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Effects of color Doppler ultrasound insonification on brain ultrastructure of fetal rats from different maternal

pregnancy periods
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[ Abstract] Objective To study the effects of color Doppler ultrasound insonification of maternal rats of different
pregnancy periods on the brain ultrastructure of fetal rats. Methods SD rats of different pregnant periods (12 d, 15 d, and 18
d) were insonificated by color Doppler ultrasound for 30 min. The PREIRUS color computer audio-visual device was used with
the insonificating parameters as follows: EUP-LL.TM4,H5. 0 MHz, Tis=0. 4,and Micd=1. 2. The fetal brains of the each group
was collected 24 hours after insonification, and the changes of brain ultrastructure were observed by transmission electron
microscope ( TEM). Results There were no significant changes on brain ultrastructure in fetal rats of 12-day maternal
pregnancy, with occasional dissolved mitochondria cristae, slight expansion of endoplasmic reticulum, relatively regular nucleus
shape and smaller vacuoles in the cytoplasm. There were obvious changes on brain ultrastructure in fetal rats of 15-day maternal
pregnancy, with the injury of organelles being severer than that of 12-day maternal pregnancy. There were significant changes
on brain ultrastructure in fetal rats of 18-day maternal pregnancy, with obvious expansion of endoplasmic reticulum, severely
irregular nuclear shape, obviously dissolved mitochondrial cristae, expansive nuclear gap and large vacuoles in the cytoplasm.
Conclusion Color Doppler ultrasound insonification at different maternal pregnancy periods have different effects on the brain
ultrastructure of fetal rats; the earlier the pregnancy period, the smaller the effects on brain ultrastructure of fetal rats.

[Key words] embryonic development; color Doppler ultrasonography; brain; ultrastructure

[Acad ] Sec Mil Med Univ,2015,36(9):1025-1028 ]

VAR BB B A W VB P 2 s 12 RGN A H R S AEAS [ Ay A T3z 4k H.
WSk T R R R R T e TR A st RARALZUGT A A S SR AR i s P R e e
BN N SRS B . B TR BMEEEARZAY . UER EERETLE

[Yis EEI] 2015-02-06 [##ZHM] 2015-04-22
[fEERmiN] KigHe, HF(LEIH. E-mail: zhuhaiyanl107@sina. com
“SHEAEME#E (Corresponding author). Tel: 021-81870923, E-mail: yangyj22@smmu. edu. cn



+ 1026 -

BRI 2015 4 9 J1 .55 36 4

B FE R — 2RI TR B TR L B Z X AN ]
ZSUING B BT TE o DRI ASBIF ST T2 BRI A ]
PR RS X AN R 2231 S 2L PR A 1 1) 2
NI A5 Aok 22 P i R P B 8 2«

1 ##7IE

L1 shap kiR &5 BRI SD KR 60
HOE RS F S0m hoo 44 mi itk 12 J,
WEPE 48 H AR 300~350 g, FeMEMER 4+ 1 Lk
B SE 56 2 KRR H R B S B vk Fr . 5%
o BT I MRS 1 SD R ERId sk 5222 0 d, DL
Y . AR E R BRI 2 B 3 4 A 12,
15,18 d 2 (n=8) . & 2H K Bl HHE & e 4 I oy
PN RS 30 4 0 B

L2 BERRAZHXAGHRZE BB
fi Fi H 3723 /] PREIRUS BUR 2 i 75 1443, EUP-
LTM4 £ 3k, 4 4 % 5. 0 MHz, 20 41 #4485 %
(Tis) =0. 4, HLIFEE (Micd) =1. 2, K54 112 i,
FH R UG RR I  [E  fE IRB B S . T AR &
A G2 B B R R 455 X e IR R
N 0] 43 I T M A TR I 30 min, X FRZH A TIRGE IR .
1.3 MR ERAMMEMG LT FHKR
FERE IR 24 b5 fo S RUoE AR BRI SRR IR )
P2 RE R 6 b BG4 R LR
2 FUBR R, TR S i BRI 221, 28 2 06 1 w30
5 JG BRIk A R V) /v (1 mm X 1 mmX 1 mm) ,
% 0. 1 mol/L PBS F IR VERI 0, 1 0 5k R J [ 7 .
BHIE T TN B 5 7K 5 3 35 I 38 W iE Epon812
I, RA A Y] F L (Leica-UC6 , f8 =) #£47V)
s SRR YL )5 L A6 ST R (H-7650, HAS)
T ULEE A L G AR T SRR A R

