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Abstract

Colitis is an inflammatory disease of the intestine with unknown etiology involving multiple immune,
genetic, and environmental factors. We were interested to examine the effect of total extract from
Dracocephalum Kotschyi (D. kotschyi) Boiss. on the experimental colitis. D. kotschyi hydroalcoholic extract
(10, 20, and 40 mg/kg) or apigenin (5, 10, and 20 mg/kg) were administered orally 2 h prior to induction of
colitis which was induced by intrarectal administration of acetic acid (4%) in rats. Prednisolone (4 m/kg) was
used as the standard drug for comparison. Biochemical evaluation of inflamed colon was performed by
measuring myeloperoxidase (MPO) activity. After 5 days treatment, mucosal ulceration was evaluated.
Intrarectal instillation of acetic acid caused significant inflammatory reactions as indicated by macroscopic
and microscopic changes. The activity of MPO increased in vehicle treated groups while recovered to normal
level by pretreatment of animals with D. kotschyi extract, apigenin, or prednisolone. D. kotschyi and
apigenin-treated groups showed significantly lower score values of macroscopic and microscopic characters
when compared with the vehicle-treated negative control group. The beneficial effect of apigenin was
comparable with that of prednisolone. This research has shown the anti-inflammatory potential of D.
kotschyi extract and apigenin in experimentally induced colitis.
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INTRODUCTION effective in 60-70% of the patients.
However, they cause serious hepatic
damage, myelodepression and pancreatitis.
Methotrexate as another immunosuppressive

drug induces pulmonary fibrosis or hepatic

Inflammatory bowel disease (IBD) is a
prevalent gastrointestinal disease that affects
many people (1). Ulcerative colitis and

Crohn's disease are two known types of IBD.
The underlying cause of IBD is not known (2).
Dysfunction of immune system (as the results
of environmental or genetic factors), changes
in gastrointestinal factors (such as change in
natural intestinal flora), oxidative stress, and
many other factors are suggested to be
involved in the development of IBD (2).
Current drug treatment includes
aminosalicylates and immuno-modulatory
drugs causing serious adverse effects including
allergic reactions, bone marrow suppression,
osteoporosis, and adrenal disease. Although
corticosteroids are the most effective anti-
inflammatory agents, their side effect limits
their use. Azathioprine and mercaptopurin are
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injuries (3). Serious unwanted effects and
unsatisfactory control of the disease are the
main problems which most patients are
complaining about. Therefore, more attention
is given to alternative or complementary
treatment including use of probiotics and
herbal medicines (4,5).

Dracocephalum kotschyi (D. kotschyi)
Boiss. (Labiatae family) is a medicinal herb
which has been used in traditional Iranian
medicine for treatment of several aliments
including gastrointestinal disorders, arthritis,
headache, blood, and liver diseases (6,7).
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Modern pharmacological investigation has
also confirmed effectiveness of D. kotschyi for
some disorders (6,8). For instance, the
essential oil of D. kotschyi has shown to have
antinociceptive effects in mice (8). The
hydroalcoholic extract of D. kotschyi is
reported to have antihyperlipidemic effect in
animal model (9). The leaf extract of the plant
inhibits tumor proliferation and has potential
anticancer properties in mice (8). Both the
essential oil and the hydroalcoholic extract of
D. kotschyi reported to have spasmolytic
activities on isolated ileum (10). The extract
reduced the intestinal charcoal meal transit
indicating spasmolytic activity in vivo (11). In
addition, the hydroalcoholic extract has
inhibited castor oil and MgSO4-induced
diarrhea in mice (11).

D. kotschyi is also enriched in flavonoids
(7). Apigenin is one of the common flavonoid
present in this plant (12). Apigenin also
inhibited intestinal movement of the charcoal
meal and castor oil and MgSOs-induced
diarrhea in animal model and is believed to be
one of the active components of D. kotschyi
extract (11).

So far, there is no report on the effect of
D. kotschyi extract on IBD. As the extract has
anti-inflammatoy and immuno-modulatory
properties it is likely that it may also alleviate
signs of IBD. Therefore, in this study the
effect of D. kotschyi extract on acetic acid-
induced colitis was examined and compared
with its active constituent apigenin.

