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Clinical value of thalidomide on kk-rat model through TNF-a mediated
inflammation approach
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Abstract

, Si-lin ZHENG?, Qi CHEN?, Fei LIN®, Nan ZENG¢, Bao-dong LING’

To observe the influence of thalidomide on tumor necrosis factor-a (TNF-a) of spontaneous type-2 diabetes rat (kk-Ay rat)
model, and to explore the clinical value of TNF-a mediated inflammation approach to improve the injury on epithelial cell of
kidney tubules. There are 30 kk- Ay rates being chosen to establish the Diabetic Nephropathy model and divided into thalidomide
group and the model control group, 15 pieces for each group respectively. The levels of TNF-a, IL-1p, interleukin -6 (IL-6)
and interleukin -18 (IL-18) of kk-Ay in the thalidomide group and the model control group were both at a higher level before
treatment, but the difference was not statistically significant (P >0.05); The levels of TNF-a, IL-1p, interleukin -6 (IL-6) and
interleukin -18 (IL-18) in kk-Ay rats 8/10/12 weeks after the treatment in the thalidomide group were significantly decreased,
with statistically significant differences compared with the model control group (P < 0.05). The histopathological changes of
kidney tubules epithelial cell injury on rats were observed through dissection. Thalidomide will effectively lower TNF-a and IL-
1B expression levels in kk- Ay rat models, reduce inflammatory response, and thus improve damage on kidney tubules epithelial

cell, which is worthy of further exploration and application.

Keywords: thalidomide; tucorrelation mor necrosis factor -a; interleukin-1p; kidney tubules epithelial cell.

Practical Application: Inhibition of inflammatory response by thalidomide in kk-Ay rat.

1 Introduction

Diabetes is a chronic noncommunicable disease. Clinically, the
disease caused by pancreatic b cell damage is called type-1 diabetes,
while type-2 diabetes (Binker-Cosen et al., 2017) occurs when
the body produces insulin which cannot be used by cells. With
the improvement of people’s living standards and the change of
diet structure, the incidence of diabetes is on the rise globally
(Liu et al., 2017a). The epidemiological survey in China shows
that the incidence of diabetes on people over 20 years old is
about 9.7%, among which over 90% are type-2 diabetes, and
20%-40% of patients are complicated with diabetic nephropathy
(Arulkumaran et al., 2017). Diabetic nephropathy, mainly
characterized by proteinuria and hypertension, is a common
chronic complication of diabetes and serves as an important
cause of end-stage nephropathy (Lei et al., 2018). It has been
reported that deaths caused by diabetic nephropathy account for
about 60% of total diabetes-related deaths (Bondeva et al., 2018).

The existing studies suggest that the pathological mechanism
of diabetic nephropathy is related to abnormal glucose metabolism
pathway, changes in kidney hemodynamics, cytokines,
inflammatory responses and genetic susceptibility factors and

etc, and more and more scholars agree on the inflammatory
response theory (Zhang et al., 2018; Dionisio et al., 2020a, b;
Grom et al., 2020; Wu et al., 2020). As a natural focal disease,
diabetes is accompanied by an obvious inflammatory response,
which plays a crucial role in microvascular complications such
as diabetic nephropathy, which has been verified in previous
laboratory studies (Lovshin et al., 2017). In this study, 30 kk-Ay
rat models were used as experimental animals to further explore
the clinical value of thalidomide in improving the damage
on kidney tubules epithelial cell through TNF-a mediated
inflammatory pathways.

2 Materials and methods

2.1 General data

The study was carried out since Aug 2019 till Jun 2020,
under the principle of good laboratory animal care. The project
was approved by the ethics committee of Mianyang Central
Hospital for care and use of laboratory animals. The flow chart
of the experiment was shown in Figure 1.
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Figure 1. The flow chart of the experiment.

The experimental animals were 30 8-week-old kk- Ay rats from
the institute of zoology, Chinese Academy of Medical Sciences.
The diabetic nephropathy model was established. All rats were
kept in cages during the study and given a high-fat and high-sugar
diet. Therere 30 kk rates divided into thalidomide group and
the model control group, 15 pieces for each group respectively.
The diabetic nephropathy model was established. The average
body mass of the thalidomide group was (41.25 £ 5.94) g; the
average body mass of the model control group was (40.89 £ 6.11)
g. There is no statistical significance between the two groups
(P >0.05), which is comparable.

