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Abstract. The purpose of this study was to evaluate the protective effects of fenugreek (Trigonella 
foenum graecum L.) upon dieldrin-induced perturbations of haematological parameters and dam-
ages to liver and kidney of male Wistar rats. Under our experimental conditions, dieldrin poisoning 
resulted in 1) an alteration of several haematological parameters, 2) an oxidative stress evidenced 
by an increase of lipids peroxidation level associated with an increase of superoxide dismutase ac-
tivity and a decrease of glutathione peroxidase and catalase activities in hepatic and renal tissues, 
3) increased levels of glucose, total cholesterol, triglycerides, creatinine, urea, uric acid and proteins 
in blood, 4) increased activities of lactate dehydrogenase, alkaline phosphatase and transaminases in 
blood. Previous administration of fenugreek was found to hinder these dieldrin-induced damages: 
all hematological, renal and hepatic biomarkers, level of lipids peroxidation and activities of catalase 
and glutathione-peroxidase in liver and kidney were kept close to control values. This protective
effect is mainly attributed to antioxidant properties of fenugreek.
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Introduction

Large-scale application of pesticides to crops and forests may 
contribute to the increasing presence of toxic substances in 
the environment. These chemical compounds can find their
way to water reservoirs, streams and rivers, thus producing 
an adverse impact on the aquatic biota, animals and human 
health (John and Prakash 2003).

Dieldrin is part of a class of synthetic organochlorinated 
pesticides known as cyclodienes that were commonly used 
during the 1950–70s. Due to their low volatility, chemical 
stability, and lipophilic properties, these compounds have 

a strong tendency to accumulate in organisms and to persist 
in the environment (Jorgenson 2001). The Agency for Toxic
Substances and Disease Registry (ATSDR) lists dieldrin as 
the most hazardous cyclodiene pesticide based on its toxic-
ity, widespread distribution, and risk of human exposure 
(Agency for Toxic Substances and Disease Registry, 2005. 
CERCLA Priority List of Hazardous Substances. U.S. Dept 
of Health and Human Services-Public Health Service). 

Dieldrin uptake may occur by the oral and dermal routes. 
The half-life of dieldrin in mice and rats has been estimated
to 3 days in previous studies (Hatchar et al. 2007). The
most common form of human exposure occurs through 
the ingestion of contaminated food or water, inhalation of 
dust or vapor, or absorption through skin. The later being
an important factor leading to occupational poisoning by 
dieldrin. Dieldrin is a central nervous system stimulant: 
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after ingestion, toxic doses of dieldrin will cause nausea and
vomiting, with signs of neuronal hyperactivity (Kitazawa et 
al. 2001). Dieldrin has been reported to induce an oxidative 
stress by interacting with the cell membrane, triggering the 
generation of reactive oxygen species, what in turn worsens 
the hepatotoxicity. This can be brought about by a variety
of mechanisms, including futile cycling of P-450 enzymes 
(Parke and Ioannides 1990), mitochondria dysfunction, or 
a decrease in antioxidants which create a state of oxidative 
stress in the hepatocytes leading to lipids peroxidation, 
DNA damage and protein alteration (Stevenson et al. 1999). 
Interestingly, dieldrin has also been reported to induce glu-
tathione S-transferase activity in mice (Moody et al. 1991), 
suggesting a possible connection between selective hepatic 
action of dieldrin and induction of Activator Protein-1. 
The increase of lipids peroxidation level in the liver of mice
fed on dieldrin-containing diet is indicative of membrane 
alteration. 

Dieldrin was found to be immunogenic and to provoke 
a chemical immunohemolytic anemia (Hayes and Laws 
1991). Histopathological studies in rats have shown that 
exposure to pesticides commonly involves hepatic and 
renal damages associated with important shifts in serum
markers such as creatinine, urea, transaminases and 
alkaline phosphatase which confirm the involvement of
an oxidative stress (Astiz et al. 2009; Hfaiedh et al. 2011; 
Padma et al. 2011). 

