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| ABSTRACT

Background: Streptozotocin (STZ) is the most prominent diabetogenic chemical that is widely used in experimental
animals for creating animal models of diabetes. Obtaining valid data from STZ-based animal models of diabetes
depends on the correct preparation and use of STZ. Aims: The current study aims to investigate the impact of
streptozotocin injected at different doses on the levels of antioxidants and liver enzymes in rats. Materials and
methods: A total of 35 female rats were purchased, acclimated, and divided randomly and equally into 5 groups;
NCG (as non-injected-negative control), EG1 (streptozotocin-injected at 50mg/kg.BW), EG2 (streptozotocin-injected
at 100mg/kg.BW), EG3 (streptozotocin-injected at 150mg/kg.BW) and EG4 (streptozotocin-injected at
200mg/kg.BW). After 72 hours of streptozotocin injection, blood samples were collected directly from heart, and the
obtained sera were tested quantitatively by ELISA to measurement the concentrations of antioxidants (catalase,
glutathione peroxidase [GPX], and superoxide dismutase [SOD]) as well as the liver enzymes (alkaline phosphatase
[ALP], alanine aminotransferase [ALT], and aspartate aminotransferase [AST]). Results: In comparison to values of
NCG, the findings of all experimentally groups (EG1, EG2, EG3, and EG4) were shown a significant decrease in values
antioxidants (catalase, GPX, and SOD) and a significant elevation in values of liver enzymes (ALP, ALT, and AST).
Among the experimentally study groups, the highest values of antioxidants were detected in EG1 while the lowest
was seen in EG4. In contrast, the lowest value of liver enzymes was observed in EG1 and the highest in EG4.
Conclusion: This study revealed the negative effect of streptozotocin on targeted biomarkers, suggesting its role in
the development of oxidative stress and related complications in a number of body tissues. Subsequently, the
impact is dose-dependent since the high dose of streptozotocin causes severe alteration in the values of all
antioxidants and liver enzymes. However, additional studies are of great importance to estimate the effect of
streptozotocin on different enzymes, hormones and body markers even tissues and organs.
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1. Introduction

Streptozotocin is a naturally occurring methylnitrosourea antineoplastic antibiotic compound. It was isolated from
the bacterium Streptomyces achromogenes by scientists working at the drug company Upjohn (now part of Pfizer) in
the late 1950s (Majeed et al., 2008; Zhu, 2022). During the mid-1960s, studies conducted on streptozotocin found
that it is selectively toxic to the B cells of the pancreatic islets (Sithole, 2009). This finding led to the use of
streptozotocin in an animal model of diabetes (Goyal et al., 2016). Streptozotocin was discovered as an anticancer

agent serendipitously in 1965 when Evans and his colleagues found its antitumor effects (Poduri, 2021). Later,
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Murray-Lyon et al. (1971) used this agent in controlling intractable hypoglycemia in a patient with
metastatic carcinoma of the pancreatic islets. They found excellent symptomatic relief and hepatic
metastases reduced in size in the patient with a malignant islet-cell tumor of the pancreas treated with
streptozotocin. In the 1960s and 1970s, the NCI investigated the use of streptozotocin in cancer chemotherapy. In
addition, streptozotocin and its analogs have been found to be effective against several other cancer types, such as
leukemia (Aoki et al, 2015; La Salvia et al., 2024). In Phase Il clinical trials, streptozotocin has also been used in
combination with other drugs including procarbazine, 6-thioguanine (Horton et al, 1975), and CCNU for the
treatment of metastatic colon cancer, and in combination with bleomycin, CCNU (Levi et al., 1977), tilorone, Baker's
antifol, 5-fluorodeoxyuridine, and arabinosyl cytosine for breast cancer (Cummings et al, 1981). Thus,
streptozotocin is being used for the treatment of several types of cancer alone or in combination with other
therapeutic drugs (Bollard et al., 2018).

