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[E] B - @S 2% R0 TR T (preeclampsia, PE) KEMIAI &3k . Frahbk. Rt shifiks%, xHi
B AT RS SRy, AL PE Sh BRGSO REAR SR RO M S % . Joik - R N-AEFE-L-RS &R H B8 (N'-nitro-L-
arginine-methylesterhydrochloride, L-NAME) H10.9% &1k 84 7A BIE s 7 55, 5 PE4L (n=8) MIIE# {4k (normal
pregnancy, NP) £ (n=8) A4 SD KSR, A ifiL o AR 1 PR AE AR PEAG SR L 6 s 7 . FEUTUR (gestational day,
GD) %519 H (GD19) WFI e 2% 8k 0 PE 41 R NP 41T 5 shlik . 5 skl B BRI b sh kA e AR, Kk EURG
Wi MM EL . A BRI SO IR BE . &8 - PE4LARAYINE (GD1S: P=0.001; GD19: P=0.001). &
PR (GD15: P=0.001; GD19: P=0.001) ¥ F NP4, HRRIFsk. T shlkiv#shite40 (pulsation index, PI) B3
F T NP4 (39P=0.000), Jif BUKMGHFhIKEE JI45%0 (resistance index, RI) BEMCTFNPAL (P=0.000), i BRECR TG R %2
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HEEE R DT NP (P=0.001), 3l HISPE T & BUIG S 00N A Kk B B . MRS . MR AR e S sk R, 5 sk
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Relationship between Doppler ultrasound parameters of uterine artery, umbilical artery,
middle cerebral artery and placental vasculopathology and pregnancy outcome in
preeclampsia rat model
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[Abstract] Objective:To measure the parameters of the uterine artery, umbilical artery and middle cerebral artery in a rat model
of preeclampsia (PE) by Doppler ultrasound, and compare the pathological changes in placental blood vessels and pregnancy
outcomes, in order to provide an effective method and reference for evaluating placental function in PE animal models. Methods*
PE (n=8) and normal pregnancy (NP, n=8) groups in Sprague-Dawley (SD) rat models were established by intraperitoneal injections
of N'-nitro-L-arginine methylesterhydrochloride (L-NAME) and 0.9% sodium chloride solution. Blood pressure and proteinuria
indexes were detected to evaluate whether the model was successfully established. On gestational day 19 (GD19), Doppler
ultrasound was utilized to measure the parameters of the uterine artery, umbilical artery and the fetal middle cerebral artery in both
the PE and NP groups. After termination of the pregnancies, placental function was evaluated through the pathology of placental
blood vessels and the quality of the fetuses and placentas. Results-In the PE group, both blood pressure (GD15: P=0.001; GD19:
P=0.001) and proteinuria (GD15: P=0.001; GD19: P=0.001) were significantly higher than those in the NP group. The pulsatility
index (PI) of the umbilical artery and uterine artery was notably elevated in the PE group compared to the NP group (both P=0.000).
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Furthermore, the resistance index (RI) of the fetal middle cerebral artery was significantly lower than that in the PE group (P=
0.000). While the number of fetal rats did not differ significantly, the quality of placental and fetal rats was notably lower in the PE
group (P=0.006 and P=0.000, respectively). Immunohistochemical staining of placental tissue revealed that the number of placental

micro vessel densities in the PE group was less than that in the NP group (P=0.001). Correlation analysis revealed that placental

micro vessel density, fetal quality and placental quality were inversely related with the RI of the umbilical artery and the PI and RI
of the uterine artery, and positively correlated with the S/D, PI and RI of the fetal middle cerebral artery (all £<0.05). Conculsion*
Doppler ultrasound assessment of the uterine artery, umbilical artery and middle cerebral artery indices in L-NAME-induced PE rat

models effectively reflects pregnancy outcomes and placental vascular pathology. This method is valuable for evaluating placental

vascular perfusion in PE rat models, offering practicality and convenience for research involving animal models.
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10 J& % 22 47 1) SPF 2% %] Sprague-Dawley (SD)
KEL, T 250~280 g, MfEPE20 H. B 10 B,
I A b st e A R S SR A BRA R, 4R TR
HRHEE KA R 5% 2 2 B S 3G s O

