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Studies on the Cytological Function of the Biomembrane and the Neurons
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Na*-dependent and -independent transport sites were elucidated for glycine and L-leucine, respectively, in Chang
liver cells, a human culture cell line. Findings of acceleration of the L-leucine uptake by the cells in the acidic medium
and synchronized acidification within the cell membrane vesicles with the uptake by them all suggested cotransport of L-
leucine and proton and the uptake of L-leucine dependent on the inward proton gradient in Chang liver cells. Cotran-
sport of L-leucine and proton was also demonstrated in human peripheral lymphocytes and accelerated by the addition
of concanavalin A, probably accompanied by membrane hyperpolarization. It was shown that the Na*-gradient-depend-
ent uptake of glycine can be regulated by insulin and 178-estradiol in the rat uterus and by Ca?"-calmodulin and mem-
brane potential in Chang liver cells. D-Aspartate uptake as a model of glutamate transport was characterized in rat hip-
pocampal slices and found to consist of Na*-dependent (higher-affinity) and -independent (lower-affinity) components.
The vulnerability of hippocampal neurons to the Alzheimer f-amyloid protein was confirmed in vitro with primary cul-
tured rat hippocampal neurons in the presence of the amyloid protein f1-42 or its core fragments. The toxicity of the
amyloid protein could be blocked by the addition of insulin and several other growth factors to the medium. The addi-
tion of genipin, a plant-derived iridoid, was demonstrated to prevent the toxicity of a synthetic fragment of f1-42, 25—
35. Genipin had a neuritogenic activity in PC12h cells, a rat pheochromocytoma cell line, an activity extremely sensitive
to inhibitors of the nitrogen oxide (NO) synthase and soluble guanylate cyclase and an NO scavenger. It was also
demonstrated in PC12h cells that the activation of the MAP kinase cascade was essential for the neuritogenesis of
genipin. These properties of genipin are very comparable to those of nerve growth factor in the cells. It is considered
likely that various useful, neurotrophic substances and their extracts will be found in plants in future.
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BEICHT2MENBEDILTELE) %= E0Mia 9% cortisol & deoxycorticosterone D {EF & TH
TH/NEL L= (1/2—1/1012) (Table 1—3). # NEFERTYH, FNFNIEER 2R 2 E0FN

U U TR EE D 19-nortestosterone |37 X /i W5/~ (Table 4, 5).2 Z Z T 17B-estradiol & es-
T =V BRI L T, KEREB(IZEGA RN triol 137U > CHUAARIE I BEE G AN &
2. EBO7 I (VU 2) OHUAREE I HAMD, b b TEHEHERNAHNKD HeLa #ifio

Table 1. Amino Acid Pools of HeLa Cells; the Effects of Cortisol and 19-Nortestosterone

Control Cortisol 19-Nortestosterone
umoles/ concn in cell DR. umoles/ concn in cell D.R. umoles/ concn in cell
108 cells (mm) 108 cells (mm) 108 cells (mm)
LYS 1.36 2.67 1.2 1.60 1.25 0.64 1.08 1.76
HIS 0.38 0.74 2.8 0.43 0.337 1.2 0.36 0.59
ASP 1.84 3.61 9.7 1.10 0.860 2.0 1.96 3.20
THR 1.66 3.21 4.2 2.30 1.79 2.1 1.98 3.23
SER 2.48 4.85 4.3 3.60 2.81 2.4 2.88 4.70
GLU 2.18 4.27 4.4 2.57 2.01 2.0 2.54 4.14
PRO 1.14 2.23 2.3 1.43 1.12 1.5 1.58 2.58
GLY 2.62 5.13 13 2.31 1.81 3.9 2.90 4.73
ALA 3.24 6.34 4.0 4.38 3.42 2.2 3.52 5.74
VAL 1.46 2.85 2.2 1.19 0.930 — 1.30 2.12
ILE 1.20 2.36 2.6 1.38 1.08 1.2 1.06 1.73
LEU 2.81 5.50 2.5 2.55 1.99 0.91 2.62 4.27
TYR 0.82 1.60 3.5 0.81 0.634 1.3 0.88 1.44
PHE 0.86 1.69 3.4 0.88 0.685 1.3 0.91 1.49
TAU # HHt HHt

D.R. =distribution ratio, i.e., the ratio of the concentration in the cells to that in medium at the time of harvest. # =Present, but not quantitatively deter-
mined. Steroid treatment was much the same as in Table 1. The D.R. of 19-nortestosterone-treated cells is not shown, for amino acid concentrations in the medi-
um were not determined. Each set of experiments was performed in duplicate for each cell line; the variations between corresponding values were, for the amount
per 108 cells, within +12% of the mean and within+159% for both the intracellular concentrations and the D.R.

