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ABSTRACT

Objective: Wound healing potential of a polyherbal ointment (PHO) prepared from Cordia obliqua Willd., Loranthaceae family (L.f) Ettingsh., and
Vigna radiata Linn. has been evaluated, preclinical studies were carried out using albino rats as experiment models.

Methods: Animals were divided into six groups, each group comprised of 6 rats. Groups I, II and III were normal excision wounded rats
that were categorized as normal untreated, PHO treated and standard ointment treated, respectively. Groups IV, V and VI were induced with
diabetes using alloxan monohydrate (150 mg/kg bw.; i.p single dose) and grouped into diabetic untreated, PHO treated and standard ointment
treated, respectively. The PHO was prepared using aqueous extracts of plants in equal proportion with simple ointment base (15% w/w).
The physical, biochemical, and enzymatic parameters studied were rate of wound contraction, ascorbic acid, hydroxyproline, hexosamine,
superoxide dismutase (SOD), lipid peroxide (LPO), serum protein, granulation tissue protein, serum glucose, DNA, RNA, platelet, and white blood
cells.

Results: The excision wounded animals treated with PHO showed a higher rate of contraction and epithelialization during the treatment period.
Group II showed 100% and Group V showed 90% wound contraction at the end of experimental period. Hydroxyproline, hexosamine, ascorbic acid,
tissue protein, DNA, RNA levels and SOD activity were increased significantly (p<0.05), LPO, platelet and serum protein level were decreased with PHO
treated groups compared to control and standard groups.

Conclusion: This study substantiates the traditional claims of plants prepared as PHO possessing significant wound healing promoting activity and
provides scientific evidence to the ethnomedicinal property of plants in healing wounds.
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INTRODUCTION

Diabetic patients are more susceptible to delayed wound healing.
Wound infection rate was found to be 11% higher in diabetic patients
than in general patient’s population [1]. Diabetic wounds are chronic
wounds or lesions that take long time to heal, fail to heal or recur.
All the phases of healing process such as inflammation, proliferation,
maturation, and reepithelialization are disrupted in diabetes
mellitus [2]. Many drugs used currently are expensive and may also
have side effects on prolonged usage. These forced researchers to
search drugs, which are inexpensive, safe, biodegradable, have less
side effects and which will be able to act for longer periods before
resistance sets in. More than 80% of the world’s population still
depends on traditional medicines for various skin diseases [3,4].
A large number of plants are used by folklore traditions in India for
treatment of cuts, wounds, and burns and also ethnic drugs have been
the new source of drugs for various other critical ailments. Herbal
medicines used to treat wounds provide disinfection, debridement,
and a moist environment to encourage the establishment of the
suitable environment for natural healing process [5]. Plant-based
extracts and ointments used for external application are safe and
enhances the regeneration of the tissues. Herbal ointments with a
combination of few medicinal plants help to improve skin texture,
regenerate death tissue, purities, and healing effects of wounds [6].
This investigation aims in evolving an effective polyherbal ointment
(PHO) using Cordia obliqua Willd., Dentophote falcate (L.f) Ettingsh.,
and Vigna radiata Linn., belonging to the family of Boraginaceae,
Loranthaceae, and Fabaceae.

METHODS

Collection of plant material

Plant materials used for this study were collected from Kondayampatti
in Madurai. The materials were identified and authenticated by
Taxonomist Rev. Fr. Dr. John Britto, Director, Rapinat Herbarium,
St. Joseph'’s College, Tiruchirappalli, Tamil Nadu, India.

PHO preparation

The extract ointment was prepared from the C. obligua Willd,
D. falcate (L.f) Ettingsh., and V. radiata Linn. mixed with the
concentration of 15% of (w/w) using simple ointment base. The plant
materials were shade dried and ground into coarsely powder using
electrical blender. It was then passed through a sieve of 80 mesh size.
The plants were mixed in the ratio of 6:6:3, respectively.

e Petroleumgel: -20 g

e Whitewax:-5g

e (. obliqua Willd.: -6 g (bark)

e D falcate (L.f) Ettingsh.: -6 g (leaf)

eV radiata Linn.: -3 g (seeds)

Boiled the wax removed from heat and added the petroleum gel and
plant materials to the mixture. Stirred continuously until ointment
consistency was obtained and used for treating wounded animals.