In recent years, alternative therapeutic approaches have 
become very popular (Naravana and Dobrivalm 2000). 
Nature has been a source of medicinal treatments for thou-
sands of years (King et al. 1998). Fenugreek (Trigonella 
foenum graecum L.) belongs to the fabaceae family and is 
cultivated predominantly in Asia, the Mediterranean, and 
North African regions. It is commonly used as a condiment 
and seasoning in culinary preparations and it is assumed 
to possess nutritive and restorative properties (Petit et al. 
1993). It has been used in folk medicine for centuries for 
a wide range of diseases including diabetes mellitus, fever, 
abdominal colic, boils and carbuncles. 

A number of chemicals with medicinal value have been 
found in fenugreek seed and leaves (Petropoulos 2002). 
Indeed, fenugreek contains three important chemical 
constituents with medicinal value, namely, 1) steroidal 
sapogenins, 2) galactomannans and 3) isoleucine. These
constituents have placed fenugreek among the most com-
monly recognized “nutraceutical” or health food products 
(Raju et al. 2004). Some medicinal properties attributed 
to fenugreek are commonly reported: gastro-protective 
(Pandian et al. 2002), antioxidant (Kaviarasan et al. 2007), 
antinociceptive (Javan et al. 1997) and antimicrobial (Bhatti 
et al. 1996). It was used to cure diabetes (Eidi et al. 2007) 
and hyperthyroidism (Tahiliani and Kar 2003a). Fenugreek 
steroids have been shown to display a wide range of attractive 

biological and pharmacologic activities, including apoptosis 
induction, cell cycle arrest and immunomodulatory and 
anti-inflammatory actions (Raju et al. 2004). More recently,
the efficiency of saponins from fenugreek were established
in the alleviation of a wide range of complications pertain-
ing to various diseases, including hypercholesterolemia and 
obesity (Xie et al. 2010). 

4-hydroxyisoleucine, a modified amino acid extracted
and purified from fenugreek seeds, was found to display an
insulinotropic property in vitro, to stimulate insulin secre-
tion in vivo, and to improve glucose tolerance in rats and 
dogs (Thakur et al. 1994). Fenugreek was shown to exert
a nephroprotective effect by reducing lipids peroxidation
level in kidney, to increase sensitivity to insulin and to en-
hance cellular antioxidant defense in diabetic rats (Eidi et al. 
2007). Adding fenugreek seed powder to the diet was found 
to normalize biomarkers of oxidative damages in alloxan-
diabetic rats (Ravikumar and Anuradha 1999). 

The present study was designed to assess in rats the
protective effects of fenugreek (Trigonella foenum graecum 
L.) upon dieldrin-induced oxidative stress in blood, liver 
and kidney and the related damages. Examined parameters 
were haematological parameters, plasma levels of glucose, 
triglycerides and cholesterol, activities of lactate dehy-
drogenase (LDH), alkaline phosphatase (ALP), aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) in blood serum, urea, creatinine, uric acid and pro-
teins levels in blood serum, and lipids peroxidation level 
and antioxidant enzymes (SOD, GPX, CAT) activities in 
liver and kidney. 

Materials and Methods

Rats of Wistar strain were purchased from Siphat Company 
(Tunis, Tunisia). Prior to experiments, they were kept for 
2 weeks in a breeding farm, at 22°C, with a stable hygrom-
etry, under constant photoperiod. They were given 15%
proteins food pellets (SICO, Sfax, Tunisia) and tap water ad 
libitum. Dieldrin and other chemicals were obtained from 
Sigma-Aldrich Company. Dried seeds of fenugreek were 
obtained from a local Pharmacy and ground to fine powder
with a Moulinex grinder. This powder was then mixed with
the crushed food pellets (100 g/kg).

Experimental design

3-months-old male rats, about 180 g body weight, were 
selected for the experiments which were carried out in the 
same breeding farm and under the same experimental con-
ditions. The powder obtained from fenugreek dried seeds
was mixed with food (100 g per kg), so as to administer 
about 2 g of fenugreek powder per day and per rat, taking 
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into account that each rat ate 20 g food per day, as evaluated 
by weighing. 

