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Abstract: Introduction: Lambda-cyhalothrin is a type II pyrethroid insecticide and may cause liver damage. 

Solanum nigrum may act as hepatoprotective agent; therefore we aimed to study the effect of solanum nigrum 

(dried fruits or its ethanolic extract) against lambda cyhalothrin toxicity in rats. 

Materials and Methods: Thirty three male Sprague Dawlay rats were divided into 6 groups (G1: normal; G2 & 

3: normal treated with ethanolic extract of the dried fruits, and dried fruits respectively; G4: normal rats 

intoxicated with Lambda cyhalothrin; G5 & 6: as G2 & 3 but intoxicated with lambda cyhalothrin. At the end of 
the experiment (6 weeks), the rats were sacrificed and blood was taken for the determination of AST, ALT, Alk 

Ph, LDH, Hb, Hct, MCH, MCHC and RBC count. Lactate dehydrogenase (LDH) was measured in serum and 

brain. 

Results and Discusion: A significant decrease in body weight, Hb and Hct level was observed in G4 (Lambda 

cyhalothrin intoxicated rats). The intoxicated groups (G 5 & 6) treated with ethanolic extract or dried fruits of 

Solanum nigrum showed an improvement of body weight, Hb and Hct where a significant increase compared to 

G4 but still significantly lower than G1 was observed trying to return to normal or near normal level. A 

significant increase in AST, ALT and Alk Ph level was observed in G4. Group 5 & 6 showed an improvement of 

AST, ALT and Alk Ph level where a significant decrease compared to G4, but still significantly higher than G1, 

was observed trying to return to normal or near normal. 

Conclusion: Our results demonstrate that S.  nigrum fruits or alcoholic extract was able to reverse the 
pathological parameters and may be useful as an antioxidant and hepatoprotective agent. 
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I. Introduction 
Pesticides have been used in agriculture to enhance food production by eradicating unwanted insects 

and controlling disease vectors. Among common used pesticides are the organophosphorus compounds (OP) 

[1]. Organophosphate insecticides induced toxic effects causing damage to various membranous components of 
the cell. Pyrethroids are widely used in field pest control and household use as well as veterinary medicine and 

are among the most potent insecticides known [2]. The widespread use of these pesticides consequently leads to 

the exposure of manufacturing workers, field applicators, the ecosystem, and finally the public to the possible 

toxic effects of these pesticides. Lambda-cyhalothrin is a type II pyrethroid used predominantly on cattle and 

sheep and to a lesser extent in pigs and goats for the control of a broad range of ectoparasites.  

Lambda cyhalothrin belongs to the chemical family synthetic pyrethroid insecticide. The low toxicity 

of pyrethroid insecticides to mammals and birds and limited soil persistence has encouraged their widespread 

application in agriculture as potent agents against pests [3]. λ-cyhalothrin has been observed to exert significant 

genotoxic and cytotoxic effects on human lymphocytes cultured in vitro [4], a dose dependent chromosomal 

aberrations in mice [5] and changes in rabbit peripheral blood lymphocytes [6]. 

Solanum nigrum (family: Solanacae), commonly called Black nightshade or deadly nightshade, known 

as Enab Eldib here in Egypt, grows as a weed, found in the dry parts of India and other parts of the world [7]. It 
grows nearly everywhere in Africa and America. Solanum nigrum is a common herb that grows wildly and 

abundantly in open fields [8]. 

S. nigrum has a medicinal usage and has been used as a traditional folk medicine for treating various 

ailments such as pain, fever, inflammation, cough, asthma, wounds, ulcers [9], leprosy, skin diseases, 

hemorrhoids, dropsy and liver disorders [10], anticancer [10], antioxidant [11], hepatoprotective agent [12], 

neuroprotective [13], cytoprotective [14], antimicrobial [15], antinociceptive and antipyretic properties [16]. It 

has been claimed that Solanum nigrum are an excellent remedy for liver disorders [10].  

Alpha (α), beta (ß) and gamma (γ) carotenase, lutein, lycopene, crytoxanthine, vitamin C, glucose, 

fructose solasodine, tomatidenol, tigogenin, solamargine and solasonine are the main constituents in aerial parts 

of this plant. S. nigrum possesses various compounds that are responsible for diverse activities. The major active 
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components are glycoalkaloids, glycoproteins, and polysaccharides. It also contains polyphenolic compounds 

such as gallic acid, catechin, protocatechuic acid (PCA), caffeic acid, epicatechin, rutin, and naringenin [17]. 

