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Abstract

The folkloric use of Clerodendrum volubile P Beauv (Verbenaceae) for treatment of inflammatory conditions in the Southern part of
Nigeria has been reported. The anti-inflammatory action of the ethanolic leaf extract on carrageenan-induced rat paw oedema, lipoxygenase
and xanthine oxidase inhibitory effects, and membrane stabilizing potential were evaluated. The extract reduced carrageenan-induced rat
paw oedema in a dose dependent manner compared to control group. C. volubile inhibited xanthine oxidase activity in a dose - dependent
manner; at 0.5 mg/ml it exhibited maximum inhibitory activity of 95.48% while the standard drug, allopurinol exhibited 70 % inhibition.
The extract significantly inhibited lipoxygenase activity, with highest activity at 0.4 mg/ml while Quercetin showed maximum inhibition
of the enzyme at 0.1 mg/ml. The extract and Acetaminophen exhibited maximum membrane stabilizing activity of 91.85 + 0.50% and
94.32 + 0.32% at 2.5 mg/ml respectively. These findings provide justification for the traditional use of C. volubile in inflammatory condi-

tions.
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1. Introduction

Inflammation is a major and complex reaction of the body against
infection and tissue injury. It consists of recruitment and activation
of leukocytes and plasma proteins at the site of infection to elimi-
nate the infectious agent (Kindt et al., 2004). Diseases and disorders
are manifested through chronic inflammatory responses as the body
recognizes the injury when the repair the damage done is left to de-
generate (lwalewa et al., 2007). Therefore, in order to develop a
therapeutic remedy from medicinal plant relating to the disease or
disorder they affect, toxicological and pharmacological profile of
the agent needs thorough evaluation.

Clerodendrum volubile has been used in the treatment of different
forms of ailments such as arthritis, rheumatism, dropsy, swellings,
oedema, and gout and to aid labour in pregnant women but there is
no scientific information on its toxicity and anti- inflammatory pro-
files. Recently, Fred-Jaiyesimi and Adekoya (2012) also examined
the anti-inflammatory activity of this plant. This study was there-
fore designed to investigate the acute anti-inflammatory effects of
C. volubile extract on albino rats hind paw oedema induced by car-
rageenan and to further expanciate its mechanism through in-vitro
lipoxygenase and xanthine oxidase inhibitory assays, since most of
the disorders, it affects in folklore medicine are inflammatory in-
duced.

2. Materials and methods

2.1. Collection and identification of plant materials

Fresh leaves of Clerodendrum volubile were collected from Ile-Ife,
Osun State and authenticated in Ife herbarium, Obafemi Awolowo
University, Ile-Ife, Osun State.

2.2. Preparation of alcoholic extracts

The leaves of C. volubile plants were harvested and sun-dried. The
dried leaves were grounded to powder using manual grinder and
500g of the powdered plant materials were soaked in 70% (V/v) eth-
anol for 48 h. The marc was exhaustively extracted with more 70%
ethanol, the filtrate was filtered using Whatman filter paper and
concentrated to dryness in vacuo at 40°C under reduced pressure to
obtain the crude ethanolic extract.

2.3. Animals

Rats of either sex, weighing between 150-200g were used. The an-
imals were maintained at 25 +1°C under natural 12 h daylight/ night
conditions for at least 5 days before the experimental procedures.
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All the animals were fed with standard diet in the Department of
Pharmacology Animal House, and water was given ad libitum. The
“principle of laboratory animal care” (NIH publication No. 85-23)
guidelines and procedures were followed throughout this study
(NIH publication revised, 1985).

2.4. Drugs

The following drugs were used during the experiment: Carragenaan
(Sigma), Disprin® Acetylsalicylic acid (Reckiti-Benckiser), Allo-
purinol (Sigma), Ethanol 99% (Analar Grade), Quercetin (Sigma),
Panadol® Acetaminophen (Emzor Pharmaceuticals).

2.5. Carrageenan-induced rats paw oedema

Twenty-five (25) adult Wistar albino rats (150-200 g) were divided
into five groups of five rats each. The animals were given the fol-
lowing treatments the first day-after period of acclimatization;
Group A - distilled water — animal in this group received 2 ml/kg
body weight per day.

Group B - (Extract treated) - Animal in this group received 250
mg/kg of ethanolic extract of C. volubile.

Group C - (Extract treated) - Animal in this group received
500mg/kg of ethanolic extract of C. volubile.

Group D - (Extract treated) -Animal in this group received
1000mg/kg of ethanolic extract of C. volubile.

Group E - (Extract treated) - Animal in this group received 100
mg/kg of aspirin.

