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The damaging effect of consuming fermented Oryza sativa var. glutinosa on Pancreatic Organ. Tuak is one of the
alcoholic drinks made using recipes from the ancestors of the Dayak tribe in the West Kalimantan region. Tuak is commonly
consumed especially at traditional ceremonies and holidays. Some studies report that consuming alcoholic drinks negatively
impacts health. This study aimed to examine the effect of consuming tuak on blood glucose levels and histopathology of the
pancreatic organ. Male mice were grouped into four groups, ten mice each. Group A was negative control (no administered
tuak), group B, C, and D were administered tuak at dose 0.26 mL/20 g body weight per day for 7, 14, and 21 consecutive
days. Compared to the negative control, the administration of tuak at different time spans showed anincrease in blood
glucose levels (P<0.05) and in the scoring lesion of the pancreatic organ (P <0.05). It is concluded that the pancreatic organ
damage that occurred due to repeated use of tuak is accompanied by increasing blood glucose levels.
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Tuak is one type of traditional drink. In some tribes in
Indonesia, tuak is usually used in various celebrations
such as weddings, rice harvests, and Christmas'. Tuak
is traditionally made based on the fermentation process.
One type of tuak is the water which results from the
fermentation of Oryza sativa var. glutinosa. The recipe
for making tuak from fermented Oryza sativa var.
glutinosa is inherited from generation to generation.
According to many researchers, tuak is a liquor and
the alcohol which is contained in this liquor is
ethanol. In the body, ethanol can be oxidized to
acetaldehyde and then oxidized again to acetic acid by
aldehyde dehydrogenase. Furthermore, the product of
ethanol metabolism could cause hypoxia in the liver,
and also increase the number of reactive oxygen
species in the body”®. The repeated consumption of
alcoholic beverages per oral could lead to alcoholic
diseases in humans. When a person consumes
alcoholic beverages continuously then the digestive
enzymes that oxidize alcohol will become saturated
resulting in an increase in blood alcohol levels
quickly. Furthermore, the high blood alcohol level can
cause various toxic effects in humans*®"*'!. Also, the
habit of consuming alcoholic beverages could affect
the occurrence of hypertension. The occurrence of
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hypertension is because alcoholic beverages contain a
variety of chemical compounds that can cause
coagulation in blood, so that exacerbates the work of
the heart to pump blood. Then, the risk of increased
blood pressure is proportional to the number of
alcoholic beverages consumed. More than that, they
mentioned that giving 20% alcohol as much as
4 g/day/kg body weight can increase the pulse
pressure'”. Furthermore, the administration of 20%
alcohol to Wistar strain rodents for six consecutive
weeks could result in liver tissue damage’. The
excessive consumption of alcoholic beverages in
humans can lead to acute pancreatitis'>. Moreover, the
disruption of Ca** homeostasis can lead to severe
damage tothe pancreas, resulting in premature
activation of digestive enzymes, vacuolisation and
necrotic cell death features typical of acute
pancreatitis. Acute pancreatitis is a formidable disease
that causes significant mortality'*'*.

The pancreas is an organ that plays a role in
regulating blood glucose levels. In microanatomy, it is
known that the pancreas consists of acinar cells and
Langerhans islet cells. Acinar cells play a role in
secreting digestive enzymes into the small intestine to
participate in the digestive process, whereas the
Langerhans islet cells are primarily tasked with
regulating blood sugar levels'™'*"®. Langerhans islets
composed of Langerhans islet cells include 3 cells,
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a cells, A cells, and pancreatic polypeptides'*'>".

More than that, the damage to pancreatic B cells can
lead to increased blood glucose levels due to the
disruption of insulin production'®>",

Insulin is a hormone that functions to convert glucose
into glycogen. In conditions where insulin cannot be
produced as a result of pancreatic organ dysfunction,
glucose cannot be converted into glycogen. Consequently,
glucose in the blood increases continuously, and this
condition leads to hyperglycemia or elevated blood
glucose levels™>'. The hyperglycemia condition will lead
to the formation of reactive oxygen species that can
exacerbate the destruction of pancreatic B cells'™"**".
The consumption of tuak is a tradition for the
community of ethnic Dayak, so it is important to know
the negative impacts that arise from consumption.
Thus, the purpose of this study was to determine the
effect of consuming tuak on blood glucose levels and
histopathology of pancreatic organs.

