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Abstract

Atrazine (ATZ) is a selective pre- and post-emergentherbicide for combatingweeds, which however causes
endocrine disruption and delays or changes in pubertal development in experimental animals. Since a paucity of
information on the effects of Betulinic acid (BA), a triterpene antioxidant on ATZ toxicity was noted in
literature, the present work was designed to study the effects of BA on the antioxidant profile and histopathology
of liver and testes of rats treated with ATZ. The ATZ significantly increased protein levels in serum (46.2%) and
liver (94.8%), while that of testes (55.9%) was significantly decreased, relative to controls. Pretreatment with
BA ameliorated the effect in serum and liver compared with ATZ group. The ATZ treatment significantly
lowered Superoxide dismutase (SOD) activities by 52.8% and 89.3%, and Catalase (CAT) activities by 56.9%
and 53.6% in liver and testes, respectively, relative to controls, whereas the activities were significantly elevated
on BA pre treatment. Malondialdehyde (MDA) was elevated by 84.65 and 85.8%, while reduced glutathione
(GSH) was decreased by 51.2% and 64.2% in liver and testes, respectively when compared with controls.
However, BA ameliorated the effect compared with ATZ group. In the ATZ —treated rats, liver was noted to
develop mild hepatocyte degeneration and periportal cell infiltration, while foci tubular distortion and capsular
congestion were observed in the testicular tissue, effects which BA pretreatment was able to ameliorate. In
conclusion, Betulinic acid improved the antioxidative status of hepatic and testicular tissues against Atrazine
intoxication in rats.
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Introduction

Betulinic acid (3B-hydroxy-lup-20(29)-en-28-oic acid) is a pentacycliclupane — type triterpene, found in
the outer bark of the birch tree (Betula Pendula Roth) (Cichewicz and Kouzi, 2004), Aziziphus spp. (Jagadeeshet
al., 1998; Schuhlyet al., 1999), Orthosiphonstamineus(Sriplanget al., 2007; Yam et al., 2007) and Eugenia
florida leaves (Alaideet al., 2013), Syzygiumspp (Chang et al., 1999), Diospyros Spp. (Higaet al., 1998) and
Paconia Spp. (Lin ef al., 1998).BA has been found exhibiting cytotoxicity against several tumors (e.g. epithelial
cancers, melanomas and primary pediatric acute leukemia) that display resistance to conventional
chemotherapeutic drugs (Zucoet al., 2002; Ehrhardter al., 2004). BA selectivity has also been established for
cancer cells over normal cells (Selzeret al., 2000; Zucoet al., 2002). Betulinic Acid has been reported to be
cytotoxic against melanoma cell lines (Pishaet al., 1995) and other human cancers such as leukemia (Ehrhardter
al., 2004), carcinoma (cancers of head, neck, colon, liver, lungs, prostate, ovary or kidney) (Thurnheret al.,
2003) and neuroblastoma (Fulda and Debatin, 2000). An activation of the mitochondrial pathway of apoptosis by
BA in cancer cells has been reported (Fulda, 2008).

Atrazine (chemically known as 2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) is a synthetic
herbicide widely used agriculturallyagainst broadleaf and grassy weed control in corn, sorghum, sugarcane,
cotton, and pineapple vegetation (Cerdeiraet al., 2005; Dong et al., 2009). Atrazine and its metabolite
(deethylatrazine) are highly persistent in water and are mostly found in soil especially in farming season (Baker,
1988). The prolonged application of atrazine and its persistence increase the risk of its retention in crops and
soils, and may also be transferred from soil surface to ground waters.Costa Silva et al.(2010) have reported the
maximum contaminant levels of most triazine-based herbicides in drinking water to be about 3 parts per billion
(ppb). Due toits chemical characteristics, such aslipophilicity, slow hydrolysis, moderate to low water solubility,
high solubility in organic solvents and high degree of absorption by organic matter, clay, and fat tissues, atrazine
has been listed among the contaminants to be controlled in some parts of the Europe (Ross et al., 2009).