Experimental animal
Healthy adult Wistar strain of albino rats of either sex, weighing 150-
200 g were used as experimental models. Animals were kept in well-
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ventilated cages and fed with standard rat chow pellet obtained from

Sai Durga Food and Feeds, Bangalore, India, and water ad-libitum. All the

studies were conducted according to the ethical guidelines of CPCSEA

after obtaining necessary clearance from the committee (approval

No: 790/03/ac/CPCSEA). The rats were divided into six groups each

containing of six animals.

Group I:  Excision wounded animals without treatment

Group II: Excision wounded animals treated with PHO (0.5 g) for 14 days

Group III: Excision wounded animals treated with standard drug (SD)
soframycin ointment (0.5 g) for 14 days

Group IV: Diabetic excision wounded animals without treatment

Group V: Diabetic excision wounded animals treated with PHO (0.5 g)
for 14 days

Group VI: Diabetic Excision wounded animals treated with standard
drug (SD) bactibade ointment (0.5 g) for 14 days.

Excision wound

An excision wound was created on the dorsal side of rats. The dorsal
side of rats was shaved with a razor blade. Excision wound of size 2 cm
areas of skin in length, 0.2 cm in depth were created using surgical
scissors [7]. Hemostasis was achieved by blotting the wound with
cotton swab soaked in normal saline. After 2 hrs, the dead tissue was
excised and the treatment was started. All the rats were given regular
dressing changes and kept for observation.

Induction of diabetes in rats

Diabetes mellitus was induced in a batch of normoglycemic albino rats,
starved for 16 hrs, 150 mg/kg body weight of alloxan monohydrate
was dissolved in physiological saline and injected intraperitoneally [8].
This dose of alloxan produced persistent hyperglycemia after 4 days as
revealed by determination of urine sugar levels by BQR method. The
diabetes-induced rats were chosen and grouped for further studies.

Measurement of wound contraction [9]

An excision wound was traced by following the progressive changes in
wound area planimetrically, excluding the day of wounding. The size
of wounds was traced on a transparent paper in every day, throughout
the monitoring period. The tracing was then shifted to graph paper,
from which the wound surface area was evaluated. The evaluated
surface area was then employed to calculate the percentage of wound
contraction, taking initial size of wound, 200 mm?, as 100%, using the
following formula:

Initial wound size — Specific day
wound size

% wound contraction= — - x100
Initial wound size

Determination of wound contraction

The rate of wound contraction was determined by the reduction in
wound size. The wound site was measured regularly by tracing wound
site with trace paper and measured graphically. The standard deviations
and mean deviations were given in cm [10].

Biochemical parameters

For estimations of hydroxyproline and hexosamine, the acid
hydrolysate of the dry tissue samples was used [11,12]. Granulation
tissues were extracted with 5% trichloroacetic acid and incubated
overnight with 10% perchloric acid. They were centrifuged after
incubated and washed with 5% perchloric acid. The precipitate was
dissolved in warm 10% perchloric acid and the DNA and RNA contents
were measured. Blood glucose content serum and tissue protein were
also estimated [13-16].

Antioxidant assay and hematology studies

The granulation tissue was excised from the animals, rinsed in ice-cold
normal saline, they were homogenized, using appropriate buffer. Lipid
peroxidation was determined by analyzing the levels of thiobarbituric
acid reactive substances, superoxide dismutase (SOD), the activity of
ascorbic acid, white blood cell (WBC), and platelet count [17-21] were
also assayed.
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Statistical analysis

Experimental data were expressed as meantstandard error of mean.
Statistical analysis was performed using analysis of variance between
PHOs treated with control groups. Data were considered to be
significant at p<0.05.

RESULTS AND DISCUSSION

The results of preliminary phytochemical screening of drug powder and
aqueous extract of plants revealed the presence of flavonoid, alkaloid,
sugar, coumarin, and quinine in D. falcate (L.f) Ettingsh. Flavonoid,
phenolic compound, and coumarin presentin C. obliqua Willd. Flavonoid
and alkaloid were present in V. radiata Linn. Flavonoids have been
documented to possess potent antioxidant and free radical scavenging
effect, which is believed to be one of the most important components
of wound healing [22]. They are responsible for wound contraction
and increased rate of epithelialization [23]. Presence of flavonoids and
alkaloids in plants under study attributes to its healing potential.

