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Abstract

Background: Saponins are the main constituents of genus Sapindus and have the therapeutic potential for
inflammatory disorders. In this study the antioxidant, anti-inflammatory, analgesic and antipyretic potential of the
stem bark of soap nut (Sapindus mukorossi) methanol extract and its derived fractions has been investigated.

Methods: Powder of stem bark of the S. mukorossi was extracted with methanol (SMM) and fractionated in order of
n-hexane (SMH), chloroform (SMC), ethyl acetate (SME), n-butanol (SMB) and the remaining as aqueous fraction
(SMA). Quantitative estimation for the total phenolic and total flavonoid content was carried out in all the extract/
fractions. Further, various in vitro antioxidant assays were also performed. Anti-inflammatory (Carrageenan induced
paw edema), analgesic (hot plate latency test) and antipyretic (rectal temperature) were determined in Sprague-
Dawley rat.

Results: Quantitative estimation of total phenolic contents in extract/fractions varied between 252.3 ± 2.41 mg of
GAE/g - 594.16 ± 4.3 mg of GAE/g while the total flavonoids estimated were from 11.02 ± 1.3 mg of RUE/g to 96.9
± 3.2 mg of RUE/g. Standard antioxidant assays such as scavenging of DPPH, hydroxyl radical, nitric oxide,
phosphomolybdenum assay, reducing power, inhibition of β-carotene bleaching, iron chelation activity and
inhibition of heat induced protein denaturation indicated the antioxidant potential of the extract/fractions.
Carrageenan induced paw edema of rat was effectively inhibited by SMA at 300 mg/kg administration to rat (84.19
± 1.48%) after 3 h and analgesia (latency time) in hot plate test (55.78 ± 1.22%) after 120 min. SMA at 300 mg/kg
distinctly decreased the rectal temperature in brewer’s yeast (Saccharomyces cerevisiae) induced pyrexia in rat.

Conclusion: The resulted obtained in this study suggested the therapeutic importance of stem bark of S. mukorossi
in inflammatory related disorders.
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Background
It is demonstrated that most of the ailments are be-
cause of the oxidative stress, condition developed as a
result of excessive generation of free radicals to that
of the physiological requirement of the body. Low
levels of antioxidants in the living system assist the
development of ageing related ailments including ath-
erosclerosis, cancers, diabetic neuropathy, Alzheimer’s

disease and inflammatory disorders. Biological macromol-
ecules such as proteins, lipids and DNA are damaged by
the deleterious action of free radicals. Presence of enzymes
like superoxide dismutase, catalase and/or compounds
such as ascorbic acid, tocopherol and glutathione scav-
enged the free radicals and thus provide a shield against
the damaging action of oxidative stress [1].
Inflammation is the sensitive state of hyperemia from

blood vessels with consequential redness, warmness,
swelling and discomfort that tissue displays in reaction
to corporal or biochemical injury [2]. It is attained by
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the migration of plasma and white cells comprising
monocytes that are locally distinguish into macrophages
from blood into wounded tissues. Immune reaction is
vital for the body to remove dangerous pathogens and it
is categorized by way of an acute inflammation. The de-
termination of inflammation involves the dissolution of
pro-inflammatory signaling trails and allowances the re-
establishment of normal tissue task. A failure of these
processes can lead to chronic inflammation. In inflam-
mation various pro- and anti-inflammatory intermedi-
ates are produced comprising cytokines, interleukins,
ROS, chemokine’s all of them play serious role in gov-
erning the inflammation [3]. Dysregulation of the im-
mune responses can lead to various acute and chronic
inflammatory disorders. Clinically inflammatory disor-
ders are usually managed by steroidal (betamethasone)
and the non-steroidal anti-inflammatory drugs (NSAIDs;
acetylsalicylic acid), however, chronic administration of
such drugs can cause gastrointestinal, renal and cardio-
vascular disorders [4].
Pain is a well-defined as an unwanted corporeal or de-

monstrative experience. And it is also categorized as
acute or chronic pain. There are numerous forms of
painkillers that are categorized into three groups: opi-
oid analgesics (morphine and codeine), non-opioid
analgesics (NSAIDs; aspirin, diclofenac) and adjuvant
analgesics, which are composites generally taken for
purposes other than pain, but could be taken in some
circumstances. Antidepressant medicines can use as
pain reliever in the cure of various chronic discom-
fort states [5].
Pyrexia is an increase in body temperature beyond

normal biological range that may be due to biological
stress such as in the course of ovulation, amplified thy-
roid secretion, too much exercise, any abrasions to cen-
tral nervous system, owing to leukemia and frequently in
microbial infections. The contagious agent or injured tis-
sues recruit the proliferation of pro-inflammatory facili-
tator’s cytokines (IL-1 β) and TNF-α that increase the
development of prostaglandin (PG)E2 close to the gastric
hypothalamus region and the prostaglandin in return act
on the hypothalamus to increase the body temperature.
The higher body temperature is decreased by antipyretic
medications which inhibit COX-2 enzyme expression
that prevented the prostaglandin production. Conversely
these man-made antipyretic agents prevent the COX-2
with great selectivity but on the other hand they have le-
thal effects on other organs of body that is glomeruli,
cortex of the brain, hepatic cells and cardiac muscles,
however plant based COX-2 inhibitors have lesser select-
ivity with rarer harmful effects [6].
An anticipated solution to such problem is the en-

hancement of antioxidants through ingestion of natural
antioxidants in the form of vegetables, fruits and various

medicinal plants. Antioxidants either scavenge the ROS
or reduce the generation of free radicals which can serve
as a defensive medicine for a number of diseases [7].
Phyto-constituents carried out their antioxidant function
either by scavenging or termination of chain reactions
controlled by ROS or by forming a resistant shield to de-
fend the antioxidant protection mechanism. On account
of various categories of free radicals diverse methodolo-
gies have been used to establish the in vitro antioxidant
potential of the extracts/substances. There is a complex
mechanism of scavenging free radicals inside human
body and consists of a group of enzymes. Consequently
different assays have been planned to get a complete pic-
ture of antioxidant potential of medicinal plants [8].
Sapindus mukorossi Gaertn. of family Sapindaceae is