The pharmacokinetic profile of atrazine in experimental animals has been established by studies
conducted by Hayes and Laws (1990) and Bakke et al. (1972). They discovered that, 72 hours after oral
administration of 0.53 mg/kg of *C-labeled atrazine, up to 65.5% of the parent compound was detected in urine,
while 20.3% and 15.8% were detected in faeces and body tissues, and less than 0.1% was detected in the expired
air. The four major types of urinary metabolites identified were 2-hydroxyatrazine, its two mono-dealkylated
analogs, 2-chloro-4-amino-6-(ethylamino)-1,3,5-triazine and  2-chloro-4-amino-6-(isopropylamino)-1,3,5-
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triazine, and ammeline (Bakke et al., 1972). Some later studies identified 2-chloro-4,6-diamino-1,3,5-triazine as
another primary urinary atrazine metabolite in adult male Charles River rats(Bradway and Moseman, 1982),
deethylatrazine in swine urine (Erickson ef al., 1979), and 2-chloro-4-amino-6-(ethylamino)-1,3,5-triazineand 2-
chloro-4, 6-diamino-1,3,5-triazine in human urine (Catenacciet al., 1990). Cytochrome P-450-mediated
metabolism has been implicated inin vitro studies using hepatic tissues of animals including rats, mice,
goats,sheep, pig, rabbit and chicken, to form monodealkyated metabolites of atrazine as reported by Adams and
co-workers (1990). These and other workers have also noted the involvement of Glutathione-S-transferase
(GST) enzymes in detoxification of atrazine through conjugation this compound and its mono-dealkylated
metabolites with reduced glutathione (GSH) (Adams et al., 1990; Dauterman and Muecke, 1974).

It has been reported that atrazine intoxication caused morphological and biochemical changes in the
heart, liver, lungs, kidney, ovaries as well as endocrine tissues in experimental animals. In furtherance, several
reports have noted a positive correlation between testicular degeneration and exposure to toxic compounds
especially those which are capable to disrupt endocrine functions (Hayes et al., 2006). In line with this, atrazine
and other herbicides have been reported to induce endocrine disruption and disturbance of various hormonal
functions, as reported by Rayner and co-workers (2004). Atrazine exposure to male experimental animal models
has been associated with reduction in the number and motility of sperm (Kneiwaldet al., 2000), delayed sexual
maturation (Kneiwalde? al., 1987) and reduction in prostate and seminal vesicle weight.The endocrine disruptive
effect of atrazine caused demasculinization and feminization of the gonads in male animals by reducing
androgen and increasing estrogen levels as observed in fish, amphibians, and reptiles. Reduced testicular
testosterone synthesis and poor semen quality in male rats have been found to be caused by atrazine intoxication
(Sifakis et al., 2011; Hayes et al., 2011). Hussainand co-workers (2011) studied the effects of atrazine in male
Japanese quail (Coturnix japonica) and discovered smaller testicular size, decreased number of spermatocytes,
necrotic nuclei of spermatids, and lesser number or absence of spermatozoa in the birds treated with 500mg/kg.
Atrazine has also been established to cause dose-dependent induction of certain marker genes of steroidogenesis
such as steroidogenic acute regulatory protein (STAR), cytochrome P450-11A1 and 3-hydroxysteroid
dehydrogenase (3-HSD), all indicating toxicity in the Leydig (interstitial) cells of rats (Abarikwuer al., 2011;
Pogrmic-Maikicet al., 2010). In an earlier study by Abarikwuet al. (2009), an oral exposure of rats to atrazine
(120 mg/kg or 200mg/kg) for 7 and 16 days caused dose-dependent effects on sperm counts, motility, viability,
sperm morphology and daily sperm production in the animals. Their observation also included normal testicular
morphology and mild tubular degeneration with some defoliated cells. Zayaet al. (2011) noticed that atrazine
decreased fat body size in tadpoles which culminated in reduced ability to survive stress of metamorphosis and
low reproductive potential. The synthesis of heat shock protein-90 (HSP90) is usually triggered during cellular
stresses induced by pesticide exposure, and immunohistochemical profiling of 90 KDasubunit of heat shock
protein (HSP 90) has established the expression of this protein in the ovary of rats subjected to atrazine exposure
(Julianiet al., 2008). Furthermore, these workers also reported that atrazine sub-acute treatment resulted in
reduced folliculogenesis and increased follicular atresia, while the sub-chronic treatment resulted in formation of
multioocytic follicle and stress-inducible HSP90 with the attendant reduction in reproductive capacity.

