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Abstract— Diabetes mellitus (DM) is a crucial
metabolic disorder that had been increased over the
years. The vast majority of diabetic population is
suffered from type 2 diabetes mellitus (T2DM),
followed by type | diabetes mellitus (T1DM).
Although many anti-diabetic agents had been
established, the incidence of diabetic complication is
still rising. Then, further improvement on diabetic
therapies is needed to be developed by using various
animal model. In recent years, zebrafish is a newly
found disease model organism in diabetes research as
they have similar glucose metabolism pathways with
mammals. Then, in the current study, we aimed to
establish a protocol for inducing type 2 diabetes on
zebrafish by using alternating immersion sugar
solution method. Younger zebrafish (age 4-7 months)
were divided into two group: glucose treated group
and sucrose treated group with their respective control
group. The fish are placed in the sugar solution for 24
hours, followed by free-sugar interval for the next 24
hours. The protocol had been modified by using
stepwise increasing concentration of sugar solution
for every 2 weeks. The experiment is continued for up
to 8 weeks (2 months). The fasting blood glucose
level and mortality rate of each treated group and
control group are being determined at the end of
experiment. The glucose treated group produces an
increasing of fasting blood glucose level compared to
control group. However, for sucrose treated group, the
fasting blood glucose level is quite lower than control
group which resulting in no diabetic effect on the fish.
Overall, the mortality rate for both glucose and
sucrose treated group are higher compared to their
respective control group. In summary, the results do
not show significant difference between treated group
and control group. The method used need to be
improvised according to the suitability condition of
the zebrafish. As comparison with other research
study that used similar protocol, they succeed to
obtain desired outcome of hyperglycemic effect of
zebrafish model.
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I. INTRODUCTION

Based on AstroAwani news on 8" April 2017, it is
reported that the numb@Jof diabetic patients exceeds
ministry’s anticipation. However, the total anticipated
had occurred five years earlier and in 2017, about
3.492 million people in this country were diagnosed
with diabetes. The prevalence of diabetes in adults is
16.9% over the 20.722 million of the total adult
population in Malaysia. Then, Internatioff Diabetes
Federation (IDF) supported that among 425 million
people had diabetes in the world, 159 million people
are in the Western Pacific (WP) region including
[EBlaysia. This value will rise to 183 million by 2045,
Chronic  blood glucose elevation is the major
paramfEkr of biochemical diagnosis that can be seen
in the two major forms of diabetes: Type 1 diabetes or
insulin dependent and Type 2 diabetes dfhon-insulin
dependent. Type 1 diabetes mellitus (TIDM) is a
disease accompanied by the degradation of pancreatic
B-cells with the occurrence of autoimmune disease,
causing an absolute insulin deficiency [1]. The TIDM
commonly begins at young age and only minority of
B etic population suffers from TIDM. However, for
type 2 diabetes mellitus (T2DM) [2]. Thiondition is
known as body’s resistance to insulin. T2DM is the
most common form of diabetes that affects people of
much higher age [3]. Even though there are a lot of
Ratments exist for diabetic people, the risk of
incidence of complications such as diabetic
retinopathy, nephropathy and neuropathy is still
higher [4]. Therefore, further improvement of the
efficiency of diabetic therapies and identification of
disease mechanisms need to be established by using
various animal model [5]. Then, the most common
animal models used for these purposes are rats and
mice because they have several important
pathophysiological mechanisms in their body.
Unfortunately, these models are not reflected
perfectly the metabolic background in diabetic
people, high labor cost and limit a small groups of
animal used due to ethical issues [6]. Hence, in recent




years, a new animal model using zebrafish (Fig.1) has
been developed for the study of diabetes and its
complication because zebra fish have special features
that very attractive & research tool. Zebrafish is a
good animal model to study diabetes and its related
diseases because of the high similarities in organ
physiology and metafZlism between zebrafish and
mammals. Zebrafish share a significant amount of
similar genetic identity and organ system with
mammals [6,7]. Besides, the body offficbrafish is
transparent which can facilitate a non-intrusive
visualization of organs and bif8gical processes in
vivo. Additionally, this model can reduce both time
and cost while carrying the investigation bEBhuse of
the small size of zebrafish leading to relatively
inexpensive to maintain, large number{fP¥ offspring
produce and rapid development. Thus, in this study,
we used zebrafish as a model to induce the type 2
diabetes mellitus by using non-invasive technique.
The alternating immersion of zebrafish in an external
sugar solution for up to 2 months is used to maintain
their hyperglycemia condition.

