A Combined Stress Hormone Infusion Decreases In Vivo Protein Synthesis in
Human T Lymphocytes in Healthy Volunteers

Anna Januszkiewicz, Pia Essén, Margaret A. McNurlan, Olle Ringdén, Peter J. Garlick, and Jan Wernerman

In vivo protein synthesis decreases in mononuclear cells following a combined stress hormone infusion given to healthy
volunteers as a human trauma model. Here, the purpose was to further investigate this finding and to measure in vivo protein
synthesis in isolated T lymphocytes. Furthermore, the effects of stress hormones on the lymphocyte subpopulations and
mononuclear cells, characterized by flow cytometry and phytohemagglutinin (PHA)-induced and unstimulated proliferative
responses in vitro, were elucidated. Healthy volunteers (n = 16) were randomized into 2 groups to receive either a stress
hormone or a saline infusion for 6 hours. In vivo protein synthesis was studied before and after the treatment by measuring
the incorporation of stable isotopically-labeled phenylalanine into lymphocyte and mononuclear cell proteins. Protein
synthesis decreased after stress hormone infusion in both cell populations: in T lymphocytes from 13.0% =+ 0.7%/d (mean =
SD) to 8.6% = 2.1%/d (P < .01) and in mononuclear cells from 13.3% = 1.2%/d to 6.3 = 2.0%/d (P < .001). No change in
proliferative responsiveness in vitro was observed. The stress hormone infusion produced a decrease in the percentage of T
helper CD3/CD4 from 41% to 18% (P < .001), T cytotoxic CD3/CD8 from 27% to 15% (P < .001), as well as total T CD3 cells from
69% to 35% (P < .001). There was an increase in the percentage of natural killer (NK) cells CD16/CD56 from 17% to 55% (P <
.001). Determination of phenotypes expressed on activated T lymphocytes showed that CD3/HLA-DR was unchanged and
CD3/CD25 decreased from 14% to 7% (P < .01) in the stress hormone group. The study showed that the decrease of in vivo
protein synthesis was 34% in T lymphocytes as compared with 53% in mononuclear cells, when determined immediately after
a 6-hour stress hormone infusion. This change was associated with a pronounced decrease in all ymphocyte subpopulations,
except for the NK cells, which increased substantially.
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URGICAL TRAUMA AFFECTS immune competence, In the present study, the effect of a 6-hour combined stress
which is not easily characterized by any single marker. Ahormone infusion on in vivo protein synthesis in T lympho-
number of tests are used to determine the level of activation o€ytes, as well as mononuclear cells, was determined. Further-
circulating immune cells: in vitro proliferative responses with more, the lymphocyte subpopulations and the activation mark-
or without stimulation, characterization of cell populations and ers were characterized, and in vitro proliferative responses were
subpopulations by assessment of surface cell markers, exprestudied.
sion of activity markers, and pattern of secreted cytokineis
vivo determination of protein synthesis enables the measure- MATERIALS AND METHODS
ment of the ongoing metabolic activity in circulating immune pmaterials
Ct_ells as a measure of their ac_tlva_tlon. T_hls is a qualltatlv_ely -[2He-ring] phenylalanine, 99 atomo%, (Mass Trace, Woburn, MA)
different approach to study .actl_vatlon of |mmune cells, which was dissolved in sterile water together with unlabelled phenylalanine
may c_ontrlbute to characterization of the immune competenceEAjinomoto Company, Tokyo, Japan) to a concentration of 20 g/L and
In patients. an appropriate isotopic enrichment. The solutions were prepared, heat
A combined stress hormone infusion, consisting of epineph-sterilized, and stored in sterile containers.
rine, cortisol, and glucagon, is a well-defined stress model in
healthy volunteers, which mimics a number of metabolic Subjects and Experimental Protocols
changes observed after surgery or tragmaVith this model, Healthy male volunteers (& 16) participated in the study (age,
in vivo protein synthesis in mononuclear cells decreases by + 7 [mean+ SDJ; weight, 79+ 11 kg; height, 181+ 9 cm; body
60% immediately after a 6-hour stress hormone infu8i@n  mass index [BMI], 24+ 3 kg/n?) and were randomized into 2 groups.
the other hand, cortisol alone, given as a 6-hour infusion, doeJhere were no differences between the groups concerning age, weight,
not change the rate of in vivo protein synthesis in T lympho- height, and BMI. Group 1 received a stress hormone infusion: epineph-
cytes of healthy volunteers, either immediately or 18 hoursfine at 0.5 nmol/kg/min (Adrenalin NM Pharma, NM Pharma, Stock-
after the end of the infusioh. holm, Sweden), cortisol at fg/kg/min (Solu-Cortef, Upjohn, Puurs,
Belgium), and glucagon at 3 ng/kg/min (Glucagon Novo Nordisk,
Novo Nordisk, Malmio Sweden) for 6 hours in saline at 3 mL/kg/h
(Natriumklorid, Pharmacia, Stockholm, Sweden). Group 2 served as a
From the Departments of Anaesthesiology and Intensive Care andontrol group and received saline at 3 mL/kg for 6 hours. The study
Clinical Immunology, Huddinge University Hospital, Karolinska Insti- started in the morning after an overnight fast. Protein synthesis of
tutet, Stockholm, Sweden; and the Department of Surgery, State Unlymphocytes and mononuclear cells was determined twice: before the
versity of New York, Stony Brook, NY. start of the infusion and during the last 90 minutes of the infusion.
Submitted November 13, 2000; accepted April 12, 2001. Blood samples were collected for determination of protein synthesis
Address reprint requests to Anna Januszkiewicz, MD, Department ofate, lymphocyte proliferative responses, and characterization of T-
Anaesthesiology and Intensive Care, Huddinge University Hospital,lymphocyte subpopulations.

