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ABSTRACT

Hyperglycemia affects the central nervous system and its functions including learning 
and memory. Streptozotocin (STZ) in hyperglycemic condition leads to the production 
of reactive oxygen species and reduce the level of nitric oxide, and crucial factor for 
vascular endothelial dysfunction which causes memory impairment. Adult zebrafish 
(approximately 3 months old, 470–530 mg) were subjected to the STZ administration 
(50, 100, 200, 300, 400, 500, 600 mg/kg). The animals were divided into two groups 
– control and test group. STZ administration causes significant changes in blood glucose 
level, behavioral and biochemical parameters at the dose of STZ 300 mg/kg. With an 
increasing dose of STZ there was significant (P < 0.0001) rise in blood glucose level. In 
light and dark chamber test, STZ (300 mg/kg) causes significant (P < 0.0001) change 
by showing their preference in the dark compartment and increase in the number of 
entries in the dark compartment as compared to the normal group which is the indicator 
of spatial memory loss. In the T-maze test STZ treated groups (300 mg/kg and above) 
have shown a significant (P < 0.0001) (decrease in time spent in the favorable zone and 
transfer latency to enter into the favorable zone which indicates the cognitive decline in 
the zebrafish with a significant (P < 0.0001) rise in blood glucose level. Moreover, STZ 
(300 mg/kg) causes significant (P < 0.0001) enhancement in brain lipid peroxidation 
and AChEs activity. In this study, we have observed that STZ at the dose of 300 mg/kg 
is sufficient in producing memory impairment in adult zebrafish.
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associated with dementia such as diabetes, hyperglycemia, obesity, 
cardiac arrhythmia, hypertension, smoking, age, and lifestyle 
changes.[3] Hyperglycemia-associated memory impairment is a 
very most common risk factor than others. According to a recent 
study, diabetic people are more prone to cognitive impairment 
as compared to nondiabetic people.[4] Diabetes is a very complex 
condition so the proper mechanism for memory dysfunction in the 
hyperglycemic condition is still unknown. But there are various 
alterations which are responsible for cognitive decline such as 
altered cerebral signaling of insulin, increased oxidative stress, 
deposition of advanced glycation end products, and deterioration 
of cerebral blood vessels, increased glucose level, insulin resistance, 
and desensitization of insulin receptors.[5]
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INTRODUCTION

Cognitive impairment is a most common neurological disorder 
which occurs by reduced supply of blood to the various 
brain parts which are responsible for memory functions. The 
reduced blood supply occurs through various reasons such as 
ischemic condition, hemorrhage, or cerebrovascular diseases.[1,2] 
Approximately 50  million people are suffering from cognitive 
impairment worldwide. There are various risk factors which are 
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Streptozotocin (STZ) is a very common toxin used for inducing 
hyperglycemic condition because it is a very potent toxicant for beta 
cells of pancreas.[6] It causes memory impairment by decreasing the 
levels of various neurotransmitters such as acetylcholine (ACh) which 
further leads to homocysteine accumulation and by modulating the 
metabolic condition.[7] It also causes cognitive dysfunction by causing 
mitochondrial and endothelial dysfunction which is maintained by low 
levels of nitric oxide (NO).[8] In hyperglycemic conditions, production 
of higher reactive oxygen species occurs and reduction of endothelial 
NO synthase enzyme decreased the levels of NO that is responsible 
for causing endothelial dysfunction.[9,10]

Now-a-days, zebrafish (Danio rerio) is considered a popular model 
for various neurological disorders such as dementia, Alzheimer’s 
disease, Huntington’s disease, Schizophrenia, etc, because of the 
pharmacological and genetic aspects of zebrafish are very similar to 
vertebrates including mammals.[11,12] This model is well accepted for 
the study of dementia due to the 70% similarity of the genome and 
neurological functions to human beings. It possesses various genes 
which are involved in memory dysfunction.[13]

In the present study, we aimed to identify the dose of STZ at which 
it starts causing memory dysfunction in adult zebrafish. In this study, 
we observed the spatial memory loss by light-dark chamber test and 
T-maze test and we have also measured the blood glucose level, lipid 
peroxidation (LPO) level, and acetylcholinestrase level.

