
RESEARCH ARTICLE 

Formulation and Efficacy Assessment of a 
Polyherbal Wound Healing Formula from 
Heliotropium Indicum and Nephrolepis Biserrata 
VICTOR Y. A. BARKU1*

ALEX BOYE2

DESMOND OMANE ACHEAMPONG3

DOMINIC N. KUMA3

1Department of Chemistry, School of Physical Sciences, College of Agriculture and Natural Sciences, University of Cape Coast, Cape Coast, Ghana;
2Department of Medical Laboratory Science, School of Allied Health Science, College of Health and Allied Sciences, University of Cape Coast, 
Cape Coast, Ghana;
3Department of Biomedical Science, School of Allied Health Science, College of Health and Allied Sciences, University of Cape Coast, Cape 
Coast, Ghana

*Correspondence Author: Victor Y. A. Barku, PMB, Department of Chemistry, School of Physical Sciences, College of Agriculture and 
Natural Sciences, University of Cape Coast, Cape Coast, Ghana. E-mail: vbarku@ucc.edu.gh

ABSTRACT
Background: Heliotropium indicum and Nephrolepis biserrata are common medicinal 
plants used in folk medicine for treating many diseases, including wounds in most 
African countries such as Ghana. Previous separate preliminary studies on these two 
herbs have shown that they have wound-healing abilities. However, their combined 
effects concerning wound healing remain unknown. Many studies also have identified 
diverse phytocompounds in the leaves of these two medicinal plants. Objective: The 
present study describes the development of a polyherbal wound-healing formulation 
from leaves of H. indicum and N. biserrata and further assessed their wound-healing 
effects using both in vivo and in vitro wound healing models. Materials and methods: 
After the herbs leaf collection and confirmation, ethanol was used to extract 
phytocompounds from their dried leaves and subjected to phytochemical screening 
using standard methods. Subsequently, the antioxidant and free radical scavenging 
properties of the crude extracts were assessed. The weight: weight proportions were 
used to prepare the polyherbal formula and were tested using an excision wound 
model. Wound contraction and wounding days were used as endpoints to assess 
the degree of wound-healing effects. Results: Extracts of N. biserrate and H. indicum  
exhibited antioxidant activity with a half-maximal inhibitory concentration (IC50) value 
of 324.1 and 301.1 μg/mL in the 2,2-diphenyl-1-picrylhydrazyl radical scavenging 
method, 745.6 and 350.1 μg/mL in the nitric oxide synthase assay, and 806.4 and 
180.5  μg/mL in the ferric reducing assay, respectively. The total phenolic content 
in N. biserrata extract was 52.271 mg gallic acid equivalent per gram of dry extract, 
significantly higher than 32.170 recorded in H. indicum extract. Similarly, N. biserrate  
extract exhibited higher total flavonoid content of 594.537 compared with 357.471 for 
H. indicum extract. None of the formulations gave 100% complete wound healing on 
the 18th day of treatment. However, the monotherapy formulations performed better 
than the polyherbal formulations. The 10% dosage formulation of H. indicum  and 
the 20% dosage of 1:2 H. indicum and N. biserrata formulation recorded the highest 
wound healing activity of 97.4 and 93.8% among the polyherbal treatments.
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INTRODUCTION
Wounds not only increase morbidity and mortality but also 
decreases the quality of life.1 They are associated with several 
human diseases and injuries of various kinds.2–5 Wounds may 
be associated with pain, microbial infections, unpleasant 
smell, loss of self-esteem and confidence, and disfiguration 
of affected body parts.6,7 Some specific types of wounds, such 
as diabetic sores, are untreatable in many instances and leave 
these unfortunate patients with a lifelong problem that causes 
social and psychological confusion.

The prospects of providing effective wound healing 
pharmacotherapy are in part related to the nature of the 
wound, the level of microbial infection, genetic predisposition, 
and the wound healing therapy effectiveness.8–11 Currently, 
many conventional wound healing therapies are in use, 
including chemotherapy.3,10,12–14 But these therapies are not 
only ineffective but also are expensive and present detectable 
toxic reactions.15,16 However, indigenous wound healing 
systems employing several herbs continue to be popular 
among locals and are proven effective so far. Therefore, there 
is a high probability of discovering a potential wound healing 
therapeutic agent from these medicinal plants.

