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mers; a small amount is present at the solvent front and 
with the high molecular weight protein at the beginning of 
the ge!ei. 

BCNU, CCNU and MeCCNU caused c~~~-~yc~~-re~at~d 
sensitivity differences in the human ~~mphama celf line, Tt 
[lo]. The increased sensitivity to BCNU and MeGCNW in 
C2 and to CCNU and MeCCNU in the early S phase of 
the cell cycle could reflect, in part, disturbance by the drugs 
of the synthesis or ~~yrner~~tion and degradation of tub- 
ulin which occurs at these two times, resp~ct~ve~~ [f i]. 

In summary, several nitrosoureas (CCNU, BCNU, 
MeGCNW, CH1 and rruns-4-OH CCNU) which degrade 
to form isocyanates have been shown to inhibit the poly- 
rn~~~t~~n of purified brain tub&n in a dose-dependent 
manner. Failure to yield appreciable isocyanate due to 
intramolecular carbamylation (chlorozotocin and c&Z-OH 
CCNU) resulted in a lack of inhibition of polymerization, 
The CH1 inhibition of tubulin polymerization is stoichio- 
metric. The [t4C]-cyclohexyi moiety derived from CCNU 
appears to bind covaiently to the a! and ~tu~u~jn monomers. 

~c~~o~~~~ge~e~~~-~is work was aided by Grant CH- 
109 from the American Cancer Society. We thank Joanne 
Potter for technical assistance. 
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Lithium is a potent therapeutic and pru~~yiact~c agent in 
the treatment of affective disorders, although its mode of 
actian is still unknown [l]. In comparison with a number 
of reports on the effects of lithium on the brain monoam- 
inergic system, relatively little work has been carried out 
on the dn V&O actions of fithium on the central chohnergic 
system 12.31. fn relation to the role of acetykhohne (ACh) 
in the control of mood and behavior, it has been hypoth- 
esized by Janowsky et af. 141 that an imbalance between 
the central cholinergic and adrenergic systems is the ctiof- 
ogy of affective disorders. They considered depression to 
be a disease of choliner~~c dommance and mania to be the 
converse. Also, an antimuscarin~c action of al~tidepressants 
in sympathetic ganglia [S) and a corretatinn between 
behavioral excitation and decreased brain ACh f6] or 
between depression and increased ACh level in brain {7] 
have been reported. Therefore, in the presenr experiments 
we examined the effects of a single dose and of chronic 
administration of lithium chloride (LiCI) an (1) steady state 
Icvels of ACh and choline (Ch) and (2) ACh turnover bv 
an indirect method using h~rn~choI~n~u~~3 (WC-3) IS], in 
different brain regions in mice. 

Male ddY mice weighing 20-30 g. were used in all 
experiments. In the single dose sched;le. 4.72 m-equiv.lkg 
of LiCL were injected i.p., and the animals were kilied 2 hr 
fatcr. Xn the chronic administration schedule, mice were 
treated &vice daily f&Go am. and X:00 p.m.) for 5 days 
with 2.36 m-equivdkg , i.p., of LiCI. On day 6 (7:oO a.m.), 
mice were given the last dose and kilfed 2hr later. LiCf 
was administered in an isotonic solution. The controls 

consisted of animals that received an equivalent amount 
of isotonic sodium chloride. 

For the experiments using an intraventricular injection 
of WC-3, mice were anesthetized with ether the day before 
they were killed. The skin above the skull was dissected 
away and the skull around the bregma was exposed: then 
a point 1 mm lateral from the bregma was marked. On the 
next day, immediately before the ~ntrav~ntr~cular injection, 
the mouse was grasped firmly and a transparent rubber disc 
(ea. 3 mm in diameter, 0.6 mm thick) was stuck on the 
marked point on the skull to prevent leakage of the drug 
when the ~ntraventricu~ar injection was made, After this 
a hypodermic needle (2’28 gauge, 1.7 cm, cut off from the 
hub), which was attached to the holder and connected to 
the microsyringe (SO& with polyethylene tubing, was 
inserted ~er~ed~cu~ar~y, through the rubber disc, 3 mm into 
the skull, with the help of a stop attached to the needle. 
Intraventricular injcctian of saline caused no apparent 
behavioral change except for 10-20 set of immobility 
immediately after the injection. Saline solution (5 ~1) con- 
taining 7 pg of HC-3 was injected intraventricularly 30 min 
before the animals were killed. The NaCf and LiCf groups 
were always treated concurrently and killed between 9:00 
and 1X:00 a.m. 

