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Investigation of vitamin A and carotene me-
tabolism in diabetes mellitus has led to several
interesting observations by different workers.
Ralli, et al (1) have shown that the blood level
of carotene is higher in the diabetic than in the
normal. She also found that the administration
of carotene in oil to diabetic patients caused the
blood carotene to rise to a higher level and to re-
main there longer than in the normal controls.
From this Ralli postulated that in diabetes there is
a diminished ability of the liver to convert caro-
tene to vitamin A. Brazer and Curtis (2) found
supporting evidence for this theory in work based
on the Jeans biophotometer test. They reported
that dark adaptation was abnormally slow in pa-
tients with diabetes mellitus, indicating vitamin A
deficiency. The administration of carotene to
these patients caused no change in the biophoto-
meter reading, whereas vitamin A, in equivalent
amounts, quickly returned their dark adaptation
time to normal.

Recent work in our laboratory (3), using rats,
has shown that the concentration of vitamin A in
the blood is a reliable index to the vitamin A
status of the body. In view of this, we felt that
it was of interest to investigate further the vita-
min A of the diabetic individual and to examine
the theory postulated by Ralli. This was done by
following the blood vitamin A and carotene levels
of normals and of patients with diabetes mellitus.

EXPERIMENTALANDDISCUSSION

Vitamin A and carotene were determined by Kimble's
(4) modification of the method of Dann and Evelyn (5),
using the macro unit of the Evelyn photoelectric color-
imeter. Vitamin A is expressed as micrograms per 100
cc. of plasma. This is derived from the fundamental L
(1 per cent, 1 cm., 620 mj) values, calculated according to
Kimble (4). By converting L (1 per cent, 1 cm.,

1 The expense of this study was defrayed in part by
a grant from the Horace H. Rackham and Mary A.
Rackham Foundation.

620 mi) to the spectroscopic unit E (1 per cent, 1 cm.,
328 m/A) (5), and applying the value for crystalline vita-
min A determined by Holmes and Corbet (6), it is
possible to express our results as micrograms per 100
cc. Carotene, which is also recorded in micrograms
per 100 cc., was calculated from a standard reference
curve, using two sources of crystalline carotene (East-
man Kodak Company 3702 and Nutritional Research
Associates, Inc.) with color filter 440. By this method,
plasma vitamin A and carotene concentrations were
determined on a number of healthy controls (physi-
cians, dietitians, nurses, and laboratory workers, all eat-
ing in the same dining room). The blood on which the

TABLE I

Carotene and vitamin A blood values of normal subjects

Males Females

Number Caro- Vitamin A Number Caro- Vitamin A
tene tene

micro- micro- micro- micro-
grams L units grams grams L units grams

per X 103 Per per X 10a per
cent cent cent cen

1 250 1.90 37.1 1 250 1.70 33.2
2 310 2.10 41.0 2 230 1.40 27.3
3 160 1.70 33.2 3 210 1.30 25.4
4 210 2.10 41.0 4 280 1.50 29.2
5 110 1.30 25.4 5 170 1.30 25.4
6 130 1.40 27.3 6 220 1.40 27.3
7 140 2.00 39.0 *7 420 1.90 37.1
8 110 1.40 27.3 8 250 1.40 27.3
9 230 1.40 27.3 9 240 1.60 31.2

10 200 1.50 29.2 10 149 1.49 29.1
11 348 2.00 39.0 11 287 1.36 26.5
12 200 1.80 35.1 12 161 1.47 28.7
13 160 1.60 31.2 13 179 1.28 25.0
14 160 1.70 33.2 14 153 1.47 28.7
15 100 2.00 39.0 15 247 1.68 32.8
16 175 1.83 35.7 16 368 1.58 30.8
17 249 2.20 42.8 17 264 1.65 32.2
18 216 1.85 36.1 18 136 1.38 26.9
19 206 1.30 25.4 19 266 1.56 30.4
20 266 1.03 20.1 20 262 1.37 26.7
21 102 1.66 32.4
22 198 1.54 30.1 Average 227 1.49 29.1
23 179 1.68 32.8
24 334 1.91 37.3
25 254 1.65 32.5

