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-Metabolism of C14 Labelled Beta-Carotene in the Rat.* (23285) 

R. F. KRAUSE AND P. L. SANDERS (Introduced by E. J. Van Liere) 
Department of Biochemistry, School of Medicine, West  Virginia University, Morgantown. 

Our previous studies on the metabolism of 
C14 labelled beta-carotene have indicated that 
in the rat it is largely converted to a non- 
saponifiable substance or substances ( 1 ) . At 
that time it was not possible to determine if 
all radioactivity of the non-saponifiable ma- 
terial resided in vit. A because no method was 
available for the isolation and purification of 
vit. A from this fraction. Since then, a 
method has been developed for isolation and 
purification of vit. A from the non-saponifi- 
able extracts of liver tissue(2). With this 
technic it appeared worthwhile to continue 
our investigation on the metabolism of beta- 
carotene. 

Method. Our previous commercial source 
of radioactive carotene was not available so 
i t  was necessary to develop a technic to pro- 
duce it. Such carotene was produced by 
growing Phycomyces bZakesZeeanus in a suit- 
able C1* labelled acetate medium.t Two 
samples of labelled C14 carotene were pre- 
pared. Sample No. 1 contained 1010 pg of 
beta-carotene with an E;Ym of 2430: and a 
total radioactivity of 65,000 cpm. Sample 
No. 2 contained 1120 pg of beta-carotene 
with an E+Z,of 2470 and a total radioactivity 
of 35,000 cpm. Each sample was prepared 
and fed to rats numbered 1 and 2 respec- 
tively, as previously described ( 1 ) . Immedi- 
ately after feeding, rats were placed in a 
metabolism chamber without food and water. 
The C 0 2  was collected according to pro- 
cedure of Skipper et a L ( 3 ) .  Both rats were 
sacrificed 24 hours after feeding the carotene. 
The non-saponifiable material was extracted 
from the liver and from the total extrahepatic 
tissue according to the method of Hjarde(4). 
The tissue extracts were freed from carotene 
by chromatographic procedures of Glover et 

*This work was supported in part by Atomic 
Energy Commission contract. 

t Unpublished. 
$ These “E values” were measured in a light pe- 
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troleum ether (b.p. 30-40°C) solution at 450 mp. 

aZ. (5).  The carotene-free non-saponifiable 
extracts are referred to as CFNS fractions. 
After non-saponifiable material was extracted, 
the fatty acids were removed from the saponi- 
fied extracts by acidifying them with 2N HC1, 
extracting with petroleum ether, and washing 
the latter extracts with distilled water. These 
washings were combined with the remainder 
of the saponified extracts and labelled “water 
soluble” fraction. The digitonin-precipitable 
sterols were isolated from the CFNS fraction 
according to the procedure of Kelsey (6).  
Vit. A was isolated from liver CFNS material 
by the procedure of Powell et a L ( 2 ) .  The 
water soluble fraction was oxidized and the 
C02 collected as described by Skipper et aZ. 
( 3 ) .  Radioactivity of the various fractions 
was measured in a Tracerlab windowless gas 
flow counter and corrected for background. 
All COS collected was counted in the form of 
BaC03 and corrected for self absorption. 
Vit. A content of various CFNS fractions was 
determined according to technic of Glover 
et aZ. (7).  Due to technical difficulties, it was 
not possible to purify and count the vit. A in 
total extrahepatic tissues. Extinction of 
petroleum ether solutions was measured at 
450 m,u and, accepting the EiTm for beta- 
carotene as 2500, the amount of carotene was 
calculated. 

Results. From Table I it may be noted 
that the material in feces, urine, and intes- 
tinal contents contained approximately 50% 
of the total radioactive carbon fed. The total 
non-saponifiable material from these sources 
amounted to an average of 30% of the dose 
fed. Therefore, about 70% of the carotene 
was assumed to be absorbed. The carotene 
content of the non-saponifiable fraction from 
feces of rat No. 1 was 340 pg and from rat 
No. 2 was 360 pug. The fatty acids from feces, 
urine, and intestinal contents accounted for 
about 20% of the dose fed. 

Table I summarizes the distribution of C14 
from the labelled carotene in the tissue and 
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fractions examined. In both rats the highest 
amount of radioactivity resided in the C‘FSS 
fraction of extrahepatic tissue. Some activitJ7 
was present also in the fatty acid fractions. 
The only “water soluble’ fraction found to 
contain radioactivity was from the liver. 
About 1.5% of the absorbed C14 was foucd 
in liver vit. A. The combined activity in the 
CFNS and fatty acid fraction from extra- 
hepatic and liver tissue accounted for an aver- 
age of about 55% of the absorbed C14. Ap- 
proximately 5% of the absorbed C1’ was re- 
covered in the expired CO,. Thus, about 
60% of the absorbed CI4 was accounted for. 
The average recovery for the total dose fed 
was about 80%. 

The distribution of C ‘ I 4  in the 3 different 
fractions of the CFSS  material from liver is 
such that vit. A composes 50% of the total 
activity of the fraction, the digitonin-precipi- 
table sterols are only slightly active, the re- 
maining non-saponifiable fraction is about as 

active as the vit. A fraction. The 2 latter 
fractions were examined and found to  con- 
tain no vit. A according to accepted colori- 
metric or spectrophotometric technics. 