Models are needed when we cannot put our hands on the object of the study. An animal model is a living organism
in which a phenomenon of interest, similar in some aspects to humans, is studied in a way that cannot be studied in
humans (Hau, 2008). Using animal models in biomedical research has a long history (Franco, 2013). An estimate in
2005 indicated that the number of laboratory animals used for research was about 115 million per year and is still
increasing (Akhtar, 2015). A report on toxicological studies indicates that the concordance between adverse findings
in clinical data and data produced in experimental animals was 71% (Ewart et al., 2014). In addition, according to
both the Nuremberg Code and the Declaration of Helsinki, which are cornerstones for conducting ethical
biomedical research, animal studies need to be conducted before human trials (Hall and Traystman, 2009; de Vries
et al, 2014; Faggion, 2015). However, there is controversy concerning the predictive power of animal models
(Shanks et al.,, 2009). Results obtained from animals are not predictive of human response and should be only used
for generating hypotheses to be tested in humans (Uhl and Warner, 2015). A high rate of new drugs that passed
preclinical studies fail in the clinical phase, such as the average successful translation rate from animals to clinical
cancer trials is <8% (Mak et al., 2014; He et al., 2019). Thus, animal models are excellent basic science tools but are
not appropriate for biomedical prediction (Vashishat et al, 2024). The results of animal studies can be used for
building conceptual models to generate testable hypotheses to verify in humans (Wall and Shani, 2008). In other
words, animal models of human diseases provide an understanding of the studied disease and are not intended to
act as a direct one-to-one surrogate (Swearengen, 2018). Despite the limitations mentioned, animal models have
remained the best alternative way for testing hypotheses before human trials and are a core of preclinical drug
development, which is a lengthy and expensive process (Garattini and Grignaschi, 2017; Singh and Seed, 2021). An
ideal animal model should mimic natural disease patterns in humans as closely as possible; however, none of the
models corresponds to human disease, and each model provides advantages for studying some areas of the
disease (McGonigle and Ruggeri, 2014; Mukherjee et al, 2022; Loewa et al, 2023). The current study aims to
investigate the impact of streptozotocin when given at single different doses (200mg/kg.BW, 150mg/kg.BW,
100mg/kg.BW, and 50mg/kg.BW) on the levels of antioxidants (catalase, GPX, and SOD) and liver enzymes (ALT,
ALP, and AST) in rats using the quantitative enzyme-linked immunosorbent assay (ELISA).

2. Materials and methods

2.1 Ethical approval

This study was licensed by the Scientific Committee of the College of Veterinary Medicine (University of Wasit,
Wasit, Iraq).

2.2 Preparation of study animals

In total, 35 female rats of 118 — 159 grams of weight were purchased from the private animal house in Baghdad
province (Iraq) and transported to the Animal House in the College of Veterinary Medicine at the University of
Wasit. Initially, the study animals were subjected to a preparation period of 1 week, during which they were fed a
pellet, presented to tap water, and exposed to 12 / 12 hours of light/dark.

2.3 Study designing
Randomly, the study rats were divided equally into 5 groups as follows:

Page | 7


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tilorone

Impact of Low and High Dose of Streptozotocin on the Levels of Antioxidants and Liver Enzymes in Rats

1. Negative control group (NCG): Rats of this group were not injected with streptozotocin and were fed
normally.

2. Experimental group 1 (EGT): Rats of this group were subjected to a single intraperitoneal injection of
streptozotocin at a dose of 50mg/kg.BW, and feed normally (Arunachalam and Parimelazhagan, 2013).

3. Experimental group 2 (EG2): Rats of this group were subjected to a single intraperitoneal injection of
streptozotocin at a dose of 100mg/kg.BW, and feed normally (Arunachalam and Parimelazhagan, 2013).

4. Experimental group 3 (EG3): Rats of this group were subjected to a single intraperitoneal injection of
streptozotocin at a dose of 150mg/kg.BW, and feed normally (Arunachalam and Parimelazhagan, 2013).

5.  Experimental group 4 (EG4): Rats of this group were subjected to a single intraperitoneal injection of
streptozotocin at a dose of 200mg/kg.BW, and feed normally (Furman, 2015).

2.4 Samples

After 72 hours of streptozotocin injection, all study animals were anesthetized with chloroform and subjected to
direct blood draining from the heart using a disposable syringe. The blood samples were collected into labeled
free-anticoagulant glass gel tubes that were kept vertically at room temperature for 30 min, centrifuged at 5000
rpm for 15 minutes, and the sera of each sample were collected into a labeled Eppendorf tube and kept frozen in
the refrigerator until be used for measurement of antioxidants and liver enzymes (Wahab et al., 2024; Al-Khatawi et
al,, 2025).

2.5 Biochemical measurement of antioxidants and liver enzymes

According to manufacturer instructions for quantitative ELISA kits (SunLong Biotech, China), the serum samples and
the contents of each kit (Standard, Diluent, and Solution) were prepared and processed at room temperature. After
the addition of the stop solution, the optical density (OD) was read at an absorbance of 450nm using the Microplate
ELISA Reader. Then, the ODs and concentrations of Standards, in addition to the ODs of samples, were plotted on a
log scale to calculate the concentration of each biomarker.

