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PENTOSESIN MAN
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(From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health,
Public Health Serzice, U. S. Department of Health, Education and Welfare,

Bethesda, Md.)

(Submitted for publication December 17, 1956; accepted June 6, 1957)

In 1931 Wierzuchowski (1) showed an influ-
ence of insulin on galactose tolerance of dogs.
More recently, Levine, Goldstein, Huddlestun,
Klein, and Henry (2, 3) demonstrated that insu-
lin lowers the blood levels of D-galactose, D-xylose,
and L-arabinose but not of D-arabinose or D-man-
nose, following their infusion into the eviscerated
nephrectomized dog. The volume of distribution
of the responsive sugars was increased from 45 to
70 per cent of body weight as a result of insulin
administration. It was suggested that the insulin
response represented a facilitation of transport of
the sugar across the cell membrane into intra-
cellular fluid. In all the responsive sugars the
stereochemical structure of carbon atoms 1 to 3
was like that of D-glucose, and these authors sug-
gested that these structural characteristics deter-
mined the insulin responsiveness of a sugar.

Confirmatory evidence has appeared that insulin
affects transport of D-galactose, D-xylose and
L-arabinose across the cell membrane in the rat
diaphragm (4-6), eviscerate rat (7), perfused
rat heart (8) and intact cat (9). However, slow
penetration of a number of sugars into muscle of
nephrectomized and eviscerated rats has now also
been demonstrated, and this slow penetration is
increased by insulin for D-lyxose, D-ribose, D-man-
nose, D-fructose and D-fucose, as well as for
D-xylose, D-galactose and L-arabinose (10, 11).
Although these results indicate that the concept
of structural specificity in carbon atoms 1 to 3 for
insulin responsiveness has proved to be too limited
in scope, the lack of an effect of insulin upon in-
tracellular entry of sorbitol, mannitol and raffinose
is strong evidence that the action of insulin is not
simply an acceleration of a process of physical
diffusion (12).

1 Present address: Department of Medicine, Duke Uni-
versity School of Medicine, Durham, N. C.

No reports have been noted demonstrating an
effect of insulin on a sugar other than glucose in
man. This paper reports studies on the effect of
insulin on blood levels of infused pentoses in man.
Pentoses were selected because their responses to
insulin in animals have been well described, they
are readily available, and following intravenous in-
fusion they disappear from blood relatively slowly.
This latter property permitted an evaluation of the
effect of insulin upon blood levels and disappear-
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FIG. 1. THE STEREOCHEMICALCONFIGURATION OF THE
PENTOSESUSED IN THE PRESENTSTUDY

The carbons in bold type indicate those atoms whose
configuration is similar to that of glucose in the first three
atoms.
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ance rates, an appraisal which could not be made 6. O $
with galactose (13) or fructose (14), which disap-
pear from blood even more rapidly than does la

glucose (15). In the present studies, we have in-
vestigated the influence of insulin upon the rate of
pentose disappearance from blood, and upon the
urinary excretion of pentose.

The stereochemical configuration of the sugars
used in the present experiment is shown in Figure G r- c-o N r- 1z r co

1. Although these sugars exist in solution in a
more complex pyranose ring structure, the simpli-
fied formulas shown here demonstrate certain dif- -
ferences in structure. D-xylose and L-arabinose N
have structures exactly like glucose in the first Q- -
three carbon atoms. D-arabinose differs in spatial _ _ _ _ _ -
projection of hydrogen and hydroxI groups on
carbons 2 and 3, and D-lyxose on carbon 2 alone. |v
D-lyxose is the pentose whose structure in carbon _
atoms 1 to 4 resembles that of the hexose D-man- m O" e cOO0 C4

a

nose. Because of the unusual kinetics of disap- __
pearance of D-ribose from blood, the effects of in- . Sl| 0N0| o
sulin on D-ribose blood levels will be reported in a i 40E Me|°4| | C t-

subsequent communication. t .1 g s | |

N e ] 4N _ )