MATERIALS AND METHODS

Animals

In this study, zebrafish (D. rerio) mixed-sex wild type strain of about 
3 months old were used. This wild-type species of zebrafish were 
obtained from Aquarts, 26B K Komedanbagan lane, Kolkata, India. 
For maintenance zebrafish were housed in an experimental room 
maintained with 12L: 12D cycle. The temperature of the system 
in which zebrafish were placed was maintained at 26–27°C by the 
automatic thermostat. Fishes were fed twice daily with commercially 
available diet tetrabits.

All experiments were conducted in accordance with Institutional 
Animal Biosafety Committee (IBSC) with approval number ISFCP/
IBSC/M1/2020/01.

Chemicals

STZ was procured from Sigma-Aldrich India. All other chemicals for 
biochemical analysis were procured from Himedia and SRL Ltd. All 
other reagents for biochemical assessment were of analytical grade.

Experimental protocol

During the protocol, experimenters were blinded to the treatment. 
Before starting the experiment fishes were separated in 3L tank 
(6 fishes per tank) before habituation in behavioral tests. Total no. 
of 48 adult zebrafish of mixed-sex with weight range from 470 to 
530 mg was used for this experimental study. The animals were divided 

into two different groups as control and test group (n = 6 in each 
group) as shown in Table 1. The test group consists of STZ treatment 
with different doses starting from 50, 100, 200, 300, 400, 500, and 
600 mg/kg as shown in Figure 1. The doses of STZ were selected 
based on previous studies.[14] All fish used in these experiments were 
randomly chosen from different groups.

Dose adjustment

Zebrafish were selected for this experimental study is of closed 
weight range between 470-530 mg. For performing practical and 
drug administration in each zebrafish, each fish was taken as 500 mg. 
By this process, minimum possible error would be ±10%. The stock 
solution of STZ was prepared each day of the experiment according 
to different doses of STZ in 1 ml of DMSO. So, each zebrafish was 
administered with 10 μl volume of STZ.

Intraperitoneal injection of STZ in zebrafish

STZ was dissolved in 10% DMSO. STZ was administered 
intraperitoneally with 10 μl Hamilton syringe and 10 μl of volume 
STZ was administered in the zebrafish. Briefly, each fish were 
anesthetized by immersion in a tricaine MS-222 solution 100 mg/L 
until the animal shows a lack of motor coordination and reduced 
respiration rate. Then, fish was taken out from the solution and placed 
on a soft sponge of 20 mm height which was saturated with water 
and set into a petri dish.[15] A cut was made on the sponge of about 
10–15 mm deep for holding the fish for injection. Then, i.p., injections 
were conducted using a 31G Ultra-Fine Hamilton Syringe (Himalaya 
Scientific, Chandigarh, India) according to the protocol previously 
described. The needle was inserted into the spines posterior to the 
pectoral fins in the midline of the abdomen. The whole injection 
procedure should not take more than 10 s to ensure animal safety and 
immediately after the injection the animals were placed in a separate 
tank with unchlorinated water to facilitate the animal recovery from 
the anesthesia. STZ were prepared freshly on the experimental day. 
All the animals have recovered after 2–3 min following the injection.

Blood glucose measurement

After 24 hr of STZ administration, the blood glucose level of zebrafish 
was measured with the help of blood glucometer. Blood collection 
was demonstrated by the tail ablation method in adult Zebrafish.[16] 
Briefly, the zebrafish got anesthetized by immersion in a tricaine MS-
222 solution 100 mg/L and placed on a soft sponge that was saturated 
with normal water set into a petri dish. A small cut was made at the 
tail of zebrafish with the help of surgical scissor and then the blood 

Table 1: Treatment group
S. NO Group Treatment No. of Animals
1 Normal Normal water 6
2 Test group STZ (50 mg/kg, i.p; 24 h) 6
3 STZ (100 mg/kg, i.p; 24 h) 6
4 STZ (200 mg/kg, i.p; 24 h) 6
5 STZ (300 mg/kg, i.p; 24 h) 6
6 STZ (400 mg/kg, i.p; 24 h) 6
7 STZ (500 mg/kg, i.p; 24 h) 6
8 STZ (600 mg/kg, i.p; 24 h) 6
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of zebrafish was collected directly on the strip of blood glucometer 
instrument and the reading of blood glucose was measured.

