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The histopathological findings of rat brain and femoral artery to Beriplast
P®(Fibrin glue) soaked muscle piece and Histoacryl blue(N-butyl
2-cyanoacrylate). (The possibility of using in intracranial aneurysm surgery)

Sang Youl Kim, MD; Man Bin Yim, MD; Eun IK Son, MD; Dong Won Kim, MD,
In Hong Kim, MD; Chan Whan Kim, MD; Sang Sook Lee, MD

Department of Neurosurgery and Pathology, Keimyung University School of Medicine, Taegu, Korea

The authors performed experimental work with the application of the histoacryl blue (N-butyl 2-cyanoacrylate)
and the beriplast P® (Fibrin glue) soaked muscle to the cerebral cortex and the femoral artery in 26 rats
for evaluating usefulness in the reinforcement of the cerebral aneurysm.

4 sham-operated animals with applying physiologic saline served as controls. The animals were sacrificed
at intervals as 1 week, 2 weeks, 4 weeks and 3 months with intraperitonal injection of the sodium pentobarbital
60mg and examed the gross and the light microscopic findings.

The gross findings of the cyanoacrylate adhesive applied group showed marked fibrosis and adhered tightly
to the femoral artery and the cerebral cortex without true interconnection between the cyanoacrylate and
the artery or the brain tissue. There was also showed evidence of degradation of the cyanoacrylate at 3
months.

On the another hand, the fibrin glue soaked muscle applied group showed moderate fibrosis compared
to the cyanoacrylate group without evidence of the inflammatory reaction. The evidence of the fibrin glue
and the muscle piece remained until 2 week and disappeared completely thereafter.

The true interconnection between the fibrin soaked muscle piece to the artery was existed definitely, but
doubtable to the brain cortex.

On the microscopic findings of the femoral artery, the cyanoacrylate applied group showed marked foreign
body reaction and necrosis of the afterial wall, especially at 2 week, which subsided the foreign body reaction
in some degree and repaired the necrotized arterial wall with marked thickening of the endothelium at 3
months.

In the fibrin glue soaked muscle applied group, the microscopic findings showed mild increased inflammatory
cells, especially eosinophile, and the adhered muscle piece to the arterial adventitia tightly with the intact
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arterial wall at 2 weeks.

The evidence of the fibrin glue disappeared and the muscle cells showed necrosis since 2 weeks. At 4
weeks, only small amount of the muscle cells remained with the capillary proliferation at applying site and
absence of the muscle cells with increased fibrosis with intact arterial wall at 3 months. On the brain specimen,
the cyanoacrylate adhesive applied group showed marked thickening of the meningeal membrane with the
increased inflamatory cells, especially at 2 weeks. The fibrin glue soaked muscle piece applied group showec
only mild meningeal thickening with near absence of the inflammatory cells.

The results of this experiment showed doubtable tissue acceptance of the cyanoacrylate(N-butyl 2-cyanoacry-
late) in using for coating or wrapping of the aneurysm and the fibrin glue soaked muscle showed tissue
acceptance, but the fate of the fibrin glue and the muscle piece disappeared 2 or 4 weeks later with fibrosis
only. So the fibrin glue have to be used with another non-toxic, permanent material for the reinforcement

of the cerebral aneurysm.
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M3 250~350mge] WA 31l E ¢4 dglol
AR E T, 485 A 2ntelel 3AHAD 19
2§ A2l 28vlE) 8 AHUFEE UG AHER
A B+ Histoacryl blue(N-butyl 2-cyanoacrylate. B.
Brown Melsungen AG products, Korea distributor:
Bando pharmaceutical company)$} Beriplast P® (Fib-
rin glue. Verkauf pharma. Behring Biologicals pro-
duct. Korea distributor: $5%%)& 73t A8
sten, SSEHE dEFY FHEXH FF2E
Eo] AME3NTh YT ZAHAE AP
gte] HAA T Al 7o) whel, 13, 28, 45, 3709
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Table 1. Groups of experimental animals*

Tou

Sacrifice o Control(saline) Histoacry!l blue® Beriplast. P® + muscle
time

1 Week 1 6 6

2 Week 1 6 6

4 Week 1 6 6

3 Week 1 6 6

* Exclude 3 animals : 2 animals'*'Death during experimental procedure 1 animal--Grossly infection