METHODS it
N b3O > _ en ohe -C4 d

Eleven studies were performed on five normal males 8 m6
and one female ranging in age from 18 to 28. All were 0 0o M to

maintained on a 250-Gm. carbohydrate diet and were 5 in 00c

fasted overnight prior to any study. An indwelling plastic ° "'
catheter was placed in an antecubital vein, and control N V iX
blood specimens taken. A three-way stopcock was then at- -
tached and kept open with a very slow infusion of saline. N

0
Ten- or 20-Gm. quantities of pentose, as a 10 per cent m-In Jo _ 0 N
solution, were then infused into a vein of the opposite

%

arm. A blood sample was drawn from the indwelling e N
catheter at the end of the infusion and a period of 25 to i

N 0 0' N

30 minutes was then permitted to elapse in order to in-
sure adequate mixing of the sugars in body fluids. At N CO 4orO
the end of this period blood samples were drawn at 5- or o . -s
10-minute intervals for 25 to 30 minutes. At this time 0 _'
(50 to 60 minutes after the end of the pentose infusion), .
when enough blood values had been obtained to establish v - a0 0 C N o E
a curve of the falling blood levels, 0.1 unit of regular in- a QW * N .__4N
sulin was injected intravenously per Kg. of body weight. t

Blood specimens were drawn at 5- to 15-minute intervals _ 0 0
for another 90 to 110 minutes. In some experiments in- N N - N N* 0
travenous glucose (10 per cent solution) was given after |2
insulin injection. In three of the studies sugars were X.0 0 0

4J 0 ~0.0 0 00infused at a constant rate after administration of a .,,00
04~ ~ ~ ~ ~ ~ -priming dose and the effect of insulin on the constant d d

pentose level obtained was evaluated.
Urine was collected at various intervals over a 24-hour *

period. ci3
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All of the pentoses initially employed were obtained
from Dr. Hewitt G. Fletcher, Jr., of the Section on Carbo-
hydrates, Laboratory of Chemistry of this Institute, and
recrystallized before use. All had specific optical rota-
tions corresponding with those of the pure sugars re-
ported in the literature (16). Subsequently, D-xylose and
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L-arabinose were obtained from Pfanstiehl Laboratories,
Incorporated, Waukegan, Illinois. The sugars were pre-
pared for intravenous use by autoclaving as 10 per cent
solutions, and were found sterile and pyrogen-free prior
to use.

Blood glucose and pentose levels were determined by

0 20 40 60 80 100 120 140 160 180

TIME IN MINUTES

FIG. 2. THE EFFECT OF INSULIN ADMINISTRATION ON BLOOD LEVELS OF
D-XYLOSE (SUBJECr W. R.)

Blood xylose levels are plotted hemilogarithmically versus time. Blood
glucose values are plotted on normal ordinates.
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FIG. 3. THE EFFECT OF INSULIN ON THE BLOOD LEVELS OF L-ARABINOSE
(SUBJECT W. W.)
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FIG. 4. THE LACK OF RESPONSEOF THE BLOODLEVELS OF D-ARABINOSE TO
INJECTED INSULIN (SUBJECT C. C.)

Glucose was administered to alleviate hypoglycemia.
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FIG. 5. THE LACK OF RESPONSEOF BLOODLEVELS OF D-LYXOSE TO INTRA-
VENOUSINSULIN (SUBJECT W. R.)

methods devised in this laboratory (17). The pentose
values were determined by the orcinol method using blood
filtrates in which glucose had been destroyed by treatment
with the enzyme glucose oxidase. Glucose values were
determined by a copper reduction method using the dif-
ference between values obtained before and after incuba-
tion with the enzyme.

