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Evolutive trophic phases of the systemic acute inflammatory response,
oxygen use mechanisms and metamor phosis
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The physiopathol ogical mechanismsinvolved in the systemic posttraumatic inflammatory response are
studied. The successive phases of this inflammatory response are trophic mechanisms of increasing
complexity. Moreover, evolutionary complications would give rise to the return to more primitive trop-

hic mechanisms.

Fases evolutivas trdficas de la respuesta inflamatoria aguda sistémica, mecanismos de utilizacion del
oxigeno y metamorfosis. Se estudian los mecanismos fisiopatol égicos implicados en la respuesta in-
flamatoria postraumética. Se considera que las sucesivas fases de esta respuesta inflamatoria constitu-
yen mecanismos troficos de complejidad creciente. Asimismo, las complicaciones evolutivas ocasio-
narian la regresién a mecanismos tréficos més primitivos.

The body’s response to injury is complex, integrated and de-
signed to restore homeostasis and heal the wound as rapidly as
possible (Hill and Hill, 1998). This curative objective could be due
to the beneficial characteristics of the inflammatory response.

Thus, we have proposed the hypothesis that both the acute lo-
cal and systemic inflammatory response to injury by mechanical
energy is based on the successive functional predominance of the
nervous, immune and endocrine systems (Aller et al., 1996). This
hypothesis implies that the final and prevalent functions of these
systems may represent the consecutive phases of response to stress
(Aller et a., 1996; Lorente et al., 1996a; Lorente et al., 1996b; Lo-
rente et a., 1996c; Aller et a., 2001) and that these functions
could also have a trophic meaning (Aller et al., 2004).

The post-traumatic systemic inflammatory response

If we consider that nervous, immune and endocrine functions
are expressed by the endothelium and, thus, by the vascular wall, in
the post-traumatic systemic inflammatory response, there would be
anervous or immediate phase with vasoconstriction (cardiorespira-
tory arrest or hypovolemic shock). This phase produces ischemia
and cellular edema and is followed by vasodilation (immediate re-
suscitation) with reperfusion injury, which, in turn, causes exuda-
tion secondary to an increase of endothelial permeability and isthe
cause of interstitial edema (third space). In this hemodynamic ins-
tability period, which lasts about three days, the patient ends up
with a positive balance of about 4.7 liters on average and clinical
edema is obvious in most patients (Hill and Hill, 1998).

Fecha recepcion: 10-2-04 « Fecha aceptacion: 14-5-04
Correspondencia: Jaime Arias

Facultad de Medicina

Universidad Complutense de Madrid

28040 Madrid (Spain)

E-mail: jariasp@med.ucm.es

Both cellular (by ischemia) as well as interstitial (by reperfu-
sion) edema could represent an ancestral mechanism to feed the
cells by diffusion. Thus, small fluctuations of cell hydration can
act as separate and potent signals for cellular metabolism and ge-
ne expression. Most importantly, cell volume changes can be se-
condary to cumul ative substrate uptake and hormones. Furthermo-
re, it has been especially demonstrated that substances which cau-
se swelling can trigger an anabolic signal (Haussinger, 1996).

Based on this supposition, the intense activation of the hypot-
halamic-pituitary-adrenal axis and the adrenomedullary system
with glucocorticoid secretion and the release of epinephrine into
the circulation that occurs in this early evolutive period (O’ Con-
nor et al., 2000) makes the selective accumulation of these subs-
tances in the interstitial space of the tissues and organs that suffer
ischemia-reperfusion possible because their endothelial permeabi-
lity isincreased.

Therefore, in the cold clammy phase, called the «ebb phase» by
Cuthbertson, it could be considered that hypometabolism, anaero-
bic glycolysis with lactate production, low core temperature and
decreased energy expenditure (Hill and Hill, 1998) are associated
with primitive cellular trophic mechanisms which may be favored
by substances of the neuro-endocrine stress response. Thiswould,
therefore, explain the progressive distancing of the epithelial cells
from the capillaries, which would favor the persistence of hypoxia
and the defective oxygen use represented by excess production of
reactive oxygen species or oxidative stress during reperfusion (Ta-
ble 1).