2.6 Statistical analysis

One-Way Analysis of Variance (ANOVA) in the GraphPad Prism Software was used to detect significant differences
between the obtained values of the five study groups at p<0.05 (*), p<0.01 (**), p<0.001 (***), and p<0.0001 (****),
Values of study results were represented as Mean + Standard Error (M£SE) (Gharban, 2024).

3. Results

In relation to values of NCG (32.975 + 0.432 pg/ml), the findings of catalase were decreased significantly (p<0.0001)
among the experimental groups; EG1 (26.525 + 0.791), EG2 (21.838 + 1.045 pg/ml), EG3 (14.757 + 1 pg/ml), and
EG4 (6.74 + 0.809 pg/ml). Significantly (p<0.05), the highest value among the experimental groups was detected in
EG1, while the lowest was shown in EG4 (Figure 1).
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Figure (1): Concentrations of catalase among the rats of five study groups

Significantly, the findings of GPX were reduced (p<0.0001) in experimental groups: EG1 (69.588 + 1.603 1U/ml), EG2
(45.313 £ 1.889 IU/ml), EG3 (29.614 + 1.55 IU/ml), and EG4 (15.1 = 1.315 IU/ml) when compared to those of NCG
(103.388 + 3.577 IU/ml). Among the experimental study groups, the highest value of GPX was seen significantly

(p<0.05) in EG1, while the lowest was observed in EG4 (Figure 2).
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Figure (2): Concentrations of GPX among the rats of five study groups

Regarding the concentrations of SOD, there was a significant reduction (p<0.0001) in values of all experimental
groups; EG1 (11.026 + 0.344 U/ml), EG2 (7.079 + 0.457 U/ml), EG3 (4.7 + 0.278 U/ml), and EG4 (3.16 £ 0.33 U/ml)
when compared to result of NCG (13.15 + 0.185 U/ml). Subsequently, the findings of EG4 were significantly (p<0.05)

lower than those of other experimental study groups: EG1, EG2 and EG3 (Figure 3).
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Figure (3): Concentrations of SOD among the rats of five study groups

Among the values of liver enzymes, significant differences (p<0.05) were reported in values of various study groups.
For ALP, significant elevation (p<0.0001) in values of experimental groups: EG1 (4.65 £ 0.341 ng/ml), EG2 (7.65 *
0.555 ng/ml), EG3 (9.714 £ 0.408 ng/ml), and EG4 (11.18 + 0.312 ng/ml) was shown in comparison to results of NCG
(2.025 + 0.149 ng/ml). Significantly (p<0.05), the highest value among experimentally studied groups was seen in

EG4, whereas the lowest was reported in EG1 (Figure 4).

The concentration of ALT in the current study showed a significant elevation (p<0.0001) among experimentally
study groups; EG1 (264.05 + 22.003 pg/ml), EG2 (483.088 + 18.402 pg/ml), EG3 (744.443 + 44.525 pg/ml), and EG4
(1046.2 + 34.712 pg/ml) comparing to those of NCG (151.625 £+ 10.32 pg/ml). Also, the highest values of ALT
among the experimentally study groups were recorded significantly (p<0.05) in EG4 while the lowest was seen in

EG1 (Figure 5).
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Figure (4): Concentrations of ALP among the rats of five study groups
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Figure (5): Concentrations of ALT among the rats of five study groups

In the present study, significant increases (p<0.0001) in values of AST were detected in experimentally study groups:
EG1 (1.079 £ 0.09 pg/ml), EG2 (1.59 £ 0.138 pg/ml), EG3 (2.217 + 0.171 pg/ml), and EG4 (2.858 + 0.036 pg/ml) when
compared to those of NCG (0.366 + 0.018 pg/ml). However, the lowest value of AST was reported significantly
(p<0.05) in EG1, while the highest was seen in EG4 (Figure 6).
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Figure (6): Concentrations of AST among the rats of five study groups

