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Abstract

Objective: High-fat diet (HFD) rises the susceptibility of both obesity and consequently Inflammatory
Bowel Disease (IBD). We designed a study to investigate the improving effects of herbal extract (HE, the
combination of turmeric, ginger, boswellia, and cat’s claw extract) on the risk of high AGEs-fat diet 60%
(HFD) mice induced colitis and obesity.

Materials and Methods: Four-week-old C57BL/6 male mice after 2 weeks adaptation with normal diet
were fed with either HFD or normal diets. After 6 weeks of being on diet, animals received HE for 16 weeks.
Obesity index markers were determined as well as histological studies using H&E (Hematoxylin-eosin)
staining. Colonic expression of IL-/5 was determined. Data analysis was performed by utilizing Kruskal-
Wallis and Mann-Whitney test for post-hoc comparisons, and SPSS (version 17.0) and GraphPad Prism
Software (Version 8.0, USA).

Results: HE decreased histological scores (by 6-fold) in HFD diet-fed mice, and reduced myeloperoxidase
activity (by 2.2-fold), and ratio of colon weight to length (by 4-fold) in HFD diet-fed mice. Moreover, HE
prevented intestinal permeability through the restoration of ZO-1 (by 4-fold) and immune homeostasis by
modulation of IL-78 (by 2.4-fold) expression.

Conclusion: HFD induced obesity-associated colitis. HE decreased the colitis symptoms in HFD diet-fed
mice, with the reduction of inflammation.
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Introduction

besity as a global problem has

increased recently with the prevalence

of 39.8% as stated by the latest
national health and nutrition examination
survey (1). Obesity increases the risk of
Inflammatory Bowel Disease (IBD) as well as
Crohn’s disease (CD) and ulcerative colitis
(UC). IBD is a chronic, recurring,
immunoinflammatory illness of unknown
cause. High fat diet and life routine promote
intestinal damage (2). The Western diet
unhealthy combination in favor of high fat and
toxic ingredients like advanced glycation end
products (AGEs), triggers microbiota change
and provoke IBD by stimulating of innate
immune system (3-7). Also, environmental
issues for instance individual sanitation,
smoking cause disease beginning (8). In recent
decades, different plants have been vigorously
used to overcome UC and IBD, due to their
pharmacological properties, fewer reactions
and less costly. Epidemiologically, intake of
ginger, turmeric, Boswellia serrata, and cat’s
claw was protective against IBD (9-13). Anti-
inflammatory properties of their secondary
metabolites have been proved in different
studies (14-19).

Therefore, in this study, the preventive
effects of this herbal combination on high
AGEs HFD-induced colitis in male C57/bl6
mice was investigated.

Materials and Methods
Preparation of herbal extract (HE)

Four HEs compound in powder form was
purchased from Goldaru Pharmaceutical
Company (Esfahan, Iran). HE is composed of
four herbs: Turmeric (31%), (Cat’s claw)
Uncaria tomentosa (10%), Ginger (29.5%),
and Boswellia (29.5%), which was suspended
in distilled water and gavaged daily for 16
weeks to the mice groups.

Experimental Design and Animal Diet
Four-week C57BL/6 male mice (123 @),

Biotechnology (Esfahan, Iran), were adjusted
under normal situations (temperature 23-24
°C, humidity 32-33%, light/dark cycle of 12
h/12 h) and fed with pellet diets and water ad
libitum. Water and pellet consumption was
measured daily.

Firstly, mice were divided into the two
groups of normal diet (ND) (n=6), or high-fat
Diet (HFD) (n=12). The two diets ingredients
are shown in Table 1. Then, HFD group was
separated into 2 groups: one group was
continued on an HFD, and the other was given
an HFD added with HE 0.6 mg/g (HFD/HE)
for 16 weeks (Figure 1A).

After 24-week experimental period, all
groups were sacrificed. Colon lengths and
weights were measured and blood samples
collected and transferred to tubes and
centrifuged (3,000 x g for 10 min at 4 °C) for
the biochemical analyze. The adipose and
colon tissue were divided, weighed, frozen in
liquid nitrogen and stored at -80 °C. 1 cm of
the distal part of colon tissues was separated
for histological investigation.

Myeloperoxidase (MPQO) Assay

Colon MPO activity was assessed as a
marker of neutrophilic infiltration by using
MPO assay kit (NampoxTM, Navand Salamat
Co., Iran), according to the protocol (20).

Histologic Examination

Colon tissue samples were fixed in formalin
(10%) for one day and surrounded in paraffin,
cut into Sum sections, and stained with H&E
(Hematoxylin-eosin) and continued with
routine  protocol and then  colonic
inflammation was assessed under the
microscope and showed as histological score
(22).

