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A B S T R A C T  
Background and Aim: Melaleuca cajuputi extract was widely used in traditional medicine and also applied in fish. However, the toxicity 
of this plant was not comprehensively investigated. The toxicity effects were observed through the frequently behavioural changes of the 
fish because it could be affected on respiratory or nervous system when it applied in different concentrations. Thus, the aim of this study 
was investigated the impact of toxicity assay of M. cajuputi by observed the behavioural response of C. gariepinus. Methods: The Clarias 
gariepinus mean weight (20 ± 3g) was exposed to 0, 60, 80, 100, 120, 140 and 160 mg/l of Melaleuca cajaputi extract for 96 hours under 
laboratory conditions to determine its acute toxicity. Results: The mortality rate increased with increasing the concentration of the extract 
and the mean mortality percentage was 0, 0, 3, 16, 40, 70 and 100 in order of concentration of 0, 60, 80, 100, 120, 140 and 160 mg/l. The 
lethal concentration (LC50) value of Melaleuca cajuputi extract was 127 mg/l for 96 h of exposure. Fish exposed to Melaleuca cajuputi 
extract exhibited clinical signs of agitated behaviors, respiratory distress, abnormal nervous behaviors and death were recorded. 
Conclusions: These results indicate that Melaleuca cajuputi extract exposure of the fish caused varying behaviour response with different 
concentrations. 
 
Key words: Melaleuca cajuputi,Clarias gariepinus, acute toxicity, behaviour, leaves extract, LC50 

 

INTRODUCTION 
 

Melaleuca cajuputi, a tropical pioneer tree species of the Myrtaceae, is spread from northern Australia to 
Southeast Asia. It is locally called ‘gelam,' punk tree or paperbark tree [8,32,27]. The leaves of M. cajuputi are 
useful for medicinal purpose, which used traditionally against infections, pain, burns, colds, influenza, combat 
the parasitic worm and treated the wound healing in human [20]. The positive effects of this plant due to the 
antibacterial, anti-inflammatory, anti-microbial, anti-mycotic, anti-rheumatic, and anti-viral properties as 
reported by Schmolz et al. [22]. Melaleuca extraction also applies to animals and aquatic organisms such as fish. 
However, the concentration and the active ingredient of the dosage for Melaleuca sp, still require intensive 
laboratory work. At that place were limited data available on the safety and toxicity of the M. cajuputi extract 
[12]. Thus, it is important to pick out the most-suitable test organism. Fish have been the most-popular choice as 
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the test organism because they are presumably the best-understood organisms in the aquatic environment and 
due to their importance to operating as a protein source [14]. 

Acute toxicity is the toxicity that manifests itself immediately or within a short period, usually from two to 
seven days following exposure of animals or humans to single doses of chemicals (xenobiotics) by ingestion, 
inhalation or through the skin. The aim of acute toxicity tests was to determine the concentration of a particular 
chemical that would elicit a specific response or measurable endpoint from a test species within a short time [6]. 
The lethal concentration (LC50) is defined as that concentration that can kill 50% of the animals within a 
specified period, which is usually 96 hours. 

The toxicity of most plant extracts varies depending on the type and the animal species involved.  This is 
due in part to the phytochemical composition of the extract and also due to the very great variation in 
susceptibility between individual animals. Earlier researches have been carried out on the response of C. 
gariepinus to some plant toxicants [13,3,5] but the effect of M. cajuputi on fish has not been studied yet. The 
study will contribute to our knowledge; the first toxicology test of M. cajuputi crude extracts to aquatic animals. 
This examination was designed to evaluate the acute toxicity LC50 of crude extract of M. cajuputi on C. 
gariepinus. The impact of toxicity assay of M. cajuputi was determined at the behavioural response of C. 
gariepinus. 

