Nadia A. Abdelmgjeed and Amani M Manaa ISSN 1110-7219
131

CYTOTOXICITY INDUCED BY ALPRAZOLAM IN
RAT VITAL ORGANS

Nadia A. Abdelmajeed and Amani M Manaa

Department of Btochemustry , Girls college of Education .
king Abdulaziz University Jeddah . Kingdom of Saudl Arabia
P.0.Box 50098 Jeddah 21523

ABSTRACT

The current study demonstrated the cytatoxic effects af alprazolam on the vilal or
gans of rats. Animals were divided into hwo groups; Gl: normal control (not received
any diug), G2: alprazolam trealed group. Alprazolamn was ingested orally using a sin-
gie dose of 1 mg/ 100gm body weight. The effects of this drug toxicity on different (tis-
sue vital organs tissues (Uver. kidney and heart) were studied after 10, 20 and 30
days from drug administration. The results revealed that administration of alprazotam
tnduces oxidative tissue damage indicated by significant increase in the activity of
xanthine oxidase (X0) with concomitant elevated level of nitric oxide (NO) in liver,
kidney and heart of alprazolam -treated rats In comparison with normal animals. The
increment of such oxidative tissue darmnage markers was accompanied by (ncreased
malondlaldehyde (MDA, index of lipid peroxidation} in kidney ,and decrease in adeno-
sine triphosphatase (ATPase) and lactate dehdrogenase (LDH) activities in cardlar tis-
sue. The oxidative tissue damage induced in liver in response to alprazolam ingestion
was supported by a depletion in the activity of hepulic sorbitol dehydrogenase (SD)
coupled with elevation in serum enzymes. aspartate wrnunotransferase (AST}, alanine
aminotransferase {ALT) and gamma-glutamyl transferase (GGT) ( indices of liver func-
tion ). Also the obvious Increase of serum muukers of kidney. creatinine and urlc acld
levels as well as the lncrease in serum masker en2yme of heart, creatine phosphold-
nase [CPK) in alprazolam treated animals versus normal ones, (ndicating cardlo-
renopathy. Moreover. investigation also revealed that ingestion of alprazolam to rats
led to decreased level of hemoglobin (11} compared with normal animals The deteriora-
tions in the biochemical results were severe in 20 and 30 days after the drug adminis-
tration and documented by the histopathological pictures of the studled orgarns.

Key words: alprazolaun, cytotaxiclty, tssue damage. histopathological pictures, eruzymes.
INTRODUCTION drug-induced adverse health ecvents (Skegg.
In the last few decades, the exponential in- 2001). Pre-marketing clinfeal trlals provide

crease in the use of powerful pharmacological conclusive information on drug effectiveness,
agents has led to Increased eoncerns about but wypically they are underpowered for de-
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tecting adverse effects. Carefully designed and
analyzed large-scale epidemlological post-
marketing surveillance studles are therefore
essentlfal to establish the assocfations be-
tween drugs and adverse reactions (Abrata-
mowlcz et al., 2008).

Benzodiazepines (BDZs) are widely pre-
scribed for the chronic treatment of epilepsy
and panie disorders. Alprazolam is a member
of BDZs group of drugs. widely used as anti-
psychotlc and anxiolytic agent {Isbister et al.,
2004; Moroz 2004). However, Patlents using
this diug report benzodlazepine related ad-
verse cvents, such as drowsiness, dlzziness,
and rcdueed alertness (Verster and Volkerts
2004). In addition. a vast amount of studies
have shown that alprazolam in doses of 0.5
mg and higher Induce changes in braln oxida-
tive metabollsm and impalrs a varlety of eog-
nitive skills such as
memory impairment, speed of rcsponscs,
tracking performance and a considerable po-
tential to Induce dependence and abusc
(Verster and Volkerts 2004; Pardo et al.,
2006; Lenfkens et al., 2007). It alsc induces
conformational changes i hemoglobin (Mat-
tra et al., 2007) and intercalates into the
DNA (Saha et al., 2009a). In additlon, it was
Tound that alprazolam produced severe cyto-
toxicity in human cell Unes as {t induced ecle-
vated level of reactive oxygen specles (ROS)
and depletfon of antioxtdants (Saha et al,,
2009b). Generally, It was reported that all
benzodlazepines drugs can cause respiralory
dcpresslon (Woodcock et al., 1981}, hepatic
dysfunction (Ananth et al,, 1994). Hypoten-
sion and thrombophlebitls {(Donaldson and
Glbson, 1980; Glaser et al., 1882), brain
damage (Meador, 1964).

and psychomotor
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None of the previous studies investigated
the pathological effects of these drugs on dif-
ferent organs in experimental animals, so the
objective of this {nvestigation is to study the
effects of alprazolam in inducing oxidatlve tis-
sue injury on rat liver, kidney and heart.

