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Abstract t 

Cytokiness are thought to be involved in the pathogenesis the euthyroid sick syndrome. Experimental 

dataa from in vitro and animal in vivo studies suggest that IFN-y could be another cytokine that might 

influencee thyroid hormone metabolism, although in a previous study in healthy subjects we could not 

demonstratee an effect of IFN-y on thyroid hormone indices. Possibly, however, a non-stressed system 

doess not compromise a representative environment to study the effects of a mediator, which might 

exertt its role during pathological circumstances in which it might interact synergistically with other 

inflammatoryy mediators. Therefore, we studied in a placebo-controlled trial in thirteen major surgery 

patientss the effects of a single dose of rhIFN-y (Immukine, 100|Lig/m2, s.c.) on thyroid hormone 

concentrations.. Basal IFN-y levels were not increased. IFN-y induced an significant increase in 

monocytee HLA-DR expression (postoperative 50%; 24 hours after IFN-y 90%), but did not affect 

thyroidd hormone and TSH concentrations. We therefore conclude, that IFN-y does not appear to be 

involvedd in the major changes in thyroid hormone metabolism in patients with nonthyroidal illness. 
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Introductio n n 

TThee euthyroid sick syndrome, characterised by alterations in thyroid 
hormonee metabolism induced by nonendocrine disease in otherwise 
euthyroidd patients, is a clinically well defined phenomenon. These 

alterationss in thyroid hormone metabolism consist of a decrease in the plasma 
concentrationn of tri-iodothyronine (T3), an increase in reverse T3 (rT3) and 
changess in plasma thyroxine (T4), the latter being the lowest in patients with the 
poorestt prognosis (1,2). Thyroid stimulating hormone (TSH) levels may vary from 
normall  to decreased or slightly elevated (3). 

Cytokiness are believed to play an important role in the pathophysiology of 
thee euthyroid sick syndrome (4,5). Cytokines modulate various thyroid functions in 
culturedd human and animal thyrocytes (6,7). In vivo, it has been observed that the 
decreasee in serum T3 induced by LPS is smaller in IL-6 knockout mice than in 
wildd type mice (8). Finally, human studies provide evidence for a role of cytokines 
inn the euthyroid sick syndrome. In patients suffering from the euthyroid sick 
syndrome,, enhanced plasma cytokines profiles are displayed, which correlate 
positivelyy with the severity of the euthyroid sick syndrome (9), whereas 
administrationn of cytokines to humans induces alterations in thyroid hormone 
metabolismm that mimiek the euthyroid sick syndrome (10-12). These observations 
supportt the notion that cytokines are involved in the pathogenesis of the human 
euthyroidd sick syndrome. 

Inn vitro studies and in vivo studies in animals indicate that interferon-
gammaa (IFN-y) is another cytokine that modulates thyroid hormone metabolism 
andd suggest, that IFN-y may also be involved in the pathophysiology of the 
euthyroidd sick syndrome. In human thyroid cells in vitro IFN-y influences several 
aspectss of thyroid hormone metabolism, amongst which the induction of decrease 
T33 release and TSH-R mRNA expression (7,13). In mice in vivo, IFN-y mimics 
severall  aspects of the euthyroid sick syndrome (14). In contrast to these 
observations,, we could not demonstrate any short-term effect of IFN-y on thyroid 
hormonee metabolism in healthy humans (15). This observation argued against a 
rolee of IFN-y in the pathogenesis of the euthyroid sick syndrome in humans. It can 
bee questioned however, whether a non-stressed system is a representative 
environmentt to study the effects of a mediator, which might exert its role during 
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pathologicall  circumstances. In several biological systems, amongst which the 
hypothalamic-pituitary-thyroidal-axis,, synergistic interaction between different 
componentss of the inflammatory and endocrine systems are known to play a 
modulatoryy role (7,16). Moreover, at present IFN-y is administered to severely 
injuredd and septic patients in clinical trials to study its possible role as 
immunologicall  adjuvant therapy. It is not known whether IFN-y deteriorates the 
existingg euthyroid sick syndrome in these patients. For this reason, we repeated our 
studyy in patients with an inflammatory reaction, associated with a euthyroid sick 
syndrome.. To obtain an homogenous patient population, with a comparable 
severityy of disease and, thus, with similar alterations of thyroid hormone 
concentrations,, we studied the short-term effects of IFN-y administration in a 
randomizedd trial on thyroid hormone metabolism in elective, post-operative 
patients.. Seven patients that underwent a pylorus-preserving pancreatico-
duodenectomyy received 100 fig/m2 recombinant human (rh)IFN-Y s.c. on the 
secondd post operative day, whereas six other patients, matched for age and BMI, 
receivedd a comparable amount of saline solution (placebo). Subsequently, human 
leukocytee antigen-DR (HLA-DR) expression on monocytes, and plasma cytokine 
andd thyroid hormone concentrations were monitored during a 24 hour period. 

