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Abstract

Methoxychlor (MXC) is an insecticide (DDT derivates) that has the potential for bioaccumulation in
mammal and causes a disruptive effect on the hepar and reproductive system. This study was done to find
out the benefits of curcumin as a natural ingredient to overcome the negative impact of Methoxychlor
(MXC) on hepar and male reproductive organ of Balb'C mice (Mus musculus L). The study was carried out
in a Completely Randomized Design (CRD) Posttest Only Control Group Design used four treatments and
six replications. The curcumin treatment after administration of MXC was carried out by gavage with
curcumin doses: 0.05; 0,1; and 0.2 mg/g body weight, every day for two weeks, respectively. Histological
observations of the liver and testis were performed using the paraffin method and Hematoxylin Eosin
stained. The results showed that MXC exposure caused liver disruption by increasing the number of
pycnotic necrotic hepatocytes and hydropic degeneration hepatocytes. On the male reproductive organ,
MXC caused testis impairment by reducing the number of Sertoli cells and Leydig cells, spermatogenic cell
counts, and the diameter of seminiferous tubules. The administration of curcumin at doses of 0.1 mg/g bw
in mice exposed to methoxychlor can reduce the number of hydropic degeneration hepatocytes and tend
to reduce the number of pycnotic hepatocytes; and also increase the number of Sertoli cells, the number of
spermatogenic cells, and the diameter of the seminiferous tubules, and tend to reduce the amount of
Leydig cells. Curcumin treatment tends to recover hepar dan testis disruption of mice that were exposed
by MXC.
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1. Introduction

Methoxychlor (MXC) is a synthetic organochlorine compound derived from DDT
(Dichlorodiphenyltrichloroethane), which is widely used to control insects, including
flies, cockroaches, and various types of Arthropods. This compound is classified as an
insecticide that has relatively low toxicity but can leave a harmful residue to the
organism (Tiemann, 2008). One of the negative impacts is a disruption in fish liver and
testicular tissue (Blum et al., 2008).

MXC is metabolized by the P450 system (hepatic cytochrome P450 enzyme)
through O-demethylation and hydroxylation reactions, which produce several
metabolites that are toxic and also have the potential to interfere hormones action (as
Endocrine Disruptor) especially on reproductive hormones (Blizard, 2001). The
disorders caused by MXC exposure include male reproductive organs atrophy,
spermatogenesis impairment, and movement inhibition of spermatozoan cauda
epididymis (Mathur et al., 2008). According to Okazaki et al. (2001), MXC at doses of 100
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mg/kg/day decreases the seminal vesicles and prostate gland weight. In addition, the
administration of MXC at doses of 500 mg/kg/day in mice, cause a decrease in
spermatozoa movement in the cauda epididymis and a decrease in testosterone levels
followed by the FSH hormone increasing. The administration of MXC at doses of 200
mg/kg/day caused testosterone biosynthesized decreased by Leydig cells (Murono et al.,
2006). Another study by Chapin et al. (1997), showed that MXC at doses 60 mg/kg/day
and 150 mg/kg/day caused mice fertility decline.

Several studies have shown that MCX has toxic effects on spermatogenesis and
steroidogenesis. According to Mathur et al. (2008), environmental contaminants
generally impair testicular function and trigger germ cells apoptosis so that the process
of spermatogenesis will be disrupted. Furthermore, Khorsandi et al. (2013), stated that
the testis environment is very important to carry out spermatogenesis.

Murono et al. (2006) showed that the administration of MXC at a dose of 200
mg/kg/day for seven days caused the seminal vesicle's weight, and testosterone
biosynthesis decreased. The administration of MXC at doses of 50,100 and 200
mg/kg/day for seven days is also induced oxidative stress and reduces levels of
antioxidant enzymes in the testes and epididymis (Latchoumycandane & Mathur, 2002).
In addition, the administration of MXC at doses 50 and 150 mg/kg/day reduces
spermatogenic capability, which is characterized by a decreasing number of Sertoli cells.
In addition to the reproductive organs, MXC can also affect other organs such as the
liver, kidneys, and nervous system. Zhou et al. (2013) showed that MXC could affect
liver metabolism; however, the administration of low concentrations of MXC does not
have a significant effect on the liver. Stuchal et al,, (2006), states that giving 2 mg/kg
MXC for six days did not cause changes in the catfish liver.