30000u/kgE WA 2] AFo) we} Aisl FEx
22 F4ol FYF, Secobarbital 50mgkgd E7}
el 93t v E AlPsFoen HFF WAt
SAdd= 10mgkegs H7bstg) olF BB 4
#2AE ol&% A YdHz T Y&
A& B-E A 2E Potadine §Yo 7 HBE 4AEF
& AFEE Yol 7led FadHdAM d¥8E
AgEtath k& HEFYY ezt FUY F
g B2 gA 14F FEE ARy g
W o 2 Potadine 2.2 AZEd1 FEEE Yol 4
Atk HEE F2 HEF EREELS 30cc
FX}7]o] Polyethylene tube® QAZAAIA HE F¢
712 FY3ted AAslgon, 480 EdFde o
Ao ub7t 8] HEH F FEASAHA G 4 R
gl&te] #&3tn 8 A (Sacrifice) A2 W7AR N7
H ol iy dHAY f HPZFARAY FPA
2E5E FoA BEYon, 4EF 157YL So-
dium penicilline 40000u/kg& Y FA}3tQc}.

3. dEnty

&4 #v)73(Topcon OMS-80)dtol| A = ¥
Aol MR ANE FHoE F3em HF-ANE
Vet dEFY, dEFY 9 JAAXEG vlrs
NTFE o] 83tq o 2cm BE FAHAYA ME vt
g o8 dz2Fe HedrE ¥ HEEY
Hejol 33, JETe $& dEFH Ao
Histoacryl blue& 9} 1-2cc HA st F83] tgF
Wo] A7IEE dgoed, A& dEHFY Y=
F9 24dAE o 1X1IemAE M FH 3k Beriplast
PP 3238 AAE E59 L 28F A F 1-2cc
Beriplast P*& 328} 10-0 Nylon silk2 <& 3H&
F9 23 134 @3t

ol ¥ JX¥ AR 4-0 black silks EFF W
AE Bz @AAGS FRe FF M 2 4em

5y 2NE Ve, 29 2 252 Ay dng
Fe& R AAX A sEdu st AL S
FFow FHIHFA o 05cm A7 FHE F
=& Air drill2 VEUAL old 53 {93 e
Drillz ¥H7l &35 FxE 2 Drill tipd A&
33 £ v A z2asgod, A
ZolA £ A= Bone wax® YA ) o]l =
HEYA HA S + 22 e X dxTele
FZoll W FFE FHIAUL HHTAME §
Z o)l Histoacryl blue& °F 1-2cc Ad3g 1 =
e 9 2F2L o 1X1lemE £ & 4333 Beri-
plast P*& H &3l i E Aol 2% 10-0 Nylon
silk® FH23d FH} nHFE, oF lecHE Y
Beriplast P& AA &t o|¥ FuE 4-0 black
silkZ BT HEFEol A3 ovizolA E
¥ AsH2 &FHG.

4. NYEE % M(Sacrifice), ROt
Ha|xX| Fd] g

iz

&

AHTES 15, 25, 45, 3L #42 gz 1
vlglel MET 6vt2]E Sodium pentobarbital 60mg
o2 B F38to AlgAlZ o8, LoupeE o] &%
o Alofol A hE RS mEAIA St S W@
A5 x2e HRHEA 345 E, Histoacryl blue
T2 EFo] Bolole 43l E, Beriplast P*E 3 23%
ZEHHEEL B9 oM Beriplast PPU 2843 o]
FA7 dolde dve 1 48E, glolzl A=
AL F9 HEFHE AH3t 10% Formaldeh-
ydeol| ©7F WA Bt

FXH&2 9A] Louped AHE-3H FohAJofolA
AF e FHANE 7IHF AEE7L Fae &
o] 9l dv F42YA L daF £uE
Fut3t go] 1 FF F5FIE elF, YA
AE ol &3ty FAEE AAF A7 ANAE 2 £
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Beriplast P*(Fibrin glue)§ 3% 333

¥# Histoacryl blue(N-butyl

2-cyanoacrylate) & A i EWA O EHFNe] YAA 2AGY WH(HFAH Fadd ol §4)

