CPINCKM APXMB
3A LIENOKYMHO NEKAPCTBO
SERBIAN ARCHIVES

OF MEDICINE

Address: 1 Kraljice Natalije Street, Belgrade 11000, Serbia
+381 11 4092 776, Fax: +381 11 3348 653

E-mail: office@srpskiarhiv.rs, Web address: www.srpskiarhiv.rs

Paper Accepted” ISSN Online 2406-0895

Original Article / Opurunannu pan

Novica Bojani¢!, Dijana Stojanovi¢?*, Maja Milojkovi¢?, Boris Dindi¢?, Olivera.Dunjié?,
Jelena Milenkovi¢?, Aleksandra Ignjatovi¢®#, Marko Stojanovi¢?

Verapamil administration alleviates microcytosis and tissue accumulation
after chronic aluminum exposure in rats

VYnotpeba Bepanamuia yonakaBa MUKPOLMTO3Y U TKUBHY aKyMyJalujy
HAKOH XPOHUYHE U3JI0KEHOCTH aTyMHHU]YMY

tUniversity of Nis, Faculty of Medicine, Research Center for Biomedicine, Nis, Serbia;

2University of Nig, Faculty of Medicine, Institute of Pathophysiology, Nis, Serbia;

SUniversity of Nis, Faculty of Medicine, Department of Medical Statistics and Informatics, Nig, Serbia;
4Institute for Public Health, Nig, Serbia

Received: March 22, 2021

Revised: May 12, 2021

Accepted: May 18, 2021

Online First: May 21, 2021

DOI: https://doi.org/10.2298/SARH210322044B

“Accepted papers are articles in press that have gone through due peer review process and have been
accepted for publication by the Editorial Board of the Serbian Archives of Medicine. They have not
yet been copy-edited and/or formatted in the publication house style, and the text may be changed
before the final publication.

Although accepted papers do not yet have all the accompanying bibliographic details available, they
can already be cited using the year of online publication and the DOI, as follows: the author’s last
name and initial of the first name, article title, journal title, online first publication month and year,
and the DOI; e.g.: Petrovi¢ P, Jovanovi¢ J. The title of the article. Srp Arh Celok Lek. Online First,
February 2017.

When the final article is assigned to volumes/issues of the journal, the Article in Press version will be
removed and the final version will appear in the associated published volumes/issues of the journal.
The date the article was made available online first will be carried over.

*Correspondence to:

Dijana STOJANOVIC

Institute of Pathophysiology, Faculty of Medicine, 81 Dr. Zoran Dindi¢ Boulevard, Nis 18000, Serbia
E-mail: dijanam24@hotmail.com


http://www.srpskiarhiv.rs/

Srp Arh Celok Lek 2021 | Online First May 21, 2021 | DOI: https://doi.org/10.2298/SARH210322044B 2

Verapamil administration alleviates microcytosis and tissue accumulation
after chronic aluminum exposure in rats

Ynotpeba Bepanamuia yonakaBa MUKPOIIMTO3Y U TKUBHY aKyMyJlaIujy

HAKOH XPOHUYHE U3JI0KEHOCTH allyMHUHU]YMY

SUMMARY

Introduction/Objective Research has demonstrated
the toxicant potential of aluminum, but no therapeutic
options have been suggested. The aim of the study was
to investigate the extent of the aluminum-induced
toxicity, evaluated by hematological/biochemical
disarrangements, hepcidin concentration and tissue
accumulation after chronic aluminum exposure and to
determine possible protection with Ca?*-channel
blockage, verapamil.

Methods Experimental animals (36 rats) were treated
with different doses of AICI; during 8 weeks and after
that their blood and tissues were analyzed.

Results The significant differences, regardless of the
aluminum dose administered, were documented in all
evaluated hematological (p < 0.001) and biochemical
parameters (p < 0.001), as well as in aluminum tissue
deposition in liver, kidneys and testicles (p <,0.001),
respectively. After verapamil administration, /a
significant improvement in some hematological and
biochemical parameters was demonstrated, p < 0.001,
as well as the attenuation of_aluminum deposits in
liver and testes, p < 0.001: Evaluated parameters of
inflammation and kidney 'deposition did. not show
significant change after verapamil application.
Conclusion The findings indicate that chronic AIClI;
intoxication; regardless of the dose, results in the
microcytic anemia associated with high hepcidin
levels, numerous. biochemical abnormalities and
significant aluminum deposition in liver, kidney and
testes and that these effects may be attenuated by
verapamil administration. Overall, the results
emphasize the significance of calcium homeostasis
preservation in chronic aluminum exposure and
propose possible therapeutic option.

