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Chapterr 7 

Abstract t 

Hypoxiaa is a major determinant of the outcome of various pathological 
conditions.. The effects of oxygen deprivation are complex and may involve 
defensee mechanisms, like coagulation and inflammation. However, the in vivo 
effectss of systemic hypoxia on these mechanisms remain poorly documented. 
Therefore,, we studied the time course of coagulation activation and cytokine 
productionn during and after cessation of hypoxia. 
Att 8% 02 mice did survive but became severely hypothermic, and were unable to 
eat,, drink or move about normally. Within minutes after re-exposure to normoxia, 
bodyy temperature and mouse behavior normalized. Thrombin-anti-thrombin 
complexess were determined as a marker of coagulation activation. Plasma 
thrombin-anti-thrombinn complexes were detectable within 4 hours of hypoxia and 
weree cleared within 24-hours of recovery at ambient oxygen levels. Thrombin-
anti-thrombinn complexes in tissue homogenates could not be detected. Hypoxia 
inducedd large alterations in cytokine and chemokine profiles in tissue like brain, 
heart,, lung and kidney, while no plasma cytokines or chemokines could be 
detected.. The locally altered cytokine profile remained for at least 10 days after 
cessationn of hypoxia. 
Inn conclusion, the in vivo effects of hypoxia involve a transient systemic induction 
off  coagulation, together with a local, massive and persisting cytokine and 
chemokinee response. 

Introductio n n 

Althoughh multiple physiological factors contribute to the outcome of pathological 
conditionss like cardiovascular and pulmonary disease, oxygen deprivation is a 
commonn denominator. The consequences of oxygen deprivation on cellular 
functionss are quite complex, and involve a series of metabolic and biosynthetic 
eventss associated with adaptations to a hypoxic environment. With respect to 
coagulation,, hypoxia enhances the expression of tissue factor (TF) '2 and 
plasminogenn activator inhibitor-1 (PAI-1),3 whereas it diminishes 
thrombomodulinn activity 4 and plasminogen activator expression.3 Consequently, 
hypoxiaa engenders a prothrombotic phenotype.5 Hypobaric hypoxia, as it occurs 
att high altitude, has often been suggested to be a risk factor for the development 
off  venous thrombosis.6'7 

Inn addition to its role in coagulation, hypoxia influences cytokine production. This 
assertionn is mainly based on a large body of in vitro data. For instance, interleukin 
(IL)-66 and IL-8 expression levels are increased in hypoxic human pulmonary 
vascularr smooth muscle cells.8 Human endothelial cells (HUVECs) respond to 
loww oxygen levels by increasing the production of IL-1,9 IL-6,1 and IL-8, 
whereass human intestinal epithelial cells express increased levels of tumor 
necrosiss factor-a (TNF-a) and interferon-y (INF-y).12 

Thee in vivo inflammatory effects of hypoxia are less well examined. Exposing 
malee C3H/HeN mice to 5% 02 for one hour results in increased activity of TNF-a 
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Hypoxia,, coagulation and inflammation 

andd IL-6 in plasma, whereas cytokine activities in pro-estrus females remain 
unaltered.11 The increase in plasma cytokines is caused by enhanced synthesis and 
releasee of these cytokines from both peritoneal macrophages and Kupffer cells.14 

Exposingg mice to 8-10% of oxygen increases IL-l a levels in both plasma and 
lungg homogenates with a maximal increase after 8 hours of hypoxia,9 whereas IL-
66 levels are upregulated in the pulmonary vasculature.10 The influx of 
mononuclearr phagocytes and neutrophils in lung tissue of mice exposed to 6% 
02 '' further illustrates the role of hypoxia in inflammation. 
Itt is well established that inflammatory mediators influence the coagulant 
responsee and vice versa.15,16 Insights in the cross-talk between inflammatory 
mediatorss and coagulation activation stem mainly from endotoxemia models. In 
thesee models, endotoxin is administered to humans, baboons or mice resulting in 
thee induction of inflammatory mediators and the activation of the clotting 
cascade.177 Inhibition of TNF-a by anti-TNF-a antibodies in these models not only 
diminishess the inflammatory response but also inhibits coagulation activation. 
Increasingg the level of pro-inflammatory cytokines in endotoxemia models 
inducess activation of the coagulation cascade.19 Furthermore, in a rat model of 
inferiorr vena caval thrombosis, administration of the anti-inflammatory cytokine 
IL-100 decreases both inflammation and thrombus weight.20 