Subjectss and Methods 

Subjects Subjects 
Betweenn December 1998 and December 1999 twenty-four patients were included 
inn the study. All patients were scheduled for elective pylorus-preserving 
pancreaticoduodenectomyy (pppd) aimed at curative treatment of a suspicious tumor 
inn the pancreatic head, papilla of Vater, distal bile duct or duodenum. Exclusion 
criteriaa were: a) any other diseases (including diabetes mellitus associated with the 
primaryy disease) than the currently treated disorder; b) jaundice at hospital 
admissionn (bilirubin levels >40 umol/L, preoperative biliary drainage was 
accepted);; c) fever in the two weeks prior to hospital admission; d) any medication 
att admission to the hospital (except for paracetamol, pancreatic enzyme 
supplementt or sleep medication); e) irresectability as a peroperative finding, and 
thereforee deviation of the intended pppd procedure towards a bypass procedure; f) 
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clinicall  instability or evidence of infection on the day of the study (the second post-
operativee day). 
Al ll  patients gave written informed consent, in accordance with the Helsinki 
Declarationn of Human Rights. The study was approved by the Research Committee 
andd the Medical Ethical Committee of the Academic Medical Center, Amsterdam. 

StudyStudy design 

Duringg surgical intervention, patients were anesthesized using isoflurane and 
sufentanyll  supplemented with drugs provided to the discretion of the 
anaesthesiologist.. Moreover, a high thoracic epidural catheter was inserted through 
whichwhich marcaine was administered. On the first post-operative day, patients were 
transferredd from the recovery room to the general surgical ward. From 0.00 A.M. at 
thee first postoperative day until 5.00 P.M at the second postoperative day, 
intravenouss infusion fluids were limited to saline. Oral food supply was only 
allowedd from 06.00 P.M. the second postoperative day onwards according to the 
treatmentt protocol. Analgesics were prescribed according the standard hospital 
protocoll  (paracetamol, morphine and epidural marcaine). Additionally, all patients 
receivedd Fraxiparin® (Sanofi, Maassluis, The Netherlands) and Sandostatin® 
(Novartiss Pharma LtD. Bazel, Swiss). 

Studyy procedure: Post-operatively, patients were randomly assigned to the placebo 
orr intervention group. At the second post-operative day, a catheter was placed into an 
antecubitall  vein for sampling of blood. The catheter was kept patent by infusion of 
NaCll  0.65% (30 ml/h). At 9.00 A.M., blood samples for baseline values of plasma 
hormoness and cytokines were drawn. Immediately thereafter (t = 0 h), rhIFN-y (100 
ug/m2,, Immukine, Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany) or a 
comparablee volume of saline solution was injected subcutanously in the upper leg. At 
1,, 2,4, 6, 8 and 24 hours after injection of rhIFN-y or saline, blood was drawn for the 
measurementt of hormone and cytokine concentrations. Clinical parameters were 
measuredd along with blood sampling. 