SE - 141 86 Stockholm, Sweden. Heart rate and electrocardiogram were continuously monitored with
Copyright© 2001 by W.B. Saunders Company S&W Medico Teknik Diascope device (Simonsen & Weel, Taastrup,
0026-0495/01/5011-0010$35.00/0 Denmark), and blood pressure was controlled by auscultation every
doi:10.1053/meta.2001.27204 second hour.
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The nature, purpose of the study, and possible risks were explainedf phenylalanine in protein of T lymphocytes and MNC at the begin-
to all volunteers before obtaining their consent. The research protocohing and end of the incorporation period (MPE), and A is the area under
was approved by the Ethical Committee of the Huddinge Universitythe curve for plasma phenylalanine enrichment versus time (MPE
Hospital, Karolinska Institutet, Stockholm, Sweden. time in days).

Determination of Protein Synthesis Rate in Peripheral Blood Measurement of Proliferative Responses of MNC

T Lymphocytes and Mononuclear Cells Blood samples were drawn before the first and second determination

An intravenous injection of-[?Hg]phenylalanine (45 mg/kg, 10 Of protein synthesis in EDTA/Venoject tubes (Terumo Europe N.W.,
mol% excess [MPE], first determination and 20 MPE, second determiLeuven, Belgium) and diluted 1/1 with PBS. MNC were isolated with
nation) was given into an antecubital vein over 10 minutes. Venous? Ficoll-Isopaque gradient by centrifugation at 8@ffor 20 minutes at
blood samples were taken from the opposite arm before (time 0), andoom temperature, followed by wash in PBS. Viability was checked by
at5, 10, 15, 30, 50, 70, and 90 minutes after injection for measuremerfe0sin exclusion. Cells were suspended in culture medium consisting of
of the isotopic enrichment of phenylalanine in plasma. For the mea-RPMI 1640 medium, supplemented with 25 mmol Hepes and 2 mmol
surement of the enrichment of[?Hg]phenylalanine in protein of T  L-glutamine (Gibco BRL, Life Technologies, Paisley, Scotland), Pest
lymphocyte and mononuclear cells (MNC), 70 mL of blood was drawn (Penicillin + streptomycin 10Qug/mL, Gibco BRL), and 10% heat-
at 90 minutes after the start of the isotope injection during the firstinactivated fetal bovine serum (Gibco BRL). A total of 100 of cell
determination and at time 0 and 90 minutes after the start of the isotopguspension (X 10° cells) was cultured in wells of flat-bottomed plates
injection during the second determination. with either 100uL of culture medium (spontaneous proliferation) or

