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Abstract

Purpose: The aim of this study was to investigate the anti-inflammatory and wound-healing activities of
the protease isolated from the latex of Plumeria rubra Linn.

Methods: The protease was isolated from the latex of the plant by acetone precipitation method and
given a trivial name, Plumerin-R. The anti-inflammatory activity of the protease was based on its effects
on carrageenan-induced paw oedema in rats. Its wound healing effect was investigated using an
excision wound rat model.

Results: Four hours after treatment, the reduction in carrageenan-induced rat paw oedema by 20, 40
and 80 mg/kg body weight of plumerin-R was 21.6, 33.8 and 48.8 %, respectively, while oedema
reduction by indomethacin (10 mg/kg) was 58.0 %. Plumerin-R showed significant (p < 0.05) wound
closure and epithelialization time compared with control.

Conclusion: This study demonstrates that the protease, Plumerin-R, has significant anti-inflammatory
and wound-healing properties.
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INTRODUCTION

Inflammation is a host defence mechanism in
response to various infections, injury or
metabolic stimuli. Although it is a defence
mechanism, the complex events and
mediators involved in inflammatory reaction
can induce, maintain or aggravate many
diseases [1]. Wound healing is a natural and
fundamental  histopathological  process.
Reaction of tissues to injury varies in different
species of animals and different tissues. In
some cases, the cells lost are replaced by the
proliferative activity of those remaining, while
in other cases, the healing of the wounds of
skin and subcutaneous tissue occurs by the
formation of fibrous scars [2].

Plumeria rubra Linn. (Apocynaceae) is a
laticiferous tree which grows as a spreading
shrub to a height of 7 - 8 m (20 - 25 ft). The
species, commonly known as red jasmine, is
native to Mexico and grows throughout India
[3]- The extensive use of proteolytic enzymes
in the treatment of inflammation and wound
healing process is a well established fact.
Bromelain from Ananas comosu has been
shown to possess both anti-inflammatory and
wound healing properties [4] while curcain, a
protease from Jatropha curcas, was reported
to have significant wound healing property
[5]. The present study was aimed at
investigating the anti-inflammatory and
wound healing activities of the protease
obtained from Plumeria rubra.

EXPERIMENTAL
Materials

The species Plumeria rubra Linn. was
collected in the month of April and
authenticated by Forest Research Institute,
Dehradun, India. A voucher specimen (no.
1917/136250) was deposited in the
herbarium of the Forest Research Institute,
Dehradun, India for future reference. Latex
was collected from the stem of the plant.
Carrageenan, polyethylene glycol (PEG)
4000 and PEG 400 were purchased from

Sigma Aldrich India and Merck India while 0.2
% w/w nitrofurazone ointment was purchased
from a pharmacy store in Guwahati, Assam,
India.

Preparation of crude enzyme extract

Latex was collected into glass tubes
containing 1 ml of 10 % sodium
metabisulphite by incision at the bark of the
trunk and branches of the plant. The crude
latex was strained through cotton wool to
remove suspended coarse inert materials
and then centrifuged at 7000 rpm for 30 min.
The supernatant was collected and used as
the crude enzyme extract. The crude extract
was subjected to protein precipitation by
adding 3 volumes of chilled acetone slowly to
1 volume of the crude extract and the
precipitate formed was separated by
centrifugation at 7000 rpm for 30 min. The
precipitate was dissolved in minimum volume
of water and the protein was re-precipitated
by adding chilled acetone. The resulting
precipitate was collected by centrifugation
(7000 rpm, 30 min) and dried at room
temperature. All  centrifugation steps were
performed at 4 °C. Protein estimation [6] and
enzyme assay [7] were carried out for the
acetone precipitated fraction. Following
common practice, the trivial name, “Plumerin-
R” was given to the protease.

Ointment formulation

A hydrophilic ointment containing 0.5 %
plumerin-R was prepared in polyethylene
glycol (PEG) 400 and 4000 ointment base [8].

Animals

Male Wistar albino rats (150 — 175 g) were
used for the evaluation of anti-inflammatory
and wound-healing activities. They were
obtained from the animal house of the
institute, were maintained under standard
environmental conditions, and fed with
standard pellet diet supplied by Hindustan
Lever Ltd., Kolkata, India and water ad
libitum. The guidelines of the Committee for
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the Purpose of Control and Supervision on
Experiments on Animals (CPCSEA), India
was followed for handling of the animals
during the experiments [9]. The research
proposal was approved by the Institutional
Animal Ethical Committee, and registered
under CPCSEA, India (Reg. No.1372/c/10/
CPCSEA).