MATERIALS AND METHODS

Plant materials

Aerial parts of D. kotschyi were purchased
from Rahnamakesht Co., Isfahan, Iran. The
plant wildly grows at 2650 meter high from
sea level. The plant material was collected in
June 2015 and identified by Isfahan Center for
Research of Agricultural Science and Natural
Resources. A sample of the plant (No. 1519)
was deposited in the herbarium of School of
Pharmacy and Pharmaceutical Sciences at
Isfahan University of Medical Sciences.

Plant material was dried in the shade and
ground up to powder using electric miller
(Moulinex, France). Hydroalcoholic extract
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was obtained by percolation method using
70% ethanol with weight ratio of 10 to 1
(solvent/plant) (13). The solvent was then
evaporated and the yield of the extract was
calculated.

Drugs and solution

The following drugs and materials were
used in this research: D. kotschyi extract,
apigenin,  prednisolone,  carboxymethyl-
cellulose (CMC, Sigma, China) and acetic acid
(Merck, Germany). Hydroalcoholic extract
was prepared in ethanol as 10 mg/mL stock
solution. Further dilution (I mg/mL and
500 pg/mL) was made up in distilled water.
Apigenin was prepared in 1% CMC in distilled
water and further diluted to give 500 pg/mL
stock solution. Prednisolone was prepared as
1 mg/mL stock suspension in mixture of
0.1% tween 20 and distilled water. Acetic acid
was diluted with distilled water to give
4% (V/V) solution.

Animal grouping

Male Wistar rats (190-220 g) were kept at
room temperature. The animals were fasted for
24 h prior to the experiment with free access to
water. All the animals were handled in
accordance with the internationally accepted
principles for laboratory animal use and care
(14) as confirmed by the Ethics Committee of
Isfahan University of Medical Science (No. 84,
08/23/2015). All the animals were weighed at
the beginning and on the last day of the
treatment.

In total nine groups of six rats were used.
One group was treated with prednisolone
(4 mg/kg). Three groups received three
increasing doses of the extract at 10, 20, and
40 mg/kg. Three other groups received
apigenin at 5, 10, 20 mg/kg. The negative
control was given the vehicle. The sham
(healthy rats with same handling) group was
also received the vehicle. All the treatments
were made by gavages, 2 h before the colitis
induction.

Induction of colitis

For induction of colitis, 3 mL of 4% acetic
acid was instilled into the rectum of rats under
light anesthesia with diethylether. First dose of
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the drugs, extracts, or vehicle was
administered orally 2 h prior to induction of
colitis. Daily dosage was continued for
4 successive days. On fifth day the animals
were sacrificed and colon was dissected out (8
cm long, 2 cm apart from anus). The isolated
colon was washed with normal saline and
weight of the wet tissue was determined.

Macroscopic studies

The distal colon of animals was cut
longitudinally, gently cleaned with
physiological saline to remove fecal residues,
weighed and processed for the assessment of
macroscopic,  histological  scores, and
biochemical markers. Following preparing
photos of distal colons, ulcer area was
determined by Fiji P (Image Analysis
Program, V. 2).

For each specimen, wet distal colon weight
(8 cm from the anus) and colonic
weight/length ratio (mg/cm) were measured.
Treated sections of colon thereafter were
collected and immediately frozen in liquid
nitrogen for the measurement of MPO activity
(15). Scores were as follows: 0, no ulcer;
1, mucosal erythema only; 2, mucosal edema
and slight bleeding or erosions; 3, moderate
edema, bleeding ulcers or erosions; 4, severe
ulceration, erosions, edema and tissue necrosis
and perforation. The wulcer index was
determined by summing-up the mean ulcer
score and the mean ulcer area.