Keywords: aluminum-induced toxicity; verapamil,
chronic exposure; hepcidin; microcytosis
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CAXETAK

VYeoa/Ilum [uss uctpaxknBama OHO je 1a ce WCTTUTA
CTeIleH aJTyMUHHjYMCKE TOKCHYHOCTH, IPOLCHCH
XEMAaTOJIONIKUM H  OMOXEMHjCKUM IIapaMeTpuMa,
POMEHOM KOHIICHTpALHje XCTILUANRHA u
aKyMyJlanijoM aJyMUHHjyMa |y TKHBHMa HaKOH
XpOHUYHE H3JIOKEHOCTH M Ja C€e YIBpAU Ja U
MOCTOjU MPOTEKTUBHU edeKaT BepanaMuila, OCTBapeH
GnokasioM kanana Ca?*,

Metone ExcnepumeHTallHe >XUBOTHIBRE (36 Tarona)
TpeTupane cy pasmuuutaMm jgo3ama  AlCl; Toxom
nepuosa o 8 Henesba, a HAKOH TOra aHAIM3UPAHU Cy
BHUXOBH KPB M TKUBA.

Pesynratun 3HadajHe pasnuke, 6e3 o03upa Ha HO3y
ATyMHHHjyMa, TIQCTOjaJie Cy Y CBUM XEMAaTOJOLIKUM
(p < 0.001) u 6uoxemujckum mapamerpuma (p <
0.001), ka0 m y akyMmynanuju alryMAHHjyMa Y jeTpH,

OyOpesuma u  TtectucuMa. HakoH  mpuMeHe
BEpamamiia, J0Ka3aHO je 3Ha4yajHO MO0O0JbIIALE
BPECAHOCTHU HOj CAUHUX XEMAaTOJOUIIKUX n

Ouoxemujckux mnapamerapa, (p < 0.001), xao wu
3HAYajHO CMamemhe axKyMyJsaluje alyMUHHjyMa Yy
TkuBy jetpe u Ttectuca (P < 0.001). Bpemuoctu

aHAM3MPaHHX  [apaMerapa  WHGUAMaluje |
aKyMyJamyja alyMHHHjyMa y TKHUBY OyOpera HUCY
Owie 3HAYajHO  pasIMYUTe HAKOH  INPHUMEHE
Bepanammia.

3akipyyak Pesynaratn oBOr ncTpaxuBama IHOKa3yjy
na xpoununa uHtokcukanmja AlCls, 6e3 o63upa Ha
NPUMEHBEHY 103y, JIOBOJIU JI0 pa3BOja MHUKPOIUTHE
aHemuje npaheHe BHCOKMM  KOHIEHTpalMjama
XenmuuanHa, OnoxemmjckuM  mopemehajuma |
3HAYajHUM TaJ0XEHEM aTyMHHHjyMa y TKHBY jeTpe,
OyOpera u TecTuca, Ko 1 Jia c€ HEKH 0OJ1 OBUX edekara
MOTY YONaXWTH JaBamkeM Bepanamwmia. JloOujeHu
pe3yiTaTd Cyrepully 3HayajHy ITaTOI€HETCKY Be3y
n3mehy xomeocrase Kammujyma M allyMHHHjYMCKe
TOKCHYHOCTH, Ha OCHOBY 4Y€ra ce MOX€ T'OBOPHUTH O
TIOTEHIM]a]THO] TE€PAINjCKOj OIIMjH TOKOM XPOHHYHE
EKCIIO3HIIHj€ ATyMUHYjyMY.

Kmbyune peun: TOKCHYHOCT n3a3BaHa
ATYMHUHHjYMOM; BEpanaMull; XpOHUYHA H3JI0KEHOCT;
XeTIHIMH; MUKPOILMTO3a
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INTRODUCTION

Aluminum (Al) is one of the most widespread elements on earth, therefore, a
progressive overexposure of biota to biologically active aluminum has been reported,
resulting in growing evidence of aluminum-related diseases [1]. The primary and
physiological source of Al intake is food and drinking water, where an average ingestion
stands for 5-40 mg of Al on a daily basis, while the accepted limit for Al intake is recognized

as being 2 mg/kg/week [1].

