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The study Teratogenic effects of hyperthermia on rat
embryonic development
Gh.Hassanzadeh, M.Azarnia, Y .Ebrahimi,

1 Abstract

Background: The hyperthermia is the increase in mammalian’s body temperature above
normal that affects the embryo during the critical stage of gestational term and may cause
some congenital malformations.

Objective: The aim of this study was understanding the teratogenic effects of hyperthermia on
the rat embryonic development.

Methods: In this study 50 female rats of Sprague Dawley strain were used and their body
temperature was determined by rectal measurement. Then female pregnant rats were divided
to seven groups (one control group and six experimental groups).

The female pregnant rats from 9 to 14 days of gestation, were put.in the incubator in three
stage during a day and were remained in the incubator for 10 minutes on 85°C that their body
temperature increasted to 41°C. Rats in control group were put in'incubator at similar situation
except the temperature which was kept on 40°C to increase only 1°C to their body
temperature. Then, on 20" day of gestation their fetuses were taken out and examined.
Findings: Results showed that congenital'mmalformations such as microphthalmia,
anophthalmia, maxillary hypoplasia, [UGR and fetal death were observed in the groups that
affected by hyperthermia on the days 9,10 and 11.

Conclusion: Hyperthermia is a teratogenic factor which its effects in organogenic period
causes congenital malformations.

Keywords: Hyperthermia, Congenital Malformation, Anomaly and Teratogenic Effects

daS> L

sl (g)loxinl el ol (Sae ol (6001 (ulas Jolya)> ol s (b (slod RN (as (et Ao
g 60l5 ke

-3 pll oo Uige gy JoSS 5) 2 so e Sl Sl G jelate 4 adlllas 1 B

slo bl 028 )5 )15 03latal 590 Jglo—oS sl 3135 51100k o3le o Sige 91 B+ ¢ adllas il )33 B (4R 9 Slgo
09,5 b 5 4l5 09,5 () 09)5 G 4y o JBge (pures - A5 55 o)l 555 Goolo 5] sl oger iele Aoy 4 gl (i (b
a0 A (glod ppadd 03 dlsyo b g Al yo dw (b (LT LA glaje, )3 4,00 gl 0g)S sl oge A pad (425
O g ol )Seils ayd FY & 0 (glod yauwy (gly 428> B alsyo j )0 Wad 00l &yl 5g3LeSTl g0 Al &jeo 4y 018 ke
2 eSS Jp 155,55 15l 95 4l Lulyd 5 5 100 0g)5 csla e 331 o S bl sl i
g0 g ) i ()l Ve 5ay 50 b 1381 0LS Sl sy S bbb hge uy sled U eulais 015 Sl s pd Frus
S B UCHPRIS

ol ¢ allidg Sio aile (gl (6)bminl g 4B )5 )15 oy 15T CoS V5N e A (slajs) o ol 09, S 5ot Wb LB
A5 odalie (i Spe g o) S5 4Dy (Suile Cie Sl (5 g0

5 o @3l ole sl ()il el 53] olpe 50 ol B 4 Cusl gl ol S (g0 yum 1 (5 S R

S35l il g gl ¢ o3lsole sl (gylminli ¢ Loy t L 259 WA

o35 oy ity loss 5 (S ol oS g5 pole oo *
Ot plre Can s ol Lol oy g (ouwlis 8l Hluatily sk
Page (29) 2955 S b )gile pole A8yl ol )5 e



S e S5 D /
: L g,y 9801 P doddo L

oBisly > WAL o p &S o0 adllas ] o
Myl osle ge (ol O+ ¢ a3 plosil 938 (Subjy pole
9 48ld 09)5 4] 09)5 Cdn d ¢ (gl STl Sj
O ermb (glod 10l 00 s (40,00 09,5 i
Sixdo gy & gl og iwled jlodlaiwl b La hgs
Sy 00l e a3 YA LYY &S 0l (655 o5l
A slojgy ) s 4 Il sl bge o0y Sl
2 oose VB F) Iz (ol 09)5 Gygo s (o)UY L
A AD glod pddd 85 Ve Ga o d (0g)S
ol o glod b a8 )5 )15, 55LgSl g0 ] 5 il
o> 4a85 0 e o w3, S Sl as p FY 4
488> 0 g dowy (0 3,5 Bl dn D ¥V @ o i
9 )l Sob dbml

e Ly 5 35 U8 05,8 ol b iges
oS e anyd ¥Fe glod b )gilsSSl j0 adds Ve coe
S i e ol e )l 48 a5 i S l5 s
5 S sl e - bl ls8l ol S el s
s jgy 3 9 WD (6)1 o5 LG balyd 5> 4,0
L85 515 adlllan 390 gSag Sungd sl dlawg 41 9