Determination of myeloperoxidase activity
activity ~ was

Myeloperoxidase (MPO)

measured according to the method described
by Bradley, et al (16). As we described in our
previous papers (14,17), tissues were weighed
and placed in 1 mL of 10 mM potassium
phosphate buffer contained 0.5% hexadacyl
trimethylammonium bromide (HTAB) and
then homogenizied with 1 mL HTAB in buffer
solution at 4 °C. The suspensions were
centrifuged at 20000 rpm for 15 min. In order
to determine MPO activity, O-dianisidine
dihydrochloride (1.6 mM) and hydrogen
peroxide (0.1 mM) were added on the top of
medium. The absorbance of the reaction
mixture was recorded at 450 nm with a
UV-visible spectrophotometer. The results
were expressed as unit per 100 g of wet colon
weight (18-20).

Histological studies

The colon was scored for microscopically
visible damage on a scale of 0 to 10 by 2
observers who were unaware of the treatment,
according to the criteria described by
Dieleman, et al (21) and modified by Latifi, et
al. (22), which take into account the extent and
the severity of colonic damage.

RESULTS

In the control group, acetic acid caused
inflammation, sores, and swelling in the lining
of the treated segment of the colon. In addition
to inflammation, hemorrhage, ulcer, necrosis,
and thickened colon was visible while in the
sham group treated with normal saline there
was no sign of redness or inflammation (Fig. 1).

Fig. 1. Macroscopic illustration of rat colons. (A) Rat receiving normal saline (5 mL/kg) without colitis induction
(Sham); (B) colitis control group giving normal saline (5 mL/kg) which presents ulcer, inflammation, edema, and
thickness of the tissue at maximum level; (C) colitis treated with Dracocephalum kotschyi extract (10 mg/kg) which
shows attenuation in all features of colitis; (D) apigenin (10 mg/kg); and (E) reference groups (prednisolone,

4 mg/kg, E).
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Fig. 2. Microscopic illustration of colonic tissue in rats. (A) Treated with normal saline (Sham, 5 mL/kg); (B) colitis
control group which shows crypt damage, leucocytes infiltration, and mucus and sub-mucosal layer edema and
inflammation; (C) treated with Dracocephalum kotschyi extract (10 mg/kg) and (D) treated with apigenin (10 mg/kg)
which shows improvement in all aspects of colitis features. H&E staining and 40x magnification.

MPO activity (U/g)

\\k%***
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Sham Control Ext. 10 Ext. 20 Ext. 40 Ap.5 Ap.10 Ap.20 Pred.

Fig. 3. Effect of oral administration of hydroalcoholic extract of Dracocephalum kotschyi (Ext.), apigenin (Ap.) and
prednisolone (Pred. 4 mg/kg) on myeloperoxidase activity (MPO) in the rat colon 5 days after induction of colitis with
acetic acid (4%). MPO activity was measured as unit per 100 g wet tissue in treated area of colon. Each value represents
mean + SEM (n = 6). Asterisks show statistically significant differences in comparison with the control group (*P <
0.05, **P < 0.01, ***P < 0.001). One-way analysis of variance (ANOVA) followed by Tukey's multiple comparison
post hoc test was used for statistical comparison of the data.

Prednisolone-treated group showed
significantly  lower  score  values of
macroscopic and microscopic  characters

when compared with the control group
(Figs. 1 and 2). In addition, all the assessed
ulcer parameters were relatively reduced in
comparison with the control group (Fig. 1).
MPO activity was also decreased in
prednisolone treated group close to the normal
level. The change in MPO activities in colon
segment homogenates of treated animals is
shown in Fig. 3. The MPO activity of control
group also showed significant increase in
comparison to sham group (Fig. 3).
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The mean percentages of decreases in MPO
activity in prednisolone (4 mg/kg), apigenin
(5 mg/kg), and D. kotschyi extract (10 mg/kg)
treated groups were 77%, 72%, and 60%
respectively (Fig. 3).