Rats were divided into 4 batches: 1) control group; 2) 
group of rats treated with dieldrin (50 mg/kg bw, as proposed 
by Bachowski et al. (1998) by forcible feeding for 4 consecu-
tive days; 3) group of rats given fenugreek (2 g/rat/day) for 
6 weeks; 4) group of rats treated with fenugreek for 6 weeks, 
then treated by dieldrin for 4 days (50 mg/kg bw). At the 
end of all treatments, animals from each group were rapidly 
sacrificed by decapitation in order to minimize the handling
stress. Blood was rapidly and immediately collected in plas-
tic tubes, with or without heparin. Serum was obtained by 
centrifugation of clotted blood (1500 × g, 15 min, 4°C) and 
the liver and kidney were removed, cleaned of fat and stored 
at −80°C until use. 

Biochemical assays 

Level of lipids peroxidation was measured as the level of 
thiobarbituric acid reactive substances (TBARS), accord-
ing to Yagi (1976). For the assay, 125 μl of supernatant 
S1 of liver and kidney were mixed with 175 μl of 20% 
trichloroacetic acid containing 1% butyl-hydroxytoluene 
and centrifuged (1000 × g, 10 min, 4°C). Then, 200 μl of
supernatant S2 was mixed with 40 μl of HCl (0.6 M) and 
160 μl of thiobarbituric acid (0.72 mM) and the mixture was 
heated at 80°C for 10 min. The absorbance was measured
at 530 nm. The amount of TBARS was calculated using an
extinction coefficient of 156 mM−1 cm−1 and expressed in 
nmoles per mg of protein.

The total (Cu-Zn and Mn) superoxide-dismutase (SOD)
activity was determined by measuring its ability to inhibit 
the photoreduction of nitroblue tetrazolium (NBT) (Sun et 
al. 1988; Durak et al. 1993). One unit of SOD represents the 
amount inhibiting the photoreduction of NBT by 50%. The
activity was expressed as units per mg of protein, at 25°C.

Glutathione-peroxidase (GPX) activity was assayed 
according to the method of Flohe and Gunzler (1984). 

The activity at 25°C was expressed as μmoles of GSH oxi-
dized/min per mg of protein. 

Catalase (CAT) activity was measured according to 
Aebi (1984). The reaction mixture (1 ml) contained 
100 mM phosphate buffer (pH = 7), 100 mM H2O2 and 
20 μl (about 1–1.5 mg of protein) of liver and kidney 
homogenate. H2O2 decomposition was followed at 25°C 
by measuring the decrease in absorbance at 240 nm for 
1 min. Enzyme activity was calculated using an extinction 
coefficient of 0.043 mM−1 cm−1 and expressed in inter-
national units (I.U.), i.e., in μmoles H2O2 destroyed/min 
per mg of protein.

Protein content in tissue extracts was determined accord-
ing to Lowry’s method (1951) using bovine serumalbumin 
as standard.

Red and white blood cells (RBC and WBC), hematocrit 
(Ht), hemoglobin (Hb), Mean corpuscular volume (VCM) 
and blood platelets, from heparinised tubes, were analysed 
by an electronic automatic apparatus (MAXM, Beckman 
Coulter Inc., Fullerton, USA).

Levels of glucose, cholesterol, triglycerides and the activi-
ties of ALP, LDH, AST, ALT and concentrations of creatinine, 
urea, uric acid and proteins in serum were determined by 
kit methods (Spinreact).

Assay of free radical-scavenging activity on DPPH

The free radical-scavenging activity of fenugreek was
evaluated using the stable radical DPPH (2,2-diphenyl-1-
picrylhydrazyl), according to the method of Grzegorczyk 
et al. (2007). An aqueous solution of fenugreek (1 ml) at 
various concentrations (50–400 µg/ml) was added to 1 ml 
of a 0.1 mM methanolic solution of DPPH and allowed to 
stand for 30 min at 27°C. The absorbance of the sample was
measured at 517 nm. 

DPPH radical-scavenging activity (RSA), expressed as 
percent was calculated using the following formula: RSA% 
= ADPPH − (Asample − Acontrol) × 100/ADPPH.

