[image: image7.wmf][image: image8.jpg]}
A NATO
\4% OTAN






Quantification of Temperature Effects on
Markers of Circulating Leukocyte Function






Quantification of Temperature Effects on
Markers of Circulating Leukocyte Function

Quantification of Temperature Effects on Markers of 
Circulating Leukocyte Function
Yngvar Gundersen (1), Bård Lundeland (1,2), Ingjerd Thrane (1), 
Per-Kristian Opstad (1), Per Vaagenes (1)
(1) Department of Protection, Norwegian Defence Research Establishment, N-2027 Kjeller, Norway

(2) Akershus University Hospital, N-1474 Nordbyhagen, Norway
yngvar.gundersen@ffi.no
ABSTRACT
Background:  Moderate deviations from normal body temperature are common, e.g.: related to heavy physical activity, infections, surgery, or trauma.  In the present study we wanted to quantify the impact of temperature on selected central variables of the innate immune system.  Methods:  Blood from seven healthy male test persons was incubated with lipopolysaccharide (LPS) 10 ng/ml in an ex vivo whole blood model.  The blood was exposed to different temperatures (6h at 33 (C, or 3h at 33 (C + 3h at 37 (C, or 6h at 37 (C, or 3h at 40 (C + 3h at 37 (C, or 6h at 40 (C).  TNF (tumour necrosis factor)-α, IL (interleukin)-1 β, IL-8, MMP (matrix metalloproteinase)-9 and reactive oxygen species (ROS) were measured in the supernatant.  Expression of Toll-receptor 4 (TLR4) on monocytes was measured in a flow cytometer.  Results:  Six h incubation with LPS induced a greatly enhanced production of all cytokines and MMP-9.  A highly significant attenuating effect of temperature deviations from normothermia was evident.  The impact of hyperthermia generally was stronger than that of hypothermia.  The effects persisted even 3h after returning to 37 (C.  The plasma balance between oxidants and antioxidants was shifted towards the pro-oxidant side.  We found no significant effect on TLR4 expression.  Conclusions:  Commonly experienced temperature deviations significantly reduce the LPS-stimulated function of circulating white blood cells.  The effects persist for several hours after reversion to normothermia.  Expression of TLR4 does not seem to play an important role for the outcome.  The clinical implications are increased susceptibility to infections, e.g.: as observed after sustained physical exertion or accidental hypothermia.  Conversely, attenuated synthesis of pro-inflammatory mediators may serve to reduce the early end organ injury often complicating serious insults like multiple trauma or haemorrhage.  

1.0
Introduction
The human body functions best within very narrow limits of 37 (C.  Notwithstanding, cases of mild/moderate hypothermia (33 – 36.7 (C) or hyperthermia (37.3 – 40 (C) are common, both among civilians and among military personnel (1).  Extreme deviations are encountered less frequently, but are associated with severe and often life-threatening conditions.  Malignant cardiac arrhythmias and collapse of circulation are well-known consequences of hypothermia ( 28 (C.  The endpoint of excessive heating is the complex clinical picture of heat stroke.  
1.1
General hypothermia
Mild or moderate decline of core body temperature is associated with a series of clinical conditions.  Thus, it is an everyday companion to heavy trauma, and in this connection may be considered as a distinct entity from hypothermia due to other causes (2).  Several studies have shown that victims of polytrauma carry far higher mortality rates if they also have been exposed to accidental cooling (3, 4).  As widespread tissue injuries frequently are complicated by uncontrolled bleeding, impaired function of coagulation enzymes with increased blood loss is especially important (4).  In severely traumatised patients the combination of hypothermia, coagulopathy and acidosis is generally referred to as “the deadly triad” (5).  When ongoing bleeding is not involved, in theory mild or moderate hypothermia may be advantageous.  That goes for, among others, traumatic brain injury, haemorrhagic shock, and cardiac arrest (6-8).  Hypothermia without concomitant trauma frequently occurs in the elderly, in debilitating disease, or is associated with intoxications.  In the operating theatre, general anaesthesia abolishes normal temperature regulation, and lengthy surgical procedures therefore carry with them high incidences of postoperative hypothermia (9).  Since long, hypothermia even has been used for therapeutic purposes.  Examples include treatment of stroke, cardiac arrest, and cardiac surgery (8, 10-11).  
1.2
General hyperthermia

