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Glucose tolerance test.
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Insulin sensitivity test.

Serial determinations of serum calcium and
phosphorus failed to reveal any alteration
(Fig. 9). W. S. had a slight elevation of alka-
line phosphatase during the latter half of
Period 1V, which persisted during V and VI.
Serial blood urea nitrogen determinations re-
vealed no alterations from the control values,
nor did repeated sodium determinations. Al-
terations in the serum potassium, serum chlo-
ride and carbon dioxide combining power were
of striking magnitude (Figs. 10 and 11). In
subject H. T. a trend toward the development
of hypochloremic alkalosis with hypokalemia
began during the first week of Period IV.
In subjects W. S. and L. H. extreme degrees
of hypochloremic alkalosis and hypokalemia

TTOZ ‘S aunr uo 1sanb Aq 610 usle'mmm woly papeojumoq


http://www.ajcn.org/

@ The American Journal of Clinical Nutrition

July—August 1956] LUBIN, DAUM, AND BEAN 427
L.H. L.H.
160+ I ¥ |y w 120 b ¥ (¥
ISO-/\/\\\’/\) | 'O./\\A
1404 Sodium \J\ 100l Chierides
130 901
Ay N
S
0+ 801
®
NG 70
o
€ 5 60
Potassium -
3 oo
4 <
3 g 404 J\
Carbon Dioxide
2] v 30*__A¢\‘/
I 204
0 . i . . i , | O
0 2 4 © 8 10 12 14 16
Weeks 0] T + y T Y \
0 2 4q 6 8 0 12 14 I6

Fig. 10. Serum sodium and potassium.

developed during Periods I1I, IV, and V, with
a rapid return to normal occurring during
Period VI.

Serum Protein Studies

In all subjects the serum albumin and total
proteins remained normal. There were defi-
nite alterations in the electrophoretic pattern,
with an increase in the alpha-I and alpha-II
globulins during the deficient periods in all
three subjects, with a return toward control
levels during Period VI. In L. H. there was
also a definite decrease in the beta-globulin
fraction during Period IV. No significant al-
terations in gamma-globulin were noted (Fig.
12).

Liver Function Tests

Liver function studies, including the brom-
sulphalein test, thymol turbidity, cephalin
flocculation, zinc sulfate turbidity, and serum
bilirubin determinations, were performed every
two weeks on subject W. S. No alterations
were noted.

Weeks

Fig. 11. Serum chlorides and carbon dioxide.
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Fig. 12. Plasma proteins (electrophoresis): plasma
globulin fraction.
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Fig. 13. Cholesterol and esters.

Cholesterol and Cholesterol Esters

Figure 13 gives a representative curve for the
changes in cholesterol and esters. There was
a sharp fall in both components while the tube
feedings were used, with a return to normal
when the normal diet was restored. Total
serum fat and phospholipids showed no signifi-
cant changes.

Prothrombin Activity

A ratio of the control prothrombin time to the
patients’ prothrombin time times 10 was arbi-
trarily selected as a measure of prothrombin
activity. Using this ratio, there was a definite
decrease in prothrombin activity during the
deficient periods in subject W. S., with a
rather prompt return to control levels during
Period VI. A similar but somewhat less
marked decrease in prothrombin activity oc-
curred in subject L. H. (Fig. 14).

DISCUSSION

In our previous studies, we were impressed
by the clinical illness which occurred when the
deficient diet and w-methylpantothenic acid
were used together. In the present study there
was a similar weakness, fatigue, and decrease
in spontaneous activity. Mood changes,
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Fig. 14. Prothrombin time.

though they did develop, were not as im-
pressive as those observed in previous tests.
Dizziness and unsteadiness were severe. Some-
times changes in position were awkward be-
cause of the temporary instability. At least
some of the fatigue, weakness, and awkward-
ness seemed to be caused by the neuromuscular
disorder. It is impossible to say whether
mental disturbances were responsible for one
subject leaving the hospital without per-
mission, but such behavior is hardly surprising
under the circumstances of the test. One
subject developed a psychosis with paranoid
features which continued in Period V but
rapidly vanished during Period VI. The

TT0Z ‘G aunr uo 1sanb Aq 610" udfe'mmm woiy papeojumoq


http://www.ajcn.org/

@ The American Journal of Clinical Nutrition

July—-August 1956]

torpor and somnolence began to diminish very
soon after the antagonist was stopped and
pantothenic acid was given in Period V, sug-
gesting strongly that the induced state of pan-
tothenic acid deficiency was responsible for
such changes. The neuromuscular abnor-
malities consisting of paresthesias, weakness,
cramps, tenderness and alteration in tendon
reflexes, muscle tenderness, and the positive
Trousseau sign did not all clear up until Period
VI, but there was a very definite improvement
in Period V when pantothenic acid was sub-
stituted for the antagonist.