RESULTS

Effect of insulin upon rates of disappearance of
pentose from blood
The results in ten single injection and constant

infusion experiments performed are tabulated in
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TABLE II

Biologic half-time and rates of disappearance of infused pentoses

Biologic half-time (T §) Per cent disappearance/min.
in minutes (K) X 100

30min. 30 min. %Fall in
post post pentose

Subject Sugar Initial insulin Final Initial insulin Final level*

J. D. D-xylose 64 24 122 1.08 2.89 0.57 40
W. R. D-xylose (Fig. 2) 86 27t 87 0.81 2.57 0.80 31
W. R. D-xylose (Fig. 8) 85 29 80 0.82 2.39 0.87 38
C. C. D-arabinose (Fig. 4) 82 82 82 0.85 0.85 0.85 0
W. W. L-arabinose (Fig. 3) 68 25 91 1.03 2.77 0.76 34
S. B. L-arabinose (Fig. 9) 58 28 47 1.19 2.47 1.47 26
C. C. L-arabinose 74 19 48 0.94 3.64 1.44t 20
W. R. D-lyxose (Fig. 5) 63 63 63 1.10 1.10 1.10 0

* Percentage by which level observed 30 minutes after administration of insulin differs from that calculated at this
time by extrapolation of initial curve.

t Figures in italics are estimated.
$ During this phase a hyperglycemia of 235 mg. per cent was induced.

Table I. Graphs of experiments following infu-
sion of 20 Gm. of D-xylose (W. R.), and L- and
D-arabinose (W. W., and C. C., respectively), and
D-lyxose (W. R.) are shown in Figures 2, 3, 4, 5.
In these figures the logarithm of the pentose con-

centration in blood has been plotted against time.
In Figure 2 the portion of the curve of D-xylose
concentrations obtained from 0 to 75 minutes after
infusion demonstrates the hemilogarithmic linear
disappearance curve of this pentose from blood.
After insulin injection at 65 minutes a latent pe-

riod of 10 minutes passed before any effect was

noted in the xylose level. A marked acceleration
in the rate of disappearance of xylose from blood
then occurred, lasting about 20 minutes, after
which a new disappearance curve of xylose was

established. Comparison of the blood xylose level
found 30 minutes after insulin administration with
that obtained by extrapolation of the initial curve

reveals a difference of 30 per cent. Similar re-

sults were obtained with L-arabinose as shown by
Figure 3. Here, also, a sharp break in the initial
disappearance rate occurs shortly after the ad-
ministration of insulin, and after a 30-minute pe-
riod of rapid decline in blood pentose level, a new

disappearance curve is established. The blood
arabinose level measured 30 minutes after insulin
administration differs from that obtained by extra-
polation of the initial curve by 34 per cent. These
experiments are typical of those performed with
D-xylose and L-arabinose, and demonstrate a posi-
tive response of these sugars to injected insulin
(Table II).

In Figures 4 and 5 are shown the responses ob-
tained with D-arabinose and D-lyxose, respectively.
It appears that D-arabinose and D-lyxose are un-

responsive to insulin. However, the possibility
existed that small changes in rate of disappearance
and blood level could occur in the 30-minute post
insulin period without being detected in this type
of experiment. Therefore, two experiments were

40

30

at
a

45

0,

0

I~-

z

ILI

0

0

-j

o

20

40

30

TIME IN MINUTES

FIG. 6. THE EFFECT OF INSULIN ON CONSTANTBLOOD
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FIG. 7. THE EFFECTOF INSULIN ON BLOODLEVELS ANDURINARY EXCRETION
OF D-XYLOSE (SuBJECT W. R.)

The fall in blood levels of D-xylose resulting from insulin administration
cannot be attributed to an increase in urinary excretion.

carried out employing a constant infusion tech-
nique. After a priming dose the pentose was in-
fused at a slow constant rate by means of a Bow-
man pump. Whena constant blood level had been
established insulin was injected intravenously and
the effect on the constant pentose level observed.
The results of this type of experiment in Subject
D. B. with D-arabinose and D-lyxose are shown in
Figure 6. It is apparent that no detectable change
occurred in the constant level of D-arabinose. How-
ever, within a 10-minute interval insulin caused a
decrease of 13 per cent in the constant D-lyxose
level. Maintenance of the lowered lyxose level
without altering the infusion rate suggests that
after the insulin effect there was a resumption of
the pre-insulin disappearance rate. These results
indicate that D-arabinose is unresponsive but that
D-lyxose is responsive to insulin. The magnitude
of the response of D-lyxose, however, is small and
could be undiscernable by the single injection tech-
nique. These results with D-arabinose and
D-lyxose shown in Figure 6 are in marked con-
trast to the 38 per cent response of D-xylose which
was studied by the same technique (Figure 7).