Table 1. Hematological parameters in control, dieldrin-treated, fenugreek given and fenugreek- and dieldrin-treated rats

Parameter
Group

C D Fe DFe
RBC (106 μl)  8.07 ± 0.46  6.68 ± 0.6**  7.93 ± 0.28++  8.48 ± 0.75++

WBC (103/µl)  22.27 ± 2.06  11.7 ± 0.53**  25.4 ± 2.52++  19.15 ± 1.14++

Hb (g/dl)  14.12 ± 0.83  11.22 ± 0.51**  13.75 ± 0.43++  14.45 ± 0.42++

VCM (10−6 µm3/RBC)  49.62 ± 1.76  22.4 ± 0.62**  48.02 ± 0.8++  48.12 ± 0.85++

PLT (103/µl)  845.25 ± 41.2  1163.25 ±46.44**  881.5 ± 78.2++  983 ± 73.7++

Ht (%)  38.9 ± 1.9  32.9 ± 1.22**  37. 5 ± 1.14++  40.8 ± 2.9++

Values are the mean ± SD (n = 6). **  p ≤ 0.01 significant difference as compared to C group;  ++ significant difference when comparing
D and Fe and DFe groups. C, control group; D, dieldrin-treated rats; Fe, fenugreek given rats; DFe, fenugreek- and dieldrin-treated rats; 
RBC, erythrocytes; WBC, leucocytes; Hb, hemoglobin; VCM, mean corpuscular volume; PLT, blood platelets; Ht, hematocrit. 
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Statistical analysis

Two independent experiments, each carried out on 24 rats, 
were performed. Data were expressed as mean ± stand-
ard deviation (SD). Statistical significance was assessed
by Student’s test, p < 0.05 being considered statistically 
significant.

Results

Haematological parameters

As shown in Table 1, dieldrin treatment caused a significant
reduction of red blood cells (−17%), white blood cells 
(−48%), Hb (−21%), Ht (−15%), VCM (−54%) values and 
a significant increase in platelets number (+38%), as com-
pared to controls. Previous administration of fenugreek 
reduced the dieldrin-induced alteration of these parameters 
(DFe group).

Blood glucose, cholesterol and triglycerides levels 

As seen in Table 2, dieldrin treatment induced a significant
increase of glucose, cholesterol and triglycerides by +74%, 
+65%, +50%, respectively, as compared to controls. Previous 
supplementation with fenugreek maintained these param-
eters to almost control values. 

Serum markers of damages to liver and kidney 

LDH, ALP, AST and ALT are released into the blood when 
certain organs or tissues are injured. As shown in Table 2, 
activities of these enzymes were significantly higher in diel-
drin-treated rats than in controls by +53%, +41%, +28%, 
+60%, respectively. 

Dieldrin treatment also induced severe kidney damages 
evidenced by a significant increase of creatinine, urea and
uric acid and proteins in serum (Fig. 1). When dieldrin-
treated rats were previously treated with fenugreek, all these 
biomarkers were maintained to almost normal values.

Oxidative damages

TBARS levels, which reflect the lipids peroxidation level,
were increased in hepatic and renal tissues of dieldrin-treated 
rats, as compared to controls, by +113% and +106%, respec-
tively (Fig. 3 and 4). Previous administration of fenugreek 
reduced this increase of TBARS levels. 

Antioxidant activities

Activities of enzymes which protect against oxidative 
stresses, i.e., CAT and GPX were found to be respectively 
reduced by −47% and −56% in liver and by −49% and −39% 
in kidney of dieldrin-treated rats, whereas SOD activity was 
increased in kidney and liver by 167% and 53%, respectively 
(Fig. 3 and 4). These changes, revealing a failing defence
against the oxidative stress, were largely corrected in animals 
previously given fenugreek.