When metabolic heat production and environmental heat load exceed heat loss capacity, body temperature increases.  Viral or bacterial infections or other inflammatory conditions are the most common causes of increased body temperature, and is considered part of the body's host defence (12).  In fever the thermoregulatory set-point is elevated, as opposed to other types of hyperthermia where body temperature exceeds an unchanged set-point.  Inefficient sweat glands, poor circulation (e.g. following dehydration) as well as heart, lung and kidney diseases are often involved, in particular when combined with environmental extremes (hot and humid climate).  But hyperthermia is also well-known in the perfectly healthy and well-trained individual, especially so during sustained physical activity when core temperature regularly may rise well above 39 (C (13).  Like hypothermia, hyperthermia is also a therapeutic option, e.g. in the treatment of malignancies (14).  
1.3
Aim of the study  

Normal function of mammalian cells is exceedingly dependent on temperature, which is one reason why it is so strictly regulated.  Cellular enzymes are especially sensitive, but a host of other aspects of cell structure and function may be vulnerable to temperature changes.  That includes, among others, membrane function, receptor expression and function, intracellular signalling, gene transcription, mRNA stability, and protein synthesis, release or stability.  The net resultant is a complex interplay between all these factors (15).  In the present study we have measured concentrations of selected markers of inflammation to quantify the effects of clinically relevant and frequently encountered moderate temperature deviations on lipopolysaccharide (LPS)-stimulated circulating leukocytes.  LPS signals through Toll-like receptor 4 (TLR4), a genetically conserved pattern recognition receptor (16).  We also wanted to study the impact of temperature on TLR4, and furthermore, to find out if a correlation exists between the markers of inflammation and TLR4 expression.  Below we present the preliminary results.
2.0
Material and methods 

2.1
Study population
Seven healthy males aged 28 – 69 years (43.9 ( 6.0) were included into the study.  

2.2
Blood samples 
Peripheral blood samples were collected by antecubital venipuncture with the subjects in seated position.  To exclude circadian variations, sampling was done between 0800 and 0900 a.m. on each day.  EDTA or heparin anticoagulated vacuum tubes (Vacuette, Greiner) were employed for the collection.  All specimens immediately were put on ice and processed within 1h.  
2.3
Haematological and biochemical measurements 

Haemoglobin, haematocrit and differential leukocyte counts were determined in EDTA blood using an automatic blood cell counter (Advia 60, Bayer Health-Care, Tarrytown, NY, USA).  

2.4
The whole blood model

The ability of circulating inflammatory cells to react to an LPS challenge was studied at different temperatures in a whole blood model.  Three millilitres of heparinised blood was used in each sample, and the tubes were incubated at five different temperatures or temperature combinations as follows: 
· 6 h at 33 (C (33/33 (C)

· 3 h at 33 (C + 3 h at 37 (C (33/37 (C)

· 6 h at 37 (C (37/37 (C)

· 3 h at 40 (C + 3 h at 37 (C (40/37 (C) 

· 6 h at 40 (C (40/40 (C)  

Immediately before incubation, the cells were either not further stimulated, or stimulated with LPS 10 ng/ml, which is supposed to lead to a near-maximal activation of the leukocytes.  The tubes were gently rotated x6 during the incubation period to avoid sedimentation.  After 6 h the samples were centrifuged.  The supernatant was removed and immediately frozen at - 20(C.  The impact of temperature on leukocyte function was assessed by measuring the concentration of selected cytokines (TNF-α, IL-1 β, IL-8) and proteases (matrix metalloproteinase-9 (MMP-9)) in the supernatant.  The effect on oxidant status in plasma was also measured.  

2.5
Cytokine, protease and free radical assays

Commercially available kits from R & D Systems were used for cytokine determination.  The proteases were measured with a Quantikine human kit (catalogue number DMP 900).  Chemiluminescence was measured in a Labsystems Luminoskan luminometer (Turku, Finland).  

2.6
Flow cytometric analysis of TLR4
The temperature effect on TLR4 expression on monocytes was measured in samples from four donors.  The analyses were done within 24 h in a FACSAria flow cytometer (Becton Dickinson) equipped with FACS Diva Software version 6.1.1 (Becton Dickinson).  The monocytes were identified by their light scatter characteristics in a forward scatter/side scatter plot, or by CD 14 FITC combined with side scatter plot.  They were electronically gated and analysed for median fluorescence intensity (MFI).  Results for the different receptors are reported as the MFI corrected by subtracting the MFI for the relevant isocontrol antibody.  
2.7
Statistical analysis

Data are presented as mean ( SEM.  The data were tested for normal distribution.  Thereafter differences between values were estimated with one-way repeated measurements ANOVA, or one-way repeated measurements ANOVA on ranks as appropriate, followed by Dunn´s post hoc test.  P-values < 0.05 were considered statistically significant.  