 

II. Materials And Methods 
Plant Materials 

S. nigrum, whole plant, was collected from the garden of faculty of agriculture, Cairo University in 

Egypt and authenticated by the botanists in the faculty of agriculture, Cairo University. 

Chemicals 
Lambda Cyhalothrin is a synthetic pyrethroid insecticide (C23H19ClF3NO3). Its CAS chemical name is 

(α-cyano-3-phenoxy -benzyl-3-(2-chloro-3, 3, 3-trifluoro-1-propenyl)-2, 2-dimethylcyclopropanecarboxylate). 

All other chemical were AR.  

 

Ethanolic Extracts 

The powdered plant tissue was collected, dried and grinded, and then it was soxhlet extracted 

successfully with 70% ethanol followed by the complete removal of solvent and the final yield was 15% of the 

original. Then it was lyophilised. 
LD50:

 
 LD50 value of ethanol extract of the fruits of S. nigrums was found to be 2 g/kg BW [18], while LD50 

value of lambda cyhalothrin was found to be 79 mg/kg BW [19, 20]. 

 

ANIMALS: Thirsty three male Sparage-Dawlay rats, weighing around 200 g, were maintained under standard 

environmental conditions and fed a standard diet, water was supplied ad libitum. The diets were prepared 

according to 21, 22. The rats were fed on the standard diet for 10 days before beginning of the experiment as 

adaptation period. 

 

DOSE: Rats were intoxicated orally with lambda-cyhalothrin and the dose was 1/20 of LD50 every 2 

consecutive days intervals (modified from 23, 24]. Lambda cyhalothrin was dissolved in oil. 

 

Experimental Protocol 

Thirty Three (33) Rats Were Divided into 6 groups (5 or 6 rats/group). Group 1 (G 1: normal, -ve, 

control): fed on standard diet; Group 2 (G 2) normal rats fed on control diet supplemented with ethanolic extract 

of dried fruits (5% w/w); Group 3 (G3) normal rats fed on control diet supplemented with dried fruits (5% w/w), 

Group 4 (G 4: intoxicated, +ve, control): fed on standard diet and intoxicated with lambda cyhalothrin; Group 5 

(G 5) normal rats fed on control diet supplemented with ethanolic dried fruits (5% w/w) and intoxicated with 

lambda cyhalothrin; Group 6 (G 6) normal rats fed on control diet supplemented with dried fruits (ethanolic 

extracts of 5% w/w) and intoxicated with lambda cyhalothrin, The experiment lasted for 6 weeks (45 days).  

At the end rats were fasted overnight, and blood was collected from the orbital plexus of anaesthetized rats for 

serum or plasma analysis and haematological examination. The serum or plasma were separated and kept at -

20°C until further analysis. Liver was removed, washed with saline, and then weighed.  

 

Biochemical Methods 

Serum alanine amino transferase (ALT) and aspartate amino transferase (AST) activities were 

measured by the method of [25]. Serum alkaline phosphates (ALK PH) activity was estimated according to the 

method of [26] and lactate dehydrogenase activity (LDH) was estimated by the method of [27] (kits of Pointe 

Scientific, Canton, USA). Relative liver weight (RLW) were calculated as follows: RLW=[( liver weight/ final 

body weight, FBW)*100].  

 

Tissue (Brain) Preparation 

Brain was rinsed in phosphate buffered saline (pH 7.4) to remove blood, and then homogenized in 5 

mL buffer containing 100 mM potassium phosphate (pH 7.0) and 2 mM EDTA, per gram tissue (brain). 

Centrifuge at 10,000 x g for 15 min at 4°C and the supernatant was kept at -20 C for assay. 

 

Haematological Methods 
Hemoglobin (Hb) was measured using the cyanomethaemoglobin method using Randox kits, Randox: 

Laboratories, USA [28]. Hematocrite (Hct) was measured by centrifugation of blood collected into heparinized 

microcapillary tubes no. 563 supplied by Bio Merieux [29]. Hematocrite was calculated using the equation: Hct 

= length of red cell column (mm) / length of total column (mm). Red blood cells count (RBCs) was counted 

manually [30]. Mean cell hemoglobin concentration (MCHC) was calculated using the equation: MCHC = 

[(Hb*100) / Hct]. Mean cell hemoglobin (MCH) was calculated using the equation: MCH = [ (Hb*10) / RBC]. 

