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1. Introduction

It is known that many chronic stresses (CS) conditions 
can cause physiological dysregulations including 
neuropsychiatric disorder, reproductive dysfunction, 
and gastrointestinal disease, especially hepatic disorder 
(Joung et al., 2019) and renal impairment (Marchon et al., 
2018). Previously, CS has been demonstrated to alter 

physiology and morphology of many organs such as brain, 
reproductive, liver, and kidney tissues. Indeed, changes of 
hepatic biochemistry parameters were revealed in stress 
patients with viral hepatitis (Nagano  et  al., 2004) and 
autoimmune hepatitis (Srivastava and Boyer, 2010). In 
addition, Tseilikman et al. (2012) have shown the liver injury 
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Resumo
O estresse crônico (SC) pode contribuir para a disfunção em vários órgãos, incluindo fígado e rim.
Este estudo foi realizado para investigar as alterações na bioquímica sérica, estrutura histológica, bem como 
na localização de proteínas tirosina fosforiladas (TyrPho) e proteína de choque térmico 70 (Hsp-70) em tecidos 
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creatinina, colesterol, triglicerídeos, HDL-C, LDL-C, ALT, AST, fosfatase alcalina no grupo CS foram significativamente 
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alterada, a expressão de TyrPho aumentou significativamente no lisado hepático, mas diminuiu significativamente 
no rim. A expressão de Hsp-70 no fígado aumentou, enquanto que no rim diminuiu. Em conclusão, a CS pode 
induzir alterações nas funções hepáticas e renais.
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2.2. Stress induction

After a week of acclimatization, animals were randomly 
divided into control and chronic stress (CS) groups. Control 
rats were maintained without any stress disturbance, 
whereas the rats in CS group were exposed with two 
stressors (restrained and force swimming), based on 
the procedure described by Nirupama et al. (2013) and 
Arun et al. (2016). In brief, the rats were restrained within 
the restraint cage for consecutive4 hour before forced 
swimming for 15 minutes) in the cold water (approximately 
15 °C). This CS induction was performed for consecutive 
60 days. At the end of experiment, all animals of both 
groups were anesthetized by thiobarbital sodium (60 mg/
KgBW via intraperitoneal injection) and euthanatized by 
cervical dislocation before collections of blood, liver and 
kidney for further analyses.

2.3. Biochemical analyses of blood serum for 
determination of liver and kidney functions

After euthanization, the blood from each rat was 
collected by cardiac puncture from the left ventricle and 
centrifuged at 12000 rpm at 4 °C for 15 min by Microfuge 
22R (Biocompare Inc., USA) to separate the serum from 
the blood cells. Subsequently, blood serum was sent to the 
Radiology Unit, Srina- garind Hospital, Faculty of Medicine, 
Khon Kaen University, Thailand for determination of serum 
corticosterone levels and biochemical analyses of liver and 
renal function parameters by electrochemiluminescence 
immunoassay (ECLIA).

2.4. Histological evaluation by Masson’s trichrome staining

After weighing liver and kidney organs, each tissue was 
fixed into 10% formalin fixative and routinely processed for 
making of paraffin tissue blocks. Then, all liver and kidney 
tissues were sectioned approximately 5-7 um thickness. 
Subsequently, the tissue sections were further stained with 
Masson’s trichrome (Catalogue no. HT15, Sigma-Aldrich, 
Inc., USA) to observe collagen accumulation in liver or 
kidney tissues because previous study has demonstrated 
that chronic stress caused the fibrosis in liver and penile 
corpus cavernosum of stress rats (Li et al., 2016; Souza et al., 
2012). Briefly, the tissue sections were deparaffinized with 
xylene and rehydrated with the serial descending alcohols. 
Then sections were fixed in Bouin’s solution at 56 °C for 15 
minutes. Then, sections were washed with tap water for 
20 minutes and stained with Weigert’s Iron Hematoxylin 
for 5 minutes. After rinsing with tap water for 5 minutes 
the sections were stained with biebrich scarlet-acid 
fuchsin solution for 5 minutes. After washing, sections 
were stained in phosphomolybdic-phosphotungstic acid 
solution for 5 minutes and incubated with aniline blue 
solution (HT1S-04) for 10 minutes before dropping with 
1% acetic acid.