In addition to the atrophy of testicular tissue, atrazine intoxication could also lead to hyperplasia of
renal epithelium, squamous metaplasia of urinary bladder epithelium, renal calcium deposition, erythroid
hyperplasia of the bone marrow and extramedullaryhematopoiesis in the spleen (Tisdel 1977).The genotoxicor
clastogenic potential of atrazine,in the form of chromosomal aberration in mouse bone marrow, has been
previously demonstrated by Weisenburger (1988), Loprinoet al. (1980) and Adler (1980). In the recent time,
however, Cavas (2011), has shown that atrazine exposure could produce significant increase in frequencies of
micronuclei formation in peripheral blood erythrocytes of a fish, Carassiusauratus.

Effects of atrazine treatment on the oxidative stress indices showed that this herbicide could
significantly reduce the activities of GST and SOD enzymes in both testis and epididymis, whereas the CAT
activity was not significantly changed in testis, but rather reduced in the epididymis of the rats. The level of
reduced glutathione (GSH) and glutathione-S-transferase (GST) activity were elevated in the animals with high
dose, whereas the activities of superoxide-dismutase (SOD) and catalase (CAT), and levels of ascorbate,
malondialdehyde (MDA) and hydrogen peroxide production were unaffected in the testicular tissue after a 7-day
atrazine administration as also reported by Abarikwu and colleagues. (2009). It has been observed that atrazine
inhibited mitochondrial electron transport and induced oxidative stress in the insect Drosophila melanogaster
(Thornton et al., 2010).

Materials and Methods

Chemicals

Betulinic acid (Sigma-Aldrich USA), and Atrazine was purchased from commercial Agro-chemical store in
Ogbomoso . All other chemicals were of good analytical grades.
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Experimental Design

Twenty-four male Wistar rats (153 + 11.29g) were obtained from the animal house of the University of
Tlorin and used for this study. The animals were randomly divided into four groups having six rats per group.
They were housed in cages and fed ad libitum with rat pellets and distilled water under 12- hours light/dark
cycle.The animals were treated and handled based on the general rules on handling of laboratory animals both
nationally and as a guide in my institution. The rats were acclimatized for one week. Control group was given
normal rat pellets and water. The BA group was given daily oral intubation of Betulinic acid (10 mg/kg) for 14
days.The ATZ group was treated with intraperitoneal injection of Atrazine (5 mg/kg) twice per week, while BA
+ ATZ group was administered with daily oral intubation of Betulinic acid(10 mg/kg) for 14 days and
intraperitonealinjection of Atrazine (5 mg/kg) twice per week. After 14 days of treatment, rats were fasted
overnight and weighed. Blood was collected by ocular bleeding and rats were sacrificed by cervical dislocation.
Preparations of serum and tissue homogenates
Blood was collected into slanting test tubes and then allowed to coagulate for about 2hours. The supernatant was
centrifuged at 3000rpm for 10minutes to obtain the serum which was kept under refrigeration (4°C) for
biochemical analysis. Liver and testes were excised, washed in 1.15% KCIl solution (washing buffer) to remove
blood and then weighed. The organs were divided into two portions. One portion was preserved in 10% formalin
for histopathological study. The other portion was homogenized with Teflon homogenizer in 0.01M Phosphate
buffer solution (pH 7.4). It was then centrifuged at 3000rpm for 10minutes to obtain supernatant which was used
for the determination of biochemical parameters.
Total protein estimation
Total protein concentrations of serum, liver and testes were determined as described by Lowry et al. (1951).
Estimation of Superoxide dismutase (SOD) activity
Superoxide dismutase activities in liver and testes homogenates were determined by the epinephrine method,
measuring the absorbance at 480nm as previously described by Mistra and Fridovich (1975).
Estimation of Catalase (CAT) activity
Catalase activities in liver and testes homogenates were spectrophotometrically determined, measuring the
absorbance at 240nm according to Aebi (1984).
Estimation of Malondialdehyde (MDA) level

The levels of lipid peroxidation in liver and testes were estimated by determining the concentration of
malondialdehyde (MDA) in the homogenates. The measurement of MDA involved taking the absorbance of
Thiobarbituric acid-reacting substances (TBARS) at 532nm as described by Ohkawa et al. (1979). The MDA
concentrations were calculated using a molar extinction coefficient (€) of 1.56 x 10° M'em™.

Estimation of Reduced Glutathione (GSH)

Reduced Glutathione levels in liver and testes homogenates were determined, measuring the absorbance at
412nm as previously described by Mitchell et al. (1973).

Histopathological Studies

Ultra-thin sections of liver and testes, preserved with 10% formalin, were examined under microscope after
staining with hematoxyline and Eosin stains.