Enhancedd coagulation is also often accompanied by inflammation. Ex vivo 
coagulationn of human whole blood results in enhanced IL-1B,21 IL-8 and IL-6 
production.222 Thrombin is believed to be one of the key-players in the link 
betweenn coagulation and inflammation. Coagulation-induced cytokine production 
is,, indeed, attenuated by inhibitors of thrombin generation (e.g. Tissue Factor 
Pathwayy Inhibitor) or activity (e.g. hirudin).22 The protein C anticoagulant 
pathwayy may also provide a link between coagulation and inflammation.23 LPS-
studiess in rats have demonstrated that activated protein C (APC) modulates the 
effectss of cytokines such as TNF-a and blocks neutrophil activation.24 The role of 
APCC in inflammation is further supported by the finding that the upregulation of 
IL-66 and IL-8 in human endothelial cells is enhanced by protein S.25 

Althoughh it is evident that hypoxia influences the expression level of several 
coagulationn factors and numerous inflammatory mediators, the in vivo 
consequencess of systemic hypoxia remains poorly understood. Therefore, to 
increasee our understanding concerning the interplay between hypoxia, 
inflammationn and coagulation, we studied the time course of coagulation 
activationn and cytokine production during and after cessation of hypoxia. 

Methods s 

Animals Animals 

C57BL/66 wild-type mice were purchased from Charles River (Zeist, The 
Netherlands).. Al l mice were housed in the same temperature-controlled room with 
alternatingg 12h light/dark cycles, and were allowed to equilibrate for at least 5 
dayss before the study. Animals were provided regular mice chow (SRM-A; Hope 
Farms,, Woerden, The Netherlands) and water ad libitum. Mice were used at 8-10 
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weekss of age. The experiments were approved by the Institutional Animal Care 
andd Use Committee of the Academic Medical Center, Amsterdam, The 
Netherlands. . 

ExposureExposure of mice to hypoxia 

Micee were exposed to normobaric hypoxia using a custom-made hypoxia-
chamberr containing an oxygen sensor (Marin Assist, Hazerswoude, The 
Netherlands).. The lowest non-lethal oxygen level was estimated by placing the 
micee in the hypoxia-chamber and gradually lowering the oxygen concentration by 
introducingg nitrogen gas until the first mice died. 
Next,, 64 mice were placed in the hypoxia chamber. The oxygen level was 
loweredd to 8% within one hour. After 1, 4, 16 or 24 hours of 8% 02 the mice were 
sacrificedd or subjected to a 24-hour-recovery period at normoxia (n=4 females 
andd 4 males per time point). In addition, animals exposed to 8% 02 for 24 hours 
weree sacrificed after a 24-, 72- or 240-hour recovery period. Animals (n=8) 
maintainedd under normal oxygen conditions were used as normoxic controls. 
Animalss were sacrificed by bleeding from the vena cava inferior after being 
anesthetizedd by intraperitoneal injection of FFM ((1:1:2 hypnorm (Janssen 
Pharmaceutica,, Beerse, Belgium), dormicum (Roche, Mijdrecht, The 
Netherlands),, H20 (sterile water for injection, Braun Melsungen AG, Melsungen, 
Germany);; 0.1 mL per 10 grams body weight). 
Immediatelyy before the mice were sacrificed, body temperature (intrarectal) and 
weightt were measured, and they were injected with 400U of heparin (i.v.) to 
preventt post mortem coagulation. Blood and organs (brain, heart, kidney, liver, 
lungg and spleen) were processed for cytokine measurements and histological 
analysis. . 
Inn addition, p02, pC02, HC03", hemoglobin and hematocrit levels of mice 
exposedd to 8% 02 during 16 hours were analyzed. Blood was sampled by heart 
puncturee via a lateral approach and analyzed using an ABL 505 blood gas 
analyzerr and an OSM3 oxymeter (Radiometer, Copenhagen, Denmark). 

