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The effects of a 100 mg.kg ' dose of benzene, an occupational
and environmental toxicant, were investigated on serum, estradiol and
testosterone concentrations as well as lactate dehydrogenase (LDH),
alkaline phosphatase (ALP), alanine amino transferase (ALT), aspartate
amino transferase (AST), and pyruvate kinase (PK) activities in the liver
and kidney of rats after 2, 4, 8, 16, 32, 64 and 72 hours. Benzene was
given intraperitoneally to Rat rattus norvegicus and the control groups
were injected with physiological saline. Liver tissue LDH, AST, ALT and
kidney tissue LDH, ALR AST, ALT activities were lower in the benzene
treated group when compared to those in the control group (p<0.05). A
tendency for an increase in the liver tissue ALP activity was observed,
which was significant at 8 and 16 hours (p<0.05). There were signifi-
cant increases in ALT in the liver and LDH, AST, and ALT enzyme activi-
ties in the kidney tissue at the beginning of the experiment in both
groups and these activities were found to be nearly the same. Pyruvate
kinase enzyme activities in rats given benzene were slightly increased
in kidney tissues but lower in liver tissues. Differences between the
groups tended to disappear towards the end of the experimental peri-
od. However, serum estradiol concentrations in the serum diverged sig-
nificantly (p<0.05).

Consequently, it was found that benzene administration led to
some changes (increases then decreases) in LDH, ALR, ALT, AST, and
PK activity and estradiol, testosterone concentrations in different tis-
sues of rats. Possible causes of the increases and decreases in enzyme
activities and hormone levels are discussed.
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INTRODUCTION

Benzene is an aromatic hydrocarbon often used for industrial purposes. It
can cause serious, negative health effects in humans depending upon both the
amount and duration of the exposure. Itis a clastogenic and carcinogenic agent. It
may induce acute myelogenous leukemia in humans and multiple types of tumors



88 Acta Veterinaria (Beograd), Vol. 53. No. 2-3, 87-101, 2003.
Dere E et al. The effect of benzene on serum hormones and the activity of some enzimes
in different tissues of rats

in animals (Yardley et al. 1990, Mark and Gary, 2001, Frantz and Chen, 1996). The
main toxic effect of benzene is its myeloid effect. However, most of its metabolism
occurs in the liver. Observations have shown that benzene has further toxic effects
after it is metabolized by the cytochrome p 450 Il E1 enzyme system (Dieter et al.
1996).

Benzene enters into the environment because of both human and natural
activities. Generally it originates from the following sources: exhaust emissions of
motor vehicles, gas stations, oil refineries, cigarettes, coal mines, garages, some
consumer items (sprays, synthetic rubber, adhesives and other items which con-
tain benzene), the shoe industry, waste products of the timber industry, etc. (An-
drews etal. 1977, Sammett et al. 1979, Anonymous, 1993). Since benzene is able
to be conjugated, the elevation of metabolites and metabolite interactions may in-
crease its toxicity (Arfellini et al. 1985). Chronic benzene exposure causes lesions
to develop in haematopoietic functions, including anemia, leukopenia tromboc-
ytopenia, parcytopenia, bone marrow depression, aplastic anemia and non-
Hodgkin’s lymphoma related to the aforementioned and in some cases benzene
causes leukemia and several types of carcinomas (Cronkite et al. 1982, Wong and
Raabe 2000).

People, who work on sites where benzene concentrations are high, may
have physical discomfort and changes in their blood glucose level. In addition,
some benzylidyne groups become attached to monosaccharides and disaccha-
rides. Benzene causes energy metabolism dysfunctions in some people and may
attach to microsomal proteins and hepatic enzymes (Powley ans Carlson, 1999,
Raunio et al. 1988). The sub metabolites, which are formed from benzene me-
tabolites, depend on microsomal fractions, proteins and enzymes of the liver and
may affect several hepatocyte functions (Brodfuehrer et al. 1990). According to
Subrahmanyam et al. (1990) a high level of phenol metabolites was observed at
the fourth hour during their studies of benzene metabolism.

Benzene also affects many enzyme activities in the liver and other tissues,
decreasing the activity of glucose 6-phosphatase so that hyperglycemia occurs in
the blood (Chierpotta et al. 1984, Sukhodub, 1997). However, no changes in cata-
lase and superoxide dismutase activities of serum, liver and kidney tissues were
observed but the activity of glutathione S-transferase was increased (Serif et al
1999). Nevertheless, some structural and functional changes occurred in the cy-
tochrome P-450 system under benzene treatment (Sukhodub and Viademir,
1999).

