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Abstract-Background. The ethanolic and aqueous extract of C.aromaticus leaves and roots (100 mg kg™ day-
! for 10 days) were evaluated for its wound healing activity in Monosodium Glutamate induced diabetic
mice using excision and dead space wound models. Excision wound model was performed on five different
groups of mice to measure the progress of wound area for ten consecutive days. Dead space wound model
was performed on four different groups of mice to estimate wet and dry granulation tissue as well as to
examine the histological appearances of granulation tissue after ten days. Ethanolic extract treated wounds
was found to show 76.6% of wound area reduction when it is compared with controls that exhibited 55.9
% of wound area reduction. The ethanolic extract treated wound had epithelised faster compared to
controls. The wet and dry granulation tissue weight has increased significantly in extract treated mice when
it is compared with the controls. Extract treated mice exhibited good proliferation of collagen tissue with
satisfactory angiogenesis. Coleus aromaticus promotes significant wound healing in induced diabetic mice
and evaluation of this activity on human organism is highly suggested.

INTRODUCTION

Diabetes mellitus is a syndrome characterized by
chronic hyperglycemia and relative insulin
deficiency, resistance or both. Ten to fifteen percent
of diabetic patients develop foot ulcers at some stage
in their lives. Diabetic foot problems are responsible
for nearly 50% of all diabetes related hospital
admissions (Kumar and Clark, 2012). Wounds can
heal in patients with diabetes but healing may take
longer because the healing process is impaired and
it is prone to complications such as infection and
trauma which can eventually delay the healing
process. (Sharp and Clark, 2011)

Wound healing is a process to restore skin to a
state of soundness of any injury those results in an
interruption in the continuity of external surfaces of
the body (Mosby’s medical dictionary, 8" edition,
2008). The phases of normal wound healing include
hemostasis, inflammation, proliferation and
remodeling. Each phase of wound healing is distinct
although the wound healing process is continuous,
with each phase overlapping the next (Mackay and
Miller, 2003). Non healing wounds are one of the

significant problems in health care system all over
the world. Unlike other areas of health care, wound
management has not had the benefits of evidence-
based, standardized treatment and referral plans
with the current trend of medical technology
(Gotrup, 2003).

Earlier studies on traditional medicinal plants
revealed that the use of medicinal plants is
predominantly due to its low cost and sometimes it
is a part of their social life and culture (Muthu et al.,
2006). Many such medicinal plants have
hepatoprotective,  neuroprotective,  anti-
inflammatory and also antioxidant or radical
scavenging properties (Perry et al., 1999).

Coleus aromaticus Benth (Lamiaceae) also known
as Indian or country Oregano. (Pritima et al., 2010).
C. aromaticus Benth syn. Coleus amboinicus (Lour)
Spreng or Plectranthus amboinicus is traditionally
used to cure wounds. (Soni et al., 2011). It is large
succulent herb with aromatic leaves, found
abundantly in tropical countries (Revathi et al.,
2011). A dense shrub with a foetidscent, the flowers
white with the throat barred with red or yellow
(Kalaiarasan & John, 2011). The leaves are thick,
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succulent and juicy (Pritima et al., 2008) and it
emanates pleasant smell upon crushing or
squeezing.

C. aromaticus can improve wound healing
because it has immunostimulant property and it has
antimicrobial capability to fight against infection
that eventually increases the wound healing process
(Sunitha et al., 2010). It has high content of zinc
(mineral) which can facilitate wound healing. Its
anti-inflammatory effect will slow down the process
of inflammation and decreases the timeframe for the
inflammatory phase of wound healing and
eventually speeds up the process of wound healing
(Khare et al., 2011).

On the other hand, C. aromaticus has antibacterial
activity naturally to rally wound healing externally
which we can consider as to be the most essential
factor that can promote optimal wound healing.
(Pritima & Pandian, 2008) C. aromaticus also contains
various kinds of phytochemicals that are be found in
the roots, stems, buds, leaves, flowers and fruits
which can lower the blood sugar level and it aids in
the process of diabetic wound healing (Malathi et al.,
2011).