For the assays of ACh and Ch, mice were kilied by 
inlmers~on into liquid nitrogen for 2.5-3.11 set according 
to their weights. The brains were dissected in a cold box 
(-2’) into five regians (cortex, h~F~c~rnpus, striatum, 
diencephalon and midbrain), basically according to the 
method of Schubert and Sedvail f9], wrapped ~ndivjdually 



T
ab

le
 1

. 
E

ff
ec

ts
 

of
 a

 s
in

gl
e 

in
je

ct
io

n 
of

 L
iC

l 
on

 s
te

ad
y 

st
at

e 
le

ve
ls

 
of

 A
C

h 
an

d 
C

h 
an

d 
H

C
-3

 d
ep

le
te

d 
A

C
h 

le
ve

ls
 

in
 v

ar
io

us
 

br
ai

n 
re

gi
on

s 
in

 m
ic

e*
 

B
ra

in
 r

eg
io

n 

C
or

te
x 

H
ip

po
ca

m
pu

s 
St

ri
at

um
 

D
ie

nc
ep

ha
lo

n 
M

id
br

ai
n 

A
C

h 
(n

m
ol

es
/g

, 
m

ea
n 

2 
S.

E
.M

.)
 

C
h 

(n
m

ol
es

/g
, 

m
ea

n 
2 

S.
E

.M
.)

 

A
lo

ne
 

+
 H

C
-3

 
A

lo
ne

 

N
aC

l 
L

iC
l 

N
aC

l 
L

iC
l 

N
aC

l 
L

iC
l 

13
.5

 t
 

0.
5 

(6
) 

16
.4

 2
 1

.6
 (

6)
 

7.
5 

+
 1

.4
 (

5)
 

4.
6 

2 
0.

5 
49

.5
 +

 
47

.6
 t

 
(6

) 
2.

7 
(5

) 
19

.0
 

3.
1 

(5
) 

rt
 0

.9
 (

6)
 

18
.7

 I
 

1.
7 

(5
) 

7.
6 

t 
2.

5 
(6

) 
5.

6 
+-

 1
.6

 (
5)

 
47

.8
 ?

 2
.8

 (
5)

 
60

.4
 ‘

-+
 

(6
) 

6.
2t

 
(6

) 
49

.8
 4

 3
.1

 
50

.0
 -

c 
5.

3 
(6

) 
7.

6 
-c

 0
.9

 (
5)

 
10

.3
 +

- 1
.4

 
10

5.
2 

2 
11

9.
2 

2 
(6

) 
(5

) 
11

.5
 (

6)
 

10
.8

 (
5)

 
25

.4
 2

 3
.6

 
22

.0
 _

’ 2
.6

 (
6)

 
22

.1
 r

 
4.

3 
(5

) 
16

.9
 5

 2
.2

 
68

.2
 i

 
65

.2
 +

- 
(5

) 
30

.0
 

11
.7

 (
6)

 
7.

4 
(5

) 
_’

 2
.6

 (
5)

 
29

.2
 2

 3
.0

 (
5)

 
16

.5
 t

 
0.

5 
(4

) 
17

.2
 r

t 
1.

6 
(5

) 
78

.8
 2

 2
.5

 (
5)

 
94

.8
 t

 
14

.1
 (

4)
 

* 
M

ic
e 

w
er

e 
tr

ea
te

d 
w

ith
 4

.7
2 

m
-e

qu
iv

./k
g 

(i
.p

.)
 

of
 L

iC
l 

or
 N

aC
l 

an
d 

ki
lle

d 
2 

hr
 l

at
er

. 
H

C
-3

 (
7 

pg
) 

w
as

 i
nj

ec
te

d 
in

tr
av

en
tr

ic
ul

ar
ly

 
30

 m
in

 b
ef

or
e 

de
at

h.
 