3.0
RESULTS
3.1
Haematological variables

Selected haematological variables for the test persons are shown in table 1.
Table 1: Selected haematological variables of the study population
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3.2 Markers of inflammation 

3.2.1
Cytokines

In the non-stimulated samples, the concentrations of all cytokines, including TNF-α, were generally very low or below detection limit.  The leukocytes responded to 6 h incubation with LPS with a vastly increased production, which was highly influenced by temperature as shown below.  

3.2.1.1
  TNF-α and IL-8

The values after 6 h in 33 (C were reduced to 50 ( 2 % of the concentrations found after 6h in normothermic environment (see figure 1).  The attenuation was even more pronounced after 6h in 40 (C (27 ( 12 %).  The concentrations remained significantly depressed also in the samples with intermediate temperature challenges.  

The impact upon the chemokine IL-8 was very much like that of TNF-α.  
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Figure 1:  Relative temperature effects on TNF-α concentrations in the supernatant after 6 h ex vivo whole blood incubation with LPS 10 ng/ml (37 (C = 100%).  The concentration was higher after 6 h in 37 (C compared with all other investigated temperatures or temperature combinations.  * p < 0,05 vs. 6 h incubation in 37 (C.  

3.2.1.2
  IL-1 β 

IL-1 β, like TNF-α, is a pivotal pro-inflammatory cytokine.  Both hypo- and hyperthermia had profound effects on the measured concentrations in the supernatant.  After 6h in 40 (C IL-1 β was almost wiped out by hyperthermia (3 ( 1 % of control values), and even after only 3h in 40 (C followed by 3h in 37 (C the values were very low (9 ( 2 %); (see figure 2).  
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Figure 2:  Relative temperature effects on IL-1 β concentrations in the supernatant after 6 h ex vivo whole blood incubation with LPS 10 ng/ml (37 (C = 100%).  The concentrations of IL-1 β were especially sensitive to hyperthermia.  * p < 0,05 vs. 6 h incubation in 37 (C.  
3.2.2
Matrix metalloproteinase-9 (MMP-9)

Matrix metalloproteinase 9 (MMP-9) belongs to a class of extracellular proteinases that are able to degrade or modify essentially all components of the extracellular matrix (17).  They are essential for normal physiology, but may also participate in the pathophysiology of several disease states and following trauma.  The activity of MMP is probably sensitive to temperature deviations (18).  As can be seen from figure 3, the temperature effects on MMP-9 concentrations were generally milder than was the case for the cytokines.  However, significantly reduced values were measured both after 6h in 33 (C (81 ( 6 % of control values) and 6h in 40 (C (72 % of control values).  
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Figure 3:  Relative temperature effects on MMP-9 concentrations in the supernatant after 6 h ex vivo whole blood incubation with LPS 10 ng/ml (37 (C = 100%).  MMP-9 was less sensitive to deviations from normal temperature than was the case for the cytokines TNF-α, IL-1 β and IL-8.  * p < 0,05 vs. 6 h incubation in 37 (C.  
3.2.3
Reactive oxygen species (ROS)

The term “reactive oxygen species” (ROS) embraces any mixture of molecules, ions and free radicals containing derivatives of molecular oxygen that are more reactive than oxygen itself.  ROS are known mediators of cellular injury, and their generation is supposedly temperature sensitive (19, 20).  In the present study, the chemiluminescence activity proved to be highly dependent on temperature, with the lowest values at 37 (C (see figure 4).  The largest deflections were seen on the hyperthermic side (576 ( 199 % of 37 (C), but with marked effects also at the other temperatures and temperature combinations.  
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Figure 4.  Relative temperature effects on free oxygen radicals (ROS) in the supernatant after 6h ex vivo whole blood incubation with lipopolysaccharide (LPS) 10 ng/ml (37 (C = 100%).  * p < 0,05 vs. 6 h incubation in 37 (C.  