D. kotschyi extract (10 mg/kg), inhibited
acetic acid induced inflammation and MPO
activities. However we have a surprising effect
when three different doses of extract were
compared. The lowest dose of the extract
(10 mg/kg) produced the most anti-
inflammatory action. When the extract dose
was increased to 20 mg/kg and 40 mg/kg the
anti-inflammatory was attenuated (Fig. 2).
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Animal weight in the sham group (without
ulcer induction) was slightly increased over
the course of treatment while in the negative
control group (treated with vehicle) there was
a significant decrease in body weight as results
of ulcer induction. In the positive control
group treated with prednisolone there was no
reduction in the animal weight. In fact similar
to the sham group there was slight increase in
body weight over the course of treatment
(Table 1). Both apigenin (5 mg/kg) and
D. kotschyi extract (10 mg/kg) also prevented
weight reduction. The data for animal body
weight before and after treatment is presented
in Table 1. Both apigenin and D. kotschyi
extract reduced ulcer area in acetic acid
induced colitic rats. The mean percentage of
reduction in ulcer area relative to the negative
control group was 93% for apigenin (5 mg/kg)
and 84% for D. kotschyi extract (10 mg/kg),
respectively (Table 2). There was no
statistically significant difference in improving
ulcer between prednisolone and apigenin
(5 mg/kg).

Tissue edema which is quantified as colonic
weight/length ratio is presented in Table 2.
There was significant increase in colonic ratio
of negative control group compared to the
sham group. Both apigenin (5 mg/kg) and
D. kotschyi extract (10 mg/kg) significantly
reduced the colonic ratio. The colonic ratio
was reduced by 59% apigenin, 50%
D. kotschyi extract (10%), and 73% with
prednisolone. Scores for tissue sections
prepared for microscopic examination are
shown in Table 2. The microscopic
examination was quantified as total colitis
index. The sham group was given the lowest
score. Prednisolone significantly reduced total
colitis index in comparison with the negative
control group. Both apigenin and D. kotschyi
extract reduced total colitis scores (Table 2).
However, they were less effective than
prednisolone. For instance, apigenin (5 mg/kg)
and D. kotschyi extract (10 mg/kg) reduced the
total colitis index by 56% and 52%,
respectively while prednisolone reduced the
colitis index by 70% (Table 2).

Tabel 1. Changes in animal weight (g) before and after the treatments.

Weight change
Groups Dose (mg/Kg) —
Before treatment After treatment Statistical significance
Sham - 202+2.1 216 £2.8 P <0.001
Control - 209 +2.8 190+ 2.0 P <0.001
Prednisolone (mg/Kg) 4 202+1.9 213+24 P <0.001
D. kotschyi Extract 10 203+1.9 206+ 1.6 Not significant
20 207 £2.2 203 £3.5 Not significant
40 209+1.9 196 £2.2 P <0.001
Apigenin 5 206+1.9 213 +£2.7 P <0.01
10 200+ 1.8 204+24 Not significant
20 205+3.5 211+42 Not significant

Data are presented as mean = SEM, n = 6. Paired student t-test was used for statistical analysis.

Table 2. Effect of oral administration of hydroalcoholic extract of Dracocephalum kotschyi extract (Ext.), apigenin
(Ap.), and prednisolone (Pred. 4mg/kg) on macroscopic parameters of colon injures in rats (n = 6).

Ulcer score (0-4)

Ulcer area (Cm?)

Ulcer index (0-10) Weight/Length (g/cm)

Groups (Median (Range)) (Mean £ SEM) (Mean £ SEM) (Mean £ SEM)
Sham 0.0 (0-0) 0.0+0.0 0.0+0.0 0.25 + 0.04%**
Control 2.7 (2.5-2.9) 3.7+£0.2 6.4+022 0.72 +0.15

Ext. 10 1.4 (1.2-1.6)** 0.9 + 0.10%** 2.4 +0.12%%%* 0.35 + 0.05%**
Ext. 20 1.8 (1.5-1.9)* 1.4+0.12%%* 3.3 +0.18%* 0.45 +0.03**
Ext. 40 2.3(2.1-2.5) 2.8+ 0.22% 53+0.23 0.64+0.10
Ap.5 1.3 (1.0-1.4)** 0.5+ 0.10%** 2.2 +£0.08*** 0.29 £0.03***
Ap. 10 1.4 (1.1-1.5)** 0.6 £ 0.07*** 2.4+ 0.10%** 0.30 £ 0.04%**
Ap. 20 1.4 (1.1-1.5)** 0.5+ 0.04%*** 2.2+ 0.12%** 0.30 £ 0.05%**
Pred. 0.8 (0.6-1.0)*** 0.4 + 0.04%*** 1.4 +£0.07%** 0.20 £ 0.04***

Asterisks show statistically significant differences in comparison with the control group (*P < 0.05, **P < 0.01, and
*#*P < (0.001). Mann-Whitney U test was used for statistical comparison of the data.
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Microscopic illustration of colonic tissue in
representative groups is shown in Fig. 2.
Changes in crypts and mucosal layer
architecture as well as leucocytes infiltration
and accumulation are evident in this photo.

