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ABSTRACT Research Article

We aimed to measure biochemical parameters in rat serum such as

electrolyte levels, kidney and liver function test, and lipid profile to ~ Article History

analyze the effects of pomegranate juice towards AlCls-induced Received - 14.03.2021

hepato-nephrotoxicity. The twenty-eight wistar albino rats divided Accepted - 07.05.2021

into four groups; control (Group I), pomegranate juice (4 ml/kg)

(Group II), AICIs (8.3 mg/kg) (Group III) and pomegranate juice + Keywprds

AICl3 (Group IV). Aluminum toxicity and the protective effect of Aluminum

pomegranate juice did not statistically different among groups in Pomggranate

electrolyte levels, except for Mg and Cl (p<0.05). AICLs considerably Vaccme. ..

increased serum AST, ALT, BUN and CREA levels and decreased Renal-liver toxicity
Electrolyte

ALB and TP (p<0.05). Pomegranate juice administration with or
before AlCl3 notably restored serum biomarkers of liver and kidney
function to near-normal levels. There was only a statistically
significant difference in LDL and CHOL levels in lipid metabolism
(p<0.05). The pomegranate juice reduced aluminum toxicity in terms
of electrolyte levels, liver and renal function test, and lipid profile.

Aliminyuma Maruz Kalmig Erkek Sicanlarda Nar Suyunun Hepato-Nefrotoksisite Uzerine
Etkilerinin Degerlendirilmesi.

OZET Aragtirma Makalesi

Nar suyunun AlCI3 kaynakli hepato-nefrotoksisiteye olan etkilerini

analiz etmek i¢in si¢can serumundaki elektrolit seviyeleri, bobrek ve Makale Tarihgesi
karaciger fonksiyon testi ve lipid profili gibi biyokimyasal Gelig Tarihi  : 14.03.2021
parametreleri amaclanmigtir. Yirmi sekiz wistar albino sigan; Kabul Tarihi :07.05.2021
kontrol (Grup I), nar suyu (4 ml/kg) (Grup II), AlCls (8,3 mg/kg)

(Grup IID) ve nar suyu + AIClz (Grup IV) seklinde dort gruba Anahtar Kelimeler
ayrilmigtir. Aliminyum toksisitesi ve nar suyunun koruyucu etkisi Aliminyum

elektrolit duzeyleri acisindan Mg ve Cl hari¢ gruplar arasinda Nar

istatistiksel olarak farkli bulunmamistir (p <0.05). AICls, serum As1

AST, ALT, BUN ve CREA diizeylerini 6énemli 6l¢tide artirdigi ve ALB
ve TP'yi distirdigi (p <0.05) gorilmiistiir. AlCls ile birlikte veya
oncesinde nar suyu uygulamasi, karaciger ve bobrek fonksiyonunun
serum biyobelirteglerini neredeyse normale yakin seviyelere getirdigi
gorilmusgtur. Lipid metabolizmasinda sadece LDL ve CHOL
diizeylerinde istatistiksel olarak anlamli bir fark goriilmiistiir (p
<0.05). Nar suyu, elektrolit seviyeleri, karaciger ve bobrek fonksiyon
testi ve lipid profili agisindan aliminyum toksisitesini azalttig:
sonucuna varilmigtir.

Bobrek-karaciger toksisitesi
Elektrolit
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INTRODUCTION

The roles of aluminum, which is now no longer

located in elemental shape in nature but in the form
of compounds, are not clear and may be important in
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nowadays. Their compounds make up 8% of the
earth's crust and come third during abundance
(Priest et al., 2018). In recent years, pharmaceuticals,
cosmetics and foodstuffs have also diversified and Al*3
is among the components used in production (Exley,
2013). Aluminium is included in many vaccines,
especially for pandemic or epidemic reasons, to make
vaccines more stabilized and effective (Hotez et al.,
2020). Lack of detailed long and short term evidence
of its physiological and biochemical role on human
metabolism suggests that it causes toxicity in many
organs (Nayak, 2002). What's more, concerns are
raised about the possible adverse health effects of Al
determined even in consuming water. However, Al is
thought to be non-toxic and quickly detoxified, and
therefore commonly used in routine (Ghorbel et al.,
2017). Although aluminum is in all our lives, it has
unsuitable properties in terms of chemical properties.
Al*3 enters the body with food, air, water and
medicines. It is collected in tissues and organs in the
body. Al*3 generally reaches different tissues via the
gastrointestinal system like most other metals (Kar et
al., 2019). With the widespread use of biochemical
tests and biological observations, it is beneficial to
detect metal toxicity before significant organ damage
occurs. Determination of aluminum concentration in
blood samples and interpretation of clinical findings
did not provide clarity in the studies (Samir and
Rashed, 2018). Therefore, liver and kidney function
assessments were established to be the most effective
method in this study.

