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Abstract

Rosa damascena is a small plant belonging to Rosaceae family which has been used for the treatment of
some inflammatory diseases and digestive disorders in the Iranian folk medicine. This study was performed
to investigate the effect of R. damascena hydroalcoholic extract (RDHE) and R. damascena volatile oil
(RDVO) on ulcerative colitis induced by acetic acid in rats. Different doses of RDHE (250, 500, 1000
mg/kg) and RDVO (100, 200, 400 ul/kg) were given orally (p.o.) and doses of RDHE (125, 250, 500 mg/kg)
were administrated intraperitoneally (i.p.) to the male Wistar rats (n=6) 2 h before induction of colitis which
continued daily for 4 successive days. Prednisolone (4 mg/kg p.o.) and dexamethasone (1 mg/kg i.p.) were
used in the reference groups. Weight/length ratios of wet colon were measured and the tissues were assessed
macroscopically, histopathologically, and biochemically via measuring the myeloperoxidase (MPO) activity.
Oral RDHE at all doses examined, and the lowest dose of RDVO given p.o. or RDHE administered i.p.
reduced all indices of colitis measured in different assays as well as the MPO activity. These results provide
encouraging support for the use of hydroalcoholic extract of R. damascena in relieving alimentary
inflammatory conditions and reinforce the use of this plant to develop new agents for treating ulcerative colitis.
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INTRODUCTION

The inflammatory bowel disease (IBD)
refers to a widely chronic gastrointestinal
inflammatory condition, which is divided into
Ulcerative colitis and Crohn’s disease. It’s a
multifactorial disorder whose etiology is
unknown but it's interaction among some risk
factors such as immune system, genetics,
and bacterial flora may contribute to the
disease process (1). Main treatments for
IBD are aminosalicylates (mesalamin
and  sulfasalazine), corticosteroids and
immunosuppressive agents (2). However, due
to their common adverse effects and lack of
evidence on their effectiveness, problems
associated with the treatment of IBD have not
yet been resolved. Therefore it is imperative to
explore new and safe remedies. In this
direction, traditional therapies which have
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been in use for many years could be regarded
as potential alternatives (3,4).

Rosa damascena belonging to the Rosaceae
family is a small plant with aromatic light pink
flowers that grows in spring (5). It is cultivated
all over the world including countries such as
Syria, Turkey, India, Bulgaria, and Iran
(mainly in Kashan) (6,7). This plant is a rich
source of flavonoids such as quercetin,
kaempferol and their glycoside derivatives
(8,9), myrcene, tannins, terpenes and vitamin
C (7). Volatile oil obtained from R. damascena
cultivated in central region of Iran is mainly
comprised of P-citronellol, nonadecane,
geraniol, and docosane (10). R. damascena has
traditionally been used as hypnotic (11),
cardiotonic (12), cough suppressant (7), anti-
inflammatory and anti-ulcer (10), mild laxative
(13), and for the treatment of digestive
problems (14).



In pharmacological studies, R. damascena
has shown both anti-inflammatory action and
analgesic effect in animal models (15). Its
extract has been shown to have
hepatoprotective  effects against carbon
tetrachloride-induced liver toxicity in rats (16).
R. damascena has also been used as
mouthwash for the treatment of recurrent
aphtous stomatitis in a clinical trial (17).
Extract and volatile oil of R. damascena have
been reported to be effective as an
antispasmodic agent on isolated rat ileum
(18,19). Additionally there are numerous
studies regarding antioxidant and antibacterial
activities of R. damascena flowers (12,20).

Rosa damascena probably has beneficial
effect in IBD due to its anti-inflammatory,
antioxidant and antispasmodic effects. In the
present study, anti-colitis effect of extract and
volatile oil of R. damascena was evaluated at
various doses administered both orally and
intraperitoneally in rats.

