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Fig 1) The concentrations of serum estradiol (A) and plasma NO metabolites (B) in the experimental groups. Data are
meanzSE. There are significant differences in the mean values of estradiol (P=0.007) and NO metabolites (P<0.001) using
ANOVA. n=10 at each group. ™ P<0.001 vs. the OVX group, # P<0.01 vs. the CBDL+OVX group
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" P<0.001, " P<0.05 comparison at before and after hypoxic maneuver

D5nST HLis OS] il oL h L
DStk O R s b Ao LS Al 5 5 e ol pem 4y G AS Slagssles

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

YN oS 5t S8 L 0 s 4 &) Kol gad 3 J 03l fl J& gy

O'_)\S».A 3 Lﬁﬁ\.ﬁs

O3k plas 558 & i CBDLAOVX+E
05,5 53 Sl S (ol ol ity il 53l J gl 2
035 i gl 0% g2 gl mla CBDLAOVX
R

oo 55 d S5 e hy, (it 3 oS S S0ks
30U glsa bl Dbl g ¢ >l 5l s | 2l
G5 Al SO 458 O3S B L e
g OVX 055 55 wSen 58 L Ul
Sl () 2 013 i b 3ilae RVSP 1531
L2l CBDL+OVX o5 8 ;s RVSP ,slis oSyl
CBDL+OVX+E; o35 ;5 5 oy Jlsime
Sldlas wlie adlllas ol mls s Sl S
Gape gy S e 2l 01 Kes Sl 5 L
(S SVl s 05ST GLas Ol 4 s
o2l 5 (0% 510) LS b Cand s Ll 3 51 Koo
L;,\.,SJM%}JJQ,\.;M_@LA@UM,;@\?
4 Jgsl il b ok Oloys 65,8 53 15 Sdls s
sl oS ged 4 4 Gl 2 i AS @ ol
0213 LS oa asdS cuS OVl Slallas s i
AL 52 d e sles (S st el S 35 0D
3 ozam 53 el Gl ldl e 4 (V7 500) L e
3ol )y SAS Slagolen 53 ol rul s
035 33 2 53 ol addlas 53 Sl 4 oaxp L
J 55l 2l CBDL+OVX+E, 5 CBDL+OVX
S sh 4 A3y RIS 015 e 35 g Gl
Ob s Sl il 5 Jgslmal ediylssly 51 e 1)
OF 5T V) 5ls S o8 S5

055 55> Sy ST glacd plie chle (pioman
s 4 s (So13 gxe il 53 CBDLAOVXHE,
3 S S et UF e onlaly s by S
SIS 55 Ghalibl e bs e (oS s 4 moly Dl )

G oaB S o —hS ook 53 SLd - Syl
— s Oselimn 53 Sy 0L LS
oS sl el Il a4y S e slml S
Gl b ol e et lS 5 a0l
spdoee Slalllas 53 J Sl oS pem 4 s Bss0
3Rk A S — S b Sl 5 Sl
5 Jsslid e ddaly WlLOF) 50 o 5l L
$AS bl bl Gy Salosgen Dl kS
A sty O 4 adllas cpl 534S 39 0l oy o
JU 5 sk AST Glachle ol alas s
05 S 4 Cous CBDLAOVX+E2 65 S 5 s 3
23,5 53 53 AS O35 Ll 5y iy CBDLHYOVX
2l 5 oS wa) opl 53 ol plonil Slalllas 3 g OLSS
Ol adllas O s s Olgie a4l yaBline O
GAS b S oy eSOl A el
ol 035l SJUT 03 SIS 4 5 (Y7) 35 0
osls 0L 3 b 51 OYA 5 TV) das s 28l 1) S
ol OB L3 L sAS el 055 pul e
ChlE Ld e ol aadle s (YA 5 YF) das e
(A) 558 eslinad S35l 55 Ll 5 bl Jgesl 2l
adlas 3 g ey tens e s Sl pioman
5 Bos Qlopen oo 0y 5 5 cpl by LS e
53 sl a Ol i by sl il clale s ol
e 5o Sl I ol s WOl i 053
OVX Jde 55 i el 0355 01y CBDL
S el 01,5 Sllas saS aulas ol il
255 CBDL Jote 3 5 (g8 55w 3 L3 S slgiiy
LS ol 5 5 Al e Sl edae 51035 2
g LB eSO A=V s e Gl Slsen
W o2, Je CBDLHOVX o5 3 55 o) 055 4