In the present study the effects of benzene were investigated on lactate de-
hydrogenase (LDH), alkaline phosphatase (ALP), alanine amino transferase
(ALT), aspartate amino transferase (AST), and pyruvate kinase (PK) activities in
the liver and kidney as well as, on estradiol and testosterone concentration in the
serum of rats.

MATERIALS AND METHODS

Male albino rats (Rat rattus norvegicus) weighing 250-300 g were used in our
experiments (n=84). The animals were housed in 49x35 cm stainless steel wire
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mesh cages with a bedding of ground wood chips at 21 °C. They were fed fresh-
pelleted food and their water was placed in glass bottles of 500 ml. Four rats from
the control group and eight rats from the benzene treated group were used for
each trial period. The control group was treated with physiological saline. The ani-
mals used in the trial were left without food and water for 24 hours, and then a 100
mg kg~' dose of benzene (99.5%) was injected intraperitoneally using 1 ml sterile
injectors. Following the injection, food and water were regularly given to the ani-
mals both in the control and benzene treated groups until the trial was completed.
They were killed by cervical dislocation 0,2,4,8,16,32, and 64 hours after the
injection. The blood of heart, liver, and kidneys were quickly removed and per-
fused with 0.15 M KCI. The wet weights of tissues obtained were obtained. Ho-
mogenates were prepared after addition of ice-cold 0.15 M KCI (1/3 mass/volume)
in a glass homogenizer with a teflon pestle. Four shots vere used livers and three
shots for kidneys at 2000 rpm in a T-line laboratory stirrer (model No: 136-2) type
homogenizer. Each homogenate was centrifuged in a Dupont Instruments Sorval
“RC-5 super speed refrigerated centrifuge” at 48000 g for 30 min. The enzymatic
reaction rates were determined with these freshly made preparations. Care was
taken to achieve homogenization, centrifuging and all enzymatic studies at 0-4 °C.
The activities of LDH, ALP, ALT, and AST were determined using a Hitachi 911
autoanalyser with the aid of Hitachi kits; PK activity was determined spectro-
phometrically (Bohringer and Mannheim, 1973). Blood obtained from the heart
was centrifuged in a Nive NT 201 centrifuge at 12000 rpm for 15 min. Serum was
used for testosterone and estradiol determination according to the Immulite 2000
method (DPC, 2000.) and Chiron Diagnostics Corporation (1996). The estradiol
and testosterone assays were competitive immunoassays using a direct, auto-
mated chemiluminescence system. Kruskal-Wallis and Mann-Whitney tests were
applied to evaluate the differences between the groups which were considered
significant at P<0.05. All the values in the text are given as mean=SE (Jerrold,
1984). Benzene was from Merck. All the other chemicals were analytical grade.

RESULTS

The effects of benzene on the LDH, ALR ALT, AST and PK activities in the
tissues of the liver and kidney

The effect of benzene on the LDH, ALP, ALT, AST and PK activities in liver and
kidney tissues are given in Figure 1-10. The statistical data may be seenin Table 1.

A reduction was observed in the LDH activity of both liver and kidney tis-
sues. The difference in activity within the first hours was found to be statistically
significant for each tissue. It was observed that activity increased only in kidney
tissue at 16 hours (Figure 2). However, this increase was not significant (p>0.05).
Kidney tissue LDH activity was found to be nearly the same as that of the control
group at the last experimental period but the significant decrease seen in the LDH
activity in liver tissues remained (p<0.05) (Table 1). This inhibition in the liver tis-
sues was 43.7% at 32 hours but maximal initially (46%).
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Figure 1. The effect of benzene on LDH activity in liver tissues

Figure 2. The effect of benzene on LDH activity in kidney tissues

No significant difference between the groups was determined in ALP en-
zyme activity in the liver tissues until 8 hours when it increased in the benzene
treated group (Figure 3). This led to a significant difference between the groups at
8 and 16 hours. The difference at 8 hours was about 34%. Initial ALP activity in the
kidney tissues was lower when compared with the control group (Figure 4). The
difference became insignificant at 4, 8 and 16 hours but reemerged at the end of
the trial. The initial difference about 47% while at 32 and 64 hours it was found to
be 20% inhibition.



