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Abstract

Purpose: This work was the first study to show the impact of y- radiation on adropin levels in the serum and liver tissue of male
albino rats.

Methods: Liver tissue and blood samples of rats were collected at |, 3, 7 and 14 days after whole-body exposure to 7.5 Gy of
y-radiation.

Results: Irradiated groups revealed a marked decrease in adropin associated with a significant increase in STAT3 in the serum
and gene expression. Furthermore, lipid profile (cholesterol, T.G, HDL, LDL, VLDL), liver function (AST, ALT, albumin and total
protein), complete blood count (RBCs, WBCs, PLT, Hb, Hct%, MCH, MCV, WBCs differential), glucose and insulin were
exhibited more noticeable alterations at all time periods of the experiment. In addition, data exhibited an obvious elevation in
some inflammatory markers (IL-6) and TOS accompanied by a decline in the TAC.

Conclusion and future scope of work: y- radiation has adverse effects on adropin that related inversely with STAT3, leading
to further damage to liver cells as well as disturbances in lipid and glucose metabolism. Therefore, adropin could be used in
people exposed to radiation such radiotherapy to control the serious effects of radiation. Further study is needed to confirm
these results.
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fibrosis.® Oxidative stress (OS) is a consequence of an im-
balance between ROS formation and antioxidant protection

Introduction

Ionizing radiation (IR) refers to radiation that passes through a
material and has enough energy to remove the orbital electrons
of the atoms and separate these atoms into positive ion
molecules and free electrons. So, IR has the ability to change
the chemical composition of the material it interacts with,
leading to protein changes and disruption of DNA, RNA and
cell membranes."? The final stage of radiation damage is
characterized by visible functional and then morphological
changes, arrest of cell division, chromosome breakage, cell

! Department of Radiation Biology Research, National Centre for Radiation
Research and Technology (NCRRT), Egyptian Atomic Energy Authority,
Egypt, Cairo

2 Human Physiology Department, Faculty of Human Medicine, Zagazig
University, Egypt, Zagazig

Corresponding Author:
Nadia Abdel-Magied, Department of Radiation Biology Research, National

death. The molecular proceedings followed radiation are
complex and extends to a variety of biologic processes, in-
cluding senescence,” oxidative stress,” inflammation, and
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processes. It affects the intracellular molecules.” The elevation
of OS causes heart ailment,® liver injury,” cancer,'® kidney, "'
and neurological diseases.'?

The liver regulates and makes many hormones and mol-
ecules that aid in physiological functions in the body. Radi-
ation causes acute or chronic injury in the liver. Early effects of
IR include DNA damage, oxidative stress and ROS formation,
resulting in hepatocellular apoptosis and acute inflammatory
responses in irradiated areas.” Kupffer cells (KCs), sinusoidal
endothelial cells (SECs) and hepatic stellate cells, are radio-
sensitive cells which release various substances that promote
liver fibrosis, contributing to distorted liver structure and
function during radiation.'® Liver damage is affected by the
nature of the radiation, the total radiation dose, the dose level,
and the exposed part of the body.? Hepatokines are hormone-
similar proteins produced by hepatocytes that are liberated in
the circulation and can impact the metabolic and inflammatory
mechanisms.'*

Adropin considers as an important hepatokine protein that
has a potential function in the adjustment of metabolic ail-
ments such as diabetes mellitus and non-alcoholic fatty liver
disease."> Moreover, adropin is a released peptide forming
from 76 amino acids and is encoded by (Enho) gene that
considers as energy stability.'® It is found in the liver, brain,
heart, kidney, and central nervous sys‘[em,17 where it can
control angiogenesis, raise blood flow, increase capillary
density and maintain endothelial cells.'® Adropin levels vary
in biological and physiological conditions such as sclerosis, '’
COVID-19,%° gestational diabetes,”’ obstructive sleep ap-
nea,22 rheumatoid arthritis,23 coronary artery ectasia,24 and
diabetic nephropathy.”® Previous researchers have described
that adropin levels may be linked to diabetes, obesity, hy-
pertensive syndrome, cardiovascular problems, metabolic
disorders, and multiple cancers.?®*’

The STAT3 gene (signal transducer and activator of
transcription 3) is part of the STAT gene family that carries
instructions for the production of proteins. STAT proteins bind
to specific regions of DNA to control regions adjacent to genes
that allow proteins to control the transformation of these
genes. Previous study reported that STAT3 is involved in the
genetic regulation of adropin, increasing the levels of circu-
lating adropin and promoting Enho expression in the livers of
diabetic rats.*®

Under physiological circumstances, it mediates cell pro-
liferation, survival, apoptosis, immune function, angiogenesis,
and other essential mechanisms through the stimulation of
cytokines and growth factors.”’

