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INTRODUCTION

In an earlier report,' an attempt was made to
review the literature on the use of the 7ntrader-
mal ascorbic acid test as revealed in animal

studies . This paper will concern itself with an
analysis of the literature dealing with human

subj ects

. HUMAN STUDIE S

Rotter,2,3 having already established in his
animal studies that the 2,6 dichlorophenolindo-
phenol decolorization was a chemical reduction
phenomenon, decided to verify this by inject-
ing the dye into detached portions of human
mucosa (perineal and vaginal) . He found that
the DCPIP* reagent disappeared in a time
comparable to that in the living organism. The

next study which he undertook was that of
determining the connection between the ve-
locity of reductiori and body ascorbic acid . He

placea six persons oi :. a scorbutic regime for

ten days. - The urine level of ascorbic acid and
the dye disappearance time were performed

daily. The dye was injected into an area of the
forearm free from hairs and veins . He observed

that the urine level of vitamin C gradually de-
clined while the intradermal time increased

slowly. After ten days, oral and intravenous
a; _-oraic acid was given to these subjects. The

urinary ascorbic acid level increased and tended
to become constant while the decolorization

time decreased. He felt that the most astonish-
ing finding was an 80 to 90 percent reduction
in intradermal time two minutes after an in-
travenous injection of 600 mgm. of ascorbic
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acid. These findings, he believed, established
the fact that the cutaneous reaction was the di-
rect result of the ascorbic acid in the body .

He recommended a N/400 concentration and

2 mm. wheal of DCPIP as a result of his ex-
perience with different concentrations and

wheal sizes. Using this technique, he main-
tained that a disappearance time of 5 minutes

or less spoke for saturation; 5 to 10 minutes

should be considered normal ; over 10 minutes

indicated hypovitaminosis C. Rotter submitted

that this procedure was better suited than urine
or blood determinations for large population

studies .

PORTNOY AND WILKINSON

Portnoy and Wilkinson,4 in an experiment
on 103 patients, employed Rotter's method of
dye injection into the forearm. They used a

N/400 concentration, injected .01 cc. to raise

a 2 mm. wheal. To minimize technical errors,

four wheals were raised in every instance and
the average decolorization time established .

From the entire group of 103 subjects, 35 were
selected and then these were divided into two
categories (21 unsaturated and 14 partially
saturated) on the basis of plasma concentration .

The unsaturated group (plasma levels of .27

to .52 mgm. percent) showed decolorization
times of 3 to 29 minutes (mean 16 .9) . The

partially saturated individuals (plasma levels

of .72 to 1 .3 mgm. percent) had times of 3

to 13 minutes (mean 7.5) . Seventeen patients,

taken from the unsaturated category, were then
saturated (final plasma levels of 1 .32 to 2

mgm. percent) . The time range diminished to

0.5 to 6 minutes (mean 2 .3) . In every instance

there was a decrease in intradermal time after

* 2,6 dichlorophenolindophenol
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saturation. On the basis of a dietetic history,
the remaining 68 subjects were categorized as
saturated (18 persons), normal (37 persons),
and unsaturated (13 persons) . The mean in-
tradermal times for these three categories were
found to be 3 .4, 8 .8, and 16 .1 minutes, respec-
tively. This, it should be recalled, was con-
sistent with the observations made on the orig-
inal 35 subjects . The authors recognized the
fact• that there are individual variations . How-
ever, they concluded that the intradermal de-
colorization time is a useful and rapid indicator of
the ascorbic acid status of the tissues . Consistent
with Rotter's standard, these authors contended
that an intradermal time of 5 minutes or less
is indicative of tissue saturation ; times over 10
minutes speak for deficiency .

Portnoy and Wilkinson;5 in an enlarged.
study of 107 patients, investigated six different
methods of vitamin C determination. These
subjects were divided into the following
groups :(1) two control categories of 51 pa-
tients, (2) one group with peptic ulcer (25
patients), and (3) peptic ulcer patients with
hematemesis (31 subjects) . It became clear
that all measures of ascorbic acid status cor-
related with each other in an overall appraisal .
In other words, those individuals with a pre-
sumably normal ascorbic acid body level showed
higher plasma and urine levels and shorter in-
tradermal decolorization times . Their evaluation
of the intradermal time has already been con-
sidered (4) . The results of this phase of their
study may be summarized in six statements .
First, the daily excretion of ascorbic acid proved
to be greatest in the two control groups . Spe-
cifically, in staff personnel the average vitamin
excretion amounted to 29 mgm. per 24 hours ;
in the other control group consisting of ran-
dom ward patients, the mean daily urinary
excretion was 17 mgm. In contrast, only 7
mgm. per day was excreted by the ulcer pa-
tients. Secondly, these investigators determined
the saturation of their patients on the basis of
a urine saturation test. According to the test,
when the daily urinary excretion level reached
50 percent of an oral dose of 500 to 1000
ingm. of ascorbic acid, the subject was regarded
as being saturated . On the basis of such a

standard, Portnoy and Wilkinson found that
the control groups required less supplemen-
tation with ascorbic acid to reach the 50 per-
cent "spill-over" period than the experimental
groups. Actually, this end point in the control
groups was reached after a total of 500 to
2300 mgm. of the vitamin were administered .

In contrast, 2100 to 8000 mgm. were required

before one could demonstrate the 50 percent
excretion in the experimental group . Thirdly,

it was observed that the fasting plasma ascorbic
acid levels in the control groups ranged from

.60 to 1 .85 mgm. percent whereas the peptic

ulcer categories varied from .14 to .59 mgm.

percent. Fourthly, observations were made using

a 1000 mgm. intravenous load dose . It was

noted that a maximal plasma level was reached
15 to 20 minutes after the intravenous dose .

The 24-hour urinary vitamin excretion after a
1000 mgm. intravenous injection totalled 660

to 985 mgm. in the normal groups and 72 to

458 mgm. in the experimental subjects. Paren-
thetically, the statement can be made that about
80 percent of the total urinary excretion occurred
in the first five post-injection hours. Fifthly,
following a single oral dose of 1000 mgm .

of ascorbic acid to a normal subject, the plasma
level returned to its original value in 5 to 6
hours. In contradistinction, the return among
the experimental subjects was found to occur
in less time. Sixthly, Portnoy and Wilkinson
observed that the decolorization time agreed
quite well with the other laboratory tests though
they preferred to regard the skin test time as
only a rough estimate of saturation. The authors
concluded with the statement that the evidence
suggests that ulcer patients suffer with a severe
ascorbic acid deficiency probably due in part
to the ulcer diet which is customarily quite low
in its ascorbic acid content .

PONCHER AND STUBENRAUC H

Poncher and Stubenrauch6 performed intra-
dermal times and plasma levels on 41 persons .
Rotter's technique was employed . The subjects
were arranged into three categories according
to the plasma level of ascorbic acid . Group 1
(6 persons) varied in plasma concentration
from .15 to .45 mgm. percent and were re-
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garded as the scorbutic group. Group 2 ( 9
persons) showed a range from .5 to .7 and
were considered subnormal. The normal group
(26 persons) varied from .8 to 1 .8 mgm. per-
cent. No correlation was found between the
dye decolorization time and ascorbic acid tissue
saturation as evidenced by the plasma level .
In the scorbutic group, the decolorization times
were 4 to 8 minutes (average 5 .8), in the sub-
optimal group 6.8 to 12 minutes (mean 9.4),
and in the normal group 3 .5 to 13 .1 minutes
(average 7.6) . The authors stressed the fallacy
of drawing conclusions from one test on one
individual . Although they found no value with
the procedure, Poncher and Stubenrauch report-
ed that the decolorization times were constant
for each individual .

