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Mentha extract in mucositis

The Protective Effect of Mentha spicata Ethanolic Extract on Irinotecan-
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Abstract

Irinotecan induced-mucositis is an inflammatory event of the intestine caused by an increase in the
concentration of active metabolite 7-ethyl-10-hydroxycamptothecin (SN-38) in the intestine. Irinotecan must first
be converted by a carboxylesterase to the active metabolite (SN-38), which is subsequently glucuronidated by the
hepatic enzyme to SN38G. The SN-38G is deconjugated in the intestine to SN-38 via B-glucuronidase produced
by the intestinal bacterial flora, which accounts for SN-38 delayed intestinal mucositis of irinotecan. The present
study was designed to evaluate the protective effect of mentha ethanolic extract on irinotecan-induced mucositis,
intestinal mucositis induced by I.P injection of irinotecan (75mg/Kg/day) for 4 days. Mentha ethanolic extract
orally administered to mice for 7 days starting one day before irinotecan dose. Results showed that mentha
ethanolic extract significantly decreased both jejunal tissue IL-1p (3.47+1.23 vs. 6.5+£0.36 ng/ml), and fecal -
glucuronidase activity (79.78+ 10.7 vs. 120.6+ 8.3 U) compared to the model control group, also histopathological
sections showed improvements in mucositis features in the mentha ethanolic extract treated animals. As a
conclusion, Mentha ethanolic extract has a protective effect on irinotecan-induced mucositis.
Keywords: Intestinal mucositis, irinotecan, Mentha ethanolic extract, IL-1p, fecal p-glucuronidase.
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Introduction

Intestinal mucositis is damage occurs to the
intestinal mucosal membrane, one of the most
harmful side effects of chemotherapy and
radiotherapy treatment. Mucositis presents with
symptoms as intestinal and oral pain, vomiting,
diarrhea, sore mouth and destruction of the
gastrointestinal epithelium that contributes to poor
absorption of nutrients and, consequently, weight
loss @, The development of mucositis can be
divided into five phases, the first phase, known as
the initialization phase, occurs after chemotherapy
administration resulting in cell injury. This lesion
might be a result of direct DNA damage or caused

via generation of reactive oxygen species (ROS) @,
The Second phase is a Primary damage response
that DNA strand breaks and reactive oxygen species
(ROS) activate a series of interacting biological
events by the activation of various transcription
factors ©®. The third phase is signal amplification,
the presence of pro-inflammatory cytokines induces
heightened tissue damage leading to a vicious circle
in the signal amplification keep on increasing
cytokines and oxidative stress levels then resulting
in more extreme tissue damage and apoptosis and
the epithelium initiates to lose integrity @,
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The fourth phase is ulceration phase, clinical
appearances of mucositis become apparent as
mucosal integrity is lost and formed painful lesions

