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Previous work (1) demonstrated that following
an experimental burn animals were in negative ni-
trogen balance on a caloric and protein intake that
had been sufficient to maintain nitrogen equilib-
rium during several control periods prior to burn-
ing. The total circulating plasma proteins in
these animals remained the same, or in some in-
stances increased slightly, while the concentration
and total amount of albumin decreased (2). It
has been well established (3 to 6) that patients
suffering from burns show a nitrogen deficit and a
decrease in the plasma protein concentration.
Since it has been suggested that the prevention or
alleviation of the nitrogen loss would improve the
status of the patient it seemed important to attempt
to do this by increasing the protein intake or by
reducing the protein catabolism through the ad-
ministration of testosterone propionate, or me-
thionine. It has been proposed that if force-feed-
ing of protein is employed that such feeding
should be started at the earliest possible mo-
ment (6, 7). By means of increasing the nitrogen
intake in a group of patients, the negative nitrogen
balance was prevented or diminished, but in most
instances when the very high diets were given
early, they were poorly tolerated (8). In order to
have a better understanding of the importance of
securing a positive nitrogen balance at an early
stage, and ways of attaining it, dogs were treated
shortly after being burned, by force-feeding or by
a normal diet plus methionine or intramuscular in-
jections of testosterone propionate.

EXPERIMENTAL

Selection of the animals, diet, and methods of analyses
as well as method of burning have been previously de-

'The work described in this paper was done in part
under a contract recommended by the Committee on Medi-
cal Research, between the Office of Scientific Research and
Development and Wayne University College of Medicine.
It was supported in part by a grant from the Theodore A.
McGraw Fund.

scribed (1). Four animals were used for the force-feeding
experiments and 2 each for the testosterone and methio-
nine studies. The first 2 animals in the force-fed groups
(Nos. 10 and 11) were given a mixture of Nutramigen
and Amigen 2 following the burn, in an amount sufficient
to triple the nitrogen and double the caloric intake they
had received previous to the burn. The other animals
(Nos. 12 and 13) in the force-fed group following the
burn were fed a mixture of Amigen and Aminoids 8 which
provided a nitrogen intake approximately 3 times the
amount they had taken during the control period. The
caloric intake in this latter group was not materially al-
tered. The food was mixed in a Waring Blendor with
a measured amount of water and fed by stomach tube
in 3 divided doses. The first feeding was administered a
few hours following the burn. Two animals (Nos. 14
and 15) were maintained on the same diet they had re-
ceived previous to the burn and were given intramuscular
injections of 25 mgm. of testosterone propionate4 daily
for 15 days. Two other animals (Nos. 16 and 17) follow-
ing the burn were given the regular diet plus methionine 5

in an amount equal to 1.5 per cent of the diet.

RESULTS

The data on 3 of the 4 force-fed animals (Nos.
11, 12 13) are shown in Table I. The nitrogen
deficit was reduced over that of the previously re-
ported normally fed dogs ( 1 ), but the institution of
early force-feeding was poorly tolerated. No col-
lections were obtained on dog No. 10 of the force-
fed group because of marked vomiting and diar-
rhea, and the clinical condition of this animal was
such that it was sacrificed on the sixth day follow-
ing the burn. The food intake was reduced for
dog No. 11 and a 3-day urine sample was obtained
from the 4th to the 7th day. The results indicate
that the animal was close to nitrogen balance dur-

2Kindly supplied by Mead Johnson and Co., Evans-
ville, Ind.

