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(M. Cem Sabaner).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Erhan Bozkurt a,⇑, Emre Atay b, Abdülkadir Bilir b, Ays�e Ertekin c, Halit Buğra Koca d, Mehmet Cem Sabaner e
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Diabetes Mellitus (DM) is a metabolic disease characterized by hyperglycemia. Chronic hyperglycemia is
associated with long-term dysfunction such as retinopathy, nephropathy, neuropathy and cardiovascular
diseases. These complications increase rates of death and disability worldwide. Due to the negative
effects of DM on the quality of life, the mechanism and treatments of the disease should be investigated
in more detail. Most of the research in diabetes is performed in experimental animals. Experimental ani-
mal models contributed to the advancement of clinical research, the development of new therapeutic
approaches, the discovery of insulin and the purification of insulin. There are many animal models of
DM in the literature. But there are a few DM model studies created with chick embryos. In these studies,
it was seen that there were differences in STZ doses and STZ administration techniques. The objective of
this study was to create a more acceptable and easier DM model. 180 specific pathogen free (SPF) fertil-
ized chicken eggs (White Leghorn chicken) were used in this study. STZ was administered to 160 SPF eggs
for an induced DM model. The remaining 20 SPF eggs were separated as a control group. We used two
different DM models (Air sack model (ASM) and Chorioallantoic membrane model (CAMM)) and blood
sampling technique in our study. 160 SPF eggs were divided into two groups with 80 eggs in each group,
according to the model in which STZ was administered. When the relationship between blood glucose
and blood insulin levels were examined, it was determined that there was a significantly strong negative
correlation in the control group and ASM 1 group; and a significantly very strong negative correlation was
found in the ASM 2 group and ASM 3 group. Our data indicate that the optimal STZ dose to create a DM
model was 0.45 mg/egg and the best DMmodel was ASM. The second technique to be the best blood sam-
pling technique for determining blood glucose levels. We believe that ASM can be used in DM studies and
anti-DM drug studies in terms of its easebly, applicability, reproducibility and low cost.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes Mellitus (DM) is a metabolic disease characterized by
hyperglycemia due to disorder in insulin secretion, insulin sensitiv-
ity or both. Chronic hyperglycemia resulting from DM is associated
with long-term dysfunction such as retinopathy, nephropathy, neu-
ropathy and cardiovascular diseases (American Diabetes
Association, 2010). Diabetic complications due to hyperglycemia
have decreased the life quality and expectancy significantly
(Sothornwit et al., 2018). DM complications have led to rising rates
of death and disability worldwide. According to the Global Disease
Burden Study data, DMwas reported to be among the top ten causes
of reduced human life expectancy (Naghavi et al., 2015). Due to the
negative effects of DM on the quality of life, it is concluded that the
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mechanism of the disease and treatments must be investigated
more comprehensively (Couzin-Frankel, 2011).

DM has a complex etiology and mechanisms that affect many
systems. Although in vitro and in silico studies to understand the
mechanisms of DM are improved, they cannot completely replace
the information obtained from animal models (Graham and
Schuurman, 2015). Most of the research in diabetes is performed
in experimental animals (Gale, 2005; Roep and Atkinson, 2004).
Experimental animal models contributed to the advancement of
clinical research, the development of new therapeutic approaches,
the discovery of insulin and the purification of insulin (Bilous and
Donnelly, 2010; Karamitsos, 2011).

There are many animal models of DM in the literature. These
models are mainly classified by the type of diabetes as sponta-
neous or induced (Graham and Schuurman, 2015; King, 2012;
Masiello, 2006; Rees and Alcolado, 2005; Srinivasan and
Ramarao, 2012). Induced DM models are two types, surgical and
non-surgical models. The surgical DM model consists of partial or
complete ablation of the pancreas. Non-surgical DM models are
performed by administration of toxic substances showing beta cell
tropism (i.e. alloxan or streptozotocin), immunosuppressors, viral
infectious agents (e.g. Coxsackie B virus) or hypercaloric diets
(e.g. high-fat, or high-sucrose) (Furman, 2015; Rees and Alcolado,
2005; Surwit et al., 2013).

