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Abstract-Previous experiments have rcvealcd changes m the mctaholism of nicotmic acid and nico- 
tinamide -adenine dinucleotides due to CS2 intoxication. In this stud! the incorporation of tryptophan 
into nicotinamide -adenine dinucleotidcs in the liver of rats chronically intoxicated with CS, has htxn 
measured. The concentration and radioactivity of NAD in the liver of rats nerc detcrmincd 5 hr after 
administration of a loading dose of tryptophan and 2 hr after injection of a tract dose of [‘“Cltrypto- 
phan. It was found that tryptophan was more extcnsivcly incorporated into nucleotides in the liver 
of rats intoxicated with CS2. This indicates. that tryptophan. rather than nicotinic acid. is the main 
precursor of NAD synthesis in animals intoxicated with C‘S,. 

The results from our previous studies have show;n 
chronic exposure to CS, of both men [9] and labora- 
tory animals [9. IO. IS] causes an increased urinary 
excretion of metabolites of nicotinic acid (NAc) and 
nicotinamide (NAm), but does not produce depletion 
of nicotinamide -adenine dinucleotides in tissues 
[1 I. 12, 141 although the metabolic turnover of 
the nucleotides is significantly increased 1131. Since. 
apart from nicotinic acid, tryptophan is the main pre- 
cursor of NAD, it seemed plausible to suppose that 
this amino acid could compensate for these require- 
ments in CS, intoxicated animals, in which case its 
utilization for the synthesis of nicotinamide-adenine 
nucleotides would be significantly increased. Our 
studies were aimed at verifying this hypothesis. 

MATERIALS AND METHODS 

The experiments were performed on 3-month-old 
white rats of the Wistar strain, weighing 170 g at 
the beginning of the experiment. The animals were 
exposed to CS2 vapour at a concentration of I.7 
(1.45-2.05) mg/l of air, for 5 hr daily, 6 days per week 
over a period of 7-8 months. The control animals 

- 
*This investigation has been done partly under the 

Polish-American agreement No. 05-003-3 with the Occupa- 
tional Health Program, U.S. Public Health Service. 

were maintained under the same conditions without 
exposure to CS2. During the whole experimental 
period water and diet containing adequate amounts 
of vitamins and mineral salts were supplied ~111 lihitum. 

Both the control and the exposed animals consumed 
about 20 g of the diet,:day!rat. 

The rate of synthesis of nicotinamide-adenine 
dinucleotides from trqptophan was measured in two 
experiments. simultaneouslv in the control and 
CS,-intoxicated rats. In the first experiment rats from 
both groups were injected intraperitoneally with a 
single dose of I.3 m-mole per kg body weight of DI - 

tryptophan. Five hours later the rats were decapitated 
and the livers excised. The levels of oxidized nicotin- 
amide adcninc dinucleotides were determined in the 
li\ers before und after the injection of tryl?tophan 
according to the method of Sokal er (I[. 171. In the 
second expcrimcnt intoxicated and control rats were 
injected i~iti-ap~;iton~~ll~ with a single dose of 20 IcCi 
(I /lmolc) of I,r.-tr! ptophan in physiological solution. 
I,L-Tryptophan [‘“Cl uniformly labeled in the ben- 
7t‘nc ring. sp. act. l(X) mCi.m-mole. uas obtained from 
the Radiochemical Ccntrc. Amersham. England. Two 
hours later the rats were decapitated and the levels 
and the specific radioactivity of nicotinamidc-adcnine 
dinucleotidea in the liver were detcrmincd according 
to the method described in our former paper [l3]. 

Table I, The lcvcls of oxidised nicotinamide adeninc dinucleotidcs in the livers of rats exposed to C’S, 

NAD + NADP 
(m /cmolc g) 

before tryptophan after tr> ptophnn 
loading loading 

The rise in 
NAD + NADP Ic\cl 

after fr>17tophan 
loading 

lm itmolc g) 

Control 652 +- 60 X83 + 167 232 

(8) (8) 
CS,-exposed 666 f 77 IO.16 + l24* 370 

(6) (6) 

The control rats and rats exposed to CS2 for 7 months were given intrapcritoneally @25m-mole of m.-tryptophan 
in 0.8 ml of 2.5”” NaHCO,. 5 hr later the animals were decapitated and the livers were excised for the dctcrmination 
of the oxidized nicotinamide-adenine dinucleotides. NAD & NADP. 

The results are expressed as mean + SD. The numbers of animals in the experimental groups arc given m parentheses. 
* Significantly different from the control group (P <: 0051. 

l-177 



Number NAD + NADP 
of animals (cpm Itmolc) 

(‘ont1-ol 5 6716 * 1250 
(‘S,-CXpOSed 5 14hOO + 19x3* 

Control wts wnd rats exposed to CS, for 7 months MI-C 
given intraperltoncall~ 70 jfc‘i (I Ltmolc) of I)i.-[ “C)trqpto- 
phan in 0.5 ml of physiological solution. After 2 hr the ani- 

mal> wcrc decapitated. lhc livers excised and the specific 
Iradioactivity of NAD + NADP determined. 