MATERIALS AND METHODS

Chemijcals:

All chemieal reagents were of analytical
grades purchascd from Sigma Chermical Co.
(St. Louls, Mo, USA), Merk [(Genany) and
BDH (England). Diazepam Jdrug was obtained
frorn Swiss Holman Larcch Limited Company.

Animals :

60 adult male albino rats (100-120gm)}
were obtalned {rom animal house, King Fahed
Center for Mcdicinal Research. King Abdul-
Azlz Unlversity, Jeddah. The animals were
housed tn cages under standard hyglenic con-
ditton and were fed with rat chow and water
ad libitum. In order to optimize drug absorp-
tion. all animals were fasted for 1 hour priar
to drug admin{stration.

Experimental Design :

Rats were divided into Two groups normual
healthy eroup (group 1) and drug treated
group (group 2}, each of 30 rats. Alprazolam
drug was administered orally using a single
dose of 1mg/100gm body weight {Leufkens et
al.,, 2007). The eflect of this drug toxcity on
different tissue organs (Itver, kidney and
heart) was studied alter 10, 20 and 30 days
from drug mgestlon. After each studied peri-
od the blood samples were eollected from
animals Into slerllized fubes for serum sep-
aration and Into tubes contalning heparin
for hemoglobin determination. Serum was
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separated by centrifugation at 3000_ g for 10
minutes and used for blochemical analysis. At
the end of each experiment, rats of each ex-
perimental period were sacriflced under ether
anesthesta and the liver, kidney and heart
samples were collected, mced and homogc-
nized (n either ice cold bidistilled water or
10% to yield 10% homogenates using a glass
homogenizer. The homogenates were centri-
fuged for 15 minutes at 10000g. at 4°C and
the supematants and used for different blo-
chemical tissue analysis.

Biochemical analysis :
All the following biochemical paramcters
were measured spccirophotometrically .

Tissue analysis :

Nitrite concentration (an Indlrect mcasurc-
ment of NO synthesis) was assayed using
Griess reagent (sulfanilamide and N-1-
naphthylethylecnediamine dlbydrochloride) in
acidic medium (Moshage et al., 18956). Lipid
peroxidation was determined by measuring
the formed MDA (Buege and Aust. 1978). XO
activity was determined by the reduction of
nitroblue tetrazollum (NBT) (Fried and Fried,
1874). ATPase was detcrmined using the
method of Tsakirls and Deliconstantnos
(1984). LDH actvity was evaluated according
to (Bergmeyer, 1878). SorbLIitol dehydroge-
nase was measured by the method of Berg-
meyer (1974).

Serum analysis:

ALT and AST activities were determined ac-
eording to the method described by (Berg-
meyer et al., 1988). Gatnma Ghitamyl Trans-
ferees (GGT) was measured by the method
described by Shaw et al. (1983), uric Acid
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{UA} by the method described by Bulgar and
Johns {1941), creatinine {Crea) by the meth-
od of Larsen (1872)and creatinc phosphoki-
nase {CPK) by the method described by Rosal-
k1 (1987). GGT was assayed by the method of
Schmidt and Schmldt (1981).

Blood analysis :

Hb was estimated in the whole heparinized
blood by cyaninethaemoglobin method (Drab-
kin and Austin, 1932).

Histologica) evaluation :

Representalive slices from Nver, kidney and
heart tssucs were taken [rom the eviscerated
animals and fixed in 10% formalin. For light
microscopy examination, Lhe tissues wcre eln-
bedded in paraflin, sectiorred at 5 _m and
statned with hcmatoxylin and eosin (H&E).