2.2 Research method

Model control group: during the study, kk-Ay rats were
given the same feeding conditions as the thalidomide group,
with no drug intervention and treatment.

Thalidomide group: the kk- Ay rates were given the drug by
gavage, the thalidomide were purchased from Jiangsu Changzhou
Pharmaceutical Factory Co., Ltd., approval No.: GYZZ H32026129,
specification: 25 mg, dosage calculated subject to the body mass
of rats: 200 mg/kg/d, grinded into powder and added 2-4 mL
normal saline irrigation, continuous treatment for 12 weeks.

2.3 Evaluation index

@ Observation index: the blood was taken through cardiac
puncture for kk-Ay rats of the two groups. After centrifugation,
the supernate was taken to detect the expression levels of tumor
necrosis factor-a (TNF-a), interleukin-1p rat (IL-1f), interleukin
-6 (IL-6) and interleukin - 18 (IL-18) at different time points before
and 8/10/12 weeks after the treatment. The kit was purchased
from Jiangsu Jingmei Biotechnology Co., Ltd.

@ Histopathology: put to death in rats after treatment,
produce the pathological section of kidney tubules epithelial cell
through dissection and observe the pathologic change of kidney
tubules epithelial cell under a microscop, set the scoring criteria
(Xu et al., 2017): normal (0 point), very few inflammatory cells
infiltration or (and) slight edema (1 point), mild infiltration

and the damage degree of
kidney tubules epithelial cells

(2 points), medium infiltration (3 points), obvious infiltration
(4 points) and severe infiltration (5 points).

The kidney tissue cells of rats were extracted, the phosphate
buffer was resuspended to adjust the concentration, and
centrifugated at 2000r/min for 5min. The supernatant was
removed, then washed with phosphate buffer, and 7 amino
actinomycin D was added. The renal cell apoptosis rate was
detected by flow cytometry.

® Correlation analysis: Logistic regression analysis was used
to analyze the correlation between the level of inflammatory factors
and the damage degree of kidney tubules epithelial cells in rats.

2.4 Statistical methods

The data obtained from the study were statistically processed
by SPSS 20.0 software. The measurement data were expressed as
mean + standard deviation (x £ s). The counting data were expressed
as percentage (%), and the intergroup was tested by x*. Rank sum
test was used for grade data. The correlation study was analyzed by
Logistic regression analysis. P < 0.05 was set as statistically significant.

3 Results

3.1 TNF-« expression levels of two groups of serum before/
after treatment

The serum TNF-a levels of kk rat in the thalidomide group
and the model control group were both at a higher level before
treatment, but there was no significant difference between the
groups (P>0.05). The levels of TNF-a in kk-Ay rat in the thalidomide
group were continuously down-regulated 8/10/12 weeks after
treatment, with statistically significant differences compared
with the model control group (P < 0.05). Refer Table 1 for details.

3.2IL-1p, IL-6 and IL-18 expression levels of two groups of
serum before/after treatment

(1) The serum IL-1p levels of kk-Ay rat in the two groups
were both at a higher level before treatment, but there was no
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significant difference between the groups (P>0.05). The levels
of IL-1p in kk rat in the thalidomide group were continuously
down-regulated 8/10/12 weeks after treatment, with statistically
significant differences compared with the model control group
(P < 0.05). Refer Table 2 for details;

(2) The serum IL-6 levels of kk-Ay rat in the two groups
were both at a higher level before treatment, but there was no
significant difference between the groups (P>0.05). The levels
of IL-6 in kk rat in the thalidomide group were continuously
down-regulated 8/10/12 weeks after treatment, with statistically
significant differences compared with the model control group
(P < 0.05). Refer Table 3 for details;

(3) The serum IL-18 levels of kk-Ay rat in the two groups
were both at a higher level before treatment, but there was no
significant difference between the groups (P>0.05). The levels

of IL-18 in kk rat in the thalidomide group were continuously
down-regulated 8/10/12 weeks after treatment, with statistically
significant differences compared with the model control group
(P < 0.05). Refer Table 4 for details.