2 # R

2.1 BFEREIAZTIARBEMG Y0 o
TRFI 0 B 2H 2 (Rl R IR 2 A I 050 25 5 TR AR
WFFEBEFHZH 18 d X RRAH B L8 45 SR 5 45 S 3 2 ot
FrEbdse ., WA a] LA 18 d Xt BRAH G B & o2
L 2 A 2 A AR IR TS T R ASE KAL) 440 A% Pl T 285
JERA ST (B LA s 2830 12 d SE56 20 i BRI 40 2 pf 22
JUHAZ 25 He S e B R BRI (&) 1B) 5 2830 15 d SE56 40
e RO 2EL 24 28 7 M A% AN FL DU B B g (] 10) 5 42
118 d SCBG AR BRI 2H 24 28 00 A% 22 B S AN R0
TEARCEL 1D, Bl 42 1 A 2 4 o 440 A2 A 0 000 5

H A2 HL 2 i SR S BN IR AR 1 B 481 o
TR AR L

g ”
© 535 Zga )
B 1 BRI HE T 4 A s 4 R B R S H S
A: 018 d X R4 ; B4 12 d 5286 4H; C . 224 15 d 52564 ;
D: Z21] 18 d IR 4. 7k /Rt

2.2 AR EG R AN B TR A AR AR LE MY 8 R e

HLBE T A DX B ZE LR ARS8 A4) T 5 o SO AU Vi BT
TeM kIS (B 2A) , SEa g, 2230 12 d F1 15 d
2K BRI ZH 2L AT DL 3 SR AR U A 4 (] 2B,
20, [l 2C ] ULysy R AR i 9 H BT o i 3
BN, 18 d Al 2R 4 o0 K b i
U s A A B4 O EL Mo i B R s 0t M B vl 1

W ‘_“ ¥ @ - i
B2 B Rk 4 42 T 40 A Hh Sk B 7

As 7418 d XEBRAL; B0 12 d S04 s Co 70 15 d SE804L s D
2118 d SRl AT SRR 1 o P



55 9 . A 55 205 RS R R ROV S [R] 2 i SR 2R R I 4 T ) - 1027 -

2.3 M pEIBATAYZ AN AL R e
Xk R ZH PR P 2 A T A B R SR B R
(B 2A) . 22851 12 d S250 40 - w41 20 28 T 9 Jo )
R DU S S (BT 3AD o (ELJR) ¥ AT LA (4] it 48 5 R
Fo 2215 d SEEA K2 SR 22 T A J5 I L A
ik 2B) . 40 it JR ol DU AZ ) Bt b S 42 . OF B
52 12 d SR AT A . 2200 18 d SE g
M. PN ST A BB K (1 3B, JR AR AT LA ] Bt
S NEE

NP T e /s !“",«.E\;,-“‘f
im T T L S A T 2N e i

5. SO0 R L T P G
B3 BEERMHETHNRNBMEENRm
A2 12 d 2B s B2 18 d SRR, H T Skos

RIS o B 0

BEE HL B I B I AT M B 2 T 32
i R QA 2 2 S SR ) O R ke i . L E
TR R AL R A ) e R R N T R 2 4
Me— EURWFFT AR . R P R o — s e ) AT 5 ]
AR UL SR A5 45 - B T BAE ) 75 B i i
eI A 2 A A ARG T L R P X 2 U 2
A RN o TR o 04 O 22 SR FH R 5 A D00 7 %
240 e B A R