The values for biological half-times (T1/2), per
cent disappearance per minute (K) and insulin
response of the various pentoses are shown in
Table II. In the D-xylose experiments in W. R.
(Figures 2 and 8) the initial and final xylose dis-

appearance rates are almost identical despite the
interposition of a half-hour period of rapid disap-
pearance. The D-xylose study in J. D. reveals a
final disappearance rate which is much slower than
the initial. Some variability of initial and final
rates is seen in the L-arabinose studies. W. W.
(Figure 3) demonstrates a slower final rate,
whereas S. B. (Figure 9) and C. C. (Figure 4)
show slightly faster rates.

In the L-arabinose study of W. W. (Figure 3)
enough points were obtained in the half-hour after
insulin to permit a calculation of values for the
rapid disappearance phase. The T% is 25 minutes
for this curve, indicating an almost three-fold in-
crease in disappearance rate in the short period
following insulin administration. The same calcu-
lation can be made for D-xylose from the data on
J. D. and again the rate increase is nearly three-
fold. Not enough points were obtained in the
30-minute period post insulin in the other studies
with D-xylose and L-arabinose to yield an accurate
curve. However, if one estimates the minimal rate
of disappearance in this period from a theoretical
line connecting the last value of the initial curve
with the first value of the final curve, one finds
rates very similar to those actually determined in
other studies.

Table II also indicates the degrees of response
of the pentoses to insulin as measured by the single
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The insulin response of the pentose has terminated though blood glucose
values remain at low levels.
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injection technique. D-xylose showed a 31 to 40
per cent fall, and results were quite reproducible
in two studies in W. R. L-arabinose responses
were very similar to those of xylose. D-arabinose
and D-lyxose have a zero response, although
D-lyxose by the constant infusion technique showed
a 13 per cent response.

The data presented indicate that with the re-
sponsive pentoses the insulin action is limited to a
half-hour period after injection, during which time
the disappearance of pentose is enhanced up to
three-fold. After this period there is a return tW
rates of disappearance approximating those ini-
tially observed without insulin. This final disap-
pearance rate is established at blood levels from 13
to 40 per cent lower than would be expected had
no insulin been given.

Relationship of pentose response to insulin to the
blood glucose level

The response of D-xylose and L-arabinose as
shown in Figure 2 and Figure 3 was observed in
the presence of very low blood glucose values. In
order to dissociate the pentose response to insulin
from hypoglycemia per se, several studies were
performed in which D-glucose was infused shortly
after the injections of insulin. Figure 8 shows a
second study with D-xylose performed in the same
individual (W. R.) whose earlier study is shown
in Figure 2. Here an infusion of 25 Gm. of glu-
cose maintained the blood glucose level at 50 mg.
per cent over the period when a decrease in blood
xylose levels was anticipated. The response of
xylose to insulin occurred as before, and almost
identical rate constants for the curves were calcu-
lated (Table II). A similar study with L-arabinose
(C. C., Table I) also demonstrated that mainte-
nance of a normal blood sugar, by glucose infusion,
did not prevent the usual response of this pentose
to insulin.

Perhaps the best example of dissociation of
pentose response and hypoglycemia is shown in
Figure 9 (S. B.). In this study the augmentation
of L-arabinose disappearance occurred as the blood
glucose level fell to 2 mg. per cent at 69 minutes.
However, despite the continuation of hypogly-
cemia, the slope of the disappearance curve of
L-arabinose returned to a value similar to that prior
to insulin administration. This indicates that a

low blood glucose level per se is not a factor af-
fecting the increased rate of L-arabinose disap-
pearance.

Hypoglycemia itself does not influence the rate
of disappearance of those sugars unresponsive or
slightly responsive to insulin. Thus, in Figures 4
and 5, though the blood glucose is less than 5 mg.
per cent, the disappearance curves of D-arabinose
and D-lyxose continue in a smooth uninterrupted
descent. In these two studies hyperglycemia pro-
duced by glucose infusion was without effect on
the rates of decline of pentose levels.