The macroscopic examination was used to
quantify the wulcer index. Prednisolone
significantly reduced total ulcer index in
comparison with the negative control group.
Both apigenin and D. kotschyi extract reduced
total colitis scores (Table 2).

However, they were less effective than
prednisolone. For instance, apigenin (5 mg/kg)
and D. kotschyi extract (10 mg/kg) reduced the
total colitis index by 60% and 54%, respectively
while prednisolone reduced the colitis index by
77% (Table 2).

DISCUSSION

Colitis is inflammation of the inner lining
of the colon characterized by motility and
secretion disorders. It may cause abdominal
pain and diarrhea with or without blood. The

intestinal  inflammation is  histologically
characterized by infiltration of polymorpho-
nuclear  leukocytes, monocytes, and

macrophages (1,3). In this research we have
used acetic acid induced colitis for investigation
of anticolitis activity of D. kotschyi extract and
one of its major component apigenin. Both
apigenin and D. kotschyi extract reduced all
the assessed parameters of colitis. D. kotschyi
extract with three examined doses were
effective to reduce various assessed
parameters of experimental colitis while there
was no significant difference between them.
For macroscopic parameters, the greatest dose
of extract (40 mg/kg) was not as effective as
two other smaller doses (10, 20 mg/kg) in
reducing ulcer index and score as well as colon
wet weight, although it alleviated ulcer area,
total colitis index, and MPO activity. Applying
larger doses of plant extract are recommended
to clarify the dose related effect of D. kotschyi
extract. This research clearly shows that
apigenin is one of the active components
responsible for anticolitis activity of D.
kotschyi extract. Anticolitis activity of
apigenin was relatively similar to that of
prednisone (20).
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The best effect was achieved with dose of 5
mg/kg. Further increase in doses of apigenin
had no additional effect indicating that the
maximum inhibitory effect could be achieved
with the dose of 5 mg/kg among the doses
tested. Apigenin is a flavone compound found
almost ubiquitously in some plants.

It is most commonly isolated in abundance
from the plant Matricaria recutita L or
Asteraceae (23,24). In food and herbal
sources, the active apigenin is found in the
form of wvarious acylated derivatives and
apigenin-7-O-glucoside (25).

Upon ingestion of apigenin, it is
metabolized via UDP glucuronosyl transferase
UGTIAl and released into serum as
glucuroside and sulfate conjugates (26). It has
a half-life of 91.8 h, and apigenin appears in
the blood 24 h after initial ingestion. It is
mostly excreted via the urine in the form of
glucuronides and sulfate conjugates, but there
is some fecal excretion as well due to
enterohepatic recycles (26). Apigenin exerts its
anti-inflammatory effects via suppressing the
induction of NO-synthase and COX2 enzymes
in  macrophages via lipo-polysaccharide
influence. Apigenin also has inhibitory effects
on IL-4 production.

Apigenin may also suppress TNF-a
elevation via interference with NF-xB
transcription and potentially TNF-a induced
up-regulation of adhesion molecule (27,28).
Like other bioflavonoid compounds, apigenin
can reduce oxidative stress, induce cell cycle
inhibition, increase hepatic detoxification
enzyme efficacy, and act as anti-inflammatory
to some extent (29).

Apigenin beneficially affects most types of
cancer (30,31) and in doses consumed via food
intake, no apparent toxicity has been
reported (32).

CONCLUSION

In this research we have demonstrated the
anti-colitis effect of D. kotschyi extract and
apigenin as one of the major active component
of the extract responsible for anti-
inflammatory effect. Therefore, further studies
on apigenin including clinical trials are
recommended.
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