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The association between lung injury and thrombocytopenia
was investigated by comparing the megakaryocyte and platelet
counts, and platelet activation using P-selectin as a marker,
between the prepulmonary (right atrial) and postpulmonary (left
atrial) blood in adult and neonatal (preterm and term) rats with
and without hyperoxic lung injury. In the healthy controls, the
postpulmonary blood had lower megakaryocyte count (prepul-
monary versus postpulmonary: Preterm: 8.7[0.6] versus 3.9[0.3]
per ml, p � 0.001; Term: 8.7[1.1] versus 2.6[0.4] per ml, p �
0.001; Adult: median [interquartile ranges]: 2.5[1.0, 5.0] versus
1.0[0, 3.0] per ml, p � 0.001), higher platelet count (prepulmo-
nary versus postpulmonary: Preterm: 491.2[11.1] � 109/L versus
595.1[10.2] � 109/L, p � 0.001; Term: 472.5[19.9] � 109/L
versus 579.3[26.2] � 109/L, p � 0.001; Adult: 513.9[31.5] �
109/L versus 664.7[28.8] � 109/L, p � 0.001), but similar
P-selectin expression. In contrast, the lung-damaged animals did
not show any such differences in either megakaryocyte or platelet
count, but P-selectin expression was greater in the postpulmo-
nary blood (prepulmonary versus postpulmonary: Preterm:
38.7[3.9] versus 56.4[4.9]% platelets, p � 0.02; Term: 40.9[2.0]
versus 54.0[4.2]% platelets, p � 0.002; Adults: 30.0[3.6] versus
49.1[4.7]% platelets, p � 0.003). Peripheral platelet and intra-

pulmonary megakaryocyte counts in the lung-damaged rats were
significantly lower than those in their respective controls. Intra-
pulmonary thrombi or platelet aggregation were detected in the
lung-damaged rats but not in the controls. These findings showed
that hyperoxic lung damage reduced circulating platelets through
(1) failure of the lungs to retain and fragment megakaryocytes to
release platelets, and (2) platelet activation leading to platelet
aggregation, thrombi formation and platelet consumption. The
magnitude of platelet reduction was physiologically significant,
as demonstrated by higher counts of megakaryocyte colony
forming units in the bone marrow culture of the animals in the
hyperoxia group when compared with the controls. (Pediatr Res
54: 344–352, 2003)

Abbreviations
AchE, acetylcholine esterase
CFU-MK, colony forming unit of megakaryocyte
FITC, fluorescin isothiocyanate
HPF, high power field
IgG, IgG
MK, megakaryocyte
PE, phycoerythrin

Thrombocytopenia is a common complication in neonates
and may affect up to 7.6% of all newborns (1, 2). The condition
is particularly prevalent in sick infants. In a survey by Castle et
al. 58% and 22% of infants receiving intensive care had
platelet count �150�109/L and 100�109/L, respectively (3).
Congenital or early onset (�72 h of birth) neonatal thrombo-
cytopenia may be caused by immunologic causes including
isoimmune or maternal autoimmune thrombocytopenia, failure

of platelet production such as that in the thrombocytopenia-
absent-radii syndrome, congenital infection, and bone marrow
suppression due to maternal hypertension, preeclampsia, and
diabetes mellitus (1, 4). The etiology however remains unclear
in a large proportion of cases (3, 5, 6). The late onset (�72 h
of birth) type of thrombocytopenia is often attributed to sepsis
(7), although an infective cause is often not identifiable in the
affected infants. Previous workers have observed that this
category of thrombocytopenia is particularly common in new-
borns with lung disease such as respiratory distress syndrome
(5, 8–11), and the degree of platelet reduction is directly
related to the severity of the underlying lung disease, the
concentration of inspired oxygen (9, 11), and the ventilation
pressure (8, 11). In a study on rabbits, mechanical ventilation
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was associated with a mean decrease of platelet count by 37%
(8). In human adults, a reduction in platelet survival time has
also been observed in patients with chronic obstructive airway
disease and pulmonary hypertension (12). These observations
strongly suggest the presence of an association between lung
damage and platelet homeostasis.