3.3 Histopathological changes of kidney tubules epithelial
cells in rat

Tissue samples were observed after staining. In the model
control group, kidney tubules necrosis was observed, and the
infiltration range of inflammatory cells was larger and the degree
of inflammatory infiltration was more serious. In the thalidomide
group, inflammation was significantly improved, and the degree
of pathological damage and endothelial cell swelling was less.
There was a statistically significant difference between the two
groups (P<0.05). The histopathological scores are shown in Table 5.

Table 1. TNF-a Expression Levels of Serum of the Two Groups of kk Rats before/after Treatment (x + s, pg/mL).

Group Cases Before Treatment 7d after Treatment 14d after Treatment 21d after Treatment
Thalidomide group 15 29.82+7.61 18.34 +7.43% 12.20 +7.52 4.59 +2.67%
Model control group 15 29.58 +7.83 30.05 + 8.54 29.86 +7.35 29.97 + 5.46
t value 0.085 4.007 6.505 16.173
P 0.933 0.001 0.001 0.001
Notes: compared with that before treatment. *P<0.05.

Table 2. IL-1p Expression Levels of Serum of the Two Groups of kk Rats before/after Treatment (x + s, pg/mL).
Group Cases Before Treatment 7d after Treatment 14d after Treatment 21d after Treatment
Thalidomide group 15 15.84 £ 0.98 14.62 £ 0.73 14.13 £ 0.56* 13.22+0.18"
Model control group 15 15.79 £ 0.97 15.80 + 0.92 15.74 £ 0.67 15.84 +0.63
T 0.140 3.891 7.141 15.487
P 0.889 0.001 0.001 0.001

Notes: compared with that before treatment. *P<0.05.

Table 3. IL-6 Expression Levels of Serum of the Two Groups of kk Rats before/after Treatment (x + s, pg/mL).

Group Cases Before Treatment 7d after Treatment 14d after Treatment 21d after Treatment
Thalidomide group 15 110.24 +9.88 78.45 + 8.52° 75.14 + 7.96* 71.03 + 6.28*
Model control group 15 110.12 +9.76 108.92 +9.63 109.22 +9.58 107.34 + 8.97
t 0.034 9.178 10.597 12.843
P 0.974 0.001 0.001 0.001
Notes: compared with that before treatment. *P<0.05.

Table 4. IL-18 Expression Levels of Serum of the Two Groups of kk Rats before/after Treatment (x * s, pg/mL).
Group Cases Before Treatment 7d after Treatment 14d after Treatment 21d after Treatment
Thalidomide group 15 75.54 +£7.89 69.23 + 8.06 67.33 +8.12 63.17 + 4.59
Model control group 15 75.25+7.91 75.64 £ 9.35 80.27 +9.46 72.58 £7.83
t 0.101 2.011 4.020 4.015
P 0.921 0.054 0.001 0.001
Notes: compared with that before treatment. *P<0.05.

Table 5. Histopathological Scores of Renal Tubular Epithelial Cell Injury in two Groups of Rats [n (%) ].
Group Cases 0 Point 1-2 Points 3-4 Points 5 Points
Thalidomide group 15 12 (80.00) 2(13.33) 1(6.67) 0 (0.00)
Model control group 15 0 (0.00) 0 (0.00) 12 (80.00) 3 (20.00)
Z 26.308
P 0.001
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The apoptosis rate of kk rat renal cells in the thalidomide
group was lower than that in the model control group, and
the difference between the groups was statistically significant
(P<0.05). See Figure 2 for details.

3.4 Correlation between TNF-« level and epithelial cell
injury of renal tubules

The Logistic regression analysis showed that serum TNF-a
level was correlated with the degree of damage of renal tubular
epithelial cells in kk-Ay rat, and the higher TNF-a level was,
the more serious the damage was (P<0.05). Refer Table 6 and
Figure 3 for details.

