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phenomenon is perhaps, that although the 
stimulating factor or factors were necessarily 
diluted in the recipients' plasma, they exerted 
their effect over a longer period of time, caus- 
ing a sustained and additive stimulation. 

Conclusions and summary. 1 .  Once a day 
for 4 days 7 normal rabbits each received 50 
nil of serum obtained from hypoxic rabbits. 
and 6 normal rabbits each received the same 
amount of serum obtained from normal rab- 
bits. The hyposic serum induced a reticulo- 
cytosis which was significantly different ( p  
value<O.Ol) from the response induced by 
injection of normal serum. At  the level of 
hyposia used (10% oxygen for 48 hours) the 
response in the recipient animals was as great 
as that seen in the animals directly exposed to 
hyposia. 2. These results bolster the hy- 
pothesis that the erythropoietic response to 

hypoxia, or to blood loss anemia involves the 
production of a humoral factor. 
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Fate of 2-Keto-L-Gulonic Acid in Rat and Guinea Pig.* (22922) 
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The close structural relation between 2- 
keto-L-gulonic acid and L-ascorbic acid has 
prompted studies of 2-keto-L-gulonic acid as 
a possible precursor of L-ascorbic acid ( 1-6). 
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The recent finding that L-gulonolactone 
can be transformed by the rat to L-ascorbic 
acid (6:7) suggests that 2-keto-L-gulonic acid 
could be an intermediate in this transforma- 
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tion. For these reasons experiments were 
carried out in guinea pigs and rats with uni- 
formly CI4 labeled 2-keto-L-gulonic acid. The 
results of this study indicate no appreciable 
conversion of this compound to L-ascorbic 
acid in either species. 

Methods. 2-Keto-L-gulonic acid C614 was 
synthesized from L-sorbose C614 according to 
modification of the method of Reichstein and 
Grussner(8-11). The compound had a spe- 
cific activity of 0.2 pcrrng and melted at 
171°C. Titration of a 5 mg sample of the 
labeled substance with indophenol dye( 12)  
showed that no more than 0.25% of L-ascor- 
bic acid could be present. Radioactive purity 
was established by 2 criteria. The first con- 
sisted of finding no change of activity upon 
recrystallization with carrier from a solvent 
mixture consisting of methanol, acetone and 
ligroin. Secondly, L-ascorbic acid prepared 
from the labeled compound ( 10) had the same 
molar specific activity when counted as 
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its 2,4-dinitrophenyl-osazone derivative ( 13). 
Male Wistar rats, weighing 275-325 g, were 
given a diet of milk for 5 days prior to and 
during each experiment. Guinea pigs ob- 
tained from Rockland Farms and weighing 
about 300 g were maintained on a Vit. C-free 
diet supplemented by 5 mg of L-ascorbic acid 
for 5 days before the experiment. The la- 
beled compound was dissolved in 1-3 ml HzO 
and injected intraperitoneally. Determina- 
tion of C14 in respiratory C 0 2  and urine was 
carried out as previously reported ( 14). The 
amount of C14 present in urine as unchanged 
2-keto-L-gulonic acid was determined as fol- 
Iows: The urine was collected during 24 
hours after the dose in the presence of 1500. 
mg of carrier 2-keto-L-gulonic acidt and di- 
luted to 200 ml. The 2-keto-L-gulonic acid 
was then transformed to L-ascorbic acid by 
a modification of the method of Reichstein 
and Grussner(l0). To a 100 ml portion 3 
ml 6N HC1 were added and it was refluxed 
under N2 for 2 hours a t  100OC. The solution 
was then quickly cooled to room temperature. 
Titration of an aliquot with indophenol dye, 
indicated a yield of L-ascorbic acid of about 
20%. The L-ascorbic acid was oxidized to 
dehydro-L-ascorbic acid with bromine water ; 
excess bromine was removed by flushing the 
solution with Nz. The solution was then 
passed through a column of Amberlite IR-4B 
resin in the acetate form (a resin bed 15 cm 
long and 2.5 cm in diameter was found sat- 
isfactory) . Dehydro-L-ascorbic acid being 
neutral passed through the column, whereas 
2-keto-L-gulonic acid was adsorbed. The 
dehydro-L-ascorbic acid in the effluent was 
converted to its 2,4-dinitrophenylosazone de- 
rivative ( 13 ) which was crystallized from 1 : 1 
acetone-ethanol. The derivative melted a t  
2 8 5-2 8 7 O C (mixed melting point undepressed 
with reference compound) and its specific ac- 
tivity remained constant upon recrystalliza- 
tion. The conversion of 2-keto-L-gulonic acid 
to L-ascorbic acid by rats and guinea pigs 
was determined by a carrier dilution technic 
( 7 ) .  In brief, the method involved determin- 

t The non-labeled 2-keto-L-gulonic acid and its 
methyl ester were kindly donated by Dr. R. Paster- 
nack, \Chis. Pfizer & Co. 