Fig.l The wild type of Zebrafish (Daniorerio)

II. MATERIAL AND METHODE

Materials are obtained from the following sources:
D(+)-Glucose from Merck KGaA, Germany and
caster sugar from Central Sugar Refinery SDN.
BHD., Selangor, Malaysia; reverse osmosis (RO)
water from laboratory of Kuliyyah of Pharmacy,
International Islamic University nl]aysia (ITUM);
needle for blood sampling from BD Ultra-Fine II
insulin syringe, Becton, Dickinson and Company,
USA; blood glucose meter and blood glucose test
strip from EasyTouch®, Bioptik Technology, Inc.,
Taiwan. The type of zebrafish (Daniorerio) used in
this experiment are wild-type of both sexes. The fish
used are randomly chosen younger fish approximately
age within four to seven months. The fish are
maintainefn the laboratory of Kuliyyah of Pharmacy
ITUM in rack system under constant environmental

conditions. Fish are fed two times daily with

Lovely Guppy flakes from Daya Aquatics SDN.
BHD. The animals are submitted to hypothermia by
exposure to ice water at the end of experiment. To
determine the effect and maintenance of
hyperglycemia on zebrafish, the fish were immersed
in sugar solution for longer time period. There were
two groups of zebrafish which were exposed to
glucose solution and sucrose solution with their
respective control. 15 zebrafish were used as glucose-
treated group and 8 zebrafish were used for its control
group. Meanwhile, for sucrose-treated group, the
zebrafish used were 10 fishes for both sucrose group
and its control group. The experiment used alternating
immersion protocol for 8 weeks (2 months). The
treated groups of zebrafish were placed in 3-L
aquarium containing glucose solution or sucrose
solution, which were diluted in reverse osmosis water
for 24 hours. Then, the protocol was followed by free-
sugar interval by exposing to control solution for the
next 24 hours before repeating the previous step. For
control group, the fish were maintained in 3-L
aquarium containing reverse osmosis water for the
same period and conditions as the treated groups.
During the experiment, fish were maintained at
27.0°C and a pH =7. The fish were fed every day (i.e
before transfer into sugar solution) with Lovely
Guppy flakes.

As a modification of the alternating
immersion protocol, the fish were exposed to a
stepwise increasing sugar exposure protocol. There
was difference in the initial sugar percentage of both
glucose and sucrose treated group. For glucose treated
group, fish were initially exposed to an alternating 1%
external glucose solution for 2 weeks. After this time,
the glucose concentration was increased to 2% for the
next 2 weeks (until experimental week 4). Then, the
next 2 weeks, glucose concentration increased to
2.5% until experimental week 6. The last glucose
concentration used for an additional 2 weeks (until
experimental week 8) was 3% external glucose. Next,
for sucrose treated group, fish were initially exposed
to an alternating 0.5% external sucrose solution for 2
weeks. After this time, the sucrose concentration was
increased to 1% for the next 2 weeks (until
experimental week 4). Then, the sucrose
concentration increased to 2% for the next 2 weeks
until experimental week 6. Lastly, 3% external
sucrose was used for the next last 2 weeks of
experiment until week 8. All treatments involved
alternating immersion in the external glucose solution
for 24 hours and then in control solution for 24 hours.
Blood sampling of fish were collected at the end of
experiment (last day of week 8). The fish were
transferred to other 3-L aquariums containing control
solution with river stone at the bottom for more than
24 hours before taking blood sample. The fish were
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anesthetized ingwater gradually from 15°C to 5°C
for approximately 2-3 minutes. Zebrafish were
considered to be anesthetized when all movement in
the water had stopped. The fish were removed from
water, patted dry with Kimwipe tissue. The fish were
injected using needle as described above behind the
gills, where the hedfE} located for taking about 10pL
of blood sample. The blood was collected on the
glucose test strip and measured fasting blood sugar
using EasyTouch® blood glucose meter, as described
above.

