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The D: N ratio plays a very important part in
establishing our present day tenets of intermediary
metabolism and it does so particularly in that part
of metabolism dealing with the theory of diabetes.
At the present time there exists no satisfactory
basic theory accounting for the disturbance of
metabolism in this disease. One has but to note
the extreme divergence of viewpoint of accepted
authorities in this field to be aware of this. On
the one hand, there are those (1) who state that
the diabetic organism can burn glucose as readily
as the normal and that the trouble results entirely
from the over-production of sugar from non-car-
bohydrate sources. Opposed to these we have an
equally authoritative group (2) who claim that
diabetes results simply from the inability of the
organism to burn glucose. Much of the diver-
gence of opinion is due to differences in the inter-
pretation of the D: N ratio and of the D: Protein
ratio.'

The general belief that but 58 per cent of pro-
tein can be converted to glucose in the body rests
on the observation that the D: N ratio of the
fasting phlorhizinized dog is 3.65 2 (3). The
claim that the completely diabetic animal cannot
utilize glucose rests on the fact that the D:N
ratio in this condition approaches this value of
3.65. It is apparent, then, that any error in this
basic value should be corrected. The fasting
phlorhizinized dog excretes 3.65 grams glucose for
each gram of N in the urine and, since one gram
of N would come from 6.25 grams protein, it has
been concluded that 3.65 grams of glucose is the
maximal amount that can be converted from this
amount of protein. However, this concept re-
quires that all the glucose so formed in the
phlorhizinized animal is excreted and that none is
burned by the tissues. Workers responsible for

1 D: Protein ratio = D: N X 625.
2 Or a D: Protein ratio of 3.65/625 = 0.58.

this view have completely ignored this possibility
(4) but it remains nonetheless a necessary postu-
late of their contention.

On the contrary, there is much to support the
view that the tissues of these animals do use a
certain amount of glucose. Deuel et al. (5) and
Wierzuchowski (6) have examined this question
by administering sugar to fasting phlorhizinized
dogs. After the administration of the sugar they
obtained a rise in the respiratory quotient which
they interpreted as evidence of increased oxida-
tion of carbohydrate. Since the tissues of this
preparation are capable of oxidizing glucose given
by mouth, it is quite possible that they can oxidize
glucose that has its origin from body protein.
The fate of glucose arising from protein fed to
these animals would give a clue to this. Lusk
states (3) that, if meat be fed to the phlorhizin-
ized fasting dog, the urine sugar and nitrogen
increase but that the D:N ratio is unchanged.
Examination of the protocols of the original re-
ports from Lusk's laboratory (4) shows that usu-
ally small amounts of protein were fed so that
the nitrogen excretion was increased very little.
The effects on excretion of the administered pro-
tein, then, would be largely masked by the large
basic excretion resulting from the body protein
breakdown. Despite this, in several of their ex-
periments the dogs showed a drop in the D: N
ratio when protein was fed. Janney and Blather-
wick (7) also fed amounts of protein that were
small when compared to the basic body protein
catabolism. The animals showed slight drops in
the D: N ratio as a result of the protein feeding.
More recently, Gray et al. (8) found some drop
in D: N ratio. with feeding protein and here again
the increase in nitrogen metabolized for the fed
period over the fasting period was very small.
It is obvious that, if one wished to determine the
effect of fed protein on the D: N ratio of the
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phlorhizinized dog, he should feed enough of it
at least to double the fasting nitrogen excretion.
Since in past experiments this has usually not
been the case, such an investigation was under-
taken and is reported here.

