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SURGERY

Effect of Oral Channa striatus in Laparotomy Wound  
Healing of Malnourished Rats
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ABSTRACT
Objective: To evaluate the effect of oral Channa striatus in laparotomy wound healing in malnourished rats in terms of ten-

sile strength, microscopic aspect and hydroxyproline measurement.
Design: A randomized control trial.
Materials and methods: A study was carried out initially to measure appropriate malnourished diet with eight male Wistar 

Kiyoto rats at the age 90 days, weighing about 300 g to 350 g. It was followed by an experimental study on forty rats that were 
divided into two groups, control and oral Channa striatus group. They were starved to become malnourished within thirty days. 
Subsequently, a four centimeters midline laparotomy wound was inflicted on their abdomen. Wound dressing was done every 
day until they were sacrificed and any changes over the wound were documented. Independent t test was performed to compare 
the parameters between control and study groups.

Results: The desired weight reduction of 10-12% was achieved after given 50% of the normal diet to achieve the malnour-
ished state within day 21 to day 28. The results demonstrated that treating wound with oral Channa striatus produced better 
healing proven by better tensile strength, higher fibroblast count and hydroxyproline measurement. 

Conclusion: Oral Channa striatus has properties that render its capable of promoting wound healing activity. Direct correla-
tion with human subject is not possible but it may serve as a platform to explore on laparotomy wound with patient in malnour-
ished state.
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INTRODUCTION 

Normal healing is a complex process which brings into plays vari-
ous cellular mechanisms and chemical mediators. Three phases can be 
distinguished, each of which requires specific conditions for its success-
ful completion: inflammatory, proliferative and maturational phases. 
These phases are fundamentally the same for all tissues and in all mam-
malian species (Howes, Harvey, Hewelt, 1939).

Malnutrition is a common problem in hospitalized patients and in 
surgical patients; if it is not diagnosed and treated, malnutrition is often 
associated with an increased incidence of complications (Manning, 
Shenkin, 1995). Malnutrition is associated with a higher incidence of 
septicaemia (Chandra, 1983), prolonged ventilator dependence (Bassili, 
Dietel, 1981) and increased mortality (Reinhardt, Mycofski, Wilkens, 

1980). The severity of malnutrition has been directly linked to the sever-
ity of the complications (Pablo, Rocandio, Arroyo, 2003) and the provi-
sion of nutritional support has been shown to improve clinical outcome, 
particularly in severely malnourished patients (Manning, Shenkin, 
1995).

Poor nutritional intake or lack of certain essential nutrients signifi-
cantly affects the body's ability to heal wounds. Studies over the past 
century have shown changes in energy, carbohydrate, protein, fat, vita-
min and mineral metabolism after wounding or injury, will affect the 
healing process (Levenson, Demetriou, 1992). Loss of protein from pro-
tein-calorie malnutrition leads to decreased wound tensile strength sub-
sequently lead to wound dehiscence, which occurs in 0.2% to 10% of 
abdominal procedures (Riou, Cohen, Johnson, 1992). 

Freshwater animals, fishes in particular such as Channa striatus, 
Channa micropeltes and Channa Lucius are haruan, bujuk and toman 
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respectively, in Malay, are snakehead fish belonging to the Channidae 
family. They are indigenous to many tropical and subtropical countries 
including Malaysia and are fresh water, air breathing, carnivorous fish, 
which are a valuable source of protein throughout the Asia Pacific 
region. Channa striatus not only as a food, but also as remedy for 
wound healing. People in China, Indochina, Thailand, Singapore, 
Indonesia, Philipines and India consumed and believed in biomedical 
properties of fish. Obviously, the Channidae are well distributed within 
this region as above (Mohsin, Ambak, 1983).

Fresh water and marine fish are very important components of the 
Malaysian diet, and fish constitute approximately 60-70% of the protein 
intake in Malaysia. All three Channa spp. fish are a good source of 
amino acids and fatty acids. These fish may provide an alternative 
source of protein and fat for the populations of developing countries. All 
three species were rich in amino acid and fatty acid. The water content 
(% wet weight) ranged from 80.0% to 83.5%. The crude protein content 
ranged from 19.9% in C. lucius to 23.0% in Channa striatus. The total 
lipid content was generally high ranging from 5.7% to 11.9%. Crude ash 
ranged from 1.0% to 1.8% (all in% dry weight). The most abundant 
fatty acid in Channa spp. is C16:0 ranging from 25.6% to 30.4% (Abd 
Rahman, Osman, 1995). 