T
he

 
as

sa
ys

 f
or

 A
C

h 
an

d 
C

h 
w

er
e 

pe
rf

or
m

ed
 

on
 t

w
o 

po
ol

ed
 

br
ai

n 
re

gi
on

s.
 

T
he

 
nu

m
be

r 
of

 e
xp

er
im

en
ts

 
is

 s
ho

w
n 

in
 p

ar
en

th
es

es
. 

t 
St

at
is

tic
al

 
si

gn
if

ic
an

ce
 

of
 d

if
fe

re
nc

e 
fr

om
 

N
aC

l 
co

nt
ro

l, 
P 

<
 0

.0
25

. 

T
ab

le
 2

. 
E

ff
ec

ts
 

of
 c

hr
on

ic
 

ad
m

in
is

tr
at

io
n 

of
 L

iC
l 

on
 s

te
ad

y 
st

at
e 

le
ve

ls
 o

f 
A

C
h 

an
d 

C
h 

an
d 

H
C

-3
 d

ep
le

te
d 

A
C

h 
le

ve
ls

 
in

 v
ar

io
us

 
br

ai
n 

re
gi

on
s 

in
 m

ic
e*

 

B
ra

in
 r

eg
io

n 
N

aC
l 

A
lo

ne
 

A
C

h 
(n

m
ol

es
lg

, 
m

ea
n 

? 
S.

E
.M

.)
 

C
h 

(n
m

ol
es

/g
,.m

ea
n 

t 
S.

E
.M

.)
 

+
 H

C
-3

 
A

lo
ne

 

L
iC

l 
N

aC
l 

L
iC

l 
N

aC
I 

L
iC

l 

C
or

te
x 

17
.1

 r
t 

0.
6 

(6
) 

19
.9

 2
 0

.6
1 

(6
) 

7.
1 

t 
0.

5 
(6

) 
11

.6
 +

 1
.2

$ 
(6

) 
47

.1
 t

 
8.

8 
(6

) 
49

.6
 ‘

-t
 7

.9
 (

6)
 

H
~p

po
ca

m
pu

s 
24

.3
 r

t 
2.

3 
(6

) 
24

.3
 t

 
2.

1 
(5

) 
5.

8 
rt

 0
.6

 (
5)

 
6.

8 
2 

1.
2 

(6
) 

46
.6

 -
+ 

9.
5 

(6
) 

44
.0

 t
 

9.
4 

(5
) 

St
ri

at
um

 
52

.4
 ?

z 4
.0

 (
5)

 
58

.9
 *

 2
.6

 (
6)

 
13

.7
 +

 0
.9

 (
5)

 
20

.8
 ?

 4
.2

 (
4)

 
84

.9
 2

 1
9.

0 
(6

) 
11

2.
2 

-I
- 

D
ie

nc
ep

ha
lo

n 
10

.0
 (

6)
 

25
.3

 L
 0

.6
 (

6)
 

28
.5

 2
 2

.0
 (

6)
 

20
.4

 t
 

2.
8 

(6
) 

20
.7

 +
 1

.0
 (

5)
 

83
.3

 I
fr

 1
2.

6 
(6

) 
83

.2
 +

 9
.7

 (
6)

 
M

id
br

ai
n 

29
.8

 f
 

1.
1 

(6
) 

35
.6

 +
 1

.8
1 

(6
) 

26
.1

 r
t 

3.
5 

(6
) 

21
.1

 2
 2

.2
 (

5)
 

94
.4

 t
 

14
.9

 (
6)

 
98

.1
 +

- 1
6.

0 
(5

) 

* 
M

ic
e 

w
er

e 
tr

ea
te

d 
tw

ic
e 

da
ily

 (
8:

00
 a

.m
. 

an
d 

8:
oO

 p
.m

.)
 

w
ith

 2
.3

6 
m

-e
qu

iv
.ik

g 
(i

.p
.)

 
of

 L
iC

l 
or

 N
aC

l 
fo

r 
5 

da
ys

. 
O

n 
da

y 
6 

(7
:0

0 
a.

m
.)

