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Abstract

In recent years, zebrafish have been proposed as a model for rapid analysis of gene function and biological activity due to
high genetic similarities with humans. The aim of this study was to determine the effects of overfeeding-induced diabetes
w/o glucose on inflammatory cytokine as well as insulin and glucose transporter-2 genes (GLUT2) genes expression in the
pancreas in zebrafish.

Materials and methods The experiment was performed on 120 zebrafish (duplicated sample) with a specific genetic map-
ping (AB-Wild type). A total of 8 tanks, each containing 15 fish per 2-liter water, were used and divided into four groups:
(1) Control group, (2) regular diet with glucose,3) Only Artemia overfeeding and 4) Combined Artemia with glucose. We
induced T2DM zebrafish using glucose monohydrate solution in water and repeated daily Artemia feeding. In this model,
fasting blood glucose increase is preceded by obesity and glucose intolerance. The experiment lasted for two months. Blood
glucose and fish biometrics were measured in two steps. The expression of TNFa, IFNy, GLUT2 and Insulin genes were
quantified by a Real-Time qPCR System (Applied Biosystems, USA) using a set of specific primers.

Results The highest mortality rate was observed in combined Artemia and glucose (p <0.05). We showed significantly higher
expression of IL-1B and TNF-a as well as inhibitory cytokines such as IFNy genes in overfeeding induced diabetes(OID)
which was highest in the combined Artemia and glucose group.(p <0.05)The GLUT2 gene expression was higher in the
pure artemia group which decreased to a lower level by adding glucose to Artemia in the diet. (p <0.05). Also, the lowest
insulin gene expression was observed in the combined group (p < 0.05).

Conclusions In zebrafish, diabetes induction with overfeeding and supraphysiological glucose in diet accompanied with
higher expression of inflammatory cytokines genes in the pancreas as well as lower insulin and GLU?2 genes. These epige-
netic factors appeared to initiate pancreatic beta dysfunction alongside insulin resistance and could have a crucial role in the
pathogenesis of overfeeding-induced diabetes using primitive animal models.
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Introduction

Unfavorable lifestyle and genetic factors are known as com-
mon causes of obesity and predispose the human being to
type 2 diabetes.[1-3] Zebrafish provides a suitable primitive
animal model in metabolic diseases and is recognized as
a cutting edge in diabetes research due to its 70 % genetic
similarity to humans [4]. In order to tackle a higher life span
with a more insidious pathologic process in humans, the
zebrafish (Danio rerio) has been recognized as a promising
model for research on diabetes and its complications. [4, 5]

Zang et al. developed a model of overfeeding-induced
diabetes(OID) in zebrafishes overfed with Artemia [6]. In
the present research, we modified the overfeeding method
by adding glucose in the diet to determine the expression
changes of insulin, GLUT2 and inflammatory cytokines
genes expressions in pancreatic f-cells.

Materials and methods

Ethical statement All experiments were conducted in
accordance with the ethical guidelines of Endocrinology and
Metabolism Research Institute (EMRI), Tehran University
of Medical Sciences (TUMS), Tehran, Iran.

The ethical approval was obtained from the ethics commit-
tee of AJA university of medical science ( IR.AJAUMS.
REC.1399.144).

Zebrafish (Danio rerio) maintenance The AB (wild type)
strain of adult zebrafish was used in the present research
provided by the Zebrafish Core Facility, EMRI, (ZFIN ID:
ZDB-LAB-190117-2).

The fish were acclimatized in designated incubators for
ten days to temperature and light circulation of the zebrafish
laboratory of EMRI before the breeding began. Specific
incubators with water recirculation systems were used in
order to keep the oxygenated water at 6.5 +0.5 mg/L oxygen,
as well as the temperature of about 28 + 1 °C, and hardness
of 250 mg/L CaCO3.