They are commonly used in cephalgia, otalgia,
anorexia, dyspepsia, flatulence, colic, diarrhea,
cholera, halitosis, convulsions, epilepsy, cough,
chronic asthma, hiccough, bronchitis, renal calculi,
vesical calculi, strangury, hepotopathy, malarial
fever and spasm. In Malaysia, bruished leaves are
applied to burns and their poultice on centipede and
scorpion bites. In Jawa, it is used to treat cracks at
the corner of the mouth (Patel et al., 2010). C.
Aromaticus, a Malay species has been cultivated
widely because of its antihelminthic activity
(Prameela & Oommen, 2011). Some researchers
reported that C. aromaticus has antioxidant activity
which is capable of preventing diseases. (Khare et al.,
2011). It exhibits its anticarcinogenic property and it
tends to defend tumour promoting activities.
(Rasineni ef al., 2008).

Since this herb has been used for ages
traditionally and effectively, it is presumed that side
effects should be less. Research has been done to
check the lethal toxic dose on the laboratory mice
and that credited greatest value for C. aromaticus
since minimal or no side effects were documented.
(Preeja et al., 2011)

C. aromaticus showed enhancement of wound
healing by the immunostimulation on the diseased
giant murrels with lesions and deformed fins at the
dorsal side and with reddish spot on the fifth day of

application (Sunitha et al., 2010). Improved wound
healing activity was observed on excision, incision
and dead space wound models with the use of
polyherbal suspension of C. aromaticus and Punica
granatum (Soni et al., 2011).

Anand K. Jain from G.R Medical College, India
has evaluated the wound healing activity of aqueous
extract of leaves and roots of C.aromaticus using
excisional wound model in albino rats in 2012 and it
was proven that ten percent ointment of aqueous
extract of root showed complete epithelialization
after 12 days (Jain et al., 2012)

The present study has been undertaken to
demonstrate wound healing activity of the leaf and
root extract of C.aromaticus in experimentally
induced diabetic mice by utilizing excision and dead
space wound models.

METHODS

The method of Chandrappa et al., (2010) was
adopted for the purpose of ethanolic extract
preparation. 50g of dried leaves and 50g of dried
roots of C. aromaticus were homogenized with
500mL of pure ethanol using mortar and pestle.
Homogenized mixture was centrifuged at 7000 rpm
for 10 minutes. Clear supernatant was concentrated
using rotary evaporator at 38° to 40°C. The extract
was dissolved in ethanol and kept at 4°C.

Dried extract was prepared according to the
method described by Nayak et al., 2007. 200 g of
leaves and roots were cleaned with distilled water
and it was homogenized using mortar and pestles
with 50 ml of distilled water until fine texture is
obtained. The mixture was then filtered using
muslin cloth. The filtrate was left aside for 48 hours
at room temperature. Finally the filtrate was oven
dried at 40°C to obtain dried extract.

The method of Babu et al., (2012) was adopted for
mice husbandry. Sprague Dawley with approximate
weight of 150-200 g was fed under normal ratio. The
mice were placed under optimum temperature (26-
34°C), good ventilation and illumination with low
light density. The mice was fed palatable (natural
ingredients diets which is composed primarily of
cereal grains which are supplemented with
additional proteins, vitamins and minerals),
uncontaminated diets that meet their nutritional and
physical needs at least daily. Foods and water was
protected from feces and urine contamination.
Bedding was used to absorb moisture, minimize the
growth of microorganisms and dilute and limit
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animal contacts with excreta. The mice were
protected from any source of infection. The animals
were randomly distributed into five groups of 5
each.

The method by Singh et al., (2011) was adopted to
induce diabetes in mice. Animals of groups 3, 4 and
5 were weighed and their fasting blood sugar levels
were determined prior to diabetic induction. Then
the animals were injected subcutaneously with 1 ml
water containing Monosodium Glutamate (MSG)
with dose level of 4 mg/g body weight for 6
consecutive days and the blood sugar level was
determined on the 28" day to confirm the diabetic
status of mice.