Both types of edema, cellular and intertitial, imply a primitive
mechanism of nutrition by diffusion that would have alow energy
requirement. Furthermore, in this phase, the excess production of
reactive oxygen species would cause oxidative stress which
would, in turn, result in bond cleavage and lipid and protein mo-
lecular breakdown whose final products would be a possible subs-
trate in cases of extreme need. Furthermore, oxidative stressis one
of the principal factors inducing the expression of nuclear factor
(NF)-kB (Thiemermann, 2003)
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In the following immune or intermediate phase of the inflam-
matory response, the epithelial organs, which have suffered ische-
mia-reperfusion, areinfiltrated by inflammatory cells and bacteria.
This infiltration occurs in an oxygen-poor environment. In these
epithelial organs, which show oxidative stress, symbiosis of thein-
flammatory cells and bacteria for extracellular digestion, by enzy-
me release (fermentation), and intracellular digestion, by pha
gocytosis, could be associated with a hypothetical trophic capa-
city. This would thus explain why gut-derived bacteremia, even
with potent nosocomial pathogens, is an event with a low proin-
flammatory potential, and is, by itself, an insufficient stimulus for
systemic inflammatory response and organ failure (Alverdy et al.,
2003).

Theincorrect use of oxygen, both on alocal aswell as a syste-
mic level, persists in thisimmune phase. On alocal level, the oxi-
dative burst is part of the physiological function of phagocytes
connected to massive production and release of reactive oxygen
intermediates (respiratory burst). Furthermore, systemically, the
importance of oxygen and of capillary blood circulation are redu-
ced while lymphatic circulation is favored. First, in the Systemic
Inflammatory Response Syndrome (SIRS) and then after, with the
development of sepsis, the defect in oxygen extraction and in oxy-
gen use by the tissues successively increases. This would result in
a state with a high density of stop-flow capillaries (Bauer, 2002).

This state would be secondary to capillary endothelial cell swe-
Iling, with adecrease in luminal cross-sectional area, to blood vis-
cosity increase, to leukocyte-endothelia cell adhesion in post-ca-
pillary venules, which increases the capillary outflow resistance
and, finally, to opening of peripheral arteriovenous shunts which
would centralize blood flow and cause tachycardia and signs of
peripheral vasodilation (Bauer, 2002). All of these alterations to-
gether would contribute to patients presenting an acute respiratory

insufficiency with tachypnea. However, the oxygen deficit is as-
sociated with hypermetabolism, raised core temperature, and, even
with fever and increased energy expenditure (1).

The Cuthbertson’s «flow phase» is characterized by this statein
which the patient seems to use the metabolism more to produce
heat (combustion) than for adenosine triphosphate (ATP) synthe-
sis. This heat production, in turn, could be used to drive other ce-
[lular processes. Because the metabolic reactions are wasted in the
form of heat generated (uncoupled reaction) and only a small part
of the energy is used to do work, it seems logical that the patient
would have anorexia, somnolence and lethargy (Table 1).

The capacity to use oxygen in the oxidative metabolism is re-
covered when the patients recover their capillary function and,
therefore, the nutrition mediated by them (endocrine or late pha-
se). Thistype of metabolism is characterized by alarge production
of ATP (coupled reaction), which is used to drive multiple specia-
lized cellular processes with limited heat generation and would de-
termine onset of the healing. In a long convalescence phase, the
dedifferentiated epithelia specialize again, the energy stores that
supplied the substrates necessary for this demanding type of me-
tabolism are repleted and complete performance is reached, thus
making active life possible (Table 1).

The hypothetical capacity of the organism to involute or dedif-
ferentiate could represent a return to early stages of development.
Therefore, this could be an effective defense mechanism against
injury because it would make it possible to retrace a well-known
route; i.e. the prenatal specialization phase, during the endocrine
phase of the inflammatory response. This specialization would re-
quire return of the prominence of oxidative metabolism, and thus
angiogenesis in the affected epithelial organs, to create the capi-
Ilary bed that would make the regeneration of the specialized epit-
helial cells possible (Aller et a., 2004a) (Table 1)

Table 1
Evolution of the post-traumatic systemic acute inflammatory response
Phases Trophic Mechanisms Symptoms
Nervous Ischemia (Vasoconstriction) Cellular edema Diffusion Cardiorespiratory arrest
Hypovolemic Shock
Reperfusion (Vasodilation) Interstitial edema Anaerobic glycolysis Resuscitation
Vasodilatory shock
Oxidative Stress Multiorganic Failure (MOF)
Immune Infiltration Extracellular digestion (enzymes) Fermentation
Respiratory burst
- Inflammatory Cells (diapedesis) Intracellular digestion Hypermetabolism Systemic Inflammatory
(phagocytosis) Response Syndrome
- Bacteria (Bacterid translocation) Heat hyperproduction Sepsis
Lymphatic circulation ATP hypoproduction
Endocrine Catabolism Dedifferentiated epithelia Autophagia Body weigh decrease
Anabolism Regeneration Nutrition mediated by blood capillaries Convalescence
Differentiated epithelia
Repletion of energetic stores Oxidative Metabolism Epithelia differentiation
- Carbohydrates Oxidative phosphorylation
- lipids ATP hyperproduction Body weight increase
- proteins
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The evolutive complications of the systemic inflammatory
response

