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Study of the effe-ct in uiuo of oxotremorine on the activity of choline 
acetyMransferase (choline acetyhse) 

(Received 28 May 1%9; accepted 22 August 1969) 

IT HAS been demonstrated that the administration of oxotremorine (I-(2-pyrrolidono)-4-pyrrolidino- 
2-butyne, OT) to rats causes a substantial increase in the level of acetylcholine (ACh) in the brain.l-a 
Studies in vitro showed that the drug does not cause an increase in the activity of choline acetyl- 
transferase (ChAc, acetyl-CoA:choline 0-acetyltransferase, EC 2.3.1.6) nor an inhibition of acetyl- 
cholinestera& (AC& EC 3.1 .1.7). It has also been observed that there is no effect in viva on AChE.3 * 
Therefore the possibility has been raised that there may be an effect in vivo on ChAc to account for the 
ACh increase and indeed such a stimulation of the enzyme in mice has been reported.’ 

In the course of some enzymic studies, the level of ChAc in mouse brain was determined 5, 15 and 
30 min after i.p. doses of 0.1 and 0.5 mg/kg of OT. Our data, in contrast to the previously published 
report, showed that OT given to mice in tremor-producing doses did not cause a significant increase 
in ChAc activity. 

Three groups of white, male mice, three per group, were given i.p. either (a) isotonic saline, (b) 0.1 
mg/kg OT or (c) 0.5 mg/kg OT, as the sesquifumarate (Aldrich Chemical Company, Milwaukee, 
Wise.). The animals were sacriticed by decapitation after 5, 15 and 30 min in three separate experi- 
ments. The onset of tremors in the drug-treated animals was approximately 5 min; the peak tremor 
effects occurred 15-20 min after drug. The cerebral cortex was removed within 1 min after decapitation 
and placed into liquid nitrogen. Cortices from the three mice of a given group were pooled; the total 
weight was approximately 1 g. 

The procedures described by Schreier and Shuster’ for preparation of mouse brain acetone 
powders, extrac&ion of enzyme and radiometric measurement of ChAc activity utilizing labeled 
acetyl-Co-A (ACoA) were used. The final reaction mixture was composed of the following solutions: 

0.14 ml phosphate h&r, pH 6.0, containing Na&IPO4.0~025 M; choline Cl, 0.050 M; neostigmine 
Br (Sigma Chemical Co., St. Louis, MO.) 0.0375 mM; and NaCl, 0.15 M. 

0.03 ml ACoA, Acetyl-l-% CoA (New England Nuclear, Boston, Mass.), 0,247 mc per m-mole, 
O-498 &ml, in @Ol N HCl. 

0.03 ml acetonepowder extract. The protein concentrations in the extract (25 mg powder/ml) varied 
from 5 to 6.5 mg/ml so that the total protein in the incubation mixture ranged from @15 to @20 mg. 

Incubations were carried out at 37” for 20 and 40 min; the reaction was initiated by the addition of 
enzyme solution which was stored at 0”. At the completion of the desired incubation time, the entire 
solution volume was transferred quickly to an individual O-5 x 5 cm column of Dowex 1 x 8, 
Cl form, 2oo-400 mesh. The coiumn was eluted with 1.2 ml of water, and efEuent was collected directly 
into couming vials. The cpm of radioactive ACh were measured in a Packard liquid scintillation 
counter after the addition of 10 ml of DAM 611 counting solution7 

Blanks were determined by applying a complete incubation mixture to a resin column at zero 
incubation time; values in the range from 5&70 cpm were routinely recorded. 

A typical time course of synthesis of ACh with a control enzyme is shown in Fig. 1. The data 
obtained with OT are summarized in Table 1. It can be seen that there was no significant increase in 
enzyme activity from control at either dose of OT, regardless of the incubation time or the time of 
sac&ice after drug. The only sign&ant change observed was a decrease of activity in the animals 
which received 0.1 r&kg and were sacrificed after 15 min. The lack of effects (1 x 10-s M) of both 
OT and Tremor& (1.4dipyrrolidino-2-butyne), the precursor of the active OT, on the activity in 
vitro of the enzyme was also confirmed in separate experiments. 

The observed level of enzyme activity is in good agreement with the value found by Hohnstedt et al.5 
for rat brain. They reported 20.3 wmoles of ACh formed per mg of acetone powder per hr at 37’ 
while the wrresponding value for the average of the saline controls in these experiments is 21.7 when 
the 20-min incubation values are converted to the same units. 

* Unpublished data from this laboratory. 
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TIME, MINUTES 

FIG. 1. Time course of incubation-ChAc activity. The cpm values were corrected for zero time 
background. 

TABLE 1. t%iC ACTIVITY OF CONTROL AND DRUG-TREATED MICE AT TWO INCUBATZON TIMES. 

