20 Asian Pacific Journal of Tropical Biomedicine 2022; 12(1): 20—25

JSin paciic Sonenallof
Trogleal Blomadiclne

3 1 journal homepage: www.apjtb.org

T 222

Original Article

Asian Pacific Journal of Tropical Biomedicine

doi: 10.4103/2221-1691.333210

Impact Factor: 1.55

Gum resin extract of Boswellia serrata attenuates lipopolysaccharide—induced

inflammation and oxidative damage in hepatic and renal tissues of rats

Narges Marefati', Farimah Beheshti™”, Poorya Etemadizadeh', Mahmoud Hosseini', Akbar Anaeigoudarisg

"Applied Biomedical Research Center, Mashhad University of Medical Sciences, Mashhad, Iran

*Neuroscience Research Center, Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh, Iran

*Department of Physiology, School of Paramedical Sciences, Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh, Iran

“Division of Neurocognitive Sciences, Psychiatry and Behavioral Sciences Research Center, Mashhad University of Medical Sciences, Mashhad, Iran

*Department of Physiology, School of Medicine, Jiroft University of Medical Sciences, Jiroft, Iran

ABSTRACT

Objective: To explore the effect of ethyl acetate gum resin extract of
Boswellia serrata on lipopolysaccharide (LPS) induced inflammation
and oxidative damage in hepatic and renal tissues of rats.

Methods: The rats were divided into four groups: control, LPS,
LPS+Boswellia serrata extracts (100 mg/kg and 200 mg/kg). LPS
(1 mg/kg) and the extract (100 and 200 mg/kg, 30 min before LPS)
were administered intraperitoneally for 3 weeks. The levels of liver
enzymes, albumin, total protein, creatinine, blood urea nitrogen
(BUN), interleukin (IL)-6, malondialdehyde (MDA), and total
thiol groups and superoxide dismutase (SOD) and catalase (CAT)
activities were measured.

Results: The levels of liver enzymes, creatinine, and BUN, IL-6,
MDA in the LPS group were markedly increased (P<0.001) while
albumin, total protein, and total thiol concentration, as well as SOD
and CAT activities, were decreased compared with the control group
(P<0.05 or 0.01). Boswellia serrata extracts diminished the levels
of liver enzymes, creatinine, BUN, IL-6, and MDA (P<0.01 and
P<0.001), and elevated the concentration of total protein and total
thiol and SOD and CAT activities (P<0.05 or 0.01).

Conclusions: The ethyl acetate gum resin extract of Boswellia serrata
reduces LPS-induced inflammatory reactions and oxidative damage,

thus ameliorating hepatic and renal function.
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Inflammation; Oxidative stress; Renal function; Hepatic function

1. Introduction

Inflammation and oxidative stress participate in the pathogenesis

of liver{1] and kidney|2] injuries. Contact of immune cells, especially

macrophages with inflammatory stimuli including bacterial endotoxins,
results in excessive generation of inflammatory mediators and free
radicals[3]. Tumor necrosis factor-alpha (TNF-a) and interleukin (IL)-
6 are inflammatory mediators causing liver and kidney destruction
via programmed cell death[4]. It has been detected that the level of
inflammatory mediators such as TNF-a remarkably increased in
patients with hepatic cirrhosis associated with renal failure[5]. In
addition, uncontrolled release of oxidant agents including hydrogen
peroxidase and superoxide anion from the Kupffer cells has
been propounded to have a central role in hepatic damages]6].
Accumulation of reactive oxygen species in the kidney tissue has
been also considered as an important cause in induction of kidney

injuries by triggering the inflammatory reactions and destruction of
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There is no study about the effect of ethyl acetate gum resin
extract of Boswellia serrata on LPS-stimulated hepatic and
renal injuries. The findings of present study demonstrated that
this extract alleviated LPS-caused hepatic and renal damage
through reducing the level of IL-6 and MDA and enhancing the
concentration of antioxidant indexes including total thiol groups
and the activity of SOD and CAT.
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glomerular filtration barrier(5.7].