JETTER

Jetter7 found no correlation between the
fasting ascorbic acid level of whole blood and
the intradermal time in 50 female tuberculous
patients . It is of interest that Jetter differed
from his predecessors in that he used a N,/500
DCPIP solution, .01 cc., and a 2 to 3 mm .
wheal . Three wheals were raised on the fore-
arm at the time the blood was drawn and the
average of the three was reported . The in-
tradermal times ranged from 2 to 10 minutes .
The plasma values varied from .40 to 1 .39
mgm. percent. Assuming 1 .1 mgm. percent
whole blood ascorbic acid as the minimal nor-
mal level, he divided his subjects into two
groups :(1) 43 hypovitaminotic, and (2) 7
normal patients . The deficient patients evi-
denced skin times from 2 to 9 minutes (aver-
age 4.7 ) and the normal group decolorized the
dye in 2 to 10 minutes (average 6 .3) . This in-
vestigator felt that vitamin C plays little or no
role in the tissue decolorization of DCPIP .

ascorbic acid daily for 15 days, the final dis-
appearance times lay between 8 and 10 minutes .
No initial times were given . A third group of
5 patients, who had received 500 mgm. of
ascorbic acid for 6 days, ranged in time from 3
to 5 minutes . Again no initial values were
given. Even though their method represented
an extensive modification of Rotter's original
technique, they designated the three groups as
deficient, normal, and saturated respe :.tix-ely
on the basis of Rotter's times . The authors then
took groups comparable in age and with iden-
tical diets and performed urinary excretion
tests of saturation at various levels of daily
ascorbic acid intake . In the cases receiving a
100 mgm. supplement (9 persons) and in
other groups receiving 150 or 200 mgm. (?
persons), there was no abrupt increase in urin-
ary excretion over a period of 30 days . A sud-
den increase of urinary excretion of the vitamin
was held to indicate body saturation . Five per-
sons receiving daily dosages of 250 mgm .
showed a rapid rise in urinary excretion in from
4 to 7 days. Six subjects receiving 500 mgm .

displayed the first massive excretion in 3 to 5
days. Assuming that this sudden rise of urin-
ary ascorbic acid excretion denotes saturation,
the group-nutrition of vitamin C would seem to
be well related to the group-intradermal test
time. Both the intradermal times and the urin-
ary excretion would appear to speak for un-
saturation in the non-supplemented and the 100
mgm. supplemented groups, whereas the 500
mgm. groups would appear to be saturated
from either aspect . The authors were primarily
interested in establishing an optimal daily as-
corbic acid intake. They felt, on the basis of
these and other findings, that 100 mgm. per
day is needed.

GAMBIGLIANI-ZOCCOLI AND LOMBARDO

CODVELLE ET . AL .

Codvelle et al .,8 injecting intradermally .016
cc. of a N/200 (80 mgm. dye in 100 grams of
diluent) DCPIP solution into the forearm of
human subjects, found decolorization times be-
tween 5 and 22 minutes in 9 persons of the
same age (20-23 years) and diet. In a second
group of 5 normal patien's given 100 mgm . of

Gambigliani-Zoccoli and Lombardo9 utilized
the technique of Rotter in evaluating the in-
tradermal test . The recorded decolorization . time
was an average of four wheals produced sim-
ultaneously on the forearm. In an unspecified
number of healthy human subjects, 500 mgm .
of ascorbic acid were introduced intravenously.
The investigators observed that the time range ,

C21)
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before the injection of the vitamin, was 4 to 13
minutes. One hour later, the disappearance time
decreased to as little as 2 to 3 minutes . The
times returned to the normal range after 15 -
24 hours except in a few cases which required
48 hours to regain the original score .

OLIVEIRA LIM A

Oliveira LimalO employed Rotter's technique
in estimating the value of the decolorization
test. Twenty-four children (age 3-12 years)
were separated into two groups (12 in each
category), saturated and unsaturated . The sat-
urated subjects excreted in the urine 40 percent
of a 300 mgm. intravenous dose of vitamin C
in three hours. The unsaturated group elimin-
ated only 10 percent of the same dose in the
same time. PriOr to vitamin C injection the.
times ranged from 4 to 13 minutes (average
8) in the unsaturated group and from 6 to 11
minutes (average 9 .7) in the saturated cate-
gory. A scatter diagram revealed no relation-
ship between the intradermal time and the
urinary excretion pattern . The decolorization
times were plotted against both absolute elim-
ination values and percentage (of test dose)
excretion within three hours . Oliveira Lima
asserted that the test had no value. He sug-
gested that the other reducing agents in the
skin supervene and render the test, as offered,
valueless .

POULSEN AND LIEC K

Poulsen and Lieckii determined skin test
times and ascorbic acid levels in 70 subjects .
They used a N/300 (approximate) solution
of DCPIP and a .01 cc. injection . They found
times of 6 and 13 minutes in the same person
when two wheals were raised simultaneously .
This prompted them to standardize the injec-
tion at .01 cc. with a syringe modified to ac-
complish such exactitude. Then a double de-
termination was done in 64 cases . None of the
subjects showed differences in score greater
than 2 minutes. The 70 experimental subjects, on
whom plasma ascorbic acid levels and skin test
times were performed, varied from 6 to 20 min-
utes in intradermal time and from 0 to .8 mgm .
percent plasma level . The skin times were per-

formed with the patients lying down and arms

alongside the body. It was observed from a
scatter diagram that decolorization times were
not associated with plasma levels . For example,
a decolorization time of 9 minutes corresponded
to a plasma range of .08 to .8 mgm. percent .

In another study, four subjects were supple-
mented with ascorbic acid for 11 to 42 days .
The plasma ascorbic acid level rose from 0- . 1 2

to .1-.8 mgm. percent. The skin times decreased

from 8.5-15 to 8-12 .5 minutes . The authors
neglected to state how much ascorbic acid was
administered, although they indicated that it
was given orally . A load dose determination

was done in one case. The fasting scores were

.8 mgm. percent and 9 minutes . Two and three
hours after the oral administration of 600 mgm .
of vitamin C, the plasma levels were 1 .15 and
1 .6 mgm. percent respectively . On the other
hand, the intradermal time decreased only
slightly in 21/2 hours-from 9 to 7 minutes .
It is well to note that this patient had been
taking supplementary vitamin C for 26 days
before the load test. The authors pointed out
that they failed to corroborate the finding of
Rotter of an 80-90 percent reduction in time
after a tolerance dose of ascorbic acid . To il-
lustrate further the many variables which mod-
ify the skin test, Poulsen and Lieck injected
both arms of one subject simultaneously and
then had the patient raise one arm and lower
the other. The higher arm decolorized the dye
in 24 minutes; the other accomplished a de-
colorization in 16.5 minutes . Another patient
was similarly injected and both arms were kept
at the same level . However, one was immersed
in a waterbath at 40 ° C. The intradermal time
in the immersed limb was 14 minutes ; the non-
immersed arm, 18 minutes . An intradermal dye
injection in the patellar skin of this same pa-
tient decolorized in 19 minutes . The authors
concluded, from these observations, that the
skin test time has no clinical value .

WRIGHT AND MACLENATHE N

Wright and MacLenathen12 studied the in-
tradermal time from two aspects :(1) the cor-
relation of diet and blood level, and (2) re-
lationship of site of injection to disappearance

f221
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time. Of 11 patients with adequate diets and
normal blood levels, only three had decoloriz-
ation times of 10 minutes or less . According to
Rotter,2, 3 individuals with adequate blood lev-
els should have shown disappearance times be-
tween 5 and 10 minutes. Of 11 patients with
poor dietary habits and subnormal blood levels,
4 showed intradermal times less than 10 min-
utes. Of the latter group of 11, the remaining
7 subjects displayed disappearance -times rang-
ing from 11 to 33 minutes . The authors did not
state which blood level was considered normal
nor did they list the observed plasma levels . It
should be emphasized that the research of these
men is at variance with Rotter2,3 even though
the same dye, in the same concentration, was
used. Wright and MacLenathen also compared
decolorization times at different sites of injec-
tion. In some of the subjects utilized in the
preceding experiment and in a group of in-
dividuals with vascular disease there was a
difference in the test times when two wheals
were simultaneously raised within a few cen-
timeters of each other . For example, in one
instance the disagreement between the decolor-
ization times of concurrent dye injections
amounted to ten minutes . Parenthetically, the
authors pointed out that intense pain occurs at
the site of injection and that there remains a
hard, erythematous nodule for 4 to 5 weeks .

BANERJEE AND GUHA

Banerjee and Guha13 studied 9 human be-
ings using Rotter's original technique. Each
subject was given an oral dose of 700 mgm .
ascorbic acid. Intradermal times and 24-hour
urine ascorbic acid excretion values were per-
formed before and after administration of the
load dose. Eight of the 9 subjects showed a
decrease in test time and all displayed increased
urinary excretion. In these 8 cases, an average
reduction of 35 percent of the original skin
time resulted . It is interesting to note from their
chart that the longer original times showed the
greatest average percentage reduction .

SUZUKI

Suzuki,14 using Rotter's method of intrader-
inal injection2,3, compared blood serum values

with the decolorization times . He employed
eight groups of a mixture of healthy persons
and individuals afflicted with skin diseases . He
did not, however, reveal the number of persons
in each group . The groups were divided into
increasing levels of vitamin C in the blood
serum. He found a direct relationship between
the two scores-the intradermal times became
lower just as the serum level increased . He
noted in seven cases of lichenifying and pig-
menting skin diseases that the dye disappeared
in a shorter time when it was injected into an
area of the skin involved by the disease . Times
were longer when the dye was injected into an
uninvolved skin site. In eight patients with
urticarial wheals he injected the dye into un-
affected areas, into the halo area between the
wheal and the surrounding skin, and directly
into the wheal itself . Proceeding from the nor-
mal to the involved area in this manner, a pro-
gressive decrease in test time occurred. He felt
that these observations could be explained on
the basis of a local increase in "reducing sub-
stance" due to acute or chronic inflammation .