The damaging effect of MXC exposure can be reduced by curcumin treatment.
Curcumin is a phytochemical component found in turmeric that is widely used as a
mixture of traditional herbs for various diseases (Merinda, 2014). Besides, curcumin has
a role as an anti-inflammatory, antioxidant, anticancer, antiproliferation, antidiabetic,
and anticholesterol agent (Ali et al,, 2006). Curcumin also has hepatoprotective activity
(Agarwal & Goel, 2016). Curcumin can inhibit the toxic effects on the liver by obstructing
the secretion of TNF-a and IL-1 (Interleukin 1) from macrophages that induce liver
necrotic (Nelson & SidnDeletey, 2009).

Research into the hepatoprotective effect of curcumin has been carried out by
Otuchere et al. (2014), which showed that administration of curcumin at a dose of
50mg/ kg/BW together with propanil at a dose of 20 mg/kg BW intragastrically three
times a week for 28 days in rats was able to inhibit increased lipid peroxidase levels and
normalize GSH (Glutathione Sulfthydril) levels. Curcumin treatment has a protective
effect on reproductive organs (Mohebbati et al., 2017). In addition, curcumin in Curcuma
longa can protect germ cells from apoptosis in dexamethasone-induced mice (Khorsandi
etal., 2013).
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According to Shu et al, (2009), curcumin can inhibit proliferation and induce
apoptosis in HSC (Hepatic Stellate Cell) in vitro. Curcumin can increase the expression of
Bcl-2, which is known to play a role in the inhibition of apoptosis in HepG2 liver cells
(Elmansi et al, 2017). Research into the protective effect of curcumin on male
reproductive organs by Ogutzurk et al. (2012) showed that administration of curcumin
at a dose of 1 mg/kb BW could increase motility and concentration of spermatozoa in
the epididymis of rats exposed to Cadmium. Giving curcumin in female mice for 42 days
at a dose of 100 mg/kg BW after being induced with D-galactose can increase the
number of follicles at various stages of development (Yan et al., 2018).

Several studies have shown that the effect of Curcuma longa affects genital,
testicular, and ovarian glands. Curcuma longa can also provide anti-inflammatory,
anticancer, and anti-apoptotic properties (Farombi et al., 2007; Cort et al., 2012; Akta et
al,, 2012). Besides, Mohebbati et al. (2017) state that Curcuma longa can increase anti-
apoptotic factors and decrease apoptotic agents. Research by Khorsandi et al. (2013)
stated that the curcumin content in Curcuma longa could protect germ cells from
apoptosis in dexamethasone-induced mice.

Turmeric extract has an antioxidant effect on Swiss male mice that are treated
with arsenic, which is indicated by the inhibition of SA (sodium arsenite). SA induces
glucose increased. Provision of turmeric aid in regulating blood glucose levels (Karim et
al, 2010). Turmeric extract reactivates p53, increase p21 and cyclin D1, regulate
abnormal cell cycles, and reduce the expression of HBx (Hepatitis B) by accelerating its
degradation (Kim et al., 2011). P53 is a gene that can induce HBx degradation (Park et
al., 2009). Curcumin is also one of the compounds in turmeric that plays a role in
protecting and providing a therapeutic effect on the liver disease through cellular and
molecular mechanisms. Curcumin suppresses pro-inflammatory cytokines, lipid
peroxidase results, P13K/Akt, and activation of liver cells against oxidative stress. In
addition, curcumin can also reduce the toxic effects on the liver by inhibiting the
secretion of TNF-a and IL-1 (Interleukin 1) from macrophages that play a role in
inducing necrotic in the liver (Nelson & Sidney, 2009). According to Shu et al,, (2009),
curcumin inhibit proliferation and induce apoptosis in HSC (Hepatic Stellate Cell) in
vitro. Curcumin increases the expression of Bcl-2, which inhibits apoptosis in HepG2
cells or liver cancer cells (Elmansi et al., 2017). Increased Bcl-2 decreased caspase-3 and
caspase-9 activity, which causes inhibition of apoptosis (Wilson and Potten, 2000).

