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ABSTRACT

Inflammatory responses are the consequences of infection, injury, and tissue
dysfunctions. In general, these responses associate with the inception of several diseases
such as rheumatoid arthritis, diabetes, allergy, asthma, cancer, epilepsy, and Alzheimer's
disease. To enhance such responses a number of synthetic drugs are widely used,
including steroidal/non-steroidal components, antibodies, and cytokine inhibitors.

However, prolonged use of these components may generate some side effects, including
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the malfunction of digestive tract, liver intoxication, kidney damage, and cardiovascular
disorders. Therefore, alternative application of natural compounds, such as herbal
components, against inflammatory responses might be safer and more effective.
Frankincense is a gum resin with potential therapeutic effects on various diseases with
signs of inflammation. Therefore, frankincense can decrease the indications of
numerous illnesses with the least side effects. The identification of critical active
constituents in frankincense may be useful for the development of new components
with desired biological effects. In this review, the potential therapeutic effects of

frankincense will be described based on its anti-inflammatory effects.
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INTRODUCTION

Inflammation is the primitive
response of a tissue to infection, injury,
trauma, and swelling- induced damages
to trigger either tissue repair or clear the
damaged cells. Through this process, a
complex network of signaling pathways
would be activated and mediated by a
cascade of proinflammatory factors,
including nitric oxide (NO), tumor
(TNF-a),

and

necrosis factor-alpha

prostaglandins,
1

cytokines,
interleukins ~. Inflammatory responses
could be associated with a variety of
diseases. In

chronic general,

steroidal/non-steroidal anti-
inflammatory drugs are broadly applied
to treat inflammation, especially at
acute phase 2. However, their prolonged
application is hazardous due to a variety
of side effects including damage to
tissues such as liver, Kkidney,
cardiovascular system, skin, and gut 3.
Therefore, their prescription should be
performed with special care. On the

other hand, despite the efficacy of

antagonists against proinflammatory
cytokines such as TNF-o and
interleukin-18  (IL-1B), high  cost

medication of such components restricts

their  application % Therefore,

29

alternative  low-cost natural  anti-
inflammatory compounds could be
considered as replacement of drugs
above °. Frankincense (also termed as
olibanum or Salaiguggul), is a gum
resin derived from Boswellia species.
Boswellia genus comprises four main
species, including Boswellia serrata
from India, Boswellia carterii from East
Africa and China, Boswellia frereana
from Northeast Africa (Somalia), and
Boswellia sacra from the Middle-East

(AaBA) >,

Since ancient times, frankincense
has been widely used in different
regions of Africa, China, India, and
Middle  East to the

inflammatory hallmarks' progress. In

prevent

traditional Chinese medication,
frankincense of Boswellia carterii is
usually prescribed as an efficient drug
for improvement of blood circulation
and pain relief. Recently, frankincense
is used in developed countries against a
variety of chronic inflammatory
diseases °. This review paper intends to
summarize the reported therapeutic
properties of Boswellia resin with a
further focus on its anti-inflammatory
effects. The keywords used in Pubmed

and Google scholar were frankincense,



Frankincense as a therapeutic anti-inflammatory compound

boswellic  acid, anti-inflammatory,
cancer, diabetes mellitus, asthma, pain,
rheumatoid  arthritis,  Alzheimer's
(AD),
majority of the available articles were

included (Table 1).

disease and epilepsy. The

Main components of frankincense

Studies have identified more than 200
compounds in frankincense ’. Detailed
information about these components is
available in various published papers
% The main component of frankincense
is oil (60%). It contains mono- (13%)
and diterpenes (40%) as well as ethyl
acetate (21.4%), octyl acetate (13.4%)
and methylanisole (7.6%). Some of the
resins major components were the
diterpenes incensole, and isoincensole,
their oxide or acetate derivatives, and
the triterpene boswellic acids. Boswellic
acids are the major triterpenic acid of
the gum resin derived from Boswellia
species, and responsible for the most of
11, 12. To

identify the active components in the

its pharmaceutical effects

resin, boswellic acids were examined

for their anti-inflammatory effects **%°.
Afterward, many reports attributed the
and

anti-inflammatory cytotoxic

properties of Boswellia resin solely to

30

boswellic acids and their derivatives,
specifically acetyl-p-boswellic acid, 11-
keto-B-boswellic acid and acetyl-11-
keto-B-boswellic acid *°. However, the
diterpen incensole and its acetate have
also shown anti-inflammatory activities

17

For example, robust anti-

inflammatory  and  neuroprotective
effects were reported in mice following
head trauma *°. Therefore, it is believed
that several different constituents
modulate the anti-inflammatory activity
of the resin. It is also important to note
that different species of Boswellia
contain a different mixture of active and

non-active ingredients *°.

The effects of

Boswellia

anti-inflammatory

resin and its active

constituents, are mediated via several

critical pathways involved in
inflammation, including the nuclear
factor-kB  pathway 2°,  cytokines

downstream of Nf-kB activation 22,

interaction with lipoxygenases * %,

cyclooxygenase %,

inhibition  of
modulation of the mitogen-activated
protein kinases (MAPKs) * % and
production of reactive oxygen species

(ROS) %°.
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Analgesic effect of frankincense

Pain is an unpleasant sensation,
mediated by prime sensory neurons
(nociceptors) in response to a diversity
of mechanical, thermal, and chemical
signals, often linked with inflammatory
responses 2’. Pain might be spontaneous

or intermittent or persistent. Chronic

pain could relate with chronic
inflammation in  many conditions,
including osteoarthritis, rheumatoid

arthritis, low back pain, fibromyalgia,
pelvic and abdominal pain, neuropathic
pain, migraine, and cancer %, Cytokines
are the main important intermediaries of
inflammatory pain, which could be
induced by nociceptor sensitization
indirectly via mediators or directly
activating neurons by their specific
receptors on the neuronal cells °.
Inflammation-induced cyclooxygenase-
2 (Cox-2)
hypersensitivity due to the release of

triggers localized pain

prostanoids  sensitizing  peripheral

nociceptor  terminals.  Furthermore,

peripheral inflammation could generate
pain hypersensitivity in neighboring
tissue

undamaged (secondary

hyperalgesia), because of increased

neuronal excitability of spinal cord

(central sensitization), and a syndrome

31

containing diffuse muscle and joint
pain, fever, lethargy, and anorexia *°.
Immune cytokines, such as TNF-a, IL-
1B, and IL-6, are important players for
the activation of pain generation .
Acetyl-a-boswellic acid and acetyl-11-
keto-B-boswellic acid are crucial
constituents of frankincense that can
prevent nuclear factor kappaB (NF-KB)
signaling and consequent down-
regulation of TNF-o expression in
activated human monocytes . Li et al.
showed that frankincense oil and water
(FOE, FWE)

inflammation and pain. Of note, FOE is

extracts could treat
more-enriched with a-pinene, linalool,
and 1-octanol than FEW. Therefore it
has a greater and faster lessening effect
for swelling and pain *2. Water extract
of frankincense alleviated neuropathic
pain in mice via modulation of transient
receptor potential vanilloid 1 (TRPV1)
% LI13019F1, a new composition of
Boswellia serrata gum resin extracts,
reduced pain, and protected articular
cartilage from the damaging action of
monoiodoacetate in a rat model *. A
combined water extract of frankincense
and Myrrh  alleviated  chronic
constriction injury-induced mechanical

allodynia and thermal hypersensitivity
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by increasing TRPV1 expression at both
the mRNA and protein levels in
predominantly small-to-medium
neurons *. Crude extracts and fractions
of Omani frankincense obtained from
Boswellia sacra indicated analgesic
effect against muscle, stomach, and

35

arthritis pain in animal models

Boswellia serrata significantly
increased the pain threshold and pain
tolerance force and time in healthy
volunteers in the mechanical pain model
% QOral

serrata

administration of Boswellia

reduced the intensity and
frequency of headaches in patients with
chronic cluster headache *. Extract of
Boswellia elongata produced significant
anti-inflammatory and antinociceptive
effects in carrageenan-induced rat paw
edema, cotton pellet granuloma in rats,
acetic acid-induced abdominal writhing,

and hot-plate test model in mice *®.