AAg AA¥ & A& 9] 10% Formaldeh-
ydeol & WAIe] RBsYcl o} F 455 o
HEHe Yoz Sxv BY4e s ¥ddo Hema
toxylin # Eosin®. 2 Q4&la] JYHv|FoE =
AlEtc, 8 898 B T2 HRRAY F
AR, 9344 EAAE, Beriplast P9} 23A)7)
Z%289 x93 9 Histoacryl blue®) A 7}73 7}
of w& 74(Degradation) 3%, E 59 ¥HFT,
HAEPY gEEY 3 Hudde] HELHES
FdA #EsA

1. Koty A

a) 4#=3e 4 dEEd 2 oiEEHEA ¥
A7) Histoacryl blue¥s 4f23H9 Fef
otaled oMo FH N} Tule] BEe
Raglo] QR AZke] Aol o 1 A
=7t A&

Beriplast P*& HA¥ I LAALE RN @
AME HHEHe] F4& A2 Histoacryl

blue? Hrthe Auiste] JMAD & 234

HAA wimy 44 FHx3 dert HAUch
b) 9547 ¥H22 FERH BHE 9

c)

4

c)

ZFA7AE B AP A8 1otelE A
9&a, QA F 2ANHA AFE g4
+ Ae 2718 H ¥ Histoacryl blue 1
FTOE FHZH RE L Bt
Beriplast P* % &3 ¥ & /% : Beriplast
PPe 137N Me A o] 22 Hez B4
g ov 252 e I EA47 428,
4F 2 Y TAME 2 EFE 2Ag 7t
ik FAA 2R HEE 13T E 4
A3 EAslged 23N E 1 oo A
33 ol ZAsn Ao 47 L MY
dre Mo MRisrRgo g Ex7 o4
2ejglth

EEe] ¥ ¥4 % 322 Histoacryl
blue®] #4d(Degradation) <J4 : Histoacryl
biue™ R Beriplast P* & 4247 2% 4¥E
H2A2) A oo i ERe} EHg Y4y
ol YHAoNE Yo o fidla, 23
Histoacryl bluet= 3704 ZllM 74 & Yo
£4 F4894,

3 3kA17] Histoacryl blue ® Beriplast P*& 3
g 28 AU dEHEY 3 o EHe
%4 . Histoacryl bluets WhE 59 % W ¥}
AHAE glo] F9 MREFDE AANT Yol
A 851 Beriplast P°8 AAY 284WE

Table 2. Summary of gross findings of femoral artery and brain in ‘éxperimental animals

Material Histoacry! blue®

Gross Sacrifice

Bériplast P® + muscle

finding time 1 Week 2 Week 4 Week

3 month 1 Week 2 Week 4 Week 3 month

Fibrosis Marked Marked Marked
Inflammation + - -~
evidence edematous’

Beriplast P* evidence *

Muscle piece
evidence

Thrombosis - - ~
Degrdation

of histoacryl

blue

Interconnection

between material - - -
and artery

Interconnection .
between material - - -
and brain

Marked

Moderate Moderate Moderate Moderate

+ + - -

+ but
atrophy

H
i+
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K24A)7] djolAe EEY A= s 2 % (Foreign body reaction) & X % ch(Fig
= o] loupe3dtol A whel 7} B7hs &g o, dix L a).

e Y AH2AE AAZHY HoiA el 2) 25 1 1%, 4%, PRY T3 vndd 7 A%
Y dde glv Aoz ARHANE 2). WHAAS Hgon oW o A B

o] ALE do#A W (Endothelium)

2. BEH0IZAN 2
e G YU, B o] BW WYE

A) tiE B vl9- 3t ch(Fig 1. b).

a) Histoacryl blued 3) 4F I REH gy Ago] JEIh} 2F

1 15 Ax=9 o]+ U2 histoacryl blued THT I A7 A A8 HYx,
Aztd F9le] FUno] REH IAE T olBA ues Y AHE HYT)
doA AEHo Aden FHd A (Fig 1. o).
A E(Giant cell), YIH7F, FAIAX 4) MY B9 WiwFo) A HniEd &

(Epitheloid cell) &0] 27}t o] & Aw Ag Hgon, AFHMEE A9 Al

Fig 1. The histoacryl group

a) The microscopic findings of the rat femoral artery, at 1 week, shows necrotic change of the arterial wall
at exposed site to the histoacryl(arrow) and the foreign body reaction with foreign body giant cells, lymphocy-
tes and epitheloid cells around that area (H&E stain, x100).

b) The microscopic findings of the rat femoral artery, at 2 week, shows near absence of the arterial wall due
to necrosis and more increased foreign body reaction(arrow, H&E stain, x100).