Assays Assays 

Bloodd drawn for determination of plasma parameters was centrifuged at 4 °C and 
15500 g for 10 minutes. Supernatants were immediately stored at -80 °C. 
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Al ll  samples were thawed only once. Measurements in plasma were performed in 
duplicatee and samples of each individual subject were analysed in the same run. 
Interleukin-66 (IL-6), tumor necrosis factor-a (TNF-a) and IFN-y were determined by 
ELISAA (CLB, Amsterdam, The Netherlands), with a lower limit of detection of 2 
pg/mll  (IL-6, TNF-a) respectively 3 lpg/ml (IFN-y). 

Forr thyroid hormones and TSH the following assays were used: T4 (reference 
valuee 70-150 nmol/L, detection limit 5 nmol/L, intra-assay CV 2-4%, interassay 
CVV 3-6%), T3 (reference value 1.3-2.9 nmol/L, detection limit 0.3 nmol/L, intra-
assayassay CV 3^1%, interassay CV 7-8%) and rT3 (reference value 0.11-0.44 nmol/L, 
detectionn limit 0.03 nmol/L, intra-assay CV 4-5%, interassay CV 5-9%) were 
measuredd by in-house RIA methods (17); free T4 (FT4) and TSH were measured 
byy time-resolved fluoroimmunoassay (Delfïa FT4 respectively Delfla hTSH Ultra, 
Wallacc Cy, Turku, Finland: reference value 10-23 pmol/L respectively 0.4-4.0 
mU/L,, detection limit 2 pmol/L respectively 0.01 mU/L, intra-assay CV 4-6 and 1-
2%% respectively, interassay CV 5-8 and 3-4% respectively); T3-uptake by a 
commerciall  kit (T3-uptake {MAA }  kit, Kodak Clinical Diagnostics, Amersham, 
England:: reference value 0.84-1.11, detection limit 0.50, intra-assay variation 3-
5%,, interassay variation 3-5%). 
Monocytee HLA-DR expression was measured using flow cytometry as described 
previouslyy (18). Cells were incubated with anti-HLA-DR monoclonal antibodies 
(mAbs)) directly labelled with fluorescein isothiocyanate (FITC, Becton Dickinson 
(BD),, San Jose, CA). Irrelevant mouse mAbs directly labelled with FITC (BD) 
weree used as control for background staining. Data acquisition was performed on a 
FACScann flow cytometer (BD). Monocytes were gated by forward and side scatter 
parameters. . 

CalculationsCalculations and statistics 
Dataa were analysed by analysis of variance for randomised block design and, to test 
dataa between the two study arms at individual time points, a paired t-test for two 
unrelatedd samples or a Mann-Whitney test was used. A p-value of < 0.05 was 
consideredd to represent statistical significance. Data are expressed as 

ee data represent patients that finished the total protocol. 
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Results s 

PatientPatient characteristics 

Initially ,, twenty-four patients were included in the study. Postoperatively, ten 
patientss were excluded from the study, because the tumor was irresectable with 
concomitantt deviation of the pppd procedure. One other patient was excluded on 
thee second post-operative day before IFN-y or saline was administered, because of 
cardiacc and respiratory instability. Thirteen other patients continued the study on 
thee second postoperative day and were randomly assigned to the placebo or 
interventionn group. Seven patients received 100 ug/m2 rhlFN-y subcutaneously, 
whereass six other patients received a similar volume of isotonic saline. Clinical 
characteristicss of these patients are given in table 1. 

Tablee 1. Patient characteristics 

IFN-gamma IFN-gamma 

placebo placebo 

Sex x 

(male/female) ) 

4/3 3 

4/2 2 

age e 

(years) ) 

4 4 

3 3 

durationduration of anaesthesia 

(minutes) ) 

0 0 

1 1 

Dataa are represented as ratio (sex) or mean  SE. 
Theree are no significant differences between the two groups 

ClinicalClinical effects ofIFN-y 

Inn both study arms the incidence of clinical symptoms as chills, nausea and 

headachee was comparable. There were no differences between the two study arms 

inn baseline clinical indices and there were no effects in time in the control arm of 

thee study. IFN-y caused an increase in body temperature compared to controls with 

aa maximum level after 8 hours (baseline: IFN-y 2 °C, controls 2 °C; 

t=8h:: 2 °C, controls 37.4 °C, p<0.001). 

