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The distribution of highly lipophilic drugs into cerebrospinal fluid (CSF) is thought to be
predictable from both assumptions of simple diffusion process and pH partition theory. We
tried to predict CSF/plasma concentration ratio (Cc¢sy/Cp) from the fraction of unbound drug
in plasma (fp), pKa, and pH of blood and CSF and to compare the predicted Ccsi/Cr values
with the observed Cosr/Cp values collected from literatures. In the case of highly-lipophilic
drugs, we found that the penetration into CSF could be predicted from various parameters as
above. Since the penetration of more hydrophilic drugs into CSF could not be estimated from
those parameters, we tried to predict Co«r/Cp values by using influx (PS1) rate constant from
blood to brain and active efflux (kac) rate constant from brain to blood. The PS1 value was
calculated from octanol/buffer partition coefficient (PC) and the diffusion constant across
water (Dm) based on Sawada’s report (Y.Sawada ef al., Am.J. Physiol., 258, H1585 (1990)).

- The kac value was calculated on pharmacokinetic model considering the active efflux mechanism
from brain to blood. A significant correlation (r=0.96) between kac and PC of each drug
was observed. The predicted Cose/Cr values based on this model wes comparable with the
observed values. These findings suggested that the Ccsrk/Crp value of lipophilic or hydrophilic

drugs was predictable from various biochemical, physicochemical and physiological parameters.
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Table 2. #F#od Cosr/Cp, pKa, B« #HFEDF| (nature)

#E 1 Ccsr/Cp pKa nature X #k
BRI
acebutolol 0.11 9.7 base 15,52
atenolol 0.104 9.5 base 13,14,52
0.107
0.12
0.235
metoprolol 1.106 9.7 base 14,52
1.14
oxprenolol 0.104 9.5 base 14,52
pindolol 0.291 8.8 base 13,52 -
propranolol 0.08 9. base 14,52
0.107
2% 3 v Hokkbi#
cimetidine 0.03 6.8 base 18,19,52
0.07
famotidine 0.05 7.1 base 16,60
0.06
0.12
ranitidine 0.08 2.3 acid 20,52
roxatidine 0.076 9.3 base 17,60
A
indomethacin 0.004 4.5 acid 23,52
ketoprofen 0.014 3.9 acid 21,52
oxyphenbutazone 0.007 4.7 acid 22,52
pentazocin 0.3 8.8 base 25,52
morphine 0.89 9.85/7.87 ampholyte 24,52
R Al
chlordiazepoxide 0.043 4.3 bace 26,52 -
diazepam 0.016 3.3 base 28,29,52
0.02
desmethyldiazepam 0.03 11.65/3.35 ampholyte 28,52
flunitrazepam 0.16 1.8 base 30,52
lorazepam 0.16 11.5/1.3  ampholyte 34,52
temazepam 0.052 1.3 base 27,52
desipramine 0.121 10.2 base 31,52
0.255
desmethylchlorimipramine  0.037 —_— —_— 33
imipramine 0.095 9.5 base 31,52
nortriptyline 0.09 9.7 base 32,52
PWTAD»AHA
carbamazepin 0.25 — amide 38,41,52
0.31
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Table 2 oo
oM Cesr/Cr pKa nature N
phenobarbital 0.46 7.2 acid 40,52
phenytoin 0.12 8.3 acid 37,40,52
0.109
primidone 0.8 — acid 35,39,52
0.94 . ‘
valproic acid 0.08 5 acid 35,36,52
0.089
Z D1
verapamil 0.068 8.8 base 44,50
- methotrexate 0.023 4.8 acid 42,43,52
0.029
PR - DU
ampicillin 0.032 2.5 acid 45,52
aztreonam 0.027 2.7 acid 48,52
nafcillin 0.014 2.7 acid 45,52
penicillin G 0.005 3.0 acid 45,52
0.008
0.02
cefoxitin 0.026 3.5 acid 45,60
ceftriaxone 0.008 1.72 acid 47,52
cefuroxime 0.2 2.5 acid 47,52
cephacetrile 0.13 2.0 acid 45,52
cephaloridine 0.014 3.4 acid 46,52
cephalotin 0.018 2.5 acid 46,52
cephazolin 0.012 2.1 acid 45,52
moxalactam 0.002 2.5 acid 46,52
0.005
- chloramphenicol 0.5 5.5 alcohol 45,52
chlortetracycline 0.03 3.3/7.4/9.3 ampholyte 45,52
oxytetracycline 0.035 3.3/7.3/9.1 ampholyte 45,52
tetracycline 0.086 3.3/7.7/9.5 ampholyte 45,52
gentamycin 0.136 8.6 base 45,52
kanamycin 0.163 7.2 base 45,52
streptomycin 0.048 S base 45
lincomycin 0.029 7.5 base 45,52
ciprofloxacin 0.104 — — 50
pefloxacin 0.333 —_— — 51
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Table 3.  #I4O MHEPIE SIS R L RN
I. fp 6 TRV REZL K

x W fp log PC X R
chlordiazepoxide 0.04 2.5 50,51,55
desmethyldiazepam 0.03 1.73 27,54
diazepam 0.015 2.7 26,50,51,54,55
flunitrazepam 0.121 2 27,55
lorazepam 0.12 2.38 32,51,55
temazepam 0.054 1.8 25,54
phenobarbital 0.5 1.15 50,51
phenytoin 0.1 2.47 35,50,51
valproic acid 0.1 2.57 34,50,57
carbamazepine 0.25 1.76 50,57
metoprolol 0.92 —0.1 50,52,53
oxprenolol 0.08 0.3 50,52,53
pindolol 0.312 —0.2 12,52,53
propranolol 0.1 1.2 12,50,52,53
desipramine 0.2 1.39 50,51
imipramine 0.11 2.52 50,51
nortriptyline 0.07 1.71 50,51
pentazocin 0.35 2.04 50,51
indometacin 0.003 3.98 21,56
ketoprofen 0.01 — 19
oxyphenbutazone 0.005 3.28 50,51
morphine 0.8 1.03 49,51
primidone 0.8 —_— 50
desmethylchlorimipramine 0.037 — 31
verapamil 0.058 —_— 42