Inflammation was then induced using the carrageenan paw oedema
model (Winter et al. 1962) after one hour of treatment. The inflam-
mation was quantified by the difference of measurement of the vol-
ume of saline solution displaced by the paw prior to the administra-
tion of phlogistic agent (Vo) and 0, 1, 2, 3 and 4 h after (Vt), using
the modified form of plethysmometer. Each measurement was the
average of two readings and also by using a loop of thread tied
around the paw such that it was neither too loose nor too tight. The
length of the thread around the paw was also measured with a ruler
and rounded off to the nearest centimeter.

2.6. In vitro anti-inflammatory activity

a) Invitro Lipoxygenase Inhibitory Assay

Lipoxygenase inhibitory activity of plant extracts with linoleic acid
as a substrate was measured with a UV-VIS spectrophotometer
(LABTRONICS, Model LT-290, Single Beam, England) as re-
ported by Konatéet al. (2011) with some modifications, Plant ex-
tracts were screened for lipoxygenase inhibitory activity at various
concentrations (0.1-0.5 mg/ml). The mixture assay consisted of 150
pl phosphate buffer (1/15 M, pH 7.5), 50 ul of each extracts solu-
tion and 50 pl enzyme solution (0.28 U/ml in the phosphate buffer).
The reaction was initiated by adding 250 pl of substrate solution
(0.15 mM in water). Enzymatic kinetic was recorded at 234 nm for
2 min. Negative control was prepared and contained 1% (v/v) meth-
anol solution without extract solution. Quercetin, which was known
to inhibit lipoxygenase was used as a standard (positive control) at
various concentrations (0.1-0.5 mg/ml). All experiments were per-
formed in triplicate. Lipo-oxyoxgenase inhibitory activity was cal-
culated using the expression below:

(%) inhibition = (1 - B/A) x 100

Where A is the change in absorbance of the assay without the ex-
tracts (negative control) and B is the change in absorbance of the
assay with the extracts. Lipoxygenase inhibitory activity was ex-
pressed as the percentage inhibition of lipoxygenase.

b) In vitro Xanthine Oxidase Inhibition Assay

Xanthine oxidase inhibition activity of plants extract with xanthine
as the substrate was measured by a spectrophotometer (LABTRON-
ICS, Model LT-290, Single Beam, England) as reported by Konaté
et al. (2011) with some modifications, Extracts were directly dis-
solved in phosphate buffer-MeOH [1% (v/v)] and screened for xan-
thine oxidase inhibitory activity at various concentrations (0.1-0.5
mg/ml). The mixture assay consisted of 150 pl phosphate buffer
(1/15 M, pH 7.5), 50 pl fraction solution and 50 pl enzyme solution
(0.28 U/ml in the phosphate buffer). The reaction was initiated by
adding 250 pl of substrate solution (0.15 mM in water). Enzymatic
kinetic was recorded at 295 nm for 02 min. Negative control was
prepared and contained 1% (v/v) methanol solution without extract
solution. Allopurinol a well-known inhibitor of xanthine oxidase
was used as a positive control at various concentrations (0.1-0.5
mg/ml). All experiments were performed in triplicate. Xanthine ox-
idase inhibitory activity was calculated using the expression below:

(%) inhibition = (1 - B/A) x 100

Where A is the change in absorbance of the assay without the ex-
tracts (negative control) and B is the change in absorbance of the
assay with the extracts. Xanthine oxidase inhibitory activity was
expressed as the percentage inhibition of xanthine oxidase.
c) Membrane stabilizing assay

The membrane stabilizing activity assay was carried out as previ-
ously described (Sadique et al., 1989; Oyedapo et al., 2004) using
2% (v/v) human erythrocyte suspension while Acetaminophen was
used as standard drug. The assay mixtures consisted of 2 ml of hy-
posaline (0.25% wi/v) sodium chloride, 1.0 ml of 0.15 M sodium
phosphate buffer, pH 7.4, 0.5 ml of 2% (v/v) human erythrocyte
suspension, 0.0 - 1.0 ml of drugs (standard/extracts) and final reac-
tion mixtures were made up to 4.5 ml with isosaline. Drugs were
omitted in the blood control, while the drug control did not contain
the erythrocyte suspension. The reaction mixtures were incubated
at 56° C for 30 min on a water bath followed by centrifugation at
5000 rpm on Gallenkamp Bench Centrifuge for 10 min at room
temperature. The absorbance of the released heamoglobin was read
at 560 nm. The percentage membrane stability was estimated using
the expression:

100-[(Abs of test drug-Abs of drug control)] x 100
(Abs of blood control)

Where the blood control represents 100% lysis or zero percent sta-
bility.

