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The Effects of Intravenous Anesthetics on Blood-Brain
Barrier Disruption Induced with Mannitol in Rats

Bong Ki Moon, M.D., Soo Han Yoon, M.D.,, Young Joo Lee, M.D.
Kyeong Jin Lee, M.D., Kue Wan Lee, M.D., Sang Gun Han, M.D.
Young Seok Lee, M.D. and Chong Kweon Chung, M.D.2

Department of Anesthesiology, 'Department of Neurosurgery
Ajou University School of Medicine, Suwon, Korea
*Department of Anesthesiology, Inha University Medical College, Inchoon, Korea

Background: In the anesthetic state, various anesthetic agents may effect on hyperosmolar blood-brain
barrier disruption. Therefore, the effects of intravenous anesthetics, pentobarbital, ketamine and propofol,
on the mannitol induced blood brain barrier disruption (BBBD) of 21 Spague-Dawly rats were evaluated.

Methods: Intravenous anesthetics, pentobarbital (group 1), propofol (group 2) and ketamine (group
3), were administrated before right intracarotid artery infusion of mannitol in three groups. BBBD was
estimated by the calculation of the ratio of radioactivity between plasma and brain tissue using
*MTC-human serum albumin and Evans blue staining in cerebral hemisphere. Also cerebral blood
flow(CBF) was monitored with laser doppler flowmetry.

Results: Percent albuminal space of right and left cerebral hemisphere was showed 9.01 £3.47%, 1.65
+1.25% in group 1, 8.02+2.19%, 1.61+£1.06% in group 2 and 5.63+1.79%, 1.10+0.94% in group
3 respectively. Evans blue dye staining was showed 2+ ~3+ in the right and O in the left cerebral
hemisphere in all groups. Right cerebral hemisphere showed significantly more blood brain barrier
disruption than left cerebral hemisphere in all groups(P<0.01). And there was no significant difference
in BBBD among three groups. However, the degree of BBBD of group 3 was drop down to nearly
70-80% of group 1 and 2. The CBF of group 3 was significantly higher than that of group 1 and group
2 after intracarotid infusion of mannitol(p<0.05).

Conclusions: The results suggest that pentobarbital, propofol and ketamine could be used to be
anesthetics for BBBD in rats, but some caution should be paid to use ketamine in mannitol induced
BBBD. (Korean J Anesthesiol 1998; 34: 904 —909)

Key Words: Anesthetics, intravenous: pentobarbital; propofol; ketamine. Brain, blood brain barrier
disruption: mannitol.
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¥ e YFERE A94doz HA4ARAYR
FRAZe2zN HARAUe FHERY =24 W
A7 2ALg v aspg g ol
A& HFgoht HAHoZ <o XBAE F
o & A% XA HAAANE AdEE Ae A
ele] X g9 HAE FEANLD oG A
€ F%317] $13t) RapoportT-2™ 7FHez 3
A5G4 AAE Tl EHAHE AR
AR ¢ 58 Huside 2 ¥ g F
2 4Rt AlAel o3 UAHQ FHAEAY
9 zAe dAHFUA AHXH5A2}  monoclonal
antibody & HAANZ 4A FTHAP22A M
g 8ol AYE ARE E F YNt o
23 AFAA AA o "HAH A 7
el FAFololA HAY Xgu YHAHe T
z9 Jd¥g ATl d wol o] & glrt. ¥y
A el 434 AgAHNA ohHARE
Aol At FAetA A7t A8 F Jlo, oo
5ol widAzt guge el d%E vl
F ez A HAde] glo] 455 Jlslof &
th o]&gt ol fE AAEL olv] A el
da] o]&%3 & pentobarbital, ketamineg” o
g F o] A7} gl % "HeAYe M=
o old G¥& vXertE 43U WY Evans
blueod Heko] JMFEE FHYE ¥ ohvzh WAL
FTHYAEE ol &3l -9 YAAFE FHT
2A AYAAE 7slaA sisich m=d A Tel P
utH A2 del o]4=& propofole] A MEE
o vxlE gakell tisied E3E wkrt glrlell pen-
tobarbital 3] ketamine®} v}z A& 3} skt

CHar 3 2

B5A7 300~500 gme} 21 wiele] Aol wut
UEE o83 ¥ ANines <&
A FoE R 7 2& ka4 gResich 1
T2 pentobabital, 27 propofol, 372 ketamine2
2 g AW A9PHL w4 (Sprague-
Dawley ra)g olsl2g x7|ulE Ao 7B