The wound healing medicinal herbs (Cochorus olitorius, 
Combretum dolichopetalum, and Heliotropium indicum) from 
the Volta region of Ghana, were previously researched for 
their property as claimed by local folks. Interestingly, our 
preliminary in vitro and in vivo results also confirmed these 
claims. The herbs in our primary study were investigated 
as individual herbs concerning their wound healing and 
antioxidant properties.17,18

Synergism allows interaction between phytocompounds or 
two or more drugs to enhance their therapeutic effects.19,20 This 
reflects in most indigenous healing systems where many herbs 
are combined in an appropriate proportion to form polyherbal 
mixtures and potions for disease treatment. On this basis, we 
hypothesize that wound healing herb combined to form a 
polyherbal formula may aid in the treatment of wounds. This 
study formulates and assesses wound healing ointments of 
Heliotropium indicum and Nephrolepis biserrata used locally for 
the wound treatments.

METHODOLOGY
STUDY LOCATION

The research was carried out in two phases (1 and 2) in the 
Department of Chemistry, Organic Research laboratory, and 
Department of Laboratory Technology Research Laboratory at 
the University of Cape Coast, Ghana.

Phase 1 involved phytochemical and the determination of 
the chemical constituents and antioxidant potentials of 
the selected herbs. Phase 2 involved formulations of wound 
healing ointment of different concentrations and in vivo wound 
healing tests using excision wounds.

PHASE 1

Plant materials and sample treatment

The fresh leaves of C. dolichopetalum were collected from 
Jukwa near Cape Coast in the Central Region during December 
2013. Leaf parts of N. biserrata and H. indicum were collected 
in large quantities from the surrounding bushes around UCC in 
September 2018. The samples were authenticated by Mr. Felix 
Fynn and Mr. Otoo, the curators of the herbarium, Department 
of Environmental Sciences, School of Biological Sciences, with 
the UCC voucher specimen no. CCG 4873 (May 13, 1982) for  
H. indicum and CCG 259 (March 12, 2016) for N. biserrata.

The samples were washed under tap water, rinsed with 
deionized water, and dried at room temperature. The dried 
leaves were pulverized into a fine powder and were divided 
into two parts. The first part of about 10 g of each plant was 
combined in different proportions and mixed with Shea butter 
to formulate wound healing ointment at different doses. 
Twenty grams of the other part was extracted with 250 mL 
(90% v/v) methanol by cold maceration (48 h), followed by 
filtration through Whatman no. 1 filter paper. The resultant 
filtrate was concentrated in a vacuum and the extract obtained 
was placed in a refrigerator for phytochemical screening and 
antioxidant activity.

Phytochemical screening

Previously described standard qualitative methods such 
as Liebermann Burchard’s test for steroids, Salkowski’s 
test for triterpenes, Gelatin test for tannins, Molisch’s test 
for carbohydrates, etc. were used to identify the chemical 
composition of the plants.21,22

Assessment of total phenolic content (TPC)

The TPC in gallic acid equivalence (GAE) was estimated by 
the Folin Ciocalteu method with slight modifications.23 A 
dilute concentration of the plant extract (125 μL of 1 mg/
mL) was mixed with 375 μL Folin-Ciocalteu reagent (1 in 10 
dilutions with water) and incubated for 5 min before adding 
375 μL of 7% sodium carbonate. The reaction mixture was 
then made to 2.5 mL with distilled water and incubated at 
room temperature for 2 h for color development. The phenolic 
content was calculated by measuring the optical density at 
765 nm using a spectrophotometer (T70 PG Instruments). 
A standard curve of gallic acid was prepared in the range 
0–300 μg/mL (Figure 1), from which the TPC of the extracts 
was estimated and expressed as GAE. The experiment was 
repeated thrice for each concentration.