Pomegranate rich nutritional content and therapeutic
effectiveness have been the subject of research and
are grown in many countries of the world (Vidal et al.,
2003). Pomegranate is grown in different parts of
Turkey. Pomegranate fruit is used by the public as
fruit juice and ingestion of direct fruit. Pomegranate
juice (PJ) has several flavonoids as an antioxidant
and mineral materials as sodium and potassium (EI
Kar et al, 2011). Pomegranate has therapeutic
properties on metabolism with its high polyphenol
content (Matthaiou et al., 2014). The effects of PJ on
systolic blood pressure and the enzymes such as
angiotensin that regulate (Stowe, 2011) it prompted
us to investigate electrolyte levels in aluminum-
induced toxicity in this study. In a previous study, PJ
consumption diminished the LDL aggregation, . It
was shown that regular PJ intake can regulate
cholesterol metabolism (Manthou et al., 2017).
However, depending on time and concentration, the
effects of PJ against aluminum toxicity on the lipid
profile synthesized in the liver remain unclear.

The Liver function biomarkers are the first test used
to evaluate cell damage due to metal toxicity, and it is
the main organ involved in lipid synthesis and
detoxification reactions. The kidney function markers
are biomonitor that show whether toxic substances
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are eliminated or not, and kidney is the target organ
in which electrolyte metabolism 1is regulated.
Therefore, we designed to measure biochemical
parameters in rat serum such as electrolyte levels,
kidney and liver function test, and lipid profile to
analyze the effects of PJ towards AlCls induced
hepato-nephrotoxicity in wistar albino rats.

MATERIAL and METHODS

In our research, 28 healthy Wistar Albino adult male
rats used (weighing 250+30 g) provided from the
Medical and Surgical Experimental Research Center,
Adiyaman, Turkey. The rats were followed during the
experiment in special rooms where temperature (25 +
2 ° C), humidity (45 + 5%) and 12 hour light / dark
cycle were controlled and in clean polycarbonate
cages. Research involving animals complied with all
relevant national regulations and institutional
policies (Adiyaman University, Animal Experiments
Local Ethics Committee.) for the care and use of
animals. (038/2019).

Experimental Procedure

The study was carried out using seven rats in each
group, divided into four groups as follows:

*Group I (control), Saline application (1ml) was
performed intraperitoneally every other day for 30
days;

* Group II (PJ), For 30 days, pomegranate juice 4
ml/kg was applied with orogastric catheter every
other day;

* Group III (AICls), Aluminum chloride (AlCls.6H20)
was administered intraperitoneally at 8.3 mg/kg
every other day for 30 days;

* Group IV (AICl;5 + PJ), Aluminum was administered
intraperitoneally at 8.3 mg/kg and pomegranate juice
4 ml/kg with orogastic catheter every other day for 30
days.

PJ was freshly prepared before the experiment and
administered at 4 ml/kg doses (Hadipour and
Mozaffari, 2010). Pomegranate fruit were obtained
from Adiyaman in Turkey. Also, AlCls was newly
prepared just before the experiment and was
administered to rats at a concentration of 8.3 mg/kg
(Ozkaya et al., 2014) Rats were anaesthetized with an
intramuscular injection ketamine+xylazine (at doses
of 70 mg/kg and 10 mg/kg, respectively).

