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Fig 2) Comparison of the average number of
myoclonic movements (Number of myoclonic jerks)

in the test groups.*Indicates a significant difference
compared to seizure control (*p <0.05).

5MeeST sl (5la LS -

035658 mpl o ghe 2 Gdimiel S -
SAeST

o g Sl S a3l 3se glaes S s
Ol & A o3ls 0L 311y 0p5b 48 3
Joil s iy eSS 3l o5 S L3 G V-g;rﬂ
P<e/e e V) olsgme SalS 51 IS 05 8 4 S
Losdd Ol glaes S 5o ol oy p
055658 w5l e e Ui oSl
Lot Oloys 03,8 53 35 Iy il last,
mAl o e RIBL ki Sl (S M

rail

S35 o7 3 AU @ okt Sl S -
SLoLEl iS5 Gy 3 0 s ok

(S5l g0
sy sbes S 5 Sl ol b mls
53 Kol g DS s sl oS sl ol il
038 a4 Comd kit 5l boskd Oleys (slaes S
53 el 03,8 g 1 (ol g SRl s S
eSS V) b 5 el oS ke b Sl ey S
SSflSm D= > b (0 035 (SIS
(p=2/029) Llsgme Rl L mids J 28 4 o
Yo ek Sl b5 lde b Jleys a5 8 55
Solosms GRIFNL Ok 855 0 S5k g S e
SE S go SIS > 3 5l 54 0l en (P<H/00 )
b5 Olie 4 ol oS Jlie b Sls ep S 5o
) s g03) 551 ol yon (DT /0 YF) (65 sme 3dlast]

e
100 —

80
* %

60

40—

Latency of
myoclonic Jerk (s)

20

PTZ 10 20
Ammglkg)
Treatments
Sl or SASLEN ot 0l Sl avglin (1 s sl
0051 3540 slaey S s (Latency of myoclonic jerks)
Ot Sl s 28w e l e Y LS ®
(P /00) b 5 oo oS e b Gl 03,5 4 Camd Jl3 e

Fig 1) Comparison of mean delay time of myoclonic
contractions (Latency of myoclonic jerks) in the test
groups.” Indicates a significant difference in seizure
control. # Indicates a significant difference compared
to treatment group with low dose of amitriptyline
(*p <0.05).
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Fig 4) Comparison of mean serum malondialdehyde
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a significant difference compared to seizure control
and $ indicates a significant difference with the treat-
ment group with low dose of amitriptyline. (*p<0.05).
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Fig 3) Comparison of mean serum levels of
glutathione peroxidase (GPx) in rats.* Indicates a
significant difference compared to the control group.
# Indicates a significant difference compared to
seizure control. (*p<0.05).
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(*p<0.05).

s JlE Oy 8l 0L ey onl b
Sshe fee Sl ladle 0 2 s
SO x-S VRIS S P ) N SR v BN Y
Spbr spa 38 Sloml 1l Oge5] )50 Ul
ok b By s asl andly sl ey 5l
e oSS G sadUlS Jedl e Jssl s
sl lelse 5158 Jsls ey Sl oas
el O3 50 (6ol Dl i pioean 5 S
3 (ROS) Jled 03581 glads § ol sl 5 sslaus]
s a0 pols sba e (VA el Of (ole -
S Skl s e 5 0581 SV B e
el gl ST el s Ll
Gl 5 355 o0 s (5500 Sl sho 55 0556 8
s ol GdKsly siS SL e Sl (gadaze
R 03 1y e okias JWEl 5 S ss, ediS
03868 o A6 AS o Wl S 0 e

Control PTZ 10 20
Amitriptyline (mg/kg)
Treatments

5> (NO) WSt 2 o e o Sl amslie (0 s 55
JES 05 8w o Jls me Ml LS * 05030 5550 Lo g0
CPK/00) s J 28 & Sl e Bt Siles ¥
Fig 5) Comparison of mean serum nitric oxide (NO)
levels in rats tested. *Indicates a significant difference
compared to the control group. #Indicates a

significant difference compared to seizure control.
(*p<0.05).