Based on the potential of curcumin as a hepatoprotection, it is necessary to
conduct research on the effects of curcumin on liver damage recovery and its potential
to restore testicular damage due to MXC exposure. Curcumin is expected to be able to
repair the liver and testicular histological damage in mice that have been exposed by
MXC.
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2. Material and Method
2.1 Animal Preparation

The study was conducted using eight weeks of male Balb'C mice (Mus musculus
L.), 20-23 g weight. Mice were obtained from Pusvetma Surabaya, acclimatized for one
week before being treated.
2.2 Research Design

The study was conducted with a Completely Randomized Design (CRD) Posttest
Only Control Group Design with five treatments (K-, K +, D1, D2, and D3), each with six
replications.

2.3 Curcumin Extraction

The source of curcumin for this research came from turmeric flour extract.
Turmeric flour used was obtained from the Surabaya Jember store. 300 g of powder was
macerated with 70% alcohol for two days. The maceration results are filtered then the
solution is evaporated using a rotary evaporator until a crude extract is obtained.

2.4 MXC and Curcumin Treatment

The MXC treatment (0.42 mg/g BW) was carried out intraperitoneally at two-day
intervals, for 36 days. The MXC dose given refers to the study of Vaithanathan et al. (2008)
that showed that 150 mg/kg BW of MXC reduced the spermatogenic process. MXC is
given to groups K +, P1, P2, and P3. K- group without MXC treatment, K+ group is given
by MXC without curcumin. Curcumin treatment in the form of turmeric flour extract was
given to groups P1, P2, and P3 after the administration of MXC was done by gavage at a
dose of 0.05; 0.1; and 0.2 mg/g BW, every day for two weeks. During the treatment, the
mice were fed by BR 511 (PT Charoen Phokpand Indonesia) and drinking tap water ad
libitum.

2.5 Hepar and Testis Histological Preparation

On the last day of administration of curcumin, mice were sacrificed, and the right
lobe liver and right testicles were removed to be made histological preparations using
the paraffin method and Hematoxylin-Eosin staining. The preparation process begins
with fixation of the liver and testes using 10% PBS formalin, dehydration using alcohol
gradually, clearing using xylol, paraffin infiltration, embedding, sticking to the holder and
6 slicing using a rotary microtome. The paraffin ribbon is placed on the object-glass,
which has been smeared with albumin-glycerin previously. The next process is the
staining of Hematoxylin-Eosin, preceded by deparaffinization using xylol, immersion in
alcohols gradually ranging from absolute alcohol to distilled water, then being put into
Hematoxylin staining for 3-5 seconds. The next step is the immersion in alcohol levels
ranging from 30% to 70% alcohol, then put in Eosin staining for 7-10 minutes, followed
by immersion in 80% alcohol to absolute, xylol, and then drops Stellan for covering
preparations using a cover glass.
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2.6 Hepar and Testis Parameters

Liver and testicular histology observations were carried out on six slides,
representing six mice that were used as replication so that histological observations
were made on 36 slides. From each of these slides, three microscope fields of view were
observed so that a total of 108 fields of view were taken. In the liver observation, the
number of liver cells (hepatocytes) damaged (hydropic degeneration and pycnotic
necrotic) is calculated in the central venous region. Hydropic degenerated hepatocytes
showed swollen cells, vacuole cytoplasm, squeezed nuclei at the edge of cells
(Hadisusanto et al., 2016). Hepatocytes undergoing pycnotic necrotic are characterized
by smaller/larger than normal cell sizes, blackened hepatocyte color, and the
fragmentation of the nucleus (Fajariyah et al., 2010). In the testicular observations
carried out observations of seminiferous tubules, which were round slices. Observation
of testicular histology, including the number of Sertoli cells, the number of Leydig cells,
as well as the number of Spermatogenic cells, and also the measurement of the thickness
of the seminiferous tubular epithelium. Analysis of seminiferous tubules epithelium
thickness is done by measuring the difference between the outer diameter and inner
diameter of the seminiferous tubules, which are round slices. The data were analyzed by
one-way ANOVA and followed by the Duncan Multiple Range Test (DMRT) with a 99%
confidence level.