Table 1 shows the effect of PHO on normal and diabetic excision wounded
models. Rate of wound contraction in untreated, PHO and SD treated
normal and diabetic rats on 0%, 7" and 14* day clearly substantiated by
Fig. 1. Percentage wound contraction was found to be greater in PHO
treated normal excision wounded rats (Group II - 100%) compared to
diabetic excision wounded PHO treated rats (Group V - 90%). Wound
contraction rate was delayed in diabetic rats compared to normal
(nondiabetic) rats [24]. Diabetes can produce many molecular and
cellular abnormalities such as connective tissue abnormality including
loss of tissue integrity, weak tensile strength, and decreased elasticity.
In diabetic patient decrease in collagen content of cutaneous layer of
skin can generate impaired and nonhealing abnormalities in wound
area [25]. However, PHO under study enhanced wound contraction in
diabetic wounded rats compared to untreated diabetic rats (Group IV).

Table 2 depicts the levels of hydroxyproline, hexosamine, protein,
glucose, DNA and RNA in the granulation tissues of control and
treated groups of normal and diabetes-induced experimental models.
Increased hydroxyproline content indicated the increased collagen
synthesis, regeneration, and repair of wounded tissues. Collagen as a
principal extracellular protein is indispensible for the development of
granulation tissue and healing process. Collagen plays a vital role in
the hemostasis in addition provides integrity and strength to the tissue
matrix [26]. Animals applied with PHO showed profound increase
in the level of hydroxyproline and hexosamine thereby might have
contributed in rapid collagen formation and wound healing.

Hexosamine as matrix molecule; forms ground substrate for the
synthesis of new extracellular matrix. It concludes increase in the levels
of these components during the early stages of wound healing [27].
Increased hexosamine content reflects the stabilization of collagen
molecule by enhancing electrostatic and ionic interaction [28].

Treatment with PHO (Groups II and V) increases the tissue and serum
protein level compared with control (I and IV) and reference (III and VI)

Table 1: Rate of wound contraction on post wounding days

Groups 0t day 7% day 14" Day Final day wound
contraction in
percentage

Group | 2.0£0.03 1.4£0.06  0.8£0.02 60

Group II 2.0+£0.03* 1.1+0.04* 0.0£0.01* 100*

Group III  2.0+0.04 1.3+0.03 0.5+0.02 75

Group IV 2.0+0.03 1.6+0.02 1.0+£0.01 50

GroupV  2.0£0.03* 1.1+0.02* 0.2+0.01* 90*

Group VI 2.0£0.02 1.5£0.02 0.6+0.02 30

Values are expressed as mean+SEM. n=6, *p<0.05 when compared
PHO treated (Groups Il and V) with control groups (Groups I and IV).
PHO: Polyherbal ointment, SEM: Standard error of the mean
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0th Day

Group I - Normal Excision Control

Group V - Diabetic Excision PHO Treated

Group VI - Diabetic Excision SD Treated

-
-
L ]

7t Day 14% Day

Fig. 1: Wound contraction on post wounding days

Table 2: Effect of polyherbal ointment on biochemical parameters

Groups Hydroxyproline (mg/g) Hexosamine (mg/g) Tissue Serum Serum DNA (mg/g) RNA (mg/g)
protein (mg/g) protein (mg/dl) glucose (mg/dl)

[ 37.46+6.41 6.8+0.41 0.6+0.02 14+1.02 95+7.62 2.5+0.41 1.51+0.41

I1 51.29+4.14* 15.6+1.04* 1.2+0.10* 19+1.54* 97+8.41* 5.0+0.72* 3.14+0.32*

11 44.14+4.56 11.6+0.96 0.8+0.07 17+1.28 90+7.32 3.5+0.46 2.5+0.16

v 29.58+5.11 5.2+0.51 0.6+0.02 16+2.03 182+10.41 2.5+0.31 2.1+0.42

\' 42.56+6.21* 8.8+0.64* 1.0+0.06* 20+2.51* 189+12.46* 6.5+0.32* 4.01+0.45*

VI 32.07+5.37 7.1+0.52 0.8+0.05 18+2.01 180+13.14 5.0+0.41 3.41+0.31

Values are expressed as mean+SEM. n=6, *p<0.05 when compared PHO treated (Groups II and V) with control groups (Groups I and IV). PHO: Polyherbal ointment,

SEM: Standard error of the mean

wound models. Proteinisanindispensible componentofthe inflammatory
process, in the immune response and in the development of granulation
tissue [29,30]. Concomitant with this there was an increase in the protein
content signifying effective synthesis and deposition of matrix proteins in
the granulation tissues (Groups II and IV) animals (Table 2).

