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Cytokine changes in the postoperative period

BY ALAN SHENKIN
Department of Clinical Chemistry, University of Liverpool, PO Box 147, Liverpool 169 3BX

Tissue injury stimulates a coordinated response of endocrine and cytokine factors, which
mediate the metabolic response over the period until healing occurs (Lowry, 1992). The
more severe the trauma, the greater are the associated metabolic changes (Kinney et al.
1970), and these in turn correlate with increased activity of the mediators (Wilmore,
1986). These changes are beneficial in the short term, mobilizing body substrates and
activating the tissue defence mechanisms which reduce infection and promote repair.
However, if the process continues for a prolonged period it leads to progressive
depletion of the body cell mass with impaired immune competence, and an increased
incidence of potentially serious complications. There has been much recent attention,
therefore, in attempts to limit the magnitude of the rise in endocrine and cytokine
mediators following trauma in the hope that this will improve long-term survival.

Operative trauma differs from accidental trauma in the use of anaesthesia with control
of vital functions, and this tends to reduce the magnitude of the metabolic response to
elective surgery (Kinney et al. 1970). Nonetheless, in the postoperative period patients
show characteristic changes in acute-phase proteins, leukocytes, and depending on the
extent of the surgery, increased energy expenditure and protein catabolism (Lowry,
1992). It seems likely that these features result mainly from the activation of the cytokine
pathways, whereas changes in carbohydrate and fat metabolism are primarily due to
catecholamine, adrenocortical and glucagon responses (Wilmore, 1986). Anorexia is a
notable feature in traumatized patients, and it has been suggested that this is a further
effect of cytokine activation (Tracey et al. 1988). Thus, cytokines may promote cachexia
in at least two ways during severe illness; first by reducing nutritional intake, and second
by increasing metabolic requirements (Billiau & Matthys, 1992).

The cytokines most involved in these processes are the interleukins (IL) IL-1 «, IL-1
8, IL-6 and tumour necrosis factor (TNF), and interferon y. The main object of the
present paper is to review some of the evidence for cytokine activation at this time, and
the effect which this has in altering food intake.

TISSUE SYNTHESIS AND RELEASE OF CYTOKINES

Various tissues can elaborate cytokines following injury. Keratinocytes and fibroblasts
damaged at the site of injury release IL-1 and IL-6, and the early recruitment of tissue
macrophages leads to synthesis of a spectrum of cytokines including IL-1 and TNF
(Dinarello, 1989). Circulating monocytes also are activated to produce increased 1L-1,
1L-6 and TNF (Cabie et al. 1992). Subsequently distant tissues also become activated,
and there is evidence of Kupffer cell, brain cell, and other tissue macrophage activation
(Dinarello, 1984).

PLASMA CYTOKINES IN THE POSTOPERATIVE PERIOD

A number of studies have examined cytokine changes following elective surgery, this
being a particularly useful model since preoperative specimens can be obtained.
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Fig. 1. Serum interleukin-6 (IL-6) response to elective surgery of varying severity: (O), minor (n 6); (@),

moderate (n 5); (@), hip (n 6); (B), vascular (n 4); (O), colorectal (n 6); (A), major vascular (n 1). Modified
from Cruickshank et al. (1990b).

Although most studies have failed to show reproducible changes in plasma IL-1
(Cruickshank et al. 1990b), an early, short-lasting change has been observed using a
sensitive immunoassay (Baigrie et al. 1992a). The peak IL-1 B concentration of about 15
pg/ml was observed at 2 h postincision in patients undergoing aortic aneurysm repair, but
no elevation was detected in patients undergoing repair of inguinal hernia. There was no
significant difference in the IL-1 B response in patients who had an uncomplicated
postoperative course in comparison with those who developed infectious or other
complications. IL-1-receptor antagonist (IL-1 ra), a protein which inhibits IL-1 activity
by binding to the receptor (Dinarello & Thompson, 1991), may reflect activation and
release of IL-1, and recent studies have demonstrated an early rise in plasma IL-1 ra
postoperation, with a peak at about 6 h (Di Padova et al. 1991; Curtis et al. 1993).