3.3
Toll-like receptor 4 (TLR4)  
Toll-like receptors are an ancient and evolutionarily conserved receptor family that recognises distinct microbial components and directly activates immune cells.  So far 11 human TLRs (TLR1-11) have been identified, with LPS as the main exogenous ligand for TLR4.  In addition there are several endogenous ligands (16).  The expression of TLRs is known to be regulated by a series of physiological factors, among them body temperature (21-23).  In vitro we found a tendency to reduced expression of TLR4 with increasing temperature, while the impact of hypothermia was more or less absent (see figure 5).  No significant correlation between cytokine concentration and TLR4 expression was detected.  
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Figure 5.  Relative temperature effects on the expression of TLR4 on monocytes after 6h of ex vivo whole blood incubation with lipopolysaccharide (LPS) 10 ng/ml (37 (C = 100%).  

4.0
DISCUSSION
Mild or moderate deviations from normal core body temperature may be caused by a long series of stressful events.  The impact upon cellar function, including immune cells, may be considerable.  In this ex vivo study we have tried to quantify the effects on selected markers of the innate immune system.  The LPS-stimulated release of pivotal proinflammatory cytokines like TNF-α and IL-1 β was heavily attenuated by environmental temperature deflections of ( 3 (C.  The same was the case for the chemokine IL-8.  The oxidant status in plasma was significantly shifted towards the pro-oxidant side.  The concentrations of the protease MMP-9 proved more resistant, but even here a significant temperature effect was evident.  The expression of TLR4 turned out to be less temperature sensitive.  Hyperthermia tended to reduce the values, but the differences from 37 (C were not statistically significant.  However, the number of investigated samples was low (n=4).  
The influence of temperature on stimulated cytokine production has been addressed by many investigators.  Most of them report of negative effects, although not in complete agreement (24-27).  The results in the present study were altogether very consistent with heavily attenuated synthesis and release of all cytokines investigated, not only after 6h in hypo- or hyperthermic environment, but even after combinations of 33/37 or 40/37 (C.  Thus, it may be surmised that incidental temperature deflections induce relatively longstanding (hours) impairment of cytokine production.  This is an important issue for researchers in this field, and emphasizes the need for strict temperature control when blood samples are not immediately processed.  IL-1 β and TNF-α are central mediators of the inflammatory response, for instance after polytrauma or generalised infections, and 6h in 40 (C reduced the stimulated concentrations to 3 ( 1 and 27 ( 12 %, respectively, of the control samples kept in 37 (C.  The effects of hypothermia were less conspicuous, but still considerable (27 ( 4 % and 50 ( 2 %, respectively).  The clinical consequences are not straightforward and likely to be greatly dependent upon circumstances.  Hypothermia is often associated with reduced resistance to infections, both by directly impairing immune function and because thermoregulatory vasoconstriction diminishes tissue perfusion, which is especially deleterious after penetrating injuries.  Prompt activation of the innate immune system to eliminate offending pathogens would seem critical in such situations, but the mechanisms probably are multifaceted (28, 29).  Yet another aspect of reduced temperatures and health is the ancient observation that respiratory infections summit during winter months, as do hospitalisations and mortality due to infectious complications (28).  But the dampening effects of hypothermia on most cellular functions may not be universally unfavourable.  Thus, the restrained proinflammatory cytokine production may serve to reduce the early end organ dysfunction or failure attributed to exuberant activation of the inflammatory response, e.g. from multiple trauma or haemorrhagic shock (30).  The fact that rodents select cool ambient temperatures during systemic inflammation, and that this behaviour correlates with increased survival, suggests an evolutionary benefit from “regulated hypothermia”, i.e. hypothermia due to a decreased temperature set-point (31).  
The MMPs are important players in the tissue breakdown, resorption and remodeling of extracellular matrix, both following traumatic injuries as well as in many disease processes and degenerative disorders.  Their biological activity is strictly regulated, both via gene transcription (by cytokines, physical stress (like temperature), growth factors, hormones and others), by proenzyme activation and by the activity of tissue inhibitors of matrix metalloproteinases (TIMPs); (17, 18).  Although we found that MMP-9 was less susceptible to temperature fluctuations than was the case for the cytokines, the stimulated MMP concentrations nevertheless declined to 81 ( 6 % in 33(C and to 72 ( 6 in 40 (C when compared to incubation in 37 (C.  The clinical implications may follow the same lines as for TNF-α and IL-1 β.  For instance, in traumatic brain injury and stroke, hypothermia is known to limit damage and secondary cell death, while hyperthermia has the opposite effect (32).  As previously mentioned, in both cases the dampening temperature effects on cytokine concentrations is operative.  But even the reduced MMP activity presumably ameliorates damage per se, as suggested in studies with MMP-9 knock-out mice (33).  
In this study, we have compared samples of cells stimulated with the Gram-negative cell wall component LPS, which is a potent activator of inflammation.  Of the 11 human TLRs, TLR4 is critical for cellular responses to LPS (34).  Some of the main markers of TLR4 activation by LPS (e.g. TNF-α and IL-1 β) proved to be highly sensitive to temperature variations, and it might therefore be hypothesized that the expression of TLR4 could play an important role for this outcome.  To support this, high monocyte TLR4 expression has been associated with high LPS-stimulated TNF-α and IL-1 β production (35).  Other investigators, however, have found increased TLR expression in fever range temperatures (39.5 (C), thus suggesting no such relation (23).  Our own results are inconclusive.  Hypothermia seemed not to influence TLR4 expression, while there was a clear tendency to reduced expression in hyperthermia (81 ( 10 % of the 37.0 (C control samples).  However, the number of samples were low (n=4).  
The specific effects of core body temperature deflections may be difficult to determine in vivo.  The associated stress causes a marked rise of plasma adrenaline, noradrenaline, and cortisol, all of which have widespread effects, for instance as important regulators of cytokine production.  In vitro studies circumvent these problems.  The ex vivo whole blood model used here has been well-characterised and is likely to be a suitable tool for such studies (36).  