Streptozotocin (STZ) and alloxane are commonly used in non-
surgical DM models induced by chemical, toxic agent or drug
(Rees and Alcolado, 2005). STZ is a potent alkylating agent that has
been shown to interfere with glucose transport (Wang and
Gleichmann, 1998), glucokinase function (Zähner and Malaisse,
1990) and cause multiple DNA strand breaks (Bolzán and Bianchi,
2002). A single high dose of STZ can produce diabetes in rodents as
a result of its toxic effects. Alternatively, small doses of STZ admin-
istered consecutively can be used (e. g. 40mg/kg on five consecutive
days). In susceptible rodents, STZ induces insulinopenic diabetes
and is involved in immunedestruction as in humanType 1DM.Mul-
tiple low-dose STZ models are widely used to study immunological
pathways that lead to insulitis and beta cell death (Herold et al.,
1997; Holstad and Sandler, 2001; Mensah-Brown et al., 2002;
Müller et al., 2002; Yang et al., 2003; Zuccollo et al., 1999).

Legal and ethical restrictions are encountered in studies with
experimental animals such as rodents, mammals. Therefore, alter-
native and new experimental animal models may facilitate the
conduct of studies. Among vertebrates, birds are phylogenically
closer to mammals. Birds and chicks are preferred models in devel-
opmental biology, toxicology, cancer research, immunology and
drug testing. Chicken eggs can be easily accessible and they have
a short incubation period (Datar and Bhonde, 2011).

In the literature, there are a few DMmodel studies created with
chick embryos. In these studies, it is seen that there are differences
in STZ doses and STZ administration techniques (Shi et al., 2014;
Sivajothi and Dakappa, 2014; Yoshiyama et al., 2005). Since DM
model studies with STZ differed, we aimed to create a more accept-
able and easier DM model.
2. Material and methods

This study was performed in Afyonkarahisar Health Sciences
University, Medicine Faculty, Department of Anatomy. Ethics com-
mittee approval was obtained from Afyon Kocatepe University Ani-
mal Ethics Committee (49533702/328).
2.1. Experimental animal and incubation conditions

180 specific pathogen free (SPF) fertilized chicken eggs (White
Leghorn chicken) were used in this study. SPF eggs were obtained
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from Izmir Bornova Veterinary Control Institute (Izmir/Turkey).
SPF eggs weighed 65 ± 5 g. SPF eggs were placed in the incubator
with sharp ends pointing down to ensure continuity of the
embryos. The day of this procedure was accepted as the 0th day
of the incubation. SPF eggs were incubated at 37.5 ± 0.2 0C and
65–75% humidity in an incubator that performed automatic cycle
every 2 h. The stages of chick embryos were determined according
to the Hamburger-Hamilton classification (stage 38 incubation day
of 12, stage 44 incubation day of 18) (Hamburger and Hamilton,
1951).
2.2. Chemical and doses

STZ (N-(Methylnitrosocarbamoyl)-a-D-glucosamine, CAS Num-
ber: 18883–66-4, Sigma-Aldrich Chemie GmbH, Germany) was
dissolved in saline and a stock STZ solution was prepared. STZ
doses given to chick embryos were determined according to the lit-
erature (Shi et al., 2014; Sivajothi and Dakappa, 2014; Yoshiyama
et al., 2005). Four different STZ doses were administered in 50 ml
saline solution.
2.3. Experimental groups

On the 12th day of incubation, STZ was administered to 160 SPF
eggs for an induced DM model. The remaining 20 SPF eggs were
separated as a control group. 160 SPF eggs were divided into two
groups (Air sack model (ASM) and Chorioallantoic membrane
model (CAMM)), with 80 eggs in each group, according to the
model in which STZ was administered.

