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been unsuccessful in spite of the use of various immuno-  
suppressive agents before and after transplantation 24. 
Spontaneous malignant  conversion of transplanted tissues 
was also observed in our previous experiments 8. It is 
noteworthy that no adenocarcinomas developed from un- 
treated glandular  stomach in our study, whereas there are 
reports that adenocarcinomas developed from untreated 
gastrointestinal tract of  mice 1~ and rats 25. The mechanism 
of this phenomenon  is still obscure and requires further 
study. 
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Summary. 3-Aminobenzamide,  which inhibits ADP-ribosylation, did not inhibit  luteinizing hormone 's  ability to stimulate 
androgen secretion by mouse testicular interstitial cells in vitro. 3-Aminobenzamide,  but  not  its inactive analog 3-amino- 
benzoic acid, inhibited steroidogenesis stimulated by cholera toxin. 

Luteinizing hormone (LH) stimulates steroidogenesis in 
Eeydig cells by binding to cell surface receptors which 
increase the activity of adenylate cyclase via an ill defined 
interaction with the guanine nucleotide (G) regulatory 
subunit  of  the enzyme 2. Cholera toxin also stimulates 
Leydig cell adenylate cyclase activity and steroidogenesis3; 
i t  does so by catalyzing the ADP-ribosylation of the G 
regulatory subuni t  of  adenylate cyclase ". The possibility 
that ADP-ribosylat ion may be involved in the mechanism 
by which LH stimulates steroidogenesis is suggested by the 
recent observation that thyroid stimulating hormone 
(TSH), which is composed of an a-subuni t  identical to that 
of LH and a non-identical  fl-subunit, increases ADP- 
ribosyltransferase activity in thyroid membrane  prepara- 
tions 5-7. TSH induced the ADP-ribosylat ion of the a- 
subunit  of  TSH and of a membrane  protein tentatively 
identified as the G regulatory subunit  of  the adenylate 
cyclase complex 6-7. 
The present study has utilized the competitive inhibitor of 
ADP-ribosyltransferase, 3-aminobenzamide s, to test the 
hypothesis that ADP-ribosylat ion is involved in the 
mechanism by which LH stimulates Leydig cell steroido- 
genesis. 
Materials and methods. Testicular interstitial cells were 
isolated from adult Swiss-Webster mice (High Oak Ranch, 
Goodwood, Ontario) as previously described 9. 70,000 cells 
were suspended in  0.5 ml incubat ion medium (Medium 199 

with Earle's salts and containing 1 m g / m l  bovine serum 
albumin,  10 m M  HEPES, 27 mM NaHCO3, 27.5 mM 
glucose and 1 mM pyruvate). The incubat ion medium 
contained either 5 m M  3-aminobenzamide,  5 mM 3-amino- 
benzoic acid, or 2.5 lal of the solvent dimethylsulfoxide. 
Steroidogenesis was stimulated by the addition of LH 
(NIH-LH-Bg) (0.1-100 ng/ml)  or cholera toxin (10 -14 
10 I0 M). 
The cells were incubated in an atmosphere of 95% O2: 5% 
CO2 for 3 h in a shaking water bath at 33 ~ At the end of 
the incubat ion the cells were removed by centrifugation 
and the medium was stored at - 7 0 ~  Unextracted 
10-50 ~tl samples of thawed medium were added  directly 
to the testosterone assay 1~ 

Effect of 3-aminobenzamide and its inactive analog, 3-aminobenzoic 
acid, on androgen production (ng/106 cells/3 h) 
Inhibitor Stimulus 

None Luteinizing Cholera toxin 
hormone (0,1 ~M) 
(0.3 ng/ml) 

Control 3.8 • 0.3 34.9 • 2,1 29.3 • 2.2 
3-Aminobenzamide 3.6 �9 0.1 30.9 • 1.7 11.7 • 0.9* 
3-Aminobenzoic acid 4.4 + 0.4 35.6 ~: 2.7 35.0 i 1.9 
Mean + SEM of 5 replicates. * p < 0.01 vs control (Student's t test). 
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Results" and discussion. Androgen production was increased 
7.7 and 9.2 times basal unstimulated production by treat- 
ment with submaximum concentrations of cholera toxin 
and LH, respectively, in the absence of inhibitors (table). 3- 
Aminobenzamide reduced by 60% cholera toxin's ability to 
stimulate androgen production but did not affect basal 
production or that stimulated by LH. The non-inhibitory 
analog 3-aminobenzoic acid had no effect on androgen 
production. 
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LH (lower panel) or cholera toxin (upper panel) stimulated andro- 
gen production in the presence (open symbols) or absence (closed 
symbols) of 5 mM 3-aminobenzamide. 

The failure of 3-aminobenzamide to inhibit LH-stimulat- 
ed-androgen production was not due to the LH concentra- 
tion employed. With the exception of a small (12%), but 
significant, inhibition at 100 ng LH/ml, 3-aminobenzamide 
was without effect over the entire range of LH concentra- 
tions capable of augmenting androgen production (fig.). 
3-Aminobenzamide at concentrations of 1-10 mM has 
been used by others u 13 to investigate the role of poly 
(ADP-ribosyl) transferase in the control of cellular dif- 
ferentiation, in this present study 3-aminobenzamide 
(5 raM) inhibited cholera toxin's ability to stimulate andro- 
gen production, presumably by inhibiting the mono (ADP- 
ribosyl) transferase activity of the toxin's A subunit. The 
failure of 3-aminobenzamide to inhibit LH-stimulated 
steroidogenesis is therefore reasonable evidence that ADP- 
ribosylation is not part of (or at least not an obligatory part 
ol) the mechanism by which LH stimulates steroidogenesis. 
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Summary. Microinjections of the cholinergic agonists, carbachol and bethanechol, either into the anaygdala or into the 
dorsal hippocampus produced sustained limbic seizures and brain damage in rats. Systemic administration of pilocarpine 
in rats resulted in a sequence of convulsive disorders and widespread brain damage as well. Scopolamine prevented the 
development of convulsive activity and brain damage produced by cholinomimetics. These results suggest that the 
excessive stimulation of cholinergic muscarinic receptors can lead to limbic seizures and brain damage. It is postulated that 
muscarinic cholinergic mechanisms are linked to the etiology of temporal lobe epilepsy and epileptic brain damage. 

The hippocampus receives via the fornix/fimbria major 
input from the medial septum and vertical limb of the 
diagonal band3; acetylcholine (ACh) is considered to be the 
neurotransmitter of this pathway 3'4. The axons of the cell 
bodies of cholinergic neurons located in the medial septum 
and nucleus of the diagonal band enter the hippocampal 

formation at the level of the subfield CA 35 , where they 
divide and innervate the subfields CA 1, CA 2 and CA 46. A 
massive cholinergic innervation of the amygdala originates 
in the substantia innominata and the horizontal limb of the 
diagonal band 3. A number of electrophysiological studies 
have provided evidence that the bursts elicited by ACh in 


