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Abstract: This study was conducted to evaluate the analgesic and anti-inflammatory effects of hydroalcoholic
extract of Pot marigold aerial part as an indigenous medicinal Iranian plant. Pot marigold (family Asteraceae)
is an important plant of genus Calendula (marigolds), having several medicinal applications all over the world.
In order to evaluate its analgesic activities hot water tail immersion and acetic acid writhing tests were used.
The inflammation inhibitory effect was measured by carrageenan induced paw edema. Adult albino mice (20-
30g) and Wistar rats (200-2209) of both sexes were used for the experiment. The results of this study showed
that aqueous extract of Pot marigold demonstrated significant differences comparing control and standard
groups in all tests. Extracts showed a dose dependent effect on pain or inflammation inhibition. The present
study could prove that Pot marigold is effective against pain and inflammation in a dose dependent manner.
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Introduction

Nowadays, due to the adverse effects of modern pain relief drugs, are which currently used for the
management of pain and inflammatory conditions (Opioids or non-narcotics, non-steroidal and steroidal anti-
inflammatory drugs); In recent years, many medicinal herbs have been used as a form of therapy for the relief
of pain and inflammation throughout the world without any adverse effects. It is therefore essential and efforts
should be made to introduce new medicinal plants to develop drugs which are cheaper, safer and more effective
such as Pot marigold flower.

Pot marigold (Calendula officinalis L.) is one of the medicinal herbs to the family of Asteraceae, which
grows in warm, temperate and Mediterranean region® and is indigenous to in subtropical regions and parts of
Western and Northwestern Iran. The various species of this family, have several medicinal uses and also are
ingredients in a number of important Ayurveda and Homeopathic medicine systems in the world % *. Many
reports and clinical studies describe this plant as having a numerous biological activities such as wound
healing® ® 7, anti-inflammatory >%9 effects. Phytochemical investigation of Calendula officinalis flower and
leaves extract reported the presence of the highest flavonoids, flavonol glycosides, coumarines, saponins,
triterpenes, alcohol triterpenes, fatty acid esters, carotenoids, essential oils, hydrocarbons, and fatty acids>°®.

The aim of this study was to validate the antioxidant activity and antinociceptive effect and anti-
inflammatory effects of hydroalcoholic extract Pot marigold aerial part in experimental animals.
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Methods:
Preparation of extracts

The Flowering aerial parts of Pot marigold were cultivated and identified by Urmia agriculture faculty
in July 2013. The Flowering aerial parts of the plant were dried away from sunlight. Plant extract was prepared
with 9% acetic acid by maceration at room temperature (24-26°C) for 3 days. Then the extracts were filtered
and concentrated using a rotary vacuum evaporator at 45°C. The yield (w/w) of hydroethanol extract was
52.7%. The extract were dissolved in normal saline.

Antioxidant activity

DPPH Assay

The DPPH free radical inhibition was assessed as described previously by Chen et al. *° with some

modification. Ninthy six wells micro titer plates were used and 5 different concentrations for each sample were
prepared. A solution of 100 mg/ml of DPPH in methanol was used and all experiments were conducted in
triplicates. After a 45 min incubation at 25°C (heidolph titramax 1000 and incubator 1000, Germany), the
absorbances were recorded at 517 nm by using a Powerwave XS Microplate spectrophotometer (Bio-Tek
Instruments, Inc.). The percent of free radical inhibition (In %) was calculated as followed:

(Aplank _Asample)

Aplank

In% = x100

Where Apank Was the absorbance of the control reaction (containing all reagents except the test
compound), and Aempie Was the absorbance of the test compound. Subsequently, the concentration which
resulted in 50 % inhibition (ICsy) was calculated based on the graph plotted of inhibition percentage against
samples concentration.

FRAP assay

Assay of ferric reducing antioxidant power is based on the reduction of ferric tripyridyltriazine (Fe (l11)
-TPTZ) complex to the ferrous tripyridyltriazine (Fe(ll)-TPTZ) by a reductant at low pH.