ANFAE 9 d=l5Y 94 Al 27 stelel g 4F
Aglcl. 172 pentobarbital 40 mgkge EPAHZ
FoJ3iglil, 272 propofol 25~50 ug/ming A 43
o2 A ZoJsigl, 372 ketamine 8~9 mgkgd
24N Foisio] upAE Atk T F k3
A BoAl YR GAE Aot HFUE Fol
3t niHZolE =AY AeF TEL 7AX
#7](Harvard Rodent Respirator Model 683, Harvard
Instruments Co, USA)E Al$-8lod pHE 7.35~745,
Y A4EqhE 80~100 mmHg, F9 o] iiets
Eehe 35~45 mmHgE $ARgT F47] Ye
phenylephrine® H# F-ofse] 9 mmHg o4& &
A AFWe D BUEL FAer] Sl &
& AR-E AMeld 5 73 Fell N7 0.58 mm
o] EFegodd sHelEiE ArBsgen WP TS
)7 EHez EAsE HolAd ¢ 5~10 mm 29
B9 FAEHE eulde dAFHeg AP ¥
UEF 3t B3y MEEE F3317] H3to
Ao ¢RI MW=68,000)7 -] A== &
2] 2% Evans blue F8F 2 mlikgE HE|AHoz
293, 5 B3 ol 0.5~1.0 mCi ™ Tc-human serum
albuming El@™ez FAYR ¥, ¥y MY
€ Y3ld 5 BFol) 37°C, 25% "RFYE 175 ghgd
ox gAEWMo g 35~50 Xol] AHA Eosiglo
o, oju] FEFAA Aoz opFe] HFEHA ¢
=25 F35UE ¥ s APt oF 40EF
KClg HuFAste] WiAE ADA7 F A9
£ 3o dH g #F99 F FEez Vrx, 3
Zboll A A REe w9 FAT WALAFE Gamma
Counter (Beckman Gamma-5500, Beckmam Instrument,
USA)Z FA A =% 84 A3 HALF
€ EA FHog H-GAYALAF vlE(per-
cent albuminal space)g A4ttt = SebHal &
UE A Evans blued] A{HFEE BRHU.
Evans blue®| MPE& Rapoportgol” £HE 0
no staining, 1+; slight staining, 2+; moderate blue
staining, 3+; dark blue staining® FF3slcl. H-€%
WA vige] AL g3 Ao

-G A FH %)=
A FAZ HARAAF DA FAG gAY AAR
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HEF FHe A3 WAy F£9E Az
FAE A7 5 3 AFEE =42 7Ye
%3, 7322 AAY ¥ laser doppler flowmeter(Peri-
flux, Perimed AB, Sweden)& °F 2 mm A X9 Zo)
2 Adsled W E FAH 77 HYFE 24
3 UE FQ¥F A7 HaXE 4490

BEE $YAE HFLETAARZ INsged $
AA 37t SPSS.PC WA 7.0¢ A8t o-
gAAAE vge FYYR FolAe  Swmdent's
t-test® &3 A F7+e] B]Z¥E one way ANOVA
test& AlPEqch HYF vlzEe FYR FoAe
paired t-test o]-g-sl: A F7He| vy Kruskal-
Wallis testE o] 831y FYXE vlzZseon p<0.05
9 B¢ Felsictr At

Table 1. Effect of Intravenous Anesthetics on the Percent
Albuminal Space of the Cerebral Hemisphere

after the Mannitol Induced BBBD

Cerebral Hemisphere/

Group Right Left
Gr 1 @=7) 9.01£3.47* 1.65+1.25
Gr 2 (=7) 8.02+2.19% 1.61+1.06
Gr 3 (@=7) 5.63+1.79* 1.10+0.94

Values are Mean+SD. n: Number.
Gr 1: pentobarbital group. Gr 2: propofol group. Gr 3: ke-
tamine group. *: P<0.01 vs. left.

Table 2. Effect of Intravenous Anesthetics on the Evans
Blue Staining of the Cerebral Hemisphere after
Mannitol induced BBBD

Cerebral Hemisphere/

Group Right . Left
Gr 1 (n=7) 2+~3+ 0
Gr 2 (n=7) 2+~3+ 0
Gr 3 (n=7) 2+~3+ 0

Gr 1: pentobarbital group. Gr 2: propofol group. Gr 3:
ketamine group. n: Number, BBBD: blood brain barrier
distuption, BBBD is indicated by dark staining. Evans
blue staining was graded from 0 to 3+, 0 : no blue stain,
1+ : light blue stain, 2+ : moderate blue stain, 3+ : deep
blue stain.