In recent years, there has been abundant data on Al systemic toxicity, in order to clarify
its role in the pathophysiology of many disorders: reproductive and breast diseases [2], bone
impairment [3], lung disorders [4], impacts on the immune system [5], as well as neurological
diseases [6], whereas inhibition of Ca?* channels may represent-potential therapeutic strategy
for addressing Al-induced toxicity.

Therefore, we postulated the following aims of the study: to investigate the extent of
the obtained toxicity, evaluated by hematological and biochemical disarrangements and
hepcidin plasma concentration and tissue accumulation after chronic aluminum exposure; and
to determine a possible protection from aluminum associated toxicity with Ca?*-channel

blockage by verapamil.

METHODS
Animals

The experiment was performed on thirty-six male Sprague-Dawley rats (Vivarium of
the Research Center for Biomedicine of the Faculty of Medicine in Nis). The rats were 2
months old and weighed 130-160 grams. They were given ad libitum access to food (standard
rat chow pellets Veterinary Institute, Zemun) and tap water. The ambient temperature was
20£2 °C, the relative humidity was 55+10 %, with 12-hour light-dark cycle. The care and

handling of the animals were in accordance with the guidelines and recommendations

specified by the Federation of European Laboratory Animal Science Associations
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(FELASA). Upon the request of the Ethical Commission for Experimental Animal Welfare of
the Faculty of Medicine of Nis, the Ministry of Agriculture, Forestry and Water Management
of the Republic of Serbia approved the experiment, number 323-07-01762/2019-05/10.

Experimental design

Rats were randomly divided into six groups (n = 6). Animals were treated daily during
a period of 8 weeks, as follows: 10 mg/kg of body weight (b.wt) AICIs i.p. (group E1); 5
mg/kg (b.wt) verapamil by gavage, and after 60 minutes 10 mg/kg (b.wt) AICI3 i.p. (group
E2); 20 mg/kg (b.wt) AICls i.p. (group E3); 5 mg/kg (b.wt) verapamil by gavage, and after 60
minutes 20 mg/kg (b.wt) AICIs i.p. (group E4); 5 mg/kg (b.wt)-verapamil by gavage (group
V), and saline i.p. (control group C). The material used was as described: aluminum chloride,
AICl3 (Honeywell Fluka) and verapamil hydrochloride (Verapamil, Alkaloid Skopje, North

Macedonia).

Blood analyses and tissue sampling

At the end of the study, rats were euthanized with an overdose of Ketonal® (Ketonal®,
AG Wels, Austria). Hematological parameters: red blood cells (RBC), white blood cells,
platelets, and relative white blood cell counts were determined by electrical impedance. The
colorimetric method was used to determine hemoglobin (Hg) concentration. The hematocrit
(Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and absolute white blood cell count were
calculated. All hematological parameters were determined from whole blood, with EDTA K2
anticoagulant, and were determined on the hematology counter Celltac MEK 6510K (Nihon

Kohden, Tokyo, Japan).

The biochemical analyzer AU 680 (Beckman-Coulter, Brea, USA) with original
manufacturer reagents was used for biochemical parameters which were determined from

serum. The concentration of ferritin, transferrin, and unsaturated iron binding capacity
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(UIBC) was determined by immunoturbidimetric method, and iron concentration by
colorimetric method. Total iron binding capacity (TIBC) and transferrin saturation (TSAT)
were then calculated. The activity of the following enzymes was determined by enzymatic
colorimetric method: AST, ALT, ALP, amylase (AMY), LDH, CK and yGT.

The concentrations of hepcidin and C-reactive protein were measured in plasma
samples using commercially available ELISA Kits, according to the manufacturer’s

instructions.

All animals were carefully examined macroscopically: body surfaces and orifices as
well as all cranial, thoracic, and abdominal organs. The liver, kidney, and testes were excised,
frozen and stored at -80°C prior to measurement of the aluminum tissue concentration. The
samples were prepared according to the method by Banni et al. [7], slightly modified. The
samples were oven-dried (60 °C) to a constant weight. The dried tissues (0.3 gram from each
sample) were then mixed with 3mL of pure nitric acid at. 90 C for 24-48 h. The volume was
then adjusted to 25 mL with 0.5 % nitri¢ acid.