CytokineCytokine measurements 

Too obtain tissue homogenates, organs were placed in 9 volumes (w/v) of 
Greenburgerr lysis buffer (pH 7.4, 150 mmol/L NaCl, 15 mmol/L TrisHCl, 1 
mmol/LL CaCl2, 1 mmol/L MgCl2, 1% Triton (v/v), 10 pmol/L pepstatin A, 10 
pmol/LL leupeptin and 10 pmol/L aprotinin), homogenized and centrifuged twice 
(1780gg and 20,800g, respectively). ELISAs were performed on the supernatant of 
thesee organ homogenates and on plasma by using commercially available kits (IL-
1(3,, IL-12p40, INF-y, macrophage inflammatory protein (MIP-2) and TNF-a: 
R&DD Diagnostics, Minneapolis, USA; IL-6, IL-10: PharMingen, Heidelberg, 
Germany).. Detection limits were 31 pg/mL. 
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TNF-aTNF-a bioactivity assay 

Too investigate whether TNF-a detected in tissue homogenates is biologically 
active,, TNF-a levels were measured using the WEHI 164 clone 13 fibroblast 
cytotoxicityy assay.26"28 Briefly, cells were resuspended at 5*105 cells/mL in 
Dulbecco'ss modified essential medium (DMEM, Gibco) supplemented with 5% 
fetall  calf serum (FCS,), 1% penicillin (10.000 U/mL) / streptomycin (10.000 
ug/mL),, 1% L-glutamine, dispensed in 96-well cell culture plates, and incubated 
overnightt in a humidified environment at 37QC/ 5% C02. Samples and 0.25 
ug/mLL actinomycin D were added to the cells. With each assay a titration of 
mousee rTNF-a (Pharmingen) was included as a standard. Samples were then 
incubatedd for 24 h, after which 0.25 \ig/mL 3-(4,5-dimethylthiaxol-2-yl)-2,5-
diphenyltetrazoliumm bromide (MTT, Sigma) was added to the wells and the 
sampless were then incubated for an additional 24 h at 37°C. After adding 3 % 
SDSS in 0.01 M HC1, the plates were read in a micro-ELISA reader at 550 nm. 

Histology Histology 

Shortlyy after sacrificing the mice, brain, heart, kidney, liver, lung, and spleen were 
removed,, fixed in 4% formaldehyde, dehydrated, and embedded in paraffin. 5-
um-thickk sections were stained with hematoxylin and eosin according to standard 
protocols.. All slides were coded and scored for the presence or absence of blood 
clots,, and for the degree of inflammation. Inflammation was characterized by the 
influxx of granulocytes and by the presence of endothelialitis (i.e. sticking of 
leukocytess to the vessel wall). 

ActivationActivation of coagulation cascade 

Thrombin-anti-thrombinn (TAT) complexes were measured in plasma and in tissue 
homogenatess with a mouse-specific (rabbit anti-mouse antibodies), ELISA-based 
method.. In short, rabbits were immunized with mouse thrombin or rat 
antithrombin.. Antithrombin antibodies were used as capture antibody, 
digoxigenin-conjugatee anti-antithrombin antibodies were used as detection 
antibodiess and dilutions of mouse serum were used for the standard curve, 
yieldingg a lower detection limit of 0.25 ng/mL. 