8 Kindly supplied by the Arlington Chemical Co., Yonk-
ers, N. Y.

4 Perandren, kindly supplied by the Ciba Pharma-
ceutical Products, Inc.

6 Kindly supplied by Merck & Co., Inc. Rahway, N. J.
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1% TABLE I

The effect of force-feeding on the nitrogen balance following an experimental burn

Ave. nitrogen output per day
No. of Ave. N Ave. N Caloric BodyDog Period days in intakebanc itke W.period per day Total

urinary N Fecal N Total N

1 4 9.76 7.87 1.89t 850 15.2
11 2 5 9.76 7.00 2.76t 850 15.3

3 6 9.67 8.41 1.26t 850 15.4

Burned 20 per cent

4 4 26.271 discarded$ 1,799 15.9
5 3 21.40¶ 19.21 1.49t 1,439 16.2

1 6 8.90 6.79 .86 7.65 1.25 750 13.7
2 3 8.90 7.41 .23 7.64 1.26 750 13.7

12 3 5 .25.70** discarded
4 4 8.90 8.61 .89 9.50 -0.60 750 14.2
5 5 8.90 7.50 .79 8.29 0.61 750 14.2
6 5 8.90 7.77 .65 8.42 0.48 750 14.2
7 4 8.90 7.54 .65§ 8.19 0.71 750 14.2
8 5 8.90 7.03 .42 7.45 1.45 750 14.2
9 4 8.87 7.07 .47 7.54 1.33 750 14.3

Burned 20 per cent

10 5 25.70tt 21.56 4.14 925 15.5
11 5 25.70tt 27.141 -1.44 925 13.8
12 2 13.27 sample lost 1,535 14.0
13 5 8.87 9.17 .74 9.91 -1.04 925 12.7
14 5 21.28 14.01 2.11 16.12 5.16 1,818 14.2
15 6 14.47 11.78 .85 12.63 1.84 1,041 14.4

1 4 8.90 7.14 .61 7.75 1.15 750 13.8
2 5 8.90 6.78 .35 7.13 1.77 750 13.7

13 3 5 25.70** 20.4311 5.27 1,725 15.0
4 4 8.90 9.99 .61 10.60 - 1.70 750 14.4
5 5 8.90 8.88 .37 9.25 -0.35 750 14.3
6 5 8.90 7.56 .58 8.14 0.76 750 14.5
7 4 8.90 7.49 .50 7.99 0.91 750 14.2
8 5 8.89 7.30 .41 7.71 1.18 750 14.2
9 4 8.87 6.93 .32 7.25 1.62 750 14.3

Burned 20 per cent

10 5 25.70tt 22.1911 3.51 925 14.2
11 5 25.70tt 28.2111 -2.51 925 13.8
12 7 1.84 5.93 .46 6.39 -4.55 156 11.2
13 5 7.10 7.59 .48 8.07 -0.97 605 11.0
14 6 8.81 5.11 .47 5.58 3.23 750 11.5

* Weight at end of period.
t Intake minus urinary nitrogen output.
t Discarded because urine contaminated with vomitus and feces.

Average fecal nitrogen output.
II Includes urine, vomitus, and fecal nitrogen.
¶ 300 grams Nutramigen and 200 grams Amigen in 550 ml. of water 1st day; then reduced to 200 grams Nutramigen,

133 grams Amigen in 360 ml. of water.
** 240 grams Nutramigen and 160 grams Amigen in 440 ml. of water.
tt 140 grams Amigen, 100 grams Aminoids, 16 grams yeast, 5.4 grams salt and 1.5 grams cod liver oil in 300 ml. of

water.

ing this time. However, the animal rapidly grew
worse and was sacrificed on the 12th day.

Since the response to the early high food intake
in these 2 animals was unsatisfactory, it seemed de-

sirable to study the effect of such a regime on 2
normal animals (Nos. 12.and 13). It was found
that this high intake (at least in the form given)
was also poorly tolerated by the normal dog, al-
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TABLE II

The effect of daily injections of 25 mgm. testosterone
propionate on the nitrogen balance following

experimental burns

Ave. nitrogen output
No. of Ave. N per day

Dog Period days intake Ave. N Bodyin1 per Ttlbalance wt.*
period day Total Fecal TotalurNar N N

14 1 5 8.37 6.05 .66 6.71 1.66 14.3
2 5 8.37 7.17 .57 7.74 0.67 13.8
3 5 8.41 6.75 .63 7.38 1.03 13.7

Burned 20 per cent

4 5 8.45t 9.50 .55 10.05 -1.55 13.8
5 6 8.59$ 9.70 .60 10.30 -1.71 12.8
6 4 5.57t 8.21 .60f 8.81 -3.24