Circulating platelets are released from fragmentation of
megakaryocytes in the capillary blood vessels (13, 14). While
the fetal liver capillary sinusoids (15) and the placenta (16, 17)
are possible sites of megakaryocyte (MK) fragmentation dur-
ing the early and late fetal life respectively, it is likely that
during postnatal life, MK fragmentation takes place mainly in
the lung, the first capillary bed encountered by the cells leaving
the bone marrow (14, 18, 19). The presence of MK cells in the
human lungs was described by Aschoff over 100 years ago
(20). Subsequently, a number of studies have demonstrated that
MK were greater in abundance and cytoplasmic volume in the
central venous (prepulmonary) blood than in the arterial (post-
pulmonary) blood (21–25), providing an indirect evidence that
these cells are fragmented in the lungs. Studies on patients on
cardiopulmonary bypass have shown that the lungs are net
removers of MK from the circulation (25). Using a mathemat-
ical model based on the quantity of MK plasma volume
reduction and platelet released in the postpulmonary circula-
tion, Trowbridge et al. have provided evidence that all circu-
lating platelets are produced in the pulmonary circulation (26).
More recently, the importance of the lung in platelet homeosta-
sis is confirmed by the direct observation under electron mi-
croscopy the release of platelets from MK cells in the pulmo-
nary capillary bed (13).

While the lung might play a key role in platelet formation,
its extensive capillary bed might also be responsible for platelet
entrapment and consumption in infants who have sustained
lung injury (10). Endothelial damage, commonly observed in
the lungs of infants with respiratory distress syndrome, baro-
trauma, or oxygen-induced lung damage, is associated with
thrombi formation, which consists of inflammatory cells, fibrin
debris, proteinaceous exudates, and platelet aggregates. We
postulate that in infants with injured lungs, a reduction in
peripheral platelet count is caused by the dual process of
impaired platelet formation and increased platelet consumption
in the lungs. The present study was carried out to evaluate this
hypothesis in neonatal (full-term and preterm) and adult rat
models. The animals suffered from lung injury resulting from
exposure to high concentration oxygen. This method of inflict-
ing lung injury is cheap, convenient, and reproducible, and
mimics the oxygen-induced lung injury commonly seen in
newborns receiving intensive care.

METHODS

Animal models. Preterm Sprague-Dawley rats delivered by
hysterotomy at 21-d gestation, and full-term rats delivered
vaginally at 22-d gestation were by random assignment ex-
posed to �95% oxygen or room air for 7 d as previously
described (27–29). Adult rats were similarly exposed for 60h.
Previous studies have shown that both term and preterm neo-
natal rats would sustain significant acute lung injury resulting

in alveolar hemorrhage, interstitial edema, and damage of the
endothelium and lung parenchyma after prolonged exposure to
high concentration oxygen. The adult rats were exposed to hyper-
oxia for a shorter duration because of their intolerance to
hyperoxia and high mortality after 72h of hyperoxic expo-
sure (30).

At the end of exposure, the animals in the hyperoxic groups
were noticeably thriving less well than the controls. They,
however, remained active and their general condition appeared
to be stable. From each of the hyperoxia and room-air groups,
26 preterm pups and 30 full-term pups, each from a separate
litter, and 18 adult rats were randomly selected for the follow-
ing studies: peripheral platelet count, lung histology, lung MK
count, and bone marrow MK progenitors assay. The same adult
rats were also used for the determination of prepulmonary and
postpulmonary MK and platelet counts, and P-selectin levels.
However, because of their small blood volume, separate groups
of term and preterm neonatal rats (n � 10 from each of
hyperoxia and control groups for both) were used for the study
of the prepulmonary and postpulmonary blood. The animal
was anesthetized with intra-peritoneal ketamine (90 mg/kg).
Peripheral platelet count was estimated in EDTA blood sam-
ples collected by snipping the tail of the adult rat, and by
needle aspiration of the left atrium of the preterm or term
neonatal rat immediately after its thorax was opened to expose
the heart. Lung and bone specimens were obtained for lung
histology and bone marrow studies described below. For the
estimation of prepulmonary and postpulmonary MK and plate-
let counts and P-selectin, EDTA blood samples (2.0 mL each)
were withdrawn simultaneously from the right and left atrium
by direct puncture immediately after the thorax was opened to
expose the heart. All the animals were killed with intra-
peritoneal pentobarbital after completion of sample collection.
The study was approved by the Committee on Research Ani-
mal Welfare of the Institution.