Material and Methods
Animals

Male Balb/c mice were used as the experimental
animal. They were 2-3 months and their weight was
between 20-29 g. Before the experiment began, the
animals were acclimatized. Animals were provided
with standard rodent pellet diet, and the water and
food were allowed ad libitum.

The process of making tuak

Tuak is made by using 1 kg of Oryza sativa var.
glutinosa which is washed with clean water, then put
into a saucepan with 1 liter of water and cooked for
+ 30 min. Then, as much as 40 g of fermentation
yeast is mashed. The Oryza sativa var. glutinosa that
has been cooked is then cooled. Furthermore, the
Oryza sativa var. glutinosa is put into a jar that has
previously been sprinkled with yeast, and the top of
the Oryza sativa var. glutinosa is also sprinkled with
yeast and some fresh chili. The jar is tightly covered
for seven days. After seven days, the water in which
results is taken and stored in a container. The liquor is
named tuak. The laboratory of Badan Pengawas Obat
dan Makanan at Pontianak-Indonesia in a letter No.
PM.04.04.982.05.16.1098 stated that tuak contains
ethanol content of 9.95%. This tuak is grouped in
Group B liquor, which means liquor that can still be
consumed.

The damaging effect of consuming tuak on the pancreatic organ
Forty mice were grouped into four, each group
consisting of ten mice. Group A was not administered

tuak while groups B, C, and D were administered
tuak for 7, 14, and 21 consecutive days. Tuak was
administered by using gastric sonde at dose 0.26 mL/20 g
body weight per day. Blood sampling and pancreas
organ sampling was performed on 1%, 8", 15" and 22™
day, respectively, for the group without tuak and the
group that was administered tuak for 7, 14, and 21
consecutive days.

Biochemical evaluation

Before blood sampling, the mice are not given any
feed for +18 h. Blood samples were taken from a
wounded tail using a 26 g lancet (Medilance). The
tool used to measure blood glucose levels is Easy
Touch®GCU with Easy Touch®blood glucose strip.

Histopathological examination

Sample pancreatic organs were routinely
processed, then stained with hematoxylin-eosin®>. The
results of the staining were observed under a light

microscope, and changes that appear were given a

score.

0 = No specific changes were found

1 = Langerhans islet cells of the pancreas experienced
edema and atrophy.

2 = Acinar cells underwent the dilation of lobules and
karyolysis also the cells of the Langerhans islets
experienced edema and atrophy.

3 = Acinar cells underwent the dilation of lobules and
karyolysis also the cells of the Langerhans islets
experienced edema, atrophy, and necrosis.

Statistical analysis

The data of blood glucose levels and scoring of
histopathological description were analyzed statistically
by one-way ANOVA followed by Turkey’s multiple
comparisons using SPSS 23 for Windows. The
difference was considered significant at P <0.05.

Results

The test results revealed that tuak used in this study
contains ethanol with levels of 9.95% which means that
this liquor can still be consumed. From (Table 1), it can
be seen that the blood glucose level in the administered
tuak group was higher than in the no administered tuak
group (P <0.05). Related to (Table 1), the histopathologic
scores of pancreatic organs in the administered tuak
group was higher than the no administered tuak group
(Table 2 & Fig. 1) (P <0.05). The results showed that
the longer tuak was consumed, the higher the blood
glucose levels. Similarly, the histopathological scoring



446 INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, AUGUST 2020

Table 1 — The average of blood glucose levels of male mice
treated, with treatments of no administered tuak and administered
tuak at dose 0.26 mL/20 g body weight per day for 7, 14, and
21 consecutive days (n=10)

Blood glucose level (mg/dL)
54.70 + 14.92°
108.80 +22.69°

Groups
No administered tuak
Administered tuak for 7 days
Administered tuak for 14 days 93.10 +21.49°
Administered tuak for 21 days 91.00 +26.25°
Note: *The data presented here represents samples + standard
deviation (SD).
*Different superscript alphabet within the column indicate
significant value at P <0.05.