15 1 5 10.71 8.46 .74 9.20 1.51 16.4
2 5 10.77 9.46 1.01 10.47 0.30 16.8
3 5 10.77 9.74 0.74 10.48 0.29 16.9

Burned 20 per cent

4 5 10.82t 12.17 0.66 12.83 -2.02 16.9
5 6 11.00t 11.22 0.64 11.86 -0.86 16.7
6 4 11.00t 9.63 1.00 10.63 0.37 16.2
7 5 10.43 9.57 0.37 9.94 0.49 15.5
8 5 10.43 7.94 1.00 8.94 1.49 15.0
9 5 10.53 7.92 0.78 8.70 1.83 15.2

10 7 10.56 7.59 0.62 8.21 2.35 15.0
11 7 10.581 7.43 0.78 8.21 2.36 15.8

* Weight at end of period.
t Average fecal nitrogen output.
t 25 mgm. testosterone propionate intramuscular daily.

though the symptoms were not so severe as those
exhibited by the burned animals. The total nitro-
gen output (urine, feces, and vomitus) was ana-
lyzed for dog No. 13 for the 5-day period and in
spite of'loss through vomiting, the positive nitro-
gen balance (period 3) was markedly increased
over the control periods. A gain in weight oc-
curred, which was thought to be partly due to
water retention. After allowing several weeks
for these animals to return to normal, they were
burned and then force-fed a diet containing 3
times the nitrogen content of the control diet, but
with little change in caloric content. Clinically
the animals seemed better than the first 2 dogs
(Nos. 10 and 11) but their course was far from
satisfactory. The total nitrogen output in these
dogs was analyzed during two 5-day periods of
force-feeding. Both animals were in marked posi-
tive nitrogen balance during the first 5 days follow-
ing the burn, but in negative balance the second 5

days. Following the 10 days of force-feeding,
the animals were given the regular diet ad libitum.
Dog No. 12 consumed large amounts of food, and
nitrogen retention was fairly marked. A gain in
weight without evidence of edema also occurred.
The other animal ate poorly and did not regain his
control weight.

The results on the 2 testosterone-treated dogs
(Nos. 14 and 15) are shown in Table II. Dog
No. 14 showed a slight skin disorder during the
control period which did not seem significant.
However, 10 days following the burn, it became
worse and there was every indication that the re-
sults obtained during the last 5 to 7 days were com-
plicated by this factor. The dog started to refuse
food during the sixth period and the experiment
was discontinued on the fifteenth day post burn.

The other animal (No. 15) showed only a slight
loss of nitrogen after the fifth day and was in pos-
itive balance after the tenth day. This was an im-
provement over the 4 control dogs which were in
negative balance for 15 days following the burn.

The nitrogen balance studies on the methionine-
treated dogs (Nos. 16 and 17) are shown in Table
III. The animals refused the food with the me-
thionine supplement; so it was given by stomach

TABLE III

The effect of methionine supplement on the nitrogen deficit
following experimental burns

No. of Ave. N Total
Dog Period days intake ~~l1Ave. N BodyDog Priod in per urinary balance* wt.t

period day N

1 4 13.70 9.80 3.90 20.2
16 2 5 13.92 10.42 3.21 20.6

3 7 13.92 11.63 2.00 20.3

Burned 20 per cent

4 5 14.23$1 16.33 - 2.19 20.0
5 2 0 15.45 -15.45 -

1 4 14.27 11.78 2.49 21.8
17 2 5 14.50 11.40 3.10 21.8

3 7 14.50 11.07 3.43 22.0

Burned 20 per cent

4 5 14.83t1 17.65 -2.95 21.8
5 4 2.50 10.82 -8.32 20.0

* Intake minus urinary N output.
t Weight at end of period.
t Supplemented with 1.5 per cent methionine daily (dog

16, 3.60 grams; dog 17, 3.75 grams).
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tube. One of the animals (No. 16) started to
vomit on the third day and the course of both ani-
mals was poor. Since the supplement in no way

seemed to improve the condition over the untreated
animals, the methionine was discontinued after
the fifth day and the regular diet resumed. Dog
No. 16 refused all food and died on the seventh
day post burn. The other animal died on the tenth
day.