Total flavonoid concentration

The total flavonoid content was determined as described by 
Zhishen et al. 24 with few modifications. A thousand microliters 
of the extract were added to 4 mL of 50 % ethanol, followed 
by 300 μL of 5% sodium nitrite, and was left to stand for 5 
min. Later 300 μL of 10% aluminum chloride was also added. 
After 6 min, 2000 μL of 1M sodium hydroxide was added to the 
mixture and was immediately diluted with 3300 μL distilled 
water and thoroughly mixed. Subsequently, absorbance 
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versus reaction blank was measured at 510 nm with quercetin 
in ethanol as standard. The total flavonoid content of extracts 
was estimated from the standard curve (Figure 2) and 
expressed as quercetin equivalence (QE).

Ferric reducing antioxidant power assay

The reduction of ferric ions by the extract was determined 
using the ortho-phenanthroline procedure as previously 
reported.25The reaction mixture contained 1 mL of the plant 
extract, 0.5 mL of O-phenanthroline (in methanol) t, and 1 
mL of 200 μM ferric chloride. The mixture was incubated at 
room temperature for 10 min and the absorbance was read 
at 510 nm. A concentration range of 50–1000 μg/mL for both 
extracts with standard gallic acid and ascorbic acid were 
recorded. Later, a graph of absorbance against concentration 
was plotted for analysis.

Nitric oxide (NO) scavenging assay

The NO scavenging ability of the plant extract was estimated 
using the Griess Illosvory reaction.26 The Griess Illosvory 
reagent contained 0.1 % (w/v) naphthyl ethylenediamine 
dihydrochloride. Plant extracts and standard ascorbic acid 
and gallic acid at different concentrations (0-1500 μg/mL) 
were  prepared to 0.25 mL and placed in separate test tubes. 
Sodium nitroprusside (10mM; 0.5mL) and 0.125 mL of sodium 
phosphate buffer (pH 7.4) was added and incubated at 25°C for 
180 min. Subsequently, 0.25 mL sulfanilic acid reagent (0.33% 
in 20% glacial acetic acid) was added and allowed to stand 
for another 5 min. The procedure was completed by further 
addition of 0.25 μL of 0.1 % Griess Illosvory reagent. Later all 
test tube contents were mixed well and allowed to stand at 
25°C for 30 min. The nitrite concentration was evaluated at 
546 nm by preparing a control set up (buffer with all other 
components of reaction mixture intact). The percentage NO- 
scavenging abilities were calculated using Equation (1):


= % inhibition 100, 

Ac At
Ac

(1)

where Ac = absorbance of the control and At = absorbance of 
the test (extract/standard)

DPPH radical scavenging activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging 
activity was determined using the method reported by Brand-
Williams et al. and Blois.26,27 The purple/violet DPPH fades to 
a yellow color in the presence of substances with antioxidant 
properties. In the determination of the extractability against 
DPPH radical, a DPPH solution (0.5 mM; 1mL) was added 
to 1 mL of various sample concentrations (50–500 μg/mL) 
and standard gallic acid in methanol. A control setup was 
prepared with 1ml each of methanol and DPPH solution. 
Reaction solutions were thoroughly mixed and incubated at 
room temperature for 30 min in the dark. Absorbances were 
spectrophotometrically measured at 517 nm. The percentage 
radical activity was calculated from using Equation (2):


= % inhibition 100,

Ac At
Ac

(2)

where Ac = absorbance of the control and At = absorbance of 
the test (extract/standard).

A graph of the percentage of inhibition against concentration 
in μg/mL was plotted from which half-maximal inhibitory 
concentration (IC50) values were calculated. All experiments 
were conducted in triplicates and the results were reported in 
mean ± standard deviation.

PHASE 2

Experimental animals

Healthy adult Sprague-Dawley rats (120–200 g) of either sex 
were purchased from Noguchi Memorial Institute for Medical 
Research, University of Ghana, Legon, Ghana and maintained 
at the Animal Experimentation Unit of the School of Biological 
Sciences, University of Cape Coast, Cape Coast. The animals 
were fed with commercial pellet diet (GAFCO, Tema, Ghana), 
water ad-libitum, and maintained under ambient laboratory 
conditions.  The study followed both institutional and national 
guidelines on the use and care of animals in scientific 
experimentation. All protocols involving animals were approved 
by the institutional review board (IRB), University of Cape Coast.

