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Abstract: Two, 4-Dichlorophenol (2, 4-DCP), an environmental pollutant has been in agriculture and synthetic
chemical industry. The aim of present study was to analyse the testicular toxicity of 2, 4-DCP, which
caused biochemical, spermatological and histological changes in male mice and to evaluate the possible
ameliorative effect of soybean extract and L-Tryptophan (L-TRP). Soybean extract (25 mg/kg bw/day) and
L-TRP (150 mg kg —* bw/day) were given by intraperitoneal (ip) route for 14 days. 2, 4-DCP was administered
to male mice with drinking water at dose of 1000 ppm for 14 days. Biochemical parameters in serum ((glucose,
creatinine, Blood Urea Nitrogen (BUN), Aspartate Transaminase (AST), Alanine Transaminase (ALT), Lactate
Dehydrogenase (LDH)), spermatological and histological changes were investigated at the end of the 14 days
comparatively with control group. We conclude that soy extract and L-tryptophan alleviate 2, 4-DCP testicular

toxicity.

Key words: Mice, L-tryptophan, sovbean, 2, 4-dichlorophenol, abnormal spermatozoa, toxicity

INTRODUCTION

Soy and 1its derivates have gained an important value
in human and animal (especially carnivores and farm and
laboratory animals) diets due to their positive impact on
health owing to isoflavons they include (Sharma and
Sultana, 2004; Cassidy and Faughnan, 2000; Delclos et al.,
2001). Recent knowledge emerging through epidemiologic
and experimental studies have shown that soy 1s effective
in  preventing osteoporosis, hypercholesterolemia,
cardiovascular diseases and hormone-dependent breast,
prostate and endometrial cancers, in addition to having a
strong antioxidant effect with phytochemicals it
contains (Sharma and Sultana, 2004; Clarkson, 2002,
Merz et al., 2000). Among the 1soflavons m its structure,
genistein is reported to be the strongest antioxidant in
soy (Knight and Eden, 1996) while phenolic compounds
such as syringic, vanilic, caffeic, ferulic, p-coumaric ve
p-hydroxybenzoic acid are also antioxidant compounds
isolated from soy (Packer et al., 1999). This information is
supported by the another study (Vieira et al., 1999) in
which they concluded that both caffeic acid and ferulic
acid blocked human endothelial cell apoptosis and
intracellular calcium increase caused by oxidized Low

Density Lipoprotein (LDL). Furthermore, soybean
contains significant amounts of all the essential amino
acids (including L-Tryptophan) for human and ammals.

L-tryptophan, has also been presented to be
displayed on the market as a dietary supplement.
Pathological conditions in which urinary excretion of
some aromatic tryptophan metabolites are increased, have
been determined as pyridoxine mnsufficiency, metabolic
disorders, phenylketonuria, porphyria, metastatic
malignant carcinoid, leukemia, lymphoma, mental
disorders and collagen vascular diseases. Information
regarding the relation between tryptophan dietary
supplement or repeated doses on the reproductive system
is still insufficient. Therefore, Tryptophan-Dioxygenase
(TDO) 18 an enzyme respensible for the catabolism of
tryptophan and plays a role in determination of plasma
free-and brain tryptophan levels. Serotommn synthesis
from tryptophan, as a serotonin (5-HT) precursor,
depends on hepatic TDO activity (Walsh and Daya,
1998). Previous studies have revealed that a
tryptophan  derivative, N-acetylserotonin, 1s a free radical
scavenger (Reiter et al., 1999).

On the other hand, gradually increasmng use of
herbicide for the fight against weeds during agricultural
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activities constitutes an important risk for environmental
contamination. Herbicides and their degradation products
are localized on the surface and underground water due to
this contamination. Two, 4-D is the most commonly used
herbicide m the world and 1s the third most frequently
used herbicide in the US and Canada (Kaioumova et al.,
2001). Two, 4-DCP is its main catabolic metabolite and is
one of the most commonly found chlorophenols in the
aquatic environment (Crespin et al., 2001 ). Ttis used in the
manufacture of biocides, flame retardants and in the
synthetic chemical mdustry and it may also be found as
an impurity in the production of 2, 4-D for herbicidal
formulation as a precursor (JTensen, 1996).