Production of Fe (Il) -TPTZ resultds in an intensive blue colour, which is assessable at 593 nm .
FRAP reagent was prepared just before each experiment by mixing (10:1:1) diluents from solutions a, b and ¢
(a: Acetate buffer 300 mM pH 3.6, b: 10 mM TPTZ (2, 4, 6-tripyridyl-s- triazine) in 40 mM HCI, ¢: 20 mM
FeCI3. 6 H20). 20 pl from sample was mixed with 200 ul from FRAP reagent, and then held for 10 min at
room temperature and the absorbance was recorded at 593 nm by Powerwave XS Microplate spectrophotometer
(Bio-Tek Instruments, Inc.). Different concentrations of FeSO4.7H20 (200, 400, 800, 1200 and 1600 uM) were
used as standard solutions, which reacted with TPTZ reagent and the absorbance was plotted against various
ferrous ion concentrations. The results were expressed as UM Fe*" equivalents per mg of dried extract. L-
ascorbic acid was used as standard antioxidant.

The total phenolic content

Total phenolic constituents of samples extracts were determined by modified methods described by
Saeed et al., based on using Folin-Ciocalteu reagent and Gallic acid (ranging from 0-1000 mg/L) as standard
phenolic compound *2,

Total flavonoids estimation

The aluminum chloride method was applied for the determination of the total flavonoid content of the
extracts *2. The flavonoid content was expressed as mg of quercetin equivalents per gram of dried extract *.

Animals & treatment

Adult albino mice (20-30g) and Wistar rats (200-220g) of both sexes were used, taking into account
international principles and local regulations concerning the care and use of laboratory animals®. The animals
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had free access to a standard commercial diet and water ad libitum and were kept in rooms maintained at 22 + 1
oC with a 12-h light/dark cycle. Each animal was used for one experiment only.

Acute oral toxicity study

Four groups of mice were used consisting of 10 mice each (5 male and 5 female). One group served as
control. The Calendula officinalis extract was suspended in distilled water and administered by oral route to
three groups after overnight fast. The doses studied were 0.5, 1 and 2 g/kg body weight, and animals were
observed for seven consecutive days to register mortality or other toxic signs™.

Carrageenan-Induced Edema in Rats

Anti-inflammatory activity was assessed on the basis of inhibition of paw edema induced by the
injection of 0.1 mL of 2% carrageenan (an edematogenic agent) into the sub plantar region of the right hind paw
of the rat™. Male Wistar rats were divided into groups of four animals which received per oral (P.0.) doses of
extract (200 and 400 mg/kg; 0.1 ml per 10 g body weight), saline or indomethacin (10 mg/kg) 1 hour before the
injection of carrageenan, In the left paw, used as a control, 0.1 mL of sterile saline was injected. 1, 2, 3 and 4
hours after injection of carrageenan, the measure of edema was made by the difference between the volume
displaced by the right paw and the left paw using a plethysmometer (model LE 7500, Letica Scientific
Instruments, Barcelona, Spain).

Antinociceptive study
Acetic Acid-Induced Writhing Response

Antinociceptive activity was evaluated using the test of abdominal writhing induced by acetic acid in
mice’®. Mice were divided into groups of four. Control mice received an intra-peritoneal (l.p.) injection of
acetic acid 0.6% (0.25 ml) and 5 minutes later the writhes were counted over a period of 30 minutes. One group
of mice received Indomethacin (10 mg/kg) by the per oral route as a reference compound, and the other three
groups received the extract at doses of 100, 200 and 400 mg/kg, 1 hour before the acetic acid injection.

Tail immersion test

Distilled water (5 ml/kg, PO), the extract at doses of 200 and 400 mg/kg (PO) and Morphine (5 mg/kg,
SC.) were administered to mice divided into groups of four animals each. 30 min post-treatment, the tail (up to
one-third) was immersed in a water bath maintained at 55°C. The reaction time (in sec) was taken as the time
when the animals withdrew their tails completely from the hot water in the bath'’. The response of the extract
and Morphine treated groups were compared with those of the animals in the distilled water-treated group
(control). In the absence of a response, the tail heating was stopped after 20 second (cut off time) to prevent
tissue damage.

Statistical analysis

Obtained data were presented as Mean + Standard deviation (S.D). The statistical differences among
groups were assessed using Duncan’s multiple test range. A value of P<0.05 and P<0.01 was considered
significant. Statistical analysis was performed using SAS 9.1 for Windows.