Method from Nayak et al, (2008) was adopted to
conduct excision wound model. Both sides of the
back were depilated and sterilized with alcohol
swab. The area of wound was outlined at the back
(circular area 300mm? with 2 mm thick) using sterile
stainless steel stencil. Excision wound was created
along the outlined margin after anesthesia. Animals
were divided into five groups. The normal controls
( group 1) were applied with Vaseline , experimental
controls ( group 2) were applied with the ethanolic
extract of C. aromaticus, diabetic controls ( group 3)
were applied with Vaseline, diabetic experimental
mice ( group 4) were applied with the ethanolic
extract and the positive controls ( group 5) were
applied with mupirocin ointment. The treatment
was done topically in all the cases. The ethanolic
extract was applied at a dose 100mg/kg/day twice a
day for 10 days. Feeding and husbandry were
continued as usual. Wound areas were measured on
every day using transparency sheet and permanent
marker. Recordings of the wound areas were
measured accurately using graph paper. The day in
which complete wound closure occurs were
observed and recorded. Comparison was done
among the groups. Results were documented.

Dead space wounds were created by implanting
sterile cotton pellets (10mg each), on both axilla and
groin on the ventral surface of each and every
mouse by using the technique adopted from Khan
et al., (2007). Mice were divided into four groups of
5 each. Group 1 animals (non diabetic mice) were
provided plain water orally, group 2 animals (non
diabetic mice) were provided with 100 mg kg™ day
! dried extract for 10 days, group 3 animals (diabetic
mice) were provided with plain water orally and
group 4 animals (diabetic mice) were provided with
dried extract 100 mg kg day" for 10 days. Since an
average mouse drinks approximately 110 mL of

water/kg/day, 100 mg of dried extract was dissolved
into 100 mL of drinking water. At the 10™ day of
wound, the sterile cotton pellets were removed
carefully under anesthesia. Wet weight of
granulation tissue was measured before it was dried
at 60°C for 12 hours to measure the dry weight of
granulation tissue. Additional piece of wet
granulation tissue was preserved in 10% formalin
solution for histological studies.

The means of wound areas were compared
between the groups using one way ANOVA
followed by Post Hoc Tukey-Kramer pairwise
comparison test. ANOVA analysis was used to
examine the mean differences in excision and dead
space wound model with P value less than 0.05 for
all the analyses.

RESULTS

Excision Wound Model

Wound Area

Significant increase in wound healing activity is
noted in extract treated mice (Table 1). In
comparison between Vaseline treated non diabetic
mice with C.aromaticus ethanolic extract treated non
diabetic mice, it is evidently shown that the
percentage of wound contraction is greater in
animals treated with extract (85.1%) on day 10. On
the other hand, comparison between the groups of
diabetic mice on day 10, it is proven that the
percentage of wound contraction is greater in
diabetic mice that were treated with ethanolic
extract (76.6%) and in diabetic mice that were
treated with modern antiseptic cream (76.2%).

When the percentage of wound contraction is
compared between diabetic and non diabetic mice, it
was noted that the percentage of wound contraction
in diabetic mice was found to be lesser than the non
diabetic mice. The highest percentage of wound
contraction was noted in non diabetic mice that were
treated with ethanolic extract of C.aromaticus
(85.1%). On the other hand, the lowest percentage of
wound contraction was noted in diabetic mice that
were applied with Vaseline (55.9%).

When diabetic mice that were treated with
ethanolic extract is compared with the diabetic mice
that were treated with modern antiseptic cream, it is
quite visible that both ethanolic and mupirocin has
approximately equal effect on wound healing.
However, ethanolic extract treated diabetic mice
show slight increase of wound contraction
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Table 1. Wound healing activity of C.aromaticus (excision wound model) in Monosodium Glutamate induced Diabetic

mice
Values are means from 5 animals in each group
Parameter Group 1 Group 2 Group 3 Group 4 Group 5
Wound area (mm?)
Day 1 286.2 (4.6%) 277.4 (7.5%) 292.4 (2.5%) 285.2 (4.9%) 287.4 (4.2%)

285.4 (4.9%)
269.8 (10.1%)
254.8 (15.1%)
227.6 (24.1%)
203.2 (32.2%)
182.2 (39.3%)
162.8 (45.7%)
146.4 (51.2%)

