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=) D ABSTRACT

EEll el e el TS Methamphetamine (METH) is widely used as a psychostimulant. Neurotoxic-
ity is one of the side effects of METH. Curcumin is effective against nerve damage due to its antioxidant

Received: 03 Feb 2023 and anti-inflammatory effects. In this study, we aim to assess the effects of curcumin on cognitive mem-
Accepted: 06 Aug 2023 :oryand cell death in the hippocampus of rats with neurotoxicity induced by METH.
Available Online: 29 Dec 2023 MISELE In this study, 60 male Wistar rats were divided into the following groups: Control (n=12), nega-

tive control (n=12, received dimethyl sulfoxide), positive control (n=12, received METH), METH+100
mg/kg curcumin (n=12), and METH+200 mg/kg curcumin (n=12). Neurotoxicity was induced by 40 mg/
kg METH injected intraperitoneally 4 times (once per two hours). Curcumin treatment was done for 7
consecutive days after the last injection of METH. One day after the last curcumin injection, cognitive
memory in the hippocampus of rats was assessed using the object recognition test. Nissl staining was
used to assess cell death. The data analysis was done in GraphPad Prism software, version 6.

Keywords: [{EETE Administration of curcumin with a dose of 200 mg/kg significantly reduced the cognitive impair-
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icity, Methamphet- [@TEITER Curcumin can improve cognitive memory and increase cell death in the hippocampus of rats
amine ¢ with METH-induced neurotoxicity.
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Extended Abstract

Introduction

ethamphetamine (METH) is a narcotic

drug that can affect the monoamine

neurotransmitter system of the brain,

causing a feeling of increased energy
and euphoria. METH is used worldwide as a psychostim-
ulant. Oxidative stress and irritant toxicity are among the
side effects of this drug. METH enters the neuronal ter-
minals via dopamine or serotonin transporters (dopamine
transferase or serotonin transferase) and replaces with in-
tracellular and vesicular dopamine and serotonin. These
replaced amines are oxidized to reactive oxygen species
through autoxidation or by monoamine oxidase. By in-
creasing the production of oxygen-derived free radicals
through NO and H,0, necrotic cell death occurs. METH
causes the death of neurons through the production of free
radicals and the induction and activation of mitochondri-
al-dependent apoptotic cascades.

Turmeric (Curcuma longa) is a plant belonging to the
Zingiberaceae family. Curcumin is a polyphenol extracted
from the rhizome of this plant. This chemical compound
has anti-inflammatory, antiviral, antifungal, anticancer
and neuroprotective effects. It can improve Alzheimer’s
and Parkinson’s diseases, epilepsy, cerebral ischemia, and
depression, and also reduces the brain damage caused by
stroke. In this study, we aim to investigate the effect of
curcumin administration on cognitive impairment and
cell death in the hippocampus region of rats with METH-
induced neurotoxicity.

Methods

In this study, 60 adult male Wistar and inbred rats with
an approximate weight of 200-250 grams were used and
divided into five groups.

Group 1: Control (n=12, without any treatment);

Group 2: Negative control (n=12, received 0.5 mL of
dimethyl sulfoxide 5%, intraperitoneally) for 7 days;

Group 3: Positive control (n=12, received 40 mg/kg
METH intraperitoneally, 10 mg/kg in 4 consecutive doses
at an interval of two hours);

Group 4: METH-+100 mg/kg curcumin (n=12, received
40 mg/kg METH+100 mg/kg curcumin intraperitoneally
for 7 consecutive days);
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Group 5: METH+200 mg/kg curcumin (n=12, received
40 mg/kg METH+200 mg/kg curcumin with a dose of
200 mg/kg intraperitoneally for 7 consecutive days).

After the 7™ day, the rats were examined by the object
recognition test at two phases of familiarization and recall
test, which is done 24 hours later. In the familiarization
phase, the rat was allowed to explore two identical objects
for 5 minutes, and the total time spent exploring each ob-
ject was recorded. In the recall phase, one new object was
replaced with one of the old objects. Then, the rat was
placed in the device for 5 minutes and the time spent ex-
ploring each object and the total time spent exploring both
objects were recorded. The index for evaluating cognitive
memory was determined by obtaining the difference in
exploration time for new and old objects divided by the
total time spent for the exploration of both objects. After
performing the memory test, the cell death rate by necro-
sis in the CA1 region of the right hippocampus in rats was
evaluated by Nissl staining method. Only the irregular
and dark cells that had no clear nuclei were considered
as dead cells and were counted. The obtained results were
expressed as Mean+SD. Data analysis was performed in
GraphPad Prism software, version 6. One-way analysis
of variance was used to evaluate differences between the
study groups, followed by Bonferroni and Tukey post hoc
tests and two-way repeated measures ANOVA. P<0.05
was considered statistically significant.

Results

Based on the results, the cognitive memory performance
of rats exposed to METH was lower compared to the
control group (P<0.001). The cognitive memory of rats
in the group treated with 100 mg of curcumin increased
compared to the METH group, but it was not significant;
however, the use of 200 mg curcumin with caused a sig-
nificant increase in performance compared to the MET
group (P<0.01). Regarding the total exploration time, no
significant difference was observed neither between the
METH and control groups, nor between the METH group
and the groups treated with curcumin.

Since the treatment with curcumin increased the ex-
ploration of new object, and resulted in an increase in
cognitive memory performance, it can be said that cur-
cumin has therapeutic effects on the cognitive impairment
caused by METH. The results of Nissl staining showed
that necrotic cell death in the hippocampus CA1 region
in the group that received curcumin had a significant
increase compared to the control group. The number of
necrotic cells in the METH group showed a significant
increase compared to the control group (P<0.001). The
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results of the histological study showed that, in the cur-
cumin group, the percentage of necrotic cells was lower
than in the METH group (P<0.01).