Table 2. Amino Acid Pools of JTC-4 Cells; the Effects of Cortisol and 19-Nortestosterone

Control Cortisol 19-Nortestosterone
umoles/ concn in cell DR. umoles/ concn in cell D.R. umoles/ concn in cell
108 cells (mMm) 108 cells (mMm) 108 cells (mMm)
LYS 4.73 4.29 2.1 1.35 0.340 0.19 4.05 3.68
HIS 0.94 0.86 2.7 0.43 0.108 0.33 0.80 0.73
ASP 3.26 2.95 4.9 1.09 0.275 0.44 2.95 2.67
THR 4.59 4.15 4.2 2.96 0.748 0.84 4.25 3.85
SER 8.02 7.25 4.3 4.88 1.24 1.0 6.35 5.74
GLU 8.34 7.55 5.7 6.12 1.55 0.98 18.3 16.6
PRO 2.81 2.55 1.7 1.84 0.466 0.44 3.08 2.80
GLY 4.30 3.90 6.3 2.34 0.594 0.80 3.89 3.52
ALA 8.25 7.48 3.7 3.92 0.985 0.55 7.46 6.76
VAL 3.23 2.93 2.2 1.99 0.503 0.37 2.74 2.48
ILE 2.97 2.68 2.3 1.44 0.365 0.32 2.38 2.15
LEU 6.18 5.60 2.2 3.52 0.890 0.36 4.95 4.49
TYR 1.71 1.55 2.3 0.99 0.251 0.47 1.56 1.43
PHE 1.81 1.64 2.6 1.13 0.286 0.48 1.60 1.45

TAU 0 0 0
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Table 3. Amino Acid Pools of L Cells; the Effects of Cortisol
Control Cortisol
umoles/108 concn in cell umoles/108 concn in cell
cells (mMm) D.R. cells (mm) D.R.
LYS 10.3 16.3 8.9 1.87 2.94 1.7
HIS 2.0 3.1 11 0.43 0.681 2.5
ASP 14.1 22.1 52 2.48 3.89 7.8
THR 14.5 22.7 32 2.11 3.30 4.0
SER 28.7 45.0 43 3.38 5.30 4.2
GLU 65.0 103.0 106 8.36 13.1 11.0
PRO 11.9 18.6 21 1.39 2.18 2.5
GLY 44.8 70.4 169 7.54 11.8 23.0
ALA 29.3 46.0 34 4.16 6.52 4.2
VAL 7.9 12.4 13 1.37 2.16 1.9
ILE 5.9 9.2 11 0.98 1.53 1.7
LEU 13.9 21.9 10 2.33 3.66 1.6
TYR 4.2 6.5 13 —
PHE 4.6 7.2 13 0.80 1.26 2.2
TAU 43.0 67.5 11.6 18.2
The D.R. of taurine is assumed to be extremely large, for the concentration of it in the medium was too small to be
measured.
Table 4. Comparison of Cortisol Effect on Glycine-1C Up- #9352 &1d, T.R.Riggs iZX D RrENTWE

take into the Alcohol-Soluble Fractions between Incubation
Media

Media Control Cortisol p
Eagle 5.21+0.35 3.46+0.20 <0.01
Lactalbumin 1.42£0.07 1.20+0.05 <0.05

Each value indicates mean of uptake of radioactivity in cpm/ug DNA
and = S.E. of the mean. The uptake was determined with four bottles of
cells per group incubated for 10 min with glycine-4C after 48 hr of cultiva-
tion with or without cortisol (10 ug/ml).

Table 5. Effect of Deoxycorticosterone on Glycine-“C Up-
take into the Alcohol-Soluble Fractions in Eagle’s Medium

Min of incubation

10 30
Control 6.12+0.40 12.04+0.78
Deoxycorticosterone 3.41+0.17 6.99+0.59
D <0.01 <0.01

The uptake was determined with four bottles of cells per group after 48
hr of cultivation with or without deoxycorticosterone (10 ug/ml).
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T, MHTEIS—H LTV 9

IS DEERMEICDNT, KEISH O RFED
H. N. Christensen @ — k3~ ™7 A I8 7K il 5 il fl
(KA THEGE, WACT BT, ReRRESER DO
HTEREICY X/ BROBUAAZRIET 5T ENH
bijz) E/REOY I /JBEKZRM L T, kinet-
icsMoBBOY 2 /e Rk, HEMEY I/
fe) BERZRIEL TWE., F1DIF A, ASC, L,
Lyt ®4fT, ARIZDOWTIX N-methyl-2—amino-
isobutyric acid (Me-AIB), /- L ZOoOWnTIiR
D,L-b-2-aminobicyclo- 2,2,1 | -heptane-Z—carboxyhc
acid (b-BCH) & WD IEWITR R EELE 25
LT, ZDOH%OMILY 2/ Bk B OFZEITK
BEHRL 72, Me-AIB 13 AIB & & &I S N
WODT, 7 /EBEHEETINELTSHTHEH
WH5NDA, £ OMIITBUAAL E DO, #HEMkICH
WT Hiffifldst Nat ?%J#{Kf‘lﬁ'@d?) 0D, ZOEWM
el N A1 3 B ) Bl e DNy iR BRI R & < B 597 %
Na*K*-ATPase DHEAIS, ATP EAZEK NS &
2 W BHEH D B % JEHITZ T 5B\, b-BCH O
L BRI DOWTIIERERIT D BN b - 7203,
t b Chang FfilE CIXRERENICOr2 2, 110
A2, N2, JzZIIVT7 S22 EDLRY
2B (HBEICHFHORERTIN—TE2HDHD)
DEFTINERBRDZEENBIIPRLKFEHL T,
Christensen [ZZ XN BN H 5. T O AR
FBfE R & Table 6 IZ/RT