Gram-negative bacteria cell wall possesses a toxic particle that is
named lipopolysaccharide (LPS)[8]. This active bacterial endotoxin
has been demonstrated to boost the release of inflammatory
mediators causing oxidative stress[9]. LPS has been found to impair
liver circulation and induce hepatic cell necrosis[3]. It has been
reported that TNF-a released from LPS-exposed Kupffer cells
disturbs normal liver function through the induction of hepatocyte
apoptosis[10]. The hurtful effects of accumulation of TNF-a induced
by LPS on kidney function have been also confirmed. Additionally,
it has been documented that employment of anti-TNF-o antibodies
could improve renal dysfunction caused by LPS[11].

Use of medicinal plants and derived compounds from them has
been recognized as a beneficial strategy in reduction of destructive
effects of inflammation and oxidative stress on body tissues[12].
Gum resin of Boswellia serrata (B. serrata) has been employed as
an effective remedy in treatment of different ailments in traditional
medicine[13]. It has been indicated that boswellic acids presented
in the extract of B. serrata could suppress the biosynthesis of
inflammatory cytokines[14]. Oleo-gum resin of B. serrata has been
revealed to protect the liver tissue against carbon tetrachloride
(CCl,)-induced toxicity through the amplification of antioxidant
capacity and suppression of inflammatory factors such as nuclear
factor kB (NF-«B), IL-6, TNF-a and transforming growth factor-8
(TGF-B)[15]. In addition, researchers reported that B. serrata extract
could augment the activity of antioxidant enzymes including
catalase (CAT) and superoxide dismutase (SOD). These effects were
attributed to the presence of the triterpenes in the extract of this
medicinal plant[14]. This study aimed to evaluate the effect of ethyl
acetate gum resin extract of B. serrata on LPS-induced inflammation
and oxidative damage in hepatic and renal tissues of rats.

2. Materials and methods

2.1. Animals and groups

A total of 32 adult male Wistar rats in the weight range of 200-
250 g were procured from the animal nest of Mashhad University of
Medical Sciences, Mashhad, Iran. The rats were housed in Plexiglas
cages at ambient temperature at (20 + 2) °C and maintained on a 12-hour
light/dark cycle. The rats were allowed to use adequate water and food
and randomly divided into four groups (n = 8 rats per group) as follows:
control group (1 mL of saline), LPS group (1 mg/kg LPS), LPS+extract
(100 mg/kg) and LPS+extract (200 mg/kg). In two treatment groups,
the rats were treated with 100 and 200 mg/kg of ethyl acetate gum resin
extract of B. serrata, respectively, 30 min before LPS[12]. Treatments
were executed intraperitoneally for 3 weeks. At the end of experiment,
blood samples were taken from the heart of rats for measurement
of alanine transaminase (ALT), aspartate transaminase (AST),
alkaline phosphatase (ALP), albumin, total protein, creatinine, and
blood urea nitrogen (BUN). After that, liver and kidney tissues were

collected for detection of the concentration of interleukin (IL)-6,

malondialdehyde (MDA), and total thiol groups and activities of
SOD and CAT.

2.2. Preparation of ethyl acetate gum resin extract of B.

serrata

In the current study, the gum resin of B. serrata was used. After
identification of the plant by a botanist, a voucher specimen (E-1330
FUMH) was deposited at the Herbarium of Ferdowsi University of
Mashhad, Mashhad, Iran. Preparation of ethyl acetate extract was
started with comminuting and dissolving 100 g of gum resin in 400
mL of ethyl acetate. The prepared mixture was stirred at 38 °C for
48 h. After filtration, the solvent was removed completely using a
rotary apparatus at 40 °C. Then the extract was dissolved in dimethyl
sulfoxide and saline for further experiment.

2.3. Assessment of liver and kidney function indices

For assessment of liver function indicators (ALT, AST, ALP,
albumin, total protein) and kidney function markers (creatinine and
BUN), the serum was isolated from blood samples by centrifuging at
3500 rpm for 15 min. Then serum samples were used for detection

of liver and kidney indices.