Methodology of the Study

This research article discusses the impact of gamma rays on
adropin levels in the serum and liver tissues of rats. The study
team selected 25 adult male Wistar albino rats (120-150 g)
for the experiment and used gamma rays at a single dose of
7.5 Gy based on prior studies. Rats were irradiated and then

were sacrificed on days 1, 3,7 and 14 post-irradiations to
prepare blood and liver tissue samples for hematological and
biochemical analysis. Adropin levels and the other param-
eters such as STAT3, ALT, AST, albumin, total protein, total
lipids, glucose, insulin, and IL-6 were measured. Addi-
tionally, complete blood count (CBC) was examined in the
blood.

Our assessments revealed strong evidence that radiation
can cause a significant decrease in the adropin levels
throughout the experiment. These results led the study team to
conclude that people exposed to radiation such as radiotherapy
often suffer from a substantial decline in the performance, and
this may be due to low levels of adropin. Therefore, adropin
treatment could control the serious side effects of radiation
exposure.

Material and Methods

Gamma- Irradiation

Rats were irradiated by Gamma cell 40 bioradiation device
using Cesium137 (Cs'*”) at National Centre for Radiation
Research and Technology (NCRRT) by Atomic Energy of
Canada Limited, Ontario, Canada source. The rats were ex-
posed to a single dose of whole-body gamma radiation
(7.5 Gy)*° with a dose rate of 0.587 rad/sec. The irradiation
process and dose rate calculation were done according to the
Dosimetry and Protection Department at NCRRT at the time of
the experiment.

Experimental Animals

Adult male Wistar albino rats (120-150 g) were obtained from
the animal house belonging to the National Centre for Ra-
diation Research and Technology (NCRRT), Cairo, Egypt.
Rats were maintained under standard conditions of light,
ventilation, temperature (25°), and humidity (60%) and al-
lowed fed standard pellet diet, containing all nutritive
elements.

Ethics Approval

This study protocol has been reviewed and approved by
Zagazig University - Institutional animal care and Use
committee (ZU-IACUC)” according to the U.K. Animals
(Scientific Procedures) (OFFIC 1986) and the National
Research Council’s Guide for the Care and Use of Laboratory
Animals (Care and Animals 1986) and in compliance with the
ARRIVE guidelines, “The approval number: ZU-IACUC/3/F/
142/2024”

Experimental Design

The experiment was carried out for 2 weeks. Animals were
separated into two main groups. Group I (n = 5): control
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Table |. Effect of Radiation (7.5 Gy) on the Level of Adropin and STAT3 in the Serum and Liver Tissue of the Studied Groups at Different

Times Post- Irradiation.

Parameters

Groups Serum adropin (pg/ml) Serum STAT3 (ng/ml) Hepatic adropin (pg/ml) Hepatic STAT3 (ng/ml)
Control 252 + 571 0.7 £ 0.04 1.06 + 0.09 1.07 £ 0.12

Rad 1 day 196 + 5% (-22) 2.08 £ 0.26 (+197) 0.70 + 0.03 (—34) 2.2 £ 0.37 (+106)
Rad 3" day 153 + 8.7% (—38) 4.6 + 0.25" (+557) 0.50 + 0.04% (—53) 3.49 + 0.43" (+226)
Rad 7*" day 122 + 3.4° (-52) 7.52 £ 0.147 (+974) 0.34 + 0.04° (—68) 4.8 + 0.67° (+349)

Rad 14" day 59.7 + 5.36° (~76)

9.68 + 0.36" (+1282)

0.24 + 0.03% (—77) 6.36 £ 0.76" (+494)

Values are expressed as the means + standard deviation (n = 5). Values between brackets show the percentage of change from control. Differences between

means were considered significant at P < 0.05.
*Significance vs control group.

group, in which rats were administrated with saline; Group ii
(n=20): The rat’s whole body was exposed to 7.5 Gy applied
in a single shot dose at a dose rate of 0.587 rad/sec. Irradiated
group was divided into four subgroups (5 rats each). Rats of
all groups were sacrificed on days 1, 3, 7 and 14 post-
radiation.

