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Abstract: Croton lobatus (C. lobatus), has traditionally been utilized for its purported wound-healing properties.
Despite its use, scientific validation of its efficacy remains limited. This study aims to evaluate the effects of C.
lobatus leaf extracts on wound healing by examining wound contraction, epithelialization, histopathological
changes, and biochemical markers in a rat excision wound model. 22-week-old albino rats with body weight of
200 g, were anesthetized, and four excision wounds measuring 1.0 by 1.0 cm were surgically created on their
dorsal surfaces. The rats were randomly assigned to four treatment groups: Group A received topical applications
of C. lobatus paste; Group B was treated with C. lobatus aqueous extract; Group C served as the control group
and was treated with saline solution; and Group D received Cicatrin powder, a commercial antibacterial agent
(neomycin & bacitracin). Treatments commenced 48 hrs post-wound creation. Groups A to C, each comprising
three rats, underwent gross examination to monitor wound contraction and epithelialization on days 4, 6, 8, 10,
and 12 post-wounding. On day 22, following complete healing, biopsies were collected for tensometric analysis.
In Group D, one rat was sacrificed on days 4, 7, 10, and 13 post-wounding to facilitate histopathological
examination and to assess levels of hydroxyproline, hexosamine, total protein, and uronic acid in the granulation
tissue. The study revealed that wounds treated with C. lobatus paste and aqueous extract exhibited significantly
higher mean percentages of wound contraction compared to those treated with Cicatrin powder. Similarly, the
mean percentages of epithelialization were markedly greater in the C. lobatus-treated groups relative to the
Cicatrin group. Histopathological assessments indicated a moderate to abundant presence of active fibroblasts in
the C. lobatus-treated wounds, whereas the normal saline and Cicatrin groups exhibited fewer fibroblasts.
Biochemical analyses demonstrated that granulation tissues from the C. lobatus-treated wounds contained higher
levels of hydroxyproline, hexosamine, total protein, and uronic acid, suggesting enhanced collagen synthesis and
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extracellular matrix formation. This study suggests that the paste and aqueous extracts of C. lobatus significantly
promote wound healing and improve biochemical markers associated with tissue repair.

Introduction

Wound healing is a complex physiological process essential for restoring the skin's structure, integrity, and
function [1, 2]. Chronic wounds, in particular, pose significant challenges to both patients and clinicians [3].
Traditional treatments, such as oral and topical antibiotics, often prove ineffective for non-healing wounds [4].
While stem cell therapies have been explored [5, 6], their high costs render them inaccessible to many, especially
in developing countries like Nigeria. The genus Croton has been scientifically validated for various therapeutic
effects, leading to new drug developments [7]. Croton dichogamus Pax, for instance, is commonly used by local
populations to manage various ailments [8]. The sap of Croton lechleri, known as "Dragon's Blood," has
demonstrated efficacy in wound healing and the treatment of gastric and duodenal ulcers [9, 10]. It promotes skin
regeneration in conditions like varicose ulcers and bedsores [11]. Croton lobatus (C. lobatus), commonly known
as Rusffoil or Lobed croton, is recognized in Nigeria by various names: "gadsayaa" in Hausa, "okwe" in Igbo,
and "ajéofolé" or "e¢ru" in Yoruba [12, 13]. Native to the Caribbean, North America, South America, and the West
Indies, it has been introduced to regions like Senegal, Eritrea, Ethiopia, the Arabian Peninsula, and Bangladesh.
Traditionally, C. lobatus is applied topically to treat ulcers, sores, and headaches [12]. In Nigeria, a decoction
made by boiling the plant is consumed to address chronic wounds [14]. Additionally, its leaves are boiled with
Bidens pilosa and Calopogonium mucunoides for treating ulcers, wounds, and sores [15]. Despite its traditional
use, there is a lack of scientific research validating the efficacy of C. lobatus in wound management. This study
aims to fill that gap by investigating the mechanisms through which C. lobatus influences wound healing, marking
the first extensive research on this plant's potential therapeutic properties.