Anti-inflammatory activity determination

The acute anti-inflammatory activity of
plumerin- R was evaluated using
carrageenan-induced oedema in rats
following the method described by Winter et
al [11]. The rat paw oedema was measured
with Mercury plethysmometer which had a
side capillary tube with graduation mark in
millilitre (ml). A mark was made on the right
hind paw of rats, just below the tibiotarsal
junction so that each time, the paw could be
dipped in the mercury column of the
plethysmometer up to the mark, to ensure
constant paw volume. The observations were
made from the capillary tube after dipping the
hind paw (up to the mark) of the experimental
rats in the mercury column. The paw volume
was quantitated by displacement (in ml) of
mercury by oedema.

The rats were divided into five groups of six
rats each. Group | served as control, received
normal saline (10 ml/kg, i.p.). Group Il served
as standard, received indomethacin (i.p.) at
dose of 10 mg/kg. Group I, IV and V served
as test, received plumerin-R ( i.p.) at doses of
20, 40 and 80 mg/kg respectively. After 30
min of treatment, 0.1 ml of 1 % carrageenan
solution was injected in the plantar region of
the right hind paw of rats. The paw volume
was measured at 1, 2, 3 and 4 h after
carrageenan injection. The difference
between the initial and subsequent reading
gave the actual oedema volume. Reduction
in paw volume compared to the control
animals was considered as anti-inflammatory
response.

Assessment of wound healing activity

The rats were divided randomly into four
groups of six rats each and inflicted with
excision wounds as described by Morton and
Malone [12]. The wound was created on
dorsal thoracic region. Before creation of
wound, the area was cleaned with soapy
water and disinfected with 70 % alcohol.
Under anesthesia of 1 ml ketamine
hydrochloride (i.p.) at a dose of 50 mg/kg
body weight, a circular excision wound (area:
300 mm®) was created using a sterile surgical
blade. The entire wound was left open.

The rats in the control group were treated
with hydrophilic ointment base while the
standard reference group received 0.2 %w/w
nitrofurazone ointment and the test group 0.5
%w/w plumerin-R ointment in hydrophilic
ointment base. The ointments were topically
applied once a day. The parameters
evaluated were wound closure and
epithelialization time. Wound closure was
monitored planimetrically by tracing the
wound margin on graph paper on the day the
wound was inflicted, and then on the 4", 8",
12", 16" and 20" day. The period of
epithelialization was calculated as the
number of days required for falling away of
the dead tissue remnants of the wound
without any residual raw wound.

Histopathological studies

Skin tissues were collected from the healed
skin of each group of rats and transferred to
10 % neutral buffered formalin (NBF) for 24 h
at 4 °C. The formalin-fixed tissues were
dehydrated with alcohol, cleared in xylene
and then embedded in paraffin wax (melting
point, 58 — 60 °C). Sections (5 to 7 ym) were
deparaffinized, stained with hematoxylin,
counterstained with eosin and examined
microscopically [13].

Statistical analysis

The experimental results were expressed as
mean = SEM. Data were analysed by one-
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way ANOVA using Sigma Plot software
(version 10). P values of < 0.05 were
considered as statistically significant.

RESULTS

Anti-inflammatory activity

Carrageenan-induced paw oedema was
significantly (p < 0.05) reduced by both
standard and test drugs compared to control
(Table 1). The maximum effect of plumerin-R
was seen in the dose of 80 mg/kg and anti-
inflammatory activity of plumerin-R in this
dose was compaeable to standard drug,
indomethacin (10mg/kg). The reduction in
carrageenan induced paw oedema by 20, 40
and 80 mg/kg of plumerin-R after 4 h were
21.6, 33.8 and 48.8% respectively, while
oedema reduction by indomethacin (10
mg/kg) at the same time was 58.0%.

Wound healing activity

The studies on excision wound-healing model
reveal that significant wound-healing activity
was observed in rats treated with 0.5 %
plumerin-R ointment (test group) and 0.2
%w/w nitrofurazone ointment (standard
group) compared with the control group.
There was a reduction in wound area from
day 4 onwards in both standard and test
drug-treated rats; also on subsequent days,
the closure rate was much faster than for
control rats (Table 2). The epithelialization

time of both standard and test groups was
significant compared with control.

Histopathology

The histopathological results (Figures 1, 2
and 3) revealed that on the 16" day, while
increased number of fibroblasts can be seen
in animals in the control group, the collagen
fibres are indistinguishable. Animals treated
with 0.2 %w/w nitrofurazone ointment
(standard group) revealed higher fibrosis and
well-formed collagen fibres. On the other

hand, animals treated with plumerin-R
ointment (test group) showed good
collagenization and fibrosis.

