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The emergence of drug-resistant organisms have been increasing globally; therefore, it is a burning need
to find an alternative drug to get rid of the diseases caused by resistant strains. This study aims to eval-
uate the antimicrobial and wound healing activities of Loranthus acacia, Cassia obtusifolia and
Cymbopogon proximus plants. All the plants were collected and extracted — by maceration method.
Antimicrobial activities determined using standard ATCC strain for Gram-positive bacteria (Bacillus sub-
tilis, Bacillus crew, Methicillin-resistant Staphylococcus aureus, Staphylococcus aureus) and Gram-negative
bacteria (Shigella sonnnei, Salmonella Typhimurium, Salmonella typhi, Klebsiella pnuemoniae, Escherichia coli
and Pseudomonas aeruginosa) following agar well diffusion method. Plants extracts were prepared as gel
and investigated for in vivo wound healing activities in rats. Histological studies were performed on ani-
mals’ skin. The results showed that all tested plants have various antimicrobial and wound healing activ-
ities. Out of these plants, L. acacia exhibited the best result; it revealed a significant result for
antimicrobial activities counter to all Gram-positive, Gram-negative bacteria and wound healing activi-
ties in comparing with the reference drug. Thus, it is essential to consider L. acacia as a prospective source
in progress in the synthesis of a new antimicrobial drug for the treatment of infectious diseases.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction population relies primarily on traditional medication because get-
ting the present synthetic drugs are expensive, inadequate and
limited since a large number of people are travelers (Mohammed

and Babikir, 2013, Karar and Kuhnert, 2017).

Sudan is a country located in Africa, where folklore remedy is a
unique mixture of Islamic, Arabic and African philosophies and cul-

tures (Khalid et al., 2012). Moreover, medicinal plants serve as nat-
ure’s gift to humans to help them pursue better health by their
bioactive compounds, which have been used in traditional prac-
tices since ancient times (Moglad et al., 2019). Sudanese people
commonly used these medicinal plants products as well as in
Africa are extensively consumed (Maroyi, 2013). 90% of Sudan’s
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In the current study, our focus on three Sudanese medicinal
plants, namely; Cassia obtusifolia, Cymbopogon proximus and Loran-
thus acacia belonging to tree families; Fabaceae, Poaceaea and
Loranthaceae, respectively. C. obtusifolia, locally known as Kawal,
traditionally used for diuretic and Jaundice (Elkhalifa et al.,
2006). C. proximus locally recognized as Mahareb which it leaves
used as a decoction for renal colic, fever, spasm, prostate inflam-
mation and helminthiasis (El-Askary et al., 2003, Khalid et al.,
2012). L. acacia’s traditional uses in folk medicine are in the treat-
ment of numerous infections like smallpox, diarrhea, hookworms
infections, tonsillitis, otitis media (Moreno-Salazar et al., 2008,
Noman et al., 2019).

Furthermore, there are limited records of wound healing activ-
ities for these medicinal plants. According to a published review
article about traditional uses and phytoconstituents of herbal
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drugs from Sudan, they stated that out of 48 medicinal plants from
Sudan only four plants investigated for wound healing activities
and 27 of them screened for antibacterial activities (Karar and
Kuhnert, 2017). Besides, in the recently published article, recom-
mended to formula ethanolic extracts of C. proximusas topical oint-
ment for in vivo wound healing activities after examined it for
antibacterial activity towards multidrug-resistant bacteria isolated
from wound infection (Moglad et al., 2020). Since there was a
lacuna of information about antimicrobial and wound healing
activities of these selected plants and so consequently, our work
aimed to investigate the antimicrobial and wound healing activi-
ties of L. acacia, C. obtusifolia, and C. proximus has grown in Sudan.