Sample Preparation and Biochemical Analysis

Rats of all groups were anesthetized with urethane (1.2 g/kg,
intraperitoneally) according to the method,”' urethane was
obtained from Sigma-Aldrich Chemical Co. (St Louis,
Missouri, USA), product Number U 2500. Blood samples
were withdrawn from each rat on days 1,3,7 and 14 by heart
puncture using the sterilized syringe, the blood was divided
into two parts one part was placed on ethylene diaminetetra
acetic acid (EDTA) from Sigma Aldrich Chemical Co. (St
Louis, Missouri, USA), for hematological analysis. The
second part of blood was centrifuged at 3000 RPM (run
/min) for 15 minutes to obtain sera that were stored at —20C°
for biochemical analysis. Absorbance was estimated by
means of T60 UV/ VIS spectrophotometer, PG instruments,
London, UK?2. The animals were dissected, and the livers
were quickly removed and cleaned completely. Samples
were homogenized (10% weight/volume w/v) and was
prepared in phosphate-buffered saline composed of 0.02 M
sodium phosphate buffer with 0.15 M sodium chloride,
pH 7.4, using Teflon-glass homogenizer (Glass-Col, Terre

Haute, Ind., USA) and the homogenate was centrifuged
at 10,000xg for 15 min in refrigerated centrifuge
(K3 Centurion Scientific, Ltd, London, UK). Aliquots of
supernatants were separated and stored at —80C® for further
analysis.

Hematological and Biochemical Investigation

Complete blood cells were assessed according to method*?
using Hematology analyzer BC-20s (Mindray-Chinese) de-
vice. Adropin amounts in the serum were evaluated via Rat
adropin ELISA Kit (My BioSource, Inc. USA), Catalog No:
MBS760446. STAT3 is measured using Rat STAT3 ELISA
Kit (My BioSource, Inc. USA), Catalog No: MBS760293.
Level of serum glucose was measured due to procedure®*
using commercial kits supplied by Bio diagnostic. The level of
serum insulin was determined using Rat Insulin ELISA Kit
(Crystal Chem. Europe), Catalog No. 90010. Serum triglyc-
eride (T.G) level was determined according to method.>
Cholesterol (TC) level was valued according to method.*®
HDL level was measured due to the procedure.’” LDL level
was determined as: LDL = TC-HDL-TG/5.>® VLDL) level
was calculated as: VLDL= T.G/5.*> Commercial kits (Bio-
diagnostic Co., Egypt) were used in total lipid profile esti-
mation. ALT and AST levels were measured by.>’ Total
protein and albumin were measured via colorimetric assay
kit.***! respectively and the kits purchased from Bio-
diagnostic, Egypt. Serum IL-6 level was measured using

Table 2. Effect of Radiation (7.5 Gy) on the Inflammatory and Redox State Markers in all Studied Groups.

Parameters

Groups TAC (m. mol/g/ protein) TOS (u. mol/g/ protein) (o] IL-6 (pg/ml)
Control 4.69 + 0.32 2.71 £ 0.04 0.55 £ 0.03 .37 £ 0.18

Rad 1 day 34+ 0.17* (—28) 3.75 +£ 0.13% (+38) I.1 £ 0.09° (+100) 58.5 + 5.38” (+4170)
Rad 3" day 231 £ 0.14% (-51) 4.75 £ 0.06° (+75) 2.0l + 0.06* (+265) 112.64 £+ 6.4° (+8075)
Rad 7" day 1.86 + 0.09° (—60) 5.1 £ 0.07° (+88) 2.7 £ 0.167 (+391) 214.14 + 8317 (+15520)
Rad 14" day 0.96 + 0.03" (—80) 6.6 £ 0.03 (+144) 6.8 + 0.55% (+1136) 318.58 + 4.67 (+23111)

Values are expressed as the means + standard deviation (n = 5). Values between brackets show the percentage of change from control. Differences between

means were considered significant at P < 0.05.
*Significance vs control group.
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Table 3. Effect of Radiation (7.5 Gy) on the Level of Some Biomarkers for Liver Damage in all the Studied Groups.

