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Studies on the Mechanism of Subcellular Distribution
of Basic Drugs Based on Their Lipophilicity
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This paper described the studies on the mechanism of subcellular distribution of lipophilic weak bases. Although
the tissue distribution of basic drugs appeared to decrease with time simply in parallel with their plasma concentration,
their subcellular distribution in various tissues exhibited a variety of patterns. Basic drugs were distributed widely in
various tissues, but were concentrated in lung granule fraction, where their accumulation was dependent on their
lipophilicity and lysosomal uptake. As the plasma concentration of drugs decreased after maximum level, the contribu-
tion of lysosomes to their subcellular distribution increased. The uptake of the basic drugs into lysosomes depended both
on their intralysosomal pH and on the drug lipophilicity. As the lipophilicity of the basic drugs increased, they accumu-
lated more than the values predicted from the pH-partition theory and raised the intralysosomal pH more potently,
probably owing to their binding with lysosomal membranes with or without additional intralysosomal aggregation.
These phenomena should be considered as a basis of drug interaction in clinical treatments.
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MEMHEIN TS, 2 K2, EYoMaNREEES
BIER & OBIRICDWTIE, LMY O amioda-
rone ¢ G- 1T F, 5 3 2 fili KR4 E <= R B VG 28 703,

flid ) —2 (Lys) NORMEIZKD &, T7&
HbH, EYS Lys IR SN > RERH = HE
T5H5ZELST, UIEED Lys ICERE L &AIEM
MFEITD LR IN TN DS, 2329 Lys 13 60 ff
FELL B DKy i 3R & 5 A pH 3—6 D551,

FEEAEIX 20—50 mM/pH, & fE!3 3.27 uL/mg pro-
tein DEERI E L THISNTHO, MigoEEICE>
T, MEMAETHARE—~THS. £/, Lys O
BREY OO IAARIZ DN TOMEL, L2 M
WiziENZ <, MR TOZEITEET ST
REINTWRWN,

T, EFHESIIEEEEYORNS RS
BT 2EREL T, MNAILT RT D Lys T4
HU (Fig. 1), ZOMlaN R D W THRES
L LR Z57.

2. T MIHTHEBEMUEYOMIZA D HENE

£, EE513, Lys [HEFITH % NH,Cl (3 mg
/min/kg) & Z v MIEREEHT L, Table 1 1Z/:RL
T2HEMEEY DS B Py ENHHEE O biperiden
(BP) & %W\ [T trihexyphenidyl (TP) 7% 2 Epf%m»
SHFHL TEEEEL, Srlfk—isE bRyt
(K,) #R®7=. Table2i2iE, 2> o=l dH3
Wi NH,CL 58 TO BP KU TP D% K, fli O
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bmdmg +

Fig. 1. Diagrammatic Representation of Lysosomal Accumu-
lation of Basic Drugs through Protonation, Aggregation and
Binding to Membranes

B and BH* denote neutral and protonated species of a basic drug,
respectively, and D2* denotes dimmer of BH™.

NH,Cl T KA FHZE/R L /2.2 NH,Cl #% 512 &
% K, [EOME IS HEMEM TR, T O0.7—
0.8, LM VB T 0.5—0.55, ik, B, MK
O e TH 0.22—0.4 i CTORTNEHATH >
. ZORTFHNED O ND Lys D5
'6%%) ZENRREI N,
. EESI, BT LML NIV TOS)

ﬁ% Omfwl%% 557280, W4, Ok O
B LN AHREICDOWTHRFN L. BP 25
v MTERFHEL, EHEIREEIZHIT S BP DR
fe PN s — A PR b (K, ) 2R U7,

R TR T, A LA O M > D K, o & & >N
2 & & DRI K WHBIMED S S N2y, i Tl ks
sy (Py) ~OHEMOMOE M i L TEIC
=< MEEMENED s o7z (Fig. 2-a). 20 P, (X
FIZ Lys & Mit THERINTNWS I EMNS, Lys N
pH % L H X8 % NH,Cl Z R CHE 5 L, o
RN A2 R U 2GR, WINOE S TH K,
IR TFTLTWED, TO/FRE Lys OEZEE
D1DTHDHENET + A7 757 —EiEMEEORITIE