Discussion

In recent years, there was considerable interest in free 
radicals-mediated damages in biological systems, especially 
when related to an exposure to pesticides scattered in the 
environment (Banerjee et al. 2001). Under our experimental 
conditions, exposure of rats to dieldrin altered hematological 
parameters and increased platelets number in blood, as com-
pared to controls rats. Our results are in line with previous 
reports which demonstrate that pesticides exposure altered 

Table 2. Blood glucose, cholesterol, triglycerides levels and activities of lactate dehydrogenase, aspartate aminotransferase, alanine ami-
notransferase and alkaline phosphatase in control, dieldrin-treated, fenugreek given and fenugreek- and dieldrin-treated rats

Parameter
Group

C D Fe DFe
Glucose (mmol/l)  6.567 ± 0.5  11.6 ± 0.48**  6.37 ± 0.46++  8.35 ± 0.4++

Cholesterol (mmol/l)  1.62 ± 0.06  2.78 ± 0.032**  1.35 ± 0.1++  1.4 ± 0.1++

Triglycerides (mmol/l)  0.86 ± 0.1  1.29 ± 0.08**  0.73 ± 0.09++  0.87 ± 0.03++

LDH (IU/l)  1200 ± 58.7  1834 ± 169**  1272 ± 93.09++  1385.7 ± 49++

ALT (IU/l)  76.25 ± 6.4  97.5 ± 1.3**  84 ± 7.25++  97.5 ± 5.7
AST (IU/l)  244.8 ± 15.32  390 ± 29**  234.5 ± 18.2++  283.2 ± 18.23++

ALP (IU/l)  438 ± 33.9  616 ± 46.5**  430.5 ± 60.6++  412±14.24++

Values are the mean ± SD (n = 6). ** p ≤ 0.01 significant difference as compared to C group; ++ significant difference when comparing D 
and Fe and DFe groups. LDH, lactate dehydrogenase; ALT, alanine amino transferase, AST, aspartate amino transferase; ALP, alkaline 
phosphatase. Other abbreviations see Table 1.
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hematological parameters in rats (Fetoui et al. 2008). An 
anemia associated with the accumulation of this pesticide in 
blood was also reported by Hayes and Laws (1991).

In the current study, the significant reduction in erythro-
cytes count and hemoglobin value might be due to the inhibi-
tion of erythropoiesis and hemosynthesis, and to an increase 
in the rate of erythrocytes destruction by over-production of 
oxidative radicals leading to erythrocytes membrane lipids 
peroxidation (Kato et al. 2006). Liver, being a major site of 
xenobiotics metabolism, can be altered by dieldrin accumu-
lation. Alteration of iron reduction in hepatic parenchyma 
could, in turn, alter haemoglobin synthesis and hematological 
parameters. In our study, damage to liver is also evidenced by 
the hyperglycaemia, the increased levels of cholesterol and 
triglycerides and the significant increase of ALP, AST, ALT and
LDH activities in blood. This confirms data of Bachowski et al.
(1998) and is consistent with histopathological observations of 
acute hepatitis after ingestion of dieldrin (Kolaja et al. 1996).
Adverse effect of dieldrin on liver may result from the fol-
lowing scheme: dieldrin is absorbed from the gastrointestinal 
tract via the hepatic portal vein (Hayes and Laws 1991), easily 
penetrates cell membranes due to its lipophilicity, inhibits 
Mg2+-ATPase and stimulates 5’-nucleotidase and NADH-
dehydrogenase activities in hepatocyte (Stevenson et al. 1995) 
and there is metabolized by the microsomal cytochrome P-450 
system into mainly hydrophilic metabolites which cause liver 
injury (Hayes and Laws 1991). 

The fact that antioxidants attenuate the adverse effects of
dieldrin supports the idea that an oxidative stress contributes 
to its neurotoxicity and hepatotoxicity (Kitazawa et al. 2001, 
2003). Dieldrin poisoning significantly increases carbonyl
level and decreases total glutathione level in the striatum 
what may, in part, explain its neurotoxicity (Hatcher et al. 
2007). Dieldrin also induces an oxidative stress in kidney, 
what explains the increase of creatinine and urea levels in 
blood (Donadio et al. 1997). Increase of blood urea level 
is known to be correlated with an increased catabolism 
of proteins and/or an active conversion of ammonia into 
urea resulting from a high activity of arginase. Our results 

