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ABSTRACT: The methanol extract of Corchorus olitorius leaves was subjected to antioxidant activity
using 1,1-diphenyl-2-picryl hydrazyl radical (DPPH) assay and Ferric Reducing Antioxidant power
(FRAP) assay. The extract exhibited a high degree of antioxidant activity. From the FRAP assay
absorbance increased with increasing concentration of plant extract indicating a strong reduction
potential of the plant. Phytochemical screening on both methanol and aqueous extracts revealed the
following constituents’ common to both solvent extracts except alkaloids which were absent in the
methanol extract: Alkaloids, terpenoids, tannins, flavonoids, cardiac glycosides. The plant powder and
aqueous extracts were taken through screening for wound healing activity by excision model. Both the
powder and the aqueous extract showed significant activity when compared with control and standard.
Percentage of wound contraction on 18th day was found to be 100% for the powdered plant ointment,
5% powdered plant ointment and100mg/ml aqueous extract respectively. The results have significantly
demonstrated the wound healing activity and the antioxidant activity of the leaves of Corchorus
olitorius.
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INTRODUCTION

A wound is defined as a break in the epithelial lining of the skin and may be accompanied by disruption of
the structure and function of the underlying tissue (Omale et al., 2010). Wounds are inescapable events in life.
Wound may be caused by physical, chemical, thermal, microbial or immunological insult to a body tissue. Wound
infection is one of the most common diseases in developing countries like Ghana because of poor hygienic
conditions (Ayyanar et al., 2006). Wound infection is a major complication of injury and it accounts for 50-75 % of
hospitalized deaths (Mokadas, 1998 as cited in Pirbalouti et al., 2012). Wounds are prone to infections and other
complications. Infected wounds are those in which the wound area is contaminated by bacteria, which can cause
suppuration or shedding of tissue. According to the World Health Organization (WHO, 2010) 5 to 7 million people in
North America annually battle with chronic or complex wounds. Similarly, in Ghana 273,346 (1.64 %) of the general
population suffer one or more forms of open wounds (Driscoll, 2009).

Many of the conventional wound healing drugs currently used for treating wounds are not only expensive
but also pose problems such as many side effects, toxic effects, allergy and drug resistance. Most of the synthetic
wound healing drugs are expensive. This situation makes it difficult for most people to afford, especially in a
developing country like Ghana where the per capital income is very low. Non-treatment of wounds due to high cost
of drugs can aggravate the individual’s condition and can lead to death at worst.

Additionally, most of these synthetic wound healing drugs have in one way or the other proved to be
ineffective (Karukonda et al., 2000). Recent research findings indicate that, most of the bacteria which cause wound
infection are showing resistance to the synthetic drugs and since these drugs cannot stop the growth or activity of
these pathogens it renders the drug inappropriate for the treatment of wounds. It is also worthy to note that most of
the synthetic wound healing drugs have been reported to show allergy in some patients (World Union of Wound
Healing Societies, 2004). Because of this condition, the drug fails to achieve the desired effect.

Efforts are being made worldwide to discover newer drugs that can promote wound healing with minimal
side effects and to reduce the cost of hospitalization and management of complications.
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In the face of the many problems associated with conventional wound healing medications, many medicinal
plants have been reported for their potential in the treatment and management of wounds. These include Aloe vera,
Azadirachta indica, Carica papaya, Celosia argentea, Centella asiatica, and Cinnamomum zeylanicum which have
all being reported for their wound healing potential (Dash et al., 2011; Kumar, 2007; Omale et al., 2010). According
to literature, 70 % of the wound healing drugs are of plant origin, 20 % of mineral origin, and the remaining 10 %
consisting of animal products, but those of plant origin are most effective (Ayyanar et al., (2006); Ayyanar &
Ignacimuthu, 2009; Biswas & Mukherjee (2003)).