The Channa striatus is claimed to have rejuvenating effects, partic-
ular in humans recuperating from serious illness and surgery. It has a 
high composition in fatty acids and certain amino acids (Mat Jais, Mc 
Cullock, Croft, 1994). These components of the haruan extracts were 
suggested to be responsible for the healing effects of haruan. C. striatus 
has been studied extensively for its putative effects on wound healing 
(Mat Jais et al., 1994; Baie, Sheikh, 2000). It is used by patients in the 
post-operative period to promote wound healing (Mat Jais, Dambisya, 
Lee, 1997) and to reduce pain (Zakaria, Kumar, Mat Jais, Sulaiman, 
Somchit, 2008).

Various studies of Channa striatus have been done in animal. One 
animal study was done to evaluate the effect of oral C. striatus extract 
on the changes in experimentally induced osteoarthritis in New Zealand 
White rabbits. The anti-inflammatory mechanism of action of C. striatus 
extract on the osteoarthritic joint it may be due to the high content of 
amino acids and fatty acids, which may help prevent further damage in 
the osteoarthritic joint by aiding in the synthesis of more collagen fibers 
in the articular cartilage. This action could enhance the repair process of 
the articular cartilage by lessening fragmentation of the degrading artic-
ular cartilage into the joint cavity and helping to reduce the inflammato-
ry reactions in the joint. It is also suggested that C. striatus treatment 
could help in remodeling of collagen via the synthesis of inter- and 
intramolecular protein cross-linking (Ng, Ganabadhi, Yusof, 2004). This 
action would in turn help strengthen the structure of the articular carti-
lage, preventing further degradation. As a result, inflammation of 
arthritic joints was reduced in joints treated with C. striatus as evi-
denced by radiographic changes and in the overall innervation of the 
synovial membrane in comparison with conditions in highly inflamed 
joints of untreated arthritic joints (Ng et al., 2004). 

There were limited publications on the oral Channa striatus on the 
effectiveness on the wound healing especially in malnourished subject. 
Thus, this study aims to evaluate the effect of oral Channa striatus in 
laparotomy wound healing in malnourished rats in terms of tensile 
strength, microscopic aspect and hydroxyproline measurement.

MATERIALS  AND  METHODS

This study was conducted at the Laboratory Animal Research Unit 
(LARU) of Universiti Sains Malaysia, Kubang Kerian after approval by 
the university's Animal Ethical Committee. Forty eight male Wistar 
Kiyoto rats aged 90 days old and initial body weight between 300 and 
380g were used. All forty eight male rats were kept in LARU in separate 
cages one week prior to study and were fed with free access to standard 
commercial diet and water ad libitum. The rats were randomized into 
two groups using block randomization.

This study was divided in two phases. In the phase I (pilot study, to 
evaluate suitable malnourish diet), eight rats were used: group I 
(well-nourished group, n = 4) and group II (malnourished group, n = 4). 
The sufficient malnourished was consider when body weight reduced 
10-12% from well nourish group and at least three reading at constant 
plateau. Rats in malnourished group received 50% of normal diet daily 
for one month. Daily weighing was done to see state of malnourish to 
plateau. The reduction diet that induced significant malnourish state was 
used in phase II study. Forty male rats were given daily the amount of 
food that required from phase I for creation of malnourish state. The rats 
were divided into two groups for phase II: group I (malnourished - con-
trol group, n = 20) and group II (malnourished - Channa striatus group, 
n = 20).

After one month of scheduled diet, all the rats were subjected for 
laparotomy operation and closure. 24 hours after surgery, 20 rats 
received oral Channa striatus until day 7 post operations when the ani-
mals were euthanized. The rats pallet amount were measured using 
TANITA kd-200 (ISO/IEC 17025, CALIBRATE 25/BAL - 0.03). All 
rats were fed twice a day with rat's pallets (Gold Coin Feedmills SDN 
BHD) in separate cages. The body weight of each rat was monitored 
every morning using weight-in scale Arrow AR 3320. Malnutrition state 
was achieved when the rat's weight reduction was 10 - 12% from the 
baseline body weight. After 30 days of scheduled diet, all the rats were 
subjected for laparotomy operation.