100 uL of phytohemagglutinin (PHA-M, Sigma) 10Qg/mL (mito-
Isolation of MNC From Peripheral Blood and Separation of genic stimulation). Cells were cultured for 72 hours in humidified air
T Lymphocytes and 5% CQ at 37°C. For the last 24 hours of culture, i of
. ) 3H-thymidine (Radiochemical Centre, Amersham, UK) was added to

A total of 70 mL of blood (20 mL for MNC isolation and 50 mL for - o50 well. Cells were harvested by a Skatron Combi Cell Harvester
further separation of T lymphocytes) was poured into 7 heparinizedysyatron Instruments, Suffolk, UK), and radioactivity was measured
10-mL tubes containing cycloheximide (0.5 mmol/L, Sigma, St Louis, it a Liquid Scintillation Counter (Wallac, Turku, Finland). All wells
MO) each. Blood was diluted 1/1 with 70 mL of phosphate-buffered \yore cuitured in triplicates< 2 and results expressed as mean counts
saline (PBS), pH 7,4 (Unimedic, Matfors, Sweden) at 18°C and trans—per minute (cpm).
ferred to 7 50-mL Falcon tubes. The MNC were isolated with a
Ficoll-lsopaque gradient (Lymphoprep, Nycomed, Oslo, Norway) by Characterization of Lymphocyte Subpopulations
centrifugation at 8089 for 20 minutes at room temperature. MNC

were harvested from the interface and washed 3 times with1PBS. For characterization of lymphocyte subpopulations, the whole blood

this step, the pellet of cells provided for determination of protein was incubated with 1 of the combinations of murine antihuman mono-

synthesis in MNC was stored at -80°C, whereas the pellet collectedonal antipodies: CD3/CD4_’ _CD3/CD8‘ CDS/CD566, CD3/
from the other 5 tubes was resuspended with PBS to a final concert”"A"D_R .(S|m.u|test, Becton Dickinson, San Jose,_CA) and CD2 flu-
tration of 10 cells/mL for further processing. Count and viability of °rescein isothiocyanate (FITC), CD19 phycoerythrin (PE), CD3 FITC,
cells were determined by microscopic inspection following eosin stain-CP25 PE (Becton D|ck|nson). The Simultest Control (Begton D'Ck'_n'
ing. T lymphocytes were separated by the rosette method with 1%son) Was_u;ed as a negative control tool. FACS Lysing _SOIUtlon
2-aminoethylisothiuronium bromide (AET)-treated sheep red blood(Becton Dickinson) was used to lyse erythrocytes, and the stained cells
cells (SRBC). SRBC rosette-forming cells were separated on Ficoll-Vere analy;ed by flow cytometry Smulsetprogram (Bectpn D|ck|n-.
Isopaquell SRBC were lysed with 1% ammonium oxalate for 5 min- son). The light-scatter gate was defined by anti-CD45/anti-CD14 (Si-

utes at room temperature. The cells were washed 3 times with PBS anfultest LeukoGATE, Becton Dickinson) to distinguish lymphocytes

stored at -80°C from granulocytes, monocytes, and unlysed red blood cells. Lympho-
cyte subset absolute counts were calculated as total lymphocyte
Analytical Methods count X lymphocyte subset percentage. The CD4/CD8 ratio was cal-

culated as the fraction of cells positive to the CD4 antibody (helper

The determination af-[*Hg]phenylalanine enrichment in plasma, as  celis) divided by the fraction of cells positive to the CD8 antibody
well as in hydrolyzed protein from isolated T lymphocytes and MNC, (cytotoxic cells).
was made by gas chromatography-mass spectrometry (GCMS) under white blood cell counts were determined with a Hx3 blood cell
electron impact, selective ion monitoring. The enrichment in plasmagnalyzer (Bayer Diagnostics, Tarrytown, NY).
was measured from ions m/z 336 and 431 of the tertiary butyldimeth-
ylsilyl derivative as described previoust§Protein from the lympho-  Statistical Analysis
cytes and MNC samples was precipitated with cold 2% perchloric acid.
The protein precipitate was washed extensively, solubilized with 0.3
mol/L sodium hydroxide, and reprecipitated, followed by hydrolysis in
40% hydrochloric acid at 110°C for 24 hours. After enzymatic decar-
boxylation to phenylethylamine, the enrichment of the heptafluorobu-
tyryl derivative was determined by GCMS at m/z 106 and 109 as
described previousli# The determinations were performed on a MD
800 quadrupole GCMS (Fisons Instruments, Beverly, MA).