Materials and methods

Collection of samples: The leaves of the C. lobatus (Plate 1a & b) were collected from Obokun Local Government
Area of Osun State Nigeria and were confirmed in the Herbarium of the Botanical Garden of Ahmadu Bello
University, Zaria, with a voucher specimen number of 913. The leaves were air-dried under the shade at room
temperature. The dried powder of the plant was extracted with sterile distilled water [16]. Leaf paste was prepared
from dried C. lobatus. This was applied topically as it is traditionally used (A). 50 g of each extract was dissolved
in 100 ml of distilled water (500 mg/ml) for use.

Experimental design: Thirteen 22-week-old Albino rats, each weighing approximately 190 to 200 g, were selected
for this study. The animals were housed individually in steel cages, provided with commercial rat feed, and had
free access to water ad libitum. A two-week acclimatization period preceded the experimental procedures.
Anesthesia was induced via intramuscular injection of ketamine hydrochloride (40 mg/kg) combined with
xylazine hydrochloride (5.0 mg/kg). Prior to surgery, each rat's body was decontaminated using diluted
chlorhexidine gluconate. The dorsal region was shaved and sterilized to prepare for aseptic surgery. Using a sterile
1.0 by 1.0 cm stencil, four full-thickness excision wounds were created on the dorsal surface of each rat by
excising the marked skin area with sterile scissors and forceps. Post-surgery, each rat was housed in a separate
cage to prevent cross-contamination and interference with wound sites.

Ethical approval: The approval was obtained from the Ahmadu Bello University, Zaria, Committee on Animal
Use and Care. The ethical permission number given was ABUCAUC/2016/027.
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Plate 1: The picture of the flowers of Croton lobatus and Croton lobatus used
in the management of wounds in Nigeria, respectively

The rats were randomly assigned to four groups: Group I consisted of three rats that received topical treatments
of C. lobatus paste (A), C. lobatus aqueous extract (B), saline solution (C), and Cicatrin powder (D) on their
respective wounds, with the treatment regimen rotated in a clockwise manner for each rat to ensure that each
wound received a different treatment; Group II was similar to Group I, with three rats treated with the four
different agents in a rotated manner; Group III also consisted of three rats, with treatments applied as described
above; and Group IV, comprising four rats, was designated for histological and biochemical analyses, with one
rat sacrificed on days 4, 7, 10, and 13 post-wounding to collect tissue samples for these assessments. In Groups I
to III, wound healing progression was monitored through gross examination, focusing on parameters such as
wound contraction and epithelialization. These observations were recorded on days 4, 6, 8, 10, and 12 post-
wounding. On day 22, following complete healing, biopsies were collected from these groups for tensometric
analysis to assess the mechanical strength of the healed tissues. In Group IV, the sequential sacrifices allowed for
the collection of granulation tissue samples at different healing stages. These samples underwent
histopathological examination and biochemical assays to quantify levels of hydroxyproline, hexosamine, total
protein, and uronic acid, providing insights into the biochemical milieu of the healing wounds.

Wound evaluation: The wounds were evaluated for signs of infection, including the presence of pus, necrotic
tissue development, foul odor, and exudate production. Wound retraction was also systematically measured. To
monitor wound contraction, a modified version of the planimetric method [17] was employed. This involved
tracing the wound edges onto clean tracing paper on days 2, 4, 6, 8, 10, and 12 post-wounding. These tracings
were subsequently analyzed using graph paper to calculate the wound area. The percentage of wound contraction
and epithelialization was determined using the following formulas:

Histopathological testing: To evaluate the wound healing process, one animal from Group IV was sacrificed on
days 4, 7, 10, and 13 post-wounding. The entire wound areas were excised, and samples were collected for
histopathological and biochemical analyses. Tissue samples designated for histopathological examination were
fixed in 10.0% neutral buffered formalin, dehydrated through ascending grades of ethanol, cleared in xylene, and
embedded in molten paraffin wax. Sections of 2-4 um thickness were prepared and stained with hematoxylin and
Eosin (H & E) for general structural assessment, while Masson's Trichrome stain was employed to evaluate
collagen deposition. Histological evaluation was conducted using Abramov’s histological scoring system [18,
19]. This semi-quantitative system assesses parameters such as acute and chronic inflammation, granulation tissue
formation, fibroblast proliferation, collagen deposition, re-epithelialization, and neovascularization, assigning
scores from 0 to 3 for each parameter. This allows for a comprehensive assessment of the wound-healing process.
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Tensometry (measure of tensile strength): On day 22 post-healing, bisected biopsies were obtained from the fully
healed wounds. Tensile strength for each sample was measured using a digital force gauge machine (HF-200;
model FKP Algometer produced by WAGNER), following established procedures [20].

Biochemical tests: Biopsies were collected on day 22 post-wounding from rats in Group IV, following the healing
of the last wound. The collected wounds were processed for histopathological and biochemical analyses. Tissue
samples were fixed in 10.0% neutral buffered formalin, dehydrated through ascending grades of ethanol, cleared
in xylene, and embedded in molten paraffin wax. The resulting blocks were sectioned into 2-4 um slices and
stained with (H & E) to assess general tissue structure. For collagen evaluation, Masson's green trichrome stain
was employed. Histological assessment utilized Abramov’s scoring system [18, 19]. Hydroxyproline and
hexosamine contents were quantified using the methods [21, 22], respectively, as referenced [23]. The total
protein content in the granulation tissue was determined using Bradford's method [24]. Uronic acid levels were
measured according to the procedure [25].

Statistical analysis: Data were presented as means+standard error of the mean (SEM). Statistical analyses were
performed using one-way and two-way analysis of variance (ANOVA) as appropriate, followed by the Bonferroni
post hoc test for multiple comparisons, considering time as a factor. P<0.05 was deemed statistically significant.

Results

On days 4 and 7 post-wounding, the scabs formed on the wounds were carefully removed for assessment. The
ease of scab removal was evaluated by noting the firmness of attachment to the wound bed, with particular
attention to any sticky or gel-like substances present. This evaluation was performed according to the method
described [17]. Regarding wound exudate, its characteristics volume, color, and odor were assessed as per the
guidelines provided by the World Union of Wound Healing Societies [26]. These assessments are crucial for
understanding the wound's healing environment and were documented as outlined in the Wound Assessment and
Management Guidelines [27]. On day 3 post-wounding, 75.0% of the square-shaped wounds had transformed
into irregular circular shapes. Scabs formed from wound exudates on days 4 and 7 were carefully debrided. Scabs
on Cicatrin-treated wounds were firmly attached to the wound beds, exhibiting sticky, gel-like materials.

Table 1: Assessment of the ease of scab removal (debridement) on days 4 and 7 of wounds treated with C. lobatus
Day A B C D
4 3x(23)  3£(3-3)7 2+(1-3)®  0£(0-1)
7 3+(2-3) 3+(3-3)*  24(1-2)°  0+(0-1)°

a°Means in the same row with different superscript alphabets were significantly different,
A (C. lobatus paste); B (C. lobatus aqueous extract); C (normal saline); D (Cicatrin powder),
0 (poor); 1 (good); 2 (very good) and 3 (excellent)

Table 2: Evaluation of scab (exudate) from the wounds treated with C. lobatus on days 4 and 7

Day A B C D
4 3+(2-3)  2+(2-3) 2+(1-3) 2+(2-3)
7 2+(2-3)  2+(2-2) 2+(2-3) 2+4(2-3)

a°Means in the same row with different superscripts alphabets were significantly different.
A (C. lobatus paste); B (C. lobatus aqueous extract); C (normal saline); D (Cicatrin powder),
0 (none); 1 (scanty); 2 (moderate) and 3 (abundant)
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Table 3: Mean of percentage wound contraction on the days 4, 6, 8, 10, and 12 of wound healing using C. lobatus