05,5 53 Ll il rals Jasl gl s 05

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

VYAV g5 9,51 /0 o oled /055 5 oy Il

g,;j.'a.-g..]a/\“?*

Sl (cpiman (YA 5 TV) AL odd s g g
Lbs o2l CBDL dus s eSOl Slas
S It ¢ o 55151 pl 5 S gb 4 (F9)
S SleliS (ade Mg p sl e s
3503 05T 53 o & 5L 5 ool 025 anlan S
LS 53 b sme Al Corge S gt S L a5
S b3l slaes S adS 53 Satmr L2
Gspe Caslin Al 05! Lis ials
St sl LS LS el s e
cdld Bl 4 by e Yol &S il il

(M) il o Slians s g

Leussdow 5 MK
YA laeyss 53 oliglesl Gl Cussdome |5 o
Gl RI L A o S J s s S elail e,
L osre oleand Olg e bl Ol o
pamen 313 alil 0Ll 53 e g ST Slag b
0L Caslin (oS3l i3l edmy ey
waS Gl aal Wl py SLE 5 s
ool ol oS e sl Sl
ol L Sl Gk 5l L 4 Sl sen

i W U G

S 7S 4ot
L ase @ s Goe el (sl S s
Gl e OF 51 Jase 45 555000 G 5l oS gt
Al S S i WIS s sl el 4 by e
Slme sladl 513U S SVl J sl il
ity ol Ko sl il 5 S s LT | (S5l ke
53 3L5 ol @ bge gy Salud san Sl i l

5L 550 g i Sldllas (Jl= a4 55l sll AS

Ssp b oawlie o oa) Gops b SO
b o iy 5 i Caslie 05l St
Gl e 3 S e Ul B e slaediS sLiS
chle Oy e w Ulse b S A
G adaly 53 00 315 o 5,5 el 55 ol 2
28l S S LeST A 5 5AS slacs sl
A5 das e Ol Sladlle (b S 511 s s
s s e 53 5 0Ll 55 e 55 SO AoS]
el 5o SO ST 5 (7Y 5 YY) b e Sl
313 8 Sl S dde 5o s Boe b 05
das e 0l O i s G b5l .(08)
S eS| St T oS les 85 Olee
3T b e Sl S 5 e Ohlews 5o Ll
S Pl g5 oliaslesl Ll i s ool (YO
AeST 2l Ll eliS e el S

A7) sl G e
Gles S 3 Seate Glby3 JLE 0L oslis
Golsgme sl 0Ly mls wlie el
5 CBDL+OVX+E; cloos S 3 ax 8 oty
nlaly (T8) cils 2als 4 LLs CBDL+OVX
SAS Slalen ol e & oSl Ay o S 4,
Saalisgor 5 oS G50 5o YA ol s
05,5 55 aS Sl J= pn cpl il anily Sataans
LSl gl ale bl CBDL+OVXH+HE;
By ke ey S 805 5l 650k S 4 S
Dl 5 sl (g8 oS LIS S S i dS]
ok oSl 0ol Shd 0 SLES S d) e
Sl K lJl= a4 das a8 e LB
Sl b 55, YA Sde 50 G 25 ST 53
S 03T s e (S Sl Gl A e

JJB J= U ‘5&_5:5)\}‘ BE L}';}J’o Lgl.ha.);.ls u..a.\i..a

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

YV oS 5 S8 L 0 s 4 4y Kol ged 3 J ol fl J& gy

(J'_)&o.h 3 bﬁu\.ﬁs

e 0ol G Ll s Cer lanslas é*‘}’

él.:.n:l..bi
Oy OBk s o mle o)l 48 o

Ol s S

References:

LS aseie

d‘b)-*s" Jﬂ\-y-ﬂ
ot SilS gleel I dlis OB as s
R ils hasn Cosles Jaw s 40—+ V= 1V VALY
Olge 4 andlls - r‘-?ri‘ S Sl (Sop (’J“b

Sissnzd Ll Wld)S shds LLOLL S i

1.Benjaminov FS, Prentice M, Sniderman KW, et
al. Portopulmonary hypertension in
decompensated cirrhosis with refractory ascites.
Gut 2003; 52(9): 1355-62.