GOLDSMITH, GOWE AND OGAARD

Goldsmith, Gowe and Ogaard'5 made 100
observations on 45 persons . These individuals
were classed into three groups :(1) unsatu-
rated, (2) saturated, and (3) normal . The
classification was based on the level of ascorbic
acid in the plasma. Using .01 cc. of a N/400
solution of DCPIP ; they claimed no correlation
between the plasma ascorbic acid level and the
intradermal time. They, therefore, concluded
that the intradermal test cannot replace blood
determinations as a measure of vitamin C status .
They found that factors other than the ascorbic
acid level could modify the decolorization time .
This observation was derived from studies in
which they instituted changes in circulation and
room temperature. The authors further felt
that other reducing agents might interfere with
the disappearance time of DCPIP . An analysis
of data from 9 persons who had received more
than 5 injections was made . Once again, the
authors found no correlation between the test
time and plasma level . For example, in one
subject given 25 intradermal injections, within

r,)z-i
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75 minutes, there was a time range from 4 .5
to 11 .6 minutes . On the other hand, they ob-
served that the intravenous administration of
1000 mgm. of ascorbic acid caused a plasma
level rise from .15-1 .4 to 6-8 mgm. percent.
During this same interval the intradermal time
was halved. They failed to indicate the number
of cases anlayzed and the time interval between
injection of the load dose and the final meas-
urements .

SLAVICH AND TORRIN I

Slavich and Torrinii6 performed Rotter's
test on 50 individuals . They employed 36 hu-
man beings in a loading study . The group con-
tained normal and sick persons . The intrader-
mal time of each person was taken, and then
varying amounts of ascorbic acid (200-250-500
mgm.) were given intravenously. Fifteen to
20 minutes later, the skin -test time was re

-peated. The subjects fell into three groups on
the basis of original times :(1) 14 revealed
skin times below 10 minutes (range 3 .5-10
minutes),( 2) 9 had times between 10 and 14
minutes (range 11-13 minutes), and (3) 13
exhibited decolorization -times above 14 minutes
(range 14-35 minutes) . In group 1, 4 persons
were apparently in normal health and 10 were
diseased. Group 2 was composed of 4 normal
and 5 sick patients ; In group 3 all were ill .
It is interesting to note that the decolorization
times found after ascorbic acid administration
were lower in every. case than the preinjection
scores. And further, the average percentage re-
duction in time was greatest in the groups
which originally showed the longest disap-
pearance times. Specifically, group I revealed
an average reduction in skin test time of 42
percent, group 2 an average of 46 percent, and
group 3 (with the longest original times) pre-
sented an average of 50 percent reduction . The
authors felt that the other reducing agents pre-
sent in the skin did not lessen the clinical value
of the intradermal test . They believed that the
time obtained reflects body saturation since the
integument acts as a storehouse for the vitamin .
The other reducing agents (as glutathione and
cysteine) seem to remain constant within any
individual even though the ascorbic acid may
fluctuate. Slavich and Torrini, however, did

agree that each individual should be viewed
singly. These authors implied that load testing
with calculation of percentage reduction of
time may be an indication of body ascorbic acid
status .

BARALDI

Baraldi17 employed Rotter's method in per-
forming the intradermal test on 84 mentally-ill
patients, ranging from 15 to 85 years of age .
He obtained times between 5 and 8 minutes in
80 of the 84 patients . Two subjects revealed
times below 3 minutes and two above 13 min-
utes . The author noted that these times were
well within the physiologic limits set by Rotter,
except for the two cases above 13 minutes. Ac-
cording to the author, the skin test time did
not distinguish between the new admissions
to the institution (22 persons) and those who
had been there some time. The new admissions
were alcoholics and other malnourished per-
sons . The old patients had, Baraldi submitted,
enjoyed a nourishing diet. For this reason, the
investigator contested the specificity of the in-
tradermal test .

BECK AND KRIEGER

Beck and Kriegerig utilized Rotter's method
in evaluating the skin time in human beings .
In preliminary studies they found that vari-
ations in both blood supply to the tissue and in
light intensity had no appreciable effect on the
disappearance time. They performed the de-
colorization time before and after cutting off
blood circulation in the arm (pressure cuff), be-
fore and after intensive rubbing of the skin and
before and after cardiazol injection (which de-
creases peripheral blood circulation) . Under
these circumstances the time-scores differed in
value by only 1 to 2 minutes. Upon injecting
the dye different depths into the skin on the
same person simultaneously, they observed dif-
ferences in time of over 50 percent. This led
them to fabricate an apparatus whereby a con-
stant depth of puncture could be achieved . The
intradermal time was then determined in 62
presumably healthy persons . They ranged from
5 to 16 minutes with an average value of 10
minutes . Three persons who were experimental-

j24 )
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ly saturated with vitamin C (urine level veri-
fication) showed diminished times (4 to 5
minutes) . In 16 subjects from the first study
a load-dose experiment was done. The subjects
were given 300 mgm . of ascorbic acid per day,
per os, until the urine concentration of the
vitamin reached a particular level . They in-
dicated that this level in the urine was normally
attained after 5 days - i.e., after a total
dose of 1500 mgm. The amount of ascorbic
acid required to reach the desired urine con-
centration was then compared with the initial
disappearance time. There was -a close relation-
ship-persons with longer original times re-
quired greater amounts before urine saturation
was attained. It is interesting to note from their
graph that the usual amount of vitamin C neces-
sary to saturate the tissues (1500 mgm. ) is
related to an initial disappearance time of 12
minutes. In a larger study of 92 patients, Beck
and Krieger distinguished two groups : (a) 52
persons who had illnesses known to be unac-
companied by ascorbic acid deficiency, and (b)
40 subjects who had diseases characterized by
ascorbic acid deficiency . The average disap-
pearance time was found to be 10 .5 and 18.5
minutes respectively. The tendency for group
b to exhibit prolonged times was clear. In ad-
dition the authors performed skin times on 8
mothers and their newborn soon after delivery .
The greatest difference in time between mother

and child was 3 minutes. Beck and Krieger felt
the Rotter test was valuable as a rough clinical
estimate of tissue ascorbic acid .

RAPAPORT AND MILLE R

Rapaport and Miller'9 performed plasma as-
corbic acid levels and intradermal times on 100
children selected at random from the hospital
wards. Using a N/400 solution of DCPIP, they
raised 1 mm. wheals on the extensor surface of
the thigh about 6 inches above the knee . These
children were arranged into three groups ac-
cording to their plasma ascorbic acid levels :
(1) low-level below .5 mgm. percent (26
children), (2) subnormal-level .5 to .7 mgm.
percent (21 children), and (3) normal-level
above .7 mgm. percent (53 children) . Group

1(low) varied in intradermal time from 2 .5
to 30 minutes (average 6 .8 minutes) . Group 2
(subnormal) showed an intradermal time range
from 2 to 20 minutes (average 5 .5 minutes) .
Group 3 (normal) varied from 2 to 20 min-
utes (average 5 .4 minutes) . Only in the nor-
mal range did they observe that the intradermal
time allowed a fair estimation of the plasma
level. In the other two groups, no predictive
correlation was possible. For this reason, Rap-
aport and Miller deemed the disappearance test
valueless for clinical purposes .

BAKHSH ET. AL .

Bakhsh et a1.,20 using Rotter's technique, per-
formed plasma ascorbic acid levels and intrader-
mal disappearance times in students . One hun-
dred and forty determinations were done .
Twenty cases (14 .3 percent) fell below .8
mgm. percent in plasma value; 81 cases (57
percent) lay between .8 and 1 .5 mgm. percent ;
39 cases (27 .9 percent) yielded plasma levels
in excess of 1 .5 mgm. percent. The times varied
from 1 to 25 minutes and the plasma values
from .3 to 2.0 mgm. percent . The mean stan-
dard deviations for the students were : Plasma
level 1 .19 ± .3 mgm. percent; skin time 8.2

± 4.2 minutes. The authors established statis-
tically that the two values were not independent
of each other. However, they were distributed
over such a wide area as to preclude any mutual
predictivity. For example, a blood level of .8

mgm. percent corresponded to times from 7 to

19 minutes. In a second study the authors de-

scribed the results of 200 determinations done

on in-patients. The average plasma value was

.88 ± .20 mgm. percent while the average in-

tradermal time was 9 .1 ± 3 .6 minutes. Sixty

cases (30 percent) had plasma levels below .8

mgm. percent ; 138 cases (69 percent) revealed

levels between .8 and 1 .5 mgm. percent; only

2 cases (1 percent) had values above 1 .5 mgm.

percent. The times varied from 3 to 24 minutes

and the plasma values from .4 to 1 .6 mgm.

percent. The two variables were found to be

in a relation which could have arisen by chance.

The coefficient of correlation for the student

data was - .6522 and for the in-patients - .6111 .

r Isl
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Of 61 "pyorrhea cases," no low plasma levels
were noted. Bakhsh et al . concluded that the
intradermal time cannot replace the plasma
level for estimating vitamin C status of the
tissues. Additionally they noted that the in-
tradermal time for any one individual did not
vary significantly.