269.4 (10.2%)
214.4 (28.5%)
209.4 (30.2%)
176.4 (41.2%)
141.4 (52.9%)
114.8 (61.7%)
95.4 (68.2%)
82.2 (72.6%)

271.6 (9.5%)
239.6 (20.1%)
210.8 (29.7%)
178.8 (40.4%)
144.2 (51.9%)
117.4 (60.9%)
99.8 (66.7%)
84.4 (71.9%)

—~ o~~~

Day 2 271.4(9.5%) 250.2 (16.6%)
Day 3 243.4 (18.9%) 216.8 (27.7%)
Day 4 216.6 (27.8%) 183.4 (38.9%)
Day 5 182.8 (39.1%) 145.4 (51.5%)
Day 6 154.2 (48.6%) 117.6 (60.8%)
Day 7 125.8 (58.1%) 93.8 (68.7%)
Day 8 107.2 (64.3%) 74.6 (75.1%)
Day 9 89.8 (70.1%) 57.8 (80.7%)
Day 10 76.2 (74.6%) 44.8 (85.1%)

132.2 (55.9%) 70.2 (76.6%) 71.2 (76.2%)

compared to the modern antiseptic cream. (Fig. 1)
Inter comparison between the groups were made
using ANOVA (Table 2) from data collected from
Day 10 followed by Tukey Kramer post hoc tests to
compare each and every group with each other.
ANOVA confirms the presence of difference
between the groups. (P <0.05 and F > F critical).
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Fig. 1. Wound healing activity of C. aromaticus in
Monosodium Glutamate induced Diabetic mice

Post Hoc Tukey Kramer (table 3) shows
significant differences between Group 1 animals
(Non diabetic mice applied with Vaseline) with all
the other groups. There are differences between
Group 2 animals (Non diabetic mice applied with
ethanolic extract of C.aromaticus) with the rest of the
groups as well. Group 3 animals (Diabetic mice
applied with Vaseline) also show significant
differences with all the other groups of mice.
However, it was noted that there is no significant
difference between Group 4 (Diabetic mice applied
with ethanolic extract of C.aromaticus) and Group 5
(Diabetic mice applied with Mupirocin antiseptic
cream)

Epithelialization

Animals of Group 1 (Non diabetic mice applied
with Vaseline) showed complete epithelialization
after 17 days. Animals of Group 2 (Non diabetic
mice applied with ethanolic extract of C.aromaticus)
showed complete epithelialization approximately
after 12 days. Animals of Group 3 (Diabetic mice
applied with Vaseline) showed complete epitheliali-
zation only after 18 days. Group 4 (Diabetic mice
applied with ethanolic extract of C.aromaticus) and
Group 5 (Diabetic mice applied with Mupirocin
antiseptic cream) animals showed epithelialization
after 14 days. (Table 4)

ANOVA (Table 5) showed that there are diffe-
rences between the groups (P <0.05 and F > F
critical). Post Hoc Tukey Kramer (Table 6) shows
significant differences between Group 1 animals
(Non diabetic mice applied with Vaseline) with all
the other groups. There are differences between
Group 2 animals (Non diabetic mice applied with
ethanolic extract of C. aromaticus) with the rest of the
groups as well. Group 3 animals (Diabetic mice
applied with Vaseline) also show significant differe-
nces with all the other groups of mice. However, it
was noted that there is no significant difference
between Group 4 (Diabetic mice applied with etha-
nolic extract of C.aromaticus) and Group 5 (Diabetic
mice applied with Mupirocin antiseptic cream)

Dead space wound model

Dry and wet granulation tissue

A significant increase of wet and dry weight of
granulation tissue was noted in the animals that

were administered with dried extract orally
(Table 7).
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Table 2. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice (excision wound

model) at Day 10

ANOVA Single Factor
SUMMARY
Groups Count Sum Average Variance

77 4 304 76 3.333333

46 4 178 44.5 3

133 4 528 132 6.666667

71 4 280 70 0.666667

74 4 282 70.5 3
ANOVA
Source of Variation SS daf MS F P-value F crit
Between Groups 16642.8 4 4160.7 1248.21 1E-18 3.055568
Within Groups 50 15 3.333333333
Total 16692.8 19

