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Abstract. 2-Methoxyethanol (2-ME) is one of the plasticizer able to induce hormonal system disorders, such insulin
resistance. This research was designed to determine the effect of 2-methoxyethanolon blood glucose, levels of nitrite and
damage Langerhans island of mice (Mus musculus L.). This research was experimental research with Completely
Randomized Design (CRD). Female mice strain Balb/C was used as an animal model. Samples were divided into 5
groups; Negative control (NC), KP Positive control (PC) injected intraperitoneally with Streptozotocin (STZ) dose of 30
mg/kg Body Weight (BW) daily for five consecutive days; Treated mice (T1, T2, T3 were injected intraperitoneally with
2-ME daily for ten consecutive days, at dose of 200 mmol/kg BW, 250 mmol/kg and 300 mmol/kg BW respectively). On
16™ day and 21™day, mice were sacrificed using chloroform. Fasting blood glucose and nitric oxide (NO) levels were
observed in this study. Liver tissue was processed histologically by paraffin method stained with hematoxylin eosin. NO
in serum was observed using spectrophotometer with a wavelength of 540. The diameter of Langerhans islands was
measured with light microscope. The result of this research was analyzed using the One Way Anova test (a = 0.05) was
performed to determine the effect of the treatment and Duncan test to find out the difference between the treatment
groups. The result showed 2-methoxyethanol was able to increase blood glucose level, while NO was found to be
decreased especially in a group treated with 200 mmol/kg BW 2-ME.

Keywords: 2-Methoxyethanol, blood glucose, nitric oxide (NO), Langerhans island,mice.

INTRODUCTION

The prevalence of the incidence of diabetes mellitus (DM) in the world reached more than 350 million people in
2013 [1-3]. International Diabetic Federation (IDF) projecting a 55% increase in the prevalence of diabetes in the
world in 2035. This shows that there may be an increase in larger, especially when considering that 80% of people
with diabetes live in countries with a standard of living low and middle income [1]. Indonesia is a country that was
ranked fourth in the world by the number of people with DM 8.4 million people in 2000 and this figure is expected
to rise to 21.3 million people by 2020 [4].

2-Methoxyethanol (2-ME) is one of the metabolites result from dimethoxy ethilphatalate (DMEP). Dimethoxy
ethilphatalate is one group of phthalic acid esters is widely used as a plasticizer in the manufacture of plastics. 2-ME
compound is highly flammable, colorless and volatile [4]. The use of 2-ME can also be found in companies that
manufacture semiconductors, textiles, leather finishing and plastic food boxes, widely used as a solvent, especially
used in paint, ink, paint thinner, smear, and coatings [5].

Alonso-Magdalena estimated that the widespread use of plastic materials for household use associated with the
food packaging can explain the possibility of an increase in the epidemic of diabetes and obesity are more common
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in industrialized nations [6]. The data shows an increase in diabetes, the incidence of obesity, atherosclerosis,
coronary heart disease, infectious disease and renal disease [7].

Some research suggests that the plasticizer compounds capable of causing obesity and cause hormonal system
disorders, such as insulin resistance. Thus, 2-ME was suspected to be the cause of diabetes emergence through
insulin resistance. Oxidative stress occurred in patients with diabetes is caused by an imbalance of redox reactions
due to changes in the metabolism of carbohydrates and lipids, in addition to decrease in antioxidant capacity.
Increased concentrations of free fatty acids occurs with increased superoxide production by the mitochondria and an
increased risk of exposure of the cells by ROS.

NO had an extremely short half-life of about 3-5 seconds, since NO will quickly react with O, to form nitrite
(NO,) and nitrate (NO;), which is ultimately excreted through the kidneys [8]. Therefore, in this study was designed
to know the effect of the induction of 2-ME is toxic in the body organs, blood glucose levels, tissue damage in the
pancreas, liver and the amount of nitric oxide in experimental animals of mice.

METHODS

This research was conducted at the Laboratory of Molecular Biology, Department of Biology, Faculty of Science
and Technology, Airlangga University, Surabaya. We used glucometer Accu-Check Active to observed blood
glucose. To measure levels of NO were used a spectrophotometer (A=540). Histopathology of the pancreas and liver
was observed using paraffin method and stained with hematoxylin eosin. 2-Methoxyethanol used from Wako Pure
Chemical Industries, Ltd., Japan with doses of 200, 250, and 300 mmol/ kg BW, while the streptozotocin/2-
deoksidasil-(3-(metil-3-nitrosourea)-1-D-glukopiranosa (STZ) S0130-1G, from sigma, injected with dose of
multiple low-dose. This research was a laboratory experiment with a completely randomized design (CRD). Female
mice Balb/C, from the Faculty of Pharmacy, University of Airlangga were used.