1.2 AR K ik A

A2 MG RS (TR, EE), I
Ol T (BBt 4B A A, WiBE (Nikon A,
FH), MHRIY (Thermo A7), ZEE). L-NAME
(Abcam A H], EHE), 10%/KEAE (FITHFIE B
2R, S H A (25 4 AR 2R A B2
Al D), 0.9% WAL i (EDUE A EE BE 2550 R )
CBBik & (m st @A A RAF), CD31dilk
(Abcam /A7), EEH), A MEG AT & (de
REHREREARAR), HBAZY AR (BN RE
HEARFBRAFR).,

1.3 Wf5EJiik

1.3.1 PEZ[RAMEAIEEST Mo oral A5 H 19 5 4% R
HMERR 2: 1A LB BEA T 558, W H MEIRTE G vk,
W N B WLKS -, WM AR YR (gestational day,
GD) %51 H (GD1). M)k ik i K BN ARFIE
I AR RS Y IR VS FCRE ALY 2 4, 2403°H
8 HZR. 7EGD10, 11, 12/}, BEMLXFH i — 4k
17 8 1 1 59 770 1l 50 mg/kg 19 L-NAME, L) 57 PE
SR, Bk PE 4L, 55— 4L 00 fE s v S A ) ) o
[ TCER 1 0.9% AN, RIS NP 4L,
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1.3.2 LR MR & H R BRI E GDIS, 19
B, JE B i Fe A i KRR B K ik 4 R
(systolic blood pressure, SBP) JFics¢, &6k,
FRHT 2 45 51, S m BOFME .

W 0 e Je AR AR W B 24 h R, R
CCB i 1) il bR 2 vk T 5%
1.3.3 WA 22 ) A AR e A 00 e 28 L gt O A 1
UL GDI9H}, fH ] 10 %rK & 5 RExT i K28 AT IR
M, RN 0.3 mL/100g. M AUER BEE A iR
15 MHz, 5 100%, %3520 dB. 75 Rk LR
FE Rk

(1) MR A& RS 2500 A R
BRUTHAE, RBESS R BRAE 37 cCryim#c &6 L5
B2 /A R A ASORA 32 o A I DXl KBRS, X X
WARS A A TR R Z IR S % .
B G R P A AL, T N RE A i BTG 1 M R
&, DR PR R B I8 BE A O i R BR AT AN, AR
B EAERR TG MR R . IR TR A RS, R
e AR K X R BB 2R AT Z D) A i g, SR Al
VI veAl , e #e B sh ik . 55 sl ik LS B
Bl Wk AE R VE AR A8 o 43 00 ik W 4 I i (L I R
(peak systolic velocity, PS) . &F 7K Wi # (end
diastolic flow velocity, ED) Fl i [H] 57 ¥ ifil 7 8 B
(time average velocity, TAV). 18 B3l ik & F & 3
ik LA B fig BROR Ml H 3l Bk B B 0 48 % (resistance
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index, RI) . S/D Fl #§ zh & ¥ (pulsation index,
PI), PI=(PS-ED) /TAV, RI=(PS-ED) /PS, S/D=
PS/ED.

(2) JEah ki e gk SR G S AT
[P 2 P 08 57 R AT J 03 I3 R RSN 38 o R A T i i
SFEER SR R, RBE, BHERESE R E T
o 2 B, 3 Y PR A URE 2SR/ NI A 2235 5 i
FEAIEE o SBT3 — 1 238 A
B, HEATENR RS, B RIG R Z A 3 ME S AER
() Z2 5 A L, O O 3 4 A A5 R AT 0
(F1A).

(3) Kirbsh ki ek 15 2SR5 shix
KA EERE DI, S R Sk BT, R KK
JA, (R (R R BRI S IR, IR A2 T
(IS5 k=) SR i M e )17 € al L S
ZAE T S ko R0 AT AR BRI 22 355 ) o g A i 1T
FFER HG R 2D H3 kI A (E1B),

(4) FESfkimmkm s SD KRR FEIE
BRIASRA AR, & V" R, 25 SR A EREE .
ST E Sk, R R TE ADIEEE,
] 22 A7 WAV 3 15 UBE S 2k 2848 ELATan T4k 75
k. HFREFEIIICRIETIENK, —BfEilR
IRSRAE T AR B Bk o 7] b3 D e AR 225 8 a3
g (B11C).