Conclusion

The results of the present study indicate the protective
and therapeutic effects of curcumin on cognitive impair-
ment caused by METH use, and it can improve cognitive
memory in rats. Also, METH-induced necrotic cell death
can be significantly reduced by curcumin administration.
Therefore, curcumin extract can be a promising agent for
the production of drugs for reducing memory and learn-
ing disorders.
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1. Dopamin Transferase (DAT-4)

2. Serotonine Transferase (Serto)

3. Mono Amin Oxidase (MAO)

4. Reactive Oxygen Species (ROS)

5. Magnetic Resonance Imaging (MRI)

6. Functional Magnetic Resonance Imaging (fMRI)
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11. Reactive Oxygen Species (ROS)
12. Reactive Nitrogen Species (RNS)

LT LS Y

1 FALTT
-

Crpoliiol Co Curans 1 (o8 SS9 S5 (gbos 5 p0 1 oS 195 L Ghoyd Sl Jloges F prguad

P<o+0) Craaliiol oo b duglie o ¥
(P<e+ V) Cpaaliial oo b duglie yo **
(<1 +1) U5 05,5 s duglio o #%*

Calidel Cao 31 (Pl guae Copons JLID &4 (ot 200 S (yig0 13 ol b ol S y0 51 (095 195 331 (gt o310 g 5154 0315 (Db daguome



http://journal.muq.ac.ir/fa

WY o593 ¥

Ggss  _SETT L Gsee SR b
i . —
D D
I.- — T

| -l].'l-_?. I L..I-l.u:l.l Al o el lu;-'r.

| i paf g | w5 18T el iy
H - F . . J

sy 38 el slhon,S 53 59555 o 5 o 1 5 s D srges

o 05 S5 g 5 hen 14 ) w55 seoliial oo D yeolital ) it S 095 1C (DMSO) g J55iS a9, 8 oJ 55 09,5 oA

BrS 50l 5l 659l 50 uesS s e S 5 (S
L wlssion (raesSys5 o> sob & ol (559088 (Sl Sk
oSy {TNF-0) Wil 5055 00iS0)5,S5 1351 pebaws talS
98¢ 9 Sl slas Lo 3l )l o &5 Lol (59
WS SeS 5 y9055 Slasles 0 3l 6Tl el 2
S sl alawly a4 W 905 00235039, ,gxS oy
3909l )0 sege s a5 BCL-2 (glapytisy ,0 MRNA
Dral 05 g0 (559055 sloshs Sy cly il Jsho

1S s e 4l 23ly 33l St ity e
2 e 99 Bl lp oad B0 ey JS 4 iz o0
§olime S 4y S 09,5 b duwgliie 0 (yaaliial s 09,8
[Y\] Sl 05g2 ):-AS

Yoo das azmals gl o Ken g ool ola ;oo Gadios 1o
9 il abll> gy G (09555 £l 1 p S Sk
3 sl oslinul e g ol Jliang ol 5 sla bge 10 ualiie] o
IYY] ool i (prad pr olizl b oo p,SskiS 0 8 Lua Yo v

I ol 3 i o Baiods ol (slacudgase alox 3
liae slo yige 10 palibol oo pae JLso 4y a5 8,5 o L2
4 G )90 (9 il oo SRalil ladiges cnl 50 o9 S ye
b sn sy (Aal38l 5 0391 JS ey (polidl 32995

IR LL Y

oy 9 HBlix Sl 952y 5l (S pol> Jhagly mls
‘52.5-@4]43[?0%30330&3‘5;&))%»;‘5&09‘)-"[46

(05 9LS p2p S shon Yo v) (rnogS yoS+pualitial

ss a3l 5 B alible Rl s (esS 58

XX gy ad ol eanScdl s gloog,S o aan
2 86 L aesS 595 & dunyg0 a5 4 rizmen [VA] (F
ol o olad abbdl> ¢ 5,500 0 s sleoni,S
LVl g oo  2liad Sled (5310 10 Sgut oo go ¢ omas
20,5 5 (52agS 155 St Il i O ojlad g 0
b bge St alibl 5 5550k ol 2 ol oaSedly
lg3 0 45 Cond (praliiel Con 5l (S8 AasnS 5358 5 ooy
P ok S0 1l g (S 195 53S9 09y98 A1 Jdo &,
0L 528 Jusd (5520155 0 o5 a2l GulSgz00 CAL a5l

Sl 00l old

) 5553] «crmagSy68 g b lallia o ofSen 5 g
Gk I NCEHABD o, ol s é csla ol 5
WS g0 Wl (5508 500 5 3leaslS el &) tly (6l
Pl Sl sladsbe alides elgil ¢magS o8 wiils ol
WJl Gl b oS o Sl T B0090 5 T RS (490 Laal
2 0085585 3 o3 59l 5 ok 0y e sl S50
(NCI-HAG0) (ol S5 o et ool o
BAD g BAX ¢yx085 165 L (Lo yd 5l gy ] (azeiials join
ogdle i walats sy XIAP 5 BCL-2 BCLXL Ml puliis
b 9 ok S munadS o 5T Jlad (sloaisS (ol 2
Gl eyl (By2e 10 (EBS J 5) ey P semDlygai]
2 Sl Syl g3 (Sloyd s9)l 4 (rmegSyeS 9 Aty
Sy o e 3 <l Lils NCHHAGO (glo Jobus
Ivelos glb o sla sk

13. in vitro
14. in vivo

15. Endoplasmic Reticulum (ER)
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