2.5. Western blot analysis

The total proteins of liver and kidney from both groups 
were homogenized and extracted with ice-cold RIPA buffer 
(catalogue no. GR3333912-1, Cell Signalling Technology, 
Inc., USA). Then the total proteins (100 µg) were loaded 

in animal models of restraint stress and electric foot shock 
stress. The CS could also reduce the blood flow in hepatic 
tissues via secretion of corticotropin-releasing factor from 
the hypothalamus (Chida et al., 2005). Moreover, stressed 
animals have reported to have necrosis of hepatocytes caused 
by mitochondrial hypoxia (Joung et al., 2019). Interestingly, 
previous study showed the immediate and late effects of 
stress on reduction of the kidney weight and volume in both 
prepuberty and puberty (Marchon et al., 2018). Particularly, 
it was found that animals induced by immobilization stress 
revealed the decrease of renal glomerular volume density 
(Souza et al., 2011). Such glomerular volume loss in stress 
condition was shown to associate with hypertension 
(Hoy et al., 2008). Currently, Chaiyamoon et al. (2020) have 
reported not only the changes of functional parameters 
of liver and kidney, but also alterations of the tyrosine 
phosphorylation in polycystic ovary syndrome, a stress 
condition of women. However, such changes especially 
expressions of tyrosine phosphorylated proteins in liver 
and kidney of male have never been elucidated.

Tyrosine phosphorylated (TyrPho) proteins are 
documented to play important roles in many biological and 
physiological processes. Particularly, TyrPho proteins have 
been localized and investigated for individual function in 
the reproductive system (Tangsrisakda and Iamsaard, 2020; 
Tongpan et al., 2019; Sawatpanich et al., 2018; Iamsaard et al., 
2018; Sampannang et al., 2019). Indeed, the changes of 
TyrPho protein expressions have been elucidated in testicular 
and epididymal tissues of adult male rats induced by acute 
and chronic stress conditions (Arun et al., 2018, 2021). Such 
changes were associated with increase of heat shock protein 
70 (HSP-70) expression (Xun et al., 2015; Wang et al., 2016). 
Consequently, the HSP-70 expression has been shown to be 
increased under heat stress or radiation (Wang et al., 2016). 
Taken together, CS can induce some structural damages and 
change functional parameters of liver and kidney but the 
complete mechanism on this issue especially alteration of 
tyrosine phosphorylation has never been reported. To gain 
our knowledges, this study aimed to investigate the effects 
of chronic stress on associations among histological features, 
serum biochemical parameters, and expressions of TyrPho 
and HSP-70 proteins in liver and kidney of adult male rats.

2. Materials and Methods

2.1. Animals and experimental design

Twenty adult male Sprague–Dawley rats were obtained 
from the Animal unit, Faculty of Medicine Khon Kaen 
University, Thailand. All animals were housed in plastic cages 
under the experimental room with controlled condition 
(12 hr. light/dark cycle, temperature 23 ± 2°C, humidity 
30-60% RH, sound < 85 decibels, and light intensity 350-400 
lux) at Laboratory Animal Unit, Faculty of Medicine, Khon 
Kaen University, KhonKaen, Thailand. The rats received the 
commercial food pellets and water ad libitum. This study 
has been approved by Animal Ethics Committee Research 
of Faculty of Medicine Khon Kaen University, based on the 
Ethics of Animal Experimentation of National Research 
Council of Thailand (Record No. IACUC-KKU-15/64)
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SPSS statistics 19.0 software data analysis. The P-value < 
0.05 was considered as a statistically significant difference 
between control and CS groups.

3. Results

3.1. Effect of chronic stress (CS) on weights of body, liver, 
and kidney

The results in Table  1 showed that CS significantly 
decreased the weights of body, liver, and kidney in both 
absolute and relative weights as compared to those of 
control (P < 0.05).