DISCUSSION

No conclusions can be drawn concerning the ni-
trogen balance studies in the first 2 force-fed dogs
(Nos. 10 and 11) which were given the high pro-

tein and high caloric diet, but from the 1 collection
period for dog No. 11, it would appear that the
nitrogen loss was reduced. The nitrogen balance
of the other force-fed dogs (Nos. 12 and 13),
which were given triple the nitrogen intake but
almost the same caloric intake, was negative dur-
ing the second 5-day period in spite of the high ni-
trogen intake. The course of the animals was cer-

tainly in no way improved by the positive balance
during the first 5 days. Cuthbertson (9) noted in
his work on fracture patients that high caloric and
protein diets (as much as 231 grams protein and
4,100 calories) failed to eliminate the negative ni-
trogen balance during the height of the catabolic
phase. He first observed a period of retention,
then a period of loss which was followed later by
a period of retention. This pattern is similar to
that noted in our animals. Howard, Winternitz,
Parson, Bigham and Eisenberg (10) found that
fracture patients on a low protein, low caloric diet
lost no more nitrogen than those on a higher ni-
trogen and caloric intake. However, their high
diets contained only 15 grams of nitrogen and 24
calories per 1.73 sq. m. area and therefore can-

not be considered similar to those of Cuthbertson
(9).

No attempt was made to force-feed animals with
large amounts of their regular diet. It seemed
of particular interest to use amino acid prepara-

tions since their use has been advocated for increas-
ing the protein intake. It is quite possible that
large amounts of native protein may be somewhat
better tolerated than the hydrolysates or that the
amino acid mixtures if started after the shock
phase had subsided and gradually increased might
have been beneficial. Free and Leonards (11)

found that when large equivalent amounts of ni-
trogen were taken in the form of meat, blood, and
amino acids, the latter form caused gastrointestinal
upsets in both subjects. While the form of nitro-
gen and the fact that it was given in such large
amounts may have aggravated the diarrhea and
vomiting noted in our animals, the gastrointestinal
upset was not the only undesirable effect noted in
these experiments.

Plasma protein, albumin, and plasma volume
alterations were followed in these animals and will
be discussed in another report. However, it can
be stated here that the volume changes were more
marked and no doubt contributed to the undesir-
able effects of force-feeding. Since it has been
shown (12) that increased intakes of nitrogen
are accompanied by an increased intake of water,
the imbalance following a burn was, no doubt, ac-
centuated by feeding large amounts of protein.
That the force-feeding in itself has an effect on
water metabolism is indicated by the studies on the
2 normal animals. During the 5-day period of
force-feeding (period 3) previous to the burn, dog
No. 13 consumed more than 4 times the amount
of water than that drunk on the regular diet and
the apparent water retention (intake minus urine
output) was doubled over the control periods.
Following the burn, all the force-fed animals
showed a marked edema and several had general-
ized muscular twitchings which had been noted by
other workers (13, 14) in cases of "water intoxi-
cation."

Once the anabolic phase begins (from 15 to 20
days post burn in our animals) large amounts of
food can be taken to advantage. During period
14, dog No. 12 voluntarily consumed 21 grams of
nitrogen and retained 5 grams per day with a gain
in weight of 1.5 kgm. Another animal (not shown
in the table) was also given food ad libitum from
the nineteenth to twenty-fifth day post burn and
consumed an average of 33 grams of nitrogen per
day with a urinary nitrogen output of 26 grams,
and during this time gained 2.3 kgm. Neither of
these dogs showed edema or the other undesirable
effects seen in the early force-fed dogs.