Day A B C D
4  4.13£3.82° 24.54+6.37° 9.4348.77° 3.56+5.56*
6  62.42+3.66° 71.48+£3.37* 61.96+£5.37® 51.734.96°
8 82.84+3.32 88.77£1.58  86.06£1.56  81.96+3.04
10 91.61+£1.31 93.89+0.98  90.23+0.96  89.32+1.13
12 92.29+1.21 94.10£0.90  86.50+5.76  90.00+1.16

a°Means in the same row with different superscripts alphabets were significantly different
A (C. lobatus paste); B (C. lobatus aqueous extract); C (normal saline) and D (Cicatrin powder)

Table 4: Mean of percentage wound epithelialisation on the days 8, 10 and 12 of wound healing using C. lobatus

Day A B C D
8 62.10+4.93 59.58£5.62 50.61£9.24  39.55+£9.85
10 82.62+6.01* 84.63+5.15* 76.87+5.56® 55.52+10.99°
12 96.67+3.33  96.44+3.56 87.49+4.41  76.43+6.88

a°Means in the same row with different superscripts alphabets were significantly different
A (C. lobatus paste); B (C. lobatus aqueous extract); C (normal saline) and D (Cicatrin powder)

The mean values for percentage wound contraction increased with days in all the treated wounds with slight
differences. The highest rate of wound contraction occurred in all the treated groups on day 6 (Table 3).
Epithelialisation started on day 7 and reached its highest rate at day 10 (Table 4).

Histological examination of granulation tissues from wounds treated with C. lobatus revealed a moderate to
abundant presence of fibroblasts compared to the scanty fibroblasts observed in wounds treated with saline
solution (Figure 1) and Cicatrin (Figure 2). Similarly, collagen deposition was moderate to abundant in the C.
lobatus treated wounds (Figure 3) and, C. lobatus aqueous extract (Figure 4) respectively, whereas fewer poly-
morphonuclear cells were present. By day 13 post-wounding, epithelialization was complete in the C. lobatus
treated wounds, exhibiting an abundance of keratinocytes.

The mean tensile strength values measured on day 22 post-wounding were 437.40+8.79 g/cm? for wounds treated
with C. lobatus paste and 163.00+27.75 g/cm? for those treated with Cicatrin powder (Table 5).

Day 3
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Day 11

Day 17

Plate 2: Transformation of all the wounds into irregular circular wounds at day 3; complete epithelialisation and healing of wounds
treated with C. lobatus paste (A) and aqueous extracts (B) on day 11; and normal saline (C) on day 17
(A, C. lobatus paste, B, C. lobatus aqueous extract, C, normal saline, and D, Cicatrin powder)

Table 5: Mean values of tensile strength of tissues (g/cm?) from various healed wounds treated with C. lobatus aqueous
extract at day 22

Day A B C D

22 437.4+48.79 384.8+68.5 312.5+3.82 206.5+89.81

aMeans in the same row with different superscript alphabets were significantly different
A (C. lobatus paste); B (C. lobatus aqueous extract); C (normal saline) and D (Cicatrin powder)

Figure 1: Micrograph of the granulation tissue harvested on Figure 2: Micrograph of the granulation tissue harvested on
day 13 post wounding from the wound treated with normal day 13 post wounding from the wound treated with Cicatrin
saline powder
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Figure 3: Micrograph of the granulation tissue harvested on Figure 4: Micrograph of the granulation tissue harvested on
day 13 post wounding from the wound treated with C. lobatus day 13 post wounding from wound treated with C. lobatus
paste aqueous extract,

Wounds that were treated with C. lobatus paste healed within the shortest period (11.0+£0.33 days), followed by

C. lobatus aqueous extract at (11.22+0.40). Cicatrin-treated wounds had the longest period of wound healing
(17.56+1.04) days (Table 6).