PlasmaPlasma cytokine levels 

Baselinee IFN-y levels fluctuated around the lower limit of detection of our assay 

(31(31 pg/ml). During the control study, no changes from baseline levels were 

detected.. After injection of IFN-y, IFN-y serum levels gradually increased to a peak 

levell  of 2 pg/ml (p<0.007 vs. controls). Twenty-four hours after IFN-y 
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administration,, IFN-y levels were back to baseline. Postoperative levels of TNF-oc 

weree below the detectiokn limit of the assays (2 pg/ml). There was no effects in 

timee on TNF-oc levels during the control and intervention study. Postoperatively, 

IL-66 levels were high in several subjects, predominantly in the control group 

(mediann and 25-75 percentiles at baseline; 59(50-132) pg/ml for IFN-y vs. 85(43-

240)) pg/ml for controls, not significantly different (ns) between groups), and 

decreasedd slightly during the intervention study (p<0.05), whereas no effect in time 

wass measured during the control study and no differences were detected between 

thee two study arms. 

cc  100-1 
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c c 22 5e i 
mm ^  1 
22 s * 2 2 
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* * 
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FigureFigure 1 Effect s of IFN-y 
administratio nn on monocyt e HLA-DR 
expression : : 
Numbe rr  of HLA-DR positiv e mono -
cytes ,, postoperativel y jus t prio r to IFN-
yy (postO ) and 24 hour s after the 
administratio nn of 100 ug/m 2 rhlFN- y 
(close dd bars , n=7) or salin e (open bars , 
n=6).. Data are expresse d as mean
SE.,, *p=0.004 vs . correspondin g value 
inn contro l patients . 

postOO 24.0 

Time e 

MonocyteMonocyte activation (fig. 1). 

HLA-DR:HLA-DR: On the second postoperative day, just prior to injection of IFN-y, the 

numberr of monocytes expressing HLA-DR was 3 and 5 % for the 

interventionn and control study respectively (intervention and control group 

preoperativee vs. postoperative t=0 p<0.0001; ns between groups). At t=24 hours, 

HLA-DRR expression on monocytes was decreased to 0 % in the control group, 

whereas,, in the intervention group, IFN-y increased the HLA-DR expression to 

11 % (p=0.004 vs. controls). 

ThyroidThyroid hormone and TSH plasma concentrations (tabel 2. and fig 2) 

Onn the second postoperative day all patients had evidence of the existence of a 

euthyroidd sick syndrome, manifested by decreased values of T4, T3 and TSH and 
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FigureFigure 2 Effect s o f IFN-y administratio n on plasm a thyroi d hormon e and TSH 
concentrations ::  Plasm a concentration s T4, Free T4, TSH, T3, rT3 and T3-uptak e (mean
SEM)) afte r 100 ug/m 2 rhlFN^ y (n=7 , close d circles ) versu s salin e (n=6, ope n circles ) 
administratio nn to postoperativ e patients . Ther e wer e no difference s betwee n bot h stud y days . 
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Tablee 2. Thyroid hormones: baseline- and reference (ref.) values 

T4 4 

nmol/L L 

T3 3 

nmol/1 1 

rT3 3 

nmol/1 1 

IFN-gammaIFN-gamma 59  4 

placeboplacebo 58  5 

ref.ref. value 70-150 

0.599  0.04 

0.533  0.02 

1.3-2.9 9 

0.533  0.04 

0.644  0.06 

0.111 -0.44 

Patientt data are expressed as mean  SE 

TSH H 

mE/L L 

increasedd values of 

rT33 as compared with 

ourr reference values as 

depictedd in Tabel 2. 

Baselinee thyroid hor-

monee (T4, FreeT4, T3, 

rT3,, T3-uptake, FT4 

index)) and TSH levels 

didd not differ between the control and intervention study. There were no effects of 

IFN-yy on any of the thyroid hormone indices, compared with the control group. 