EXCISION WOUND MODEL

This model was used to establish wound healing in animals as 
previously described.28 Briefly, each animal was anesthetized 
by intraperitoneal administration of 90 mg/kg ketamine. The 
fur on the dorsal region of each animal was shaved and the 
animal was fixed on the surgery table in ventral posture for 
surgical preparation. A circular surgical full-thickness wound 
was created on the anterior-dorsal side of each animal. The 
animals were divided into 24 groups of five rats per group. 
The various groups were treated as follows: Group 1 (5 % of 
povidone iodine), Group 2 (shea butter), Group 3 (negative 
control), Group 4 (10 % of H. indicum ointment), Group 5 (20 % 
of H. indicum ointment), Group 6 (40 % of H. indicum ointment), 
Group 7 (10 % of N. biserrate ointment), Group 8 (20 % of N. 
biserrate ointment), Group 9 (40 % of N. biserrate ointment), 
Group 10 (10 % of 1 N. biserrate:1 H. indicum ointment), Group 
11 (20 % of 1 N. biserrate:1 H. indicum ointment), Group 12 (40 
% of 1 N. biserrate:1 H. indicum ointment), Group 13 (10 % of 
1 N. biserrate:2 H. indicum ointment), Group 14 (20 % of 1 N. 
biserrate:2 H. indicum ointment), Group 15 (40 % of 1 N. biserrate:2 
H. indicum ointment), Group 16 (10 % of 1 N. biserrate:4 H. 
indicum ointment), Group 17 (20 % of 1 N. biserrate:4 H. indicum 
ointment), Group 18 (40 % of 1 N. biserrate:4 H. indicum ointment), 
Group 19 (10 % of 1 N. biserrate:2 H. indicum ointment), Group 
20 (20 % of 1 N. biserrate:2 H. indicum ointment), Group 21 (40 
% of 1 H. indicum:2 N. biserrate ointment), Group 22 (10 % of 
1 H. indicum:4 N. biserrate ointment), Group 23 (20 % of 1 H. 
indicum:4 N. biserrate ointment), and Group 24 (40 % of 1 H. 
indicum:2 N. biserrate ointment).  The rats were treated once 
daily with the formulations starting from the day of wounding 
until complete epithelialization.

Wound contraction and wound closure time were assessed 
to calculate the wound-healing property. The wound area 
was measured by immediate placement of transparent paper 
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over it and traced out. The percentage of wound closure 
was estimated for each group using the wound’s measured 
diameter at the beginning of the experiments and on days 0, 
2, 4, 6, 8, 10, 12, 14, 16, and 18 post wounding.

STATISTICAL ANALYSIS
Data were expressed as mean ± standard deviation of triplicate 
measurements. GraphPad Prism Version 8.4.3 for Windows 
(Graphpad Software, San Diego, CA) was used for all statistical 
analysis. Significant differences between means of the various 
treatment groups were obtained using one way analysis of 
variance. P ≤ 0.05 was considered significant in all analyses.

RESULTS
PHYTOCHEMICAL ANALYSIS

Table 1 present the results of the qualitative phytochemical 
analysis carried out on H. indicum and N. biserrata. The 
results showed the presence of alkaloids, triterpenoids, and 
flavonoids. Both the plants showed negative for saponins and 
tannins. However, H. indicum gave a positive test for cardiac 
glycosides while N. biserrate was negative.

Quantitative determination of phenolic and flavonoid contents 
was carried out on the methanol extracts of H. indicum and 
N. biserrata. The results were not significantly high (Table 2). 

N. biserrata recorded significantly higher GAE (52.271) and QE 
(594.537) than H. indicum (32.170 ; 357.471).

ANTIOXIDANT ACTIVITY

The antioxidant test showed that H. indicum, N. biserrata, 
and the two standards (ascorbic- and gallic acid) caused a 
concentration-dependent increase in antioxidant activity 
(Figures 3–5). However, at equipotent concentrations, the two 
standards had a better antioxidant activity versus H. indicum 
and N. biserrata, except in iron-reducing assay; gallic acid had 
lower antioxidant activity than both herb samples.

