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[T9TEATE This study aims to investigate the histopathological changes in kidney tissue of neonatal rats
born from mothers receiving ketamine.

VETELE In this laboratory study, 15 female rats were randomly divided into three groups of control,
short-term ketamine use, and long-term ketamine use. The histopathological changes in the kidneys of
newborns from these rats were evaluated qualitatively with an optical microscope.

(ST In the short-term group, most of the glomeruli were normal in terms of morphology; only some
of them were disorganized, and there was shrinkage in a small number of them. In the long-term group,

Keywords: © some glomeruli had irregular size and shape, and the urinary space showed a small decline. The structure
Ketamine, Kidney, ¢ and shape of proximal and distal tubules were normal in both groups.

Neonatal rats, ¢ [TETEE The histopathological changes in the kidneys of neonatal rats from mothers receiving short-
Histopathology term and long-term ketamine injections are not significant compared to controls.
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Extended Abstract

Introduction

eneral anesthesia is a medically-induced loss of
consciousness with loss of protective reflexes
due to the administration of one or more an-
esthetic agents [1]. One of these agents is ket-
amine which can provide short-term pain relief
[2]. It is a non-competitive N-methyl-D-aspartate (NMDA)
glutamate receptor antagonist. This drug is derived from
phencyclidine and is an injectable or inhalational anesthetic
or an illegally abused drug with sedative and antidepressant
effects [3]. Ketamine is eliminated by the liver and kidneys
[4]. The use of this drug in humans can be accompanied by
mild or acute side effects such as increased saliva secretion,
increased heart rate, systemic arterial pressure, and intracrani-
al pressure [5]. If this drug is used on pregnant humans or ani-
mals, it may cause side effects on their fetuses and newborns.

Some pregnant women need surgery due to problems
related to their pregnancy or other diseases, where ket-
amine is a common anesthetic drug [6]. Considering the
importance of the kidney, which is the main organ for
maintaining the homeostasis of the body [7], we aim to
investigate the effect of ketamine on the kidney tissue of
rats born from exposed mothers.

Methods

This study was carried out in a laboratory on 15 Wistar fe-
male rats with almost similar weights in compliance with the
medical ethics. The housing conditions were the same for all
rates. After one week of adaptation to the environment, the
rats were randomly divided into three groups of 5 including
control, long-term anesthesia, and short-term anesthesia. To
create pregnancy in rats, two male rats were used in each
group. Pregnancy was confirmed after observing the vaginal
plaque [8]. Pregnant rats in the long-term anesthesia group
were anesthetized with ketamine at a dose of 75 mg/kg once
a week, while pregnant rats in the short-term anesthesia
group were anesthetized with ketamine at a dose of 25 mg/kg
three times a week. The ketamine injection was done weekly
and regularly from one week before pregnancy to one week
after pregnancy [9].

After giving birth and during the lactation period, 10 rat
newborns from each group (a total of 30 neonatal rats)
were randomly selected for tissue sampling. With a surgi-
cal blade, their abdominal area was cut by scissors and
fixed by forceps. Then, the kidney was separated and
weighed by a digital scale. The samples were fixed with
formalin and evaluated by optical microscope.
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Results

The histological results obtained from the samples of all
neonatal rats in the control group were normal in the cor-
tical and central areas. The glomeruli in the cortical area
had adequate number and normal size along with healthy
cell characteristics and the Bowman’s capsule in the outer
layer composed of normal squamous cells. Under the cap-
sule, the urinary space had a normal size. Proximal com-
plex tubules with relatively large and acidophilic cells,
normal nuclei, and small lumen space as well as distal
complex tubules with higher number of cells in cross-sec-
tions and larger lumen space were observed. In the central
area of the tissue, the collecting tubules and different areas
of Henle’s arch were healthy and there were no signs of
hyperemia, inflammation, or cysts.

In the kidney samples prepared from the short-term
anesthesia group, the number of glomeruli in the corti-
cal areas was adequate mostly with normal tissue char-
acteristics; only some of them were disorganized and
irregular. Also, in a small number of them, a shrinkage
was observed which reduced the urinary space. The Bow-
man’s capsule was visible with normal cells, appropriate
cell spacing, and appropriate sizes. Proximal complex and
distal complex tubules had proper lumen characteristics,
normal cells and nuclei, and normal structure. The tubules
in the center of the kidney were also normal.

In the kidney samples prepared from the long-term an-
esthesia group, the number and distribution of glomeruli
were different compared to the control group; some of
them had different sizes and shapes. The urinary space
showed a very small decline. The Bowman’s capsule had
squamous and wide cells with a clear and normal nucleus.
Proximal complex and distal complex tubules had also
normal cell number and shape and appropriate lumen size
in all areas. The characteristics of the tubules in the central
area of kidney were also normal.