Anti-rheumatoid arthritis effect of

frankincense

Rheumatoid arthritis (RA) is an
enduring inflammatory progressive and
disabling autoimmune disease. It causes
inflammation, swelling, and pain in and
around the joints and other body organs,

determined by wide synovitis resulting

32

in erosions of articular cartilage and

marginal bone that lead to joint
destruction *. A sophisticated,
interactive network of cells and

cytokines, including: TNF-a, IL-1p, IL-6,
IL-17, and IL-8, are involved in the
pathogenesis of RA “* ' Both the
autoreactive T and B cells play crucial
roles in such autoimmune responses.
that H15,

anexclusive extract of the gum resin of

Etzel et al. showed

Boswellia serrata is useful in the
RA 42
components of frankincense, including
24-dien-21-oic-

acid, elemonic acid, acetyl elemolic

treatment  of Bioactive

3-hydroxylanosta-8,

acid decreased the edema volume of
arthritis  patients, significantly. The
medication of frankincense for these
patients resulted in a significant
decrease in blood cytokines *. Boswellia
serrata extract at dose 180 mg/kg
showed

statistically significant

improvement inbody weight, and
decreased ankle diameter and arthritic
index in complete Freund's adjuvant-
RA.

results exhibited a

induced animal model of
Histopathological
reduction in inflammatory parameters
. Oral

serrata gum resin extract resulted in

administration of Boswellia
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reduced levels of inflammatory
mediators (IL-1pB, IL-6, TNF-a, IFN-y,
and PGE2), and increased level of IL-
10. Its

rheumatoid arthritis were also evident

protective effects against
from the decrease in arthritis scoring

and bone histology *.
Anti-diabetic effect of frankincense

Diabetes mellitus is a metabolic disease
that causes hyper glycemia and is one of
the most prevalent chronic disorders
with a significant increase in developing
countries. This disease is coupled with
impaired insulin secretion from the
pancreatic B-cells (type 1), and is
characterized by insulin resistance in

skeletal liver,

45

muscle, and adipose

tissue (type 2) Inflammation is
critically involved in the pathogenesis

diabetes  “°.

and progression  of
Excessive consumption of energy, high
rich carbohydrates, and saturated fats
diets coinciding with low intake of
healthy fats and antioxidants are
responsible for the pathogenesis of
diabetes *’. The presence of advanced
glycation end products and free fatty
acids promotes inflammatory responses
downstream of NF-xB signaling. Once

activated, NF-xB triggers the synthesis

33

and secretion of chemokines, such as
monocyte chemotactic
(MCP1) (also known as CCL2), in

adipocytes, which leads to infiltration of
47, 48‘ In

protein-1

pro-inflammatory macrophages

a randomized clinical trial study,
frankincense lowered the blood glucose
Alc (HbAlc),

cholesterol,

levels, hemoglobin

insulin, total and

triglycerides in type 2 diabetic patients

effects  °.

adverse
and 11-keto-p-

boswellic acids prevented type 1 and

without any

Boswellia extracts
type 2 diabetes mellitus by suppressing
the expression of proinflammatory

% Administration  of

cytokines
Boswellia serrata gum resin for eight
weeks considerably reduced fasting
blood sugar, glycosylated hemoglobin,
and triglyceride in type 2 diabetic
patients >*. A mixed herbal formulation,
including Boswellia serrata gum resin,
reduced the mean serum fasting blood
glucose, glycosylated hemoglobin, and
triglyceride in type 2 diabetic patients

52 Boswellia

Supplementation  of
serrata gum resin increased blood high-
density lipoprotein (HDL) levels and
decreased  cholesterol, low-density
lipoprotein (LDL), and fructosamine in

type 2 diabetic patients *%. Extracts from
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the gum resin of Boswellia serrata
prevented pancreatic islet destruction
and consequent hyperglycemia in the
multiple low-dose  streptozotocin
treatment as an animal model of type 1
diabetes probably by inhibition of the
production/action of cytokines related
to the induction of islet inflammation in
an autoimmune process >*. Extract from
Boswellia serrata gum resin decreased
glutamate decarboxylase 65 (GADG65)
autoantibodies in a patient with latent
autoimmune diabetes in adults (LADA)
> A single oral administration of
Boswellia glabra leaf and root extract

decreased the blood glucose level in

alloxan-induced diabetic rats. The
continued use of leaf and root extract
for 28 days produced significant

hypoglycemic effects; there was also a
decrease in serum glucose, cholesterol,
triglyceride, urea and creatinine levels
and activities

enzyme (alkaline

phosphatase and glucose-6-

phosphatase) *°.
Anti-tumor effect of frankincense

Cancer is the second foremost cause of

death worldwide after

57

myocardial

infarction Chronic inflammation

predisposes individuals to various types

34

58

of cancer . therefore, cellular

mediators  of  inflammation  are
important elements of tumors' local
environment. In general, inflammatory

the
59

conditions are required for

generation of malignancy
Conversely, an oncogenic change may
induce inflammatory conditions for
development of tumors ®°. To generate
cancer-related  inflammation,  key
intrinsic factors, including NF-xB and
signal transducer and activator of
transcription 3 (STAT3), are required as
well as proinflammatory cytokines such
as IL-1B, IL-6, and TNF-a °@%
Moreover, MAPK
signaling plays a critical step in the

% The

deregulation in
progression  of  cancer

conventional used chemotherapeutic
agents are often associated with several
effects. To such

a shift to

side overcome

problems, the natural
compounds with fewer side effects is
essential . The anti-cancer potential of
boswellic acid, one of the components
of frankincense is well evidenced .
Syrovets et al. and Kunnumakkara et al.
have shown that acetyl-boswellic acid *°
and acetyl-11-keto-B-boswellic acid can
inhibit NF-xB *! and STAT3 signaling