| o

A4 ALY N 3 SHUelA 27 1
T2 1.65+1.25%, 9.01+347%, 272 1.61+1.06%,
8.02:+2.19%, 372 1.10+094%, 5.63+t1.79%F A
F 2% $3ue N9 $44F gl A3
W 2} §8l5bA EeHp<0.01)(Table 1),

Evans bluesl] S|8 JAREE A  Z5olA $
Zolele 2+~3+9] FAEE Jehiglent &
Wsfel e o] Aol UEhtA shskri(Table 2)
Fig . F Al ¥ 504 TUES FA8 33
dslold FE& YHAHALEE Rolk Aoz
Ehskeh. 7 22bel $EuEe) MR e v
&3 $4H 94 viae) old FAHes 9
7t e, HEuH e vl YKAE olsivt

Fig. 1. Three groups showed 2+ ~3+ Evans blue staining
with mannitol induced BBBD in the right cerebral hemis-
phere. BBBD is indicated by dark staining. BBBD; blood
brain barrier disruption.
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Table 3. Effect of Intravenous Anesthetics on the Cere-
bral Blood Flow of the Mannitol Infusion

CBF before Maximal CBF after
F,
CBF/Group  nnitol infusion mannitol infusion
Gr 1 =7) 357+54 1696 +297*
Gr 2 (n=7) 312+76 1537 +365*
Gr 3 (=) 39879 2153+ 308"

Values are Mean+ SD. Unit: PU(Perfusion Unit). n: Num-
ber, Gr 1: pentobarbital group. Gr 2: propofol group. Gr
3: ketamine group, CBF: cerebral blood flow, *: P<0.05
vs. before mannitol infusion, T: P<0.01 vs. gr 1 and 2.

gigich.

AYF FHAE BUE TP 1FE 35754
PU(Perfusion Unit), 27~ 312+76 PU, 37 398+
79 PUS) HUFE Holw, 7 7ol KA Aol
£ gglen, BUE Fof F quFLe Wke A
2 254 DIE T F E Frbe] Ase
o SE A F=2 1F 16961297 PU, 2 1537 365
PU, 372 2153+398 PUS Hux)9] ¥FE R,
A F EE HER BUE T A B gl
Al ZAT @<00D, 338 AS 1, 2340 o
e B HYFE RAHP<0.05)(Table 3).

| &

B AN gxEe MAder] At Al 2
EF % Aoz 25% WUES T
A F BTN SFUEZ 50 2o FAH
oz gogiAl H-8x GALATF ulgo] EHen,
§<¢tH 22 = Evans blued] g4e] gol H3ich &
ez g s WUEL AU
2 5ol & o Fo49 F] tirelln XY A
wo] oA 2 WeEE Al dojutA] Akt
olgidt Aste ¥ AHMYel BE o E AFE
QAFATIe YA ool mEES] VUE
& 7ZEHer Fojad TEe] FH| AdHF
W FulHEUE Bl F2 FF dixel A
g9} o] BFoIA Foid IAFLAAAE Fo4
o Fo gHgye APAdEd 2 olfe e
7 e /R es A9 gl

TAFYLAAE AEUoZ Foiun oy =
Aggo] 4HTIA Aol A sHE]o]
4di(tight junction)& 271A ¥tk oluf A7l o|%
HQ Aoz Haladrt dAFew A=
Wi o) olFolck REslel gep T
a2 Nagys'Pol 4FEA AA FodFols of
¥ gt MEQ] FHBH(freeze fracture)ol] 4] H)
Haoe APAA F=ue] FAE £ F U
o AukEl ANE Bogo g ole] widlt =7l
A8 Fo|} r2]iL Houthoff 53} Farrel B Shivers
Y Agwog 34AFLA AAE TG F i
8 Zhu) b A E (endothelial)e] M| EA A WiubHE g
A X (vesicle) Aol F7leta, AER HIAEFE
(transendothelial channel)& W2HA|EQ] A EZ oA
LAY 5 Qv 2Easgdvt. o] Eell o tw 3
AHFA AA T4 F dHER JHAE oA
AF PYAHo| Frheta, ol E el A BE
@ WA E20b SR 9Fe AEY of
9 &-8-(endocytosis)o] Lt A E o] Q) AF-&-(transcytosis)
o) tile) W uIEMZoIN mEAe] Esfe] F
g g ke Aotk aelx of FAAA AE
W cyclic nucleotide®] AJAdo] oivix|Yo A FQ
819,'® cyclic nucleotide Aol thatell Tosl=
FEE AXW oYLET EAY olFel JHE
Zol Wi Mol dtbe Eohe Aeld " a2
AU AFHAY dFe FE gAY F= 4
7153t ol8 Hed X g Fopol] Y Rolgit