METHODS AND MATERIALS

Plant material and preparation of extract and
volatile oil

Flowers of the plant were purchased from a
local orchard belonging to the Barij Essence
Company. The plant was authenticated at the
Department of Botany (Faculty of Sciences,
Isfahan University, Isfahan, Iran). A voucher
specimen of R. damascena (RD-112) was
deposited at the Herbarium of Department of
Pharmacognosy in the School of Pharmacy
and Pharmaceutical Sciences of Isfahan
University of Medical Sciences.

Air-dried and finely powdered flowers of
the plant (200 g) were macerated with 3000 ml
of ethanol (70:30) for 48 h. It was then shaken,
filtrated and evaporated in a rotary evaporator
under reduced pressure until a semisolid
extract was obtained. Afterwards the
concentrated extract was freeze-dried to obtain
a dry powdered extract according to the British
Pharmacopoeia (21,22).

The R. damascena volatile oil (RDVO) was
achieved by hydro-distillation of flowers of R.
damascena according to the European
Pharmacopeia (23) in Barij Essence Co. in
Mashhad-Ardehal (Kashan, Iran).
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Total phenol assay of the extract

Total phenolic compounds of the R.
damascena hydroalcoholic extract (RDHE) of
were determined using Folin-Ciocalteu reagent
described by Waterhouse and coworkers
(24,25). Results are expressed as gallic acid
equivalent in mg (GAE)/100 g of the test
sample.

Chemicals

Prednisolone and dexamethasone were
purchased from Iran Hormone Pharmaceutical
Co. (Tehran, Iran). o-dianisidine
dihydrochloride and  hexadecyltrimethyl-
ammonium bromide were procured from
Sigma (St. Louis, USA). All the organic
solvents and acetic acid were obtained from
Merck Company (Darmschtdat, Germany).

Animals

Male Wister rats weighting 230 + 30 g were
used in this study. Animals were housed in
groups of six each in wire-bottomed cages
under uniform and controlled conditions of
temperatures  (20-22 °C), humidity and
light/dark cycles. They had free access to food
and water ad libitum. All animal experiments
were approved by the Ethics Committee of
Isfahan University of Medical Science and
performed in accordance with National
Institute of Health Guide for the Care and Use
of Laboratory Animals (26).

Animal grouping

Fifteen groups of animals were randomly
assigned to sham, control, test, and reference
groups as following:

Sham groups, treated with vehicle 5 ml/kg
per oral (p.o.) and 2 ml/kg intraperitoneal (i.p.)
without induction of colitis.

Control groups, treated with vehicle 5
ml/kg p.o. and 2 ml/kg i.p. before induction of
colitis.

Volatile oil groups, treated with RDVO p.o.
at doses of 100, 200, and 400 pl/kg.

Extract groups, treated with RDHE p.o. at
doses of 250, 500, 1000 mg/kg, and i.p. at
doses of 125, 250, 500 mg/kg.

Reference groups, treated with prednisolone
(4 mg/kg) p.o. and with dexamethasone (1

mg/kg) i.p.
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All doses were administrated 2 h before the
induction of colitis and continued daily for 4
successive days.

Experimental procedure

Test samples containing suspension of
reference drugs and plant extract or emulsion
of volatile oil were made freshly using 0.2%
tween 40 in distilled water as vehicle, for oral
and intraperitoneal administration.

Acute colitis was induced by 2 ml acetic
acid (4%) using Mascolo and colleagues
method (27). Rats were fasted for 36 h with
free access to tap water and were lightly
anesthetized with diethylether. Then a rubber
plastic catheter with 2 mm in diameter was
inserted into the colon, 8 cm proximal to the
anus. In sham and control groups, normal
saline (2 ml) was instilled. To prevent anal
leakage of acid, rats were held in a head-down
position for 1 min.

Evaluation of colon macroscopic damage

Rats were euthanized by overdosing of
diethylether at 5t day of the experiment; the
abdomen was opened and the colon, 8 cm in
length and 2 cm proximal to the anus, was
excised and incised longitudinally and washed
with normal saline. Then the wet colon was
weighed and weight/length ratio was
determined for each sample.