 
MATERIALS AND METHODS 

 
Experimental animal: 

Healthy specimens of African catfish  Clarias gariepinus  of the same brood stock with mean body weight 
(BW)  (20 ± 3g) and mean  total  length  (TL)  (15 ± 2cm) were obtained  from the Hatchery,  School of 
Fisheries and Aquaculture Sciences, Universiti  Malaysia Terengganu. In the laboratory, the fish were placed in 
the tank containing 500 liters of clean tap water and acclimatized for two weeks under laboratory conditions. 
Experimental fish were fed daily with commercial fish pellets at 3% of their body weight, and 80-90% of the 
water was changed daily.  Then the fish were randomly distributed into groups in the glass tanks containing 20 
litters of water with 10 fish per tank. 

 
Toxicity tests: 

The experiment was conducted in the laboratory under room temperature using the static non-renewal 
bioassay. The fish were kept within 12 hours light and 12 hours dark light cycles and were not fed during the 
bioassay test. Acute toxicity tests (96h LC50) of M. cajuputi leaf extract was done according to Ayotunde et al. 
[4] with a slight modification. Preliminary range finding tests were conducted to determine the toxicity level of 
M. cajuputi extract on C. gariepinus following static bioassay procedures as described by Parish [21]. Seven 
concentrations were used in this experiment; one control and six different concentrations of M. cajuputi extract, 
in triplicates. The fish were distributed randomly in triplicate per treatment. There were no water changes and 
fed throughout the experiment. The toxicant was introduced at concentrations; 60, 80, 100, 120, 140 and 160 
mg/l with a control of 0 mg/l. Regular observations were made during the first 12, 24, 48, 72 and 96 hours. The 
mortality was used as a measure of toxicity. The deaths of fish were recorded when the opercula movement and 
the tail beat stopped, and the fish no longer responded to mechanical stimulus. The dead fish were removed 
from the water in time to avoid the deterioration of the water quality.  

 
Analysis of LC50: 

LC50 was calculated using the method of Karber as adopted by Mishra and Mohanty (2008). In brief, the 
mortality due to treatment of fish with different concentrations of the leaf extracts of M. cajuputi was recorded 
after 96 hours. The LC50 value was determined as following: 

                                ∑ Mean death X Concentration difference 
LC 50 = LC 100 –  

                                        No. of organisms per group 
 

Behavioural responses: 
During the acute toxicity bioassay, behavioural responses of fish such as agitated behaviours, abnormal 

nervous behaviour and respiratory distress in exposed as well as the control group were observed as suggested 
by Abalaka and Auta, [1]. Behavioural alterations were assessed using a score ranging from “ – ” to “ +++ ” 
depending on the degree and extent of the alteration: (-) none, (+) weak, (++) moderate and (+++) strong. 

 
Results: 
Acute toxicity: 

The effects of different concentrations and exposure time of leaf extract of M. cajuputi (60 – 140 mg/l) on 
C. gariepinus are presented in Table 1. Percentage of mortality varied depending on the concentration of the 
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extract and the exposure time. The mortalities were increased with increasing the level of concentration of the 
extract and decreased with the period. The mean mortality percentage was 0, 0, 3, 16, 40, 70 and 100 in order of 
concentration of 0, 60, 80, 100, 120, 140 and 160 mg/l were observed in Table 1. No mortalities occurred at 
concentrations lower than 80 mg/l. All the exposed fish usually died when exposed to160 mg/l of extract. 
During the period of exposure, 74% of mortalities occurred in the first 24 hours. The 96 h LC50 value of leaf 
extracts was determined by the simple method of Karber (Table 2). The calculated average LC50 is 127mg/l. 

 
Table 1: Acute toxicity (LC50) values of different concentration and exposure time of leaf extract of M. cajuputi on C. gariepinus 

Concentration Numbers 12h 24h 48h 72h 96h Total of dead fish Mortality% 
0 30 0 0 0 0 0 0 0% 
60 30 0 0 0 0 0 0 0% 
80 30 0 0 0 1 0 1 3% 
100 30 4 0 0 1 0 5 16% 
120 30 8 3 1 0 0 12 40% 
140 30 14 6 0 1 0 21 70% 
160 30 25 4 1 0 0 30 100% 
Total of dead fish per time 51 13 2 3 0 69  