Biochemical analysis of blood

Plasma total cholesterol, high-density and
low-density lipoproteins and triglycerides
were assessed using commercial diagnostic

attained from the Royan Institute for Kkits (Pars Azmoon kit, Pars Azmoon Inc.,
IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 14, NUMBER 1, SPRING 2022


http://dx.doi.org/10.18502/ijdo.v14i1.8740
https://ijdo.ssu.ac.ir/article-1-685-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-04-23 ]

[ DOI: 10.18502/ijdo.v14i1.8740]

F. Azizian-Farsani et al.

Iran), and the plasma glucose was determined
by glucometer.

gRT-PCR Analysis

Total RNA isolation was performed by
TRIzol reagent (Ambion, USA) and went
through DNase treatment (Takara, Japan).
Then RNA reverse transcription was done
using M-MLV Reverse Transcriptase (Takara,
Japan) (15 minutes in 37 °C, then 5 seconds in
85 °C and hold in 4 °C), and the cDNA
amplification was done by gPCR by means of
SYBR Premix Ex Taq Il (Takara, Japan)
(Table 2). Primer sequences are presented in
supplementary (Table 3). Primers were
designed by Beacon designer 7 and Oligo 7.
GAPDH was used as housekeeping gene.

Statistical analysis

GraphPad  Prism  Software  (Version
8.0Graph Pad Software Inc., USA) was used
for analysis. Distribution was assessed by
Kolmogorov-Smirnov test. Results are showed
as mean and 95% confidence interval (CI).
Data were triplicate data sets for each sample
and analyzed by One-way analysis of variance
(ANOVA). Differences at P<0.05 were
considered to be significant in all analyses.

Ethical considerations

The protocol of the study and animal
practice was accepted by the Ethics
Committee of the Royan Institute
(IR.SSU.MEDICINE.REC.1396.164).

Results
Effect of oral HE on body weight gain,
white adipose tissue (WAT) weight, and
lipid profile

A significant difference in the body weight
between HFD-fed mice and ND-fed mice (P<
0.001) was indicated. After 24 weeks the mice
in HFD group start losing weight up to the end
of the study. Our data indicated consuming a
mix of four HE (Ginger-Turmeric-
Frankincense-Cat’s claw) significantly reduced
the body weights in HFD-fed mice by 1.4-fold

(Figure 1B). Moreover, results have showed
that HFD-fed mice had higher WAT weight
than ND-fed mice. HE caused a significant
decrease (P< 0.001) in WAT weight by 3-fold
(Figure 1C). Also, plasma concentrations of
glucose, TG and CHO, HDL and LDL
improved significantly in HFD-fed mice in
relation to ND-fed mice (P< 0.05). HE was
effective in declining (P< 0.05) of them (Table
4). Moreover, H&E staining of adipose tissue
showed that HE significantly diminished the
size of adipocytes, decreased the size of
visceral (VSC) adipocytes by 3-fold

Effect of HE on symptoms of colitis

IL-75 (by 6-fold) mRNA expression, and
MPO activity (by 4-fold) was significantly
increased after 30 weeks in HFD-fed mice
compared with other groups, showing that
colitis was well induced after 30 weeks
(Figure 2B and 2C). The HFD-fed mice
without HE showed symptomatic weight loss
after 24 weeks of receiving HFD. However,
the HE HFD-fed group showed a normal
increase of weight up to the end of the study
rather than mice without HE (Figure 1B).
Results indicated that HFD-fed mice possessed
higher colon weight to length than ND-fed
mice. Interestingly, HE caused a significant
reduction (P< 0.001) in this parameter (by 4-
fold). (P< 0.001; Figure 2A).

Also, evaluation of MPO activity as a key
neutrophil infiltration marker in the colon
demonstrated that it was significantly
increased in HFD group than the ND group.
HE reduced the level of colonic infiltrated
cells induced by the HFD (Figure 2B).
Quantitative PCR analysis in colon revealed a
chronic inflammation in the HFD group.
However, IL-1f expression was significantly
increased of HFD groups in comparison to the
ND group (by 6-fold, P< 0.001). In the HFD
group, HE regularized IL-14 transcripts (by 3-
fold). (P< 0.001; Figure 2C). Moreover, HE
decreased histological score by 6-fold in HFD
group (Figure 2D).
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Figure 1. Study design, body, and adipose tissue weight. (A) There are two groups of diet (HFD and ND) that received
HFD or ND for 24 weeks. HE treatment began from the 9" week until week 24". (B) Bodyweight, and (C) trajectories
of the adipose tissue weight of each treatment group are shown. (D) Representative images of H&E staining of the
visceral adipose tissue section and (E) white adipose tissue (WAT) adipocyte size measurement. HE: herbal extract;
ND: normal diet; HFD: high AGEs-fat diet. Data as mean with 95% CI, n=6 per group. ** represents P< 0.01.
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Table 1. Nutrient content of diets (HFD and ND)