BANERJF.E AND GUHA

Banerjee and Guha='1 sought a minimal de-
colorization time in human subjects . Six healthy
adult students were subjected to the skin test
(Rotter technique) and then given an oral
dose of 700 mgm . of ascorbic acid . On the fol-
lowing four days the intradermal time and
three-hour urinary ascorbic acid excretion were
measured. The initial time range of the stu-
dents was 1 to 2 .5 minutes (average 2 min-
utes) . On the fifth day a minimum skin time
of 90 seconds was found in every case but one,
whose score was 85 seconds . According to the
urinary saturation test, all students were sat-
urated on the third day . It should be mentioned
that this urinary saturation test claims body sat-
uration where the urinary disposal of ascorbic
acid reaches a peak. Banerjee and Guha felt,
on the basis of these studies, that the skin test
is a more valuable indication of body saturation
with ascorbic acid than the urinary excretion
method. This they based on the fact that the
renal threshold may vary and that the diuretic
action of vitamin C may promote its own
excretion in large amounts before the body has
time to assimilate it .

GLATT

Glatt22 determined the plasma ascorbic acid
values and intracutaneous decolorization times
on 30 ill and convalescent infants ranging in
age from 3 weeks to 5 months . Rotter's tech-
nique was used except that the thigh was the
injection site. In 20 of the infants, he found
plasma levels from .36 to 1 .44 mgm . percent
(which he regarded as normal) and intrader-
mal test times ranged from 9 to 46 minutes .
The remaining 10 cases were given small
(amount not specified) ascorbic acid supple-
ments in the diet . He found no significant dif-
ferences in skin test times in this group com-

pared with the other 20 subjects, although the
plasma levels were higher .

ROSSINI AND FERRAR I

Rossini and Ferrari23 employed Rotter's tech-
nique in evaluating the intradermal test . Forty-
seven pulmonary tuberculosis patients were
studied from the standpoint of urinary satur-
ation, capillary fragility, and intradermal time .
They called attention to the fact that tubercular
patients are recognized as deficient in vitamin
C by all authorities . They stated that the de-
ficiency status of the 47 patients was confirmed
by the urinary saturation test and by the ca-
pillary fragility index . The urine saturation test
consisted in determining the amount of ascor-
bic acid excreted within three hours after a
300 mgm . dose (route?) of ascorbic acid . A
40 percent excretion was accepted as normal ;
a 10 percent or less elimination was considered
to be evidence of a deficiency state . They then
proceeded to perform an intradermal time tol-
erance study. The decolorization time was de-
termined for each patient . This was followed
by an intravenous injection of 300-500 mgm . of
ascorbic acid . One hour later, the test-time was
again performed. The average disappearance
time of four wheals raised simultaneously was
taken as the true score . Initially the time-score
range was 9-14 minutes . The postinjection val-
ues were from 6 to 9 minutes . The authors
found that, within this group, the hemoptysis
patients presented postinjection times longer
than those who did not bleed . They concluded
that a single skin test time is not informative .

UZAN

Uzan24 stated that he had been able to con-
firm the parallelism between the dye decoloriz-
ation time and the body ascorbic acid status .
Although no description of method nor results
was given, he avowed that the correspondence,
between the skin time and the urine saturation
test was experimentally verified by him . He also
agreed with Rotter that local changes in vascu-
lar flow (dilatation, constriction) or changes in
temperature did not appreciably alter the de-
colorization time. He felt that the action of
other reducing arents in the skin was relativel y

[ 26 1
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weak. Uzan suggested that the skin test is an
invaluable tool when other more complex meth-
ods are not available .

UZAN AND BRONSTEI N

In an abstract of an article by Uzan and
Bronstein,25 based on Rotter's technique, it was
pointed out that times of 10 minutes or more
denote deficiency ; disappearance times of 2-3
minutes indicate health relative to vitamin C .

Uzan and Bronstein,26 in another publication,
simply confirmed their earlier observations .25

REDDY AND SASTRY

Reddy and Sastry,27 in pilot studies on them-
selves, found that the decolorization time de-
creased from 10 minutes to 3 minutes 10 sec-
onds, and from 6 minutes 40 seconds to 3 min-
utes 20 seconds respectively, after 5 and 7 days
on a supplement of 70 mgm. ascorbic acid per
stone weight (14 lbs .) . They also noted that
the intradermal time continued to diminish
even after saturation was reached (on the basis
of urinary excretion) . These researchers used
the Rotter method already described . In a
series of medical students and young elementary
school children, classified into three groups ac-
cording to frequency of citrus fruit consump-
tion, they found that those with the highest in-
take exhibited the lowest intradermal times,
the scores being less than 10 minutes . Out of
the 65 apparently healthy medical students, 48
(74 percent) had decolorization times between
5 and 9 minutes . Reddy and Sastry, conse-
quently, agreed with Rotter that a 5 to 10 min-
ute disappearance time signifies a satisfactory
state of ascorbic acid nutrition .

Reddy and Sastry28 performed the intrader-
mal test on 69 ophthalmic patients, employing
a N,/400 solution and 2 mm . wheal. At the
same time, they collected information on the
dietetic habits of the subjects . These authors
were not evaluating the intradermal test-they
were utilizing it as a measure of vitamin C
status of ophthalmic cases . They concluded that
patients with inflammatory eye diseases (reti-
nitis, corneal ulcer, trachoma, optic neuritis)
are more frequently associated with a vitamin C
deficiency than those with cataracts alone.

DOLLE

Dolle29 measured the intradermal times
(Rotter's method) of four healthy persons
using as the variable dye solutions of different
ages. In other words, it was possible to deter-
mine the disappearance time employing a
freshly prepared solution and one which had
been allowed to stand for one day . Under these
conditions, he found variations of 3-4 minutes
in decolorization times in each person . Do11e
believed that this is due to a strong light sen-
sitivity of the dye. It then follows that the
postpreparation time of the test solution must
be standardized . Do11e then performed intra-
dermal times on each of 82 obstetric and gyne-
cologic patients . No specific times are listed .
However, the group with unusual surgical blood
loss revealed the greatest number of subjects
with prolonged disappearance times (values
above 10 minutes) . The converse was true in
the normal group. The author then related these
skin times to the clinical history of each patient
regarding possible indications of a vitamin C
deficiency (Rumpel-Leede phenomenon, gingi-
val bleeding, general malaise) . In about one-
half of the subjects, there was a significant
parallelism between the intradermal time and
the clinical observation. Twenty-eight patients
with prolonged times were. given an unspeci-
fied amount of vitamin C per os . After one day,
6 showed normal times ; after 6 days 14 re-
vealed normal scores . Six other patients who
had had initial decolorization times of 20 min-
utes decolorized the dye in 14 minutes at the
end of the 6 day period . Six control persons
not receiving the supplement showed consist-
ently the same times throughout this study .
Forty-three surgical patients were tested intra-
dermally before and after an operation . The 6
patients with only minor surgical treatment
showed no differences in pre- and postsurgical
time. Of 37 who underwent extensive surgery
(laparotomy), 16 showed increased postopera-
tive skin times . Six others could not be evalu-
ated since they had been injected intravenously
with Ce-Ferro (an iron-ascorbic acid com-
pound) . In the remaining 15, no change was
noted . Dolle concluded that the prolonged dye
disappearance time is due to blood loss during

f271
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the operation, lack of absorption and poor ap-
petite following surgery. The author felt that
his results qualify the skin test as a rough index
of ascorbic acid nutrition .

SLOBODY

Slobody30 performed intradermal tests using
varying wheal sizes and dye concentrations . He
determined early that the 4 mm . wheal yielded
the most constant test time when intradermal
injections were performed simultaneously on
the same forearm. Employing the 4 mm. wheal,
he then introduced dye concentrations from
N/1500 to N/300 intracutaneously in 167 pa-
tients . It became clear that the greater the con-
centration of DCPIP, the more reliable the test
results would be . Not only would longer times
lend themselves to easier interpretation, but the
effects of other reducing substances present
would be minimized . He subsequently em-
ployed a 4 mm. wheal (about .05 cc.) and a
N/300 dye solution.* He performed 285 skin
test times in 167 hospital patients in duplicate
on the same and opposite forearms . At the same
time, a blood vitamin C determination was
done. The blood levels varied from 0 to 1 .97
mgm. percent. The decolorization times ranged
from 3 .5 to 25 .6 minutes. Fifty-nine blood
levels were below .3 mgm. percent. In this
group, 5 subjects exhibited times between 9 .5
and 13 .2 minutes ; the remaining 54 showed
times above 14 minutes . The mean skin test
time for this category was 16.7 minutes . Since
a correlation existed in only about 50 percent
of the total number of patients, the author
questioned the validity of plasma level as a de-
terminant of nutritional status . The statement
was made that the continuous fluctuating plas-
ma ascorbic acid level reflected only recent
dietary intake. In some patients, for example,
who had taken vitamin C the previous day,
high plasma levels were manifest while the in-
tradermal time remained elevated . Forty-five
cases were given 200 mbm . ascorbic acid intra-
venously following plasma and intradermal de-