Conclusion

Anesthetic drugs, including ketamine, can have a toxic
effect on vertebrate and human fetuses [5]. According
to the hematological, biochemical and histopathological
evaluations in this study, the long-term administration of
ketamine in rats, showed the degeneration of the epithelial
cells of the tubules, tubular epithelial cell necrosis, glom-
erulus atrophy, and infiltration of inflammatory cells were
observed in the kidney. The results of our study related
to the histological evaluation of the group received short-
term administration of ketamine, showed that only some
glomeruli were disorganized and irregular and shrinkage
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associated with reduced urinary space was observed in
a small number of them. In the long-term administration
group, the number and distribution of glomeruli in the kid-
ney tissue were inappropriate and some of them had irreg-
ular size and shape, while in the control group, the charac-
teristics of cortical and central areas, Bowman’s capsule,
urinary tubes and urinary spaces were normal. Therefore,
it can be said that ketamine causes negative changes in the
kidney tissue of the fetus born from the mother exposed
to ketamine, but these changes were not significant in two
ketamine groups compared to the control group. Hence, it
can be concluded that ketamine does not cause any acute
and important kidney damage in the newborns of rats ex-
posed to ketamine. However, it is better to conduct more
comprehensive studies to further investigate this effect to
know more about the histological effects of ketamine and
plan for its safer use in medical cases.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of Is-
lamic Azad University, Shahrood Branch (Code: IR.IAU.
SHAHROOD.REC.1398.049).

Funding

This study was funded by the Student Research Com-
mittee of Islamic Azad University, Shahrood Branch.

Authors' contributions

Study concept, design, and supervision: Behrooz Yahyaei
and Leila Khojasteh; Acquisition, analysis, or interpreta-
tion of data: Behrooz Yahyaei, Aref Arminfar, Ali Jorjani;
Drafting of the manuscript: Aref Arminfar, Hesammedin
Babaei, Alireza Avazzadeh, Kimia Jannati Toupkanloo;
Critical revision: Hesammedin Babaei and Ali Jorjani;
funding acquisition: Behrooz Yahyaei, Aref Arminfar.

Conflicts of interest
According to the authors, there is no conflict of interest.
Acknowledgments

The authors would like to thank the Student Research
Committee of the Islamic Azad University, Shahrood
Branch for their financial support in this research.

Babaei H, et al. Effect of Ketamine Injection on the Histopathology of Kidney in Baby Rat. J Guil Uni Med Sci. 2024; 32(4):308-317.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://shahrood.iau.ir/en
https://shahrood.iau.ir/en
https://shahrood.iau.ir/en
https://shahrood.iau.ir/en
https://shahrood.iau.ir/en

. /:{’ 5
F oyl 1Y 0555 FoY (3biumn %‘U"?(ﬁ%’)y

L)

CrossMark

‘ 8 g3 dlie
BAS Al (13l 31 ol B1395 2] yomo (S g0 1D AdS 559097l gl anllane
(52135 (0l Cotoily 9 CotanligS glazd

Lople @ "Bl (o basS 0 Vel D)l @ TSy o 0 Taost W 0 Tl crlplus <0 T abon o
\o.ﬂjub,c

Ol 09,815 ¢ ol 03T ol ilo g 8L Sy o Sy 09,5 )

Ll 0g,Le oDt o1 olKitilo w0l anlg ¢ S5 10 Saelgm B3l iliging 35 50 ¢ S 3s 09,5 .Y
Oyl 09 2l ¢ sadlasl oI5 ol&Ktls eyl Sy ¢ a9ty iy dpe o Sy 09,5 ¥

Use your device to scan
and read the article online

[®EELTT Babaei H, Yahyaei B, Khojasteh L, Jorjani A, Arminfar A, Jannati Toupkanloo K, Avazzadeh A. [Histopathological Study of the
Kidney Tissue of Neonatal Rats Born From Mothers Receiving Short-term and Long-term Ketamine Injections (Persian)]. Journal of
Guilan University of Medical Sciences. 2024; 32(4):308-317. https://doi.org/10.32598//GUMS.32.4.2089.1

https://doi.org/10.32598/JGUMS.32.4.2089.1

'y § : V) 18 il o o

. e : VEoY S5T ¥ s bk 5o b

. ) ‘ VLY 5o sl iy
Sledy ()b )l (hgueiir By (ot Oigt (Sl 50 1l 59,10 S (lpreds aaliS Cerenl 0594l
Sl S g g Ol dnlllns eyl (gt 00le S sy 3Lid 5 5510 e liie Sla 2 (ee Gl
Olsle (lzme (hge loligs 30 (a5 aaliS b dgzlge 1 53 ecund (s (orado 8 ,Shos g slimgan Lai> jo Lo SIS &S S
A plowil ol easis'cdly jo
oSzl o o ole 5l oadiatsie sligi ol oo S bge 4l Cdl 10 3eleil gt St ganyy Buan by axlllas oyl [EER
Sl oy ploxil yaaliS”
00,5 oS 09,8 ¥ dy sholss poloty a5t oslitd osle s bsn yus 10 5 5 061 otulesl g3 5 dnlllne ) NSRS
Sl yadS s S oS (y2allS ikl 5 iS5 09,8 5 )% B2 Cypeody ealiS SoeolisS 35 ourisidly
D (5] (695 9Sang e oS s (S By 4 Bge (ol 533l S| Sl (ol S5l
00 (ol gr 9 Julo Jloro a5 poglS 5| 52 s 9 0092 (srenlo (595890 55 g oIS’ e cotaclisS 55 09,8 0
ings plaiels JSC& g ol gl Lo Ja sl (o5 ciiaaly 55 09,5 > i osdlitee Sdigarr oyl 5 oSl oy 4 g ings

0955 33 58 55 Jiuss 5 Jlas S0 oy slofols S8 5 i crripon g o303 (Lt |, (S Sl 18IS gl sty Lo lgds
Gl 639 g2l oy g LdeolisS o395 edlS (el

S 03,8y sl 3 (s Sotansl 5 urasliS 55 Sl 09,5 33 10 5 S5elylginnnt (S Sporis IIEEE sthe ige
Calodgs pSotr G
T P P P P P PP PPy -
1J 9o oy 93

