
34 LIVER YYRIDINE NUCLEOTIDE FORMATION 

The following procedure has been used suc- 
cessfully on autonomic ganglia of dogs, cats 
and man, parotid glands of man and pancreas 
of cats and&rats. The tissues were fixed in 
10% formaljn, Zenker’s fixative or 90% al- 
cohol, dehydrated, imbedded and sectioned 
in the routine manner. Following removal of 
the paraffin the sections were taken through 
a degrading series of alcohols and placed in 
water. One-half of each series of sections was 
placed in 0.1 N KOH for 45 minutes at room 
temperature and then thoroughly washed in 
tap water. The other half of each series of 
sections was allowed to remain in water dur- 
ing the same time. Both the control and the 
alkaline treated sections were then stained to- 
gether in 0.25% or 1% toluidin blue, Harris 
hematoxylin and eosin or methyline blue- 
p hloxine. 

The cytoplasm of the parotid gland cells 
(Fig. 1) and the acinar cells of the pancreas 
(Fig. 2 )  is normally basophilic. Treatment 
of the sections with ribonuclease prior to stain- 
ing inhibits the basophilic staining reaction. 
This indicates that the cytoplasmic basophilia 
is due to the presence of ribonucleic acid. In 
all instances, sections of the parotid gland 
(Fig. 3)  and the pancreas (Fig, 4) that were 
treated with mild alkaline hydrolysis showed 
no basophilic staining in the cytoplasm. The 
DNA of the nuclei remained unaltered (Fig. 
3 and 4).  The basophilic staining reaction of 
the chromidial substance and the nucleoli of 

autonomic ganglion cells (Fig. S), as has been 
previously reported by Caspersson ( 1 ) , Gersh 
and Bodian (8), and others, is due to the pres- 
ence of RNA. This reaction was inhibited 
by treatment of the sections with 0.1 N KOH 
(Fig. 6). 

Conclusions. The alkaline hydrolysis 
method described above for the histuchemical 
localization of RNA and its differentiation 
from DNA is a simple and convenient method 
for general use. I t  is apparently also as re- 
liable as any procedure previously reported. 

The differential hydrolysis of RNA and 
DNA probably is due to the positim of the 
phosphoric acid residues connecting the nu- 
cleotides. Because of the greater resistance 
of the DNA ,to alkaline hydrolysis as com- 
pared to the resistance of RNA, Levene and 
Tipson(9) have advanced the opinion that the 
hydroxyls of carbons 3 and 5 of neighboring 
desoxyribose units of DNA are connected. In 
RNA, the hydroxyls of carbons 2 and 3 of 
the ribose units probably are invdved. The 
data obtained in lthe present study afford fur- 
ther evidence of the resistance of DNA t o  
mild alkaline hydrolysis. 
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in the diet of the rat was first demonstrated’ 
by Krehl et al. ( l ) ,  who used growth as a 
criterion of activity. More recent studies in 
our laboratory indicate that tryptophan and 
niacin, when incorporated in the ration in 
equimolar amounts, except a t  very high levels, 
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TABLE I. Composition of Ration. 

% 
Sucrose 
Gclaitin 
Sulf asuxidine 
Salts IV 
DGmethionine 
Corn oil 
Thiamine IICl 
Riboflavin 
Pyridoxine HC1 
Calcium panto tlienate 
Biotin 
Folk wid 
Inmito1 
Cholino C1 

49.2 
40 
1.5 
4 

.3 
5 

.20 mg 

.30 mg 
2 5  mg 

.01 mg 

.02 mg 
10 mg 

200 mg 

2 mg 

~ ~ 

Fat soluble vitamins supplied as for'tified Haliver 
Oil, 2 drops per week per rat. 

result in about the same production of h e r  
pyridine nucleotides( 2 ) .  At the levels nor- 
mally fed iln rations tryptophan serves as a 
physiologically more i-mportmt precursor of 
tissue pyridine nucleotides than does nia- 
cin(3). The present report is a study on the 
rate and extent to which single administered 
doses of niacin, niacinamide and tryptophan 
are converted to liver pyridine nucleotides in 
animals depleted of these nucleotides by 
dietary means. 

Experimental. Male Sprague-Dawley rats 
(200-250 g) were maintained on the ration 
indicated in Table ;I. When fed at  a 4070 
level gelatin meets the requirements for all 
the essential amino acids except methionine 
and tryptophan. With a rnethionine supple- 
ment 40% gelatin serves as an inexpensive 
source of amino acids -that is complete except 
for tryptophan. The water-soluble vitanmins 
were fed at the usually prescribed levels 
(Table I) with the exceptions that niacin was 
omitted and choline fed at  ctwice the normal 
level. The higher level of choline was in- 
cluded to prevent depletion of methyl groups 
when large amounts of niacin or its precursors 
are fed (4). Sulfasuxidine was added to mini- 
mize any synthesis of tryptophan or niacin by 
the intestinal flora. This ration is biologically 
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complete except for the absence of tryptophan 
and niacin. The rats were fed this incomplete 
ration ad libitum for about 6 weeks to deplete 
*heir tissues of pyridine nucleotides. When 
analyses indicated that the liver pyridine nu- 
cleotides had decreased to about one-half the 
normal value the animals were utilized for the 
following experimental work. 