The subjects in the present test did not ex-
hibit much vascular instability, postural hypo-
tension, labile pulse, or easily provoked tachy-
cardia, all of which had been so prominent in
earlier studies. The ballistocardiograms be-
came abnormal in one subject. Having been
abnormal in the control period of another sub-
ject, they changed toward normal. Such ob-
servations do nothing to clarify the nature of
the circulatory status of the subjects, or the
vagaries of the ballistocardiogram.

There was no tendency for the subjects
to have infection, though the conditions of
metabolic ward and of the entire experiment
were unchanged from previous tests when in-
fection prevailed during the period of defi-
ciency. There was, however, a striking in-
crease in sedimentation rate, which returned
to normal in Period VI. The reason for the
increased speed of sedimentation is not known.

Several metabolic changes were studied in
detail. In subject W. S., the eosinopenic re-
sponse to ACTH did not decline until Period
IV when the antagonist was given. By the
third week of the deficient period, the response
had diminished conspicuously. In contrast
to our previous observation, this did not come
back to normal during the recovery period.
The failure of restoration to normal when
pantothenic acid was given and when the diet
was normal may mean that the mechanism
responsible was disturbed more seriously than
in the earlier studies when the deficiency-and-
antagonist period was 4 rather than 5 weeks in
duration. Another possibility is that cortisone,
which was used at the termination of the ex-
perimental period in the earlier test, had some
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other effect on the adrenals. The capacity of
one subject to excrete a normal amount of
urine in response to an ingestion of a large
quantity of water was seriously impaired dur-
ing the deficiency period, but came back to
normal during Period VI.

The excretion of 17-ketosteroids is recorded
in Figure 6. In one subject the initial levels
were higher than normal and fell very promptly
while PABA was given. They then returned
to the previous level when it was discontinued.
Subsequent administration was followed by a
diminution of the ratio and then a tendency
to level off at the previous control level. Dur-
ing the period of induced deficiency, there was
a slow but rather steady decline, which was
still continuing at the time the last test was
done during the recovery period. The sig-
nificance of these findings is uncertain.

The changes in glucose tolerance were char-
acterized by prolonged elevation of the blood
sugar, which even after two hours tended to
stay up around 200 mg per 100 ml or higher,
particularly during the latter part of Period
IV. This returned to normal during Period V
and remained normal. Study of the insulin
tolerance test revealed that with the deficient
diet alone a sharp increase of the insulin sensi-
tivity occurred; and this persisted throughout
Period IV. It was slowly being restored to-
ward normal in Periods V and VI.

Figure 10 shows the very significant fall in
serum potassium and the relative stability of
the level of serum sodium throughout the ex-
periment. These changes in serum potassium
occurred during a period when the intake of
potassium was constant. Figure 11 shows the
striking changes in blood chlorides and car-
bon dioxide. Unfortunately we do not have
data from balance studies, so we cannot say
whether there was a potassium diuresis, an
absorption defect, or whether potassium was
stored in the body. The electrocardiographic
changes indicate that there was indeed a
cellular depletion of potassium.

Consistent, but not very extensive, declines
in prothrombin occurred during the deficient
period, but there was no sign of any liver mal-
function nor was clinical bleeding a problem
at any time.
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SPECULATION

This report deals with work in progress.
We are slowly improving the experimental de-
sign which we hope eventually will enable us
to understand the nature of the changes we
have produced. So far we cannot be sure
(1) that we have produced a defect in panto-
thenic acid metabolism by employing a meta-
bolic antagonist which interferes with the di-
verse functions of coenzyme A; (2) whether
w-methylpantothenic acid is a more powerful
toxic agent working as a general protoplasmic
poison; or (3) whether some unrecognized
deficiency exists in the experimental diet.

As far as the first point is concerned, many
of the induced changes are similar to those in-
duced in animals by pantothenic acid de-
ficiency. Perhaps too much emphasis should
not be put on the fact that glucose tolerance
returned to control levels in Period V without
a change in diet but when pantothenic acid
replaced the antagonist (Fig. 7). Many other
abnormalities did not disappear until Period
VI. In retrospect, Period V was too short.
We must emphasize the well-known fact that
correcting a specific deficiency in a diet does
not necessarily correct a lesion induced by the
deficiency. Too little, too brief, or too late
may explain failures in correcting what has
been called the humpty-dumpty situation.*
Final proof will depend on our ability to titrate
the human deficiency syndrome, if such it is,
to the stage where it is still quickly reversible
by merely replacing the antagonist with the
vitamin. The interpretation of any vitamin
antagonist’s action must be made with knowl-
edge that many subtle metabolic bypasses
may enable the cellular and humoral economy
to make remarkable adjustments.