Then, we exposed the fish to a 10:14 h light/dark cycle.
Following the acclimatization, we transferred the males into
the tank with the females at a 1:1 male to female ratio. Soon
after mating, the newly fertilized eggs were placed in a tank
with E3 water. The fish were then bred and kept in constant
care according to standard protocol until becoming seven
months old to initiate the experiment [4].
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Experimental design and fish group definition

The 7-month-old adult fish were randomly selected and
15 fish per 2-liter water were used. All 8 fish tanks were
maintained with a constant concentration of dissolved oxy-
gen and pH~7 and a temperature of 28 C°. Each group
scenario was repeated as a duplicate. Specifically, the first
experimental group (CTRL) was fed with commercial
diet. In the second group, in addition to the commercial
diet, 18 g (50 mmolar) glucose monohydrate was added
to water. The third group was fed only Artemia (ART)
six times per day, each time 2 mL. Eventually, the fourth
group (Glu+ ART) received 18 g glucose (50 mmolar)
plus Artemia six times per day (2 mL). The fish underwent
a feeding regime by the Gemma micro (500) diet. Tanks
were kept at a constant concentration of dissolved oxygen
using pipes to supply oxygen and kept constant at 28 C°.
Fresh water was supplied every other day.

Preparing induced hyperglycemia zebrafish

In this research, hyperglycemia was induced in zebrafish
as a model through enhancing the glucose concentration in
the tank water. After five days of acclimation, a group of
fish started to become glucose intolerant by adding glucose
into the respective tank. At first, induction was initiated
with 50 mM glucose concentration (Merk, Germany) in a
total of 2 L of water. The fish were then kept at this glu-
cose concentration for four days when the freshwater was
supplied daily. On the fifth day, the glucose concentration
was enhanced up to 100 mM, with the fish kept for another
three days while constantly monitoring the situation. The
fish adapted to the new glucose concentration, after which
the glucose level was again elevated, where the glucose-
induced fish were subject to a 200 mM glucose.

Zebrafish biometric analysis

For measuring the biometric parameters, three fish from
each tank were randomly selected. To reduce the stress dur-
ing fish transport, resting was allowed for 1 min, and then
three drops of Eugenol in 50 ml of water were used to eutha-
nize the fish. The length and weight of fin-clipped fish were
measured and recorded for future gene analysis and then
immediately prepared for blood glucose measurement.

The length was measured from the anterior-most point
of the upper jaw to the posterior-most region of the cau-
dal peduncle using digital calipers. Subsequently, weight
measurement was done using a microbalance (Mettler
MTS5, Mettler Toledo, Spain).
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Gene expression analysis and real-time PCR

The total RNA was extracted from the zebrafish tail using
RNAX_ plus solution from sinaclon following the manufac-
turer’s protocol. The concentration and integrity of the total
RNA were determined using NanoDrop 1000 (Thermo Sci-
entific). For cDNA synthesis, a 100ng of RNA was reverse-
transcribed (Pars Toos Kit, Iran). The cDNA was synthe-
sized based on the manufacture protocol.

Before real-time PCR, one microliter of cDNA was used
as a template in PCR reactions containing specific PCR
primers.

The expression of TNFa, IFNy, GLUT?2 and Insulin genes
were quantified by a Real-Time qPCR System (Applied
Biosystems, USA) using a set of specific primers listed in
Table 1 and SYBR Green PCR Master Mix (Applied Bio-
systems). The qRT-PCR measurements were carried out
three times using cDNA obtained from three independent
experiments.

The relative value of each mRNA expression was then
obtained by the threshold of f actin cycle values, with the
values of each cycle presented by the standard curve method.
Data analysis was conducted via version 2.0 of iQ5 opti-
cal software, including Genex Macro iQ5 Conversion and
Genex Macro QS5 files. The primer sequences used are listed
in Table 1.

Blood glucose measurement and enzyme
determinations

The samples collection was duplicated. Before the blood
collection experiment, three fish were randomly collected

Table 1 Primers used for Real-Time PCR experiment: tumor necro-
sis factor (TNFa), Interferon gamma (IFNy), Interleukin-1p (IL-1p),
Beta actin (bACT)

