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Glutamine Provides Effective Protection against 
Deltamethrin-Induced Acute Hepatotoxicity in 
Rats But Not Against Nephrotoxicity
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	 Background:	 The aim of this study was to investigate the protective effects of L-glutamine (GLN) against liver and kidney 
injury caused by acute toxicity of deltamethrin (DLM).

	 Material/Methods:	 Thirty-two rats were indiscriminately separated into 4 groups with 8 rats each: control group (distilled water; 
10 ml/kg, perorally [p.o.]), DLM group (35 mg/kg p.o. one dose.), GLN group (1.5 gr/kg, p.o. single dose.) and 
DLM (35 mg/kg p.o. one dose.) + GLN group (1.5 gr/kg, p.o. one dose after 4 hours.). Testing for total antiox-
idant status (TAS), total oxidant status (TOS), interleukin-1 beta (IL-1b), tumor necrosis factor-alpha (TNF-a), 
and interleukin-6 (IL-6) analyses were performed on tissue samples, and alanine aminotransferase (ALT), as-
partate aminotransferase (AST), lactate dehydrogenase (LDH), urea, and creatinine were analyzed on serum 
samples. Liver and kidney samples were histopathologically analyzed.

	 Results:	 The TOS level in liver was significantly higher in the DLM group than in the control group, and the level in 
DLM+GLN group was considerably lower than in the DLM group. The TAS level in the DLM+GLN group was 
considerably higher than in the control and DLM groups. The TAS level in kidney tissues was considerably low-
er in the DLM group than in controls, but was similar to other groups. Histopathological analyses of liver tis-
sues established a significant difference between DLM and DLM+GLN groups in terms of grade 2 hepatic inju-
ry. However, no significant difference was found between DLM and DLM+GLN groups in terms of kidney injury.

	 Conclusions:	 Glutamine leads to significant improvement in deltamethrin-induced acute hepatotoxicity in terms of histo-
pathologic results, tissue oxidative stress parameters, and serum liver function marker enzymes.
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Background

Deltamethrin (DLM) is a broad-spectrum synthetic pyrethroid 
insecticide mainly used for protecting agricultural crops, fruits, 
and vegetables against weevils, mites, beetles, and ants [1]. 
DLM is the most commonly used insecticide in most countries 
due to its fast metabolism and low toxicity to humans and 
other non-target animals, as well as its strong effect on many 
pests [2]. However, several side effects of DLM have been re-
ported, including neurotoxicity, immunosuppression, allergy, 
hypertension, decreased testosterone levels, hepatotoxicity, 
and nephrotoxicity [3].

The acaricidal and insecticidal effects of DLM are mainly con-
sidered to arise from its binding to a distinct receptor site on 
voltage-gated sodium channels and extending the open state 
by constraining the inactivation and deactivation of channels. 
Nevertheless, the other effects of DLM on biological membranes 
are exerted at sites other than the voltage-dependent sodi-
um channel because of the high hydrophobic profile of DLM 
[4,5]. In several reports, the liver was shown to collect a larg-
er concentration of metabolites because it is the main site of 
DLM metabolism, and the kidney is reported as the main or-
gan of excretion [6,7].

L-glutamine (GLN) is an essential amino acid which is vital for 
life activities and accounts for ~60% of free amino acids in the 
body. Recent studies have reported that GLN, as an effective 
immune nutrient, provides improvement in hepatic ischemia-
reperfusion, reduces the release of inflammatory cytokines, 
regulates immunoreaction, and provides protection against 
oxidative stress [8–11]. In addition, GLN plays a vital role in 
the glutathione peroxidase (GSH) metabolism. Welbourne et 
al. reported that GLN functioned as a rate-limiter for the GSH 
synthesis under oxidative stress [12]. GSH is a potent ubiqui-
tous antioxidant which functions as an important factor for 
many drugs and endogenous substance metabolisms [13,14].

The purpose of this study was to determine the hepato-reno-
protective and antioxidant effects of GLN against DLM-induced 
acute oxidative stress and hepato-nephrotoxicity in rats.