ZOLRDY X/ E#iiAld Na DESILFHI LA
TIE72 < THINEAL @ pH BRI TIE (LS NS T &
7%, Christensen % 12 &k > T~ W A E/KEE ML T
Ruilianizn, ZoEHEEENAATSH S .
#lE Chang FFiIfL THRIBRD Z 2B L, X
FUERFEDIUI U D= Nat-H ZZHHER] (7 2
0714 RKMOZQ#FEERD EIPA) (Fig. 1) 70
coAF ) Tx7 (RlSAEIED & &) (Table 7)

Table 6. Inhibition of Uptakes of [14C] Leucine and -Glycine
by the Presence of System-Specific Model Amino Acids

Intracellular concentration (mm)

14C-labeled
amino acid None
(COntrOl) Me-AIB b-BCH
. 2.40 2.18 0.98
Leucine (100) 1) (41)
. 3.71 1.78 3.82
Glycine (100) (48) (103)

Cell sheets were incubated for 5 min with 0.5 mm [4C] glycine or-leu-
cine in HSS in the presence or absence of 5 mm Me-AIB or b-BCH at 38°C.
The uptake of labeled amino acid was expressed as intracellular concentra-
tion. The values in parentheses show % of control uptake. Each value is
the average of 3-4 observations.

Table 7. Effect of FCCP on H* Gradient-Stimulated L-Leu-
cine Uptake

Experimental L-leucine uptake

e (pmol/mg
condition protein/min)
No H' gradient 62.2 12.4 —
No Hf gradient + FCCP 98.7 37.8 n.s.
H' gradient 182.4 24.4 <0.01
H' gradient + FCCP 92.0 23.4 n.s.

Each value represents the mean = the standard error of mean triplicate
determinations.
n.s.: Not significant.

L-LEUCINE UPTAKE (nmol/mg protein/min)
0 10 20 30 40

None

Ami lorldeg‘ ] Control
EIPA ]

None ﬂwwmmmwm
Amiloride] \\ \ TPA
EIPA IIIIIIIIIIIII/

Fig. 1. The Effect of Amiloride and EIPA on the Basal and
TPA-Stimulated Leucine Uptakes
Cells were preincubated in the presence (hatched bars) or absence (open
bars) of TPA (10-7wm) with 1 mm amiloride, 0.01 mm EIPA or neither of
them in HBS for 10 min. One-minute uptake of leucine (1 mm) was deter-
mined in HBS. Error bars represent +S.E. (n=4).

ZEoToA > > ORAANELSHEINEZ &
M5, BHTTOREOq 2> EDHkiEs%zEE
L7z.? Nat-H* ZZ#ifRki3 Nat 25D A P T A
(HBS) iIZHWNWT, MilaN7o b2 ERICKINL
TENZMEANENWHT I EITKD, o1 2]
ABZRETEHDEEZ LGNS,

ZDOEIRL REEOEMIE, B DY )N8R
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ICBNWTHRINEY Y RERICBIFs01 2>
DOBAHTA > HFNY > A B2ug/ml) OHET
FLULSHKRTBHH, ZUFa> - NU > ALk
LN Ca A 4> ERVBHIINVEY 21 IEELE
ALUTKFrRIVEHE, @M 25 GHEANEE
PEDBR) 7=dicoA 2 >07 0 b ks ik
SNEHDTH o>~ (Table 8) (Figs. 2—5).9 %
2042 ORUAAICE BN T O b > OBk
(#Yta5% BCECF #HUA £®/ 721 > /N ERO #HAE
LI X DHEIE) 1%, BICH D Nat-H* MR %15
MAEL T, #EERAICT O s> 2/lEnsBnt LT
WnEEZ5N5, 101D

WA A2 ELTOT O b 2R ORI
EEMHHHELTIE, 7007 I X MNMIBITSHE
FIRERDEHOER, F7I314 REZEIISATE

Table 8. Effect of TMB-8 on Basal and Concanavalin A- and
A23187-Stimulated Leucine Uptake

Leucine uptake (% of control)

TMB-8 in
incubation None Concanavalin A A23187
10010 % sk
(control) 132+ 3 250+25
+ 92+18 106+ 13 168 +£45*

Lymphocytes were preincubated with concanavalin A (32 ug/ml) for 30
min or A23187 (0.1 um) for 10 min or with neither in the presence or ab-
sence of TMB-8 (100 um) in Earle’s balanced salt solution. Leucine uptake
for 5 min is expressed as percent of control. Each value represents the
mean+S.E. (n=4).

* Significantly different from control (p <0.05), ** Significantly different
from control (p<0.005).

