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Abstract: Treatment for the intracerebral diseases has been a challenging issue in clinical diagnosis

and treatment. Because of the special brain barrier structure patients generally treat these diseases
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only through oral or injection drugs. In order to make it clear this paper theoretically and numerically
studies the variation laws of free drug concentration in the vascular and brain tissue given minimizing
the toxicity of drugs. After comparing two models without and with ultrasound treatments we find that
at the absence of ultrasound treatment it takes about 140 minutes that the concentration of free drugs
in capillary and brain tissue reaches the balance state. In this case drug concentration is greatly low
which does not achieve an ideal therapeutic effect. Otherwise it only takes approximately 60 to 70
minutes to reach the balance state with ultrasound treatments and drug concentration significantly
increases. That greatly reduces the time taken for drugs to reach therapeutic concentration in brain
tissue and increases the amount of drugs entering the brain tissue.

Key words: vein; capillary; liposome; focused ultrasound; mathematical model

( blood-brain barrier BBB) 3
4
l o
o BBB
BBB
2 5
400 ~ 500
BBB BBB
BBB ' .
6
1987 Janzer 7
BEB BBB - 2005 Hawkins §
BBB BBB - 2006
BEB 3 Abbott  °
. BBB . 2014
Peter 10
BBB
P 11
eppa

2017 Anna 12

Peter

BBB



124

o y oK
Dol i (v, =v) = kv -k(v-w) ed
. (1)
dw o L s 1
A L T S e
1, 1 K >
1 1o
BBB V>
(1)
1 min
du as
G v Cu, —u)—l +bsu(t_7)
2014 Peter "
@=a as u(t —7) —yv - kv -
de 1 + bs : (2)
3 e
. 20 = w) K +UU
du _ 1,k
_ @ = Ra(v o) ey e
. , u y (l\b
5 1.2
1.2.1
oy
v, K+v Bw
v A w
v kz(v"wy)
lklv ° (1)
Dulac
o Matlab
2 v : » Matlab [N
. 2 w VW o




125

vV 65 14
v /( pmol * L") 420
Uy /( pmol = L") 420 10
K / (pmol + L") 34.2 15
k /s™! 0.6 10
k, /s7! 20 10
ky /(pumol s L™ es™") 0.35 15
y /s™ 2 16
@ 1.3 x10° 10
B /s™ 5x107*
B /MPa 1.5
a 2.03
b 0.001
K
1.2.2 k) v-BVw<yv, -B(v+ Vw) : limsup( v +
YU
Vw) <—
B
(1) 0 =
[(1} w) e R, O$U+VW$LUI]
B
0] o
2 (1)
1 0
| (1) (1)
ks
—0) =k —ky(v - w) - =0
.(22[(1) w) e R, OSy+Vw$yBUI]O (o =) v = k(v - ) K+v (3)
k
37, >0 s.t T, T,= ky(v — w) +m—v,3w:o
inf{t=0 »(t) =0  w(t) =0} te 0 T,) (3)
v(t) >0 w(t) >0 te y(v, —v) -k (4
07T, oT,) =0 w(i) =0 0 (0) |, g = v BV
v, + kyw(T,) >0 v( 1) o w (3)
w(T,) =0 v(1) =0 te[0T,] av’ +bv+¢=0
1 k, a=(k +k +v)BV +kk, +ky >0
w() "””:7“62 * m) v(h) >0 b = (Kk, + ky + Kk, + Ky — yv,) BV + (5)
w (1) 0 = Kk ky — kyyv, + Kkyy
{(v w) [v=0 w=0} o ¢ =— (Kkyyv, + Kyv,8V) <0

(1) Do+ V) T=yr = (y + v A =



126

/12
Vb —4dac >0 ZU:MO

b>0  —b+/b —4ac >0
—b ~/b* —4ac <0 . b<0  —b+/b —dac
>0 —b—M<O o v =
_b_wd)

Kk,
(Kio )2 *)2+k2+BV

m=y+k +k +
Y 1 2 (K +v

n:(y+kl)k2+('y+kl+k2 +m

. 17
Hurwitz

m 0
H1:m>0H:

dv
dt

dw
dr

('y +k o+ k, + U)wfl + ko
H(v w) Q(v w) —L(k 3 )wl—(g)
Vi +K+1}
[ +8)”
_OHP 9HQ _ ., ky
A= w aw YV +(K+v)2w
RN ks -2 _
kyv V(k2+K+ )w =
o, w ™ =k —kazw_z +
ky 1 ks,
(K+o)w VK40 <0 (10)
A <0  Dulac 7
(1)
Dulac
1
(1)
AN Y vV=w =