33 09,5 ¢ 97l Sligi dlpaS 19,0l dlg ¢ gadluol 83T olKitils w90l 1 Gl
+AA AYY) FPOVYYA :opald

mr.a.armin@gmail.com :4ebb/,

Copyright © 2024 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
http://orcid.org/0000-0002-2658-0432
http://orcid.org/0000-0002-8870-594X
http://orcid.org/0000-0003-4242-6950
http://orcid.org/0000-0002-0220-1143
http://orcid.org/0000-0001-8050-3895
http://orcid.org/0000-0002-6495-2911
http://orcid.org/0000-0003-0270-5488
mailto:mr.a.armin%40gmail.com?subject=
https://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.32598/JGUMS.32.4.2089.1
https://crossmark.crossref.org/dialog/?doi=10.32598/JGUMS.32.4.2089.1
http://journal.gums.ac.ir/page/115/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

° / V &)
Wby

9 tSle Wlgioe puallS 0B o)l8] 5y &5 5bles
Gl ams )3 b con 1) gy dilises glagE)l o Slas
S5 gt gobans 31, (et Wlgi o0 alS” )0 gl al e
VA asS slowl (55909 50
OMSte cdedy Jlo)l ()65 5l doys ¥ dgas as Ll
Pz Jee 4 il b jlen plo b 395 (Shel> 4 by
APl Col gt Capezr gy el SO sl g S o o
O Sl p o)l ol Sl @l e ( b3l 1Y
ol sz 8,515 g Cendlas yatzmad LF] el oile azslicl
O Lwgan (551852 0018 s ol g sl s 50 45
i ol sl gy ol Sjg 0 Sl reen 4 VAl
PHlse 9alim (g3 9 (o2 9 S9lisr (el i Sl e
Cmiomad 9 )00 0yl eyl adS b s oy oolisa et
3855l 50 cplpliy ol Conl Sl Loyl 51 ol olgs
slagiye ololigh 4l 2l 2 (odotar ok Al A srz 4
WDgus o Ay oaiS Tl o ) ole 3l edsllisay olye

oy,
Sllgas

9o o VO 31 0T 30 o5 el ctalasl g 5l gy ol
‘el.o.':' %b) L f’)f Yooty 09 % )l;‘.....w ol;; )| ool Gi‘,z.o
S Jone (slm Ty s ooz (S, B (el
YYEY Ol g0 Jolds g o)laSS MlS” lilgas solod (sl
VY 0,90 9 093 oy OO+ couud Caghsy 9 01,8 il 4z jo
olod 9 A 48,5 iy (o)l cel 1Y 5 by el
8 b fEigr ogaa Sys3) oy i i, Lotige
30,8 <8l 0 PVC iz 51 (3,1 5 (s 4ed 0l 5 (gloogins
(S5 B il Slo oy i f opaien slopd o
alllaes y90 glo0g S

Cusb) 5 GBI @yl dzpe po atin N Sty by tge cnl
‘ks'io'o)b el VY 9 @Lﬁ..f:j) el VY 317) L: oy P
0 9 SN (hanome JAS 3L Jalge Bdo g Csle g
Wz o Juslin] uad o ailflaz jsbds o jbge e ol 5
S g daors by (6,55l asan V3l o wial ools I8
S 05,5 ot 5D 03, 5Y 383 &ty oo
30 65l 48 09,5 ¢ yaliS iaeasly 53 sariSEl 1o 09,5
LY o] Sty s (yaalsS Ko g eolisS

X JB’A \O L.\:u‘ sLmo:ABA ‘590La3 64..\.:0.3.“.53 6|)4
o 0 dpslma o] (S39 eSilee 5 Wad (55509
LY) d:d..f:‘sn ooLoT u.)uf: )L))Lj v g XY @‘)M 6[2‘_;:54

F oylols Y'Y 0590 NFeY oyl

.

LVRUTY

SeS o >pz o Shlew 90 (355 05 b (ot e
Jles! ol 00l G ge g 00,5 (S pde Cd oy 45 0k
sl Gy ogad s (gt 09 plodl g 42 (>
o [N €85 & p00 il alsgts 3¥n VAFE JLus 52251
Ol s ) g b 0asld Gillas oudlall (sloS S oges
Jole 5y ol b S g ames o liblone sl S,
Slixe 4y Slgy (glaalS 3| cligpms P Iv] e S
OT)édss\JSLsaC,J\jéksﬂb)g’w‘od&a;W@
i f FORERNTOPIP FETPP PYE JEIRE SRUVL PN PO (g
lr D85 ( oBster slooged 9 dlge <82l L VAV JLu o
eolisS (60052 9 (gt W jpkaie 4y (0alS 51 L oyl
() 08 i ST S s Bl LF 0000500 il
Gt (oS 08 31 gl el L8] o) " SLaligls 0058
OIS (Bghen ¢ty OIS (02§91 S gy g oy
P SIS Sy (rizran 5 (SO pudlid (iSupl) ST
Ly 5% 3l oeelsS a8 [#] gt o ooliul (Jgild i
IV] 8,5 oo 50 S 9 05" slapl]