Aluminum tissue concentration measurement

All analyses were carried out on an iCAP 6000 inductively coupled plasma optical
emission spectrometer. (Thermo Scientific, Cambridge, UK) which uses the Echelle optical
design and a change injection device solid-state detector. The operating conditions for the
ICP-AES instrument were: flush pump rate 100 rpm, analysis pump rate 50 rpm, RF power
1150 W, nebulizer gas flow rate 0.7 L min, coolant gas flow rate 12 L min, auxiliary gas
flow rate 0.5 L mint, dual (axial/radial) viewed plasma mode and sample uptake delay 30 s.
The emission wavelength, the detection (LOD) and quantification (LOQ) limits and the
correlation coefficient of the calibration curve for the aluminum are: 308.215 nm, 0.3661 pg
gl,1.2203 pg gt and 0,99998.

A TraceCERT® (Fluka Analytical, Switzerland) ICP multi-element standard solution of
about 40.00+0.10 mg L of aluminum was used as a stock solution for calibration. The

plastic containers used for storing the samples were cleaned to avoid contamination of the
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samples with traces residues of any metals. Containers were treated with 20 % nitric acid and
then washed with ultra-pure water 0.05 uS cm™ (MicroMed high purity water system, TKA

Wasseraufbereitungssysteme GmbH). The nitric acid (65 %) was of analytical grade.

Statistical analysis

Data are presented as mean + standard deviation. One-way ANOVA was performed for
comparing values among different animal groups. For non-normally distributed variables

Kruskal-Wallis test was used, followed by Mann-Whitney test for comparing values between

two groups. The null hypothesis was tested at the 0.05 level of significance. Statistical

analysis was performed in R version 4.0.3 (2020-10-10).

RESULTS

Our study sample included 36.rats, whereas 12 of them were treated with saline and
verapamil and were considered as the control groups and 24 of them were treated with AICl3
in-higher and lower doses, during 8 weeks. We demonstrated that chronic aluminum exposure
resulted in‘a significant change in almost all evaluated hematological parameters, Table 1.
The hematological parametres that were found to be significantly decreased after
administration of 10 mg of AIClz mg/kg b.wt. are as follows: the number of RBC (p < 0.001),
hemoglobin (p < 0.001), hematocrit (p < 0.001), MCV (p < 0.001), MCHC (p < 0.001), iron
plasma concentration (p < 0.001) and TSAT (p < 0.001). Statisticaly significant increase was
observed in: plasma concentrations of hepcidin (p < 0.001), ferritin (p < 0.001) and
transferrin, as well in values of UIBC (p < 0.001) and TIBC (p < 0.001). The identical result
was obtained after 20 mg of AICIz mg/kg b.wt. was administered, with p < 0.001 for all
evaluated parameters (Table 1).

After verapamil administration, a statisticaly significant improvement in hematological
parameters was demonstrated as follows: in the number of RBC (p < 0.001), hemoglobin
concentration (p < 0.001), hematocrit (p < 0.001), MCV (p < 0.001) and MCHC (p < 0.001).
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Parameters such as: hepcidin, ferritin, transferrin, UIBC, TIBC, iron in plasma and TSAT did
not show statisticaly significant change after verapamil was applicated, regardless of the
AICl3dose.

The results presented in Table 2 refer to the changes in parameters of WBC and
platelets after AICIz was administered. The lower dose of aluminum (10 mg/kg/b.wt)
presented with the significant increase in all evaluated parameters: the number of platelets (p
< 0.001), WBC (p < 0.001), percentage of lymphocytes (p = 0.004), segmented leukocytes (p
= 0.005) and monocytes (p = 0.001), as well as in absolute count of same cells, number of
lymphocytes (p < 0.001), segmented leukocytes (p < 0.001) and monocytes (p <'0.001). The
same result was achieved with the higher dose of aluminum (20 mg/kg b.wt), for all analized
parameters. However, no protective effects of verapamil application were observed, since no

statisticaly significant differences were documented after.verapamil was used, Table 2.

Table 3 presents comparison of chronic AICIs treatment (10/20 mg/kg b.wt) on
biochemical parameters and the changes after verapamil administration. In the cases of lower
AIClIs dose, significant increase of evaluated parameters was observed in the following: AST
(p = 0.001) and ALT (p < 0.001), and concentration of alkaline phosphatase (p = 0.002),
amylase (p < 0.001), lactate dehidrogenase (p < 0.001), creatine kinase (p < 0.001), yGT (p <
0.001) and C-reactive protein (p“= 0.004). The same, significant results was obtained in
higher (20-mg/kg b.wt) AlClz doses for all parameters respectively. The protective effects of
verapamil administration were observed in animals treated with aluminum 10 mg/kg b.wt as a
significant decrease in plasma concentrations of ALP (p < 0.001), amylase (p < 0.001), LDH
(p < 0.001), CK (p < 0.001) and yGT (p < 0.001). The identical effects of verapamil
administration were documented in animals treated with higher doses of AICIs, seen also as
significantly decreased values of ALP (p < 0.001), amylase (p < 0.001), LDH (p < 0.001),
CK (p < 0.001) and yGT (p < 0.001), Table 3. Plasma concentration of CRP and activity of

AST and ALT did not change after verapamil administration.