Test drug 

Saline control 
5-l mg/kg OT 
O-5 mg/kg OT 

Saline control 
0.1 mg/kg OT 
0.5 mg/kg OT 

saline control 
O-1 mg/kg OT 
0.5 mg/kg OT 

mpmoles ACh formed+/mg protein 

20-mm incubation 4O-min incubation 

(b) Animals sacrificed 15 min postdrug 
34.4 & 0.4 
z;; $ ;*: 

(c) Animals sacrifjced 30 min postdrug- 
32-6 i 0.1 
33-3 & l-2 
30.6zhO.9 

62.5 & 2.1 
53.6 f 22 
60.7 f o-3 

51.4 * l-4 
56.0 + l-2 
491 &o-5 

* Average of duplicate assays & standard deviation. The counting efficiency was utilized to convert 
cpm to wmoles ACh. 

The reason for the discmpancy in the enzymic effect of OT between these data and the prior report 
is not dear. One possibility, however, might be the mode of assay empIoyed in the latter work, which 
utiIimd a coupled enxyme system for the generation of ACoA and a biological detection method for 
ACh rather than a direct measurement. 

It would appear from the studies described here that incmases in brain ACh observed after OT 
administration are not due to a direct stimulation of ChAc activity. An alternative explanation might 
be that the drug acts by mobilizing a precursor of ACh from some undetected source,* or that there 
are other factors in the situation in viuo, such as cofactors or membrane anility which a&ct 
enxymic activity in a way not seen in the cell-free system. 

Chemical Pharmacology Department, 
Abbott Laboratories, 
North Chicago, III., 60064, U.S.A. 

- H. STTiIN 

JEROME COHEN 
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Studies on drug reWamc+U. Kinase patterns in P815 neoplasms sensitive 
and resistant to 1+~arabinofwanmykytoshe 

(Received 27 March 1969 ; accepted 22 August 1969) 

RESLWANCE toward 1-/3-r+arabiaofuranosykytosine (Ara-C) was attributed by Chu and Fischer,l 
Kessel et af.,a Schrecker and Urshe13 and Uchida and KreiSq to a considerable decrease of the 
enzymatic conversion of Ara-C into l-/I-D-arabinofuranosylcytosine-5’diphosphate (Ara-CDP) and 
-triphosphate (Ara-CTP) in the resistant cell line. As reported in our previous study,4 Ara-C de- 
aminase and cytidine-5’diphosphate (CDP) reductase seem to be unrelated to the development of 
resistance in P815 ceils. However, the marked difference in respect to phosphorylation of Ara-C is not 
a genenrl finding ip all the reported strains resistant to Ara-C. Momparler et al.5 and Bachs failed to 
find si&iamt differences in the phosphorylation of Ara-C in Ara-C resistant and parental cell lines. 

The present experiments were undertaken to better characterize the discrepancy in the occurrcllcc of 
Ara-CDP and Ara-CTP in sensitivo (P815) and resistant (P815/Ara-C) cells. The results indicate that 
the lack of Ara-CDP and of Ara-CI’P in P815/Ara-C cells is duo to the almost complete absence of an 
active Ara-C kinase. 

Tritiated l-j3--D-arabinofuranosylcytosine-5’-monophosphate (sH-Ara-CMP) was prepared enzy- 
matically from tritiated I-@-arabinofuranosylcytosino (sH-Am-C) and purified by paper electro- 
phoresis or paper chromatography. sH-Ara-C (1 c/m-mole, labeled predominantly in the 5 position) 
was kindly supplied by the Cancer Chemotherapy National Service Centor. Crude enzyme extracts 
wore prepared as reported4 from BDFI mice bearing P815 and PSI S/Ara-C ascites tumors 6 days after 
inoculation. The assay mixture for enxymatic phosphorylation of labeled Ara-C and Ara-CMP 
contained: 3 pmoles adenosine-5’-triphosphate (ATP), 2.8 wales MgClr. 23 pmoles 3-phospho- 
glyceric acid, 33 to 10-O wmoles of substrate and 100 ~1 of enzyme extract, all in 250 ~1 of 100 mM 
Tris-HCl buffer, pH 8.0. After incubation for 30 min at 37”, the reaction was stopped by chillii the 
mixture in ice to 0”. An aliquot of the mixture was used directly for paper chromatography, system A 
of previous publicationP or paper olectrophoresis in 100 mM citrate-phosphate buffet, pH 3.6, at 
20 V/cm for 2 hr. The radioactivity of the spots correspondii to Ara-C, Ara-CMP, Ara-CDP and 
Ara-CTP was measured directly withliquid scintillation techniques.’ The evaluation of 5’-nucleotidase 
activities in the crude enzyme extracts was performed by following the method of Cartor,” using 
radioactive sH-Ara-CMP as substrate and paper electrophoresis for the separation of the reaction 
products. 