6

pathways, respectively . 3-O-acetyl-
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11-keto-B-boswellic acid exerted anti-

tumor effects in glioblastoma by
arresting cell cycle at G2/M phase .
Extracts of the oleogum resins exhibited
cytotoxicity against treatment-resistant
metastatic human breast cancer cell line
MDA-MB-231. The cytotoxic value
against the cancer

the

cells correlated
positively  with contents  of

pentacyclic triterpenic acids

68

in Boswellia extracts °°. The essential

oil of frankincense  suppressed

melanoma cancer through
downregulation of Bcl-2/Bax cascade
signaling and ameliorated
hepatotoxicity via phase | and Il drug-
metabolizing enzymes ®. Frankincense
essential oil prepared from
hydrodistillation of Boswellia sacra
gum resins induced human pancreatic
cancer cell death in cultures and a
xenograft murine model . Acetyl-11-
keto-B-boswellic acid enhanced the
cisplatin sensitivity of non-small cell
lung cancer cells through cell cycle
and

p21-
71

arrest,  apoptosis  induction,

autophagy  suppression  via

dependent  signaling  pathway

Boswelic acid derived from Boswellia
increased the

Serrata significantly

anticancer activities of Temozolomide

35

and Afatinib. These effects were related
to anti-inflammatory and antioxidant
inhibition of

effects, based on the

growth factors and proinflammatory

72

interleukins Boswellia frereana

extract suppressed the influence of
hepatocyte growth factor (HGF) in
breast cancer cell motility and invasion
reducing HGF/c-Met

signaling events. The authors concluded

in vitro, by

that Boswellia frereana extract could
play a novel role in the treatment of
breast cancer "*. 3-O-acetyl-11-keto-p-
boswellic acid, the principal active
ingredient of the gum resin from
Boswellia serrata and Boswellia carteri
inhibited cell proliferation, decreased
DNA synthesis, inhibited the

and

and
migration,  invasion,
formation of U251 and U87-MG human

glioblastoma

colony

cell lines, and was
proposed as a promising chemotherapy
drug in the treatment of glioblastoma °’.
Methanolic extract of Boswellia serrata
inhibited proliferation, angiogenesis,
and migration and induced apoptosis in
HT-29 human colon cancer cells by
inhibiting microsomal prostaglandin E
and the

synthase-1 decreasing

prostaglandin E2 level and its

downstream targets >
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Anti-allergy and asthma effect of

frankincense

Asthma is one of the most widespread
chronic diseases associated with narrow
airways swell, and extra mucus
production, which is highly prevelant in
human societies. It is a multifactorial
disease with genetic background and
allergic responses to the environmental,
infectious conditions, and nutritional

4 Inflammation of the

components
airway in chronic asthma mediated by
infiltration of activated mast cells,
dendritic cells (DCs) and T helper type-
2 (Th2) cells into the bronchial mucosa
and subsequent releasing of pro-
inflammatory mediators . In a double-
blind, placebo-controlled study, Gupta
et al. have shown that 70% of patients
who were suffering from bronchial
asthma and treated with a gum resin,
showed improvement of disease and
disappearance of physical symptoms
and signs such as dyspnea, rhonchi,
number of attacks, as well as decreased
in the eosinophilic count ®. Neutrophils
play central roles through releasing
tissue-degenerative proteases, such as

cathepsin G, and pro-inflammatory

77

leukotriene’s '*, especially leukotriene

B4 (LTB4), which is a chemoattractant

36

and
78

for  leukocytes  aggregation

adherence to vascular endothelium
Boswellic acids, the pentacyclic
triterpene acid compounds in the gum
resin of frankincense, are capable of
targeting cathepsin G, 5-lipooxygenase
(5-LO) and LTB4 in neutrophils, and
might be able to suppress the asthmatic
7 In a Sephadex LH-20
induced airway inflammation model of
LI13109F, a herbal

composition containing the extracts of

hallmarks

rats, novel
Boswellia serrata gum resin and Aegle

marmelos fruit, reduced infiltrated
granulocyte population in the bronco-
alveolar lavage fluid and normalized
Th1/Th2 cytokine balance. Further, a
56-day

randomized, double-blind

placebo-controlled and
study on
subjects with mild to moderate asthma
evaluated the clinical
LI13109F ™. In a

placebo-controlled

efficacy of
double-blind,
studies, forty
patients with bronchial asthma in the
age range of 18-75 years were treated
with a preparation of gum resin of 300
mg thrice daily for 6 weeks. 70% of
patients showed improvement of the
the

disease as evidenced by

disappearance of physical symptoms
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and signs such as dyspnoea, rhonchi,
number of attacks .

Anti-Alzheimer’s disease effect of

frankincense

Alzheimer's disease (AD) is a
neurogenic syndrome and a type of
dementia that causes complications with
memory, thinking and behavior and
cognitive  decline,  function, and
determination . The activation of the
immune system, leads to a general
inflammatory disease in the brain, as
one of the main signs of AD. An
inflammatory response is involved in
the environmental

the

recruitment  of
immune cells and release of
inflammatory mediators in the brain.
Microglia and astrocytes are responsible
for such phenomena in AD, which
produce

inflammatory  cytokines.

Prolonged inflammatory conditions
contribute to the neurodegeneration and
development of AD. C-reactive protein
(CRP), TNF-q, IL-1q, IL-6, IL-10, and
(COX-2)

examples of inflammatory cytokines in

Cyclooxygenase-2 are
AD 88 as well as activation of NF-kB
8 Acetyl-11-keto-B-boswellic acid has
shown potent anti-inflammatory effects.
Acetyl-11-keto-p-boswellic acid could

37

prohibit  the  phosphorylation  of
recombinant NF-xB ' as well as
inhibitor of NF-xB (IkB) %"

Additionally, a single administration of
frankincense extract had no significant
effect on learning parameters, but long-
term administration of frankincense
improved the memory function .

Various studies have shown the
beneficial effects of frankincense on
animal models of AD. The hydro-
frankincense

alcoholic  extract of

improved  memory  retrieval in

lipopolysaccharide (LPS) treated rats,
via an anti-neuroinflammatory activity

by reducing TNF-o levels in the

86

hippocampus Long-term

administration of frankincense
improved dementia type of AD induced
by intracerebroventricular (i.c.v)
injection of streptozotocin in a time-

87

dependent manner °°. Meanwhile, the

treatment of AD-induced rats with
aqueous infusions of Boswellia serrata
significantly ameliorated the
neurodegenerative features of AD in
rats ®. Recently, it was shown that in
high fat/high

diet/streptozotocin

fructose
(STZ)- induced
diabetic rats, Boswellia serrata gum

showed a significant reduction in
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amyloid-p (AB) deposits and p-tau
positive cells, and reduced significantly
the elevated hippocampal levels of
TNF-a, IL-1B, and IL-6 *°. Acetyl-11-
keto-B-boswellic acid from Boswellia
serrata improved learning and memory
deficits, decreased cerebral AP levels
and plaque burden, alleviated oxidative
stress and inflammation, and reduced
activated glial cells and synaptic defects
APPswe/PS1dE9

acetyl-11-keto-pB-

in  the mice.
Furthermore,
boswellic acid treatment remarkably
suppressed amyloid precursor protein
(APP) processing by inhibiting beta-site
APP cleaving enzyme 1 (BACEL)
protein expression to produce AP in the