Mean red cell volume (MCV) was calculated using the equation: MCV = [(Hct*10) / RBC] [30]. 
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Histopathological Methods 

Immediately following sacrifice of the rats, part of the livers were collected and fixed in 10% formalin, 

embedded in paraffin wax, sectioned at 5u m and stained with haematoxylin and eosin (H& E). 

 

Statistical Analysis 

The statistical significance of the data was calculated using the Student's t-test. Data were expressed as 

means ± SEM for control and experimental animals. The data were analyzed using one way analysis of variance 
(ANOVA) followed by post hock Duncan’s test using SPSS v 11 (statistical package for social sciences). The 

results were considered statistically significant if the P< 0.05. 

 

III. Results 
Body Weight,  

The body weight such as Initial, Final and Weight gain (IBW, FBW and BWG), liver weights and 

relative liver weight (RLW) of control and experimental rats are shown in Table I. At the beginning rats’ weight 

were matched (comparable) with no significant differences. The body weight was found to be significantly 

reduced in lambda cyhalothrin treated rats (G 4) whereas lambda cyhalothrin intoxicated groups treated with 
Solanum nigrum (fruits or ethanolic extract, G 5, 6) showed also significant body weight reduction but the 

reduction is less than G 4, i.e. body weight begins to improve. Normal rats treated with ethanolic extract or dried 

fruits (G 2 & 3) showed no significant change. 

Intoxication of the rats with lambda cyhalothrin resulted in enlargement of liver with pale reddish 

brown in colour. The group treated with dried fruits or ethanol extract of dried fruits of S. nigrum (G 2, 3), 

showed liver size, which was similar to that found in the normal rats. However, a significant (P < 0.001) 

restoration in liver weight was obtained in intoxicated groups treated with dried fruits or ethanol extract of dried 

fruits of S. nigrum (Fig. 1) but still significantly higher than normal control (G 1). The liver and liver to body 

weight ratio was found to be significantly increased in rats intoxicated with lambda cyhalothrin (G 4) or lambda 

cyhalothrin intoxicated rats treated with S.  nigrum fruits or alcoholic extract (G 5, 6). The increase in G 5, 6 

was less than G 4 where liver to body weight ration begin to decrease trying to return to normal ratio as normal 
control. Normal rats treated with S.  nigrum fruits or alcoholic extract (G 2, 3) showed no significant change as 

compared to control (Table I).  

Haematological Changes 

The values of Hb, Hct and MCHC; and RBC count were significantly decreased (P< 0.05 to 0.001) 

after lambda cyhalothrin administration (G 4) and returned to normal following dried fruits of S. nigrum or 

ethanol extract of dried fruits of S. nigrum administration (Groups 5 and 6). The decrease reach in RBC count 

(15.75 %, P< 0.01), Hb content (16.47 %, p < 0.001) and Ht (33%, P< 0.001) in Lambda cyhalothrin treated 

group compared to those of control group (G1). The Hct values did not change in Groups 1 to 3 (Table II).  

 

Liver Function 

The activities of hepatic marker enzymes in control and experimental groups were shown in Table III. 

The results of biochemical parameters revealed the elevation of activities of hepatic enzymes marker levels in 
lambda cyhalothrin treated group (G 4) indicating that lambda cyhalothrin induced damage to the liver (Table 

III). A significant (p < 0.001) reduction was observed in AST, ALT and ALK Ph in the group treated with dried 

fruits of S. nigrum or treated with ethanol extract of dried fruits of S. nigrum in comparison with G4 (rats 

intoxicated with lambda cyhalothrin). The enzyme levels were almost restored to the normal levels found in 

control. Also groups treated only with dried fruits of S. nigrum or treated with ethanol extract of dried fruits of 

S. nigrum showed no significant change in AST, ALT and ALK Ph activity. 

 

Ldh In Serum And Brain 

In lambda cyhalothrin treated group (G 4), LDH activity in brain was significantly decreased by 

37.45% (p < 0.01) compared to control group, with significant increase of its level in serum of G 4 (lambda 

cyhalothrin treated group) by 34.7%. Administration of dried fruits of S. nigrum or ethanol extract of dried fruits 
of S. nigrum ameliorated LDH activity in both serum and brain. No significant change was observed in normal 

rats group (G 2& 3) treated with dried fruits of S. nigrum or ethanol extract of dried fruits of S. nigrum.  