R Oy I n Ky

(GSH)
Slees S slapse 055 55 058 o sm elan
055 53 0558 Dlpe oS sl> OLES O gl 5 5
U5 05,8 & S 23 I35 05 8 Slase
PN S g el ol e b
505 palie Lol Olejs 058 55 05l 5IS Ol e
SRIB Al o 8 4 et onban 5 el 8L
Slaes S 5 Ll (p<e/e ) sl 0L |y (gols sms
055 4 Comd 0550658 a el o Olejo
Loy Sl s ol Sl 51 d s
Glaos S 03 Ut IS e mlaw (p=2/00d)
Sy ol e SN BB a4y Caed edE Ol

.(9 )‘b},a.‘:)

http://bpums.ac.ir


http://bpums.ac.ir/

VFe Lo g8l 5 /Y ajw/ﬁug;%d\.w

o AR

sladas 53 dasls e Gy Cdlae Lsls Ol
S el IR s e
SO e e S g H F PN WO P R W
S Codl sdd jasia (YT) Wles S luy ials
O, KK s oS 3 SIAST o 2l
Reactive  Nitrogen RNS) .4 sty
LLST s 5 Jd 0S| saw S (signaling
AYF) 5 5ls S LA

3 S S kil S Osst
ol s LS ui)bf Cfp Cuxoy o L:>-( Q}:\SU}J.?
Cute Sl Gl dadlae s baasl 4 4 gL
LR e e P P N e e e
sl sl ol aallas sl cnd O glas| &
or s s ki el SIS L
ol Al s g B 055B8 sl 3
qu\';) V.w w“}.‘)\ cumSJ.}) d.}L’J L~ ‘_5'.!5\"’\':"‘"’5\
0556518 a5 1) O el s a5 S il
@ydifﬁdi@ﬁeMW\k{jeM
g L&d_}l.w P .J)‘.) )ﬁ) ‘J"‘i;@ J:J (GSSG)
o 53 sl I8 doys Sl Wl gl
L M)b \K ‘)‘J:"’S PLY L;b- DL &:«wﬂ\ 4:3% g_,":"kts
Sl sy sy 0l A (o ¢4
SV R VWU { RO [V P PP BV LN LY
))\)J}.LMKJAM\);@J&&)JJA.M)&\)}‘b
AY0) b axdls 5 53 jesein awae sladshe
sl G ESly by O35St T Il
S St 58lS ik ouS s Sl ol
Sl Asdr M5 e 5l NADPH , p450

gk s Bl L st il Ll
by dadshe 5o s 05081 Glas 5 (S5 505058
SOD) 56 pas> A1y g s o 5T (Sla g
Sl 05568 (Superoxide dismutase
5 (CAT) ;Y65 5 (GR) 51853, 055655 (GPX)
E olis € ool wbe il slapiow
Q w5l G|l (s Slagionn (35S
Iy 2als 0ysb,l8 ens Ll ISl 5 s 550
O 5 Lagl by oS glanllas L3 .(V4) S
e L I P R X
5 Al 0 Ol o sl Gimes 5 S
Oglle il il sl IS0 0350 A oy 055058
ol OleSl (BT ol 1Al 5 sl s
ST GGty A sdns OLES 45 A2 0430 IS
ol andlas 53 (Y0) Wb s slnST ezl
5 0588 o s FalS ekias Ol ml
2 dasls oy Gy ol de LLST S a5
Slidos 3l Jol i b e adllae ol ol
0 JaslS s G s e 0L &S el S
5 oSl el I e Sl gladute
gl S 5 LLST S e e R1H
Lder g o b glagls (Y1) 3530 ST AT
5 e 03 QST gy B 5 S pete 2l
s (Naziroglu) 5185 50 adllas 3 .z Las, 5
fro Ao Ldr syl & Al jatis O
2 oshliSSL ol (dwles sy 5 Sllo s aib)
5 0Ll o Jlb O3St Glads S a5l i A5

(YY) dls bl
ol oo o oS s 0L rass cnl i
by 2alS ST 0B85 1531 a3

http://bpums.ac.ir


http://bpums.ac.ir/

VoV o il e S Bss 55 dkts Sl S

OHer 5 65l

ol g edle il dslm ol ediS a0y S
Loodd orm gl g Oloys a5 ol osls 0L
mFl e e 8 e o i
oS b3 05 8 b aslie 55 slueST, 058
G el ol S Iy QB e sl s ey
ol e 03 S GO Clatlos 3 sage
S sl Jlal i Ol e cpl by sl sl
S S5 ST Gl s e 53 bty 5]
e 1 GeeSt b SlaiisS 5 5 03508 it
5 b wudly o 5 el 68 Sl LS
el ials 5 slaesly 0ssb8 il