WOUND HEALING ASSAY

The mean percentage of wound closure was calculated on days 
0, 4, 6, 10, 12, 16, and 18 postwounding days by measuring the 
wound’s diameter to determine the wound healing activity. 
Results obtained on 10, 12, 16, and 18 postwounding days are 
shown in Table 3. None of the treatments gave 100% complete 
wound healing on the 18th day of treatment. The monotherapy 
treatments performed better than the polyherbal formulations. 
The 10% dosage formulation of H. indicum recorded the highest 
percentage of wound healing (97.4), followed by 20% dosage 
formulation of N. biserrata (95.7) and 10% dosage formulation 
of N. biserrata (91.2). 10% H. indicum (97.4%), 20% N. biserrata 
(95.7%), and 20% 1:2 N. biserrata and H. indicum (93.8%) 
performed better than shea butter. However, for the polyherbal 
formulation, the 20% dosage of 1:2 N. biserrata and H. indicum 
formulation recorded the highest percentage of wound healing 
activity (93.8%). Only nine formulations, including shea butter, 
performed better than the negative control. However, 17/22 
formulations excluding shea butter and the negative control 
performed better than the standard drug, povidone. No 
effective wound healing with 40% formulations was observed 
in both monotherapy or combination therapy, except with 
1:4 H. indicum and N. biserrata combined formulation. The 
wound healing activities were not dose-dependent in all the 
treatments (Table 3 and Figure 2).

DISCUSSION
The results clearly showed that the two plants exhibited high 
scavenging ability which is comparable to ascorbic and gallic 
acid. However, the IC50 recorded in H. indicum (180.5) extract 
indicated a better antioxidant activity than N. biserrata extract 
and the standards. No significant difference was observed 

Table 2  Antioxidant activityand total phenolic and flavonoid contents estimated in H. indicum and N. biserrata compared with standard acids.

Sample

Estimated IC50 values

Total phenolic  
Content (GA)

Total flavonoid 
content (QE)DPPH

Iron 
chelating

Nitric oxide 
scavenging

H. indicum 301.1a 350.1a 180.5a 32.170a 357.471a

N. biserrata 324.1b
∼806.4b 745.6b 52.271b 594.537b

Gallic acid 131.6c 300.2c 594.4c – –

Ascorbic acid – 531.8d 732.6bd – –

a–dValues that do not share the same letter in a column are significantly different using one way analysis of variance at 95% confidence intervals.

Table 1  Results of phytochemical screening on H. indicum and  
N. biserrate.

Test H. indicum N. biserrate

Saponin (foam test) − −

Tannins and phenols (FeCl3 test) Inconclusive Inconclusive

Tannins and phenols (lead acetate 
test)

− −

Alkaloids ( Dragendroff’s test) + +

Alkaloids (Hager’s test) − −

Alkaloids (Mayer’s test) + +

Triterpenoids (Salkowaski test) + +

Triterpenoids (Liebermann Burchard 
test)

+ +

Flavonoids + +

Cardiac glycosides + −
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in the antioxidant activity of N. biserrata and ascorbic acid. 
NO is an inhibitor of physiological processes and plays the 
role of effectors molecules in diverse biological systems. The 
accumulation of NO is linked to the reduction of melatonin 
secretion that leads to impaired resistance to free radicals, 
which may cause many devastating disease conditions and 
accelerate aging. Ascorbic acid is a standard antioxidant used 
to scavenge free radicals in the plasma and cell membranes. 
The significantly better antioxidant activity exhibited by H. 
indicum than ascorbic acid is of much interest (P < 0.0001).

The IC50 is the concentration of an antioxidant-containing 
substance required to scavenge 50% of the initial DPPH radicals. 
The lower the IC50 value, the more potent a substance is at 
scavenging DPPH and implies a higher antioxidant activity. The 
DPPH assay showed that both  extracts are potential primary 
sources of antioxidants since they exhibited the capabilities to 
scavenge DPPH free radicals. H. indicum was more potent than 
N. biserrata but less potent than standard antioxidant gallic 
acid (P < 0.001).

Similarly, the ferric reducing ability of H. indicum was significantly 
(P < 0.0001) better than ascorbic acid and N. biserrata. The 
reductive capacity of a compound is a measure of its ability 
to donate electrons and this reducing capacity correlates 
well with potential antioxidant activity.29,30 The ferric reducing 
assay of the extracts and the standard showed an increase in 
a concentration-dependent manner, indicating the antioxidant 
activity of all the compounds. This assay also indicated that H. 
indicum was a better free radical scavenger than ascorbic acid.