Material and Methods

Chemicals

Deltamethrin (Butox® 50 mg/ml) was obtained as a trading 
product in clinical formulation from Intervet Co. (France), and 
glutamine was bought from Sigma Chemical Co. (St Louis, 
Missouri, USA).

Animals and drug treatment

Thirty-two male Wistar Albino rats weighing 250–300 g were 
randomly chosen among the rats treated and controlled at 
Dicle University Medical Faculty Health Sciences Research and 
Application Center (Diyarbakir, Turkey). The rats were kept in 
8×9×14 cm wooden cages. Prior to the experiment, all rats were 
fed standard rat chow and water ad libitum and were housed 
in an air-conditioned room at 21°C with 12-h light/dark cycle 
and were treated humanely. Animals were fasted before the 
experiment. The study was approved by the local Animal Ethical 
Committee of Dicle University (2014/30), Diyarbakir, Turkey.

The rats were randomly divided into 4 groups with 8 rats each: 
•	 Control group: (distilled water; 10 ml/kg, perorally [p.o.]);
•	� DLM group: a single dose of DLM 35 mg/kg body weight was 

diluted in distilled water and administered by a gastric tube;
•	� GLN group: a single dose of GLN 1.5 g/kg was diluted in dis-

tilled water and administered perorally by a gastric tube;
•	� DLM+GLN group: DLM was administered 35 mg/kg perorally 

single dose and GLN was administered 1.5 g/kg single dose 
after 4 hours [15,16].

The rats were anesthetized 24 h after drug administration, using 
ketamine hydrochloride (50 mg/mL, 10 mg/kg, Ketalar; Bayer, 
Leverkusen, Germany) and xylazine (2%, 0.1 mL/kg, Rompun; 
Bayer) in solution (2 mL/kg) 50 mg/kg, intramuscularly). The 
surgical procedure was performed in supine position, and lapa-
rotomy was applied through medial incision. Following the sur-
gery, the rats were sacrificed by exsanguination. Tissue samples 
were obtained from liver and kidney, and blood samples were 
taken. Liver and kidney tissue samples were homogenized, and 
the centrifugation of homogenates was achieved at 3000 rpm 
for 10 min at 4°C, and the supernatants were removed and 
stored at −80°C until the parameter analyses of total antioxi-
dant capacity (TAS), total oxidant capacity (TOS), interleukin-1 
beta (IL-1b), interleukin-6 (IL-6), and tumor necrosis factor-al-
pha (TNF-a) were performed. Serum samples were used to an-
alyze alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), lactate dehydrogenase (LDH), urea, and creatinine.

Biochemical analysis

Cytokines, TAS, TOS assays

IL-1b, IL-6, and TNF-a eBioscience (Austria), and TAS, TOS were 
purchased from Rel Assay Diagnostics (Gaziantep, Turkey). The 
analyses were performed using the guidelines of the manufacturer.

Biochemical parameters

The intracardiac route was used to draw the maximum vol-
ume of blood. This volume was then centrifuged and the sera 
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were stored at –70°C until the biochemical analysis were per-
formed. An Abbott Architect c16000 Autoanalyzer was used to 
assess serum AST and ALT, urea, creatinine, and LDH values.

Measurement of IL-1b, IL-6, and TNF-a

Commercially available rat enzyme-linked immunosorbent as-
say (ELISA) kits were used to assess the levels of IL-1b, IL-6 
and TNF-a. The assessments were performed using the guide-
lines of the manufacturer.

Measurement of total oxidant status (TOS)

In the supernatant fragments, the TOS levels were measured 
through the new automated measurement method improved 
by Erel [17]. In this method, the oxidants in the specimen ox-
idize the ferrous ion-o-dianisidine complex to ferric ion. The 
glycerol molecules present in high amounts in the reaction 
medium contribute to the oxidation reaction. In an acidic me-
dium, the ferric ion leads to the formation of a coloured com-
plex with xylenol orange. The color intensity measured with 
the help of spectrophotometry depends on the total quanti-
ty of oxidant molecules in the specimen. Hydrogen peroxide 
is used for the calibration of the essay and the results are ex-
pressed in mmol Trolox equivalent/L.