, 
th

ey
 r

ec
ei

ve
d 

th
e 

la
st

 d
os

e 
an

d 
w

er
e 

ki
lle

d 
2 

hr
 l

at
er

. 
H

C
-3

 
(7

 p
g)

 
w

as
 i

nj
ec

te
d 

in
tr

av
en

tr
ic

ul
ar

ly
 

30
 m

in
 b

ef
or

e 
de

at
h.

 
T

he
 

as
sa

ys
 

fo
r 

A
C

h 
an

d 
C

h 
w

er
e 

pe
rf

or
m

ed
 

on
 t

w
o 

po
ol

ed
 

br
ai

n 
re

gi
on

s.
 

T
he

 n
um

be
r 

of
 e

xp
er

im
en

ts
 

is
 s

ho
w

n 
in

 p
ar

en
th

es
es

. 
? 

St
at

is
tic

al
 

si
gn

if
ic

an
ce

 
of

 d
if

fe
re

nc
e 

fr
om

 
N

aC
l 

co
nt

ro
l, 

P 
<

 0
.0

1.
 

$ 
St

at
is

tic
al

 
si

gn
if

ic
an

ce
 

of
 d

if
fe

re
nc

e 
fr

om
 

N
aC

l 
co

nt
ro

l, 
P 

<
 0

.0
05

. 
8 

St
at

is
tic

al
 

si
gn

if
ic

an
ce

 
of

 d
if

fe
re

nc
e 

fr
om

 
N

aC
l 

co
nt

ro
l, 

P 
<

 0
.0

25
. 



656 Short communications 

in aluminium foil, and frozen in liquid nitrogen. The time 
elapsing from death to freezing the tissues in liquid nitrogen 
was between 4 min (cortex) and 7 min (midbrain). Two 
pooled brain regions were pulverised under liquid nitrogen 
in a stainless steel mortar, and ACh and Ch were assayed 
radio-enzymicaily according to the method of Aprison er 
al. [lo], with some modifications to detect the substances 
in smaller quantities of tissue. We used choline kinase 
(EC 2.3.1.32) and choline acetyltransferasc (EC 2.3.1.6), 
purchased from the Sigma Chemical Co. (St. Louis, MO). 
The lower limit of sensitivity of both assays was 35 pmoles 
in our hands. 

For the determination of total choline esterase, mice 
were decapitated and a single brain region was hom- 
ogenized in 20 vol. of 0.1% (v/v) Triton X-100 solution. 
Fifty microliters of the homogenates were used for colori- 
metry of the enzyme Ill]. The plasma Lit concentration 
2 hr after the final administration was determined by flame 
photometry according to Amdisen 1121. Values for the LiCl 
group were compared to those for the respective NaCl 
control group using Student’s r-test. 

When the levels of ACh and Ch in the mouse brain 
regions, which were obtained in this study using a near- 
freezing method [lo] for sacrifice, were compared with 
those obtained by a microwave irradiation method, the 
values for ACh were identical to those in the same strain 
of mice after I .3 kW microwave radiation for 2 see [13], 
although Ch levels showed higher values than those 
reported by Nordberg [i4] because of the postmortem 
change (Table 1). 

In the single injection experiments, LiCl had no effect 
on either the steady state levels of ACh and Ch or the 
decreased ACh levels seen after HC-3 in the five regions, 
except for the Ch level in hippocampus, which was 
increased by LiCl (Table 1) in spite of the high plasma 
concentration of Li’ (2.3 + 0.07 m-equiv./l, N = 5), which 
exceeded the therapeutic level (0.5-1.5 m-equiv./l). Krell 
and Goldberg [2] have reported that acute administration 
of LiCl decreased the ACh level in whole brain of the 
mouse. This discrepancy might come from the difference 
in the doses used in the two experiments. Krell and Gold- 
berg administered a total of 10 m-equiv.ikg which is more 
than double the dose of LiCl used in the present 
experiments. 