2.4. Detection of IL—6 concentration

IL-6 concentration in the liver and kidney tissues was detected
using an ELISA kit. For this purpose, filled plates of 100 puL of
samples were housed at room temperature. Plates were then kept in
a dark enviroment for 1 h after draining and adding biotin-antibody.
After that, plates were re-incubated for 1 h in the presence of HRP-
avidin. After washing 5 times, substrate-TMB was employed for
15 min and finally, the absorbance was recorded at 450 nm by an
ELISA reader{16].

2.5. Evaluation of oxidative stress indices

2.5.1. MDA detection

MDA level of liver and kidney samples was assessed by
thiobarbituric acid. Combination of thiobarbituric acid with MDA
generated a color complex with a peak absorbance at 535 nm. In this
colorimetric method, the level of MDA was presented in nanomol/g
tissue[17].

2.5.2. Determination of total thiol groups
For determination of total thiol groups, 50 uL of samples, 0.5 mL

of tris—-EDTA buffer, and 40 uL of DTNB (10 mM) were mixed.
After keeping at room temperature for 20 min, the absorbance of the

color complex was calculated at 412 nm[17].

2.5.3. Determination of SOD activity
Assessment of SOD activity was implemented based on

autoxidation of pyrogallol. In this colorimetric method, superoxide

resulted from autoxidation of pyrogallol inhibits the reduction of
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tetrazolium dye MTT to formazan. The SOD activity was measured
at 570 nm[18].

2.5.4. Determination of CAT activity
For measurement of CAT activity, Aebi’s method was employed.

Briefly, the substrate of CAT, hydrogen peroxide (H,0,), was added
to specimens and absorbance was computed. Decline in absorbance
was considered as a sign of the decomposition of H,0O, into O, and
H,O by CATI19].

2.6. Statistical analysis

Statistical analysis was carried out using SPSS20.0 software. The
results were presented as mean + standard deviation (SD). Analysis
of data was achieved by one-way ANOVA followed by Tukey’s test.
P<0.05 was considered significantly different.

2.7. Ethical statement
The experiment complied with Recommendations of the Ethical

Committee of Jiroft University of Medical Sciences (IR.JMU.
REC.1400.002, 2021).

3. Results

3.1. Effect of ethyl acetate gum resin extract of B. serrata on
hepatic function indicators

LPS resulted in a significant increase in the levels of ALT, AST, and
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ALP (P<0.001) and a considerable decline in serum concentration
of albumin (P<0.05) and total protein (P<0.01). The levels of ALT,
AST, and ALP were significantly decreased in groups treated with
B. serrata extracts compared with the LPS group (P<0.01 and
P<0.001). Moreover, B. serrata extract at 200 mg/kg increased the
concentration of albumin (P<0.01) and total protein (P<0.001)
(Figures 1 and 2).

3.2. Effect of ethyl acetate gum resin extract of B. serrata on
kidney function indicators

The level of creatinine and BUN in LPS administered rats was
increased compared with the control group (P<0.001). Pretreatment with
200 mg/kg of ethyl acetate gum resin extract of B. serrata significantly
lowered the level of creatinine and BUN (P<0.05). However, there was
no significant change in the level of creatinine and BUN in the group
treated with 100 mg/kg of ethyl acetate gum resin extract of B. serrata
compared with the LPS group (Figures 2C and 2D).