Concanavalin A

N"J + Quinine
+ TMB-8

>

£

2

,‘;:‘3 o b A None

S Concanavalin A

g3 4

g O e

U

2]

[

[

E)

i + Ouabain
—_—
1min.

REN570b Ak (pH %) 70 b 2 EKE
& 7525 T ATPase 2 ATP EA D FHMIZEMNT T
E, FREEMIFOCRUYTHVNODY 5L
LD S LT, EROEIZRILF —HEmO
ARk AT S ATP OFEABNEESN, JO~>
BXE) 712K D ATP % pEA T % & 5 P. Mitchell
@ chemiosmotic theory NIEE I N TW/=, T4
BREBICKOBEROWEIEIZ 70 k2R T RN
HEn Tz,
ONHOIUNTLRBERD A DR 7)) 2 E2HEZ T
15T Chang M/ 5D 0D, OF T > DEAA
MNTO L OEAZEED &%, XTZ)VANOD pH

Concanavalin A

A + Chlorpromazine

- \ W7
None
Concanavalin A
v

+ W-5
+ Diazepam
None

—
1 min

=10}

Fluorescence intensity
(a,u,

Fig. 3. Effects of Calmodulin Inhibitors on the Concanavalin
A-Induced Membrane Hyperpolarization

Lymphocytes (4 X106 cells/ml) were suspended in Hepes-buffered sa-
line and change of membrane potential (fluorescence quenching) was deter-
mined with bis-oxonol. W-7 (100 um), chlorpromazine (100 um), W-5 (100
um) or diazepam (50 um) was present in medium as indicated throughout
measurement. 32 ug/ml concanavalin A was added to medium at arrows.
The fluorometric traces are representative of three similar experiments.

c
A 23187
l ]
+ Quinine
+ TMB-8
None
d
A 23187
)
+ Quabain

Fig. 2. Concanavalin A- and A23187-Induced Hyperpolarization and Effects of Quinine, TMB-8 and Ouabain

Lymphocytes (4106 cells/ml) were suspended in Hepes-buffered saline and the membrane potential was determined with bis-oxonol. Where indicated, quinine
(0.5 mm), TMB-8 (100 um) or ouabain (0.1 mm) was present in medium. Where indicated by the arrow, 32 ug/ml concanavalin A (a, b) or 0.1 um A23187 (c, d)
was added to the medium. A downward deflection indicates hyperpolarization.?® The traces are representative of four similar experiments.
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Leucine uptake (percent of control) FCS

0 50 100 150 200 HBS — Jrr_’_’_________’_—v-———-——""
FCS

77z L e

W-7
10 M
100 wM
Chlorpromazine
10 uM
100 uM

Diazepam —————1
MW 77777777777 e g —

-5 I
100 wM L P —

1 n L 1

Fig. 4. Effects of Calmodulin Inhibitors on the Basal and
Concanavalin A-Stimulated Leucine Uptake
Lymphocytes were incubated in the presence (hatched bars) or absence
(open bars) of 32 ug/ml concanavalin A in Earle’s balanced salt solution for
30 min after they were treated with or without calmodulin inhibitors as indi-
cated for 3 min. Then leucine uptake (0.2 mm) for 5 min was determined in
Earle’s balanced salt solution. Each value represents the mean+S.E. (n=4).

A
2
@
S Concanavalin A
E s ¥ Quinine, mM
S~
g o 1
s|= 0.5
o o
g~ 0.2
=] 0,1
E > 0.05
1 min 0
B
T T T
o 100 1
-
o
2 8 f 7
=
2
% 60 1
g wfl .
x
2
2 2 F 1
8
@ 1 1 1 1
a 0 Hf 5 3 3

-loglQuininel, M

Fig. 5. (A) Concentration Dependence of the Inhibition by
Quinine of the Concanavalin A-Induced Membrane Hyper-
polarization

Change of membrane potential was determined as described in legend to

Fig. 3 with quinine in medium at concentrations indicated. The traces are

representative of three similar experiments. (B) Dose-response curve of qui-

nine inhibition of the concanavalin A-induced membrane hyperpolarization.

Quenching was read 8 min after concanavalin A was added to medium on the

curves in A.
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Fig. 6. Cytoplasmic pH Changes Induced by Fetal Calf Se-
rum and TPA

Cells were loaded with the fluorescent pH indicator FITC-dextran using
the scrape-loading method and the fluorescence was recorded as described in
Materials and Methods. The fluorescence trace of typical experiments are
depicted before and after addition of 5% (v/v) fetal calf serum (FCS) or 1-
10-6M TPA at the arrows. HBS: Hepes-buffered saline, HBC: Hepes-
buffered choline.
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Fig. 7. Leucine-Induced Cytoplasmic Acidification and the
Effect of Amiloride
BCECF-loaded lymphocytes were suspended in buffer A and the fluores-
cence was recorded at 37°C. Where indicated, 1 mm leucine was added to
medium in the presence (b) or absence (a) of 1 mm amiloride. Traces are
representative of at least five experiments.