Statistical analyses:

Data wcre analyzed by comparing values
for different treatmment groups with the values
for individual controls. Resulls are expressed
as mean + S.D. The significant dlfferences
among values were analyzed using analysis of
variance (one-way ANOVA) coupled with post-
hoc (LSD) and followed by Bonferoni as a post
ANOVA test (Bvans and O'Connor, 2007).

RESULTS

Oxidative tissue infury markers In different
tissue organs in normal and - alprazolam
treated groups after the three studied difler-
ent peripds are shown In table (1). Alprazo-
lam administration to rats Iled to markcd ele-
vated activity of xanthin oxidase (XO) with
concondlant Increase in nitric oxide (NO) lev-
el In liver. kidney and hcart of alprazolam-
treated rats compared with normal one. The
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elevation of such markers was accompanled
by reduction in the activity of sorbitel deny-
drogenase (SD) tu diver. elevated level of mal:
ondialdehyde {MDA) in kidney .and depletion
in adenopsine triphosphatase {ATPase) and
lactate dehdrogenase (LDH) activities in heart
tissue. Table (2) shows the levels of blood
functional markers in normal and alprazo-
lam treated rals after three studied different
periods. The results revealed Increased in lv-
er function marker enzymes, serum aspartate
aminotransferase (AST), alanlne aminotrins-
ferase {ALT) and gainma-glutamyl transferase
(GGT). Marked increment of serum markers
of kidney function. creatinine and uric acld
levels and Increase in serum markcr enzym.e
of heart, creatine phosphokinase (CPK) in al-
prazolam treated animals versus normal ones
wcre also observed. [he tabfe alsu shows that
administration of alprazolam tg rats led to de-
creased jevel of hemoglobin (Hb) In alprazolam
treated animals compared with normal arni-
mals. The histopathological pictures of ilver,
kidniey and heart of alprazolam treated ard-
mals were observed in figures 1.2 and 3 re-
spectively. The pictures showed
crotic degenerative changes In the Wver and
kidney in rats treated with alprazolam. In-
flaimmation and necrotc changes (n the mus-
cle fibres of hearts of animals under the ef-
fect of the used drug was also abserved. Thicse
changes werc severe in 20 and 30 days after
the drug ingestion.

scvere ne-

DISCUSSION
The benzodlazepines (BZs) are still the
most widely used anxiolytic compounds. How-
cver, recent study demonstrated that these
drugs have serious toxic eflects {Saha et al..
2009b). The currcnt investigation was de-
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signed to evaluate the undesirable toxic el-
fccts of alprazolamm which 1s a member of
RDZs group of drugs.

Administraton of alprazolam drug to rats
induced oxidatlve tissue damagc in diflerent
organs of rats which was proved by obvious
Increment in the activity of free radical pro-
ducing enzyme. XO accompanied by elevated
NO level In Mvers, kidneys and hcarts of al-
prazolam treated ratls in compared with nor-
mal animals. The increment of such blomark-
ers was accompanied by Increased MDA in
kidriey, and decreased in ATPase and LDH
activittes In  heart tissue suggesting that liver,
kidney and heart are target organs for alpraz-
olam toxicity. Our rcsults agree with previous
study stated that thils drug produeed severe
cytotoxicity in human cell lines as it Induced
elcvated level of rcactlve oxygen specles (ROS)
and depletion: of antioxidants (Saha et al..
2009b).

Chronic and acute overproduction of ROS
under pathophyslologic conditions forms an
integral part of the development of liver, kid-
ney as well as cardiovascular dlseases (Vlc-
tor et al., 2009; Hinson et al., 2010: Zhang
et al., 2010). XO is one of the oxidases en-
zymes which have the major role in the pro-
duction of ROS and reactive nitrogen species
(RNS) that can produce gxidative tssuc 1nju-
ry (Harrlson 2002; Fadillloglu et al., 2003;
Victor et al., 2009) . ]t catalyzes the reduc-
tion of nitrite to NO which has varlous patho-
logical dangerous effects on different tissues
{(Mohamed et al.. 2001; Gao, 2009).