 
Table 2: Mean mortality of different leaf extract of M. cajuputi after 96 hours on C. gariepinus 

Concentration(mg/l) Concentrationsdifference      Num. alive Num. dead Mean death Mean death x dose 
different 

0  - 30 0 - 0 
60 60 30 0 - 0 
80 20 29 1 0.5 10 
100 20 25 5 3 60 
120 20 18 12 8.5 170 
140 20 9 21 16.5 330 
160 20 0 30 20.5 410 
Total 980 

 
Fish behavioural: 

Clarias gariepinus exposed to leaf extract of M. cajuputi exhibited signs of agitated behaviours, respiratory 
distress and abnormal nervous behaviours respectively. Fish showed an initial frequent surface to the bottom, 
stun posture, aggression and jumping. The score assessed was increased with increasing extract's concentrations, 
but decreased with an exposure period, except for the stunned posture that continued throughout the exposure 
period (Table 3). They also expressed highly increased opercular movements indicating respiratory distress, 
accompanied by incessant gulping for air and excessive secretion of mucus. Respiratory distress was directly 
proportional to increasing extract's concentrations, but indirectly proportional to an exposure period, except for 
vertical positioning with exposed snouts and excessive mucus secretion whose intensity increased with the 
exposure period (Table 4). Abnormal nervous behaviours such as sudden darts, state of motionless and different 
postures were observed. The fish become very weak, settle at the bottom and died. The abnormal nervous 
behaviours increased with both increasing extract's concentration and exposure period, except for death and 
sudden darts whose intensity decreased during the exposure period (Table 5). These observations were more 
severe in the groups exposed to concentrations above LC50 value. The control fish were active throughout the 
experimental period, and no mortality recorded. 

 
Table 3: Agitated behaviours of C. gariepinus exposed to different concentration of M. cajuputi leaf extract  

Clinical signs Extract concentration (mg/l) 
0 60 80 100 120 140 160 

Aggression - - - + + ++ ++ 
Jumping - + ++ ++ +++ +++ +++ 
Stunned posture - + ++ ++ +++ +++ +++ 
FSBM - + ++ ++ +++ +++ +++ 
Erratic swimming - + + ++ ++ +++ +++ 

Frequent Surface to Bottom Movements (FSBM), None (-), Weak (+), Moderate (++) and Strong (+++) 
 
Table 4: Respiratory distress of C. gariepinus exposed to different concentration of M. cajuputi leaf extract  

Clinical signs Extract concentration (mg/l) 
0 60 80 100 120 140 160 

Opercula movement - - - - + ++ ++ 
Air gulping - + ++ +++ +++ +++ +++ 
VPES - + + ++ ++ +++ +++ 
EMS - - - + +++ +++ +++ 

Vertical Posture with Exposed Snouts (VPES), Excessive Mucus Secretion (EMS), None (-), Weak (+), Moderate (++) and Strong (+++) 
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Table 5: Abnormal nervous behaviour of C. gariepinus exposed to different concentration of M. cajuputi leaf extract  
Clinical signs Extract concentration (mg/l) 

0 60 80 100 120 140 160 
SSM - - - - - - + 
State of motionless - + + ++ ++ +++ +++ 
Sudden darts - + + + ++ +++ +++ 
DP - + ++ ++ ++ +++ +++ 
Death - - + + ++ +++ +++ 

Sluggish and Swirling Movements (SSM), Different Postures (DP), None (-), Weak (+), Moderate (++) and Strong (+++) 
 

Discussion: 
Toxicity bioassays are often used in aquatic ecotoxicology. The main objective of such a test is to determine 

the critical amount of toxicants or their mixtures for aquatic organisms and to predict a toxicant influence and 
fate [4]. The present study represents; to our knowledge, the first toxicology test of M. cajuputi powder extracts 
to aquatic animals.  

