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ABSTRACT

Corresponding author® Background: Chronic kidney disease describes loss of kidney function

Heba Essam El Din El Sayed gradually; it may not become apparent in early stages until chronic kidney

Email: disease reaches an advanced stage that lead to accumulation of fluid,

hebaessam921@gmail.com electrolytes and wastes and development of anemia Aim of study: The aim of

SubmitDate  2021-12-16 00:44:07 this study was to investigate the possible role of fetuin A in improving anemia

2022-01-08 00:15:00 resulting from adenine induced chronic kidney disease in male rat.

AcceptDate  2022-01-16 18:28:37 methods: Group A: rats feed normal diet for 21 days. Group B: rats feed
normal diet with adenine for 21 days. Group C: rats feed normal diet with
adenine for 21 days after that intraperitoneal administration of fetuin A every
other day for 2 weeks. Serum samples were assayed for: creatinine, urea, iron ,
total iron binding capacity, ferritin, tumor necrosis factor, hepcidin.
Hemoglobin ~ content, blood indices were determined, and estimated
Glomerular filtration rate was measured in addition, histopathology of the
kidney was done
Results: In group B: there was significant increase in serum creatinine, urea
and ferritin decrease in serum iron, total iron binding capacity, hemoglobin
content and estimated Glomerular filtration rate and no significant change in
blood indices .Regarding inflammatory markers significant increase
.Regarding renal histopathology there was moderate tubular necrosis, tubular
dilatation, and mononuclear leucocytes infiltration. In group C we observed
that fetuin A ameliorated these changes. .

Conclusion: Fetuin A improve anemia in chronic renal failure in rat model,
may be due to reduction of hepcidin or it is anti-inflammatory and anti fibrotic
effect.
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INTRODUCTION
ron is a vital element in human metabolism. Due

hyperparathyroidism as elevated level of
parathyroid hormone lead to impairment of

to its unique ability to act both as an electron
donor (in its ferrous state) and as an electron
acceptor (in its ferric state), iron plays an imperative
part in cellular respiration as well as oxygen
transport and storage [1].

Chronic kidney disease (CKD) is manifested
by reduced kidney functions that affect many
aspects of human health [2].

Anemia in CKD can result from various
mechanisms (malnutrition lead to iron, folate or
vitamin  b12  deficiency; severe secondary
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erythropoietin synthesis [3]; destruction of RBCS
due to release of cytokines as result of systemic
inflammation; reduced erythropoietin production is
the most important and specific etiology causing
CKD-associated anemia [3]

Iron status can be assayed by either
biochemical indices that detect early changes in iron
status such as serum iron level, total iron binding
capacity (TIBC), transferrin saturation and serum
ferritin level [4] or hematological parameters that
can demonstrate defective erythropoiesis after
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prolonged changes of iron such as hemoglobin
content (HB), mean corpuscular hemoglobin
(MCH) and hematocrit values [4]

Fetuin A is a hepatokine also known as alpha 2-
heremans schmid glycoprotein with half- life 1-2
days and its molecular weight of approximately 60
kda [5], it is secreted mainly from the liver (>95%)
[6].

Fetuin A is multifunction protein as it inhibits
soft tissue calcification process, modulates innate
immunity, it acts as negative acute phase protein
that decrease in injury or infection [7], it blocks the
fibrotic factor transforming growth beta 1 binding to
surface receptors. TGF-3 activates hepcidin MRNA
expression in hepatocytes, fetuin A reduce hepcidin
in other way as fetuin A is TGF-p antagonist [8].
Serum fetuin A is reduced in chronic renal disease
[9], these data are supported by Mohamed et al.
[10] who studied the role of fetuin A as indicator for
vascular disease in end staged renal disease patients
and correlations between fetuin A and hemoglobin
content and TIBC.

