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RESUMEN

El presente estudio evalud el efecto de la inclusién en la dieta de distintos niveles de hojas nogal (WL) y residuos de bulbo de cebolla (OB) sobre
la cicatrizacion de heridas en la dermis de Clarias gariepinus. El experimento se llevé a cabo en nueve tanques experimentales (1,8 m x 2 m x 1,2 m)
durante 14 dias. Se formularon nueve dietas experimentales al 40% de proteina bruta con los siguientes niveles de inclusién: control (0%), OB2 (0,5%),
OB3 (1,0%), OB4 (1,5%), OBS5 (2,0%), WL6 (0,5%), WL7 (1,0%), WL8 (1,5%) y WL9 (2,0%). Los peces (peso promedio 1 kg) fueron alimentados
dos veces al dia con 3% del peso corporal. El porcentaje de cicatrizacion y la tasa diaria de cicatrizacion en las zonas laterales y caudales de macho y
hembra de Clarias gariepinus se investigaron a los 0, 7 y 14 dfas. Los datos fueron analizados mediante estadistica descriptiva y ANOVA (P < 0,05). Los
resultados mostraron que los peces alimentados con hojas de nogal y residuos de bulbo de cebolla mostraron un mejor rendimiento que el control. La
cicatrizacién dermal de heridas en Clarias gariepinus fue mejor en la parte lateral y caudal (100%; 14,29%; 100%; 14,29%) en WL 8 en comparacién con
el control (98%; 14,00; 80%; 11,43), respectivamente. Clarias gariepinus macho tenia una mejor cicatrizaciéon en comparacién con la hembra (100%;
14,29; 82%; 11,71), respectivamente. Las dietas con hojas de nogal y residuos de bulbo de cebolla tienen propiedades curativas y podrian ser usadas en
acuicultura, ademas la inclusién de un 1,5% de nogal en la alimentacion de los peces favorece la cicatrizacién de heridas en Clarias gariepinus.

Palabras clave: Clarias gariepinus, hoja de Nogal, bulbo de cebolla, cicatrizacion de heridas.

SUMMARY

The study evaluated the effect of dietary inclusion levels of walnut leaf (WL) and onion bulb (OB) residues on dermal wound healing of Clarias
gariepinus. The experiment was carried out in 9 experimental tanks (1.8 m x 2 m x 1.2 m) for 14 days. Nine experimental diets were formulated at
40% crude protein representing the following inclusion levels: Control (0%), OB2 (0.5%), OB3 (1.0%), OB4 (1.5%), OBS5 (2.0%), WL6 (0.5%), WL7
(1.0%), WLS (1.5%) and WL9 (2.0%). Fish (mean weight of 1kg) were fed twice daily at 3% body weight. Percentage healing and daily healing rate on
lateral and caudal parts of the male and female Clarias gariepinus were investigated at 0, 7 and 14 days. Data were analysed using descriptive statistics
and ANOVA at P < 0.05. The results demonstrated that the fish fed with walnut leaf and onion bulb residues showed better performance than the control.
Dermal wound healing of Clarias gariepinus was better on lateral and caudal parts (100%, 14.29; 100%, 14.29) in WL 8 compared to the control (98%,
14.00; 80%, 11.43) respectively. The results obtained showed that the male Clarias gariepinus had better healing compared to the female (100%, 14.29;
82%, 11.71), respectively. Diets with walnut leaf and onion bulb residues had wound healing properties and they could be use in fish farming. Also, the
inclusion of 1.5% of walnut leaf residue in fish feed promotes wound healing in Clarias gariepinus.
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INTRODUCTION

African catfish (Clarias gariepinus) is one of many
economical freshwater fishes that are cultured in Nige-
ria for its excellent biological characteristics such as fast
growth, popular taste and high economic value. Unfor-
tunately, high mortality acts as an important limiting
factor for aquaculture businesses as result of wound and
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infections sustained by the fish. Wound has been defined
as a disruption of normal anatomical structure and more
importantly function. Therefore, healing is the complex
and dynamic process that results in the restoration of ana-
tomical continuity and function (Lazarus et al 1994).