EXPERIMENTAL

The experiments were carried out on three dogs. Two
of the animals were subjected to a control period of 4
or 5 days fasting with the daily injection of 1 gram of
phlorhizin suspended in olive oil. The feeding period was

then instituted during which time the phlorhizin was con-

tinued and the animal was fed amounts of meat or

TABLE I

The effect of protein feeding on sugar excretion of
phlorhizinized dog

(1 gram phlorhizin from July 13 on; no food July 10 to 13)

Urine Urine Urinary BdDate Food Ur ni D:N odyt
t i o

grams grams grams lbs.
July

14 0 18.9 5.7 3.32
15 0 30.0 8.7 3.45
16 0 22.6 6.65 3.4 25
17 1300 meat 71.5 28.8 2.48 24.5
18 1300 meat 31.6
19 1320 meat 84.0 34.0 2.47 27.5
20 1350 meat 94.5 36.8 2.56
21 900 meat 95.0 33.8 2.70 28.5
22 0 51.2 12.0 4.27
23 0 30.7 7.7 3.98
24 0 28.9 7.35 3.93 23.75
25 0 24.1 6.4 3.77 22.75

TABLE II

The effect of protein feeding on sugar excretion of
phlorhizinized dog

(1 gram phlorhizin daily from June 20 on; 450 grams meat
daily June 21 to 25)

Urime Urine Urinary BdDate Food sugar nitrosen D: N
weight

grams grams grams lbs.
June

26 900 meat 60.5 23.1 2.61 28.75
27 860 meat 48.5 15.5 3.13 28.5
28 920 meat 91.5 30.9 2.96 28.75
29 920 meat 81.3 26.9 3.02 28.5
30 0 38.1 8.8 4.33 27.5

July
1 0 35.0 -9.85 3.56 27.0
2 0 22.0 6.8 3.24 25.5
3 840 meat 70.5 27.3 2.59 27.0
4 840 meat 73.0 26.7 2.73 26.75
5 920 meat 78.0 26.6 2.93 26.75
6 450 meat 70.5 22.4 3.15 27.25
7 0 34.0 7.2 4.70
8 0 31.5 9.0 3.5

TABLE III

The effect of protein feeding on sugar excretion of
phlorhizinized dog

(1 gram phlorhizin daily from May 15 on;
no food May 15 to 17)

Date Food Urine Urine Urinary BodyDate Food sugar nitro- D N weightran tio

grams grams lbs.
May

18 ' 0 23.2 6.46 3.60
19 0 20.0 6.08 3.28
20 *Amino acids 550 cc. 30.0 11.9 2.52
21 *Amino acids 550 cc. 15.95 10.5 1.52 19.5
22 Meat 500 grams 30.5 18.5 1.64
23 Meat 500 grams 43.4 33.0 1.31 20.0

* A solution of amino acids prepared by hydrolysis of
casein containing 1 per cent nitrogen. This product was
supplied by Frederick Stearn and Company Laboratory.

amino acids sufficient to give a definite increase in
urinary nitrogen. In the other animal the fasting control
period was interposed between two feeding periods. The
urine sugars for Dogs 1 and 2 were determined by
Benedict's method and for Dog 3 by that of Shaffer and
Hartmann. Nitrogens were determined by the Kjeldahl
method. The meat was usually- fed in two portions, at
9 a.m. and at 5 p.m. The results are given in Tables
I to III.

DISCUSSION

It is apparent that there is always a drop in
the D : N ratio when protein is fed. The average
for the fasting periods is 3.50 (not including the
first 2 days after food is stopped) and for the
feeding periods, 2.40. This brings up the ques-
tion: if the animal is making 3.5 grams of sugar
for each gram body protein nitrogen metabolized
when fasting, why does he produce but 2.4 grams
sugar when 1 gram of food protein nitrogen is
metabolized? The most probable explanation
would appear to be that he makes as much sugar
from food protein as from body protein but that
a certain portion of the glucose that is manufac-
tured by the liver is utilized by the other tissues.
Certainly the reactions of the dogs themselves sup-
port this view. After 4 or 5 days of fasting and
phlorhizin the dogs are usually weak and listless.
The eating of the protein results in marked im-
provement in strength and activity, which is simi-
lar to the effect of giving glucose to such an ani-
mal and indicates an increased utilization of glu-
cose. Bollman, Mann and Magath (9) have
shown that the liver is the site of transformation
of amino acids to glucose. This obtains for
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amino acids either derived from food or body
protein. The liver adds this new formed glucose
to the general blood stream. From the blood
stream the extra hepatic tissues receive glucose
which may have had its origin in food carbohy-
drate, in body glycogen, or in body or food protein
that has been changed in the liver. These tissues
could in no way discriminate between glucose
molecules of these different origins and, since
they utilize glucose that has come from food
sources, there is every likelihood that they utilize
glucose which has arisen from body protein. And
yet such a discrimination by the tissues would
have to be postulated if we accept the statement
that only 3.7 grams of glucose can come from
the protein which gives 1 gram of urinary nitrogen.