@, The final healing phase occurs after the ending
of cancer therapy. Irinotecan (CPT-11) is a
topoisomerase | inhibitor. It's the hydrochloride salt
of a semisynthetic derivative of camptothecin with
higher water solubility than camptothecin.
Irinotecan was first approved for the treatment of
metastatic colorectal cancer (CRC) in the United
States in 1996 . Irinotecan interacts with cellular
Topo I-DNA complexes and has S-phase-specific
cytotoxicity. At greater concentrations of irinotecan
non-S-phase cells can also be killed. The mechanism
of non-S-phase cell killing appears to be related to
transcriptionally induced DNA damage and through
apoptosis mechanism ©. Irinotecan must first be
converted by a carboxylesterase (CES) to the active
metabolite 7-ethyl-10-hydroxycamptothecin
(SN-38). The SN-38 is the major metabolite
believed to be responsible for irinotecan’s biologic
effects which including, efficacy and toxicity. The
(SN38) is detoxified chiefly by uridine diphosphate
glucuronosyltransferases (UGTSs) specifically the
hepatic UGT1AL and UGT1AG9, in the liver to form
inactive SN-38 glucuronide (SN-38G). Common
unwanted adverse effects of irinotecan are bone
marrow toxicity leading to abnormal blood counts,
in specific leukopenia, and mucositis, which leads to
diarrhea ®. SN-38G is deconjugated to SN-38 via -
glucuronidase produced by the intestinal bacterial
flora which accounts for the late SN-38 double
peaks in the plasma, and responsible for the delayed
intestinal toxicity of irinotecan . CPT-11 also
increases nuclear factor-kB (NF-kB) and cytokines
(TNF-0, IL-1B, IL-6, and KC levels) and
myeloperoxidase activity in intestinal tissue which
involved in the pathogenesis of mucositis ®. Mentha
Spicata synonym Mentha Viridis, among the family
of Lamiaceae (Labiatae). Used as fresh or dried
leaves or powder, as a seasoning and flavouring herb
or traditionally as an herbal. The mentha is also
commonly used as an antimicrobial agent and as a
preservative in food . The Polar extracts of mentha
leaves are characterized mostly by a high content of
phenolic compounds, such as rosmarinic acid,
luteolin and apigenin derivatives 9. Some of these
components have been revealed to have antioxidant
properties, so, the Mentha spicata could also be
considered an antioxidant source Y. More
interestingly, the anti-inflammatory properties of
Mentha extract rich in phenolic compounds have
been confirmed in vivo in rats ®. In term of
biological uses, mentha acts as antispasmodics and
anti-platelets and insecticides 9. Also, mentha is
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considered as herbal medicine in folklore remedies
for treating of colds and flu and respiratory tract
problems, gastralgia, hemorrhoids, and the
stomachache. The goal of this study to evaluate the
protective effect of Mentha spicata ethanolic extract
on irinotecan-induced intestinal mucositis in mice.

Materials and Methods
Chemicals and kits

The chemicals that were used in this work
includes, diethyl ether (BDH Chemicals, England),
formalin (Merck Chemicals, Germany), irinotecan
vial (Kocak pharma, Turkey), Mice Interleukin-1-
for enzyme-linked immune sorbent assay (ELISA)
(Shanghai, China), 4- Nitrophenyl-B-D-glucuronide
substrate for enzyme (Sigma, USA), Dimethyl
sulfoxide (Merck chemical, Germany), Ethanol
solution (Merck chemical, Germany).
Animal selection

Twenty four Albino female mice (8 weeks)
weighing between (25-38 gm) were selected
randomly and maintained in the Animal House at the
College of Pharmacy/University of Baghdad.
Animals were maintained under controlled
conditions of temperature, humidity and light/dark
cycle. They were fed standard rodent pellet diet and
have free access to water.
Plant collection

Fresh plant of Mentha spicata collected
from different areas of Baghdad/al-Resafa at
October, the plant was identified for the
authentication purpose by (Dr. Sucaina at the
department of biology/College of
Science/University of Baghdad). The leaves of the
mentha were used and dried at room temperature,
then crushed by mortar and pistol to be extracted by
maceration method.
Extraction of the plant

One hundred fifty gram of air-dried leaves
of mentha plant was crushed in mortar and pistol to
be extracted by maceration with 1500 ml of ethanol
solvent in a closed container at room temperature for
three day, then the mentha ethanolic extract filtered
using a Whitman filter paper and evaporated under
reduced pressure by rotary evaporator at 42 C to
concentrate and dry the extract 4. After that, the
collected amount was weighted.
Preparation of stock solution for ethanolic extract
fraction

A stock solution of Mentha Spicata
ethanolic extract was freshly prepared by dissolving
960 mg of ethanolic extract in 10 ml of 2% of
dimethyl sulfoxide (DMSO) to obtain a
concentration (9.6mg/0.1ml) according to mentha
ethanolic extract dose for mice 320 mg/Kg/day @,
Experimental protocol

The animals used in this study divided into
four groups each with 6 mice as follows:



Iragi J Pharm Sci, Vol.28(1) 2019

Group I: Six mice received a single oral dose of
0.1ml of normal saline for 7 successive days starting
day 0. This group served as a blank control group.
Group I1: Six mice received a single dose of 0.1ml
intraperitoneal irinotecan  (75mg/kg) for 4
successive days starting dayl. This group served as
a model control group 9.
Group I11: Six mice received a single dose of 0.1ml
intraperitoneal irinotecan  (75mg/kg) for 4
successive days starting day 1 with 0.1ml of 2%
DMSO by oral gavage for 7 successive days starting
day 0.
Group 1V: Six mice received 0.1ml single orally
dose of mentha ethanolic extract (320mg/kg/day) for
7 successive days starting day O with an
intraperitoneally single dose 0.1ml of irinotecan
(75mg/ kg) for 4 successive days starting day 1 @7,
Animal received mentha ethanolic extract 0.1 ml by
oral gavage in the morning at 8 AM before 1/2 hour
of irinotecan injection. The extracts treatment
started one day before irinotecan administration
(day 0) and continued to the two days after the last
irinotecan dose was administered, a total of 7 days.
Preparation of jejunum tissue homogenate
animals have been euthanized at (day 7)

under light diethyl ether anesthesia. Abdomen is
opened by a midline incision and two horizontal
incisions then the jejunum of each animal utilized in
this study is quickly dissected, placed in chilled
phosphate buffer saline solution (PBS) at (pH7-7.2)
at 4C° to remove excess blood, then the tissue dried
with filter paper and weighed then was minced to
small pieces; where, 1 g of jejunum was put in tube
containing 9 ml of (0.01M) phosphate buffer saline
solution. The resulting homogenate was centrifuged
at 5000 rpm for 10 minutes at 4C° then the
supernatant is separated using micropipette and
store at -20C° until the day of analysis. The jejunum
tissue homogenate utilized for the estimation of
interleukin one beta (IL-1p) level.
Fecal g-Glucuronidase assay

The activity of intestinal bacterial s-
glucuronidase in mice feces was measured by the
method described by Shiau and Chang “®. Briefly,
fresh fecal pellets were collected in the morning
before and after irinotecan administration in (day 0
and day 5), then weighed and mixed with PBS
(0.01 M, pH 7.5) at a (wt/wt) ratio of (1:100). After
softening for 20min, the fecal pellets were
homogenized. Then 0.05 mL of 4-nitrophenyl 3-D-
glucuronide (0.01 M, Sigma, USA) was added to
I mL diluted fecal homogenate to produce the
following reaction:

e  4-nitrophenyl g-D-glucuronide
glucuronidase —  4-nitrophenol
glucuronide

All reaction solutions were incubated at 37°C for
60 min and then centrifuged at 3000g for 10 min.

+ B-
+ p-
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The absorbance of each supernatant solution was
measured at 405 nm in a spectrophotometer (APLE-
PD303, Japan). The concentration of 4-nitrophenol
in each sample was calculated by reference to a
standard curve at the same time and conditions. The
activity of fecal g-glucuronidase was measured as
one unit of an enzyme that cleaves 1 nmol of 4-
nitrophenol per hour at 37°C under saturated
substrate concentrations.
Histopathological examination of
jejunum

At the end of the experiment period, all the
animals were sacrificed, 5-cm ring from the
proximal area (close to the duodenojejunal flexure)
of each harvested jejunum was carefully removed,
washed in a normal saline solution and fixed in 10%
formalin solution. Jejunum tissues were prepared for
histological examination according to the method of
Junqueira LC. et al. @9, using paraffin sections
technique.
Statistical analysis
The experiment design used for these studies was
Rationalized Complete Block Design (RCBD). The
results were presented as means * standard deviation
(SD). One way analysis of variance (ANOVA)
followed by Dunnett method. The differences
between the means are considered significant at the
5% confidence level.