Lung histology and thrombi formation. The animals’ lungs
were fixed with 10% buffered formalin at a constant inflation
pressure of 20cm H2O as previously described (31). Lung
sections were obtained from identical locations at the left lung
base and the right middle and lower lobes. Histologic exami-
nation for evidence of lung damage and thrombi formation was
carried out under light microscopy (4�m paraffin hematoxylin-
eosin sections), and when necessary, also under electron mi-
croscopy (80nm cut, stained with uranyl acetate and lead
citrate) (13) using a Philips CM100 electron microscope (Phil-
ips Ltd., Netherlands).

Lung MK identification. Frozen sections (5�m) were la-
beled with acetylcholine esterase (AchE) (Sigma Chemical
Co., Saint Louis, U.S.A.) and counterstained with hematoxylin
to identify MK as previously described (32). In brief, the slide
was fixed with 1% paraformaldehyde in 0.1M PBS (pH 6.0),
washed with 0.1M PBS, and stained with AChE solution for 4h
at room temperature. The slide was then counterstained with
Harris Hematoxylin for 1–5 min., rinsed with water, treated
with a weak ammonia solution for 1 min., and then washed in
water several times. Lung MK were counted in 20 random
fields from three lung sections per animal at 40� magnifica-
tion. The fields with large bronchi or vessels were excluded.
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Circulating megakaryocytes and platelets. Blood platelets
were quantified under phase-contrast microscopy (Nikon
Eclipse TE300, Japan) after red cells were lysed with 1%
ammonium oxalate. Circulating MK count was estimated as
previously described (33). In short, 3 mL of EDTA blood were
passed through an assembled syringe filter (Millipore, Herford-
shire, Ireland) containing a nucleopore polycarbonate mem-
brane of 5 �m pore diameter (18) followed by two washes each
with 2 mL saline. After drying, the membrane was stained with
AchE for MK identification as described above.

P-selectin expression on platelets. P-selectin (CD62P) ex-
pression on platelets, which is an indication of platelet activa-
tion, was estimated by flow cytometry (FACSCalibur, Becton-
Dickinson, San Jose, CA, U.S.A.) and indirect immunostaining
(34). Platelets were identified with phycoerythrin (PE)-labeled
anti-CD61 and P-selectin positive platelets were identified with
polyclonal rabbit anti-CD62P IgG detected with a secondary
fluorescein (FITC)-conjugated anti-rabbit IgG. The control
tubes contained FITC-anti-rabbit IgG and PE-conjugated ham-
ster IgG or FITC-anti-rabbit IgG and PE-anti-CD61. All anti-
bodies were purchased from Pharmingen, San Diego, CA,
U.S.A. Twenty thousand CD61 positive events were acquired
for each analysis. The percentage of platelets expressing
CD62P was obtained by subtracting the background signals of
the nonimmune antibody control (2.50 � 1.00% of CD61
positive cells).

Bone marrow megakaryocytic progenitor assay. Bone mar-
row cells harvested from the femurs were cultured using the
plasma-clot culture method (35). Colony forming unit of
megakaryocyte (CFU-MK) was identified by AchE and hema-
toxylin staining as described above. A CFU-MK was defined
as a cluster of 3 or more AchE positive cells (32).

Statistical analysis. Between-group comparisons were per-
formed using 2-tailed Student t test or Mann Whitney Rank
Sum test, where appropriate. Prepulmonary and postpulmonary
comparisons were made using the paired t test or Wilcoxon
Sign Rank test. A p value � 0.05 was considered statistically
significant. All values were expressed as mean [SEM] unless
otherwise stated.

RESULTS

All the values given in this section are in mean [SEM]
except when the values are not normally distributed, in which
case they will be expressed as median [interquartile range].

Peripheral blood platelet count. In the preterm neonatal (n
� 26 in each of hyperoxia and control groups), term neonatal
(n � 30 in each of hyperoxia and control groups) and adult (n
� 18 in each of hyperoxia and control groups) animals, total
peripheral platelet count was significantly lower in the oxygen-
treated groups than in the respective controls (Fig. 1) (Control
versus hyperoxia group: Preterm: 443.6[17.3] � 109/L versus
260.0[17.4] � 109/L, p � 0.001; Term: 461.9[15.2] � 109/L
versus 189.1[9.0] � 109/L, p � 0.001; Adult: 653.8[39.0] �
109/L versus 443.6[16.2] � 109/L, p � 0.001)

Lung morphology, thrombi formation, and lung MK. Fea-
tures of lung injury consisting of patchy areas of intra-alveolar
hemorrhage, interstitial edema, and disruption of the alveolar

structure were present in all the oxygen treated animals. In
contrast, all the room-air controls had normal lung morphol-
ogy. (Fig. 2A,B) Extensive thrombi formation was observed in
the injured parts of the lungs in all the preterm and full-term
neonatal rats (Fig. 2C,D). In the adult rats, vascular thrombi
were not observed under light microscopy despite severe lung
damage, but examination under electron microscopy demon-
strated extensive platelet aggregation and adhesion to the
capillary endothelium (Fig. 2E,F). Thrombi formation or plate-
let aggregation was not detected in the lungs of any of the
room-air controls.

