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Nutrient Modulation of Inflammatory and
Immune Function

Frank B. Cerra, MD, FACS, FCCM, Minneapolis, Minnesota

The metabolic response to injury occurs after a di-
verse group of surgical injuries including major
surgical intervention, shock, infection, and sources
of inflammation such as pancreatitis. The response
is mediated by the macroendocrine system, the
autonomic nervous system, and the cell-cell com-
munication system. The clinical manifestations in-
clude now well-described clinical, physxologlc, and

metabolic characteristics. AT

The approach of aggressive source control, inva-
sive circulatory resuscitation, and nutrition/meta-
bolic support has been associated with an overall
reduction in riorbidity and meortality. In those pa-
tients who do not respond to this approach, the dis-
ease process progresses to mutiple organ failure
syndrome with its associated high mortality. Alter-
ing the route of feeding, preventing single nutrient
and generalized nutrient deficiency, and reducing
nosocomial infections with selective gut decontami-
nation have not significantly altered the course or
outcome of the disease process in this latter group
of patients with persistent hypermetabolism.

The available data support the position that this
persistent hypermetabolism represents abnormal
metabolic regulation resulting in persistence of the
inflammatory response with associated suppression
of the immune defenses. A number of research ap-
proaches are being taken to understand and modu-
late this abnormal state of regulation. Because of
the role of specific nutrients in these regulatory
processes, beyond their role in classic nutrition sup-
port, nutrients such as arginine, n-3 polyunsaturat-
ed fatty acids, and RNA are being evaluated for
their ability to modulate inflammation and to im-
prove immune function. Preliminary results are en-

couraging.
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his communication presents an overview of a

developing area of surgical research and therapy,

that of using nutrients as a means of altering the inflam- |

matory response and immune function. This approach of .

nutrient pharmacology, or the administration of a nutri-

ent targeted to perform or induce a specific metabolic ‘:
function that has not usually been associated with nutri- |

tion support, is an outgrowth of the nutrmon/ metabolic

|
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research performed in surgical intensive care units in -

patients with persistent hypermetabolism and multiple
organ failure following trauma/burns, surgery, or surgi-
cal sepsis.

The initial focus of this research was the application of

classic nutrition support principles to this group of pa- .

tients who manifested a rapidly developing form of mal-
nutrition with associated organ dysfunction, nosocomial

infections, and wound failure. After therapy directed at -

the control of the initiating event and the restoration and
maintenance of oxygen transport, nutrition support was
added as a potential therapeutic modality. Some reduc-
tion in morbidity and mortality was observed, but ap-
peared to be primarily related to the prevention of single
nutrient or generalized nutrient deficiencies. The mani-
festations of the disease process persisted.

The concept evolved that this phase of postresuscita-

tive hypermetabolism represented a pathologic state of .

persistent inflammation with suppression of immune
function. With persistence, this pathologic process could
result in parenchyme dysfunction and multiple organ fail-
ure with its associated high mortality rate.

The research emphasis became one of learning when
and how to modulate the processes of inflammation and
repair and immune function. The cells of greatest interest
have become the white blood cell, the macrophage, and
the lymphocyte, and the focus of research is on the regu-
lation of individual cell and organ function. Because of
the known roles of specific nutrients in these regulatory
functions, nutrients came to be recognized as potential
tools for their modulation. This communication summa-

rizes the current rationale and experience with a few of
these nutrients: arginine, n-3 polyunsaturated fatty acids -
(n-3PUFA), and RNA. Data from human studies serve -

as the primary database for the discussion.

BACKGROUND TO DEVELOPING TARGETED
NUTRIENTS

The group of patients in whom the research has been
performed have a number of general characteristics: an
event that is known to stimulate an inflammatory re-
sponse, a period of circulatory resuscitation, a clinical
response best described as persistent hypermetabolism,

and an increased risk for major complications and organ

failures [7]. The initiating events that have been associ-

ated with this response include trauma, burns, major
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METABOLIC SUPPOR
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CONTROL

¥.
METABOLIC SUPPORT INITIATION
1. fat 1.0 gm/kg/day
2. glucose 4-5 gm/kg/day
3. amino acids 2.0 gm/kg/
4. vitamins, salts, trace el

MONITORING q 5- DAYS |

1. nitrogen balance

2. BUN

3. RQ

4. transferrin

FAILURE TO ACHIEVE 5. electrolytes, liver 1c1ionl

OUTCOMES

1. failure source
control

2. new source

3. dosing incorrect

4. complication

5. persistent
hypermetabolis

ADJUST DOSING

1. 24 gm positive nitrogen balance

2. RIQ=<0.9

3. BUN< 100 mg%

4. rising transferrin

5. electrolytes, Mg, Zn, Ca, PO,,
liver functions

L

~ RESTORATION OF
QXYGEN TRANSPORT

Figure 1. The general support regimen is
to remove the cause, provide circulatory
resuscitation, and then to administer nu-
trition/metabolic support. An overall re-
duction in morbidity and mortality has
resulted from this approach. There re-
mains, however, a significant group of
patients who proceed to develop persis-
tent hypermetabolism and organ failure.
This persistent inflammatory response is
the object of research that is attempting
to modulate it and to improve host resis-
tance. Several nutrients have been tar-
geted as having activity for these func-
tions. BUN = blood urea nitrogen; Ca =
calcium; Mg = magnesium; PO, = phos-
. phate; R/Q = respiratory quotient; Zn =

ciency or starvation-induced generalized nutrient defi-
ciency [10]. Little direct effect on the disease process of
hypermetabolism and organ failure has been observed.
This was likewise so for the immune failure, wherein
current nutrition support seems to have little effect on the
disease-related dysfunctions of the specific or nonspecific
immune defenses [11,12].