Biochemical Measurements

At the end of experiments, rats were euthanized by
decapitation after 30 days from the beginning of the
experiment, blood samples were collected and the
serum was separated by centrifugation for 15min at
3500 rpm and stored at (80 °C). Also, the serum was
taken from the blood allocated to biochemistry tubes
without anticoagulant and was run on an automatic
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analyzer for the measurement of biochemical
parameters.
Serum electrolyte levels namely; sodium

(Na),potassium (K), Chlorine (Cl), calcium (Ca),
magnesium (Mg), Iron. Renal and hepatic function
biomarker levels namely blood urea nitrogen (BUN),
creatinine (Crea), Uric acid (UA) and liver function
such as total bilirubin (T-BIL), direct bilirubin (D-
BIL), total protein (TP), Albumin (Alb), aspartate
transaminase (AST), alanine transaminase (ALT) and
lipid profile such as triglyceride (TG), Cholesterol
(Chol), low density lipoprotein (LDL) and high density
lipoprotein (HDL) measurements were performed
using a Roche COBAS C702 auto analyzer (Roche
Diagnostics, Germany) in Kirsehir Ahi Evran
University Biochemistry Laboratory. All procedures
were performed according to the manufacturers’

instructions.

Statistical Analyses

SPSS Version 21 (IBM Corporation, Armonk, New
York, USA) and Graphpad Prism 7 (GraphPad
Software, San Diego, CA, USA) program was applied
for the statistical analysis and graphic of biochemical
measurements. The values were shown as
meantstandard deviation for results. All data were
checked for the normality by using the Kolmogorov
Simirnov and Shapiro-Wilk tests. Data conforming to
normal distribution, one-way ANOVA and TUKEY
test for multiple comparision was performed, but to
data that is not compatible with normal distribution,
Kruskal-Wallis and Dunn’s test for multiple
comparision test was performed. P<0.05 was
considered significant statistically.
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Figurel. The effects of pomegranate juice on electrolyte levels in rats exposed to aluminum-induced toxicity. A:
Na (sodium), B: K (potassium), C: Cl (chloride), D: Ca (calcium), E: Mg (magnesium), F: Iron. The values
are displayed as mean+SD (n=7). *: significant change at p< 0.05.

Sekil 1. Aliiminyum kaynakli toksisiteye maruz kalan sicanlarda nar suyunun elektrolit diizeyleri tizerine
etkileri. A° Na (sodyum), B: K (potasyum), C: CI (kloriir), D: Ca (kalsiyum), E: Mg (magnezyum), F:
Demir. Degerler ortalama+SD (n=7) olarak gosterildi. *: p< 0.05'te anlamli farklilik.
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RESULTS

The Effects of Pomegranate Juice on Electrolyte
Levels in Rats Exposed to Aluminum-Induced
Toxicity

The electrolyte levels were measured in order to
quickly assess cytosolic pressure and acid-base
balance. The therapeutic and protective effects of PdJ
on electrolyte levels in rats exposed to aluminum-
induced toxicity were shown in Fig 1. No significant
differences were found in the serum levels of minerals
such as Na, K, Ca and Iron in the between groups.
There was a significant increase in chloride levels in
the group II (104.7+5.1). Magnesium levels in group
IV (2.6£0.31) were statistically lower compared to
group III (3.07+0.24) and group I (3.21+0.23). We
thought that although the rich mineral content of PJ

did not significantly affect electrolyte levels, the
chloride increase was due to AlCls.

Pomegranate Juice Ameliorates Kidney Function in
Rats Exposed to Aluminum-Induced Toxicity

In the light of our findings, the comparison of serum
BUN, UA and CREA levels between the groups for
the evaluation of renal functions is shown in Figure 2.

The levels of BUN and CREA in the Al treated rat
were significantly increased compared to the group II
and group IV (p<0.05 and p<0.01, respectively). There
was no statistically significant difference in UA levels
between the groups. Al*3 toxicity affected the kidney
by causing serious damage at BUN and CREA levels.
This damage was observed to be reduced by PdJ.
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Figure 2. The effects of pomegranate juice on renal function in rats exposed to aluminum-induced toxicity. A: BUN, B: CREA,
C: UA. The values are mean+SD (n=7). *,**: significant change at *p <0.05, **p <0.01
Sekil 2. Alliminyum kaynakli toksisiteye maruz kalan siganlarda nar suyunun bobrek fonksiyonu tlizerindeki etkileri. A:
BUN, B: CREA, C: UA. Degerler ortalama+SD'dir (n=7). ***: *p <0.05, **p <0.01'de anlamli farklhlik.