4 Discussions

Diabetic nephropathy is one of the serious chronic microvascular
complications of diabetes. The failure to receive timely and effective
treatment and intervention will further lead to end-stage renal
failure and even death of patients, which is clinically complicated
and difficult to treat and etc. (Becchi et al., 2017). The onset of
diabetes shall be regarded as the initial of diabetic nephropathy,
and the detailed pathogenesis has not been elucidated fully yet.
However, the previous studies suggest that renal hemodynamic
changes, abnormal fat and glucose metabolism functions,
genetic factors, and inflammatory responses are related to it
to some extent (Li et al., 2018). Hypertension, proteinuria, low
glomerular filtration rate and nephrotic syndrome are the main
clinical manifestations of this disease. The active symptomatic
treatment and intervention measures to be taken at the early stage
will delay the progress of the disease effectively, help to reduce
the incidence of end-stage nephropathy and renal failure, and
decrease the risk of death. Diabetes mellitus is a focal inflammatory
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disease caused by metabolic disorders, and the progression of
the disease is accompanied by inflammatory response, so more
and more scholars believe that inflammatory response is closely
related to the occurrence of diabetic nephropathy. Inflammatory
response is a complex disease resistance response occurring in the
entire tissues and multiple organs, and its essence is the process
of inflammatory factors fighting against the body. Patients may
show body fever and leukocytosis, which play a crucial role in
diabetic microvascular complications.

The angiotensin-II receptor antagonist medication is
usually taken clinically for diabetic nephropathy in early stage,
which has certain effect in delaying the process of renal fibrosis
and reducing the incidence of cardiovascular adverse events
(Sung et al., 2017). In this study, diabetic nephropathy model
was established in kk-Ay rat and treated with thalidomide.
This product is a glutamic acid derivative, which has been
reported to have a good therapeutic effect on neuralgia, joint
pain, fever, lymph node enlargement and other inflammatory
reactions or diseases, and has anti-angiogenesis, anti-tumor and
immunomodulatory effects. It will stabilize lysosomal membrane
by inhibiting chemotaxis of neutrophils. In addition, thalidomide
has the structure of piperidine ring, so it may act as the forebrain
sleep center to have a sedative and antipruritic effect. Studies by
scholars (Jeong et al., 2018) have confirmed that thalidomide
can inhibit the synthesis of vascular endothelial growth factor
(VEGF) and TNF-a at the molecular level, and inhibit stimulating
cytokines and angiogenesis. As the immunomodulatory drugs,
thalidomide regulates the immune state of the body by regulating
the secretion of cytokines, which can lower the level of cell
adhesion factor and reduce the extravasation of white blood cells,
thereby reducing the formation of the surface integrin subunit
of white blood cells, and inhibiting the migration and adhesion

17.63%

Renal cell apoptosis rate

B Thalidomide group B Model control group

Figure 2. Apoptosis Rate of kk Rat Renal Cells in Thalidomide Group and Model Control Group.
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Table 6. Logistic Regression Analysis on TNF-a Level and Epithelial Cell Injury of Renal Tubules.

Variable Coeflicient Standard Deviation Wald Statistic Degrees of Freedom Significance Level
TNEF-a level 2.206 1.005 4.832 1 0.021
14 35
12 12
12
30
10
25
8
6 0
: ;
y 15
2
10
0
5
-2
4 0

Histopathological score

I Thalidomide group

Thalidomide group TNF-a

B Model control group

----- linear (Thalidomide group)

Figure 3. Correlation between TNF-a Level and Epithelial Cell Injury of Renal Tubules in kk Rats.

mechanism of white blood cells. Therefore, it has a significant
effect on reducing the inflammatory response.

