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Effects of injection route, volume and concentration of mannitol on blood-brain
barrier disruption
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Abstract : Functions of human brain including sensibility and emotion may be affected by drugs
mediated by the blood-brain barrier (BBB). The present study was performed to evaluate whether
injection route, volume and concentration of mannitol could alter the degree of disruption of the
BBB. Under urethane anesthesia, female Sprague-Dawley rats were infused with 20% mannitol into
the right internal carotid artery (ICA). In the other group, intravenous injection of mannitol through
the femoral vein was performed. Evans blue (EB) dye was used as a marker of BBB disruption.
When mannitol was injected via the ICA, the content of EB dye in the ipsilateral hemisphere was
markedly increased. However, the content of EB in the brain was not increased when mannitol was
injected via the femoral vein, even though the volume or concentration of mannitol was increased.
These results suggest that the BBB was disrupted only through ICA injection route and this may
provide a useful strategy for transient opening of the BBB to control the functions of human brain.
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QO AL WES A7t o V5 ¥-¥ AL vz B g g AL I
ke we 2 9t} o] dFE mannitold FARZ % FEel g - 9 (blood-brain
barrier, BBB)9] ®W3lE Lolr nxt £tk AHTEZA Al 20%2 mannitol & 2=
%z A% (internal carotid artery, ICA)E E3tod FYJ3Ilx, +& 2FA = femoral vein
B35t Z2Asgch =8 Z7] b2 AR E o] #3519 Evans blue(EB) ¥4 AlgE FA9E
BBBY WA AEE @sgct A¥ZAH} ICAS ;A mannitole] FUE TES T5
(ipsilateral side)°] thZ(contralateral side)oll Bl EB FAAge] o3 Fa& Lol WL3tor}
femoral veine =8 23 A2oE mannitold] % FEE F7IANAS EB EAA R 9
3 agko] 79 JERIR ¢koprh o]2ldt A= H|E EB @A R Fo] ICAE T84 &
= HuAgZ el o]Fojx|tetE, BBBY WAL ICAE S84 ojFoizicta & + o
o o]2|s A= BBBO AsH zAZALL S A H Jeg olHsted F2 WH
< AT F At AL AR

=0 : 8-> 9 (blood-brain barrier), Y4 & (mannitol), Evans blue, 4]

ftlo

ol

A7 A8 A2 QoME T
1 M= AU HgE @FE do] w9 Foddn
. s 9o olyd T HUYS

L=ITA
2aa7] A% SHAE A Be A7Ee
QAzre] AL o ABHLEAN AW o1zox7 gos, 5, 7, 10, 11, 15]. AW
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AAs= Ao A, %3 mannitol
o] Fdel 93 vEelE HE@e Wshe
A Aol Ay 1 7)Ee] T 3Ee
Y 2aiEo] §irh[13, 18]

Evans blue(£< Evan's blue, EB) &
AEeE JWAAEe F4E 535 53
S &2 AMEHE AlE2A EB7F 7 serum
albumine] gt "¢ 2 FIAAYEL X E
E4E ol&sted oy EAL HI A
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T doH12].
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sk & FHjY 3-way catheter(PE-50)2
ECAE F3l A#3stAY femoral veing E3)
Mty oFES F493 k. Mannitol 20%
(g D-YJEFATY KP., tigrekEzy, <k
AL #E) TR S99 5 m/kgE AMEEIGL
w z} Agel AFE-¥ mannitol FAFRS 37 C
E fFAAA HA3E UAE8IY. EB 4Ax g
= Adgol 2%2 FAMEte] 1.5 mikgo® F
A3k oA, FE2  HAFYUHZ(Model
55-2226, Infusion/withdrawal pump, Havard
Apparatus, Hollistone, MA, USA)E o] &3}
200 ub/min®] &£EZ FYSATHIH 1).