Medicinal plants are known to induce wound healing and regeneration of injured tissues by multiple
mechanisms, one of such is Corchorus olitorius however there is not much scientific information regarding its
wound healing activity. There is the need for scientific investigation and safety evaluation of plant medicines used in
folklore before they could be recommended for use (Bennet, 1988). It is in the light of the above that, the present
study sought to evaluate the wound healing activity of C. olitorius commonly known as “jute” a native plant used
commonly as vegetable in Ghana and extensively used by many Ghanaian tribes for managing wounds.

It is also believed that, in wound healing, antioxidants counter the excess proteases and reactive oxygen
species (ROS) often formed by neutrophil accumulation in the wounded area and protect protease inhibitors from
oxidative damage. Fibroblasts and other cells may be killed by excess ROS and skin lipids will be made less
flexible. Antioxidants substances reduce the possibility of these adverse events occurring hence appear to be
important in the successful treatment of wounds (Houghton et al., 2005). Compounds with high radical-scavenging
capacity have been shown to facilitate wound-healing (Suntar et al., 2012). The present study also attempts to
investigate the antioxidant potentials of the plant.

MATERIALS AND METHODS

Plant Collection, Identification, Authentication and Treatment

The leaves of C. olitorius were collected from Amamoma, a suburb of Cape Coast, Ghana. The plant was
identified and authenticated by Mr. Isaac Otoo of the herbarium unit of the School of Biological Sciences, University
of Cape Coast, Ghana, where a voucher specimen (SBS/UCC/H 306) was deposited. The leaves were washed and
air-dried for three weeks. The dried leaves were milled into fine powder using Vivekanada Madras Mill (U.S.A) and
a blender (Chefman, England, 1985).

Preparation of Methanol and Aqueous Extract

A mass of 20 g of the powdered sample was cold macerated with 40 ml of 70 % methanol. The cold
macerate was filtered (Whatman filter paper, No 1). The filtrate was concentrated to remove the solvent under
reduced pressure at 35-45°C using rotavapor. The resultant semi dried extract was placed in a dessicator for three
days to further dry the sample. The dried extract was weighed which gave a percentage yield of 20.5 %. The same
procedure was followed to obtain the aqueous extract (10.2%).

Phytochemical Screening

Both the aqueous and methanolic extracts were subjected to phytochemical screening using standard
techniques of phytochemical analysis as described briefly below (Sofowora, 1993; Harbone, 1998; Trease & Evans,
1989):

Alkaloid detection was carried out by extracting 1 g powdered sample with 5 ml methanol and 5 ml of 2 M
HCI; and then treating the filtrate with Mayer's and Wagner's reagents. The samples were scored positive on the
basis of turbidity or precipitation. Flavonoids were tested for by heating 1 g powdered sample with 10 ml ethyl
acetate over a steam bath (40 - 50°C) for 5 minutes; filirate was treated with 1 ml dilute ammonia. No yellow
colouration demonstrated negative test for flavonoids while the vice versa demonstrates positive test. The presence
of tannins was confirmed by diluting 1.0 ml of the alcoholic extract with 2.0 ml of distilled water, followed by addition
of 3 drops of 5 % FeCl; to the filtrate. Development of greenish blue colouration was taken as positive for the
presence of tannins. Saponins were determined by boiling 1 g powdered sample in 10 ml distilled water for 15
minutes and after cooling, the extract was shaken vigorously to record froth formation. Cardiac glycosides were
identified by extracting 2 g sample in 10 ml methanol. Five ml of this methanolic extract was treated with 2 ml
glacial acetic acid containing 1 drop of 5 % FeCls solution. This solution was carefully transferred to surface of 1 ml
concentrated H,SO,. The formation of reddish brown ring at the junction of two liquids was indicative of
cardenolides / cardiac glycosides.
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Anti oxidant activity by DPPH free radical scavenging method

Antioxidant activities of C. olitorius were studied by DPPH free radical scavenging method.