R P A W B - R R G A o PR
FOR I F A O A RN o3 T BAR A RO
FANARHAE o K ik TA A 5 B 7 5 B R S 7 U
22 | FEIRF R ) L 1 R 1 A 4 2 5 ™
oK it S50 it SRR B Il 28 7 7 75 i R A F 5 %
L BRSO BRARZH B A 10 min B8 45 14
A KA B AR AL, 1 BR 5T 20 min, 30 min i
TG A R B R AR AL, I H 5 BRURE A L BRI IR 5
R EA R . S A 7 2K Fos 48
P TR & 30 it o i ST (1) 7 S 4 JHORT A4 L 45
I B AR P R T, 9% [ FDA 225K
B RH A AR AU R M B T, i3 2645
DA BEAE BN W B k20, 33 2238 B 8 e %

O | = 4R UL S ROR B 21
e R 2 I FH & 3% B H R L e R — 4K By AR A1
FU i H D) 238 DR B g S A I ) R X
Whittingham * R U R A BRI AS [R] 8 75 4
RISV A 26 57 . S5 R R W] B P RE i
g o X ZHL S A T RO TS 3t G B 2 3k B2 T
i 2C 2 FEUER AT 7.

77 T e e AR T O LA 7 A R
VNP IR RAERERE B S ) G s VAN K 3 AN
ROV . R A Y 32 R ke
BB R F e R o W B 5
A A R b T T AR A P R B L LA S SR AR XL (]
Je MU B A A U R B b T A AR A
‘B BEE A A LD G 2 20 P L . DRI A
H I ZEL 2R 0T 7 1 R 2 AR . Dalecki 509
P bR B 2 18 d R R Ok i ZZ 334 100
Hz FFZEIHE 10 ms, B 3 min) » 4550 % BUAR IR
Jiq 14 P L B8 B S i T IE R 2. Suresh S5 H
LW GRS PR IRV 28 L/ B 2 I E R 14 d R
16 d IFHRE AR 30 min, 45 R LR ™ 5 & TR S A7 5
FETZ AN P 0 B W) SR T 25 > RE ) A AL g
JIUL 2

ASBIE 5 2 HERe T VRGN f 2 S 45 A 107
s — 75 T2 dy T BEAE [ B b Rl e R Y A
i A EARMER I 2 GOB B0 5 55— 7 i
e PR g I A PR 0 2 S A 4 ol 45 4 119
% AR BEE RIE IR . ABFTEEE R WoR TR S M
FREE A P AR IR AR E R RS 30 min Ji5 . AR 220 B
i ZH 2 A A7 AR 2 M i A AL e o BRI I [ ) 2
T T A RSN i S 2 P 2 00 s 4 ) 4t
3R IR ) 7 A T LR S TR 7 Y A AL
R, RS SE R R R IR 18 d iR B
20 mind -, fify BROR M P 2850 0 T B S 6 s HL R A
e UM 2 Uk I 2 1 A BN A et i i L™
FIBESR IMIRAR L LR (A [7] it JEE fe Ji 258 6 o 25 4
AR s ol A IR S 2 n] 5]k N BRI R 42 DT I
o,

ABIEFER A IR 24 AT 30 min FE I,
S4B ZE U AN P X I R WD 3
JEPRANE - (D AR ATEBIF TS8R BRI 5 2t 1
SO FA) S35 F o o D 6 IS 2 8 O i 2 A ) R (8 3



+ 1028 -

BRI 2015 4 9 J1 .55 36 4

R TMIAS S0 o FH A4 52 i A0 R A X AT P A R
S EUAN ML Ao R R A 1 SO A A K P 1 I B
A KRR AL BB R R,
AN 45 2 o T LA H 2 200 P 2 € B A
MR AL . (2) 2 /N i B A A i 4
B AR BT A1 52 RE D B0t n] B T UL R
PN IR Z —

25 BRI A 5 W 2235 )R o A RO A ]
2SI BRUAZEL R0 F 200 6 5 A Gl 45 4 1) 52 I A T i
B2 U B A ) 11 O R M ) ELA 5 R M
IREM .

B F_FEAFKEERAEFF AR
¥ T XFFAH B A MR RN A !