Research gap:

This study was done to investigate the
possible role of feting A in improving anemia
resulting from adenine induced chronic kidney
disease in male rat according to Mohamed et al.
[10]who studied the role of fetuin A as indicator for
vascular disease in end staged renal disease patients
and correlations between fetuin A and hemoglobin
content and TIBC and Robison et al., [8]who
studied that fetuin A has anti-fibrotic effect by
blocks the fibrotic factor transforming growth
beta.fetuin-A is also known to play a role in
macrophage deactivation and has anti-inflammatory
role according to Li et al. [11].

METHODS:

Drugs and chemicals:

Fetuin A from fetal bovine serum lyophilized
powder (sigma Aldrich).

Adenine, bio reagent (sigma-Aldrich).

Sodium carboxymethyl cellulose (sigma-Aldrich).
Experimental animals:

A total number of 30 (local strain) adult male albino
rats weighing 160- 180 gm, were obtained from the
animal house of faculty of Veterinary Medicine
Zagazig University. The animals were kept in
plastic cages (30 inches in length, 18 inches in
width and 24 inches in height). Each 10 rats were
housed per cage in the animal house of physiology
department, faculty of medicine, zagazig university
under hygienic conditions ,on free access to
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ordinary diet (zagazig faculty of agriculture).all rats
were kept at a comfortable temperature (20 to 24
°c), had free access to water and maintained on
normal light -dark cycle. Before starting of the
study, the animals were acclimated to animal house
conditions for 3weeks.

Physiology department committee and the
institutional animal care and use committee, zagazig
university (ZU -IACUC) approved the experimental
protocol (ZU-IACUC/3/F/137/2019).

Experimental protocol:

The study was conducted on 30 healthy adult male
albino rats (10-12 weeks), the rats were divided into
3 equal groups (n=10 rats).

Group A (control group n=10 rats): feed normal
diet for 21 days, then treated intraperitoneal with
0.5ml saline every other day for 2 weeks.

Group B (adenine induced chronic kidney disease
group n=10 rats): feed normal diet with adenine 220
mg/kg daily taken orally for 21 days by oral
gavages dissolved in sodium carboxymethyl
cellulose 0.5%[12], then treated intraperitoneal
with 0.5ml saline every other day for 2 weeks.
Group C (fetuin A treated group n=10 rats): feed
normal diet with adenine 220 mg/kg daily taken
orally for 21 days by oral gavages dissolved in
sodium carboxymethyl cellulose 0.5%[12], after
that intraperitoneal administration of fetuin A 5
mg\kg[13], every other day as half-life of fetuin A
1-2 days[5]for 2 weeks.

Blood sampling and biochemical analysis:
Timing: blood sample were collected after three
weeks from induction of chronic kidney disease for
confirmation of impaired renal function then at the
end after injection of fetuin A.

Blood collected from rat tail vein into clean plastic
centrifuge tubes, blood sample were withdrawn into
two eppendorf tubes for each rat; one was with
(edta.k2) as an anticoagulant while the other was
without any anticoagulant.

The blood samples with an anticoagulant were taken
fresh for assaying hemoglobin content (HB), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin  (MCH) and mean corpuscular
hemoglobin concentration (MCHC) by automated
blood analyzer.

While the samples without anticoagulant were
centrifuged at 5000 round per minute for 15 min at
4 ¢ then the supernatant was collected and frozen at
=70 oc , serum samples were assayed later for serum
iron , serum ferritin , total iron binding capacity
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,tumor necrosis factor alpha and hepcidin : by
ELISA Kkits
Measuring estimated glomerular filtration rate by
this equation according to level of creatinine level :
If plasma creatinine <52umol/| ,eGFR =880x rat
weight  %%xcreatinine®%xurea®3  plasma
creatinine >52umol/ | , eGFR =5862x rat weight
0-6%x creatinine 1 xurea®**! according to Besseling
et al.[14].
Histopathology:
For histopathological examination, necropsy of the
rats was performed at end of experiment. The
kidney samples were collected following
euthanasia, fixed in 10% buffered formalin and
processed routinely for light microscopy. Sections
(5 um) were taken from paraffin-embedded tissues
and stained with haematoxylin and eosin (h&e).the
histopathological analysis was carried out blindly
by an expert pathologist.
Statistical analysis. The data obtained in the
present study were expressed as mean £SD for
quantitative variables and statistically ANOVA with
[POST HOC (LSD)] test was used to compare
means among all studied groups, p value < 0.05 was
considered statistically significant.