Data are presented as meansSD. Comparison of mean values for
2 measurements was performed by Studemnt®est for paired or
unpaired samples. Differences associated with physiologic responses
were tested with analysis of variance. One-way analysis of variance
with repeated measures was used to compare differences within each
group. Two-way analysis of variance with repeated measures was used
to compare differences between 2 groupsalues less than .05 were
considered statistically significant.

Calculations of Protein Synthesis Rate in T Lymphocytes RESULTS
and MNC hvsiol |
siological Responses
The rate of the protein synthesis was calculated as described prevf y g- P ) _
ously: FSR= (P, - Pp) X 100/A, in which FSR is the fractional All subjects who received the combined stress hormone

synthesis rate of protein (% per da§)P,, and R, are the enrichments  infusion experienced enhanced heartbeat for several minutes



1310 JANUSZKIEWICZ ET AL

after the start of the infusion. Heart rate was increased from Table 2. Rates of Protein Synthesis (%/d) in MNC Determined at
71 + 6 beats/minute at the beginning of the study to thet95 Two Time Points (Before and After 6 Hours of Stress Hormones or

9 beats/minute at the end of the study. This increase was Saline Infusion)
different compared with the control group: 68 11 versus Group 1 Stress Hormones Group 2 Saline
59 = 8 (P < .001). Systolic blood pressure remained un- 0 Hour 6 Hours 0 Hour 6 Hours
changed throughout the study in both groups, whereas diastollc1 146 6.1 13.4 15
blood pressure dropped in the stress hormone group from 74, 1.8 9.0 128 126
6 mm Hg at the beginning of the study to 3912 mm Hg at 3 13.1 3.6 1.4 10.3
the end of the studyR < .05). Values for the control group 4 14.1 8.4 9.9 10.1
were 69+ 8 mm Hg and 71+ 11 mm Hg, respectively. 5 13.5 4.9 9.6 12.1
6 1.7 4.8 13.4 11.9
Protein Synthesis in T Lymphocytes and MNC 7 14.5 7.0 13.7 12.5

. . . *
The protein synthesis rate in T lymphocytes was 12:8% _Mean=SD 133=12 63=20" 120=17 11610

1.0%/d as the mean value of the first determination in the 2 *P <.001 within the group.

groups combined. It decreased by 34917% (meant SD) TP < .001 between the groups.

(P < .01) during the 6-hour stress hormone infusion (Table 1).

In the MNC, the rate of protein synthesis as the mean value of

the first determination in the 2 groups combined was 12:7% shown in Table 3. Values demonstrate leukocytosis in the stress
1.6%/d. Infusion of stress hormones caused a decrease fiormone groupR < .001). A decrease in lymphocytes, as well
protein synthesis by 53% 16% (P < .001) (Table 2). Protein  as T helper CD3/CD4, T cytotoxic CD3/CD8, and total T CD3
synthesis did not change in the control groups, either in TCounts was observed in both grougd € .01 in the stress
lymphocytes or in MNC throughout the study. One subject inhormone groupP < .05 in the control group), whereas natural
each group was excluded from the study due to the failure witrkiller (NK) CD16/CD56 count increased in the stress hormone

separation of T lymphocytes. group P < .05).
Figure 2 demonstrates changes in the percentage of lympho-
Proliferation of Unstimulated and PHA-Induced MNC cyte subpopulations. There was a reduction in the percentage of