APPswe/PS1dE9

Mechanistically,

mice brains.
acetyl-11-keto-f3-
boswellic acid modulated antioxidant
and anti-inflammatory pathways via
increasing nuclear erythroid 2-related
factor 2 (Nrf2) and heme oxygenase-1
(HO-1) expression, and via declining
phosphorylation of IkBa and p65 %,
The chloroform extract of Boswellia
socotrana inhibited acetylcholinesterase
activity ™.
Anti-epileptic effects of frankincense
Epilepsy is an enduring disorder of

the central nervous system, which is

38

characterized by repeated seizures. It is
the most prevalent neurological disease
shows that

worldwide 2. Evidence

inflammation might be a cause, and a

% Several

consequence of epilepsy
inflammatory mediators were detected
in the brain tissue of epileptic patients
% There are some studies, which show
that frankincense might be useful in the
control of seizures. Frankincense
reduced the severity of seizures induced
by pilocarpine, which was attributed to
its potent antioxidant and anti-
inflammatory effects *. Incensole and
B-boswellic acid  extracted  from
Boswellia sacra showed significant in
and

vivo anticonvulsant activity

decreased seizures induced by the
gamma-aminobutyric acid receptor type
A (GABA) antagonist,
pentylenetetrazol in zebrafish larvae %
Meanwhile, boswellic acids isolated
from the oleo-gum resin of Boswellia
showed

serrata dose-dependent

anticonvulsant activity against

electrically induced convulsions in
experimental animals by decreasing the
duration of hind limb tonic extension
(HLTE) and by increasing the latency of

HLTE, significantly *'.
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Table 1: Therapeutic effects of frankincense and/or its ingredients on inflammatory diseases

Disease

Substance

Effectiveness

Reference

Rheumatoid arthritis

Boswellia serrata extract

Bioactive components of
frankincense including 3-
hydroxylanosta-8, 24-dien-21-
oic-acid, elemonic acid, acetyl

elemolic acid

H15, an exclusive extract of the

gum resin of Boswelliaserrata

Boswellia serrata gum resin

Decrease in ankle diameter and
arthritic index in complete
Freund's adjuvant-induced

animal model of RA

Decrease in the edema volume

of arthritis patients

Treatment of rheumatoid

arthritis

Attenuation of inflammatory
mediators and oxidative stress in

collagen-induced arthritis

Kumar et al., 2019

Suetal., 2015

Etzel et al., 1996

Umar tal., 2014

Diabetes mellitus

11-keto-B-boswellic acids

Frankincense

Boswellia serrata gum resin

Prevention of type 1 and type 2
diabetes mellitus by suppressing
the expression of

proinflammatory cytokines

Anti-hyperglycemic effect in

type 2 diabetic patients

Prevention of pancreatic islet
destruction and consequent
hyperglycemia in an animal
model of type 1 diabetes by

inhibition of the

Ammon., 2019

Azadmebhr et al., 2014

Shehata et al., 2011
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Boswellia serrata gum resin

Boswellia serrata gum resin

production/action of cytokines
related to the induction of islet
inflammation in an autoimmune

process

Reduction of glutamate
decarboxylase 65 (GAD65)
autoantibodies in a patient with
latent autoimmune diabetes in

adults (LADA)

Reduction of fasting blood
sugar, glycosylated hemoglobin,
and triglyceride in type 2

diabetic patients

Franic et al., 2020

Mehrzadi et al., 2018

Cancer

Frankincense

Frankincense

3-O-acetyl-11-keto-B-boswellic

acid

Boswellic acid

Suppression of melanoma
cancer through downregulation

of Bcl-2/Bax cascade signaling

Cytotoxicity against the human,
treatment-resistant, metastatic
breast cancer cell line MDA-

MB-231

Anti-tumor effects in
glioblastoma by arresting cell

cycle at G2/M phase

Antagonism of signal
transducers and activators of
transcription 3 signaling,
proliferation, and survival of
multiple myeloma via the

protein tyrosine phosphatase

Hakkim et al., 2019

Schmiech et al., 2019

Li et al., 2018

Kunnumakkara et al., 2009
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Frankincence from Boswellia

sacra

Acetyl-11-keto-B-boswellic

acid

Boswellic acid from Boswellia

serrata

shp-1

Induction of human pancreatic
cancer cell death in cultures, and

a xenograft murine model

Enhance the cisplatin sensitivity
of non-small cell lung cancer
cells through cell cycle arrest,

apoptosis induction, and
autophagy suppression via p21-

dependent signaling pathway

Increase the anticancer activities
of Temozolomide and Afatinib
by inhibition of growth factors

and proinflammatory

interleukins

Ni et al., 2012

Lv et al., 2020

Barbarisi et al., 2019

Allergy and asthma

Frankincense

L113109F, a herbal
composition containing the
extracts of Boswellia serrata
gum resin and Aegle marmelos

fruit

Frankincense

Improvement of Asthma and
disappearance of physical
symptoms and signs such as
dyspnea, rhonchi, number of

attacks

Reduction of infiltrated
granulocyte population in the
bronco-alveolar lavage fluid and
normalization of Th1/Th2
cytokine balance in an airway

inflammation model of rats

Improvement of asthma by the

disappearance of physical

Gupta et al., 1998

Yugandhar et al., 2018

Gupta et al., 1998
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symptoms and signs such as
dyspnoea, rhonchi, number of

attacks

Alzheimer's disease

Boswellia serrata gum

Boswellia serrata gum

Frankincense

The chloroform extract of

Boswellia socotrana

Acetyl-11-keto-B-boswellic

acid from Boswellia serrata

Reduction in AP deposits and p-

tau positive cells in diabetic rats

Amelioration of the
neurodegenerative features of

AD in rats

Improvement of dementia type
of AD induced by i.c.v injection

of streptozotocin

Inhibition of

acetylcholinesterase activity

Reduce cerebral amyloid-p (Ap)
levels, oxidative stress and
inflammation, and activated
glial cells and synaptic defects

.in the APPswe/PS1dE9 mice

Gomaa et al., 2019

Yassin et al., 2013

Beheshti and Aghaie., 2016

Bakthira et al., 2011

Wei et al., 2020

Epilepsy

Frankincense

Incensole and boswellic acids

extracted from Boswellia sacra

Boswellic acids isolated from

Boswellia serrata

Reduction of the severity of

pilocarpine-induced seizures

Anticonvulsant activity in PTZ-

induced seizures in zebrafish

larvae

Anticonvulsant activity

Brillatz et al., 2016

Hosny et al., 2020

Sengani et al., 2012

42
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Conclusion

A variety of chronic diseases are
associated with inflammation. Different
drugs have been designated and studied
the treatment of

for inflammation,

including antibodies, cytokine

antagonists, and so on. However, their

application was  associated  with
numerous side effects including
hepatotoxicity, renal  disturbances,

cardiovascular disease, and
si: . 99-104 : :

gastroenteritis . Frankincense is an

herbal

inflammatory compositions

product with powerful anti-
106-108. In
this paper, we reviewed several aspects
of anti-inflammatory activities of this
in various

compound inflammatory

diseases, including rheumatoid arthritis,

diabetes mellitus, cancer, asthma,
Alzheimer's disease, and epilepsy.
These diseases' clinical or animal

models revealed potent therapeutic
activities of frankincense, mainly based
on anti-inflammatory activities.
Frankincense resulted in reduced levels
of inflammatory mediators (IL-1p, IL-6,
TNF-a, IFN-y, and PGE2),
protected against rheumatoid arthritis.
11-keto-B-

boswellic acids prevented type 1 and

and

Boswellia extracts and

43

type 2 diabetes mellitus by suppressing
the expression of proinflammatory
cytokines. Boswellic acids increased the
anticancer activity, related to its anti-
inflammatory and antioxidant effects,
based on the inhibition of growth

factors and proinflammatory
interleukins. Boswellic acids targeted
cathepsin G, 5-lipooxygenase (5-LO)
and leukotriene B4 in neutrophils, and
suppressed the asthmatic hallmarks.
AKBBA  improved learning and
memory deficits, decreased cerebral AP
levels and plaque burden, alleviated
oxidative stress and inflammation, and
reduced activated glial cells and
synaptic defects in a mice model of
Alzheimer's  disease.  Accordingly,
frankincense can serve as a therapeutic
compound for the treatment of chronic

inflammatory diseases.