4. Discussion

This work gives insight into the impact of streptozotocin, commonly used to experimentally induce diabetes
mellitus, on the levels of antioxidants and liver enzymes. In the current study, the findings revealed that the
administration of streptozotocin for rats causes a significant reduction in levels of antioxidants and increases in liver
enzymes. Catalase is an antioxidant enzyme that plays a very crucial role against oxidative stress in cells as it
decomposes hydrogen peroxide (H>0.) into water and oxygen (Gebicka and Krych-Madej, 2019). The effect that
administration of streptozotocin has on the catalase activity of different tissues was investigated (Nazaroglu et al.,
2009; Chatuphonprasert et al., 2014). Catalase plays a vital role in protecting pancreatic B-cells from damage by free
radicals. Pancreatic B-cells are rich in mitochondria, and catalase deficiency in these cells leads to excessive
production of ROS, inducing the oxidative stress and cellular dysfunction seen in diabetes mellitus (Wang and
Wang, 2017; Eguchi et al,, 2021). The mechanism by which streptozotocin induces diabetic effects has been said to
be through the production of free radicals, lowering the cellular ATP concentration, and selectively toxic effects on
pancreatic B-cells (Eleazu et al., 2013). These processes may also influence the function of GPX that catalyses the
reduction of H,O, and organic hydroperoxides and consequently protect cells from oxidative damage (Ighodaro
and Akinloye, 2018). Some of the previous and recent experiments have aimed at determining the impact of
diabetes evoked by streptozotocin on the alterations of the GPX activity in the liver, kidneys, and testes (Govindaraj
and Sorimuthu Pillai, 2015; Othman et al., 2021; Goncalves et al., 2022).

The overall antioxidant status was observed to be lower in the testes of diabetic rats, and the author also noted that
there was a significant decrease in the GPX level. It was also observed that streptozotocin-induced diabetes is
caused by increased oxidative stress and DNA damage (Mohasseb et al., 2011). In view of this finding, one may
deduce that the ability of antioxidant protective systems in diabetes, particularly decreasing GPX activity, maybe a
possible cause for impaired testicular toxicity in diabetic patients. In another study, Haidara et al. (2011)
demonstrated the time-course of effects of streptozotocin on hepatic drug metabolism and various liver protein
levels concentration of glucose and triglycerides in serum. The researchers stated that while diagnosing diabetes
with streptozotocin in 2 hours, the normal glucose level was attained at 8 hours and again augmented at 24 hours.
Intriguingly, the increase in serum parameters was not proportional to changes in hepatic parameters, making it
possible that streptozotocin has different effects on the liver and serum levels. Akbarzadeh et al. (2018) pointed out
that the primary physiological alterations concerning streptozotocin-induced diabetic rats include body weight loss,

Page | 12


https://www.sciencedirect.com/topics/neuroscience/free-radical
https://www.sciencedirect.com/topics/neuroscience/free-radical
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/catalase-deficiency
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/reactive-oxygen-metabolite

IJMHR 3(1): 06-15

decrease in weight of the liver, kidney, heart, and other organs of the body, hyperglycemia, hypoinsulinemia, etc.
Streptozotocin administration has a wide-ranging impact on the physiological parameters of the organism.

Earlier literature reviewed pointed to the fact that streptozotocin has an impact on the activity of ALP with regard to
the experimental animal models together with the cellular substrate (Rehman et al, 2023). For these reasons,
alterations of this enzyme should be discussed as an example of rather universal effects of streptozotocin at the
level of various metabolic pathways, including glucose and lipid homeostasis (Dey and Lakshmanan, 2013;
Taghipour et al., 2019). Some researchers have used streptozotocin to assess the impact of the method on ALT in
types of animals (Voss et al., 1988; Abolfathi et al., 2012; Sarhat et al., 2016). Hattangady and Rajadhyaksha (2009)
mentioned that streptozotocin was dependent on the period of treatment and aspects of health indices, including
serum glucose and triglyceride levels. GriiPner et al. (1993) reported that diabetes was also induced by treatment
with streptozotocin within 2 hours of the treatment, but this was not permanent and hence not observed at 8 hours.
Interestingly, streptozotocin was noted to inhibit drug metabolism activity, but its level returned to the baseline 2
hours after the injection and stayed at that level even after 24 hours of injection. Such findings increase the
possibility that streptozotocin has the ability to impart a complex and time-of-day-related influence on various
metabolic processes, including aspartate aminotransferase reactions.

5. Conclusion

This study revealed the negative effect of streptozotocin on targeted biomarkers, suggesting its role in the
development of oxidative stress and related complications in a number of body tissues. Subsequently, the impact is
dose-dependent since the high dose of streptozotocin causes severe alteration in the values of all antioxidants and
liver enzymes. However, additional studies are of great importance in estimating the effect of streptozotocin on
different enzymes, hormones, and body markers, even tissues and organs.
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