extensively distributed in the upper ranges of Indo-
Gangetic grasslands, Shivaliks and the sub Himalayan
range. It is ordinarily known as Aritha or Ritha. It is a
deciduous tree by a straightforward trunk about 12 m in
height. S. mukorossi is well known for its traditional
therapeutic standards. The fruits are of considerable im-
portance for their medicinal value for treating a number
of diseases like excessive salivation, pimples, epilepsy,
chlorosis, migranes, eczema and psoriasis [9]. The pow-
dered seeds are employed in the treatment of dental car-
ies, arthritis, common colds, constipation and nausea
[10]. Bark of root and fruits of S. saponaria has import-
ant role in medicine and are used as tranquilizer, astrin-
gent, diuretic, expectorant, tonic, blood cleanser, healing
and to counter cough [11]. Seeds are used in the cure of
dental caries, arthritis, common colds, constipation and
also in nausea [12]. According to Albiero et al. [11] fruit
is used for curing ulcers, external wounds and inflamma-
tion. Leaves of S. mukorossi are used in baths to get rid
of joint discomfort and the roots are also used in the
cure of the gout and rheumatism [12]. In genus Sapin-
dus saponins and acyclic sesquiterpene oligoglycosides
are found to be the main phytoconstituents exerting
various pharmacological activities [13]. Abdel-Wahab
and Selim [14] detected the presence of carbohydrates,
steroids, flavonoids, and saponins in leaves and stems of
S. saponaria. From the fruit of S. saponaria anti-
inflammatory and antioxidant compounds stigmasterol,
oleanolic acid, luteolin, luteolin 8-퐶-훽-glucoside (orien-
tin), luteolin 6-퐶-훽-glucoside (isoorientin), luteolin 7-푂-
훽-glucuronide, and rutin have been isolated [15]. Antioxi-
dant effects of S. mukorossi extract against CCl4 induced
liver cirrhosis have studies in rat [16]. Extract obtained
from the fruit of S. mukorossi strongly exhibited anti-
hyperglycemic and anti-hyperlipidemic activities in strep-
tozotocin induced diabetic rats. The extract was also able
to restore the haematological and histopathological
changes of pancreas towards the normal rats [17]. Jedage
and Manjunath [18] studied the nephroprotective activity
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of the extract derived from the bark of S. emarginatus in
rat. Extract of S. mukorossi exhibited the anxiolytic activ-
ity in mice [19] whereas the antiepileptic activity has been
studied in rat [20]. Chen et al. [21] investigated the tyro-
sinase inhibition, free radical scavenging, antimicroorgan-
ism and anticancer proliferation activities of S. mukorossi
extracts. Anti-inflammatory effects of the leaves of S.
mukorossi and S. laurifolius have been studied for carra-
geenan induced paw edema in rat [22, 23]. Arulmozhia et
al. [24] investigated the effects of S. trifoliatus for various
migraine targets during in vitro studies. Antihyperalgesic
activities of the leaf extract of S. trifoliatus were reported
in earlier studies in rat [25]. Phytoconstituents such as
hederagenin and crude saponin isolated from S. mukorossi
exerted anti-inflammatory activity in carrageenan induced
paw edema, granuloma pouch and adjuvant induced arth-
ritis in rat. Antinociceptive properties have also been in-
vestigated for acetic acid induced writhing test in rat. [26].
Antinociceptive and anti-inflammatory effects of the sap-
onin and sapogenins obtained from the stem of Akebia
quinata have also been recorded [27]. Saponins and
flavonoids of Zizyphus lotus inhibited paw edema and
hyperalgesia in mice and nitrite production in lipopolysac-
charide (LPS) stimulated RAW 264.7 macrophages with-
out affecting cell viability [28]. Arraua et al. [29] studied
that Quillaja saponaria bark constituted of mainly triter-
pene saponins and has exhibited more antinociceptive apti-
tude than ibuprofen in murine thermal models. Saponin
fraction of Nigella glandulifera seeds exerted strong anti-
inflammatory, analgesic and antioxidant potential in mice
[30]. Anti-inflammatory and antinociceptive activities of vari-
ous plants constituting high concentration of saponins have
been reported [28, 31–36]. The S. mukorossi contained high
percentage of saponins [37, 38]. In this investigation methanol
extract of stem bark of S. mukorossi and its derived fractions
were subjected to different assays for evaluation of its antioxi-
dant, anti-inflammatory, analgesic and antipyretic activities in
rat. The methanol extract and the derived fractions were also
subjected for the presence of various phytochemical classes.

Methods
Plant collection
Collection of S. mukorossi Gaertn. stem bark was carried
out from Islamabad in month of March to April in 2016.
It was recognized by Dr. Muhammad Zafar of Depart-
ment of Plant Sciences and an accession number
(175621) was given by Herbarium of Pakistan, Quaid-i-
Azam University Islamabad, Pakistan.

Extract preparation
For three weeks stem bark of A. nitida was shade dried
and ground with electric grinder. Twice extraction of
2 kg powder was carried out in 8 l of the commercial
methanol for one week. Filtrate obtained was dried

under vacuum in a rotary evaporator at 40 °C to obtain
the viscous material (SMM) that stored at 4 °C. Frac-
tionation /was done distinctly to attain the compounds
from crude extract conferring to increase/in the polarity.
An amount of 50 g of SMM was suspended in 200 ml of
distilled water/and distributed to liquid-liquid partition.
The scheme of solvents used was in order of n-hexane
(SMH), chloroform (SMC), ethyl acetate (SME), n-
butanol (SMB) and the remaining soluble portion as
aqueous (SMA). Each fraction was dried as above stored
at 4 °C for various studies.

Quantitative phytochemical assessment
Total phenolic contents
Determination of total phenolic contents in the samples
was performed according to Kim et al. [39]. For this pur-
pose 1 ml of each sample (1 mg/ml) was mixed with
9 ml of deionized water followed by addition of 1 ml of
Folin-Ciocalteu’s phenol reagent and allowed to stand
for 5 min. Then 10 ml of 7% Na2CO3 solution and
13 ml of deionized water was added to the reaction mix-
ture. After keeping the reaction mixture at 23 °C for
90 min the absorbance was ensured at 750 nm. The cali-
bration curve of gallic acid was used for the calculation
of the total phenolic contents. Assay was performed in
triplicate. Quantity of total phenol contents in plant
samples was expressed as milligram of gallic acid equiva-
lents per gram of dried sample.

