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A B S T R A C T This study investigated the role of the
mast cell in the pulmonary arterial pressor response to
hypoxia. We found that pulmonary arteries 50-500 iA
in diameter have a predictable distribution of peri-
vascular mast cells; that such pulmonary mast cells are
degranulated in vivo during alveolar hypoxia; that
hypoxia releases histamine from mast cells isolated from
the peritoneal cavity without apparent injury to the
cells; and that histamine is released from the lung of
intact guinea pigs during alveolar hypoxia, with the
rise in pulmonary vascular resistance during this period
proportional to the amount of histamine released. These
data point to the perivascular pulmonary mast cell in
the rat and guinea pig as an important structure in the
mediation of the pulmonary pressor response to hy-
poxia, even though the responsible humoral vasocon-
strictor released from such a cell may not be histamine,
or histamine alone.

INTRODUCTION
The long-standing search for the mechanism whereby
hypoxia elicits pulmonary vasoconstriction has recently
focused on local events at the site of the small pulmo-
nary resistance vessel and its smooth muscle cell (1).
Some of the mechanisms put forth have included: (a)
depolarization of the muscle membrane (2), and (b)
release of active humoral agents from surrounding tis-
sue (3). With respect to the latter, many agents, such
as catecholamines, serotonin, prostaglandins, and, in
particular, histamine, have been considered (4). Recent
evidence has shown that depletion of histamine, or the
use of antihistamines, will diminish or abolish the pul-
monary response to hypoxia (5, 6). The drawback to
these studies, however, is that the antagonists or de-
pleters used may be nonspecific blockers of pulmonary
vasoconstriction or may even be vasodilators.
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The present study tests the hypothesis of locally re-
leased humoral agents through an appraisal of the role
of the most obvious source of such agents, i.e., the mast
cell (7). This form of investigation avoids the use of
nonspecific pharmacological agents which modify the
response to hypoxia and examines a different step in
what may be a sequence of events leading to pulmonary
vasoconstriction. The techniques involved: (a) a histo-
logical study of the distribution of mast cells around
pulmonary blood vessels and the effect of hypoxia on
the degree of degranulation; (b) the direct measure-
ment of humoral release from mast cells harvested from
the peritoneal cavity; and (c) an appraisal of the effect
of hypoxia on the release of isotopically labeled hista-
mine from the lungs of intact animals.

METHODS
Distribution of pulmonary mast cells and effect of hypoxia

on degranulation. A double blind counting technique was
used to determine the arrangement and degree of degranula-
tion of pulmonary perivascular mast cells in rats made
hypoxic by breathing an artificial gas mixture.

In each experiment two Wistar rats were used, each in a
separate isolation cage ventilated from a tank of air. After
30 min the ventilating mixture of one cage was switched
to an average of 12.5% 02, balance N2, with flow and noise
levels remaining constant. Although the onset of the pressor
response to acute alveolar hypoxia is fairly rapid, the use
of such moderate degrees of hypoxia suggested the use of
a longer period of exposure (60-90 min) to assure histo-
logically visible degranulation of mast cells. Arterial blood
samples at this time by cardiac puncture revealed, in the
animals breathing air, a pH of 7.33-7.42, Pco2 of 32-40 mm
Hg and a Po2 of 85-95 mmHg. In hypoxic animals, the
pH ranged from 7.34-7.36, the Pco2 from 30 to 37, and the
Po, from 50 to 60 mmHg; these Po-! values yielded an
average arterial 02 saturation of 82%, a level in our ex-
perience usually producing pulmonary vasoconstriction. The
differences in pH and Pco2 between the groups were not
significant. After the blood samples, while still in their
respective atmospheres, each rat was anesthetized with ether,
the chest opened, and catheters inserted into the trachea and
the pulmonary artery so that 3%o formalin could be flushed
through before immersing the whole lung in formalin. This
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FIGURE 1 (A) A section through the lung of a normal Wistar rat showing the relationship
between perivascular mast cells (arrows) and a blood vessel of 250,u diameter (Unna's stain,
X 150). (B) A heavily granulated perivascular mast cell (grade 1) from a normal lung
(X 1000); the cytoplasm of the mast cell stains lightly; hence, the outline of the cell body is
taken from the heavily staining granular aggregates. (C) A mast cell from the lung of a
hypoxic rat showing advanced degranulation (grade 3) (X 1000). (D) A mast cell showing
only a moderate amount of degranulation (grade 2) (X 1000).

procedure, always accomplished within 5 min, assured rapid
and uniform fixation and the removal of the cellular ele-
ments of the blood in the pulmonary vasculature.