Pomegranate Juice Modulates Liver Function Test in

Rats Exposed To Aluminum-Induced Toxicity

The ALT, AST, total and direct bilirubin levels were

profound to liver function and biliary obstruction. As
seen Fig. 3, There was no statistically large
distinction within the bilirubin metabolism control
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versus other groups. ALT and AST levels were
notably elevated in the group III versus group II
(p<0.01). Albumin and total protein levels were
statistically higher in group II given PdJ.

The Effects of Pomegranate Juice on Lipid Profile in
Rats Exposed to Aluminum-Induced Toxicity

As observed in Figure 4, when evaluating lipid profile
parameters (TRIG, CHOL, LDL and HDL), it was
shown that there was no significant TRIG and HDL

statistically lower in group II given PJ versus other
groups.

DISCUSSION

Aluminum exposure on human metabolism might be
from distinct sources such as ingesting water,
vaccine, consuming food stuff and cosmetics (Celik et
al., 2012) Aluminum chloride taken into consideration
as non-hazardous metal for a protracted time,
however extra interest has been centered on its

levels difference between groups. The CHOL negative outcomes on in vivo studies (Imam et al.,
(57.2+4.65) and LDL (8.01+4.06) levels were 2016).
A B C
o %
500 * 60 0.15
400
= 300 i g 40 “ T % 0.10 T —|_
5 & i )
200 - _
2 == = 20 E oo0s
100
° N N > Q & ~ S N 5 0.00 . .
) < QD S < < S < PR > S Q
& (9‘00 Goo o(ooQ (7'*0\} doé 0‘°e o‘ooQ o‘oo Q}°°Q O‘OQQ 0&\@
D E F
* * "
0.03 & * 8 1 ———
[ 1T = -
- 3 A 6 —_
g 002 = s
>
2 =
% 3 2 : 4
@ 0.01 = L2
1 2
0.00 T T o T o T T
A > D Q N > D Q ~ <> > Q
R R { o <
0@“’ c"o\’ O‘OQQ 6‘°°Q O‘OQ O*OQQ cq‘°°Q <,<°°Q 0‘°° (%OQQ 0‘0\& 0\°¢Q

Figure 3. The effects of pomegranate juice on liver function and protein levels in rats exposed to aluminum-
induced toxicity. A: AST, B: ALT, C: TBIL, D: DBIL, E: ALB, F: TP. Values are mean+SD (n=7). *:

significant change at *p <0.05, **p <0.01

Sekil 3. Aliiminyum kaynakli toksisiteye maruz kalan siganlarda nar suyunun karaciger fonksiyonu ve protein
diizeyleri tizerine etkileri. A: AST, B: ALT, C: TBIL, D: DBIL, E: ALB, F' TP. Degerler ortalama=+SD'dir
(n=7). *** *p <0.05, **p <0.01'de anlaml farklilik.

Regulation of extracellular fluid volume, provision of
appropriate acid-base balance, serum osmolality
levels are carried out by electrolyte metabolism. In
the previous study, application of PJ did not cause
any change in serum electrolyte levels between the
groups after 7, 15, and forty-five days (Ilbey et al.,
2009). The PJ decreased electrolyte levels such as K,
Ca and P and increased Na levels in rabbits induced
by nicotine toxicity (Aboulgasem and Azab, 2015).
Hozayen et al. reported that rosemary extract with a
significant content, such as pomegranate, caused a
significant increase in serum sodium and a decrease
in potassium levels in aspartame-induced rats
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(Hozayen et al., 2014). Abd Elmonem (2014) observed
that pomegranate supplementation regulates Ca
electrolyte levels . Similarly, PJ provided an increase
in Ca levels on bone metabolism (Parvin et al., 2014).
In the aluminum-induced toxicity study, Na+/ K+
ATPase and Mg?+ ATPase activities were significantly
decreased, and intracellular and extracellular ion
exchange damage occurred (Sumathi et al., 2011).
According to the data we observed, the aluminum
toxicity did not significantly affect the electrolyte
levels, and although PJ has rich mineral content, it
provided stability in electrolyte levels, unlike the
mentioned studies.
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Figure 4. The effects of pomegranate juice on lipid profile in rats exposed to aluminum-induced toxicity. A’ TRIG, B: CHOL,
C: LDL, D: HDL. The values are mean+SD (n=7). * **: significant change at *p <0.05, **p <0.01

Sekil 4. Aliminyum kaynakli toksisiteye maruz kalan sicanlarda nar suyunun lipid profili izerindeki etkileri. A: TRIG, B:
CHOL, C: LDL, D: HDL. Degerler ortalama+SD'dir (n=7). *,**: *p <0.05, **p <0.01'de anlaml farklilik.