Table 6: Mean value of time (days) it took for the wounds treated with C. lobatus aqueous extract to heal

A B C D
11£0.33*  11.22+0.40° 12.33+0.50° 17.56+1.39
(10-12)  (10-13) (10-14) (10-22)

abMeans in the same row with different superscripts alphabets were significantly different A (C. lobatus paste);
B (C. lobatus aqueous extract); C (normal saline) and D (Cicatrin powder).

As illustrated in Figure 5, the biochemical composition of granulation tissue from wounds treated with different
agents, C. lobatus paste (Group A), C. lobatus aqueous extract (Group B), normal saline (Group C), and Cicatrin
powder (Group D), showed significant variation. On day 4, Group A exhibited the highest hydroxyproline
concentration. However, by day 13, Group B showed a greater increase in hydroxyproline than all other groups.
Group C and group D consistently recorded the lowest values across all parameters. In Figure 6, hexosamine
peaked on day 10, with Group B having the highest concentration, followed by Group A, Cicatrin (Group D), and
normal saline (Group C). A similar pattern was observed in uronic acid levels (Figure 7), where Group B slightly
exceeded Group A, with Group C showing the lowest values. Total protein concentration (Figure 8) mirrored
this trend, with Groups A and B outperforming Groups C and D.

Hydroxyproline (ng/50 mg of Hexosamine (ng/50 mg of tissue)
tissue) Crorort lobartus Croton lobatus
0.0035 - 0.014
0.003 s OIOL2
= =
= 0.0025 = o0.01
= S
-_:_,-‘t 0.002 = Day 4 £ 0.008 - = Day 4
£ o.00as =m Day 7 % 0.006 = Day 7
L
E 0.001 = IDay 10 E 0.004 "= Day 10
< o.000s = Day 13 < 0.002 == Day 13
o o
A B C D
Samples
Figure 5: Biochemical estimation of hydroxyproline (ug) of Figure 6: Biochemical estimation of hexosamine (pg) of
granulation tissue samples harvested from healing wounds granulation tissue samples harvested from healing wounds
treated with different agents (A, B, C & D) treated with different agents (A, B, C & D)
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Uronic acid (ng/5 Omg of tissue) Total protein (mg / 50 mg tissue)
Croton lobatus Croton lobatus
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Figure 7: Biochemical estimation of uronic acid (ug) of Figure 8: Biochemical estimation of total protein (png) of
granulation tlSSU? samples harvested from healing wounds granulation tissue samples harvested from healing wounds
treated with different agents (A, B, C & D) treated with different agents (A, B, C & D)
Discussion

The study investigated the wound-healing properties of C. lobatus paste and aqueous extract, by comparing their
effects to those of Cicatrin and normal saline. On days 4 and 7 post-wounding, wounds treated with C. lobatus
paste and aqueous extract exhibited significantly easier scab removal (debridement) compared to those treated
with Cicatrin. This observation is attributed to the gel-like material in Cicatrin-treated wounds, which firmly
adhered the necrotic tissue to the wound bed. However, no significant differences were found in the volume of
exudates among all treatment groups. This finding contrasts with Sun and others [10], who reported that Dragon's
Blood reduced wound exudation compared to their control's animals. At day 4, the mean percentage of wound
contraction in C. lobatus aqueous extract-treated wounds was significantly higher than in all other groups. By day
6, both C. lobatus paste and aqueous extract treatments showed significantly greater contraction compared to
Cicatrin, with no significant difference from normal saline. The peak contraction occurred on day 6, aligning with
findings by Hinz [28], who also noted that wound contraction typically begins around seven days post-injury due
to myofibroblast activity. Similarly, Anietie and associates [30] observed noticeable contraction between days 5
and 9 post-injury [29], while Eugene and others [30] reported a significant decrease in wound area between days
1 and 4 [30] which was different from our findings. Epithelialization commenced around day seven and peaked
at day 10. On day 10, wounds treated with C. lobatus paste and aqueous extract exhibited significantly higher
epithelialization rates than those treated with Cicatrin, with no significant difference from normal saline. This
enhanced epithelialization is attributed to the increased mitotic activity of epithelial cells at the wound edges, as
supported by the findings by Velnar and associates [31]. The accelerated healing observed with C. lobatus
treatments is likely due to its saponins, flavonoids, and tannins [32], which possess antioxidant and anti-
inflammatory properties that promote granulation tissue formation, fibroblast proliferation, and collagen
synthesis. These findings are corroborated by histological and biochemical analysis findings as well.