3. Results

3.1. Anti-inflammatory properties of Clerodendrum vol-
ubile
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Fig. 1: Evaluation of Paw Volume in Carrageenan Induced Oedema in Ethanolic Extract of C. Volubile (250 mg/kg, 500mg/kg, 1000 mg/kg), Aspirin
(100mg/kg) Treated Groups Reduced Paw Volume Change in Comparison to Control Group (Vehicle Treated Group).the Data Represent Mean + S.E.M of
5animals from 3 to 4 H Curves of the Plant Extract 500; 1000 mg/kg are Significantly Different from Control.
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Fig. 2: Evaluation of Paw Diameter in Carrageenan Induced Oedema in Ethanolic Extract of C. volubile (250 mg/kg, 500 mg/kg, 1000 mg/kg), Aspirin (100
mg/kg) Treated Groups Reduced Paw Volume Change in Comparison to Control Group (Vehicle Treated Group). The Data Represent Mean + S.E.M of
5animals. From 3 to 4 H Curves of the Plant Extract at 500 and 1000 mg/kg were significantly different from Control.

3.2. Lipoxygenase and Xanthine oxidase inhibitory as- 3.3. Membrane stabilizing activity of Clerodendrum vol
says ubile

Table 1: Inhibitory Effect of C. volubile Leaf Extract on Xanthine Oxidase
and Lipoxygenase

Xanthine Oxidase Lipoxygenase ~—— Acetaminophen 1.0 mg/ml CV 1.0 mg/ml
Conc. C.volubile Allopurinol  Conc. C. volubile Quercetin

mg/ml__ % inhibition % inhibition mg/ml % inhibition % inhibition £ 100 4
0.1 5454 60 0.1 70 96.83 2 g0
0.2 72.72 50 0.2 60 98.4 k]
03 863 50 03 50 93.75 ¢ o /\/
0.4 90.91 60 0.4 90 92.00 5
0.5 9548 70 0.5 80 96.85 2 a0
Q
b=
C. volubile inhibited xanthine oxidase activity in a dose -dependent £ 20 1
manner and at 0.5 mg/ml exhibited maximum inhibitory activity of 0 of ‘ ‘ ‘ ‘
95.48%. C. volubile compared favourably with the standard drug, 0.00 0.01 0.03 0.06 011

allopurinol, which exhibited 70 % inhibitory activity at 0.5 mg/ml.
C. volubile extract significantly inhibited the lipoxygenase activity.
Its inhibitory action ranged from 70% to 90 %, though not in dose-
dependent manner, with highest anti-lipoxygenase activity of 90% Fig. 3: E_valuation of Membrane Stabilizing Activity of Acetaminophen and
at 0.4 mg/ml while the standard drug quercetin showed maximum C. vo_lublle Leaf Extract at 1.0 mg/ml. the Data Represent Mean + S.E.M of
inhibition of' 96.85% at a concentration of 0.5 mg/ml. At all con- Readings.

centrations used, quercetin inhibited lipoxygenase better than C.

volubile extract.

Concentration (ug/ml)
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Fig. 4: Evaluation of Membrane Stabilizing Activity of Acetaminophen and

C. volubile Leaf Extract at 1.5 mg/ml. The Data Represent Mean + S.E.M
of Readings.
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Fig. 5: Evaluation of Membrane Stabilizing Activity of Acetaminophen and
C. volubile Leaf Extract at 2.0 mg/ml. The Data Represents Mean + S.E.M
of Readings.
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Fig. 6: Evaluation of Membrane Stabilizing Activity of Acetaminophen and

C. volubile Leaf Extract at 2.5 mg/ml. The Data Represent Mean + S.E.M
of Readings.

The membranes stabilizing profiles of C. voluble leaf extract and
acetaminophen (standard drug) on bovine erythrocytes exposed to
both heat and hypotonic induced lyses are presented in Figures 3 -
6. The extract exhibited a minimum membrane stability of 54.30 +
0.64% at 1.0 mg/ml and maximum activity of 91.85 + 0.50% at 2.5
mg/ml while acetaminophen exerted maximum membrane stabili-
ties of 50.00 + 8.03% and 94.32 + 0.32% at 1 mg/ml and 2.5 mg/ml
respectively. However, in Figure 4 at the concentration of 1.5
mg/ml, C. volubile leaf extract showed a significant membrane sta-
bilizing property than acetaminophen.

