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A Morphological Study of the Pulmonary Endothelium and Neuroendoerine Cells
in Monocrotaline-Induced Pulmonary Arterial Hypertension

Woo-Ick Yang, M D Sang-Ho Cho®, M_.D., In-Jeon Chei, M.D. and Yoo-Bock Lee, M T,

Department of Pathology, Y onset University College of Medicine
*Depariment of Pathology, Albert Einstein College of Medicine

To investigate the mechanism of monocrotaline-induced pulmonary arterial hyvpertension, au-
thors performed immunohistochemical study using antibody to von Willebrand factorivW F), cell
kinetic study using 5-bromodeoxyuridine and ultrastructural study after single subcutaneous in-
jection of monocrotalinefMCT) to Wistar rats, The results of this study demonstrated that the ex-
pression of vWF by pulmonary endothelial cells was markedly increased from day 3 until 2
months after MCT injection. The labeling index of pulmonary microvessel endothelium began to
increase after six days and was maximal on the third weeks, and thereafter it remained slightly
increased above basal level. Electron microscopic study revealed attachment of inflammatory
cells and platelets to endothelium from 6 hours and degranulation of attached platelets 24 hours
after MCT injection, Evidences of endothelial injury began to appear from 12 hours after MCT
injection. Evidences of endothelial injury began to appear from 12 hours and was maximal after
4% hours. From the third day, ultrastructural changes of cell regeneration and hypertrophy began
to appear and was continuously observed until 2 months. In addition, we evaluated the changes
in the number of pulmenary neurcendocrine cells using antibody to gastrin releasing peptide but
it demonstrated no change until 2 months suggesting no role of neuroendocrine cells in the de-
velopment of pulmonary hvpertension of Wistar rats ar early stage.

In conclusion, the results indicate that pulmonary hyvpertension by MCT injection is due to in-
creased vascular resistance caused by vasoconstriction and hyperplasia of endothelium with
musculariz ation of the pulmonary arterioles induced by endothelial dysfunction and some bio-
logic substances released from endothelium and platelets. (Korea J Pathol 1992; 26: 582~ 592)
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=45 THaE A¥ P2y PR o]e]
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frat 7lEalel A saEzda) =& 9 oslelr FF
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Ao W oFdogghel dale P Fo
3 gzt ql4s i qlcp,

k3 Fevrter cell, Kultschitz sky cell, AFUD
cellzo & wosle A3l odis T2 7504
A F4 el 2 Fg @ Ao M T2 ¥of peurcepi-
thelial body & F4 31}, o] A 22| 758 Lauwery-
ns='"'e] M EFHAA polypeptide substance®
Fulgl o] M xYJdel gastrin releasing peptide
(GRPF), serotonin, calcitonins ®ats] 45 g o
gk "3l f3lte] e of3E v|dl4 9l YEE
o} s £8en gl 3le] wel el el par-
acrine?| 55 ¥ e g FA=='0 10899 Gos-
neyEH'e HAlg sEHadgl Fhxpe] oelda 4
A el 27} Frlghcbe AE @AY F oo HE
o] fls ndghel Dot Ao 2 FAd

el Az MCT §F«H& fi3 sa5Haydg
Al dElgte] =5 9 AFde] PP 5 9l glFlE
ApEEle g b a]a) £eb a4 o Bl e w
+ F4#al hematoxylin-eosin <34 2l« von Wil-
lebrand factor(vW F)&} gastrin releasing peptide
(GRFP)=l eHdF =mlofz= ghated ol 2 aldie|z zt4bo)
5-bromo deoxyuridine(BrdU)& o] £ 4 2o E3
#HHq(cell kinetic study)E Al @&l HAFPo s
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1. dEs8

7| 2 AR 1597 S #3417 #lFE 180~
250 gm2] =4 Wistar¥d 06o12] & of3x(240]
2]} 3 AdF(72ele))e s pe] Agalde MCT
Fof AHFE FEFAE 647, 12417k 149, 364
7h, 291, 3%, 6%, 9%, 25, 19, 29l ==} Gole
4 o =7 2ole)el ghA] £ Abapbgdo)

2. 4EFHUY

2L S5 08ccd, A%F2 monocrotali-
ne hydrochloride(Sigma Chemical Ca, St. Louis,
Mo) 2% 24 0B ccl6l mg/kg)s 13 wfiel =
hyabatsic), S-phased £5 a7 # st 2F
T, HaET 25 =4 14383 e 5-bromo deoxyuri-
dine(Sigma Chemical Co., St. Louis, Mo) 0.1%
844 1 ccl(d mg/Kg)5 2] ol Fps}sc}