The idea that the tissues of the phlorhizinized
animal use no glucose appears conjectural and is
without adequate experimental support. It is true
that the amounts of glucose used are relatively
small (10) but this low rate is probably the result
of fasting rather than any specific effect of phlor-
hizin. Bergman and Drury (11) have shown that
a fast of 3 to 4 days diminishes markedly the
utilization of glucose by the extra hepatic tissues.
The phenomenon of "starvation diabetes" first
described by Hofmeister (12) could also play a

r6le here. It is well known today that, if sugar

is given to an animal that has been fasting for
some time, very little of it is utilized (13). Fur-
thermore, these animals always show a low blood
sugar level and it is possible that the hypoglycemia
itself may lower the rate of glucose utilization.
There is, then, adequate experimental explana-
tions for the low glucose utilization rate of the
tissues of the fasting phlorhizinized dog without
having recourse to the conjecture that phlorhizin
itself prevents glucose oxidation completely.
When the phlorhizinized animal is fed, as our

results show, his tissues begin again to use more

glucose.

EXPERIMENTSON DEPANCREATIZEDDOGS

The depancreatized animal has also been used
for the purpose of determining the protein-to-
sugar ratio. In the past it was assumed that the
tissues of this preparation used no glucose. In
the light of recent work this assumption can no

longer be maintained. When the liver of the dia-

betic animal is removed, the blood sugar falls and
glucose must be administered to keep the animal
from becoming hypoglycemic. The brain of the
diabetic animal utilizes glucose almost exclusively
and its cells die if they do not have this substance
to burn (14). The resting muscle of the diabetic
uses glucose (15). Wehave here evidence that
at least two tissues of the body use glucose at all
times. It is obvious that any attempt to evaluate
the D: N ratio of the depancreatized animal must
include an estimation of the glucose utilized by
the tissues in addition to that which is excreted.

To this end the following experiments were
carried out:

After pancreatectomy dogs were kept on food
and insulin for about one month in order to have
good healing and recovery. They were then car-
ried for the experimental period which consisted
essentially of determining the amount of glucose
excreted as a result of protein feeding. Control
periods were run for the purpose of correcting for
the sugar utilization of the tissues. This was done
by determining the amount of sugar that had to be
fed to give the same amount of glycosuria. For
the experimental periods of our first animals we
withheld insulin completely, but this resulted in an
unsatisfactory condition of the dogs when fed
meat. They developed marked ketosis, vomited
and lost desire for food. Two of these animals
died. We found that a small daily dose of pro-
tamine insulin kept the dogs in excellent condition
and with good appetites, without lowering the gly-
cosuria to any great extent. All urine sugars
were done by the method of Shaffer and Hart-
mann. The first dog studied was given 700 grams
of lean meat daily for 8 days, then 100 grams
sugar daily for 3 days and finally 850 grams meat
daily for 8 days. Five units of protamine insulin

TABLE IV

Conmparison of effect of sugar and protein feeding on
sugar excretion of depancreatized dog