CONFLICT OF INTERESTS

The authors declare that there is no

conflict of interest to disclose.
Authors' Contributions

Rasoul Zaker and Siamak Beheshti
contributed to the drafting of the

manuscript.



Frankincense as a therapeutic anti-inflammatory compound

REFERENCES

Yeung YT, Aziz F, Guerrero-Castilla A,
Arguelles S. Signaling pathways in
inflammation and anti-inflammatory
therapies. Curr Pharm Des.
2018;24(14):1449-84.

Peesa JP, Yalavarthi PR, Rasheed A,
Mandava VBR. A perspective review on
role of novel NSAID prodrugs in the
management of acute inflammation. J Acute
Dis. 2016;5(5):364-81.

Zhang Y, Yu Y-, Tian H, Bai R-y, Bi Y-n,
Yuan X-m, et al. Evaluation of anti-
Inflammatory activities of a triterpene [3-
elemonic acid in frankincense in vivo and
in vitro. Molecules. 2019;24(6):1187.

Su S, Duan J, Chen T, Huang X, Shang E,
Yu L, et al. Frankincense and myrrh
suppress inflammation via regulation of the
metabolic profiling and the MAPK
signaling pathway. Sci Rep. 2015;5:13668.
Cao H, YuR, Choi Y, Ma Z-Z, Zhang H,
Xiang W, et al. Discovery of

cyclooxygenase inhibitors from medicinal

10.

11.

44

plants used to treat inflammation.
Pharmacol Res. 2010;61(6):519-24.
Hamidpour R, Hamidpour S, Hamidpour
MJ. Frankincense (Boswellia Species): the
novel phytotherapy for drug targeting in
cancer. Arch Cancer Res. 2016;4:1.
Ammon HP. Boswellic acids in chronic
inflammatory diseases. Planta Med.
2006;72(12):1100-16.

Bekana D, Kebede T, Assefa M, Kassa H.
Comparative phytochemical analyses of
resins of Boswellia Species (B. papyrifera
(Del.) Hochst., B. neglecta S. Moore, and
B. rivae Engl.) from Northwestern,
Southern, and Southeastern Ethiopia. ISRN
Anal Chem. 2014;2014:374678.

Atta ur R, Naz H, Fadimatou, Makhmoor T,
Yasin A, Fatima N, et al. Bioactive
constituents from Boswellia papyrifera. J
Nat Prod. 2005;68(2):189-93.

Zhou JY, Cui R. [Chemical components of
Boswellia carterii]. Yao Xue Xue Bao.
2002;37(8):633-5.

Moussaieff A, Mechoulam R. Boswellia
resin: from religious ceremonies to medical

uses; a review of in-vitro, in-vivo and



12.

13.

14.

15.

16.

17.

Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

clinical trials. J Pharm and Pharmacolo.
2009;61(10):1281-93.

Du Z, Liu Z, Ning Z, Liu Y, Song Z, Wang
C, et al. Prospects of boswellic acids as
potential pharmaceutics. Planta Med.
2015;81(4):259-71.

Siddiqui MZ. Boswellia serrata, a potential
antiinflammatory agent: an overview.
Indian J Pharm Sci. 2011;73(3):255-61.
Banno N, Akihisa T, Yasukawa K, Tokuda
H, Tabata K, Nakamura Y, et al. Anti-
inflammatory activities of the triterpene
acids from the resin of Boswellia carteri. J
Ethnopharmacol. 2006;107(2):249-53.
Ammon HP. Boswellic acids and their role
in chronic inflammatory diseases. Adv Exp
Med Biol. 2016;928:291-327.

Roy NK, Parama D, Banik K, Bordoloi D,
Devi AK, Thakur KK, et al. An update on
pharmacological potential of boswellic
acids against chronic diseases. Int J Mol
Sci. 2019;20(17):4101.

Al-Harrasi A, Csuk R, Khan A, Hussain J.
Distribution of the anti-inflammatory and

anti-depressant compounds: Incensole and

18.

19.

20.

21.

45

incensole acetate in genus Boswellia.
Phytochemistry. 2019;161:28-40.
Moussaieff A, Shein NA, Tsenter J,
Grigoriadis S, Simeonidou C,
Alexandrovich AG, et al. Incensole acetate:
a novel neuroprotective agent isolated from
Boswellia carterii. J Cerebr Blood F Met.
2008;28(7):1341-52.

Camarda L, Dayton T, Di Stefano V,
Pitonzo R, Schillaci D. Chemical
composition and antimicrobial activity of
some oleogum resin essential oils from
Boswellia spp. (Burseraceae). Ann Chim.
2007;97(9):837-44.

Syrovets T, Bichele B, Krauss C,
Laumonnier Y, Simmet T. Acetyl-boswellic
acids inhibit lipopolysaccharide-mediated
TNF-alpha induction in monocytes by
direct interaction with IkappaB kinases. J
Immunol. 2005;174(1):498-506.

Ammon HP, Mack T, Singh GB, Safayhi
H. Inhibition of leukotriene B4 formation in
rat peritoneal neutrophils by an ethanolic
extract of the gum resin exudate of
Boswellia serrata. Planta Med.

1991:57(3):203-7.



22.

23.

24,

25.

26.

Frankincense as a therapeutic anti-inflammatory compound

Safayhi H, Mack T, Sabieraj J, Anazodo
MI, Subramanian LR, Ammon HP.
Boswellic acids: novel, specific, nonredox
inhibitors of 5-lipoxygenase. J Pharmacol
Exp Ther. 1992;261(3):1143-6.

Siemoneit U, Hofmann B, Kather N,
Lamkemeyer T, Madlung J, Franke L, et al.
Identification and functional analysis of
cyclooxygenase-1 as a molecular target of
boswellic acids. Biochem Pharmacol.
2008;75(2):503-13.

Altmann A, Fischer L, Schubert-Zsilavecz
M, Steinhilber D, Werz O. Boswellic acids
activate p42(MAPK) and p38 MAPK and

stimulate Ca(2+) mobilization. Biochem

Biophys Res Commun. 2002;290(1):185-90.