Table 3. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (Post Hoc Tukey
Kramer Pair wise Comparison) — excision wound model

Group Group 1 Group 2 Group 3 Group 4
(Non diabetic mice (Non diabetic mice (Diabetic mice applied  (Diabetic mice applied
applied with applied with ethanolic with Vaseline) with ethanolic extract
Vaseline) extract of C.aromaticus ) of C.aromaticus)
Group 1
Non diabetic mice
applied with Vaseline
Group 2
Non diabetic mice significant
applied with ethanolic difference noted

extract of C.aromaticus

Group 3
Diabetic mice applied
with Vaseline

Group 4
Diabetic mice applied
with ethanolic extract

significant
difference noted

significant
difference noted

significant
difference noted

significant
difference noted

significant
difference noted

of C.aromaticus

Group 5

Diabetic mice significant significant significant no significant
applied with difference noted difference noted difference noted difference noted
Mupirocin antiseptic

cream

Histology Diabetes mellitus Type 2 (non insulin dependent)

Histopathological investigation shows an increased
collagen formation and satisfactory angiogenesis
with less fibroblast cells in extract treated animals
compared to its control.

DISCUSSION

Diabetes mellitus is a hyperglycaemic multisystem
disorder that affects the wound healing process.

can be considered as to be increasing in incidence
worldwide. Diabetes mellitus Type 2 commonly
affects the older generation who exhibits highest
risk of slow wound healing and wound infection
(Mousley, 2003).

Wound healing could be divided into four
different stages which is haemostasis, inflammation,
proliferation and maturation. Haemostasis is
characterized by haemorrhage, platelet activation,
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Table 4. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (epithelialization

day)
Epithelialization Day
group 1 group 2 group 3 group 4 group 5
mouse 1 16 12 18 14 13
mouse 2 17 13 18 14 15
mouse 3 16 12 19 13 14
mouse 4 18 13 18 14 14
mouse 5 17 12 19 15 15
Average 16.8 124 18.4 14 14.2

Table 5. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10

(epithelialization day)

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

16 4 68 17 0.666667

12 4 50 125 0.333333

18 4 74 185 0.333333

14 4 56 14 0.666667

13 4 58 14.5 0.333333
ANOVA
Source of Variation SS daf MS F P-value F crit
Between Groups 93.2 4 23.3 49.92857 1.71E-08 3.055568
Within Groups 7 15 0.466667
Total 100.2 19

Table 6. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10
(epithelialization day) — Post Hoc Tukey Kramer test

Group Group 1 Group 2 Group 3 Group 4
(Non diabetic (Non diabetic mice (Diabetic mice (Diabetic mice
mice applied with  applied with ethanolic applied with applied with ethanolic
Vaseline) extract of C.aromaticus ) Vaseline ) extract of C.aromaticus)
Group 1
Non diabetic mice
applied with Vaseline
Group 2
Non diabetic mice significant
applied with ethanolic  difference noted
extract of C. aromaticus
Group 3
Diabetic mice applied significant significant
with Vaseline difference noted difference noted
Group 4
Diabetic mice applied significant significant significant

with ethanolic extract difference noted

of C.aromaticus

difference noted

difference noted
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Table 6. Continued ...

Group Group 1 Group 2 Group 3 Group 4
(Non diabetic (Non diabetic mice (Diabetic mice (Diabetic mice
mice applied with  applied with ethanolic applied with applied with ethanolic
Vaseline) extract of C.aromaticus ) Vaseline ) extract of C.aromaticus)
Group 5
Diabetic mice applied significant significant significant no significant
with Mupirocin difference noted difference noted difference noted difference noted

antiseptic cream

Table 7. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (dry and wet
granulation tissue)

Wet granulation tissue (mg/100 g mouse)

Group 1 Group 2 Group 3 Group 4
member 1 100.5 153.4 90.3 166.2
member 2 101.5 152.4 90.8 165.8
member 3 100.9 151.9 91.2 164.9
member 4 101.6 153.1 92.2 164.8
member 5 102.3 154.1 90.7 163.8
average 101.36 152.98 91.04 165.1