B WAHBEMEA S 53 (Fig. 2-b), Lys A3 H k4
DM ZPRETDERD 1 DTHD I ENRE

Table 1. Physicochemical Properties of Basic Drugs

Drug pKa?® Log P,.”
Atropine 9.9 1.51
Nitrazepam 3.4 2.21
Quinine 4.1,8.5 2.28
Diltiazem 7.7 2.67
Amantadine 10.4 2.7
Diazepam 3.5 2.99
Propranolol 9.5 3.1
Verapamil 8.7 3.13
Haloperidol 7.8 3.23
Pentazocine 8.5 3.31
Clotiazepam 3.6 3.49
Biperiden 8.8 4.25
Trihexyphenidyl 8.7 4.49
Trifluoperazine 8.1 4.61
Clomipramine 8.5 4.71
Imipramine 9.5 4.77
Promethazine 9.1 4.81
Chlorpromazine 9.3 5.19
Chloroquine 8.4,10.8 5.82

a) Values were obtained from Refs. 9 and 30.
b) Logarithm of the octanol-water partition coefficient of the nonionized
from of the drug.
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Table 2. Effect of NH,CI on the Tissue-to-Plasma Concentration Ratio (K,) of Biperiden and Trihexyphenidyl

Biperiden Trihexyphenidyl
Tissue . Ratio of . Ratio of
Control® with NH,CI?» Control® with NH,CI»

decrease® decrease®
Lung 52.1+9.7 11.8+£2.2%* 0.773 59.5+2.6 18.9+7.7*%* 0.682
Heart 6.9+2.3 3.2+0.1%* 0.534 7.3+1.0 3.4+0.7%* 0.543
Kidney 8.7%£1.5 4,1+0.2%* 0.526 13.5+1.1 7.0+1.1%* 0.484
Brain 6.6x1.5 3.8+0.1* 0.432 6.8+£0.7 4.5+0.7* 0.332
Gut 9.8+£2.2 7.0+£0.5 0.286 15.0£3.3 8.6+0.7* 0.425
Muscle 3.4+£0.7 2.6x0.1 0.232 3.2+0.5 2.3£0.6 0.277
Fat 51.0£6.6 41.5+2.9 0.186 67.8+6.5 47.2+15.0 0.303

Each value represents the mean = S.D. of three rats. Asterisks denoto significant differences (*p <0.05; **p <0.01). @) K, after infusion of
biperiden or trihexyphenidyl alone. b) K, after infusion of biperiden or trihexyphenidyl with NH,CI. ¢) The values are the ratio of decrease
of K, by NH,CI.

a) 30 b) 3 19
~—)
g
] S o8
P, g
20 + &
- M 0.6
[~ S e
s 3 3
10 s 0.4
- El -t
P, g
- 02 S1
1 », 5
° 8]
el
0 ™Tr—rTr T 1 1T é 0.0 T T T
0 20 40 60 80 0 10 20 30
Protein (ng/g wet tissue) Specific activity of acid phosphatase
( pmol/min/mg protein )

Fig. 2. The Relationships between the Protein Content and Subcellular Fraction-to-Plasma Concentration Ratio (K, ) of Biperiden
at Steady-State without NH,CI Treatment (a) and the Relationships between the Specific Activity of Acid Phosphatase and the
Decrease in the Ratio of the K,  with NH,Cl Treatment (b) in Rat Lung.

The solid line represents the linear regression. P,: nuclear fraction, P,: post-nuclear fraction (e.g. lysosome, mitochondria), P;: microsome fraction, S;: cytosol
fraction. Mean +S.E.M. (n=3).
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AU Lys i3z &b 2 D08 1 T OfEE
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Fig. 3. Subcellular Distribution of Chlorpromazine (CPZ),
Imipramine (IMP) and Biperiden (BP) in Rat Liver
Rats were injected i.v. with 3.2 mg/kg of each basic drug 10 min before
sacrifice and their livers were fractionated. P;: nuclei fractions, Mit:
mitochondria, Lys: lysosome, P;: microsome, Sup: cytosol fractions. -+ :
CPZ, ——: IMP, —: BP.
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EFlgrh @ IMP #2521, 14.9—44.6 pmol/mg pro-
tein &72%. ZOREIZHIT S IMP @ high-affinity
/low-capacity AL\ DFEE 1L, Table 3 1IZ/RL 72N
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Fig. 4. Scatchard Plots of IMP Uptake into Lys and Mit
Fractions
Lys and Mit fractions were incubated at 37°C for 10 min with IMP in the
presence (/\, Lys) or absence (O: Lys, @: Mit) of 50 mM NH,CI.
Mean +S.E.M. (n=3).