3. HAtgY

1) FHEEAEH: 45 5L MFFHETF nem-
butal 30 mg/Kg& S« FAbsled =43l &
Al FulE AAAEle] FAAWE 236 vhEd A algh
tb-5- Sein 484 Monitorel d<45 W7 & o A
gled §aldd gleg Saaec

2) [rErMo|HE R E:

(1) Hematoxylin-eosin®4y;, $-44 3Hsts34+F
Toe) HERE AAEa ZlEhiE 10% FAEEg
A l5cchd FUFE ey 9o 3EFat A
i F Fchsladcl, FRH0AY FAE Hale Hcoh
H Z23F duby A aAE AdcE el
Eof® 5 micron TR 4 sed Uubeiql el 2l
H3E 2784 hematoxylin-eosing 48 A #3}
%ot

(2) e=asasdy; A 2s =ass)
Y# = Factor Vill-related antigen(vW F)el] =f
%} #al(Dako Laboratory, Santa Barbara, CA.),
4l ae] A £ 5 ZAetr S 8] 4= gastrin re-
leasing peptide(GRP)«l =gt #sl(Dako Labora-
tory), S-phasesl =5 #A#sl7) feald s =4 1402
H AW Edg 5-bromo deoxyuridine(BrdU)el =4
it &4 (Dako Laborator)s a3z Ap4s8led o
HEzaA g HE  AHslge  woax alebyd g2
GRP2} BrdUsl %9+ labeled streptavidin bio-
tin(LSAB) & ol Eslelow] dddzs 27
Amino ethylcarbaz olelAEC) Dako Laboratory)
¢ Diaminobez idine(DAB)(Sigma Chemical Co.
St. Louis, Mo)E AM2dld s, vWFel o3 gz
A tuted gl A4 w942 Fast Red(Bio Genex
Laboratories, San Ramon, CA)E ~HEskelc},

(3) Exido|H@HBE, Axsio|d Q45 sl
44 €S FHAFE Ay Y4LF Imm® 2=
A4 dle] 244 71t glutaraldehydeell 57 shgich
1% 0sOl 247 AAnds § s w4ddd
o= eponel Eelste] 500~600 A Folz s4el
& uranly acetate®t lead citrate SE 45 &l
Hitachi H-500% #H=xl#le]x e 2 Hae)oc),

— 583 —



djghdel Al 269 A6E 1992

E=| o
1. PAHMSE7|He |

=78 5 447 8yge 235426 mmHg
ol gl MCT FF& 5+ 6de] 302 +32mmHg,
Sa 9ade] 30.7+39mmHg, o 257 34242
mmHg, § 1% 32.0+4.0mmHg, 5o 2%
325436 mmHegs A o5 &S =57 4
ote| Abgdle] g 44 £27] ndEglE Lo
mf o]y 2ebwial A<zl 9 cl{Table 1),

2, #yplojdHLH

1) Hematn:ylin-en'slnﬂﬁlia:
(1) cH=2; Aef4dsd Foig dzdedde =
4bal7lo] Abztglo] sF iz s Eed Foguldt HH

7t gl ok

{2) MonocrotalineF 2, Hematoxylin-eosin
(H-E) 4494 MCTHo el e 2kEFd 6413
of W& el daby 444 (pavementing)e] 4y
st n(Fig. 1), 1247 49 343 dE2YLF
o] Frabs]r] A zsigen 49 FEE L o5y
2] upu| b gHakElF] Alzbdle] Fobs] vl Es Ay
7| 7ke] A2 HAAH3HcHFig 2). 4% A 27
& %o 2o dFAzAEA 43 A4 5
Aol 8 B gl (fibrin) % ®H4d "@xE JAH S
G,

2) HEEE S EHM

(1) sl HoMd=2 von Willebrand factor

e

7h tH=ER; AuAd s Fofgl ofzge) #F

(Fig. 3, right) = =|z«s] a4 L oldd e

Fig. 1. Pavementing of leuko-
cytes in small pulmonary ar-
tery 6 hours after MCT injec-
tion.