2.Yang YY, Lin HC, Lee WC, et al
Portopulmonary  hypertension: distinctive
hemodynamic and clinical manifestations. J
Gastroenterol 2001; 36(3): 181-6.

3.Krowka MJ, Mandell MS, Ramsay MA, et al.
Hepatopulmonary syndrome and portopulmonary
hypertension: a report of the multicenter liver
transplant database. Liver Transpl 2004; 10(2):
174-82.

4.Frost AE, Badesch DB, Barst RJ, et al. The
changing picture of patients with pulmonary
arterial hypertension in the United States: how
REVEAL differs from historic and non-US
Contemporary Registries. Chest 2011; 139(1):
128-37.

5Umar S, lorga A, Matori H, et al. Estrogen
rescues  preexisting  severe  pulmonary
hypertension in rats. Am J Respir Crit Care Med
2011; 184(6): 715-23.

6.Tofovic SP, Zhang X, Jackson EK, et al.
2-Methoxyestradiol mediates the protective
effects of estradiol in monocrotaline-induced
pulmonary hypertension. Vascul Pharmacol
2006; 45(6): 358-67.

7.Lahm T, Albrecht M, Fisher AJ, et al. 17
beta-Estradiol attenuates hypoxic pulmonary
hypertension via estrogen receptor-mediated
effects. Am J Respir Crit Care Med 2012; 185(9):
965-80.

8.Kobayashi H, Yoshida S, Sun YJ, et al. Gastric
estradiol-17beta (E2) and liver ERalpha correlate
with serum E2 in the cholestatic male rat. J
Endocrinol 2013; 219(1): 39-49.

9.Kobayashi H, Yoshida S, Sun YJ, et al. 17
beta-Estradiol in the systemic circulation derives
mainly from the parietal cells in cholestatic
female rats. J Endocrinol Invest 2016; 39(4):
389-400.

10.Kobayashi H, Yoshida S, Sun YJ, et al. Gastric
estrogen increases pituitary estrogen receptor
alpha and prolactin mRNAs during the different
pathological conditions of the liver. Endocrine
2013; 43(1): 170-83.

11.Roberts KE, Fallon MB, Krowka MJ, et al.
Genetic risk factors for portopulmonary
hypertension in patients with advanced liver dis-
ease. Am J Respir Crit Care Med 2009; 179(9):
835-42.

12.Assadi T, Gheybi M, Shirkani A, Movahed A,
Khoddami S, Ashourinejad A, et al. Study of
Prevalence and Risk Factors of Asthma and
Allergic Diseases Among School Children (6-7
and 13-14 years) Based on ISAAC Protocol in
Jam City, Bushehr Province in 2014. Iran South
Med J 2017;19(6):972-81.

13.Earley S, Resta TC. Estradiol attenuates
hypoxia-induced pulmonary endothelin-1 gene
expression. Am J Physiol Lung Cell Mol Physiol
2002; 283(1): L86-93.

14.Frump AL, Goss KN, Vayl A, et al. Estradiol
improves right ventricular function in rats with
severe angioproliferative pulmonary

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

VYAV g5 9,51 /0 o oled /055 5 oy Il

g,;j.‘a'-g..]a/\“\/\

hypertension:  effects of endogenous and
exogenous sex hormones. Am J Physiol Lung
Cell Mol Physiol 2015; 308(9): L873-90.

15.Daoud FS, Reeves JT, Schaefer JW. Failure of
hypoxic pulmonary vasoconstriction in patients
with liver cirrhosis. J Clin Invest 1972; 51(5):
1076-80.