Nitric oxlde (NO) exerts a broad range of
effects on bodily functions including muscle
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conlractility, platelet aggregation, metabolisin,
neuronal activity, and immune responses.
The underlying mechanisms rely primarlly on
elevating guanosine 3'.5-cyclic monophos-
phate due to the stHmulation of soluble
guanylyl cyclase. inhlbiting mitoehondria
resplration by the action on cytochrome C
oxldase, and nitrosylating proteins and en-
zymes. Under pathophysiological condttions.
an Increased production of NO concurrent-
ly with an enhanced generatlon of superox-
ide jeads to the formation of peroxynitrite, a
potent oxidatlve agent, and thus tlssue inju-
ries (Gao, 2009). Production of peroxynltrite
was found coupled with oxidlzing cellular
structure and causes lipid peroxidation
(Weinstein et al., 2000; Sayed Ahmed et
al., 2001) Lipid peroxddation and lipid-
radieal cycles are two alternatlve processes.
These cycles activate membrane proteins, pro-
tect membrane liplds from oxldation and pre-
vent from formation of eitdogenous aldehydes.
Experimental anxl clinical evidence suggests
that producdon of endogenous toxlc aldehyde,
such as MDA is the major initiators of the
metabolic alterattons (Dmitrlev and Titow,
2009).

ATPase is an important membrane bound
enzyme that Is directly involved in energy cou-
version and has an important role in main-
taining the integrity of the myocardial mem-
brane (Devika and Mainzen Prince 2008).
The reduction in such enzyme may attributed
to the ablility of alprazolam to Induee Upid per-
axidation which has dcleterious effects on the
eell membrane and coupled with inactiva-
ton ot membrane-bound enzymes (Hazarika
and Sarkar 2001). A significant fall t1n ATPase
activity of rat hearts in response to alprazo-
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lam treatment may lead to a decrease in
mnetabolic energy turmover due (o toxic effects
of alprazolam.

The present work revcaled that the toxic
dangerous eflects of alprazolam induced in
livers of alprazolam treatcd rats was docu-
mented by a decrease In the activity of hcpatic
SD coupled with Increase in llver serum
marker enzyimes, AST, ALT and GGT. This re-
sult was supported by previous clinlical stud-
jes stated the complex interaction between he-
patlc  dysfunction and  berrzodiazepines
treatment which may directly contribute to
hepatic encephalopathy. (Amanth et al.,
1994). The abnormaliHes in such marker
enzymes activiles may be due to the release
of thcse enzymes from MNver cytosol into the
blood stream as a result of tissue damage
caused by alprazolam toxic effect. This result
was also documented by Wver histopathologi-
cal pleture which showed severe dumage en-
sured by severe degcneratlve necrotic chang-
es observed after the three different
experlmentai periods. The signiflcant elevated
levels of scrum creatinine and uric acid iIn
animals treated with alprazolam were coupled
with deteriorative changes in both glomeruli
and tubules of kidncy tissue observed in his-
topathological plctures of animals treated
with the used antipsychotiic drug and these
abpormal changes are well indicators of rc-
uopathy.

The cardiac tissue damage induced by tox-
ic etlect of alprazolam In rats was ensured
by pronounced Increased in the activity of dI-
agnostlc serum marker enzyme, CPK and a
decrease in LDH of heart tissue in alprazolam
treated rats compared o normal ones. This
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was supported by the hitopathological picture
of heart tissue which demonstrated inflain-
mation and myonecrotic leslon of heart mus-
cle libres. These findings conflrm the onset of
myocardlal lcslon and leaking out of the
marker enzymes from heart to blood (Game-
san et al., 2009).

Ingesuon of alprazolam to rats led to de-
crcased level of Hb In alprazolam treated rats
compared with normal animals. This result is
coped with previous published data stated
that Hb deficiency In response to alprazolam
may be its ability to induce conformational
changes in hemoglobin (Maltra et al., 2007).
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Decreased of Hb level Induced a state of ane-
mia which may lead to thrombocytosts which
might also related to cardiovascular disease.
biochemical abnormallties and fmpalred cell-
medlated immunity with increased suscepti-
bility to infection (Farthing, 19089; Sllver-
berg et al., 2009).

it could be councluded that, the changes (n
both blochemical markers and in histological
pictures of liver, kidney and heart of alprazo-
lam treated animals leads to suggestion that
alprazolam, the antipsychotic drug, might
have serious toxic effects on different body
organs.
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Table 1 : Oxidative stress maskers in different organs of normal and alprazolam
treated rats.