5 s Cesd 3 18 AL azils i Ladll g

Al pp o sl 5 (6 ke Dllllas 4 5L

S S 4o
][] L S Ve P ESG | A | P adlas o
2 okt Sl Gl e SauScbibes
2y doilB Sy by odd (e gla g
sl ST el Sl s el 536 gl pl sl
SIS o B 5 e 3 ek bl

Al ails

Slaob 5 el
iyl pbi)S el UL Sl e B S dlie oyl
SoFlr SSdnpd ORI L b wl,
ooy plonil Olhes L o 5o olS20ls 5 o8 A3l 0
Sl oY sy s cpl OB
b b Jog oEI asn e Sosles
s sy 38 LB s S b glacses

Gsp slag sl Ol or s 5 AU 5508 IS
Jlow el b 5 Bl ol bore 53 LS
5SS RS e 3 Sl B e
2 NNOS 5T 31 G b 5 wles s« Jaes
Gk 5 NNOS 5T Sles s o g5 el
d\f oJJ&S)UJu:A‘ L;.!LA)J Ju\jj‘-;a L?ij)b CJ\J\:J}S
Sepp (W) A3l pme Glagoley #5151 &
LSt S o paaiol LSl e s wles]
08w glas Slas rfla.J 03 3 35 0 M sl
S STy 5l A e oS il glaglul
sl s Sle s S ssie (S
Bl o el 55 5 dud DNA & y5las)
23 LS Sz oS Sl ol 1S raean (YA)
Ll GRIB dals phy O AU slagts
w S QLK 5 (Taskiran) of  Kub bw s ol
s ST S Ol 0 sSS SIA (o 2
s e 5 3 s ) alsl S
o~ Jasls ol Gy 3 AU e e lagts

(\*') &;.w‘ eJ‘J
sLy VS polae Gl eslaad L S cul
Lgl.hejjf BE LSt ““<’»J“L“ S Clﬁ..u ‘J:L:'L:{JSL;J
I 2alS gols gms gbay ubio 5 ol Lot Olajs

o3 Al adly U.VLWJJ‘}J S Ay o b4 S

OB LSl S e 53 e slaesl e
ol S ekl sy s sl w08 5t
AU bl 5l iy 5l o sls Ol ey

boamlie 5o aels L8, el 5o ey J6

http://bpums.ac.ir


http://bpums.ac.ir/

VFe Lo g8l 5 /Y GJL&M&'/V’.‘:{‘JMJL\N

S AR

RGSOV [P VAR o

References:

ét.o alas

Qi OBk buyg e )l 4S5z

1.Kumar A, Lalitha S, Mishra J. Possible Nitric
Oxide Mechanism In The Protective Effect Of
Hesperidin Against Pentylenetetrazole
(PTZ)-Induced Kindling And Associated
Cognitive Dysfunction In Mice. Epilepsy
Behav 2013; 29(1): 103-11.

2.Sunhaya S, Manimegalai P. Detection Of
Epilepsy Disorder in EEG Signal. Int J Emerg
Develop 2012; 2(2): 473-9.

3.Beghi E, Carpio A, Forsgren L, et al.
Recommendation For A Definition Of Acute
Symptomatic Seizure. Epilepsia 2010; 51(4):
671-5.

4.Davidson L, Derry C. Seizure Classification
Key To Epilepsy Management. Practitioner
2015; 259(1785): 13-9.

5.Mishra A, Goel RK. Adjuvant
Anticholinesterase Therapy For The Manage-
ment Of Epilepsy-Induced Memory Deficit: A
Critical Pre-Clinical Study. Basic Clin
Pharmacol Toxicol 2014; 115(6): 512-7.

6.Rico-Villademoros F, Slim M, Calandre EP.
Amitriptyline  For The Treatment Of
Fibromyalgia: A Comprehensive Review.
Expert Rev Neurother 2015; 15(10): 1123-50.

7.Akyuz E, Polat AK, Eroglu E, et al. Revisiting
The Role Of Neurotransmitters In Epilepsy:
An Updated Review. Life Sci 2021; 265:
118826.