Chronic administration of LiCl produced a significant 
increase in the steady state levels of ACh in cortex and 
midbrain without affecting those of Ch in the given regions 
(Table 2). The plasma concentration of Lit-at this time 
was 0.7 i 0.03 m.eauiv./l IN = 5). The decreased ACh 
levets seen after HCt3 in cortex were signi~cantiy higher 
in the LiCl group than in the NaQ control group. A similar 
trend was observed in striatum; however, the change was 
not significant because of the high variation (Table 2). 
Since the activity of choline esterase in cortex was not 
affected by chronic LiCl (Table 3), the increase in steady 
state and HC-3 depleted levels of ACh in cortex from LiCl- 
treated mice maybe a result of a reduced ACh release in 
this area. This is consistent with the findings of Biegovik 
and RandiC [lS] that the evoked release of-ACh from cat 
somatosensory cortex into the superfusate was inhibited by 
Li+ (totally replacing NaC in the medium). In midbrain, 
LiCl also elevated the steady state level of ACh (Table 2) 
and slightly increased the activity of choline esterase (Table 
3). In contrast to the effect in cortex, the rate of depletion 
of ACh after HC-3 was greater in the LiCl group 
(40percent) than in the controt group (12 percent). This 
suggests that the turnover of ACh was increased by LiCi 
in midbrain. It is not clear how LiCl increased both the 
steady state level and the turnover of ACh. It has been 
reported that when rat brain cortex and midbrain slices 
were incubated in high K+ medium, although similar 
amounts of ACh were released from both regions, there 
was no change in ACh content in midbrain, while the ACh 

Table 3. Effects of chronic administration of LiCl on choline 
esterase activities in cortex and midbrain in mice* 

Activity (~mole~g/min, 
mean r?r S.E.M.) 

Brain region NaCl LiCl 

Cortex 7.18 2 0.60 (6) 8.06 2 0.40 (6) 
Midbrain 11.72 + 0.22 (6) 12.45 2 0.15t (6) 

* Mice were treated with LiCl or NaCI in the same 
manner as described in the legend of Table 2. The number 
of experiments is shown in parentheses. 

t Statistical significance of difference from NaCl control, 
P <: 0.05. 

content in cortex was decreased [ 16]. This unique property 
of the midbrain cholinergic system might have some relation 
to the unusual effect of LiCi in midbrain. However, further 
work is required to clarify the mechanism of the effect of 
LiCl on the cholinergic system in midbrain. 

It has been reported previously that chronic administra- 
tion of LiCI had no effect on the ACh level in the whole 
brain in mice ]2], but the present experiments have dem- 
onstrated that the action of chronic LiCl differs in various 
regions of the brain. The effect of chronic LiCl on the 
steady state level of ACh is the opposite of that reported 
by Rdnai and Vizi [3], who showed that LiCl caused a 
decrease in ACh in the medulla oblongta in rats. However, 
not only did they administer a higher dose (4.7 m-equiv./kg, 
twice daily, five doses), but also the ACh levels were too 
low (e.g. 4.82 nmolesig in cortex). 

In these experiments we have shown that a single 
administration of a high dose of LiCl has no measurable 
effect on the steady state level and the HC-3-induced 
depletion of ACh in the five brain regions tested, and that 
chronic lithium administration reduces the activity of chol- 
inergic neurons in cortex and increases both the ACh level 
and the rate of HC-3-induced depletion of ACh in midbrain 
tissue at a plasma concentration of Li” within the thera- 
peutic range. 

Department of Pharmacology 
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Tohoku University, 
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Half-lives of salsolinol and tetrahydropapaveroline hydrobromide following 
intr~cerebroventri~~lar injection 

(Received 10 April 1979; accepted 18 September 1979) 

Although interest in the physiologica action of tetrahy- 
droisoouinolines (TIQs) was sparked by the hypothesis that 

supernatant fraction was transferred to a IO ml beaker 
containing 100 ul each of 5% sodium metabisnl~ate and 

these c~mpounds~migb~ be foimed fol~owiug~~hc ingestion 
of alcohol [ 1.21, progress in testing this theory stalled due 
to failure to detect the formation of these amine-aldehyde 
condensation products after the administration of alcohol 
133. However, behavioral tests in rodents support the notion 
that the presence of TlQs may underlie some of the actions 
of alcohol. TIQs can exacerbate the effects of ethanol on 
sleeping time [4] or enhance the severity of withdrawal 
from ethanol [S]. Infusion of various TIQs into a cerebral 
ventricle of the rat induces the animal to ingest voluntarily 
large quantities of alcohol [6-8]. In the infusion experi- 
ments, the minute quantities of TIQ employed to produce 
behavioral alterations suggest that only exceedingiy smaI1 
amounts of these compounds would need to be formed 
following alcohol ingestion in order to influence behavior. 