General anesthesia was performed with an intramuscular Ketamine 
45 mg/kg (100 mg/ml) and Xylazine 5 mg/kg then was followed by iso-
flurane 2% inhalation as maintenance. All surgical procedures were per-
formed by the same surgeon. Under anesthesia, the abdomen were 
shaved and they were placed in dorsum recumbency position and their 
abdomen were immobilized for the surgery. When fully anaesthetized, 
the shaved areas were cleaned with 1% Hibiscrub, alcohol 70% and 
povidone iodine 10%. The operation site was isolated with sterile towel. 
The rats were submitted to a midline laparotomy wound through a 4 cm 
incision from epigastric approximately at the line of linea alba using 
surgical blade size 11 Fr. Abdomen were open in layer till reach the 
peritoneum. Once reach the peritoneum, the abdominal musculoaponeu-
rotic layer without peritoneum, subcutaneous and skin was closed with 
4-0 polyprophylene continuous suture separately. 

Treatment was started 24 hours after operation. Control group 
(Group I) was given 50% of the diet ad libithum and received oral and 
topical use of normal saline over the laparotomy wound once a day. 
Study group (Group II) was given 50% of the diet ad libithum and 
received oral Channa striatus 100 mg/100 g and topical use of normal 

Table 1. Difference of mean tensile strength, epithelisation count, fibroblast count and hydroxyproline measure-
ment between control and Channa striatus groups

Group (n) Mean (SD) Mean difference (95% CI) t-statistic (df) P-value

Tensile strength (kg/cm2)
Control (n = 20) 0.43 (0.11) -0.93 (-1.00, -0.85) -24.16 (38) < 0.001
Channa striatus (n = 20) 1.35 (0.13)   
Epithelisation count (no. of cell/mm2)
Control (n = 20) 83.93 (17.24) -9.66 (-21.62, 2.30) -1.64 (38) 0.110
Channa striatus (n = 20) 93.59 (20.02)   
Fibroblast count (no. of cell/mm2)   
Control (n = 20) 142.62 (17.77) -133.13 (-157.66, -108.59) -10.99 (23.5) < 0.001
Channa striatus (n = 20) 275.75 (51.20)   
Hydroxyproline measurement (no. of cell ug/100 mg tissue)
Control (n = 20) 269.60 (54.64) -270.50 (-315.72, -225.28) -12.11 (38) < 0.001
Channa striatus (n = 20) 540.10 (83.63)   

Independent t test was applied
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saline over the laparotomy wound once a day.
For each group, the entire animal was sacrificed at the seventh days 

postoperatively by carbon monoxide gases and transversal strips of the 
full thickness of the anterior abdominal wall (4.0 x 4.0 cm) with the 
wound in the middle were collected. The strips were divided into four 
segments. The uppermost and lower most were used for microscopic 
evaluation of tissue epithelisation and fibroblast count. The middle 
strips were submitted to breaking strength measurement and hydroxy-
proline assay. 

The tensile strength testing was performed using USSC strength 
testing machine (United States Surgical Corporation, Norwalk, 
Connecticut. The machine was set to zero before each trial was per-
formed. The tensile machine has a fixed end (essentially stationary site) 
carrying one grip and a moveable site carrying a second grip. The sam-
ples were mounted to the grips with sutures. The samples were posi-
tioned horizontally with the distance between the two ends being 3mm. 
The thickness of the samples was between 3 and 4 mm. The mobile end 
of the grip was pulled along with the sample away from the fixed end 
until the sample is torn. As the specimen elongated, the resistance of the 
specimen increased and was detected by the load cell. This load value 
(Force) was recorded by the instrument. The elongation of the specimen 
was continuing until a ruptured of the specimen was observed. The 
force required to break the incision will be recorded in kg/cm2.