At least four sections (8,g thick) were made from the
tissue blocks taken from each lobe of the lungs to insure
a uniform survey. They were stained with "Unna's" stain,

a methylene blue polychrome stain for mast-cell granules.
96 sections from the lungs of four control animals, and an

equal number from four hypoxic animals, were analyzed for
the number of perivascular mast cells (Fig. 1 A), the per
cent of vessels surrounded by mast cells (grouped into
vessels larger than 500,t and smaller than 500,u), and the
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TABLE I
Effet.s of Hypoxia on Dlistributtion and Granulation of MUast

Cells in 192 Rat Luing .M1icrosections

Normoxia Hypoxia

> 500,-ji arteries/sectioni
With mast cells 16+2 13±2
WNithotut mast cells 12 ±3 9± 1
%with mast cells 54±4 5943
AMast cells/artery with mast cells 3.0±0.2 3.2±0.1

<SOO-,u arteries/sectionl
\Nith mast cells 37±45 42±7
Without mast cells 112 ± 13 92 4 13
%with mast cells 28±2 3344
Mast cells/artery with Imast cells 1.4±40.1 1.6±0.1

I)egrannlaltioni inidex
Arteries >500g) 1.5 ± 0.1 2.6 ±0(. 1*
Arteries <500 , 1.4±(0.1 2.5±0.1*

Maximal degriano-tlatimim, %

Arteries >500 IA 38±:E5 5 7 ± 7*
Arteries <S500,u 31 ±t 3 53±5*

* 'The difference in valties
signifilctnt; I> < 0.05.

between control anid hypoxia is

degree of degrainulation (judged from 1 to 3 using the cri-
teria illustrated in Figs. 1 B and C). The investigator de-
livered unlabeled, but numbered, specimens to a colleague
for microscopic review. This colleague tabulated findings
without kinowledge of each specimen's source (i.e., hypoxic
or control lunigs), while a third investigator collated the
final results.

Effcct of hypoxia on discharge of histaminbe from peri-
tonieal miiast cells. This approach measured the histamine
released from mast cells harvested from the rat peritoneal
cavity when suspended in Ringer's solution and aerated with
hypoxic gas mixtures. Each experiment used six Wistar rats
(200-250 g) wN-hich were decapitated and drained of blood
in or(ler to minimnize the conitalmination of peritoneal fluid
and the associated clotting which entraps mast cells (8).
7 ml of heparinized Ringer's solution (50 U/ml) was in-
jected over the intestinal surface and 5 nil of solution was
recovered, containing on the average 3 X 105 mast cell/ml.
The suspensions froni the six rats were pooled and divided
in four 6-ml portions. The following measurements were
taken: (a) total histamine in fresh specimens; (b) ratio of
histaniine released to that retained in mast cells; (c) the
same ratio after swirl-equilibration with 95% 02, 5% C02;
and (d) the saiiie ratio after swirl-equilibration with liypoxic
gas (i.e., 3%7 02, 5%C CO2, 92% N-).1 The imtpose(d Po.. of 23

1The 37% 02 iniposed on the solution yielded a PO. of 23
mmHg at the surface of the mast cells aiid was therefore
considered a degree of hypoxia similar to that imposed on
the pulmonary arterial mast cell of the present group of
intact guinea pigs and rats by the following considerations:
(a) the alveolar P02 to which periarterial mast cells are at
least partly exposed, with inspired 02 levels of 9 and 12.5%,
ranges from 33 to 52 mni Hg; ( b) the pulnionary arterial
(mixed venousi) Po2 to which these cells are also exposed

mmHg during hypoxia was thus considerably lower than the
normal in situt ambient peritoneal Po2 of 52-60 mmHg, as
estimate(1 by lymph (9). The first portion was hemolyzed
with 4 ml distilled water, the content deproteinized by
addition of 0.05 ml of 70%O HCl04 and centrifuged for 10
min at 2500 rpm, and the supernate was analyzed for hista-
mine. The second portion was immediately centrifuged and
the cellular fraction resuspended, hemolyzed, and depro-
teinized. The supernate was diluted by the same volume of
distilled H20 and HC104 and both fractions analyzed for
histamine content. The two remaining portions were placed
into swirl-equilibration flasks and handled thereafter as was
the second portion.

To determine whether the histamine found during hypoxia
was due to active release or to release caused by cell injury
or death, the 02 consumption of the mast cell was measured
under conditions identical with those outlined above. 100-,d
samples of a suspension of mast cells were taken periodically
from the tonometer flask after equilibration with both high
and low 02 gas mixtures. These samples were then placed
in a sealed 70 ml cuvette into which was inserted a radiome-
ter Clark microelectrode. The rate of fall of P02 was mea-
sured for 5 min and 02 consumption calculated. The entire
experiment measuring 02 consumption at both low and high
Po2 was performed on each of four harvests of mast cells.
The suspension of cells was kept homogenous by the agita-
tion of the swirl-equilibration flask before withdrawal of
samples used to measure the rate of fall in P02. The 02
electrode was calibrated by two gases (and two solutions
of Ringer's solution equilibrated therewitlh) at 150 and 21
mmHg. Measurements of 02 loss by electrode utilization
were made with Ringer's solution equilibrated at a Po2 of
150 and 21 mmHg. This rate was subtracted from the far
greater rate of loss in suspensions of 02 consuming cells.
The general method of harvesting peritoneal cells produced
yields that contained 75% mast cells, the remainder being
mostly red blood cells with somewhat lower metabolic rates
andl some leukocytes; thus, the large alterations in 02 con-

sumption in such a solution during hypoxia, to be described
in Results, is due largely to the mast cells.