In vitro proliferative responsiveness in unstimulated andCD4" cells from 41%= 9% to 18%= 8% (P < .001), CD8"
PHA-stimulated MNC was determined at time points 0 hourCells from 27%= 6% to 15%=* 4% (P < .001), total CD3
and 4.5 hours (Fig 1). In the unstimulated cells, there was nellS from 69%:= 7% to 35%= 10% ( < .001) in the stress
change in the control group, whereas in the stress hormonBOrmone group. By contrast, there was a 3-fold increase in the
group, there was an increased responsiveness at 4.5 hours iPgfcentage of CD16/CDS6cells from 17%+ 10% to 55%+
of 5 subjects. Following PHA stimulation, the proliferative 12% (P < .001) after 4.5 hours of stress hormone infusion.
response decreased marginally in controls, as well as in th&D4/CD8 ratio remaln_ed unchanged. _
stress hormone group. From each group, 3 subjects were ex- Results for the activated T lymphocytes are presented in
cluded due to technical problems with the isolation and cultureT@ble 4. CD3/HLA-DR expression did not change, but

of MNC, therefore, these data were not included in the statis CD3"/CD25" expression decreased after 4.5 hours of the
tical analysis. stress hormone infusiorP(< .01) and increased slightly, but

significantly in the control groupR( < .01).

Analysis of Cell Surface Phenotype
. . DISCUSSION
Lymphocyte phenotyping for each group was made at time

points 0 hour and 4.5 hours. Data for leukocytes, lymphocytes, A combined stress hormone infusion resulted in an increased

T-lymphocyte subpopulation counts, and CD4/CD8 ratio arePeripheral count of leukocytes and a decreased count of lym-
phocytes. Among the T-lymphocyte subpopulations, helper and

cytotoxic cells were reduced, while NK cells increased in

Table 1. Rates of Protein Synthesis (%/d) in T Lymphocytes number. The in vivo protein synthesis rate of T lymphocytes
Determined at Two Time Points (Before and After 6 Hours of and MNC decreased by 34% and 53%, respectively. In contrast,
Stress Hormones or Saline Infusion) the in vitro proliferative responses were not altered signifi-
Group 1 Stress Hormones Group 2 Saline Cantly-
Subject 0 Hour 6 Hours 0 Hour 6 Hours The in vivo protein synthesis rate was determined in 2 cell
populations: in T lymphocytes, separated with the rosette
1 12.9 6.1 12.7 13.8 L i .
9 131 11.0 12.3 12.2 method, which in our hands gives a purity of 90% to 95% as
3 12.9 10.0 10.4 108 determined by flow cytometry, and in MNC, isolated by the
4 12.9 5.5 13.8 12.4 density gradient and consisting of 60% to 80% lymphocytes
5 145 9.2 125 10.9 and 20% to 35% monocytéRrotein synthesis rate in the basal
6 12.0 10.0 12.2 11.4 state in the combined stress hormone and control groups was
7 12.8 8.1 13.8 12.2 12.8%+ 1.0%/d in T lymphocytes and 12.7% 1.6%/d in the
Mean =SD 13.0+07 86=*2.1* 125+12 120+ 1.0 MNC. This rate of protein synthesis is relatively high, as com-
*P < .001 within the group. pared with human skeletal muscle with a rate of only 2%/d, and

tP < .01 between the groups. human liver, which has a fractional synthesis rate of total (both
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stationary and export) proteins of approximately 24%/& T protein synthesis by 34% in the circulating T lymphocytes. By
lymphocytes are involved in the cell-mediated immunity, and contrast a 6-hour infusion of cortisol alone does not affect the
together with monocytes, share an immunoregulatory role. Irrate of protein synthesis, either immediately or 18 hours after
vivo determination of protein synthesis in T lymphocytes andthe end of the infusion, when given to healthy volunt€®efe
MNC reflects the metabolic activity of these immune cells, decrease observed after the combined infusion of the stress
including synthesis of cytokines and other regulatory proteinshormones may therefore be explained by the need for several
cell division, production of prostaglandins, and cell receptors.stress hormones together or that hormones other than cortisol,
Our results suggest that both T lymphocytes and monocytes angossibly epinephrine alone, mediate responses leading to the
metabolically active even in the resting state, and it can balecrease of protein synthesis.
speculated that immune cells continuously synthesize regulat- MNC showed the same pattern as T lymphocytes following
ing proteins and receptors necessary to preserve homeostasistbe combined stress hormone infusion, with the protein synthe-
the immune system. sis rate decreased by 53% immediately after the end of the
The combined stress hormone infusion induced a decrease @fifusion. This decrease in protein synthesis, being more accen-