Before treated, fasting blood glucose of all mice was recorded. Positive control and treatment groups were given
lard for 21 days to induce obesity. After lard induction, positive control was injected with STZ for 5 days, while
treatment group was divided into 3 groups based on 2-ME doses given; P1 (200 mmol /kg BW 2-ME), P2 (250
mmol/kg BW 2-ME), and P3 (300 mmol’kg BW 2-ME) for 10 consecutive days. The negative control was injected
with distilled water. On the 2™, 7 and 14" day of treatment, fasting blood glucose all mice were observed. Blood
and serum were collected after treatment. NO was observed by adding to a mixture of Griess reagent 1 and 2 to the
serum. Spectrophometer at A 540 nm is used to measure the nitric oxide level. All data were analyzed statistically
using SPSS 15 (0=0.05).

RESULTS AND DISCUSSION

To determine the effects of 2-ME compounds on the incidence of diabetes mellitus, blood glucose level
was recorded before and after treatment. From these results show that fasting blood glucose levels were changed in
various groups of treatment. Fasting blood glucose levels were changed in various treatment groups ranging from
fasting blood glucose levels in mice one day after administration of lard, the second day after the induction of 2-ME,
the seventh day after the induction of 2-ME and day 14 after induction 2-ME shows the results are diverse (Fig. 1).

The result showed that on the second day after the induction of 2-ME, blood glucose of treatment group was
significantly increase compared to both control groups, while on 7™ day 2-ME injection, P1 and P3 did not differ
significantly to both controls. Lard was injected to induce obesity, as obesity is associated with insulin resistance
that would lead to diabetes mellitus. Free fatty acids due to obesity could affect insulin signaling through stimulation
of isoform protein kinase (CCP). Free fatty acids can also disrupt the release of glucose from the liver [9,10].

In the second day post injected of 2-ME was the most significant to induce high blood glucose or hyperglycemia.
We suggested that when 2-ME entered the body, oxidation was promptly occurred, especially in the cytoplasm of
liver mitochondria. Thus the main target of 2-ME in the body was the liver. In the body, 2-ME would circulate
within the bloodstream and into the cells, then 2-ME to be transformed metabolically to produce primary and
secondary metabolites. On the other hand, streptozotocin (STZ) as a diabetic agent selectively destroys the f cells in
the islets of Langerhans in the pancreas [11]. 2-ME whose main goals are liver mitochondria, which then would
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FIGURE 1. Fasting blood glucose level from each group at (a) after lard administration, (b) second day, (c) seventh day,
(d) 14™ day after 2-ME induction. KN: normal control, KP: positive control, P1: 200 mmol/kg BW 2-ME, P2: 250 mmol/kg BW
2-ME, P3: 300 mmol/kg BW 2-ME. Same letters indicate no significant difference between groups based on Duncan test

(0=0.05).
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FIGURE 2. Resulting nitrite (NO) level from each treatment group. KN: normal control, KP: positive control, P1: 200 mmol/kg
BW 2-ME, P2: 250 mmol/kg BW 2-ME, P3: 300 mmol/kg BW 2-ME. Different letters indicate the statistical difference.

produce secondary metabolites methoxyacetic acid (MAA) and MALD after being oxidized in the liver. Both MAA
and MALD in cell body could induce necrotic to cells [12], while MAA had teratogenic and toxic effects [5].

Due to the toxic effect of MAA and MALD, onset of ROS could be triggered, as 2-ME has been shown to induce
radical H,O, in the process of oxidation, reduce molecular oxygen during cell respiration in the mitochondria, and
also trigger the formation of radicals by producing superoxide (O,), hydroxyl (HO) and hydrogen peroxide (H,0,)
[13]. The increasing number of free radicals contained in the body will lead to increase the likelihood of damage to
other organs, and in this case, if the organ damage pancreatic B cell damage then it will affect the stability of blood
glucose levels themselves.

Oxidation of 2-ME into MAA in serum and plasma occurred quickly, at half-life of about 6 hours in rats, but the
excretion of MAA was slow, with a half-life of about 20 hours in monkeys and half-life of MAA in human urine is
77 hours. MAA is excreted in human urine about 86% of all 2-ME inhaled [14,15].
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As previously shown in Fig. 2, STZ injection could elevate nitrite level, but 2-ME on the other hand decreased
nitrite level compared to control. It was possible that three weeks after induction of 2-ME, NO would decrease
because of NO immediately oxidized to nitrite and the remainder in the form of nitrate spread throughout the body
[16, 8]. Half-life of NO in blood is very short, less than 5 seconds and 13 minutes for nitrite oxide [16].