Significant promotion of wound-healing activity was observed 
with the various formulations in the excision wound model. 
From the results, all the formulations on the plant extracts 
displayed some significant level of wound healing activity 
which to some extent confirmed the folkloric potential uses 
of the plants for wound healing. The antioxidant activities 
exhibited by the two plants reflected the relatively moderate 
wound healing potentials recorded for the formulations. This 
model also showed the better wound healing capacity of H. 
indicum on the 18- day postwounding. This result agreed with 
the previous study of Shiddhuraju et al.31  The observation of 
antioxidant activity and wound healing property of plants 

Figure 1  Standard curve of gallic acid for interpolation of unknown 
phenolic content of extracts.

Figure 2  Standard curve of quercetin for interpolation of unknown 
flavonoid in extracts.

Figure 3  Percentage of DPPH scavenging capacity of H. indicum, N. 
biserrate, and standard gallic acid at varying concentrations.

Figure 4  Percentage of nitric oxide radical scavenging activity of 
samples H. indicum and N. biserrata with gallic acid and ascorbic acid 
as standards at varying concentrations.

Figure 5  Iron chelating ability of H. indicum and N. biserrata with 
standard acids.
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Table 3  Wound closure in diameter and % wound contraction of topical application of various formulations on excision wound model. a

Treatment 
group 

Mean wound contraction (%) on postwound healing days

0 6 10 12 16 18

H10% 25.67±1.04
(0)

19.5±0.5
(24.0)

9.00±0.87
(64.9)

7.17±0.29
(72.1)

2.67±0.58
(89.6)

0.67±0.58
(97.4)

H20% 26.17±3.06
(0)

20.3±3.2
(22.4)

10.5 ± 1.7
(59.9)

7.67±1.89
(70.7)

3.50±1.32
(86.6)

3.0 ± 1.3
(88.5)

H40% 25.0 ±1.8
(0)

17.67±1.04
(29.3)

11.2 ± 1.9
(55.2)

8.67±1.04
(65.3)

4.00±0.50
(84.0)

3.5 ±  0.5
(86.0)

F10% 22.8± 3.5
(0)

19.3±5.7
(15.4)

11.2 ± 5.8
(50.9)

8.0±4.4
(64.9)

4.00±2.65
(82.5)

2.0 ± 1.8
(91.2)

F20% 23.3 ±5.20
(0)

17.8±1.1
(23.6)

9.83 ± 1.53
(57.8)

7.00±1.50
(69.9)

2.50±1.00
(89.3)

1.0± 1.0
(95.7)

F40% 23.0 ±1.80
(0)

19.33±2.08
(15.9)

12.50 ± 2.7
(45.6)

10.00±1.50
(56.5)

5.17±0.76
(77.5)

 4.5 ± 0.0
(80.4)

1F:1H10% 25.0± 2.5
(0)

19.3±2.75
(22.8)

12.3±4.07
(50.8)

9.8±2.84
(60.8)

4.67±1.6
(81.3)

2.0±1.73
(92.0)

1F:1H20% 24.5± 2.18
(0)

20.0±2.29
(18.4)

13.0±6.26
(46.9)

10.67±5.0
(56.4)

5.67±2.8
(76.9)

2.0±3.46
(91.8)

1F:1H40% 26.8 ±3.51
(0)

22.33±1.26
(16.7)

15.67±5.5
(41.5)

12.67±4.9
(52.7)

7.33±2.8
(72.6)

7.0±3.12
(73.9)

1F:2H10% 25.7± 1.04
(0)

21.50±1.50
(16.3)

12.50±3.50
(51.4)

9.67±3.01
(62.4)

5.83±2.08
(77.3)

3.17±3.25
(87.7)

1F:2H20% 24.33±0.58
(0)

20.0±1.0
(17.8)

12.50±4.33
(48.6)

10.33±4.07
(57.5)

5.67±2.57
(76.7)

1.50±2.60
(93.8)

1F:2H40% 26.8± 0.76
(0)

23.17±0.76
 (13.5)

16.17±5.39
(39.7)