3. Result and Discussion

The results of the calculation of the average number of hepatocytes undergoing
hydropic degeneration can be seen in Table 1. The results of One Way ANOVA analysis
showed that the treatment of curcumin has a very significant effect on the average of
hepatocytes undergoing hydropic degeneration. The results of the Duncan test showed
that the average number of hepatocytes undergoing hydropic degeneration in the
positive control group was very significantly different from the negative controls. This is
because methoxychlor is toxic, and at a dose of 0.42 mg/g BW for 36 days causes damage
to the structure of liver histology.

Hydropic degeneration is an early step of hepatocyte degenerative. The
mechanism of hydropic degeneration in cells is caused by plasma membrane alteration,
especially interference with ion regulation and water volume due to the loss of ATP. This
disruption causes more water flow into the cell because the active transport mechanism
of Na + and K + ions is disturbed so that vacuoles formed in the cytoplasm; as a result,
the cell swell and the cell nucleus will be pushed to the edge (Fajariyah et al.,, 2010).

Volume 13, Issue 1, June 2020 | 45



46

Mahriani, et al.,

Table 1. Average number of hepatocytes undergoing hydropic degeneration after
administration of curcumin in mice exposed to MXC

Curcumin treatment (mg/g The average number of hydropic

BW) degeneration hepatocytes (X + SD)
K- (without MXC) 120,332+ 6,47

K+ (with curcumine) 277,174+ 9,35

0,05 225,33¢+19,76

0,1 181,000 + 9,88

0,2 160,670 £ 19,76

Note: Numbers followed by different letters in the same column show very significant differences between
treatment doses (p <0.01).

Furthermore, the DMRT test results showed that the average number of
hepatocytes undergoing hydropic degeneration in the positive control group was very
significantly different from the treatment group at doses of 0.05, 0.1, and 0.2 mg/g BW.
The average number of hepatocytes undergoing hydropic degeneration decreased in all
treatment groups that are treated by curcumin compared with positive controls. The
increase in curcumin dose is accompanied by a decrease of hepatocytes hydropic
degeneration. This is presumably because the administration of curcumin after MXC
exposure can prevent hydropic degeneration hepatocyte. Hydropic degeneration is the
first degree of damage to the liver, with vacuoles that contain water in the cytoplasm
instead of fat or glycogen. These changes are generally a result of metabolic disorders.
Hydropic degeneration is reversible, but if this process occurred continuously, there
would damage to the cell membrane and changes in the nucleus. Hence, the cells looked
fatty as a result of irreversible degeneration to the necrotic stage (Utomo et al., 2012).
Normal hepatocytes and hydropic degeneration hepatocytes can be seen in Figure 1.

Figure 1. Normal hepatocytes (yellow arrows) and hydropic degeneration hepatocytes in controls (black
arrows) (a), hepatocytes in the positive control (b) and administration of curcumin dose of 0.2 mg / g BW

()
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The results of the average number of hepatocytes undergoing pycnotic necrotic
can be seen in Table 2. The results of One Way ANOVA analysis showed that the
treatment of curcumin has a very significant effect on the average number of hepatocyte
necrotic pycnotic. DMRT test results showed that the average number of hepatocyte
necrotic pycnotic in the positive control group was very significantly different from the
negative control. This is presumably because MXC compounds can affect liver
metabolism (Zhou et al, 1995) caused an increase in the number of pycnotic
hepatocytes. Furthermore, the DMRT test results also showed that the average number
of necrotic pycnotic hepatocytes in the positive control group did not differ very
significantly with the treatment group doses of 0.05, 0.1, and 0.2 mg/g g BW. However,
the average number of pycnotic necrotic hepatocytes in all treatment groups decreased
compared with positive controls. The average number of degenerative hydropic and
pycnotic-necrotic hepatocytes shown in Figure 2.

Table 2. The average number of hepatocytes in pycnotic necrotic after administration of
curcumin in mice exposed to MXC.

Curkumin Treatment (mg/g bw) The average number of hepatocytes
necrotic-picnotic (x + SD)

K-(without MXC) 75,832+ 15,63
K+(with kurkumin) 120,500 £ 6,29
0,05 116,00+ 13,49
0,1 109,17b + 19,77
0,2 105,67> + 12,93

Note: Numbers followed by different letters in the same column show very significant
differences between treatment doses (p <0.01).
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Figure 2. The average number of degenerative hydropic and pycnotic-necrotic hepatocytes
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The results of calculating the average number of Sertoli cells and Leydig cells can
be seen in Table 3 and also shown in Figure 3. The results of One Way ANOVA analysis
showed that the treatment of curcumin has a very significant effect on the average
number of Sertoli cells and Leydig cells.