(Fig. 6). 1219 ZD#% 13 D M N pH D f5/R¥E T
& % BCECF O#NE{LZFIHL TInzEEBHALZ
(Fig. 7). F-HERES > N7EURY — L%
WEERIZBWT, pHARICE> TRESINS O
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20
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L-LEUCINE UPTAKE (nmol/mg protein)

MINUTES OF INCUBATION

Fig. 8. External pH Dependence of Leucine Uptake by
Reconstituted Proteoliposomes

The leucine uptakes were determined in 10 mm Tris-HCL (pH 7.4)
(©), 10 mM Hepes-Tris (pH 6.4) (@) or 10 mm Mes-Tris (pH 5.4) (A)
buffers containing 0.15 M KCI, 1 mm MgCl, and 1 mm DTT. The reconsti-
tuted proteoliposomes were incubated for 10 min at 37°C and then the uptake
was initiated by addition of 0.3 mm leucine. Each point is expressed as the
mean of duplicate samples.

12 @
7.1
x
Q
e 7.0
=
w
-
-
o
o
—
5 6.9F
6.8 -
6.7
’;\L 1 1 1 N 1 1 1 N " 1
0 5 10
INCUBATION TIME(min)
Fig. 9.

CYTOPLASMIC pH

Table 9. Inhibition by FCCP of H* Gradient-Stimulated
Leucine Uptake by Reconstituted Proteoliposomes

Experimental condition (L-Leucine uptake

External pH FCCP nmol/mg protein per min) p
7.4 - 6.45+1.60 —
7.4 + 6.19+0.85 n.s.
5.4 - 13.95+3.03 <0.05
5.4 + 6.71£0.76 n.s.

Each value represents the mean+S.E. (n=4). n.s., not significant
FCCP, 5 um.

%), ZonoAq T ERiddEyE, MigstorruD
LAFEFALT, BEBEICH S Nat-H* 5o
ERIC LD 7O b2 EBWHT I &IT& o Tl
EEHELTWS2bDEEbDNS (Figs. 9, 10).

Z Ok RIS THRE Y 2/ KFE T
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4 H, WABMMKEO L RIS T 5 %k
K (b-BCH IZ X D #EhiENns) & U THEERE S
NzHDOTIE, LATL (v M7 UF—<HMlEn5)

MH DD, ZHIHEWIZZD Km ERbNbihn
DHDOXDEW, UL LIEEY 2/ BR[E L O
1.2} b

6.8

6.7,[

e £ £ L Il 1 1 . Il ] 1
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L-Leucine-Induced Cytoplasmic Acidification in the Presence or Absence of Na* and the Effect of Amiloride

Cells were preloaded with FITC-dextran, and the fluorescence intensity recorded was converted to pH values, a: 1 mm leucine was added to either HBS (O) or
HBC (@) buffer at zero time of incubation. b: medium was changed to HBS containing 1 mm leucine with (A) or without (O) 1 mm amiloride at arrow after 1 min
of incubation with 1 mwm leucine in HBS. Each point represents mean of three experiments and +S.E.
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Fig. 10. A Schematic Presentation of Functional Linking of
Leucine-Proton Cotransport with the Na*/H* Exchanger
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N oD ST BB RE D AR 72 F v NS T 1 Difedt
WERL TWAOTIdRWEAS 0, fibl7z&S
2, U REkonoAa > igkida s Ny 2 A,
TPA (FRIVR—IVITZXF)V) DORFRIC K 2 ML
AW TLABEBEDERITI-THERL, £
Chang [FfIfEICBNWTH, TPAHDINWEIT T I
ZUt0—)ViRIMC &> THIlEN pHIZ EF L, [H
201 2 DEABEENKRELRD T LEDN
HLIUIHS ML TS (Figs. 11,12). 14

— 57U, vV, TSI, TIVII
TANTF L, AFFZREDART I JBED
%13 insulin, pkEHRIE>, ACTH, TX O
Fo(Zy hFE), Y>ROF Y, AFaI 3,
glucagon, FUIRIEHRINEICE > TELLEES N
5. INSDORIVEANEHBMID Ca2t- 1L E
Pal > RENLT, MENSAD KT Nat D43
i, ERBEEMNEZEZADZEICL>TERIND
ARtk D B, 1
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Fig. 11. Cytoplasmic pH Changes Induced by TPA and OAG

Cells were preloaded with a fluorescent pH indicator, FITC-dextran,
and the fluorescence was recorded. The changes of the fluorescence of typical
experiments are traced before and after addition of 10~17 M TPA or 20 ug/ml
OAG at arrows to HBS or HBC (made by replacing NaCl of HBS by choline
chloride and adjusting pH with KOH) .
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Fig. 12. Dose-Response Curves for the Effect of TPA (a) and
OAG (b) on Leucine Uptake

Cells were incubated with addition of various concentrations of TPA or
OAG indicated to HBS. After 10 min of incubation, 1-min uptake of leucine
(1 mm) was determined in HBS. Error bars represent £S.E. (n=4).
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Fig. 13. Double-Reciprocal Plots of D-Asp Uptake by Hippocampal Slices in the Presence or Absence of 124 mM Na™