The liver is the essential organ in which chemical,
xenobiotics and metals are detoxified further to the
synthesis reactions critical for metabolism, even as
the kidney presents the removal and elimination of
those poisonous materials in reference to the liver. In
the light of this information, AlCls exposure caused
changes in our biochemical results, which are specific
indicators of liver function. In Balgoon's study (2019),
AlICl3 administration substantially increased serum
ALT, AST, ALP, and bilirubin and reduced albumin
and total protein levels. In previous studies, high
doses of AICl3 exposure caused liver damage,
impaired metabolic functions and altered protein
synthesis. This was in agreement with the our
findings (Imam et al, 2016; Niedworok and
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Fijatkowski, 2004; Azza et al., 2017; Al-Hashem,
2009; Parasuraman et al., 2020). The BUN, CREA
and UA levels use to acute and chronic renal damage
and test the renal functions. The changed levels of
these biomarkers representing that the animals
applied with AIC13 have the risk of kidney injury (Al
Dera, 2016). The nephrotoxicity induced by AICls is
may be due to the accumulation of Al in the kidney,
ultimately resulting in renal failure.

The role of PJ on biochemical parameters against
long-term AICls-induced changes in both liver and
kidney was also evaluated. In the neurotoxicity study,
the protective application of pomegranate caused a
significant decrease in BUN, CREA and UA levels
(Moneim and El-Khadragy, 2013). Derik pomegranate
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juice improved function tests such as ALT, AST, ALB
and bilirubin, which increased in liver damage
(Pirincgioglu et al., 2014). It was stated that
pomegranate juice reduces the hepato and renal
function parameters caused by metal toxicity to
normal levels against not only aluminum but also
other metal toxicities (Hassanen et al.,, 2019). In
another study, PJ altered BUN and CREA levels. It
did not change the ALT and AST values. These
contradictory results showed that PJ could affect liver
and kidney function tests in the study without any
presence of toxicity (Moneim et al., 2011).

In our toxicity study, we thought that lipid synthesis
would be affected as a result of liver damage and that
pomegranate could improve lipid levels due to its
antilipidemic effects. In a previous study, aluminum
exposure did not show a important change on the
lipid profile (Parasuraman et al., 2020). On the other
hand, Ghorbel et al. Stated that the abnormal results
in lipase enzyme activity were caused by the
application of AlCIs and therefore cholesterol levels
increased (Ghorbel et al., 2017). AICls induced toxicity
increased CHOL and TRIG levels. Thus, lipid
metabolism in the liver was disrupted and it was
observed that PJ managed to reduce the AlCls-
induced increase in lipid profile (Al-Hashem, 2009).
In our findings, there was only a statistically
significant difference in LDL and CHOL levels.
Antilipidemic properties of pomegranate were
demonstrated in in vivo studies. For example,
consumption of PJ concentrate for eight weeks
extensively decreased CHOL and LDL levels in
diabetic patients with hyperlipidemia (Esmaillzadeh
et al.,, 2006; Sumner et al., 2005). A decrease in
CHOL, TRIG and LDL serum concentrations of PJ
given to rabbits was observed, while HDL levels
increased (Aboulgasem and Azab, 2015).

CONCLUSION

Our findings verifies long-term aluminium exposure
had toxic and harmful effects on electrolytes,
minerals, lipid profile, liver and renal functions in the
rat serum. The application of pomegranate juice
confirmed a remarkable improvement in both these
abnormalities in hepato-nephrotoxicity caused by
aluminium and a protective effect. Therefore, we
revealed that Pomegranate Juice could be a
appropriate healing agent, especially in aluminium
exposure from the environment and daily life
activities.
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