Statistical Analysis

Data are expressed in Mean + SD.Student T-test analysis was used for statistical comparisonand differences
were taken as significant at p < 0.05. Descriptive and graphical methods were used to characterize the data.

RESULTS

Monitoring of weights

Table 1 shows thatbody weight gain in the rats treated with ATZ was 34.4% lower (p < 0.05) compared with the
control rats and there was no significant difference between the ATZ-treated rats and those treated with a
combination of ATZ and BA. Treatment with ATZ caused 17.4% increase in liver weight relative to controls,
while BA supplementation caused 11.6% reduction compared with ATZ-treated group as also shown in table 1.
The relative weight of liver was found to be 22.4% higher (p < 0.05) in the ATZ group compared with controls,
while only 14.0% decrease was observed in the BA-supplemented rats compared with rats treated with ATZ. The
results on testes showed no significant differences in both organ weight and relative weight (Table 1).
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Table 1: Changes inhody weighis, organ weights and relative weighis of liver and iestes of rats treated with BA and ATZ

Treatments Weights ofrats (g) Weights of organs(g) Drzans relative weights (%)
[nitial Final Weight gain  Liver Testes Liver Testes
Control 15559 1360 17429 187 0£320 592140 211 =031 340 £0021.21 =003
+17.90
Ba 16020 £1710 19056 20 AT £1 60 616 £1.135 204 £0E] 323 £013 101 £002
+21.70

ATZ 15331 2340 16722+ 821 1391 £2.01*% 695 £1.45* 216 £0.44 416 £003*129 £0.10

EA + 158 3611531 17070+ 1234 £0.30 6.23 £2.10*%*  d04 £063 365 £0.11"1.20 £004
ATZ 1311

Diata expressed as Iean £ 31, n= 6, *-statistically different (p< 005 compared with control **- statistically different (p< 0.035)
cottpated with ATZ
BaA-Betulinic acid, ATZ- Atramine

Protein determination

Table 2 show the results on the determination of total protein in the serum, liver and testes of the experimental
rats. Serum and liver recorded 46.2% and 94.8% increases, respectively, in the levels of total protein relative to
the ATZ-treated rats. However, supplementation with BA was found to reduce the levels by 29% and 48.5% in
serum and liver, respectively, compared with ATZ group. Testes showed contrasting results in which ATZ
treatment caused 55.9% decrease compared with controls, while BA supplementation was of no significant
effect.

Table 2 Effects of BA on total protein concentrations of serum, liver and testes of rats
administered with ATZ

Treatments Serum (pmol/dL) Liver (umol/dL) Testes(umol/dL)

Control 5.33+£0.49 4.59+0.51 435+2.16

BA 6.42 +1.09 7.67+3.01 310+ 1.15

ATZ 7.79 £2.69" 8.94 +2.30" 2.79+1.29"

BA+ ATZ 6.04+0.15" 6.02+02" 2.95 +0.86

Data expressed in M + S.D, n = 6, "-statistically different (p< 0.05) compared with control,
- statistically different (p< 0.05) compared with ATZ.
BA- Betulinic acid, ATZ-Atrazine

Oxidative Stress markers

Treatment with ATZ significantly (p < 0.05) decreased the superoxide dismutase (SOD) activities in liver and
testes by 52.8% and 89.3%, respectively, compared with control rats. The activities were however observed to be
increased by 42.5% and 162.1% on BA supplementation in the respective tissues (Table 3). The activities of
catalase (CAT) were noted to be significantly lowered by 56.9% and 53.6% in liver and testes, respectively, of
ATZ group relative to controls, while the activities were significantly elevated by 50.6% and 108.1%,
respectively in BA-supplemented rats compared with ATZ-treated rats as shown in table 3.
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Tahle 3 Effects of BA on Superoxide dismutase (S0D) and Catalase (CAT) activities in liver and Testes of
rats ireated with ATZ
Treatments 20D (Wfmg proteunCAT (Uimg protei)
Liver Testes  Liver Testes
Control 1045 £ 2.56 265 £218 21354+ 1205 4502+ 0.24
BaA 1297 +£1.18 356 +£3E9 22067 £10.77 5198+ 001
ATE 624 £ 303* 140 £1.03* 136.13 £21.11% 2990+ 0.51*
BA + ATZ QTS £ §50%* 34T £33 20504 £169]1%* 62 33+ [ .20+