ASM and CAMM groups were divided into four subgroups, with
20 eggs in each group, according to the STZ doses administered.
STZ was administered on the inner shell membrane at doses of
0.15 mg/egg, 0.30 mg/egg, 0.45 mg/egg and 0.60 mg/egg (ASM 1,
ASM 2, ASM 3, ASM 4 groups, respectively). STZ was administered
in the chorioallantoic membrane at doses of 0.15 mg/egg,
0.30 mg/egg, 0.45 m/egg and 0.60 mg/egg (CAMM 1, CAMM 2,
CAMM 3, CAMM 4 groups, respectively). Doses and groups are
shown in Table 1.
2.4. Diabetes mellitus models

2.4.1. Air sack model
On the 12th day of incubation, after cleaning the eggshell with

70% ethyl alcohol, a small hole was drilled with the tip of extra
pointed tweezers on the eggshell. This hole was big enough for
the Hamilton injector to pass. Then, four different doses of STZ
were injected by Hamilton injector. In order to prevent damage
to the inner shell membrane, Hamilton injector was advanced no
more than 1 cm from opened hole to air sack (Fig. 1). After STZ
injection, hole was closed sterile with parafilm. Eggs were placed
in the incubator until 18th day.
2.4.2. Chorioallantoic membrane model
After cleaning the eggshell with 70% ethyl alcohol, a hole was

drilled approximately 2–3 cm2 on the eggshell with extra pointed
tweezers. The surface of the inner shell membrane was seen
through opened hole. Then the inner shell membrane was opened
about 2 cm2 with extra pointed tweezers. After this stage, four dif-
ferent doses of STZ were injected by Hamilton injector into the
chorioallantoic membrane (Fig. 2). No damage was done to any
vessel and embryo during all procedures. After STZ injection, hole
was closed with sterile parafilm. Eggs were placed in the incubator
until 18th day.



Table 1
Groups of diabetes mellitus model.

Dose Method STZ (0.15 mg/egg) STZ (0.30 mg/egg) STZ (0.45 mg/egg) STZ (0.60 mg/egg)

ASM Group ASM1 (n = 20) Group ASM2 (n = 20) Group ASM3 (n = 20) Group ASM4 (n = 20)
CAMM Group CAMM1 (n = 20) Group CAMM2 (n = 20) Group CAMM3 (n = 20) Group CAMM4 (n = 20)

Fig. 1. Air sack model injection technique. (a) Schematic representation, (b) Injection into fertilized egg.

Fig. 2. Chorioallantoic membrane model injection technique. (a) Schematic representation, (b) Injection into fertilized egg.
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2.5. Blood sampling techniques

Experimental groups and control were opened to measure
blood glucose and blood insulin levels on the 18th day of incuba-
tion. Blood samples from SPF eggs were made using two different
techniques. Accordingly, if blood was taken with the first tech-
nique, it was defined as ‘‘a”, if blood was taken with the second
technique, it was defined as ‘‘b”.

2.5.1. First technique (‘‘a”)
All SPF eggs were examined under the light source for deter-

mining the air sack area. Then the eggshell above the air sack
was sterilized with 70% ethyl alcohol, it was carefully opened with
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curved tip forceps. The ear stick was moistened with distilled
water. The moist ear stick was moved over the inner shell mem-
brane with gentle movements. The white membrane (inner shell
membrane), which does not show the structures under it, was
made transparent with a moist ear stick. Thus, the blood vessels
became visible under the inner shell membrane. Then, the inner
shell membrane was pulled in the same direction as the vessel
with the dry ear stick. Vessel was brought closer to the inner shell
membrane. Blood was collected from this vessel with a30GX13
mm mesotherapy needle attached to the tip of the 1 ml disposable
insulin syringe. At least 200 ml of blood samples were taken from
the chick embryos with this technique (Fig. 3).
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2.5.2. Second technique (‘‘b”):
After removing the egg shell with curved tip forceps, the inner