Histological analysis of granulation tissues from wounds treated with C. lobatus demonstrated a notable
enhancement in the wound-healing process. Specifically, there was a moderate to abundant presence of fibroblasts
in the C. lobatus treated wounds, in contrast to the scanty fibroblast population observed in wounds treated with
saline solution and Cicatrin. This proliferation of fibroblasts is pivotal, as these cells are integral to synthesizing
extracellular matrix components and facilitating tissue repair during the proliferative phase of wound healing
[33]. In addition to fibroblast proliferation, collagen deposition was also moderate to abundant in the C. lobatus
treated wounds [34]. Collagen provides structural integrity to the wound matrix, and its increased deposition
indicates a robust healing response. Notably, there were fewer polymorphonuclear cells present in the C. lobatus
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treated wounds, suggesting a resolution of the inflammatory phase and a transition towards tissue remodeling. By
day 13 post-wounding, epithelialization was complete in the C. lobatus treated wounds, characterized by an
abundance of keratinocytes. The observed histological improvements align with the known roles of fibroblasts in
wound healing [33]. Fibroblasts are essential for wound contraction and closure, as they migrate into the wound
bed, proliferate, and synthesize new extracellular matrix components, including collagen. Their activity is crucial
for the structural restoration of the tissue [35]. The presence of keratinocytes in the healed wounds further
indicates successful epithelial regeneration, which is vital for re-establishing the skin's protective barrier. These
findings suggest that C. lobatus significantly enhances wound healing by promoting fibroblast proliferation [28],
collagen deposition, and epithelialization. The observed histological improvements align with the known roles of
fibroblasts in synthesizing extracellular matrix components and facilitating tissue repair during the proliferative
phase of wound healing. The presence of keratinocytes in the healed wounds further indicates successful epithelial
regeneration.

The results of this study demonstrate that wounds treated with C. lobatus paste exhibited significantly higher
tensile strength on day 22 post-wounding compared to those treated with Cicatrin powder. This finding also
suggests that C. lobatus paste may enhance wound healing by improving collagen synthesis and tissue
remodeling, thereby increasing the tensile strength of the repaired tissue. Biochemical analyses showed that
wounds treated with C. lobatus paste had the highest hydroxyproline content, indicating increased collagen
synthesis. The peak hexosamine content occurred on days 4 and 10 across all treatments, correlating with the
highest epithelialization rate and this indicated a more robust collagen synthesis activity, which is critical for
tissue repair and wound remodeling. C. lobatus-treated wounds also exhibited peak uronic acid content,
suggesting enhanced glycosaminoglycan synthesis by fibroblasts. Increased total protein content in these wounds
further supported the observed epithelialization rates. These biochemical findings align with the wound-healing
effects observed in the histological assessments. The higher hexosamine and uronic acid content in groups A and
B further underscores the enhanced extracellular matrix formation, supporting the hypothesis that C. lobatus,
particularly in paste form, facilitates superior biochemical conditions for granulation tissue formation.

Conclusion: C. lobatus paste and aqueous extract demonstrated superior wound-healing properties compared to
Cicatrin, as evidenced by enhanced contraction, epithelialization, fibroblast activity, collagen deposition, and
tensile strength. The plant's bio-active compounds likely contribute to these therapeutic effects, proving its
potential as a natural wound-healing agent and hence, these findings collectively suggest that C. lobatus-based
treatments are more effective than conventional saline and Cicatrin powder in promoting the key biochemical
pathways involved in wound healing.
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