Measurement of total antioxidant status (TAS)

The TAS of the supernatant phase was analyzed using the new 
automated measurement method improved by Erel [18]. Based 
on this method, the most potent biological radical – the hydrox-
yl radical – is produced. In the assay, the ferrous ion solution 
in Reagent 1 is mixed with the hydrogen peroxide in Reagent 
2. The sequentially produced radicals, including the brown-
coloured dianisidinyl radical cation produced by the hydroxyl 
radical, are also potent radicals. Present method helps to mea-
sure the antioxidative effect of the sample against the potent 
free radical reactions initiated by the produced hydroxyl rad-
ical. The precision of the analysis is below 3%. The obtained 
results are expressed as μmol H2O2 equivalent/L.

Histopathological analysis

Liver and kidney sections were obtained for histopathologi-
cal analysis, and the sections were fixed in 10% buffered for-
malin, dehydrated in ethanol (50–100%), purified in xylene, 
and buried in paraffin. Sections (4–5 mm thick) were arranged 
and then painted with hematoxylin and eosin (H–E). The sec-
tions were studied to assess the histopathological changes in 
the liver and kidney.

The severity of hepatic damage was assessed using an ordi-
nal grading system as follows:

•	 Grade 0: minimal or no sign of damage,
•	� Grade 1: mild damage accompanied by cytoplasmic vacuo-

lation and focal nuclear pyknosis,
•	� Grade 2: moderate damage with cytoplasmic vacuolization, 

confluent areas of hepatocyte ballooning with no obvious 
necrosis, sinusoidal dilatation and congestion, and loss of 
intercellular borders,

•	� Grade 3: moderate to severe damage with areas of coagu-
lative necrosis, cytoplasmic hypereosinophilia, widespread 
sinusoidal dilatation and congestion,

•	� Grade 4: severe damage with severe confluent coagulative 
necrosis, and disintegration of and hemorrhage into hepat-
ic chords, leading to the loss of tissue architecture [19].

Renal injury was graded as follows: 
•	 Grade 0: no diagnostic change;
•	� Grade 1: tubular cell swelling, loss of brush borders, nucle-

ar reduction with up to 1/3 of the tubular profile with nu-
clear loss;

•	� Grade 2: in addition to Grade 1, greater nuclear reduction 
with up to 2/3 of the tubular profile with nuclear loss;

•	� Grade 3: greater nuclear reduction with more than 2/3 of 
the tubular profile with nuclear loss [20].

Statistical analysis

Statistical analysis was performed using SPSS for Windows 
18.0 (SPSS Inc., Chicago, IL, USA). In univariate analyses, cat-
egorical variables were evaluated by the chi-square test and 
numerical variables by the Student t test. The groups were 
compared using one-way ANOVA, and post-hoc analysis was 
made with Tukey’s test. The results were expressed as Mean 
±SD. A p value of <0.05 was considered significant.

Results

Biochemical analysis

The results concerning the biochemical parameters for liver 
and kidney tissues are as follows: 

The TAS level in liver tissues was significantly lower in DLM group 
compared to control group and DLM+GLN group, and the level in 
DLM+GLN group was significantly higher than in control group 
and DLM group. The TOS level was significantly higher in DLM 
group than in other groups, and the level in DLM+GLN group 
was significantly lower than in DLM group. The TNF-a level in 
DLM+GLN group was significantly lower than in DLM group. In 
terms of IL-1b level, no significant difference was found between 
DLM+GLN group and DLM group. The IL-6 level in DLM group 
was significantly higher than in other groups, and the levels 
in GLN group and DLM+GLN group were similar to each other.
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The TAS level in kidney tissues was significantly lower in the 
DLM group than the control group, but similar to the levels in 
other groups. The TOS level in the DLM group was significant-
ly higher than in other groups, and the level in the DLM+GLN 
group was significantly higher than in the GLN group. In terms of 
TNF-a level, the DLM group was significantly higher than other 
groups, and the other groups were all similar to each other. In 
terms of IL-1b level, the DLM group was significantly higher than 
the control group and GLN group, but similar to the DLM+GLN 
group. The IL-6 level in the DLM group was significantly high-
er than in other groups. Table 1 presents biochemical parame-
ters for liver and kidney tissues in control and treated groups.