Days after

MCT Injection l 3 q 14 21 10 &l
Group
Control 235+26
(n=16)
MCT 227 208 a0.2* an.7™ 242 313 J2.0* J25*
Treatment +27 =03 +3.2 +39 +42 +50 +40 +36
{n=48)

*p<0.001 Student t test, compared with contral
MOCT: Monocrotaline
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Fig. 2. Sreall oulmonary arlery
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] rmeath aftzr A0 inijection.
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FICT irweotion | 3 a Ly 14 3 a0 Gl
I
ol D15+ 028
fn=a
M 45 (.32 1.75% 2.33F 4537 LR wAg* 1.42%
Treatmeant +{: 27 +(.50 TG — L1144 =420 =054 +074
In=485]

P 001 Bradens tornst, corrparad seith conteal
SACT: Menscralalins

Tahle 3. Lalcling icdes o pnaumacvies

Diavs afzer
R el ian 1 g f g ¥ | 2l NN gk

LT

Control LIavias

in=4=l

MCT 353 no3 B =Rt C2TE 14.00F nB LO7F
Trozirmnrt =0y + 1ol = 1.0 +302 -~ 3.35 F235 =15 =154
i ah)

e G0dl Stadent ©oesc, corapased with conoel
R Momare ating



—ak o] o] 3ol -Monocrotaline Fo .4 o 2o nafqb—

g]elcH Table 2).

sl za s $a) labeling index® ¢FESe] Y
F8E 5334148 Frhebe] AEHEbe 35 F 33 E
5 wgon, 18w 2ed Fakxls o E=Foll el F
715 6~99 X9 +34F el {Table 3).

(3 s YSEMES] 5 HE;

7L th=ER; 7 ool 3] HHE ohso GRPH
el ¥} a5 Alfdle] oo =z FlaledNE 4]l
v} & oflof Hul sAlZdW ] A EE g S+ gled

o,

: . IR ok
A

vt. MonocrotalineFod2; = «l% 332 = H
£ wkEo] GRPal ofdl sl & ApEsle] sl za]a)
ol e a)elglel MCTHe] 1ub2o ool 2t
Fatz| gk A 7} 2FAlE A= Aol w4l W
A 25 dag 4 dd=HFig. 5).

3) HMxslo|ds 44 MCTHe] 6412k 486 =
A%l g wAlEYe b E P o QT
M £o] Hzte] Zabs]z] 4| 2papy o) 3 5 4] 2o
W gl shabs]z] gholoh BN 124]3F Fele o
s 2 A 29ke] myelin figure(Fig. 6)2 a4

Fig. 6. Myvelin figure(M ) at cell
membrane of endothelium
12 hours after MCT injection

(Uranvl acetate & Lead citrate,
= 6,000)

Fig. 7. Endtothelial Vesicle(E)
formation 24 hours after MCT
injection(Urany] acetae & Lead
citrate, = 6,000).
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Abdzae| AFois] ZHo] abE]r] 4| z}Ele] £
Eabe] A gl by gleicl oEF 2447 &8
Hie dFdes) dige] 23 o g Az
o MZolol oMl Ee) A Eulo] ETFals)x]n
A E£AY ‘endothelial vesicle's] & 4de] Iabs]z
A tehel e v (Fig, 7), 48417+ Foli 4 zupe) &3
43} ‘endothelial vesicle’s] & 4e| o4 %ai#
#om mitochondria® A% 7]%¥de] @45 i
s 7ha FEgk Alx 4] old72 s aE el
Hek(Fig, 8).

MCT %o 3% 45 @e] 720 sjute] -t
Ay Qado] Folale Heje] £He] AE]7)
A zebglon] AE3e <kl xAY 22 Wei-
bel-Palade bodys 473t organelle)2) F717 3
=7 Azt cHFig, 10), 2HEFo 159 34
Agle] B 297 sl o Eeol 4 2L o
2 #lz qede] wd g B3+ guclFig 11).

o &

MCT Fo& #asEn) g dadoz wand
i Yeosle dEde Ao 19514 Lalich o
Merkow7F* W 4e| Crotalia® 5ofdle] siEHd
T g Al Arle: (e slasiske] el g S
i 4 ole A o s ol fE 3 g}
2 MCTe| oiwd 7ldez ##EFY4E 4454
F oA fiHbY saghe] walxg] o}z &4dE wh
Holx] Baied, o] F e difEe gl Haody
ghol wballgh of o] 3 3 gle] 2l A&
cpimbran B o male]HE M MCT Fofe] 213 si