Total
Average 199 1.70 33.2 average 213 1.59 31.1

* One healthy dietitian on approximately the same diet
as the others had a consistently higher plasma carotene.
Because of the great difference, we felt justified in omitting
it from the normal series.
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determinations were made was not necessarily fasting
blood, since Kimble (4) has shown that ordinary meals
do not increase the concentration of either vitamin A or
carotene within two to six hours after ingestion. The
range was found to be 20.0 to 43.0 micrograms of vitamin
A per 100 cc. and 100 to 368 micrograms of carotene per
100 cc., as shown in Table I. The vitamin A concentra-
tions in this group were close to, though somewhat
higher, than those obtained in rats that were shown to
have adequate stores in their liver. This seems to indi-
cate that the normal subjects used were all in a good
vitamin A nutritive state. In addition, our range is in
close agreement with that found by Kimble (4) (1.2 to
2.9 L 620 units of vitamin A and 100 to 360 micrograms
of carotene per 100 cc.) on a larger group of healthy
controls. Our data show a sex variation, which, again,
is in agreement with Kimble. The women have slightly
lower vitamin A and higher carotene values than the men.
The difference, however, is of doubtful significance.

Results on sixteen diabetic patients are shown
in Table II. Those included in the study were
chosen because they appeared to be of the juvenile
type and were selected from the patients who pre-
sented themselves to the clinic for care. Except
for the three from whom we obtained carotene
tolerance data, we collected our samples without
interfering with the clinical treatment and in only
a few cases were the patients glycosuric. During
the experimental period, the three patients on
whom carotene tolerance tests were made were

TABLE II

Carotene and vitamin A blood values for diabetic subjects

Subject Caro- Vitamin A Conditiontene

micro- micro-
grams L units grams

per X 103 per
cent cent

1. Male 372 1.59 31.0 Controlled
321 1.58 30.8 Carotenemia
312 1.55 30.2
436 1.99 38.8
370 1.59 31.0

2. Female 264 1.31 25.6 Controlled
3. Female 155 1.02 19.9 Controlled
4. Female 250 1.44 28.1 Controlled
5. Female 436 1.40 27.3 Controlled
6. Female 283 2.90 56.6 Xanthoma; high blood sugar

103 1.94 37.9 throughout
112 2.10 41.0 Uncontrolled

7. Male 82 1.46 28.5 Controlled
102 2.00 39.0

8. Male 370 1.29 25.2 Controlled
241 1.55 30.2 Controlled
430 1.64 32.0

9. Male 69 1.81 35.3 Controlled
10. Male 190 1.52 29.7 Controlled
11. Male 448 1.60 31.2 +++ + sugar

454 1.51 29.5 Controlled-carotenemia
12. Male 660 1.19 23.2 Controlled-carotenemia
13. Female 229 1.10 21.4 Uncontrolled; + + + acetone
14. Male 182 1.58 30.8 Controlled
15. Male 227 1.37 26.7 Controlled
16. Male 461 1.98 32.3 Xanthoma

Average 291 1.62 31.3

controlled with insulin. Two of them remained
aglycosuric throughout the period and the third
showed a small amount of sugar in two of four
daily urine specimens. The ages of all patients
ranged from 13 to 41 years. Ten were under 25,
the remaining six over 25. All presented a his-
tory of the typical onset of the disease-polyuria,
polyphagia, polydipsia and weight loss. Twelve
had ketonuria on various admissions and of the
remaining four, three were admitted in diabetic
coma and the fourth gave a history of such an at-
tack. In every case the fasting blood sugar be-
fore treatment was more than 187 milligrams per
cent. With the use of diets containing from 150
to 300 grams of carbohydrate, it was necessary to
use insulin in every case in amounts ranging from
30 to 105 units daily. The diabetes in these six-
teen patients ranged from moderate to greatest
severity, as would be expected in any such group
of young diabetics.