membrane shell was carefully removed with extra pointed tweez-
ers. Then the embryo was placed on a sterile plate. The amniotic
membrane around the embryo was quickly removed with extra
pointed tweezers. Chick embryo was placed in the supine position,
the sternum and ribs were cut with sterile scissors. The heart sur-
rounded by a pericardiumwas seen in the thoracic cavity. The peri-
cardium was carefully dissected with extra pointed tweezers. All
chick embryos’ hearts were beating. Then, with a 30GX13 mm
mesotherapy needle attached to the tip of the 1 ml disposable
insulin syringe blood was tried to aspirate from the heart. During
the embryo being taken into the sterile plate, the integrity of the
vascular plexus around the embryo was disrupted. As the amount
of intravascular blood decreased due to bleeding, the amount of
blood in the heart was not sufficient to measure the insulin levels
(Fig. 4). Therefore, in our study with this technique, we could not
measure insulin levels. Afterwards, the heart was dissected and
the blood glucose level was measured directly from the heart with
a strip attached to the blood glucose meter. Devices, strip and kit
are shown in Table 2.
Fig. 3. Blood sampling with the first technique. (a) Transparency with a moist ear stick
glucose measurement.
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2.6. Statistical analysis

Statistical analysis of the data was performed with the IBM Sta-
tistical Package for the Social Sciences (SPSS 24.0) program. Kol-
mogorov Smirnov test was used to determine the normal
distribution of data. Kruskal-Wallis test was used to compare the
groups since the data were not normally distributed and n � 30.
Dunn test were employed as post-hoc tests and p < 0.05 were con-
sidered significant. Pearson’s correlation analysis was used to
determine whether there is a linear relationship between blood
glucose and blood insulin measurements, and if so, the direction
and severity of this relationship. Mean statistical values were
expressed as Mean ± Standard Deviation (Mean ± SD).
3. Results

We used two different DM models (ASM and CAMM) and blood
sampling techniques in our study. It was determined that all chick
embryos in CAMM (Fig. 5) and ASM 4 (Fig. 6) groups died on the
18th day of incubation. In ASM groups, the blood insulin level
could not be measured because sufficient blood samples could
, (b) Entering the visible vessel to take blood, (c) Taking a blood sample, (d) Blood



Fig. 4. Blood sampling with the second technique. (a) Opening the chest wall, (b) Observing the heart in the chest cavity, (c) Taking a blood sample from the heart, (d)
Dissecting the heart, (e) Placing the blood strip in the heart, (f) Blood glucose measurement.

Table 2
Material list.

Blood
Parameters

Strip/Kit Device

Blood Glucose Accu Chek Performa Nano Blood Strip (Roche, Basel,
Switzerland)

Accu Chek Performa Nano Glucometer (Roche, Basel, Switzerland)

Blood Insulin Chicken Insulin ELISA Kit E0048Ch (BT-Lab, Shanghai,
China)

ChemWell 2910 Automated PC Controlled ELISA/Biochemistry Analyzer (Awareness
Technology, Palm City, USA)
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not be taken from the heart with the second technique. Statistical
data on blood glucose and blood insulin levels of ASM groups were
presented in Table 3.

Blood glucose levels were compared according to the first tech-
nique. A statistically significant difference was found only between
the control group and the ASM 3 group (p = 0.019). When the blood
glucose levels were compared according to the second technique,
statistically significant differences were found between the control
group with ASM 2 and ASM 3 groups (p < 0.001, p < 0.001, respec-
tively). There were also differences between ASM 1 with ASM 2
and 3 groups (p = 0.029, p = 0.014, respectively). However, accord-
ing to both blood sampling techniques, mean blood glucose levels
were increasing from the control group to the ASM 3 group.