Statistics Statistics 

Resultss are presented as mean  SEM. Statistical significance of differences 
betweenn two groups (hypoxic vs. normoxic or recovered vs. not recovered) was 
determinedd by use of the unpaired Student's t-test. A probability (P) of < 0.05 was 
consideredd statistically significant. 
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Results s 

ExposureExposure of mice to hypoxia 

Inn order to establish the lowest non-lethal oxygen dose, mice were subjected to 
decreasingg concentrations of oxygen. In contrast to previous observations,1'1 '4 

thee threshold of non-lethal hypoxia was 8% 02 in our hands. The previously 
reportedd level of 5 or 6% 02, which was claimed not to interfere with normal 
mousee behavior, caused immediate death in our animals. At the observed 
thresholdd of 8% 02, the mice became severely hypothermic within one hour 
(figuree 1). Furthermore, the hypoxic mice showed signs of dyspnea and did not 
eat,, drink (resulting in reversible weight loss of 14.43% 7 (mean  SEM) 
afterr 24 hours of hypoxia) or move about normally. Within minutes after re-
exposuree to ambient oxygen levels, body temperature (figure 1) and behavior 
normalized. . 
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Figuree 1. Body temperature of mice 
before,, during and after  hypoxia (n=8). 
**  P < 0.05 versus normoxic control group 

before e during g after r 

Evidencee that lowering ambient oxygen levels reduces systemic oxygen levels 
wass obtained from blood gas measurements. As shown in table 1, arterial p02 

decreasedd 2.6-fold from 90 mm Hg to 35 mm Hg, as a consequence of lowering 
ambientt 02 levels from 21 to 8% (2.6-fold). Venous oxygen levels were 12 mm 
Hgg during hypoxia. In addition, pC02 and HC03" were severely reduced, 
suggestingg a metabolic acidosis. 

Tablee 1: Blood gas values of hypoxic and normoxic arterial blood , n=8 
perr group) 

pH H pC02 2 

(mmm Hg) 
p02 2 

(mmm Hg) 
HC03 3 

(umol/1) ) 
Hemoglo--
binn (g/dl) 

Hemato--
critt (%) 

6 6 
411 5 

Normoxic c 

Hypoxic c 

3 3 

1 1 

2 2 
5 5 

5 5 

35+1.1 1 

4 4 

1 1 

2 2 
13+0.2 2 
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CytokineCytokine measurements 

Too study hypoxia-induced inflammation, wildtype mice were exposed to a 
normobaricc oxygen level of 8% during 16 hours after which plasma and organs 
weree collected for cytokine measurements. To assess the pro-inflammatory effects 
off  hypoxia, we measured EL-1(3, IL-6 and TNF-a. IL-10 was evaluated as a 
measurementt of the anti-inflammatory potential. To address latent leukocyte 
influxx MIP-2 was measured. Finally, IL-12 and INF-y were measured to gain 
insightss in the T-helper cell response. 
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Figuree 2. Cytokine levels in lung 
homogenatess of mice exposed to 
hypoxiaa for  16 hours (closed bars) or  of 
micee not exposed to hypoxia (open 
bars).. * P < 0.05 versus normoxic control 
group p 

