswellic acid in 
high-fat fed rats: Involvement of redox and inflammatory 
cascades. Archives of Medical Scies 2016; 12(6): 1354-61. 

70. Kokkairipati PK, Bahkshu LM, Marri S, Padmasree K, 
Row AT, Ragahvendra AS and Tetali SD: Gum resin of 

Boswellia serrata human monocytic (THP-1) cell 
activation and platelet aggregation. Journal of 
Ethanopharmacology 2011; 137(1): 893-01. 

71. Amral-Machado L, Oliveira WN, Moreire-Oliveira SS, 
Pereira DT, Alencar EN, Tsapis N and Egito EST: Use of 
natural products in asthma treatment. Evidence-Based 
Complem and Alternative Medicine 2020; 2020: 1-35. 

72. Hewedy WA: Effect of Boswellia serrata on Rat trachea 

contractility In-vitro. The Nat Prod J 2020; 10(1): 33-43. 
73. Soni KK, Meshram D, Lawal TO, Patel U and Mahady 

GB: Fractions of Boswellia serrata suppress LTA4, LTC4, 
cyclooxygenase-2 activities and mRNA in HL-60 Cells 
and reduce lung inflammation in BALB/c mice. Current 
Drug Discovery Technologies 2020; 18(1): 95. 

74. Liu Z, Liu X, Sang L, Liu H, Xu Q and Liu Z: Boswellic 
acid attenuates asthma phenotypes by down regulation of 

GATA3 via pSTAT6 inhibition in the murine model of 
asthma. International Journal Clinical and Experimental 
Pathology 2015; 8(1): 236-43. 

75. Zhou X, Cai JG, Zhu WW, Zhao HY, Wang K and Zhang 
XF: Boswellic acid attenuates asthma phenotype by down 
regulation of GATA3 via pSTAT6. Genetics and 
Molecular Research 2015; 14(3): 7436-68. 

76. Sherif M, Kamel R, Elmorsy E and Ahmed SK: Role of 
Boswellic acid in the treatment of peptic ulcer disease. Al-

Azhar J of Pharmaceutical Sciences 2019; 60(2): 122-45.  
77. Arora R, Malhotra P, Sundriyal S, Yashwanth HS, Pau RJ, 

and Baliga MS: Medicinal plants as remedies for 
gastrointestinal ailments and diseases. Bioactive Food as 
Dietary Interventions for Liver and Gastrointestinal 
Diseases 2013; 301-11. 

78. Golbabaei S, Balz R, Golestanian S, Nabati F, Omrany 
ZB, Yousefi B and Amanlou M: Urease inhibitory 

activities of β-Boswellic acid derivatives. DARU Journal 
of Pharmaceutical Sciences 2013; 21(1): 2. 

79. Singh S, Kahjuria A, Taneja SC, Khajuria RK, Singh J, 
Johri RK and Qazi GN: The gastric ulcer protective effect 
of Boswellic acids, a leukotriene inhibitor from Boswellia 
serrata in rats. Phytomedicine 2008; 15(6-7): 408-15. 

80. Shahid MH, Anjum I, Mushtaq MN and Riaz S: Cardio 
protective effect of Boswellic acids against doxorubicin 

induced myocardial infarction in rats. Pakistan Journal of 
Pharmaceutical Sciences 2021; 34(1): 359-65. 



Rastogi and Dwivedi, IJPSR, 2021; Vol. 12(10): 5238-5252.                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5252 

81. Mahdian D, Abbaszadeh-Goudarzi K, Raoofi A, 
Dadashizadeh G, Abroudi M, Zarepour E and 
Hosseinzadeh H: Effect of Boswellia species on the 
metabolic syndrome: A review. Iranian Journal of Basic 
Medical Sciences 2020; 23(11): 1374-81. 

