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administered with equal ejecting currents. The effect of this substance was not antagonized by 
strychnine administered electrophoretically in concentrations which blocked the depressant action 
of g1ycine.s Thus, with respect to its central action, muscimol is apparently a “GABA-like” amino 
acid,3 as anticipated on structural grounds4 

It remains to be established whether ibotenic acid or muscimol pass through the blood-brain 
barrier after ingestion, so contributing to the neurological manifestations of Amunita poisoning. 
The excitant action of ibotenic acid and the depressant action of muscimol is in accordance with 
previously established structure-activity relationships for amino acids: a-decarboxylation of an 
excitant leading to an ammo acid with depressant activity. However, these isoxazoles are the first 
heterocyclic amino acids exhibiting such activity, and their relatively strong effects on central neurones 
indicates that further examination of analogues of glutamic acid and GABA which are of similarly 
restricted conformation might be rewarding in understanding the interaction between amino acids 
and membrane receptors. 
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distribution of pyridine nucleotides iu liver of rats 

June 1968; accepted July 1968) 

PROLONGED the urinary excretion of nicotin- 
both in animals1-3 and 

the above phenomena are accompanied the levels the individual pyridine 
nucleotides some of subcellular fractions of liver cells. 

The levels the individual pyridine nucleotides recently investigated in connection with 
exposure and some changes were found 

and carcinogenic properties.e-10 

METHODS 

rats of Wistar strain were exposed CSZ vapours 
air, 5 hr daily, days in week for the total of 9 

* This investigation was part by agreement BSS-OH-POW with Occupational 
Health Program, Public Health Service. 
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months. After this period all rats in the experimental group displayed typical symptoms of chronic 
carbon disulphide intoxication, such as loss of motorial equilibrium and muscular weakness or even 
paraplegia of the posterior limbs. The control animals were kept over the same time period without 
exposure. When sacrificed for the determination of the pyridine nucleotides all rats were about 
12 months old. 

The animals were sacrificed in pairs: one rat after CSa exposure and a control one. The liver was 
removed and it was immediately homogenized in 0.25 M sucrose containing 10 mM Tris-HCI buffer, 
pH 7.2, 1O-4 M EDTA and 005 M nicotinamide. The procedure was that of Schneider,lr slightly 
modified: homogenization was carried out for 2 min in a glass homogenizer with Plexiglas piston, the 
rotation rates being approximately 6OO/min. Debris and nuclear fraction was centrifuged at 600 g 
for 10 min, mitochondria at 3300g for 10 min, microsomes at 104,000 g for 30 min. The nuclear and 
mitochondrial fractions were washed once with 0.25 M sucrose; for the microsomal fraction this 
step was omitted. The total time of fractionation was about 2.5 hr. All centrifuging was carried out 
in “Heinz Janetzki” centrifuges, model K-14/A and VAC-60, at 0-2°C. 

The total protein in each fraction was determined according to Lowry et uZ.i2 with bovine serum 
albumine as a standard. The activity of the succinic dehydrogenase (reference enzyme for the mito- 
chondrial fraction) was determined spectrophotometrically using the method of Bonner.ls 

Pyridine nucleotides concentration in the whole homogenate and in the individual cellular fractions 
were determined using a fluorometric method elaborated previously in this laboratory for the whole 
liver tissue.14 Oxidized nucleotides (NAD, NADP) were extracted with cold 5 ‘A trichloroacetic acid. 
Reduced nucleotides (NADHa, NADPHa) were extracted with hot 0.1 M sodium carbonate and 
subsequently oxidized quantitatively with phenazine methosulphate. Extraction of nucleotides was 
carried out immediately after the homogenate or individual cellular fraction was obtained. The 
fluorescence was developed by incubation of the sample with 6N NaOH. The developed fluorescence 
was measured using “Opton” spectrofluorimeter type ZFM4C (exciting light at 370 nm, excited 
fluorescence at 460 nm, Fig. 1). 

j$/“\\~\) jy’~ll\,,,L fl”‘i,; 
I I I , I I I I I I I I I 1 I I I , 

300 350 w)o 450 500 550 300 350 400 450 500 550 300 350 400 450 500 550 

FIG. 1. -, Light exciting spectrum (maximal transmission at 460 nm); - - - -, spectrum of excited 
fluorescence (maximal exciting at 370 nm). A-NAD standard solution, B-pyridine nucleotides 
extracted from rat liver homogenate, C-pyridine nucleotides extracted from wholeliver(Incubation: 

0.3 ml + 0.6 ml 9N NaOH, 60 min 38’ + 3.1 ml HaO). 