2. Material and methods
2.1. Plant collection and authentication

The leaves and stems of selected plants were collected during
March 2018 from the South Kurdufan State, Sudan. The plants were
authenticated by Dr Haider Abedelgadir, a plant taxonomist from
the herbarium of the Medicinal and Aromatic Plants Research Insti-
tute (MAPRI), National Research Center, Khartoum-Sudan. The
plant identified as Cassia obtusifolia L, Cymbopogon proximus
(Hochst. ex A. Rich) Stapf. and Loranthus acaciae Zucc. A voucher
specimen (No. MAP/2018/10-8) was deposited in MAPRI herbar-
ium. The leaves and stems together were ground to powder for
preparation of the extract.

2.2. Preparation of extracts

The shade dried and ground aerial part (1 kg) from each plant
was extracted with 2000 ml 96% ethanol using cold maceration
technique. The obtained extract was filtered and concentrated
under reduced pressure using a rotary flash evaporator to obtain
crude alcoholic extracts.

2.3. Antimicrobial activity

Antimicrobial activities of the plants’ extracts were determined
using standard ATCC strain; for Gram-negative bacteria (Shigella
sonnnei ATCC 11060, Salmonella Typhimurium ATCC 14025, Sal-
monella typhi ATCC 13311, Klebsiella pnuemoniae NCTC 9633,
E. coli ATCC 13706 and Pseudomonas aeruginosa ATCC 27853). For
Gram-positive bacteria used Bacillus subtilis ATCC 11774, Bacillus
crew ATCC10876, Methicillin-resistant Staphylococcus aureus ATCC
35501, Staphylococcus aureus ATCC 33862 following agar well dif-
fusion method (Balouiri et al., 2016, Magaldi et al., 2004). Bacterial
suspensions were prepared in physiological saline solution (0.9%).
The suspension turbidity compared with a 0.5 McFarland turbidity
standard, number of bacterial cells approximately 1-2 x 108 CFU/
mL for each of the tested bacteria.1 ml from each organism suspen-
sion of was taken and poured onto sterile Petri plates above which
20 ml of Muller and Hinton agar was poured. A sterile Cork borer of
8 mm size was used to create wells in the agar plates. Stock solu-
tion for the antimicrobial activity test was prepared using 100%
dimethylsulfoxide (DMSO) at 100 mg/mL. The resultant solution
was subsequently diluted using two-fold dilution method to
50 mg/mL, 25 mg/mL, 12.5 mg/mL, 6.25 mg/mL, 3.125 mg/mL,
and 1.56 mg/mL using methanol as solvent. Using a micropipette,
100 pL of each extracts concentrations were poured into each of
three wells on all plates. Methanol was run as a negative control
in well four. Then in order to dry solution, the plates were left
uncovered in a sterile safety cabinet for 20 min (Dkhil et al.,
2020). After incubation at 35 °C + 2 °C for 24 h, the zone of inhibi-
tion’s size was measured. The test was done in duplicates and per-

formed thrice, and the result presented as mean of inhibition zone.
Antibiotics sensitivity profile for commercially a viable drug
against tested bacteria were performed to compare their efficacies
with the bacterial spectrum and susceptibility profile of tested
plants.

2.4. Preparation of gel with carbopol 940 from plants ethanolic
extracts

A measured quantity of carbopol 940 was taken in a beaker and
dispersed in 50 ml of distilled water. The beaker was kept aside to
allow the swelling of carbopol for half an hour and then stirring
was done on a magnetic stirrer at 1200 rpm for 30 min. In another
beaker, 5 ml of Propylene glycol was added to 10 ml of water and
added weighed quantities of methylparaben and stirred properly.
After all, Carbopol dispersed weighed amounts (5 g for 5% and
10 g for 10%) of extracts were added with constant stirring. Finally,
the volume made up to 100 ml with distilled water. Tri-
ethanolamine was added as drops to the formulation to adjust
the pH from 6.5 to 7, which the skin pH also to obtain the gel at
required consistency (Niyogi et al., 2012).

2.5. Experimental animals

Mice (20 £ 5 g) and Male Wistar rats weighing (150 * 20)g were
obtained from the animal house of the Department of Pharmacol-
ogy and Toxicology, College of Pharmacy, Prince Sattam Bin Abdu-
laziz University and used for the investigation. The animals were
housed under standard controlled conditions (24 °C and a 12 h
light/dark cycle). The animals were provided with standard pellet
diet and water ad libitum.