Total flavonoid contents
The spectrophotometric technique was used to estimate
the total flavonoid contents in the extract/fractions [40].
The reaction mixture was prepared by the addition of
0.3 ml of plant sample to a mixture containing 0.15 ml
of NaNO2 (0.5 M), 0.15 ml of AlCl3.6H2O (0.3 M) and
3.4 ml of methanol (30%). The mixture was kept for
5 min and 1 ml of NaOH (1 M) was mixed in it. The ab-
sorbance of the reaction mixture was recorded at
506 nm. Total flavonoid contents were estimated by
using the rutin as standard. The total flavonoid contents
were expressed as milligram of rutin equivalent per gram
of sample.

In vitro antioxidant studies
DPPH (1, 1-diphenyl-2-picryl-hydrazyl) radical scavenging
assay
The DPPH scavenging potential of various plant samples
was estimated according to the method of Mensor et al.
[41]. DPPH solution (900 μl) having absorbance of 0.908
(± 0.02) at 517 nm was mixed under dark with 100 μl of
plant samples at various concentrations. After placing
the reaction mixture for 15 min at room temperature,
absorbance was recorded at 517 nm. DPPH radical
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scavenging activity of the plant sample was determined
by following Eq. 1.

Scavenging effect %ð Þ ¼

Control absorbance−Sample absorbance

Control absorbance

0
@

1
A� 100

Hydroxyl radical scavenging assay
The hydroxyl free radical scavenging ability of the plant
samples was estimated according to the methodology of
Halliwell et al. [42]. The reaction mixture contained
500 μl of 2-deoxyribose (2.8 mM) in phosphate buffer
(50 mM; pH 7.4), 0.1 M of EDTA (1:1; v/v), 200 μl of
ferric chloride (100 mM), 100 μl of H2O2 (200 mM) and
100 μl of plant sample. The initiation of reaction was
brought by the introduction of 100 μl of ascorbic acid
(300 mM) and incubated for 1 h at 37 °C. Then 1 ml of
trichloroacetic acid (2.8%) and 1 ml of aqueous thiobar-
bituric acid (1%; W/v) prepared in NaOH (50 mM) were
added to the reaction mixture. The whole recipe was
heated for 15 min in a boiling water bath and cooled
down to room temperature. The absorbance of the reac-
tion mixture was recorded at 532 nm. The hydroxyl rad-
ical scavenging activity of the sample was estimated by
the following formula:

Scavenging effect %ð Þ ¼ 1−Sample absorbance
Control absorbance

� �
� 100

Nitric oxide scavenging assay
The method developed by Leone et al. [43] to estimate
the nitric oxide scavenging activity of the plant sample
was used in this study. The Griess reagent was prepared
by mixing equimolar quantity of 0.1% napthylenedia-
mine in distilled water and 1% of sulphanilamide in 5%
phosphoric acid. An aliquot of 100 μl of the plant sam-
ple was mixed with 100 μl of sodium nitroprusside
(10 mM) in saline phosphate buffer and 1 ml of the
Griess reagent. After keeping the reaction mixture for
3 h at room temperature the absorbance was recorded
at 546 nm. Scavenging potential of the extract was deter-
mined by Eq. 1.

Chelating power assay
The chelation ability of the plant sample for iron (II)
was estimated by following the protocol of Robinson
et al. [44]. An aliquot of 200 μl of various concentra-
tions of the plant sample was mixed with 900 μl of
methanol and 100 μl of FeCl2.2H2O (2.0 mM) and
kept it at room temperature for 5 min. The reaction
was initiated by adding 400 μl of ferrozine (5 mM)
and kept for 10 min at room temperature. The ab-
sorbance of the reaction mixture was noted at

562 nm using EDTA as standard in comparison. The
chelating power was determined by Eq. 1.

Inhibition of β-carotene bleaching assay
The ability of plant sample to inhibit the β-carotene
bleach was investigated according to Dapkevicius et al.
[45]. A quantity of 2 mg of β-carotene was dissolved in
10 ml of chloroform followed by mixing of 200 mg of
tween 80 and 20 mg of linoleic acid. The chloroform
was evaporated under vacuum and then 50 ml of dis-
tilled water was added to it, vigorously mixed to get a
uniform emulsion of β-carotene linoleate. An aliquot of
30 μl plant sample was added to 250 μl of the freshly
prepared emulsion and absorbance at 470 nm was re-
corded at 0 h and after 2 h of incubation at 45 °C. Cat-
echin served as standard in this assay. β-Carotene
bleaching inhibition was estimated by this formula.

Bleaching inhibition %ð Þ ¼ A0t–A120tð Þ = A0c–A120cð Þ½ �
� 100

Reducing power assay
By the method of Fejes et al. [46] reducing power activ-
ity of the plant samples was determined. An aliquot of
2 ml of plant sample was mixed with 2 ml of phosphate
buffer (0.2 M; pH 6.6) and 2 ml of potassium ferricyan-
ide (10 mg/L). After incubation of the reaction mixture
at 50 °C for 20 min 2 ml of trichloroacetic acid (TCA)
(100 mg/L) was added to the reaction mixture. A volume
of 2 ml of the reaction mixture was diluted with 2 ml of
distilled water and then 0.4 ml of FeCl3 (0.1%) was
added to the test tube. Absorbance of the reaction mix-
ture was determined at 700 nm after keeping the reac-
tion mixture for 10 min at room temperature.

Total antioxidant activity (Phosphomolybedenum assay)
The antioxidant capabilities of the plant sample were as-
sured by the phosphomolybdenum assay as per de-
scribed in the methodology of Umamaheswari and
Chatterjee [47]. The plant sample (0.1 ml) was mixed
with the reagent solution composed of 28 mM of
Na3PO4, 0.6 M of H2SO4 and 4 mM of ammonium mo-
lybdate. After heating the reaction mixture at 95 °C in
water bath for 90 min under dark conditions was cooled
to room temperature and absorbance was measured at
765 nm.

