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Abstract

The phenomenon of inflammation is the base of many acute and chronic diseases. New effective anti-
inflammatory drugs are needed to battle side effects of acute and especially chronic inflammation and
incomplete treatment of patients suffering from these side effects. For this purpose, in the present
study, we evaluated Ruta graveolens L. (R. graveolens) as a folk herb for treatment of inflammation.
In an experimental-interventional study, anti - inflammatory effects of R. graveolens, a Persian
Medicine (PM) plant, were examined with formalin-induced hind paw edema model in rats. Sodium
Salicylate (300mg/kg, ip, SS) was injected as a positive control group and compared with three doses
of methanolic extract of R. graveolens (Meth) (50, 100 and 200 mg/Kkg; i.p.), two doses of ethanolic
extract of R. graveolens (Eth) (50 and 100 mg/kg; i.p.) and a group of distilled water (6 mL/kg; i.p.).
The results showed that R. graveolens has acute and chronic anti-inflammatory properties and
prevents inflammation. These effects were found to be effective like SS.
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1.INTRODUCTION manuscripts and books which contain valuable
Anti-inflammatory drugs such as NonSteroidal ~ herbal experiences. Therefore, searching through
Anti-Inflammation Drugs (NSAID's) and traditional books can be beneficial for finding
glucocorticoids are the most frequently used  possible candidates (i.e. suitable herbs) for anti-
drugs in prescriptions; but it is believed that  inflammatory research. This approach has been
current drugs are not useful in all cases and have ~ emphasized by World Health Organization (WHO)
many side effects [1- 4]. Therefore, searching for  [5].

alternatives seems to be essential. Ruta graveolens L. or Sodab in Persian, is one of
Traditional Persian (Iranian) Medicine (PM)isone ~ medicinal herbs which is listed in anti-
of the old medical schools with historical inflammatory herbs in PM manuscripts. It is
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commonly used in joint and nerve inflammations
such as sciatica. Also, traditional PM physicians
have used it in lung and liver inflammations, soft
tissue inflammations (which named it Khanazar)
as well as colorectal inflammations like
hemorrhoid (Bavasar)[6].

There are some old studies about anti-
inflammatory effects of R. graveolens [7, 8, 9].
Also, there are several research about anti-
microbial [10, 11, 12], anti-platelet aggregation
[13], anti-fertility [14, 15, 16], anti-leishmanial
and anti-fungal [17, 18], anti-parasitic [19, 20],
anti-cancer [21, 22], cardiovascular [23], anti-
spasm [24], anti-hypertension [25] effects of the
herb and some other studies are about R.
graveolens analysis and toxicity [26, 27]

In this study, we reconsidered anti-inflammatory
effects of R. graveolens.

2.METHODS

Plant material

R. graveolens leaves were obtained from the
National Botanical Garden of Iran (Tehran, Iran),
identified by G. Amin and a voucher specimen
(No. Ruta graveolens L. 6638-THE) was
deposited in the herbarium of the School of
Pharmacy, Tehran University of Medical
Sciences.

Preparation of methanolic extract (METH)

R. graveolens leaves were cleaned and powdered.
40 g of powdered leaves was mixed with 200 mL
methanol (Merck, extra pure) in a magnet mixer
for 5 min, soaked for 3 days, filtered and dried at
room temperature. Finally, 1.54 g dry extract was
obtained. The dry extract was then suspended in
distilled water and administered intraperitoneally

(i.p.).

Preparation of ethanolic extract (ETH)

After Cleansing and powdering of R. graveolens
leaves, 7.5 g of the powder was boiled in 1500 mL
of distilled water for 5 min and the obtained
solution was then subjected to filtration. The
filtrate was subsequently freezdried (Eyela
Rikakikai Co. LTD Freezdryer FD-1), giving 4gr
dry extract which was stored at -18°C. The

powdered extract was then used to make
solutions of different concentrations in distilled
water.