The results arc cxpressed as man f SD. 

* SignificantI! tllfbcnl from the controls (P < 0+5J. 

RESC’LTS 

Rats after 7 months of exposure to CS2 displayed 
symptoms of intoxication such as disturbances in 
equilibrium, muscular weakness and slight paresis of 
the hind limbs. The mean body weight of the control 
and cxpobed animals was 320 and 215 g, respectively. 
Despite the long period of exposure, concentrations 
of Ihe oxidiad nuclcotides in the livers from the coti- 
trol rats and from those exposed to CS2 bcforc injec- 
tion of tryptophan were similar (Table I). Adminis- 
tration of tryptophan in a single dose of 0.25 m-mole 
per rat resulted in an increased level of oxidizcd nu- 
cleotidcs in the liver. Howcvcr. much higher rise in 
the concentration of the nuclcotides was noticed in 
cxposed rats (370 m jlmole:g). than in the control ani- 
mals (230 m Lcmolc,g) (Table I ). 

Table results of the second experiment (Table 2) indi- 
cate that the incorporation of [‘“Cl tryptophan into 
liber nucleotides is much faster after exposure to CS2. 
since the specific activity of nucleotides is more than 
loo”,, higher than that in control animals. 

Previous stud& [6. 9, 10 IS] have shown that the in- 
crcascd excretion of metabolites of nicotinic acid and 
nicotinamidc caused by, CS, intoxication wzs pro- 
ducod not only by an mcrcascd degradation of the 
nuclcotidcs hut was due to the accelerated metabolic 
turnover of the nicotinamide adenine dinucleotides. 
Since. cvcn after tong-term exposure to CSL. the levels 
of tissue nucleotidos arc not changed [I 11. the 
mechanism of these changes must involve increased 
delivery of the precursor of nicotinamidc dinucleo- 
tides to compensate for the higher rate of their mcta- 
bolic degrad:~tion. 

1.able 3. 13cct 01’ chronic C‘S? exposure on the Ievcl 01 
trhptophon in rat liver 

Number Tryptophan 
of animals (mg/p tissue) 

Control 7 3.1 & 0.2 

C&Eq~osed 7 3.2 * 0.1x 

The Icbel of tryptophan was measured in the liver of 
comrol ral.\ and experimental animals after 7 months ol 
cxposux to CSJ vapour at a concentration of I.5 I.7 
mg.1 of an-. The homogenized liver was refluxed with SN 
NaOH and Iryptophan determined according to method 

of SpicsrX]. 

Nicotinic acid and tryptophan arc the main prc- 
cursors of nicotinamidc dinuclcotldc4 [5]. Howcvcr. 
the uptake of nicotinic acid from the diet \+;I\ 

shown [I?] to he unchanged in rats eq~~cd to CSL. 
The results of the present stud) shou an incrcascd 
rate of utilisation of tryptophan for the sqnthcsi5 01 
nuclcotides in the liver of rats intoxicated with (X2. 
This increase was not caused by dietelic factorx since 
the control and intoxicated rats cvcrc pro\idcd I\ ith 
an adequate and controlled amount of f&~l covering 
their daily requirements for calories. vitamins and 

amino acids. The rats of hoth groups acre pro\~icled 
with 22 mg of tryptophan per rat per- ~;IJ. sutticicnt 
to co\cr the daily rcquircnicnt of lhc animal fol- this 
amino acid F-11. 

Results. not shown. indicate that (he prolong& in- 
toxication with C’S2 doe5 not alter the sire of the 
tryptophan in the ti\,cr. The level of endogcnouy tr;p- 
tophan in the li\er is similar in rats exposed to CS: 
and in control animals (Tahlc 31. Thcrcfore. the dil- 
fcrznce in spccilic radioacticity of the nucleotidcs 
between control and cxposcd animals cannot he 
c\plained bq diffcrcnccs in the specific radioactil it! 
01‘ tissue tr! ptophan. Any changes in the coticcii- 
tration of liver trjptophan after 7 months of cxposurc 
would he retlected in significant changes in the level 
of nucleotides. Yet the results of ;I number of WI 

experiments indicated no changes in the tcvcl of oxi- 
diLed nuclcotidcs in the liccr of rat5 intoxicated uith 
C‘S_ c\cn after 14 months of cxposiirc Ll I. I?. 141, 

Chronic intoxic;ition \\ ith C’S2 inducts 2 significant 
rise in the activit! of tr!ptophan pyrrokisc in the l&r 
of rats L?]. This also supports the conclusion that 
the rate 0C conversion of tryptophan to niicleotidcs 
is incrca\ed. 

In conclusion. the rcsuhs suggest that animals in- 
toxicated with CS2 ~1st: iiiorc 1ryptophan for the 5) n- 
thesis of nuclrotides and. in this \~a). the augmcnlcd 

demands of the organism for the prccursoi- of nico- 
tinamidc nuclcotidrs arc met. 
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