Results
Antioxidant activity, total phenol and flavonoid contents

The Pot marigold hydroalcoholic extract concentrations providing 50 % inhibition (IC50) of DPPH free
radicals were determined and compared with that of butylated hydroxytoluene (BHT), as a standard antioxidant;
and also FRAP assays revealed and comparing to ascorbic acid standard (Table 1). Results of phenolic and
flavonoid content of the Pot marigold hydroalcoholic extract showed that the assessed extract yield 51.6+0.8
pg/mg dried extract and 55.22+1.27 pg eq Rutin/mg dried extract for phenol and flavonoid contents,
respectively (Table 1).
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Table -1: Antioxidant properties, total phenol and total flavonoid contents of Pot marigold
hydroalcoholic extract.

1C50 in DPPH Eq+ Fe2 m per Total flavonoid Total phenols
inhibition assay mg extract. (g eq Rutin/mg (Mg/mg dried
(ng/ml) dried extract) extract)
Pistacia atlantica 65.19 3479.5+74.5 55.22+1.27 51.6+0.8
Butylated 107.04 - - -
hydroxytoluene
Ascorbic acid - 7740.2464.9 - -

Carrageenan induced paw edema

Anti-inflammatory activity of the test extracts was measured against acute paw edema induced by
carrageenan (Table 2). Carrageenan-induced inflammation in the rat paw represents a classical model of acute
inflammation, which is used for evaluation of anti-inflammatory activity of drugs or plant extracts.
Hydroalcoholic extracts of pot marigold aerial part showed significant (P<0.05, P<0.01) and dose dependent
reduction of inflammation in rats. Plant extracts showed their effectiveness 2 hours after medication, but
Indomethacin as a standard drug inhibited inflammation in the first hour.

Table -2: Effects of Pot marigold aerial part hydro alcoholic extract on the reaction time of mice exposed
to the Carrageenan induced paw edema among rats

Group Dose (mg/kg) Volume of hind paw (ml)
1 hour 2 hours 3 hours 4 hours
Control Saline 0.532+0.01° | 0.742+0.01° 0.917+0.03° 0.777+0.02°
Indomethacin 10 mg/kg 0.492+0.02% 0.6+0.02° 0.615+0.02° 0.427+0.04°
Pot marigold 200 mg/kg 0.527+0.02% 0.69+0.03" 0.782+0.05" 0.557+0.01"
extract 400 mg/kg 0.51+0.03" 0.66+0.02° 0.692+0.02° 0.48+0.02°

All presented as a Meanzstandard deviation (S.D) (Statistically significant at P <0.05 and P < 0.01).
Note: "% is presented significant differences between marked groups.

Acetic acid writhing test

All extracts were subjected to testing their analgesic activity using the acetic acid-induced writhing
method. Significant (P<0.05) protection against writhing was observed in animals treated with all doses of the
Hydroalcoholic extracts of pot marigold aerial part in a dose dependent manner (Table 3). The analgesic
activities induced by the all doses Pot marigold showed extract’s effectiveness compared to the control group,
but the standard group which received Diclofenac had more influence than treated groups in reduction of
writhing numbers.

Table -3: Effects of Pot marigold aerial part hydro alcoholic extract on acetic acid-induced writhing in
mice

Group Dose Number of writhes Inhibition (%)
Control 10 mi/kg 75.2+0.83°% -
Indomethacin 10 (mg/kg) 25+0.70° 66.75
Pot marigold extract 200 (g/kg) 46.2+0.44" 38.56

400 (g/kg) 35.4+0.89° 52.92

Al presented as a Meanzstandard deviation (S.D) (Statistically significant at P < 0.05 and P < 0.01). Note: "¢
¢ is presented significant differences between marked groups.

Tail immersion nociception

The Pot marigold hydroalcoholic extract increased the latency time of mice exposed to the hot water
(Table 4). Hot water result showed significant (P<0.01) latency time at 30, 60 and 90 min following extracts
medication. Both treated groups showed dose dependent antinociceptive activities. Morphine, a positive
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reference (10 mg/kg, SC) showed a significant analgesic effect in the hot-water test beginning 30 min after
treatment (P<0.01). Among treated groups the higher dose (400mg/kg) showed better results during the whole

experiment.