The tissue was fixed on a transparent sheet
and a photo was taken by Sony® camera,
Japan. Ulcer area was measured by Fiji Image
Processor, China (28). Macroscopic mucosal
damage was evaluated using a validated
grading scale according to Morris and
coworkers (29). Scores were: 0; no ulcer, 1;
mucosal erythema only, 2; mild mucosal
edema, slight bleeding or slight erosion, 3;
moderate edema, bleeding ulcers or erosions,
4; severe ulceration, erosions, edema and
tissue necrosis and/or perforation. Ulcer index
was detrmined by summing the ulcer score and
the ulcer area (cm®) for each colon.

Evaluation of colon histological damage

For further determinations, the samples of
tissue were cut into two equal parts along its
length, a part was immediately stored at -80 °C
for biochemical analysis (myeloperoxidase
(MPO) assessments) and the other part was
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fixed in 10%
evaluation.
Fixed colon tissue was dehydrated, cleared,
paraffin embedded, blocked, sectioned in 4-
um thick sections, and stained with
haemotoxyline and eosine (H & E).
Inflammation severity and extent and crypt
damage were specified on H & E stained and
coded sections using a validated scoring
system described by Cooper and coworkers
(30) and Dieleman and colleagues (31). Total
colitis index was calculated as the sum of 3
following sub-scores (inflammation severity,
inflammation extent and crypt damage).
Pathological assessment and scoring was done
by using a Zeiss® microscope equipped with a
Sony® color video camera for digital imaging.

formalin for pathological

Evaluation of colonic
activity

MPO activity was measured according to
the modified method of Bradley and
coworkers (32). In brief, 0.1 mg of tissue was
weighed and homogenized in 1 ml solution
containing 0.5% w/v hexadecyltrimethyl-
ammonium bromide, dissolved in 50 uM
potassium phosphate buffer (pH=6) in an ice
bath for 4 x 45 s at 1 min intervals. Then
subjected to freezing and thawing for 3 times
and sonicated and centrifuged for 15 min at
15000 rpm. To measure the MPO activity, 0.1
ml of the supernatant was added to 2.9 ml of
50 uM phosphate buffer (pH 6) containing
0.167 g o-dianisidine dihydrochloride and
0.005% hydrogen peroxide. The absorbance of
the mixture was measured at 450 nm using
UV-Vis spectrophotometer (PerkinElmer Co.,
Germany). The MPO activity was expressed in
units (U) per gram of the wet tissue.

myeloperoxidase

Statistical analysis

Data analysis was accomplished by SPSS
(version 21) statistical software. Results were
expressed as the mean + standard error of the
mean (SEM). The data of weight changes were
analyzed using paired student’s t-test while
other parametric data were analyzed by one-
way analysis of variance (ANOVA) with
Scheffe as post hoc test. Mann-Whitney U test
was used for analysis of non-parametric data.
The minimal level of significance was
identified at P<0.05.



RESULTS

Pharmacognosy

The hydroalcoholic extract after freeze
drying yielded 33% (w/w) dried extract. The
total phenol compounds determined by Folin-
Ciocalteu reagent showed 15.7 = 0.2 g of
GAE/100 g of the plant.

Macroscopic assessment

Macroscopic observation in control group
showed maximum ulcer severity, ulcer area
and weight/length ratio, which are indicative
of highest level of damage produced by acetic
acid compared to sham (normal) group that
showed no change (Table 1). Data from the
group treated with prednisolone p.o. and
dexamethasone i.p. as positive controls
showed significant healing (P<0.001) in all
macroscopic assessments (Table 1).
Pretreatment with RDVO 100 and 200 pl’kg
p.o. were effective to reduce all macroscopic
parameters including ulcer area, severity and
index, and weight/length ratio (at least
P<0.05), but at the dose of 400 ul/kg was not
effective (P>0.05).

In the groups treated with extract p.o., on
the other hand, all the treatments with
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increasing doses of RDHE were effective to
reduce weight/length ratio and ulcer index in
colon sample compared to control group (at
least P<0.05), and the best results were
achieved with RDHE at1000 mg/kg.