To conclude, moderate deviations from normal core temperature (( 3 (C) proved to have profound inhibitory effects on pivotal inflammatory mediators, most pronounced on the hyperthermic side.  The effects persisted beyond 3h after return to the control temperature of 37 (C.  The clinical implications are widespread and depend on, in a given case, whether inflammation is to be stimulated or impeded.  
5.0
REFERENCES  
1. Epstein Y, Moran DS, Shapiro Y, et al.  Exertional heat stroke: a case series.  Med Sci Sports Exerc 1999;3:124-128.  

2. Gentilello LM, Pierson DJ.  Trauma critical care.  Am J Respir Crit Care Med 2001;163:604-607.  

3. Wang HE, Callaway WC, Peitzman AB, Tisherman SA.  Admission hypothermia and outcome after major trauma.  Crit Care Med 2005;33:1296-1301.  
4. Smith CE, Yamat RA.  Avoiding hypothermia in the trauma patient.  Curr Opin Anaesth 2000;13:167-174.  

5. Eddy VA, Morris JA, Cullinane DC.  Hypothermia, coagulopathy, and acidosis.  Surg Clin NA 2000;80:845-854.  

6. Sahuquillo J, Vilalta A.  Cooling the injured brain:  how does moderate hypothermia influence the pathophysiology of traumatic brain injury?  Curr Pharm Des 2007;13:2310-2322.  
7. Deniz T, Agalar C, Ozdogan M, et al.  Mild hypothermia improves survival during hemorrhagic shock without affecting bacterial translocation.  J Invest Surg 2009;22:22-28.  
8. Bernard SA, Gray TW, Buist MD, et al.  Treatment of comatose survivors of out-of-hospital cardiac arrest with induced hypothermia.  N Eng J Med 2002;346:557-563.  
9. Tølløfsrud SG, Gundersen Y, Andersen R.  Peroperative hypothermia.  Acta Anaesth Scand 1984;28(5):511-515.

10. Reith J, Jorgensen HS, Pedersen PM, et al.  Body temperature in acute stroke: relation to stroke severity, infarct size, mortality, and outcome.  Lancet 1996;347:422-425.  

11. Todd MM.  Current status of hypothermia as a treatment modality.  Can J Anesth 2004;51:R1-R3.  
12. Roberts NJ.  Temperature and host defense.  Microbiol Rev 1979;43:249-259.  

13. Murray R.  Dehydration, hyperthermia, and athletes:  science and practice.  J Athlete Train 1996;31:248-252.  

14. Hildebrandt B, Wust P, Ahlers O, et al.  The cellular and molecular basis of hyperthermia.  Crit Rev Oncol Hematol 2002;43:33-56.  
15. Campbell NA, Reece JB, Mitchell LG, Taylor MR.  Biology Concepts and Connections.  4th ed.  Benjamin Cummings, San Francisco 2003.  
16. Beg AA.  Endogenous ligands of Toll-like receptors: implications for regulating inflammatory and immune responses.  Trends Immunol 2002;23:509-512.  