 With respect to this latter problem, research focused
on the route and timing of the nutrient administration.
Enteral nutrition was observed to be safe and effective in
surgical intensive care unit patients [13]. When nutrition
is begun 3 to 4 days after the injury event, the incidence
and mortality of multiple organ failure syndrome are not
altered by the route of administration [14]. Very early
enteral nutrition; however, has been associated with a
lessening of the metabolic response to injury and fewer
infections in animal models of burn injury and in a few,
prospective clinical trials in trauma patients {15,/6]. Fur-
ther clinical trials are now in process.

The translocation hypothesis implicates the gut aero-
bic flora in the pathogenesis of nosocomial infections
{17]. A number of approaches are underway to evaluate
and treat the putative defect(s) in the gut mucosal barrier
and to reduce the effects of the gut aerobic flora. These
approaches range from mucosatrophic agents such as
enteral nutrition and glutamine, to antibiotic regimens
that are designed to selectively suppress the gut aerobic
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flora [18,19]. In the former case, clinical trials are incon-
clusive. In the latter case, clinical trials indicate that the
incidence of nosocomial infections can be significantly
reduced. This reduction in nosocomial infections, how-
ever, has not been accompanied by a reduction in either
organ failure or mortality. In another study in trauma
patients, sequential sampling of the portal vein blood
after injury and resuscitation did not reveal the presence
of either bacteria or endotoxin.

An overview of the data would support the position
that after the cause has been controlled and appropriate
circulatory resuscitation has occurred, a phase of system-
ic inflammation is entered that lasts for variable lengths
of time and has variablé outcomes. In some cases, such as
those in which the cause is rapidly removed and resuscita-
tion and supportive care rapidly begun, the hypermetabo-
lism is short-lived and abates over several days. In others,
the inflammation progresses to repair and fibrosis, and
the surgical intensive care unit course is prolonged. An
example of the latter would be the fibrosing phase of
adult respiratory distress syndrome. In yet another sce-
nario, the hypermetabolism persists and multiple organ
failure ensues.

The research focus is shifting toward trying to under-
stand the regulation of the processes of inflammation and
repair and to find ways to modulate them to promote
wound healing, decrease organ dysfunction and failure,
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NUTRIENT MODULATION OF METABOLIC FUNCTION

and return immune function to a homeostatic, responsive
state. A number of approaches are being taken, ranging
from antibodies against mediators such as endotoxin and
tumor necrosis factor, to finding clinically useful ways to
directly affect the cellular responses of inflammation and
repair.

NUTRIENTS TARGETED TO MODULATE
INFLAMMATION AND IMMUNE FUNCTION
Specialty nutrients are in this latter category. Because
of the integral role of some nutrients in the regulatory
process of inflammation, such as second-messenger gen-
eration, eicosanoid production and release, and lympho-
cyte proliferation in response to antigenic stimuli, nutri-
ents are being investigated as a possible way to modulate
inflammation. The nutrients being evaluated are those of
a specialized nature and not necessarily part of a general
nutrition regimen in either the dose or composition used.
Nutrient deficiencies that could affect immune function,
such as zinc deficiency, are well-handled with current
nutrition regimens. The speciality nutrients that will be
discussed are arginine, RNA, and n-3 PUFA.
Arginine: Arginine is a nitrogen-dense amino acid

etary sources are excreted. The liver may be a major
source of endogenous purines and pyrimidines for other
tissues, but comparative contributions are not well docu-
mented. In addition to de novo synthesis from amino
acids, bases or nucleosides from cell degradation can be
reutilized through salvage pathways [23].

* Restriction of dietary nucleotides results in suppres-
sion of cellular immune responses and prolongation of
rodent allograft survival. The putative origin of these
phenomena lies in an inability of these T cells to undergo
blastogenesis in response to antigenic stimuli [24]. Uracil
administration can restore delayed-type hypersensitivity
responses to various foreign antigens in mice; can stimu-
late T-cell antigenic proliferative responses in T cells in
mice; and can reduce abscess formation due to gram-
positive organisms in mice. Dietary nucleotides may also
be effective in macrophage activation of the T helper/
inducer populations. Uracil has been reported to reverse
the immunosuppression associated with blood transfusion
in experimental settings [24].

Such observations would support the position of an
additional dietary requirement for purines and pyrimi-
dines, or at least uracil. under conditions of metabolic
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approach was based on the rationale that the persistent
inflammation observed in the clinical setting represented,
in part, the presence of persistently activated macrophag-
es and was associated with a depression of T-cell prolifer-
ative responses to specific antigenic stimulation, possibly
related to excess prostaglandin E; production and excess
cytokine release from the activated macrophages. In the
clinical setting of source control, adequate circulatory
resuscitation, and state-of-the-art nutrition/metabolic
support, it has been hypothesized that n-3 PUFA would
decrease macrophage prostaglandin E, and cytokine re-
lease and stimulate T-cell proliferative responses, and
that arginine and RNA would act to directly stimulate T-
cell proliferative responses.

The first studies from these human trials indicate that
the additional selected nutrients are associated with a
return to the in vitro T-cell proliferative responses to
levels above those of normal, nonstressed man [29,30].
This result seems to occur independent of the nutritional
outcomes of improved visceral protein synthesis and the
achievement of nitrogen balance. The control group also
achieved nitrogen balance and improved visceral protein
synthesis, but with an associated continued depression of
the in vitro immune function assays. Clinical outcome
studies evaluating length of stay and the incidence of
nosocomial infections are currently in progress.
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