4. Discussion

The anti-inflammatory activity of the plant extracts was evaluated
on manifestations accompanying the inflammatory reaction like oe-
dema, increased vascular permeability and leukocyte migration into
inflamed tissue. C. volubile extract reduced carrageenan- induced
rats paw oedema in a dose dependent manner compared to control
group from 2- 4 h (Figures 1 and 2) and there was no significant
difference between the inhibition at 1000 mg/kg of C. voluble and
aspirin (100 mg/kg). Carrageenan-induced inflammatory process is
believed to be biphasic (Vinegar et al., 1969). The initial phase seen
at the 1st hour is attributed to the release of histamine and serotonin
(Cruckhon and Meacock, 1971). The second accelerating phase of
swelling is due to the release of prostaglandin, bradykinin and ly-
sozyme. It has been reported that the second phase of oedema is
sensitive to both clinically useful steroidal and non-steroidal anti-
inflammatory agents (Katzung, 1998). Rats pre-treated with C. vol-
ubile extract showed a significant oedema inhibitory response 2 h
following carrageenan injections. This suggests that C. volubile ex-
tract may act by suppressing the later phase of the inflammatory
process by the inhibition of cyclooxygenase, the enzyme involved
during the formation of prostaglandins. The in vitro effect of the
extract on lipoxygenase and xanthine oxidase inhibitory assays sup-
ported the in vivo carrageenan-induced oedema pinpointing that
prostaglandin's pathways are most affected. This further suggests
that ethanolic extract of C. volubile leaves has an anti-inflammatory
effect comparable to the standard drug, aspirin.

Inflammation is a physiological response process that is generated
by the body in the event of injury, infection or irritation to guard the
body and to hasten-up the recovery process. However, inflamma-
tion that is unchecked leads to chronic inflammatory disorders. In-
flammation in injured cells is both initiated and maintained by the
overproduction of prostaglandins and leukotrienes, which are pro-
duced by separate enzymatic pathways, viz the cyclo-oxygenase
(COX) and lipoxygenase (LOX) pathways. Some of the anti-in-
flammatory drugs have been reported to inhibit the lipoxygenase
pathway and some inhibit cyclooxygenase pathway thus, these two
pathways are used for potential interventions against inflammation
(Oliver, 2007; Krishanu et al., 2008). The lipoxygenase pathway
has a role to play in the pathogenesis of inflammatory disorders like
asthma thus increased activity of this pathway can aggravate asth-
matic symptoms (Sharma and Mohammed, 2006; Mashima and
Okuyama, 2015). Therefore, in this study the inhibition of the lipox-
ygenase pathway by C. voluble is an indication that it can be useful
in treatment of asthmatic patients. Inhibition of xanthine oxidase
reduces the production of uric acid which relates to medical condi-
tion such as gout (Pacher et al., 2006). The administration of the
extract may be useful for the management of gouty arthritic condi-
tions since xanthine oxidase inhibition will prevent the generation
of reactive oxygen species and the resulting inflammatory re-
sponses associated with the deposition of uric acid crystals in the
joints and kidneys (Mohapatra et al., 2015).

Anti-inflammatory agents exert their effects through a variety of
mechanisms that include stabilization of red blood cells exposed to
hypotonic induced lyses. Plant-derived drugs were reported to con-
tain principles that possess the ability to facilitate the stability of
biological membranes when stressed (Sadique et al., 1989;
Oyedapo et al., 2004).The study showed that the membrane stabi-
lizing activities of C .voluble protected the stressed bovine erythro-
cyte membrane at all concentrations in this study and compared fa-
vorably with standard drug acetaminophen at all concentrations
used. The membrane stabilization assay is a technique for the rapid
screening of potential anti-inflammatory compounds based on their
ability to inhibit heat—induced hemolysis of red blood cells (Brown
et al., 1967). During inflammation, lysosomal hydrolytic enzymes
are released causing damage to the surrounding organelles and tis-
sues with variety of disorders occurring from the damage (Sadique
et al., 1989). Drugs by stabilizing the membrane can prevent the
rupture of the lysosomes and inhibit the release of lysosomal en-
zymes (Ignarro, 1971).The The erythrocyte's membrane serves as a
model for lysosomal membrane since it was observed that several
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agents capable of releasing hydrolytic enzymes from lysosomes
also injure erythrocytes (Ajayi et al., 2014). The stabilization of the
membrane inhibits phospholipase Az thus preventing the produc-
tion and release of eicosanoids, which are involved in inflammation
processes. This finding further buttresses the in vivo anti-inflam-
matory effect of the plant extracts. Therefore, it could be inferred
that C. voluble contained principles that were capable of stabilizing
bovine red blood cell membrane exposed to heat and hypotonic-
induced lyses and could serve as a useful therapy in management
and treatment of inflammatory related diseases.

5. Conclusion

The results of this study provide valuable data on acute in vitro and
in vivo anti-inflammatory effect of this plant. The ethanolic extract
of the leaf of the plant suppressed carrageenan-induced inflamma-
tion. Since the plant extract stabilizes the membrane, it is likely to
possess anti-inflammatory activity in gouty arthritis and asthmatic
conditions. This indicates that the extract possesses anti-inflamma-
tory activity which could justify its traditional use
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