82. Cauz-Perolin C, Billiet L, Bauge E, Copin C, Scott-Algara 

D, Genze F and Rouis M: Anti-inflammatory and anti-
atherogenic effect of the NF-B inhibitor acetyl-11-keto-β-
Boswellic acid in LPS-challenged ApoE-/-mice: 
Arteriosclerosis, thrombosis and vascular biology. Journal 
of American Heart Association 2007; 28(2): 272-77. 

83. Pandey RS, Singh BK and Tripathi YB: Extract of gum 
resin of Boswellia serrata Linn. Inhibits 
lipopolysaccharide induced nitric oxide production in rat 
macrophages along with hypolipidemic property. Indian 

Journal of Experimental Biology 2005; 43(6): 509-16. 
84. Thabet NM, Abdel-Rafei MK and Moustafa EM: 

Boswellic acid protects against Bisphenol-A and gamma 
radiation induced hepatic steatosis and cardiac remodelling 
in rats: Role of hepatic PPAR-α/P38 and cardiac 
Calcineurin-A/NFATc1/P38 pathways. Archives of 
Physiology and Biochemistry 2020; 1(2020): 1-19. 

85. Eltahir HM,  Fawzy MA, Mohamed EM, Alrehany MA, 

Shehata AM and Abouzeid MM: Antioxidant, anti 
inflammatory and anti fibrotic effects of Boswellia serrate 
gum resin in CCl4 induced hepatotoxicity. Experimental 
and Therapeutic Medicine 2020; 19(1): 1313-21. 

86. Mahesh BU, Shrivastava S, Pragada RR, Naidu VGM and 
Sistla R: Anti-oxidant and hepatoprotective effects of 
Boswellia ovalifoliolata bark extracts. Chinese Journal of 
Naturla Medicine 2014; 12(9): 663-71. 

87. Ammon HPT: Boswellic acid in chronic inflammatory 
diseases. Planta Medica 2006; 72(12): 1100-16. 

88. Bansal N, Mahan S, Kalra S and Khanna D: Boswellia 
serrata- Frankincense (A jesus gifted herb) an updated 
pharmacological profile. Pharmacologi 2013; 4(6): 457-63. 

89. Nayeem M and Qadri MFA: Evaluation of diuretic activity 
of Boswellia serrata leaf extract in albino mice. 
International Journal of Pharmacy and Pharmaceutical 

Sciences 2015; 7(2): 502-05. 
90. Muhammad A, Jabeen Q, Majid AMSA and Muhammad 

A: Diuretic activity of Boswellia serrata Roxb. Oleo gum 
extract in albino rat. Pakistan Journal of Pharmaceutical 
Sciences 2014; 27(6): 1811-17. 

91. Halim SA, Khan A, Csuk R, Al-Rawahi A and Al-Harrasi 
A: Diterpenoids and triterpenoids from Frankincense are 
excellent anti-psoriatic agents: An in-silico approach. 
Frontiers in Chemistry 2020; 8(2020): 486-04. 

92. Maramaldi G, Togni S, Di Pierro F and Biondi M: A 
cosmeceutical formulation based on Boswellic acids for 
the treatment of erythematous eczema and psoriasis. 
Clinical Cosmetic and Investigational Dermatology 2014; 
7(1): 321-27. 

93. Pedretti A, Capezzera R, Zane C, Facchinetti E and 
Calzavara-Pinton P: Effects of topical Boswellic acid on 
photo and age-damaged skin: Clinical, biophysical and 

echographic evaluations in a double-blind randomized, 
split-face study. Planta Medica 2009; 76(6): 555-60. 

94. Haghaie H, Soltani S, Hosseini SR, Rashidi M and Karima 
S: Boswellic Acids as promising leads in drug 

development against Alzheimer’s disease. Pharmaceutical 
Sciences 2021; 27(1): 14-31. 

95. Brillatz T, Jacmin M, Queiroz EF, Marcourt L, Morin H, 
Shahbazi N, Boulens N, Riva A, Crawford AD, Allemann 
E and Wolfender J: Identification of potential antiseziure 
agents in Boswellia sacra using in-vivo zebra fish and 

mouse epilepsy models. American Chemical Society 2021; 
12(10): 1791-01. 