Food per Number Insiulin Urine Urine Urinary
day of days unitald ua ntoenDper day ratio

grams
grams per grams pergrams ~~~~day day

700 meat. . 8 5 37.8 17.2 2.2
100 sugar. . 3 5 49.0 2.3
850 meat.. 8 5 66.0 22.8 2.9
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per day were given throughout. The averages for
the three periods are given in Table IV. The
results of the first day of each period are not
included in the averages because of the well-known
delay in attaining a steady state when one changes
from a high to a low protein intake or vice versa
(16). In the second period the tissues must have
used 51 grams of sugar daily plus a small amount
which might have resulted from the catabolism of
the protein represented by 2.3 grams of urinary
nitrogen. In the protein feeding periods the tis-
sues must have utilized about the same daily
amount of glucose (probably a little less in the
first period and a little more in the third) since
the average blood sugar levels must have been
about the same as during the second period in
order to give the same average glycosuria. The
averages for the first and third periods are: urine
sugar 51.6 grams and urine nitrogen 20.0 grams.
Wecan assume, then, that the protein that gave
20 grams urinary nitrogen gave rise to as much
glucose as did the 100 grams fed sugar plus the
protein that gave 2.3 grams urinary nitrogen in the
second period. In order to get the ratio between
sugar and nitrogen we may say: 20 grams protein
N is equivalent to 100 grams sugar plus 2.3 grams
protein N.

Subtracting 2.3 grams protein N from both
sides, we obtain 17.7 grams protein N which is
equivalent to 100 grams sugar. This correction
for the nitrogen excreted during the sugar feeding
period must be made regardless of the view one
may have as to what it represents in actual metab-
olism. If it represents body protein catabolized
to form sugar, then there was that much additional
sugar produced in that period. If it results from
metabolic processes not giving rise to sugar, then
we must assume that the same processes operated
during the first and third periods, giving rise to
the same amount of urinary nitrogen which did
not contribute to the glucose produced. This por-
tion should be subtracted from that connected
with the sugar formation. Webelieve that both
factors probably operate to produce this nitrogen
in the sugar feeding period. These calculations
give us the conclusion that 17.7 grams protein
nitrogen is equivalent to 100 grams sugar. This
is a D: N ratio of 5.65 or a D: Protein ratio of
0.90.

A similar experiment was carried out on an-
other depancreatized dog and the results are given
in Table V. The calculations for this experiment
are not as simple as in the first case since even on
the higher meat intake he did not excrete as much

TABLE V

Comparison of effect of sugar and protein feeding on
sugar excretion of depancreatized dog

Food per Number Insulin Urine Urine Unnary
day of days per day sugar nitrogen D* N

grams grams per grams perday day
50 sugar. . 5 3 46.3 1.76

200 meat.. 4 3 23.8 5.59 4.25
400 meat.. 2 3 38.7 10.8 3.58

glucose as during the sugar feeding period. How-
ever, on the sugar regime the tissues utilized 50
- 46.3 or 3.7 grams sugar plus what was pro-
duced in the processes, giving rise to 1.76 grams
nitrogen. On the high meat regime (400 grams
meat) we can assume that the tissues utilized
close to this amount: let us say 3 grams plus the
same amount connected with the 1.76 grams nitro-
gen. If, then, as before, we subtract the 1.76
grams N of the control period from 10.8 grams
N of the protein period, we obtain 9.04 grams N
which is equivalent to (38.7 plus 3) grams sugar
and which gives us an actual D: N ratio of 4.6.
The results for the lower meat intake period (200
grams meat) may be similarly treated except that
here we must assume that even less sugar was
used by the tissues. However, even if we do
not add anything to the urine sugar for this cor-
rection, we obtain (5.59 - 1.76) grams nitrogen
which is equivalent to 23.8 grams sugar or a
D: N ratio of 6.2 or a D: Protein ratio close to 1.