iy o 1y 0g5 ol (paliS” @ldS Jlw B+ Job jo
b e 00 ot 59,00 Sy Hloieds (Sibjpald 5 (Sl
TNl cadd 08,5 oSoxtans o zaw 50 gld (sloo 8
B 5 lee ol e Qi3 o (Ll 33y 40 gl 1yl 5 ol
W@y iy Sl sl o> il olee il g0l b
Jols e 5 Sl iyt JLid wd s Siolsdl
CraliS 539265 odos il 4 Jle ol il o Glaozeas
aloz 31 cyualzS L] ool g I g SorngSlas Lag) s Sl
L5L°g5‘L°'?(" 3O (890 Cmols- ﬁOj}LC FLER| 60‘3—0
o3l 3l s Bpae 98,5 00 )18 B e cgm 890 (S et
oealiS @dlgpe [V) Vo] 098 Fpe el > Wilgi oo o
alise ‘SLQCM“JA" 59 tj)msa.w > Lo st)é
IV Y] e bl g 5 0j8 3o ol o o o ala ]
JUS 58 (50 pudlans (590 lgieds )T Silo yo eoliiu yuizan
5 oeliS Brae p Kol goud Sl Al 7 oolau
[\f'] Col 00l ULQJ)M‘JM

Spas o)l Sllsm b o)l olole 5 g)ls ol azpliz

sl 2 ol Gloligh 5 iz 9 $2)lse Cadl (o 09
sl oglly 2 lge g lacingoma 3l Jlio j5lods o 3K
il e oolaiul 8 )50 o0 1y (g (sla K (el Jasgi
sl 00,5 dloms] (5055 )98 9 63l ol ligd o ¢
csahdil diz g (gl SIS lgicdy yaliS” igllals il 51

[0] el oats azslity ISl g e o oold Corngonne

1. NMDA (N -methyl-D-aspartate)

wstlpe S ige (15599 53 S (STalgTlghumd ot (Gt y 5T (el O dfllaa e g Ll ol

Y



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
http://dastchin.ir/ad/minoo_sabah/
http://dastchin.ir/ad/minoo_sabah/

F oyl Y'Y 0590 NFoY yliww)

Olyes 41 oealsS o[+ Y iz 0,8 Voo o (gl & (puizrom 0
Ao 15 05 Gy Odged] 5 pas Jansgd 45 03 il 399
43 (59) S pdiged e 9 (55 (9 Sue Lo sbye son
(oS 0i 4>l 2 &5 L s 20D 1Sd P
9l ity 9 (B dawgd S LSl 5wl esls By L]

DAl ws o9 Juows 63l awgs

oy glyme slabge solod 3 oadlaz sladiges
Sl Dgd Sz o pd Ve (e B Jslows (ol B9l (490
WA oo 988 edleyd Jolore Celes YT 5l sy g 0l 00ls 8
Jles! (ilwoslel gz satcdl o (sladiges (55, 41 g
S Spgo 05 by 9 Sl (siludlid (550
Wb (520155 (32598 9 CrelennS g3l Jansgs Ladigas Cules
¥ Gla b n b (i)l )90 6398 Q9% Son Lawsgi
IARYIRCCTR SRS SRR P

Wil

Wi oo yLiS V ojleds pygual 0B g A pglat aS b len

ool ads (cladiges 5l sdalcawsdy  swlidcdl bs
S50 9 628 (2l 0 JrS 095 0 alyre slagtye
Slasi b 6,23 4l )5 39250 logpesls oy (ool
Cag) pllo (ol Slasein b olyen g ol 5 conlie
Loy T Bkl 5o (ol (118) (rage Sy 5 (s G2I8) 00
ol yod oralo g JSB (0,880 slagho b (o215 Y 0 55
()5 GH8) 550l (6Lad e JgunS 225 5 (IS 4l o
lodsho b Jloa 3592 oduzs sladlgl ol Jlo i ojlad (sl
oy slad 5 b laains o Jdgorl 9 S5 L
b G G208) Jss oy slaly) 5 (o (208) S8

g A &)
Wty

° / V .'./'
Wby

Y ilesS o 0 (e slaghse j3 s)lo)k slml jolaie
odalice 3l gyl ol .l solaul 5 olyre Goge
Y om dagie by pole Jge 52 08 plodl 3l S

DVl 8590 oo Lo as sl )b o yo olsgi \ ¥

3905 oS oy 5,105 Job 4 (maliS 35 waliis (sl
b plonl (25359 <5 0 jgods S Jsbo 59, VY (NS
gty pallS 5l (il liae Ghge dad (js 42 sl 9
e lagise (lagh cnl 10 ddoe G155 Slie 3o
Sladd dlosd 4y (peliS b Saenily  Sggus 09,5 10 4oL oole
Wb e o P 9kS g2 S sk VO 35 L aim o )
9 SeolisS oot 09,5 15 o)k esle ilimo slasbee g
PLasye o gatin o LY Slabs shas 4y i b Ko
V3l ealS By Wi oe gt p 59k 2 oS (ke YO
§ o s ygu0ds (5,0,L 3| s 4222 VU (5l by 5 B asan
I¥ el ot plonil Blio (y9,0 & 90t plaie

8 5l 5 5 5 e

(b (6 a5 g polaio dy (o350 0,98 (o g loal S oy

S S Uiged g0t 09,5 1 | (e bge Sljgi o V-

&yt o hee dligs Yo Laazr 45 Wi olseail doluss

JB e Lo g galed iyl s .l Gl (28l (g S iges

A (59 oo U aings Ll celis Vo sy i JL,3 5

Sl (B)I55 plasw o 9 el 4l 1, 138y Lagbge
Ive]asl J5 6 uSages

V) axly V iee o S 51 50,5 Ghgter Sz g
ool (i gloo +/¥) g ¥ )30 4y DU 9 (i oo

O+ x5 5 GalenSilon 552015)) S5 09,5 (o SBge Sligh 4lS pulidcly alaa A i) prgead
(F 2 oxoiofl 9 oalenS gilod (6500l S5)) S 09,5 (ol v Gige Sj98 4lST pulitscidly plaiie B 2