Evans blue

33 1. MannitolZt Evans blue 2 FYA 2. A& oiM common carotid
artery (CCAYE Wt A85HH 2XI5 & interal carotid artery
(CA)2} external carotid artery (ECAYEO|M ECAN| PE-50
tubeE &f&5H0 2S0! ICAE Bdll o2 FUREE §19ICt.

o] o590 2+ 2o wel AYS sty
A A, FEFYUE Y8 external carotid
artery(ECA)ell 4H#% % internal carotid
artery(ICA)E  E3A  mannitol®} Evans
Blue(EB)E F¢3to] EBell 23 9] #W3l=
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: B R
20% masnitol and
Evans blue injection
viaICA

C b

20% mannito] and
Evans biue injection

via femoral vein

E F
20% mannitol injection
vialCA
Evans blue injection
via femoral vein

08 2. Mannitoidt Evans blue 2f Fld 2o THE WL A=t B ICAE
23] mannitol®} Evans biue QNAMBE SIS 5 REBHUlE
(A =&(B)S B8t C2F D femoral veing E3M mannitol 2}
Evans blue W4 M2 E FYULH & S IZCO)T B2
Hot £t Fr ICAE E3H mannitol® FY 5L femoral veing &
ol EB M A|SE FTYUTH FR0M LIEHLE WiE(E)Y SE(F)
2] g

AHBE 271, 5 ¥A, femoral veiniHeE: ¥
&4 mannitol¥} EB GAXEE FYsto] 2
BE 2H, A WREE ICAE FiME
mannitol-& FY381 femoral vein® E3 EB
FUNEE Fste WEe 47 2ntely 3
3ttt 3 mannitol2] o] o3 #Hsht
Tl st Ho|rt vehhsA o] ¢st
o F A 27X FYEE mannitold]
2aiel 4¥2 =Y AYEY 2E=@ MY
mannitol & Fo P& W WEE dolrsit,

23 =% 2o M=

A¥ FeE= 4 T A954E LS F3t
o F3Igt] dAE AAT o 01 M
phosphate buffered saline(PBS, pH 7.4)°l
paraformaldehyde® 4%9] 5% % & #
FAE AAEITE 3R] ¥ F HE A
=359 1 4% paraformaldehyde 1278 ol 24A)
b EQF F3A% ¥ 0.1 M PBSel| sucrose®
30%2 = S F8dof 24X TR
o} I ¥ sucrose 2ol HAH ¥ 222 9]

e Ao 3 ode ddsle] AFE3I

Mannitol®} EB gAMEE ICA¥E= femoral
veing &3 YUY 53 38 29 39 AAl
Hoi2lth. Mamnitol¥ EB HMA8E ICAE ¥
g FYst A, ¥ &M EB AR 9
& HEE #F T 5 AUTHIE 29 A9 B
29 39 A E=E ] 23 A el ks EB
AU g] ost ALl e eFEo] Fod
ZAZ2] F=(ipsilateral side) F$gto] FAg]o]
veRtod, thE(contralateral side)f-glolAE
fao] vERbA] ¥E-& #EITE Mannitol©]
femoral veing &3 FUE AFoME =HxZF
/2] EB |4AIE ot 9L eRiR] ¢k
drHz®2e] Cek D € 1% 39 B).

A

o)

20% mannite} and
Evans blue injection
viaICA

20% mannitol and
Evans biue injection

via femeral vein

20% mannitol injection
viaICA

Evans blue injection
via femoral vein

38 3. Mannitolat Evans blue &} TYUA 20l WE o SHRie) #et A
ICAS 281 marnitol®t Fvans blue YMAE 8 U8 & 235
CHE 2l 8} B femoral vein@ B84 mannitol#t Evans blue
UM ABE TUEH F ZAEH o] Big ¢ ICAE E3Y
mannitolE T35t femoral veing S5l EB AM A2 E T
Bt 2ol LiELHE Tidio| Wi}
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¥ 1. 20% Mannitol injection} EB HA AR 2| FZ 20| s W3

Injection Route Volume (mb) Staining of Brain

Mannitol Evans Blue Mannitol Egle:;s Ipsilateral Contralateral
ICA ICA 1.5 0.5 O X
ICA Femoral vein 15 0.5 A x
Femoral vein Femoral vein 1.5 0.5 x X
Femoral vein Femoral vein 3.0 1.0 x X
Femoral vein Femoral vein 6.0 1.0 X X

FUY 2T RE FRAN $UT Aui AL
(O o] olsolg el X : G0l A FeAH, A FEA Aso] o Foj7 Ab)

o] Wgst] vehER e diE] Lotry] 9
3to] 2902] mannitol®} 2819] EB QA E
FYst= 2743 4919 mannitol® 28] EB
FAANEE FYste 279 A¥E FHEA
=d, 2 AY femoral veing 3 FYB
mannitol®] ] W3} EB A g9 F4l
ol daglol EB GUAIE] 2% ¥ 2379
Aol GAETHE JEREA] ETHIE 4).