Histamine was determined by Shore's technique (10), con-
densing histamine with o-phthaldehyde to yield a fluorescent
produce. The fluorescence (at 450 m,u wavelength; excitation
at 360 m/L) was measured against standard 10 mg/100 ml
histaminie stock solutions diluted to give solutions of 0.1, 0.05,
and 0.02 tLg/ml, and read on a Beckman ratio fluorometer
(model 77205, Beckman Instruments, Inc., Fullerton, Calif.).
Recovery of histamine from knowNn samiples was 80% effi-
cient; the data have been corrected for this loss. Deriva-
tives of hiistidine, of histamine, an(l of other vasoactive
amines do not produce fluorescence at this wavelength or

are discarded during extraction by n-butanol from an alka-
line solution.

Hvpoxia-induced histaninic-1'C rc1case by the guinca pig
lung. The experiments to correlate the concentration of
histamine released from the lung with the rise in pulmonary
vascular resistance during alveolar hypoxia utilized a count-
ing technique for isotopically labeled histamine rather than
direct chemical analysis. This increased accuracy required
would, with an arteriovenous 02 difference in the present
study of 30%, range from 18 to 27 mmHg; (c) the aver-

age alveolar-pulmonary arterial P02 is therefore 25 and 38
mmHg, respectively; with further decreases in Po2 due to
diffusion gradients from the sources of 02 in the artery and
alveolus to the mast cell, the ambient Po2 at this cell would
be expected to be in the vicinity of 23 mmHg.
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that small animals be used to minimize the labeled histidine
precursor. The guinea pig was chosen because it can main-
tain more stable levels of blood pressure and cardiac output,
even after blood loss, than can the rat of equal size. In
order to obtain rigorous hemodynamic studies of cardiac
output and histamine release from animals having small
blood volumes, two separate groups of animal were required.
The first group was used to measure pulmonary arterial,
left ventricular, and aortic pressures and arteriovenous 02
concentration differences (C(a-v)O2) as an index of cardiac
output, in order to assess the effect of alveolar hypoxia on
pulmonary vascular resistance in the species. The second
group was used to correlate the changes in pulmonary vas-
cular resistance with the release of histamine during alveolar
hypoxia.

For the first group, guinea pigs weighing 300-400 g were
anesthetized witlh sodium pentobarbital (60 mg/kg intraperi-
toneally), and ventilated by a positive pressure respirator
through a tracheostomy. A polyethylene tube (PE 60) was
threaded from the left carotid artery into either the left
ventricle or the aorta. The chest was opened and a poly-
ethylene tube (PE 90) introduced into the right ventricle
and advanced into the pulmonary artery. Pressures were
measured by Statham strain gauges (model P23, Statham
Instruments, Inc., Oxnard, Calif.) and a Grass polygraph
(Grass Instrument Co., Quincy, Mtass.). After a steady state
of blood pressure and arteriovenous 02 differences in room
air was achieved, the animals were exposed to 8-min periods
of breathing 9%o 02, balance N2, delivered by the piston
respirator. Pulmonary arterial and aortic or ventricular pres-
sures were measured continuously except for the last minutes
of this period when blood was again sampled.

The C(a-v)02 was calculated by measuring Po2 and pH by
the Clark microelectrode described above. Control values for
P02 in mmHg and pH were 85±7 and 7.33±0.05, respec-
tively. Their average Wintrobe hematocrit was normal for
the guinea pig, i.e., 38.5±4 ml/100 ml blood (11). Oxgen
saturation of the blood was calculated from the pH and
P02 using the guinea pig 02 dissociation curve (12). From
the 02 saturation and the hemoglobin concentration (as
derived from the hematocrit) the 02 content of hemoglobin
was calculated. Since the animals were kept under constant
ventilation and since 02 uptake remains unchanged during
moderate hypoxia (13, 14), an index of cardiac output was
obtained directly from C(a-V)o.-. To support this contention
on 02 uptake in the guinea pig, a subgroup of this group
was similarly anesthetized, tracheotomized, and mechanically
ventilated under identical conditions in order to measure 02
uptake, C02 production, and respiratory exchange ratio
during hypoxia. The 02 uptake during normoxia averaged
2.7 ml/min+0.2 SE and during hypoxia, 2.6 ml/min+0.2 SE;
respiratory exchange ratios were 1.04 and 1.03, respectively
(n = 8).

