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This study aims to experimental induction of starvation in rats and investigation of its 
effect on concentrations of blood antioxidants and immune markers using the quantitative 
enzyme-linked immunosorbent assay (ELISA). In total, 32 female rats were purchased, 
acclimated for one week, and divided equally into NC (negative control) and EG 
(experimental group). In NC, rats were fed and drank normally, while in EG, rats received 
half the quantity of feed. After 28 days, direct blood was collected, and the obtained sera 
were tested by ELISA to measurement the concentrations of antioxidants (catalase, 
glutathione peroxidase, and superoxide dismutase), lipid peroxidation (malondialdehyde), 
and immune markers (interleukin-4 and interferon-γ). In comparison to values of 
antioxidants and immune markers of NC, the results of EG were shown a significant 
reduction in catalase (126.88 ± 8.11 pg/ml), glutathione peroxidase (0.776 ± 0.03 IU/ml), 
superoxide dismutase (1.195 ± 0.07 U/ml), and interferon-γ (20.11 ± 0.84 pg/ml); while, 
there was significant elevation in values malondialdehyde (197.87 ± 7.71 ng/ml) and 
interleukin-4 (57.11 ± 2.44 pg/ml). In conclusion, the results of our experiment showed 
that starvation caused oxidative stress in rats, which resulted in a lower rate of 
antioxidants (catalase, glutathione peroxidase, and superoxide dismutase) and a higher 
rate of malondialdehyde. The feed restriction also influenced the immune system through 
the lower level of interferon-γ and higher level of interleukin-4. Further studies are of 
great importance to indicate the effect of starvation on other physiological and 
immunological markers as well as on the health status of body tissues/organs.  
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1. Introduction  
 
In the past decades, researchers have employed different terms to describe the cases when animals do not consume food 
(inanition, fasting, and starvation). These terms can be used to denote certain physiological conditions but more often are 
employed interchangeably (Pirkmajer & Chibalin, 2011; Galef, 2013). In view of all that is currently known about the 
behavioral, morphological, and physiological variability in how animals respond to unpredictable availability of food, it is 
timely to revise the descriptive labels we assign to cases where animals rely solely on their internal physiological reserves to 
meet their energy needs (Sergio et al., 2018). Starvation can be defined as the state where an animal that is post-absorptive and 
usually capable of feeding itself is denied its food due to some factors beyond its control. The frequency and the period of 
natural starvation can be different – there can be short-term and long-term natural starvation. For instance, the starvation cycles 
may be short and frequent, short and intermittent, long and sporadic, and long and continuous. Starvation has been 
conventionally divided into three distinct phases based on the rate of mass loss, nitrogen excretion, or the type of primary 
physiological fuel used in starvation (Bar, 2014; McCue et al., 2017; Dogan et al., 2024). Qualitative terms have also been used 
to describe the growing intensity of fasting or starvation. While such qualitative definitions may adequately describe the 
changes in physiological processes in a given species as a function of development, they are not very useful when viewed from 
a comparative perspective (McCue et al., 2012, 2017). 
The immune system is a highly organized structure of cells, tissues, and organs that perform a coordinated function of 
protecting the body against various pathogens, including bacteria, viruses, fungi, and others (Subramanian et al., 2015; 
Gombart et al., 2020). “The immune system can be grouped into two main categories: the innate immune system and the 
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adaptive immune system. The first line of defense is the innate immune system, which is the immediate and non-specific 
response by the body to pathogens, including physical barriers such as the skin and cellular components like white blood cells. 
The innate immune system is non-specific and does not have the ability to ‘remember’ previous exposures to pathogens, 
making it relatively slower and less efficient when compared to the adaptive immune system (Hillion et al., 2020). The immune 
system is one of the most essential parts of the body that is responsible for the body’s defense against diseases and infections. 
An essential feature of the immune response in relation to food is its capacity to discern between beneficial compounds, such 
as nutrients, and potential dangers. This is especially important since the gut-associated lymphoid tissue (GALT) is in charge of 
detecting and reacting to substances ingested through the digestive system (Alator, 2024). 
Consumption of nutrients is crucial in maintaining a strong immune response. For instance, vitamins C, D, and E and minerals 
like zinc and selenium, as well as other bioactive compounds, are crucial in the support of immune health (Calder et al., 2020). 
Lack of these nutrients weakens the body’s immune system and results in vulnerability to diseases. Specific nutrients like 
antioxidants and anti-inflammatory substances present in fruits, vegetables, and other plant products can have a positive impact 
on immunity (Childs et al., 2019). Thus, good bacteria or probiotics, which are found in foods such as yogurt, may also help 
maintain healthy gut bacteria, boosting the immune system (La Fata et al., 2018; Yeşilyurt et al., 2021). The immune system is 
a complex structure that consists of different tissues and is sensitive to the foods we eat (Munteanu & Schwartz, 2022). In this 
regard, it is crucial to focus on nutrition, including the consumption of diverse and nutrient-dense foods, to support the immune 
system and general health (Mitra et al., 2022). Some vertebrates are more tolerant to starvation than others. For instance, some 
small birds and mammals may survive with food for just one day, while some snakes and frogs can go up to about 723 days of 
starvation”. This study aims to evaluate the effect of starvation on rats through the evaluation of the concentrations of 
antioxidants (catalase, glutathione peroxidase, superoxide dismutase, and malondialdehyde) and immune markers (interleukin-
4 and interferon-γ) serologically using the quantitative ELISA. 
 