The vitamin A values for the juvenile dia-
betics are surprisingly constant. With the excep-
tion of one high value (56.6 mgm. per 100 cc.)
in a patient with xanthoma diabeticorum, all fell
within the normal range and the average is the
same as it is for the normal subjects. The con-
stancy of the vitamin A concentrations in these pa-
tients was not related to the widely varying caro-
tene concentrations. A large number of the lat-
ter fall above the normal range, and the average
is significantly higher than is the carotene average
of the normals.

Carotene tolerance data with both normal and
diabetic subjects were also obtained. In this way
we were able to compare the concentrations of
vitamin A and carotene attained in the blood and
the subsequent rate of decline in the two classes
of subjects after administration of a massive dose
of carotene. In all cases several determinations
were run during the week prior to administration
of carotene to determine the average concentration
in the blood for each subject. During this time
the subjects were on a standard diet containing
7500 International Units of vitamirn A. Eighty
milligrams (130,000 International Units) of caro-
tene in oil were given by mouth. Blood analyses
were made at two, four, six, and nine hours after
the administration, and daily thereafter for the
ensuing five days. A summary of the results is
presented in Figure 1.
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FIG. 1. BLOODLEVELS FOR VITAMIN A AND CAROTNEBEFOREAND AFTER ADMINISTRA-
TION OF 130,000 I.U. OF CAROTENEIN OIL TO DIABETIC AND NORMALSUBJECTS

The concentration of carotene in the blood did
not rise to as high a level as might be expected,
in view of the massive dose given, in either the
diabetic or the normal subjects. The stools were
observed to be reddish in color, indicating that
the carotene was not well absorbed from the intes-
tine. However, the diabetics did not show a
greater rise in the concentration of carotene in
the blood, nor did the concentrations remain ele-
vated longer than in the normals. The variations
in the concentration of vitamin A in the blood did
not alter significantly in either group of subjects
throughout the experiment. This observation,
plus the fact that the entire group of diabetics
studied had normal concentrations of vitamin A in
the blood, did not indicate that the liver of the
diabetic converts carotene to vitamin A more

slowly than the normal. This study, of course,
represents a small group of diabetic subjects, and
the results are not statistically conclusive. Jo-
sephs (8) found that there is a relationship be-
tween vitamin A and carotene on the one hand,
and total blood lipids on the other, due to the fat
solubility of the former. If this is the case, the
high blood fat often associated with diabetes
would help to explain the high carotene values
found in our diabetic group. This is an aspect
of the subject that we are now investigating.

Since the variations in blood vitamin A were
so small in our diabetics, we were led to the inves-
tigation of vitamin A and carotene in two normal
subjects (M. M. and A. C.) placed on vitamin A
low diets. In this way we wished to find out
how easily and to what extent the carotene and
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FIG. 2. BLOODVITAMIN A ANDCAROTENEDEPLETION VALUES ON Two NORMAL
SUBJECTS ON A VITAMIN A Low DIET

a

vitamin A values could be lowered and whether
there were concomitant physiological symptoms.
The diet given was a standard vitamin A-deficient
diet and was calculated to furnish 296 Inter-
national Units of vitamin A per day. M. M. and
A. C. remained on this diet for forty-two days and
thirty-nine days, respectively. M. M. then re-

turned to her regular diet during the period of
administration of vitamin A concentrates. Dur-
ing this time plasma analyses for carotene and
vitamin A were made at regular intervals. These
values are given in Figure 2.