¢) The microscopic findings of the rat femoral artery, at 4 weeks, shows improvement of foreign body reaction
and necrosis of the arterial wall compared to the 2 weeks specimen(H&E stain, x100).

d) The microscopic findings of the rat femoral artery, at 3 months, shows near repairment of the arterial
structure with marked thickening of the endothelium. There is still noticed inflammatory cells(H&E stain,
x200).



DY A - &0 - UFY - ULE - HAR - o] FS - 127 -
Beriplast P®(Fibrin giue) & 3¢ 243 #3 Histoacry) blue(N-butyl
2-cyancacrylate) & A4 UM E W3 DjEFA] YAA £A0H ARCAEFAR FEAS) 184)

oy Ao g &A% JdE U Axlo] AR, GFME, 53] TATA
AH(Fig 1. d). X (Eosinophile) 2] &7}7} A3t ovt &
b) Beriplast P°& 3% T {AAE ¥ AL T e A3 cHFig 2. b).
1 12 237 2SAXEL B3 YAsA 3) 43 ZRAZELS A AAn £FY @
=l o] o uh(Adventitia)ol FAEe] 9l gElgen, F9d e 2R F4
Qon, 7rs =@ 2] Beriplast PP7t {Capillary proliferation)©] #A= AL,
z=glojA gAY Axe WY EF NHHAFAEEL WA FArE 2WE
Ax7t gAEod A olF ¥ Byt 9A B9 ol HAgH
H 270 ¢l (Fig 2. a). A7glol A3 ATH(Fig 2. o).
2) 2% FKMEES YRELS IHAAE YeA 4) MY SKMNEELS A9 o] HA g3k,
nrpMoz AT EAs= et # Y Fdo] MRE39 224 (Fibro-
Ao, 99 = 4H & sis)ol AsA |FEYoH, JA ¥

) L d

Fig2. The fibrin glue(Beriplast P*) soaked mmscle group

a) The microscopic findings of the rat femoral artery, at 1 week, shows evidence of the fibrin glue and the
muscle cells which adhered to the arterial adventitis(Arrow). There is noticed mild inflammatory reaction
without any pathologic change of the arterial wall(H&E stain, x100). ‘ \

b) The microscopic findings of the rat femoral artery, at 2 weeks, shows marked infiltration of the inflammatory
cells, especially eosinophils(Allow), with lytic change of the muscle cells without any evidence of the pathologi-
cal change at the arterial wall (H&E stain, x100).

¢) The microscopic findings of the rat femoral artery, at 4 weeks, shows small remnant of the muscle cells
with the capillary proliferation(Arrow). The chronic inflammatory cells decreased with intact arterial wal(H&E
atain, x100).

d) The microscopic findings of the rat femoral artery, at 3 months, shows marked fibrosis with near absence
of the muscle cells(Arrow H&E stain, x100).
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B L A3 AHFig 2. d).
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thickening) ¢ &7 94 S ¥e] =
o] BEEP, EI Bte] At
dyd o] Ayl #Egen Hade
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Table 3. Summary of microscopic findings of femoral artery in experimental animals
Material
Sacrifice Histoacryl blue® Beriplast P® + muscle piece
time
1 Week * Foreign body reaction * Mild increase chronic inflammatory cells
¢ Partial necrosis of arterial wall * Remained muscle & Beriplast P®
* Adhesed muscle piece to arterial adventitia
* Intact arterial wall
2 Week * Marked foreign body reaction
» Marked necrosis of arterial wall * Heavy infilatration of inflammatory cells
*» Lytic change of muscle cells
* Increase eosinophile
* Intact arterial wall
4 Week * Still necrosis of arterial wall * Small amount of muscle cells
But not severe compared to 2 week » Capillary proliferation
specimen * Decrease chronic inflammatory cells
* Improved foreign body reaction * Intact arterial wall
3 Month * Marked thickening of endothelium  Intact arterial wall