Animals

In this study we employed male NMRI rats
weighing 240 to 360 g (Pasteur Institute, Iran).
They were housed in Plexiglas cages in groups of
7, with free access to food and water on a 12 h
light 12 h dark cycle, ambient temperature (250 +
10C) and relative humidity (55+5%).

Anti-inflammatory test

For anti-inflammatory activity, the formalin-
induced edema model was used [28]. Rats were
injected with 0.05 mL of 2.5 % formaldehyde
solution into the sub-plantar region of the right
hind paw. The negative control group received
distilled water (DW) and the positive control
group was treated with 300 mg/kg intraperitoneal
(i.p.) dose of Sodium Salicylate (SS, Merck).
Experimental groups were treated with 50 and
100 mg/kg i.p. doses of ETH and 50, 100 and 200
mg/kg i.p. dose of METH. The volume of
injection was 4 mL/kg of body weight for DW,
SS, ETH and METH treatments. The paw
volume was measured before and after formalin
injection and the difference in these two volumes
was used as indication of the degree of
inflammation. Drugs were injected 35 min before
formalin injection and the paw volume was
measured just before injection of drug and 1 h
after formalin injection (95 min after drug
injection) in acute administration studies, and
daily for 7 days, in chronic administration
studies. In chronic studies, animals received
drugs in days 1-7 just after paw volume
measurement. The paw volume was measured
using a mercury-balance Plethysmometer
technique [29].

Statistical analysis

The results of the experiments are expressed as
mean+SEM. The differences were estimated by
means of one-way ANOVA followed by LSD's
test for the acute studies, and by means of
Student's unpaired t-test for the chronic studies.
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When the P value was <0.05, the difference was
considered significant.

3.RESULTS

Compared with DW, ethanol extract (water-
alcohol) at a dose of 100 mg/kg (ETH100) and SS
at a dose of 300 mg/kg had significant acute and
chronic anti-inflammatory properties (from

second to seventh days); however, no significant
difference was observed between ethanol extract
and SS in this respect. None of the other extract-
doses had anti-inflammatory properties (Figures
land2).

Inflammation percentages of the ETH100 group
on days 2 to 7 and the SS group on days 2 and 5
were significantly different with the DW group
(Figure 3).
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Figure 1: The amount of acute edema (inflammation) in different groups of rats.

*=Groups that have a significant acute anti-inflammatory effect (P-value<0.05) compared with D.W. group.

D.W. = Distilled Water, S.S. = Sodium Salicylate, Meth=Methanolic extract of Rue, Eth=Ethanolic extract of Rue, ml=mil-
litter, 50 and 100 and 200 are extracts doses in mil-gram per each kilo-gram of body weight (mg/kg).
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Figure 2: The amount of chronic edema (inflammation) in different groups of rats.
*=The day in which a significant anti-inflammatory effect (P-value<0.05) for both S.S. and Eth100 were seen compared with

D.W. group.

D.W. = Distilled Water, S.S. = Sodium Salicylate, Eth=Ethanolic extract of Rue, ml=mil-litter, 100 is extract dose in mil-gram

per each kilo-gram of body weight (mg/kg).
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Figure 3: Percentage of chronic edema (inflammation) in three groups: control (D.W.), control (S.S.) and treatment (Eth.100).
*=Days in which, in comparison with the control group, significant chronic anti-inflammatory effects were observed in the
corresponding group (p-value?0.05). Dotted line indicates the maximum inflammation of 50%. D.W.: distilled water, S.S.:
sodium salicylate, Eth.100: ethanol extract at the dose of 100 mg per kg of body weight (mg/kg).

Day 1 refers to the first day of chronic inflammation (the second day of the experiment). Sample size in each group was 7.

4.DISCUSSION

A number of plants have been investigated for
their anti-inflammatory effects worldwide.
Although many studies have been inspired by
traditional and complementary medicine,
unfortunately, in most cases, findings have not
been reported in these studies. Anti-
inflammatory effects of R. graveolens have been
emphasized in Iranian complementary medicine.
In this study, we tried to test this as a hypothesis
with common methodologies. Low number of
studies on this specific plant and its anti-
inflammatory effects worldwide [9, 10, 11] was
another motivation to conduct this study.

