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Evaluation of the Sclerotherapeutic Efficacy of Ethanol,
Polidocanol and OK-432 Using an In Vitro Model
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BACKGROUND & OBJECTIVE. Many cases of hemangiomas and
vascular malformations are referred to the Hokkaido University Hospital,
Department of Plastic & Reconstructive Surgery every week. In the past,
the main treatment option was surgery. However, surgery poses the
problems of excessive, intra-operative blood loss, prolonged admission
period, scaring and other cosmetic problems. Nowadays, sclerotherapy is
used. Sclerotherapy is a form of minimally invasive therapy, whereby
sclerosants are injected into the vascular lumen of the lesions to cause
vascular sclerosis over time. The main sclerosants used are absolute ethanol
and 1 % polidocanol. OK-432 is used in other hospitals around Japan, to
treat mainly cystic lesions and macrocystic lymphatic malformation.
However, due to variations in the flow, the injected concentrations and the
duration of exposure of these sclerosants to the endothelium is altered when
injected. Therefore, the clinical effectiveness of sclerotherapy is variable
for the different types of lesions, as well as the sclerosants. Furthermore,
we do not fully understand the mechanism of action in vivo. The objective
of our study was to fairly evaluate the differences in clinical response,
usually observed among ethanol, polidocanol and OK-432 using an in vitro
model of sclerotherapy. Five criteria were investigated:
1. The lowest effective concentration
2. The lowest effective exposure time
3. Morphological changes in the dead endothelial cells
4. Precipitant formation in whole, human blood
5. Influence on the degree of intercellular adhesion molecule-1 (ICAM-1)
by the endothelial cells as a marker of inflammation in vitro

MATERIALS & METHODS. Human Umbilical Vein Endothelial Cells
(HUVEC) were cultured and exposed to different concentrations of the
sclerosants for 5 seconds and the remaining, viable cells were counted
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using a MTT assay kit. Dyes were used to visualize the morphological
changes in HUVEC after exposure to lethal concentrations of the
sclerosants. Precipitant formation, in serum and whole human blood were

weighed. Finally, the degree of ICAM-1 expression, after exposure to lower
concentrations of the sclerosants, was studied using immunocytochemistry.

RESULTS. Only ethanol causes precipitant formation and kills almost all
cells from 30% concentration onwards. There is maximal cell death with 2
minutes of exposure, for both ethanol and polidocanol. However, as for
OK-432, even at the highest concentration, it needs at least 12 minutes of
exposure time to achieve almost a 100% cell death. Ethanol kills the
endothelial cells by fixation. Polidocanol begins to disrupt cell membrane
from 0.0125% onwards. However it did not cause any precipitant formation.
Only OK-432 induced ICAM-1 expression but only in the presence of
Peripheral Blood Mononuclear Cells (PBMC).

DISCUSSION. Clinically, ethanol seems to have a stronger
sclerotherapeutic effect than polidocanol and OK-432. We attribute this to
its strong precipitant forming effect, as we have demonstrated using our
model. Ethanol’s strong precipitant forming effect may induce thrombo-
embolism, thus enhancing sclerosis in vivo. According to our in vitro
model Polidocanol seems to be the strongest. However, some researchers
suggested that polidocanol is weakened in the presence of proteinaceous
fuids as in the in vivo condition. In addition to its non-precipitant forming
effect, it may seem weaker than ethanol, clinically. The cell-lysing effect of
Polidocanol was clearly elucidated. OK-432 has a weak, direct cell
cytotoxicity. However, it may mediate its effect by inducing inflammatory
response of the endothelium via ICAM-1 expression unlike ethanol and
polidocanol.

CONCLUSIONS. We have determined precisely, the lowest effective
exposure time and concentration for 3 commonly used sclerosants.
Furthermore, the proposed mechanism of cell death by ethanol and
polidocanol was confirmed and elucidated. The ability of OK-432 to induce
an inflammatory response in the presence of PBMC was clearly
demonstrated. This in vitro model may be useful in evaluating other
sclerosants as well. '
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Evaluation of the Sclerotherapeutic Efficacy of Ethanol,
Polidocanol and OK-432 Using an In Vitro Model
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BARECBWTHOWLRTWAEBLHN, MEFEFHICH L EDLIITERAT I,
OWTOBRII DRy, BEAOERIR, i, 1) MiEdE 2) hKkER 3)
REICIDEELEZONDD., ZhbOEHABFEIT. B{LAOEEICLIVERS,
AR TIHEEAIIMENTRRICE VFREINATWERD, ARMBROBRERRE G E
WEHRI S, NEHMRIC ChEZ T oREREMTNITHEESEE 2008 LM T
Rhotz, AFETE, BHE LTHWLORTWBTZ J—LERY FhH 2 —,
OK-432 {Z2WT, in vitro T, MENEMIICH 2MAEE, MROBREER. £
SEERIZ W THEBBRE LT,