Also pretreatment with three doses of
RDHE ip. caused an increase in all
macroscopic parameters, leading to death in

RDHE 500 mg/kg, ip. group, with the
exception of 125 mg/kg, i.p. which had
beneficial effects on colitis parameters

(P<0.01) (Table 1).

Weight variation

Changes in mean weights before and after
the treatment in groups showed that increasing
the dose of volatile oil decreased the mean
body weight that is not significant with RDVO
100 pl/kg (P>0.05), but at doses of 200 and
400 pl/kg, the differences are significant
(P<0.05).

In contrast, groups that are treated with
RDHE, reduction in mean body weight is
considerably diminished with increasing doses
of RDHE giving orally. Then at doses of 1000
and 500 mg/kg p.o. the differences are not
significant (P>0.05).

Tablel. Effects of R. damascena Hydroalcoholic extract (RDHE) and R. damascena volatile oil (RDVO) on
macroscopic parameters of colitis induced by acetic acid in rats.

Weight/length ratio

Groups Route Score (0-4) Ulcer area (cm?  Ulcer index (0-12) (glcm)
Sham P.O. 0.00 = 0.00 0.00 £ 0.00 0.00 = 0.00 0.84+0.02
Control P.O. 3.83+0.16 7.40 £ 0.42 11.23 +£0.49 1.77 £ 0.05
RDVO 100 P.O. 2334042 3424054 575+095"" 134+0.06""
RDVO 200 P.O. 2.83+031" 5.83+0.83" 8.67+0.99" 1.54 +0.07"
RDVO 400 P.O. 3.33 +0.33 6.78 £ 0.39 10.12+£0.54 1.75 = 0.06
RDHE 250 P.O. 2.83+0.48 4.68+0.63"" 752+1.06"" 128 007"
RDHE 500 P.O. 250+043" 4.15+055" 6.65+0.64"" 1.12£0.07™"
RDHE 1000 P.O. 1.50 £0.34"™" 2.70 £ 0.44™" 420+0.66"" 1.08+0.08""
Pred. P.O. 133021 0.78+0.12""" 2.12+0.18™" 0.97+0.06""
Sham LP. 0.00 = 0.00 0.00 £ 0.00 0.00 + 0.00 0.82+0.01
Control LP. 3.83+ 0.17 7.30 +0.42 11.13+£0.49 175+ 0.05
RDHE 125 LP. 2.67+033" 5.05+0.66 7.77+0.84"" 1.17+0.12™
RDHE 250 LP. 3.75+0.25 7.25+0.37 11.00 £0.55 1.71+£0.09
Dex. LP. 1.83£031°" 1.05£0.16 2.88+£040"" 1.09+0.04""

Data are expressed as the mean = SEM (n=6). P.O.; per Oral, I.P.; intraperitoneal, Pred; prednisolone (4 mg/kg),
Dex; dexamethasone (1 mg/kg),*P<0.05, **P<0.01, ***P<0.001 denote significant differences versus control
groups, (One-way ANOVA with Scheffe post hoc test).
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Table 2. Effects of R. damascena hydroalcoholic extract (RDHE) and R. damascena volatile oil (RDVO) on mean

animal weight before and after treatment in rats.

Weight changes (g)

Groups Route p-value
Before treatment After treatment
Sham P.O. 221.00 £4.71 224.00 + 4.65 <0.001
Control P.O. 228.17 +£4.95 216.50 £ 3.57 0.004
RDVO 100 P.O. 249.50 £ 4.19 247.83+£2.97 0.486
RDVO 200 P.O. 231.50 +3.85 215.50 +2.88 0.017
RDVO 400 P.O. 230.83 +£3.75 206.83 +2.36 0.007
RDHE 250 P.O. 214.17 +£5.55 203.83 +7.46 0.007
RDHE 500 P.O. 243.67 +£3.57 238.67 +4.48 0.136
RDHE 1000 P.O. 226.00 £ 6.31 229.17 £ 6.60 0.407
Pred. P.O. 222.00 +2.62 222.17+2.26 0.822
Sham LP. 221.00 +4.71 224.00 +4.65 <0.001
Control LP. 228.17 +£4.95 216.50 +3.57 0.004
RDHE 125 I.P. 226.17 £2.31 211.83 +2.27 0.001
RDHE 250 I.P. 229.75+7.92 197.75£2.29 0.018
Dex. 1.P. 229.17 +£4.09 227.67+4.28 0.076