Two, 4-DCP is the most commoenly detected phenolic
compound in river water in the UK. On the other hand,
chlorophenols have the ability to accumulate in living
orgamsms. Accumulation of phenel compounds in living
organisms damages the cell structure and impairs its
functions. The toxic effects and biological degradation
of chlorinated compounds depend on the mumber and
position of chlorine groups in the aromatic ring and an
increased level of toxicity and a decrease in biologic
degradation 1s parallel to the increase in the number of
chlorine groups (Zhang et al., 2004). Since water pollution
is at high levels, the present study has investigated
the toxic effects directed to 2, 4-DCP exposure of drinking
water. Furthermore, the second aim of the present
study was to demonstrate any ameliorative effect of
L-Tryptophan (L-TRP) and soybean extract on 2, 4-
DCP induced possible changes in the parameters
evaluated.

MATERIALS AND METHODS

Animaltreatments and drugadministration: Eight-weel-
old male BALB-¢ mice (20-25 g) were used. Ammals were
kept under observation for 1 week before experimentation
i the animal room and the water consumption was
determined. Based on the water consumptions
determined, the dose of 2, 4-DCP was established. Dose
of L-TRP was calculated according to Brzozowsk: et al.
(1997). Bidistilled water was used for 2, 4-DCP preparation
and drinking water. I.-TRP was dissolved in physiologic
saline. The mice were divided into six groups, 6 male mice
in each group: the group 1 (control group) was fed a
normal diet and distillated water; group 2 received
1000 ppm 2, 4-DCP with drinking water, group 3 received
25 mg/leg/day soy extract by the intraperitoneal (ip) route;
group 4 received 150 mg/kg/day L-TRP by ip route and
group 5 received both 2, 4-DCP orally (at dose of 1000
ppm with drinking water) and soy extract (at dose of
235 mg/leg/day) by ip route; group 6 received both 2, 4-DCP
(at dose of 1000 ppm with drinking water) orally, L-TRP
(at dose of 150 mg/kg/day) by ip route for 21 days. The
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male mice were weighed after 2 weeks treatment and
euthanasia was applied under ether anesthesia. Blood
samples were collected from the heart shortly after
death for biochemical analyses. For histological and
spermatological analyses, the testes and the epididymes
were harvested, in addition to the kidney and liver in order
to determine the changes in organ weights and the
weights of all organs were measured. The ammals were
housed under stable conditions, at 22-24°C and were
exposed to a 12-h light/12-h dark cycle. The study is
approved by local ethical committee.

Preparation of soybean extract: Soybean material was
grinded in a mill and triturated and extracted with
methanol (50 mL) under 15 min sonication in an ultrasonic
bath at ambient temperature. The methanol was the
brought to dryness using a rotating evaporator at 40°C.
The dry matter obtained was dissolved in physiological
saline solution and passed through sterile filter (0.45 pm)
for mtraperitoneal mjection.

Biochemical analysis: The blood samples centrifuged
and biochemical parameters ((glucose, creatimine, Blood
Urea Nitrogen (BUN), Aspartate Transaminase (AST),
Alanine Transaminase (ALT), Lactate Dehydrogenase
(LDH)] were determined using commercially available kits
(Bio-clinica).

Spermatological analysis: Abnormal spermatozoa rates
were determined by Spermac® stain (Stain Enterprise,
Republic of South Africa) on smear samples over
microscopic slides. Morphological abnormalities were
investigated by counting a total of 200 cells under the
immersion objective of a light microscope (x1000
magnification).  Sperm  motility was  evaluated
microscopically within 1-2 min at 37°C and is expressed as
percent progressive motility.