Results
Effects of mentha ethanolic extract on intestinal
tissue IL-1p level

Mice that orally treated with normal saline
(group 1) and mice that orally treated with mentha
ethanolic extract and CPT-11 (group 1V) showed a
significant reduction (p<0.05) in the tissue level of
IL-1B compared with model control group (group
I1), as shown in table 1.
Table (1) Effects of mentha ethanolic extract on
jejunum 1L-1 level in mice.

the mice

Treatment Type of IL-1p

groups treatment (ng/ml)

N=6 mean = SD
I Normal saline 0*
1 irinotecan 6.5+£0.36
11 Irinotecan 6.9+£0.32
+DMSO
v Mentha extract | 3.47+1.23*
+irinotecan

(*): Significant difference with respect to the model
control group (P<0.05).
N: number of animals.

Effects of mentha ethanolic extract on fecal f-
glucuronidase enzyme activity

As shown in table 2, on the day (0), the mean
for mentha ethanol extract group showed non-
significant changes in [-glucuronidase activity
(p>0.05) compared with model control (group II).
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On the day (5), mice treated with mentha ethanolic
extract and CPT-11 (group 1V) showed a significant
reduction in fecal B-glucuronidase activity (p<0.05)
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compared with model control (group II), as shown
in table 2.

Table( 2) Comparison of the intestinal B-glucuronidase activity in different groups.

Day 0 Day 5
Treatment groups Type of treatment B-glucuronidase B-glucuronidase

N=6 activity (U) activity (U)

mean + SD mean + SD
| Normal saline 83.9+12.2 84.45+ 11.5*

1 irinotecan 74.32+ 13.6 120.6+ 8.3
11 Irinotecan +DMSO 78.69+15.7 111.25+11.2
v Mentha extract +irinotecan 81.19+ 13.3 79.78+ 10.7*

Notes: one unit of enzyme activity is the amount of enzyme that will cleave (1 nmol) of the colorimetric substrate
per hour at 37°C under saturated substrate concentrations.
(*): Significant difference with respect to the model control group (P< 0.05).

N: number of animals.

Histopathological examination of mice jejunum
sections

Histopathological examination of group | (normal
saline group) showed the normal structure of
intestinal villi, no inflammatory cell infiltration and
without dysplastic cells change (Figure 1).

- ' . [
Figure (1) Cross section is showing normal mice
jejunum in group L.

Magnification (100X), staining: Haematoxyline
and Eosin.

Red arrow: sign to normal intestinal villi.

Histopathological —examination of group Il
(irinotecan group) showed atrophy of intestinal villi
with heavy chronic inflammatory cells infiltration
and moderate dysplastic cell change (Figure 2).
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Figure (2) Cross sections showing abnormal mice
jejunum in group II. Magnification: (100 X and
400 X); staining: Haematoxyline & Eosin.

A: villi atrophy.

B: chronic inflammatory cells infiltration.

C: dysplastic cell change
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Histopathological examination of group Il (CPT-
11+ DMSO) showed atrophy of intestinal villi with
heavy chronic inflammatory cells infiltration with
mild to moderate dysplastic cell change (Figure 3).

L .a_.._mmr. i - !
in group Ill. Magnification: (100X, 400X),
staining: Haematoxyline & Eosin. A: villi atrophy.
B: chronic inflammatory cells infiltration. C:

dysplastic cell change.

Histopathological examination of group 1V (mentha
ethanolic extract +CPT-11) showed shortening of
intestinal villi with chronic inflammatory cell
infiltration but less than the model control group.
Sections showed no dysplastic changes (Figure 4).
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. \ “, ST g . £,
Figure (4) Cross sections showing mice jejunum
in group V. Magnification: (100 X and 400 X),
staining: Haematoxylin & Eosin

A: marked shortening of intestinal villi. B: chronic
inflammatory cell infiltration.