2. Methodology 
 
Animals and Study Design 
In total, 32 female rats of 4 weeks of age at most were bought from the local market and were transported to the Lab Animal 
House, “College of Veterinary Medicine, University of Wasit”. Firstly, all the study animals were acclimatized for one week, 
where they were fed with a pellet, given access to tap water, and had a light/dark cycle of 12/12 hours (Hussen et al., 2024). 
Then, the study rats were divided equally into NG (negative group) and EG (experimental group) groups. In NG, rats were fed 
and drank normally, while rats of the EG group received half the quantity of feed throughout the study period that extended for 
28 days. 
 
Samples 
After ending of the study period, all study rats were anesthetized and subjected to direct sampling of blood from the heart into 
labeled free-anticoagulant gel tubes that were cooled to the laboratory and centrifuged at 5000rpm for 5 minutes. The obtained 
sera were transferred into 1.5 ml Eppendorf tubes and saved at -4°C in the dark bag until be tested serologically using the 
ELISA (Gharban & Al-Shaeli, 2021). 
 
Measurement of Antioxidants and Immune Markers 
According to manufacturer instructions of quantitative ELISA Kits “(SunLong Biotech, China), the concentrations of 
antioxidants (catalase [SL1084Ra], glutathione peroxidase [SL1033Ra], superoxide dismutase [SL1341Ra], and 
malondialdehyde [SL0475Ra]) and immune markers (interleukin-4 [SL0409Ra], and interferon-γ [SL0786Ra]) were measured. 
For each marker, the contents of each kit and the sera were prepared, processed, and the optical density (OD) of Standards and 
sera were calculated at 450nm using a Microplate ELISA Reader (BioTek, USA). After setting the Blank well to zero, the ODs 
and concentrations of Standards, as well as the ODs of sera, were plotted on a diagram to measure the concentration of each 
marker in sera.   
 
Statistical analysis  
The results were analyzed using GraphPad Prism version 8.0.2 (GraphPad Software, USA). Two-way ANOVA and the t-test 
were applied to detect significant variation between values of different study groups at p˂0.05 (*), p˂0.01 (**), p˂0.001 (***), 
and p˂0.0001 (****). Values were represented as mean  standard errors (MSE)”, (Gharban, 2023). 
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3. Results 
The findings of catalase showed a significant reduction (p<0.0001) in values of EG (126.88 ± 8.11 pg/ml) when compared to 
those of NC (369.81 ± 21.28 pg/ml) “(Table 1, Figure 1). 
The findings of catalase showed a significant reduction (p<0.0001) in values of EG (126.88 ± 8.11 pg/ml) when compared to 
those of NC (369.81 ± 21.28 pg/ml) “(Table 1, Figure 1).  
 
Table 1. Statistical analysis for values of catalase concentration in rats of both study NG and EG Group. 

Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
369.81 ± 21.28 126.88 ± 8.11 242.93 20.91 198.1 to 287.8  

Source of Variation % of total variation P value P value summary Significant? 
Row Factor 11.42 0.2808 NS No 

Column Factor 80.26 <0.0001 **** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 62990 14 4499 F (14, 14) = 1.372 P=0.2808 

Column Factor 442600 1 442600 F (1, 14) = 135.0 P<0.0001 
Residual 45902 14 3279 - - 

 
Figure 1. Concentration of catalase among the sera of study rats in both the NG and EG study groups.  

Concerning values of the glutathione peroxidase, there were significant decreases (p<0.0001) in values of EG (0.776 ± 0.03 
IU/ml) when compared to those of NC (2.985 ± 01 IU/ml) (Table 2, Figure 2). 
 
Table 2. Statistical analysis for values of glutathione peroxidase concentration in rats of both study NG and EG goups. 

Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
2.985 ± 01 0.776 ± 0.03 2.209 0.108 1.977 to 2.440  

Source of Variation % of total variation P value P value summary Significant? 
Row Factor 2.946 0.5469 NS No 

Column Factor 93.91 <0.0001 **** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 1.148 14 0.08197 F (14, 14) = 0.9379 P=0.5469 

Column Factor 36.59 1 36.59 F (1, 14) = 418.6 P<0.0001 
Residual 1.224 14 0.08741 - - 
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Figure 2. Concentration of glutathione peroxidase among the sera of study rats in both the NG and EG study groups. 

Regarding the levels of superoxide dismutase, the findings of EG (1.195 ± 0.07 U/ml) were decreased significantly (p<0.0001) 
in comparison with those of the NC (6.255 ± 0.38 U/ml) (Table 3, Figure 3). 
 
Table 3. Statistical analysis for values of superoxide dismutase concentration in rats of both study NG and EG groups. 
Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
6.255 ± 0.38 1.195 ± 0.07 5.06 0.3961 4.210 to 5.909  

Source of Variation % of total variation P value P value summary Significant? 
Row Factor 6.601 0.5814 NS No 
Column Factor 86.02 <0.0001 **** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 14.73 14 1.052 F (14,14) = 0.8941 P=0.5814 
Column Factor 192 1 192 F (1, 14) = 163.1 P<0.0001 
Residual 16.48 14 1.177 - - 

 

 
Figure 3. Concentration of superoxide dismutase among the sera of study rats in both the NG and EG study groups. 
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The concentration of malondialdehyde revealed a significant elevation (p<0.0001) in values of EG (197.87 ± 7.71 ng/ml) when 
compared to values of NC (50.47 ± 4.06 ng/ml) (Table 4, Figure 4).  
 
Table 4 Statistical analysis for values of malondialdehyde concentration in rats of both study NG and EG groups. 
Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
50.47 ± 4.06 197.87 ± 7.71 -147.4 10.34 -169.6 to -125.2  

Source of Variation % of total variation P value P value summary Significant? 

Row Factor 2.636 0.9419 NS No 
Column Factor 91.09 <0.0001 **** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 4716 14 336.8 F (14,14) = 

0.4199 
P=0.9419 

Column Factor 162951 1 162951 F (1, 14) = 
203.1 

P<0.0001 

Residual 11230 14 802.1 - - 
 

 
Figure 4. Concentration of malondialdehyde among the sera of study rats in both the NG and EG study groups. 

For immune markers, the findings of interleukin-4 were increased significantly (p<0.0001) in EG (57.11 ± 2.44 pg/ml) when 
compared to those of NC (15.51 ± 1 pg/ml) (Table 5, Figure 5).   
 
Table 5. Statistical analysis for values of interleukin-4 concentration in rats of both study NG and EG groups. 
Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
15.51 ± 1 57.11 ± 2.44 -41.6 2.424 -46.80 to -36.40  

Source of Variation % of total variation P value P value summary Significant? 
Row Factor 5.878 0.2793 NS No 
Column Factor 89.85 <0.0001 **** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 

849 14 60.65 
F (14, 14) = 
1.376 P=0.2793 

Column Factor 
12979 1 12979 

F (1, 14) = 
294.4 P<0.0001 

Residual 617.1 14 44.08 - - 
 



EJABS 5 (1):40-48 

 

45 
 
 

 

 

 
Figure 5. Concentration of interleukin-4 among the sera of study rats in both the NG and EG study groups. 

 
In relation to values of interferon-γ, significantly lower values (p<0.0003) were observed in EG (20.11 ± 0.84 pg/ml) than 
those of NC (69.21 ± 10.19 pg/ml) (Table 6, Figure 6). 
 
Table 6. Statistical analysis for values of interferon-γ concentration in rats of both study NG and EG groups. 
Value of NC Value of EG Difference between means SE of difference 95% CI of difference 
69.21 ± 10.19 20.11 ± 0.84 49.09 10.2 27.23 to 70.96  

Source of Variation % of total variation P value P value summary Significant? 
Row Factor 27.53 0.4934 NS No 
Column Factor 45.18 0.0003 *** Yes  

ANOVA Table SS DF MS F (DFn, DFd) P value 
Row Factor 11016 14 786.9 F (14,14)= 1.009 P=0.4934 
Column Factor 18077 1 18077 F (1, 14) = 23.18 P=0.0003 
Residual 10917 14 779.8 - - 