In vitro anti-inflammatory activity
Anti-inflammatory potential of the stem bark of S.
mukorossi Gaertn. was studied according to the method
of Sakat et al. [48]. Reaction mixture comprised of
900 μl of bovine serum albumin (BSA) and 100 μl of
plant sample of varied concentrations. The reaction
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mixture was incubated at 37 °C, for; 20; min and then at
51 °C for 20 min. Absorbance of the reaction mixture was
measured at 660 nm. As a standard drug loprin was used
instead of the plant samples. The test was done in tripli-
cate and percentage inhibition of protein denaturation
was calculated by following; formula:

Inhibition of denaturation% ¼ Abs Control−Abs sample
Abs control

� 100

Animal studies
Animals of six weeks old (180–200 g) Sprague-Dawley
female and male rats-were maintained at 24 ± 3 °C with
a 12-h dark/light cycle-at Primate Facility of Quaid-i-
Azam University Islamabad, Pakistan. The animals were
well fed and were sustained in standard laboratory con-
ditions. The animals were bred with basal diet with
water ad libitum and were sustained in standard labora-
tory conditions.

Acute toxicity studies
Sprague-Dawley female rats (Rattus novergicus) of 150–
180 g were arbitrarily distributed in 30 groups each con-
tained three rats. Rats of each group were orally admin-
istered SMM, SMH, SMC, SME, SMB and SMA at
doses of 250 mg/kg, 500 mg/kg, 1000 mg/kg, 2000 mg/
kg and 3000 mg/kg in the morning under fasting condi-
tion. The mortality and the abnormal behavior of the an-
imals were observed after 30 min for 6 h then after 24 h
for 15 days. At these doses the mortality and the and ab-
normal behavior was not detected so 50 mg/kg, 150 mg/
kg and 300 mg/kg doses were selected for the evaluation
of anti-inflammatory, analgesic and antipyretic activities.
The guidelines of national Institute of Health, Islamabad
were followed for use of animal care and experimenta-
tion and approved (Bch#0326) by the Institutional Eth-
ical Committee of Quaid-i-Azam University Islamabad.

Anti-inflammatory activity
To ascertain the anti-inflammatory potential of the stem
bark of S. mukorossi the carrageenan; induced; hind paw
edema was followed in this study [49]. Anti-inflammatory
activity was performed on Sprague-Dawley male rats of
150–200 g weight. Rats were randomly divided in to 20
groups with seven animals in each and normal paw vol-
ume of each rat was measured before the experiment.
Group I was treated with 1% saline and Group II was
treated with diclofenac potassium (10 mg/kg). Animals of
all other groups were treated with SMM, SMH, SMC,
SME, SMB and SMA at doses of 50 mg/kg, 150 mg/kg
and 300 mg/kg in the morning. All these doses were ad-
ministered 30 min earlier before the sub-plantar injection
of carrageenan (1 ml/kg; 1% in saline w/v) in hind paw.
Paw volume was measured by digital plethysmometer

immediately after carrageenan injection (zero hours) and
was repeated after every one hour up to three hours. Per-
centage inhibition of edema was calculated for each animal
by using the following formulae:

}EV ¼ }PVA}‐}PVI}

Where, EV = Edema volume, PVI = Paw Volume = be-
fore injection of carrageenan (i.e. initial/paw/vol.), PVA
= Paw volume’ after injection of carrageenan

Edema inhibition% ¼ EVc−EVt
EVc

� 100

Anti-pyretic activity
Anti-pyretic activity of the plant samples was estimated
by using the protocol of Afsar et al. [50]. Rectal
temperature of each animal was checked by digital
thermometer. Rats were subcutaneously injected at
10 ml/kg with 20% aqueous suspension of brewer’s yeast
(Saccharomyces cerevisiae) to induce the pyrexia and
have access to water only for 24 h. Rats showing rectal
temperature at least 1 °C higher from normal were
included in the evaluation of anti-pyretic activity. Pyr-
exia induced Sprague-Dawley male rats were arranged
in 20 groups with 7 rats in each. Animals of Group I
received 10 ml/kg of 10% DMSO, Group II received
10 mg/kg of paracetamol as standard drug, whereas
all other groups received SMM, SMH, SMC, SME,
SMB and SMA at doses of 50 mg/kg, 150 mg/kg and
300 mg/kg in 10% of DMSO in the morning. The
rectal temperature of all the animals was recorded
after 1 h, 2 h, 3 h and 4 h of the administration of
plant samples.

Analgesic activity
Protocol of Muhammad et al. [49] was followed to
evaluate the analgesic activity of plant samples. Sprague
Dawley male rats were tested for analgesia screening
and the rats showing greater than 15 s of latency time
on a hot plate (Harvard apparatus) maintained at −50 ±
0.1 °C were excluded. Animals were divided in to 20
groups each having 7 rats. Rats of Group I received
10 ml/kg of 10% DMSO while animals of Group II re-
ceived 10 mg/kg of loprin a standard drug. Animals of
other groups received SMM, SMH, SMC, SME, SMB
and SMA at doses of 50 mg/kg, 150 mg/kg and
300 mg/kg in the morning. The induction of analgesia
(time in seconds for which rat-remained on the hot
plate without licking or flicking of hind-limb or jump-
ing) was recorded at 0, 30, 60 and 120 min after the
administration of the plant samples and drug. In order
to-avoid tissue-damage, cut off-time of 20 s was set-for
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all animals. Percent analgesia-was calculated using the
following formula.

Analgesia% ¼ Tf −Ti
Ti

� 100

Statistical analysis
All the data presented as mean ± SD. The in vitro studies
comprised of three replications while animal studies were
conducted on seven animals. The in vitro activities ob-
tained were analyzed by GraphPad Prism 5 for the deter-
mination of IC50 and correlation. For in vivo studies the
consequences of different treatments given to animals
were evaluated by one way analysis of variance through
Statistix 8.1. Level of significance was observed at p ≤ 0.05
for correlation studies and p ≤ 0.01 for in vivo studies.

Results
Extraction yield
Dry powder 2 kg of S. mukorossi stem bark was soaked
in crude methanol for four weeks and provided 93 g
yield of SMM. From this 50 g was fractionated with vari-
ous organic solvents having escalating polarity in order
of SMH (18.36 g), SMC (1.7 g), SME (4.992 g) and SMB
(5.9 g). Residue soluble fraction known as aqueous frac-
tion (SMA) gave a yield of 5.9 g.