Su S, Duan J, Chen T, Huang X, Shang E,
Yu L, et al. Frankincense and myrrh
suppress inflammation via regulation of the
metabolic profiling and the MAPK
signaling pathway. Sci Rep. 2015;5:13668.
Altmann A, Poeckel D, Fischer L,
Schubert-Zsilavecz M, Steinhilber D, Werz
O. Coupling of boswellic acid-induced
Ca2+ mobilisation and MAPK activation to

lipid metabolism and peroxide formation in

27.

28.

29.

30.

31.

32.

46

human leucocytes. Br J pharmacol.
2004;141(2):223-32.

Ossipov MH. The perception and
endogenous modulation of pain. Scientifica
(Cairo). 2012;2012:561761-.

Dray A. Inflammatory mediators of pain.
Br J Anaesth. 1995;75(2):125-31.

Cook AD, Christensen AD, Tewari D,
McMahon SB, Hamilton JAJ. Immune
cytokines and their receptors in
inflammatory pain. Trends Immunol.
2018;39(3):240-55.

Samad TA, Moore KA, Sapirstein A, Billet
S, Allchorne A, Poole S, et al. Interleukin-
1B-mediated induction of Cox-2 in the CNS
contributes to inflammatory pain
hypersensitivity. Nature.
2001;410(6827):471.

Syrovets T, Buchele B, Krauss C,
Laumonnier Y, Simmet TJT. Acetyl-
boswellic acids inhibit lipopolysaccharide-
mediated TNF-a induction in monocytes by
direct interaction with IxB kinases. J
Immunol. 2005;174(1):498-506.

Li X-J, Yang Y-J, Li Y-S, Zhang WK,

Tang H-BJJoe. a-Pinene, linalool, and 1-



33.

34.

35.

36.

Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

octanol contribute to the topical anti-
inflammatory and analgesic activities of
frankincense by inhibiting COX-2. J
Ethnopharmacol. 2016;179:22-6.

Hu D, Wang C, Li F, Su S, Yang N, Yang
Y, et al. A combined water extract of
frankincense and Myrrh alleviates
neuropathic pain in mice via modulation of
TRPV1. Neural Plast. 2017;2017:3710821.
Alluri VK, Kundimi S, Sengupta K,
Golakoti T, Kilari EK. An anti-
inflammatory composition of Boswellia
serrata resin extracts alleviates pain and
protects cartilage in monoiodoacetate-
induced osteoarthritis in rats. Evid Based
Complement Alternat Med.
2020;2020:7381625.

Al-Harrasi A, Ali L, Hussain J, Rehman
NU, Mehjabeen, Ahmed M, et al. Analgesic
effects of crude extracts and fractions of
Omani frankincense obtained from
traditional medicinal plant Boswellia sacra
on animal models. Asian Pac J Trop Med.
2014;7s1:5485-90.

Prabhavathi K, Chandra US, Soanker R,

Rani PU. A randomized, double blind,

37.

38.

39.

40.

47

placebo controlled, cross over study to
evaluate the analgesic activity of Boswellia
serrata in healthy volunteers using
mechanical pain model. Indian J
Pharmacol. 2014;46(5):475-9.

Lampl C, Haider B, Schweiger C. Long-
term efficacy of Boswellia serrata in four
patients with chronic cluster headache.
Cephalalgia.2012;32(9):719-22.

Mothana RA. Anti-inflammatory,
antinociceptive and antioxidant activities of
the endemic Soqotraen Boswellia elongata
Balf. f. and Jatropha unicostata Balf. f. in
different experimental models. Food chem
toxicol. 2011;49(10):2594-9.

Chimenti M, Triggianese P, Conigliaro P,
Candi E, Melino G, Perricone RJCd, et al.
The interplay between inflammation and
metabolism in rheumatoid arthritis.
2015;6(9):e1887.

Siebert S, Tsoukas A, Robertson J,
Mclnnes 1JPr. Cytokines as therapeutic
targets in rheumatoid arthritis and other
inflammatory diseases. Pharmacol Rev.

2015:67(2):280-309.



41,

42.

43.

44,

45,

Frankincense as a therapeutic anti-inflammatory compound

Mateen S, Zafar A, Moin S, Khan AQ,
Zubair SJICCA. Understanding the role of
cytokines in the pathogenesis of rheumatoid
arthritis. Clin Chim Acta. 2016;455:161-71.
Etzel R. Special extract of Boswellia
serrata (H 15) in the treatment of
rheumatoid arthritis. Phytomedicine.
1996;3(1):91-4.

Kumar R, Singh S, Saksena AK, Pal R,
Jaiswal R, Kumar R. Effect of Boswellia
serrata extract on acute inflammatory
parameters and tumor necrosis factor-alpha
in complete Freund's adjuvant-induced
animal model of rheumatoid arthritis. Int J
App Basic Med Res. 2019;9(2):100-6.
Umar S, Umar K, Sarwar AH, Khan A,
Ahmad N, Ahmad S, et al. Boswellia
serrata extract attenuates inflammatory
mediators and oxidative stress in collagen
induced arthritis. Phytomedicine.
2014;21(6):847-56.

Kloppel G, Léhr M, Habich K, Oberholzer
M, Heitz PU. Islet pathology and the
pathogenesis of type 1 and type 2 diabetes
mellitus revisited. Surv Synth Pathol Res.

1985;4(2):110-25.

46.

47.

48.

49,

50.

48

Garcia C, Feve B, Ferré P, Halimi S, Baizri
H, Bordier L, et al. Diabetes and
inflammation: Fundamental aspects and
clinical implications. Diabetes Metabo.
2010;36(5):327-38.

Keane KN, Calton EK, Carlessi R, Hart
PH, Newsholme PJ. The bioenergetics of
inflammation: insights into obesity and type
2 diabetes. Eur J Clin Nutr.
2017;71(7):904.

Reilly SM, Saltiel ARINRE. Adapting to
obesity with adipose tissue inflammation.
Nat Rev Endocrinol. 2017;13(11):633.
Azadmehr A, Ziaee A, Ghanei L, Huseini
HF, Hajiaghaee R, Tavakoli-far B, et al. A
randomized clinical trial study: anti-
oxidant, anti-hyperglycemic and anti-
hyperlipidemic effects of olibanum gum in
type 2 diabetic patients. Iran J Pharm Res.
2014;13(3):1003.

Ammon HPT. Boswellic extracts and 11-
keto-ss-boswellic acids prevent type 1 and
type 2 diabetes mellitus by suppressing the
expression of proinflammatory cytokines.

Phytomedicine. 2019;63:153002.



51.

52.

53.

54,

Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

Mehrzadi S, Tavakolifar B, Huseini HF,
Mosavat SH, Heydari M. The effects of
Boswellia serrata gum resin on the blood
glucose and lipid profile of diabetic
patients: a double-blind randomized
placebo-controlled clinical trial. J Evid-
Based Integr Med.
2018;23:2515690x18772728.

Khalili N, Fereydoonzadeh R, Mohtashami
R, Mehrzadi S, Heydari M, Huseini HF.
Silymarin, Olibanum, and Nettle, A. Mixed
herbal formulation in the treatment of type
Il diabetes: a randomized, double-blind,
placebo-controlled, clinical trial. Evid-
Based Complementary Altern
2017;22(4):603-8.