16.Nunes H, Lebrec D, Mazmanian M, et al. Role
of nitric oxide in hepatopulmonary syndrome in
cirrhotic rats. Am J Respir Crit Care Med 2001,
164(5): 879-85.

17.Marcondes FK, Bianchi FJ, Tanno AP.
Determination of the estrous cycle phases of rats:
some helpful considerations. Braz J Biol 2002;
62(4A): 609-14.

18.Cora MC, Kooistra L, Travlos G. Vaginal
Cytology of the Laboratory Rat and Mouse:
Review and Criteria for the Staging of the Estrous
Cycle Using Stained Vaginal Smears. Toxicol
Pathol 2015; 43(6): 776-93.

19.Gal A, Lin PC, Barger AM, et al. Vaginal fold
histology reduces the variability introduced by
vaginal exfoliative cytology in the classification
of mouse estrous cycle stages. Toxicol Pathol
2014; 42(8): 1212-20.

20.Rodrigues DA, Da Silva AR, Serigiolle LC, et
al. Constriction rate variation produced by partial
ligation of the portal vein at pre-hepatic portal
hypertension induced in rats. Arg Bras Cir Dig
2014; 27(4): 280-4.

21.Tag CG, Sauer-Lehnen S, Weiskirchen S, et al.
Bile Duct Ligation in Mice: Induction of
Inflammatory Liver Injury and Fibrosis by
Obstructive Cholestasis. J Vis Exp 2015; (96):
52438.

22.Kim JL, Moon CW, Son YS, et al. Combined
Effect of Bilateral Ovariectomy and Anterior
Cruciate Ligament Transection With Medial
Meniscectomy on the Development of
Osteoarthritis Model. Ann Rehabil Med 2016;
40(4): 583-91.

23.Isaksson IM, Theodorsson A, Theodorsson E, et
al. Methods for 17beta-oestradiol administration
to rats. Scand J Clin Lab Invest 2011; 71(7):
583-92.

24.Miranda KM, Espey MG, Wink DA. A rapid,
simple  spectrophotometric ~ method  for

simultaneous detection of nitrate and nitrite.
Nitric Oxide 2001; 5(1): 62-71.

25.Ketabchi F, Bajoovand S, Adlband M, et al.
Right  ventricular  pressure elevated in
one-kidney, one clip Goldblatt hypertensive rats.
Clin Exp Hypertens 2017; 39(4): 344-9.

26.Chang C-C, Lee W-S, Chuang C-L, et al.
Effects of raloxifene on portal hypertension and
hepatic encephalopathy in cirrhotic rats. Eur J
Pharmacol 2017; 802: 36-43.

27.Luo F, Ishigami M, Achiwa K, et al. Raloxifene
Ameliorates Liver Fibrosis of Nonalcoholic
Steatohepatitis Induced by Choline-Deficient
High-Fat Diet in Ovariectomized Mice. Dig Dis
Sci 2015; 60(9): 2730-9.

28.Yasuda M, Shimizu 1, Shiba M, et al.
Suppressive  effects  of  estradiol on
dimethylnitrosamine-induced fibrosis of the liver
in rats. Hepatology 1999; 29(3): 719-27.

29.Eagon PK. Alcoholic liver injury: influence of
gender and hormones. World J Gastroenterol
2010; 16(11): 1377-84.

30.Xu D, Niu W, Luo Y, et al. Endogenous estrogen
attenuates hypoxia-induced pulmonary
hypertension by inhibiting pulmonary arterial
vasoconstriction and pulmonary arterial smooth
muscle cells proliferation. Int J Med Sci 2013;
10(6): 771-81.

31.White RE, Gerrity R, Barman SA, et al. Estrogen
and oxidative stress: A novel mechanism that may
increase the risk for cardiovascular disease in
women. Steroids 2010; 75(11): 788-93.

32.Battista S, Bar F, Mengozzi G, et al.
Hyperdynamic circulation in patients with
cirrhosis: direct measurement of nitric oxide
levels in hepatic and portal veins. J Hepatol 1997;
26(1): 75-80.