Since testosterone propionate has been shown
to increase nitrogen retention (15), there has been
an interest in the use of this hormone to decrease
the loss of nitrogen following injury. Its use has
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been reported by Howard (16) in a fracture pa-

tient in whomit seemed to have some effect in re-

ducing the nitrogen loss. Testosterone propionate
was therefore administered to 2 female dogs fol-
lowing a standardized burn. It is difficult to draw
conclusions from this work, since only 2 animals
were studied, and the results on the one animal
were complicated by the skin disorder previously
described. Because of comparable results obtained
with testosterone propionate in patients (17), it
seems that the improvement in the nitrogen balance
noted in dog No. 15 might be of some significance.
The use and cautions to be exercised in employing
testosterone propionate have been brought out in
another report (17).

Croft and Peters. ( 18) reported that the addition
of methionine reduced the nitrogen loss following
burns in rats. They presented the hypothesis that
there is a need for methionine following injury and
that to cover this requirement, tissue is broken
down resulting in a large loss of nitrogen. The
methionine supplement administered to the 2 dogs
in the present experiment was without effect on

the nitrogen balance. While no conclusions can

be drawn from this small group, the results are in
keeping with the negative findings in a patient
treated with this amino acid and with the report
of Schenker (19) and Chanutin and Ludewig (20)
who noted no improvement in the nitrogen balance
with the administration of methionine.

Howard and his associates (10) have pointed
out that the nitrogen loss following injury does not
occur in malnourished patients and apparently
feel that the nitrogen catabolism in healthy injured
subjects may be a desirable reaction. There seems

to be some question, therefore, whether it is ad-
vantageous to attempt to prevent or alleviate the
nitrogen loss during the catabolic phase. Cuth-
bertson, Shaw and Young (21) reported that a

crude anterior pituitary extract prevented weight
loss and reduced the nitrogen loss in injured rats,
but did not increase the rate of restoration of the
muscles which atrophied as the result of injury.

These observations force one to question the ad-
visability of attempting to prevent the loss of nitro-
gen by force-feeding during the first week or 2 fol-
lowing a burn or other severe trauma. It is ob-
vious, however, that if a negative nitrogen balance
persists for more than 2 or 3 weeks the patient

will suffer from a serious protein depletion. It is
important, therefore, to institute adequate feed-
ings as soon as the patient can tolerate them. It
is our impression ( 17) and that of others (22) that
during the first 2 days the caloric and protein in-
take should not be forced. In several very severely
burned adult patients we have recently given be-
tween 800 and 1,200 calories (mostly carbohy-
drate) during the first 2 days following the burn.
The caloric and protein intake was then increased
to 1.6 times the patients' basal caloric requirement
and subsequently gradually increased to an intake
of 200 grams protein and about 3,000 calories.
These patients exhibited a minimum nitrogen loss
and seemingly have been in as good a condition
as can be expected.

SUMMARY

Four groups of 2 female dogs were fed a stand-
ardized diet and, after a burn, given the following
treatment:

1. Force-fed a diet containing triple the pro-
tein (in the form of amino acids) and twice the
caloric intake received during the control periods.

2. Force-fed a diet containing triple the protein,
but little change in caloric intake.

3. The regular diet and injections of 25 mgm.
testosterone propionate daily.

4. The regular diet plus 1.5 per cent methionine.

The results indicate that force-feeding improved
the nitrogen balance, but the treatment was poorly
tolerated.

There is some indication that testosterone propi-
onate reduces the nitrogen loss following a burn.
Methionine seemed to have no beneficial effect on
the nitrogen deficit which occurs after a burn.

BIBLIOGRAPHY

1. Meyer, F. L., Joseph, S., Hirshfeld, J. W., and Abbott,
W. E., Metabolic alterations following thermal
burns. I. Nitrogen balance in experimental burns.
J. Clin. Invest., 1945, 24, 579.

2. Abbott, W. E., Hirshfeld, J. W., and Meyer, F. L.,
Metabolic alterations following thermal burns. II.
Changes in plasma volume and plasma protein in
the convalescent phase. Surg., Gynec. and Obst.,
1945, 81, 25.

3. Davidson, E. C., Sodium chloride metabolism in cu-
taneous burns and its possible significance for a
rational therapy. Arch. Surg., 1926, 13, 262.