Ahangarpour A, Heidari H, Fatemeh RA,

Pakmehr M, Shahbazian H, Ahmadi |, et al.

Effect of Boswellia serrata
supplementation on blood lipid, hepatic
enzymes and fructosamine levels in type2
diabetic patients. J Diabetes Metab Disord.
2014;13(1):29.

Shehata AM, Quintanilla-Fend L, Bettio S,
Singh CB, Ammon HP. Prevention of

multiple low-dose streptozotocin (MLD-

55.

56.

57.

58.

49

STZ) diabetes in mice by an extract from
gum resin of Boswellia serrata.
Phytomedicine. 2011;18(12):1037-44.
Frani¢ Z, Frani¢ Z, Vrki¢ N, Gabaj NN,
Petek I. Effect of extract from Boswellia
serrata gum resin on decrease of GAD65
autoantibodies in a patient with Latent
Autoimmune Diabetes in Adults. Altern
Ther Health M. 2020.

Kavitha JV, Rosario JF, Chandran J, Anbu
P, Bakkiyanathan. Hypoglycemic and other
related effects of Boswellia glabra in
alloxan-induced diabetic rats. Indian J
Physiol Pharmacol. 2007;51(1):29-39.
Ranjbarnejad T, Saidijam M, Moradkhani
S, Najafi R. Methanolic extract of
Boswellia serrata exhibits anti-cancer
activities by targeting microsomal
prostaglandin E synthase-1 in human colon
cancer cells. Prostag Oth Lipid M.
2017;131:1-8.

Qian S, Golubnitschaja O, Zhan X. Chronic
inflammation: key player and biomarker-set
to predict and prevent cancer development

and progression based on individualized



59.

60.

61.

62.

63.

64.

65.

Frankincense as a therapeutic anti-inflammatory compound

patient profiles. EPMA J. 2019;10(4):365-
81.

Coussens LM, Werb Z. Inflammation and
cancer. Nature. 2002;420(6917):860-7.
Philip M, Rowley DA, Schreiber H.
Inflammation as a tumor promoter in cancer
induction. Semin Cancer Biol.
2004;14(6):433-9.

Mantovani A, Allavena P, Sica A, Balkwill
FJIN. Cancer-related inflammation. Nature.
2008;454(7203):436.

Yu H, Pardoll D, Jove R. STATS in cancer
inflammation and immunity: a leading role
for STAT3. Nat Rev Cancer.
2009;9(11):798.

Karin MJN. Nuclear factor-kB in cancer
development and progression. Nature.
2006;441(7092):431.

Dhillon AS, Hagan S, Rath O, Kolch WJO.
MAP kinase signalling pathways in cancer.
Oncogene. 2007;26(22):3279.

Roy NK, Deka A, Bordoloi D, Mishra S,
Kumar AP, Sethi G, et al. The potential role
of boswellic acids in cancer prevention and

treatment. Cancer Lett. 2016;377(1):74-86.

66.

67.

68.

69.

50

Kunnumakkara AB, Nair AS, Sung B,
Pandey MK, Aggarwal BBJ. Boswellic acid
blocks signal transducers and activators of
transcription 3 signaling, proliferation, and
survival of multiple myeloma via the
protein tyrosine phosphatase SHP-1. Mol
Cancer Res. 2009;7(1):118-28.

Li W, LiuJ, Fu W, Zheng X, Ren L, Liu S,
et al. 3-O-acetyl-11-keto-f-boswellic acid
exerts anti-tumor effects in glioblastoma by
arresting cell cycle at G2/M phase. J Exp
Clin Cancer Res. 2018;37(1):132.
Schmiech M, Lang SJ, Werner K, Rashan
LJ, Syrovets T, Simmet T. Comparative
analysis of pentacyclic triterpenic acid
compositions in oleogum resins of different
Boswellia Species and their in vitro
cytotoxicity against reatment-resistant
human breast cancer cells. Molecules.
2019;24(11).

Hakkim FL, Bakshi HA, Khan S, Nasef M,
Farzand R, Sam S, et al. Frankincense
essential oil suppresses melanoma cancer
through down regulation of Bcl-2/Bax
cascade signaling and ameliorates

heptotoxicity via phase I and 11 drug



70.

71.

72.

Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

metabolizing enzymes. Oncotarget.
2019;10(37):3472-90.

Ni X, Suhail MM, Yang Q, Cao A, Fung
KM, Postier RG, et al. Frankincense
essential oil prepared from hydrodistillation
of Boswellia sacra gum resins induces
human pancreatic cancer cell death in
cultures and in a xenograft murine model.
BMC Complem Altern M. 2012;12:253.
Lv M, Zhuang X, Zhang Q, Cheng Y, Wu
D, Wang X, et al. Acetyl-11-keto-f-
boswellic acid enhances the cisplatin
sensitivity of non-small cell lung cancer
cells through cell cycle arrest, apoptosis
induction, and autophagy suppression via
p21-dependent signaling pathway. Cell Biol
Toxicol. 2020.

Barbarisi M, Barbarisi A, De Sena G,
Armenia E, Aurilio C, Libutti M, et al.
Boswellic acid has anti-inflammatory
effects and enhances the anticancer
activities of Temozolomide and Afatinib,
an irreversible ErbB family blocker, in
human glioblastoma cells. Phytother Res.

2019;33(6):1670-82.

73.

74.

75.

76.

77.

51

Parr C, Ali AY. Boswellia frereana
suppresses HGF-mediated breast cancer
cell invasion and migration through
inhibition of c-Met signalling. J Transl
Med. 2018;16(1):281.

Badria FA, Mohammed EA, El-Badrawy
MK, El-Desouky MJA, Therapies C.
Natural leukotriene inhibitor from
Boswellia: a potential new alternative for
treating bronchial asthma. Altern
Complement Ther. 2004;10(5):257-65.
Barnig C, Frossard N, Levy BDJP,
therapeutics. Towards targeting resolution
pathways of airway inflammation in
asthma. Pharmacol Ther. 2018;186:98-113.
Gupta I, Gupta V, Parihar A, Gupta S,
Lidtke R, Safayhi H, et al. Effects of
Boswellia serrata gum resin in patients
with bronchial asthma: results of a double-
blind, placebo-controlled, 6-week clinical
study. Eur J Med Res. 1998;3(11):511-4.
Koeberle A, Henkel A, Verhoff M, Tausch
L, Konig S, Fischer D, et al. Triterpene
acids from frankincense and semi-synthetic
derivatives that inhibit 5-lipoxygenase and

cathepsin G. Molecules. 2018;23(2):506.



78.

79.

80.

81.

82.

Frankincense as a therapeutic anti-inflammatory compound

Henderson JWJ. Role of leukotrienes in

asthma. Ann Allergy. 1994;72(3):272-8.

Yugandhar P, Rao KM, Sengupta K. A 83.

novel herbal composition containing
extracts of Boswellia serrata gum resin and
Aegle marmelos fruit alleviates symptoms
of asthma in a placebo controlled double-

blind clinical study. Phytother Res

2018;32(1):140-50. 84.