0.166 2 

0.266 3 

0.4-4 .0 0 
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Discussion n 

Inn the present study, we demonstrate that in postsurgical patients the euthyroid sick 
syndromee is present without an increase in the concentrations of IFN-gamma. 
Moreover,, administration of IFN-y to post-surgical patients with the euthyroid sick 
syndromee does not affect thyroid hormone and TSH levels. In addition to our 
previouss study in healthy volunteers (15), the present study supports the notion that 
IFN-gammaa is not a mediator of the euthyroid sick syndrome. 

Att the second post operative day, in all postoperative patients low T3 and 
increasedd rT3 levels as compared to reference values were measured. Therefore, 
thee patients in our study meet the criteria for euthyroid sick syndrome. From the 
presentt study, however, it can not be deduced whether these alterations were 
inducedd by hepato-pancreaticobiliary surgery alone, or were already existing before 
surgicall  procedures, as a result of the underlying disease in our patient population. 
Al ll  patients in the present study suffered from malignant disease, which itself is 
associatedd with the euthyroid sick syndrome (1). Nevertheless, it was not the aim 
off  our study to investigate the effects of surgery per se on thyroid hormone 
metabolism,, since the relation between the euthyroid sick syndrome and abdominal 
surgeryy has been documented before (19). 

Itt can be questioned, whether an inadequate dosage of IFN-y was 
administeredd in the present study. However, this seems unlikely. Baseline and peak 
plasmaa levels reached in the present study -although variable- were in the range of 
thosee measured in non-endocrine diseases in humans (20-22).Moreover, 
comparablee molar amounts of other cytokines (like TNF-oc, IL-6 and IFN-a) 
inducee profound effects on thyroid hormone metabolism when administered in a 
comparablee study design to healthy humans or patients (10-12). Furthermore, the 
dosagee used in the present study seemed sufficient in respect to clinical measures 
andd immunological markers as evidenced by an increased body temperature and 
elevatedd HLA-DR expression as compared to the control patients. We cannot 
excludee that a higher dosage of IFN-y could have induced an effect on thyroid 
hormonee metabolism. It was, however, not our intention to study administration of 
pharmacologicall  quantities of IFN-y. 

Thee present study is the third consecutive study in humans, in which in 
vivoo effects of IFN-y on thyroid hormone metabolism could not be demonstrated. 
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Kungg et al administered IFN-y on a chronic schedule to patients with hepatitis B, 
butt could not establish any long-term effect of IFN-y on thyroid hormone 
metabolismm (23). Subsequently, we studied, in a placebo-controlled crossover 
study,, thyroid hormone metabolism in healthy subjects after IFN-y injection, but 
couldd not demonstrate any short-term effect (15). Finally, the present study clearly 
shows,, that IFN-y does not influence thyroid hormone metabolism in patients with 
thee euthyroid sick syndrome patients after major abdominal surgery. These 
observationss are in contrast with observations from in vitro studies: in-vitro 
stimulationn of thyrocytes with IFN-y induces effects on thyroid hormone 
productionn and 5'-deiodinase mRNA synthesis (7). This discrepancy with the in-
vivoo situation, may be explained by the relatively high amounts of cytokine, 
necessaryy to induce effects in vitro. Under these circumstances a possible role for 
IFN-yy in patients, in vivo, can only be explained -on theoretical grounds- from 
locall  production in the thyroid gland, and therefore possibly rather high 
concentrations,, of IFN-y. However, excessive intrathyroidal production of IFN-y 
causedd by homing of activated (so, IFN-y producing) T-cells to thyroidal tissues in 
patients,, in whom the pathology is associated with nonthyroidal diseases, has never 
beenn reported. Consequently, the high dosage of IFN-y as used in vitro studies, 
seemm to be irrelevant for the in vivo situation. A comparable argument can be used 
whenn comparing human studies with in- vivo animal studies. In studies in mice 
largee dosages of IFN-y (and therefore possibly relatively high IFN-y concentrations 
att tissue levels) are needed to induce effects (14). Moreover, mice seem to show a 
deviatedd reaction to cytokines as compared to humans concerning thyroid hormone 
metabolism.. For example, TNF-a and IL-6 induce acute and profound effects on 
humann thyroid hormone metabolism (using relatively low cytokine dosages), 
whereass in mice, these cytokines lack influences on the same parameters, 
irrespectivee of the cytokine dosages used (14). 