Figure 1 presents results after comparison of chronic AICI; treatment in tissue
aluminum deposition and the effects after verapamil administration. Significant increase in
aluminum tissue accumulation was observed in tissue measurements: liver (p < 0.001),

kidneys (p < 0.001) and testes (p < 0.001), regardless of the aluminum dose. The protective
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effect of verapamil was obtained in liver (p < 0.001) and testes (p < 0.001), irrespective of the

dose. In kidneys, however, no protective effect of verapamil was documented.

DISCUSSION

In this study, it is documented that verapamil administration significantly mitigates
aluminum-induced hematology intoxication and tissue accumulation, suggesting. that it'may
be a protective agent against AICls-induced toxicity. However, based on the results, the
application of verapamil did not significantly decrease inflammatory parameters, implying
that the inflammatory pathways in Al-associated toxicity are most likely independent of this

mechanism of action and cannot be prevented by Ca?* channel blocking.

It was evidenced that Al oral intake leads to its extensive accumulation in the liver,
spleen, kidneys and bones in higher ratesccompared to that of muscles, brain, lungs and heart.
After its deposition, aluminum-induced toxicity is achieved through many diverse pathways;
the following being the most studied: oxidant/antioxidant/apoptosis [8], pro-inflammatory
[9], immunosuppression [10], and interference with enzymes, proteins and metabolism [11].
In addition to these findings, free intracellular Ca2* variations have been proposed as an index
of aluminum-associated toxic injury [12]. Indeed, reports from many experimental models

implicate that chronic aluminum exposure disrupts pathways of Ca?*-mediated homeostasis.

Nevertheless, AF* and Ca?* share the same atomic radius, therefore it is plausible that
aluminum interacts with the binding sites of calcium, disrupting its homeostasis. In the milieu
of disrupted Ca?* homeostasis mitochondria increase production of reactive oxygen species,
resulting in oxidative damage, autophagy and apoptosis precipitation. Similarly, the function
of calcium-ATPase enzymes may also be disrupted, resulting in cellular/organelles
malfunction [13]. The inhibition of cytochrome oxidase, followed by the inhibition of
respiratory chain may lead to the depletion of ATP production via aerobic pathway. In other
words, the inhibition of cytochrome oxidase may enhance anaerobic metabolism, finally
enabling accumulation of Ca?* [14]. All of this may provide a plausible pathophysiological

link between Ca?* disruption and oxidative damage.
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Anemia was suggested as the first manifestation of aluminum toxicity, whereas much
research has proved the manifestation of microcytic anemia without iron deficiency in cases
of Al overload [15]. The results of the present study concur with these findings, since after
chronic AICIz exposure all experimental rats developed microcytic/hypochromic anemia.
Importantly, a significant improvement of hematological parameters after verapamil
administration was observed, regardless of the Al dose employed. It may, therefore, be

postulated that verapamil mitigates aluminum induced hematological toxicity.

The obtained results of a ~2.6-fold increase in hepcidin concentration suggest that the
Al load, indirectly reduces the possibilities of iron entering the erythrocyte precursors.
Hepcidin concentrations are demonstrated to be significantly. elevated in states of
proinflammatory cytokines overproduction, leading to iron tissue sequestration, iron
restriction of erythropoiesis, hypoferremia and low saturation of itransferrin, which was

demonstrated to be significantly decreased in this study [16].

Hepcidin-related anemia is mostly presented as moderate normochromic-normocytic
anemia, whereas significantly decreased values of MCV and MCHC were obtained here, so
an additional pathophysiology explanation should be provided for this aluminum-related
microcytosis. The result of very low iron-transferrin saturation, is most likely due to
increased hepcidin production, and this implicates the likeliness of a formation of a complex
of aluminum-transferrin, delivering to the erythroid precursors aluminum, instead of iron.
Finally, it is plausible-that it is the elevation of hepcidin concentration that initially impairs
iron metabolism and that therapeutic interference with hepcidin, may improve plasma

concentrations of iron and iron-associated proteins.