Histologic preparation of testes: Fixed testis tissue
samples in 10% formalin were embedded in paraffin,
sectioned at 5 um and were stained with hematoxylin and
eosin (H and E). Light microscopy was used for the
evaluations.

Statistical analysis: All calculations and statistical
analysis were performed using one-way Analysis of
Variance (ANOVA). Differences were considered to be
significant at p<t0.03 against control group.

RESULTS

Body and organ weights: Tn groups 3 and 4, where only
soy extract or TRP were given, despite the presence of an
increase in body weight, there was no significant
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Table 1: Necrotic cell counts (meant8EM) (n=6)

Control Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Necrotic cell 10.1241.48 29.1642.92% 16.40+1.69 17.0042.025 18.20+2.577 18.80+1.158
Table 2: Spermatological changes in mice (meantSEM) (n = 6)

Abnormality (%6)
Treatment. Motility (%) Acrosoime Head Mid-piece Tail Total
Control {Groups)
1 73.81£2.10 16.1144.60 2.35+0.50 0 1.2540.20 19.7142.30
2 16.25+3.40* 49,35+9.30* 7.25+1.60% 0.75+0.10 5.25+0.60* 62.6+11.20%
3 70.83£3.60 15.16+3.70 4.0£0.600 1.33£0.30 6.66+0.80 27.16+5.50
4 59.16+7.30 24,544, 700 8.16+2.40 2.66+0.80 6.16£1.20 41.5+6.70*
5 45.35+8.80* 22.7+1.800 9.0+1.800 1.0+0.300 4.50+3.60 37.2+3.600
6 38.25+4.60% 32.0£5.200 4.16+2.40 0 2.83+£0.70 39.0+£6.400
Table 3: Biochemical parameters in mice (meantSEM) (n= 6)
Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Control
AST (UmlL™) 05.6+11.30 135.2+13.1* 97.1+14.50 96.3+19.30 115.1+19.70 124.3+12.5
ALT (UmL™) 44,244,600 73.2£10.7* 45 445,700 44,743,500 65.2+£10.40 66.4+11.8
BUN ¢(mg dL™) 50.2+4.100 58.4+5.500 43.6+£2.200 51.348.600 55.1£11.50 55.546.70
Creatinine (mg dL™") 0.45+0.10 0.51+0.07 0.41+0.03 0.47+0.02 0.48+0.05 0.5+0.03
Glucose (mg dL™") 120.3+12.50 135.8+£16.20 116.7£9.200 132.0+£11.70 128.2414.20 131.3+12.5
LDH(UL™) 1257.0+261.3 1856.0+369.5* 1013.0+£196.1 1158.0+120.5 1335.0+331.2 1365.0+212.1

#p<0.05 by SPSS and ANOVA

difference. The increase in liver weight observed in group
3 compared to other groups was not statistically
significant.

Histological findings: In the study performed,
consequent to administration of substances, the necrotic
cells in the semimferous tubules were detected. The
necrotic cells in group 2 were statistically different from
control group (p<0.05). When the necrotic cell counts
were compared, the values of all groups were higher than
the control group but, these differences were not
statistically significant. Treatment with soybean extract
and L-tryptophan on 2, 4-DCP toxicity provided a
reduction in the increased necrotic cell counts (Table 1).

Spermatological analyses: No statistically significant
differences were observed between any of groups in
sperm motility. However, 2, 4-DCP administration caused
the sigmficant decrease (P<<0.05) in sperm motility and
abnormality in comparison to the control group. A marked
(p<0.05) mcrease in group 5 and group 6 was observed in
spermn motility compared to group 2. Both L-TRP and soy
extract prevented the motility decrease caused by 2, 4-
DCP. Moreover, L-TRP was effective m improving the
decreased motility by 2, 4-DCP and soy extract was
effective alleviating  the
spermatozoa ratio (Table 2).

in increased abnormal

Biochemical parameters: Blood parameters as markers
of liver (AT T, AST) and kidney (BUN, Creatinine) damage

and serum glucose and LDH levels have been
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demonstrated in Table 3. Blood serum AST, ALT and
LDH levels were increased significantly in group 2 but
there were no significant difference in BUN, creatinin and
glucose values.