A wound may be produced by chemical, physical,
thermal, microbial or immunological action on the tissue,
causing discomfort and making it more prone to infec-
tion and other troublesome complications (Ingold 1993).
Wounds normally heal in a very orderly and efficient
manner characterised by four distinct, but overlapping
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phases: haemostasis, inflammation, proliferation and re-
modelling. Many of the synthetic drugs currently used for
the treatment of wounds are not only expensive but also
pose problems such as allergy, drug resistance and this
situation has forced the scientists to seek alternative drugs
(Sai and Babu 1998). Efforts are being made all over the
world to discover agents that can promote healing and
therefore reduce high mortality, enhance productivity and
improve high economic performance. Looking for less
harmful approaches and more environmentally-friendly
treatments became of major importance. Therefore, using
medicinal plants seems to be an attractive alternative.

Medicinal plants have been known as first art of
treatment to man and animals. Plants and their extracts have
an immense potential for the management and treatment of
wound. The phytomedicine for wound healing is not only
cheap and affordable but are also purportedly safe as hy-
persensitive reactions are rarely encountered with the use
of these agents. Medicinal plants such as onion bulb and
walnut leaf had been used to combat infection and alleviate
stress with a potential for wound healing and antimicrobial
effects in animals (Lee ef al 2009, Omale and Isaac 2010).
Walnut (Tetracarpidium conophorum) belongs to the Eu-
phorbiaceaae family. Some phytochemical constituents
present in 7. conophorum are tannins, protein oils, carbo-
hydrates and fibres (Enujiagha 2003). Walnut is believed to
have the following traditional uses; anthelminthic, antibac-
terial, antifungal, anti inflammatory, antiviral, immunos-
timulant and liver health maintenance (Blumenthal et al
2000). Also, onion forms a large genus of about 700 spe-
cies of strong-smelling, bulbous or rhizomatous biennials
and perennials (Deni 1996). In traditional medicine is used
externally to treat boils, felons, wounds and stings and to
relieve coughs, bronchitis, gastro-intestinal disorders and
headache (Diah ef al 1999). Onions contain many active
compounds that appear to inhibit the growth of cancerous
cells, lower blood pressure and cholesterol and stimulate
immune response. Some studies have been carried out in
the cyprinid species zebra fish (Danio rerio) and common
carp (Cyprinus carpio) (Nakatani et al 2007, Gonzalez et
al 2007, Yoshinari et al 2009, Lee et al 2009), Wister albi-
no rats, Rattus novergicus (Omale and Isaac 2010) but re-
search studies on African catfish, Clarias gariepinus have
not been properly elucidated.

The purpose of this study was to investigate the po-
tential effect of walnut leaf and onion bulb residues on
dermal wound healing pattern in Clarias gariepinus and
provide baseline data for future research in area of wound
healing for Clarias gariepinus.

MATERIAL AND METHODS
PLANT COLLECTION AND IDENTIFICATION

Onion bulbs were purchased from Bodija market in Iba-
dan, Nigeria. Walnut leaf was obtained from a farm at Oka
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-Akoko, Nigeria. They were authenticated at the herbarium
of the Forestry Research Institute of Nigeria (FRIN), Ibadan,
where a voucher specimen was deposited under FHI 107515.

PREPARATION AND EXTRACTION OF PLANT
MATERIALS

Onion extraction. The onion bulbs were washed with
distilled water and allowed to air dry at ambient tempe-
rature (25°C) for one hour. The dry outer coverings of
the onions were manually peeled off, washed and extrac-
ted as described by Azu and Onyeagba (2007). 200 g of
the fresh onion bulbs were blended into fine powder and
soaked in 100 ml of 95% ethanol for 24 hrs. The obtained
pulp was left in a clean, sterile glass container, shaken
vigorously to allow for proper extraction, filtered using a
sterile muslin cloth after which the residue was obtained,
air-dried and stored (4°C) until required.

Walnut leaf extraction. The extraction was as described
by Ajaiyeoba and Fadare (2006). The air-dried walnut
leaf were grounded with a hammer mill to fine powder.
200g of the powder of walnut leaves was soaked in 100
ml of 80% methanol for 72 hours. Walnut leaf were pro-
perly mixed with methanol, filtered using a sterile muslin
cloth after which the extract was obtained, air-dried and
stored at (25°C) until required.