Figure 1. Serum creatinine (A), urea (B), uric acid (C) and proteins (D) levels in: control, dieldrin-treated, fenugreek-treated and 
fenugreek- and dieldrin-treated rats. Values are the mean ± SD (n = 6); ** significant difference as compared to C group (p ≤ 0.01). 
++ significant difference when comparing D and Fe or DFe groups. C, control rats, D, dieldrin-treated rats, Fe, fenugreek given rats; DFe,
rats previously given fenugreek then treated by dieldrin.
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Figure 2. Scavenging activity of an aqueous Fenugreek powder (at 
final concentration ranging from 0 to 200 µg/ml) upon the DPPH
(2,2-diphenyl-1-picrylhydrazyl) radical. Each value is the mean of 
3 separate assays ± SD. RSA, radical scavenging activity.
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Figure 3. TBARS levels and activities of SOD, GPX and CAT in kidney (A) and liver (B) after 6 weeks and 4 days of treatment in: con-
trol, dieldrin-treated, fenugreek given and rats previously given fenugreek then treated by dieldrin. Values are the mean ± SD (n = 6). 
** significant difference as compared to C group (p ≤ 0.01); ++ significant difference when comparing D, Fe and DFe groups.
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corroborate findings of Padma et al. (2011) who suggested
that organochlorinated pesticides such as lindane induced 
hepatic and renal toxicity in rat. Oxidative stress, changes in 
biochemical parameters and enzyme activities in the kidney 
of male rat was investigated after exposure to lambda-cyha-
lothrin by Fetoui et al. (2010). These authors reported that
all adverse effects were alleviated when rats were previously
treated with a fenugreek extract. 

Kaviarasan et al. (2004) reported that polyphenols present in 
fenugreek seeds prevented in vitro the oxidative hemolysis and 
lipids peroxidation induced by H2O2 in human erythrocytes. 
This could explain the reduction of dieldrin-induced anemia
we observed in rats previously given fenugreek in the diet.

Raju et al. (2004) and Bin-Hafeez et al. (2003) published 
works showing that fenugreek restored glucose homeostasis 
by affecting glycolytic, gluconeogenic, and lipogenic enzymes
and by protecting β-cells from oxidative damage. In addition, 
several studies have shown the presence of steroid saponins 
in fenugreek seeds (Petit et al. 1993; Yoshikawa et al. 1997) 
which inhibit intestinal glucose uptake in vitro (Alhabori et 
al. 2001). These observations support our finding concern-
ing the correction of dieldrin-induced hyperglycemia when 
fenugreek was added in the diet. 

All other biomarkers of hepatic and renal damages due to 
dieldrin (TG, Ch, LDH, AST, ALT, ALP, creatinine, urea, uric 
acid and proteins) are maintained to almost normal values in 
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our animals previously fed on the fenugreek containing diet. In 
accordance with these findings, fenugreek extract was reported
to decrease the cholesterol, triglycerides, uric acid, urea and cre-
atinine levels and to reduce transaminases activities in blood of 
diabetic rats (Eidi et al. 2007). It is well known that immunologi-
cal disorders and hyperglycemia are the most important indices 
of chronic diseases resulting from a long-lasting oxidative stress 
(Gumieniczek et al. 2006). In our study, fenugreek reduced 
lipids peroxidation level and boosted the antioxidant systems 
in liver and kidney. It confirms previous works showing that
fenugreek seed powder added in the diet reduced biomarkers 
of oxidative damages in alloxan-diabetic rats (Ravikumar and 
Anuradha 1999). Kaviarasan et al. (2007) also reported that an 
extract of fenugreek seeds contained antioxidants and protected 
cellular structures from oxidative damages.

Paying attention to the effects of fenugreek alone (group
Fe), we conclude that fenugreek by itself produces no delete-
rious effects. For instance, fenugreek reduced the dieldrin-
induced hyperglycemia but did not reduce the blood glucose 
level when administered alone, as compared to controls. 

In our study, fenugreek prevented the alterations of anti-
oxidative defense parameters induced by dieldrin in blood, 
liver and kidney. This protective effect of fenugreek can be
attributed to scavenging free radicals properties as shown 
by the DPPH test in vitro (Fig. 2).
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