33.0swald-Mammosser M, Rashid S, Boehm N, et
al. Effect of the oestrogen receptor antagonist
fulvestrant on the cirrhotic rat lung. Fundam Clin
Pharmacol 2015; 29(3): 269-77.

34.Terao M, Takaki A, Maruyama T, et al. Serum
Oxidative/anti-oxidative ~ Stress Balance s
Dysregulated  in  Potentially ~ Pulmonary
Hypertensive Patients with Liver Cirrhosis: A
Case Control Study. Intern Med 2015; 54(22):
2815-26.

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

YvY/ ‘_,..s,;,ayf\f«ﬁ,@ JLs 4 &) SKalys gea 53 J g3l gl JE& ) s

b‘)\gw.h 9 ﬁq\.’f

35.Bosch J, Abraldes JG, Fernandez M, et al.
Hepatic endothelial dysfunction and abnormal
angiogenesis: new targets in the treatment of
portal hypertension. J Hepatol 2010; 53(3):
558-67.

36.Laleman W, Omasta A, Van de Casteele M, et
al. A role for asymmetric dimethylarginine in the
pathophysiology of portal hypertension in rats
with biliary cirrhosis. Hepatology 2005; 42(6):
1382-90.

37.Martin DS, Redetzke R, Vogel E, et al. Effect of
ovariectomy on blood pressure and venous tone

in female spontaneously hypertensive rats. Am J
Hypertens 2008; 21(9): 983-8.

38.Lekontseva ON, Rueda-Clausen CF, Morton JS,
et al. Ovariectomy in aged versus young rats
augments matrix metalloproteinase-mediated
vasoconstriction  in mesenteric  arteries.
Menopause 2010; 17(3): 516-23.

39.Estrela HF, Damasio ES, Fonseca EK, et al.
Differential Sympathetic Vasomotor Activation
Induced by Liver Cirrhosis in Rats. PLoS One
2016; 11(4): e0152512.

http://bpums.ac.ir


http://bpums.ac.ir/
http://ismj.bpums.ac.ir/article-1-956-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-12 ]

Iran South Med J 2018; 21(5): 362-373

Original Article

The Role of Estradiol in Pulmonary Hemodynamics
during Ventilation with Hypoxic Gas in Female Rats
Subjected to Cirrhosis

F. Ketabchi (php)t*, A. Sepehrinezhad (msc)?

! Department of Physiology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran

(Received 3 April, 2018 Accepted 11 Jun, 2018)

Abstract

Background: Liver diseases may lead to a wide spectrum of pulmonary disorders with a high incidence in
women. The aim of this study was to evaluate the effect of liver damage and ovariectomy with or without
estradiol on pulmonary hemodynamics during ventilation of animals with normoxia and hypoxia gas.
Materials and Methods: Forty Sprague Dawley female rats were randomly divided into four groups of
ovariectomy (OVX); ovariectomy with a daily injection of sesame oil, a solvent of estradiol (OVX+0Qil);
bile duct ligation with ovariectomy (CBDL+OVX) and associated with estradiol (CBDL+OVX+E,). After
28 days of the first surgery, animals were anesthetized. Tail blood samples were taken to measure liver
enzymes, estradiol and NO metabolites. Animals were tracheostomized and femoral vessels were
cannulated. Then, arterial pressure and right ventricular systolic pressure were recorded during mechanical
ventilation with normoxic and hypoxia gas (10% oxygen).

Results: AST, AST/ALT ratio, direct and total bilirubins, and estradiol in the CBDL+OVX and
CBDL+0OVX+E; groups were significantly higher than those in the OV X group, and they were higher in the
CBDL+0OVX+E; group than those in the CBDL+OVX group. Ventilation of animals with hypoxia gas
resulted in an increase in right ventricular systolic pressure (RVSP) only in the OV X group compared to its
own base values. The plasma concentration of NO metabolites in the CBDL+OVX+E; group was
significantly higher than that in other groups.

Conclusion: Estradiol worsen the liver disorders. Furthermore, pulmonary vascular response to hypoxia gas
is disrupted in liver disorders, which may be partly linked to the effect of estradiol and NO productions.
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