Note: A. Umbilical artery. Small arrow—fetal rat, large arrow—umbilical cord. B. Middle cerebral artery. Small arrow—fetal rat head, large arrow—middle

cerebral artery. C. Uterine artery. Small arrow—Tlateral edge of the rat uterus, large arrow—uterine artery.

1 SDKREREFEhEK KM BBk . F 5 hBkHIE = MR

Fig1 Ultrasound imaging of the umbilical artery, middle cerebral artery and uterine artery in SD rats
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A, FHMZEKIEVES min, WEEHUA: 1 5%BSA
BRI TIR &N ZREA 1 he BT E ARG EY]
A BN CD31 hitk, FRELH1:100, 4 °Cidi, 5
2 HEYI A sbiR TR A 3T, FikEbsih 1:500,
Yk B R Bk . A TN DABVA TR, #i FME LG
JE BTG, I HIRARE & Yo diiz . K R
JasE FER

1.4 Hil*#iik

K SPSS 15.0 A HAT ST 50 M o T A K dli 3
K FH Prism B A0 5% I IR T AL IR 22 52 0T, e Rk
K xks Fon, EHERBER~ A (%) £n. fFF5IE
BT S HER K56, ARAFA IR /A 4K
PR IR ARG . YE$E Pearson AH S PE /T HEA TG 36
P<0.05 RN EFAGIHE XL

2 ER

2.1 M B R B T

GDI15Hf, PE4 1242 B 3l ik SBP b 3 % T NP
4 [ (143.90+2.04) mmHg vs (112.60+2.89) mmHg,
P=0.001], PR M &5 2 #F & T NP4l [ (4.00+
0.52) wg/pLvs (1.62+021) wg/pwL, P=0.001], 2
/N PE K R WA B @i i 2 . GD19KT, EE3)ifik SBP
FPREE 2R EE. (R

F1 2EEFMERREALLE

Tab 1 Comparison of tail artery blood pressure and urinary

protein between the two groups

Item NP group PE group P value
Blood pressure/mmHg

GD 15 112.60+2.89  143.90+2.04 0.001
GD 19 116.90+2.83 148.60+2.03 0.001
Urinary protein/(ug-pL™)

GD 15 1.62+0.21 4.00+0.52 0.001
GD 19 2.08+0.23 4.04+0.35 0.001

Note: 1 mmHg=0.133 kPa.

2.2 NG BB IGBE W iR B J) 2 PR AR

P 22 T M iR R TS L (3R 2~4,
K2). SNPAMLEL, PE B zhIkPS & &
HEREASIT%E X (P=0.008, F£2), Bk
ED. TAV. S/DERTLHIT¥E X (F£2), BFshlkPpl
K RLE #E T H 22 % BA G124 5 L (P=0.000) .
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KT 5 Sk 0y i s ) A s L e, HPS,
ED. TAVfE2 4l 2R S it2E X (£3), {HPE
R S/D. RI. PLEFE & HERBARIT¥E XL
(¥J.P=0.000) . A v 2l Jok 1 1L 3 3 93 2715 0 L3
HPS. TAVTE2 M 22 g7 2 L (£4), ED
HEPEAREFASGHERARITFENL (£4), H
S/D. PI. RITEPE & & FEAK H 25 5 A Ge 127 8 L
(¥1P=0.000, #4),

F2 BAETM 2 HRR R BRI MIE S S F R LB
Tab 2 Comparison of fetal umbilical artery hemodynamics using

ultrasound evaluation between the two groups

Ttem NP group PE group P value
PS/(cm+s™) 7.05+1.51 10.51£2.74 0.008
ED/(cm+s™) 2.08+0.78 1.59+0.71 0.203
TAV/(cm-s™) 4.26+0.94 5.25%1.16 0.083
S/D 3.61+0.97 13.95+18.00 0.127
PI 1.18+0.16 1.72+0.13 0.000
RI 0.71£0.07 0.88+0.06 0.000