RESULTS
Serum creatinine changes: oral adenine showed
significant increase in CKD group compared to
control rats, while fetuin A injection induced
significant decrease in serum creatinine in group 3
when compared to adenine induced CKD group
(table 1).
Serum urea changes: oral adenine showed
significant increase in serum urea in group 2 when
compared to control rats. Injection with fetuin A
induced significant decrease in serum urea in group
3 when compared to adenine induced CKD group
(table 1).
Estimated glomerular filtration changes: oral
adenine showed significant decrease in estimated
glomerular filtration in CKD group compared to
control rats. Injection with fetuin A induced
significant increase in estimated glomerular
filtration in group 3 compared to adenine induced
CKD group (table 1).
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Serum iron changes: significant decrease in serum
iron in CKD group compared to control rats. In
group 3 fetuin A induced significant increase in
serum iron compared to adenine induced CKD
group (table 2).
Serum ferritin changes: significant increase in
serum ferritin in CKD group compared to control
rats. In group 3 fetuin A induced significant
decrease in serum ferritin compared to adenine
induced CKD group (table 2).
Total iron binding capacity changes: significant
decrease in TIBC in CKD group compared to
control rats. In group 3 fetuin A induced significant
increase in TIBC compared to adenine induced
CKD group (table 2).
Hemoglobin content changes: significant
decrease in HB in CKD group compared to control
rats. In group 3 fetuin A induced significant
increase in HB compared to adenine induced CKD
group (table 3).
Blood indices changes (MCH, MCV and
MCHC): the results showed insignificant change in
CKD group when compared to that of group 1. In
group 3the results showed insignificant change
when compared to that of group 1 and group 2(table
3).
Serum tumor necrosis factor and hepcidin: oral
adenine showed significant increase in serum tumor
necrosis factor and hepcidin in CKD group
compared to control rats. Injection with fetuin A in
group 3 induced significant decrease in tumor
necrosis factor and hepcidin compared to adenine
induced CKD group (table 4).\
Histopathologic results: light photo microscopic
picture of h & e stain x400 magnification.
Group a: showed glomerulus normal in size and
shape with intact glomerular capillaries kidney
tubules normal with intact patent lumen, with
normal interstitial tissue (figure 1a).
Group b: showed moderate tubular necrosis, tubular
dilatation, and mononuclear leucocytes infiltration
(figure 1b).
Group c: showed mild tubular necrosis, tubular
dilatation, and mononuclear leucocytes infiltration
(figure 1c).

Table (1) : Mean values of serum creatinine, urea and estimated glomerular filtration rate that showed the effect
of oral adenine and fetuin A injection in three studied groups.

Mean = SD
P value of LSD

Serum 0.4+£0.027

creatinine(mg/dl)
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2.13+0.13
P<0.001%

0.95+0.07
P<0.001°
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Serum urea(mg/dl)  Mean = SD 32.33+2.31 116.845.35 83.29+3.96
P valueof LSD P< 0.001? P<0.001°

estimated Mean + SD 1,6 £0,47 0,85+0,5 1,13+0,6

glomerular P value of LSD P< 0.001? P<0.001°

filtration rate

(ml/ min)

Table (2): Mean values of serum iron, ferritin and TIBC that showed the effect of oral adenine and fetuin A
injection in three studied groups.

Serum iron(g/dl) Mean £ SD 197.4+5.03 161.2+3.52 165.4+1.43
P<0.0012 P<0.01°
P value of LSD
Serum Mean + SD 124+15.45 235.05+26.03 214.29+23.33
ferritin(ng/dl) P<0.0012 P< 0.05°
P value of LSD
TIBC(ug/dl) Mean £ SD 392.36+6.47 294.65+14.69 343.14+8.81
P< 0.0012 P<0.001°
P value of LSD

a Significant compared to group A. b Significant compared to group B.