Gene Name  forward primer (5-3) Seq ( 5—3) Gene bank
accession
number

TNFa- F GCTGGATCTTCAAAGTCGGGTGTA AY427649

TNFo_R TGTGAGTCTCAGCACACTTCCATC  AY427649

IFNy _F GAATGGCTTGGCCGATACAGGATA AB126869

IFNy _R TCCTCCACCTTTGACTTGTCCATC  AB126869

IL-1B _F CATTTGCAGGCCGTCACA CU695198

IL-1p _R GGACATGCTGAAGCGCACTT CU695198

GLUT2-F CTGGCTATTGTCATTGGCATCC QI102R8

GLUT2-R TGTCCTTAGAGGTGTCATAATCTC  QI102R8

CcC

Insulin-F GGTCCTGTTGGTCGTGTC 073727

Insulin -R GTTGTAGAAGAAGCCTGTTGG 073727

bACT_F ACAGGGAAAAGATGACACAGATCA AF057040

bACT_R CAGCCTGGATGGCAACGTA AF057040

from each tank and kept fast in normal RO water for 12 h.
The temperature and dissolved oxygen remained the same
as other experimental tanks. The fish were euthanized in the
same procedures as mentioned above. The posterior tail was
cut and a drop of blood was directly applied to strip on the
glucometer, and then blood glucose was recorded. The fish
were then immediately dissected for the intestine sample
collection. The fish organs were separated and homogenized
using a homogenizer and then placed into 0.15 M of NaCl
in ice-filled boxes. The samples were then centrifuged in a
microtube at 2500 rpm (4 °C) for 15 min.

Statistical analysis

We used SPSS (version 16) for statistical analysis and results
obtained from all data were represented as Mean + SEM
(n=3). Comparison between groups was conducted using
ANOVA Test. A p-value <0.05 was statistically considered
significant.

Results

Baseline characteristics of four intervention groups and
two months follow-up were showed in Table 2. The highest
rate of mortality was observed in combined Artemia with
glucose diet, which was significantly higher compared with
control, as demonstrated in Fig. 1 (p <0.05).

We showed significantly higher expression of IL-1B
as a major pro-inflammatory cytokine and TNF-a as well
as inhibitory cytokine such as IFy genes in experimental
groups compared with the control group, which was high-
est in combined Artemia and glucose group as presented in

Table 2 Baseline characteristics of zebra fishes and changes during
the intervention in four groups

Variable Day 7 Day 60 P
Weight (gr) CTRL 0.31 0.39 <0.001
Glu 0.36 0.45 0.01
ART 0.32 0.48 <0.001
Glu+ART 0.33 0.60 0.01
Hight (cm) CTRL 3 3.2 <0.001
Glu 2.8 3 <0.001
ART 2.8 29 <0.001
Glu+ART 29 3 <0.001
Fasting blood CTRL 69 75 <0.001
sugar/ (mg/dl) Gy 100 125 0.01
ART 110 137 0.01
Glu+ART 141 168 <0.001

Control group(CTRL), Regular diet with glucose (glu), Only Artemia
overfeeding(ART), Combined glucose and Artemia(GLU + ART)
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Fig.1 Comparison of Mortality rate among zebra fishes with four
dietary protocols. Control group (CTRL), regular diet with glucose
(glu), Only Artemia overfeeding( ART), Combined glucose and
Artemia(GLU + ART).*p <0.05

Fig. 2(a,b,c) (p <0.05). We showed that the highest GLUT2
gene expression was observed in the Pure Artemia over-
feeding group compared with other groups (p <0.05between
group with ANOVA test). In addition, the lowest insulin
gene expression was determined in the combined Artemia
and glucose diet group, as demonstrated in Fig. 3(a,b).

Discussion

Type 2 diabetes is a chronic metabolic disease accompanies
by insulin secretion defect and insulin resistance. The molec-
ular mechanism of insulin resistance should be investigated
carefully based on RNAs regulating gene expression. [7, 8]
Chronic low-level inflammation may be a pivotal link among
obesity, insulin resistance, and type 2 diabetes [9]. It is sup-
ported by studies showing associations between elevated

Fig.2 Comparison of changes
in (a) Alpha TNF gene expres- a 12 TNFa
sion (b) interferon gamma *
gene (c) IL-1B gene expres- S 10 T
sion among zebra fishes with E’; 8
four dietary protocols. Control S 6 .
group (CTRL), regular diet G 4 T
with glucose (glu), Only 2 ﬂ
Artemia overfeeding ( ART), =2
Combined glucose and 0 |
Artemia(GLU + ART).*p <0.05 CTRL Glu ART GIu+ART
between groups
¢ b
25 IFNy
25 IL1B * .

g o 1 g2 .