®3 BEITM2AFEINRMRINHFZHHER
Tab 3 Comparison of uterine artery hemodynamics using ultrasound

evaluation between the two groups

Item NP group PE group P value
PS/(cm-s™") 16.27+£3.93 19.95+6.73 0.203
ED/(cm-s™") 7.98+2.50 5.75+1.96 0.067
TAV/(cm*s™) 11.05£3.26 10.47+3.80 0.751
S/D 2.05+0.16 3.51+0.57 0.000
PI 0.77+0.10 1.37+0.16 0.000
RI 0.51+0.44 0.71+0.05 0.000

x4 BEEN22HERRXMP LIRS NFEIER
Tab 4 Comparison of fetal middle cerebral artery hemodynamics

using ultrasound evaluation between the two groups

Item NP group PE group P value
PS/(cm-s™") 8.40+2.08 9.40+1.25 0.264
ED/(cm-s™") 2.25+0.61 4.05+0.72 0.000
TAV/(cm-s™) 4.63+£1.07 5.59+0.89 0.073
S/D 3.77.+0.29 2.35+0.27 0.000
PI 1.33£0.11 0.96+0.11 0.000
RI 0.73+0.02 0.57+0.05 0.000

2.3 JRAGRL . R BN B RS A LEER

kR B AR A R AT L iR BRI R N
L, SRS, AU B 7E PE 41F1 NP 41 jH] 22 5
TGt E L, PEAMIRETE (P=0.006) Flfif 5
it (P=0.000) H4/NF NP4,
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Note: A. Umbilical artery. B. Uterine artery. C. Middle cerebral artery
2 2AZRBER S E B E

Fig 2 Ultrasound Doppler spectrogram between the two groups

x5 2HARERENBRYEB.RELE
Tab 5 Comparison of placental quality, fetal rat number and

fetal rat quality between the two groups

Item NP group PE group P value
Placental quality/g 0.48+0.03 0.42+0.05 0.006
Fetal rat quality/g 4.20+0.28 2.30+0.27 0.000
Fetal number/n 9.88+1.81 9.63£1.41 0.526
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P2 21 Ak G 0 00 28 K BRUIR 25 L A oK B % (micro
vessel density, MVD) &, 45% B8 PEZHMVD
AT NPA (Fe6ME3),

£6 2AMVDLLE
Tab 6 Comparison of MVD between the two groups

Item NP group PE group P value

MVD/n 218.00+28.73 124.30+13.55 0.001
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Fig3 Comparison of MVD between two groups

2.5 WAk, TrrAkE KPS KA CHE kS RT BRI SEISRSMERE JREBRMEMVD
Mo O . B B B B MVD Moy ety FVRRHESAL (7))

Tab 7 Correlation analysis between umbilical artery parameters and
5 B

e Sk A TR SRS MR iR RS St

placental quality, fetal rat quality and placental MVD [ 7 (P) |

Item MVD Placental quality  Fetal rat quality
SEMVD AP TER AT, 40 SERER, it PS -0.657 (0.006) -0.160 (0.554) -0.638 (0.008)
s Bk PS. PI. RI 45 Jif 4 MVD 2 858 6 i G ED 0304 (0253) 0522 (0.038) 0.354 (0.178)
(r=-0.657, r=-0.850, =-0.758, 45Xt {H1>0.6), TAV ~0.466 (0.069)  -0.182(0.500)  —0.424 (0.102)
51 BB BB BUEGR UAHOC (=-0.638, r=-0.901, S/D ~0.284(0287)  -0.698 (0.003) 0353 (0.179)
=-0.832) . BFshlik S/D. RIS 5 i 5 Bl A 0% £ PI -0.850 (0.000)  -0.450 (0.081)  —0.901 (0.000)
XK (r=-0.698, r=-0.740), W53k ED 5k & RI ~0.758 (0.001)  -0.740 (0.001)  —-0.832 (0.000)