3.3. Effect of ethyl acetate gum resin extract of B. serrata on
[L-6 in liver and kidney tissues

The level of IL-6 was increased in renal and hepatic tissues in LPS-
treated rats (P<0.001) while it was noticeably diminished in LPS-
exposed rats treated with 100 and 200 mg/kg of ethyl acetate gum
resin extract of B. serrata (P<0.001). The IL-6 level in hepatic and
renal tissues of the group treated with 200 mg/kg B. serrata extract
was lower than that of the 100 mg/kg extract treated group (P<0.01
and P<0.001) (Figures 3A and 3B).
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Figure 1. Serum level of alanine transaminase (ALT) (A), aspartate transaminase (AST) (B), and alkaline phosphatase (ALP) (C) in different groups. Data are
indicated as mean = SD (n=8). "P<0.001 versus the control group; *P<0.01 and *"P<0.001 versus the LPS group. Ext 100 and 200: 100 and 200 mg/kg ethyl

acetate gum resin extract of Boswellia serrata. LPS: lipopolysaccharide.
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Figure 2. Serum level of albumin (A), total protein (B), creatinine (C) and BUN (D) in different groups. Data are exhibited as mean + SD (n= 8). 'P<0.05,
“P<0.01, ""P<0.001 versus the control group; *P<0.05, “P<0.01 and "*P<0.001 versus the LPS group; *P<0.01 versus the LPS-Ext 100. BUN: blood urea

nitrogen.
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3.4. Effect of ethyl acetate gum resin extract of B. serrata on

oxidative stress indicators in kidney and liver tissues

Increased MDA level was observed in hepatic and renal tissues
of the LPS group (P<0.001). Administration of 200 mg/kg of ethyl
acetate gum resin extract of B. serrata lowered the MDA level in
the hepatic tissue of LPS-administered rats (P<0.001). Moreover,
the MDA level was reduced by treatment of 100 and 200 mg/kg of
ethyl acetate gum resin extract of B. serrata in the renal tissue of LPS
rats (P<0.001). The 200 mg/kg of ethyl acetate gum resin extract
of B. serrata reduced MDA level in hepatic and renal tissues of the
LPS group markedly compared with 100 mg/kg B. serrata extract
(P<0.01) (Figures 4A and 5A).
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The concentration of total thiol groups in hepatic and renal tissues
of the LPS group was lower than that of the control group (P<0.001).
Both doses of ethyl acetate gum resin extract of B. serrata could
reverse this change (P<0.05, P<0.01 and P<0.001). The total thiol
content of hepatic (P<0.001) and renal (P<0.05) tissues in the 200
mg/kg B. serrata extract-treated group was higher than that of 100
mg/kg B. serrata extract-treated group (Figures 4B and 5B).

LPS injection also led to a noticeable decrease in SOD and CAT
activities in hepatic and renal tissues (P<0.001). Administration of
100 and 200 mg/kg of ethyl acetate gum resin extract of B. serrata
enhanced the activities of SOD and CAT in hepatic and renal tissues
of rats (P<0.05 and P<0.001). Moreover, 200 mg/kg of ethyl acetate

gum resin extract of B. serrata had more pronounced effects on
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Figure 3. Concentration of IL-6 in the hepatic (A) and renal (B) tissues of different groups. Data are shown as mean + SD (n= 8). "P< 0.001 versus the
control group; "*P< 0.001 versus the LPS group; *P<0.01 and **P<0.001 versus LPS-Ext 100.
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Figure 4. Effect of ethyl acetate gum resin extract of Boswellia serrata on oxidative stress indicators in the liver tissue of rats. (A) MDA, (B) the total thiol
groups, (C) SOD, (D) CAT. Data are presented as mean + SD (n=8). " P<0.001 versus the control group; *P<0.05, *P<0.01 and *"*P<0.001 versus the LPS
group; *p<0.03, $P<0.01 and **P<0.001 versus the LPS-Ext 100. MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase.
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Figure 5. Effect of ethyl acetate gum resin extract of Boswellia serrata on oxidative stress indicators in the renal tissue of rats. (A) MDA, (B) the total thiol

groups, (C) SOD, (D) CAT. Data are determined as mean = SD (n= 8). " "P<0.001 versus the control group; *P<0.05 and **P<0.001 versus the LPS group;

$P<0.05 and *P<0.01 versus LPS-Ext 100.
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increasing SOD and CAT activities (P<0.05, P<0.01) (Figures 4C,
4D, 5C, and 5D).