15 % 15
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5" ©
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Fig. 3 Comparison of changes
in (a) Glucose transporter a GLUT2 b l
2(GLUT2) expression (b) as . Insulin
Insulin gene expression s 3 T 14
among zebra fishes with four <5 = 1'2
dietary protocols. Control gﬂ 2 ) '1
group(CTRL), regular diet 25 & 0
with glucose (glu), Only ; 1 ’{_‘ _(C% 0.6 *
Artemia overfeeding( ART), 2 o5 S 04 +
Combined glucose and 0 S 02 m m
Artemia(GLU + ART) CTRL Glu ART Glu+ART 0
CTRL Glu ART  GIu+ART
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inflammatory markers and insulin resistance in obese ani-
mals and humans [10, 11] and in vitro studies showing that
the addition of inflammatory cytokines inhibits the insulin
signaling cascade [12]. Obesity-induced insulin resistance
is mediated through inflammatory factors, including TNF-o
and IL-1p. [13, 14].

IL-1p as a master pro-inflammatory mediator induces the
production of other cytokines and it is upregulated in pan-
creatic islets of patients with T2DM as well as overfeeding-
induced diabetes[15, 16]. Our study results were consistent
with the above findings in overfeeding induced diabetes
especially in combined with a glucose diet. Also, we showed
that the higher Interferon-y gene expression was present in
OID. Interferon gamma inhibits the specific response of
the antigen by preventing the elevation of inflammatory
responses generated by cytokines [8]. It appears that both
devastating and protective inflammatory responses could
be exaggerated in overfeeding-induced diabetes with higher
glucose consumption in the diet.

At the early stages of type 2 diabetes, a compensation
phase exists when p-cells respond by enhancing their mass
and insulin production [17-19]. We showed increase in
GLUT?2 gene expression in early stage of OID followed by
deteriation in insulin and GLUT genes expression with usage
of glucose in diet as more metabolic stress.

Produced pro-inflammatory cytokines clearly enhance
the number of apoptotic pancreatic f-cells [20, 21]. This
metabolic disorder causes insulin resistance, impaired beta
cell function and insulin production and Vice versa [21,
22]. Our study results showed that Insulin gene expression
was impaired alongside high inflammatory cytokine genes
expression in OID, especially in the combination of over-
feeding with excessive glucose intake, which could be due
to more beta cell dysfunction in response to the inflamma-
tory milieu.

In diabetic rats, impaired GSIS (glucose stimulated insu-
lin secretion) is associated with markedly reduced expres-
sion of GLUT?2 [22, 23]. Although, GLUT2 with high Km
for glucose gives glucose unrestricted access to glucokinase,
the enzyme that catalyzes the rate-controlling step in GSIS,
its role in transducing an intracellular glucose-dependent
signal, independent from its glucose transport activity, can-
not be excluded [24]. We demonstrated that the highest
GLUT?2 gene expression was present in Artemia over feed-
ing group, but this gene expression was decreased by adding
glucose to overfeeding diet. The glucolipotoxicity and higher
metabolic stress could explain this detrimental effect of more
glucose consumption in the diet on GLUT?2 gene expression.

On the other hand, The concentrations out of the physi-
ological glucose stimulatory range, a ‘‘GSIS range’’ are
harmful, especially when exposed to p-cells for a prolonged
time [25-28] Our study results were consistent with pieces
of evidence shown that excessive glucose consumption with

over feeding can exaggerate impairment in beta cell function
and causes lower insulin production.

Finally, we observed the highest rate of mortality in the
group overfed with Artemia plus glucose, which could be
due to the presence of a higher inflammatory milieu and
more severe major organ damage in this group.

Our study had some limitations, such as we could not
directly measure insulin resistance as well as the oxidative
stress process in zebrafish. Further researches are required
to shed light on the pathogenesis of overfeeding-induced
diabetes as well as histopathological changes in the liver and
intestine by using the primitive animal as diabetes experi-
mental models.

Conclusion

In zebrafish, diabetes induction with overfeeding and diet
with supraphysiological glucose accompanied higher expres-
sion of inflammatory cytokines genes in the pancreas as well
as lower insulin and GLU2 genes. These epigenetic factors
appeared to initiate pancreatic beta dysfunction alongside
insulin resistance and could have a crucial role in the patho-
genesis of overfeeding-induced diabetes using primitive
animal models.
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