Table 3. Counts of Leukocytes and Lymphocyte Subsets (Count x 10°/L) Determined Before and After 4.5 Hours of
Stress Hormone or Saline Infusion

Group 1 Stress Hormones Group 2 Saline
0 Hour 4.5 Hours 0 Hours 4.5 Hours
Leukocytes 6.3 = 1.10 15.80 + 2.80*t 5.80 = 1.40 5.10 = 1.20
Lymphocytes 2.10 = 0.80 1.00 = 0.20%8 1.90 = 0.60 1.40 = 0.20||
Thelper (CD3*/CD4") 0.85 = 0.41 0.17 + 0.08%t 0.87 £ 0.34 0.65 += 0.16]|
Teytotoxic (CD3*/CD8") 0.61 = 0.30 0.15 * 0.05%t 0.53 = 0.17 0.41 = 0.14)
Total T (CD3™") 1.46 = 0.59 0.33 £ 0.10%t 1.45 = 0.40 1.09 = 0.22||
NK (CD16%/CD56™) 0.35 = 0.15 0.60 + 0.16| 0.25 £ 0.12 0.17 = 0.04
CD4/CDS8 ratio 1.67 = 0.70 1.28 = 0.65 1.65 = 0.74 1.62 = 0.56

NOTE. Values are expressed as mean = SD. The CD4/CD8 ratio is calculated as a fraction of CD4 positive cells divided by the fraction of CD8
positive cells.

*P < .001 within the group.

TP < .001 between groups.

P < .01 within the group.

§P < .01 between groups.

||IP < .05 within the group.
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stress hormone group v 0 hour.

tuated in the MNC, means that monocytes, which are lessvhich focused on metabolic changes following major surgery
abundant, have a metabolic activity suppressed more than @nd traum&:18A triple-hormone cocktail provides plasma hor-
lymphocytes. Thenagnitude of the observed reduction in MNC mone concentrations similar to those found during abdominal
is in accord with results reported earlier in healthy volunteerssurgery and is safely tolerated by healthy volunté&rghere
in which the decrease by 60% at the end of the 6-hour comare no previous data on the impact of a combined stress
bined stress hormone infusion is followed by normalization athormone infusion in vivo on human T lymphocytes or mono-
18 hours after cessation of the infusidA. similar pattern with  cytes, even though the effects of single stress hormones on
immediate suppression of the metabolic activity is also ob-immune cell function have been extensively studied in
served in a human sepsis moé@hn endotoxin bolus given to  vitro.20-24In the present study, no alteration of the proliferation
healthy volunteers decreases protein synthesis in circulating &f MNC in response to stress hormones was detected, although
lymphocytes, whereas leukocytes, consisting of lymphocytesin the PHA-stimulated group, there was a tendency to a slight
monocytes, and neutrophils, show an increase, probably due t@ecrease of the rate of thymidine incorporation. In the unstimu-
the increased protein synthesis rate in the neutrophils. On thated group, some individuals showed an enhanced proliferative
other hand, infusion of recombinant interleukin (IL)-2, which response following the hormonal challenge, but the change was
induces proliferative and cell-mediated responses of T lymphonot uniform and therefore not conclusive. In particular, there
cytes, enhances the protein synthesis rate in MNC of patientas no parallelism between the 50% reduction of in vivo
with colon cancet’ All of these results together show that the protein synthesis observed in all subjects and the more scat-
determination of in vivo protein synthesis may reflect imme-tered and discrete changes seen in the in vitro proliferative
diate changes in activation of immune cells. response, with or without stimulation.
A combined epinephrine, cortisol, and glucagon infusion has  Cells counts, as well as cell populations and subpopulations,
been used as a human trauma model in a number of studiegssessed by the expression of surface markers, are often used as
a measure of cellular immune status. In the present study, the
increase in the white cell count and the decrease in the number