(& % 3T W]

[1] Barnett S B, Maulik D; International Perinatal Doppler
Society. Guidelines and recommendations for safe use
of Doppler ultrasound in perinatal applications[]]. J
Matern Fetal Med,2001,10:75-84.

(2] B SBaAGCEET E T E SR R
A TR AR SRR AR 2 P53 28 1k BB S )
SR, v R AR £ 2005, 21 : 1169-1171.

(3] BV BimA 8 &G 7 . R 2
I B T B BV A P53 R R IR [T . AR
e PR EE A 515 2 75, 2006, 17 : 32-35.

(4] SEEEME SEHME OAa . P AR A 00 B B
A e . hE BT, 2013, 28:43-48.

(5] JAiese. Bea A WA 8 8GR T IR R
NG iy B U #5200 (. o ] IR R - 2012, 7 27-
28.

(6] RHE.Blak . WHkA. 1 2. 2S5k
PR s R T[T ] sp AR A R AR 2001,
10:624-626.

[7] Miller M W, Brayman A A, Abramowicz J S.
Obstetric ultrasonography: a biophysical consideration
of patient safety—the “rules” have changed[J]. Am ]
Obstet Gynecol,1998,179.:241-254.

[8] Whittingham T A. Estimated fetal cerebral ultrasound
exposures from clinical examinations [ J ]. Ultrasound
Med Biol,2001,27.877-832.

[9] Palmeri M L. Frinkley K D. Nightingale K R.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Experimental studies of the thermal effects associated
with radiation force imaging of soft tissue[ J . Ultrason
Imaging,2004,26.100-114.

Myers M R. Transient temperature rise due to
ultrasound absorption at a bone/soft-tissue interface
[JJ.] Acoust Soc Am,2004,115;2887-2891.
Vykhodtseva N, McDannold N, Martin H, Bronson R
T, Hynynen K. Apoptosis in ultrasound-produced
threshold lesions in the rabbit brain[ J]. Ultrasound
Med Biol, 2001,27:111-117.

. B AR IO A2 KR R Y 4 (R
(V] P PR A4, 2000,16:193-195.

Dalecki D, Child S Z, Raeman C H, Cox C.
Hemorrhage in murine fetuses exposed to pulsed
ultrasound[ J ]. Ultrasound Med Biol, 1999, 25: 1139-
1144,

Suresh R, Ramesh Rao T, Davis E M, Ovchinnikov
N, Mc Rae A. Effect of diagnostic ultrasound during
the fetal period on learning and memory in mice[ J .
Ann Anat,2008,190:37-45.

Stratmeyer M E, Greenleaf ] F, Dalecki D, Salvesen K
A. Fetal effects [ J]. J
Ultrasound Med, 2008,27:597-605.

Chervenak F A, Chervenak J L. Medical legal issues in
obstetric ultrasound[ J]. Clin Perinatol, 2007, 34;299-
308, wvi.

ultrasound: mechanical

American Institute of Ultrasound in Medicine. AIUM
practice guideline for the performance of obstetric
ultrasound examinations[ J |. J Ultrasound Med, 2013,
32:1083-1101.
oA RN R S, BRSO A T
AERSR B ok nfr i 7 0T DR B PR J] L ol 22 Al 1 2
P53 IR L] 1. LIPS B 4R . 2014, 35:9-
10.
Ang E S Jr, Gluncic V, Duque A, Schafer M E, Rakic
P. Prenatal exposure to ultrasound waves impacts
neuronal migration in mice[ J]. Proc Natl Acad Sci
USA,2006,103:12903-12910.
FEERS ATFRIS . EZEH0 S 5Kk . 2B SEmt
L P RS 2 i SO B S e 2 20 L Rl A B
M [T, v BR T B4 2013, 28 24-27.

(AXHmE] HHFEE