Determination of total phenolic and flavonoid content
The total phenol and flavonoid contents in carious ex-
tract/fractions of stem bark of S. mukorossi are shown in
Table 1. SME showed the maximum quantity of total
phenolics (594.16 ± 4.3 mg GAE/g) followed by SMM
(562.17 ± 4.77 mg GAE/g), SMC (444.3 ± 3.9 mg GAE/g),
SMB (357 ± 4.3 mg GAE/g) and SMA (252.5 ± 2.41 mg
GAE/g). However, SME constituted the maximum quan-
tity of flavonoids (96.9 ± 3.2 mg RE/g) followed by SMM

(55.5 ± 3.2 mg RE/g), SMC (52.8 ± 2.01), SMB (37.8 ±
1.9 mg RE/g) and SMA (11.02 ± 1.3 mg RE/g).

In vitro antioxidant activities
DPPH radical scavenging activity
DPPH radical scavenging activity of all the extract/frac-
tions is given in Table 2. SMM deliberated the highest
scavenging activity (IC50 = 162.5 ± 2.29 μg/ml) among
the extract/fractions of the stem bark of S. mukorossi.
The IC50 value recorded for DPPH radical scavenging of
ascorbic acid was 89.2 ± 4.05 μg/ml. Based on the IC50

values for DPPH radical scavenging the extract/fractions
of S. mukorossi bark can be arranged in order of SMM >
SME > SMH > SMA > SMC > SMB. The extract/fractions
exhibited a dose dependent response for the DPPH rad-
ical scavenging activity (Fig. 1).

Hydroxyl radical scavenging activity
The results of this study indicated the dose dependent pat-
tern for the scavenging of hydroxyl radicals of all the ex-
tract/fractions of S. mukorossi bark (Fig. 1). Lowest IC50

value was shown by SME 44.7 ± 3.09 μg/ml followed by
IC50 value of 61.97 ± 7.56 μg/ml for the SMM. However,
the highest IC50 value was observed for SMA (939.6 ±
14.44 μg/ml). IC50 values of SMB, SMH, and SMC were
significantly different from standard the IC50 value of rutin
(21.35 ± 1.71 μg/ml). Overall the pattern of IC50 values for
the scavenging of hydroxyl radical was exhibited as SME
< SMM< SMH< SMC < SMB < SMA (Table 2).

Nitric oxide scavenging activity
Dose dependent pattern for the nitric oxide scavenging
potential has been exhibited by the extract/fractions of the
stem bark of S. mukorossi in the present study (Fig. 1).
SME distinctly showed the scavenging ability for nitric
oxide and the lowest IC50 value (152.9 ± 6.7 μg/ml) was re-
corded and it was followed by SMM (161.9 ± 5.33 μg/ml).
The IC50 value of 65.92 ± 1.99 μg/ml was recorded for as-
corbic acid for the scavenging of nitric oxide. The SMA
exhibited the lowest scavenging activity for nitric oxide
with IC50 value of 653.70 ± 4.2 μg/ml. The IC50 value for
other extracts was; 281.4 ± 6.12 μg/ml (SMH), 207.6 ±
5.8 μg/ml (SMC) and 531.2 ± 4.7 μg/ml (SMB) as shown
in Table 2.

β-carotene bleaching inhibition activity
In this study the maximum inhibition of β-carotene
bleaching activity was exhibited by SME (IC50 = 16.24 ±
5.1 μg/ml) followed by SMM with IC50 value of 24.97 ±
4.9 μg/ml. The IC50 value determined for SMC was 30.5
± 2.5 μg/ml followed by SMH (44.67 ± 4.2 μg/ml) and
SMB (182.3 ± 5.8 μg/ml). However, the SMA showed the
lowest inhibition of bleaching activity with IC50 values of
653.7 ± 4.20 μg/ml compared with standard catechin

Table 1 Total flavonoid and phenolic contents and other
metabolites in stem bark of S. mukorossi

Plant sample Total flavonoid content
(mg RUE/g)

Total phenolic content
(mg GAE/g)

SMM 55.5 ± 3.2b 562.17 ± 4.77b

SMH – –

SMC 52.8 ± 2.01b 444.33 ± 3.9c

SME 96.9 ± 3.2a 594.16 ± 4.3a

SMB 37.8 ± 1.9c 357 ± 4.3d

SMA 11.02 ± 1.3d 252.3 ± 2.41e

Each value is represented as mean ± SD (n = 3). Means with different
superscript (a-e) letters in the rows are significantly (P < 0.01) different from
one another. SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane
fraction of SMM; SMC, chloroform fraction of SMM; SME, ethyl acetate fraction
of SMM; SMA, soluble residual aqueous fraction of SMM; −, absent
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having IC50 value of 11.86 ± 3.6 μg/ml (Table 3). The in-
hibition of bleaching power pattern of various extract/
fractions is shown in Fig. 1.

Iron chelation activity
The present study indicated the dose dependent pattern
of iron chelating activity of the methanol extract and the
derived fractions of S. mukorossi bark (Fig. 1). SMM
showed the lowest IC50 value of 162.5 ± 8.3 μg/ml
followed by SME (173.2 ± 5.6 μg/ml) and SMH (304.9 ±
9.9 μg/ml). However SMB exhibited the lowest potential
for iron chelation with IC50 value of 718.8 ± 9.7 μg/ml.

Reducing power assay
The results of the present study showed the dose
dependent response for reducing power of the various
extract/fractions of S. mukorossi bark and the results
were expressed as ascorbic acid equivalent mg/g sample
(Fig. 2). In this study the SME at 250 μg/ml concentra-
tion exhibited the highest reducing power (903.22 mg
ascorbic acid equivalent/g). The reducing power of the
other extract/fractions at 250 μg/ml concentration was;
SMM (881.72 mg ascorbic acid equivalents/g), SMH
(870.96 mg ascorbic acid equivalents/g sample), SMC
(783.96 mg ascorbic acid equivalents/g sample), SMB
(522.97 mg ascorbic acid equivalents/g sample) and
SMA (503.42 mg ascorbic acid equivalents/g sample).

Phosphomolybdenum activity
Various extract/fractions of the stem bark of S. mukorossi
established a dose dependent total antioxidant capacity
and the results were expressed as ascorbic acid equivalent
mg/g sample (Fig. 2). SMM at 250 μg/ml concentration
exhibited the maximum total antioxidant capacity (717.12
ascorbic acid equivalents/g sample) followed by SME
(703.36 mg ascorbic acid equivalents/g sample).