Histopathology analysis was prepared by laboratory technician 
blindly and assessed by a single pathologist. The specimens were 1.0 x 
1.0 cm (laparotomy wound + normal tissue) from upper end (labeled as 
A) and lower end (labeled as B). They were kept in 10% formalin and 
sent to pathological laboratory on the same day. The specimens were 
embedded in paraffin wax. Lieca microtome was used to produce 4 
micrometer cut section. Slides obtained were stained with hematoxy-
line-eosin. The number fibroblast and epithelial cells were assessed 
using 40X objective of microscope. Microscope used in this study was 
Olympus CX 31, having field diameter 0.48 mm. Areas of the highest 
fibroblast and epithelial cells were identified by scanning the entire lap-
arotomy section at the lower power 40X and 100X. The fibroblast and 
epithelial cell were identified based on cellular morphology. Individual 
fibroblast and epithelial cells density was counted manually at final 
magnification 400X. An ocular grid was used to facilitate the procedure 
by providing a framework for systemic count.

On the 7th day postoperatively, the animals from each group were 
euthanized using carbon monoxide gases and were determined the 
hydroxyproline content using ELISA kits from Uscn Life Science Inc. 
Wuhan. The wound tissue was excised and its weight was recorded. The 
tissue was rinsed with 1 x phosphate buffer saline (PBS) to remove 
access blood, homogenized (homogenizer Glas-Col, USA) in 5 - 10 ml 
of 1 x PBS and stored at -80℃ (Deep Freezer Sanyo ultra-low freezer 
MSF - U4086S.). After two freeze-thaw cycles were performed to break 
the cell membranes, the homogenates were centrifuged (Eppendoff cen-
trifuge 5810 R) for 5 minutes at 5000 x g .The supernate were removed 
and assayed immediately or aliquot and stored at < - 20℃. All standard 
reagents (Detection Reagent A, B, wash solution and TMB substrate) 
were prepared according the company protocol. Then, seven wells were 
prepared for standard with one well blank for control. In each well stan-
dard dilution were added and incubated for two hours at 37℃ covered 
with plate sealer. After that, the dilutions were removed and Detection 
Reagent A was added to each well for another one hour. Next, the solu-
tion were aspirated and washed with 400 of 1 x Wash Solution and left 
for 1-2 minutes before being removed. These procedures were repeated 
three times. After the last wash, remaining wash buffer were removed 
by aspiration. Then, Detection Reagent B was added and incubated for 
another 30 minutes. After that the aspiration/wash process were con-
ducted using similar procedures described above and were repeated five 
times. After the washing process completed substrate solution were 
added and incubated for 15-25 minutes in a dark room. There were 
changes in color noted where the liquid becoming blue. Stop solution 
were added subsequently and the liquid turn yellow. After removing 
excess water and fingerprint at the bottom of the plate the reading pro-
cess were done using microplate reader (TECAN) and measurement 
conducted at 450 nm. 

Statistical analysis was performed using the SPSS® version 18.01 
software. Independent t test was performed to compare the parameters 
between control and study groups. Level of significance was set at 0.05.

RESULTS 

From the pilot study, the desired weight reduction of 10-12% was 

achieved after given 50% of the normal diet to achieve the malnour-
ished state within day 21 to day 28. At day seven, the tensile strength 
for the malnourished group treated with oral Channa striatus demon-
strated a significantly higher in the wound strength (1.35 kg/cm2) com-
pared to the malnourished control group (0.42 kg/cm2). However, there 
was no significant difference of epithelisation count between two 
groups (P = 0.110) (Table 1). 

While for the fibroblast count at day seven, the malnourished group 
treated with oral Channa striatus demonstrated a significantly higher in 
number (275.75 no. cell/mm2) compare with malnourished control 
group (142.62 no. cell/mm2) (Table 1). The hydroxyproline measure-
ment for the malnourished group treated with oral Channa striatus 
demonstrated a significantly higher in number (540.10 no. of cell 
ug/100 mg tissue) compared with malnourished control group (296.60 
no. of cell ug/100 mg tissue) (Table 1). Therefore, treating wound with 
oral Channa striatus produced better healing proven by hydroxyproline 
test.