Parameters

Groups (ALT) (UIL) (AST) (U/L) Alb (g/dl) Total protein (g/dl)
Control 37.5 + 3.66 43.5 £ 2.26 334 £ 0.13 720 £ 0.35

Rad 1*¢ day 56.5 + 4.367 (+51) 68 + 4.7% (+56) 3.06 £ 0.16 (—8) 6.52 + 0.33% (-9)
Rad 3" day 74.7 £ 4.167 (+99) 85.5 + 3.47 (+97) 2.81 £ 0.127 (—16) 6.12 £ 0.14% (—15)
Rad 7" day 93.5 + 5.7° (+149) 116 £ 10% (+176) 2.34 + 0.06 (—30) 6+ 022 (—17)
Rad 14" day 124 + 5.8% (+231) 137 £+ 4.86% (+215) 2.73 £ 0.06* (—18) 5.65 + 0.22* (—22)

Values are expressed as the means * standard deviation (n = 5). Values between brackets show the percentage of change from control. Differences between

means were considered significant at P < 0.05.
?Significance vs control group.

ELISA Immunoassay Product No. SEA079 Ra and the kit is a
sandwich enzyme immunoassay for in vitro quantitative
measurement of IL6 in the rat serum. TOC and TOS were
estimated, using commercial kits supplied by Biodiagnostic
Co, Egypt. Calculation of OSI: The OSI (arbitrary unit) = TOS
(umol H,0, Eq/L)/TAC(umol uric acid Eq/L).*

Detection of Adropin and STAT3 Gene Expression via
Real Time-Polymerase Chain Reaction (RT-PCR)

Total ribonucleic acid was extracted from hydrolyzed tissues
with Direct-zol RNA Miniprep Plus (Cat# R2072, ZYMO
RESEARCH CORP. USA) and then the amount was evaluated
by Beckman dual spectrophotometer (USA). Superscript IV
One-Step RT-PCR kit (Cat# 12594100, Thermo Fisher Sci-
entific, Waltham, MA USA) was applied for reverse tran-
scription of the extracted RNA and then by PCR in the same
step. The result was expressed in Cycle threshold (Ct) next to
the RT-PCR run. The PCR records sheet includes Ct values of
assessed gene [stat3 and adropin (Enho)] vs the corresponding
the house keeping gene (GAPDH). A standard sample should
be used to measure the specified genes expression. The RQ
(The relative quantification) of every specific gene is mea-
sured and standardized to housekeeping gene via the

calculation of delta-delta Ct (AACt). We examined the RQ of
every gene by picking 2744

Statistical Analysis

Data will be presented as mean + S.D. Statistical significance
will be determined by one way analysis of variance (ANOVA)
followed by LSD test, P values less than .05 will considered to
be significant. The correlations between parameters will be
analyzed using Pearson’s correlation. In statistical analysis,
SPSS version 22 program for Windows (SPSS Inc. Chicago,
IL, USA) will be used.

Results

The results in Table 1 showed a significant reduction (P <.05)
in the level of adropin in the serum and liver tissue of rat’s
post- irradiation from 1°** day till 14™ day, compared with the
corresponding control animals. In the contrary of this result, a
manifest augment (P < 0.05) in the level of SAT3.

In the current study, irradiated rats with 7.5 Gy have
triggered oxidative stress in the hepatic cells. Data revealed an
obvious decrease (P <.05) in the level of TAC, accompanying
by a significant raise (P <.05) in the level of TOS at all times of

Table 4. Effect of Gamma Radiation (7.5 Gy) on the Level of Lipid Profile, Glucose and Insulin in all Studied Groups.