The crude methanol extracts of the plants were screened for DPPH radical Scavenging activity. DPPH
radical scavenging activity was measured according to the method of Braca et al., (2003) and Rajeswara et al.,
(2012) with little modification. Extract solutions were prepared by dissolving 0.05g of dry extract in 50ml of
methanol. An aliquot of 2ml of 0.004% DPPH solution in methanol and 1ml of plant extract in methanol at various
concentrations (200, 400 and 800ppm) were mixed and incubated at 25°C for 30 min. and absorbance of the test
mixture was read at 517nm using a spectrophotometer (T 70 UV-VIS Spectrometer, PG Instruments Ltd) against a
DPPH control containing only 1 ml of methanol in place of the extract. The DPPH solution in methanol was
prepared daily before the absorbance measurements. DPPH is a purple coloured stable free radical. When reduced
it becomes the yellow colored Diphenyl picryl hydrazine. All experiments were performed thrice and the results
were averaged. Ascorbic acid was used as a standard (James et al., 2008 and Ramnik et al., 2008). Percent
inhibition was calculated using the following expression:

% Inhibition = (Ablank - Asample /Ablank) x 100
Where Apiank and Asampie Stand for absorption of the blank sample and absorption of tested extract solution
respectively.

Ferric Reducing Antioxidant Power Assay (FRAP)

The reducing antioxidant power of plant methanolic extracts was determined by the method of Oyaizu,
(1986). Different concentrations of plant extracts (250 — 1000 ppm) in 1 ml of distilled water were mixed with
phosphate buffer (3.0 ml, 0.2 M, pH 6.6) and potassium ferricyanide [KsFe(CN)g] (2.5 ml, 1%). The mixture was
incubated at 50°C for 20 min. Then, 2.5 ml of trichloroacetic acid (10%) was added to the mixture, which was then
centrifuged for 10 min at 3000 rpm. The upper layer of solution (2.5 ml) was mixed with distilled water (2.5 ml) and
FeCls (0.5 ml, 0.1%). The absorbance was measured at 700 nm against a blank using UV-Vis spectrophotometer (T
70 UV-VIS Spectrometer, PG Instruments Ltd). Increased absorbance of the reaction mixture indicates increase in
reducing power. Ascorbic acid was used as standard.

Wound healing
Experimental Animals

Healthy Wistar albino rats of weights (120 - 350 g) of either sex were used for the study. They were
maintained under normal ambient conditions of temperature, relative humidity and day / night cycle. The rats were
housed in sanitized aluminium cages (70 x 42 x 28 cm) with a base dressing of sawdust as bedding. The rats had
free access to standard pellet diet (GAFCO, Tema, Ghana) and water ad libitum.

Excision wound

Excision wound model was used to evaluate the wound healing activity. Prior to the creation of excision
wounds, rats in the respective groups were induced into a state of anesthesia one after the other by intramuscular
injection of ketamine chloride (50 mg / kg body weight, Gracure pharmaceuticals Ltd, India, batch / lot K-022). A
circular wound of 490 mm? area was made using a surgical blade (6 mm x 1 mm), pair of scissors (8 mm x 1 mm x
2 mm) and a pair of forceps (18 mm x 1 mm), all of (Wuhan Rainbow protective products Co. Ltd, China) on the
depilated ethanol sterilized dorsal region thus specifically sacral region of the rats. Excision wounds were done in
the mornings. Each rat was used only once.

The animals were divided into seven groups of 5 rats per group. The various groups were treated as
follows: Group 1 (5 % of povidine iodine), group 2 (shea butter), groups 3 (5 % of C. olitorius ointment, ATE), group
4 (10 % of C. olitorius ointment, ADE), groups 5 (30 mg / ml of aqueous extract, BDE), group 6 (100 mg / ml of
aqueous extract, BFE), and control (untreated). The rats were treated once daily and the formulations also applied
once a day till the complete epithelialization starting from the day of wounding. The rate of wound closure was
determined by measuring diameter of wound using a graph paper and a meter rule on days 0, 3, 6, 9, 12, 15, 18
until complete wound healing was achieved. The percentage wound closure was calculated for each group using
the measured diameter of the wounds. Wound healing property was evaluated by wound contraction percentage
and wound closure time. The wound surface area was measured immediately by placing a transparent paper over
the wound and tracing it out, area of this impression was calculated using the graph sheet. The same procedure
was employed every third day until healing was complete (Srinivas et al., 2008 and Manjunatha et al., 2006).