This sequencein the expression of progressively more elabora-
te and complex nutritional systems could be considered to be the
essence of the evolution of seriously traumatized patients. In this
way, the incidence of harmful influences during their evolution
could involve regression to the most primitive trophic stages in
which nutrition by diffusion (nervous phase), which is smpler but
also less expensive, facilitates the temporal survival until a more
favorable environment makes it possible to initiate more complex
nutritional methods (immune and endocrine phases).

This regression, on involving oxidative stress (ischemia-reper-
fusion), also causes ulterior increases in the nuclear levels of NF-
kB. It is stated that NF-kB occupies a central role in signaling
pathways important in sepsis and that greater levels of nuclear ac-
cumulation of NF-xB are associated with higher rates of mortality
and worse clinical outcome. Therefore, the elevated NF-xB nucle-
ar levels are correlated with a greater incidence of sepsis-induced
organ failure development (Abraham, 2003).

In addition, an intriguing finding from the autopsy study in pa-
tients with sepsis was that there was a discordance between histo-
logic findings and the degree of organ dysfunction in patients
dying of sepsis (Hotchkiss and Karl, 2003). Cell death in the he-
art, kidney, liver and lung was relatively minor and did not reflect
the clinical evidence of more profound organ dysfunction (Hotch-
kiss and Karl, 2003).

NF-xB increase in multiorgan failure (MOF) and the discor-
dance between histologic and functional alterations in patients
with sepsis who develop MOF are both findings that could be ex-
plained by the above mentioned hypothesis of regression to primi-
tive mechanisms of nutrition by diffusion that would have a low
energetic need. This explains why Hotchkiss and Karl (Hotchkiss
and Karl, 2003) consider that much of the organ dysfunction in pa-
tients with sepsis can be explained by «cell hibernation» or «cell
stunning» which could represent a state of low cellular energetic
need by a primitive trophic mechanism designed to survive in ex-
treme conditions. Therefore, «cell stunning» could be considered
to be asituation of dedifferentiation in which specialized functions
would not be expressed, although primitive trophic functions
would be maintained. The reactivation of these primitive trophic
mechanisms (ischemiareperfusion, edema and oxidative stress)
progressively increases nuclear levels of NF-kB sinceit isthe me-
diator of these early phases of the inflammatory response.

Therefore if the neuro, immune and endocrine phases which
make up the inflammatory response represent the succession of in-
creasingly complex trophic functional systems (Aller et al., 2004b;
Aller et a., 2004a), when there is injury during these evolutive
phases, the tissue/body could possibly return to earlier or more pri-
mitive phases (ischemia-reperfusion) that represent the expression
of simpler nutritional mechanisms (diffusion, oxidative stress) for
the cells. This regression, by involving oxidative stress, also cau-
ses an ulterior increase in the nuclear levels of NF-kB. Thus, with
minimum metabolic requirements, alonger survival of the injured
tissue/body would be guaranteed.

Systemic acute inflammatory response and phylogenia

Since the nervous, immune and endocrine phases of theinflamma:
tory phases go from ischemia to development of oxidative metabo-
lism, it is also tempting to speculate on whether the body reproduces
the successive stages by which life passes from its origin without oxy-
gen until it develops an effective, although costly, system for the use
of oxygen every time we suffer post-traumatic acute inflammation.

If so, the succession of progressively more complex trophic me-
chanisms could represent the successive evolutive phases which
made up the evolution of life on earth. Thus, after an anaerobic si-
tuation (ischemia), there would be a period of defective use of oxy-
gen with production of reactive oxygen species, great heat produc-
tion and little production of usable energy (ischemia-revasculariza-
tion and activation of inflammatory cells), and finaly, compart-
mentalization of oxygen would be produced for its speciaized use
by very differentiated cells in the blood capillaries with the deve-
lopment of a high metabolic level, that principally produces usable
energy while limiting the production of heat energy.

Probably, the phylogenetic evolution of our body is written in
the successive phases which make up the acute inflammatory res-
ponse. Therefore, it could be considered that when evolution of the
serious traumatized patient is favorable, he could first undergo a
dedifferentiation followed by a process of differentiation or spe-
cialization which would represent a complete metamorphosis as
occurs with lepidoptera.
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