In this study, serum TNF-a, IL-1f, IL-6 and IL-18 levels of
kk- Ay rats in the thalidomide group decreased significantly after
treatment, with statistically significant differences compared with
the model control group, suggesting that the use of thalidomide
will improve renal inflammatory symptoms effectively in kk- Ay
rats. It was found through the observation on histopathological
specimens after staining that the inflammatory infiltration
range and degree of kk rat renal tubular epithelial cells in the
thalidomide group were lighter than that in the model control
group, with significantly reduced neovascularization, suggesting
that thalidomide has a good inhibitory effect on inflammatory
response and neovascularization. The relevant studies of Zhu et al.
(2017) showed that the mechanism of anti-angiogenesis of
thalidomide may be due to the blocking effect of its metabolites
on the activation of VEGF and fibroblast growth factor (bFGF),
which mediate angiogenesis. Practice has proved that infectious
and non-infectious stimulation in vitro and vivo will activate
inflammatory mechanisms in the body, induce some protease
molecule activation after activation, resulting in processing and
secretion of proinflammatory cytokines, such as TNF-q, IL-1p,
IL-6 and IL-18 and etc., participate in natural immune response.
It’s closely related to the reaction process of all kinds of acute
or chronic inflammatory reaction, as we as the occurrence and
development of many kinds of diseases. The above factors are

Food Sci. Technol, Campinas, v42, e06821, 2022

the main contents of TLR4, myd88 and nf-«kb and co-exist in
the serum of diabetic nephropathy rat, and their expression
levels increase significantly in the active stage of the disease.
As inflammatory markers, they can synergistically mediate
inflammatory response, damage of renal tubular epithelial cells,
and activate cells to secrete other inflammatory mediators, thereby
aggravating inflammatory response. The studies of Hong et al.
(2017). showed that thalidomide inhibited the expression of
TLR4, myd88 and nf-kb proteins in proximal renal tubular
epithelial cells of high-glucose rat, while the inhibition of TLR4
enhanced the anti-inflammatory effect of thalidomide. TLR4 is
the main receptor for the natural immune system to recognize
pathogenic microorganisms. This signaling pathway is activated
by lipopolysaccharide stimulation. The activated TLR4 and myd88
co-domain binding will induce the release of a large number of
pro-inflammatory cytokines, thus playing an immune response
role. It plays an important role in occurrence, development
and prognosis of related diseases caused by infectious diseases
and bacteria-free inflammation. In this study, the apoptosis
rate of kk-Ay rat renal cells in the thalidomide group was
significantly lower than that in the model control group, which
also indicated that the damage of renal tubular epithelial cells
in kk mouse was reduced. The studies of Ma et al. (2017). also
showed that thalidomide had a good therapeutic effect on the
inflammatory disease erythematous leprosy, and would reduce
the level of serum TNF-a, which was mainly related to the
significant inhibition of monocytes and macrophages’ secretion
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of TNF-a and the reduction of inflammatory response of the
body. Du et al. (2017). conducted laboratory studies on rats
with collagen-induced arthritis, and the results also showed
that thalidomide could reduce the serum level of TNF-a, and
suggested that the expression level of TNF-a might be related
to the dose of thalidomide.

It was concluded from the studies of Maimaiti Yisireyili et al.
(2017). that the dose of thalidomide at 200 mg/kg/d could reduce
inflammation significantly in the rat model, so thalidomide was
also selected as the experimental dose in this study. The Logistic
regression analysis show that the serum level of TNF-a and the
damage level of kk-Ay rat renal tubular epithelial cell have a
certain correlation, and the higher the level of TNF-a renal tubular
epithelial cells in mice, the more serious the damage degree.
The inflammatory factor levels in other cells are increased due
to the release of large amounts of TNF-a. The TNF-a mediated
inflammatory reaction is an important performance of diabetic
kidney disease progress, and the aggravation of illness means
the damage of kk rat renal tubular epithelial cell is aggravated.
Thus, the use of thalidomide to reduce serum TNF-a, IL-1p,
IL-6 and IL-18 levels in kk- Ay rat is mainly aimed at improving
renal tubular epithelial cell damage by acting on TNF-a mediated
inflammatory pathways. Yunlong Liu et al. (2017b). proposed
in previous studies that thalidomide could treat rats suffering
diabetic nephropathy by lowering kidney/body mass index,
protecting renal cells, reducing inflammatory response and
renal cell damage and etc. mechanism.

5 Conclusion

The application of thalidomide to kk-Ay rat model shall
down-regulate the expression levels of serum TNF-a and IL-1f3
effectively, reduce inflammatory response, and thus improve the
damage of renal tubular epithelial cells, which has the value of
further exploration in clinical application.
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