 

IV. Discussion 
The present study showed that rats exposed to lambda cyhalothrin, a pyrethroid type II insecticide, 

induced a marked decrease in food consumption and body weight of lambda cyhalothrin-treated rats (G 4) 

which agree with (31, 32] whom they found similar results in animals exposed to different pyrethroid 

compounds as Delta-methrin and fenvalerate and also agree with (33] using CCl4 as chemical induced liver 

damage. The alteration of appetite due to lambda cyhalothrin exposure may account for the reduction of food 
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intake seen in the lambda cyhalothrin rats. Our results, also, agree with [34, 31, 32] where they found a 

significant decrease in final body weight but in their study the rats were intoxicated with ethanol and agree also 

with (33] but their rats were intoxicated with CCl4. Also, our results agree with [35] whom reported that 

lambda-cyhalothrin showed signs of toxicity as reduction in food intake, diarrohea, suppression in body weight 

gain, ataxia, lethargy, sedation, haemotoxicity. Moreover, previous studies also showed a decrease in these 

parameters in rabbits treated with cypermethrin [36]. 

Our results showed a significant increase in the ratio between the liver weight and final body weight in 
lambda cyhalothrin intoxicated rats. This ratio begin to significantly decreased in treated groups (G 5 & 6) when 

compared with G 4 but still significantly higher than normal control or their respective control (G 5 vs 2 and G 6 

vs 3). This protective effect may be due to the presence of nutrients and polyphenols present in Solanum nigrum 

fruits [37) which might have detoxified the liver and improved the body weight to near normal levels. Our 

results agree with [9, 34] where they found significant body reduction and increased liver-body weight ratio but 

in their experiment they fed rats with ethanol as chemical induced-hepatotoxicity when compared with the 

controls. Our results disagree with [38] where they found a significant decrease in relative liver weight in 

lambda cyhalothrin intoxicated rats. 

Rats exposed to lambda cyhalothrin showed decreased haematological parameters (RBCs, Hct and Hb) 

and developed anaemia in rats which is indicative of liver dysfunction. The histopathological images taken for 

the test groups (Groups 5 and 6) demonstrated less damage than in lambda cyhalothrin treated group indicating 
hepatoprotective effects of the dried Solanum nigrium fruits or its alcoholic extract. Our results are in agreement 

with previous reports which demonstrated that pyrethroid insecticide exposure altered hematological parameters 

in rats [39], in dogs [40], in the freshwater fish [41] and in rats [42] using CCl4 as chemical inducing liver 

damage. The significant reduction in RBCs and Hb might be due probably to the inhibition of erythropoiesis and 

hemosynthesis, and to an increase in the rate of erythrocyte destruction in hemopoietic organs. On the other 

hand, haemoglobin in erythrocytes, is a major source of radical production when it interacts with redox drugs or 

xenobiotics [43] giving rise to superoxide radicals, hydrogen peroxide and in certain cases peroxy radicals 

leading to membrane lipid peroxidation and hemolysis [44].  

The efficacy of any hepatoprotective drug is essentially dependent on its ability in reducing the harmful 

effects or maintaining the normal hepatic physiology that has been disturbed by a hepatotoxin. Generally, 

hepatic cells take part in a variety of metabolic actions and restrain a host of enzymes. Previous studies have 

demonstrated that pesticides, due to their hydrophobic nature, were largely accumulated in the biological 
membrane especially in the phospholipid bilayers [45] and in lipid-rich internal tissues including body fat, skin, 

liver, kidney, ovaries and elements of the central and peripheral nervous system [46]. Liver was the major site of 

pyrethroid metabolism which accumulated a great concentration of its metabolites [47]. Their toxic effects 

occurred probably through generation of reactive oxygen species causing damage to various membranous 

components of the cell. Rats treated with cyhalothrin (G 4) developed significant hepatic damage as evidenced 

by substantial increases in the serum activities of ALT, AST and ALK Ph that are indicators of cellular leakage 

and loss of functional integrity of cell membrane in liver [48, 49]. During liver injury, transport function of the 

hepatocytes is disturbed which leads to leakage of plasma membrane, thereby causing an increased enzyme 