The parameter observed in the study was Wound Contraction: It was noted by following the progressive
changes in wound area planimetrically, excluding the day of the wounding. The evaluated surface area was then
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employed to calculate the percentage of wound contraction, taking the initial size of the wound, 490 mm? as 100 %
by using the following equation:
% of wound contraction = jnitial wound size — specific day wound size
x 100
Initial wound size

Determination of Microbial Load

Swabs were taken from the excision wounds on days 5, 10, and 15. The collected swabs were immediately
sent to the laboratory for testing. Sterile peptone water was inoculated with the swab sample and incubated for 20
minutes at 37°C. Test tubes were arranged in a rack and filled each with 9 ml of 0.85 % physiological saline.
Bacterial suspension of 1ml was pipetted after the 20 minutes of incubation into the first test tube and was mixed
thoroughly. A volume of 1ml of diluted suspension was transferred from the first tube into the second tube and was
mixed thoroughly. The dilution was continued in this fashion to the last tube to serially dilute the original suspension
and 1ml of diluted suspension was discarded from the last tube.

A volume of 0.1ml of the bacteria suspension was transferred from each tube onto the centre of blood agar
plates and spread evenly over the surface with a sterile, L-shaped glass rod. The glass rod was sterilized by
dipping in 70 % isopropy! alcohol and was then flamed. The plates were incubated at 37°C for 18-24 hrs and colony
counting was performed using a Quebec colony counter (Reichert Instruments, USA). The plate that gave a total
colony forming units (CFU) of 30-300 was selected and used to estimate number of bacteria per ml.

To calculate the number of bacteria per ml of diluted sample the following equation was used:
Bacteria per ml = Number of CFU/Volume plated (ml) x total dilution used
Total dilution = 10, Volume plated = 0.1ml
Statistical analysis

The results obtained from this research was analyzed and interpreted by using Statistical package for
social sciences (SPSS) version 16.0. One way analysis of variance (ANOVA) was used to determine the
significance of the differences in the measured central tendencies (means) for the various groups. A confidence
interval of 95% (a = 0.05) was chosen for which the probability value (P-value) obtained was compared to (a =
0.05) in other to prove or disprove the hypothesis.

RESULTS

Estimation of Antioxidant activity and phytochemical screening

Methanol extracts were tested for the antioxidant activity in various concentrations ranging from 200 — 800
pg/ml by DPPH method. The results show the effect of these extracts to scavenge free radicals. It was observed
that free radicals were scavenged by the extracts in a concentration dependent manner. The maximum percentage
inhibition of DPPH for the methanol extract was 94.19 % at the highest concentration comparable to the standard
ascorbic acid whose maximum was 96.78 % at the same concentration (Table 1). From the FRAP assay (fig. 1),
absorbance increased with increasing concentration of plant extract. This signified the consistent reduction of Fe**
to Fe** indicating the reduction potential of the plant.
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Figure 1. Ferric reducing power of C. olitorius extract compared with ascorbic acid as standard
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Both the aqueous and methanolic extracts of C. olitorius after phytochemical screening showed various
phytoconstituents. Some phytoconstituents were present in only one of the extracts while some were present in
both extracts (Table 2).