17. Nagase H, Woessner JF.  Matrix metalloproteinases.  J Biol Chem 1999;274:21491-21494.  

18. Hamann GF, Burggraf D, Martens HK, et al.  Mild to moderate hypothermia prevents microvascular basal lamina antigen loss in experimental focal cerebral ischemia.  Stroke 2004;35:764-769.  

19. Camara AKS, Riess ML, Kevin LG, et al.  Hypothermia augments reactive oxygen species detected in the guinea pig isolated perfused heart.  Am J Physiol 2004;286:H1289-H1299.  
20. Flanagan SW, Moseley PL, Buettner GR.  Increased flux of free radicals in cells subjected to hyperthermia: detection by electron paramagnetic resonance spin trapping.  FEBS Lett 1998;431:285-286.  
21. Lancaster GI, Khan Q, Drysdale P, et al.  The physiological regulation of toll-like receptor expression and function in humans.  J Physiol 2005;563:945-955.  

22. Gleeson M, McFarlin B, Flynn M.  Exercise and Toll-like receptors.  Exerc Immunol Rev 2006;12:34-53.  

23. Yan X, Xiu F, An H, et al.  Fever range temperature promotes TLR4 expression and signaling in dendritic cells.  Life Sci 2007;80:307-313.  

24. Russwurm S, Stonans I, Schwerter K, et al.  Direct influence of mild hypothermia on cytokine expression and release in cultures of human peripheral mononuclear cells.  J Interferon Cytokine Res 2002;22:215-221.  
25. Matsui T, Ishikawa T, Takeuchi H, et al.  Mild hypothermia promotes pro-inflammatory cytokine production in monocytes.  J Neurosurg Anesthesiol 2006;18:32-36.  

26. Ensor JE, Wiener SM, McCrea KA, et al.  Differential effect of hyperthermia on macrophage interleukin-6 and tumor necrosis factor-α expression.  Am J Physiol 1994;266:C967-974.  
27. DuBose D, Balcius J, Morehouse D.  Heat stress and/or endotoxin effects on cytokine expression by human whole blood.  Shock 2002;17:217-221.  

28. Mourtzoukou EG, Falagas ME.  Exposure to cold and respiratory tract infections.  Int J Tuberc Lung Dis 2007;11:938-943.  

29. Walsh NP, Whitham M.  Exercising in environmental extremes; a greater threat to immune function?  Sports Med 2006;36:941-976.  

30. Gundersen Y, Vaagenes P, Pharo A, et al.  Moderate hypothermia blunts the early inflammatory response and reduces organ injury after acute haemorrhage.  Acta Anaesth Scand 2001;45(8):994-1001.  

31. Gordon CJ.  The therapeutic potential of regulated hypothermia.  Emerg Med J 2001;18:82-89.  
32. Dietrich W.  The importance of brain temperature in cerebral injury.  J Neurotrauma 1992;9:S475-S485.  
33. Wang X, Yung JC, Asahi M, et al.  Effects of matrix metalloproteinase-9 gene knock-out on morphological and motor outcomes after traumatic brain injury.  J Neurosci 2000;20:7037-7042.  

34. Vasselon T, Detmers PA.  Toll receptors: a central element in innate immune responses.  Infect Immun 2002;70:1033-1041.  

35. McFarlin BK, Flynn MG, Campbell WW, et al.  TLR4 is lower in resistance-trained older women and related to inflammatory cytokines.  Med Sci Sports Exerc 2004;36:1876-1883.  
36. Wang JE, Solberg R, Okkenhaug C, et al.  Cytokine modulation in experimental endotoxemia: characterization of an ex vivo whole blood model.  Eur Surg Res 2000;32:65-73.  








































RTO-MP-HFM-168
10 - 1
10 - 10
RTO-MP-HFM-168
RTO-MP-HFM-168
10 - 9

_1297251531

_1297504557

_1297509193

_1297585702

_1297253257

_1293005690.xls
Tabell 1

		

				Haemoglobin (g/dl)		15,3 ± 0,2

				Haematocrit (%)		42,8 ± 0,7

				Platelets (109 cells/l)		252 ± 18

				White blood cells (109 cells/l)		4,9 ± 0,4
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