 
Figure6. Concentration of interferon-γ among the sera of study rats in both the NG and EG study groups. 
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3. Discussion 
Our results in this study suggested the detrimental effects of starvation on the body through the assessment of antioxidant 
enzymes, lipid peroxidation, and immune system markers. These changes are in concordance with the observations of Pascual 
et al. (2003) in gilt-head bream (Sparus aurata), where there was an increase in malondialdehyde and a gradual decline in 
glutathione peroxidase level in the liver during starvation. Similarly, Bayir et al. (2011) reported the elevation of 
malondialdehyde concentration in the liver tissue of brown trout (Salmo trutta) under long-term fasting conditions. The initial 
phase markers of these processes in the liver increased significantly only on the 6th week of the fasting period, while the 
metastable end product of the lipid peroxidation processes was significantly higher on the 3rd and the 6th weeks of the 
starvation period. This may be due to differences in the fatty acid mobilisation during starvation, for mostly the saturated and 
monounsaturated fatty acids are mobilised, as was found in carp (Csengeri, 1996; Zajic et al., 2012). However, polyunsaturated 
fatty acids were mobilised later, and those are more prone to peroxidation (Houten et al., 2016). The diminished activity of the 
enzymatic antioxidants, particularly glutathione peroxidase, and the extent of its substrate was found to have enhanced the 
intensity of the free radicals generated lipid peroxidation in the liver of the starved fish (Hidalgo et al., 2017). According to 
Varju et al. (2018), the concentration of malondialdehyde, as a marker of lipid peroxidation processes, increased notably after 
the sixth week of starvation. As a result of starvation, significantly lower reduced glutathione peroxidase concentration was 
reduced significantly in the 6th week. 
On the other hand, (2021) has estimated experimentally the effects of feeding and starvation concerning oxidative stress and 
enzymatic antioxidant activities in the whole body of 4 cm rainbow trout fry (Oncorhynchus mykiss) for 28 days. The author 
also discovered that the biomarkers catalase, glutathione peroxidase, and superoxide dismutase were significantly elevated on 
the 14th and 28th day of starvation. This, he said, could be attributed to the higher H2O2 production due to the free radicals 
that came from the oxidation of lipids. Further, the higher activities imply that the fries were subjected to higher oxidative 
stress in 14-day starved fry. Chen et al. (2022) showed that the counts of glutathione and superoxide dismutase were 
significantly higher in the experimental group after 3–7 days of starvation but reduced again to the normal baseline at the end 
of the study. In another study to estimate the effects of starvation and re-feeding on growth, digestion, nonspecific immunity, 
and lipid-metabolism-related genes, Gou et al. (2023) reported that the level of lysozyme, acid phosphate, alkaline phosphate, 
superoxide dismutase, glutathione peroxidase and catalase in hepatopancreas was significantly higher in second week starved–
re-fed group compared to the control group. 
However, it is well known that hunger-induced oxidative stress / ROS (reactive oxygen species) generation can affect the 
antioxidant capability and other physiological functions through lipid peroxidation in different organisms, which is reflected in 
the form of an increase in the level of malondialdehyde in the metabolically active tissues of some starved teleost. However, 
the malondialdehyde levels seemed to be reduced by the end of the starvation period, and this variation might be attributed to 
the physiologic characteristics of muscular tissue (Karatas, 2018). Similar results were observed in other cases where lipid 
peroxidation remained unchanged, while the activity of antioxidant enzymes increased in the muscle after 70 days of fasting 
(Furné et al., 2009; Furne & Sanz, 2018). In this study, the total antioxidative capacity was also determined as a marker of the 
overall antioxidant state in muscles, and we obtained data that are generally in agreement with the changes in both enzymatic 
and nonenzymatic types of antioxidants (Chen et al., 2022). Altogether, levels of the total antioxidative capacity were either 
unchanged or slightly enhanced during the early and middle parts of food deprivation, and a reduction of total antioxidative 
capacity was observed at the end of the fasting trial only (Huseynova et al., 2012; Moyankova et al., 2014; Bayliak et al., 
2021). This implies that fasting for more than 14 days reduces the nutrient stores, such as different antioxidants, and negatively 
affects the metabolic functionality of the antioxidant capacity. Hence, it can be concluded that muscle could effectively combat 
ROS and oxidative stress due to short-term starvation through multiple antioxidant mechanisms, though the ability may fade 
away with prolonged fasting. 
 
4. Conclusion  
The outcome of this study revealed that starvation negatively impacted the rats in terms of oxidative stress by reducing the 
level of antioxidants (catalase, glutathione peroxidase, and superoxide dismutase) and increasing the level of lipid peroxidation 
(malondialdehyde). The feed restriction also affected the immune system by decreasing the level of interferon-γ and increasing 
the level of interleukin-4. This study recommended that further studies are of great importance to indicate the effect of 
starvation on other physiological and immunological markers as well as on the health status of body tissues/organs.  
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