Gupta I, Gupta V, Parihar A, Gupta S,
Lidtke R, Safayhi H, et al. Effects of
Boswellia serrata gum resin in patients
with bronchial asthma: results of a double-

blind, placebo-controlled, 6-week clinical

study. Eur J Med Res. 1998;3(11):511-4. 85.

Kinney JW, Bemiller SM, Murtishaw AS,

Leisgang AM, Lamb BTJAs, Research DT,
et al. Inflammation as a central mechanism
in Alzheimer's disease. Alzheimers Dement.

2018. 6;4:575-590.

Toral-Rios D, Franco-Bocanegra D, Rosas- 86.

Carrasco O, Mena-Barranco F, Carvajal-
Garcia R, Meraz-Rios MA, et al. Evaluation
of inflammation-related genes

polymorphisms in Mexican with

52

Alzheimer’s disease: a pilot study. Front
Cell Neurosci. 2015;9:148.

Darweesh SK, Wolters FJ, Ikram MA, de
Wolf F, Bos D, Hofman AJAs, et al.
Inflammatory markers and the risk of
dementia and Alzheimer's disease: A meta-
analysis. Alzheimers Dement.
2018;14(11):1450-9.

Rojas-Gutierrez E, Mufioz-Arenas G,
Trevifio S, Espinosa B, Chavez R, Rojas K,
et al. Alzheimer's disease and metabolic
syndrome: A link from oxidative stress and
inflammation to neurodegeneration.
Synapse. 2017;71(10):e21990.

Zaker SR, Beheshti S, Aghaie R,
Noorbakhshnia M. Effect of olibanum on a
rat model of Alzheimer’s disease induced
by intracerebroventricular injection of
streptozotocin. Physiol Pharmacol.
2015;18(4):477-89.

Beheshti S, Karimi B. Frankincense
improves memory retrieval in rats treated
with lipopolysaccharide. J Herbmed

Pharmacol. 2016;5(1):12-6.



87. Beheshti S, Aghaie R. Therapeutic effect of

88.

89.

90.

91.

Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

frankincense in a rat model of Alzheimer's
disease. Avicenna J Phytomed.
2016;6(4):468-75.

Yassin N, EI-Shenawy S, Mahdy K, Gouda
N, Marrie AE-F, Farrag AR, et al. Effect of
Boswellia serrata on Alzheimer's disease
induced in rats. J Arab SocMed Res.
2013:8(1):1-11.

Gomaa AA, Makboul RM, Al-Mokhtar
MA, Nicola MA. Polyphenol-rich
Boswellia serrata gum prevents cognitive
impairment and insulin resistance of
diabetic rats through inhibition of
GSK3beta activity, oxidative stress and
pro-inflammatory cytokines. Biomed
pharmacother. 2019;109:281-92.

Wei C, Fan J, Sun X, Yao J, Guo Y, Zhou
B, et al. Acetyl-11-keto-B-boswellic acid
ameliorates cognitive deficits and reduces
amyloid-p levels in APPswe/PS1dE9 mice
through antioxidant and anti-inflammatory
pathways. Free Radic Biol Med.
2020;150:96-108.

Bakthira H, Awadh Ali NA, Arnold N,

Teichert A, Wessjohann L.

92.

93.

94.

95.

96.

53

Anticholinesterase activity of endemic plant
extracts from Sogotra. Afr J Tradit
Complement Altern Med. 2011;8(3):296-9.
Ngugi AK, Bottomley C, Kleinschmidt I,
Sander JW, Newton CR. Estimation of the
burden of active and life-time epilepsy: a
meta-analytic approach. Epilepsia.
2010;51(5):883-90.

Vezzani A, Balosso S, Ravizza T.
Neuroinflammatory pathways as treatment
targets and biomarkers in epilepsy. Nat Rev
Neurol. 2019;15(8):459-72.

Vezzani A, French J, Bartfai T, Baram TZ.
The role of inflammation in epilepsy. Nat
Rev Neurol. 2011;7(1):31-40.

Hosny EN, Elhadidy ME, Sawie HG,
Kilany A, Khadrawy YA. Effect of
frankincense oil on the neurochemical
changes induced in rat model of status
epilepticus. Clin Phytoscience. 2020;6(1):3.
Brillatz T, Ferreira Queiroz E, Marcourt L,
Jacmin M, Crawford AD, Wolfender JL.
Anticonvulsant agents from Boswellia
sacra identified by zebrafish bioassay-
guided fractionation. Planta Med.

2016:82(S 01):P483.



Frankincense as a therapeutic anti-inflammatory compound

97. Senghani M. K PPM, Sagar G. Vidya.
Anticonvulsant activity of boswellic acids
against maximal electroshock-induced
convulsive rats and picrotoxin-induced
convulsive mice. Res J Pharmacon

Phytochem. 2012;4(6):318-21.

98. Medzhitov R. Origin and physiological
roles of inflammation. Nature.
2008;454(7203):428.

99. Donath MY. Targeting inflammation in the
treatment of type 2 diabetes: time to start.
Nat Rev Drug Discov. 2014;13(6):465.

100. Lazaros G, Antonatou K,
Vassilopoulos DJFim. The therapeutic role
of interleukin-1 inhibition in idiopathic
recurrent pericarditis: current evidence and
future challenges. Front Med. 2017;4:78.

101. Taylor SA, Vittorio JM, Martinez M,
Fester KA, Lagana SM, Lobritto SJ, et al.
Anakinra-induced acute liver failure in an
adolescent patient with still's disease.
Pharmacotherapy. 2016;36(1):e1-4.

102. Bjarnason I, Scarpignato C, Holmgren
E, Olszewski M, Rainsford KD, Lanas

AJG. Mechanisms of damage to the

gastrointestinal tract from nonsteroidal anti-
inflammatory drugs. Gastroenterology.
2018;154(3):500-14.

103. Harirforoosh S, Asghar W, Jamali
FJJoP, Sciences P. Adverse effects of
nonsteroidal antiinflammatory drugs: an
update of gastrointestinal, cardiovascular
and renal complications. J Pharm Pharm
Sci. 2013;16(5):821-47.

104. Rider P, Carmi Y, Cohen lljocb.
Biologics for targeting inflammatory
cytokines, clinical uses, and limitations. Int
J Cell Biol. 2016;2016.

105. Orhan IEJBB. Pharmacognosy:
Science of natural products in drug
discovery. Bioimpacts. 2014;4(3):109.

106. Chevrier MR, Ryan AE, Lee DY-W,
Zhongze M, Wu-Yan Z, Via CSICDLI.
Boswellia carterii extract inhibits TH1
cytokines and promotes TH2 cytokines in
vitro. Clin Diagn Lab Immunol.
2005;12(5):575-80.

107.  Ammon HPT. Boswellic acids and their
role in chronic inflammatory diseases. Adv

Exp Med Biol. 2016;928:291-327.

54



Advanced Herbal Medicine, Winter and Spring 2020; 6(1): 28-55

108. Umar S, Umar K, Sarwar AHMG,
Khan A, Ahmad N, Ahmad S, et al.
Boswellia  serrata extract attenuates
inflammatory mediators and oxidative
stress in collagen induced arthritis.

Phytomedicine.2014;21(6):847-56.

55