Slices were incubated for 1 min at 37°C with p-[*H] Asp at concentrations ranging from 10 um to 10 mm in HEPES-Krebs medium (A) or at concentrations
ranging from 50 um to 5 mMm in Na*-free HEPES-Krebs medium (B) in tissue culture plates. The uptake of p-Asp by slices was determined as described in Materials
and Methods. Uptake data (mean of three determinations) were corrected for apparent uptake measured at 4°C. SEM values are shown by vertical lines except for
extremely high concentrations of the substrate. Two crossing lines in A show the result of least-square fitting of the data by two-component analysis according to a
nonlinear computer program described by Yamaoka et al. (1981).

Table 10. Effect of Addition of Various Amino Acids on D-
Asp Uptake by Hippocampal Slices

D-Asp uptake

Amino acid mm (% of control) p value
Experiment I — — 100+13
L-Asp 0.1 68+ 14 NS
1 39+10 <0.05
L-Glu 0.1 6312 NS
1 33+1.4 <0.01
DHK 0.1 67+10 NS
1 49+1.8 <0.05
D-Glu 0.1 74+6.2 NS
1 72+6.4 NS
Gly 0.1 139+ 17 NS
1 102+ 12 NS
L-Lys 0.1 100+ 14 NS
1 80+3.9 NS
Experiment II — — 100+9.7
THA 0.1 64+6.8 <0.01
1 45+£4.7 <0.01

Slices were incubated with or without (control) the indicated concentra-

tions of various amino acids for 5 min at 37°C in HEPES-Krebs medium in
tissue culture plates. Then D-[3H JAsp (2 um) was added to the medium to
measure D-Asp uptake for 1 min, as described in Materials and Methods.
Data are expressed as means+SEM (n=3) of percentage of uptake in
control, corrected for apparent uptake measured at 4°C, and significance
was evaluated by Student’s ¢ test. Asp: aspartic acid, Glu: glutamic acid,
DHK: dihydrokainic acid, Gly: glycine, Lys: lysine, NS: not significant
compared with control.

BORUAATIE L <HEINZ (Fig. 14). #BEIT
RICHMENOREEZIT 5L, FTIVY I VEBEORE
FEIC L > THREESEZ D S0, 2o/ )Ly
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: O =B/
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glycemia glycemia

D-Asp uptake(pmol/mg protein/min)
»
T

Fig. 14. Effects of ‘““‘Anoxia,”’ ‘““Hypoglycemia,’’ and ‘‘Ische-
mia’’ on Na*-Dependent (A) and Na*-Independent (B)
Uptake of p-Asp by Hippocampal Slices (2 uM) D-Asp)

Slices were incubated under similar conditions, as described in Fig. 5,
before assay. The uptake of p-[*H] Asp was measured at 2 um. Na*-depend-
ent and Na*-independent uptakes of p-Asp are defined as in the legend to

Fig. 4. Vertical lines represent SEM (A: n=4, B: n=6) . Evaluation of vari-

ance and its expression are the same as in Fig. 4.
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Fig. 15. Morphological Change and Death of the Rat Hippocampal Neurons after $22-35 Treatment

Cells (B and b) were treated for 3 days with $22-35 by addition of 20 ul of the stock mixture (2 mg/ml of $22-35 in betaine buffer (0.7% betaine and 20 mm
NH,HCO;) pH 8.5) to 1 ml medium. Control cells (A and a) were treated with the betaine buffer alone. They were incubated at 37°C under a gas mixture of 95%
air/5% CO,. Morphological change of cells was checked throughout the course of experiment on phase-contrast microscopy (A and B). Cell viability was finally
tested by Trypan blue staining (a and b). Specimens were all at 3 days of treatment. Bar =100 um.
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NHONUI M HIHEE MM TIZYD T, LDH Ok
HADOIRHIZHT S 26 2OXRTF RO%HEZ,
10ug/ml DL EORETHB L 2L Z A, MiEER
MO TR EZHE, TS ORHERINEE I K
7L CHild® LDH JRi 2 RS2 Z &Enmnmn-o iz
(Fig. 17). "7 (kg (X7 F KT EAMHME oV
2B T AT UG E T HEMEEGT f22-35, p25-
ISDOMETELLIPYUTVD), IEEXRTF ROLGMN
RERBEFODEADLENWESTHo 7=,
FNUZLTHRTF RPRBEETH HITHhbd
57, WMIBEICKE L THilnEE @< EHNS 2
EWIARABTH o2, TOWWBMERE R TOHEED
Mk /711X P. T. Lansbury, Jr. 5 (1993) 723355
92, B7I040 MEMERROEGHEER (X7 F
REf&kGEH) Z2XFELTWS2H0nb LKL, D
EOARTF Ry FEHARBRIZ BB TETL, X

