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The antiscorbutic activity of isoascorbic acid in guinea pigs has been studied. As much as 
250 mg, per day did not support guinea pigs fed a vitamin C-deficient diet. Administra- 
tion of isoascorbic acid tended to slow down the development of acute vitamin C de- 
ficiency. In vitamin C-depleted animals isoascorbic acid had no therapeutic effect, 
whereas such animals responded to ascorbic acid. Animals maintained on a suboptimal 
intake of ascorbic acid showed some response to isoascorbic acid. These observations 
suggest that isoascorbic acid has a protective effect on ascorbic acid within the body, but no 
significant antiscorbutic activity per se. 

ONCLTRRENT LVITH THE syni hesis and C establishment of the structure of 
ascorbic acid. about 25 years ago. there 
appeared a number oT chemically related 
compounds. A pa.riicularly interesting 
compound in this group is isoascorbic 
acid. which has been studied by several 
investigators for its .antiscorbutic activity. 
Yourga. Esselen. and Fellers (8) in 1944 
reported isoascorbic: acid as having one 
tiventieih the antiscorbutic activity of 
ascorbic acid. Th:is figure has been fre- 
quently cited in considering the nutri- 
tional relationship between the two acids. 
Isoascorbic acid i:3 a potent reducing 
agent and has been suggested as an  an- 
tioxidant in foods. The  present paper 
describes nutritional studies of the anti- 
scorbutic activity o f  isoascorbic acid in 
guinea pigs. 

The  structural formulas of ascorbic 
and isoascoi bic acids are identical. with 
the exception of tht: configuration about 
the fifth carbon atom. I n  this presenta- 
tion. \\-e use [he term isoascorbic acid for 
the marerial. Chemical Abs2racts names it 
0-araboascorbic acid. 

Methods 

T h e  primary means of determining 
nutritional responses is by measurement 
of the grohvth curves of young guinea 
pigs which is a type of study employed in 
many investigations similar to this one. 
The  guinea pigs \\-(:re mainrained in in- 
dividual cages with a supply of food and 
water available a t  all times. The  scor- 
butic diet employed was Rockland rabbit 
ration. A preliminary experiment in- 
dicated that this diet was comparable to 
the ascorbic acid-c.eficient diet supplied 
commercially by Xutritional Biochemi- 
cals. Inc. .  and to the synthetic diet used 
by Sherman. LaMer.  and Campbell ( 7 ) .  
In  all subsequent experiments Rockland 
rabbit ration was used as the deficient 
diet. T h e  control diet employed to show 
optimal growth was freshly milled Rock- 
land guinea pig diet (ascorbic acid forti- 

fied). I n  all the experiments the diet 
supplements were prepared fresh daily 
and administered by stomach tube daily. 
T h e  duration of each experiment was 
not less than 50 days. and over 200 pigs 
\\-ere employed over a 12-month period. 
A group of animals in each instance in- 
volved five guinea pigs and. throughout 
this report, average weight responses for 
the group are indicated. 

Results 

Figure 1> bottom, shows the average 
\\eight response curve of five guinea 
pigs maintained on the deficient diet. 
These animals rapidly decreased in 
weight and by the end of four weeks all 
\\-ere dead. Clear indications of xu rvy  
\\-ere observed at  3 weeks, which corre- 
sponded \vith the classical picture of 
scurvy as described by Cohen and Men- 
del ( 7 ) .  In  Figure 1 are also shown the av- 
erage weight response curve of the group 
maintained on the Rockland guinea 
pig control diet, and the average weight 
response curve of a group on the deficient 
diet plus a daily supplement of 10 mg. of 
ascorbic acid. The  animals \\-ith the 
supplement show a normal weight re- 
sponse, indicating the adequacy of the 
deficient diet with respect to all nurrients 
except vitamin C. 