Two other experiments were carried out in this
way with diabetic dogs. In these, fat-free meat
was fed in place of ordinary lean meat. This was
done in order to avoid any possible effect that even
the small amount of fat in lean meat may have
had. There is little likelihood of this since fat
fed to diabetic dogs does not increase their sugar
excretion. The meat was treated with alcohol,
dried and powdered, then extracted with petro-
leum ether and finally with diethyl oxide. The
results are given in Table VI. The levels of
glycosuria are lower for the protein regime than
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TABLE VI

Comparison of effect of sugar and protein feeding on
sugar excretion of depancreatized dog

(Dog 6)

Num- Insulin Urine Urie Urinary
Food per day ber of units sugar Urin D: N

days per day suamitoe tio

grams grams
grams per day per day

55 sugar ...... 6 2 37.4 2.78
100 fat-free

meat powder. 5 2 18.4 8.10 2.27
0 5 2 0.8 3.5

(Dog 7)

43 sugar...... 7 3 37.2 1.77
80 fat-free

meat powder. 5 3 22.0 5.96 3.7
0 5 3 6.06 2.57

for that with sugar feeding due to the fact that
the dogs did not absorb the meat powder as well
as expected. However, judging from the glyco-
surias of the different regimes, the tissue utiliza-
tion during the meat feeding period should have
been approximately the mean of those of the sugar
feeding and of the fasting periods. The tissues
of Dog 6 during the sugar feeding period utilized
17.6 grams sugar in addition to that which came

from the protein catabolized, and during the fast-
ing period utilized the sugar coming from the
protein minus the sugar excreted (0.8 gram).
The average of these is 8.3 grams sugar plus
3.14 grams nitrogen. The calculation for the
sugar-nitrogen equivalent of the meat period
would then be (18.4 plus 8.3) grams sugar which
is equivalent to (8.10- 3.14) grams nitrogen,
or an actual D: N ratio of 5.38. The calculation
for Dog 7 would be similar (22 -0.13) grams
sugar which is equivalent to (5.96 -2.17) grams
nitrogen or an actual D: N ratio of 5.78.

DISCUSSION

The experimental results given in this paper
indicate that the conventional interpretation of
the D: N ratio in metabolism and dietetics should
be changed. To the urinary sugar excreted by the
fasting phlorhizinized dog must be added an

amount equal to that which is utilized by the
tissues in order to derive the sugar equivalent of
protein from the urinary D: N ratio. Our find-
ings show that one is not justified in deducing this

equivalent from the extra sugar excreted by phlor-
hizinized dogs after being fed protein, since this
feeding increases the tissue utilization of glucose.
In the fasting phlorhizinized dog the glucose utili-
zation rate of the tissues is 75 mgm. per kilo per
hour (10). When this amount is added to that
which is excreted in the urine, we obtain a D: N
ratio of 6 instead of the conventional 3.65, and a
D Protein ratio close to 1.

Similarly, the tissues of the fasting depan-
creatized animal utilize sugar (17) and a similar
correction should be made here if one wishes to
derive the protein-sugar equivalent from observa-
tions on this preparation. There is some increase
in utilization on feeding glucose (18) but it does
not increase as markedly with feeding as in the
case of the phlorhizinized fed dog. This is ap-
parent from the fact that the urinary D: N ratios
of almost all our protein-fed depancreatized dogs
were higher than the usual 2.7 ratio for fasting,
and this despite some insulin given to our animals.
This fact has made it possible for us to determine
the protein-sugar equivalent from our protein-fed
depancreatized dogs since here tissue utilization
is relatively small and can be corrected for by
control periods of sugar feeding. When this is
done we find that the true D: N ratio is between
5 and 6.