EXPERIMENTAL FISH

The experiment was conducted at the Department of
Aquaculture and Fisheries Management Teaching and Re-
search Farm, University of Ibadan, Nigeria. Fifty four (54)
adults’ male and female Clarias gariepinus (27 each) with
mean body weight of 1 kg of the same age were studied.
The fish were randomly distributed into nine treatments
with 6 fish per treatment. They were purchased from a
known farm in Ibadan, Nigeria. The fish were acclimatised
for six weeks before the experiment and judged to be of
good general health based on complete physical examina-
tion which includes general body condition, the eye, gills
and body examination before the commencement of the
experiment.

SURGICAL PROCEDURE

Feeding were stopped 24 hours prior to surgery and
the fish were anaesthetics shortly before the commen-
cement of the experiment. The lateral and caudal parts
of fish were aseptically prepared and this was conduc-
ted to determine if differences exist in the healing rate at
different locations (lateral and caudal part) of fish. The
wound location was chosen because the tissues of these
locations vary from one another with incision of 1 cm?
on the fish body (Abo et al 2004, Bell 2002). A standard
template (a transparent paper, drawing the site on a well



uniform 1 mm cubic square quadrant) was placed on the
fish and the cuts were made on the lateral and caudal part
of the fish to draw the wound area (see figure 1) and was
replicated twice on the fish body. Immediately after it is
cut, the wound was photographed with a digital camera.
The fish were taken out of water on daily basis
(everyday) to examine the wound closure. Measurement
and reading were done on 0, 7 and 14 days. Photographs
were taken using digital camera with 8.2 mega pixel, 3x
optical zoom specifications while measurement was done
using measuring scale for assessment of the wound clo-
sure on the lateral and caudal parts at 0, 7 and 14 days
adopting a two-dimensional healing measurements.

Percentage healing was calculated as:

% healing = change inwound area (area of regenerated tissue) x 100

initial wound area

Daily healing rates = total percentageof area healed  (Bell 2002)
number of days with measurements taken

EXPERIMENTAL DIETS

Proximate composition of the experimental diet was
40.0% crude protein, 15.9% ether extract, 15.7% ash,
7.4% moisture, and 20.9% NFE. Nine experimental diets
were prepared by incorporating walnut leaf and onion bulb
residues at the following inclusion levels:

- Treatment 1: served as the control and without any treatment.
- Treatment 2: was treated with onion bulb residue (0.5%)

- Treatment 3: was treated with onion bulb residue (1.0%)

- Treatment 4: was treated with onion bulb residue (1.5%)

- Treatment 5: was treated with onion bulb residue (2.0%)

- Treatment 6: was treated with walnut leaf residue (0.5%)

- Treatment 7: was treated with walnut leaf residue (1.0%)

- Treatment 8: was treated with walnut leaf residue (1.5%)

- Treatment 9: was treated with walnut leaf residue (2.0%).

Feed ingredients such as fishmeal, soybean, maize,
starch, vegetable oil, Di calcium phosphate (DCP), salt
and vitamin- mineral premix were added and the dry

Figure 1. Clarias gariepinus with 1 cm? template.
Clarias gariepinus con plantilla de 1 cm?.
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ingredients were mixed thoroughly in a mixer for 10
minutes. Water was added and the resulting dough was
pelletted, the pelletted diets were sun-dried, and stored in
airtight containers at room temperature to prevent myco-
toxin formation until required.

STATISTICAL ANALY SIS

Percentage healing and daily healing rate on caudal
and lateral part of Clarias gariepinus resulting from the
experiment were subjected to one-way analysis of varian-
ce (ANOVA) using SPSS (Statistical Package for Social
Sciences 2006 version 15.0). Duncan multiple range test
was used to compare differences among individual means.

RESULTS

Results showed that C. gariepinus with wounds on
the lateral and caudal aspects had better healing percen-
tages and daily healing rates in onion bulb and walnut
leaf treatments than the control. Table 1 (a and b) shows
that the highest value was recorded in OB4 while the
lowest was recorded in OB5 among the onion bulb resi-
due treatments, while the highest value was recorded in
WLS and the lowest in WL6 among the walnut leaf resi-
due treatments for percentage healing. The highest value
was also recorded in OB4 and the lowest in OB5 among
the onion bulb treatment, and WLS8 recorded highest and
WL6 recorded the lowest value for walnut leaf residue
on daily healing rate on lateral part on 7 days and 100%,
14.29 for all the treatments on the lateral part on 14 days
of healing percentage and daily healing rate, respectively.