Blood insulin level could not be measured with the second tech-
nique. When the blood insulin levels were examined with the first
technique, it was determined that there was a decrease from the
control group to the ASM 3 group. A statistically significant differ-
ence was found only between the control group and the ASM 3
group (p = 0.018).

In Table 3, blood glucose and insulin levels were evaluated
according to the first technique. Accordingly, a decrease in blood
insulin levels and an increase in blood glucose levels were deter-
mined depending on the STZ dose (Fig. 7).

When the relationship between blood glucose and blood
insulin levels were examined, it was determined that there was a
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significantly strong negative correlation in the control group and
ASM 1 group; and a significantly very strong negative correlation
was found in the ASM 2 group and ASM 3 group. Correlation coef-
ficients and p values were presented in Fig. 8.

4. Discussion

In this study, we presented a new experimental STZ induced DM
model in chick embryos. In the literature, there are a fewSTZ induced
DMmodel in chickembryos.When lookingat these studies, there are
differences in STZ doses and STZ administration techniques (Shi
et al., 2014; Sivajothi and Dakappa, 2014; Yoshiyama et al., 2005).
Therefore, we aimed to find the optimal STZ application location
and the most appropriate STZ dose to create DM in chick embryos.

As far as we investigated, STZ were used on 14th day in two
studies(Sivajothi and Dakappa, 2014; Yoshiyama et al., 2005) and
STZ and glucose were used on 12th day in other one study(Shi
et al., 2014) in chick embryos. In our study, different doses of STZ
were applied on the 12th day of incubation to create a DM model.
Aim of using STZ on 12th day of incubation is development of the
pancreas started on the 5th day and completed on the 12th day.
Insulin production starts at day 5 but increases until day 12. In
addition, serum insulin levels could not be measured until day
12 of chick embryo development (Haselgrübler et al., 2017;
Sivajothi and Dakappa, 2014; Yoshiyama et al., 2005).



Fig. 5. Dead embryos in chorioallantoic membrane model. (a) Opening the eggshell, (b) Dead embryo.

Fig. 6. Dead embryos in air sack model. (a) Opening the eggshell, (b) Dead embryo.

Table 3
According to techniques blood glucose and blood insulin levels.

Groups Blood Glucose (mg/dL)
Mean ± SD

Blood Insulin (mIU/L)
Mean ± SD

Blood Sampling Technique Blood Sampling Technique

First Technique Second Technique First Technique Second Technique

Control 18th day 124.70 ± 12.3 139.60 ± 9.96 6.08 ± 2.18 –
ASM 1 132.90 ± 8.67 154.60 ± 8.95 4.34 ± 1.49 –
ASM 2 137.50 ± 10.11 185.40 ± 12.53a,b 3.57 ± 0.90 –
ASM 3 139.90 ± 6.62a 189.20 ± 19.66a,b 3.28 ± 1.22a –

a There was a statistically significant difference with the control group. p < 0.05, Kruskal-Wallis test, Dunn test as post-hoc test
b There was a statistically significant difference with ASM 1 group. p < 0.05, Kruskal-Wallis test, Dunn test as post-hoc test
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In experimental studies, the route of administration is as impor-
tant as the day the substance is given. While Yoshiyama et al. and
Sivajothi et al. injected STZ into the albumen (Sivajothi and
5543
Dakappa, 2014; Yoshiyama et al., 2005), Shi et al. injected in to
amnion layer of each egg (Shi et al., 2014). Differences in the
administration of STZ (Shi et al., 2014; Sivajothi and Dakappa,



Fig. 7. Correlation analysis of all blood glucose and blood insulin levels measured in
the first technique.
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2014; Yoshiyama et al., 2005), we can attribute the transition time
of STZ to the embryonic circulation and the possible toxic effect
accordingly, as well as the damage that may occur in the embryo
depending on the area of application. For the reasons we men-
tioned above, we applied STZ on the inner shell membrane and
CAM, not direct albumen or amnion layer.