Data are expressed as the mean + SEM (n=6). P-values in the last column show the comparison of the two groups
before and after the treatment. P.O.; Oral, I.P; intraperitoneal, Pred; prednisolone (4 mg/kg), Dex; dexamethasone

3 - [+
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Fig. 1. Microscopic presentation of acetic acid-induced colitis in rats. H & E staining with low power. A; Sham, normal
colon treated with vehicle, 5 ml/kg; mucus layer and crypts are normal and there is no leucocyte infiltration. B; Control
colitis treated with vehicle, 5 ml/kg; mucosal and submucusal inflammation as well as crypt damage and leucocyte
infiltration are evident, C; R. damascena volatile oil (RDVO) treated colitis 100 pl/kg, D; R. damascena hydroalcoholic
extract (RDHE) treated colitis, 1000 mg/kg; E; Prednisolone treated colitis, 4 mg/kg.

Similar to macroscopic findings, by
increasing dose of RDHE administered i.p.,
weight loss increased leading to death of the
animals (data not shown). Body weight
reductions were significant (P<0.05) in groups
treated i.p. in a dose- related manner (Table 2).

Histological assessments

According to Figs. 1 and 2 no histological
damage was observed in sham group. In
control groups, microscopic assessments
revealed severe inflammation and infiltration
of white blood cells in mucus and sub-mucosal
layers. Pretreatment with prednisolone p.o. and
dexamethasone i.p. reduced total colitis index
(inflammation severity, inflammation extent,
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and crypt damage) in injurious colons
(P<0.05). As shown in Figs. 1 and 2, the best
results are obtained with the smallest does of
RDVO and parenteral RDHE and the highest
dose of RDHE p.o.,, considering all
histological parameters of colon inflammation
and edema (P<0.001).

Biochemical assessment

Colitis caused by acetic acid is invariably
associated with an increase in tissue MPO
activity. As it is shown in Fig. 3, the greatest
decline in MPO activity was obtained at
lowest doses of RDVO and RDHE i.p. while
the highest dose of the RDHE after oral
administration had the most activity.
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Fig. 2. Effects of R. damascena hydroalcoholic extract (RDHE) and R. damascena volatile oil (RDVO) on total colitis
index induced by acetic acid. The results are expresses as the mean £ SEM, (n=6), P.O.; Oral, I.P.; intraperitoneal, Pred;
Prednisolone (4 mg/kg), Dex; dexamethasone (1 mg/kg), *P<0.05, **P<0.01, ***P<0.001 denote significant
differences versus control groups, (One-way ANOVA with Scheffe post hoc test).
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Fig. 3. Effect of R. damascena hydroalcoholic extract (RDHE) and R. damascena volatile oil (RDVO) on
myeloperoxidase activity (MPO, U/g wet tissue) of colon tissue 4 days after acetic acid instillation in rats. The results
are expressed as the mean + SEM, (n=6). P.O.=Oral, L.P.; intraperitoneal, Pred; prednisolone (4 mg/kg), Dex;
dexamethasone (1 mg/kg). *P<0.05, **P<0.01, ***P<0.001 denote significant difference versus control groups, (One-

way ANOVA with Scheffe post hoc test).
DISCUSSION

Based on the recent studies, it seems that
animal model of IBD has played an important
role in delineating disease mechanisms and in
appraisal and establishment of new therapeutic
agents (33). Acetic acid induced colitis is an
easy, available, and cost-effective model with
many resemblances to human IBD in terms of
pathogenesis, histopathological features and
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inflammatory mediator profile, rendering it as
a beneficial tool for the screening of drugs
with anti-colitic activity (34).