DISCUSSION

The studies carried out so far, 2, 4-D and its
metabolite 2, 4-DCP toxicity, have shown theiwr in vivo
and in vitro effects on antioxidant enzyme systems
(Zhang et al., 2004; Bukowska, 2003; Bukowska ef al.,
2000). 2, 4-DCP, which has stood out in water pollution,
has led to mvestigations to be directed towards aquatic
organisms. In a study (Zhang et alf., 2004) on the
intoxication mechanism in fish, 2, 4-DCP was reported to
become biotransformed m the fish liver, then an oxidation
and reduction cycle occurred and more reactive oxygen
was formed, thereby being exposed to oxidative stress
and the cell membrane system was damaged. In our study,
1n the group where only 2, 4-DCP was administered, the
remarkable mcrease m serum ALT and AST levels as the
most important biomarker of hepatocellular mjury may
have originated from oxidative liver injury during liver
biotransformation Also, the sigmficantly increase of
serum LDH level (p<0.05) in the same group is a marker for
generalized tissue injury. Free radicals, called Reactive
Oxygen Species (ROS) or Reactive Nitrogen Species
(RNS), cause DNA damage, protein denaturation and
cellular injury and necrosis by peroxidation of membran
lipids. The free radicals play an important roles in 2, 4-DCP
toxicity (Bukowska ef al., 2000). TRP treatment that was
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planned depending on the inhibitory effect of TRP 2, 3-
dioxygenase enzyme, whose main compound 2, 4-D has
an important role on TRP regulation (Ferri et al., 2003)
constituted the basis of this study. L-TRP, as a melatonin
precursor amino acid, is reported to have a scavenger
effect on free oxygen radicals. Also melatonin and
N-acetylserotonin, called to as indolamines, 1s reported to
mtubit lipid peroxidation in brain, liver and kidney
homogenates and to have antioxidant and free radical
scavenger effects by preventing hemolysis m rat
erythrocytes (Reiter ef al., 1999; Leaden and Catala, 2007).
Antioxidant effect of melatonin origin has been reported
to occur by producing an indolyl cation radical reacting
with H,0, radical and the produced radical catching O, of
present (Brzozowski et al., 1997; Moosmann and Behl,
2000). Bukowska et al. (2000) reported that 2, 4-D has little
effect on the decrease of catalase enzyme, which plays an
important role in scavenging free radical reactions in cells;
on the contrary, its metabolite 2, 4-DCP (at a 500 ppm
dose) decreased catalase activity by 84%. It has been
shown that exposure to these herbicides im wivo and
in vitro proliferated peroxisomes m rats and hamsters
hepatocytes. Also, phenoxyherbicides produce their toxic
effects interacting with lipids and proteins on erythrocyte
membranes by impairing the phospholipid structure
regulating the cellular membrane functions. A change
in O, affinity of hemoglobin and an increase in
methemoglobin levels have observed by the effects of 2,
4-D and its metabolite 2, 4-DCP (Bukowska et af., 2000). In
the cellular region, where lipid density is high, tyrosine
and TRP content 13 also high. Therefore, it 13 suggested
that they protect the cells against oxidative disorder.
Besides, long chaimn acylated tyrosine and TRP or short
chain acylated derivates overcome oxidative cell death
and prevent lipid peroxidation (Moosmann and Behl,
2000). In this study, groups receiving both TRP and 2,
4-DCP with highly antioxidant soy extract showed
improvement in biochemical parameters and histological
analysis, which support this information.