Data expressed in Mean £ 3 D, 1=6, *-statistically different (p< 005 compared with contral,
Y. statistically different (p< 005 compared with ATZ, BA- Betulinic acid, ATZ- Atrazine

In figure 1, treatment with ATZ caused the level of Malondialdehyde (MDA) to significantly increase (p < 0.05)
by 84.6% and 85.8% in both liver and testes, respectively, when compared with BA-supplemented group.
However, when BA was combined with ATZ treatment, the levels were found to be significantly lowered by
47.2% and 46%, respectively relative to the ATZ-treated rats. It was observed from the study that ATZ
significantly reduced the concentrations of reduced glutathione (GSH) in liver and testes by 51.2% (Figure 2)
and 64.2% (Figure 3), respectively compare with control rats. On supplementation with BA, it was noted that
GSH concentrations were significantly increased by 47.1% (Figure 2) and 90.1% (Figure 3), respectively
compared with ATZ-treated rats.

*
*
KK
¥ ¥
ATZ

Contral BA BA + ATZ

MDA Conc. (UM of MDA/mg
protein)
L e L =0 B S + < g ¥ e

I reatments

Hliver M Testes

Figure 1. Effects of Betulinic Acid on Malondialdehyde (MDA) concentrations in
liver and testes of rats treated with ATZ

Data expressed in M + SD, n = 6, *-statistically different (p< 0.05) compared with control,

**_ statistically different (p< 0.05) compared with ATZ.

BA- Betulinic acid, ATZ-Atrazine
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Figure 2. Effects of Betulinic Acid on reduced Glutathione (GSH) concentration in
liverof rats treated with ATZ

Data expressed in M + SD, n = 6, *-statistically different (p< 0.05) compared with control,

**_ statistically different (p< 0.05) compared with ATZ.

BA- Betulinic acid, ATZ-Atrazine

0 I I . I

Control BA + ATZ

= -
i o @ =) %]

GSH Conc (ug/mlfmg protein)
I

Treatments

Figure 3. Effects of Betulinic Acid on reduced Glutathione (GSH) concentration in
testes of rats treated with ATZ

Data expressed in M + SD, n = 5, *-statistically different (p< 0.05) compared with control,

**_ statistically different (p< 0.05) compared with ATZ.

BA- Betulinic acid, ATZ-Atrazine
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Histopathological studies

Control (Liver)- No visible lesion observed  BA (Liver) - No visible lesion observed

ATZ- (Liver)-Mild hepatocyte degeneration and BA + ATZ (Liver) - No visible lesion
periportal cell infiltration (Blue Arrow)
observed

Figure 4. Effects of Betulinic acid on histology of liver of rats treated with Atrazine (x
100)
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Control (Testis) - No visible lesion observed BA (Testis) — No visible lesion observed

ATZ (Testis)- Foci tubular distortion and BA + ATZ (Testis) - No visible lesion
capsular congestion (Blue Arrow) observed

Figure 5. Effects of Betulinic acid on the histology of testes of rats treated with Atrazine (x 400)

Discussion

Atrazine is a selective pre- and post-emergentherbicide used to control broad leaf and grassy
weeds.This herbicide is also used for selective weed controlin conifers, primarily Christmas trees and
ornamentals (Meister, 1998; WSSA, 1994).Betulinic acid is a naturally occurring pentacyclictriterpenoid and has
been shown to exhibit a myriad of biological activities and medicinal properties. Betulinic acid has also been
reported to selectively inhibit proliferation of cancer cells, without affecting normal cells (Chintharlapalliez al.,
2011; Fulda, 2008). The non-cytotoxicity of BA has been demonstrated in human astrocytes, human dermal
fibroblasts, peripheral blood lymphoblasts and animal studies (Faujanet al., 2010;Mashitohet al., 2012).The
present study has been undertaken to examine the possible ameliorative effects of Betulinic acid on the
oxidativestress elicited in liver and testes of experimental Wistar rats treated with atrazine.