Also, the healing percentage and daily healing rate of the
caudal part of C gariepinus show better healing percentage
and daily healing rate on onion bulb treatment and walnut
leaves treatment than the control. The highest value was re-
corded in OB4 while the lowest was recorded in OB5 among
the onion bulb residue treatment, while the highest value
was recorded in WLS8 and the lowest one in WL6 and WL7
among the walnut leaf residue treatment especially on the
caudal part. The highest value was also recorded in OB4 and
the lowest in OB5 among the onion bulb residue and WLS8
recorded highest and lowest in WL6 and WL7 for walnut
leaf residue on daily healing rate on caudal part on 7 days and
OBA4 recorded highest healing percentage and lowest in OB2
among onion bulb residue treatment while the highest value
was recorded in WL8 and WL9 and lowest in WL6 and WL7
among walnut leaf residue treatment for healing percentage
and highest value was recorded in OB4 and lowest in OB2
among the onion bulb residue treatment for daily healing rate
while the highest was recorded in WL8 and WL9 and lowest
in WL6 and WL7 for daily healing rate among the walnut
leaf residue treatment on the caudal part on 14 days.

The results also revealed that male C. gariepinus
healing percentage and daily healing rate were bet-
ter in treated groups than the control. Table 2 (a and b)
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Table 1a. Wound healing experiment of Clarias gariepinus fed with onion bulb and walnut leaf (7 days).
Experimento de cicatrizacién de Clarias gariepinus alimentados con bulbo de cebolla y hoja de nogal (7 dias)

Treatment Lateral part (area) Caudal part (area)
7 days 7 days
Initial wound area  Change in wound % Healing Daily healing rates Initial wound area  Change in wound % Healing Daily healing rates
(cm?) area(cm?) (cm?) area (cm?)

Control 1.00 0.40 40? 5.71* 1.00 0.19 19° 2.712
OBR2 1.00 0.64 64<¢ 9.14¢ 1.00 0.44 44¢ 6.29¢
OBR3 1.00 0.70 70d° 10.00¢ 1.00 0.49 49¢ 7.00¢
OBR4 1.00 0.79 79" 11.29¢ 1.00 0.75 75" 10.71f
OBRS5 1.00 0.58 58¢ 8.29¢ 1.00 0.36 36° 5.14°
WLR6 1.00 0.51 51° 7.29° 1.00 0.44 44¢ 6.29¢
WLR7 1.00 0.58 58¢ 8.29¢ 1.00 0.44 44¢ 6.29¢
WLR8 1.00 0.99 99¢ 14.14" 1.00 0.95 95¢ 13.57¢
WLR9 1.00 0.75 75¢ 10.71F 1.00 0.64 64¢ 9.14¢

Mean followed by the same letter is not significantly different (P > 0.05).

Table 1b. Wound healing experiment of Clarias gariepinus fed with onion bulb and walnut leaf (14 days).
Experimento de cicatrizacién de Clarias gariepinus alimentados con bulbo de cebolla y hoja de nogal (14 dfas).

Treatment Lateral part (area) Caudal part (area)
14 days 14 days
Initial wound area  Change in wound % Healing Daily healing rates  Initial wound area  Change in wound % Healing Daily healing rates
(cm?) area(cm?) (cm?) area (cm?)

Control 1.00 1.00 98 14.00* 1.00 0.80 80° 11.43*
OBR2 1.00 1.00 100? 14.29* 1.00 0.91 91° 13.00°
OBR3 1.00 1.00 100* 14.29* 1.00 0.97 97¢ 13.86°
OBR4 1.00 1.00 100* 14.29* 1.00 1.00 100¢ 14.29¢
OBRS5 1.00 1.00 100* 14.29* 1.00 0.99 99¢ 14.14¢
WLR6 1.00 1.00 100* 14.29 1.00 0.99 99¢ 14.149
WLR7 1.00 1.00 100* 14.29 1.00 0.99 99¢ 14.149
WLRS 1.00 1.00 100* 14.29 1.00 1.00 100¢ 14.29¢
WLR9 1.00 1.00 100® 14.29 1.00 1.00 100¢ 14.29¢

Mean followed by the same letter is not significantly different (P > 0.05).
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shows that the highest value was recorded in OB4 and
the lowest one in OB2 and OB5 among the onion bulb
residue treatments, while the highest value was recorded
in WL8 and lowest in WL6 among the walnut leaf resi-
due treatments for percentage healing. The highest va-
lue were also recorded in OB4 and lowest in OB2 and
OBS5 among the onion bulb residue treatments for daily
healing rate and the highest value was obtained in WLS8
and the lowest in WL6 for walnut leaf residue treatments
on daily healing rate on the 7 days and 100%, 14.29 on
the 14 days of healing percentage and daily healing rate,
respectively.