Operative trauma induces consistent changes in plasma concentration of IL-6. The
larger the operative procedure, the greater the plasma IL-6 response. Thus, Cruickshank
et al. (1990b) demonstrated that a hernia repair induces only a small I1.-6 response,
cholecystectomy a greater response, and colorectal resection and aortic bifurcation graft
the largest responses, peaking at 4-12 h (Fig. 1). Plasma IL-6 is also a sensitive early
marker of postoperative infection, both in terms of the magnitude of the response
(Damas et al. 1992) and its duration (Cruickshank et al. 1990a). The IL-6 response, in
general, correlates with the magnitude of the subsequent acute-phase protein response as
measured by C-reactive protein (CRP; Fig. 2). It is noteworthy that in a recent compari-
son of laparoscopic with open cholecystectomy (Jakeways et al. 1993), the laparoscopic

procedure was associated with lower IL-6 and CRP responses. These findings may be of
special relevance with regard to the effects on appetite at this time.
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Fig. 2. Serum C-reactive protein (CRP) response to elective surgery of varying severity: (O}, minor (n 6); (@),
moderate (n 5); (@), hip (n 6); (W), vascular (n 4); (0O), colorectal (n 6); (A), major vascular (# 1). Modified
from Cruickshank ez al. (1990b).

Interferon y was not detected in plasma in the period following major surgery (Baigrie
et al. 1992a). TNF was only detected in one patient (of twenty) who developed systematic
complications in the study of Baigrie et al. (1992a), and three of twenty-eight in the
studies of Cruickshank et al. (1990b), only one of whom had a major septic complication.
TNF has been detected during operation in some patients undergoing aortic surgery, and
it has been suggested that this may be due to translocation of endotoxin through the gut
wall as a result of intestinal ischaemia (Cabie et al. 1992).

Most studies of TNF have indicated some general difficulties in relation to plasma
assays. First, its detection in plasma depends on the assay used, since different assays
may detect only free TNF or TNF bound to soluble receptors or other plasma proteins
(Engelberts et al. 1991). Second, TNF is only variably detected in patients with severe
sepsis or burns, probably because TNF acts locally and may be released in a paracrine
mode by monocytes and tissue macrophages (Debets ez al. 1989; Marano et al. 1990). It
may well be that TNF (and IL-1) is too potent a substance to circulate in a free form in
plasma, and, hence, it would only be detected in plasma when there has been substantial
overflow from tissue production and local binding proteins (Tracey et al. 1989).
Consistent with this is the observation that high concentrations of TNF or IL-1 in plasma
are associated with a poor progress (Girardin et al. 1988; Calandra et al. 1990).

TNF may appear in plasma in response to endotoxin. Michie et al. (1988) demon-
strated that an endotoxin injection in healthy volunteers was associated with an increase
in plasma TNF peaking at about 2 h, which is earlier than would be expected for plasma
IL-6.
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Fig. 3. In vitro cytokine release from monocytes stimulated with Staphylococcal toxin (TSST), from patients
undergoing elective surgery. (0J), Tumour necrosis factor o; (B8), interleukin (IL)-1 o; (&), IL-6; (N), IL-1 B.
Modified from Cabie er al. (1992).

In these studies, interferon v and IL-1 8 were not increased by endotoxin admin-
istration.

A better marker of TNF activation postsurgery may be the measurement of soluble
TNF receptors (STNFRpSS and sSTNFRp75), which are released as a result of TNF
activation during endotoxaemia (Spinas et al. 1992). We have recently observed
increased sSTNFRp55 and sTNFRp75 activity in the postoperative period (Curtis et al.
1993), and increased TNF-receptor activity has been observed in HIV infection, another
disease state associated with weight loss (Kalinkovich et al. 1992).