Fig. 8. Endothelium showing
irregularity of cell membrane,
. swelling of mitochodria 2 days
- after MCT injection{Uranyl ac-
ou  etate & Lead citrated, x17,
000,

F n kel g d7r) AldEgen, o]F o7
SHE FE Z27|8 FleREdrSe] £ o4
sfgele] Fubulg e Z4dEHe] 248 chg-dycl
HEHe] TEAT HHTRY PR ooy
Hibalgke bl 2@ sllEagighe] LAdde A
a2 s gty

# Aol He= MCT Folell 25 saaghs] sig
2 8 9 Aol of tkg v|da9+ histamine,
serotonin, prostaglandin, gastrin releasing pep-
tides s 4% Eel¥ 5 sle "xhia4x, sia
AW Z "aAagh AT wlukd £33 3 g
Aot sAl el M Ee] HEE AFsnal gl
st zaebd Farl A Aoz whE A wy
F AYEER A85dd MCTE 18 dssqg &
e =l sl Hajdxe o)uFaeE o
vIWWF 2] ekt ofFFo]® e HedE g9 u
A4 2e] Fosla} )4l dLe) A 2] 420 5
& E7w g FHE Fol vlam habsbed Wi

MCT Fof %o detls oz frwidlel o
gk w2l k] 1L Fulel wlg w4 Euy s
o BHg gabae] Ajgdde] ojsl M o] He] §le
v, 27] wagl Foied o #aAEe] 5, #3 gels
HEANE Afalf ol dary o dzloicd sfo)
7p glep-nostzaan @ Ade e MCTS Wistar
Wi dof] 13 oaFadsbe] #EY nd g ) AE
W, g3, 93, 43 sule] GFAE Aas
U glgdel, ol Wistar #47} v|2® MCTe] #
itdle] le #*at obgel £5 w Rojulyl abe)o
A% Aoz Aesn, Hads gde] 7] dx
T49 e a7ie oy AE T+ e, Miller

_EE.E—
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o2 fEEe AE HAalgn| Ao Hlsie 7HEH
o2 Hyds4Le] £48 FHEded, & Aga
M epafo] G4z 24y A shy o) Ea H3A
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Foe b=z Arete myelin figure, $4&
el sz FF 5w HabysMdE apy R
Mol a) 3)zha] Zabsle] MCT ol 12470 46
i E Eade] AlFEE gk gl oFF S
o] 2447} = @by ze] el 9 HE
o] E3s]xlz #Z24 ‘Endothelial vesicle's|
o] Bars] 7] 4 2algen ol 29 F 7hE FE
dlelen 39 FHEE HAE £4be] L7 &9
e, A £ 2 Weibel-Palade body, 24 & 2§
i 4 7|3he] ErlE HE v oldFz= HEL
A3e]7] AEige, o|2F AEZ dde] AP
MCT 5o 2% F7kzl #4335 9ol MCT Fodef
214k s # el M E 48 Fejdtaor AdFod=
A el daha]ze] wlE Feitele Aol 4
7hE 2l e,

vIWF= e Le) Aol e HYss 3
24 #lAake] 3] w Wk Nale] sedsie], W
] 5 ) Lol Auk Al Sold w|H] F29] Wei-
bel-Palade body=| &8l Weibel-Palade body
s} thd) "ybfus2e] HAQIARR o] Bg ot
vIWFE dhabadl =4, A8 A5 HAdFE g3
o 2] A £ EARE Frabdle AR WE A7) Frbshe T,
W=+ =l baloon catheterel 2]dF 4b4ol s &3
ol 2] B3e] Fohele Aoz wy™ gl
w Add e MCT o 5 sighioszrs vWF
E# okaA-g wofza gl o A dlsle] [ wh
MCT Fod 39 &% slgzts] /st 2710 3HA
o] "y oA L] o gade] SeldA]7] AFEe
o), ol Habdlv|ds [k " s 2 Wei-
hel-Palade bodyv % 715# e F7k8le A171¢h 243
slaleh, 2715 vWEF of dabe dge] ¥y 2% F
A ®dse] Haldo|AHe s BAF ALl 4
zojgle] A7 dEshgn, MCT Holol 2 ®H1
o4 £2] Eabe z)4Hal yWEFe Fo15 #ldH P
Al 2o 7|5 o|AE zalFhe AE o ltied,
vWFe 215 oil® b sl 2e) 75 o] AHE Rl
£ e o4 gdgen], vWF7F &aste] 33 5 A
el Foddle glalele Ao ojie] MCTHHE
by s 2 ot vWEFE #4351 338 asgle
A4 9l& zlog =g