Since the importance of the involvement of TIQs in the 
action of alcohol is dependent on demonstrating that they 
are formed following the ingestion of alcohol alone, esti- 
mating the brain levels achieved during chronic infusion 
experiments would indicate the level of sensitivity required 
for an assay to detect levels of these compounds capable 
of influencing hhavior. Until now, there has been no 
indication of the minimum level of sensitivity required. In 
order to make estimates of the level of assay sensitivity 
required, the half-lives of salsolinoi and tetrahydropapav- 
eroline hydrobromide (THP) are needed. This paper 
describes the determination of these values. 

Female rats of the Long-Evans strain, weighing 20@-300 
g, were anesthetized with an intrape~tonea1 injection of 30 
m~kgof sodium pentobarbitaf. The animal was then placed 
in a stereotaxic instrument in the DeCraot orientation. 
The scalp was incised and a burr hoie was drilled in the 
skull at AP 5.8, 1.5 mm lateral to the midline. After 
lowering a 23 gauge iniection needle 3.0 mm into the brain 
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so that the tip rested* in the ventricle, 1.0 pg salsolinol 
hvdrobromide or 10.0 ug THP in 10.0~1 of artificial 
&&brospinal fluid 191 weie;njected. The animals were killed 
by cervical dislocation at intervals after the injection. The 
whole brain was rapidly removed, frozen in liquid nitrogen, 
and weighed. The brains were kept frozen at - 70” until 
assayed later the same day. 

Both salsolinol and THP have been shown to be metab- 
olized in vitro via O-methylation [lo]. Therefore. in a 
second experiment, 250 mgikg of pyrogaliol. an inhibitor 
of catechol-5-metbyltransferase~ was administered intra- 
peritoneaIly 30 min prior to the i~traventricular injection 
of the TIQ. 

Brains were homogenized at room temperature in 6 ml 
of a solution of 0.5 M HCl, 0.1 M HC104, and 1% sodium 
metabisulfite with 100 ng of 3,4-dihydroxybenzylamine 
added to each sample as an internal standard. The hom- 
ogenate was centrifuged at 2OOOg for 10 min at 0”. The 

10% ED’?A disbdium salt. The pH was then adjusted to 
8.5 with NaOH. The sample was immediately placed in a 
conical vial containing 80 mg of alumina which had been 
washed previously with a 1:I mixture of CHC13 and 
CH3OH. The suspension was shaken for 12 min at room 
temperature. The liquid was then aspirated and the alumina 
was washed three times with distilled water. After the final 
aspiration, 400~1 of 1 N acetic acid were added to the 
alumina and shaken for 10 min. This eluate was-then 
assayed using high-pressure liquid chromatography with an 
electrochemical detector [ll]. A pellicular Vydac SCX 
stationary phase was dry packed in a 50 cm x 2 mm i.d. 
glass column. The mobile phase consisted of a mixture of 
380 ml of 0.1 M citric acid, 320 ml of 0.2 M Na2HP03, and 
200 mf of distilled deionized water with 1 drop of roluene 
added to each liter to prevent microbial growth. The 
detector potential was set at 0.7 V. The Row rate was 0.4 
ml/min, generating a column pressure averaging 500-600 
psi. 

The amount of salsolinol recovered as a percentage of 
that injected at different time points is given in Fig. 1. The 
half-life of this compound in the brain was determined to 
be 12.5 min. As shown in Fig. 1, administration of 250 
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Fig. 1. Logofthepercentageofinjectedsalsolinol It S.E.M. 
recovered at different times after the intraventricular injec- 
tion of 1.0 pg salsolinol, with (N = 9) and without (N = 44) 
prior intraperitoneal administration of 250 mgikg of 

pyrogallol. 