The  growth curves in Figure 1, third 
from top, compare the average weight re- 
sponse of animals on the deficient diet 
\vith similar groups kvhich were given 
daily supplements of isoascorbic acid. 
-4 supplement of 2 mg. per day of isoas- 
corbic acid slowed the weight loss of the 
group and prolonged life. However, all 
the pigs lost weight and died with typical 
signs of scurvy. The  use of 10, 100, and 
and 250 mg. per day supplements of iso- 
ascorbic acid had a small increasing ef- 
fect in slowing lveight loss and prolonging 
the life of the animals on the deficient 
diet. Even \\-ith such massive doses of 
isoascorbic acid, typical signs of ascorbic 
acid deficiency developed. In  contrast: 

supplements of ascorbic acid as small as 1 
mg. per dal- had a considerably different 
effect: and as indicated in Figure 1. 10 
mg. of ascorbic acid per day gave optimal 
growth \vith the deficient diet. 

Figure 1 ~ second from top, shows the ef- 
fect of various amounts of isoascorbic acid 
supplements on animals maintained on a 
suboptimal intake of 0.3 mg. of ascorbic 
acid. This experiment was carried out. 
because results of the preceding study 
demonstrated a protective effect of iso- 
ascorbic acid. even though the compound 
did not prevent signs of acute ascorbic 
acid deprivation. The  deficient diet 
alone resulted in rapid loss of {veight. 
The  broken line sho\\-s the lveight re- 
sponse curve of a group of animals re- 
ceiving 0.3 mg. of ascorbic acid per day. 
This amount of vitamin C did not pro- 
vide adequate nutrition and by the end 
of 6 weeks all the pigs \\-ere dead. .L\ddi- 
tion of 1 mg. of isoascorbic acid had little 
effect, the average weight curve being 
somewhat lo\ver than the curve of the 
animals on 0.3 mg. of ascorbic acid alone. 
Scpplements of 10 and 100 mg. of iso- 
ascorbic acid had an influence in slowhe, 
tveight loss, but wwe not sufficienr to 
prevent scurvy and death. 

A third type of study involved deter- 
mination of the therapeutic properties of 
isoascorbic acid (Figure 1. top). Groups 
of animals \<ere kept on the deficient 
diet for 2 weeks with no supplements of 
any kind. At the end of this time after 
definite \\-eight loss had occurred. daily 
supplements of isoascorbic acid and as- 
corbic acid \vere started. As indicated, 
the groups receiving 1! 10. and 100 mg. of 
isoascorbic acid continued to lose weight 
and the animals died. 4 very slight 
difference was observed between groups 
on 1: 10. and 100 mg. of isoascorbic acid. 
-4lso shown are the growth curves of de- 
ficient animals given supplements of 
ascorbic acid following the depletion 
period; 0.1 mg. of ascorbic acid had no 
effect. whereas 1 and 10 mg. had a pro- 
found therapeutic influence. 
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Figure 1. 
pigs on deficient diets 
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Discussion 

Throughout the literature isoascorbic 
acid has been described as having one 
tM-entieth the antiscorbutic activity of 
ascorbic acid. As early as 1933, Dalmer 
and Moll (2) reported isoascorbic acid to 
possess one twentieth the antiscorbutic 
activity of ascorbic acid when given par- 
enterally and one fortieth the antiscor- 
butic activity of ascorbic acid when give 
orally. The  following year Demole (3)  
stated rhat he had found that the anti- 
scorbutic activity of isoascorbic acid in 
guinea pigs was ".  . . . about 1,'20 of the 
activity of 1-ascorbic acid. in agreement 
with the results of Dalmer and Moll." 
Also in 1934 Ohle? Erlbach. and Carls 
(6) indicated that they had supplied iso- 
ascorbic acid to von Euler. who had 
found that it was antiscorbutic, in agree- 
ment with Dalmer and Moll. Yourga. 
Esselen: and Fellers ( 8 )  assayed the anti- 

TIME . WEEKS 

Figure 2. Composite weight response 
curves of animals receiving varying 
ascorbic acid and isoascorbic acid sup- 
plements 

Shortcomings of a 2 5 - d a y  bioassay a r e  em- 
phasized b y  the difference in the curves in the 
shaded ( 2 5  days) and those observed over 
longer periods 

scorbutic activity of isoascorbic acid 
using the 25-day assay procedure of 
Dunker. Fellers, and Esselen (I). They 
also reported that isoascorbic acid ap- 
parently had one twentieth the antiscor- 
butic activity of ascorbic acid. 