BEIREREEIEAC (=0.522),

MVD B 0.544 1.000 -0.466 E -0.850 -0.758

Placenta SN2 1.000 0.544 -0.698 -0.450 —0.740

Fetal rat SSR[0) 0.624 0.939 -0.424  -0.353 -0.901 -0.832

Fetalrat Placenta ~ MVD PS ED TAV  SD Pl RI
-1.0 1.0

Note: Each number in the cells represents a correlation coefficient, with the depth of color indicating the magnitude of the value.
4 FrEkEXSHIERERERE SRRRERREMVD BXESHTHRE
Fig4 Heatmap of the correlation analysis between umbilical artery parameter indices and placental quality, fetal rat quality and placental MVD

T EBNASH A R U8, 5, 4R R, *8 TFTEBREXSHENREREARE BKRRERKE
T B Bk SD. PL. RIS i # MVD 538 61 fii ¢ MVDRBRIESHL (P)]
(r==0.871, 1=—0.892. r——0.874). 554 i hit 5 A%, Tab 8 Correlation analysis between uterine artery parameters and
— . s /U, s /U, s IR AN =N

. placental quality, fetal rat quality and placental MVD [7 (P) |
AR (=-0.638, =-0.615, r=-0.621), SJiEUF &

- R - - 3 Ttem MVD Placental quality Fetal rat quality
DRI =-0870, 1=-0.922, 1=-0.902). PS -0.332 (0.209) -0.381 (0.145) -0.302 (0.256)

RN b B BRI VE AT A R R 9. Bl 6. B2 ED 0.447 (0.083) 0.291 (0.274) 0.487 (0.056)
Wo~, KK shfliks/D. PI. RIS Ii#E MVD £ 5% 1F TAV 0.078 (0.775)  -0.061 (0.824) 0.123 (0.650)
X (1=0.923, =0.895, =0914), S FEH S/D -0.871 (0.000) -0.638 (0.008) -0.870 (0.000)
EPh A E R (5=0.582, =0.571, r=0.569), 5 PI -0.892 (0.000) -0.615 (0.011) -0.922 (0.000)
e BB B B A TR T MG (7=0.915. 1—=0.850. RI ~0.874 (0.000) -0.621 (0.010) -0.902 (0.000)

=0.888) . K i 1 & Ik ED 5 Jif £ MVD 2 % 3 17 * (=-0575), 5B RO 5 PR 0E A oG
I (r=-0.749), 56 #5502 5 80 25 7R B A (=-0.802) .
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Note: Each number in the cells represents a correlation coefficient, with the depth of color indicating the magnitude of the value.
5 FEIREXSEERSKRERE RRRERKEMVDHEXEIHTHRE
Fig 5 Heatmap of the correlation analysis between uterine artery parameter indices and placental quality, fetal rat quality and placental MVD

®9 KRR EXSEERSRERE RRRERREMVD WEXRY

Tab 9 Correlation coefficients between middle cerebral artery parameters and placental quality, fetal rat quality, and placental MVD

Item MVD

PS -0.148 (0.586)
ED -0.749 (0.001)
TAV -0.333 (0.207)
S/D 0.923 (0.000)
PI 0.895 (0.000)
RI 0.914 (0.000)

Placental quality Fetal rat quality

-0.196 (0.467) -0.300 (0.260)
-0.575 (0.020) -0.802 (0.000)
-0.342 (0.195) -0.451 (0.079)
0.582 (0.018) 0.915 (0.000)
0.571 (0.021) 0.850 (0.000)

0.569 (0.022) 0.888 (0.000)

Note: Values in parentheses are P values; if P<0. 05, it indicates a significant correlation between the two variables.

MVD BRER) 0.544

Placenta [INYZE 1.000

Fetal rat 1.000 0.624

Fetal rat  Placenta

-0.749 0.895 0.914

-0.575 0.571

0.569

-0.802 -0.451 0.850 0.888

Note: Each number in the cells represents a correlation coefficient, with the depth of color indicating the magnitude of the value.
6 KIEHzkEXSEIERSRERE. FRRRERKEMVD XS HHRE

Fig 6 Heatmap of the correlation analysis between middle cerebral artery parameter indices and placental quality, fetal rat quality and

placental MVD
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