Correlation studies
Multiple antioxidant assays were executed to find the IC50

values (μg/ml) and their correlation with the total
phenolic and flavonoid content was determined. All assays
except OH radical scavenging showed positive and signifi-
cant correlation with the total phenolic and flavonoid con-
tent. Strong positive association of the total phenolic
content with DPPH and iron chelation activity (P < 0.001)
was established while the iron chelation activity and inhib-
ition of β-carotene bleaching activity showed strong asso-
ciation (P < 0.01) with total flavonoid content (Table 3).

Inhibition of heat induced protein denaturation activity
The SMM and its derived fractions (SMH, SMC, SME,
SMB and SMA) were evaluated for in vitro anti-
inflammatory activity through inhibition of heat induced
protein denaturation assay (Fig. 3). All extract/fractions
exhibited dose dependent inhibition of heat induced
protein denaturation and the IC50 (μg/ml) values were
found in order; SMA > SMB > SME > SMC> SMM> SMH.
The range of percent inhibition of SMA varied between 65
and 82%; SMB (57–72%); SME (54–63%); SMC (42–50%);
SMM (26–43%) and SMH (21–36%) at concentration
range of 100 μg/ml to 500 μg/ml. The standard drug loprin
exhibited IC50 value of 23 μg/ml and percent inhibition
varied between 65 and 79% at concentration range of
100 μg/ml to 500 μg/ml.

In vivo bioassays
Anti-inflammatory activity
Carrageenan induced paw edema assay was used to deter-
mine the anti-inflammatory activity of plant samples (Fig. 4).
Data obtained indicated a time and concentration dependent
anti-inflammatory activity of the extract/fractions of the
stem bark of S. mukorossi. Percent edema inhibition by the
treatment of diclofenac potassium (standard drug) recorded

Table 2 IC50 values (μg/ml) of different antioxidant activities of S. mukorossi

Plant
sample

DPPH radical scavenging
activity (μg/ml)

Hydroxyl radical scavenging
activity (μg/ml)

Nitric oxide scavenging
activity (μg/ml)

β-Carotene bleaching
inhibition activity (μg/ml)

Iron chelating
activity (μg/ml)

SMM 162.5 ± 1.29d 61.97 ± 7.56e 161.9 ± 5.33e 24.97 ± 4.9d 162.5 ± 8.3d

SMH 304.9 ± 4.5c 101.3 ± 3.88d 281.4 ± 6.12c 44.67 ± 4.2c 304.9 ± 9.9c

SMC 530.7 ± 5.7b 239.6 ± 8.44c 207.6 ± 5.8d 30.5 ± 2.5d 530.7 ± 6.5b

SME 173.2 ± 1.01d 44.7 ± 3.09f 152.9 ± 6.7e 16.24 ± 5.1e 173.2 ± 5.6d

SMB 718.8 ± 9.47a 578.7 ± 3.7b 531.2 ± 4.7b 182.3 ± 5.8b 718.8 ± 9.7a

SMA 523.7 ± 8.45b 939.6 ± 4.44a 653.7 ± 4.2a 355.5 ± 7.8a 523.7 ± 5.9b

Rutin – 21.35 ± 3.71g – – –

AA 89.2 ± 4.05e 25.93 ± 3.08g 65.92 ± 1.99f – –

EDTA – – – – 89.2 ± 5.99e

Catechin – – – 11.8 ± 3.6e –

Values are presented as mean ± SD (n = 3). Means with different superscript (a-e) letters in the rows are significantly (P < 0.01) different from one another. AA,
Ascorbic acid; SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane fraction of SMM; SMC, chloroform fraction of SMM; SME, ethyl acetate fraction of
SMM; SMA, soluble residual aqueous fraction of SMM; −, not determined
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after 1 h, 2 h and 3 h was 20.66 ± 3.37%, 66.7 ± 2.85% and
73.99 ± 2.54%, respectively. Among the extract/fractions
SMM, SMH, SMC and SME at 300 mg/kg exhibited (48 ±
4.14%, 45 ± 3.92, 44.30 ± 2.59 and 45.41 ± 2.11%, respect-
ively) the inhibition of paw edema after 3 h of treatment.
However, SMB and SMA at 300 mg/kg strongly inhibited
the edema development (73.43 ± 3.70%, 84.19 ± 1.48%) after
3 h in rat. After 3 h of carrageenan treatment different
fractions exhibited the inhibition of edema in the order
SMA > SMB > SMM> SME > SMH and SMC at 300 mg/
kg concentration.

Analgesic activity
Hot plate procedure was adopted for the estimation of
analgesic activity of different extract/fractions of the

Fig. 1 In vitro antioxidant activities of the methanol extract of the stem bark of S. mukorossi and its derived fractions. (a) DPPH scavenging
activity; (b) hydroxyl radical scavenging activity; (c) nitric oxide scavenging activity; (d) inhibition of carotene bleaching assay; (e) iron chelation
activity. SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane fraction of SMM; SMC, chloroform fraction of SMM; SME, ethyl acetate
fraction of SMM; SMA, soluble residual aqueous fraction of SMM; AA, ascorbic acid. Data represent mean (3) ± SD

Table 3 Correlation of IC50 values of different antioxidant
activities with total phenolic and total flavonoid contents

Antioxidant activity TFC TPC

DPPH radical scavenging activity 0.768* 0.9338***

Hydroxyl radical scavenging activity 0.2861 0.6685*

Iron chelating assay 0.8434** 0.928***

Nitric oxide scavenging activity 0.7935* 0.8966**

Inhibition of β-carotene bleaching 0.883** 0.8472**

Phosphomolybdenum assay 0.7639* 0.8648**

Reducing power assay 0.6725* 0.9055**

*,**indicate significance at P < 0.05 and P < 0.01, respectively
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stem bark of S. mukorossi. All the samples have dis-
played increase in latency time at 0, 30, 60 and 120 min
with increase of concentration as shown in Fig. 5.
Administration of SMA at 300 mg/kg showed strong an-
algesic activity with percent analgesia of 2.21 ± 1.24,
23.97 ± 1.28, 45.64 ± 1.66 and 55.78 ± 1.22 in comparison
to standard loprin drug (10 mg/kg) with percent latency
time of 4.5 ± 0.81, 36.35 ± 2.56, 59.64 ± 3.68, 65.64 ± 2.76
at 0, 30, 60 and 120 min, respectively.