Parameters Normal 10 days 20 days 30 days

Liver

XO activity 3.15 +0.26 2539 + 2.40° 33.09 + 2.29° 41.15 + 2.44°
NO activity | 17.30 +1.28 2809 + 2.9° 37.38 +1.88" 41.11 £3.34*
SD activity 32.5 +1.60 31874 0. 45° 2.82+0.20° 2.08 +0.20°
Kidney

XO activity 1.87+£0.26 10.65+ 1.48° 21.73 + 1.90° 2842 +2.62°
NO activity 5.82+0.90 28.58+2.13° 37.23 £1.43° 4412+3.18°
MDA level [0.17£1.78 | 37412208 | 54.05+3.64" | 87.56+ 3.24°
Heart

XO activity 2.12+0.23 12.05 + 0.84° 16.62 + 0.52° 21.95 + (.88°
NO activity 12.40 £ 2.1 59.16 + 2.30° 70.24 ¢ 2.55° 7796+ 3.16°
LDH aclivity 5.18+0.12 i 2.87+0.32° 2.50 £0.22° 1.28 £0.10°
ATPase | 506 £025 | 1.56+062" | 287£0.53 | 1.17+022°

Data are expressed as meant SD of 8 rats in each group, XO and SD are expressed in
n mol/ min/mg protrein, NO is expressed in umol/g tissue, LDH and ATPase are
expressed in u mol/ min/mg, MDA is expressed in nmol/g tissue. *P< 0.001, °P <
0.01, when compared with normal group.

Table 2 : Blood functional markers of different organs in normal and alprazolam
treated rats after three different periods.

Darameters Normal 10 days 20 days 30 days
AST (pt /1) 19.57+£23 |292.66+£432%** 321.16 £6.63%** |375.83 £5.67***
ALT(l/) [17.70+£0.76 | 70.15 £ 6.46*** |82.13 +3.84*** 91.86 £ 1.49%**

GGT 1556+ 0.69 | 22.06 +].78* 2433 = |.50*%*% | 25.66 + |.75%*
I (11 /] \ .
Uric acid 2.60 £0.057 3.47+ 036* 5.41 £ (0.26** 7.81 £ 0.72%%*
(mg/dl
Creatinine | 0.591 0.004 4,00x 0.64*** 6.45 £ 0 33%** 920+ 0.32***
(mg/dl) _ :
CPK 30.34 +:8.46 [105.004:4.85%%% | ]10.5+4.72%%* 145,66+ 1].5%**
(1)
Hb 16.38 + 0.61 12.11 £ 0.82* 10.88 £ (0.37** 10.18 £ 0.56**
(g/di)

Data are expressed as meant SD of 8 rats in each ng)up . P<0.05,"P<00!,

LA
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Figure (1) : Effect of alprazolam on liver tissue. A-light microscopic picture of
normal liver showing normal hepatocytes B - liver of rats treated
with alprazolam after 10 days commenced just after of drug
administration, showing loss of liver normal architecture observed by
degenerative ehanges in hepatocytes. (C and D) - Liver of rats (reated
with alprazolam after 20 days and 30 days respectively commenced
just after of drug administration, showing severe degenerative change

in hepatocytes (H & E x400).
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Figure (2): Effect of alprazolam on Kidney Tissues. A-light microscopic picture of
normal kidney showing normal tubules and glomeruh B - kidney of rats
treated with aiprazolam afler 10 days, commenced just afier of drug
administration, showing shrinkage of glomeruli, shrinkage of epithelial
lining of some tubules and dilation of the lumen of the tubules. (C and
D) - kidney of rat treated with alprazolam after 20 days and 30 days
respectivcly, eommenced just after of drug admimstration, showing
severe degenerative change in glomeruli and tubules (H&E *400).
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Figure (3): Effect of alprazolam on heart Tissues. A-light microscopic picture of
normal heart showing normal muscle fibers B - Heart of rat tréated
with alprazolam 10 days after drug administration showing necrotic
degenerative ehange of muscle fibres in some areas (C and D) - Hearts
of rats treated with alprazolam 20 days and 30 days after drug
administration respectively showing inflammatory cells (C and D) and
severe necrotic changes in heart muscle fibers (D) (H&E x400).
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