In addition, the result of percentage healing was si-
milar to that of the male in both onion and walnut treated
groups. The highest value was recorded in OB4 and the
lowest in OB2 and OB5 among the onion bulb residue for
daily healing rate and the highest value was recorded in
WLS8 and the lowest was recorded in WL6 for walnut leaf
residue for daily healing rate on the 7 days OB4 recorded
highest percentage healing and the lowest in OB2 among
onion bulb residue treatments while highest value was re-
corded in WL8 and WL9 and the lowest value was recor-
ded in WL6 among the walnut leaf residue treatments for
percentage healing while the highest value was recorded
in OB4 and lowest in OB2 among the onion bulb residue
for daily healing rate and the highest value was recorded
in WL8 and WL9 and the lowest in WL6 for walnut leaf
residue for daily healing rate on the 14 days.

Percentage healing and daily healing rate at 7 and 14
days on lateral part and caudal part were significantly
higher (P < 0.05) than the control. Also, the male and fe-
male percentage healing and daily healing rate respecti-
vely at 7 and 14 days on lateral part and caudal part were
significantly higher (P < 0.05) than the control. Among
the treated groups, walnut leaf were more effective than
onion bulb treatment most especially WLT 8 which had
complete healing on 6™ day and without any traces of
scar on the 9" day while other treated groups had their
complete healing from 10" day with or without scar, but
the control had complete healing on 12" day with slight
traces of scar on the 14™ day.

DISCUSSION

Wound healing is a complex and dynamic process
of restoring cellular structures and tissue layers in da-
maged tissues as closely as possible to its normal state.
Wound contracture is a process that occurs throughout
the healing process, starting with the fibroblastic stage
whereby the area of the wound undergoes shrinkage. In
the maturational phase, the final phase of wound healing,
the wound undergoes contraction resulting in a smaller
amount of apparent scar tissue. Granulation tissue for-
med in the final part of the proliferative phase is prima-
rily composed of fibroblasts, collagen, edema and new
small blood vessels.
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These observation were similar to the report of hig-
her percentage of wound closure observed in the group of
animals treated with Saba florida on day 24 of the experi-
ment (Omale and Isaac 2010) and those treated with Eu-
phorbia heterophylla (Euphorbiaceae) leaf extract (Oma-
le and Emmanuel 2010). This finding suggests that walnut
leaves treatment may be more effective in dermal wound
healing than the onion bulb. This may be due to presence
of more antimicrobial constituents in walnut leaf than the
onion bulb. One of the phytochemical constituents pre-
sent in T conophorum and A .cepa may be responsible
for the wound-healing activity. Studies on 7. conophorum
and A .cepa have shown that phytochemical constituents
like flavonoids, tannins, saponins and alkaloids were
present and these are known to promote wound healing
process mainly due to their astringent and antimicrobial
properties, which appears to be responsible for wound
contraction and increased rate of epithelization.

The findings also showed that healing percentage and
daily healing rate were better healed on the lateral part
than the caudal part. The reason may be due to presen-
ce of more flesh on the lateral part than the caudal part
which had lesser flesh. The finding shows that the treated
groups healed faster than the control. The higher healing
percentage observed in the male in both onion and walnut
treated groups may be due to the anabolic hormonal in-
fluences in the male. The possible reason why walnut leaf
treatment performed better than the onion bulb treatment
and the control may be due to high quality of wound hea-
ling properties, antimicrobial properties and growth pro-
moting effect present in walnut leaf.

In conclusion, dietary supplementation of walnut leaf
and onion bulb residues at all inclusion levels investiga-
ted has enhancing effects on dermal wound healing of C.
gariepinus. Walnut leaf and onion bulb residues as feed
ingredients could be a useful factor in Clarias gariepinus
culture practices and 1.5% inclusion of walnut leaf resi-
due in the diet of C. gariepinus would significantly aid
the aquaculture industry by reducing mortality associated
with wound infection.
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