Wound healing activity

The diameter of the wound was measured in other to determine the rate of wound closure and to determine
the wound healing activity of C. olitorius. The mean percentage wound closure was calculated on 0, 3, 6, 9, 12, 15
and 18 post-wounding days. The extracts healed faster than standard, shea butter and control groups. All animals
in groups treated with extracts, ADE, ATE, BFE and BDE healed completely on 14, 15, 16 and 18 post-wounding
days respectively. Animals treated with ointment preparation showed a faster wound healing activity as compared
to the aqueous preparation and all the other treatments. The wound healing activity was dose dependent.
Generally, ADE healed first followed by ATE, BFE, BDE, standard, shea butter and the control group in that order
(Table 3 and Fig 2).

Determination of microbial load

The estimation of microbial load on the surface of the wounds had a similar trend just like the wound
healing ability. Generally, the number of microbes isolated on the wounds was decreasing on days 5, 10 and 15.
There was significant decrease in the number of microbes in the extract treatments and was also dose dependent.
The decrease in the bacterial count on ADE, was more significant than ATE, followed by BFE, BDE, standard,
shea-butter and the control group in that order (Fig. 2).
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Figure 2. Comparison of the microbial load of the various rat groups that were giving different treatments. Each bar indicates the
microbial load of different treated wound on the given days. AE refers to aqueous extracts while C.O refers to Corchorus olitorius

DISCUSSIONS

DPPH is relatively stable nitrogen centered free radical that easily accepts an electron or hydrogen radical
to become a stable diamagnetic molecule. DPPH radicals react with suitable reducing agents as a result of which
the electrons become paired off forming the corresponding hydrazine. The solution therefore loses colour
stoichometrically depending on the number of electrons taken up (Mangathayaru et al., 2007). The antioxidant
activity of the plant extract has been demonstrated through DPPH scavenging capacity and FRAP assay. High
values of % inhibition which were concentration dependent were obtained. Similarly, the absorbance obtained in the
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FRAP assay increases with increasing concentration of the extract. The values obtained, even though lower than
the standard antioxidant, showed that C. olitorius is a moderately a good source of antioxidant compounds. The
plant may therefore be rich in flavonoids and other phytoconstituents (Table 2) that are known to contribute to
antioxidant properties of medicinal plants.

Table 1. Effect of methanol extracts of C. olitorius on DPPH free radical scavenging method

Drug Percentage inhibition (/ %)

200ppm 400ppm 800ppm
Ascorbic acid 92.75 + 0.23 93.61+ 1.41 96.78 + 1.94
Methanol extract 88.85 + 0.12 93.56 + 0.09 94.19 + 0.06

Table 2. Results of phytoconstituents in both methanolic and agueous extracts of C. olitorius
Substance Aqueous Extract Methanol Extract
Alkaloids + -
Terpenoids
Tannins
Flavonoids
Saponins
Cardiac glycosides

+
+
+

+
+ indicates presence; - indicates absence

O

Table 3. Effect of topical application of C. olitorius extracts on excision wound model recorded in % wound contraction

TREATMENT DAY 0 DAY 3 DAY 6 DAY 9 DAY 12 DAY 15 DAY 18
STANDARD 2.94%0.4 2.72£.09  2.23:0.9 1.47%0.08 1.15£0.09  0.590.06  0.28 +0.07
(0.00 %) (7.32%)  (23.48%) (49.38 %) (61.05%)  (91.06%)  (98.81 %)
SHEABUTTER  2.710.08 2.3110.11  2.0%0.06 1.47%0.06 1.20£0.08  0.6740.12°  0.51x0.24
*(0.00 %) (14.83%)  (25.96%) (46.21 %) (55.76 %)  (75.04%) (8155
(81.55%)
ATE 241t 004 212:0.01 1.63t0.08  094+0.02*  056:0.04 0.0+ 0.00 0.00+0.00
(0.00 %) (121 %)  *(32.14%)  (61.00 %) (76.74%) (100 %) (100 %)
ADE 237t 002 223:0.03 1.64t0.04  097+0.03*  048:0.04  0.00+ 0.00 0.000.00
(0.00 %) (6.19%)  *(30.90%)  (59.00 %) (79.80 %) (100 %) (100 %)
BDE 249t 006 20 *0.01 1.59t0.06  1.13t 0.02 0.63:0.03  0.19t 0.02 0.030.03
(0.00 %) (19.65%)  *(35.60%)  *(54.60 %) (7444 %) (9214 %)  (98.865%)
BFE 2.83t 008 1.094:0.03 149:007 095t 0.04 043:0.02  0.03t 0.03 0.00£0.00
(0.00 %) (31.21%)  (47.37%)  *(66.31 %) (84.92%)  (98.85%) (100 %)
CONTROL 245t 005 225:0.07 1.95:0.04 151 006 1.24%0.08 093t 0.14 0.65:0.07
(UNTREATED)  (0.00 %) (812%)  (20.00%)  (37.79 %) (49.24%)  (61.53%)  (73.18 %)