Though D-xylose and L-arabinose are readily re-
sponsive to insulin, our results do not suggest that
these sugars stimulate the pancreas to secrete in-
sulin. No fall in blood sugar was observed fol-
lowing infusion. In fact, as previously seen (17),
after infusion of these sugars there is a rise in
blood glucose, suggesting they may be glucogenic.
However, neither these sugars nor D-arabinose or
D-lyxose, though present at levels of 30 to 40 mg.
per cent, were able to prevent the hypoglycemic
symptoms experienced by those individuals with
low blood glucose levels.

Urinary excretion of pentoses
Table III presents the total urinary excretion of

pentoses in the experiments described, plus sev-
eral others. The total excretions are in the range
reported for normal subjects not receiving insulin
(17, 18). Two studies are shown in which the
excretion of infused sugar was measured in the
same individual, both when insulin was given and
omitted. In A. R. the excretion of D-xylose was
41 per cent of the administered dose when insulin
was given and 44 per cent when it was omitted.
In another study in W. W., total L-arabinose ex-
cretion was 43 per cent of the dose with insulin
and 53 per cent without insulin. These would
appear to be insignificant differences, for such
variations may occur on repeated studies without
insulin in the same individual.

In order to determine whether the increased rate
of disappearance of D-xylose from blood in the
30-minute period following insulin administration
could be explained by increased urinary excretion
during that interval, the experiment shown in
Figure 7 was performed. This figure presents
data obtained during a constant infusion of
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TABLE III

Urinary excretion of infused pentoses

%0of dose
Subject Sugar infused Conditions excreted

W. R. (Fig. 2) D-xylose With insulin 42
W. R. (Fig. 8) D-xylose With insulin 55

and glucose
A. R.* D-xylose With insulin 41
A. R.* D-xylose Without insulin 44
C. C. (Fig. 4) D-arabinose With insulin 56

and glucose
W. W. (Fig. 3) L-arabinose Insulin 43
W. W.* L-arabinose Without insulin 53
S. B. (Fig. 9) L-arabinose With insulin 60

and glucose
W. R. (Fig. 5) D-lyxose With insulin 55

and glucose

* Blood levels not determined in these studies.

D-xylose. After the administration of a priming
dose of 10 Gm., a constant rate of infusion of 56
mg. per minute was maintained. During this in-
fusion the blood level was essentially constant at
38 mg. per cent. Urinary excretion, as shown by
crosshatching, occurred at a rate of 30 mg. per
minute, leaving 26 mg. per minute, or 46 per cent
of the amount infused unaccounted for. These
values obtained at equilibrium compare well with
the overall results in this individual, W. R., which
show that 42 to 55 per cent of infused D-xylose
appeared in urine and with the results of other
studies with this sugar [(17) and Table III].
The injection of insulin was followed by a drop of
38 per cent in blood pentose level in 30 minutes.
During this time a slight decrease in urinary ex-

cretion was noted. Hence, this loss of xylose
from blood after insulin injection could not be ex-

plained on a renal basis.

DISCUSSION

Reviews on the mechanism of action of insulin
have recently been published by Stadie (19) and
by Levine and Goldstein (20), and the subject is
further discussed by deDuve (21), Helmreich and
Cori (11), and Park and associates (10). Two
hypotheses have received recent attention, viz.,
that insulin accelerates the action of hexokinase
and that insulin facilitates the transport of glucose
into the cell. This latter hypothesis has recently
been modified by Helmreich and Cori (11), yield-
ing in effect a third concept, that insulin affects
intracellular metabolism in such a way that in-

creased permeability of the cell membrane to
sugars is a consequence of this action.