(295wg)Sen gblio ¢ by (i (385 oy p sl
il g oS gilen b graed o by ©)9o
DA el S,

S F- PV | P
2 o )k w5 Je) 22 &5 ik Ghee V
WS ol Cowd 4 i YO 0585 )08 o)y
U”l PYSIALY) ol ddoro uAb- )l%-.l (J_w).) Yl\;/“/\) L)""l)
oy 90 dn by odd die 0l sla s
V) 539 o SIS n i 4 90 L 29
AU cod @yl ppd gy 3 45 )byl s

Y Ol 4 o slod Gl (oo o (o5t
&S Gl b (slod 1 i 015 olw a3 Y/
Gl o sl 5905 Jelge 51 SO leie 4
B YY dgds iy rudo (slod &S yige 50 (ol plo
a0 FY U Y ogus glod cunl 3,5 il dy0 YA

A4 . | e E e
Maps o Cguima 039 38 (il

Syl a Cows (gy10)l 0y90 wlws d>y o
ploss 3 ¢ | @)lmial Jslse pnlw g (o
i Sy el ash 09 i ()bl slo)
Aalgzs (S 55 o5 de alaje 5l a9 298 (e
gt sy hge ) el dls o (il eily

v 5o | ) . PPRIE
O lo)S 5 dlex Sl anb Jolgs 1l Wl ojle
JERUIRERT O I PR PR g S S|
25 Jolos 5 358 Jolo 2z b 93 e WU L
E Ay« lagyls ¢ obsS zgo Jobo b mmdolineg yiSJI
AWADN « YNNIV |,

( Mges plos 5

20 plol (005 9 Syjglaednl sla allls
S5 el (glo adlles g olSiylojl (slo s> s
L‘)L.w'l D (P FUIRY P ul‘“ ‘ O\_wjl $9) ~

VW

M) sl s )

i iy sled el Gy 4 48T e s
Sl s ¢ Lipgl ol plos! )l GaaMe s
Sl JolSS cliste Jolyo (oo S35l

39 (Jol> Syl AP ol ymo g



V=

- P et S

sy Saile Gde glily gl s dwalis -T JSs
Sl cie o b (e 5 Gl o) oy 310
(fanwg) sral> 031

PSS Aol g Cou O
SN IS O OO T e T
JJJ‘JH,'};LFDQ}—:;}J)—”FLF’*}JLb'l‘}MJJJJh
el el W g VA lmiey 0 (oo e
 Ligdh

alsge e VY LA slaje;y o 455 Slatel o Bima
o jijailE )l ale o g JooST Vo wlS (5oST
o S YU G e gl Tags s
g2 el dmgd LB 358 (glajg) 50 (o e
Szl oy g 42l j3 a8 B[OV PR WP O
Gyl zoln L a8 Conl odd o)ldl 0 Wgd o
0o sl ol il
i eoylmnl Jolpe il dy Con (65550 pae
Sl e s G e

sk il bl assl e ool

VA el s 4y s TR0z B 1E L e
T'.lrﬂ O Ve didg ol l._.lJ.}JJ..I {_'ha}:l "I'ITJ'IT']I uﬁl'b
O YA Gl g aiaile (3L Yot ol dle o )3 (o)
A0 g ylomial ghly (102 FB) fpis VY L ekile 3L
Y . angr s SLS 310 (L3 YY) e #
)h—':_"} (J_..aJJ Tl"\.lrlﬁjl .3;.5_#)"! + ':.l.._'.‘ﬂ.;.n:-t Py
Fu@n]u}’i JL—%—J {Jw:!').:!' \I-v.l'l\l-fjl diga W] ELSAJMBJ&:.&
B Ml oM n oo (12 VT 3 e ¥
Jab ok, Fale e jlea (4a), W) 3540
.{Ts."l DJLQ-:J ,le.h Jg.u'l:l} ..'IJ.TI}I" Wt

2 cemd wadils gy 3 48 (bl Ghge V
VAIYD) s # toa 5 Gl sl (s 0 YO/PY) L1,
YANY) ain A feile L8l Vg )zolf ala s 13 (10,3
Y 9 oy LJ..JI-L':I .l_n:\} LSS‘J\.;L&! 1.:.._5_4:- 11::.5 {Ju.ﬂ).}
Widgr mls Mz ya TYION) i

i3 ¢ pi3jled (Slajey 53 45 g5l (Bge ¥
S iS85 Cov pad)lis
ngﬁjj.ﬁbyﬂbl&ﬂmﬁﬁjym@ VT
Al adnlde gyloanl 45aF g 55 ]uS

O R e T
(ol y ) (ol puiia (5115 cpin S U (s



S e S5 D

2.Balinsky B L. An introduction to
embryology. Br Med J 1970; 286: 1457-8
3.Bell A W. Consequences of severe heat
stress for fetal development. in: Heat stress:
physical exertion and environment. Hales
JRS, Richards, DAB, eds. Amsterdam
Exerptamedica Elsevier science, 1987,
313-33

4 .Chambers GD, Johnson K A, Felix
R J, Dick L M, jones KL. Hyperthermia in
pregnancy: a prospective cohort study.
Teratology 1997; 55:45