Anti-pyretic activity
Antipyretic effect of various extract/fractions of the stem
bark of S. mukorossi was assessed in rat. SMA at

300 mg/kg exhibited the strong antipyretic activity and
decreased the rectal temperature from 37.11 ± 0.71 °C to
35.21 ± 0.41 °C after 4 h of administration to rats. The
decrease of rectal temperature from 37.5 ± 0.4 °C to
35.54 ± 0.38 °C was recorded for SMB at 300 mg/kg after
4 h of administration to rat. Other extract/fractions also
decreased the rectal temperature on concentration and
on time dependent manner (Fig. 6).

Discussion
A wide variety of pathological demonstrations indicated
the substantial involvement of free radicals. Antioxidants
either scavenge the reactive oxygen species or reduce the

Fig. 2 (a) Reducing power activity determined as ascorbic acid equivalent; (b) Total antioxidant activity determined as ascorbic acid equivalent.
Data represent mean (3) ± SD
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free radicals [1]. Low levels of antioxidants in the living
system assist the development of ageing related diseases
such as atherosclerosis, cancers, diabetic neuropathy and
Alzheimer’s disease. An anticipated solution to such prob-
lem is the enhancement of antioxidant that is present in
plants [7]. There is a complex mechanism of scavenging
free radicals inside human body and consists of a group of
enzymes. Consequently different assays have been planned
to get a complete picture of antioxidant potential of the
stem bark extract of S. mukorossi.
Bleaching of DPPH solution is extensively used to esti-

mate the electron donating aptitude of natural products.
The electron donating capacity and concentration of the
active constituent in natural product contributes towards
the free radical scavenging activity [8]. In the current
study SMM and SME illustrate extensively scavenging
ability and were significantly correlated with TPC sug-
gested the presence of hydrogen donating constituents.
Sodium nitro-prusside reacts with oxygen and nitrite is
formed which is the basic process for generation of ni-
trite in nitric oxide radical scavenging assay. Antioxidant
present in plant extracts competes for oxygen with nitric
oxide and in this way inhibits the formation of nitrite.
SME inhibited nitric oxide generation with the lowest
IC50 value of 152.9 ± 6.7 μg/ml among the extract/frac-
tions. In this study significant correlation was observed
between nitric oxide radical scavenging activities and
with TPC and TFC indicating the existence of primary
antioxidant constituents in SME and thus prevents dam-
ages in biological tissues [50].
Hydrogen peroxide is present at low level in the bio-

logical system and is catalyzed in to water and oxygen.
During this process hydroxyl radicals are generated and
considered the most damaging species in the biological
system which causes cellular injuries by its damaging

action on proteins, DNA and lipids [51]. The hydroxyl
radical is considered as a damaging species in patho-
physiological process and it is able to damage almost
each molecule of biological system and contribute to
carcinogenesis, mutagenesis and cytotoxicity [52].
Hydroxyl radicals are formed by the reaction between
H2O2 and the ferrous that would reacts with 2-
deoxyribose. This reaction can be blocked by adding thio-
barbituric acid that would produce red color if the malo-
naldehyde produced as a result of the reaction between
the free radical and 2-deoxyribose. Hydroxyl radicals scav-
enging capacity of an extract is directly proportional to its
antioxidant activity that is illustrated by the low intensity
of red color. All fractions of S. mukorossi when added to
the reaction mixture vigorously scavenged the hydroxyl
radicals and inhibited the degradation of 2-deoxyribose.
Hydrogen peroxide occurs naturally at low concentration
in air, water, human body, plants, microorganisms and
food. H2O2 is quickly decayed into water and oxygen and
this may create hydroxyl radicals (•OH) that may begin
lipid peroxidation and consequently induce DNA damages
[53]. SME significantly scavenged hydrogen peroxide that
can be suggested to the presence of phenolic compounds
that could contribute electrons to hydrogen peroxide, thus
neutralizing it into water.
Another significant system of antioxidant activity in-

cludes chelation of metal ions. Antioxidants that act as
chelating agents are able to diminish or stabilize the
oxidized metal ions. Iron chelating data illustrate that dif-
ferent fractions may have the capacity to decrease the oxi-
dative damage by chelating iron ions that may otherwise
contribute in breakdown of metal catalyzed hydrogen
peroxide and Fenton-Type reactions. The iron sequester-
ing efficacy of different extract/fractions deliberated at
different concentrations (15.6–1000 μg/ml) suggest the

Fig. 3 Percent inhibition of protein denaturation at different concentrations of S. mukorossi extract/fraction. Each bar represents as Mean
± SD (n = 3). Superscript (a-f) indicate significance for specific concentration at P < 0.01. SMM, S. mukorossi methanol extract of stem bark; SMH, n-
hexane fraction of SMM; SMC, chloroform fraction of SMM; SME, ethyl acetate fraction of SMM; SMA, soluble residual aqueous fraction of SMM
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Fig. 4 Percent inhibition of carrageenan induced paw edema in rat. Each bar represents as Mean ± SD (n = 3). Superscript (a-j) indicate
significance at P < 0.01. DPP, diclofenac potassium; SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane fraction of SMM;
SMC, chloroform fraction of SMM; SME, ethyl acetate fraction of SMM; SMA, soluble residual aqueous fraction of SMM
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Fig. 5 Percent analgesia induced with different extract/fractions of S. mukorossi in rat. Each bar represents as Mean ± SD (n = 3). Superscript (a-j)
indicate significance at P < 0.01. SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane fraction of SMM; SMC, chloroform fraction of
SMM; SME, ethyl acetate fraction of SMM; SMA, soluble residual aqueous fraction of SMM
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Fig. 6 Antipyretic potential of different extract/fractions of S. mukorossi in rat. Each bar represents as Mean ± SD (n = 3). Superscript (a-d) indicate
significance at P < 0.01. SMM, S. mukorossi methanol extract of stem bark; SMH, n-hexane fraction of SMM; SMC, chloroform fraction of SMM; SME,
ethyl acetate fraction of SMM; SMA, soluble residual aqueous fraction of SMM
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presence of endogenous chelating mediators like phenolics
and flavonoids. Additionally, some phenolic compounds
having well oriented functional groups that hold the cap-
ability to defend adjacent to oxidative damage by chelating
metal ions [54].
The efficacy of plant fractions to impede oxidation of