The hypothesis that insulin acts at the level of
hexokinase has not been adequately substantiated
(19). Similarly, the concept that the insulin re-
sponse can be explained as an increase in mem-
brane permeability has been criticized, since an in-
crease in physiochemical diffusion should not ex-
clude substances such as sorbitol, mannitol and
raffinose (12). The concept that insulin acts to
facilitate transport of sugars across the cell mem-
brane to increase intracellular concentration of
sugars is consistent with available evidence, except
that in the case of glucose, intracellular accumula-
tion cannot be demonstrated under physiological
circumstances due to rapid utilization and the in-
adequacy of methods for measuring minute incre-
ments of glucose concentrations. However, under
unusual conditions, insulin may also cause free
glucose to accumulate intracellularly. Park, Born-
stein, and Post (22) demonstrated in the rat
diaphragm that when hexokinase was saturated by
high glucose levels in the medium, or was inhibited
by low temperature, insulin would indeed cause
glucose from the medium to accumulate intra-
cellularly.

That insulin causes an increase in free intracel-
lular galactose (7) and L-arabinose (8) content of
muscle as well as other sugars (10) has also been
demonstrated. This would indicate that metabo-
lism of these sugars in muscle is minimal or does
not occur. Park found the latter to be true for
L-arabinose (8). The Levine group found also
that these sugars were not metabolized by the
eviscerated nephrectomized dog, which is essen-
tially a living muscle preparation. The slow en-
trance of pentose into muscle in the normal rat is
measured in hours (11). These findings would
suggest that the falling blood levels of these pen-
toses seen after infusion into intact man are the
result primarily of metabolism by the liver and
excretion by the kidney. The major roles of liver
and kidney are illustrated by the findings of slow
disappearance of D-xylose from the blood in
cirrhotic subjects (17), and the excretion of about
50 per cent of the infused quantities of pentoses in
urine by the subjects of the present study.

In the present study the administration of in-
sulin caused an abrupt increase in the rates of dis-
appearance of D-xylose and L-arabinose and
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D-lyxose from the blood stream, lasting up to 30
minutes, after which time the disappearance rates
abruptly decreased and in most studies approxi-
mated the initial rates of disappearance as deter-
mined before injection of insulin. This response
to insulin was not dependent upon development of
hypoglycemia, and reached completion despite
evidence of continued action of insulin on glucose.
From considerations of the dose of insulin in-
jected, of recent evidence of disappearance rates
and volumes of distribution of injected insulin
(23), and of blood levels of insulin following in-
jections of small amounts (24), it may be esti-
mated that the blood insulin level was three to six
times normal at a time when the pentose response
was complete. It appears to us unlikely that an
increase in rate of pentose metabolism caused by
insulin as its primary action would be reflected in
the type of response that was observed, namely
the abrupt termination of the phase of rapid disap-
pearance of pentose despite the presence of abun-
dant insulin.

Beam, Billing, and Sherlock (25) have claimed
that insulin causes a rapid uptake of glucose by the
liver in man. At times other investigators have
purported to have shown a direct effect of insulin
in vitro upon glucose uptake and glycogen syn-
thesis of rat liver slices (21), but this subject is
controversial and other studies suggest that in-
sulin itself has no direct action on carbohydrate
metabolism by the liver of the rat (26). How-
ever, in view of the findings of Beam and collabo-
rators, one must consider the possibility that in-
sulin has caused a rapid uptake of D-xylose and
L-arabinose by liver in the subjects of this report.
There are, however, certain imposing arguments
against this interpretation. First, similar re-
sponses were demonstrated by Levine and associ-
ates (20, 26) in dogs from whom livers had been
removed. Second, the observations that metabo-
lism of D-xylose is unimpaired in diabetics de-
prived of insulin (27), and that the rate of disap-
pearance and urinary excretion of infused D-xylose
are normal in diabetics off insulin (28), sug-
gest that the hepatic system for handling this
pentose is not insulin dependent. Third, Helm-
reich and Cori (11) have shown in the nephrecto-
mized rat that the insulin effect on pentoses is
clearly to increase the amount present in muscle
and that the liver being present is not an inter-

fering factor in studies of this type. Several
studies have clearly shown that uptake of sugars
by brain is not influenced by insulin (10). We
favor the interpretation that insulin has acted in
the present studies to increase the distribution of'
D-xylose and of L-arabinose and D-lyxose in the
intracellular fluids of man primarily in muscle by
facilitating their transfer across the cell membrane.