INCREASED MONOCYTE ACTIVATION FOLLOWING SURGERY

Peripheral blood monocytes collected from patients following surgery have been found
to have enhanced ability to secrete cytokines. Monocytes stimulated with either
endotoxin or Staphylococcal toxin, TSST-1, stimulate a greater amount of TNF «, IL-6,
IL-1 o and IL-1 B by 2-3 d postoperation (Cabie et al. 1992; Fig. 3) and interferon v is
also secreted in increased amounts (Baigrie et al. 1992b).

EFFECTS OF NUTRITIONAL STATUS ON CYTOKINE CHANGES
POSTOPERATION

Malnutrition is associated with a reduction in the magnitude of many aspects of the
response to injury or infection. Protein malnutrition causes a reduction in the fever
response to bacterial infection in rabbits (Hoffman-Goetz & Kluger, 1979) and reduced
protein catabolism in rats (Cuthbertson & Tilstone, 1968). Acute-phase protein synthesis
is also reduced following turpentine injection in protein-depleted rats (Jennings ef al.
1992) and in the postoperative period in patients with protein-energy depletion
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(Cruickshank et al. 1989). The reduction in plasma Fe induced by bacterial infection was
also less marked in protein-depleted rabbits (Hoffman-Goetz & Kluger, 1979). Recent
studies have demonstrated no significant differences, however, in the postoperative fall
in plasma Fe or plasma Zn in cachectic patients compared with well-nourished controls
(G. Curtis and A. Shenkin, unpublished results).

In some studies it seems likely that the release of cytokines is reduced by malnutrition.
Thus, in the studies of Keenan et al. (1982) intravenous feeding of malnourished patients
led to the enhanced ability of leukocytes to release leukocyte endogenous mediator in
response to endotoxin. On the other hand, studies in rats (Jennings ef al. 1992) and man
(Curtis et al. 1993) indicate that although the acute-phase protein production in response
to an inflammatory or operative stimulus is reduced, the cytokine release, as measured
by plasma IL-6, is not significantly altered by malnutrition. Whether this is also the case
for tissue production and release of cytokines for paracrine activity remains to be
established. At present, however, it seems more likely that severe malnutrition alters the
effectiveness of cytokines in stimulating new protein synthesis, rather than the synthesis
and release of the cytokines themselves.

The reproducibility of the IL-6 response to surgery is consistent with the observation
that hepatocytes undergoing an acute-phase response require exogenous IL-6 and that
IL-6, therefore, probably functions as an exocrine hormone in inflammation (Gauldie
et al. 1990).

EFFECT OF INCREASED CYTOKINE PRODUCTION ON FOOD INTAKE

Injection of cytokines causes weight loss and a reduction in food intake. Michie et al.
(1989) demonstrated that continuous TNF infusion in rats (90 pg/kg per d) led to a
marked reduction in food intake and N balance. Pair-fed animals infused with saline (9 g
NaCl/1) alone showed a similar effect on N balance, indicating that the impairment in N
balance and the loss of weight were not the result of increased protein catabolism in the
TNF-infused group, but rather was due to reduced food intake. It was noteworthy that,
after a short period of weight loss, TNF infusion actually led to progressive weight gain as
a result of marked fluid retention.

Similarly, mice which have undergone transduction with a TNF-secreting gene, so that
they produce TNF constitutively in large amounts, become markedly cachectic (Oliff
et al. 1989).

It seems that there is a need for continuous secretion or infusien of TNF in these
animals to produce sustained anorexia and weight loss. Animals given TNF by daily
bolus injections become tolerant of the effects (Fraker et al. 1988; Tracey et al. 1988).
This observation has interesting implications for the anorexia of chronic inflammatory
and neoplastic disease. Similarly, endotoxin injections and IL-1 infusions in rats lead to
reduced food intake and cachexia (Fong et al. 1989; Uehara et al. 1989).

