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HE OCCURRENCE of negative nitrogen bal-

ance is one of the central problems of in-
flammatory states whether the cause is
‘trauma (including impact, burns, radiation,
heai, or cold injury), infection, allergy, or
nonallergic reactions to drugs or.chemicals.
Dr. Cuthbertson was the first to report the
development of negative nitrogen balance
in trauma (1) and has reviewed the problem
i detail {2). Elsewhere in this issue (3) Drs.
Cuthbertson and Tilstone review this aspect
of trauma and neatly categorize and assess
the importance of the immediate reac
tion to injury and the onset of catabolism,
They discuss the secondary factors of. de-
creased food intake and immobilization
and the role of the environmental tem-
perature. _

The biochemical mechanisms leading
to negative nitrogen balance in injury
must ultimately be explored in order for
the problem to be solved. Thus, it might
e useful to inquire whether our present
knowledge of protein biosynthesis and deg-
radation can be analyzed in such a way
that a biochemical approach can be made
to the problem of the negative nitro-
gen balance in injury. Obviously, the
‘direct study of biochemical changes in
injured patients is most difficult if not
impossible.” Extensive physiological stud-
ies are often impractical because of the
circumstances of the injury. However, the
biochemical changes can he studied in
traumatized animals to determine what
specifically should be looked for in the in-
jured man.

Extensive studies have been carried out
to determine the mechanism of protein
synthesis and degradation. In addition, a
large number of metabolic pathways exist
for transforming amino acids into other
nonprotein substances and uldmately into
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urca. The mechanism of protein synthe-
sis 1s presently believed to be a com-
plicated process, The information as to
what the amino acid sequence of a protein
should be is transmitted from deoxyribo-

nucleic acid (DNA) by means of a messen-
ger ribonucleic acid (mRNA) to an assembly

point on a particulate body, the ribosome.
Amino acids, having been transported in
an aminoacyl form attached to a transport
ribonucleic acid {tRNA), are arranged in
sequence on the ribosome. The entire
process involves a great number of distinct
pathways. (See, for example, references
4-8.)

I) Biosynthesis of purine and pyrim-

. idine ribo- and deoxynbonudeomde
triphosphates.

2) Biosynthesis of DNA {from the ap-
propriate  deoxyribonucleoside iri-
phosphates.

3) Biosynthesis of mRNA, tRNA, and
rRNA (ribosomal ribonucleic acid)
at spectfic areas of DNA (the gene)
in order that the proper sequence of
purine and pyrimidine bases is ob-
tained.

7} Biosynthesis of the unusual purine
and pyrimidine bases found in
tRNA (9).

5) Formation of aminoacyl tRNA (106).

6) Biosynthesis of ribosomes ~from
rRNA and ribosomal protein (11,

- 12). '

7y Assembly of protein, protein pre-
cursors, and protein subunits from
aminoacyl tRNA utilizing ribo-
sornes and mRNA and several other
cofactors (7, 18, 14).

8) Formation of the final protein by

transformation of the protein }Sre-

cursor or assembly of protein sub-
~ units (15, 16).
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9) Degradation of DNA and RNA by
specific deoxyribonucleases and ri-
bonucleases (17).

10}y Degradation of protein into pep-
tides and amino acids by various
proteolytic enzymes including in-
tracellular enzymes (cathepsins).

11y Conversion of amino acids into
urea,

In addition to these reactions, other re-
actions must be considered from the con-
trol point of view. :

12y Induction of protein synthesis by
substrate and repression by prod-
uct at the DNA level {18-22).

13} Feedback and other non-DNA reg-
ulatory controls within each spe-
cific pathway.

14) Hormonal regulation of each of
the specific pathways.

There are also several other reactions
whose physiological importance is not yet
certain.

15) Biosynthesis of histones (23-29).

16) Methylation of tRNA (50).

17) Action of endonucleases and the
nucleic acid repair process (17,
31,

18) Formation of polyribosomes (6).
Finally, one must consider other amino
acid pathways.

19) Nonprotein

amino acids.

20) Transport of amino acids into
and out of cells and cell compart-
ments.

Some of these pathways are difficult to
study in in vitro preparations. However,
it is possible to look at other of these re-
actions in animals subjected to trauma. It
would seem to be necessary now to study
as many of these reactions as possible in
vitro in. a specific animal subjected to a
standardized traumatic procedure at spe-
cific time intervals in several tissues. Thus,
a systematic approach would give infor-
mation as to the time course of change, if
any, of some of the pathways involved in
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protein synthesis and degradation in sev-
eral tissues after trauma. Rather than ex-
pecting that a specific pathway might be
drastically altered, one 'might find that
very specific proteins are synthesized at
a decreased rate whereas others are syn-
thesized at an increased rate. If this were
the case, then the induction and repres-
sion of specific protein synthesis would
have to be invoked. This at least would
account for the differential response of
plasma proteins in injury {e.g., decrease
in plasma albumin, increase in plasma
fibrinogen) (32). Tissue damage might rve-
lease materials that have specific inductive
and repressive effects on protein synthesis.