In serum analyses, the ALT level in the DLM group was signif-
icantly higher than in other groups. The AST level in the DLM 
group was higher than in other groups, and the level in the 
DLM+GLN group was significantly higher than in the GLN group. 
The LDH level in the DLM group was significantly higher than 
in other groups. In terms of urea level, the DLM group was 

significantly higher than the control group and the level in the 
DLM+GLN group was similar to the one in the control group. 
The creatinine level in the DLM group was significantly high-
er than in other groups. Table 2 presents the serum biochem-
ical parameters in the control and treated groups.

Histopathological analysis

The results concerning the histopathological staging of liver 
tissues are as follows (Figure 1):

In terms of Grade 0 and 2, a significant difference was found 
between the DLM group and the control group, and also be-
tween the DLM group and the GLN group. Another significant 
difference was established between the DLM group and the 
DLM+GLN group in terms of Grade 2. Also, the DLM+GLN group 
presented a significant difference with the control group and 
GLN group in terms of Grade 0 and Grade 1, but had no sig-
nificant difference from the DLM group in terms of Grade 2.

Tissue Group  TAS TOS TNF-a IL-1b IL-6

Liver

Control 	 1.13±0.10 	 185.28±52.32 	 488.10±141.37 	 759.92±113.43 	 713.74±52.90a

DLM 	 0.39±0.18a 	 344.46±24.82a 	2554.38±251.19a 	1067.53±454.50b 	1527.46±650.45b

GLN 	 1.01±0.20b 	 197.95±37.22b 	 743.79±292.06a,b 	 611.28±46.53c 	 708.99±54.09b

DLM+GLN 	 0.86±0.12a 	 225.67±19.53 	1398.17±249.63a,b,c 	 958.11±74.88 	1043.56±118.33

Kidney

Control 	 2.01±0.23 	 23.97±3.43 	 489.74±374.62 	 759.68±87.53a 	 672.01±121.34

DLM 	 1.48±0.12a 	 68.13±6.50a 	1223.51±248.06a 	1067.53±454.50 	1280.30±103.1a

GLN 	 1.74±0.59 	 16.84±4.03a,b 	 439.73±285.41b 	 611.28±46.53b 	 753.92±85.79b

DLM+GLN 	 1.51±0.38 	 29.64±11.71b,c 	 770.40±133.50b 	 958.11±74.88ac 	 694.37±48.72b

Table 1. Biochemical parameters for liver and kidney tissues in control and treated groups.

TAS – total antioxidant capacity (μmol H2O2 equivalent/L); TOS – total oxidant capacity (mmol Trolox equivalent/L); TNF-a – tumor 
necrosis factor-alpha (pg/mL); IL-1b – interleukin-1 beta (pg/mL); IL-6 – interleukin-6 (pg/mL); results are expressed as mean ±SD. 
a The result is significant when compared to Control group; b the result is significant when compared to DLM group; c the result is 
significant when compared to GLN group.

Groups AST (u/l) ALT (u/l) LDH (u/l) Urea (mg/dl) Cr (mg/dl)

Control 	 77.6±23.1a 	 34.4±4.2 	 92.1±17.6 	 57.5±5.3 	 1.05±0.2

DLM 	 470.7±248.9b 	 343.8±159.1b 	 1455.5±362.1a 	 159.3±19.3a 	 3.9±2.2a

GLN 	 57.9±8.2b 	 59.6±9.1b 	 283.7±477.7b 	 62.0±6.3b 	 0.7±0.1b

DLM+GLN 	 113.5±12.1 	 226.4±38.8a,b,c 	 213.6±66.5b 	 115.7±87.6 	 3.61±2.0a,c

Table 2. Serum biochemical parameters in control and treated groups.