Values are mean = SEM (n = 5). Numbers in parenthesis indicate percentage wound closure.
* Significant at P < 0.05.

The four phases of normal wound healing include Haemostasis, Inflammation, Proliferation and
Remodeling. Wound healing processes are well organized biochemical and cellular events leading to the growth
and regeneration of wounded tissue in a special manner. Healing of wounds involves the activity of an intricate net
work of blood cells, cytokines and growth factors which ultimately leads to the restoration to normal condition of the
injured skin or tissue (Clark, 1991). Antioxidants counter the excess proteases and reactive oxygen species (ROS)
often formed by neutrophil accumulation in the wounded area and protect protease inhibitors from oxidative
damage. Fibroblasts and other cells may be killed by excess ROS and skin lipids will be made less flexible, so
antioxidant substances will reduce the possibility of these adverse events occurring. Because of these several
factors, overall antioxidant effects appear to be important in the successful treatment of wounds (Houghton et al.,
2005). The antioxidant activity demonstrated by the extract of C. olitorius in this study is therefore of immense
significance.

A significant promotion of wound-healing activity was observed in the various extracts (BDE, BFE, ATE and
ADE) in the excision wound model. Result from the wound contraction indicates that both the agueous extract and
the powder of C. olitorius leaf have a significant wound healing activity.

Also a significant difference was found between the rates of wound contraction for the extracts and the
standard, control and shea butter respectively. In line with the phytoconstituents above, it was expected that
aqueous extract will heal faster than the ointment preparation but it was otherwise. It could also be due to the fact
that the shea butter acting as a vehicle in the ointment preparation was able to potentiate the wound healing
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activity. A decrease in the number of bacteria on the surface of a wound, on application of a drug indicates that the
drug has antimicrobial property. Results from the microbial load suggest that the number of bacteria isolated on the
surface of the wounds were decreasing. There was a greater decrease in the bacterial load of ADE, followed by
ATE, BFE, BDE, standard, shea butter and the control group in a decreasing order of antimicrobial property.
Phytoconstituents such as alkaloids, tannins and cardiac glycosides were found in the plant extracts. Earlier
research had revealed that alkaloids, tannins, cardiac glycosides and saponins have antimicrobial property which
contributes to “the medicinal property of C. olitorius (Oboh, 2009). Therefore the order of antimicrobial activity
observed is in line with the phytoconstituents present in the plant.

Again, it was observed that for the same extracts higher doses caused a greater decrease in microbial
loads as compared to the low doses. For instance, there was a greater decrease in the number of bacteria in ADE
than ATE. The dose dependent nature of the rate of wound healing is due to the concentration of the
phytoconstituents in each of the treatments.

In conclusion, we have demonstrated that C. olitorius displayed significant free-radical-scavenging activity
in a concentration dependant manner in in-vitro assays. Also, the powder ointment and the water extract of C.
olitorius have been shown to have a wound-healing property. The traditional uses of this plant to treat wound has
therefore been confirmed.
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