Dry granulation tissue (mg/100 g mouse)

Group 1 Group 2 Group 3 Group 4
member 1 30.5 442 28.4 415
member 2 31.1 45.3 29.1 40.9
member 3 30.6 44.6 28.6 40.5
member 4 29.9 45.1 29.2 41.2
member 5 30.3 449 28.6 415
average 30.48 44.82 28.78 41.12

Table 8. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (wet
granulation tissue)

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Group 1 5 506.8 101.36 0.478

Group 2 5 764.9 152.98 0.737

Group 3 5 455.2 91.04 0.523

Group 4 5 825.5 165.1 0.88
ANOVA
Source of Variation SS daf MS F P-value F crit
Between Groups 20377.82 3 6792.606667  10378.31423 1.62E-26 3.238872
Within Groups 10.472 16 0.6545

Total 20388.292 19
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Table 9. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (dry granulation
tissue)

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Group 1 5 152.4 30.48 0.192

Group 2 5 224.1 44.82 0.187

Group 3 5 143.9 28.78 0.122

Group 4 5 205.6 41.12 0.182
ANOVA
Source of Variation SS daf MS F P-value F crit
Between Groups 931.228 3 310.4093333  1817.917033 1.79E-20 3.238872
Within Groups 2.732 16 0.17075
Total 933.96 19

Table 10. Wound healing activity of C.aromaticus in Monosodium Glutamate induced Diabetic mice at Day 10 (wet and

dry granulation tissue) — Tukey-Kramer test

Group Group 1 - Non diabetic Group 2 - Non diabetic Group 3 - Diabetic mice
mice with oral plain mice with oral extract with oral plain water
water administration administration administration

Group 1 - Non

diabetic mice with

oral plain water

administration

Group 2 - Non

diabetic mice with significant

oral extract difference noted

administration

Group 3 - Diabetic

mice with oral plain significant significant

water administration difference noted difference noted

Group 4 - Diabetic mice

with oral extract significant significant significant

administration difference noted

difference noted difference noted

complement cascade activation and blood clotting.
Inflammation can be characterized by cell
recruitment, phagocytises and debridement.
Proliferation can be characterized with the release of
cytokines, cell growth and activation,
neovascularisation and granulation tissue
formation. Maturation can be characterized by
wound contraction, wound closure, dissolution of
granulation tissue and remodelling. (Sharp & Clark
J, 2011)

Infection in a wound delays healing process and

they may cause wound breakdown, herniation of
the wound and complete wound dehiscence. The
control of wound infection has be more challenging
because bacteria have developed antibiotic
resistance that causes bacterial eradication becomes
unsuccessful and to a greater incidence of infections
caused methicillin resistant Staphylococcus aureus,
polymicrobial flora and fungi (Shittu et al.,2002)

C. aromaticus has been investigated by various
researchers to identify its medicinal importance in
the area of microbiology, reproductive medicine,
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wound healing and others. Phytochemical
constituents of C.aromaticus may have contributed
towards its achievements in the area of traditional
medicine. Phytochemical screening and qualitative
estimation of the crude yields of chemical
constituent of the plants showed that leaves and
stems of C. aromaticus (Benth) consist of alkaloids,
tannins and saponins. These phytochemicals
exhibits impressive medicinal values. Tannins
demonstrates antimicrobial activity preventing the
development of microorganisms and it causes the
precipitation of microbial proteins and inhibiting
the availability of nutritious proteins to microbes
(Ramya et al., 2012)

C. aromaticus has been reported to contain
vitamin C and flavonoids that has free radical
scavenging activity which helps to reduce lipid
peroxidation by preventing cell necrosis or cell
death by improving vascularity. C. aromaticus is
capable of increasing viability of collagen fibrils and
the strength of collagen fibres by improving
circulation and promoting DNA synthesis. (Jain et
al., 2012). Evaluating the chemical patterns of
C.aromaticus in the above mentioned studies could
be useful to justify the undebatable strength of this
unique plant in the process of wound healing.