Behavioral analysis

After 24 h of STZ administration, behavioral study to test the memory 
dysfunction that is T-maze test and light and dark chamber test was 
performed in the normal group and test groups.

T-maze test

The T-maze test was used to analyze the learning and memory 
functions in adult zebrafish as described by Colwill et al.[17] with some 
modification of Kim et al.[18] It is a transparent Plexiglas apparatus as 
shown in Figure 2. Briefly, it consists of one long arm (28 × 12 × 
5 cm) attached with starting zone (12 × 12 × 6 cm) and two shorter 
arms (12 × 12 × 12 cm) attached with two differently (red and green) 
colored zone. Red-colored zone is considered as unfavorable zone or 
danger zone because fishes were disturbed using glass rod (30 × 1 cm) 
and green color zone is considered as favorable zone or reward zone 
(12 × 12 × 12 cm) because reward in the form of food pellet were 
provided. Plexiglas doors were used to close the entry from starting 
zone into the long arm and from the short arm into the two test zones 
as shown in Figure 2. The water in the maze and pH was maintained 
at 28°C and 7.3 and a height of 8 cm was used to fill the maze. All of 
the equipment in this experimental study were custom-designed and 
built by the Puri glasshouse, Moga, India.

During training session of T-maze for 3 days before STZ administration, 
3 trials were given per day. During trial session zebrafish were initially 
habituated for 2 min to explore the starting zone and the long arm 
with doors leading to test zone remains closed.

During probe trial of T-maze, each fish was placed in the starting 
zone for 5 min. After which all gates are opened and the time 
required for each fish to reach in the favorable zone was recorded 
in the 10 min which is termed as transfer latency (TL) (Kundap 
et al., 2017).[19] So for the assessment of cognitive function TL and 
times spent in the favorable zone were measured manually with the 
help of stopwatch.

Figure 1: Experimental protocol (STZ: streptozotocin; LPO: lipid peroxidation; AChEs: acetylcholinestrase)

Figure 2: T-maze test for learning and memory impairment (the T-shaped 
platform of the maze) which includes dimensions of starting zone (12 × 
6 cm), long arm (28 × 12 × 5 cm) and the two shorter arms i.e. favorable 
zone and unfavorable zone (12 × 12 × 12 cm)
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*In STZ treated group, this test was performed after 24 hr of STZ 
administration for the analysis of memory impairment.

Light and dark test

This test was used to evaluate spatial memory functions in adult 
zebrafish was demonstrated by Dubey et al.[20] Briefly, the apparatus 
of light and dark is made up of Plexiglas and having dimensions 30 cm 
length, width 16 cm and 15 cm height. The water was filled up to the 
level of 10 cm and it is divided into two equal halves of 15 cm length 
each as shown in Figure 3. One half is black in color and the second 
half is transparent or white in color. Generally, when the animal is 
introduced in the novel environment it initially prefers darker side and 
after few second it moves towards the light chamber and if didn’t do 
so then this indicates poor spatial memory. If the animal prefers light 
chamber than this indicates normal or improved memory functions. 
In this study, we measured time spent in the light chamber and the 
number of entries to the dark chamber to assess the cognitive function.