4. Discussion

In this work, as a consequence of LPS-excited liver injury,
the serum levels of ALT, AST, and ALP were increased and the
concentrations of albumin and total protein were reduced. In
addition, LPS-induced kidney dysfunction showed enhanced
levels of creatinine and BUN. These pernicious effects of LPS
can be referred to as the stimulation of inflammatory reactions
and the induction of oxidative damage in hepatic and renal tissues
as reported in previous studies[16.20]. In agreement with previous
findings, a significant increment in the level of IL-6 and MDA and
a noticeable decrement in total thiol groups concentration and SOD
and CAT activities were found in hepatic and renal tissues of LPS-
treated rats in the current research.

Pretreatment with ethyl acetate gum resin extract of B. serrata
effectively ameliorated the impairment of liver and kidney function
resulted from LPS administration. This finding is manifested by
enhancement of albumin and total protein and reduction of liver
enzymes, creatinine and BUN in rats treated by B. serrata extracts.
Gum resin of B. serrata, known as frankincense, is used to alleviate
various ailments excited by inflammation such as ulcerative
colitis, rheumatoid arthritis, asthma, and osteoarthritis[21]. Anti-
inflammatory impacts of B. serrata are linked to the presence of
constituents including O-acetyl-11-keto-B-boswellic acid (AKBA)
and 11-keto-B-boswellic acid[22]. AKBA has been identified to
inhibit the NF-xB pathway and suppress the production of TNF-a,
IL-1, and IL-6 from monocytes and macrophages[23]. In addition,
in ApoE-/- mice exposed to LPS, AKBA could downregulate
inflammatory reactions via the inactivation of the NF-kB signaling
pathway|21]. Reduced secretion of IL-12 and interferon-y (IFN-y)
and elevated release of IL-4 and IL-10 in monocytes treated with B.
serrata extract have been also detected[24]. In the current study, the
ethyl acetate gum resin extract of B. serrata also modulated LPS-
triggered inflammatory reactions in hepatic and renal tissues of
rats, as evidenced by the decreased level of IL-6 in liver and kidney
tissues of rats.

Alongside modulation of immune system activity, the role of B.
serrata and its ingredients in the adjustment of oxidative status
has been also understood[25]. The end product of lipid production,
MDA, is checked as a key oxidative stress indicator in experimental
works[26]. Boswellic acid from the gum resin of B. serrata has been
found to reduce brain oxidative injury and ameliorate memory by
lowering the MDA level and raising the glutathione concentration in
rats challenged by trimethyltin[27]. Modification of lipid peroxidation
followed by monosodium-urate crystals-induced inflammation has
been also attributed to boswellic acid[28]. In an experimental study,
the administration of oleo gum resin of B. serrata could improve the

decreased activity of CAT resulted from CCL, in hepatic tissue[15].

Decline in MDA concentration and elevation of total thiol content
and CAT and SOD activities were also observed in the present
study in groups treated with ethyl acetate gum resin extract of B.
serrata compared with the LPS group. Therefore, the inhibition
of inflammatory reactions and modulation of oxidative stress by
ethyl acetate gum resin extract of B. serrata may be contributed to
alleviation of LPS-induced hepatic and renal damages. However, in
terms of the effect of the B. serrata extract on improvement of LPS-
induced inflammation and oxidative damage in the liver and kidney,
200 mg/kg of extract had a better effect than 100 mg/kg of extract.
This finding was supported by a more markedly decreased level of
IL-6 and MDA and increased concentration of total thiol and SOD
and CAT activity in the group treated with 200 mg/kg of extract.

In conclusion, the ethyl acetate gum resin extract of B. serrata
alleviated LPS-induced inflammation and oxidative stress in the liver
and kidney. However, the assessment of molecular and pathological
indicators can be useful to determine more precise mechanism(s)
of the effect of ethyl acetate gum resin extract of B. serrata on
LPS-induced liver and kidney malfunction, which needs further

investigation in the future.
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