The present research showed that the 96 h LC50 value of leaf extracts of M. cajuputi was 127mg/l. The 
toxicity value in the current study of C. gariepinus increased with increasing concentration and decreased with 
increasing time. These conditions might be due to decomposition of some active compounds in the water with 
increasing duration of the experiment. The toxicity of leaf extracts of M. cajuputi showed no dead fish in the 
lowest concentration (60 mg/l) and 100% mortality in the highest concentration (160 mg/l) may be due to the 
presence of some toxic compounds in the extract such as α-terpineol [28,24] and terpinen-4-ol [12].  The value 
of 96 h LC50 of M. cajuputi extract of C. gariepinus  was higher than 120.23 mg/l  Detura innoxiaextract[5], 
0.65 mg/l Lepidagathis alopecarodes extract [13] and 0.033 mg/l, Carica papaya  extract [3]. This means that 
the methanolic extract of M. cajuputi was less toxic to C. gariepinus than the extracts of Detura innoxia, Carica 
papaya, Lepidagathis alopecarodes and Euphorbia lateriflora. 

Behavioral changes are the most sensitive indicator of potential toxic effects. Various workers have studied 
the impact of different plant extracts on the behavior [13,1,3,7]. This study shows that C. gariepinus exposed to 
acute concentrations of methanolic extract of M. cajuputi exhibited signs of agitated behaviours, respiratory 
distress and abnormal nervous behaviours respectively. 

These behaviours included the increased swimming frequent surface to bottom and stunned posture, 
aggression and tried many times to jump out of the aquaria which in most cases was concentration dependent. 
The increase in FSBM and jumping may be associated with the sudden response of the fish to the shock of 
exposure to the extract of M. cajuputi which demonstrated to be a sensitive indicator of physiological stress in 
fish exposed to toxicants [18]. These observations agreed with other studies done by Ayotunde et al. [3], 
Abalaka and Auta [1] and Ladipo et al. [16]. 

The respiratory distress such as increase opercular activities, gulping of air, vertical movement and resting 
at the bottom were recorded. These conditions could be due to the effect of M. cajuputi extract on the gills of 
fish, which is leading to excessive mucus secretions and caused  reduces respiratory activity in fishes. These 
conditions caused the inability of the gill surface actively to carry out gaseous exchange [15]. Since aquatic 
organisms are in continuous contact with a polluted medium, hence breathing and feeding will be impaired due 
to the damages to respiratory and other organs of the body [11]. The respiratory distress of the fish may be due 
to the effect of the components of the extracts such as terpenoids and alkaloids on the gills and general 
metabolism of the exposed fishes as reported by Inodi et al. [13]. These results of respiratory distress agreed 
with the report of Abalaka and Auta [1]. 

Abnormal nervous behaviours are associated with the impacts of the toxicants on fish [10]. This may be due 
to nervous system involvement or failure [25,26] or may be due to biochemical body derangement and including 
hepatic compromise [9]. Furthermore, these conditions caused the changes in the physicochemical conditions of 
their immediate external environment [2]. The fishes became inactive at higher concentration with increased 
time of exposure to the toxicant. Extracts of M. cajuputi probably have some toxicity effects lead to pathological 
alterations, and finally lead to death. Behavioural functions are quite weak at contaminant exposures, and fish 
often exhibited these responses first when exposed to pollutants [17]. The level of concentrations showed the 
different frequent of behaviour observed. 

 
Conclusion: 

The exposure of C. gariepinus to various concentrations of methanol leaf extract of M. cajuputi at acute 
levels showed that the effects were dose dependent. The Median Lethal concentration LC50 of the leaf extracts 
of M. cajuputi on C. gariepinus was 127 mg/l. Agitated behaviours, abnormal nervous behaviour and respiratory 
distress were used to measure the behaviour response rate of the toxicity level and these alterations were 
increased with a high concentration, especially above LC50. The fish show some behavioral characteristics of 
fatigue and making attempts to escape from the aquaria. In the end, acute toxicity data of the present study give 
baseline data required in developing models of M. Cajuputi extract effects on aquatic animals. Based on our 
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knowledge, this plant has antibacterial properties and the information will help aquaculturist to solve in fish 
diseases. 
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