Biochemical estimations

Tissue preparation
After the behavioral parameters were performed, the zebrafish were 
anesthetized by using ice-cold water at 4°C till the movements of 
gills is stopped and euthanized. Then, brain samples were isolated 
immediately with the help of micro-dissecting tools and forceps 
and freeze-dried at –4°C. After this, all samples were homogenized 
in a homogenizing tube with phosphate buffer solution (Gupta 
and Mullins, 2010).[21] After centrifugation at 10,000 g for 15 min 
the supernatant was collected and used for estimation of various 
biomarkers i.e., thiobarbituric acid reactive substances (TBARS or 
LPO assay) and acetylcholinesterase activity levels.

LPO or TBARS

The extent of LPO was determined by the method as reported by 
Wills, 1966.[22] The amount of melanodialdehyde was evaluated by 
reaction with thiobarbituric acid at 532 nm using Perkin Elmer Lambda 
20 spectrophotometer. The values were calculated using the molar 
extinction coefficient of the chromophore (1.56 × 105(mol/l)–1 cm–1).

AChEs activity

The AChEs activity was assessed by Ellman et al.[23] method. The change 
in absorbance was measured for 2 min at 30 s interval at 412 nm 

using Perkin Elmer Lambda 20 spectrophotometer. Results were 
expressed as micromoles of acetylthiocholine iodide hydrolyzed/
min/mg of protein.

Protein estimation

The protein content was evaluated by the Biuret method with 
the use of bovine serum albumin as a standard (Itzhaki and Gill, 
1964).[24]

Statistical analysis

Graph Pad Prism (Graph Pad Software, San Diego, CA) was used 
for all statistical analyses. Values are expressed as mean ± SEM. The 
behavioral assessment data were analyzed by a repeated-measures 
two-way analysis of variance (ANOVA) with drug-treated groups 
as between sessions and as within-subjects factors. The biochemical 
estimations were analyzed by one-way ANOVA. Post hoc comparisons 
between groups were made using Tukey’s test. The P < 0.05 was 
considered significant.

RESULTS

Effect of different doses of STZ on blood glucose 
level in a zebrafish model of memory dysfunction

The intraperitoneal injection of STZ (50, 100, 200, 300, 400, 500, 
600 mg/kg) produced a significant (P < 0.0001) increase in the blood 
plasma glucose levels as compared to the normal group as shown in 
Table 2.

Effect of different doses of STZ on the memory 
dysfunction of adult zebrafish in T-maze apparatus 
in zebrafish model of memory dysfunction

After intraperitoneal STZ administration at different doses (50, 100, 
200, 300, 400, 500, 600 mg/kg) there was significant (P < 0.0001) 
memory impairment in adult zebrafish. Results of T-maze indicate 
the decline in time spent in the favorable zone (TSFZ), increase in 
time spent in the unfavorable zone (TSUFZ) and increase in the TL at 
the dose of STZ (300 mg/kg and above) as compared to the normal 
group as shown in the Figure 4a-c which is the indicator of spatial 
and visual memory loss.

Figure 3: Light and dark chamber test of dimensions (30 × 15 × 16 cm) for 
evaluating cognitive dysfunction

Table 2: Effect of different doses of STZ on blood glucose level 
in adult zebrafish

Groups (mg/kg) Blood glucose level (mg/dl)
Normal 69±8.91
STZ (50) 134±8.63a

STZ(100) 145±7.33a,b

STZ (200) 130±16.07a,c

STZ (300) 157±36.08a,d

STZ (400) 210±31.02a,e

STZ (500) 255±52.54a,f

STZ (600) 293±47.54a,g

Data were expressed as mean±SD, n=6 zebrafish per group. aP<0.05 versus normal 
group; bP<0.05 versus STZ (50); cP<0.05 versus STZ (100); dP<0.05 versus STZ (200); 
eP<0.05 versus STZ (300); fP<0.05 versus STZ (400); gP<0.05 versus STZ (500). STZ: 
Streptozotocin
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Effect of different doses of STZ on the memory 
dysfunction of adult zebrafish in light and dark chamber 
test in zebrafish model of memory dysfunction

In the light-dark chamber test, administration of different doses 
of STZ produces a significant (P < 0.05) decline in memory 
functions in dose-dependent manner. The results indicate that 
the decline in time spent in the light chamber and increase in 
time spent in the dark chamber as compared to the normal 
group at the dose of STZ (300 mg/kg and above) as shown in 
the Figure 5a and b.