Fig. 16. Electron Micrographs of the 22-35 Peptide Assem-
blies
The fibrous aggregates from betaine buffer were stained negatively with
4% (w/v) uranyl acetate or 2% (w/v) phosphotungstic acid after adsorp-
tion onto 180 mesh carbon-coated formvar grid and subjected to electron
microscopic observation using JEM12EX2 at 100 kV. A: fibrils of 22-35. B:
fibrous bundles. Bars= (A) 200 nm, (B) 500 nm.
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A 7= R TIE B25-35 o m b o
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Fig. 17. Concentration Dependence of the Neurotoxicity of
B22-35 and f22-35-NH,

Cell injury was assessed by measuring of lactate dehydrogenase (LDH)
activity released into the medium 3 days after treatment with varying concen-
trations of $22-35 (blank bar) or 22-35-NH, (hatched bar) up to 40 ug/ml.
Each value represents the mean+S.E.M. of 3 sister cultures. *p<0.05, **p
<0.01 (vs. no addition).
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Fig. 18. Effects of Various Agents on the Neurotoxicity In-
duced by f22-35

Hippocampal neurons were cultured with 40 ug/ml of $22-35 alone or in
the presence of 1% calf serum, 0.2 mg/ml insulin, 1 mm dibutyryl cAMP, 1
mum dibutyryl cAMP + 10 um forskolin (FK), 0.1 mm substance P, 100 ng/ml
NGF, 10 um MK-801 or 10 um MK-801+20 um CNQX as described in the
legend to Fig. 2. Control was with betaine buffer only. Cell injury was eval-
uated by LDH release. Each value represents the mean+S.E.M. of 3 sister
cultures. *p<{0.05, **<0.01 (vs. control).
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Fig. 19. Effects of Various Compounds on the Adenosine
Uptake by Cultured Hippocampal Cells
Neurons (open bars) or glial cells (striped bars) were incubated with as-
say medium containing 10 um [*H]adenosine for 15s in the presence or ab-
sence (control) of indicated compounds. Each value shows mean+S.E.M:
of 3—6 samples relative to control. *p<{0.05 by Student’s f-test.

T2 LD KD IAEMEERF OFFRITEDNT,
TN OME O EFHEFICE < ML 27 )L % sur-
vival signal E S5 L5/ > 7. #Hl AT MAP F
F—t A — R, PI3 FF—+t -Akt &, cAMP-
CREB %, anti-apoptotic Bcl-2 %2, PKA-NF-xB %
BETHS.

Z2VY, BEIVEEFORDT T RO
I, ARBFEGE NI B EORRERFD Z L3S
NTND, FHETE S 1858 76 10 7 56 22 AR 1% i i
DHFEERFEIIH LT, NGFEY 1/ ¥R
(Rbl) D HERZERT ZLaRELZ. ZhiC
bt hEET, bibudMiEiEEEz2EE L T
Z OV ONREME I T M THRERER TR



720

Vol. 122 (2002)

ERZSDbDONRWMIRELE. §5&, =2
COI—TI)VIZFAENGF EFRUCEDIT, D25
ug/ml T PC12h il iz 3 W\ TR A EIER 2
< U7z (Fig. 20). PCI12h #3556 2 48 2 40
JEHRD PCI12 fifa D 7 0 — AT, ##EMIIC
METBHETEFIVAY AN —)VITRIE L
T, MBENAN T LLT > ORED ERENE SN
%. PCI12h #ifgl3 12 NGF I X D BRI/ L
T, 7EFINaU R THEEL THILVS T LZT
AF, FO e ROFOIT—EOEHEOEL W I
HRERNI DO MERT LIRS, 22D

PG

0.1 mg/ml
0.05
0.025
[
¥
2 1 1 2

L

1 3 i 5 6

Culture days with extract

200
100F

control

Neurite image m?/ cell (mean s SEM)

Fig. 20. Neurite Outgrowth of PC12h Cells in Culture with
the Diethyl Ether Extract
Cells were inoculated at 1 —2X10* in 2 ml medium in each 35 mm cul-
ture plate and cultured with addition at day 1 of the indicated concentrations
of the extract of Panax ginseng (PG) or vehicle only (control) to medium.
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Fig. 21. Effect of Extract Treatment on the Response of Intracellular Free Ca?* Level of PC12h Cells to Carbachol and 40 mMm KC1
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Table 11. Effect of the Ethyl Acetate Extract on Atropine-
Sensitive QNB Binding to PC12h Cells

Exptl. Treatment Binding mean + SEM »
No- pays Group fmol QNB/mg protein

C 4 12753

! 3 n.s.*
E 10 223+37
C 6 103 +15

2 3 <0.01**
E 6 266 + 80
C 6 45+16

3 3 n.s.*
E 8 69+15
C 3 70+13

4 3 n.s.*
E 3 133+39
C 9 54+10

>4 <0.05*
E 10 132+31

Cells were treated with (E) or without (C) extract (0.05 mg/ml) for 3

or 4 days before binding assay. Total binding of QNB to cells was deter-
mined by incubation of numbers of culture plates (n) indicated for each
group with (3H] QNB in HEPES-buffered DMEM for 10 min, and
atropine-insensitive binding by incubation of corresponding numbers of
plates in the presence of 1.0 um atropine sulfate in medium. Difference be-
tween the total and atropine-insensitive (average)bindings was assumed to
be the sensitive binding.
* Significance between means of control (C) and extract-treated (E)
groups by Student’s #-test. n.s.: Not significant. ** Significant by the non-
parametric test according to the method of Wilcoxon between control and
treatment groups.
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Fig. 23. Chemical Structure of Genipin