IL-1pp IL-6 IL-10 TNF-a MIP-2 INF-y IL-12p40 

Plasmaa cytokine levels were below the detection limit of 31 pg/mL in either 
hypoxicc or normoxic mice. Tissue cytokine levels were detectable in all organs 
testedd and were significantly different between both groups of mice. Hypoxia 
resultedd in elevated levels of IL-6, IL-10 and TNF-a, whereas IL-ip , MIP-2 and 
IL-122 levels were reduced. INF-y levels remained unaltered. Figure 2 displays the 
dataa for lung homogenates; measurements in brain, heart, kidney liver and spleen 
gavee comparable results (not shown). 
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Figuree 3. TNF-a levels in lung (open 
bars)) and kidney (closed bars) 
homogenatess after  different time 
spanss of hypoxia measured using 
ELISA .. * P < 0.05 versus normoxic 
controll  group 
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Inn order to further delineate the relationship between hypoxia and cytokine 
production,, we performed a time course study in which we measured TNF-a 
levelss in brain, lung and kidney homogenates after 1, 4, 16 or 24 hours of 
hypoxia.. As shown in figure 3, TNF-a levels rose within one hour and remained 
elevatedd during prolonged hypoxia. When mice were allowed to recover for 24 
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hourss at normoxic conditions, TNF-oc levels remained elevated despite the fact 
thatt the mice behaved normally and showed no obvious signs of disease. It is well 
conceivablee that the mice will recover after long-term exposure to normoxia and 
thereforee mice were allowed to recover for 3- or 10-days. Moreover, it is possible 
thatt the TNF-a detected in the homogenates is not biologically active. However, 
evenn after a 10-day recovery, TNF-a levels were still as high as immediately after 
hypoxiaa and appeared to be cytotoxic when analyzed using the WEHI 164 clone 
133 cytotoxicity assay (figure 4). This suggests that systemic hypoxia rapidly 
inducess a long-lasting local inflammatory state, without signs of a systemic 
inflammatoryy response. 

Figuree 4. TNF-a levels in lung 
homogenatess after  different time spans 
off  recovery at normoxia, measured 
usingg a bioactivity assay. Values 
depictedd at 0 days of recovery are 
measuredd immediately after 24 hours of 
8%% 02 

Recoveryy period at normoxia (days) 

ActivationActivation of blood coagulation 

ïï 4 

2 2 
°-°- 3 
I I 
s s 
HH 2 

< < 

PMMHH T J f - [ - -

I I I I 

m m 
Figuree 5. TAT-levels in plasma. Mice 
weree either  sacrificed immediately after 
hypoxiaa (open bars) or  after  a 24-hour-
recoveryy period at ambient oxygen levels 
(closedd bars). The dashed line shows the 
detectionn limit of the ELISA. * P < 0.05 
versuss recovery group. 

00 1 4 16 24 
Timee span of hypoxia (hours) 

Too investigate whether hypoxia activates blood coagulation, thrombin-anti-
thrombinn (TAT) complexes were determined in plasma and in tissue 
homogenates.. As shown in figure 5, plasma TAT complexes were first detected 
afterr a hypoxic period of four hours. Formation of TAT complexes was an on-
goingg process during prolonged exposure to hypoxia. After re-exposure to 
normoxia,, TAT complexes were cleared from the circulation within 24 hours. 
Remarkably,, during a 24-hour recovery period subsequent to one or four hours of 
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hypoxia,, TAT complexes were still formed. In tissue homogenates, TAT 
complexess could not be detected at any of the time points studied. 

Histology Histology 

Too confirm that systemic hypoxia induces coagulation and inflammation, tissue 
slidess were screened for the presence of blood clots and for inflammatory 
mediators.. As shown in figure 6, no signs of hypoxia-induced coagulation or 
leukocytee influx could be detected in these, H&E stained, tissues. 

Figuree 6. Representative histology (H& E staining) of lung (A, B, C) and brain (D, E, F) slides of mice 
exposedd to hypoxia. (A, D) control mouse, (B, E) mouse exposed to 24 hours of 8% 02, (C, F) mouse exposed 
too 24 hours of 8% 02followed by a 10-day recovery period. Original magnification for each photograph: 40x 