Acta Veterinaria (Beograd), Vol. 53. No. 2-3, 87-101, 2003. 91
Dere E et al. The effect of benzene on serum hormones and the activity of some enzimes
in different tissues of rats

Figure 3. The effect of benzene on ALP activity in liver tissues

Figure 4. The effect of benzene on ALP activity in kidney tissues

Lower ALT activity was found in the experimental group both liver and kid-
ney tissues. Statistically significant increase was observed only in kidney tissues
at 16 hours (Figure 6). AlImost the same value as the control group occurred at 64
hours at each tissue. The maximal (25%) difference was observed in liver tissues
at the first period in the trial. Activation was seen only kidney tissues at 16 hours
(81%).
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Figure 5. The effect of benzene on ALT activity in liver tissues

Figure 6. The effect of benzene on ALT activity in kidney tissues

AST activity in the liver tissues was significantly lower than in the control
group in the whole trial period except at 16 hours (Figure 7). The inhibition was
37% on average. Although lower AST activity was found in the kidney, it was not
significant at 16, 32, and 64 hours (p>0.05) (Figure 8).
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Figure 7. The effect of benzene on AST activity in liver tissues

Figure 8. The effect of benzene on AST activity in kidney tissues

Mild activation in PK activity was occurred in the kidney tissues of both
groups beginning from the first hours (Figure 10), whereas PK activity in the liver
tissues of the benzene treated group was lower (Figure 9). The difference was sta-
tistically significant at all periods (P<0.05) except the last.
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Figure 9. The effect of benzene on PK activity in liver tissues

Figure 10. The effect of benzene on PK activity in kidney tissues
The effects of benzene on testosterone and estradiol concentrations in
serum

The effect of benzene on testosterone and estradiol activities in serum is
given in Figure 11 and 12. The statistical data may be seen in Table 2.
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An increase was observed in testosterone concentration in both groups
(Figure 11). However, no significant differences were detected between the
groups until 16 hours. Estradiol concentrations decreased in the control group
but not in the experimental group leading to a statistically significant difference at
32 and 64 hours (Figure 12).

Figure 11. The effect of benzene on serum testosterone concentration

Figure 12. The effect of benzene on serum estradiol concentration
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DISCUSSION

The present study showed that benzene affected some enzymes activities in
rat liver and kidney. In general, LDH, ALP, ALT, and AST activities in the kidney and
LDH, ALT, AST, and PK activities in the liver were inhibited whereas PK activity in
the kidney and ALP activity in the liver were enhanced. Enzyme activities may
show differences depending on the tissues examined. In a study carried out after
subcutaneous administration, it was shown that the activity of catalase (C) and su-
peroxide dismutase (SOD) activities of serum, liver and kidney tissues did not
change in rabbits and rats treated with 880 mg/kg/day (Serif et al. 1999). In the
same study, glutathione S-transferase activity increased in the hepatic cytosol of
rabbits. C activities were highest in the kidney, followed by the liver and serum of
both rabbits and rats. SOD activities were highest in the liver, followed by the kid-
ney and serum (Serif et al. 1999). In another study, glucose-6-phosphatase and
glucose dehydrogenase activities indicated that 3-month-old rats microsomal
vesicles were more stable against benzene injury than those of 24-month-old rats
(Sukhodub and Viademir, 1999). Benzene decreased the activity of glucose 6-
phosphatase and hyperglycemia occurred in the blood (Chierpotta et al. 1984,
Sukhodub, 1997). Thus, benzene decreases the effects of glucose 6-phospha-
tase (Manenti et al. 1987).

A reduction was observed in the LDH activity of both liver and kidney tis-
sues. As a result of this, lactate may accumulate in the surroundings. It has been
pointed out that the remarkable increase of lactic acid in tissues depends on the
effect of benzene (Misra et al. 1991; Lu et al. 1995). These discussions seem to
support our findings.

Benzene may directly affect organelles at the cellular level in various tissues,
which will indirectly influence enzyme activities. Thus, it was shown that some
properties of membrane phospholipids were changed (Engelke et al. 1993). Ob-
servations of the effects of inhaled benzene on murine testis showed that benzene
did not affect the weight of the testis but the cells of the testis were highly de-
formed and this caused some morphologic changes in some sperm cells (Spano
et al. 1989).