Table 3. Dissociation Constants (Ky) and Maximum Number of Binding Sites (By.) Calculated from

Scatchard Analysis of Imipramine Uptake into Lysosome and Mitochondrial Fractions in the Absence
and Presence of NH,CI or Chlorpromazine (CPZ)

High affinity site Low affinity site

K4 Binax K4 Binax
(um) (nmol/mg protein) (um) (nmol/mg protein)

Lysosome

control 0.897 £0.241 4.902+0.971 258+39 804+97

NH,CI(50 mm) — — 237+50 603112

CPZ (50 um) — — 382+78 713 +132
Mitochondria

control — — 421+£129 832+241

NH,CI(50 mm) — — 393 +69 733+118

Each value represents the means + S.D.of three to six experiments.
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ZE LS E, NHLCL, IMP, propranolol (PPR)
KU CPZOWTNDOBFED, EMRED LFITHE
> TCLysWpHIZ EHRLZ (Fig.6). LiaL, &
DNRITITEDF TEN DO, CPZ N bIKIRE
T Lys N pH % EF& &, X\ T IMP, PPR, NH,CI
DIETH->7=. [PH]IMP Kk [“C]methylamine
(["C]MeNH,) @ Lys NDOH D AAHEZES pH
EREM LRI CPZ bR <, KWT PPR,
NH,ClIDJETH > /= (Fig. 7). [PH]IMP & [C]
MeNH, @ Lys NOD D A AT 2 245 3 A 4%
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Fig. 6. Effect of the Medium Concentration of the Weakly

Basic Drugs on the Intralysosomal pH
A: Chlorpromazine (CPZ), /\: imipramine (IMP); O: propranolol
(PPR), @: NH,CI. The dotted line (——-— ), the broken lines (------ ), and
the solid lines show simulation curves for NH,Cl using Eq. 2; for CPZ, IMP,
and PPR using Eq. 3 for binding, and for CPZ, IMP, and PPR using Eq. 4
for aggregation, all obtained by means of the MULTI program.
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Effects of Nigericin (NIG), ATP and Bafilomycin A; (BAF) on [3H]IMP Uptake into Lys at pH 7.4 in KCl Medium

Lys fractions were preincubated at 37°C (a) or 4°C (b) for 3 min with NIG (2.5 um), ATP (1 mm) and/or BAF (10 nm) before addition of [3SH]IMP (1 um).

O: control, @: +NIG, /\: + ATP, A: + ATP + BAF.
Mean +S.E.M. (n=3).
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MO EME (ICs E) DEITIEE WA BN 1S 4. BEMZEYO Lys ~DRHEHEE

5Nz (r=0.842). MeNH, i3RI NN DT O |~ > WAy N HY BELRD BTSN S ER &
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D EFT /DB T 0 kS ARD BRI THEL, ) ] r=0.946
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AT Lys NS0 HY JEEH IS L T & & &, 107 itiazem Verapamil

LTWB, ™ % 5 O R & D Uzl i g %
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HkETSZ L, 2 MehOBERICKD pHET Log P,

RSN AU LIRS N B EN DB &, (3) . o
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quine was excluded from the correlation because it is a diprotonable base.
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Fig. 7. Inhibition of Uptake into Lys of [3H]IMP (Open Symbols) and [ “C]MeNH, (Closed Symbols) by Various Drugs at pH 7.4
at 4°C

The Lys fractions were incubated in the presence of CPZ, PPR or NH,CI (1 um-100 mm) at 4°C for 10 min, then [3H]IMP (1 nm) or [ “C ]MeNH, was added.
After an additional 10 min incubation for [3H]IMP or 1 hr incubation for [ “C]MeNH, at 4°C, the [3H]IMP or [“C]MeNH, taken up by Lys was determined.
CPZ or PPR (O) and NH,CI (A).

The dotted lines (—-—-— ) show simulation curves predicted for the inhibition of uptake of [3H]IMP or [ “C]MeNH, into Lys by NH,Cl using Eq. 5. The dotted
lines (------ ) show simulation curves predicted for the inhibition of uptake of [ 3HJIMP or [ *C]MeNH, into Lys by CPZ or PPR using Eq. 6 for binding. The solid
lines show simulation curves predicted for the inhibition of uptake of [3HJIMP or [ “C]MeNH, into Lys by CPZ or PPR using Eq. 7 for aggregation.
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Fig. 9. Effect of Extralysosomal pH on the Accumulation of
[3H]IMP (1 um) within Lysosomes
——: calculated accumulation ratio based on pH-partition theory.
Mean +S.E.M. (n=3).
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Fig. 10. Effect of the Medium Concentration on the In-
tralysosomal Accumulation of IMP
The open circles were the observed values of the accumulation ratio (in-
tralysosomal/extralysosomal concentration) of IMP at various ex-
tralysosomal concentrations after 10 min at 4°C. The dotted line was calcu-
lated using Eq. 8 for binding. The solid line was calculated using Eq. 9 for
aggregation.
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Fig. 11. A Proposed Mechanism of Tissue Distribution of Basic Drugs
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