2.5.1. Acute Toxicity studies

The acute toxicity experiments for selected plants were carried
out according to the test guideline of OECD (Organization for Eco-
nomic Cooperation and Development) guideline No: 423 for test-
ing of chemicals (OECD, 2001). Forty-Five mice were used for the
acute toxicity study (five for each group). Various doses of the
extract (0.5, 1, and 2 g/kg/po) were prepared, and it was suspended
in 0.5% aqueous Tween 80 and administered orally. The animals
were constantly observed for the signs and symptoms of toxicity
for 12 h including like central nervous system, somatomotor and
behavioral changes like tremors, convulsions, salivation, diarrhea,
lethargy, sleep, etc., along with the mortality was observed for
72 h.

2.5.2. Wound healing activity
Grouping and Dosing of Animals

Male rats weighing (150-180 g) divided into eight groups of six
animals in each group. The animals were adapted to the laboratory
conditions for a week before the start of the study and provided
with standard food and water ad libitum.

Group I - animals induced with a wound not treated with any
drug

Group II - animals treated with the standard silver sulphadi-
azine (1% w/w)

Ointment

Group III - animals treated with 5% of C. Proximus gel.

Group IV - animals treated with 10% of C. Proximus gel.

Group V - animals treated with 5% of L. acacia gel.

Group VI - animals treated with 10% of L. acacia gel.

Group VII - animals treated with 5% of C. obtusifolia gel.

Group VIII - animals treated with 10% C. obtusifolia gel.

Group IX - control animals (normal animals without induction
of wound)
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Excision Wound Model

The wound was created and excised on the rats using i.v. injec-
tion of ketamine (120 mg/kg body weight) as anesthesia. The back
of the mice was shaved, and the wound was created on the sides of
the central trunk using a scalpel and sharp scissors and sterilized
with ethanol (Akkol et al., 2009). The skin was removed from the
marked area to obtain a wound measuring a maximum of
135 mm? After removing the skin, the wound was cleaned with
a cotton swab soaked in saline, and then the animals were placed
individually in cages. After 24 h to the wound-induced animals, the
ointments were gently applied to cover the wounded area once per
day until reaching complete healing. The wound diameter of each
animal was measured at 0, 7, 14 and 21 days using a transparent
ruler every week until epithelialization and complete wound clo-
sure was recorded. The wound area assessed wound healing activ-
ity, and percent wound contraction rate (Verma et al., 2012).
Percent wound contraction was calculated using the following
formula;

Percent wound contraction

_ Initial wound size Specific day wound size o

Initial wound size 100

2.6. Histopathological studies

Skin tissue samples (3-5c¢m) from each group of animals were
submerged immediately in the appropriate amount of 10% forma-
lin and processed in automatic tissue processing machine
(ASP300s, Leica Biosystems, IL, USA) and embedded in paraffin
wax and 5 pm thickness section was prepared using rotary micro-
tome (SHUR/Cut 4500, TBS, NC, USA) (Hamad and Ahmed, 2018).
Two sections of each sample were taken for staining as one was
stained by hematoxylin and eosin technique as general staining
method and the other was stained by Masson tricrome as unique
stain method for connective tissue fibres (Hamad and Ahmed,
2016). Hematoxylin and Eosin method was as following: Dewax
sections, rehydrate through descending grades of alcohol to water.
If needed excess fixation pigments were removed. Stain in hema-
toxylin (HX082464, MERK, Darmstadl, Germany) for 10 min. Wash
thoroughly in running tap water until sections 'blue’ for 5-10 min
or less. Stain in 1% eosin Y for 10 min. Wash in running tap water
for 1-5 min. Dehydrate through alcohols, clear, and mount in DPX
(Kim et al., 2018). Masson trichrome technique for connective
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tissue fibres demonstration (mainly collagen) was performed using
the following method: Stain nuclei with Weigert’s iron
hematoxylin for 10 min, wash with water, stain in an acid fuchsin
solution for 5 min, rinse rapidly in water, differentiate in 1%
phosphomolybdic acid for approximately 5 min, drain and coun-
terstain with methyl blue, dehydrate, clear and mount sections in
DPX (Hamad and Ahmed, 2016).