Table (3) : Mean values of hemoglobin content and bloob indices that showed the effect
of oral adenine and fetuin A injection in three studied groups.

Hb content Mean = SD 15+0.86 8.26+0.6 9.02+0.28
(mg/dl) P< 0.0012 P< 0.05°
P value of LSD
MCV/(fl.) Mean + SD 56.66+0.94 55.92+0.81 56.58+0.97
p>0.05? p>0.05"
P value of LSD
MCH(pg.) Mean = SD 23.85+1.17 22.91+£1.05 23.28+1.09
p>0.05? p>0.05"
P value of LSD
MCHC(g/dI) Mean + SD 34.2+0.83 33.1+0.87 33.7+0.77
p>0.05? p>0.05°

P value of LSD
a Significant compared to group A. b Significant compared to group B.

Table (4): Mean values of serum tumor necrosis factor alpha and hepcidin that
showed the effect of oral adenine and fetuin A injection in three
studied groups.

TNFa Mean + SD 51+3.39 127.3+5.29 75.4+2.75
P<0.001? P<0.001°

P value of LSD
hepcidin Mean £ SD 40.54+5.2 173.7£17.75 88.916.45
P<0.001? P<0.001°

P value of LSD

Ebrahim R., et al 842 |Page


https://dx.doi.org/10.21608/zumj.2022.110886.2429

https://dx.doi.org/10.21608/zumj.2022.110886.2429

Volume 28, Issue 4, July 2022(839-847)

g el N . : \. '

Figure la: Photomicrograph of rat f(idneys (control group) showed glomerulus norma in size and shape with
intact glomerular capillaries kidney tubules normal with intact patent lumen, with normal interstitial tissue.

>

Figure 1b: Photomicrograph of rat kidney (adenine CKD group) moderate tubular necrosis, tubular dilatation,
and mononuclear leucocytes infiltration.
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mononuclear leucocytes infiltration.

DISSCUSSION

This study was designed to investigate the

possible role of fetuin A on iron status in chronic
kidney disease in male rat model. After 28 days of
induction of CKD and at end of the study serum
creatinine ,urea ,estamited glomerular filtration rate
, serum iron level, total iron binding capacity,
hemoglobin content, mean corpuscular volume,
mean corpuscular hemoglobin ,mean corpuscular
hemoglobin concentration , tumor necrosis factor
alpha and hepcidin were determined.
As regards kidney function tests, our study showed
that in adenine induced chronic kidney disease
group, serum urea and creatinine were high and
estimated glomerular filtration rate was low, when
compared with control group this result is in line
with what stated by Mufioz abellan et al. [15] that
adenine decreased estimated glomerular filtration
rate and Multuay et al. [16] that there was
significant negative correlations between fetuin-A
and creatinine.

As regard iron status in adenine induced
chronic kidney disease group, serum iron, total iron
binding capacity and hemoglobin content are lower
but serum ferritin is higher with no change in
MCV,MCH and MCHC when compared with
control group, that occur due to inflammation as
result of released cytokines that lead to destruction
of RBCS [3] and deficiency of renal erythropoietin
[2] that stimulate RBCS production [17] ,but
diminished erythropoietin synthesis is the most

Ebrahim R., et al

y - -

essential and specific cause so anemia of CKD is
form of normocytic normochromic anemia [18] .

Inflamed Kkidney has a reduced ability for
adequate erythropoietin production [2] in addition;
inflammatory mediators and markers such as C -
reactive protein and hepcidin were found to
antagonize the response to erythropoietin [19].

There was a significant increase in the iron
storage ferritin in group 2, we suggested that the
higher serum ferritin concentrations represent an
increased state of inflammation, as it acts as an
acute phase reactant [20]; furthermore, ferritin has
non-storage roles within the body, such as
protection from oxidative damage [21]. Indeed, its
synthesis is increased in response to oxidative stress
[22] which was stated to occur in chronic kidney
disease [23], and it is, therefore, a non-reliable
indicator of iron disturbance [20].