The number of MK was estimated in 20 randomly selected
high-power fields of the lung sections of each of the animals
(Fig. 3). In the preterm neonatal, term neonatal, and adult (n �
26, 30, and 18, respectively, in each of hyperoxia and control
groups) rats, the hyperoxia groups had significantly lower
counts than those in the room-air controls (Preterm: control
versus hyperoxia group: 19.7[1.4]/20 HPF versus 5.0[1.2]/20
HPF, p � 0.001; Term: 20.9[1.8]/20 HPF versus 4.8[0.6]/20
HPF, p � 0.001; Adult: 9.9[0.9]/20 HPF versus 6.3[0.6]/20
HPF, p � 0.002).

Prepulmonary and postpulmonary MK and platelet counts.
Figure 4 illustrates the morphology of an MK cell observed in
the peripheral blood. Among the room-air controls in all the
preterm neonatal (n � 10), term neonatal (n � 10), and adult
(n � 18) groups, MK count was significantly higher in the
prepulmonary (right atrial) than in the postpulmonary (left
atrial) blood (Fig. 5A) (prepulmonary versus postpulmonary:
Preterm: 8.7[0.6] versus 3.9[0.3] per ml, p � 0.001; Term:
8.7[1.1] versus 2.6[0.4] per ml, p � 0.001; Adult: median
[interquartile ranges]: 2.5[1.0, 5.0] versus 1.0[0, 3.0] per ml,
p � 0.001). The relationship for platelet count was reversed,
being significantly higher in the postpulmonary blood (Fig.
5B) (pre- versus post-: Preterm: 491.2[11.1] � 109/L versus
595.1[10.2] � 109/L, p � 0.001; Term: 472.5[19.9] � 109/L
versus 579.3[26.2] � 109/L, p � 0.001; Adult: 513.9[31.5]
� 109/L versus 664.7[28.8] � 109/L, p � 0.001). These

Figure 1. Peripheral platelet counts of the preterm neonatal, term neonatal,
and adult rats (n � 26, 30, and 18, respectively, in each of hyperoxia and
control groups). In all three groups, the animals with hyperoxic lung damage
had significantly lower platelet counts than their respective controls. Values are
expressed as mean (SEM). *p � 0.001
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differences were not observed in the oxygen-treated rats in
which the prepulmonary and postpulmonary levels were
similar in both MK (Fig. 5A) (pre- versus post-: Preterm [n
� 10]: 7.8[0.7] versus 7.4[0.8] per ml, p � 0.39; Term [n �
10]: 7.4[0.7] versus 6.3[0.5] per ml, p � 0.13; Adult [n �
18]: median [interquartile ranges]: 2.0[1.0, 3.0] versus
2.0[1.0, 3.0] per ml, p � 0.125) and platelet (Fig. 5B) counts
(pre- versus post-: Preterm [n � 10]: 312.9[18.1] � 109/L
versus 291.7[16.8] � 109/L, p � 0.230; Term [n � 10]:
312.9[17.4] � 109/L versus 308.9[20.3] � 109/L, p � 0.7;
Adult [n � 18]: 426.8[14.4] � 109/L versus 424.3[14.9] �
109/L, p � 0.851). In all three groups, the differences
between the prepulmonary and postpulmonary values were
significantly greater in the room-air controls than in the
hyperoxia rats for both MK (Preterm: 53.6[5.2] versus
4.5[5.2]%, p � 0.001; Term: 68.7[4.5] versus �10.3[7.4]%,
p � 0.001; Adults: 64.6[8.5] versus 18.5[9.0], p � 0.001)
and platelet (Preterm: 21.7[3.4] versus -5.7[4.5]%, p �
0.001; Term: 23.6[5.9] versus �1.1[3.4]%, p � 0.002;
Adult: 34.1[7.1] versus 0.2[3.3], p � 0.001).