Table 1 shows that body weight gain in the rats treated with ATZ was 34.4% lower compared with the
control rats and there was no significant difference between the ATZ-treated rats and those treated with a
combination of ATZ and BA. Treatment with ATZ caused 17.4% increase in liver weight relative to controls,
while BA supplementation caused 11.6% reduction compared with ATZ-treated group as also shown in table 1.
This result is consistent with a study conducted by Santa Maria et al. (1987), who reported that orally ingested
atrazine by male Wistar rats for 14 days, caused bodyweight to decreasein a dose-dependent manner. The
reduction in body weight may be due to decrease in food intake. In a study,it has been found out that a chronic
exposure of rats to low dose (30 or 300ug/kg of atrazine could induce increase in body weight (Gojmeracet al.,
1995), which may be result from increase in insulin resistance, lipogenesis and fat storage in the adipose tissue
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(Lim et al., 2009). The relative weight of liver was found to be 22.4% higher in the ATZ group compared with
controls, while only 14.0% decrease was observed in the BA-supplemented rats compared with rats treated with
ATZ. The results on testes showed no significant differences in both organ weight and relative weight (Table 1).
Mainieroet al. (1987) indicated that atrazine decreased body weightsand increased the relative weights of testes
in experimental rats. The findings of Rudzkier al. (1992) showed that atrazine exposure could decrease the
weights of testes, epididymis and prostate by 29%, 29% and 22%, respectively. A recent study conducted in our
laboratory on the effects of another herbicide, glyphosate, in rats also noted significant increase in body weights
of the animals relative to controls, which Betulinic acid was able to ameliorate (Adeleke et al., 2015). We also
observed that glyphosate caused significant elevation in the weights of testis and epididymis without any
significant effects on their relative weights.Gojmeracet al. (1995) observed increased body weights in rats
following a chronic administration of atrazine at low concentrations of 30 or 300 ug/kg.The increase in body
weight gain in the atrazine-treated animals could be due to insulin resistance, since atrazine has been established
as an endocrine disruptor according to Rayner et al. (2004).

Table 2 shows the results on determination of total protein in the serum, liver and testes of the
experimental rats. Serum and liver recorded 46.2% and 94.8% increase, respectively, in the levels of total protein
in the atrazine-treated rats relative to control rats. However, supplementation with BA was found to reduce the
levels by 29% and 48.5% in serum and liver, respectively, compared with ATZ group. Yuanxianget al. (2011)
have noted that after administration of 10 and 1000 pg/L of atrazine for 14 days to Zebrafish, there were changes
in protein regulation, which may be due to responses to various biological processes, such as oxidative stress and
even inflammation. Testes,however, showed a contrasting result, in which atrazine treatment caused 55.9%
decrease compared with controls, while BA supplementation was of no significant effect.

Treatment with ATZ significantly (p < 0.05) decreased the superoxide dismutase (SOD) activities in liver
and testes by 52.8% and 89.3%, respectively, compared with control rats. The activities were however observed
to be increased by 42.5% and 162.1% on BA supplementation in the respective tissues (Table 3). The activities
of catalase (CAT) were noted to be significantly lowered by 56.9% and 53.6% in liver and testes, respectively, of
ATZ group relative to controls, while the activities were significantly elevated by 50.6% and 108.1%,
respectively in BA-supplemented rats compared with ATZ-treated rats as shown in table 3. In figure 1, treatment
with ATZ caused the level of Malondialdehyde (MDA) to significantly increase (p < 0.05) by 84.6% and 85.8%
in both liver and testes, respectively, when compared with BA-supplemented group. However, when BA was
combined with ATZ treatment, the levels were found to be significantly lowered by 47.2% and 46%,
respectively relative to the ATZ-treated rats. It was observed from the study that ATZ significantly reduced the
concentrations of reduced glutathione (GSH) in liver and testes by 51.2% (Figure 2) and 64.2% (Figure 3),
respectively compare with control rats. On supplementation with BA, it was noted that GSH concentrations were
significantly increased by 47.1% (Figure 2) and 90.1% (Figure 3), respectively compared with ATZ-treated
rats.In a related investigation of the antioxidant defence system, atrazine treatment significantly reduced the
activities of GST and SOD enzymes in testicular and epididymal tissues, while the CAT activity was not
significantly affected in testis, but rather reduced in the epididymis of the rats. The level of reduced glutathione
(GSH) and glutathione-S-transferase (GST) activity were elevated in the animals with high dose, whereas the
activities of superoxide-dismutase (SOD) and catalase (CAT), and levels of ascorbate, Malondialdehyde (MDA)
and hydrogen peroxide were unaffected in the testicular tissue after a 7-day atrazine administration as also
reported by Abarikwu and colleagues. (2009).Exposure to pesticides is knownto induce lipid peroxidation which
may induce toxic biological effects (El-Demerdasher al., 2004). Mechanism of pesticide toxicity in testis has
been usually associated with increased lipid peroxidation as shown by Wafaer al.(2013). A similar exposure of
rats to glyphosate was found to elevate the level of MDA and lower the activities of SOD and CAT in testis and
epididymis, while the GSH level was lowered only in testicular tissue. These effects were ameliorated by
Betulinic acid pretreatment as established by Adeleke et al.(2015).