* Near repairement of arterial structure

* Still inflammatory cells

* Near absence of muscle cells
¢ Increase fibrosis

Fig 3. The

a)

histoacry! group

a) The microscopic findings of the rat brain, at 2 weeks, shows marked thickening of meningeal membrane
with severe inflammatory reaction(H&E stain, x100).

b) The microscopic findings of the rat brain, at 3 months, shows much improvement of the inflammatory reaction,
but still shows thickening of the meningeal membrane(H&E stain, x200).
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Beriplast P*(Fibrin glue)# A ¥ {3 W# Histoacryl blue(N-butyl
2-cyanoacrylate) § #A UM BEAN iR FHA YA 2AHA QH(HAFAR Faolel ]84

%3k H(Fig 3. b). o) dZF&%L Foid 4FHE Fue @
b) Beriplast P& HA¢ < HAVE F¥NA T =7 gtH(Fig 16).
D 13 oie) futsdl, ¥ 439 BFo] ¥
Heloy dAFMEES e uAHA il '}
¥+ (Fig 4. a).
2) 2%, 47, M9 & 2L BRYon ope ANF 93 G EHHHXA AHEL HEYF

St o9l Eojg ¥ H7RTILess6) 2 al 7) 3 o] Ay gjesienn o &
HApe 74 gEs X gotei(Fig ol F&o) AN 2 ALRET EEA
4. b). £ AF9-HHANYE +(Carotid-cavernous fistual)

a) ‘ b

Fig 4. The fibrin glue(Berpilast P® soaked muscle group
a) The microscopic findings of the rat brain, at 1 week, shows mild thickening of the meningeal membrane
without evidence of the inflammatory reaction(H&E stain, x200).
b) The microscopic findings of the rat brain, at 4 weeks, shows only mild thickening of the meningeal membrane
without any pathological change at the brain(H&E stain, x200).

Table 4. Summary of microscopic findings of femoral artery in experimental animals

Material
Sacrifice Histoacryl blue® Beriplast P® + muscle piece
time
1 Week * Marked thickening of meningeal * Mild meningeal thickening
membrane * Near absence of inflammatory cells
e Part of vessel wall necrosis ¢ Slight brain edema
» Increase chronic inflammatory cells.
» Slight edematous change of brain
2 Week » Marked thickening of meningeal * Mild meningeal thickening
membrane
* Part of vessel wall necrosis
s Marked increase chronic inflammatory cells
* Slight edematous brain
4 Week ¢ Decrease inflammatory cells * Slight thickening of meningeal membrane
¢ Meningeal thickening
3 Month * Still meningeal thickening » Slight separated meningeal membrane

* Decrease inflammatory reaction
* Thickening of vessel wall
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o X8 2 FHF AN FAEe FAF HAE
AL BaE Qo gz F£F& o]FYd
Z32 A aA= Cyanoacrylate Al A 24, Methy! 2-cy-
anoacrylate(Eastman 910 monomer), Ethyl 2-cya-
noacrylate (Aron Alpha), N-butyl 2-cyanoacrylate (Hi-
stoacryl blue) ¥ Isobutyl 2-cyanoacrylate (Bucrylate)
Fo] e FHolM+ N-butyl 2-cyanoacrylate Al
A&, Fojo) A= Isobutyl 2-cyanoacrylate A A& F
2 AREE T,

AAEE H5UF AFFE LYo e FUH
73 %o N-butyl 2-cyanoacrylate& AH&-g A dol
3, w g AAe 24 Polyviny] alcohol® &4
239 J1¥g Ndsis ¥ of gEF AAF =
A LhAAM FFE 7ol B, N-butyl 2-cyanoacry-
lateo] hg V@ % =z WIE BAEH7] 9
3o, =3 o] g9 2383 Ko FFATH Be-
nericetti(1)5°] &) 2 Fibrin glues} S 3 H &
HEUR FAF 2888 BYPSu, oy W
7} RE7HE YA sk

Diaz(6)= Ethyl 2-cyanocarylateZ A}-&3}e] =}
Eo] Wi a vl&stA 1okoie] W EHT iR
Hol| RAA|7) vl JA4F o T YR FEAM A
(Somnolence) ¥ & vhH|5-9] AZATHE o) A4
ol #AHNUG R 7oy AXREL] Al
Mo dE2aF 22717 AA 8 o dAa e
B9 o= gk &9 478 Diaz(6), Smith(22)
9} o] 22171 N-butyl 2-cyanoacrylate= 44 &2
8 A tEEY 2 HEHo F35o] ey
AH23E de szt gA "ol 9} Hayes(9)9]
oA Po] HEWFE o|EEHE AAHE 8T
st o]l EE AT HEWF Aloje] 288 WA
371 e e 2 AL H A $HH Beriplast& 4 3§
SEEHE FAAN AETNMe HBdde A
FEHAET F2xof "ejA HojA vghon dg
T A3 KR A71F AEAL A E =
e g Algs=HAd.