On the other hand, there are studies about the
different effects of L-TRP treatment on spermatogenesis.
Biswas ef al. (1985) reported that L-TRP increased the
brain 5-HT levels following 7 and 21 days’ treatment and
decreased the plasma testosterone levels and pointed to
the relation between bram 5-HT level and testicular
steroidogenesis inhibition. TRP dioxygenase responsible
for TRP regulation and indoleamine dioxygenase, produce
0, during their catalytic reactions. Enzymes requiring-NH
and-SH groups for their activities are intubited during lipid
peroxidation. Amer and Aly (2001) reported that 2, 4-D
and 2, 4-DCP increased the incidence of sperm head
anomalies in male mice. This result supports our findings
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which is in the group only 2, 4-DCP was administered the
remarkable increase in abnormal spermatozoa and sperm
motility levels than controls and the other treated groups.
However, abnormal spermatozoa rate in the L-TRP-treated
group with repeated doses for 21 days, was determined
relatively high. The probable reason for this is the
high concentration of tryptophan in seminal plasma
(Sarkar et al., 1947) and harmfull effect of free radicals
produced by high O, as a result of catalytic reactions of
indoleamindioxygenase which shows activity specially in
mice epididymis tissue (Yoshida ef al., 1980). Hence, this
study cannot completely rule out the possibility that
L-TRP supplementation unless it is used repeated doses.

CONCLUSION

We suggest that L-TRP and soy extract may prove
beneficial in 2, 4-DCP toxicity.

ACKNOWLEDGEMENT

We would like to thank Assoc. Prof. Bulent Ekiz
{(Istanbul Umiversity, Faculty of Veterinary Medicine) for
help in the statistical analysis.

REFERENCES

Amer, SM. and F.AE. Aly, 2001. Genotoxic effect of 2,
4-D and its metabolite 2, 4-DCP m mouse. Mut. Res.,
494: 1-12. PMID: 11423340,

Biswas, N.M., R. Mazumder, S.K. Bhattacharya and
TK. Das, 1985. Brain 5-hydroxytryptamine and
plasma testosterone in L-tryptophen treated rats.
Endocr. Res., 11: 131-7. PMID: 3833537.

Brzozowski, T., P.C. Kenturek and S.J. Konturek, 1997.
The role of melatonin and L-tryptophan in prevention
of acut gastric lesions induced by stress, ethanol,
ischemia and aspirin. J. Pineal Res., 23: 79-89.
PMID: 9392446,

Bukowska, B., A. Chajdys, W. Duda and P. Duchnowicz,
2000. Catalase activity in human erythrocytes: Effect
of Phenoxyherbicides and their metabolites. Cell Biol.
Int., 24: 705-711. PMID: 11023648,

Bukowska, B., 2003. Effects of 2, 4-D and its metabolite 2,
4-dichlorophenol on antioxidant enzymes and level of
glutathione in human erythrocytes. Comp. Biochem.
Physiol., 135: 435-441. PMID: 12965188,

Cassidy, A. and M. Faughnan, 2000. Phyto-oestrogens
through the life cycle. Proc. Nutr. Soc., 59 (3); 489-96.
PMID: 10997682,

Clarkson, T.B., 2002. Soy, soy phytoestrogens and
cardiovascular disease. J. Nutr., 132: 566-596.
PMID: 11880594,



J. Anim. Vet. Adv., 8 (4): 774-778, 2009

Crespin, M.A., M. Gallego and M. Valcarcel, 2001. Study
of the degradation of the herbicides 2, 4-D and
MCPA at different depths in contaminated
agricultural soil. Environ. Sci. Technol., 35: 4265-4270.
PMID: 11718340,

Delcles, KB, T.J. Bucel, L.G. Lomax, J.R. Latendresse,
A, Warbritton, C.C. Weis and R.R., Newbold, 2001.
Effects of dietary exposure during development on
male and female CD (Sprague Dawley) rats. Reprod.
Toxicol., 15: 647-663. PMID: 11738518.