RESULTS AND DISCUSSION 

The results of investigation are presented in Table 1. There was a 13 per cent decrease in the level 
of reduced nucleotides in the whole liver homogenate of the experimental group as compared with 
the control, dependent mainly upon the decrease of these nucleotides in the mitochondria. Some 
decrease of reduced nucleotides was found also in nuclear fraction. As it may be seen from the 
distribution of activity of succinic dehydrogenase, this decrease may be attributed to the mitochondrial 
contamination of the nuclear fraction. Owing to a simultaneous slight elevation of the reduced nu- 
cleotides in the soluble fraction a substantial decrease was observed in the mitochondrial : cytoplas- 
matic ratio of the reduced nucleotides levels amounting to cu. 30 per cent of the control (1.28 l @13 
for control and 0.92 f 0.14 for poisoned rats). There was no distinct difference in intracellular 
distribution of oxidized nucleotides between the control and CSa poisoned group, although there 
was a tendency for the mitochondrial and nuclear level to be depressed. 
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The ratio (NAD + NADP)/(NADHa + NADPHz) was altered in another direction in the 
cytoplasm (decrease) and mitochondria (increase) of intoxicated rats, however, these differences are 
statistically insignificant and interpretation is difficult. 

The present results indicate that in the chronic CSa intoxication there are only slight changes in the 
levels of the pyridine nucleotides in the liver; not so profound for instance as those which were 
produced by high doses of CCL7 Nevertheless, taking into account lowering of the level of the 
mitochondrial nucleotides and the property of CSa to act as an inhibitor of cytochrome oxidase15 it 
may be assumed that this toxic agent may influence the pyridine nucleotides-linked processes in 
mitochondria. 

The level of pyridine nucleotides in subcellular particles of liver cells in normal rats found in this 
investigation was distinctly higher as compared with the data based on the similar fractionation 
technique reported previously by other authors (Table 2). It has been recently proved by Slaterla* l7 

TABLE~.PYRIDINENUCLEOTIDESLEVELINSIJEICELL~LARSTRUCTURES 

(NlJCLEI+MITDCHONDRIA+MICROSOhES) 

ANDINTHESOLlJBLECYTOPLASMICFRACTIONOFTHL?RATLIVER 

Nucleotides Author 

Homogenate Cellular Soluble 
structures fraction 

(m&l) (%) (mpM) (%) (mpM) (%) 

NAD + NADP Jacobson and Kaplanrs 728 :z 93 z 519 71 

Glock and McLean’* 671 573 Authors’ data 629 100 E 35 415 :z 
NADHz Jacobson and Kapla@ 

&ADPH~ 
Glock and M&ear+* 

zz 100 
;E! :; 

129 
194 E 

Slaterl’* E 
100 :;(58) 

Authors’ data 523 100 348 $49) 199 38 

The levels of nucleotides are expressed per 1 g of wet liver tissue. 
* Data for NADPHa, (a) results obtained using the classical method of differential centrifuging, 

(b) results obtained using the so called rapid fractionation (in parenthesis are given.approxmrate data 
fgorgg)d nucleottdes, calculated from the relation NADHa/NADPHa accordmg to Glock and 

that the level of pyridine nucleotides in the particles had been found higher when rapid separation of 
cellular fractions was used as compared to those obtained by means of the standard technique of 
differential centrifuging. This finding may suggest that there is a substantial loss of nucleotides 
contained originally in the particles due to which the level in the particles has a tendency to be lowered 
with the duration of fractionation procedure. The present investigation was based on the classic 
fractionation method, however, the level of pyridine nucleotides found in subcellular particles was 
very high in relation to the whole homogenate and amounted to 67 per cent for the reduced and 
35 per cent for the oxidized nucleotides, respectively. At the present stage it would be difficult to 
decide whether these discrepancies should be attributed to differences in the methods of determina- 
tion of pyridine nucleotides and in fractionation technique or to the differences in the biological 
material used by various authors. 
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Hyposensitivity to 5-hydroxytryptamine in the isolated stomach fundus of the newborn 
rat-II. Amphetamine and receptor deficit 

(Received 17 June 1968; accepted 24 July 1968) 

WE HAVE previously shown the occurrence of a reduced affinity (by a factor of -23) for 5-hydroxy- 
tryptamine (5-I-IT) in the isolated gastric fundus of the newborn rat.’ Intrinsic minor contractility of 
the smooth muscle not yet fully developed cannot be entirely accepted as only reason of the hypo- 
sensitivity. Other more specific reasons are possible: among them a 5-HT receptor deficit, in the 
newborn animal. This hypothesis is examined in the present paper. 

The investigation is based upon the assumption that amphetamine acts directly on the 5-I-IT 
receptora- in several isolated organ preparations, among them rat fundal strips.8 Assuming that the 
concept of identical receptors for the two amines is correct, one would predict neonatal hyposensitivity 
also to amphetamine. This reduced alBnity should be similar to that evidenced with 5-HT, and might 
support the 5-m receptor deficit hypothesis. Both DL- and u-amphetamine are tested in the present 
experiments, to control possible differences between the racemic drug and the optical isomer with 
higher direct action on the 5-HT receptor.3 

MATERIALS AND METHODS 

Ninety-five Wistar albino rats of either sex were used. The gastric fundus preparations were 
described in detail in a previous paper.1 Cumulative log dose-response curves were obtained with the 
drugs. Significance was tested on the pDz (afIinityd) mean values, by Fisher%-v-test.7 

The following drugs were employed: 5-hydroxytryptamine creatinine sulphate (Merck, Germany) 
D-amphetamine sulphate (Merck) and DL-amphetamine sulphate (Merck). Doses are expressed as 
base. 