3.2. Effect of chronic stress on serum biochemical 
parameters of liver and kidney functions

As shown in the Table  2, it was found that the CS 
significantly decreased the serum levels of creatinine, 
cholesterol, triglyceride, HLD-C, and LDL-C, respectively. 
In contrast, the levels of corticosterone, blood sugar, urea 
nitrogen, and ALT in CS group were significantly increased 
as compared to the control (P<0.05, Table 2).

and separated on SDS-PAGE (10% polyacrylamide resolving 
gel). The separated proteins were transferred onto the 
nitrocellulose membrane before incubated with 5% BSA 
in 0.1% TBST (0.1% Tween-20, TBS, pH 7.4) for 45 minutes 
to block the non-specific binding proteins. All membranes 
of liver and kidney protein lysates were incubated with 
primary antibody (anti-tyrosine phosphorylated; 1:2000 
dilution, catalogue no.05-321, Merck Millipore Co., USA) 
at 4°C overnight followed by washing and incubating 
with secondary antibody (anti-mouse,1:5000 dilution, TM 
catalogue number G-21234, Invitrogen, USA), in 0.1% TBST, for 
1 h, room temperature. The tyrosine phosphorylated proteins 
on each membrane were detected using ECL and visualized 
under exposure to the gel documentation 4 (ImageQuant 400, 
GH Healthcare, USA). For quantitative analysis, the relative 
intensity of protein expression was measured and analyzed 
by using the ImageJ program (version 1.49).

2.6. Statistical analysis

All data were expressed as means ± standard deviation 
(SD). To compare the difference between two groups, the 
independent t-test was used for normally- distributed 
data or the Mann- Whitney U test was used for not 
normally- distributed data by using the program IBM 

Table 1. Effect of chronic stress on the weights of body, liver and kidney of male rats.

Groups Significance

Control CS
P-value

(mean ± S.D.) (mean ± S.D.)

Body weight (g) 640 ± 29.82 462.66 ± 21.13* 0.001

Liver

Absolute weight (g) 24.35 ± 1.76 16.47 ± 1.92* 0.001

Relative weight(g/100gBW) a 3.62 ± 0.11 3.31 ± 0.22* 0.001

Kidney

Absolute weight (g) 2.10 ± 0.08 0.33 ± 0.01* 0.001

Relative weight(g/100gBW) a 1.59 ± 0.30 0.34 ± 0.04* 0.001

Data were expressed as mean ± standard deviation (S.D.). *P <0.05, statistically significant difference compared between groups.

Table 2. Serum biochemical parameters determining liver and kidney functions compared between control and chronic stress rats.

Serum biochemical parameters Control CS Significance

corticosterone (µg/dl) 0.44 ± 0.02 1.06 ± 0.004* 0.001

Blood sugar (mg/dL) 171.50 ± 3.54 198.13 ± 5.66* 0.001

Urea nitrogen (mg/dL) 21.15 ± 0.64 22.55 ± 0.64* 0.001

Cretinine (mg/dL) 0.31 ± 0.01 0.30 ± 0.01* 0.001

Cholesterol (mg/dL) 63.54 ± 0.71 49.43 ± 1.41* 0.001

Triglyceride (mg/dL) 119.52 ± 2.12 89.51 ± 0.71* 0.001

HDL-C (mg/dL) 35.52 ± 0.71 27.13 ± 0.00* 0.001

LDL-C (mg/dL) 10.14 ± 0.01 7.51 ± 0.71* 0.001

ALT (U/L) 32.50 ± 0.71 46.13 ± 0.00* 0.001

AST (U/L) 85.50 ± 0.71 158.11 ± 2.83* 0.001

Alkaline phosphatase (U/L) 242.11 ± 4.24 89.44 ±1.41* 0.001

Data were expressed as mean ± standard deviation (S.D.). *P <0.05, statistically significant difference compared between control and CS groups.
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4. Discussion