Jld 00uzeas Algd 3w (18 ¢ Loy 359 53 08 595 0duzeas alo) :&TJ‘B?C}‘%JD‘“\%S”LH"J‘E’LSJ)"‘ slad o,y (b da g egl8 susias (B 1y olat glosal,

cstlpe (S ige (13599 53 4l (STalgTlghumb ot (Gt 555 (el ST dsdllae e g (Ll (2ol



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

° / V .'./'
Wby

g A o
Wby

F oylols Y'Y 0590 NFeY oyl

Ve ox 2568 g el gilod (55:0155,) (aeolisS 33 09,5 (al o g0 o353 4ulS plidicdly alaie € 250 .Y prguad
(Fe ox o8l 9 koS silan (g50al5)) (oaolisS 55 09,5 il oo g oligi 4lS” (pulid il plaie D 2oy

Jliasd 00z Aol i (A ¢ Jlos 3579 5 00,95 as gl cs’i A LR RV WL WA LIP3 P B W ECSS A LRI Y PRUIN L XV W A L RSP W - DR T

09e7xey 9 (2l GR) Jlou 3593 0k (sloaly) (ol S213)
9 ghs calin (rogd Clasetio glls G A8 Jliwss
slodls) wiiws Jloj Sl § (2l g pateive sladins

D 5 C-Yojlad pigai) witawd ool 55 45 55 j0 451

oy 33 89,8

N QL.’LJ Fj Eﬁjl..a: Al o)l.o..:.nﬁyas)é 45)5.‘oul.o.b

Slass 4ulS il jo aeasly 33 09,5 3l eadangd ablie ,o
@l o)l 5 (Fr g widg casliali Lo JgalS SiSTy
08) (1,01 (5L (s L215) aind plizels IS 5 o3l
o o1 IS gl 090 o oS s 2015 G5
o 5 b iSin sla b b 325 ap oS 3
oduzes slaaly) (ol (idd) ol oo Jboyi g ateiee diu
G GB8) Jsd oy slodly! 5 (ol (219) Jlos 359

« /i/ &)
Yeprns

B 55 o S gl 3 s ks ol
9 c.x:.sfbo 6‘94\]}‘ ‘Q:ASL" 6;}0 4:\.>L1 ® .).J..J:L‘s‘sa )
(5955 )| S 145 g 9 2idg ol alin (g Lilizee (g3

(B 3A—\ 0,lods y19:al) Al god 089 CanS b Sl

CaeoligS ;3 0955

MQ‘SAOLZJYO)MJQS‘AJ‘)&DBC}”MJ)#QL«Q

olass LS’ il o SoeolisS 53 09,5 5l eadiangs abolie 4o
Slasin ‘).’25‘ 9 ..\3.)9.3 &fuu.il:uo ‘5),&5 ‘SLAS 5 LbJj,o}Jf
il sl g5 L s o sl 23
Loy 5l (Sl olass 1 cpaizrad idds (Aphs (28 ol o g
wlad mals o sl oyl g Sgd oo PRVAR ‘;Aﬁ’séa}
(b sladslor b rag JgmS ()5 (48) Cel oty (s
Sl salice BB cawslis slaojlasl 5 cunlin  Jolus aliold

(e x5l 3 eleS lod (550a155)) Stoily 35 095 (il o Shigo S8 4lS culidcdly alaiio £ sy ¥ prguad

(Fe ex 230 9 CralmSgilon (552005 )) Caasly 33 09,5 ol 7o hge olje5 4l pwlitindl alaie F oy
Jbsd oy gl s 08 £ Lo 35953 00,55 gy gl s 2l (D ty092 g rolims (L 10510] (5128 23,5 SIS o J o5l sios 2B 2yl (gloal,

wstlpe S ige (15599 53 S (STalgTlghumd ot (Gt y 5T (el O dfllaa e g Ll ol

ARA¥



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

F oyl Y'Y 0590 NFoY yliww)

° / V .'./'
Wby

4dS Bl b5510,00 (1t 50 odelaydy (S oS (GuiAz 40 5 S Jgdo

Sl g S5 Jhuwns dgf Jlos 3595 dlg) o9t JguS Joyegls’ 895
Js
Y SilooligS 35
) EAWHIS
g A A
Wptrw

L Billae S iy Slalllas 10 gadg0 (ol 4 398 oo 4385
35 2 30 Lo dalllas 4o Ol yuass sl ol el ol Jl> g3y
.m‘wﬂMJ}.:Soj;dgwoB;

0 yhoe p oyl 3l 4 iy sadalol Clalllas 95T
oSl g Lo anllas (il 0 ailys o dS aizls py o5
ooliziul aS” ol 00ld yLis ;ged595 anlgad aS' 5 glody caly (]
4 peie Wl os (ol Bpancgu b (paje 9 Do SVob
e 3 gl Sl f ks 3520 6l oS5 3 ]
Juo)o%ms)ﬁkbbsiwomodtjﬁ-om&ﬁ
Slabe 38 cmizen [YO] a8 slowl 1) s5elS (slacennl 5
odd joyrad 4ulS iy (gla i 3l (B eeliS 4 odtioline
ool ol 31 [YP] ol outs )15 895 (sole 0,515 51
Ogel jiled 0 Sloe LalS g9y 2 o CaliS Sl Csanily
IYVT 0 G158 S 59,85 0 g poslS
(S5 4ol