The main hepatic metabolites of benzene are phenol, catechol and hy-
droquinone. Microsomal metabolism of benzene plays a critical role in benzene
toxicity (Synder and Hedli, 1996). The above mentioned and other intermediate
products reach target tissues by the hepatic portal vein and cause much of direct
or indirect damage. Such damage occurs either by attachment to molecules such
as DNA, protein, carbohydrates and their smaller components or oxidative me-
tabolism or by different types of enzymatic activity. The reason for the low or high
enzyme activities in our experimental group may be that benzene affected the me-
tabolism through some metabolites such as phenol and benzene oxide. Cyto-
chrome p 450 Il E1 enzymes in the liver metabolize benzene to phenol and other
various metabolites. Further metabolites, which arise from the benzene metabo-
lites, depend on microsomal fractions, proteins and enzymes of the liver and may
affect several hepatocyte functions (Brodfuehrer et al. 1990). Thus, a high level of
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phenol metabolites was observed after 4 hours during studies of benzene me-
tabolism (Subrahmanyam et al. 1990).

The main reason for later fluctuations in enzyme activities of the studied tis-
sues is that benzene or its metabolites can become attached to DNA or RNA and
cause some changes in replication, transcription and translation processes. Thus,
Lattanzi et al. (1991) showed that benzene and its sub metabolites become at-
tached to both DNA and RNA in mice and rats in vivo and in vitro. Benzene inhib-
ited protein synthesis by inactivating some proteins and damaging DNA mole-
cules, and this supports our suggestion. A previous study has demonstrated the
formation of DNA-protein cross-links, a potentially cytotoxic and genotoxic lesion
induced by many leukemogenic agents, in bone marrow cells of mice given ben-
zene. However, the reactive benzene metabolites involved in DNA-protein cross-
links have not been characterized. Schoenfeld and Witz (2000) examined DNA-
protein cross-link formation in HLEO0 cells treated with trans,trans-muconalde-
hyde, a hematotoxic ring-opened metabolite of benzene, trans,trans-muconalde-
hyde metabolites and structurally related compounds. Moreover, benzene me-
tabolites inhibit topoisomerase Il enzymes in living organisms, which defines the
interaction of benzene at the replication level (Frantz and Chen, 1996).

In our study, the increases and decreases in the enzymes and hormones
were generally statistically insignificant at 64 hours after benzene treatment when
compared with the control group (except for LDH and AST in the liver and ALP in
the kidney and serum estradiol). Benzene is removed from the body in the urine
77% and faeces 15% after the 72 hours, (Adams et al. 1996). At the same time
blood glucose reached a normal level (Peters et al. 1997). Thus, benzene leaves
the body after a certain time. At 64 hours, the variation in enzyme activities
decreased. However, LDH, AST activities in the liver and ALP activity in the kidney
remained lower in the experimental group, while estradiol concentration in the se-
rum was higher p<0.05. This may have been due to small amounts of benzene re-
maining in the body being metabolised further. Benzene has caused leukemia
during these further metabolic interactions (Finkelstein, 2000). However, the re-
covery in the enzyme levels of the tissues indicates that benzene and its metabo-
lites cause temporary effects. It was shown that 2,3,5-tris (glutathione-S-yl) hydro-
quinone, a putative metabolite of benzene, induces apoptosis in human promye-
locytic leukemia (HL-60) cells (Bratton et al. 2000). Large amounts of benzene are
a great danger and risk to life.
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UTICAJ BENZENA NA NIVO HORMONA U SERUMU | AKTIVNOST NEKIH ENZIMA U
RAZLICITIM TKIVIMA PACOVA

DERE E, GYBOROVA i AYDIN H

SADRZAJ

U ovom radu su izneti rezultati ispitivanja uticaja benzena kao jednog od
ambijentalnih zagadivac¢a na nivo estradiola i testosterona u serumu kao i na aktiv-
nost laktat dehidrogenaze (LDH), alkalne fosfataze (ALP), alanin amino trans-
feraze (ALT), aspartat amino transferaze (AST) i piruvat kinaze (PK) u jetri i bu-
brezima pacova. Benzen je intraperitonealno aplikovan pacovima u dozi od 100
mg/kg a ispitivanja su vrSena u intervalima od 2, 4, 8, 16, 64 i 72 sata. U tkivu jetre
tretiranih pacova registrovana je smanjena aktivnost enzima LDH, AST i ALT au
tkivu bubrega osim ovih, jo$ i enzima ALP. U tkivu jetre 8. i 16 sata po aplikaciji reg-
istrovano je povecanije aktivnosti ALP. Aktivhost PK je bila neSto niza u jetri a veéa
u bubrezima. U serumu oglednih Zivotinja registrovano je povecanje koncentra-
cije estradiola ali ne i testosterona.