Each rat liver contained approximately 
3000 pg of vit. A, and the extrahepatic tissue 
approximately 150 pg of the vitamin. 

Discussion. I t  is evident that C14 from 
rats fed labelled beta-carotene enters into com- 
pounds other than vit. A. These findings sup- 
port the suggestion of Glover and Redfearn 
( 7 )  and others(8) that carotene is not en- 
tirely converted into vit. A and that it might 
be directed into other metabolic pathways. 

It is interesting to note that considerable 
radioactivity existed in the fatty acid frac- 
tion from feces, urine, and intestinal contents, 
but no detectable activity was found in the 
water-soluble fraction from this material. 
Also, it is of interest that of all the animal 
tissue. the only water soluble fraction that 
contained radioactivity was from liver tissue. 

?’he presence of only about 5% of the ab- 
sorbed C‘l4 in expired C02  is much lower than 
Laughland (9 )  reported for the chick and rat. 
Failure to account for a large amount of C’“ 
from absorbed carotene is in disagreement 
with our earlier findings where almost 100% 
of absorbed CI4 was accounted for in the 
VFNS fraction. Two explanations seem 
plausible. One is that the position of labelling 
of the C” in the carotene molecule may have 
been different in the 2 sources of carotene. 
The source of carotene in our earlier investi- 
gation was from algae which was supposedly 
uniformly labelled, and in ‘the present study, 
from fungi where the type of labelling is un- 
known. Secondly, it  is possible that since the 
animals used contained larger amounts of vit. 
A than the previous ones, carotene was not 
needed to supply the animal’s need for vit. A, 
and hence i t  was directed into secondary 
metabolic pathways. Studies seeking sup- 
port for both of these suggestions are now 
under investigation. 

Feeding of C1+ labelled caro- 
tene resulted in the deposition of approxi- 
mately 1.5F of absorbed into liver vit. A. 
In the total animal an average of about 15% 
of the absorbed CI4 went into fatty acids, and 
40% into non-saponifiable material. An av- 

Summary. 
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erage of about 5% of the absorbed C14 was 
found in the expired C 0 2 .  Approximately 
40% of the absorbed C14 remains to be ac- 
counted for. 

The authors wish to thank Drs. V. G. Lilly, H. L.  
Barnett, and Mrs. Ruthann Folm,er, West Virginia 
C'niversity, for assistance in production of labelled 
beta-carotene. 
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Hypoglycemic Effect of D-Ribose in Man. (23286) 
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Natl .  Znst. of rlrthritis, N.I .H. ,  U .  S.  Department of Health, Bethesda, M d .  

Ribose 5-phosphate occupies an important 
position as an intermediate in the oxidative or 
pentose phosphate pathway of glucose metab- 
olism. In both plant and animal tissues ribose 
5-phosphate forms fructose 6-phosphate ( 1 ) 
which may be readily converted to glucose. 
Recently Agranoff and Brady(2) have iso- 
lated an enzyme from mammalian liver capa- 
ble of phosphorylating D-ribose to form 
ribose 5-phosphate, thus permitting ribose to 
enter into this pathway. The conversion of 
ribose to glucose has been demonstrated by 
Katz et d ( 3 )  who found that ribose l-C14 
incubated with rat liver slices yielded glucose 
labeled in a pattern which agreed with pre- 
dictions from known reactions. Intravenous 
infusion of known glycogenic sugars such as 
D-galactose (4) and D-fructose (5,6) have 
been shown to cause an increase in blood glu- 
cose levels in normal man. Occurrence of in- 
creases in blood glucose levels after infusion 
of the pentoses D-xylose and L-arabinose has 
been reported from this laboratory although 
no effect was observed after D-lyxose and D- 
arabinose administration ( 7 ) .  Bruck and 
Rapoport (8) have reported that D-galactose 

* Present address: Duke University School of 
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infusions cause a lowering of blood glucose 
levels in galactosemic individuals. Except 
for a single observation that infusion of D- 
fructose may have a glucose lowering effect 
(9) no sugars have been observed to cause 
decreases in blood glucose levels following in- 
fusion into normal man. This paper reports 
that following infusion of D-ribose into nor- 
mal man, decreases in blood glucose levels oc- 
cur despite the fact that this sugar is suscep- 
tible to conversion to glucose via known 
metabolic pathways. 

Methods. The D-ribose used was obtained 
from the Pfanstiehl Co., Waukegan, Ill. By 
the criteria of optical rotation and paper 
chromatography, the sugar was authentic D- 
ribose. Fifteen infusions of D-ribose were 
performed in 5 fasting normal males, (ages 
18-21 yrs.) 3 diabetics (ages 23, 31 and 53 
yrs.) whose last insulin dose (NPH + crys- 
talline) was given 24 hours prior to study 
and one 48 yr. old subject with liver disease 
proved by liver biopsy. D-ribose was auto- 
claved as a 7.576 solution and found sterile 
and pyrogen-free prior to use. In 13 studies, 
10 to 20 g of D-ribose were infused intra- 
venously over 10-25 minutes. Blood speci- 
mens were obtained from an indwelling plas- 