Prepulmonary and postpulmonary P-selectin expression.
The estimation of P-selectin expression of platelets in the right
and left atrial blood allowed the determination of the propor-

Figure 3. The quantity of megakaryocytes (MK) present in 20 randomly
selected high-power fields of each of the animals in the preterm neonatal, term
neonatal, and adult (n � 26, 30, and 18, respectively, in each of hyperoxia and
control groups) groups with and without hyperoxic lung damage. In all three
groups, the lung MK counts in the animals with hyperoxic lung damage were
significantly lower than those in their respective room-air controls. Values are
expressed as mean (SEM). *p � 0.001, **p � 0.002.

Figure 2. (A): A representative low power lung section obtained from a term neonatal rat in the hyperoxic group, showing extensive damage of the alveolar
architecture, infiltration by inflammatory cells, and hemorrhage into the alveolar and interstitial space. A lung section from a control term neonatal rat (B) shows
normal lung morphology. Similar observations are made in the lung sections obtained from preterm neonatal and adult rats in each of the hyperoxia and control
groups (not shown). (C) A high power section obtained from the injured part of a preterm neonatal rat showing extensive lung damage with hemorrhage and
thrombi formation. A large intravascular thrombus is present in the center of the photomicrograph (indicated by arrow). (D) A similar section obtained from the
injured part of the lung of a term neonatal rat showing similar changes. The inset shows the presence of an intravascular thrombus. (E) and (F): Electron
micrographs of the lung of a lung-damaged adult rat showing platelet (P) aggregation and adhesion to the endothelial wall of the pulmonary capillary blood
vessels (CW). The platelets are deformed, suggesting that they have been activated. R � red blood cell.
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tion of activated platelets in the prepulmonary and postpulmo-
nary circulation, respectively. Figure 6 shows the percentage of
platelets with P-selectin expression in the prepulmonary and
postpulmonary blood in the hyperoxia and room-air control
rats. In the controls, there was no significant difference in
CD62P expression between the prepulmonary and postpulmo-
nary blood (pre- versus post-: Preterm [n � 10]: 18.3[1.5]
versus 15.5[2.3] % platelets, p � 0.22; Term [n � 10]:
18.6[1.6] versus 16.5[1.6] % platelets, p � 0.32; Adults [n �
18]: 10.4[1.4] versus 12.8[2.6] % platelets, p � 0.347). In
contrast, in the hyperoxia group, P-selectin expression was
significantly higher in the postpulmonary blood than in the
prepulmonary blood (pre- versus post-: Preterm [n � 10]:
38.7[3.9] versus 56.4[4.9] % platelets, p � 0.02; Term [n �
10]: 40.9[2.0] versus 54.0[4.2] % platelets, p � 0.002; Adults
[n � 18]: 30.0[3.6] versus 49.1[4.7] % platelets, p � 0.003).
The difference between the prepulmonary and postpulmonary
values was significantly greater in the hyperoxia rats than in the
controls (Preterm: 62.3[24.7] versus �15.5[11.2] %, p �
0.009; Term: 31.8[7.1] versus 7.5[10.1] %, p � 0.008; Adult:
92.9[27.6] versus 22.2[17.4], p � 0.004). Comparing the base-
line (prepulmonary) and postpulmonary P-selectin expression
between the two groups, both parameters in the lung-damaged
animals were significantly greater than their respective control
groups (p � 0.001 in all three groups).

Bone marrow CFU-MK. In both the neonatal (preterm [n �
26 in each of hyperoxia and control groups] and full-term [n � 30
in each of hyperoxia and control groups ]) and adults [n � 18 in
each of hyperoxia and control groups] rats, the bone marrow
CFU-MK was significantly higher in the hyperoxia groups than in
the room-air controls (control versus hyperoxia: Preterm:
13.2[1.3] versus 24.5[2.4] per 2 � 105 cells, p � 0.001; Term:
10.9[0.7] versus 16.8[1.0] per 2 � 105 cells, p � 0.001; Adults:
21.7[1.8] versus 31.3[2.9] per 2 � 105 cells, p � 0.008) (Fig. 7).