96. Rajabian A, Sadeghnia H, Fanoudi S and Hosseini A: 
Genus Boswellia as a new candidate for neurodegenerative 
disorders. Iranian Journal of Basic Medical Sciences 2020; 
23(3): 277-86. 

97. Jiang X, Wang Y, Zhang B, Fei X, Gou X, Jia Y and Yu 
W: Acetyl-11-keto-β-Boswellic acid regulates the repair of 
rat sciatic nerve injury by promoting the proliferation of 

Schwann cells. Life Sciences 2020; 254(2020): 116887. 
98. Ameen AM, Elkazaz AY, Mohammad HMF and Barakat 

BM: Anti-inflammatory and neuroprotective activity of 
Boswellic acids in rotenone parkinsonian rats. Canadian 
Journal of Physiology and Pharmacology 2017; 95(7): 
819-29. 

99. Ding Y, Chen M, Wang M, Zhang M, Park J and Wen A: 
Neuroprotection by acetyl-11-keto-β-Boswellic acid, in 

ischemic brain injury involves the Nrf2/HO-1 defence 
pathway. Scientific Reports 2015; 4(1): 1-8. 

100. Sadeghnia HR, Arjmand F and Ghorbani A: 
Neuroprotective effect of Boswellia serrata and its active 
constituent acetyl-11keto-β-boswellia acid against oxygen-
glucose serum deprivation-induced cell injury. Acta 
Poloniae Pharmaceutica 2017; 74(3): 911-20. 

101. Park YS, Lee JH, Bondar J, Harwalkar JA, Safayhi H and 

Golubic M: Cytotoxic action of acetyl-11-keto-β-
Boswellic acid (AKBA) on meningioma cells. Planta 
Medica 2002; 68(5): 397-01. 

102. Holleran G, Scaldaferri F, Gasbarrini A, and Curro D: 
Herbal medicinal products for inflammatory bowel 
disease: Afocus on those assessed in double-blind 
randomised controlled trails. Phytotherapy Research 2019; 
34(1): 77-93. 

103. Roy S, Hari S, Banerjee A, Kannan R, Jothimani G, 
Raghavan V and Pathak S: A study on the effects of 
acetyl-11-keto-β-Boswellic acid against dextran sodium 
sulfate induced acute and chronic colitis in swiss albino 
mice. J of Applied Biotechnology Rep 2020; 7(4): 224-32. 

104. Krieglstein CF, Anthoni C, Rijcken EJM, Laukotter M, 
Spiegel HU, Boden SE and Schurmann G: Acetyl-11keto-
β-Boswellic acid, a constituent of herbal medicine 
fromBoswellia serrata resin, attenuates experimental 

ileitis. International Journal of Colorectal Disease 2001; 
16(2): 88-95. 

105. Goswami D, Mahapatra AD, Banerjee S, Kar A, Ojha D, 
Mukherjee PK and Chattopadhyay D: Boswellia serrata 
oleo-gum-resin and β-Boswellic acid inhibits HSV-1 
infection in-vitro through modulation of NF-кB and p38 
MAP kinase signaling. Phytomedicine 2018; 51(1): 94-03. 

106. Rhein C, Weidner T, Henß L, Martin J, Weber C, Sliva K 

and Schnierle BS: Curcumin and Boswellia serrata gum 
resin extract inhibit chikungunya and vesicular stomatitis 
virus infections in-vitro. Antiviral Research 2016; 
125(2016): 51-57. 

 

 

 
 

All © 2021 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 
Rastogi P and Dwivedi PK: An update on potential therapeutic actions of Boswellic acids. Int J Pharm Sci & Res 2021; 12(10): 5238-52. 
doi: 10.13040/IJPSR.0975-8232.12(10).5238-52. 
 