DISCUSSION

Carrageenan-induced inflammation is a
useful model to detect anti-inflammatory
agents. The development of oedema in the
paw of the rat after injection of carrageenan
is due to release of histamine, serotonin and

prostaglandin-like substances [14]. The
significant  anti-inflammatory  activity = of
plumerin-R (test drug) and indomethacin

(standard drug) observed in the present study
may be due to inhibition of the mediators of
inflammation such as histamine, serotonin
and prostaglandin [15]. This establishes the
efficacy of plumerin- R as an efficient
therapeutic agent in acute anti-inflammatory
conditions.

Table 1: Effect of Plumerin-R on carrageenan-induced rat paw edema (percent swelling in parenthesis)

Treatment Mean paw volume (ml)

1h 2h 3h 4h
Control 0.94 £0.05 1.03+ 0.07 1.06+ 0.04 1.06+0.06
(10ml/kg) (23.18%) _ (41.74%) (61.24%) (69.26%)
Indomethacin  0.33% 0.02 0.29+ 0.03 0.27+£0.02 0.25+.04
(10mg/kg) (13.56%) (21.32%) (27.22%) (29.11%)
Plumerin-R 0.71+0.07 0.64+ 0.04 0.57+0.06 0.56+ 0.08
(20mg/Kg) (20.36%) (87.54%) . (48.11%) | (54.29%)
Plumerin-R 0.62+0.05 0.44+0.08 0.42+0.02 0.39+0.04
(40 mg/Kg) (19.47%) (33.64%) (40.91%) (45.85%)
Plumerin-R 0.52+0.04 0.36 +0.04 0.33+0.01 0.31+0.02
(80 mg/Kg) (14.16%) (23.77%) (32.15%) (35.47%)

Note: Values expressed as mean + SEM; (n=6); *p < 0.05, **p < 0.01 compared to control
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Table 2: Effect of Plumerin-R ointment on the excision wound rat model

Group Wound closure (%) Epitheliali-
4"Day  8"Day  12"Day  16"Day 20" pay 22N (Days)

Control (Ointment 8.87+1.02 13.83+0.90 37.15+0.92 66.06+£0.76 90.92+0.44 21.4+0.8

Base)

Standard (0.2% 24.13+0.54 34.83+0.67 67.10+0.22** 92.01£0.41** 100 17.4+ 0.03**

w/w nitrofurazone

ointment)

Test (0.5% 7.57+1.14 17.33+0.79 50.7+0.55* 80.59+0.38** 100 18.3+ 0.2**

Plumerin-R

ointment)

Note: Values expressed as mean + SEM; (n=6); *p < 0.05, **p < 0.01 compared to control

Figure 1: Histopathology of healed tissue (16"
day) of control group animals, showing increased
number of fibroblasts and indistinguishable
collagen fibres (C = collagen fibre; FB = fibroblast)

Figure 2: Histopathology of healed tissue (16"
day) of standard group animals showing a high
level of fibrosis as well as well-formed collagen
fibres (C = collagen fibre; FB = fibroblast)

Figure 3: Histopathology of healed tissue (16"
day) of test group animals showing fibroblastic
proliferation and standard collagenization (C =
collagen fibre; FB = fibroblast)

Wound-healing or repair is a natural process
of regeneration of dermal and epidermal
tissue [16]. Wound contracture is a process
that occurs throughout the healing process,
commencing in the fibroblastic stage whereby
the area of the wound undergoes shrinkage
[17]. The proliferative phase is characterized
by angiogenesis, collagen deposition,
granulation tissue formation, epithelialization,
and wound contraction resulting in a smaller
amount of apparent scar tissue [18].
Following injury, inflammatory response
occurs and the cells below the dermis begin
to increase collagen production. Later, the
epithelial tissue is regenerated. It is well
known that stages in healing, namely
coagulation, inflammation, fibroblasts
formation and collagenization, are intimately
interlinked [19]. In the current study, topical
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application of plumerin-R ointment
significantly accelerated the rate of wound
healing. Histology of healed wound shows
comparatively less inflammatory cells and
more collagen. Enhanced healing activity has
been attributed to collagen formation.
Collagen plays a central role in the healing of
wounds, is a principal component of
connective tissue and provides a structural
framework for regenerating tissue [20].

CONCLUSION

The present study on protease, plumerin-R,
from the latex of Plumeria rubra Linn. has
demonstrated that it has significant anti-
inflammatory and wound-healing properties.
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