level in serum [50]. In our study, we observed a significant increase in the activities of liver marker enzymes 

such as AST, ALT, and ALK PH, on lambda cyhalothrin intoxicated rats, which indicates increased 

permeability, damage and/or necrosis of hepatocytes [51]. In the present study, administration of dried S. nigrum 
fruits or its ethanolic extract decreased the lambda cyhalothrin induced elevated enzyme levels in group 5 & 6 to 

near normal. This suggests the maintenance or stabilization of structural integrity of hepatocytic cell membrane 

or regeneration of damaged liver cells by the extract [33, 52]. Our results agree with [18,53] where they found a 

significant increase in AST, ALT and ALK PH levels in rats but their rats were intoxicated with ethanol or CCl4. 

The histopathological changes revealed less damage in the treated G 5 and 6 compared to the lambda 

cyhalothrin intoxicated rats [G 4). This therefore indicates some protective effect of the S.  nigrum fruits or 

alcoholic extract extract. 

The increase of LDH activity, marker of hemolysis [54] levels in erythrocytes suggested that anemia 

signs, observed in our study, are related to intravascular hemolysis. Similar results have been found in rat 

erythrocytes exposed to cypermethrin for 2 months [55]. 

Lactate deshydrogenase (LDH), a tetrameric enzyme, was recognized as a potential marker for 
assessing the toxicity of drugs and xenobiotics. The significant decline of LDH activity in brain of rats 

intoxicated with lambda cyhalothrin (G 4) compared to normal control group suggested the decrease in the 

glycolytic process due to the lower metabolic rate as a result of LTC intoxication. Several reports revealed a 

decreased LDH activity in tissues under various pesticide toxicity conditions [56]. Co-administration of dried S. 

nigrum fruits or its ethanolic extract to LTC-treated group improved LDH activity in brain and this may be due 

to enhancement of glycolysis. 
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V. Conclusion: 
Our results demonstrate that S.  nigrum fruits or alcoholic extract was able to reverse the pathological 

parameters and serum levels of ALT, AST and ALK PH of liver damage. This protecting ability of S.  nigrum 

fruits or alcoholic extract may be due to, at least partially, to the high content of polyphenols, alkaloids and 
saponins in SNE. Therefore, dietary S.  nigrum fruits or alcoholic extract may be useful as a hepatoprotective 

agent against lambda cyhalothrin induced liver damage in vivo. 
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Table (1): Effect of Solanum nigrum on initial body weight (IBW), final body weight (FBW) and body weight gain 

(BWG) of rats exposed to lambda cyhalothrin. 

Groups 

No. of 
rats    
in   

groups 

IBW 
(g) 

FBW 
(g) 

BWG 
(g) 

Diet 
(g/rat/ week) 

Liver 

Weight 
(gm) 

Relative 

liver weight 
(RLW) 

1 6 204.174.39 274.83±6.15 70.67±3.87 95.472.23 4.871.25 1.750.50 

2 5 204.80±6.02 264.20±3.60 59.40±4.34 94.121.82 4.871.00 1.940.39 

3 6 204.17±7.50 266.00±6.91 61.83±1.78 99.771.90 4.750.55 1.700.19 

4 5 198.20±6.01 137.60±3.13a,b,c 
-60.60±1.72 

a,b,c 
71.643.04 

a,b,c 

5.450.28 

a,b,c 

3.990.29 

a,b,c 

5 5 201.80±4.99 179.60±4.80a,b,c,d 
-22.20±0.89 

a,b,c,d 
85.241.75 

a,b,c,d 

5.120.37 

a,b,c 

2.830.13 

a,b,c,d 

6 6 200.00±8.20 178.83±5.93a,b,c 
-21.17±2.77 

a,b,c,d 
87.970.63 

a,b,c,d 

5.080.09 

a,b,c 

2.860.12 

a,b,c,d 

G1: Control, G2: normal + S. nigrum Extract, G3: Normal + S. nigrum Fruit, G4: Control+ Lambda cyhalothrin, G5: 

normal+ S. nigrum Extract +Lambda cyhalothrin, G6: Normal+ S. nigrum Fruit+ Lambda cyhalothrin; a: G1, b: G2, c: 
G3 , d: G4, e: G5; Significance of P < 0.01. 

 
Table (II): Effect of Solanum nigrum on Hemoglobin (Hb), Hematocrite, RBCs and haematological indices of rats 

exposed to lambda cyhalothrin. 