The level of glucose is maintained normal in Groups I, II and III rats.
On induction with alloxan, the blood glucose levels were increased in
Groups IV, V and VI rats. Diabetes mellitus produces many molecular

and cellular abnormalities such as connective tissue abnormality
resulting in loss of tissue integrity, weak tensile strength, and decreased
elasticity attributing to poor wound healing. To evaluate the effect
of PHO in diabetes-induced wounded rats, the level of glucose was
estimated and it was found to be maintained higher throughout the
experimental period [25].

PHO treated Groups Il and V showed increased level of DNA and RNA
content (Table 2) demonstrating the rapid tissue repair and proliferation
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Table 3: Effect of polyherbal ointment on antioxidant assay and hematology studies

Groups SOD (u/mg) LPO (u/mg) Ascorbic acid (mg/dl) WBC (thousand cells/cubic mm) Platelet (lakh cells/cubic mm)
I 6.92+0.21 5.55+0.61 0.94+0.02 9.45+0.76 2.83+0.52

11 10.15+0.21* 3.99+0.42* 2.84+0.09* 5.70+0.82* 1.87+0.43*

11 7.41+0.34 4.58+0.61 1.41+0.07 9.95+0.42 2.06+0.35

Y% 7.14+0.86 6.55+0.74 0.72+0.06 7.55+0.54 2.69%0.71

\ 10.89+0.76* 4.16+0.29* 2.14+0.05* 5.55+0.62* 0.96+0.52*

VI 8.04+0.64 5.19+0.32 1.02+0.05 6.45+0.49 1.34+0.41

Values are expressed as mean+SEM. n=6, *p<0.05 when compared PHO treated (Groups II and V) with control groups (Groups I and IV). PHO: Polyherbal ointment,
SEM: Standard error of the mean, SOD: Superoxide dismutase, LPO: Lipid peroxide, WBC: White blood cell

compared to reference ointment (11l and VI) treated groups. The increased
synthesis of DNA, RNA, and protein is responsible for the formation
of granulation tissue in response to injury [31]. Significant increase
(p<0.05) in DNA and RNA levels in PHO treated animals (Group II)
showed enhanced regeneration of tissue and rapid wound contraction.

Table 3 shows the antioxidant activity of PHO. The levels of lipid peroxide
(LPO) were found to be lowered and the activities of SOD were increased
in PHO treated animals, WBC and platelet count were also studied. There
was a significant (p<0.05) decrease in the LPO level and marked increase
in activity of SOD in the PHO treated groups (Il and V) when compared
to control (I and IV) and reference ointment (III and VI) groups. This
indicates the antioxidant activity of plant in the PHO. The increased
activity of SOD content was observed in diabetic excision model compared
with normal excision models, which may be due to induction of diabetes.

The ascorbic acid level was increased (p<0.05) profoundly in the PHO
treated groups Il and V when compared with control groups I and IV.
Ascorbic acid an antioxidant, which can eradicate chained radical
reactions by being as a strong electron and proton donor on interactions
with free radicals [2]. This was evidenced from profound increase in
ascorbic acid level in groups Il and V animals.

Tissue injury causes ROS production and lipid peroxidation. Healing
process in initiated, LPO level decreases due to increase antioxidant
enzyme and repair mechanism. Any drug that increases antioxidant
activity contributes significantly in healing process. PHO also enhanced
antioxidant status and thereby tissue repair mechanism.

WBC scavenges tissue debris and dead cells from the site of the injury
and favors rapid wound healing [32]. Platelets aggregation stimulates
fibroblast proliferation and reduces the healing time. Platelet also
releases substances that promote tissue repair and influence processes
such as angiogenesis, inflammation, and immune response [33].

In this investigation, the total WBC and platelet count on post wounded
day (14™) showed that there was a decrease in the level in PHO treated
groups (Il and V) compared to control groups (I and IV) and reference
ointment treated Groups III and VI. In PHO treated groups as healing
processis completed, the level of WBC resumes to normal butin untreated
Groups I and IV as healing process was continuing WBC count was found
to be more. Increased level of platelet in untreated groups (I, IlI, V and
VI) showed the clotting of blood and remained in unhealed conditions.

CONCLUSION

The selected plant source contributed significantly toward the rapid
healing process through enhanced wound contraction, rapid rate
of collagen synthesis and activated antioxidant system. Thus this
study suggests that the C. obliqua Willd., D. falcate (L.f) Ettingsh., and
V. radiata Linn., extract provides a cumulative effect on the healing of
the normal and also diabetic wounds.
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