The glucose "space" has been estimated in in-
tact man (29) and in the eviscerated rabbit (30)
employing techniques with C14 glucose. Shreeve
et al. (29) have found the glucose space to vary
only minimally from normal in the human diabetic,
and Drury and Wick (30) have shown that in-
sulin does not increase the glucose space in their
rabbit preparation. However, one would not
necessarily anticipate that insulin would increase
the glucose space even though it increased trans-
port of glucose into the cell, for all glucose passing
across the cell membrane may normally be rapidly
phosphorylated by action of hexokinase. Although
the determination of a volume of distribution of
metabolized substance involves some error, we
have estimated the pentose "space" to be 21 per
cent of body weight (17). Assuming this volume,
and assuming the changes of 20 to 40 per cent in
blood levels of D-xylose and L-arabinose resulting
from insulin administration are due to distribution
changes, one can calculate the pentose space after
a single intravenous injection of 0.1 unit of insu-
lin per kilo of body weight to be about 32 per cent
of body weight, or 1.5 times the initial value. This
volume of distribution is somewhat lower than
that reported by Levine, Goldstein, Huddlestun,
and Klein (2) for the dog after insulin adminis-
tration, but the proportional increase in volume of
distribution caused by insulin is the same. The
D-lyxose space maybe calculated to have increased
to only 24 per cent of body weight. The increases
in volume of distribution calculated here corre-
spond to those reported by Helmreich and Cori
(11) in the nephrectomized rat. These investiga-
tors report no significant effect of insulin on
D-arabinose volume of distribution. It should be
mentioned that since the insulin effect is primarily
to increase pentose concentration in muscle (10,
11 ) calculation of changes in volume of distribution
from changes in blood levels will give results less
than the average total body water.

A final point requiring comment is the relation-
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ship of insulin responsiveness and structural con-
figuration. That the configuration of carbon atoms
1 to 3 has some significance with respect to insulin
responsiveness has been shown only in the eviscer-
ated dog (3). In the rat (10, 11) and rabbit (31)
corresponding specificity has not been demon-
strated. In man it would appear that although the
most responsive sugars, D-xylose and L-arabinose,
are related to glucose in carbon atoms 1 to 3 and
that D-arabinose, which differs from glucose in
carbons 2 and 3, is unresponsive, D-lyxose differ-
ing in carbon 2 alone has a slight degree of respon-
siveness. Part of this discrepancy may be due to
species differences and part may be a matter of
rate of pentose transport as determined by the
insulin doses given in the various studies. For ex-
ample, Goldstein, Henry, Huddlestun, and Levine
(3) gave a 5-unit insulin prime and a constant in-
fusion of 1 unit per kilo per hour. Helmreich and
Cori (11) gave 1 to 2 units per 100 Gm. The
latter dose on a weight basis is one to two hun-
dred times the dose used in the present study. In
man a discernable response of D-xylose to insulin
may be seen with as little as 0.05 unit per kilo
(32). It would appear that man is more sensitive
to insulin than the other animal species tested.

At the present time no general theory of sugar
structure explains insulin responsiveness in all
species. In the rabbit for example, glucosamine
(33) and 2-deoxyglucose (34) both appear to be
insulin responsive so that in this species the sub-
stituents at carbon 2 are not determining with re-
spect to insulin responsiveness. However, although
the membrane transport theory of insulin action
cannot be considered proved, we believe this con-
cept to be consistent with the greatest number of
experimental observations.

SUMMARY

The insulin responsiveness of certain pentoses
has been investigated in man. Blood levels of
D-xylose, L-arabinose and D-lyxose are affected by
insulin, whereas those of D-arabinose are not. The
observed response consists of an abrupt lowering
of the pentose level which appears to be maximal
and complete after 30 minutes, at a time when
plasma insulin values would be expected to be
three to six times the fasting value. The response
in man cannot be attributed to increased renal ex-

cretion. The results obtained suggest that insulin
has affected the volumes of distribution of D-xylose,
L-arabinose and D-lyxose in the body fluids of
man.
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