• A N/300 DCPIP solution is prepared by dissolving 24
mgm. sodium 2 .6-dichloroUetizenoneinindo})henol (Fisher)
in 35 cc . of distilled water heated to 95° C . This solu-
tion, when cooled, is then diluted to 5 0 cc . with dis-
tilled water in a volumetric flash .

terminations . Thirty minutes postinjection the
same measurements were repeated. In 44 of the
45 cases, the skin test time diminished and the
plasma level of ascorbic acid increased . In ad-
dition, 10 children (aged 3 to 11 years) were
placed on diets free of fruits and fruit juices .
Plasma scores and intradermal times were de-
termined weekly. The blood vitamin C level
decreased with simultaneous increase in disap-
pearance time. After 9 weeks, the skin test time
exceeded 14 minutes . Biomicroscopic gingival
examinations revealed changes attributable to
hypovitaminosis C as described by Kruse31 .
Two of the children were subsequently given
ascorbic acid and the skin test times returned
to normal . The DCPIP time in one typical
child, on this regime for 9 weeks, increased
from 7.5 to 16.5 minutes . Within this same
period, the blood level of ascorbic acid declined
from 1 .33 to .20 mgm. percent. Slobody sug-
gested, on the basis of his recommended tech-
nique, with N/300, 4 mm. wheal and .05 cc.,
that a disappearance time above 14 minutes be
regarded as evidence of pronounced unsatura-
tion ; 9 to 13 minutes as mild unsaturation ; less
than 9 minutes as proof of a satisfactory vita-
min C status . He further suggested that the in-
tradermal decolorization time might well be de-
veloped into a saturation index. This would be,
he believed, a welcome and simple tool . It is of
interest that some of his subjects reported a
burning sensation during injection . Two of the
10 children developed nodules at the injection
site which persisted for two weeks .

BAN1:RJr:r

B,anerjee3' found statistically insignificant
variations in decolorization time in 6 individu-
als when the dye solution was injected into the
same part of the arm oa successive days, into
adjacent sites on the same day, and simultane-
ously in opposite arms . Six subjects were given
200 mgm. of ascorbic acid daily for 3 weeks .
The intradermal times diminished gradually
from 5-12 .5 minutes to 2 .7-5 .0 minutes. On the
basis of his previous study,13 in which he estab-
lished that 90 seconds indicates saturation, he
concluded that 200 mgm . ascorbic acid per day
is not sufficient to produce saturation . He indi-

r 70 7
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cated in this report that the skin test time
varied with the season and with the availability
of fresh citrus fruits and vegetables. It was
Banerjee's opinion that the decolorization time
is a fair index of group vitamin C status but
only a rough estimate of the individual's ascor-
bic acid tissue level .

GOUNELLE AND VALLETT E

Gounelle and Vallette," using a N/400 dye
concentration and 2 mm. wheals, studied the
whole blood ascorbic acid levels and skin test
times in 88 human beings . The subjects in-
cluded 38 controls, 41 apyretic and 9 pyretic
tuberculous individuals . The whole blood as-
corbic acid levels and disappearance times in
the control group ranged from 0 to 17 mgm .
percent and 2 to 12 minutes respectively. in
the apyretic tuberculous group the scores were
0 to 13 mgm. percent and 2 .5 to 13 minutes .
The pyretic group exhibited values of 2 .5 to 14
mgm. percent and 3 to 6 minutes . The investi-
gators contended that there is no correlation be-
tween blood and skin test results and that the
blood determinations remain the best index of
latent hypovitaminosis C .

MOENA AND NOLF F

Moena and Nolff34 employed the method of
Slobody.30 They modified the method by utiliz-
ing an 8.5 percent solution of sodium chloride
as the dye solvent in place of distilled water .
This substitution was found to reduce the burn-
ing pain associated with the injection . In the
majority of cases, an indurated postinjection
nodule persisted for 3 to 4 days . An interesting
observation was that a characteristic red, pru-
ritic papule appeared 10 days following the
skin test and persisted 6 to 8 days . They felt
this was an anaphylactic phenomenon . They
performed the skin test in 1,150 persons . Of
these, 845 were considered to be healthy in-
dividuals . The group was analyzed as a whole
and in the light of such factors as age, sex, type
of work. The authors evidently accepted the
contention of Slobody30 that disappearance
times above 14 minutes indicate a subnormal
ascorbic acid status . The findings in the 845
healthy persons disclosed 77 percent with skin

time below 10 minutes, 21 percent between
17-20 minutes, and 2 percent 21-25 minutes .
The authors concluded that, with advancing
age, the intradermal time lengthened . No sex
differences could be observed. They next under-
took a study of 305 pathologic cases . It ap-
peared to these investigators, from a study of
intradermal time in patients with different dis-
orders, that ceitain conditions (e .g. osteomye-
litis and pregnancy) were not associated with
an ascorbic acid deficiency. In contrast, in other
pathologic states (e .g. typhoid fever, deficiency
states, narcosis, chronic gastritis) 100 percent
of the subjects showed significantly prolonged
intradermal times. Thus, of the total 305 patho-
logic cases, 40 percent exhibited times below 14
minutes whereas 57 percent of the so-called
healthy persons showed the same disappearance
values. The authors then selected 162 patients
on the basis of factors presumed to be associ-
ated with vitamin C deficiency . The evidence,
from intradermal testing, disclosed that 60 to
90 percent of such individuals displayed de-
colorization times greater than 14 minutes .
Another study was performed with 28 patients .
They were given vitamin C orally or intra-
venously to observe the effect upon the skin
time. No information as to dosage or time in-
tervals was given . Specific figures were avail-
able in some cases but not in others . Fourteen
persons who had original times over 14 min-
utes, declined to a level below 14 minutes af-
ter load dosing. Seven persons who were orig-
inally above 14 minutes, exhibited a 16 percent
mean decrease (from an average of 19 .7 min-
utes to 16.4 minutes) . This group did not,
then, fall below 14 minutes after the tolerance
dose. Two persons who had received 500 mgm .
of ascorbic acid for 2 and 3 days respectively,
showed no change from the original score of 16
minutes. Five persons who were originally be-
low 14 minutes declined in time an average of
19 .5 percent ( f rom a mean of 11 .2 minutes to
9 minutes) . All the patients except two showed
a decrease in time. Another study was done to
observe the changes in plasma ascorbic acid
following a load dose . Oral administration eli-
cited a rise in ascorbic acid blood level in one
hour; the intramuscular route caused an in-

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



TABLE i

Amount o f
Injected 1t"heal
Dye Concentration Size Size of

Author(s) (cc.) of Dye ( rn iu.) Injection

Rotter ( 2, 3) .01 N/400 2 forear m

Portnoy & Wilkinson (4, 5) .01 N/400 2 forearm
Poncher & Stubenrauch ( 6) .01 N/400 2 forear m

Jetter ( 7) .01 N/500 2-3 forear m

Codvelle et al . (8) .016 N/200 ? forearm
Gambigliani-Zoccoli & Lombardo (9) .01 N/400 2 forearm
Oliveira Lima ( 10) .01 N/400 2 forearm
Poulsen & Lieck (11) .01 N/300 2 forearm

Wright & MacLenathen (12) .01 N/400 2 forear m

Banerjee & Guha (13) .01 N/400 2 forearm

Suzuki ( 14) .01 N/400 2 forearm

Goldsmith et al . (15) .01 N/400 2 forearm

Slavich & Torrini (16) .01 N/400 1 .5-2 forear m

Baraldi (17) .01 N/400 2 forear m

Beck & Krieger (18) .01 . N/400 2 forear m

Rapaport & Miller ( 19) ? N/400 1 thigh
Bakhsh et al . (20) .01 N/400 2 forearm

Banerjee & Guha ( 21) .01 N/400 2 forear m

Glatt (22) ? N/400 2 thigh

Rossini & Ferrari (2 3) .01 N/400 2 forearm

Uzan ( 24) .01 N/400 2 forearm

Uzan & Bronstein (25, 26) . 01 N/400 2 forear m

Reddy & Sastry (27, 28) ? N/400 2 forear m

Dolle (29) .01 N/400 2 forearm

Slobody (30) .05 N/300 4 forearm

Banerjee (32) .t) i N/400 2 forear m

Gounelle & Vallette ( 33) ? N/400 2 forear m

Moena & Nolff (34) .05 N/300 4 forearm

Zanotti ( 36) .01 N/400 2 forearm

Vinas-Espin (37) .025 approx N/300 ? forear m

crease in 30 minutes; the intravenous injection
prompted an immediate climb . The ascorbic
acid levels began to decline after about 4 hours
in the case of intramuscular and oral routes,
whereas the intravenous route was associated
with an intense level for 2 hours, after which
there was a decline . The authors measured the
plasma ascorbic acid level twice in the same
day on 16 patients following oral vitamin C.
They stated that each individual exhibited the
same pattern on both occasions . On the basis
of plasma ascorbic acid determinations of 10

presumably healthy individuals, they established

a plasma level of .8 mgm. percent or more as
an index of health . Using this plasma norm
and 14 or less minutes as a normal intradermal
time, they studied 39 subjects . Twenty of the
patients, with intradermal times above 14 min-
utes, showed plasma levels less than .8 mgm.
percent and 11 subjects, with intradermal times
greater than 14 minutes, displayed plasma lev-
els above .8 mgm. percent . In contrast, only 1
of the 8 persons with an intradermal time be-
low 14 minutes showed a plasma level below

{30 1
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TABLE 2

Number Duration
and of

Health of Experiment
Author(s) Subjects (Days)

Rotter (2, 3) 6 (U)'•' 1 0

Portnoy & Wilkinson
(4,5) 21 (U) ?