Ferr1, A., R. Duffard, N. Stiirtz and A M.E. Duffard, 2003.
Iron, zinc and copper levels in bram, serum and
liver of necnates exposed to 2, 4-dichloropheno-
xyacetic acid. Neurotoxicol. Teratol., 25 607-613.
PMID: 12972074,

Jensen, J., 1996. Chlorophenols
enviromment. Rev. Environ
146: 25-51. PMID: 8714220,

Kaioumova, D., F. Kaioumov and G. Opelz, 2001. Toxic
effect of the herbicide 2, 4-Dichlorophenoxyacetic
acid on lymphoid organs of the rat. Chemosphere,
43: B01-805. PMID: 11372868.

Knight, D.C. and J.A. Eden, 1996. A review of the
climcal effects of phytoestrogens. Obstet. Gynecol.,
87: 897-904. PMID: 8677131,

Leaden, P.J. and A. Catala, 2007. Melatonin and N-acetyl
serotonin inhibit selectively enzymatic and non-
enzymatic lipid peroxidation of rat liver microsomes.
Prostag. Leukotr. Ess., 77: 29-35. PMID: 17681744,

Merz-Demlow, B.M., A M. Duncan and K.E. Wangen,
2000. Soy isoflavones improve plazma lipits in
normocholesterolemic, premenopausal women. Am.
J. Clin. Nutr., 71: 1462-1469. PMID: 10837286,

Moosmann, B. and C. Behl, 2000. Cytoprotective
antioxidant function of tyrosine and tryptophan
residues in transmembrane protems. Eur. J. Biochem.,
267: 5687-5692. PMID: 10971578,

in the terrestrial
Contam. Toxicol.,

i)

778

Packer, L., M. Hiramatsu and T. Toshikawa, 1999.
Antioxidant Food Supplements in Human Health, San
Diego: Academic Press. ISBN: 0125435908.

Reiter, R.I., D.X. Tan, J. Cabrera and . D’ Arpa, 1999.
Melatonin and tryptophan derivatives as free radical
scavengers and antioxidants. Adv. Exp. Med. Biol,
467: 375-387.

Sarkar, B.C.R., RW. Luecke and C.'W. Duncan, 1947. The
amino acid composition of bovine semen. J. Biol.
Chem., 893: 463-465 http://www.jbec.org/cgi/reprint/
171/2/463.

Sharma, S. and S. Sultana, 2004. Modulatory effect of soy
1soflavones on biochemical alterations mediated by
TPA m mouse skin model. Food Chem. Toxicol.,
42: 1669-1675. PMID: 15354318,

Vieira, AJS.C., IP. Telo and RM.B. Dias, 1999.
Generation of hydroxyl radical by photolysis of
mercaptopyridine  N-oxides:  Application tok
redox chemistry of purines. Methods Enzymol,
300: 194-201. PMID: 9919522,

Walsh, HA. and S. Daya, 1998. Influence of the
antidepressants desipramine and fluoxetine on
tryptophan-2-3-dioxygenase in the presence of
exogenous melatonmn. Life Sci, 62: 2417-2423.
PMID: 9651108.

Yoshida, R., T. Nukiwa, Y. Watanabe and M. Fujiwara,
F. Hirata and O. Hayaishi, 1980. Regulation of
indoleamine 2, 3-dioxygenase activity in the small
intestine and the epididymis of mice. Arch. Biochem.
Biophys., 203: 343-351. PMID: 6967714,

Zhang, J., H. Shen, X. Wang, J. Wu and Y. Xue, 2004.
Effects of chronic exposure of 2, 4-dichlorophenol
on the antioxidant system in liver of freshwater
fish Carassius auratus. Chemosphere, 55: 167-174.
PMID: 14761689,