(£ 1] 779 +9U4Z2E 2el3le] mannitol
% EB GAAEE FYUS Ao} 28] T 44)
2 Z7FE mannitol®} EB YMAIE 23 o

2 X 20% mannitol and
2 X Evans blue mnjection

v1a femoral vein

4 X 20% mannitol and
2 X Evans blue injection

via femoral vein

8 4. Mannitol2l S oi 2ol 25t W3} Femoral veing E5 Zeist

mannitoie] & 2f 2ufet 4hE S8 Fol LEHEE MSE RS oA o] W3} oFAS vlwste] Awstury E
SACH ASHB . 28h°] mannitolt 262l EB XA 2 & 29l E 7oA s = C )
HIZ (AT Z2(B)2 B3 C2l D: aul2] mannitolZ} U] EB A8 A 2 4 e vl 2o] F(ipsilateral side)

ARE FYT FOIN HEQD =202l Hsh. N 3 )
o] 278] JMH F9E= ICAE %31 mannitol

olg} 2] mannitole ICAS Ea| Zslm
EB 94X 8 E femoral veing £33 Fost A

Folls W z2Aox o] galo] veptod, 1 4

20% mannito! and

57}- ICA-%— %—‘SH mannltoljl]- EB ()‘___2}/_\_]'1)\]37}. —%— Evans blue injection
O]J% 7(':)}__?‘11]:]_ Z_—]]% %_Zl_ XE;‘EQ] E_E_Z,}?l Eﬁj’j’ via femoral vein

E BEE 7 ey 29 B9t F 9 o™
39 O), °]+= mannitol¥® EBE 25 ICAS & R
T A vims E oo BobHsh a4 Evaos blue ajection
o Az vebgeh ool AFE mannitole] e
Tzl wlgh BBBY ®Ade] dolwErlE

%_1— ‘)I: 9»1]\‘5‘ —T—Eff} ‘37‘]7}‘ % ‘T“ %E}' 2 5. Mannitol S50 28 Bigt 20%2} mannitolE femoral vein®

E]“%.Qi femoral Veil’l% %ﬁ@—_}: mannitolf’f} St FUTH F R0l LHEH BiZ(AY =2(B)2 HEle oM 55
R

y

2l mannitolE femoral veing S3 FYWSM LR Bl S(C)Tt

B 94429 Fol2 sl we} BBBY o =209 Bug s

el
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Route Volume (ml) Staining of Brain
) . Evans .
Mannitol Evans Blue Mannitol Bl Ipsilateral Contralateral
ue
Femoral vein Femoral vein 1.5 0.5 X X

(O: g Ho] o]Fol3] e

SR ECIEER-2

EB g8A87F #919 A¢ #olglon, olF A

gt ZAgolis HolMe] EB FAAIR 23t
Gao] EgbdstA Ve, YERA] okE-S
&g £ dork =3 mannitole] ICAY

femoral vein & oJ= Fo= FHuEx y=
(contralateral side)ollre] | A3 Tz
g =

I8 6. 24 5 mannitol 7 £BE femoral veing Z3 FYUF T LERS 5 XH 9
Giolel Aol Mah TR0l DHAO! M BHY 4 YO
S Wt e BMAZ o 23 D)UY GAE TS BE & £ A
bregma point, B: bregma ¥ 2 mm, C: bregma ¥ 4 mm).

St 20% 5% mannitol WA 2FE(2

M)&] mannitol€ femoral vein®.Z ]38}

¥ E2) mannitol FA YEh}E BBBO
Hels @AY (B 218 2 M TR
mannitol¥} EB EAMAIE7} femoral veine
T3] FlEYEE HelM JeheE 3232
?34‘1“?3@7} VPR obSE HojFErh o))

% FYU¥ mannitol >3 (cortex)
°"°”°ﬂ 12] EB A g ot Hge vie}
WA} gForor ¥ 5), HAT HA 3
FHeA FE4Q 948 BEd & dsdY
(1% 6). olu AMEH EE FTEoA vpabvl
2 9] Ayt #EE A

FH, A FEAHY

GAjol o] Foi )