Topical administration of C.aromaticus improved
wound healing as earlier as at the 5™ post wounding
day. Ethanolic extract had improved wound
contraction and it helps in reducing the
epithelialization period up to 12 days and its activity
is incomparable with mupirocin the modern
antiseptic cream. Restoration of the epidermis layer
can be done via epithelialization and obviously this
could be used as one the best parameter to indicate
quality of wound healing. In regards with that, C.
aromaticus possesses significant wound healing
activity as evidenced by the significant increase in
the rate of wound contraction and decreased period
of epithelialization (Jain et al., 2012).

Due to its intrinsic and unique quality as well as
its wide approach of use the traditional medicine
becomes tolerable and affordable and it serves an
important function to be the best alternative
medicine continuously and it is being broadly used
to solve medical related issues and problems
especially in remote or rural areas. Modern health
care system alone could not meet the health care
need of the entire population of the world. In
conjunction with this, World Health Organization
(WHO) had launched the policy of urging its
member’s states to promote and integrate traditional

medicine into their modern health care system
(Tolera et al., 2011). In this study, C. aromaticus has
demonstrated almost equal activity of wound
healing in comparison with the modern antiseptic
cream as proven by the results documented thus it
helps the progress of herbal treatment in the area of
wound healing and this eventually fulfils the
expectation of WHO to incorporate traditional
medicine into current trend of modern medicine.

Collagen is the major protein of extracellular
matrix that forms granulation tissue and it is a
component that ultimately contributes to wound
strength (Manjunatha et al., 2005). Granulation
tissue is a term used to describe the new wound
matrix which is composed with collagen fibres and
an extracellular substance which is called as ground
substance. The condition of granulation tissue is
often used as a tool to estimate the condition of the
wound and how wound healing progresses
(Flanagan, 2000). Collagen constitutes more than
fifty percent of the protein in scar tissue and its
production is quite important for the healing
process to accomplish. Fibroblast is responsible for
the production of collagen fibres thus it promotes
protein regeneration. (Monaco & Lawrence, 2003).
In the reparative dermis, fibroblasts and endothelial
cells are the most prominent cell types present and
support capillary growth, collagen formation, and
the formation of granulation tissue at the site of
injury (Guo & DiPietro, 2010). The granulation
tissue of the wound is basically composed of
fibroblast, collagen, and small new blood vessels.
The undifferentiated mesenchymal cells of the
wound margin modulate themselves into fibroblast,
which start migrating into the wound gap along
with the fibrin strands (Nayak et al., 2006). Since the
study of dead space wound model shows increased
proliferative level of wet and dry granulation tissue
in extract treated animals in comparison with the
control groups, we could suggest the presence of
wound strength in extract treated animals due to
increased level collagen synthesis and deposition
that evidently proves the efficiency of C.aromaticus
to promote wound healing and to accomplish
wound repair within the short period of time.

Non healing wound is also biologically
characterised by prolonged inflammation, defective
re-epithelialization and impaired matrix
remodelling (Edwards & Harding, 2004). Healing
abnormalities are often associated with collagen
deposition aberrations. (Monaco & Lawrence, 2003).
Histological investigation of granulation tissue from



636 KALESWARE ET AL.

the extract treated animals demonstrated increased
collagen deposition with reduced inflammatory
cells. Delayed wound healing is often related to
imbalanced state of wound healing stages that
prevents progression from one phase to another
phase. Chronic leg ulcers are stuck in the phase
known as early inflammation (Collier, 2003).
Reduced inflammatory cells that have been noted in
the histological studies could suggest that
inflammatory phase is not prolonged in extract
treated animals. Since histological study shows less
inflammatory cells with increased collagen cells, this
can be used to suggest that extract decreases
inflammatory cells and increases the rate of
progression from one phase of wound healing to
another. That is to say that the wound healing has
progressed from the inflammatory phase to the
proliferative phase and thus it can progress quite
quickly into the stage of maturation, the final stage
of wound healing.

CONCLUSIONS

The present study demonstrates that C.aromaticus
extract that were applied topically promotes wound
healing, increases wound contraction, enhance
collagen deposition and reduces wound
epithelialization period in monosodium glutamate
induced diabetic mice where wound healing is
delayed.
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