The most important finding, that MCV and MCHC values were significantly reversed
after verapamil administration may be explained by the hypothesis that AICIs changes
erythrocyte membrane permeability for ions, interrupting the function of the cation pumps
[17], phenomenon that, based on presented findings, may be alleviated by calcium channels

blockage.

Concerning liver, after the application of verapamil, a statistically significant decrease
in liver aluminum deposition was observed, but not in the biochemical markers of liver

necrosis. It has been stated that tissue exposure to aluminum leads to necrosis and
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biochemical abnormalities [18,19], that is in accordance with the present findings. The
necrosis of hepatocytes is presumed by the ability of aluminum to bind to microtubule-
associated phosphoprotein, located in the cytoskeleton that is an integral part of the plasma
membranes of the hepatic cells, resulting in liver cell necrosis. It may be suggested that it is
more likely that necrosis of hepatocytes is achieved by impaired glycolysis, ATP production,
Krebs cycles and lipids and proteins oxidation, whereas intracellular calcium deposition
represents an additional mechanism, in a way to potentiate impaired ATP production via
Krebs cycle. The blockage of Ca?* channels by verapamil indisputably ameliorated aluminum
liver deposition, regardless of the dosage, but did not significantly reverse the concentration

of liver enzymes.

The reproductive system in experimental animals is known to be significantly affected
by aluminum intoxication, resulting in decreased fertility.~The key factors leading to
infertility are reduced sperm production and count, decreased motility and-production of
aberrant sperm [20]. We demonstrated increased aluminum_ tissue concentrations, regardless
of the dose and more importantly that this effect may be alleviated by the verapamil
administration. At odds with these findings,'some authors did not prove aluminum
accumulation in testes, but‘reported the impairment of testicular function, referred to as
aberrant spermatogenesis_and sperm malformation [20]. The researchers postulated that
aluminum exposure may cause inhibition of acid phosphatase, succinate dehydrogenase and
lactate dehydrogenase isoenzyme. Aluminum presumably inhibits activity of Ca?*-ATPase,

resulting inthe dysfunction of testicular membrane activity.

Finally, aluminum is proven to contribute to the pathogenesis of inflammation, by up-
regulation of proinflammatory cytokines and giving the signal for hepcidin synthesis. Within
the study, inflammation was proven by increased C-reactive protein and ferritin concentration
and, indirectly, by hepcidin evaluation. Based on the resulting outcomes, neither of the
biomarkers was significantly decreased after verapamil was employed. It may even be
speculated that these effects remain in consequence of the calcium generated from the
intracellular store, a phenomenon that occurs in the presence of metals [12] and may not be

mitigated by verapamil.
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CONCLUSION

The findings of the present study indicate that chronic AICI3 intoxication, regardless of
the dose, results in the development of microcytic anemia associated with high hepcidin
levels, numerous biochemical disarrangements and significant aluminum deposition in liver,
kidney and testicles. Besides, a significant hemato-protective effect of verapamil .was
documented, as well as the attenuation of aluminum deposits in both liver and testes. Overall,
the results of the research emphasize the significance of calcium homeostasis preservation in

chronic aluminum exposure and propose a possible therapeutic option.
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Table 1. The comparison of chronic aluminum chloride treatment on hematological parameters and the effects after verapamil administration

Hematological Control group Verapamil AICls 10 mg/kg AICls 10 mg/kg AICls 20 mg/kg AICls 20 mg/kg D
parameters group b.wt b.wt/verapamil b.wt b.wt/verapamil

RBC 8.33£0.52 8.56 £ 0.42 7.86 + 0.38%P 8.14 + 0.383P¢ 7.14 + 0.38*Pcd 7.67 + 0.522bcde <0.001
Hemoglobin 155.17 +1.47 | 152.67 +£2.07 | 138.71 +11.95*° | 151.29 +1.38%P¢ | 126.57 + 4.68%Pcd 139.83 + 2.793bcde <0.001
Hematocrit 47.00 £ 0.89 46.17 £ 0.75 39.57 £ 0.98° 44.14 + 1.343P¢ 33.0 + 2.003Pcd 37.50 + 1.3g3bcde <0.001
MCV 55.17+1.17 55.00 £ 1.26 50.57 + 1.903P 53.71 + 0.953b¢ 46.29 + 1.6030cd 49.83 + 0.753Pcde <0.001