[ DOI: 10.18502/ijdo.v14i1.8740]

Variable HFD Normal
Protein (g %0) 25.6 26
Carbohydrate (g %) 26.6 50.3
Fat (g %) 35 5.35
Calories (kcal/g) 5.2 34
Total AGEs (units/mg) 995.4 117.4
Fat-associated AGEs (units/mg) 329.6 14
Maltodextrin (g %) 125 25

AGEs: Advanced Glycation End Products, HFD: High AGEs-Fat diet, and ND: Normal diet
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Figure 2. HFD-induced colitis, inflammatory mediators, and histological score. (A) Colon weight to length, (B) MPO activity,
(C) mRNA expression of IL-18, (D) Histological score. HE: herbal extract; ND: normal diet; HFD: high AGEs-fat diet. HS:
histological score; MPO: myeloperoxidase. Data as mean with 95% CI, n= 6 per group. ** represents P< 0.01.

Table 2. Real-time PCR protocol
PCR Amplification

Table 3. Primer sequences used in this study

Hot start 95°C 10 min —=
Denaturation 95 °C 5 sec Gene Sequence (5 -3)
PPAR-y (60 °C) GAPDH forward: TGCCGCCTGGAGAAACC
PGC-Ia (60 °C) reverse: TGAAGTCGCAGGAGACAACC
Annealing Z0-1 (60 °C) 20 sec IL-1p forward: GGGCCTCAAAGGAAAGAATC
IL-18 (58 °C) reverse: TACCAGTTGGGGAACTCTGC
TGF-4 (59 °C)
Extension 72 °C 15 sec
Final extension 72 °C 5 min
Table 4. HEs effect on Blood parameters.
. . Groups
B:gggleso ((:rf:%r/ndl;:)al HFD ND HFD-HE % difference between
Mean (£SD) Mean (£SD) Mean (£SD) HFD and HFD-HE
T-CHO 300.23 (£3.1)* 41.12 (x1.1) 171.13 (£5.2) 43%
TGs 345.87 (+4.6)* 23.01 (x1.3) 190.23 (+2.2) 45%
HDLs 5.66+ (0.8)* 2.02 (x0.4) 3.26 (+0.6) 42%
LDLs 10.6+ (0.39)* 4.12 (+0.5) 5.75 (x0.4) 45%
FBS 310 £ (5.2)* 98 (£1.2) 120 (£2.2) 61%

FBS, Fast blood glucose; HFD, High AGEs-fat diet; HD, High dose; HDLs, high-density lipoproteins; HE, Herbal extract;
LDLs, low-density lipoproteins; ND, Normal diet; T-CHO, Plasma total cholesterol; TGs, Triglycerides. Star represents a

significant difference with ND parameters at P< 0.05, (+SD).

Discussion

HFD increases the risk of obesity, diabetes,
hypertension, cardiovascular disease, and also
IBD (26). Consumption of HFD increases the
contact to food AGEs, and in the long-term
promotes inflammation in the colon
(3,4,6,7,23-25).  Moreover, epidemiologic
studies have revealed that there is a correlation
between the increase prevalence of obesity and
IBD (26). Our study shows that HFD is

correlated  with  obesity and  colon
inflammation as shown by increasing adipose
cell size and elevating IL-1p in the colon. Of
note, HE strikingly prevented obesity and
general inflammation.

The mutual characteristics of colitis are
immune cell recruitment and activation by
cytokines and cell adhesion molecules (27,28).
Neutrophils produce pro-inflammatory
cytokines such as IL-6, IL-1p, IL-17, and IFN-
v, and enhance the expression of oxidative
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stress enzyme, iNOS, promoting colitis.
Moreover, a westernized diet strengthens
colitis as indicated by elevating MPO activity
(7). Herbal medicines such as turmeric,
Boswellia, ginger, and cat’s claw have already
testified to reduce inflammatory cell
infiltration into the colon. In parallel, we
showed that HFD improved immune cell
recruitment and MPO elevated activity in the
colon, which were alleviated by HE. We found
that the combination of these four HEs faster
the recovery of colitis symptoms. In support of
our findings, turmeric, ginger, Boswellia
serrata and cat’s claw are valuable sources of
curcuminoids, alkaloids, and polyphenolics,
and volatile oils (terpenes), protective against
IBD and colorectal cancer (9-13).
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