Wd@s A zE F4) 2 vidled =gk HEihdle
zaebe Eeld geleled 7% o4 HHMn
dlndatel wale] TedF gle AR WrHH 4l
o}, Z syl elH 2 S5-hydroxytryptamine
Hat 42 EAe ojaps ghedela, W g v

o Tedsled &l £dloll 4] Hulslie Balo] olgh Ay
7 B4 9 455 §4@ 5+ 9dn* W endotheli-
um-derived relaxing factors #®H3oigTo =&
Fled e 5 o o843 ¢ e HE BHE
= Ho| uhelaiglmte gt Alabyl g Aol 2
s} HahslAE e F4E sl platelet
derived growth factor® Huldls ez qhafa{y
slmgialel Wale] S5 g € ZHer A=
alch, & Ado 4= thymidined #4133l Brdu
AbRgled MCT 53 sl @b s« £} = 2454
zo] Eojtg g vl o]F LF iR GUF
labeling indexs] &715 2oz 2|2 355 F
oA vgen 199 29AE ofF Fof §6~0
el 2] Z715 labeling indexd 2o % Fof 2
7] s Ee) kel 23 A 3FE sha
gubghe abs glalm MCT 5o 19 olfele A2
24 wchE g 2] 215 o4t widz}
Sl sed ghe] wele] Fed sty Ao A2s gl *H-
thymidine& o] &8k A g ilel| 2)3ind ofl2qf =
Swll & b4 £2] labeling indext g Fof 2
= & HaddE ngew 45 F 23 FoHE e
it B oadel Hrlele ot ale]F Aoy os
MOT Zodwle]o] zlele] 7|eld o' A &s|gic
MCT2 5ol a5 se)z wfjd=le] 2aeles A2
dolala] ko] Yl o M EL] F4
o HE5g o gloled, ol HibuiaME W &
Aol frElgl Asdalzbel platelet  derived
growth factorell 2% Aoz susglen o F 4
alol alel] w3k a5 o] Eg FrbEal del 2H
ihal d 4 glozle) Alztslgdct, MCT Feod Fo 4
Bl ghE wldle] gk dFEE F2 o6 5lelnt ik
o] gto} yWEe Z#de] o5 £ ofe} oo
e 275t dx2 44 £2 labeling index= #
Py 2o} Feld okak-g Mol # Age] At
glibyl MCTel 28 si&de #dF5Hadnt S5= 2
sl gelelgh Al o dslot s #Hahy
w4 Fo] W Habye] v g 2aela] ol W
gabe] wbdlefls o] zheddla] & Aoy Azs|gl
c}.

194041 Frolichel 2#] 33 =legl 43905
A Ee] Ay 7)5e of AdeA HEAUA e
o} 18694 LauwerynsE'"o] Al 7du v 4] 2o 4
polypeptide substante® F9q ol F Hald=]7
Aol Wz deagdy FarAdE dTEE
4 4L el serotonin, gastrin releasing pep-
tidelGRP), calcitonin, leu-enkephalin®& =«
S|l s zabsbe Ao whE Ao o2 {4 HHE
a3 Al 2o o=y 5 A o Fhabal s ate] o 34
Golola] Zasigu #aliSo] digh Fha)H £ 245
gtk Faldts #lgel dE#E =2+ par-
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3, HETE 5470, dAdAglaje] s §
b, B Alde| e #3527 50 e GRPE
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HEHogglel =leld Heolg ¢ ges bl
GRPel g} Hoqgd 45 ]dlaled sj4l7dutuldz
g 7 WIlE g v MCT Fof Foll4 =417
el 28] FrhE #2385 flddd A4 dar
o] W ie| e GRPo el g al 2o ekda] o)
AR 2E Ao d217Y ¢+ ggded, ol A
S5 Mol #HAF YR A Z7 #]|FHtrachea)
FHoll Mut =FA Wizl wne} 93y
obd s e qha] sl Al A el 22 FrbElchs v
gpsf BoA4q Hasete] ale] Folgles Ao, o]
+ MM Fg AR M 2o} =3 ghe] whag
Webs A, Aol PedF}r] wiFeolzbn AR E gl
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