Gumerlock 8 Neuwelt=" A& o] §3to] wiaA
74 ¥ MLl vlXe d¥el ohs E3aiict
a9 Bael) o+t FYui3 AF Methoxyfluraneg
A4% ool g¥AE AYES} isoflurane A-EAE
ot 9olAl Fasiglon, A WulF AT pentobar-
bital#} ketamineg A-83 T FUY MY
% H33 fentanylst droperidold £ A8% T
o = Fol wial YA FHaD YABAANLE
2 Byl 2 AYoA X pentobarbital FI keta-
mine F7+¢} ¥-8A @A4% v]&3} Evans blued
FHE ulzZel JolA 7 F 7] FAH Hole
gt e ketamineg AH8% 3FNAE wE
A4 2o USRI pentobarbital F3} propofol
Foll Hlste] & H-ggAdeEd vEE Hoh
Ketamine-2 v}2]A] NMDA(N-methyl-D-aspartate) 8-
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AE Folod HARAZNG B AF5E¢ F F dew, 4
Freld] kel FUME 2AE 5 Ux, dY9FF
o] Frldde HnE"? AT HYFPe| Fv}
A gede AFE™ 9o add 2 Al
© Aol 5o F HEF HIl WXy
Mol dgE v ¢ Slcks Az ojE7HY
BAE AHEIA Yow E HiesigerSo]” Yua
H S Sl HUES F4% F oy 53
(cortex)&l "7} Ads] Frhicka Hssglsled
g el wAd RHRE BFY + U 9
olx] =EHE o83t "HFWiE vlastnz 3}
Aot 2By TUE Fo A¥xE gi4itEs 24
sl A 9 E o F, i B A
7 el 4% 718 Rl 248 Wl v
T sl AH oz 2RI 749 o g
o] Usct. zelA HPFO HaxE FAslod A
T2 vzt & AYA ulda) Fo] F ghY
€2 853 MYAE Aol A & 748 HEF
+ 2ol glsirtl. & ojuls ketamine v} T2 o}
€ T vzA] dHH3e HE8F50 £A gt
asiv Mt E S ¥ SE IHA A F 259
HE{7F TUE TR L 450 st A3 S
teted H=AE Hgcth olule 7 F3he H| el
A& ketaminei 9] HP{y} o+ E F Hel 9 99lA
ek olEE ALE PUES o|&% "
MEA] B E Fo Fo| H¥Fe 49 718
Holnj oluf zat2q Hdsd ol A o9
Fe] o718 & ol MY Fort dese
g AA%a Aok = ¥Ry Agxe) o
HUFE d3Ao] A7 £ gl ketamine
T HEZ UAHAYE AYY F HYFe
ot & olHAl vl gol FUENU, FHA T4
Rie) A Frxe Al JHA aFA FollA
713 & FAE R, & Al v HERF
F7tell A% Mt Je4el & W, ¥
Ay MEEE 3E F d&E HAFEd aElxn
Gumerlock 3] Neuwelt®]” adfoll oslml uwl2a)e]
F5e vl E¥AY AdEr) Zelrt F ¢ e
B2, 4ol ARA vHAE A9y A
a2 vpH Al gt Ade] A=olokdich efA
AR AT AuH A=z de] 8= propofol
o] Fxabdiulel] A 4H F & 7HE d3A 3

ek & A¥ollA propofold o]u] Bz el
etAsls HIrt lebksr S = pentobarbital 3w}
FA HA-FAPAAAF B Evans blued] A =ol4
Zol7t Uger, HEFE Helrt Uk ol
propofol2 wlH ¥ ¥ HAyNE A= F$
g Ay gAY EE A F ASE A
gt}

AEgHes 494 4 d4H2z 4y A
& ASY A%, BIES AEW Foiz Ak ¥
WFsh FAN Aoshmz, uiial Qe glolA
qYF F7 e SR 4 Qe Al 4

< F95 88} o]#F o] -2 ketamine?] A%
< zE{Fojol ¥ Aoz AZEe T del A
£-5]+ propofol- 2 pentobarbitald} F-AstA] £2 8
A ALEE 2o GAuALe A% w2l
S840 489 4 Qekn A2k

& n B 8

1. Greig NH: Optimizing drug delivery to brain tumor.
Cancer treat Rev 1987; 14: 1-28.

2. Rapoport SI, Hori M, Klatzo I, Pettigrew KD: Testing
of a hypothesis for osmotic opening of the blood-brain
barrier. Am J Physiol 1972; 223: 323-31.