Not knowing, except by inference and ex-
trapolation, what coenzyme A and panto-
thenic acid do in human metabolism, interpre-
tation of our data, at the present merely tenta-
tive stage of work in progress, is impossible.
If one is willing to compare our observations
with a miscellany of observations in a variety
of animals, and some of man, it may be that
potassium deficiency alone is adequate to ex-
plain many of the clinical and biochemical
changes.*~" Our next tests will inquire into

that possibility. We propose to study the
effects of large doses of botassium at a time
when the serum level is low. Likewise, ad-
ministration of coenzyme A may tell us whether
that substance can correct the metabolic errors.
The possibility that our metabolic mischief is
related to stimulation of aldosterone produc-
tion and reduced production of cortisone-like
compounds is a stimulating speculation.

If we are dealing with point (3), an unrecog-
nized deficiency, a longer Period V should
provide the clue.

CONCLUSION

Work on a syndrome induced in normal sub-
jects, and one with evidence of adrenal cortical
overactivity, confirms and extends our ob-
servations. A clinical state of lethargy, weak-
ness, burning paresthesias, and cramps with
signs of tetany was observed. Low serum
potassium may account for many of the clinical
findings. Likewise, hypokalemia, hypochlo-
remia, hypochlorhydria, metabolic alkalosis,
and a defect in carbohydrate metabolism were
observed. Further studies are in progress to
elucidate the mechanisms whose disordered
functions lead to these disorders.
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DISCUSSION

Dr. B. T. Towgry (Nashville, Tenn.):
At the time Dr. Darby asked me to comment
on Dr. Bean's paper 1 was not completely
familiar with the experimental evidence which
implicated the adrenal cortex in pantothenic
acid deficiency. Nevertheless, there are some
data which suggest that pantothenic acid de-
ficiency in rodents leads to suppression of
adrenocortical function, and it is of interest
that Dr. Bean’s initial report (J. Clin. In-
vestigation 34: 1073, 1955) suggested that the
human adrenal responded in a similar manner.
However, in attempting to correlate this evi-
dence with the unpublished studies which he
has just reported one encounters some in-
triguing problems.

In view of the character of the response to
ingested glucose, one would not anticipate an
abnormal sensitivity to insulin, yet such was
the case. If one attempts to explain these di-
vergent findings in terms of alterations in
adrenocortical function, the difficulty is readily
apparent, since hyperglycemia suggests hypera-
drenocorticism and marked sensitivity to in-
sulin is a notable feature of Addison’s disease.
If the latter abnormality is disregarded, the re-
maining evidence suggests an augmentation
of adrenocortical function, because hypoka-
lemic alkalosis was apparently the most strik-
ing abnormality noted. You will recall that
this electrolyte disturbance is seen rather fre-
quently in association with Cushing’s syn-
drome. The observations of Conn indicate
that hyperadrenocorticism with respect to
aldosterone alone results in severe potassium
depletion; aldosterone excess may, in part at
least, account for the hypokalemic alkalosis
of Cushing’s syndrome. This would not,
however, explain similar electrolyte changes
which may occur during cortisone therapy.

Dr. Bean’s most recent evidence suggests,
therefore, that pantothenic acid deficiency in
humans may lead to alterations in the pattern
of adrenal cortical steroid secretion, so that
hydroxycorticoids or, perhaps, aldosterone
assume a greater share of net adrenal function.

The insulin sensitivity which was observed,
however, is not in accord with such an ex-

planation but suggests other possibilities, for
example, hepatic dysfunction with respect to
the storage of glycogen and its hydrolysis.
It is entirely possible that this response to
insulin is a crucial observation because it im-
plies that the adrenal may not be primarily in-
volved in the changes already noted. Dr.
Bean has noted briefly some of the lines of re-
search which appear to offer promise. Ob-
viously, further conjecture regarding adrenal
function is not warranted until the exact
nature of the potassium depletion is elucidated.
Should pantothenic acid deficiency lead to ab-
normalities of potassium absorption or exert
direct effects upon the renal excretion of po-
tassium, our preoccupation with adrenal cor-
tical phenomena may prove to be unfounded.

I should like to inquire regarding the route of
administration of the ACTH which was used
to test adrenocortical responsiveness. Certain
ACTH preparations exhibit surprisingly little
activity after intrasmuscular injection, yet are
quite potent when given intravenously. I'm
sure that one must take this fact into account
in the interpretation of such studies.

Finally, it is apparent that the work which
has been reported serves to emphasize our
lack of insight into the mechanism of action of
vitamin antagonists and poses many new prob-
lems for future study.