Table 4. Percentage of Activated T Lymphocytes Determined of lymphocytes after 4.5 hours of stress hormone infusion was
Before and After 4.5 Hours of Stress Hormone or Saline Infusion observed. This is in accord with the pattern observed in healthy
Group 1 Stress volunteers who received a bolus dose of epinephrine and hy-
Hormones Group 2 Saline drocortisone together, as well as postoperatively in surgical
OHour  45Hours  OHours 45 Hours patients?225 In addition, distinct changes in the lymphocyte
CD3*/HLADR% 13+18 5=2 6+5 7+5 subpopulations were observed during the stress hormone infu-
CD3"/CD25" % 14=6 7E5%  14x4 164 sion. There was an 80% decrease of helper lymphocytes
NOTE. Values are expressed as mean * SD. (CD4"), a 75% decrease of cytotoxic lymphocytes (CD8
*P < .01 within groups. and an almost 80% decrease of total T lymphocytes (QD3

tP .01 between groups. presented as the absolute number of cells. The analysis of the
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percentage of lymphocyte subpopulations revealed the reduc- A NK cells (% of total T cells)
tion to half of that in the basal state in all of those cell
populations. The effects of a short exposure to catecholamines 0 20 40 60 80 100%
with or without a bolus dose of hydrocortisone on T-lympho- 0- - e —
cyte subpopulations are well known, however, the impact of the
combined stress hormone infusion has not been described ea& -2 - L
|ier_22,26-28

After 4.5 hours of saline infusion, there was a decrease in
count of lymphocytes, with a consequent drop of CD4
CD8", and CD3 T lymphocytes, without changes in the J 6 r=-0.78
percentage of these populations. Probably it depends on th& p<0.05
insignificant decrease in the percentage of lymphocytes (data<
not shown) and the total white cell count, as the lymphocyte
count was calculated from those values. Then, in turn, all
lymphocyte subpopulation counts were calculated from the Fig 3. The decrease in the protein synthesis rate in total T lym-
absolute number of lymphocytes. phocytes as related to the change in the proportion (%) of NK cells

NK cells showed a distinct response to the combined stresgut of total lymphocytes after a combined stress hormone infusion in
hormones. A 3-fold increase in the pgrcentage of NK cells 09[?::,!.t(:“(,,v:l?_;::ii(r_‘o:)_ﬂ. A statistically significant correlation was
of the total lymphocytes, corresponding to a 2-fold increase in
the absolute count, was demonstrated after 4.5 hours of the
infusion. Th_|s is in accord with the |n9reased count of NK qells postoperative period, there is a transient increase in the number
seen foIIowmg_ a short phr_:lrmacqloglc stress exert_ed by intragt cpa* cells expressing HLA-DR.
venously administered epinephrine and hydrocortigére2® In conclusion, the decrease of in vivo protein synthesis in

An unexpected observation was the statistical correlation beéirculating T lymphocytes was 34% as compared with 53% in

tween the change in the fraction of NK cells and the change "\\/INC immediately after a 6-hour combined stress hormone
infusion. This metabolic response to the hormonal challenge

protein synthesis in total T lymphocytes & .60,P < .05, Fig
3). A possible explanation is that circulating NK cells have a\vas accompanied by pronounced changes in the lymphocyte
subpopulations and in the expression of the activity markers.

-4

T cells (%/24

*e

-10

lower rate of protein synthesis as compared with other T-cell

subpopulations, such as helper and cytotoxic cells. Howevetyqaqyrement of protein synthesis reflects the metabolic activ-
more direct measurements are needed to establish in Vvl 5n4 activation of immune cells. When evaluating immune
protein synthesis in the different T-lymphocyte subpopulations.c.metence in patients, measurement of the protein synthesis

Exge§5|on Ohf activation mfa_rkers, such as HL?_'DR Of rate gives the opportunity to add an in vivo assessment of
CD25", is another measure of increased activity o IMMUNE e jylar activity to the markers of immune function.

cells. In the present study, we could demonstrate a 50% de-
crease in the percentage of T lymphocytes expressing CD25 ACKNOWLEDGMENT
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