TABLE I. Distribution of C1* 24 Hr after Intra- 
peritoneal Administration of 2-Keto-L-Gulonic 

Acid Cg14. 

70 of adniin. CZ4 found in 
r -  3 

L- 
Wt Dose Respira- ascorbic 

Animal (g) (mg) tory CO, Urine acid" 
- Ra.t 275 4.00 11 78 

17 80 < l . Z  325 18.00 7.9 
310 18.00 - 76 

Guineapig 300 5.84 3.4 102 <1.4 
290 4.67 2.9 95 <1.3 

9 9  9 9  

$ 9  

*Calculated from data obtained by the niethod 
of Burns and Evans (7). 

ing the specific activity of tissue L-ascorbic 
acid 24 hours after administration of the la- 
beled compound. The % conversion was cal- 
culated by multiplying the specific activity of 
the tissue L-ascorbic acid by the body pool 
for each species. In experiments with unla- 
beled 2-keto-L-gulonic acid and its methy1 
ester, the 0-24 urine was collected in 10 ml 
of 10% oxalic acid as a preservative. L- 
ascorbic acid was titrated with indophenol 
dye. 

Results. It was found that less than 1.276 
of the C14 administered to rats, as 2-keto-L- 
gulonic acid Cgl*, was present in the animal 
as L-ascorbic acid 24 hours after the dose 
(Table I). This compares to an average 
value of 8% obtained in similar experiments 
in rats with L-gulonolactone- 1 -C14 ( 7 ) . The 
results showing that 2-keto-L-gulonic acid 
was converted to L-ascorbic acid to a lesser 
extent than L-gulonolactone suggest that this 
acid is not an intermediate in the conversion 
of L-gulonolactone to L-ascorbic acid. The 
most likely intermediates involved in this in 
vivo oxidation are either 2-keto or 3-keto-L- 
gulonolactone. These compounds, however, 
have not been isolated since they rapidly eno- 
lize to form L-ascorbic acid ( 1 ,I 5,16). 

It was also found that less than 1.4%) of 
the C14 administered to guinea pigs as 2-keto- 
L-gulonic acid-C1;14 was present in the animal 
as L-ascorbic acid 24 hours after the dose 
(Table I ) .  The lack of appreciable conver- 
sion of 2-keto-L-gulonic acid to L-ascorbic 
acid in guinea pigs is in agreement with re- 
sults showing that this compound has no vit. 
C activity in guinea pigs (1-4). 
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Evidence has been presented for conversion 
of certain esters of 2-keto-L-gulonic acid to 
the vitamin. For instance. methyl 2-keto-L- 
gulonate has vit. c' activity in guinea pigs and 
in addition increases urinary excretion of L- 
ascorbic acid when administered to man and 
clog( 1-4 1.  In the present study. data were ob- 
tained in the rat for transformation of methyl 
2-keto-L-gulonate to L-ascorbic acid. This 
n-as shown as follows: it rats which excreted 
daily 0.9 = .02 nix of L-ascorbic acid. re- 
ceived by intraperitoneal injection 90 nig of 
2-keto-L-gulonic acid and a week later 90 
mg of methyl 2-keto-L-gulonate. S o  appre- 
ciable increase in the daily urinary L-ascorbic 
acid excretion \\-as observed following admin- 
istration of the acid (.5 -e .1 mg) but follow- 
ing administration of the ester, the urinary 
excretion of L-ascorbic acid increased to 7.1 

1.0 nig daj-. Control experiments in 
which 90 nig of the acid or the ester was 
added to the preservative. and urine was col- 
lected over 24 hours. showed less than 1 mg 
of each compound converted to L-ascorbic 
acid. The difference in the in vi~cv~ conversion 
of 2-keto-L-gulonic acid and its esters to L- 
ascorbic acid may be due to differences in the 
rates of enolization and lactonization of the 
compounds to L-ascorbic acid( 1.5.10.16-18 ) ,  

The data in Table I show that the major 
part of the C14 administered as 2-keto-L- 
gulonic acid C,;14 was excreted in urine which 
was found by an isotopic dilution method to 
be (within experimental error t 576) un- 
changed 2-keto-L-gulonic acid. During 24 
hours after injection of the labeled 2-keto-L- 
gulonic acid. 3% of the C1* was recovered in  
respiratory CO, of guinea pigs and 10% in 
the case of rats. 

Summar?. Evidence has been obtained 
employing CI4 tracer technics which shows no 
appreciable conversion of 2 -ke to-L-gulon ic 
acid to L-ascorbic acid by the rat or guinea 
pig. From these results it is suggested that 

the most likely intermediate in the conversion 
of L-gulonolactone to L-ascorbic acid by the 
rat is 2-keto- or 3-keto-L-gulonolactone. In  
addition it was found that the major part of 
the administered 2-keto-L-gulonic acid was 
excreted unchanged in the urine. 

The author wishes to thank Dr. J. J. Burns fior his 
aid and valuable suggestions, which made this work 
possible. 
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