Dr. F. S. Darr (Bethesda, Md.): First,
I should like to pay my compliments to Dr.
Bean for entering this very difficult field and
apparently bringing pantothenic acid defi-
ciency in the human somewhat past the em-
bryonic stage. It is very true that there are
certain things that we would like to see done
before we are completely convinced that this is
pantothenic acid deficiency per se. It would
be very nice, indeed, if we could produce pan-
tothenic acid deficiency in the human merely
by keeping the vitamin out of the diet. This is,
of course, a difficult thing to accomplish. The
fact that the signs which were produced in the
human were not completely reversed by panto-
thenic acid doesn’'t seem to be necessarily
incompatible with this being a pantothenic
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acid deficiency, since we have other parallel
situations—with folic acid antagonists for ex-
ample. The signs produced with folic acid
antagonists are very difficult to reverse with
folic acid, while some derivatives of folic acid,
such as citrovorum factor, are much more
effective. It is possible that in the present
case pantethine or coenzyme A might be more
effective than pantothenic acid itself in revers-
ing the deficiency state. I think that all of us
would agree that you are on the right track in
the sense that pantothenic acid must be a
metabolic necessity for the human as well as
for all experimental animals.

Despite the lateness of the hour I should like
to take just a moment here to mention some
work we have been doing in the past several
years on pantothenic acid deficiency in rats.
As you know, panthothenic acid is considered
to be a dietary essential for the rat. Yet,
under certain circumstances, we have been
able to raise rats from weaning up to the level
of 500 or 600 grams while they are receiving
no pantothenic acid in the diet. The methods
that we have used have been three in number.
One was the inclusion of a large amount of
vitamin C in the diet, the second was the use
of antibiotics in the diet, and more recently
we have used a very interesting compound
prepared by Smith, Kline and French which
is known as compound 525A. The animals
have been continued on these diets for long
periods of time—a year or longer in some
cases—and it has thus been shown that rats
can grow to maturity with no pantothenic acid
in the diet, or rather with the very small amount
which is found in ‘“vitamin-free” casein. Here,
we would say very definitely, knowing what we
do about the functions of coenzyme A, that
despite the fact that pantothenic acid is not
under these conditions a diefary essential, it is
certainly a metabolic essential. We have
studied this point by determining the total
pantothenic acid in the body of weanlings and
in littermates kept for several weeks on a diet
virtually free of pantothenic acid but con-
taining large amounts of vitamin C. We have
shown that these animals contain approxi-
mately 20 micrograms a day of pantothenic
acid in excess of that with which they started.

Therefore, this is not a case of an animal sur-
viving and growing without pantothenic acid
but instead a situation where pantothenic acid
is being manufactured somewhere in the body.
As yet. we haven’t determined the site of manu-
facture. Most people will jump to the conclu-
sion that the pantothenic acid is being fur-
nished by intestinal bacteria. This is possibly
true, but we are far from completely con-
vinced that this is the whole story.

There is one aspect of the work with humans -

which I would like very much to see followed
a little further. As you know, whether or not
pantothenic acid deficiency truly produces a
lack of adrenal hormones in experimental
animals is still an open question to a certain
extent. Most of the evidence which has been
presented from time to time suggests that
during pantothenic acid deficiency there is an
adrenal insufficiency. One bit of evidence,
however, is very hard to fit in with this idea.
You will remember that when Dr. Elaine Ralli,
using black rats which had turned gray during
pantothenic acid deficiency, removed the adre-
nals of these animals, their hair turned black
again. Until those experiments were reported
I believe that most investigators in the field
had felt certain that pantothenic acid de-
ficiency led to a deficiency of adrenal steroids.
Here is a case, however, where stopping almost
completely the production of adrenal steroids
(by adrenalectomy) reversed the effect of
pantothenic acid deficiency. The effect of
adrenalectomy could be reversed, in turn, by
the administration of adrenal steroids, showing
that these substances were in fact involved
in this phenomenon. I remember in your
paper, Dr. Bean, that you did some studies of
steroid excretion in the urine. I should think
it would be most interesting, indeed, to find
out something more about the quantitative
output of individual steroids. That is a project
which we have had in mind for a long time in
conjunction with our studies in rats. The
technical difficulties of making these de-
terminations on rats is great, but they could
be done more readily with human subjects.

Dr. W. BEaAN (Iowa City, Iowa): I thank
the discussants for sharing with me the con-
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clusion that I have added more confusion than
solutions for specific questions. The ACTH
was given intramuscularly. T am sure I do not
understand how we should interpret the rather
paradoxical behavior of the glucose tolerance
test and the increased sensitivity to insulin.
A number of ready interpretations can be
brought forth, but we have no real notion which
is right, or indeed, whether any is right, and
this is one of the problems to which we are
addressing our attention in the future. We
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have not included many studies on steroid hor-
mones, which obviously should be done. In
experiments now in progress, we are trying to
do a balance study on potassium, and we will
assay the urine for several of the steroid hor-
mones. We cannot emphasize too strongly
the fact that this is work in progress and is a
long way from a definitive exposition of the
many problems we are uncovering in this ap-
proach to a better understanding of vitamin
function.
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