03,5 95 & 10 Sigligiuns (huS Syt Lo dalllas 4
b dunlie jo opueliS Ssoails g SdaolisS 55 snsSedls o
.Cw|o¢59MJJS.ZSo5;

Wog,S y3 (8L wlil 5 (Sielediee O (Sl Wiz
Lol s oualine J S 09,8 4y Comd Sdedils 9 SideolisS
)é Ls.".‘il; ga.:..wi 90 9 Conl 005.:.3 M Q‘M O‘»’"
St gy Sl Sl e polaie (et dr 398 003 398
el @b b ogd ploxil g Smalar 3uiod £9:090
Ol ‘) Sl Egie g.B)La.o L Oﬁ)KJ;‘ L55)b Ly u.s.nllf
Ol Foyeal oolainl (gl (i olae yo g aislil i
09 (532 el

B OlaNe

g3 BB Joo! 3l (595w

oKl Kb psle ouSils BB oS 5 anlllae oyl
IR.JAU.SHAHROOD. : ! oS)  sg,mls ool o]
A g (REC.1398.049

ol o3l g gmmds ol SS9 Jlo i sloJolos sl s 5o
sldly) Clasin igd oo snnlin >l alod o cuslin
o)lod pgai) Sgdioe IS (b 3 45 (635 50 4l

(F 4 E-¥

sabodalice g odeldsdy S Sldd ) ojleds Jgaz jo

pae Kl yho a0 ol oud (gaiaz B Y U yao soe

SSlo ¥ az 0 wanas Olyoss Slo ) az )0 s sualiee
2l a2 Sy Ky Y a3 5 Lrgie Sl

Sou
d

(st Dlas ;o eSSl colaiul gend aaxgily
P el glears (b Ko Sleps 8jlse ple g (S0l
lagils Jlas! b ¢ o)l ofjole alessl calises of 3l
9 sor 4 G (nl ouixr lidue lacdly p (obsge
@tleo sbagbge Gblig o als pulidedl ablio b))
Saeils 5 SeolisS (slod o ueliS b anilagale o obo
Ive-val ojls oo

Orr g oeelS alaril Shsrm lag)ls &5 ol
aa gl I VF] asl anils _couw 31 wilgs oo oLl g (10 o
3 A S3elslginns o aloadian (siglsiles b))
e lagiss adS' by (aliS Caa Vsb 92
Jubos! Jskoso,SS dodggs JLbonl sloole gl 350
Ad Cagy el sla sl 3585 g oo eslS 8951 ¢ Jogs
oS ol aalllas § Jol> gulis 4 plezal b cuizxen [10)]
5 o s SaselisS 35 09, pulidcdly ablis bl
Slass 33 (pizran g Wlodd ooldi o 9 el s Lo Jgpegls
0l s ol ol 45 A samliie  Sades lag] 5 Sl
Sl 00l (5 )| ).)| wlad
SoSly g olaw @dS il 0 aeasls 53 09,5 o
IS g ojlail sl gyl 51 (B2 g 009 canlials Lo Jg aglS
L;'>-|93 Slasuin JJ.‘Z..S 05; ) 456’5-).) el (ATY) w.la...cb
Sl slalad 5 syl slaalsl cpags JsmaS 5 555 0 5 723
Eely (yaaliS a5 0,8 bl (g so s ol 009y ranl
B arlse 55 y3be 5l Jolor (i alS 2l yo (e Dl i

cstlpe (S ige (13599 53 4l (STalgTlghumb ot (Gt 555 (el ST dsdllae e g (Ll (2ol



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
https://shahrood.iau.ir/medical/fa
https://shahrood.iau.ir/medical/fa

g A &)
%Upér)}y%by P o)loud Y 0595 IFoY (yliamo

Sl o>

ol 00 ploxil 09,008 oDl ol)T olSisls Sy oaSiils

i M o alow oy aslllas (HLb g silupstie
5 Aol SBjle (alou se ools s 5 Jelow
o)) Bile ALBgCws Lugivle 4 (Sl e
9llSys (L LosS 9 0dlio9e Lojle c bl (nollplu
ol ogn (6,58 (Slgionn (6l dldigicnss allolas ol
5 @b e il ple Qi Pz ey b
Oladod aeS 1 g0lge b 53 o5 ol Cules é}wﬂ Gyle
139,08 oDl ofT olRizils K3y pole ouSiiils gzl
e Sy i 3 4llnn s

&lo 45 )%
85l adlie o )las allie ol o Faiuy g el by
oaSLiils  gemiils Glidod dlweS Colex 3l Boiuns

aS 5,165 3 ples 9 99,0l oDl of;T olStils (SKispsle
S 0 (10,08 5 ST Wis )T Bl ]y Lo gt ol o

il oo S (dge (131595 3 AS (S39I9T gt 1 B3 alS S Bl dllan e g il ol Als



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
https://shahrood.iau.ir/medical/fa
https://shahrood.iau.ir/medical/fa
https://shahrood.iau.ir/medical/fa

Winter 2024. Vol 32. Num 4

References

[1] Hoggard A, Shienbaum R, Mokhtar M, Singh P. Gaseous anes-
thetics. 2023 Apr 17. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2023. [PMID]