Table 2 — The damage scoring average of the pancreas in male
mice with the treatment of no administered tuak and administered
tuak at dose 0.26 mL/20 g body weight per day for 7, 14, and
21 consecutive days

Groups Scoring Average
No administered tuak 0.00+ 0.00°
Administered tuak for 7 days 2.30+ 0.48°
Administered tuak for 14 days 2.50+0.53°
Administered tuak for 21 days 2.67+0.50°

Note: *Different superscript alphabet within the column indicate
significant value at P <0.05.

Fig. 1 — (A) Pancreas section of mice with no administered tuak; (B) Administered tuak for 7 days; (C) 14 days; and (D) 21 days. Tuak
was administered orally at dose 0.26 mL/20 g body weight. Fig. (A) Showed pancreatic cell normal (N); Fig. (B-D) Showed pancreatic
cell damage, NE (necrosis of Langerhans islet cells), P (dilation of lobules space in acinar cells), and K (karyolysis of acinar cells); and

(H & E) (objective 40x)

of the pancreas also showed the extent of damage that
got worse along with the length of time of tuak
consumption.

Discussion

Related to the result of this study, Mukherjee
(2014)’ reported that the effects of the consumption of
alcoholic beverages are not only related to the amount
consumed but also their consumption patterns. It has
previously been reported that the consumption of
alcoholic beverages in long terms causes severe

biological damage as well as negative effects by
damaging the organs®>”° This research showed that
the blood glucose levels and histopathology of
pancreatic organs in the group without the tuak
administration showed no change. Related to that, the
histopathology of the pancreatic organ under normal
condition is characterized by the orderly arrangement
of endocrine cells that spread on the islets of
Langerhans with a uniform shape and the size of the
cytoplasm visibly proportional to the nucleus and
unchanged. Also, the [ cells and o cells are in
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relatively good condition which is marked by the
condition of relatively close Langerhans islets. More
than that, under normal conditions there is also
minimal collagen fiber deposition'®'**"*,

The damage to the pancreatic organ is associated
with an increase in blood glucose levels™®. The
results of this study showed that in addition to the
increase in blood glucose levels, the administration of
tuak for 7, 14, and 21 consecutive days also showed
the changes in the histopathology of the pancreatic
organ. In the group for 7 days consecutively
administered tuak as much as 70% of animals showed
karyolysis and the dilation in the acinar cells, while
the other 30% showed karyolysis and the dilation of
lobular cells in acinar cells and necrosis in the islets
of Langerhans cells. In the group with administered
tuak for 14 days, 50% showed the dilation of lobules
in acinar cells, while the other 50% showed the
presence of necrosis of the cells of the Langerhans
islets characterized by the tight arrangement of the
cells of the Langerhans islets, the dilation of lobules
in acinar cells, and karyolysis in acinar cells. Even in
the group with tuak for 21 days as many as 10% of
animals died on the eighth day of treatment, another
30% of experimental animals experienced a dilation
of lobules in acinar cells, and another 60%
experienced necrosis on Langerhans islet cells and
dilation of lobules in acinar cells. According to
Suarsana et al. (2010)21, the occurrence of death in
animals in the treatment group may be group may be
associated with the variations of body resistance of
each individual.

Many researchers stated that the organ damage
resulting from consuming alcoholic beverages is
caused by a compound resulting from the metabolism
of alcohol itself*>*"'>*. Furthermore, the consumption
of alcoholic beverages would increase the number of
free radicals but lower the antioxidants in the body
resulting in oxidative stress. More than that, many
researchers also stated that the oxidative stress will
cause lipid peroxidation that will cause cell membrane
damage so that the process of regulating the various
substances through the passive and active transport
process will be disrupted. Then, the loss of cell
membrane integrity will lead to the accumulation of
excess fluid in a tissue called edema which is the
phase leading to necrosis'"'**’. Related to this study,
according to the impact of free radicals on pancreatic
organs is damage to pancreatic B cells that affect the
number and size of theislet of Langerhans. Damage to
B cells will have an impact on the inability of the

pancreas to produce the insulin hormone according to
the needs of the body or low insulin secretion into the
blood vessels that in the end will result in the
occurrence of hyperglycemia. We assumed that the
longer the tuak was consumed then the greater the
damage caused to the pancreas organ.
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