8.Perucca P, Gilliam FG. Adverse Effects Of
Antiepileptic Drugs. Lancet Neurol 2012;
11(9): 792-802.

9.Kazmi Z, Zeeshan S, Khan A, et al.
Anti-Epileptic  Activity Of Daidzin in
PTZ-Induced Mice Model By Targeting
Oxidative Stress and BDNF/VEGF Signaling.
Neurotoxicology 2020; 79: 150-63.

10.Reuber M, Gore J, Wolstenhome J, et al.
Examining A Community Model Of Epilepsy
Care For People With Learning Disabilities.
Seizure 2008; 17(1): 84-91.

11.Sazhina TA, Sitovskaya DA, Zabrodskaya
YM, et al. Functional Imbalance Of
Glutamate- and GABAergic Neuronal Systems
in the Pathogenesis of Focal
Drug-ResistantEpilepsy in Humans. Bull Exp
Biol Med 2020; 168(4): 529-32.

12.Karimzadeh F, Jafarian M, Gharakhani M, et
al. Behavioural And Histopathological
Assessment Of The Effects Of Periodic
Fasting On Pentylenetetrazol-Induced Seizures
In Rats. Nutr Neurosci 2013; 16(4): 147-52.

13.Klaunig JE, Wang Z, Pu X, et al. Oxidative
Stress And Oxidative Damage In Chemical
Carcinogenesis. Toxicol Appl Pharmacol
2011; 254(2): 86-99.

14.Shehta N, Kamel AE, Sobhy E, et al.
Malondialdehyde and superoxide dismutase
levels in patients with epilepsy: a case —control
study.The Egyptian Journal of Neurology,
Psychiatry and Neurosurgery.
2022; 58( 51): https://doi.org/10.1186/s41983-
022-00479-5

15.Uysal N, Sisman AR, Dayi A, et al. Acute
Footshock-Stress Increases Spatial
Learning-Memory  And  Correlates To
Increased Hippocampal BDNF and VEGF And
Cell Numbers In Adolescent Male And Female
Rats. Neurosci lett 2012; 514(2): 141-6.

16.Salehi M, Mirkhalaf A, Barekatein M.
Amitriptyline Efficacy In Control Of Acute
Opioid Withdrawal Sundrome. Koomesh
2005; 6(3): 195-200. (Persian)

17.Farhadi E, Mirazi N, Hosseini A.
Investigation Of Efficacy Of Asenapine On
Passive Avoidance Learning And Memory
And Oxidative Stress In Animal Model Of
Seizure-Induced With Pentylenetetrazole. Acta
Biol Szegediensis 2021; 2(65): 247-52.

18.0lowe R, Sandouka S, Saadi A, et al
Approches For Reactive Oxygen Speices And
Oxidative Stress Quantification In Epilepsy.
Antooxidants 2020; 9(10): 990.

http://bpums.ac.ir


http://bpums.ac.ir/
https://ejnpn.springeropen.com/
https://ejnpn.springeropen.com/

V¥ e il e S B 55 ikt Sl

OHer 5 65l

19.Munguia-Martinez MF, Nava-Ruiz C, Ruiz-
Diaz A, et al. Immonohistochemical Study Of
Antioxidant Enzymes Regulated by Nrf2 in the
Models Of Epileptic Seizures (KA and PTZ).
Oxid Med Cell Longve 2019; 2019: 1327986.

20-Anoosha F, Seyedalipour B, Hoseini
SM.Toxicity of Nickel Nanoparticles and
Nickel Chloride on Activity of Antioxidant
Enzymes and Level of Lipid Peroxidation in
Liver and Serum of Rats. Iran South Med J
2020; 23(1): 14-26.

21.Kawakami Y, Murashima YL, Tsukimoto
M, et al. The Roles Of Dominance Of The
Nitric Oxide Fractions Nitrate And Nitrite
in the Epilepsy-Prone EL Mouse Brain. J
Nippon Med Sch 2021; 88(3): 189-93.

22 Naziroglu M, Yiirekli VA. Effects Of Antiepi-
leptic Drugs On Antioxidant And Oxidant
Molecular Pathways: Focus On Trace Elements.
Cell Mol Neurobiol 2013; 33(5): 589-99.