DISCUSSION

In this study, we investigated the effect of hyperoxic lung
injury on megakaryocyte and platelet homeostasis by examin-
ing the changes in the MK and platelet counts in the blood
before and after passage through the lung. In the healthy adult
rats, the MK content in the prepulmonary circulation was
similar to that reported by Pederson et al. (24) To the best of
our knowledge, the circulating MK count in neonatal rats has
not been previously reported. Our findings showed that it was
more than thrice the adult values in both the preterm and term
newborn pups. In the healthy adult animals, passage of mixed
venous blood through the pulmonary capillary bed resulted in
a significant reduction in MK count by 65%, which was
associated with a 34% increase in platelet count. These find-
ings were consistent with those previously reported by other
investigators (21, 23, 24), and provided further evidence that
the lung is an important site for MK fragmentation and platelet
release. A similar albeit slightly lesser prepulmonary and
postpulmonary gradient in MK and platelet counts was also
observed in the term and preterm neonatal pups, thus confirm-
ing the role of the lung in platelet release in the newborns. In
the animals with hyperoxic lung damage, the MK and platelet
counts in the postpulmonary circulation were almost identical
to those in the prepulmonary blood, indicating that there was
no significant MK consumption or net platelet production in
the pulmonary capillary bed. These findings supported our
hypothesis that the process of MK fragmentation to release
platelets was impaired in the damaged lung. On histologic
examination, the lung tissues of both the adult and neonatal
(term and preterm) animals in the hyperoxia group contained
significantly fewer MK cells when compared with the room-air
controls. Lung MK counts in the hyperoxia groups could have
been affected by the presence of lung injury, which might
impair lung inflation and increase the amount of lung tissues in
a given microscopic field, thus resulting in a falsely high MK
count. We have tried to minimize this confounding effect by
fixing the lungs under a constant inflation pressure of 20 cm
H2O. Furthermore, since under-inflation would only overesti-
mate lung MK count, the artifact would not affect our conclu-
sion that hyperoxic lung injury was associated with a decrease
in lung MK. The significance of this association is not clear. It
could be interpreted as the result of more efficient consumption
of MK to produce platelets in the hyperoxia group. However,
if this was indeed the case, the reduction in lung MK should
have been accompanied by more complete clearance of MK
from the pulmonary blood, and a drop in MK count from the
prepulmonary to postpulmonary circulation. The fact that
the latter was observed in the control groups but not in the
hyperoxia groups made it unlikely that the lower lung MK
count in the hyperoxia groups was due to more complete
MK fragmentation. An alternative and probably more plau-
sible speculation is that there was an inability of the dam-
aged pulmonary capillary vessels in retaining circulating
MK, which might contribute to the dysfunction of the
pulmonary capillary bed in releasing platelets from MK.

In addition to impaired platelet release from MK, evidence
of pulmonary platelet consumption was also present in our

Figure 4. An MK identified by AchE staining after prepulmonary or post-
pulmonary blood was passed through an assembled syringe filter containing a
nucleopore polycarbonate membrane of 5 �m pore diameter.
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animals with hyperoxic lung injury. In the neonatal term and
preterm rats, exposure to hyperoxia for 7 d resulted in patchy
areas of gross and histologic lung damage with extensive
thrombi formation. The adult rats were exposed to hyperoxia
for a much briefer period of 60h because of their intolerance to

hyperoxia and high mortality after 72h of hyperoxic exposure
(30). Although thrombi formation was not detected in their
lungs under light microscopy, electron microscopy revealed
extensive platelet aggregation and platelet adhesion to the
endothelium.

Figure 5. Megakaryocyte (MK) and platelet counts in the prepulmonary and postpulmonary blood of the animals with and without hyperoxic lung damage. In
the preterm neonatal, term neonatal, and adult (n � 10, 10, and 18, respectively, in each of hyperoxia and control groups) rats, the postpulmonary MK count
(A) was significantly lower than the prepulmonary count (*p � 0.001) in the room-air controls but not in those with hyperoxic lung damage. In contrast, the
platelet counts (B) was significantly higher in the postpulmonary blood than in the prepulmonary blood in the room-air controls (*p � 0.001). Again no difference
in platelet count was observed between the prepulmonary and postpulmonary blood in those with hyperoxic lung damage. Values are expressed as mean (Sem)
except for the adult prepulmonary and postpulmonary MK counts, which are not normally distributed and are therefore expressed as median (interquartile range).
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By estimating the prepulmonary and postpulmonary P-
selectin level in the animals, our findings also provided evi-
dence of platelet activation by the injured lung. P-selectin is an
adhesion receptor present in the platelet �-granules mem-