14 (P) X -
18 (Sat) ~` -
37 ( N ) ~` -
13 (L') -

Poncher &
Stubenrauch (6) 26 (N) -

9 (U) -
6 (S)* -

Jetter (7) 43 (U) - ~
7 (N) -

Codvelle et al . (8) 9 (N) -
5 (N) 1 5
5 (N) 6

Gambigliani-Zoccoli &
Lombardo (9) ? (N) 1 hour

Oliveira Lima (10) 12 (Sat) -
12 (U) -

Poulsen & Lieck (11) 70 (?) -
4 ( ? ) 11-4 2
1 ( ? ) 2 .5 hours

Wright &
MacLenathen (12) 11 (N) -

11 (U) -
20 (U,N) -

Banerjee & Guha (13) 9 (N) 1

SLizuki (14) ? (U) -

? ~U) -
? (U) -
? (U) -
? (U) -
? (P) -
? (N) -

Goldsmith et al . (15) 42 (N) -
26 (U) -
32 (Sat) -

Slavich & Torrini (16) 14 (N, U) 20 min .
9 (N, U) 20 min .

13 (U) 20 min .

Baraldi (17) 80 ( ? ) -
2 (?) -
2 (?) -

* U- unsaturated ; P- partially saturated ;

Sat -- saturated ; N = normal ; S = scorbutic

Number Duratlriil

and of
Health of Experiment

Author(.r) Subject.r (Days)

Beck & Krieger (18) 62 ( N ) ?
16 (\7, L") 2-1 1
52 (\') -
40 (U) -

Rapaport & Miller (19) 53 (N) -
21 (P) -
26 (U) -

Bakhsh et al . (20) 140 (?) -
200 ( ? ) -

Banerjee & Guha (21) 6 (N) 6

Glatt (22) 20 (N) -
10 (Sat) 7-14

Rossini & Ferrari (23) 47 (P) 1 hour

Uzan (24) 5 (?) ?

Uzan & Bronstein (25, 26) ? ( ? ) ?

Reddy & Sastry (27) 21 (Sat) -
24 (N) -
20 (U) -

Reddy & Sastry ( 28) 30 (N) -
20 (N) -
19 (N) -

Dolle (29) 30 (U) 60
42 (U) 60
10 (N )

5 (?) ?
1 (?) ?

24 (?) ?
4 (?) ?
6 (?) ?

Slobody (30) 167
T )(N 63

Banerjee (32) 6 (N) 2 1

Gounelle & Vallette (33) 38 (N) -
41 (U) -
9 (U) -

Moena & Nolff (34) 845 (N) -
305 (P) -

14 (?) :
7 (?) ?
5 (?) ?
2 (?) 2- 3

Zanotti (36) 50 (U) -

Vinas-Espin (37) ? (?) ?
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TABLE 3

Author(s)

Rotter (2, 3)

Portnoy &
Wilkinson (4, 5 )

Pcmcher &
Stubenrauch (6 )

)ettrr (7)

Codvelle et al . (8 )

Gambigliani-
Zoccoli &
Lombardo (9 )

Oliveira Lima (10 )

Poulsen & Lieck (11)

Initial
Intradermal

Time (Min . )

3-29 (16 .9 )

J

4-1 3

8 .5-15
9

Final
1 ntradermal

Time (Min . )

80-90% decrease

.5-6(2 .3)
3-13(7.5)
2-7(3.4)
3-16(8 .7)

4-33 (16 .1 )

3 .5-13 .1( 7 .6 )
6.8-12(9.4)

4-8 ( 5 .8 )

2-9 ( 4 .7 )
2-10(6 .3 )

5-22
8-10
3-5

Mode of
Vitamin

Administration

600 mgm. IV

500-1000 mgm. P.O. q .d .

100 mgm. daily, oral route
500 mgm: daily, oral route ?

500 mgm. IV

oral amount?
600 mgm . ora l

one oral dose of 700 ► ngm .

Wright & -
MacLenathen (12) -

Banerjee & Guha (13) 1 .2-8 .2(3.8)

Suzuki (14) -

Goldsmith
et al . (15 )

Slavich &
Torrini (16 )

Baraldi (17 )

Beck &
Krieger (18)

3 .5-10(9 .6)
11-13 (11 .8 )
14-35(21 .8 )

5-16(10)

4-20

as low as 2-3

6-11(9.7)
4-13(9 )

6-20
8-12 .5

7

under 10 to 19
under 10 to 33

1 .3-3 .5 (2 .8 )

23 .5
17 .8
12 .6
9.5
8.6
8.0
6.1
4 . 4

2-17.5 (6 .9)
2-14 .7 (8.7)
3-15 .4(8 .3 )

3-8 ( 5 .5 )
4-9.5(6.4)
6-19 (10.9 )

5-8
below 3
above 1 3

4-5

19 .3% above
12 min .

92 .5% above
12 min .

r 2,) "1

200-250 mgm. IV
200-550 mgm. IV
200-550 mgm. IV

all were "saturated"
with ascorbic acid

300 mgm./day P.O. unti l
saturated (urine test )
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TABLE 3 (Continued)

Initial Final Mode of
Intradermal Intradermal Vitamin

Author(.r) Time (Min.) Time (Min.) Administration

Rapaport &
Miller (19 )

Bakhsh et al . (20 )

Banerjee &
Guha (21 )

Glatt (22 )

ROssini &
Ferrari (23 )

1'z_in (24)

l .:an&
Bronstein (25, 26)

Rtddy &
tiastry (27 )

R, ady &
Sastry (28)

Dol{e (29 )

Slohody (30)

Banerjee (32)

Gounelle &
Vallette (33 )

Moena & Nolff (34 )

Zanotti (36 )

Vinas-Espin (37)

1-2 .52 (2)

?

9-14

~

~

~
i

15-45
35

2-25
17-46
6-45

5-12 . 5

over 14 min
19.7
11 . 2
16

2-20
3-20

2.5-30

1-25(8 .2±'4 .2)
3-24(9 .1±3 .6)

1 . 5

9-46
13-40

6-9

~

~

3 .7-11 .5(6.3)
5 .1-14.3(8.1)
5 .5-14.0(8 .6)

3-19(8 .1)
3.3-16 .2(8.5)
3-23 .3(12 .5)

~
~

4-10
1 5

4-20
8-28
4-47

3 .5-25 .6
over 14

2 .7-5 . 5

2-12
2 .5-13

3-6

57% below 14 min .
77% below 17 min .

21 % between 17-20 min .
2% between 21-25 min .

39.8% below 14 min .

below 14 min .
16.4

9
16

20% between 10-1 5
50% between 15-25

30% over 2 5

~

700 mgm . P .O . daily
for 4 days

1/2 Cebion tablet or 10-20
Gm. Zitronsaft t .i .d .

300-500 mgm. IV
load dose

Cebion 3 tablets b .i .d .
Canton Forte ( ? )

Cebion 3tablets b .i .d .
Canton Forte ( ? )

Ce Ferro ( IV )

9 week scorbutic diet

200 mgm . daily per o s

oral or IV ascorbic
acid . Dosage ?

500 mgm . P .O. per day
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.8 mgm. percent . Moena and Nolff then deter-
mined 24 hour urinary concentrations of ascor-
bic acid. They found a great periodic variation
in the amount excreted during the day . They
cautioned that single determinations are not
sufficient to fix a diagnosis of vitamin C de-
ficiency. The researchers concluded that treat-
ment with vitamin C should be evaluated on a
three-fold basis : (1) enhanced urinary ascorbic
acid excretion, (2) 3 day normal fasting
plasma level, and (3) normal skin time . Of
these, the authors seemed to prefer the skin test .

BICKNELL AND PRESCOTT

Bicknell and Prescott,35 having reviewed the
literature, considered the intradermal test of no
clinical value. They believed that too many
variables exist to allow any specific knowledge
of vitamin C status from the skin test time
(other reducing agents, changes in tempera-
ture, circulation and oxygen supply) .