linoleic acid emulsion is a sign of complex composition
of extract/fractions to cooperate with emulsion compo-
nents. The present data recommended that the extract/
fractions have a prominent tendency to scavenge free
radicals that result in more stable non-reactive sub-
stances and to cease radical chain reactions. β-carotene
bleaching inhibition was accounted in diverse solvent ex-
tracts of Jurinea dolomiaea roots [55].
In reducing power assay SME showed the highest re-

ducing power ability at 250 μg/ml followed by SMM and
SMH with IC50 values of 903.22, 881.72 and 870.96 mg
of ascorbic acid equivalents/g sample, respectively. Phos-
phomolybdate is an additionally important in vitro anti-
oxidant assay to assess the total antioxidant capacity of
the plant extract. The assay principal follows the conver-
sion of Mo(VI) to Mo (V) by extract or the compound
which possess antioxidant potential and result in green
phosphate Mo (V). The electron/hydrogen donating pat-
tern of antioxidants depends upon its structure and
series of redox reactions occurring in the activity. Recent
study shows that SME possesses strong total antioxidant
capacity that suggests the protective potential of SME in
biological system [55]. The antioxidant activities recorded
in this study might be due to the presence of antioxidant
compounds stigmasterol, oleanolic acid, luteolin, luteolin
8-퐶-훽-glucoside (orientin), luteolin 6-퐶-훽-glucoside
(isoorientin), luteolin 7-푂-훽-glucuronide and rutin [15].
To the best of our knowledge this is the first report on

antipyretic, analgesic and anti- inflammatory activities of
the stem bark of S. mukorossi extract/fractions. Tissue
protein denaturation is a well-documented base of arth-
ritic and inflammatory diseases in which secondary struc-
ture and tertiary structure of the proteins are lost by
external stress or compounds such as strong acid/base, in-
organic salt, organic solvent or high temperature. Mostly
biological proteins when denatured lose their biological
functioning. High temperature causes denaturation of
BSA (bovine serum albumin) and this denatured protein
exhibits the antigens similar to the Type III hyper-
sensitive reactions. Heat denatured proteins causes de-
layed hypersensitivity which is associated to diseases like
glomerulo-nephritis; serum disease and rheumatoid arth-
ritis [56]. In present research various extract/fractions of
S. mukorossi have revealed effective anti-inflammatory re-
sponses in a concentration dependent fashion similar to
earlier reports [57]. These results suggest that the S.
mukorossi extract/fractions can be evaluated for anti-
inflammatory effects.

Carrageenan tempted inflammation is a frequently
used method for evaluating anti-inflammatory influence
of composites or natural products. Most probable mode
of action of carrageenan persuaded inflammation is bi-
phasic. Initial phase (0–1 h) of edema is attributed by
the release of histamine, 5-hydroxytryptamine and
bradykinin; and is not inhibited by the use of NSAIDs
such as indomethacin or aspirin [3]. During the 2nd
phase (1–6 h) of edema development elevated level of
prostaglandins and inducible cyclooxygenase (COX-2)
has been demonstrated in hind paw edema of rat [58].
Time dependent increase in edema, nitrite/nitrate and
prostaglandins E2 (PGE2) has been characterized in the
exudate. Infiltration of localneutrophils in the inflamed
area plays their part for the development of inflamma-
tion by producing the reactive oxygen species (ROS) and
most importantly the superoxide and hydroxyl radicals.
Another mediator of inflammation nitric oxide (NO) is
produced by the cytokine-inducible, calcium/calmodu-
lin-independent isoform of nitric oxide synthase (iNOS).
As a consequence of NO synthesis vascular permeability
and flow of blood increased towards the inflamed site
and also increase the production of pro-inflammatory
cytokines. Simultaneous occurrence of NOS and COX
pathway exaggerated the inflammation response. The in-
hibition ofinflammation during the early and the late
phase of edema with SMA suggest that it might have
mediated the anti-inflammatory activity by inhibiting the
release of mediators of inflammation [2, 58].
Hot plate test (thermal stimulation method) is a well-

documented process for assessing centrally acting anal-
gesic around spinal reflexes that comprises pain trans-
mission from periphery via nociceptors to the brain
through spinal cord. Such actions have been attributed
by the inhibition of phospholipase A2 and in that way
hindering the breakdown of arachidonic acid which in
turn inhibits the pain producing prostaglandins. Diclofe-
nac sodium prompts analgesic activity by opioid recep-
tors activation and the resemblance between the effects
of extracts with reference diclofenac sodium, shows that
they might work analogous to diclofenac sodium to de-
crease pain sensation [58]. Anti-inflammatory and anal-
gesic effects of the extracts especially the SMA from
stem bark of S. mukorossi are promising.
Antipyretic activity of plant extracts and drugs can be

evaluated by subcutaneous injection of Brewer’s yeast in-
duced pyrexia in animal models. During this process
production of prostaglandins is increased and the inhibi-
tory potential of plant extracts/drugs on prostaglandins
synthesis can be considered as a useful test for anti-
pyretic potential [2]. In this connection significant
antipyretic activity of SMM and its fraction SMA at
300 mg/kg dose has been recorded and their antipyretic
activity was similar to the standard drug paracetamol. As
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paracetamol exert its antipyretic activity by blocking the
cyclooxygenase activity thereby inhibiting the synthesis of
prostaglandins. The observed anti-inflammatory, anti-
nociceptive and antipyretic effects of SMM and its derived
fractions in this study might be attributed by the presence
of pharmacologically active metabolites. The inflammatory
process is a complex mechanism comprising several bio-
chemical events it may therefore be worthwhile to investi-
gate the exact point in the biochemical events where the
extract exerts its anti-inflammatory effect.

Conclusion
Results of this study suggested that the presence of poly-
phenols and flavonoids and other constituents in polar ex-
tract/fractions might alleviate the inflammation and pain
inducing mediators. This study endorsed the use of bark
of S. mukorossi by the local communities for the disorders
related to inflammation.
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