Effect of different doses of STZ on the oxidative stress 
parameter TBARS or LPO assay in zebrafish model 
of memory dysfunction

Intraperitoneal injection of STZ at the dose of (300, mg/kg and above) 
start producing the significant (P < 0.05) increase in brain LPO level 
when compared to the normal group at the dose of STZ (300 mg/kg 
and above) as shown in Figure 6.

Effect of different doses of STZ on AChEs level in 
zebrafish model of memory dysfunction

Hyperglycemia changes the learning and memory parameters in 
zebrafish. We demonstrated that intraperitoneal administration of 
STZ (300 mg/kg and above) in adult zebrafish significantly (P < 0.05) 

induced increased level of AChEs activity in the brain as compared to 
the normal group as shown in Figure 7.

DISCUSSION

In this present study, we have standardized the dose of STZ that 
produces hyperglycemia and was able to induce memory deficits. 
We have assessed cognitive impairment by various parameters, i.e., 

Figure 5: Effect of different doses of STZ after 24 h on memory dysfunction 
in adult zebrafish by using light-dark test. (a) TSLC (b) TSDC. Data were 
expressed as mean ± SD, n = 6 zebrafish per group. Significance with 
**P < 0.01 as compared to normal group and STZ (50–200 mg/kg) group 
and ***P < 0.0001 as compared to normal and STZ (50–300 mg/kg) group. 
Data were analyzed statistically by one-way ANOVA followed by Tukey test as 
post hoc test (STZ: Streptozotocin, TSLC: Time spent in light compartment, 
TSDC: Time spent in dark compartment)

ba

Figure 4: Effect of different doses of STZ after 24 hr on memory dysfunction in adult zebrafish using T-maze test. (a) TLFZ (b) TSFZ (c) TSUFZ. Data 
were expressed as mean ± SD, n = 6 zebrafish per group. Significance with **P < 0.01 as compared to normal group and STZ (50–200 mg/kg) group and 
***P < 0.0001 as compared to normal and STZ (50–300 mg/kg) group. Data were analyzed statistically by one-way ANOVA followed by Tukey test as post 
hoc test (STZ: Streptozotocin, TLFZ: Transfer latency to enter in favorable zone, TSFZ: Time spent in favorable arm, TSUFZ: Time spent in unfavorable zone)

c

ba
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decline in time spent in the light chamber and increase in time spent 
in dark compartment in light and dark chamber test; decline in TL 
and time spent in the favorable zone in T-maze test. Apart from this, 
we have also performed biochemical parameters and it has been 
observed that STZ administration at the higher dose (300 mg/kg and 

above) produces alteration of LPO, and AChEs activity in zebrafish as 
compared to normal group.

These results validated the previous findings that hyperglycemia is a 
risk factor for memory impairment in rodent models (Capiotti et al., 
2014a).[25] Increased level of blood glucose or hyperglycemia has been 
proposed as a useful mechanism which contributes as a link between 
diabetes mellitus and cognitive impairment (Cox et al., 2005; Exalto 
et al., 2012).[26,27] Kanaya et al.[28] have been demonstrated that chronic 
hyperglycemic condition can modulate the memory dysfunction 
(Kanaya et al., 2004)[28] and improved control on glucose level can 
prevent memory dysfunction(Capiotti et al., 2014b;[29] Yaffe et al., 
2012).[30] In this study, we have standardized the dose of STZ that 
produces memory deficits in adult zebrafish.