3. Rapoport SI, Fredricks WR, Ohno K, Pettigrew KD:
Qantitatative aspects of reversible osmotic opening of
the blood-brain barrier. Am J Physiol 1980; 238:
421-31.

4. Gumerlock MK, Belshe BD, Madsen R, Watts C:
Osmotic brain barrier disruption and chemotherapy in
the treatment of high grade malignant glioma. Patient
series and literature review. J Neurol Onco 1992; 12:
33-46.

5. Hiesiger EM, Voorhies RM, Basler GA, Lipschutz LE,
Posner JB, Shapiro WR: Opening the blood-brain and
blood-tumor barriers in experimental rat brain tumors:
The effect of intracarotid hyperosmolar mannitol on
capillary permeability and blood flow. Ann Neurol
1986; 19: 50-9.

6. Neuwelt E, Dahlborg S: Blood-brain barrier disruption
in the treatment of brain tumors: Clinical impications.
In Implications of the blood-brain barrier and its
manipulation. New York, Plenum Publishing Co.
1989, pp 195-261.

7. Gumerlock MK, Neuwelt EA: Anesthetic effects on
osmotic disruption of the blood-brain barrier. Neuro-



10.

11.

12.

13.

14.

15.

E27] 9] 79 : Mannitol ¥4 Mzt Ao ol 909

surgery 1990; 26: 268-77.

- B8 BT, 019, MY, AT, o] FF A

ol 7¥27k417 Axke] Mannitolol] &% Ex g
AEel wXEe g8 dESWA%3) 1997, 12
69-73.

. Westergaard E: Ultrastructural permeability properties

of cerebral microvasculature under normal and exper-
imental conditions after application of tracers. Adv
Neurol 1980; 28: 55-74.

Nagy Z, Pappius HM, Mathieson G, Huttner I: Open-
ing of tight junction in cerebral endothelium : I. Effect
of hyperosmolar mannitol infused through the internal
carotid artery. J] Com Neurol 1979; 185: 569-78.
Brightman MW: The anatomic basis of the blood-brain
barrier. In implications of the blood-brain barrier and
its manipulation, New York, Plenum Publishing Co.
1989, pp 53-83.

Nagy Z, Peters H, Huttner I: Fracture faces of cell
junctions in cerebral endothelium during normal and
hyperosmotic conditions. Lab Invest 1984; 50: 313-
22.

Houthoff HJ, Go KG, Gerrits PO: The mechanisms
of blood-brain barrier impairment by hyperosmolar
perfusion. Acta Neuropathol (Berl) 1982; 56: 99-112.
Farrel CL, Shivers RR: Capillary junctions of the rat
are not affected by osmotic opening of the blood-brain
barrier. Acta Neuropathol 1984; 63: 179-89.
Broadwell RD: Transcytosis of macromolecules throu-
th the blood-brain barrier: A cell biological perspec

16.

17.

18.

19.

20.

21.

tive and critical appraisal. Acta Neuropathol 1989; 79:
117-28.

Joo F, Lengyel 1, Kovacs J, Penke B: Regulation of
transendothelial transport in the cerebral microvessels:
The role of second messengers-generating systems.
Pro Brain Res 1992; 91: 177-87.

Nag S: Cerebral endothelial surface charge in hyper-
tension. Acta Neuropathol 1984; 63: 276-82.
Burdett NG, Menon DK, Carpenter TA: Visualisation
of changes in regional cerebral blood flow (rCBF)
produced by ketamine using long TE gradient-echo
sequences: preliminary results. J Magn Reson Imag-
ing 1995; 13: 549-53.

Strebel S, Kaufmann M, Maitre L: Ketamine does not
increase cerebral blood flow velocity or interactional
pressure during isoflurane/nitrous oxide anesthesia in
patients undergoing craniotomy. Anaesthesia 1995;
50: 223-8,

Mayberg TS, Lam AM, Matta BF, Domino KB, Winn
HR: Ketamine does not increase cerebral blood flow
velocity or interactional pressure during isoflurane/
nitrous oxide anesthesia in patients undergoing cranio-
tomy. Anesth Analg 1995; 81: 84-9,

Saija A, Princi P, De Pasquale R: Modifications of the
permeability of the blood-brain barrier and local
cerebral metabolism in pentobarbital and ketamine-
anaesthetized rats. Neuropharmacology 1989; 28: 997-
1002.




	asd: 