In our study, we determined that in the CAMM, all embryos
died on the 18th day of incubation. In another study that made
an application to CAM, it was reported that the embryos were alive
(Haselgrübler et al., 2017). In our study, while embryos were
examined 6 days after the injection (18th of incubation) they were
examined at different intervals (up to 3 h, 11th of incubation) in
the literature (Haselgrübler et al., 2017). CAMM is generally used
to create cancer in chick embryos. As early as 1913, scientists dis-
covered that tumor grafts can be cultivated by the rich capillary
Fig. 8. Correlation analysis between blood
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plexus of the CAM surrounding the chick embryo. The CAM model
was developed as a model of angiogenesis in the 1970 s, and by the
1980 s, it was identified as a tool to study tumor metastasis
(Auerbach et al., 1975; Liu et al., 2013; Murphy, 1913; Ossowski
and Reich, 1980). We think that due to the high vascularization
in CAM, STZ rapidly enters the embryonic circulation, shows acute
toxicity and kills chick embryos in our study. We believe that in
ASM, the embryo is protected from the toxic effects of STZ because
the STZ is slowly absorbed through the inner shell membrane.

We conducted a literature search for STZ injection doses applied
to induce diabetes in chick embryos. Yoshiyama et al. aimed to cre-
ate DM model with three different doses of STZ in their study (0.1,
0.3 and 1 mg/egg). In their study, they stated that 0.3 mg/egg STZ
dose is the ideal dose for increasing blood glucose and decreasing
serum insulin levels. However, they had accepted 1 mg/egg STZ
dose as overdose (Yoshiyama et al., 2005). Sivajothi et al. had cre-
ated DM model with 0.3 mg/egg STZ dose, similar to the study of
Yoshiyama et al. (Sivajothi and Dakappa, 2014). Apart from that,
in the study of Shi et al, it was determined that three different
STZ doses varying between 250 and 300 mg/kg-egg were used
(Shi et al., 2014). In line with this information, DMmodel was tried
to be created with four different STZ doses in our study. STZ doses
were injected on the inner shell membrane and CAM. Due to the
toxicity of STZ, all embryos in the CAMM groups and ASM 4 group
died. Considering the survival rates of the embryos and the state of
DM formation, we determined that the injection of STZ doses on
the inner shell membrane gave best results. As seen in Table 3,
when blood glucose and blood insulin levels were evaluated
together, a statistically significant difference was found between
the 0.45 mg/egg STZ group and the control group. According to this
result, 0.45 mg/egg STZ dose was determined to be the optimal/
ideal dose for the DM model in our study. There was no statistical
difference among the results of 0.15, 0.30 mg/egg STZ doses and
the control group in terms of creating DM. However, it was
glucose and insulin levels by groups.
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determined that 0.6 mg/egg STZ dose kills embryos due to its toxic
effect. In this context, the dose of 0.6 mg/egg STZ was determined
as the lethal dose.

In literature, it was determined that different incubation days
and blood sampling techniques were used (Shi et al., 2014;
Sivajothi and Dakappa, 2014; Yoshiyama et al., 2005). Yoshiyama
et al. and Sivajothi et al. selected large vitelline vessels under the
fluorescent lamp and marked by pencil. After that an artery blood
was collected by means of tuberculin syringe on the 17th day of
incubation (Sivajothi and Dakappa, 2014; Yoshiyama et al.,
2005). Shi et al. collected blood from chick hearts for blood glucose
and insulin levels on 18th day of incubation. For insulin detection,
they sampled 200–300 ml blood from chick embryo’s heart (Shi
et al., 2014). In our study, blood samples were taken by two differ-
ent blood sampling techniques on the 18th day of incubation to
measure blood glucose and insulin levels. We made the vessel vis-
ible under the inner shell membrane by moistening the ear stick
with saline and moving it over the inner shell membrane in the
first technique. With this blood collection technique, we were
easily able to sample enough blood to measure glucose and insulin
levels. In the second technique, we tried to sample blood from
heart, but we could not collect enough blood for measuring glucose
and insulin levels because of bleeding that as a result of disrupting
vascular plexus. So, blood glucose level was measured directly
from blood in the heart with the strip attached to the blood
glucometer.