2.7. Statistical analysis

Microsoft excel version 2016 used to analyze the antimicrobial
activity of plant extracts and fractions. All assays were carried out
in triplicates. The experimental results were presented as
mean * standard deviation.

3. Results

Antimicrobial results revealed that L. acacia was highly active
against all tested bacteria. Interestingly, it was more active than
standard drugs (Penicillin G 10 pg, Vancomycin 30 pg and Ery-
thromycin 15 pg). While, C. proximus and C. obtusifolia were exhib-
ited moderate activities towards some of the tested bacteria, as
shown in Figs. 1 and 2.

In the wound healing activities showed that the best gel for
wound healing was compared with the positive control (Group
II) were group V and group VI which treated with 5% and 10% of
L. acacia gel, respectively. Also, group VIII, which treated with
10% C. obtusifolia gel (Table 1 and Figs. 3 and 4).

In the Acute toxicity activity, the extract-treated animals did
not show any symptoms and signs of toxic reactions or behavioral
changes during the 24 h period. No mortality was found up to the
highest dose of 2000 mg/Kg after the completion of 48 h. As per the
ranking system used by the European Economic Community (EEC)
for acute oral toxicity, the LDsy dose of 2000 mg/kg and above are
categorized as unclassified (EC Directive 83/467/EEC, 1983); hence
further studies were not conducted with higher doses.

Histopathological results showed that for healthy animal and
group II, the skin appeared normal in both general stain (H&E)
and special stain (MT). Group III-VIII showed variable improve-
ment but still, skin tissue suffers from moderate to low tissue dam-
age depend on plants extracts used. The most improvement in the
animals treated with 10% of L. acacia gel (Group VI), and animals
treated with 10% C. obtusifolia gel (Group VIII). See variables table
for score information (Table 2 and Fig. 5).
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Fig. 1. Evaluation of the antimicrobial activity of selected plants and standard drug against Gram-positive bacteria: S. aureus, Methicillin-Resistant S. aureus, B. cereus and B.
subtilis. All plants extract at concentration 10 mg\ml, and the diameter of the zone of inhibition was measured. Values are expressed as mean + STD of three independent

trials.
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Fig. 2. Antimicrobial activity of selected plants and standard drug against Gram-negative bacterial pathogens: Shigella sonnnei, Salmonella Typhimurium, Salmonella typhi,
Klebsiella pnuemoniae, E. coli and Pseudomonas aeruginosa. Dilutions similar to those used in Fig. 1 were applied, and the diameter of zone of inhibition was measured.

Table 1

Percentage of wound healing reduction (mean + STD).
Animal Group Day7 Day 14 Day 21
GROUP | 23.31+3.92 67.13 +3.12 92.45 + 0.69
GROUP II 48.65 + 4.63 75.68 £ 3.16 99.34 + 0.65
Group III 36.40 + 5.55 73.24 +2.97 97.48 + 0.45
GROUP IV 39.73 + 4.02 79.47 £ 0.70 98.65 + 0.01
GROUP V 45.55 + 4.82 79.48 +3.95 97.99 + 0.655
GROUP VI 40.21 + 4.52 73.74 £ 5.13 97.51 £ 0.95
GROUP VII 40.90 + 2.64 70.22 +7.34 97.11 + 1.02
GROUP VIII 458 +2.32 80.2 £ 8.33 98.20 + 1.04

Note: Percentage of wound healing reduction calculated according to above for-
mula for all tested plants in two concentration (5 and 10%) in day 7, 1, 21. The result
expressed as mean * STD.
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Fig. 3. Reduction in wound size by tested plant extracts. G I = animals induced with
a wound not treated with any drug, G Il = animals treated with the standard silver
sulphadiazine (1% w/w) Ointment, G Il = animals treated with 5% of C. Proximus, G
IV = animals treated with 10% of C. Proximus, G V = animals treated with 5% of L.
acacia, G VI = animals treated with 10% of L. acacia, G VII = animals treated with 5%
of C. obtusifolia, G VIII = animals treated with 10% C. obtusifolia. The result expressed
as mean * STD.