MCH 18.50 £ 0.55 18.33 £ 0.52 17.57 + 1.513F 18.29 + 0.493b¢ 17.57 + 0.79 ahed 18.50 + 0.55%b¢ 0.136
MCHC 329.67 +4.23 | 330.83+0.75 | 352.14 + 26.64%P 341.86 +8.76%° | 381.29 +16.89*P4 | 372,50 +10.88*Pcde | <0.001
Hepcidin 71.00 £5.40 72.00 £10.94 | 185.00 + 64.54%° | 132.14 +33.78* | 196.43 + 45.25%P¢ 160.33 + 31.463P¢ <0.001
Ferritin 190.17 +48.35 | 187.33+7.26 | 309.29 +19.33%° | 282.71 +31.45%° | 546,14 #85.10*P¢ 456.50 + 98.923b.cd <0.001
Transferrin 1.47+£0.18 1.53+0.08 1.78 £ 0.0720 1.67 + 0.05%° 1.85 +0.112bed 1.68 + 0.062Pcd <0.001
UIBC 52.17 £ 7.83 48.17 + 11.58 78.00 + 7.213P 60.29 + 9.713b 80.29 + 8.08Pcd 59.67 + 7.342bcd <0.001

TIBC 9150 +8.41 92.33+10.71 105.86 + 6.56*" 88.14 + 10,25*" | 101.14 + 10.1420d 83.17 + 6.08*Pcd 0.001
Fe 39.67 £1.86 38.17 £ 8.84 27.86 + 2.26*° 28.00 + 3.9230 20.86 + 3.08*Pcd 21.83 + 0.75bcd <0.001
TSAT 0.43+0.04 0.41+0.10 0.26 + 0.032P 0.32 +0.05P 0.20 + 0.02abcd 0.26 + 0.022.0cd <0.001

Values are presented as mean = S.D; p < 0.05;

RBC — red blood cells; MCV — mean corpuscular volume; MCH — mean corpuscular hemoglobin; MCHC — mean corpuscular hemoglobin

concentration; UIBC — unsaturated iron-binding capacity; TIBC — total iron-binding capacity; TSAT — transferrin saturation;

8ys. control group;

bys. verapamil group;

‘vs. AICl3 10 mg/kg bwt;

dys. AICI; 10:mg/kg b.wt/verapamil;

fvs. AICI3 20 mg mg/kg b.wit;
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Table 2. The comparison of chronic aluminum chloride treatment on the platelets and white cells and the effects after verapamil administration

Verapamil AICls 10 mg/k AIClIs 10 mg/k AICls 20 mg/k AICls 20 mg/k
Parameters | Control group gropup b.wt o b.vvt/verapgmﬁ b.wt o b.Wt/verapgmigI P
PLT 776.50 + 63.46 | 760.17 +77.08 | 846.43 +90.65%° | 820.71 +79.43* | 1133.17 +1.123bcd 1017.17 + 41.13bcd <0.001
WBC 7.95+0.83 7.67£0.52 10.00 + 1.83%F 8.71 £ 0.493b¢ 11.5 + 0.53b¢ 9.33 + 0.82apcd <0.001
Ly % 53.20+5.15 5297+ 1.72 57.16 + 6.96*° 55.83 + 9.372P 50.10 + 6.5120¢ 40.41 + 9.823bcd 0.004
Seg % 39.82 £7.13 40.725+ 1.93 32.91 + 6.513P 34.81 + 10.173° 40.87 + 7.932P¢ 51.65 + 1.43bcd 0.005
Mo % 6.98 £ 2.05 6.28 £ 0.75 9.93 + 1.153P 9.36 +1.118P 9.03 + 1.923P¢ 7.85 + 743bcd 0.001
Ly 4.20 = 0.60 4.09 £0.24 5.78 + 1.143P 4.82 +1.012P 5.70 + 0.76%P¢ 3.80 + 0.973pcd <0.001
Seg 3.07 £ 0.60 3.15+0.30 3.33 £0.832P 2.96 £ 0.772P 4.66 + 0.943b¢ 4.87 + 1.25%bcd <0.001
Mo 0.54+0.17 0.48 + 0.06 1.02 + 0.312P 0.80 +0.112P 1.03 + 0.223b¢ 0.74 + 0.173pcd <0.001