[2] Roy K, Panigrahi M, Mukhopadhyay B, Bisak S, Kumar B. Ef-
ficacy of preoperative melatonin and ramelteon (melatonin
agonist) therapy on dose requirement of propofol for induc-
tion of general anaesthesia: A comparative prospective study.
Indian Journal of Clinical Anaesthesia. 2020; 7(1):172-6.
[DOI:10.18231/j.ijca.2020.030]

[3] Kelz MB, Mashour GA. The biology of general anesthesia from
paramecium to primate. Current Biology. 2019; 29(22):R1199-
R210. [DOI:10.1016/j.cub.2019.09.071] [PMID]

[4] Igbal SZ, Mathew SJ. Ketamine for depression clinical issues.
Advances in Pharmacology (San Diego, Calif.). 2020; 89:131-
62. [DOI:10.1016/bs.apha.2020.02.005] [PMID]

[5] Huang W, Wu T, Wu K. Zebrafish (Danio rerio): A potential
model to assess developmental toxicity of ketamine. Chem-
osphere. 2022; 291(Pt 3):133033. [DOI:10.1016/j.chemos-
phere.2021.133033] [PMID]

[6] Le Daré B, Pelletier R, Morel I, Gicquel T. [History of Ketamine:
An ancient molecule that is still popular today (French)].
Annales Pharmaceutiques Francaises. 2022; 80(1):1-8.
[DOI:10.1016/j.pharma.2021.04.005] [PMID]

[7] Tarwade P, Smischney NJ. Endotracheal intubation sedation in
the intensive care unit. World Journal of Critical Care Medi-
cine. 2022; 11(1):33-9. [DOI:10.5492/wjccm.v11.i1.33] [PMID]

[8] Kohtala S. Ketamine-50 years in use: From anesthesia to rap-
id antidepressant effects and neurobiological mechanisms.
Pharmacological Reports. 2021; 73(2):323-45. [DOI:10.1007/
s43440-021-00232-4] [PMID]

[9] Mihaljevi¢ s, Pavlovi¢ M, Reiner K, Caci¢ M. Therapeutic mech-
anisms of ketamine. Psychiatria Danubina. 2020; 32(3-4):325-
33. [Link]

[10] Jonkman K, Dahan A, van de Donk T, Aarts L, Niesters M, van
Velzen M. Ketamine for pain. F1000Research. 2017; 6:F1000 Fac-
ulty Rev-1711. [DOI:10.12688/f1000research.11372.1] [PMID]

[11] Bokor G, Anderson PD. Ketamine: An update on its
abuse. Journal of Pharmacy Practice. 2014; 27(6):582-6.
[DOI:10.1177/0897190014525754] [PMID]

[12] Degenhardt L, Dunn M. The epidemiology of GHB and keta-
mine use in an Australian household survey. International
Journal of Drug Policy. 2008; 19(4):311-6. [DOI:10.1016/j.
drugpo.2007.08.007] [PMID]

[13] Dargan PI, Wood DM. Recreational drug use in the Asia Pa-
cific region: Improvement in our understanding of the problem
through the UNODC programmes. Journal of Medical Toxicolo-
gy. 2012; 8(3):295-9. [DOI:10.1007/s13181-012-0240-4] [PMID]

[14] Kokane SS, Armant RJ, Bolafios-Guzman CA, Perrotti LI. Over-
lap in the neural circuitry and molecular mechanisms under-
lying ketamine abuse and its use as an antidepressant. Be-
havioural Brain Research. 2020; 384:112548. [DOI:10.1016/.
bbr.2020.112548] [PMID]

Journal of
Guilan University of Medical Sciences

[15] Hashemnia M, Javedani M, Nikoosafat Z, Abdoli Jamoor S.
[Study of hematological, biochemical and histopathological
changes due to long-term Administration of Ketamine in Rat
(Persian)]. Journal of Rafsanjan University of Medical Sciences.
2018; 17(7):639-56. [Link]

[16] Cheek TG, Baird E. Anesthesia for nonobstetric sur-
gery: Maternal and fetal considerations. Clinical Obstet-
rics and Gynecology. 2009; 52(4):535-45. [DOI:10.1097/
GRF.0b013e3181c11f60] [PMID]

[17] Natoli S. The multiple faces of ketamine in anaesthe-
sia and analgesia. Drugs in Context. 2021; 10:2020-12-8.
[DOI:10.7573/dic.2020-12-8] [PMID]

[18] Delpire E, Gagnon KB. Water homeostasis and cell volume
maintenance and regulation. Current Topics in Membranes.
2018; 81:3-52. [DOI:10.1016/bs.ctm.2018.08.001] [PMID]

[19] Yahyaei B, Khojasteh L, Saeedmehr M. [The effects of keta-
mine on balance behavior and histology changes of cer-
ebellum in short-and long-term anesthesia in rats (Persian)].
Journal Neyshabur University of Medical Sciences. 2018;
6(1):53-69. [Link]

[20] Yahyaei B, Khojasteh L, Alamdari YJ. [The effect of ketamine
anesthesia on balance behavior and histopathological changes
of the cerebellum in rat neonates (Persian)]. Journal of North
Khorasan University of Medical Sciences. 2023; 15(1):52-9.
[DOI:10.32592/nkums.15.1.52]

[21] Barrett W, Buxhoeveden M, Dhillon S. Ketamine: A ver-
satile tool for anesthesia and analgesia. Current Opin-
ion in Anesthesiology. 2020; 33(5):633-8. [DOI:10.1097/
AC0.0000000000000916] [PMID]