Discussion n 

Inn the present study we analyzed the interplay between hypoxia, coagulation and 
inflammationn by studying the time course of coagulation activation and cytokine 
productionn during and after cessation of hypoxia. Exposing mice to a hypoxic 
environmentt increased the level of TAT-complexes in plasma but not in tissues, 
suggestingg that hypoxia provokes systemic activation of the coagulation cascade. 
Thiss increased coagulation normalized after cessation of hypoxia, and paralleled 
generall  physiological and behavioral parameters like body temperature and food 
intake.. The cytokine response was very different. Hypoxia increased cytokine 
levelss only in tissues and this local inflammatory response remained elevated after 
aa 10-day-recovery period. Taken together these data suggest that coagulation and 
cytokinee production take place in separate compartments of the body: hypoxia-
inducedd activation of the coagulation cascade is restricted to the circulation, 
whereass cytokine production takes place locally in tissues only. 
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Ourr study in C57B1/6 mice reveals several intriguing novel insights. The 
combinationn of transient, systemic activation of the coagulation cascade with 
enduringg localized production of cytokines suggests the absence of a direct cross-
talkk between hypoxia-induced coagulation and inflammation. To the best of our 
knowledge,, hypoxia is the first example of a physiological trigger inducing 
coagulationn and inflammation at the same time, but not in the same compartment. 
Previouss studies on interactions between inflammation and coagulation responses 
too experimental endotoxemia in human volunteers and baboons consistently 
showedd intricate associations of these mechanisms within the same blood 
compartment.300 In these studies the liberation of pro-inflammatory cytokines 
includingg IL-6 and TNF-a after endotoxin stimulation led to a procoagulant 
responsee in blood. In the present study the increment in the same cytokines in 
tissuess did not result in the formation of visible local fibrin. Furthermore, 
increasedd systemic IL-10 production is known to inhibit endotoxin-induced tissue 
factorr production.20'31 In our model, however, tissue IL-10 apparently does not 
influencee systemic coagulation as plasma TAT-complexes were continuously 
formedd when IL-10 levels were at their maximum. Future studies aiming at 
specificc inhibition of distinct cytokines or coagulation factors during hypoxia 
shouldd answer the question if coagulation and inflammation are indeed uncoupled 
processess during hypoxia. 
Anotherr interesting observation is that environmental hypoxia results in a local 
inflammatoryy response without overt signs of systemic inflammation. A possible 
explanationn might be that environmental hypoxia leads to local hypoxia, resulting 
inn local activation of transcription factors like HIF-132 and NF-IL-6,33 which 
mightt lead to local production of cytokines. Alternatively, one might suggest that 
leukocytess activated by environmental hypoxia migrate from the vasculature into 
thee surrounding tissue. Consequently, activated leukocytes would be removed 
fromm the blood compartment explaining the absence of a measurable systemic 
response.. However, analysis of H&E stained tissue slides did not reveal leukocyte 
migrationn into the tissues, thereby eliminating this potential explanation. 
Noteworthyy in this respect is Knöferl's13 report stating that in male but not in 
femalee C3H/HeN mice, TNF-a and IL-6 are systemically increased after a short 
periodd of hypoxia. Whether this systemic alteration in cytokine profiles, which 
wass not observed in our study employing C57B1/6 mice, reflects strain differences 
remainss speculative. It is however important to realize that the systemic cytokine 
levelss reported by Knöferl are rather low and fall below the detection limit of our 
ELISAs(31pg/mL). . 
Thee discrepancy between the presence of cytokines in tissue homogenates and the 
absencee of inflammatory signs in histological sections is quite confusing. 
However,, the animals seem to be recovered from the lack of oxygen within 
minutess after re-exposure to normoxia. Consequently, we expect that severe 
systemicc hypoxia does not result in permanent tissue damage despite grossly 
alteredd cytokine levels. One might argue that anti-inflammatory effectors, e.g. IL-
10,, counteracted the effects of pro-inflammatory cytokines, like IL-6 and TNF-a. 
Onn the other hand, it might be that the cytokines detected by ELISA are not 
biologicallyy active and therefore do not induce tissue inflammation. This 
possibilityy is negated by our observation that TNF-a detected in lung 
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homogenatess proved to be cytotoxic and thus biologically active. Alternatively, in 
wholee tissue homogenates, intracellular, extracellular and membrane-bound 
fractionss of the cytokines were measured, whereas for obvious reasons the 
intracellularr pool does not contribute to tissue inflammation. The extracellular 
partt of the membrane-bound fraction probably only contributes to inflammation 
viaa direct cell-cell interactions34 thereby reducing its activity compared to secreted 
cytokines.. Overall, protein levels detected in tissue homogenates by ELISA might 
bee an over-estimation of bioactive cytokine levels thereby explaining the absence 
off  histological signs of inflammation. 
Carefull  inspection of the alterations of specific cytokines showed an increase in 
tissuee IL-6 and TNF-oc whereas the level of the pro-inflammatory cytokine IL-l p 
wass decreased. IL-6, TNF-a and IL-l p are all secreted by activated monocytes, 
endotheliall  cells and granulocytes.34 IL-l p is synthesized as precursor (pro-IL-
lp)) protein, which is proteolytically activated by proteases like caspase-1.35 