BINZ, MIT7 oA IZT, BR23BEDH ) —LERY KH /) —NZ, in vitro
THUVEC ( Human Umbilical Vein Endothelial Cells: b hEF&SERURAIAZMING ) %
5 HFRBESELIERZITo, SBE - EFEBE G B) CREOMENEHKE
AMRAEIEDBREIT=F /—1 30% RY KA/ —/: 0.025%ThH -7, 0K-432 (L
REHEE RS R o, WIZ, 5 BEOBRE TR OMBAERT 5 BEOBE{LA
(=& 7 —n: 12.5%, RY K/ —n: 0.0125%, O0K-432: 10KE/ml) CTIRERERI% 30
FBETERSETMT 7y b 270, BEREI L oflSEtzHE L, SBE
® 0K-432 (10KE/ml) TiX. 5 HOBRERM TIIMBEELRD h o288, 12 UL
BRENHZTERT S L5 EOMBEBTEA TV, MBEFEORRE M) R T —Rufh,
FEATEMBOBREE %, Hoechst Befa L Dil REEITV., RY Fh ./ — A Crifis
BEMBEOERPBD LN, TNHOERICEVRY Fh 2 —A0mAhRlilas
YEfER DS RERE S hviz, B EAIOMREBERIC YW TIX, BR5BEDZ /) —0 -
WY R/ —n - 0K-432 %t bamizmz, EBHOERBZRELE, =% /) —LT
1%, SO CTHIR TR LN IRV, =& ) — VBEIE-> THERELM LU,
ARY R/ —/TiE, 9% THIERITE b o7, Thick v =Z /—AoAhkii
REBEASERINE, BB, AERTIR. MENEMRSELCAOBREICLY
AUL3, REHEFERTORBELREREA TR, BRERRMEE (12 ) <
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HUVEC IZ BB LA ZIBRE L= L = A, ICAM-1 ORRITFE D -T2, L L., 24 B,
PBMC (Peripheral Blood Mononuclear Cells) & HUVEC #ILIZELHIZ. TIhEND
LR & ERE T 12 RRIRSE T 5 L 0K-432 (0. 1KE/ml) DFATET ICAM-1 OFROFE
BERok, ULoERENL, RO SEROB{R(=F ) —L-RY Fh /) —n -
0K-432) 28, B s{EfAMFICL v E{LAE U THEAT D Z EBHBALE, =% /-1
HHEEoHRREBE L. ROEEREBRIERLZR O, FY M/ —Aid, BuvilesE
x| 0K-432 [IRVWRERIGER D, &4 OBLAOERABFDOE - Fthdd, EE
OBETOBEISZRUMFTIHERE Kok, KHEORKRIZL Y, MEFEOBELE
HEIZBWT, BEAZ XV EICRIRT 5 Z LB HIFF T 5,

ARBRICBNT, BIE #/EZ #REY 1) ICAM-1 ORBIC L5 HIVEC OF
BELOFE, 2)WELAICI2BEER L ICAH-1 BB OKEREFR. 3) ICAH-1 iXFR—
SFECRIEZAE T IONIOVWTHERR Doz, KWT, &F SHRIEHR HiF
kv 1) BEHOERETFH, 2) in vivo COMEHBEOREIC DWW TERAD -T2,
BRI, BIE ILWKRFE #HBXY DY URNEMRREZEOHOMETOERE
SDWTHEBRH o, WTFHOBERIIZXHLTYH, BEEFRFMNR/LOERR L OEKH
ROBRBERBRIZOWVWTHMETHEZR X, BFOMRZ5 AL, #hdtlicEEL
77 '

Z ORI, BEROEROMETEE . BEROFEABFINCHER TE 5 in vitro OF
FUEER LA TCELSE M SN, HBAAFRLEOMOERNZFERTIHENAEOR
LA & DLBAFRER 2D, ZOETNMIEBRMICAINS bO LIS,

FEBFIX, ThoORELZE<SFHE L. KERRBICBIT 2HESREEM
ELHFERFEEIEL (BFR) OFMER T 20K+ BEREETILOLHEL
7o
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