It is interesting to note the steady decline in
carotene level until definitely subnormal concen-

trations were reached in both cases. The vitamin
A, on the other hand, was lowered only a small
-amount and, at the end of the depletion period,
was still well within the normal range. In the
case of M. M., the vitamin A supplement (100,-
000 International Units as cod liver oil for four
days) caused an immediate elevation in vitamin

A, reaching a super-normal concentration (70.5
mgm. per 100 cc.) on the third day, then quickly
falling to within the normal range. Due to the
return to a normal diet, carotene was restored to
a normal value in two days. A falling carotene
blood level appears to be the first sign of an im-
pending vitamin A deficiency. Since food is the
principle source of carotene for the blood, whereas
the vitamin A concentrations may be maintained
either from the diet or the liver stores, this would
be expected. In contrast to Steininger et al (12),
who found that the concentration of vitamin A in
the blood fell markedly even during the first week
on a depletion diet, in the present investigation
the concentration was not lowered significantly by
forty days on the special diet If the values ob-
tained for vitamin A in the blood are interpreted
in the light of our rat studies (3), they suggest
that the liver still had a plentiful store of vitamin
A. Even if a drop in the blood level had indi-
cated serious impairment to the liver stores, con-
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siderable time might elapse before physiological
symptoms associated with avitaminosis A would
assert themselves.

Biophotometric readings according to the Jeans
(7) technique were carried out during the course
of depletion of M. M. and A. C., and also on vari-
ous of our diabetic subjects. These data are not
included in this paper because results were so vari-
able that it was impossible to draw any conclu-
sions from them. In addition, the reliability of
biophotometric data has been widely criticized (9,
10, 11). Hecht and Mandelbaum (10), using a
different technique, by which they measured both
rod and cone adaptation, state that measurements
of dark adaptation, when made under critically
standardized conditions, may be used as an aid in
the diagnosis of avitaminosis A. Steininger and
Roberts (11, 12), using the Jeans technique, have
concluded that, although there is a relationship
between vitamin A deficiency and biophotometer
readings, it is not close enough to detect subclinical
deficiencies. In addition, they were unable to find
any correlation between the biophotometer read-
ings and the concentrations of vitamin A in the
blood. Since it is still a controversial subject, we
felt that our data would have little significance.

It seems evident that the vitamin A plasma
concentration is altered only in extreme cases of
vitamin deficiency. The depletion period for the
two subjects just discussed was not long enough
to reach this critically low level of vitamin A.
The diabetic group showed that the disease did
not at all affect normal vitamin A concentrations
in the blood. However, there is some disturbance
in carotene metabolism in diabetes, since many of
our patients had clinical carotenemia, as evidenced
by yellow pigment deposits, especially in the palms
of the hands. Our evidence leads us to conclude
that it is not necessarily an impairment of the
mechanism that converts carotene to vitamin A.

SUMMARY

1. The normal blood plasma concentrations for
carotene and vitamin A, determined according to
the method of Kimble, were found to be 100 to 368
micrograms per 100 .cc. for carotene and 20.0 to
43.0 micrograms per 100 cc. for vitamin A.

2. Blood plasma concentrations were deter-
mined in patients with diabetes mellitus. The

average carotene concentration for the diabetic
group was significantly higher than for the normal
group, while the vitamin A concentrations were
the same.

3. Carotene tolerance curves were run on three
normal and on three diabetic subjects. There was
no delay in the fall of the carotene concentrations
attained in the diabetic subjects after the adminis-
tration of 80 milligrams (130,000 International
Units) of carotene. This may be an indication
that the carotenemia observed in diabetics is not
due to the failure of conversion of carotene to
vitamin A.

4. Two normal subjects were depleted for
forty-two and thirty-nine days. One was given
vitamin A concentrate. During this time records
were kept of the blood plasma concentration for
carotene and vitamin A. The carotene fell to
subnormal levels but the vitamin A was not ap-
preciably changed.

The authors wish to thank Doctor Arthur C. Curtis for
his many helpful suggestions and criticisms throughout
this study.
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