Table 3. The average number of Sertoli cells and Leydig cells after curcumin
administration in mice exposed to MXC

Average (x+SD)
Treatment Sertoli Leydig
mg/g bw

K-(without MXC) 22,122+0,36 16,312+ 3,13
K+(With kurkumin) 18,83b+1,17 13,542+ 1,19
0,05 19,69 +0,37 15,692 41,42
0.1 21,132+1,04 16,362+ 2,50
0.2 22,322+1,10 16,142+ 0,79

Note: Numbers followed by different letters in the same column show very significant differences between
treatment doses (p <0.01).

25
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M Sertoli Cell
10 -| = Leydig Cell
5 -
0 -

0.05
treatment (g/mg bw)

the average number of cell

Figure 3. The average number of Sertoli and Leydig Cell

DMRT test results showed that the average number of Sertoli cells in the
positive control group was very significantly different from the negative control,
whereas the average number of Leydig cells in the positive control was not significantly
different from the negative control, but tended to decrease the amount of Leydig cells.
This is presumably because the MXC compound can induce the occurrence of oxidative
stress caused by increased hydrogen peroxide and lipid peroxidation in testes
(Latchoumycandane & Mathur, 2002). MXC can also cause free radicals enhancement in
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the mitochondria of the central nervous system (Schuh et al., 2009), so that toxic to the
reproductive organs and CNS central nervous system (Gore, 2002). Central nervous
system damage due to free radicals can inhibit the secretion of GnRH thereby reducing
FSH (follicle-stimulating hormone) and LH (Luteinizing Hormone). The reduction in FSH
and LH affects Sertoli cell proliferation and inhibits steroidogenesis function in the
differentiation and maturation of Leydig cells (Akingbemi et al., 2000). Sertoli cells and
Leydig cells can be seen in Figure 3.

DMRT test results showed that the average number of Sertoli cells in the
positive control group was very significantly different from the treatment group doses of
0.1 and 0.2 mg/g BW. The average number of Sertoli cells in the curcumin group
increased to coincide with increased doses compared with positive controls. In contrast,
the average number of Leydig cells in the positive control group did not differ
significantly, with the group doses of 0.05, 0.1, and 0.2 mg/g BW. However, curcumin
administration tends to increase the number of Leydig cells. This is presumably because
curcumin has a therapeutic effect on the male reproductive system through antioxi&t
and anti-inflammatory effects, so it is expected that the administration of curcumin can
increase the number of Sertoli and Leydig cells. This is supported by Giannessi et al.,
(2008) research that the administration of 80 mg/kg curcumin reduced Leydig cell
necrotic. It is said that curcumin has more significant than vitamin E to capture free
radicals so that it can protect the brain from lipid peroxide disorders (Agarwal & Goel,
2016). Sertoli and Leydig Cells can be seen in Figure 4.

o

Figure 4. Sertoli cells (yellow arrows) and Leydig cells (red arrows) on the testicular cross-section of the
negative control (a), positive control (b), and treatment 0.2 mg/g BW (c). 400x magnification.

The results of the average number of spermatogenic cells can be seen in Table
4. The results of One Way ANOVA analysis showed that the treatment of curcumin has a
very significant effect on the average number of spermatogenic cells. These average
numbers can also be seen in Figure 5.
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Table 4. The average number of spermatogenic cells after administration of curcumin in
mice exposed to MXC.

Average (x+SD)

Treatment : : :
Spermatogonium Spermatosit Primer
(mg/g bw)
K-(without MXC) 24,263+ 2,7 32,422+ 1,05
K+(without kurkumin) 19,150+ 1,26 27,722 £ 0,67
0,05 19,32+ 0,58 31,692b + 2,45
0,1 20,692 + 4,1 32,332+ 5,14
0,2 22,48 + 1,12 32,542+ 0,77