[22] Ritter P, Findeis H, Bauer M. Ketamine in the treatment of
depressive episodes. Pharmacopsychiatry. 2020; 53(2):45-50.
[DOI:10.1055/a-0991-0582] [PMID]

[23] Zhao T, Li Y, Wei W, Savage S, Zhou L, Ma D. Ketamine ad-
ministered to pregnant rats in the second trimester causes
long-lasting behavioral disorders in offspring. Neurobiology of
Disease. 2014; 68:145-55. [DOI:10.1016/j.nbd.2014.02.009]
[PMID]

[24] McCann ME, Soriano SG. Does general anesthesia affect neu-
rodevelopment in infants and children? BMJ. 2019; 367:16459.
[DOI:10.1136/bm;.16459] [PMID]

[25] John Shung-Lai L, Wai-Kit M. Urological effects of ketamine
abuse. In: Ane Claudia Fernandes N, editor. Biomarkers and
bioanalysis overview. Rijeka: IntechOpen; 2020. [DOI:10.5772/
intechopen.91283]

[26] Jang MY, Shen JT, Geng JH, Wang HS, Chuang SM, Lee YC, et
al. Ketamine induced renal fibrosis in a ketamine addition rat
model. Urological Science. 2017; 28(3):123-7. [DOI:10.1016/].
urols.2016.12.004]

[27] Ou SH, Wu LY, Chen HY, Huang CW, Hsu CY, Chen CL, et al.
Risk of renal function decline in patients with ketamine-asso-
ciated uropathy. International Journal of Environmental Re-
search and Public Health. 2020; 17(19):7260. [DOI:10.3390/
ijerph17197260] [PMID]

Babaei H, et al. Effect of Ketamine Injection on the Histopathology of Kidney in Baby Rat. J Guil Uni Med Sci. 2024; 32(4):308-317.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://pubmed.ncbi.nlm.nih.gov/30969702/
https://doi.org/10.18231/j.ijca.2020.030
https://doi.org/10.1016/j.cub.2019.09.071
https://www.ncbi.nlm.nih.gov/pubmed/31743680
https://doi.org/10.1016/bs.apha.2020.02.005
https://www.ncbi.nlm.nih.gov/pubmed/32616205
https://doi.org/10.1016/j.chemosphere.2021.133033
https://doi.org/10.1016/j.chemosphere.2021.133033
https://www.ncbi.nlm.nih.gov/pubmed/34822872
https://doi.org/10.1016/j.pharma.2021.04.005
https://www.ncbi.nlm.nih.gov/pubmed/33915159
https://doi.org/10.5492/wjccm.v11.i1.33
https://www.ncbi.nlm.nih.gov/pubmed/35433310
https://doi.org/10.1007/s43440-021-00232-4
https://doi.org/10.1007/s43440-021-00232-4
https://www.ncbi.nlm.nih.gov/pubmed/33609274
https://hrcak.srce.hr/clanak/364584
https://doi.org/10.12688/f1000research.11372.1
https://www.ncbi.nlm.nih.gov/pubmed/28979762
https://doi.org/10.1177/0897190014525754
https://www.ncbi.nlm.nih.gov/pubmed/24651639
https://doi.org/10.1016/j.drugpo.2007.08.007
https://doi.org/10.1016/j.drugpo.2007.08.007
https://www.ncbi.nlm.nih.gov/pubmed/17920826
https://doi.org/10.1007/s13181-012-0240-4
https://www.ncbi.nlm.nih.gov/pubmed/22569822
https://doi.org/10.1016/j.bbr.2020.112548
https://doi.org/10.1016/j.bbr.2020.112548
https://www.ncbi.nlm.nih.gov/pubmed/32061748
https://journal.rums.ac.ir/browse.php?a_id=4071&sid=1&slc_lang=en&html=1
https://doi.org/10.1097/GRF.0b013e3181c11f60
https://doi.org/10.1097/GRF.0b013e3181c11f60
https://www.ncbi.nlm.nih.gov/pubmed/20393407
https://doi.org/10.7573/dic.2020-12-8
https://www.ncbi.nlm.nih.gov/pubmed/33995542
https://doi.org/10.1016/bs.ctm.2018.08.001
https://www.ncbi.nlm.nih.gov/pubmed/30243436
https://www.semanticscholar.org/paper/The-effects-of-ketamine-on-balance-behavior-and-of-Yahyaei-khojasteh/9852cd87701fb33bfa4ae4a2af6c8057988368c1
https://doi.org/10.32592/nkums.15.1.52
https://doi.org/10.1097/ACO.0000000000000916
https://doi.org/10.1097/ACO.0000000000000916
https://www.ncbi.nlm.nih.gov/pubmed/32826629
https://doi.org/10.1055/a-0991-0582
https://www.ncbi.nlm.nih.gov/pubmed/31434140
https://doi.org/10.1016/j.nbd.2014.02.009
https://www.ncbi.nlm.nih.gov/pubmed/24780497
https://doi.org/10.1136/bmj.l6459
https://www.ncbi.nlm.nih.gov/pubmed/31818811
https://doi.org/10.5772/intechopen.91283
https://doi.org/10.5772/intechopen.91283
https://doi.org/10.1016/j.urols.2016.12.004
https://doi.org/10.1016/j.urols.2016.12.004
https://doi.org/10.3390/ijerph17197260
https://doi.org/10.3390/ijerph17197260
https://www.ncbi.nlm.nih.gov/pubmed/33020445