23.Hassanzadeh P, Arbabi E, Rostami F.The
Ameliorative Effects Of Sesamol Against
Seizures, Cognitive Impairment And Oxidative
Stress In The Experimental Model Of Epilepsy.
Iran J Basic Med Sci 2014; 17(2): 100-7.

24.Patel M. Mitochondrial Dysfunction And
Oxidative Stress: Cause And Consequence Of

Epileptic Seizures. Free Radic Biol Med 2004;
37(12): 1951-62.

25.Minich DM, Brown BI. A Review of Dietary
(Phyto) Nutrients For Glutathione Support.
Nutrients 2019; 11(9): 2073.

26.Pearson-Smith JN, Patel M. Metabolic
Dysfunction and Oxidative Stress in Epilepsy.
Int J Mol Sci 2017; 18(11): 2365.

27.Mirzaei F, Khazaei M. Role Of Nitric Oxide
In Biological Systems: A Systematic Review. J
Mazandaran Univ Med Sci 2017; 27(150):
192-222. (Persian)

28.Tripathi MK, Kartawy M, Amal H. The Role
Of Nitric Oxide In Brain Disorders: Autism
Spectrum Disorder And Other Psychiatric,
Neurological, And Neurodegenerative
Disorders. Redox Biol 2020; 34: 101567.

29.Kovacs R, Rabanus A, Otéhal J et al.
Endogenous Nitric Oxide Is A Key Promoting
Factor For linitiation Of Seizure-Like Events In
Hippocampal And Entorhinal Cortex Slices. J
Neurosci 2009; 29(26): 8565-77.

30.Taskiran AS, Tastemur Y. The Role Of Nitric
Oxide In Anticonvulsant Effects Of Lycopene
Supplementation On Pentylenetetrazole-Induced
Epileptic Seizures In Rats. Exp Brain Res 2021;
239(2): 591-9.

http://bpums.ac.ir


http://bpums.ac.ir/

Iran South Med J 2022; 25(2): 93-104

Original Article

Amitriptyline Effects on Pentylentetrazole-Induced
Oxidative Stress in Epileptic Male Wistar Rats

N. Mirazi (Php)t", S. Niyazi (msc)!, A. Hosseini (php)?, Z. Izadi (php)®

! Department of Biology, School of Basic Sciences, Bu-Ali Sina University, Hamedan, Iran

2 Department of Physiology, School of Basic Sciences, Shahid Beheshti University, Tehran, Iran

3 Department of Horticultural Sciences and Engineering, Nahavand Higher Education Complex, Bu-Ali Sina
University, Hamedan, Iran

(Received 8 Mar, 2022 Accepted 12 Jun, 2022)

Abstract
Background: Drug-induced epilepsy can be caused by certain medications and chemical agents. Oxidiz-
ing agents are among the chemical compounds that cause epilepsy. The aim of this study was to evaluate
the anticonvulsant and antioxidant effects of amitriptyline on pentylenetetrazole (PTZ)-induced seizure in
male rats.
Materials and Methods: In this experimental study, 28 male Wistar rats (200-250 g) were used. Rats
were randomly divided into four groups (n=7): Control (0.5 ml normal saline), PTZ (PTZ, 60 mg/kg),
treatment group 1 (PTZ, 60 mg/kg + amitriptyline, 10 mg/kg), treatment group 2 (PTZ, 60 mg/kg+ ami-
triptyline, 20 mg/kg). All injections were intraperitoneal. At the end of the experiments, the rats were
anesthetized with ketamine hydrochloride (50 mg/kg) + xylazine (10 mg/kg) and their blood samples were
directly drawn from the heart and then the sera were isolated. Oxidative stress markers such as GPx,
MDA, NO and GSH were measured. The results were statistically analyzed using one-way ANOVA and
Tukey’s test to examine the differences between the groups.
Results: The results of this study showed that the delay in myoclonic jerks increased in the
amitriptyline-treated groups compared to the PTZ group. Also, the delay of general tonic-clonic seizures
increased in the treated groups compared to the PTZ group. In addition, serum levels of GSH and GPx in
the PTZ group showed a significant decrease compared to the control group. Serum levels of MDA and
NO in the PTZ group showed a significant increase compared to the control group.
Conclusion: Amitriptyline is able to reduce the seizures induced by PTZ injection in rats. Also, it
showed a suppressing effect on some oxidizing agents in this study.
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