PLT - platelets; WBC — white blood cells; Ly — lymphocytes; Seg — segmented leukocytes; Mo — monocytes;

8s. control group;

bys. verapamil group;

‘vs. AICI3 10 mg/kg b.wt;

dys. AICI3 10 mg/kg b.wt/verapamil;

®vs. AICI3 20 mg mg/kg b.wt
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Table 3. The comparison of chronic aluminum chloride treatment on biochemical parameters and the effects after verapamil administration

Biochemical Verapamil AICIs 10 mg/k AICI; 10 mg/k AIClsz 20 mg/k

parameters Control group grc?up b.wt 7 b.wt/verapgmigi AICIs 20 mg/kg b.wt b.wt/verapgmigl P
AST 24593 £ 17.56 246.17 £ 70.89 407.11 + 143.95P 285.21 +41.112P 527.39 + 227.912bcd 342.60 + 58.89 ah.cd 0.001
ALT 75.55+5.91 75.70 £ 8.32 121.97 + 48.33%P 94.20 + 10.09 b 168.20 + 32.092bcd 117.85 + 19.502Pcd <0.001
ALP 405.65 + 16.51 405.18 +11.73 421.24 + 28.043P 385.22 + 34.222b¢ 469.87 + 63.59*pcd 379.00 + 42.7g @bcde 0.002
AMY 2356.12 +219.65 | 2364.10+131.81 | 3362.58 + 124.79*" 2710.39 + 499.39%P¢ | 3451.43 + 112.793b.cd 2387.85 * 569.49 &hcde <0.001
LDH 2837.30 £510.14 | 2789.90 + 403.31 | 4516.35+1166.46*° | 3058.11 + 581.03*¢ .| 7147.86 + 1278.45*P¢ | 4911.72 + 2332.592P¢de | < (.001

CK 1302.63 +£32.04 | 1299.77 +237.76 | 2719.81 +817.52*0 2113.59 + 687.64*>¢ | .3446.76 + 1492.33%Pcd | 2320.35 + 331.432bcde <0.001

yGT 0.10+0.13 0.33+0.20 1.51+0.23%0 0.91 + 0.40%b¢ 2.09 + 0.343bcd 0.67 +0.39 2b.cde <0.001
CRP 2.1+0.11 2.1+£0.16 15.5 + 4.5%P 14.6 £ 5.23P 22.6 + 6.6%Pcd 20.5 + 4.53bcd 0.004

AST — aspartate transaminase; ALT — alanine transaminase; ALP — alkaline phosphatase; AMY ~ amylase; CK — creatine kinase; yGT —

glutamyl transferase; CRP — C-reactive protein;

8s. control group;

bys. verapamil group;

‘vs. AICI3 10 mg/kg b.wt;

dys. AICI3 10 mg/kg b.wt/verapamil;

®vs. AICI3 20 mg mg/kg b.wt
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Table 4. The comparison of chronic aluminum chloride treatment of tissue aluminum deposition and the effects after verapamil administration

Tissue/ Control Verapamil | AICls10 mg/kg | AICls 10 mg/kg AICl; 20 mg AICls 20 mg/kg

groups group group b.wt b.wt/verapamil mg/kg b.wt b.wt/verapamil P
Liver 7.18+3.78 6.19+3.70 | 293.24 +46.86%° | 194.44 +29.80*°¢ | 403.29 + 53.923b.cd 251.17 + 29.982bcde <0.001

Kidney 8.38 + 1.56 6.05+1.78 43.70 + 9.96P 34.91 + 6.80*° 63.76 + 11.85%Pcd 55.65 *+ 9.60%P<d <0.001

Testicle 11.63 +4.36 11.80 £6.79 31.14 £ 9.9120 17.27 + 1.632b¢ 45.01 + 13.10%Pcd 23.35 + 3.743bcde <0.001

8s. control group;

bys. verapamil group;

‘vs. AICI3 10 mg/kg b.wt;

dys. AICI3 10 mg/kg b.wt/verapamil;

®vs. AICI3 20 mg mg/kg b.wt
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Figure 1. The comparison of chronic AICIs treatment of tissue aluminum deposition and the effects after

verapamil administration;

CG — control group; Al 10 — AICIs 10 mg/kg b.wt; Al 10v — AICl3 10 mg/kg b.wt/verapamil; Al 20 —

AICI3 20 mg mg/kg b.wt; Al 20v — AICI3 10 mg/kg b.wt/verapamil; V — verapamil group
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