Decreased serum iron together with depleted
ferritin under physiological levels is indicative of
absolute iron deficiency anemia. However,
decreased serum iron level together with high
ferritin is occurring in inflammation, infection, liver
or kidney disease, and cancer [24].

In addition, the total iron binding capacity,
which indicates transferrin saturation that is
responsible for iron transport through the plasma
[25], TIBC decreased in group 2, as a result of
inflammation in CKD, the liver ability to synthesize
proteins, including transferrin, is reduced [26].

As regard inflammatory markers in adenine
induced chronic kidney disease group, serum tumor
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necrosis factor alpha and hepcidin were high when
compared with control group.

Hepcidin, a polypeptide hormone released by
the liver which is raised in CKD [3] plays a crucial
rule in iron homeostasis. Inflammatory cytokines
increase hepcidin production that reduces iron
release from storage sites as the liver or recycling
macrophages of the reticuloendothelial system
leading to functional iron deficiency contributing to
renal anemia [27]. Hepcidin also binds to
enterocytes causing poor absorption of dietary iron
[26].

Histopathological study of rat kidney adenine
induced CKD (group 2) showed moderate tubular
necrosis, tubular dilatation, and mononuclear
leucocytes infiltration as orally adenine is rapidly
metabolized to 2, 8-dihydroxyadenine, which is
formed crystals that deposited in the microvilli
causing inflammation in renal tubule and interstitial
degeneration and progression to renal failure[2]
tubulo interstitial fibrosis and anemia [28] .

Adenine begins the fibrotic response in
kidney by increasing the profibrotic proteins as
connective tissue growth factor , transforming
growth factor-beta , collagen and fibronectin[29] .

The severity of the adenine-induced kidney
damage is correlated with the dose and the duration
of the exposure [15], Ali et al. [2] stated that renal
histopathological examination of rats treated by oral
adenine 0.25%w/w for 35 days showed renal
tubulointerstitial fibrosis 10 days after the end of
adenine treatment. Furthermore, rats fed a 0.75%
adenine-containing diet for 3 weeks and then
switched to normal diet for 4 weeks, showed
markedly tubulointerstitial fibrosis [30].

In group c, fetuin A increased estimated
glomerular filtration rate ,decrease level of serum
urea , creatinine ,tumor necrosis factor
alpha,hepcidin and ferritin ~ moreover it may
antagonize adenine inflammatory effect, as fetuin A
was closely correlated to inflammation, fetuin A
seems to play a role in inflammation by down
regulating the pro-inflammatory cytokines produced
by macrophages [31] , fetuin-A is also known to
play a role in macrophage deactivation and has anti-
inflammatory role [11,32].

In addition, fetuin A may have a role in
inhibition of renal fibrosis as it has antifibrotic
effect [33,34] ,fetuin A acts as an antagonist of the
fibrogenic growth factor TGF. It could be
demonstrated that incubation of fetuin-a with
hepatic stellate cells significantly inhibited collagen
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synthesis in hepatic stellate cells, potentially linking
fetuin-a as an antifibrotic agent [34].

We observed that fetuin A improve anemia
by elevation of serum iron, total iron binding
capacity and hemoglobin content, these were
supported by what stated by Mohamed et al. [10]
who studied the role of fetuin A as marker for
vascular disease in end staged renal disease patients,
this study showed that there were significant
positive correlations between fetuin A and
hemoglobin content and TIBC.

These results may be due to anti-
inflammatory role of fetuin A [11,32] ., this may
improve erythropoietin level and decrease hepcidin
level, in addition, TGF-B production is associated
with CKD progression [35] . Circulating TGF-p
levels is a reliable biomarker of CKD [36]. TGF-p
activates hepcidin mRNA expression in hepatocytes
[37], fetuin A reduce hepcidin in other way as fetuin
A is TGF-p antagonist [34].

Conclusion: fetuin A improve anemia result from
kidney disease could be due to reduction of
hepcidin or as result of improvement of renal
function due to its anti-inflammatory and anti-
fibrotic role.
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