Note: Numbers followed by different letters in the same column show very significant differences between

treatment doses (p <0.01).
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Figure 5. The average number of spermatogonium and primary spermatocyte.
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DMRT test results showed that the average number of spermatogenic cells
(spermatogonium and primary spermatocytes) in the positive control group decreased
very significantly compared to the negative control group. This is presumed because the
MXC compound can induce oxidative stress in the form of increased hydrogen peroxide
and lipid peroxidation in the testes (Latchoumycandane & Mathur, 2002). As a
spermatogenesis site, the testes are very vulnerable to the oxidation process by free
radicals that interfere with spermatogenesis and spermatozoa membranes. It was stated
that oxidative stress caused by increased free radicals cause a decrease in the number of
spermatogenic cells (Tremellen, 2008).
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DMRT test results showed that the average number of spermatogenic cells in
the positive control group did not differ significantly with the treatment group doses of
0.05, 0.1, and 0.2 mg/g BW. However, the average number of spermatogenic treatment
groups increased parallel with increasing doses. The higher dose of curcumin
administration tends to increase the number of spermatogenic cells. This is thought to
be caused because curcumin has great potential to capture free radicals (Agarwal &
Goel, 2016) due to the administration of MXC. Therefore the treatment of curcumin will
be able to obtain free radicals and increase the number of spermatogenic cells that are
decreased due to MCX treatment.

The results of calculating the average thickness of seminiferous tubules can be
seen in Table 5 and Figure 6. The results of One Way ANOVA analysis showed that the
treatment of curcumin has a very significant effect on the average thickness of
seminiferous tubules epithelium.

Table 5. Average thickness of seminiferous tubular epithelium after administration of
curcumin in mice exposed to MXC.

Treatment The average of the seminiferous tubular epithelium
(um)(x £ SD)
K-(tanpa MXC) 138,472+ 0.81
K+(tanpa kurkumin) 121,65 +4.57
0,05 mg/g bw 131,18 +0.58
0,1 mg/g bw 134,26 +0.18
0,2 mg/g bw 138,132+0.34

Note: Numbers followed by different letters in the same column show very significant differences between

treatment doses (p <0.01).
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Figure 6. Tubulous seminiferous epithelial thickness
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Figure 7. The thickness of the seminiferous tubules epithelial (red lines) in the negative control (a),
positive control (b), and administration of curcumin dose of 0.2 mg/ g BW(c)

Figure 7 shown that curcumin at 0.2 mg/g BW increases the thickness of tubulous
seminiferous epithelia compared with positive control. DMRT test results showed that
the thickness of the seminiferous tubule epithelium in the positive control group was
lower and significantly different from the negative control; this was because the MXC
compound induces oxidative stress. It was further stated that the decreased thickness of
the seminiferous tubular epithelium was also thought to be caused by a decrease in
testosterone levels (Latchoumycandane & Mathur, 2002).

DMRT test results showed that the average thickness of the seminiferous tubules
in the positive control group was lower and significantly different from the treatment
group at a dose of 0.05, 0.1, and 0.2 mg/g BW. The higher dosage of curcumin tends to
increase the thickness of the seminiferous tubule epithelium. This is presumably
because curcumin has the potential to capture free radicals greater than vitamin E
(Agarwal & Goel, 2016). Therefore, curcumin can act as an antioxi&t to prevent oxidative
stress. Oxidative stress can cause a decrease in the number of spermatogenic cells
(Tremellen, 2008). Consequently, curcumin as an antioxidant can avoid a reduction in
the number of spermatogenic cells, which means that curcumin can prevent a reduction
in the thickness of the epithelium of the seminiferous tubules. It was stated that the
number of spermatogenic cells and Sertoli cells affected the thickness of the
seminiferous tubular epithelium (Cupp et al, 2003). Curcumin can also prevent
oxidation of free radicals that damage cells; hence curcumin can prevent testicular
histological changes. It was mentioned by Ilbey et al. (2009), that curcumin can prevent
the depletion of the seminiferous epithelial layer and the infection of fibrous connective
tissue into the perivascular tissue due to cisplatin induction.

4. Conclusion

It can be concluded that the administration of turmeric extract containing
curcumin can improve liver and testicular histological damage of mice after
methoxychlor exposure. The administration of turmeric extract in mice exposed to
methoxychlor can reduce the number of hydropic degeneration hepatocytes and tend to
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decrease the number of hepatocyte pycnotic and can increase the number of Sertoli
cells, Leydig cells, spermatogenic cells, and thickness seminiferous tubule epithelium.
The increasing dose given provides a better recovery effect.
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