AST – aspartate aminotransferase; ALT – alanine aminotransferase; LDH – lactate dehydrogenase; Cr – creatinine, results are expressed 
as mean ±SD. a The result is significant when compared to Control group; b the result is significant when compared to DLM group; 
c the result is significant when compared to GLN group.
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The results concerning the histopathological staging of kidney 
tissues are as follows (Figure 2):

No significant difference was established between the DLM 
group and DLM+GLN group in terms of Grade 2, and a signif-
icant difference was found between the DLM group and the 
control group in terms of Grade 0, 1, and 2. The GLN group 

A

C

B

D

Figure 1. �(A) Hepatic section of control group (H&E ×400). (B, C) Deltametrin-intoxicated grade 1 hepatocyte cytoplasm vacuolization 
and focal nuclear pyknosis) and grade 3 (cytoplsamic vacuolization of hepatocytes as well as sinusoidal congestion and 
dilatation) hepatic injury (H&E x400). (D) Deltametrin + L-glutamine treated protected hepatic lobule rats (H&E ×400).

A

C

B

D

Figure 2. �(A) Normal histological characteristic of the conrol group in the renal tubule (H&E ×200). (B, C) Deltametrin-intoxicated grade 
1 (swelling of renal tubules, and mild loss in the nucleus) injury and grade 2 (swelling of renal tubules, and moderate loss in 
the nucleus) injury (H&E ×200). (D) Deltametrin + L-glutamine treated rats (H&E ×200).
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also presented a significant difference with the DLM group in 
terms of Grade 0, 1, and 2. In addition, the DLM+GLN group 
established a significant difference with the control group and 
GLN group in terms of Grade 0 and 1. Table 3 presents the his-
topathologic grading of hepatic and renal injury in the control 
and treated groups.

Discussion

The results revealed that GLN is an effective agent offering pro-
tection against DLM-induced liver injury. This effect was con-
firmed by the levels of tissue oxidative stress markers (TAS, 
TOS), serum biomarkers of hepatotoxicity (ALT, AST, LDH), and 
the grades of cellular injuries. Nevertheless, this effect was not 
verified for renal injury.

Hepatotoxicity may occur due to various infections and drugs 
[21]. Oxidative stress is one of the major mechanisms of pes-
ticide-induced toxicities [22]. In some studies on pyrethroid 
insecticides, free radicals and oxidative stress-mediated injury 
resulting from lipid peroxidation have been reported [23,24]. 
Abdel-Daim et al. found that the administration of DLM in-
creased lipid peroxidation through elevated hepatic and re-
nal malondialdehyde (MDA) level, and decreased the hepatic 
and renal antioxidants(superoxide dismutase, catalase, GSH) 
[3]. As consistent with the literature, the DLM group in our 
study presented lower TAS levels and higher TOS levels com-
pared to other groups.

Glutamine, although accepted as a non-essential amino acid, 
is called “conditionally essential” due to its important cellular 
function in critically ill patients [25]. Liver is the primary or-
gan of GLN consumption. Since GLN is a precursor of GSH, its 

supplementation in the clinical diet may play a contributory 
role in maintaining high levels of GSH and in avoiding oxida-
tive stress-induced injury [26]. Moreover, the hepatoprotective 
effect of GLN and its critical role in liver functions are report-
ed [27]. Studies have found that GLN is a potent agent on the 
reduction of liver injury resulting from various toxic chemicals 
and also that GLN exerts these effects through its antioxidant 
effects [28,29]. In our study, we also found that the histopath-
ological liver injury was significantly reduced in the DLM+GLN 
group. In addition to this improvement, in the same group, we 
found an increase in TAS and a significant decrease in TOS lev-
els as well as a significant improvement in the serum mark-
ers of liver injury (AST, ALT, and LDH). These findings indicate 
both the critical role of oxidative stress in DLM-induced tox-
icity and also the hepatoprotective effect of glutamine, which 
is mediated by its antioxidant effect. The glutamine group in 
our study presented significant improvements in terms of TAS 
and TOS levels compared to the control group. This may be an 
indication that glutamine is likely to offer protective effects in 
healthy individuals as well.