The highest urinary D:N ratio obtained for
fasting depancreatized dogs is 2.7. Even severe
diabetic patients rarely show as high ratios as this.
The difference between the values for this ratio
and that for the true ratio indicates that there is
ample glucose available from that converted from
body protein to take care of the tissue needs in
the fasting diabetic. This can be seen from the
following calculations. The normal fasting dog
excretes 10.8 mgm. N per kilo per hour (19).
If we accept the true D: N ratio as 5.50, this
would indicate a tissue utilization of glucose by
this animal of 60 mgm. per kilo per hour. Fast-
ing man excretes 7.6 mgm. per kilo per hour (20),
which would indicate a tissue utilization of 42
mgm. per kilo per hour. The fasting phlorhizin-
ized dog (4th to 6th day of fasting) excretes
37.5 mgm. N and 136 mgm. glucose per kilo per
hour (4). This nitrogen would be equivalent to
37.5 X 5.5 mgm. or 207 mgm. glucose. Subtract-
ing from this the glucose excreted in the urine,
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we obtain a tissue utilization of 70 mgm. per kilo
per hour. The fasting depancreatized dog (3rd to
6th day of fasting) excretes 22.3 mgm. N and 65
mgm. glucose per kilo per hour (21). The tissue
utilization here would be (22.3 X 5.5) minus 65,
or 58 mgm. glucose per kilo per hour. A very
severe case of human diabetes (3rd to 5th day
fasting) excreted 19.8 mgm. N and 55 mgm. glu-
cose per kilo per hour (22). This would indicate
a tissue utilization of (19.8 X 5.5) minus 55, or
54 mgm. glucose per kilo per hour. All experi-
mental work leads us to expect about the same
tissue utilization for these different conditions
(17). If protein is the only non-carbohydrate
source of glucose this utilization could only be
accounted for by having a much higher conversion
ratio than the conventional one.

Supporters of the overproduction theory have
had to take recourse to the fat-to-sugar notion in
order to account for the large amounts of sugar
excreted in the urine of the fasting diabetic in
addition to that utilized by his tissues. They
have postulated this conversion since they cannot
understand how a sufficiently large amount of
sugar can come from the protein catabolized to
account for the sugar burned plus that which is
excreted. We have shown here that conversion
of protein to sugar can account for this when one
revises the D: N ratio to a higher value and keeps
a strict accounting of the amounts involved.

The facts presented in this paper help in giving
a satisfactory explanation of the disturbance of
carbohydrate metabolism in diabetes. The trouble
in diabetes cannot be accounted for by an inability
of the tissues to oxidize any glucose; they do
utilize definite amounts of this foodstuff (17).
The chief fault, as far as carbohydrate metabolism
is concerned, appears to be that the body cannot
dispose of surplus glucose by changing it to gly-
cogen, fat and other possible glucose derivatives.
The amount of glucose oxidized directly by the
tissues in the fasting diabetic can be adequately
supplied by conversion from body protein, even
though considerable amounts of glucose are being
excreted in the urine. In this way those well-
established facts concerning carbohydrate metab-
olism in diabetes can be accounted for without
having recourse to a conjectural hypothesis in-
volving the conversion of fat to sugar.

SUMMARY

For the classical D: N ratio of 3.65 or D: Pro-
tein ratio of 0.58 in the phlorhizinized fasting
dog, we must consider the urinary sugar as but
part of the total sugar produced from the protein
represented by the nitrogen of the urine. The
other portion of this sugar is used by the tissues
of the animal. On feeding the animal protein,
there is a definite increase in this tissue utilization
so that the urinary D: N ratio actually decreases.

The depancreatized dog does not show such a
marked increase in glucose tissue utilization on
feeding. In this preparation one can estimate the
extra sugar resulting from fed protein since the
amount used by the tissues is small and is easily
corrected for. When this correction is applied the
D: N ratio is between 5 and 6 and then the
D: Protein ratio approaches 1.

With this higher D: N ratio we can account
for both the glucose excreted in the urine and
that used by the tissues in fasting diabetics as
coming from body protein and it is unnecessary
to invoke the aid of the questionable notion of
conversion of fat-to-glucose.
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