13.33±5.11
(50.3)

8.17±2.75
(69.5)

6.83±2.08
(74.5)

1F:4H10% 24.3 ±1.53
(0)

20.5±2.18
(15.6)

13.00±3.28
(46.5)

10.83±2.9
(55.4)

7.17±2.36
(70.5)

2.00±3.46
(91.8)

1F:4H20% 23.2± 1.66
(0)

19.33±2.93
(16.7)

11.83±3.40
(49.0)

9.67±2.75
(58.3)

6.17±2.36
(73.4)

2.33±3.21
(90.0)

1F:4H40% 23.8 1.04
(0)

19.50±1.8
(18.1

12.83±1.04
(46.1)

11.00±1.0
(53.8)

7.50±0.50
(68.5)

5.00±0.50
(79.0)

1H:2F10% 26.2 0.58
(0)

22.0±1.50
(16.0)

11.50±2.29
(56.1)

9.83±1.89
(62.5)

6.67±1.26
(74.5)

3.17±3.01
(87.9)

1H:2F20% 24.7± 1.26
(0)

21.00±1.32
(15.0)

11.67±3.75
(52.7)

9.17±2.93
(62.9)

6.67±1.89
(73.0)

3.67±2.47
(85.1)

1H:2F40% 23.0 ±0.87
(0)

20.50±0.50
(10.9)

10.33±2.36
(55.1)

8.83±1.04
(61.6)

5.50±0.50
(76.1)

4.67±1.04
(79.7)

1H:4F10% 23.7± 2.52
(0)

20.67±2.57
(12.8)

9.50±2.18
(59.9)

8.17±1.53
(65.5)

5.00±1.0
(78.9)

3.00±1.8
(87.3)

1H:4F20% 25.7 ±1.10
(0)

22.17±2.08
(13.7)

13.33±2.5
(48.1)

11.17±1.9
(56.5)

7.50±2.0
(70.8)

5.67±1.6
(77.9)

1H:4F40% 25.2 ± 2.8
(0)

21.50±2.8
(14.7)

11.5±2.29
(54.4)

9.83±2.02
(61.0)

6.83±1.26
(72.9)

1.67±2.89
(93.4)

povidone 
(5%)

24.2 ±0.29 
(0)

19.67±1.89
 (18.7)

12.00±3.04
(50.4)

10.67±3.62
(55.9)

7.50±3.04
(69.0)

3.83±1.26
(84.2)

Negative 
control

27.8 ±2.75
(0)

22.0±1.5
(20.9)

12.67±1.04
(54.4)

10.83±0.76
(61.0)

7.00±0.87
(74.8)

3.00±1.32
(89.2)

Shea butter 25.7 ±1.76
(0)

20.00±2.18
(22.2)

9.67±0.76
(62.4)

8.50±1.00
(66.9)

5.17±0.58
(79.9)

1.67±0.76
(93.5)

aMean ± standard deviation (n = 3) of wound diameter and percentage (%) wound contraction at days of postwounding. 
F: N. biserrate; H: H. indicum.
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used in the current study corroborated the statement that 
antioxidant activity and wound-healing property coexists in 
many plant species.32

The wound healing potentials of both the plants studied 
are relatively lower versus a similar study conducted on the 
Amaranthus spinosus.33 However, a relatively enhanced 
wound contraction induction was observed versus the Elaeis 
guineensis leaf extract study.34

The preliminary phytochemical analysis on the plant extracts 
showed the presence of flavonoids, triterpenoids, and alkaloids. 
These observed phytochemical constituents may be responsible 
for the antioxidant and wound healing activity. Flavanoids and 
triterpenoids are known phytoconstituents with antimicrobial 
properties, that are responsible for wound contraction to 
promote wound healing.35 The observed wound-healing activity 
of these plants may be attributed to the phytoconstituents 
present.

CONCLUSION
The efficacy assessment performed in this study indicated 
10% H. indicum and 20% 1:1 H. indicum and N. biserrate as the 
best wound healing formulations. We also have demonstrated 
significant pieces of evidence showing the antioxidant activity 
and wound healing properties of H. indicum and N. biserrate, 
justifying their traditional use in folkloric medicine for wound 
healing.
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