5.Edwards M J. Congential malformations in
the rat following induced hyperthermia
during  gestation.  Teratology 1967,
1: 173-7

6.Edwards M J, Walsh DA, Li Z.
Hyperthermia, teratogenesis and the heat
shock response in mammalian embryos in
cultures. Int J Dev Biol 1997; 41: 345-58
7.Finnell R H, Moon S P, Abbott " L C,

Golden J A, Chernoff . G <F._ Strain
differences in heat induced mneural tube
defects in mice. Teratology 1986;
33:245-52

8.Graham J M, Edward M J. Teratogenic
effects of maternal hyperthermia. Ann Res
Inst Environ. Med 1989 ; 40: 365-74
9.Harding A'J, Edwards M J. Microcephaly
in rats. Cong Anom 1993; 33: 203-9
10.Kimmel C A, Cuff J M, Kimmel G L,
Heredia D J N, Tulor N, Silvenman P M,
Chen J.Skeletal development following heat
exposure in the rat. Teratology 1993; 47:
229-42

11.Lary J M, Conver D L, Hjanser P L.
Teratogenic effects of 27, 12 MHz radiation

bl ¢ s pw (Sl a5 g o ssnlie
A (oo LS (03 (2l A Cand |y i o
Jole S (oo &5 2> (o LS s
Ay §1 43 5148 el (558 s o (g oinl
D9d o e bl 5 Sye G a8 51 55560
Jos gl pusilSe 5l (o oy Sl )5 Joles S pe
s iz Jb gl Joho 550 (7

(vs3)

ol (o e
9o bl g (i S pe s )bial

)bl dbml > (o ped Joo sl gl |l
26 5 ol sl gy o g (s ol
bl e it ol cdlig g 5 3
5 2REDls 0 3p a8 a3 ) 5 Cd 39y Sl
o Ve ISl el g )bl slmy) 5 5]
Ay Sl e g YU o)ls)] (SasS 5 o o
Cillas 598 4nd )b b Algh o &S Wb 0> (o) JBD
LAl ansly

2 8 palSio S 48 il g 4y oY
@453l 3529 (o iyma L ablie sl Lo ol
crl - sl poge (Sl Sed ol sl
WSyl 58 Oyl ST cos S ola el qrslSe
Sl Sob o g pb 4 ool sla Ty
by )by ilis elgl by (g cpl & WS (o0 b5
ol Psisd o Jgbo cllis s o309 slo g,
d>lye 35 oy 915 <5 o gilom Sl (s
slp (gt a5 (e sl 00 ol
sl oan] wligss
1@l L

1.Arora K L, Chohen B J, Beaudion
AR. Fetal and placental responses to
artificially include hyperthermia in rats.

Teratology 1979; 19:251-60



B JUPRC O P RO |

frecuency in rats. Teratology 1982; 26:
299-309

12.Lipson A H, Webster W S, Wood man-
Brown P D G, Osborn P A. Moebius
syndrome. Teratology 1989; 40: 339-50
13.Lomax P. Implications of durings for heat
and exercise tolerance in heat stress. Exerpta
Medica Sevier Science, 1987; 399-418

14 Milunsky A Lcickas M U, Rothman K J,
Wiilett W, Jick S S, Jick H. Maternal heat
exposure and neural tube defects. JAMA
1992; 268: 882-5

15.Mirkes P E, Doggett B.Accumulation of
heat shock protein 72 in postimplantation rat
embryos after exposure the hyperthermia.
Teratology 1992; 40: 301-9

16.Mirkes P E, Cornel L M, Park H W,
Cunningham M L. Induction  of
thermotolerance in early postimplantation rat
embryos is associated with increased
resistance to hyperthermia induced apoptosis.
Teratology 1997; 56: 210-9

17.Shiota R, Shionoya Y, Ide M Venobe F,
Kuwahara G, Fuki Y. Teratogenic interaction

of ethanol and hyoerthermia. in mice. Proc

Soc Exp Biol Med 1988; 187: 142-8
18.Upfold J B, Smith M S R, Edwards M J.
Quantitivs study of the effects of maternal
hyperthermia on cell death and proliferation
in the guinea pig brain on day 21 of
pregnancy. Teratology 1989; 39: 173-9
19.Walsh D P, Li K,Wass J, Dolnikov A,
Zeng F, Li Z, Edwards M. Heat shock gene
expression and cell cycle changes during
mammalian development. Dev Genet 1993;
14: 127-31

20.Webster W S; Edwards M ]
Hyperthermia and the induction of
neuraltube defects in mice. Teratology 1984;
29:411-25

21.Webster W S, Grmain M A, Edwards M
J.. The induction of microphtalmia,
encephalocele and other heat defects
following  hyperthermia  during  the
gastrulation process in the rat. Teratology
1985; 31: 73-82

22.Webster W S, Lipson A H,
Browenwoodman P D C. Uterine trauma and
limb defects. Teratology 1986; 35: 253-60