The effects of several herbal medicines
have been studied on acetic acid-induced
colitis such as Cydonia oblonga (22),
Rosmarinus officinalis (25) and Prunus
armeniaca (35). In the present study, the
effects of RDHE and RDVO via two routes of
administration on rat colitis were investigated.
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According to the macroscopic and
histopathological assessments, control groups
showed the maximum levels of inflammation,
tissue necrosis, and infiltration of the immune
cells. Reference treated groups demonstrated a
significant reduction in all macroscopic and
microscopic outputs.

The results showed significant healing for
both orally administered RDHE and RDVO,
although the effect of RDHE was better and
more reliable compared to the effect of RDVO.
With increasing doses of hydroalcoholic extract
administered p.o., all macroscopic and
histopathological parameters were improved
dose dependently, while the opposite observed
with volatile oil groups. Indeed, by increasing
the dose of intraperitoneal administration of
the extract no signs of healing were achieved
and led to the death of some animals at the
dose of 500 mg/kg.

It is assumed that orally treated groups with
RDHE demonstrated better outcomes rather
than those treated intraperitoneally, which can
be attributed to some noxious ingredients that
may exist in the extract which could not be
absorbed in the GI tract after oral
administration but in parenteral route they are
readily available in animal body and could
exert their harmful interfering effects.

A literature survey revealed that hypnotic,
anti-seizure, and laxative effects of R.
damascene extract has been investigated
following intraperitoneal injection (36-38).
However, in these studies, 500 to1000 mg/kg
of the extract were given as single doses and
the animals did not follow up for more than
one day. It 1is interesting that i.p.
administration of R. damascena extract caused
diarrthea in one study and we know that
diarrhea could be harmful in IBD and this
might explain our results after parenteral
administration (38).

Flowers of R. damascena are rich sources
of flavonoids, polyphenols and vitamin C
(8,9), and it has been reported that flavonoids
and polyphenols have anti-inflammatory
effects, especially in gastrointestinal tract (39).
Anti-inflammatory properties of flavonoids
have been conducted in many studies too (40-
42). Moreover antioxidant activity of
flavonoids in R. damascena flowers (12), and

520

flavonoids in general (43,44) have been
proven. Flavonoids also have anti-ulcer action.
Quercetin, one of the main flavonoids of R.
damascena (12), inhibited gastric damage
produced by acidified ethanol in rats (45). As a
result, these compounds may have a
significant role in anti-colitis effects of RDHE.
According to GC-Mass analysis of RDVO
(from Barij Essence), the major components
were citronellol and geraniol (19). It has been
reported that citronellol and geraniol are
responsible  for  anti-inflammatory  and
antispasmodic effects of R. damascena volatile
oil (19,46). Additionally, anti-inflammatory
and immunomodulatory properties of geraniol
(47,48) and anti-inflammatory effects of
citronellol (49) have been separately
investigated. In this study, only the lowest
doses of RDVO could alleviate the colitis
indices. In the study conducted by Hajhashemi
and colleagues (15) investigating the analgesic
and anti-inflammatory effects of RDVO, no
anti-inflammatory effect was observed with
the same doses (100-400 ul/kg) of the volatile
oil and the smallest test dose was able to exert
analgesic property. Therefore, there are a
probable interaction between some active
ingredients in volatile oil that oppose with
therapeutic actions of citronellol and geraniol.
This result suggests that volatile oil should be
administrated with dose adjustment.

CONCLUSION

In conclusion, our results clearly
demonstrate that oral administration of RDHE
has a potent therapeutic activity as an
alternative and/or complementary medicine in
the management of IBD. More detailed studies
are recommended to clarify the underlying
mechanisms of anti-inflammatory effect of this
plant and to identify the active ingredients

which are responsible for its beneficial
pharmacological properties.
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