The number of pathways involved in
protein synthesis is large and the siudy of
each is quite complex, It is possible that
different pathways in different tissues are
affected by injury. Conversely, injury of dilf-
ferent tissues may affect different pathways.

It is notable that in the injured state an
increase in oxygen consumption and heat
production occurs. This suggests that there
is an increase in exothermic reactions or an
uncoupling of oxidative phosphorylation
in mitochondria, or both, It would be
of interest to examine mitochondrial prep-
arations obtained from acutely injured
animals and to measure the oxygen uptake
and ATP production. If changes in mite-
chondrial function can be demonstrated,
even if they are secondary, this might give
a clue as to the locus of some of the intra-
cellular changes that occur in injury. If
injury releases potent substances from
tissue it might be possible to detect these
substances in the serum of injured patients
by their effect on mitochondrial function
in vitro.

Since injury leads to the disruption of
the normal steady-state metabolism of the
organism there must be a signal mecha-
nism whereby tissue damage influences
not only the intermediary metabolism of
damaged and adjacent tissue but also that
of more distant organs. The kinin sys-
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tem could theoretically fulfll this role.
This involves the following reactions (53—
59).

27y Hageman factor is transformed
into activated Hageman factor
(blood clotting factor XII}.

22y Activated Hageman factor acti-
vates plasma thromboplastin ante-
cedent (PTA, blood clotting fac-
tor XI).

23) Activated Hageman factor
transforms proactivator into
vator for plasminogen.

24) Plasminogen is transformed
plasmin by activator.

25) Activated IHageman factor may
lead to the formation of permeabil-
ity factor.

26) Permeability factor or activated
Hageman factor, or both, trans-
forms kallikreinogen into kalli- .
krein.

27y Either, or both, plasmin and kal-
lkrein act on an alpha-2 globulin
{kininogen) to produce kallidin-19,

a decapeptide.
28) An aminopeptidase splits off lysine
forming kallidin-9, or bradykinin.
Bradykinin increases the blood flow of
sweat glands, salivary glands, and exocrine
glands, is a powerful vasodilator, stimu-
lates and relaxes visceral smooth muscle,
dilates capillaries, increases the permea-
bility of the capillary endothelium, causes
pain, and stimulates white blood cell mi-
gration. Undoubtedly, the kinin system
is more complex than indicated here and
many more details remain to be uncov-
ered. For example, it has recently been
reported that there is a kallikrein in-
hibitor that forms an inactive complex
with kallikrein. This kallikrein inhibitor
may be identical with the (’l-esterase in-
hibitor of the complement system of the
blood that is missing in hereditary angio-
neurotic edema (4043). Perhaps brady-
kinin, or some similar substance, or the
depletion of this kallikrein inhibitor, or

also
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both, leads to an increase in cell membrane
permeability. An increase in cell permea-
bility leads to the intracellular accumula-
tion of sodium and water (intraceilular
edema} and the loss of intracellular po-
tassivm. Similar alterations involving mito-
chondria may lead to the uncoupling of
oxidative phosphorylation with increased
oxygen uptake and heat production with de-
creased ATP formation. In isolated mito-
chondria depleted of potassium the uptake
of oxygen is decreased and then increased by
the addition of potassitm (44). Valinomycin,
which causes an increased uptake of potas-
sium by mitochondria, causes a further in-
crease in oxygen uptake (44-46). It has been
suggested that mitochondria might be able
to take up potassinm from the extracellu-
lar fluid even when the cell itself is unable
to accumulate intracellular potassium (44}.
Other uncoupling agents of mitochondria
also enhance potassium uptake (47). Per-
haps the increased oxygen uptake and
heat production seen in injury repre-
sent potassium accumulation in mitochon-
dria secondary to an earlier state of po-
tassium depletion. In the earlier depleted
state decreased oxygen uptake and heat
production might occur with decreased
protein synthesis (with no change, or per-
haps an increase in protein degradation).
The loss of nitrogen and the increase in
oxygen uptake and heat production may
be only the later manifestations of the
earlier primary event. In this regard it is
most important to document the exact
time course of oxygen uptake, heat pro-
duction, nitrogen balance, and potassivm
loss in the injured state. As Drs. Cuthbert-
son and Tilstone indicate urinary potas-
sium rises early after injury whereas the
loss of nitrogen and increased heai pro-
duction are later events. It might be sup-
posed that the potassivm loss accurs from
the site of injury, but quantitation is neces-
sary before this can be stated with cer-
tainty. It would be important to calculate
how much potassivm is lost from an in-
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jured site in an animal and how much
from other sites.

Because protein synthesis invoives a com-

plex series of reactions the negative nitro-
gen balance in injury may be expected
logically to be due to many different
changes. Although this discussion has been
speculative, the analysis of possible meta-
bolic mechanisms occurring in injury at
icast brings out some of the considerations
one must take into account in approaching
this problem. Despite the complexity of the
problemn a beginning has to be made if ever
we are to understand the nature ol the
changes that occur in injury.

o
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