2 Al s Aol kAl m3E AHH
28 FZH3= mannitol?] vhFst g3 E4
°ﬂ sl A7} mannitol> HIPAFH Y

TG W HGxA ol gHe FAEM A7

7wz el QA zke] Aukd QAF
B2 BBBY 7150l 3%erhs QoA oay

ggo] ulf & AR & 4 QIT[3]. £
AT e toFst Fof AEE F3 mannitol
o] ]lo] BBBO] 4244 UrE}LHL“‘X] of tﬂ
stod EB QUAIRE AREshe] el
Ty w57} BBBY A A4S H‘E}‘é
F A=A E Lotruat &t

AYAF ICAE 53 mannitol# EB G214
52 Fo&= 53202 BBBY HAES AAs}
o] w9 UFel v EHE U RS
gelstgict. olzist A= mannitol®] Fo%
ol B33t EAIE M capillary) & T35
s Al E(endothelial cel)e] F3x7F ¥
ow, 1 A3 EB @UA 8T TG HEew
+7E F U gAET v femoral
veind %3 mannitol?} EB €¥¥AEE F

e uof= Fs7} ¢rogo] ER A g
AE7L JelA] gkoted)], o) femoral vein

£ Z3] F99 mannitol> BBBE a#doE
HtA 712 BRES e o] s AdFE
P Aol mannitole] YA O R FulA]
A2 AMEEHA T EF3kal #A{ o429 femoral
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veing 3 Fo WP oZE= BBBo IS
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Rog A1, 20].

olg}st A} femoral vein®Z EB ¥4
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Folth g, B 2@ M 1A
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AYE 719E 7 Ah

& So] BBB wie] 4§57 6”%‘3 oF
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Ho® [CAE %3 mannitole] Fojuto] g3}
<9l BBBY Z2EZES Jelde & F U
t}, olgidt AHEL o Fgsh= B2 &
#0] BBBY zE& %8 /Mg HoAFA
AT oA T o

=

7, ol tha
o Aol A7k AL MRE vhpE 7]
Sol wAE wFE dolnidl FEE V)
427t 8 + 9E Ao AR,

[1] Alvarez, JM., Chatwin, C., & Fahrer, C.
(2001). Prophylactic intravenous mannitol
and normal saline in patients with poor
renal function prior to cardiac surgery:
time for a multicentre trial? Heart, Lung
and Circulation, 9(2), 74-77.

{2] Anderson, P., Boréus, L., Gordon, E.,
Lagerkranser, M., Rudehill, A,

C., & Ohman, G. (1988).
Use of mannitol during neurosurgery:
interpatient variability in the plasma
and CSF levels. European Journal of
Clinical Pharmacology, 35(6), 643-649.

[3] Balint, 7., Krizbai, LA., Wilhelm, [,
Farkas, AE., Parducz, A., Szegletes, Z.,
& Vare, G. (2007). Changes induced by
hyperosmotic cerebral
endothelial cells: an atomic force
microscopic study. European Biophysics
Journal, 36(2), 113-120.

Lindquist,

mannitol  in



572 AHE - Ol17E - OJHH - Yo - £XEF - HXFE - OlufEt

{41 Battison, C., Andrews, P.J., Graham,

80(6), 855-861.

C., & Petty, T. (2005). Randomized, [9} Garcia-Sola, R., Pulido, P., & Capilla, P.

controlled trial on the effect of a 20%
mannitol solution and a 7.5% saline/6%
dextran solution on increased
intracranial pressure after brain injury.

(1991). The immediate and long—term
effects of mannitol and glycerol. A
comparative experimental study. Acta
Neurochirurgica, 109(3-4), 114-121.

Critical Care Medicine, 33(1), 196-202. [10] Gemma, M., Cozzi, S., Tommasino, C.,

[5] Biestro, A., Alberti, R., Galli R,
Cancela, M., Soca, A., & Panzardo, H.
(1997). Osmotherapy for increased
intracranial pressure: comparison
between mannitol and glycerol. Acta
Neurochirurgica, 139(8), 725-732.

Mungo, M., Calvi, MR, & Cipriani, A.
(1997). 7.5% hypertonic saline versus
20% mannitol during elective
neurosurgical supratentorial procedures.

Journal of Neurosurgical Anesthesiology,
9(4), 329-334.