In this study, both alcohol (methanol) and water-
alcohol (ethanol 80%) solvents were used, as
some of the effective substances of plants are
water-soluble and some are fat-soluble. On the
one hand, methanol is generally known as the
best solvent and separator of plant effective
substances [33], while the solubilizing power of
ethanol and solubility of ethanol extract in water
(to prepare different doses) were small in this
study, and there was a volume restriction for IP
injection; therefore, methanol extract was used
more often.

The doses used in this study were selected based
on the results of the pre-test (the test carried out in
low sample size before the main experiment) and
doses used in similar studies on other plants [33,

35, 36] (to compare the results with those results).
The following can be discussed about the
findings:

1. At similar doses, ETH extract has greater anti-
inflammatory effect compared to the METH
extract. Therefore, it can be inferred that the anti-
inflammatory agent in R. graveolens is more
water-soluble than fat-soluble (alcohol). A
previous study confirmed this as well [32]. This
study proved that "rutine" is better extracted by
boiling water compared to alcohol (ethanol) or
water-alcohol. Therefore, water extract of R.
graveolens probably has stronger anti-
inflammatory effects. Iranian complementary
medicine experts have also recommended the use
of water plant extracts for treatment [37]. The
present findings are in agreement with traditional
medicine.

2. R. graveolens has acute and chronic anti-
inflammatory properties, which is at least 3 times
more powerful than that of SS because at one-
third of the dose of SS, they had similar anti-
inflammatory effects. In addition, firstly, R.
graveolens's dose is based on concentrated
extract that contains some water and impurities
and is not dried and purified (such as powders
SS). Secondly, as mentioned in the previous
section, only a small amount of anti-
inflammatory substance exists in this type of
extract. Thus, if the water, pure and dry R.
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graveolens extract is investigated, we would
almost certainly observe effects much stronger
than aspirin.

3.R. graveolens was more effective in controlling
(preventing) the inflammation because, as shown
in Figure 3, the percentage of inflammation
corresponding to the extract group was less than
the maximum limit of 50% on all days of the
experiment, and almost on all days, it had a
significant difference with the DW group.
However, the percentage of inflammation
corresponding to the SS groups were almost
always higher than the 50% maximum
inflammation limit and had a significant
difference with the DW group in only two days.

4. A research conducted on the effective
substance of R. graveolens, “rutine”, reported
that its amount is at a maximum (5%) when the
plant flowers, while its amount is much lower
(2.7%) in mid-October [33]. The amount of
effective substance was found to be higher in the
leaves than in the whole plant (leaves and stem)
and higher in new wet plant than in the dry one.
Since dried R. graveolens leaves (flowered and
prepared in mid-December) were used in our
study and considering the discussion number 1, it
can be concluded that the maximum anti-
inflammatory effect of R. graveolens was not
achieved here. To achieve this goal, another
similar study should be conducted on fresh water
flowered R. graveolens leaf extract.

5. Similarities between our findings and those of
other studies in terms of the effects of DW and SS
on inflammation show that the findings of present
study are reliable and valid.

Final results obtained from this research include:

1. R. graveolens has acute and chronic anti-
inflammatory properties and prevents
inflammation. These effects were found to be
effective like SS.

2. The highest anti-inflammatory effects of R.
graveolens can be obtained from its water
extracts, not its alcohol extracts.

3. Despite the prevailing belief in the society and
scholars, herbs, natural remedies and alternative
medicine can also be used in acute cases and
emergencies in addition to disease prevention

and treatment of chronic diseases.

4. 1f we do not want to view the Iranian traditional
medicine treatment orders with full confidence,
at least we can be neutral and express these recipe
and solutions as researchable hypotheses with a
scientific spirit. In most cases, their claims would
be proven, and we can therefore achieve more
effective and less complicated prevention and
treatment methods.
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