Synergismm with components of the inflammatory cascades and IFN-y does 
nott seem to be involved with respect to the regulation of the human HPT axis. 
Althoughh all patients were recovering from major surgery, which is associated with 
aa general state of inflammation and an altered cytokine profile at systemic and 
mostt probably microenvironmental levels (24-26), there was no enhanced reaction 
too IFN-y in postoperative patients, as compared to healthy subjects. Therefore, 
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IFN-YY has no additive or synergistic effects with inflammatory mediators on 
thyroidd hormone metabolism. 

Inn conclusion, IFN-gamma does not appear to be involved in the major 
changess in thyroid hormone metabolism in patients with nonthyroidal illness. 

Acknowledgements s 

Wee would like to thank the Laboratory of Endocrinology for excellent analytical 
support.. Furthermore we would like to thank Richard Reijneke and Frank van 
Diepenn for their skilful technical assistance. J.A. Romijn is supported by the 
Netherlandss Organisation for Scientific Research (NWO) and the Dutch Diabetes 
Foundation. . 

References s 

1.. Wartofsky L, Burman KD. Alterations in thyroid function in patients with systemic illness: 
thee "euthyroid sick syndrome". Endocr Rev 1982; 3(2):164-217. 

2.. Kaptein EM. Thyroid hormone metabolism in illness. In: Henneman G, editor. Thyroid 
hormonee metabolism. New York: Dekker M., 1986: 297-333. 

3.. Wehmann RE, Gregerman RI, Burns WH, Saral R, Santos GW. Suppression of thyrotropin 
inn the low-thyroxine state of severe nonthyroidal illness. N Engl J Med 1985; 312(9):546-
552. . 

4.. Romijn JA, Sauerwein HP. Role of cytokines in thyroid functions. In: Aggarwal BB, Puti 
RK,, editors. Human cytokines: their role in disease and therapy. Massachusetts: Blackwell 
Science,, 1995:315-325. 

5.. Bartalena L, Bogazzi F, Brogioni S, Grasso L, Martino E. Role of cytokines in the 
pathogenesiss of the euthyroid sick syndrome. Eur J Endocrinol 1998; 138(6):603-614. 

6.. Zakarija M, McKenzie JM. Influence of cytokines on growth and differentiated function of 
FRTL55 cells. Endocrinology 1989; 125(3):1260-1265. 

7.. Sato K, Satoh T, Shizume K et al. Inhibition of 1251 organification and thyroid hormone 
releasee by interleukin-1, tumor necrosis factor-alpha, and interferon-gamma in human 
thyrocytess in suspension culture. J Clin Endocrinol Metab 1990; 70(6): 1735-1743. 

8.. Boelen A, Maas MA, Lowik CW, Platvoet MC, Wiersinga WM. Induced illness in 
interleukin-66 (IL-6) knock-out mice: a causal role of IL-6 in the development of the low 
3,5,3'-- triiodothyronine syndrome. Endocrinology 1996; 137(12):5250-5254. 

136 6 



IFN-ydoesIFN-ydoes not affect ESS in major surgery patients 

9.. Boelen A, Platvoet-ter Schiphorst MC, Wiersinga WM. Association between serum 
interleukin-66 and serum 3,5,3'- triiodothyronine in nonthyroidal illness. J Clin Endocrinol 
Metabb 1993; 77(6):1695-1699. 

10.. Van der Poll T, Romijn JA, Wiersinga WM, Sauerwein HP. Tumor necrosis factor: a 
putativee mediator of the sick euthyroid syndrome in man. J Clin Endocrinol Metab 1990; 
71(6):1567-1572. . 

11.. Stouthard JM, Van der Poll T, Endert E et al. Effects of acute and chronic interleukin-6 
administrationn on thyroid hormone metabolism in humans. J Clin Endocrinol Metab 1994; 
79(5):: 1342-1346. 