Lehman(15)%-2 Methyl, N-propyl, N-butyl, N-he-
ptyl, N-octyl, Isobutyl 2-cyanoacrylate & 7jol) 48-&
3tm E2AIZl Methyl cyanocacrylatey 7% %o ¢
A AHFHAGE 7)Eg v £ HAAME F3
Al %] Histoacryl blue7t 37) el A A7) Foll A F4
FAF AN E oA A EAL obdAo
A& = vk = Beriplast PP& F3 8 Follre ¥
A7l 259 EA7) 25 Foll o2 FHF

Yo] Bite] o]EEAE AR 2F Foe A3
ZA0 20 B3I Ets AMEE 3T 4 AAdT

gEede) 2A8H 273, 1:TdAM Foreign
body giant cell& ¥ & AFME 9| F7i9} &4 Hi-
stoacryl blueE F#A17] ¥ 92 FHHE U
F R THFo] E4HL 2F PoME o B9
EAF TS} T AF vhgol B Y 45T
A= dEWree X g S4EH BUdE
ELAE B 278 48F cyanoacrylated] &
#+v vh24} Diaz(6), Hoppenstein(10), Lehman(15),
Smith(22), Tsuchiya(25)5 2] 273 Ao A g}
Diaz(6)= 24018 tiE 5o Ethyl 2-cyanoacry-
lateE F2A 71 HY2AF 2HPALE A3 v
298H gy 1ate] Ao Holm AEAAo]
SR, By FHE T (Media) 2 &9
(Adventitia) o] F§eln YA ZF e ASHTia 7]
#85ch. =3 Dutton(7)5% Methyl 2-cyanoacry-
late® 3% (Carotid artery)® Saphenous & il
F2A)7] v} He] dRE9 oM g Fu 2
|Z9 &40 BEE F AT LFEIA 2
Zu olE doME BF ¥@ YHEs &40 9l
AL, EAEHAY HBYLE A ko] el whe} A
Fzog UxYs FIAY F ARG L FHAch
Hoppenstein(10)% Methy] 2-cyanoacrylateE 3 o]
BN vl 44 E 22 A0 A 2§ F L 9t
48 #3234 Aoy WeE SH(Internal elastic
membrane) & $A3 Y oA, 4-14A M= A 5
AEEo] Z9 ¢ 9jupo) Mt A1 28FF-9 A
Ao ynse 43 ¢ A K EF 2 Rz
B ES FFY & ARG AN vy HIE
Holz & 3L &8 Hietn 3ok

¥ Smith(22)e LY¥ol& HEFEE 8o 7
73§ (Transorbital) & Ethyl 2-cyanoacrylate® | 7]
HEHo| FAAAH ZAHALE AN v 275 3
A AETeA FHYe] Foto]l HF FApe}
A AF N2 FAE BEINDL, VIYF 24
20 WS F4, E48 F9 2 oy
AE35S BASYoy JA WEEHH(Internal
elastic lamina) & # ¢} W7t ARt Rk
8 Beriplast P& HA{ FoME 17 2§
AEZo] dF-E &80 £ # o339 93
2ag Aol Hesior), okzkel AFMEL] F7}
7t B3d M, BG 25TAM EAA 2] AxY
#AA} @ 52 F(Eosinophile) 7t #2& ol ¥+ 9%
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Beriplast P*(Fibrin glue) % A3 ¥ SX1WH Histoacry! blue(N-butyl
2-cyanoacrylate) & WA X BEAH S| FA PAA 2HGH AB(HENE S o] o &4)

M E9] 27} Benericetti(l) R Kletter(11)50) &
FE Y HE B3E YodA Yethe 23
ot A FE AUL RYey o] wale ¥
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