Discussion

Mucositis is the painful inflammation and
ulceration of mucous membranes lining the
digestive tract, as a result of chemotherapy and
radiotherapy treatment for cancer @, Cytotoxic
chemotherapy can cause functional and structural
changes in the gastrointestinal tract (GIT). Common
gastrointestinal symptoms following chemotherapy
include heartburn, abdominal pain, diarrhea and
constipation, bloating and nausea. These symptoms
arise as the result of the damage caused by
chemotherapy agents ®. The pathogenesis of
irinotecan-induced intestinal toxicity may involve
oxidative stress; irinotecan enhanced production of
reactive oxygen species (ROS) and reactive nitrogen
species, which induce cell death. The ROS can also
activate the transcription nuclear factor kappa-light-
chain-enhancer of activated B cells (NF.xB) @, The
study has shown significant increases in the

expression of pro-inflammatory cytokines, with key
offenders TNF, IL-1p, IL-4, IL-6 ®. Microbiota can
influence the efficacy and toxicity of drugs by
regulating the levels of metabolic enzymes and
transporters. Inactivated metabolite of irinotecan,
SN-38G, is reactivated to SN-38 by bacterial B-
glucuronidase in the intestinal tract @V,

In the present study, histological examination of the
jejunum sections from mice received irinotecan
showed atrophy of intestinal villi with heavy chronic
inflammatory cells infiltration, few crypt glands
with moderate dysplastic cell change. These changes
indicated that irinotecan-induced intestinal
mucositis as shown in (Figure 2). This result
confirmed by other study reported that irinotecan
causes severe jejunum and colonic damage like
villous atrophy, crypt hypoplasia, increased
apoptosis, dilation, and excessive mucous secretion.
Increased levels of cell apoptosis combined with the
histopathological changes in both the jejunum and
colon and the changes in goblet cell numbers may
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cause changes in absorption rates, possibly leading
to diarrhea 2.

The present study showed a significant
increase in the IL-1p in mice jejunum that confirmed
irinotecan-induced intestinal mucositis mediated by
inflammation. Other study confirmed that IL-1B
production plays a crucial role in mucositis 3,
Importantly, this study showed that irinotecan
significantly increased fecal p-glucuronidase
activity. The structure of the intestinal microbial
community and increase B-glucuronidase activity by
irinotecan. These changes increase irinotecan
toxicity as more SN-38 (the active form of the drug

responsible for toxicity) will be liberated @4,

Histological examination of the jejunum
section from animal received irinotecan with mentha
ethanolic extract showed improvements in
histopathological finding compared with models
control group for intestinal toxicity induced by
irinotecan. These improvements include mild
shortening of intestinal villi, with mild chronic
inflammatory cells infiltration, no dysplastic cell
change compared with the model control group. The
successful reduction in intestinal toxicity induced by
irinotecan in mice treated with mentha ethanolic
extract showed in the jejunal histopathological
sections confirmed by reduction in tissue IL-1B
level. The Polar extract of mentha leaves is
characterized by a high content of phenolic
compounds, such as rosmarinic acid, luteolin and
apigenin derivatives ‘9. More interestingly, the anti-
inflammatory properties of Mentha extract rich with
phenolic compounds have been confirmed in vivo in
rats 12, In addition, mentha ethanolic extract
significantly ~decreased fecal p-glucuronidase
activity (Table 2). The lower B-glucuronidase
activity by mentha extract leads to the lower
liberation of SN-38, which ultimately decreased
intestinal mucositis. The resulted improvements in
irinotecan-induced mucositis obtained from Mentha
extract may be explained by First, the novel direct
inhibitory effect of the extract on B-glucuronidase
activity that reduced mucositis as confirmed by this
study @), Second, the indirect effect of the extract
on mucositis due to mentha anti-inflammatory effect
as confirmed in this study by reduction of the IL-1
level 2529),

Conclusion
Data obtained from the presented study
suggested that mentha ethanolic extract has anti-
inflammation activity and anti-B-glucuronidase
activity, by the decreased intestinal level of IL-1B
and fecal B-glucuronidase activity, respectively. So,
the ethanolic mentha extract has protective effects
against irinotecan-induced mucositis.
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