The effect of 2-ME in the pancreas gland was shown in Fig. 3. It was especially visible on the size of the island
of Langerhans. The diameter of Langerhans Islets was measured using to determine the alteration to it after 2-ME
exposure. There are several types of cell comprising langerhans islets, such as alpha cell, beta cell, delta cell, and F
cell, but the largest component of langerhans islets is beta cell with 70% parts of the langerhans islets, while the
alpha cell is 15%, delta cell only 10%, and the smallest part is F cell. Based on that previous research, the diameter
of langerhans islets is measured to represent the beta cells [17].

Increased blood glucose levels in the blood for a long time induced in insulin secretion and other signaling
mechanisms. Abnormalities in insulin secretion mechanism would cause reduced intake of glucose into the cells and
increase in of blood glucose levels, in the other word hyperglycemia [18]. Hyperglycemia could result in the
formation of reactive oxygen species (ROS). Excessive ROS induced oxidative stress, leading to damage f cells
[19].

2-Methoxyethanol in the body is metabolized in hepatocytes cells by alcohol dehydrogenase into 2-
methoxyacetaldehyde and then again by aldehyde dehydrogenase metabolized into toxic MAA. MAA can increase
cell membrane permeability that results in an influx of Ca2" ions. The abundance of Ca2" in the cell will inhibit
oxidative phosphorylation, so the acquisition of ATP is reduced because the energy used to pump Ca*" excess. In
addition, the abundance of Ca®" also activates the enzyme protease and phospholipase that degrade the proteins of
the cytoskeleton that are required in building the structure of the cell. Ca2" is also the as a mediator for apoptosis
[5,20,21]. The presence of apoptotic phase will result in reduced B cell mass in the islets of Langerhans of the
pancreas and insulin synthesis will decline.

@ ' C©

FIGURE 3. The diameter of the islets of Langerhans from (a) normal control, (b) positive control, (c) P1(200 mmol/’kg BW 2-
ME), (d) P2 (250 mmol/’kg BW 2-ME), (e) P3 (300 mmol/kg BW 2-ME). Red circles indicate the Langerhans islets.

TABLE 1. Statistical analysis of the diameter of the islets of Langerhans as a result of administration of 2-ME.
The figure followed different letters indicate significant differences (o = 0.05)

Groups of treatment Averages of islet Langerhans diameter (nm)
Control (KN) 132,78 +22,58°
Injected STZ (KP) 108,28+22,07%
200 mmol/kg BW 2-ME (P1) 89,78+21,23"
250 mmol/kg BW 2-ME (P2) 97,75+17,34*
300 mmol/kg BW 2-ME (P3) 116,42+17,99*°
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From histological observation of pancreas, KP group had lower average diameter compared to the normal control
(KN). This indicated that there was a significant effect of lard and STZ to average diameter of the islets of
Langerhans. On the other hand, P1 (200 mmol/kg BW 2-ME) had the lowest diameter of the islets of Langerhans
compared to other treatment groups. The results of statistical analysis using Duncan test o = 0.05 in Table 1 showed
a significant difference between the P1 and P2 to KN. However, P3 showed no significant difference to KN.

The diameter of the islets of Langerhans in a group P1 and P2 was lower compared to KP caused by cellular
apoptosis due to blood glucose level has exceeded certain critical threshold [22]. Administration of 2-ME with a
higher dose of 300 mmol/kg BW in the P3 group, showed higher diameter of the islets of Langerhans compared to
P1 and P2. This could be associated with compensatory mechanisms of cells 8 islets of Langerhans, due to the
increase in blood glucose levels the cells would increase its efforts to produce more insulin [23].

PPAR-a, PPAR-y, c-Myc were the type of transcription factors required for regulation of insulin secretion. Their
level would increase before cell hypertrophy occurred. If the B cells have entered adaptation stage to high blood
glucose level, B cells in the islet will proliferate to balance demand for more insulin secretion. However, before able
to adapt and proliferate,  cells in the islands of Langerhans undergo apoptosis due to loss of response of acute
glucose-stimulated insulin secretion (acute GSIS). Thus, P3 had higher diameter of Langerhans Islets compared to
other treatment groups which were given a lower dose of 2-ME.

The previous study had demonstrated that 2-ME in the animal's body would be metabolized in the liver. 2-ME
would undergo metabolism and converted into Methoxyacetic acid (MAA). Both 2-ME and MAA induced necrotic
and apoptotic in the embryonal and adult cells of mice, and also congenital malformation in mice and rat [24-29],
but in adult animals, effect on other organ had not yet clear, especially in the mechanism of tissue damage that is
capable of supporting the emergence of diabetes mellitus.

CONCLUSIONS

From these results, it can be concluded that 2-ME cause increased blood glucose and nitric levels. Increased
blood glucose may be related to by damage to Langerhans islet cells of the pancreas characterized by a decrease in
the diameter of the island of Langerhans.
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