Figure 4 shows that ATZ treatment caused mild degeneration of hepatocytes and periportal cell
infiltration in the hepatic tissue, while BA pretreatment was found to ameliorate the features. Santa Maria et al.
(1987) observed increase in total serum lipids, alkaline phosphatase (ALP) and alanine aminotransferase (ALT)
in rats treated with daily oral gavage of atrazine, indicating liver toxicity. Although, there were no significant
ultra-structural changes in hepatocytes up to 100 mg/kg/day, they noted a dose-dependent proliferation and
degeneration of smooth endoplasmic reticulum (ER), lipid accumulation, mitochondrial malformation as well as
alteration of bile canaliculi of the hepatocytes.

Atrazine and its related herbicides have been reported not to be primarily involved in carcinogenesis,
but rather associated in endocrine responses in connection with reproduction and development in humans (Jowa
and Howd, 2011). Figure 5 shows the result on investigation of the histopathological changes in the testes of
experimental rats. Foci tubular distortion and capsular congestion in testicular tissue were observed in the ATZ-
treated rats, which were observed to be ameliorated with BA-pretreatment.In an earlier study, Tisdel (1977) have
reported that atrazine induced testicular atrophy, while Osterlohet al. (1983) observed that sperm morphology
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showed no cytotoxic or genotoxic changes in animals treated with 600mg/kg/day of atrazine. Administration of
50, 100 and 200mg/kg/day to male Wistar rats for 31 days was observed to induce delay in sexual maturity,
reduced serum levels of prolactin (PRL), leutenizing hormone (LH) and testosterone, while estradiol level was
elevated (Stoker et al., 2000). However, when 400ppm of atrazine was administered to female Sprague-Dawley
rats, the effects on the reproductive hormones included elevated plasma prolactin and estradiol, and reduced
progesterone (Thakur, 1991a; McConnell, 1995). In a study reported by Capien (1996), an administration of
1000ppm of atrazine was found to cause testicular interstitial cell tumour.Atrazine exposure with male
experimental animal models has been associated with reduction in the number and motility of spermatozoa
(Kneiwalder al., 2000), delayed sexual maturation (Kneiwaldet al., 1987) and reduction in prostate and seminal
vesicle weight.According to Sifakis et al.(2011) and Hayes et al.(2011), atrazine has been found to cause low
testicular testosterone synthesis and poor semen quality in male rats. A studyconducted on the effects of atrazine
in male Japanese quail (Coturnix japonica) discovered smaller testicular size, decreased number of
spermatocytes, necrotic nuclei of spermatids, and lesser number or absence of spermatozoa in the birds treated
with 500mg/kg (Hussainet al., 2011). A dose-dependent induction of certain marker genes connected with
steroidogenesis, includingsteroidogenic acute regulatory protein (STAR), cytochrome P450-11A1 and 3-
hydroxysteroid dehydrogenase (3-HSD) has been noticed with atrazine administration, all indicating toxicity in
the Leydig (interstitial) cells of rats (Abarikwuet al., 2011; Pogrmic-Maikicet al., 2010). In our earlier study
using glyphosate, we noticed that this herbicide induced cellular degeneration and deformation of tubules in the
testes of rats, and Betulinic acid exhibited an ameliorative potential against it (Adeleke et al., 2015).

Conclusion

The data presented from the present study have revealed that Betulinic acid elevated the activities of superoxide
dismutase and catalase, while the levels of reduced glutathione and malondialdehyde were increased and
decreased, respectively. The histology showed the ameliorative potential of Betulinic acid against hepatocyte
degeneration and cell infiltration in liver, and tubular distortion and capsular congestion in testes, against
Atrazine-induced toxicity. The properties thus exhibited by Betulinic acid in the present study are indicative that,
this compound may serve as a potential template or agent in alleviating the toxic effects of environmental
toxicant such as atrazine due to the antioxidant properties exhibited by this compound.

Acknowledgement : The authors wishes to acknowledge the efforts of Dr Oyewopo of the Department of
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