ZANOTTI

Zanotti36 employed Rotter's method to deter-
mine intradermal times in 50 frostbitten sol-
diers. All decolorization times were in excess of
10 minutes : 10 subjects ranged between 10 and
15 minutes; 25 yielded times between 15 and
25 minutes ; 15 revealed skin times in excess of
25 minutes . The author felt that subnutritional
states and frostbite are somehow related. For
this reason Zanotti suggested that the test might
measure only skin saturation which was not a
true barometer of total body status . He gave
large doses to the soldiers and found that the

intradermal times diminished . He was then in-
clined to postulate that, perhaps, the Rotter
skin time could be utilized in ascertaining com-
plete saturation after prolonged ascorbic acid
therapy.

VINAS-ESPIN

Vinas-Espin,37 using a concentration of 40
mgm.1100 cc. of DCPIP (approximately NI
300) and an intradermal injection of .025 cc .,
found a clear decrease of decolorization time
following the administration of 300 mgm . of
ascorbic acid. Precisely how the ascorbic acid
was given and the number and health of the
patients was not mentioned . In addition, he de-
termined the concentration and the absolute
amount of ascorbic acid in the urine of patients
who were given ascorbic acid and thiamin for
4 to 13 days . According to his observations, the
first effect of vitamin C administration is a
lowering of urinary ascorbic acid and phos-
phate. On the basis of this observation, Vinas-
Espin postulated that ascorbic acid plays a role
in phosphorylation . He found that thiamin hy-
drochloride, given after ascorbic acid had been
taken regularly, further improved the cellular
reductive power . Expressed more simply, the
irreducible intradermal time following ascorbic
acid intake can be further reduced with thiamin
hydrochloride. Additionally, when thiamin was
administered together with ascorbic acid, there
was an increase in the urinary excretion of vita-
min C. From these observations the author then
theorized a relationship between the oxidative
metabolism of tissue ascorbic acid and the phos-
phorylation process .

TABLE 4

Author(s) Purpose

Rotter (2, 3) To note whether changing body ascorbic acid levels affect the dis-
appearance time.

Portnoy & Wilkinson (4, 5) To relate skin test time to 5 other laboratory tests of vitamin C
status .

Poncher & Stubenrauch (6) To correlate skin test times with plasma ascorbic acid levels .
Jetter (7) To correlate fasting whole blood values with skin times .

r ;a 1
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TABLE 4 (Continued )

Author(s) Purpose

Codvelle et al . (8) To establish optimal daily requirement of ascorbic acid as gauge of

body status .
Gambigliani-Zoccol i

& Lombardo (9) To evaluate skin test .

Oliveira Lima (10) To relate intradermal time to body saturation using urinary excre -
tion as index.

Poulsen & Lieck (11) To evaluate skin test .

Wright & MacLenathen (12) 1) To relate diet and blood ascorbic acid values to skin test time .

2) To relate site of injection to intradermal score .

Banerjec & Guha (13) To relate decolorization time to urine ascorbic acid excretion afte r

load dose .

Suzuki (14) 1) To relate the skin time to plasma ascorbic acid level .

2) To determine effect of diseased skin on DCPIP disappearanc e
time.

Goldsmith et al . (15) To correlate fasting plasma ascorbic acid values with skin scores .

Slavich & Torrini (16) To evaluate skin test .

Baraldi (17) To evaluate Rotter's test .

Beck & Krieger (18) To evaluate skin test .

Rapaport & Miller (19) To relate decolorization time to plasma ascorbic acid values .

Bakhsh et al . (20) To correlate plasma levels and intradermal time .

Banerjee & Guha (21) To determine a minimal intradermal time .

Glatt (22) To correlate skin time with plasma level .

Rossini & Ferrari (23) To evaluate skin time.

Uzan (24) To evaluate intradermal test .

Uzan & Bronstein (25, 26) To evaluate and improve Rotter test .

Reddy & Sastry (27) To correlate intradermal time to amount of citrus intake .

Reddy & Sastry (28) To compare skin test results of patients with various ophthalmi c

disorders .

Dolle ( 29 ) 1) To relate skin times to diet and medical history .

2) To relate skin times to Rumpel-Leede test .

Slobody (30) 1) To uncover a wheal size and dye concentration which will yiel d

constant times.
2) To correlate plasma level with skin time .

Banerjee (32) 1) To study variations of skin time at different and same sites o n
consecutive days .

2) To determine the amount of ascorbic acid required for satura-

tion .
3) To describe seasonal variation .

Gounelle & Vallette (33) To correlate intradermal time with whole blood ascorbic acid .

Moena & Nolff (34) To compare skin times in healthy and sick persons in a study o f
epidemiologic proportion.

Zanotti (36) To determine ascorbic acid status of patients with frostbite by the

intradermal test .

Vinas-Espin (37) To observe whether the skin time is related to oxidation-reductio n

capacity of tissue .
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TABLE 5

Author(s) Conclusions Basis

Rotter (2, 3) Decolorization time depends on amount of
ascorbic acid in or administered to the or-
ganism .

Portnoy & Times less than 5 minutes indicate satura-
Wilkinson tion ; over 10 minutes points to deficiency .
(4, 5 )

Poncher & Skin test is clinically unsatisfactory
Stubenrauch (6)

Jetter (7) Skin test is non-specific .

Codvelle et al
(8 )

Gambigliani-
Zoccoli &
Lombardo (9 )

Oliveira Lima
(10)

Poulsen & Lieck
(11 )

Wright &
MacLenathen
(12 )

Banerjee &
Guha (13 )

Suzuki (14 )

Goldsmith et al .
(15 )

Slavich &
Torrini (16)

Baraldi (17)

100 mgm. per day is an optimal intake of
ascorbic acid .

Skin test is not useful when yiewed in
isolation .

Skin test offers no utility .

Skin test is not an estimate of tissue ascor-
bic acid concentration .

Skin decolorization time is non-specific.

Skin time is qualitatively related to urinary
vitamin C excretion.

1) Intradermal test is useful .

2) Intradermal times are shorter in border-
line and diseased skin than in normal
skin of the same subject.

Intradermal test is worthless .

Skin test is a good, simple procedure

Clinically, the skin test is unsound .

Beck & Krieger Skin test is a useful screening tool
(18 )

Rapaport &
Miller (19 )

Bakhsh et al .
(20)

Skin test is not satisfactory .

Skin test is of no clinical value .

Skin times increased in persons on a 10 day
scorbutic diet ; they diminished after IV or
oral vitamin administration .

There was a close relationship of mean
group skin time to ascorbic acid in diet and
to the 5 other test scores indicative of body
status .

The plasma level and intradermal time
were unrelated .

There was no relationship between blood
ascorbic acid and decolorization time .

Persons having no supplementary vitamin
C usually yielded skin times above 10
minutes . Those receiving a 100 mgm . addi-
tion showed times less than 10 minutes .

As reported in reference,' they observed
that guinea pigs on a deficient diet showed
no increase in test time.

Groups, demarcated by a urinary saturation
test, displayed widely divergent skin times .

Skin time was not related to plasma level ;
it showed extensive variation with location,
environmental temperature and blood flow .

1) There was no correlation of DCPI P
scores with diet and blood ascorbic acid
concentration .

2) Times varied widely on same and dis-
tant sites .

The test time decreased as urinary ascorbic
acid increased .

1) Skin test -times correlated well with
plasma levels .

2) Author explained this phenomenon as
a local increase in ascorbic acid due to
inflammation .

No correlation existed between plasma level
and skin time .

III persons showed increased skin times.

The test did not distinguish between poorly
nourished persons and those on a normal
diet .

Test time was related to amount of ascorbic
acid needed to effect urinary saturation .
Persons having diseases associated with
vitamin C deficiency showed longer times
than other ill ones

. No one intradermal time or range was con-
sistent enough to allow determination of
individual status .

Although the two scores were not inde-
pendent of each other, the wide individual
variation allowed no critical analysis .

[36}
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TABLE 5 (Continued )

Author(s)

Banerjee &
Guha (21)

Glatt (22)

Rossini &
Ferrari (23)

Uzan (24)

Uzan &
Bronstein
(25, 26)

Reddy & Sastry
(27 )

Reddy & Sastry
(28 )

Dolle (29)

Slobody (30 )

Banerjee (32 )

Gounelle &
Vallette (33 )

Moena & Nolff
(34 )

Zanotti (36)

V inas-Espin

(37)

Conclusions

The minimal intradermal time is 90 sec-
onds .

Skin time has no clinical value.

Intradermal test is not practical .

The Rotter test is a valuable clinical ad-
junct .

1) Times of 2-3 minutes indicate satura-
tion; over 10 minutes deficiency .

2). Substitute methylene blue for DCPIP .

Skin time is reliable index of tissue ascorbic
acid status .

Ascorbic acid deficiency accompanies in-
flammatory eye conditions .

1) Intradermal test is good rough index of
individual status .