Parameters Cholesterol
Groups (mg/dL) HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL) T.G (mg/dL) Glucose (mg/dl) Insulin (LlU\ml)
Control 100 + 12.44 23.0 + 3.83 344 + 104 316 £ 53 128 £ 16.1 123 £ 6.3 9.07 £ 0.33
Rad 1*day 131 +3.36°(+31) 145+ 111> 463 +56° 475 + 5.77° 169 + 16.68° 153 + 14.2° 6.26 £ 0.14°
(-37) (+35) (+50) (+32) (+24) (=31
Rad 3" day 149 +8.1° (+49) 114 £051° 754 £ 3.9° 63.0 + 4.84° 226 +22.42° 183 + I1.7° 497 + 0.03°
(—50) +119) (+99) (+77) (+49) (—45)
Rad 7™ day 174.16 + 6.98" 9.7 £061° 85.2 + 2.05° 79.2 + 5.66° 275 + 10.64° 272 + 39.6" 3390.11°
(+74) (—58) (+148) (+60) (+115) (+78) (—63)
Rad 14* 206 +12.8% (+106) 7.9 + 0.68° 99.3 + 6.08° 98.7 £ 7.39° 529 + 18.7% 375 + 20.6* 237 £ 0.24°
day (—66) (+189) (+212) (+313) (+205) (—74)

Values are expressed as the means * standard deviation (n = 5). Values between brackets show the percentage of change from control. Differences between

means were considered significant at P < 0.05.
*Significance vs control group.
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Table 5. Effect of Radiation (7.5 Gy) on CBC in all Studied Groups.

Parameter RBCs HCT WBCs Mid Lymphocyte Granulocyte Platelets

Groups Hb (g/dL) (10%/uL) % (103 /mm3) % % % (103 /mm?)

Control 149 +0.14 84+0.19 395+1.06 54=0.64 10.0 £ 0.58 684 +2.82° 21.6 £2.25 1165 £ 124
Rad I*day 12.1 £029° 7 +0.16 357 £ 0.54 2.6 +0.06° 240+ 057 455 +2.62° 156 £ 3.19% 998 + 90
(—16) (—17) (—10) (—52) (+140) (—33) (—28) (—14)

Rad 3" day 11.0 £ 0.86* 6 0.3 304 + 1.8 181 £0.0* 203+ 369" 39.6 + 589 6.1 +231° 859 + 101°
(—26) (—29) (—23) (—66) (103) )-42) (—25) (—26)

Rad 7" day 8.4 + 0.94* 6.8 £0.17* 328+ .05 1.3 £0.09° 195 £ 1.79° 38.1 + 0.84° 17.6 + 427° 766 + 32.7°
(—44) (—19) (—17) (—76) (+96) (—44) (—19) (—34)

Rad 14% 44 £ 0.54° 2.1 +£026" 11.6+009 0.93+003 18.1+357*° 3251+4.14 16.5 + 0.57 429 + 45.5°
day (—=70) (=75) (=71) (—83)) (+81) (—52) (—24) (—63)

Values are expressed as the means + standard deviation (n = 5). Values between brackets show the percentage of change from control. Differences between

means were considered significant at P < 0.05.
*Significance vs control group.

the study, compared to their own values in the control rats
(Table 2). Furthermore, the table showed a noticeable ele-
vation (P <.05) in the level of IL-6.

The results also revealed that irradiation has affected liver
function denoted by a marked increase (P < 0.05) in the level
of AST and ALT at 1% till 14™ day (Table 3) and the results in
the same table showed a significant reduction (P <.05) in the
level of albumin and total protein all time of the experiment,
compared with the corresponding control ones.

Table 4 manifested a marked rise (P <.05) in the level of
cholesterol, triglycerides, and LDL and VLDL associated with
a noticeable decline in the level of HDL from 1% day to 14™
day post y-radiation exposure, compared to their corre-
sponding values in the control rats. Moreover, the results
showed that whole-body y-irradiation of rats augmented the
level of glucose, and a decrease in the level of insulin from
the 1% day till the 14™ day post- irradiation, when compared to
the control rats.

Moreover, the current results revealed a noticeable re-
duction in the values of the blood components (Hb, RBCs,
HCt%, WBCs, PLT) (P <.05) at all the intervals of the ex-
periment (Table 5).

Table 6 and Figure 1 revealed the correlation between
adropin and STAT3 (A), TOS (B), TAC (C), IL-6 (D), AST
(E), ALT (F), cholesterol (G), T.G (H), HDL (I) LDL (J) and
glucose (K),

Table 7 displayed the primers sequence of adropin and
STAT3, while Figure 2 appeared the gene expression level and
the fold change of adropin and STAT3.