Group
s 

No. of 
rats    in    
groups 

Hb 
(gm/100 ml) 

Hct 
(gm/100 ml) 

RBC*10^6 MCHC MCV MCH 
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1 6 14.210.35 43.621.04 6.160.22 32.570.02 71.293.26 23.221.07 

2 5 14.000.37 43.001.11 6.000.28 32.560.02 72.494.55 23.601.49 

3 6 14.050.36 43.141.07 6.130.19 32.560.02 70.622.45 22.990.81 

4 5 
11.870.31a,b

,c 36.610.93 a,b,c 
5.190.08 

a,b,c 
32.420.02 70.631.88 22.900.62 

5 5 13.230.34d 40.701.01 5.460.12a,c 32.510.02 74.682.50 24.280.83 

6 6 13.460.25d 

40.800.88 
5.350.12a,b

,c 
32.510.02 76.452.68 24.860.88 

G1: Control, G2: normal + S. nigrum Extract, G3: Normal + S. nigrum Fruit, G4: Control+ Lambda cyhalothrin, 
G5: normal+ S. nigrum Extract +Lambda cyhalothrin, G6: Normal+ S. nigrum Fruit+ Lambda cyhalothrin; a: G1, 
b: G2, c: G3 , d: G4, e: G5; Significance of P < 0.01. 

 
Table (III): Effect of Solanum nigrum on Alk. Phosphatase, AST and ALT of rats exposed to Lambda 

cyhalothrin. 

Groups 
No. of 
rats in      
groups 

Alkaline 
Phosphatase 

( U/L ) 

GOT (AST) 
( U/L) 

GPT (ALT) 
( U/L) 

LDH 

Serum (U/ml) Brian (U/gm) 

1 6 102.51  9.40 37.68  3.87 47.29  1.84 173.373.98 30.38±0.63 

2 5 107.28  2.13 45.10  1.97 44.79  2.36 169.804.20 27.86±0.84  

3 6 102.40  3.31 46.05  4.97 44.02   1.76 169.214.20 28.39±0.84 

4 5 
149.92   8.82 

a,b,c 

96.85  3.45 
a,b,c 

144.49   8.65 
a,b,c 232.443.34 a,b,c 19.00±0.76 a,b,c 

5 5 121.53  7.71d 
78.60  

1.02a,b,c,d 

88.19   3.30 
a,b,c,d 

162.814.06 

a,b,c,d 
23.40±1.13 

a,b,c,d 

6 6 121.439.39 d 
70.882.10 

a,b,c,d 
88.082.27 a,b,c,d 

161.353.31 

a,b,c,d 
23.03±0.72 

a,b,c,d 

G1: Control, G2: normal + S. nigrum Extract, G3: Normal + S. nigrum Fruit, G4: Control+ Lambda cyhalothrin, 
G5: normal+ S. nigrum Extract +Lambda cyhalothrin, G6: Normal+ S. nigrum Fruit+ Lambda cyhalothrin; a: G1, 

b: G2, c: G3, d: G4, e: G5; Significance of P < 0.01. 

 

 

Figure 1a-f: Histopathological changes of rats exposed to lambda cyhalothrin 

 

 
 

Fig 1a: Liver of rat from group 

1 9normal control) showing the 

normal histological structure of 

hepatic lobule (H & E X 400). 

 

 
 

Fig 1b: Liver of rat from group 2 

showing the normal histological 

structure of hepatic lobule (H & E 

X 400). 

 

 
 

Fig 1c: Liver of rat from group 3 

showing the normal histological 

structure of hepatic lobule (H & E 

X 400). 
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Fig 1d: Liver of rat from group 

4 showing portal infiltration 

with leucocytes (+++) (H & E X 

400). 

 
 

Fig 1e: Liver of rat from group 5 

showing kupffer cells activation (+) 

(H & E X 400). 

 
 

Fig 1f: Liver of rat from group 6 

showing kupffer cells activation (+) 

(H & E X 400). 

G1: Control, G2: normal + S. nigrum Extract, G3: Normal + S. nigrum Fruit, G4: Control+ Lambda cyhalothrin, G5: normal+ S. 

nigrum Extract +Lambda cyhalothrin, G6: Normal+ S. nigrum Fruit+ Lambda cyhalothrin;  

 

 
 
 