[6] Doolitle, N.D., Miner, M.E., Hall, W.A,, [11] Harutjunyan, L., Holz, C., Rieger, A,

Siegal, T., Jerome, E., Osztie, E.,
McAllister, L.D., Bubalo, J.S., Kraemer,
D.F., Fortin, D., Nixon, R., & Neuwelt,
E.A. (2000). Safety and efficacy of a
multicenter study using intraarterial
chemotherapy in  conjunction  with
osmotic opening of the blood-brain

Menzel, M., Grond, S, & Soukup, J.
(2005). Efficlency of 7.2% hypertonic
saline hydroxyethyl starch 200/0.5 versus
mamnitol  15% in  the treatment of
increased  infracranial  pressure  in

neurosurgical patients—a randomized
clinical trial. Critical Care, 9(5), R530-540.

barrier for the treatment of patients [12] Hawkins, B.T., Egleton, RD. (20086).

with malignant brain tumors. Cancer,
88(3), 637-647.

[7]1 Erdlenbruch, B., Kugler, W., Schinkhof,

[a—

Fluorescence imaging of blood-brain
barrier disruption. Journal of
Neuroscience Methods, 151(2), 262-267.

C., Neurath, H., Eibl, H., & Lakomek, [13] Joshi, S., Ornstein, E., & Bruce, JN.

M. (2005). Blood-brain barrier opening
with alkylglycerols: Biodistribution of
1-O-pentylglycerol after intravenous
and intracarotid administration in rats.

(2007). Targeting the brain: rationalizing
the novel methods of drug delivery to
the central nervous system. Neurocritical
Care, 6(3), 200-212.

Journal of Drug Targeting, 13(3), [14] Kaya, M., Gulturk, S., Elmas, I,

143~150.

{8] Farkas, A., Szatmari, E., Orbok, A,
Wilhelm, 1., Wejszka, K., Nagydszi, P.,
Hutamekalin, P., Bauer, H., Bauer, H.C,,
Traweger, A., & Krizbai, LA. (2005).
Hyperosmotic  mannitol induces Src
kinase-dependent  phosphorylation  of

Kalayci, R., Arican, N., Kocyildiz, Z.C.,
Kucuk, M., Yorulmaz, H., & Sivas, A.
(2004). The effects of magnesium
sulfate on blood-brain barrier disruption
caused by intracarotid injection of
hyperosmolar mannitol in rats. Life
Science, 76(2), 201-212.

beta—catenin in cerebral endothelial [15] Kerr, M.E., Weber, BB., Sereika, SM,

cells. Journal of Neuroscience Research,

Wilberger, J., & Marion, D.W. (2001).



Mannitol2l ¢ d =22}

Dose response to cerebrospinal flud drainage
on cerebral perfusion in traumatic brain—injured
adults. Neurosurgical Focus, 11(4), EL

[16] Krol RA, & Neuwelt EA (1998).
QOutwitting the blood-brain  barrier  for
therapeutic purposes: osmotic  opening  and
other means. Neurosurgery, 42(5), 1083-1099.

[17] Neuwelt, E.A., Goldman, D.L., Dahlborg,
SA., Crossen, J., Ramsey, F.,
Roman-Goldstein, S., Brazile, R, & Dana,
B. (1991). Primary CNS lymphoma
treated with osmotic blood-brain barrier
disruption:  prolonged  survival  and
preservation of cognitive function. Journal
of Clinical Oncology, 9(9), 1580-1590.

[18] Pardridge, W.M. (2002). Drug and
gene delivery to brain! the vascular
route. Neuron, 36(4), 555-558.

[19] Quencer, RM., & Neuwelt, E.A. (2002).
Advances in the understanding of the
blood-brain barrier in neuro-oncology.
American Journal of Neuroradiology,
23(10), 1807-1810.

[20] Reddy, V.G. (2002). Prevention of
postoperative acute renal failure. Journal
of Postgraduate Medicine, 48(1), 64-70.

[21] Soustiel, J.F., Mahamid, E., Chistyakov,
A., Shik, V., Benenson, R., & Zaaroor, M.
(2006).
hyperventilation and mannitol for control

Comparison of moderate

of intracranial pressure control in
patients with severe traumatic brain
injury — a study of cerebral blood flow
and metabolism. Acta Neurochirurgica,
148(8), 845-851.

I8 1 08/10/17
A5 1 08/12/05
AAMEE : 08/12/17

ok
i=1

He

of o|Xl= &X

-

573