Discussion

Exposure to IR activates oxidative stress in different organs.
Radiation can cause acute or chronic damage to the liver. The
early effects of radiation include DNA damage, oxidative
stress and the production of ROS leading to liver cell apoptosis
and acute inflammation.*® In this experiment, whole body
exposure of rats to y-rays has initiated oxidative stress and

Table 6. Pearson’s Correlation Coefficient (r) Between Adropin
Level and Some Studied Parameters at Different Times Post-
radiation.

Parameters r P-value
STAT3 —0.95 <0l
TOS —0.95 <0l
TAC +0.93 <.05
IL-6 -0.97 <0l
AST —0.98 <0l
ALT —-0.97 <0l
Cholesterol —-0.98 <.001
T.G —0.95 <.0l
HDL +0.91 <0l
LDL —0.96 <0l
Glucose —0.94 <0l

stimulated alterations in the redox system of the liver. Data
showed a marked liver dysfunction in the rats after radiation
exposure manifested by significant elevations in the level of
TOS, STAT3, IL-6, TC, TC, T.G, LDL, AST, ALT and glucose
associated with depletion of adropin, TAC, insulin, HDL,
albumin, total protein levels, as well as changes in the blood
components. In addition, the present study found a decrease in
adropin gene expression associated with an increase in
STAT3 gene expression in the liver.

Adropin is a hepatokine that has a major effect on the liver
and is known to have a number of biological and biochemical
actions that occur in cells to maintain metabolic regulation. It
also has regulatory effects on glucose, and lipids as well as
protective properties against insulin resistance and vascular
dysfunction.**

The results obtained showed that total body irradiation at
7.5 Gy resulted in a significant gradual decrease in serum
adropin level and its gene expression (Enho) in the liver
tissues from day 1 to day 14 after radiation, compared to the
control groups. Here we propose that low levels of adropin
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Table 7. Primers Sequence of Adropin and STAT3 Genes.

Forward sequence Reverse sequence
STAT 3 AGAGGCGGCAGCAGATAGC TTGTTGGCGGGTCTGAAGTT
Adropin TGCGCACCTTAGGCATTCCGAGGC AAACTCCGCTGGGAACTAGAGAGG
GAPDH TGGATTTGGACGCATTGGTC TTTGCACTGGTACGTGTTGAT

post-irradiation might be attributed to liver injury, which is
responsible for adropin secretion, and this depletion might
lead to increased secretion of free radicals in the liver tissue,
causing further liver damage. This explanation is supported by
a clear decrease in the level of adropin gene expression (Enho)
associated with an increase in total oxidant in the liver tissue.
Our final result is in line with previous findings that adropin
intervention could significantly stop overproduction of ROS
in the myocardium induced by radiation.*>*’ similar results
have also been shown that adropin-deficient mice had en-
hanced hepatic steatosis, while receiving synthetic adropin
attenuated the development of NASH (non alcoholic steato-
hepatitis) in mice.* In addition, from previous studies,
adropin activates the nuclear factor erythroid 2-related factor 2
(Nrf2) signaling pathway, a key regulatory factor of cellular
antioxidant responses, leading to activation of antioxidant
enzymes, and reduced production of reactive oxygen species
from liver mitochondria.*® Therefore, in our present study, we
suggest that the decrease in adropin level and its gene ex-
pression (Enho) post-radiation might be led to over production
of total oxidant in the liver.

Furthermore, we suggest that the decrease in adropin level
might be attributed to the elevation in STAT3, which is ac-
tivated by IL6 that was elevated in our study after irradiation.
Besides, oxidative stress is a vital factor in stimulating
STAT3 receptors to activate STAT3 which may act as a pro-
inflammatory mediator, leading to increased free radicals and
liver damage. Our study found a negative correlation between
adropin and STAT3, and IL-6 in irradiated rats, a finding is
supported by similar researchers who reported that low
adropin levels were negatively correlated with markers of
inflammation in patients with liver disease.*’

Exposure to ionizing radiation provoked a significant
augmentation in the activity of both ALT and AST from 1% to