Hypoxia-inducedd diminished activity of caspase-1 is therefore an attractive 
explanationn for the different expression profiles of IL-i p and IL-6/TNF-a. 
MIP-22 is a key protein involved in chemotaxis34 and high MIP-2 levels are 
associatedd with leukocyte recruitment. In agreement with the absence of 
leukocytee infiltrates in hypoxic tissues, MIP-2 levels were not increased and even 
decreasedd in these tissue homogenates. The physiological relevance of decreased 
MIP-22 levels is subject of ongoing experiments. 
Thee active isoform of IL-12 (IL-12p40) was down regulated by hypoxia whereas 
INF-77 levels remained unaltered. This suggests that the involvement of T-cells in 
thee adaptation to hypoxia is unlikely.34 

Itt should be stressed that some of the in vivo alterations in cytokine profiles as a 
consequencee of ambient hypoxia do not resemble in vitro data. For example, IL-
lp,, which was down regulated in vivo, is reported to be upregulated in HUVEC 
cells.. This discrepancy stresses that experiments focusing on triggers influencing 
multiplee physiological parameters, like hypoxia, should ideally be performed in 
animall  models. 
Short-termm ambient hypoxia (1 hour) resulted in severe hypothermia. Intriguingly, 
withinn minutes after re-exposure to normoxia the body temperature normalized. A 
contributingg factor to the observed hypothermia is certainly the solitarily behavior 
off  the hypoxic animals resulting in diminished body heat from keeping each other 
warm.. However, the drop in temperature is so impressive that other regulators 
shouldd also play a role. Both IL-i p and IL-1 converting enzyme have been 
reportedd to be involved in temperature regulation and more profoundly in the 
inductionn of fever.35'36 Lowered IL-l p levels might therefore be involved in 
hypoxia-inducedd hypothermia. The rapid normalization of body temperature 
seemss to exclude altered protein levels causing this phenomenon. Therefore, it is 
temptingg to assume that adaptation to lack of oxygen parallels the poorly 
understoodd mechanism(s) behind hibernation or torpor. 
AA final intriguing observation is the difference in oxygen levels used by different 
researchh groups for hypoxia-studies in mice. Levels reported in various mouse 
strainss vary from 5% up to 12% o2.

10'13'14'39 In C57B1/6 mice, 6% O2,40 8% 02,
41 

andd 10% 02
42 have been reported not to interfere with normal mouse behavior. 

However,, exposure to 6% 02 caused immediate death in our animals (unpublished 
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results).. 8% 02 was the lowest level our mice could endure, but still resulted in 
severee hypothermia and altered behavior. Explanations for these differences in 
lethall  oxygen levels are hard to offer but may be related to the specific sub-strains 
off  mice used or the method of applying hypoxia and/or measuring ambient 
oxygenn levels. If either of these explanations holds true can only be determined 
withh comparative studies employing similar mouse strains. 
Inn summary, the current study adds important in vivo data concerning the 
interplayy between hypoxia, coagulation and inflammation. Environmental 
hypoxiaa transiently induced coagulant activity in the circulation, which was not 
accompaniedd by inflammation. In contrast, on the tissue level hypoxia caused 
enduredd enhanced cytokine production in the absence of activation of the 
coagulationn cascade. 
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