II. RESULT AND DISCUSSION

3.1 Blood glucose reading .
13

Table 1. The fasting blood glucose level of glucose
treated group and control group

Glucose treated
Control group
group
89 26
68 212
98 36
Glucose reading 87 78
(mg/dL) 80 57
88 -
69
79
Average reading
(mg/dL) 82.25 49.25

Table 2. The fasting blood glucose level of sucrose
treated group and control group

Sucrose treated .
Control group
group
30 76
56 150
Glucose reading 65 42
(mg/dL) 75 102
35 92
- 38
Average reading
(mgdL) 52.20 70.00
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Graph 1. The average fasting blood glucose level of
both glucose and sucrose group

3.2 Mortality

Table 3. The mortality rate of glucose treated group
and control group

Glucose treated .
Control group
group
Number of fish (N) 15 8
Fish alive 8 5
Fish died 7 3
Mortality rate (%) 46.67 37.50

Table 4. The mortality rate of sucrose treated group
and control group

Suerose treated .
Control group
group
Number of fish (N) 10 10
Fish alive 5 6
Fish died 3 4
Mortality rate (%) 50.00 40.00
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Graph 2. The mortality rate of both glucose and sucrose

group

In the present study. the development of typefE)
diabetes model induced on zebrafish is exposed to an
alternating external glucose and sucrose solution for
up to 2 months by stepwise increasing the
concentration for every 2 weeks. Then, zebrafish are
anesthetized by using ice water instead of tricaine
solution because hypothermia state yield more
consistent glucose reading than tricaine solution.
Besides, tricaine solution might increase blood
glucose in zebrafish as it is known as ion channel
blocker agent that may interfere the B-cells function
[8]. For blood sampling, cardiac puncture on live fish
is used instead of decapitation because repeated
measurement of saifif) individual fish can be done.
However, inserting needle into heart chamber needs
precise anatomical knowledge and significant surgical
skills [8]. Otherwise, the blood sampling failed.

For the result analysis, generally, the fasting blood
glucose level fof treated group are not significantly
different with the control group. The average of
fasting blood glucose level for glucose treated group
is 82.25mg/dL meanwhile for the control group is
49.25mg/dL. The glucose treated group produces
hyperglycemic effect to the fish by approximately
50% elevation compared to control group. However,




for the sucrose treated group, the fasting blood
glucose reading is contradicted with the glucose
treated group. The average of fasting blood glucose
level for sucrose treated group is 52.20mg/dL
meanwhile for the control group is 70.00mg/dL. The
blood glucose level of sucrose treated group is much
lower than control group by approximately 20mg/dL
reduction. This proves that sucrose treated group did
not produce hyperglycemic effect to the zebrafish.
Besides, the initial concentration of sucrose solution
is much lower than the initial concentration of glucose
solution. Thus, this might produce a delay effect of
hyperglycemia to the sucrose treated group compared
to glucose treated group.

In terms of mortality rate, all treated group
and control group EE high mortality rate for about
45% risk of death. There is no significant difference
of mortality rate between treated group and control
group for both glucose and sucrose exposure. The
mortality rate of glucose treated group is 46.67%
meanwhile the control group has mortality rate of
37.50%. Next, the mortality rate of sucrose treated
group is 50% meanwhile the control group is 40%.
This shows that glucose exposure and sucrose
exposure  produce low  survival rate of
zebrafishcompared to control group throughout the 8
weeks of experiment. The low survival rate of
zebrafish in treated solution might be due to the
reduction of oxygenation and osmotic stress of the
solution [9]. However, when comparing between the
treated group of sucrose and glucose, the percentage
value is not reliable due to the different number of
fish used at the beginning. However, when observing
throughout the experiment, glucose treated group
causes high mortality rate compared to sucrose treated
group especially during the first few days of changing
solution concentration for every week. This might be
due to the glucose molecule is much smaller
compared to molecule, causing rapid
absorption of glucose molecule in the body. Thus, this
may lead to the accumulation of glucose inside body
that can cause toxicity to the fish.