14™ day and this might be attributed to the facilitation of the
passage of these enzymes due to increased membrane per-
meability.’® Also, the data exhibited a remarkable reduction in
total protein content in irradiated rats at all times of the ex-
periment and this might be due to an imbalance permeability
of liver, kidney and other tissue cells as well as modification
in the biochemical steps.’’ Our study also revealed an ob-
vious elevation in the level of glucose associated with a
reduction in insulin level and this was explained by the
previous researchers who ascribed the increase to the hepatic
and pancreatic cells damage post- radiation, leading to
glycogenolysis.’*>* We suggest that low levels of adropin
might affect glucose levels because it helps in the uptake of
glucose into cells, and this suggestion is consistent with other
authors who have noted that adropin has a significant effect
in modulating glucose metabolism, regulating insulin sen-
sitivity and glucose utilization in the various tissues. Besides,
adropin has been shown to inhibit hepatic gluconeogenesis,
and interacts with other metabolic regulators to a greater
extent.'®

Adropin directly affects lipid metabolism via 5’-adenosine
monophosphate-activated protein kinase (AMPK), a regula-
tory factor in maintaining energy balance in cells. Its acti-
vation increases fat consumption by stimulating lipolysis
and inhibiting lipogenesis.”* The current work exhibited a
decline in the gene expression of adropin (Enho) and this is
similar with the previous findings that found excess cho-
lesterol inhibits hepatic expression of Enho mRNA leading
to decreased adropin production which in turn causes
greater increases in total lipid.>> Furthermore, the hyper-
cholesterolemia observed in our work might be due to the
increased rate of cholesterol formation in the tissues of
irradiated rats and the degradation of cell membranes.’® The
increase can also be explained by the breakdown of stored
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Figure 2. Effect of Radiation (RAD) on Adropin (A) and STAT 3 (B) Gene Expression in the Liver. Results are Expressed as Mean + SD

(n = 5). (a) Significance vs Control Group.
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fat from adipose tissue being released into the blood and by
changes in the metabolism in the hepatocytes and blood
lipoprotein.”” High levels of triglycerides might be due to
inhibition of lipase (an enzyme that hydrolyses triglycerides
and releases fatty acids) and release of triglycerides from
adipose tissue.”® Adropin has a crucial effect in modifying
fat production pathways by inactivating the activity of
synthase, a vital enzyme responsible for fat resynthesis and
thus, it reduces the conversion of excess carbohydrates into
fatty acids and their accumulation in the form of triglyc-
erides, thus reducing fat storage.'®** Therefore, we suggest
that decreased levels and expression of adropin might
contribute to lipid disorders, and the data are consistent with
the previous.'”'®

In addition, our findings indicated abnormalities in all
blood components, which could be explained by direct de-
struction of the entire circulatory system. Radiation could also
lead to bone marrow injury, which in turn leads to a decrease in
hematopoietic stem cells and failure to regenerate or replace
lost cells.”°

This study has some limitations, as the animal size was not
calculated and justified.

Conclusion

According to the final data in this experiment, radiation-
induced oxidative stress resulted in liver toxicity, decreased
adropin levels and gene expression (Enho), and abnormal
complete blood count. Furthermore, the experimental study
showed a negative correlation between adropin and STAT3,
TOS, IL-6, AST, ALT, cholesterol, T.G, LDL and glucose,
while a positive correlation was observed between adropin and
TAC and HDL. Therefore, we suggest the use of adropin to
control the risks resulting from radiation exposure. This study
has been approved by Zagazig University-Institutional animal
care, number: ZU-IACUC/3/F/142/2024.
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Appendix
Abbreviations

y-radiation gamma radiation
ROS Reactive oxygen species
IR ionizing radiation
OS  oxidative stress
TOS total oxidant
TAC total antioxidant capacity
OSI  oxidative stress index
STAT3  signal transducer and activator of transcription 3
T.G triglycerides
HDL high density lipoprotein
LDL low density lipoprotein
VLDL very low density lipoprotein
AST aspartate aminotransferase
ALT alanine aminotransferase
CBC complete blood count
RBCs red blood cells
WBCs  white blood cells
PLT platelets
Hb hemoglobin
Hct%  hematocrit
MCH mean corpuscular hemoglobin
MCV  mean corpuscular volume
ELISA Enzyme-Linked Immunosorbent Assay
RAD radiation
RQ relative quantification
Ct cycle threshold
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