Separate 0.0203 mo1,ar solutions of niacin, 
niacinamide, and DL-tryptophan were pre- 
pared. The tryptophan was dissolved with 
aid of dilute sodium hydroxide. Two ml per 
1 0 0  g body weight of the appropriate solution 
was fed by tube directly into the stomach of 
the rat. This volume supplied the equivalent 
of 5 mg niacin per 100 g body weight. At the 
times after the stomach tubing indicated in 
Fig. 1, ,the animals were sacrificed, livers re- 
moved, frozen in a mixture of dry ice and 
acetone and analyzed for pyridine nucleotides 
by the merthod of Feigelson, Williams, and 
Elvehjem ( 5 ) .  This method measures the sum 
of diphospho- and triphosphopyridine nucleo- 
tides and this will be referred to simply its 

liver PN. The results are shown in Fig. 1, 
where each $point represents the mean value 
of from 2-4 animals. The average deviation 
from the mean is t 66. 
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FIG. 1. The effect of a single dose of niacin, 
niacinamide, or .trypbplLan on the pyridine nucleo- 
tide love1 of rat liver. -A- niacin, - 9 -  

niacinamide, -@- - tryptophan. 
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TABLE 3 I. Effect of Equiwlar Supplements vf 
Xiacin, S iaciiiamide and Tryptophan Upon Liver 

Pjridine Nucleotide Formation. 

a itimsls SuDD1crncii:t livci. Ranerc 
so. of Qrg pg r s / g  

424-4634 

5 5 3 - i 8 0 
444 1 213 

7 0  

ti 70 nig % niacin 111 ( i A i  J 

6 iO..? iiig % i l ia- s(i.5 486-612 
c‘ i n n mi dc 

6 116 lllg ’% DL- fi3.3 52G-iG2 
t ‘711 t Opl’a” 

It is apparent that liver PS rapidly in- 
creased following the administration of all of 
the supplements. After 2 hours a definite in- 
crease was noted, and sthe PS level continued 
to rise to a maximum until 5-10 hours. This 
was followed by a decrease in Y S  until a t  18 
hours the liver PS was almost back to its 
starting level. Almost identical changes in 
PX followed the equimolar doses of trypto- 
phan or niacin. The P S  level rose to a maxi- 
mum of 900 p g , ~ ’ g  liver 5 hours after supple- 
mentation, then decreased slowly until at  18 
hours it reached a level of 650 p g / g  liver. The 
response to an equimolar amount of niacin- 
amide, also administered by stomach tube as 
a single dose, was quite different from that of 
niacin and tryptophan as shown in the figure. 
Following niacinamide administration the PS 
level reached a maximum level of 1310 p g l g  
liver in 10 hours, which declined sharply to 
720 pg/g liver a t  18 hours, 

To study this phenomenon further more 
animals were depleted of tissue PS as de- 
scribed above. They were divided into 4 
groups and fed the basal ration plus the sup- 
plements, indicated in Table 11. The sup- 
plements of tryptophan, niacin or niacinamide 
were equimolar and were incorporated directly 
into the ration. The level of the supplements 
was chosen so that the rats would consume 
daily approximately the same amounts of the 
supplements force-fed in the preceding ex- 
periments. The 4 groups of animals were fed 
the respective supplemented rations ad 2ib. 
for 2 weeks, and their livers analyzed for PS. 

The results are shown in Table 11. I n  all 
supplemented groups there is a significant in- 
crease in P’?: level above the group receiving 
no supplement. There is no indication that 
when ciacinamide is incorporated into the ra- 
tion it is superior to either niacin or trypto- 
phan as a precursor of PN. 

The present study was con- 
ducted under conditions of severe tryptophan 
deficiency and, even under such conditions, 
tryptophan administration resulted in the 
same PN formation as equimolar amounts of 
niacin. The identity of the curves after force- 
feeding equimolar amounts of niacin and 
tryptophan (Fig. 1) implies that, at  least in 
the rat, the conversion of tryptophan to PN 
is not a minor but rather a major metabolic 
route of tryptophan metabolism. The ap- 
parently greater efficiency of a single dose of 
niacinamide as a precursor of PN as compared 
to niacin or tryptophan might be expBained 
by the fact that niacinamide does not have to 
be amidated before forming PN, whereas 
niacin dues. 

The return of the liver PX level to almost 
the original value after 18 hours indicates a 
relatively short lifetime for the PX molecule 
and an inefficient conservation of the niacin- 
amide residue from the catabolized PX. 

Changes in the level of liver 
pyridine nucleotides (PN) of rats were stud- 
ied at  various times following the administra- 
tion by stomach tube of equimolar amounts 
of tryptophan, niacin, or niacinamide. Tryp- 
tophan was observed to be equally effective 
as a PN precursor as equimolar amounts of 
niacin, whereas niacinamide produced signifi- 
cantly higher levels of liver PN than either 
tryptophan or niacin. When incorporated di- 
rectly into the ration, however, niacin and 
tryptophan were again equivalent as PN pre- 
cursors whereas, under these conditions, nia- 
cianamide was a slightly less efficient PX pre- 
cursor than niacin or tryptophan. 

Discussion. 
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