2) Rumpel-Leede test may be poor clinical
method .

1) N/300 dye solution and a 4 mm . wheal

are best .
2) Skin test time and plasma levels are not

related.
3) Intradermal test measures tissue ascor-

bic acid level .

1) Skin test serves only in group evalua-
tion.

2) 200 mgm. ascorbic acid daily cannot
saturate body.

3) Skin test times are lower in February
than September .

Intradermal time cannot replace blood de-
termination .

1) Ill persons have lowered ascorbic acid
reserves .

2) Skin test time is better than plasma
level as clinical procedure .

Skin test is not satisfactory .

The Rotter time reflects the oxidation-re-
duction capacity of the skin .

Basis

Human beings yielded decolorization times
of 90 seconds after 4 days of 700 mgm.
ascorbic acid daily .
No significant diffeience was observed be-
tween supplemented and non-supplemented
groups .
Tubercular patients, shown to be deficient
by capillary fragility and urinary satura-
tion, did not exhibit prolonged times .

A parallel was evident between skin time
and urine saturation test .

1) No results were given in available pub-
lications .

2) Methylene blue was more specific for
vitamin C than DCPIP at the normal
dermal pH .

Children and young adults on good diets
exhibited times below 10 minutes .

Patients having ophthalmic inflammation
yielded prolonged intradermal times .

1) Patients with heaviest blood loss showed
longest times. Skin times tended to
parallel diet .

2) There was no correlation between the
capillary fragility and intradermal scores .

1) This combination yielded most constant
times .

2) Author felt that plasma levels reflected
only recent intake.

3) Skin test times seemed to follow bio-
microscopic findings of a scorbutic char-
acter in the gingivae.

1) Individual differences were extensive .
There were significant differences with-
in same individual on consecutive days .

2) A previously established minimal time
of 90 seconds was not attained after 3
weeks of a 200 mgm. daily dose .

3) Fresh fruits and vegetables were not
available in September .

There was no correlation between skin test
time and whole blood ascorbic acid .

1) Increased times were more frequent it
diseased persons .

2) Plasma levels showed wide variatiow
in short time. Skin times changed onl)

slowly .

A wide range of skin times was found it
soldiers who had been on the same diet fo
months . The diet was deficient in ascorbi

acid; yet the intradermal times, in general
were not greatly prolonged .

The enhancement of the phosphorylatioi
process by administration of thiamin pat
alleled a decrease in the skin time .
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SUMMARY

The following tables are submitted as a his-
torical outline of the intradermal ascorbic acid
test in human subjects. All reports available to
the compilators were based on the use of 2,6
dichlorophenolindophenol . From Table 1 it is
evident that : ( 1) of those who report the quan-
tity of dye injected, all investigators except four
utilized a .01 cc. injection as proposed by Rot-
ter, (2) a DCPIP concentration of N/400 was
employed in all studies except six, (3) when
wheal size was specified, it w as , with three ex-
ceptions, 2 mm ., and (4) the forearm was the
most popular injection site .

Table 2 summarizes the number and health
of the subjects and the length of the investiga-
tion.

Table 3 outlines the essential experimental•
data relative to the intradermal test. Examina-
tion of the tabulation reveals :(1) in only 11
out of 31 investigations are there scores reported
both at the start and finish of the investigation,
(2) groups of subjects deficient in ascorbic acid
generally require a longer therapeutic interval
to reduce the DCPIP disappearance time, (3)
group administration of ascorbic acid is fol-
lowed by a diminution in decolorization time-
and the decline is related to the amount of
vitamin given, the route of administration, and
the time interval between dosage and final in-
tradermal testing .

The essential aim of each report is briefly
stated in Table 4. The purpose may be summed
up in a few statements :(1) to ascertain
whether the decolorization time varies with de-
crease and increase of body ascorbic acid, (2)
to establish whether a significant relationship
exists between the intradermal score and other
measures of vitamin C status-particularly the
fasting plasma ascorbic acid concentration, (3)
to evolve an irreducible skin test value indica-
tive of absolute saturation, (4) to determine
local variables affecting the final decolorization
score, ( 5) to establish empirically a dye con-
centration and wheal size which provide repe-
titive decolorization times, ( 6) to relate cutane-
ous decolorization scores to age, ( 7) to contrast
the skin test values of healthy and ill subjects,

and (8) to disclose whether the Rotter test
measures oxidation-reduction capacity of the
tissues .

The evidence from Table 5 is that : (1) the
decolorization time does vary inversely with
changes in total body ascorbic acid, (2) there
is no experimental unanimity concerning the
presence or absence of a relationship between
Rotter's time and plasma ascorbic acid content,
(3) ninety seconds is an irreducible DCPIP
disappearance time, (4) changes in age and
concentration of solution, vascular flow, site of
injection, wheal size, light intensity, and depth
of puncture do significantly alter the decolori-
zation time, (5) a dye cor.centration of N/300
and a wheal size of 4 mm . yields the most re-
producible results, (6) skin test time appears
to increase with age and/or disease, (7) the
cutaneous vanishing time varies with changes
in oxidation potential of the tissues .

A subsequent publication38 will concern it-
self with an analysis of a group of our own
patients .

University of Alabama School of Dentistry,
Birmingham, Alabama
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LE TEST INTRADERMAL A ACIDO INCO~~

PARTE H. UN REVISTA DE STUDIOS
®

S

Dr. med. dent. J . B. Dunbar, Dr. med. e med. dent. E. Cheraskin,

e F. H. Flynn (B .S., M.T., A.S.C.P. )

SUMMARIO IN INTERLINGU A

Le sequente tabulas es offerite como un delineation historic del test intradermal a acido

ascorbic in subjectos human
. Omne le reportos accessibile al compilatores esseva basate super le

uso de 2,6-dichlorophenolindophenol
. Tabula 1 rende evidente que (1) inter omne le investi-

gatores reportante le quantitate del colorante inj icite, solmente quatro non sequeva le recom-
mendation de Rotter de utilisar injectiones de 0,01 cm3, (2) un concentration de N/400 essev

a

(3) quando le dimensiones del urticas esseva
usate in omne le studios con sex exceptiones ,

indicate, illos esseva 2 mm, con tres exceptiones, e (4) le antebracio esseva le plus frequente sito

del injection .
Tabula 2 summarisa le numero e le stato de sanitate del subjectos e le duration del investi-

gationes .
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Tabula 3 delinea le importante datos experimental relative al test intradermaL Le examine
del tabula monstra que (1) il es in solmente 11 inter 31 investigationes que valores es notate
tanto al comenciamento como etiam at fin del investigation, (2) subjectos a carentia de acido
ascorbic require generalmente un plus longe intervallo therapeutic pro effectuar un reduction del
tempore de disparition de dichlorophenolindophenol, e ( 3) in gruppos recipiente administra-
tiones de acido ascorbic il seque un reduction del tempore de discoloration, e iste reduction es
relationate al quantitate de vitamina administrate, al via de administration, e at intervallo de
tempore inter le dosage e le ultime test intradermal .

Le objectivos essential del varie reportos es summarisate brevemente in Tabula 4 . Iste
objectivos pote esser concentrate in le sequente formulationes . 11 se tractava (1) de deter-
minar si le tempore de discoloration varia con le reduction e le augmento del acido ascorbic
in le corpore, (2) de establir si il existe un relation significative inter le valor intradermal e
altere mesuras del stato de vitamina C, specialmente le valor de acido ascorbic del plasma in
stato jejun, (3) de evolver un irreducibile valor de test cutanee que indicarea un saturation
absolute, (4) de determinar variabiles local que affice le ultime valor pro le discoloration, (5) de
establir empiricamente un concentration del colorante e un dimension del urtica que provide
repetitive tempores de discoloration, (6) de relationar valores de discoloration cutanee al etate
del subjectos, (7) de contrastar le valores del test cutanee in subjectos pathologic e normal, e
(8) de constatar si o non le test de Rotter mesura capacitates de oxydation e reduction del histos .

Le factos que pote esser legite in Tabula 5 es que (1) le tempore de discoloration varia
inversemente con alterationes del total acido ascorbic del corpore, (2) il non existe un accordo
experimental relative al presentia o absentia de un relation inter le tempore de Rotter e le
contento de acido ascorbic in le plasma, (3) novanta secundas es un irreducibile tempore pro le

disparition de dichlorophenolindophenol, (4) alterationes de etate e del concentration del solu-
tion, le fluxo vascular, le sito del injection, le dimensiones del urticas, le intensitate de lumine,
e le profundor del punctura altera significativemente le tempore del discoloration, (5) un con-
centration del colorante de N/300 e un dimension del urtica de 4 mm es associate con le plus

alte grado de reproducibilitate del resultatos, (6) ii pare que le tempores del test cutanee cresce
con le etate e/o le presentia de morbo, e (7) le tempore de disparition cutanee varia con altera-
tiones del potential de oxydation in le histos .

[40)
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