12.. Corssmit EP, Heyligenberg R, Endert E, Sauerwein HP, Romijn JA. Acute effects of 
interferon-alphaa administration on thyroid hormone metabolism in healthy men. J Clin 
Endocrinoll  Metab 1995; 80(11):3140-3144. 

13.. Nishikawa T, Yamashita S, Namba H et al. Interferon-gamma inhibition of human 
thyrotropinn receptor gene expression. J Clin Endocrinol Metab 1993; 77(4): 1084-1089. 

14.. Boelen A, Platvoet-ter Schiphorst MC, Bakker O, Wiersinga WM. The role of cytokines in 
thee lipopolysaccharide-induced sick euthyroid syndrome in mice. J Endocrinol 1995; 
146(3):475-483. . 

15.. de Metz J, Romijn JA, Endert E, Corssmit EPM, Sauerwein HP. Administration of 
interferon-gammaa in healthy subjects does not modulate thyroid hormone metabolism. 
Thyroidd 2000; 10(1):87-91. 

16.. Rasmussen AK, Kayser L, Feldt-Rasmussen U, Bendtzen K. Influence of tumour necrosis 
factor-alpha,, tumour necrosis factor-beta and interferon-gamma, separately and added 
togetherr with interleukin-1 beta, on the function of cultured human thyroid cells. J 
Endocrinoll  1994; 143(2):359-365. 

17.. Wiersinga WM, Chopra JJ. Radioimmunoassay of thyroxine (T4), 3,5,3'-triiodothyronine 
(T3),, 3,3\5'-triiodothyronine (reverse T3, rT3), and 3,3'- diiodothyronine (T2). [Review] [89 
refs].. Methods Enzymol 1982; 84:272-303. 

18.. de Metz J, Sprangers F, Endert E et al. Interferon-gamma has immunomodulatory effects 
withh minor endocrine and metabolic effects in humans. J Appl Physiol 1999; 86(2):517-522. 

19.. Cherem HJ, Nellen HH, Gordon BF, Chong M, BA, Lifshitz GA. Thyroid function and 
abdominall  surgery. A longitudinal study. Arch Med Res 1992; 23(3): 143-147. 

20.. Calandra T, Baumgartner JD, Grau GE et al. Prognostic values of tumor necrosis 
factor/cachectin,, interleukin-1, interferon-alpha, and interferon-gamma in the serum of 
patientss with septic shock. Swiss-Dutch J5 Immunoglobulin Study Group. J Infect Dis 
1990;; 161(5):982-987. 

21.. Rossol S, Voth R, Laubenstein HP et al. Interferon production in patients infected with 
HIV-1.. J Infect Dis 1989; 159(5):815-821. 

22.. Wenisch C, Parschalk B, Narzt E, Looareesuwan S, Graninger W. Elevated serum levels of 
IL-100 and IFN-gamma in patients with acute Plasmodium falciparum malaria. Clin 
Immunoll  Immunopathol 1995; 74(1 ):115-117. 

137 7 



ChapterChapter 7 

23.. Kung AW, Jones BM, Lai CL. Effects of interferon-gamma therapy on thyroid function, T-
lymphocytee subpopulations and induction of autoantibodies. J Clin Endocrinol Metab 1990; 
71(5):: 1230-1234. 

24.. Bellon JM, Manzano L, Bernardos L et al. Cytokine levels after open and laparoscopic 
cholecystectomy.. Eur Surg Res 1997; 29(l):27-34. 

25.. Helmy SA, Wahby MA, El Nawaway M. The effect of anaesthesia and surgery on plasma 
cytokinee production. Anaesthesia 1999; 54(8):733-738. 

26.. Kato M, Suzuki H, Murakami M, Akama M, Matsukawa S, Hashimoto Y. Elevated plasma 
levelss of interleukin-6, interleukin-8, and granulocyte colony-stimulating factor during and 
afterr major abdominal surgery. J Clin Anesth 1997; 9(4):293-298. 

138 8 