Renal tubular cells and glomeruli are critical target organs for 
the synthetic pyrethroid pesticide compounds which produce 
various renal toxic effects [30]. El-Gerbed et al. histopatholog-
ically found glomerular congestion, tubular degeneration, ne-
crosis, and swelling of tubules, and vacuolization at various 
sites along the kidney cortex in the rats administered with DLM 
[31]. Several studies also reported an increase in lipid peroxi-
dation, oxidative stress, and proinflammatory cytokines (IL-1b, 
IL-6, TNF-a) in the kidney tissues of the rats with DLM-induced 
toxicity [3,31]. In an in vitro study, glutamine was found to sup-
press the TNF-a and IL-6 levels in human monocytes in a dose-
dependent manner [32]. From these findings, it can be inferred 
that glutamine is theoretically able to provide renoprotective 

Tissue Pathologic grade Control group DLM group GLN group DLM+GLN group

Liver

(0) 7 0a 6b 2a,c

(1) 1 3 2 6a,c

(2) 0 4a 0b 0b

(3) 0 1 0 0

(4) 0 0 0 0

Kidney

(0) 8 0a 8b 0a,c

(1) 0 4a 0b 6a,c

(2) 0 4a 0b 2

(3) 0 0 0 0

Table 3. Histopathologic grading of hepatic and renal injury in control and treated groups.

a The result is significant when compared to Control group; b the result is significant when compared to DLM group; c the result is 
significant when compared to GLN group. The numbers in parentheses indicate grade of liver and kidney, other figures indicate the 
number of rats in the table.
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effects through its antioxidant and anti-inflammatory proper-
ties. On the contrary, Abraham et al. reported that glutamine 
provided no protection against cyclophosphamide nephrotoxic-
ity although it led to improvement in oxidative stress parame-
ters [33]. Similarly, Moraa et al. showed that glutamine had no 
protective effect against cisplatin-induced nephrotoxicity [34]. In 
our study, glutamine offered no significant renal improvement 
in terms of cytopathology, whereas it led to significant improve-
ment in the TOS levels. Nevertheless, it had no contributory ef-
fect on the TAS levels and the renal functions such as urea and 
creatinine. Although these findings confirm the role of inflam-
mation and oxidative stress in DLM-induced nephrotoxicity, they 
suggest that the protective role of glutamine remains very lim-
ited. From this situation it can be understood that the patho-
genesis of DLM-induced nephrotoxicity and the nephroprotec-
tive effect mechanism of glutamine have yet to be investigated.

Interleukin-6, IL-1b, and TNF-a are major proinflammatory 
cytokines induced by oxidative stress and inflammation [35]. 
Some previous studies reported that the immunomodulat-
ing effects of GLN and alanine were dependent on the sup-
pression of TNF-a, IL-6 and IL-1b in human peripheral blood 

mononuclear cells (PBMCs) [36,37]. Other studies revealed that 
glutamine provided a potent immunomodulatory effect by de-
creasing the expression of proinflammatory cytokines (TNF-a, 
IL-6, IL-1b) [32,38,39]. In our study, an increase was observed 
in the inflammatory cytokines in the rats administered with 
DLM. Moreover, in the DLM+GLN group, a significant decrease 
was detected in TNF-a and IL-6 levels, whereas no contribu-
tory effect was found in IL-1b levels. This result was the same 
both in liver and kidney tissues. These findings seem to be in 
line with the literature.

Conclusions

We conclude that glutamine leads to significant improvement 
in DLM-induced acute hepatotoxicity in terms of histopatho-
logical results, tissue oxidative stress parameters, and serum 
liver function marker enzymes, but it does not offer the same 
protective effect against kidney injury. More studies should 
be conducted to clarify and to determine the mechanism of 
damage of kidney by deltamethrin and the nephroprotective 
effects of glutamine.
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