In literature, there are few data about glucose and insulin levels
in chick embryos. On the 18th day of incubation, Vladimirov et al.
and Shi et al. determined blood glucose levels between 144 and
150 mg/dL, 150 and 160 mg/dL, respectively (Shi et al., 2014;
Vladimirov, 1931). Thommes et al. reported that the mean glucose
level was 227.9 ± 16.7 mg/dL on the 18th day (Thommes and
Tambornino, 1962). In the study of Lu et al., they found that the
blood glucose levels of the 18th day of incubation varied between
190 and 215 mg/dL (Lu et al., 2007). Yoshiyama et al. determined
mean blood glucose level 157 ± 15 mg/dL on the 17th incubation
day. Yoshiyama et al. determined mean insulin level
143 ± 18 pg/mL on the 17th incubation day (Yoshiyama et al.,
2005). On the 18th day of incubation, while Lu et al. found insulin
levels between 300 and 400 pg/mL (Lu et al., 2007), Shi et al.
detected between 7 and 8 mIU/mL (Shi et al., 2014). In the litera-
ture, there is no specific reference range to be considered as a con-
trol group due to variations in blood glucose and insulin levels.
These variations may be due to different incubation days, different
blood sample techniques or blood taken from different regions.
Considering these variations, pilot study (unpublished manuscript)
was conducted and different blood sampling techniques were
tried. As a result of the pilot study (unpublished manuscript),
two of the blood sampling techniques (first and second technique)
were preferred in this study because they were easier and more
applicable.

In our STZ-induced DM model study, blood glucose and insulin
levels were measured in control group on the 18th day of incuba-
tion. The blood glucose and insulin levels of control group were
compared with experimental groups. It was determined that there
was an increase in blood glucose levels of both blood sampling
techniques depending on the STZ dose. It was also found that there
was a decrease in blood insulin levels inversely proportional to the
increase in blood glucose levels. (Blood insulin level was measured
with only first blood sampling technique). Mean blood glucose and
insulin levels are shown in Table 3When the results are analyzed,
we think that the reason for the differences of the glucose levels
between the two techniques are that blood is taken directly from
the heart in second technique and from the peripheral vessels in
first technique.
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In the literature, it has been reported that blood glucose levels
differ according to the vessels from which blood is taken, the loca-
tion of the vessel, and the conditions from which the blood is
taken, both in clinical studies and in experimental animal studies
(Bergman et al., 1970; Coulic et al., 2018; Hof, 1956). In addition,
in the experimental study conducted in rats, it has been shown
that the heart blood glucose level is the same or higher than the
peripheral (Coulic et al., 2018). The reason for the difference
between peripheral and heart glucose levels is that glucose is
stored in the liver, neo genesis and liver blood outflow reaches
directly the heart (Adeva-Andany et al., 2016; Farmer et al.,
2008; Matsuda and Brennan, 2012; Sparacino et al., 2012).

5. Conclusion

In our study, we created a new induced DM model by injecting
STZ on the inner shell membrane of chick embryos. According to
the results of this study, we determined that the optimal STZ dose
to create a DMmodel was 0.45 mg/egg and the best DMmodel was
ASM. We consider the second technique to be the best blood sam-
pling technique for determining blood glucose levels. However, we
report that it would be more accurate to measure the blood glucose
level in the blood taken directly from the heart rather than the
blood taken from the peripheral vessel. Nevertheless, it should
not be ignored that there may be differences in glucose level in
clinical practice and these may be affected by metabolic-
pathological processes.

In conclusion, we believe that ASM can be used in DM studies
and anti-DM drug studies in terms of its easebly, applicability,
reproducibility and low cost.
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