II. fph 6T RIAT HEZH

WY fp log PC X #R
cimetidine 0.8 0.17 50,58
famotidine 0.8 —0.82 58
ranitidine 0.8 —0.48 58
roxatidine 0.91 0.45 58
methotrexate 0.5 ~-3.62 40,51
acebutolol 0.85 —0.2 50,52,53
atenolol 0.97 —-1.8 50,52,53

NI | -El ectronic Library Service



Japanese Soci ety of Pharmaceutical Health Care and Sci ences

% B % % Vol.18, No.4 (1992) 355

1.4 i, REEMEREOREENKE VT LA RE X

hic. EBEChb0EYTIX, BHER CHEEIMN

1 A UBSHE O AR IS ShT VB, F 1,

1o B EWTH (B 7 27 b e — ) 2 REBIERRE

« DEEAKE W ERBE IR BRI

% 061 WTIERE IR TWIRRWO TS EIREEY A
%0& in vitro FERCHRETHLE DD EERS.

S Fig. 3 w&#E WD kac & DM PC &0

0.4 Bz R LT,

B ORI IZED TRWHBBEGR (r=0.96)
0.2+ ° DB Y, EYORREMED b kac % THRITE 5 Ak
0.0 S gg ° o8 PRI I i, FEEIT Suzuki HitT o FOK

0.0 0.2 0.4 06 08 1.0 12 14 BERAR A VT, RGBT S e RN R
, | Cose/CrTIR \ T B v ) v RO BRI & IR O
Fig. 2. fp 2B FH L 7 Cosr/Cp B & EHED

BE LR

@ : fp DL FHEFIEE/n Y

O : fp 3B FRARTTHE IR
NHOHBT, Hiwxa b brFEH— o PSL 33
HILNEL, ThPNBFHERBITEOEVRERN &

i RVHHBEREER (r=0.92) o H 5 = & #HiE L
T3P,

PEXb, v rickldsEYOMEFHERETHE
i3, Fig. AR L7 v —F 4 — MfE - TFH
AEELEZLND.

Exbhb. # LR, fph b FRAELREAE T, FELT
DX TTv IR JEBE OB WEHOBENULTHEE 2 b h

=7, eAz v Hy Ao, B~
DR IAAEEFITHENEZEZDNAHDT, M
T D OB RO ENKEWEE LD
ha. o TEBI, MEHR»DOEREIRRE
RER LI F AR AGT, NS IME~OREE)
it T 5 HEER kac wEH LcHERY
Table 5 R L7. kac oBEHIWTL, X
BEHBEOREL bulk flow W XIBEIXIZTEALE
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COEREMSe A 1Y Hy HHFl o w T

%. 8 280, MBI 2 A LTI AR L,
B B MERA~D =7 5 o 7 2 THRET 5
EMNBBEREAETHSH. Thut, REEOEL
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A= ZNEPOIRBUENDHEETEB Z &b,
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%z, Fig. 51 fp 2» LNEHEHR T F

Table 4. [MEMBIFIDIR Y :AZERT 35 2 — % (PS1) DREMHERE
E W PCXDm logPS1 PS1 fpx PS1
cimetidine 9,31E-06 0.169 1.476 1.181
famotidine 8.23E-07 —0.884 0.131 0.105
ranitidine 1.76E-06 —0.552 0.280 0.224
roxatidine 1.43E-05 0.357 2.277 2.072
methotrexate 1.12E-09 —3.749 0.0002 0.00008
acebutolol 3.77E-06 -0.223 0.598 0.508
atenolol 9.27E-08 —~1.833 0.015 0.014
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Table 5. Jhs b M~ OREENVER AT 5T 2 — & (kac)
DEHFEE
kac kac
B} Vesr=120ml Vesr=65ml
Q=0.35ml/min Q=0.5ml/min
cimetidine 14.6 14.6
cimetidine 6.0 6.0
famotidine 1.8 1.8
famotidine 1.5 1.5
famotidine 0.7 0.7
ranitidine 2.0 2.0
roxatidine 6.0 6.0
acebutolol 2.6 2.6
atenolol 0.1 0.1
atenolol 0.1 0.1
atenolol 0.1 0.1
atenolol 0.04 0.04
1077 — %, Fibb kbf Ofti TRICERE /<5 £ —
gElg>T&lk. TOHEE, ATRUIE T
. e CSF A 120ml, bulk flow 21 0.35
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——— R R RREGHEDHEER L LT, MANOBIT
0] o EORIAEE TH 5. T0td, ThHOEY
. THMEHRFRTHECELTEL omEALD
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1072 107! 10° 10! 10 T, BIEONT & ERTEL20 BT
og FC b, BEHRBOMRITE Ieh o ke tds — 4 &
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fe.
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