branes. Platelet activation is followed by its rapid expression
on the platelet surface (36). The activated platelets have short-
ened survival time (37), and play an active role in intravascular
platelet aggregation and thrombus formation presumably as a
result of their increased surface adhesiveness (38, 39). Increase
in circulating activated platelets has been associated with
trauma of the vascular endothelium (40) and adult respiratory
distress syndrome (41). Compared with the room-air controls,
both adult and neonatal (preterm and term) rats with hyperoxic
lung damage had significantly higher baseline (prepulmonary)
P-selectin levels. Passage of the platelets through the lung
significantly increased their P-selectin expression in the lung-
damaged animals but not the controls, confirming that the
damaged lung was the site of platelet activation. The relation-
ship among hyperoxia, lung injury, and platelet activation is
complex and not well understood. Hyperoxic lung damage and
the resultant inflammatory reactions might lead to platelet
activation possibly through the action of cytokines such as
tumor-necrosis factor (42, 43). Platelet activation might also be
a direct effect of hyperoxic exposure, which had been observed
to directly induce expression of surface adhesion molecules on
platelets, and sequestration of platelets in the lung (38). Irre-
spective of the mechanism of platelet activation, the activated
platelets that are adherent to the endothelial surface might play
an important role in lung damage by binding circulating neu-

Figure 6. P-selectin expression in the prepulmonary and postpulmonary blood of the animals with and without hyperoxic lung damage. In the preterm neonatal,
term neonatal, and adult (n � 10, 10, and 18, respectively, in each of hyperoxia and control groups) rats, the postpulmonary blood P-selectin expression was
significantly higher than that in the prepulmonary blood in the animals with hyperoxic lung damage (*p � 0.02, **p � 0.002, ***p � 0.003). There was no
difference between the prepulmonary and postpulmonary P-selectin levels in the room-air controls. Comparing the baseline (prepulmonary) values between the
lung-damaged and control rats, P-selectin levels were significantly higher in the lung-damaged group (p � 0.001 in all three groups). Values are expressed as
mean (SEM).

Figure 7. Megakaryocyte colony forming units (CFU-MK) in the bone
marrow of the preterm neonatal, term neonatal, and adult (n � 26, 30, and 18,
respectively, in each of hyperoxia and control groups) rats with and without
hyperoxic lung damage. In all three groups, the CFU-MK count was signifi-
cantly higher in the hyperoxia lung-damaged rats than in their respective
controls. Values are expressed as mean (SEM). (*p � 0.001, **p � 0.008)

350 YANG ET AL.



trophils through a P-selectin mediated mechanism. These
platelet-neutrophil interactions could be important in perpetu-
ating inflammatory damage of the lung by recruiting and
localizing neutrophils to the sites of vascular thrombosis (44).

Our findings thus demonstrated that in both adult and neonatal
(term and preterm) rats, lung injury might affect platelet ho-
meostasis by a number of possible mechanisms. The damaged
lung had an impaired function as a manufacturer of platelets due
to a reduction in platelet release from MK fragmentation. There
was also an increase in platelet consumption due to platelet
aggregation and thrombi formation in the damaged pulmonary
capillary bed. As a result, there was no net increase in the platelet
count in the circulating blood after its passage through the lung.
This, together with the shortened survival of the activated plate-
lets, led to a reduction in the peripheral platelet count. The
significance of this reduction in platelet count was examined by
studying its effect on megakaryocyte production in the bone
marrow. A decrease in circulating platelets triggers off a feedback
control mechanism, which increases the production of thrombo-
poietic cytokines (44–49) that stimulate MK production in the
bone marrow (50–53). In both the neonatal and adult rats with
hyperoxic lung injury, the proliferation of MK progenitor cells,
expressed as CFU-MK formation, was significantly greater than
that in their respective controls, confirming that the magnitude of
reduction in circulating platelets was of physiologic significance.

Unexplained reduction in platelet count is a common obser-
vation in newborns with lung diseases (3, 5, 8, 9). Our findings
demonstrated for the first time that the condition might be
caused by impaired platelet production and increased platelet
consumption in the lung. It is a common practice in neonatal
intensive care units to consider thrombocytopenia a sign of
sepsis, and the affected infants are often subjected to a series of
investigations and treatment for the alleged infection. A septic
cause is however not identified in many of these infants and the
thrombocytopenia persists despite a full course of antibiotic
treatment. While sepsis should remain an important consider-
ation in any infant with reduction in platelet count, our findings
provide an alternative explanation for this perplexing
phenomenon.
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