New Concept of Isoascorbic 
Acid Activity 

Only a limited amount of experimental 
data appears in the literature and experi- 
ments which do  appear were not carried 
on for more than 25 days. 

As Figure 2 indicates. guinea pigs 
supplemented with isoascorbic acid 
gained weight for approximately 4 weeks, 
but then began to lose weight and later 
died of scurvy. I t  appears that  isoa- 
scorbic acid, being a potent reducing 
agent. protects the ascorbic acid stored 
in the body tissues, but, with the exhaus- 
tion of ascorbic acid reserves. it no longer 
produces a beneficial effect. This fact 
is more clearly indicated in Figure 1. top. 
which compares the response of a group 
of depleted guinea pigs receiving ascor- 
bic acid with the response of depleted 
guinea pigs receiving isoascorbic acid. 
The two compounds have entirely dif- 
ferent effects, One can conclude that 
with ascorbic acid depletion. isoascorbic 
acid is therapeutically ineffective. One 
milligram of ascorbic acid per day re- 
versed the depletion. whereas 100 times 
this amount of isoascorbic acid had no 
beneficial effect in the depleted animals. 
These observations do  not support the 
concept proposed by earlier workers (8) 
that isoascorbic acid has one twentieth 
the antiscorbutic activity of ascorbic 
acid. 

From Figure 2 one can better visualize 
the shortcomings of a 25-day bioassay 
such as those appearing in the literature. 
The  range of weight response curves for 
supplements of ascorbic acid ranging 
from 0.6 to 10 mg. per day is indicated by 
the area shaded with vertical dashed 

lines. The  weight response curves for 
isoascorbic acid are shown by the area 
shaded with horizontal lines, whereas the 
weight response curve for the deficient 
diet aIone is shown by the single line. 
During the first 25 days of supplementa- 
tion. the protective period. isoascorbic 
acid maintains a weight increase, as does 
ascorbic acid. Interpretation of the 
weight responses during this interval 
could easily lead to the conclusion that 
isoascorbic acid has one twentieth the 
antiscorbutic activity exhibited by the 
ascorbic acid. However, if the weight 
curves beyond 25 days are noted, it is 
apparent that with isoascorbic acid 
weight is rapidly lost and scurvy ensues. 
Little difference is observed between the 
growth curves of 10 and 250 mg. of iso- 
ascorbic acid. ,4scorbic acid has a dis- 
tinctly different effect and with amounts 
ranging from 0.6 to 10 mg. weight in- 
creases and with the larger intake weight 
response coincides with that seen with 
an optimal diet. 

Little Mork has been recorded on the 
use of isoascorbic acid in man. Ikeuchi 
(5) in Japan observed the retention of 
ascorbic acid and isoascorbic acid when 
administered to healthy subjects and 
vitamin C-deficient human subjects. 
Deficient subjects retained a large pro- 
portion of administered vitamin C? 
whereas a large portion of administered 
isoascorbic acid was excreted. These 
results led Ikeuchi to state ". . . its (iso- 
ascorbic acid) antiscorbutic activity in 
the vitamin C-deficient human body is 
trifling compared with that of ascorbic 
acid ." 

Isoascorbic acid has been used as an 
antioxidant in foods. The  results of 
this study indicate that it may not only 
protect ascorbic acid in foods against 
oxidation. but may also protect ascorbic 
acid within the bodv. 
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