127

0.000 318 » =w =0.000 32

)
( 3 ) o cbd w
0.000 32  0.000 318
;oa~c v 0. 000 32
0. 000 318 ;
RN o
4 VW DN
wW-~v
v
5 =1 fa =

2.03 5=0.001 5s=0.85; a=2.03 $=0.001 s=
1.45; @a=2.03 6=0.001 s=1.5; a=2.03 b=

0.001 s=1.6. 4 s
o 5( a)
o 5(b)
62 s
72 s o
U~
u~v
U~
PN E(v w)

c/(umol * L)

320 fy

319

318 F

317

50 100

Dulac

150
t/min

200

W

250

300



128

BICKER J ALVES G FORTUNA A et al. Blood-brain
barrier models and their relevance for a successful devel—
opment of CNS drug delivery systems: a review J . Euro—

pean Journal of Pharmaceutics and Biopharmaceutics

2014 87(3):409 —432.

2016 43(5) : 887 —892.
J.
2010 31(1):35 -37.

J. 2000
30(3) :28 —29.
ARYAL M ARYANITIS C D ALEXANDER P M et al.
Ultrasound-mediated blood-brain barrier disruption for
targeted drug delivery in the central nervous system J .

Advanced Drug Delivery Reviews 2014 72:94 —109.

J. 2013 24(6) : 66 —68.



129

5918—2011 ( )

7 JANZER R C RAFF M C. Astrocytes induce blood-brain on a chip J .PLOS One 2016 11(3) : e0150360.
barrier properties in endothelial cells J . Nature 1987 13 KLEINFELD D MITRA P P HELMCHEN F et al. Fluc—
325(6101) :253 -257. tuations and stimulus-induced changes in blood flow ob—

8  HAWKINS B T DAVIS T P. The blood-brain barrier/ served in individual capillaries in layers 2 through 4 of
neurovascular unit in health and disease J . Pharmaco— rat neocortex J . Proceedings of the National Academy of
logical Reviews 2005 57(2): 173 ~185. Sciences 1998 95(26) : 15741 — 15746.

9 ABBOTT N J RONNBACK L HANSSON E. Astrocyte— 14 BAR T. The vascular system of the cerebral cortex M .
endothelial interactions at the blood-brain barrier J . USA: Springer Science & Business Media 2012.

Nature Reviews Neuroscience 2006 7(1) 141 =53. 15 DELAMO E M URTTI A YLIPERTTULA M. Pharmaco—

10 HINOW P RADUNSKAYA A MACKAY S M et al. Sig- kinetic role of L-ype amino acid transporters LATI and
naled drug delivery and transport across the blood-brain LAT2 ] . European Journal of Pharmaceutical Sciences
barrier J . Journal of Liposome Research 2016 26(3):

2008 35(3):161 —174.
233 - 245.

1 BRASIEVIC | STEINBUSCH H W M SCHMITZ C o 16 CUMMING P GJEDDE A. Compartmental analysis of do-
al. Delivery of peptide and protein drugs over the blood— pa decarboxylation in living brain from dynamic positron
brain barrier J . Progress in Neurobiology 2009 87(4) : emission tomograms ] Synapse 1998 29(1):37 -61.
212 -251. 17 M-

12 HERLAND A VANDERMEER A D FitzGerald E A et al. 2012.

Distinct contributions of astrocytes and pericytes to neuro
inflammation identified in a 3D human blood-brain barrier ( )
98 )
12 S. 2011.
J . 2017 35(2): 17 D .
31 -35. 2016.
13 3PE 18 LIW Y ZHU HT WANG J et al. An investigation into
J. 2017 33(2):40 the radial-mode abrasive waterjel turning process on high
-43. tensile steels J . International Journal of Mechanical Sci—
14 ences 2013 77(4) :365 —376.
J. ( 19
) 2016 30 (12):48 —54. D. 2010.

15 20 D .

GB/T 23257—2009 ¢ » 2013.
S. 2009.
16 SY/T ( )