Nevertheless, in comparison with other
research study of the similar sugar immersion
protocol, there are four to five times increment in
blood glucose level for all different concentration of
glucose solution than control grouflBven though the
glucose had been withdrawn for ys, the blood
glucose level is still higher about 2 times than the
control group [9]. Funhemmanother study of
Capiotti et al. (2016), the immersion of adult
zebrafish in 111mM glucose solution showed 150%
increase of blood glucose level in relation to the
control group [10]. In addition, Shin, Hong and Kang
(2012) reported that the exposure of zebrafish in 3%
water glucose solution increased significantly to
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198mg/dL even in acute peridfEBf 30 minutes. They
also proved the elevation of blood glucose level of
zebrafish is in dose-dependent and time-dependent
manner [11].

Besides the immersion glucose protocol,
there is also other method to induce the type 2
diabetes on the zebrafish by using overfeeding
method. The fish were constantly fed with high fat
diet for about 3 months. One of those study reported
that the body weight[3l high diet group increased
significantly with the significant elevation of fasting
blood glucose level compared to normal diet group
[6]. Another study also supported with the similar
outcome even though overfeeding for up to 2 months
[12,13]). The increase of blood glucose level
associated with obesity and overfeeding is due to the
defective downstream signaling of insulin and
eventually @F#ing impaired glucose tolerance [13,6].
Therefore, the use of zebrafish as animal model to
study the diabetes and its complication have been
extensively established in this recent years. Besides,
the zebrafish model can be considered more reliable
in producing hyperglycemic effect compardfto other
animal model. This is because the system regulating
glucose homeostasis in zebrafish are similar to those
in humans in terms of its morphology, developmdf]
and function [14]. For example, the pathway of
insulin secretion in pancreas and insulin resistance in
liver of both zebrafish and mammals are quite similar
and had been illustrated in figure 4 and 5. Besides,
similar to huf@fns, the homeostasis of glucose in
zebrafishalso imvolves brain, skeletal muscle, liver
and pancreatic endocrine cells due to the presence of
glucose transporter to respective organs above. Toffle
more specific on insulin regulating organ, the
pancreas of zebrafish is consists of exocrine and
endocrine compartments connected by a ductal
system to the digestive tract, as equal to hunf§ls (Fig.
2). The pancreatic islets of zebrafish have a central
core of insulin producing p-cells surrounded by
glucagon-producing a-cefl 8-cells and e-cells. These
cells can be identified as early as 1 day of post
fertilization and their development is regulated by
pathways similar to humans [15].

M et W Escina pancress [ Gan siaster
B e Bl Erocme parcrem

Fig 3. Overview of functional organ of zebrafish model [16].

Furthermore,  zebrafish  shows a  P-cell
compensatory fekponse which is similar to rodents
and humans. The number of p-cells in T2DM




zebrafish increases when in the over-nutrition state,
indicating insulin resistance in these zebrafish [6].
Additionally, zebrafish provide unique advantage for
studying f-cells development and regeneration. This
EEBccause zebrafish strains in which the pancreatic p-
cells can be visualized using fluorescent proteins
placed under the control of the insulin promoter
(Fig3).

Fig 3. Fluorescent image of islet of pancreas in
zebrafish model [7]

IV. CONCLUSION

As the conclusion, we created a zebrafish model of
type 2 diabetes by using a modification method of
alternating immersion in sugar solution of stepwise
increasing concentration for every 2 weeks. The
hyperglycemic effect of zebrafish can only be seen in
glucose treated group but not sucrose treated group as
compared with control group. However, the elevation
of fasting blood glucose level is not significantly
different between treated group and control group.
The survival rate of both glucose treated and sucrose
treated group is low. Thus, this study needs to be
improvised in the future by study the correlation of
blood glucose level with body weight, pancreatic
morphology and histology. Moreover, the mortality
rate of zebrafish also needs to be identified by
determining the possible toxicity effects or any
unsuitable conditions to the fish that lead to death
throughout the experiment.
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