In this study, our results demonstrated that zebrafish treated with STZ 
at the dose of 50, 100 and 200 mg/kg increases blood glucose level 
after 24 h of administration but didn’t produce any significant change 
in the memory functions in behavioral and biochemical analysis. 
However, STZ at the dose of 300 mg/kg and above produces significant 
changes in behavioral and biochemical analysis indicating memory 
dysfunction. For behavioral analysis, light and dark chamber test and 
T-maze test were used. In light and dark chamber test, STZ treated 
groups produced significant change by showing their preference in 
the dark chamber as compared to the normal group and in the T-maze 
test, STZ treated groups shown a significant decrease in time spent in 
the favorable zone and TL to enter in the favorable zone and increase 
in the time spent in unfavorable zone. In our study, STZ treated 
groups produced a significant increase in the AChEs activity, oxidative 
stress level (increase LPO level) which indicates cognitive decline as 
compared to the normal group.

STZ is used as a potent toxin to induce type-1 diabetic Mellitus. 
Glucose metabolism may affect various cellular and molecular 
functions responsible for memory impairment due to some 
modifications in synaptic plasticity and synaptic transmission (Biessels 
et al., 1996)[31] which occurs due to the production and degradation 
of various neurotransmitters like ACh. Moreover, in this study, the 
reduction in the level of ACh neurotransmitters plays an important 
role in memory impairment. The level of ACh neurotransmitter is 
maintained by the AChEs enzyme which is responsible for learning and 
memory function (Hasselmo, 2006; Deutsch, 1972).[32,33] Modulation 
in the lipid membrane is also observed in the hyperglycemic 
condition could be an important factor for the modification in the 
conformational state of AChEs enzyme and would define all the 
alterations in the activity of this molecule (Das et al., 2001).[34] STZ 
causes memory impairment by various mechanisms such as hypoxia 
which causes neurodegeneration followed by neuronal loss, increased 
oxidative stress that causes neuroinflammation, neuronal necrosis and 
apoptosis, inflammation which is responsible to cause blood-brain 
barrier disruption, and desensitization of insulin receptor signaling 
which causes insulin resistance as shown in Figure 8. In our study, we 
have measured the level of AChEs in the brain tissue of adult zebrafish 
treated with different dose of STZ. It was found that STZ at the dose 
of 300 mg/kg and above significantly increase the AChEs level. In a 
previous study of Schmatz et al.,[35] they found that activation of AChEs 

Figure 6: Effect of different doses on brain LPO level. Data were 
expressed as mean ± SD, n = 6 zebrafish per group. Significance with 
**P < 0.01 as compared to normal group and STZ (50–200 mg/kg) group 
and ***P < 0.0001 as compared to normal and STZ (50–300 mg/kg) group. 
Data were analyzed statistically by one-way ANOVA followed by Tukey test 
as post hoc test (STZ: Streptozotocin; LPO: Lipid peroxidation)

Figure 7: Effect of different doses on brain AChEs level. Data were 
expressed as mean ± SD, n = 6 zebrafish per group. Significance with 
**P < 0.01 as compared to normal group and STZ (50–200 mg/kg) group 
and ***P < 0.0001 as compared to normal and STZ (50–300 mg/kg) group. 
Data were analyzed statistically by one-way ANOVA followed by Tukey test as 
post hoc test (STZ: Streptozotocin; AChEs: acetylcholinesterase)
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molecule can be stimulated by the production of free radicals and 
increased level of oxidative stress in various regions of brain(Schmatz 
et al., 2009).[35]

CONCLUSION

In summary, our results demonstrated that the administration of 
STZ via intraperitoneal injection-induced memory dysfunction is 
associated with increased oxidative stress level, blood glucose level, 
and brain AChEs activity. For evaluating the pathology of human 
disease, zebrafish is considered an important tool. Moreover, by 
applying a number of different parameters and various techniques, 
we can incorporate some special features to study the cellular basis of 
this disease. The behavioral and biochemical study in this experimental 
work provides a useful model for the screening of various neurological 
drugs by using zebrafish as a research model. Some other mechanisms 
are also operating in the central nervous system and cause memory 
dysfunction in the patients of hyperglycemia condition beyond the 
cholinergic system dysfunction. Hence, more studies are required to 
assess the mechanism of central nervous system dysfunction which 
is caused by an enhanced level of glucose on the level of molecular 
mechanism.
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