DISCUSSION 

Malnourish creation in our center is quite difficult in view of we 
were unable to provide suitable diet that was reported in journal. 
However, by doing some modification in our method, by given 50% of 
normal diet instead of low protein diet, we prove that we still can create 
similar malnourish state in our Wistar Kyoto rat subject.

Channa striatus has been used in conventional wound healing reme-
dy since ancient times. It has been used continuously in folk medicine 
until recent years. Many reports have recently been published signifying 
specific detailed functions of its effectiveness elements as regards its 
wound healing promotion effects. It has been experimentally used for 
superficial burns. The effectiveness of the topical application of Channa 
striatus on wounds has been reported in literature (Baie, Sheikh, 2000). 
However, there were limited publications on the oral Channa striatus on 
the effectiveness on the wound healing. 

In this study, malnourished rat model were involved. We are observ-
ing the effect of oral Channa striatus on that models and comparison 
were made between these groups. Malnourished rats model were chosen 
based on two reasons. Firstly, there are limited publications to evaluate 
the effects of Channa striatus in accelerating wound healing in mal-
nourished subject and secondly, most surgical patients are in malnour-
ished state either due to surgery itself or trauma, infection or concomi-
tant chronic illness such as diabetes mellitus (Riou et al., 1992).

The amount of oral Channa striatus given in this study is based on 
the previous paper (Ng, Ganabadhi, Yusof, 2004). In our study rats were 
received 10g oral Channa striatus / 100 g rat (1 ml = 1 g) and saline 
dressing daily on the laparotomy wound. Our tablet Channa striatus is a 
pure local product, origin from local snakehead fish. It was prepared 
and its properties were standardised by local Malaysia Authority and 
given International Organization for Standardization (ISO) approval. It 
has sweet smell and it is less allergenic because of its anti-inflammatory 
effect.

In the process of assessing the wound healing, there are several 
methods can be used. It is either assessing the wound strength, histo-
pathological examination (Rozaini, Zuki, Noordin, Norimah, Nazrul 
Hakim, 2004) or biochemical evaluation (Al-Jady, Kamaruddin, Mohd-
Yassim, 2000). In our research, we used all the methods that mentioned 
above. For evaluation of the wound strength, the tensile strength of the 
inflicted wound was measured. Epithelial and fibroblast counts were 
used as parameters in assessing wound healing in the histopathological 
examination. Hydroxyprolline assay used as marker for tissue protein 
content / collagen (Kumar, Sharma, Singh, Prakash, Singh, 1993).

Tensile strength is established as per force per unit of cross-section-
al area required to break the wound. It is significant parameter since it 
replicates the subdermal arrangement of the collagen fibers in the newly 
deposit collagen (Jimenez, Rampy, 1999). Tensile strength reflects the 
resistance of the newly developed tissue to break under tension and also 
indicates in part the quality and amount of the newly developed tissue 
(Rashed, Afifi, Disi, 2003).

One of the most fundamental aspects in wound healing is the estab-
lishment of wound strength (Jimenez, Rampy, 1999). The study begins 
with malnourished creation then followed by laparotomy. One week 
after the creation of the laparotomy wound, all rats were sacrificed for 
assessment. In this study, the malnourished group that has been treated 
with oral Channa striatus demonstrated a better tensile strength in com-
parison to the malnourished group treated with oral saline. 

Wound strength is acquired from remodeling of collagen brought 
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about by the inter-and intra-molecular protein cross-linking. This phe-
nomenon achievable in wound treated with Channa striatus through 
remodeling of collagen (Mat Jais et al., 1997). The measurement of 
hydroxyproline can be used to assess the collagen content of tissue and 
as an index for collagen turnover. In this study, treating wound with oral 
Channa striatus in 10-12% malnourished subject also produced statisti-
cally significant for increase in fibroblast count and hydroxyproline 
assay. 

CONCLUSION

The present study has demonstrated that oral Channa striatus has 
properties that render its capable of promoting wound healing activity 
compared with placebo control in malnourished animal subjects. 
Statistically proven noted that, increased tensile strength, fibroblast and 
hydroxyproline content support better healing in malnourished subject. 
Direct correlation with human subject is not possible but it's may serve 
as a platform to explore on laparotomy wound with patient in malnour-
ished state.
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