0.1 yg/ml NGF

N (s

=t Y

Fig. 22. Phase-Contrast Photomicrographs of Genipin- and NGF-Induced Neurites
Cells were treated with vehicle (control), genipin or NGF as indicated for 3d. Genipin was dissolved in 50% DMSO, NGF in phosphate-buffered saline (pH
7.4) containing 0.1% bovine serum albumin, to make stock solutions. Scale=50 um.
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Fig. 24. Effect of NOS Inhibitor on the Neuritogenesis Induced by Genipin and NGF and Time Dependence of the Effect after Addi-
tion of the Inducers
(a and b) L-NAME (10 mm), o-NAME (10 mwm) or their vehicle (—) was added to the medium 30 min before addition of NGF (1 ng/ml, a), genipin (5 ug/
ml, b) or their vehicle (a and b) as indicated. (c and d) L-NAME (10 mm) was added to the medium at various times (~60 min) after addition of NGF (¢) or
genipin (d) as indicated. The neurite outgrowth was evaluated at 48 h of the treatment as described in Materials and Methods. Each value was expressed as mean +
SEM. *p<0.01 versus treatment with NGF or genipin alone.
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Fig. 25. Effect of NO Scavenger on the Neuritogenesis Induced by Genipin and NGF

Carboxy-PTIO (~100 um) or its vehicle was added to the medium together with or without 1 ng/ml NGF (a) or 5 ug/ml genipin (b) for 24 h as indicated. The
neurite outgrowth was evaluated as described in Materials and Methods and each value was expressed as mean+SEM. *p<{0.01 versus treatment with NGF or
genipin alone.
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Fig. 26. Effect of Selective NOS Inhibitors on the Neuritogenesis Induced by Genipin and NGF and Western Blot Analysis of Protein
Levels of NOSs

(a) The 1400 W (iNOS inhibitor) and/or ETPI (nNOS inhibitor) or their vehicle (—) was added to medium 60 min before addition of 5 ug/ml genipin or its
vehicle as indicated. The neurite outgrowth was evaluated in 48 h of treatment. Each value was expressed as mean +SEM. *p<{0.01 versus treatment with genipin a-
lone. (b and ¢) PC12h cells were treated with or without 5 ug/ml genipin or 1 ng/ml NGF for 4 h. Each sample of partially purified NOS proteins corresponding to
2.6 mg (b) or 1.3 mg (c) of cytoplasmic extract proteins was subjected to SDS-PAGE. The immunoreactive signal of Na*/K* ATPase ol subunit is illustrated for
assessment of equality of protein loading. Values shown above the panels are relative NOS protein levels normalized for Nat/K+ ATPase ol subunit protein. (b)
The iNOS band in the position of ~130 kDa was detected with mouse anti-iINOS monoclonal antibody. The lysate of interferon-y-stimulated mouse macrophage
commercially obtained, was used as positive control of iNOS protein. (¢) the nNOS band in the position of ~160 kDa was detected with mouse anti-nNOS
monoclonal antibody. Rat brain extract was used as positive control of nNOS protein. These each are representative blots of three independent experiments.
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Fig. 27. Effect of MEK Inhibitor on the Neuritogenesis Induced by Genipin and NGF
U0126 (~10 um) or its vehicle (0) was added to the medium 60 min before addition of 1 ng/ml NGF (a) or 5 ug/ml genipin (b) for 48 h. The neurite out-
growth was evaluated as described in Materials and Methods: Each value is expressed as mean+SEM. *p<{0.01 versus treatment with NGF or genipin alone.

a 201 245 158 155 1.56

Control

3.49

NGF

Genipin

0 10 30 60 S0 120 min

1 103 122 1.03 174

L-NAME -
DNAME = = = 4 =

L-NAME
D-NAME

Control
0 min 30 min

Fig. 28. Western Blot Analysis of ERK Phosphorylation Induced by NGF and Genipin and Its Inhibition by NOS Inhibitor

(a) PC12h cells were treated with or without 1 ng/ml NGF or 5 ug/ml genipin for various times (~120 min). (b) L-NAME (10 um) , -NAME (10 um) or their
vehicle was added to the medium 30 min before treatment with 1 ng/ml NGF or 5 ug/ml genipin for 30 min as indicated. Then, 10 ug of cytoplasmic extract proteins
was subjected to SDS-PAGE for each sample. Total ERK proteins and dually phosphorylated ERK proteins were detected as described in Materials and Methods.
Values shown above the panels are relative P-ERKs levels normalized for total ERK proteins. These each are representative blots of three independent experiments.
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