Interferon v has recently been shown to play a role in cachexia/anorexia. Nude mice
inoculated with Chinese hamster ovary cells, which produce interferon y constitutively,
rapidly become cachectic, and this can be prevented by passive immunization against
interferon y. Monoclonal antibodies to interferon y have also been shown to prevent
cachexia in some animal tumour models (Billiau & Matthys, 1992).

However, in disease in animals or man it seems unlikely that cachexia is due to the
action of a single cytokine, since in the clinical situation activation of monocytes and
macrophages will lead to increases in a ‘cocktail’ of cytokines (Fig. 3).
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Fig. 4. Effect of intracerebroventricular injection of antiserum against corticotrophin-releasing factor (CRF) on
interleukin-1 (IL-1)-induced suppression of food intake. Rabbits were preinjected with anti-CRF or normal
rabbit serum (NRS), and IL-1 or saline (9 g NaCl/l) was injected intraperitoneally. Mean value was significantly
different from that for saline + NRS: *P<0-01. Mean value was significantly different from that for IL-1 +
NRS: +P<0-01. Values are means with their standard errors represented by vertical bars. Adapted from
Uehara et al. (1989).

MECHANISM OF CYTOKINE EFFECT ON FOOD INTAKE

Food intake is controlled by a variety of mechanisms, neurological, physiological and
psychological. A large number of peptide mediators have been shown to affect food
intake, and the cytokines are thought to be of particular importance (York, 1991). Direct
injection of IL-1 or TNF into the hypothalamus of rats leads to a reduction in food intake
(Rothwell, 1992). Whether this is the site of IL-1 or IL-6 synthesis in the brain, or
whether IL-1 can enter the brain across the blood-brain barrier (currently thought to be
unlikely) remains to be established. IL-1 B has been found in high concentration in a
number of areas of the brain, and specific cell types within the brain have been shown to
synthesize cytokines (Van Dam er al. 1992).

A key mechanism for the effect of cytokines appears to be the release of
corticotrophin-releasing factor (CRF) from the hypothalamus which in turn has a major
role in causing a reduction in food intake (Berkenbosch et al. 1987; Sapolsky et al. 1987).
Rothwell and colleagues (Rothwell, 1989) have demonstrated that the effects of IL-1
and IL-6 on fever and thermogenesis can be blocked by inhibiting CRF activity. The
effects of IL-1 in inhibiting food intake in mice have also been modified using CRF
antibodies (Fig. 4; Uehara et al. 1989).

Thus, induction of CRF by cytokines may be an important factor in producing
anorexia, and methods of reducing the CRF release may prove to be of some clinical
benefit in improving appetite in those individuals who have a chronic increased cytokine
production. For example, since prostaglandins appear to be part of the mechanism by
which cytokines induce fever, modulation of prostaglandin activity, perhaps by use of
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specific cyclooxygenase inhibitors, may have an effect on CRF action and subsequently
on food intake (Rothwell, 1992).

The role of CRF is of obvious importance in the anorexia following surgery, and it
demonstrates the complexity of the interaction between the cytokine and the classical
neuroendocrine system; the cytokines cause increased secretion of CRF, whereas
increased release of glucocorticoids causes inhibition of CRF as part of the traditional
negative feedback pathway.

SUMMARY

The trauma of elective surgery leads to the release of cytokines, many of which act
primarily at local level having been released from tissue macrophages, circulating
monocytes or other activated tissues. There is also a reproducible response in plasma
IL-6, the magnitude of which relates to the magnitude of operative trauma. It seems
likely that cytokines have an important role in mediating the anorexia associated with the
postoperative period, and this may be associated with increased release of CRF from the
hypothalamus. Further studies on the interrelationship between cytokine and neuro-
endocrine systems will lead to a greater understanding of the control of food intake
following injury, and will permit the development of new strategies to improve the
effectiveness of nutrition at this time.
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