The chronic stress (CS) of animals used in this study 
was induced by restraining and forced swimming for 
consecutive 60 days. The development of CS was confirmed 
by increased level of serum corticosterone in comparison 
to control animals. Our results were similar to a previous 
study demonstrating that the weights of body, liver, and 
kidney of CS rats were significantly decreased as compared 
to healthy animals (Roberts et al., 2007). Although the food 
consumption of stress rats was not recorded in our study, 
it is assumed to be reduced as reported by Roberts et al. 
(2007). Particularly, the decrease of kidney weight in 
this investigation are corresponded to previous studies 
(Souza et al., 2011; Marchon et al., 2018). We assumed 
that the excess corticosterone level may disrupt some 
functions of liver and kidney on metabolic pathway in 
anabolism of cells, resulted in inhibition of protein and 
glycogen syntheses especially in hepatocytes of liver. It is 
possible that increased corticosterone could early damage 
such function before later destroying cellular structures. 
Consequently, no histopathology was observed in both 
kidney and liver tissues. However, the actual mechanism 
on such issue is still not known. Possibly, such absolute 
organ weights may corroborate with their relative weights 
since CS animals have less intake. In contrast to the 
weight results, the histological structures of both renal 
and hepatic tissues revealed no difference as compared 
between control and CS group. It indicates that chronic 
stress did not obviously affect the microstructures of 

3.3. Histology of liver and kidney induced by chronic 
stress

Under investigating the histopathology of liver and 
kidney stained with Masson’s trichrome, no cellular damage 
in hepatic portal triad or fibrotic tissue in renal glomerulus 
was obviously found in CS groups as compared to control 
(Figure 1A and Figure 1B).

3.4. Changes of tyrosine phosphorylated (TyrPho) protein 
expressions in liver and kidney

The SDS-PAGE results demonstrating total proteins 
profiles of both liver (Figure 2A) and kidney (Figure 3A) 
lysates showed no difference as compared between 
control and CS groups. In the liver lysates, it was obviously 
demonstrated that the expressions and intensities 
of 80, 43, and 39 TyrPho proteins in CS group were 
significantly increased as compared to control (Figure 2B 
and Figure 2C). In contrast, the expressions of 165 and 95 
TyrPho proteins were significantly decreased in kidney 
of CS group as compared to those of control (Figure 3B 
and Figure 3C).

3.5. Expression of Heat Shock Protein 70 (Hsp70) in liver 
and kidney

Figure 4A showed the increased expressions of Hsp70 
expression in the liver induced by chronic stress. Compared 
to the control, we found that CS obviously decrerased 
the expression of Hsp70 in kidney as demonstrated in 
Figure 4B.

Figure 1. Representative histology of liver and kidney tissues stained by Masson’s trichrome of control (A, C) and CS groups (B, D).
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Figure 2. Showing total protein profiles of liver lysates revealed by SDS‐PAGE (A), expression (B), and intensities (C) of tyrosine 
phosphorylated (TyrPho) proteins demonstrated by western blotting compared between control and CS groups. *p < 0.05, statistically 
significant difference as compared between the control and CS groups. Con; control, CS; chronic stress; EGF; epidermal growth factor 
used as a positive control, kDa; kilodalton, MW; molecular weight.

Figure 3. Showing total protein profiles of kidney lysates revealed by SDS‐PAGE (A), expression (B), and intensities (C) of tyrosine 
phosphorylated (TyrPho) proteins demonstrated by western blotting compared between control and CS groups. *p < 0.05, statistically 
significant difference as compared between the control and CS groups. Con; control, CS; chronic stress; EGF; epidermal growth factor 
used as a positive control, kDa; kilodalton, MW; molecular weight.

Figure 4. Expression of heat shock protein 70 (Hsp70) in liver (A) and kidney (B) lysates compared between the control and CS groups. 
β-actin used as an internal control. Con; control, CS; chronic stress.
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in CS condition but it expression may response to chronic 
glomerulonephritis and lupus nephritis as previously 
reported (Chebotareva et al., 2017).

Conclusion

In conclusion, CS induced by restraint and forced 
swimming in rat model caused not only weights of body 
and vital organs like liver and kidney but also decreased 
the functionally biochemical parameters of such vital 
organs. To gain our knowledge, CS also changed the 
functional proteins in liver and kidney especially TyrPho 
and Hsp 70 proteins.
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