800



NITROGEN BALANCE IN EXPERIMENTALBURNS

4. Lucido, J., Metabolic and blood chemical changes in a
severe burn; a case report. Ann. Surg., 1940, 111,
640.

5. Taylor, F. H. L., Levenson, S. M., Davidson, C. S.,
Adams, M. A., and MacDonald, H., Abnormal
nitrogen metabolism in burns. Science, 1943, 97,
423.

6. Taylor, F. H. L., Levenson, S. M., Davidson, C. S.,
Browder, N. C., and Lund, C. C., Problems of
protein nutrition in burned patients. Ann. Surg.,
1943, 118, 215.

7. Harkins, H. N., Cope, O., Evans, E. I., Phillips, R. A.,
and Richards, D. W., Jr., The fluid and nutritional
therapy of burns. Memorandum prepared by a
committee appointed by Dr. Alfred Blalock, chair-
man of the subcommittee on shock. J. A. M. A.,
1945, 128, 475.

8. Hirshfeld, J. W., Abbott, W. E., Pilling, M. A.,
Heller, C. G., Meyer, F. L., Williams, H. H.,
Richards, A. J., and Obi, R., Metabolic alterations
following thermal burns. III. Effect of variations
in food intake on nitrogen balance of burned pa-
tients. Arch. Surg., 1945, 50, 194.

9. Cuthbertson, D. P., Post-shock metabolic response.
(Arris and Gale Lecture.) Lancet, 1942, 1, 433.

10. Howard, J. E., Winternitz, J., Parson, W., Bigham,
R. S., and Eisenberg, H., Studies on fracture con-
valescence. II. The influence of diet on post-
traumatic nitrogen deficit exhibited by fracture
patients. Bull. Johns Hopkins Hospital, 1944, 75,
209.

11. Free, A. H., and Leonards, J. R., Studies on ingestion
of large quantities of protein and amino acids. J.
Lab. and Clin. Med., 1944, 29, 963.

12. Gamble, J. L., Putman, M. C., and McKhann, C. F.,
The optimal water requirement in renal function.
I. Measurements of water drinking by rats accord-

ing to increments of urea and of several salts in
the food. Am. J. Physiol., 1929, 88, 571.

13. Trusler, H. M., Egbert, H. L., and Williams, H. S.,
Burn shock: Question of water intoxication as a
complicating factor; blood chemical studies and re-
port of an extensive burn treated by repeated trans-
fusions of blood and blood plasma. J. A. M. A.,
1939, 113, 2207.

14. Rowntree, L. G., Water intoxication. Arch. Int.
Med., 1923, 32, 157.

15. Kenyon, A. T., Knowlton, K., Sandeford, I., Koch, F.
C. and Lotwin, G., A comparative study of the meta-
bolic effects of testosterone propionate in normal
men and women and in eunuchoidism. Endocrinol-
ogy, 1940, 26, 26.

16. Minutes of the conference on metabolic aspects of con-
valescence including bone and wound healing. New
York, Josiah Macy, Jr. Foundation, Fourth Meet-
ing, June 11-12, 1943, p. 74.

17. Abbott, W. E., Hirshfeld, J. W., Williams, H. H.,
Pilling, M. A., and Meyer, F. L., Metabolic altera-
tions following thermal burns. VI. The effect of
altering the nitrogen and caloric intake or of ad-
ministering testosterone propionate on the nitrogen
balance. Surgery, 1946, 20, 284.

18. Croft, P. B., and Peters, R. A., Nitrogen loss after
thermal burns, effects of adding protein and me-
thionine to diets of rats. Lancet, 1945, 1, 266.

19. Schenker, V., The characteristic changes in nitrogen
metabolism after damage. Proc. Canad. Physio-
logical Soc., 9th annual meeting, Nov. 2-3, 1945.

20. Chanutin, A., and Ludewig, S., Personal communica-
tion.

21. Cuthbertson, D. P., Shaw, G. B., and Young, F. C.,
The anterior pituitary gland and protein metabolism.
II. The influence of anterior pituitary extract on
rate of wound healing. J. Endocrinol., 1941, 2, 475.

22. Levenson, S. M., Personal communication.

801