Table -4: Effects of Pot marigold aerial part hydro alcoholic extract on the reaction time (min) of mice

exposed to the hot water test

Group Dose(mg/kg) 0 30 60 90
Control 5 ml/kg 5.42+0.06 5.97+0.11° 6.25+0.06" 6.35+0.04°
morphine 5 5.394+0.06 10.28+0.07° 14.75+0.08° 13.56+0.04°
Pot marigold 200 5.454+0.08 6.56+0.02° 7.46+0.10° 7.25+0.06°
extract 400 5.48+0.07 6.62+0.04° 8.69+0.09° 8.65+0.09°

All presented as a Meanzstandard deviation (S.D) (Statistically significant at P < 0.05 and P < 0.01).
Note: " % is presented significant differences between marked groups.

Discussion

As preliminary phytochemical results indicated, it could be suggested that the antinociceptive and anti-
inflammatory effects of the extracts may be due to their content of flavonoids, flavonol glycosides and
anthocyanin’s. Flavonoids are plant secondary metabolites (gamma-benzopyrone family) that are widely spread
in higher plants'®. Flavonoids and flavonol glycosides possess important pharmacological actions, such as anti-
oxidant, anti-inflammatory*® and also have been shown after systemic administration of flavonoid glycosides, it
exerts CNS-mediated activities, and causes sedation, myorelaxation, analgesia and antinociceptive effects®.
According to a number of other studies, flavonoids like rutin, quercetin, luteolin, hesperidin and biflavonoids
yielded important antinocieptive and/or anti-inflamitory activities>?. Anti-inflammatory activity was
witnessed among rats upon Carrageenan induces paw edema implementation, which resulted in the production
of such mediators as histamine, serotonin, bradyknin, susbstance P and a platelet activating factor and
prostaglandins®. In this study, oral treatment with the Pot marigold hydroalcoholic extract significantly
inhibited the paw edema. The present findings show that anti-inflammatory actions associated with ethanol
extract results from inhibition of one or more signaling intracellular pathways which are involved with effects
from these mediators.

Also, the link between both antinociceptive activity and moderate anti-inflammatory effect observed
with the extracts has been indicated in non-steroidal anti-inflammatory drugs (NSAIDs). It is a well-established
fact that NSAIDs exert their analgesic and anti-inflammatory activity by the inhibition of cyclooxygenase
activity”. Based on the pharmacological tests results, the Pot marigold hydroalcoholic extract has
antinociceptive and anti-inflammatory activities, being firstly reported in the literature.

Prostaglandins and sympathomimetic system mediators such as PGE2 and PGF2a were released by
intraperitoneal administration of acetic acids. Also, levels of these mediators were increased in the peritoneal
fluid of the acetic acid induced mice®. Thus, the antinociceptive effect of the hydroalcoholic extract could be
mediated by peripheral effects, including the prostaglandin synthesis inhibition. The central action was
confirmed in the hot water test (200 and 400 mg/kg), showing that the maximum effect is reached at 90
minutes. 2g’his test is considered to be sensitive to drugs acting at the supra spinal modulation level of the pain
response”.

Several studies have been carried out on Pot marigold antinociceptive effect using different methods. In
the present study, we used tail flick test using thermal stimulation, writhing test and carrageenan induced
inflammation test to evaluate antinociceptive and anti-inflammatory effects of Pot marigold aerial part
hydroalcoholic extract. The results clearly showed that Pot marigold was effective in treated groups, especially
in higher doses. Further studies are necessary to assess the potential clinical use of this plant, or its extract or
active principles as an analgesic drug.

The tribal people use the Pot marigold (Calendula herb) in the form of decoction and in the form of
aqueous extract for treatment of pain. The scientific experiment for analgesic activity of pure as well as
dilutions (1:1, 1:2) of the leaves extract of Pot marigold (Calendula officinalis) was conducted after intra
peritoneal injection in mice using tail immersion method and observed that pure extract produces greatest
analgesia of longer duration of action with maximum analgesic activity after thirty minutes of injection®” % .
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Conclusions

This study highlighted the antioxidant activity and antinociceptive effect and anti-inflammatory effects
of hydroalcoholic extract Pot marigold (Calendula officinalis) aerial part. Our results showed that different
doses of the Pot marigold have antinociceptive effect and anti-inflammatory effect. Moreover, findings of
present study represented that Calendula officinalis aerial part hydroalcoholic extracts, have antinociceptive and
anti-inflammatory activities in chemical pain and anti-inflammatory tests. All extracts were subjected to testing
their analgesic activity using the acetic acid-induced writhing method and hot water tail immersion. Finally,
obtaining better results from high dose administration of Pot marigold.
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