4. Discussion

Medicinal plants can offer valuable phytochemicals con-
stituents which can play a significant role in fighting infection.
Also, the natural product has become the current idea of pharma-
cological research and drug discovery. In this study, for the first

time, investigated the wound healing activities of three Sudanese
medicinal plants using in vivo animal model along with the screen-
ing of antibacterial activities. Plants tested counter to Gram-
positive and Gram-negative bacteria. There are slightly different
in activities between them, and this could be attributed to its
chemical constituents. Generally, the biological activities of Suda-
nese herbal medicines connected with their ability to treat or pre-
vent ailments, the most bioactive compounds recognized in these
plants are phenolics, alkaloids, tannins, flavonoids, saponins, and
steroids (Karar and Kuhnert, 2017).

In this study, L. acacia showed the best antimicrobial result for
both Gram-negative and Gram-positive bacteria, and it gave an
excellent result for wound healing activities in the two concentra-
tions (5 and 10%) comparing with standard silver sulphadiazine
(1% w/w) ointment. Furthermore, there is no evidence of data cited
about wound healing activities of L. acacia aerial parts. In contrast,
several studies have reported the antimicrobial activities of L. aca-
cia against a wide range of bacteria, and our finding ultimately
agreed with their finding (Elegami et al., 2001, El-Shafei et al.,
2018). These antibacterial activities may be due to presence of fla-
vanocoumarin, loranthin, catechin, quercetin, rutin, gallic acid and
methyl gallate which were previously isolated from L. acacia and
showed significant activity towards bacteria (Badr et al., 2013).

For C. proximus our result likely agree with the previous study
stated that this herb has antimicrobial properties after investiga-
tion of antimicrobial activity crude extract against Gram-positive
and antifungal (Al-Taweel et al., 2013, Selim, 2011). While, C.
obtusifolia contains anthraquinones, benzyl-p-resorcylate glyco-
sides, flavonoids, triterpenoids, anthrones which has Antioxidant
(DPPH), Neuroprotective effect, & Amylase activity, Lipase activity,
Protease activity and Antitumor (Huang et al., 2012, Ju et al., 2010,
Cong et al., 2014, Vadivel et al., 2012, Wu et al.,, 2012).

5. Conclusions

This study investigated the antimicrobial activities and in vivo
wound healing activities for three medicinal plants. Histological
studies were performed on animals’ skin. Our study demonstrated
that all tested plants have various antimicrobial and wound heal-
ing activities. But L. acacia exhibited the best antimicrobial and
wound healing activities results in comparing with the reference
drug. Thus, it is essential to consider L. acacia as a prospective
source in progress in the synthesis of a new antimicrobial medicine
in curing infectious diseases.
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Fig. 4. Photographs of excision wounds of all animal groups on treatment day 0, 7, 14 and 21.

Table 2

Wound healing variables score information.
Animal groups Degeneration Necrosis Occlusion Loss of epidermis Loss of collagen Muscle weakness Total
Normal Group 0 0 0 0 0 0 0
Group I 4 4 4 4 4 4 24
Group II 0 0 0 0 0 0 0
Group III 3 3 4 2 2 1 15
Group IV 2 2 2 2 1 0 9
Group V 3 3 1 4 2 2 15
Group VI 2 1 1 0 1 0 5
Group VII 3 2 1 1 3 1 11
Group VIII 1 1 1 0 1 0 4

Note: Histopathological result of all animal groups to see wound healing variables score information.
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Fig. 5. Histopathological study using H&E method and Masson trichrome method for animal groups’ I-VIIL. In Group I with H&E showed severe damage to skin layers and area
of complete loss of epidermis (L). Also shows remarkable necrosis (N) and degeneration (D) as well as occlusion (O) of capillaries that irrigate hair follicles. Special stain (MT)
shows severe loss of collagen fibres in the dermis area (yellow arrow) magnification is 200X.
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