This subgroup w-as also used to measure the pressure-
volume characteristics of the guinea pig lung during hypoxia.
Utilizing tracheal pressure during mechanical ventilation and
tidal volume, pressure volume diagrams were examined under
identical conditions of normoxia and hypoxia. Hypoxia
caused no alteration of airway resistance and a slight in-
crease in total thoracic compliance, i.e., from 0.52 to 0.57
ml/cm H20 (n = 15).

The identical surgical preparation was used for the second
group, which was prepared 24 hr beforehand by injecting
5-10 uCi of histidine-'4C (Nuclear-Chicago Corp., Des
Plaines, Ill.: universally labeled) which could be expected
to be decarboxylated to histamine-L-'4C (15). Arterial and

TABLE I I
Effect of Hypoxia on Histamine Concentration of Rat Peritoneal

Mast Cells, In Vitro

% in
Specimen Histamine supernate

sg/ml %
Nonaerated suspensions

Freshly extracted (n = 9) 0.944±0.18
Freshly spun (n = 8)

cells 0.704±0.33
supernate 0.31±i0.07 32
total 1.01±-0.39

Aerated suspenisionis
95% 02, 5%C02 (n = 8)

cells 0.55±-0.16
superniate 0.29±0.16 34*
total 0.82 ±0.22

3%02, 5% Co2 (n = 8)
cells 0.38±0.15
superniate 0.48±0.14 53*
total 0.87±40.27

* The difference between
P <0.05.

the two valuies is significanit,

venous samples (0.25-0.40 ml) were taken during the con-
trol periods and at the end of the hypoxic periods. The
cellular elements of these samples were separated by centri-
fuge, the supernate deproteinized, alkalinized, and extracted
with n-butanol. Duplicate 0.4-ml fractions were plated on
gelatin-based copper planchetes and counted for 20 min on
a Nuclear-Chicago model 1105 Spectro/Shield Automatic
Low Background Planchete Sample Changer and 8703 Series
Decade Scaler.

RESULTS

Effect of hypoxia on distribution and granulation of
mast cells. The effect of alveolar hypoxia on the dis-
tribution and granulation of pulmonary mast cells is
shown in Table I. Among vessels of more than 500 a,
more than 50% demonstrated clusters of perivascular
mast cells. Hypoxia did not affect this distribution; in
fact, the average number of mast cells in each cluster
about a vessel was almost identical under control and
hypoxic conditions (3.0 and 3.2, respectively). With
respect to vessels of less than 500 a diameter, larger
numbers of vessels and cells were counted per section;
however, the ratio of vessels with mast cells to total
vessels was significantly smaller (28%) than that of
the larger vessels. Nonetheless, hypoxia did not change
the distribution of mast cells; the number of mast cells
in each cluster about a vessel was 1.4 in control animals
and 1.6 in hypoxic animals. Although hypoxia did not
alter the total number of visible mast cells, the degree
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FIGURE 2 The relatioIn betweeIn 02 consumption and the imposed ambienlt Po2 of rat peritoineal
mast cells, in vitro. Points labeled A are values for 02 consumption during continuous de-
creases in ambient Po2 toward hypoxia, whereas * are values during the subsequent increase
in Po2 toward normal. No statistical difference is evident between the two curves, which show
average values and standard deviations at Po2 values of 130 and 30 mmHg.

of granulation was markedly affected. In both groups I) by a significant rise in the number of maximally de-
of vessels (> 500 IA, < 500 A) the degranulation index granulated cells during hypoxia: for vessels of more
during hypoxia exceeded that during control by 73 and than 500 ,u diameter, the percentage of maximally de-
70%, respectively. This observation is supported (Table granulated cells rose from 38%, in the control lungs to

TABLE I I I
Effects of Alveolar Hypoxia on the Dynamics of the Pulnionary Circulation

Pulmonary arterial Resistatice index
C(a-v)02 pressure (PPA X Cc--1_)O2)

Animal No. and run -Normoxia Hypoxia Normoxia Hypoxia Normoxia Hypoxia

mnl/100 ml mnmHg

1 8.6 6.2 5.0 8.0 43.0 49.0
2 6.8 6.4 6.5 9.5 44.0 60.8
3a 3.0 6.4 8.5 9.5 25.5 60.8
3b 5.2 6.8 8.0 8.5 41.6 57.8
3c 4.4 5.8 6.5 7.5 28.6 43.5
4a 4.6 8.4 8.5 9.5 39.0 79.8
4b 7.4 9.0 7.0 7.5 5 1.(0 67.5
5 4.4 4.2 9.0 12.0 39.6 50.4

6a 5.8 6.8 8.5 10.0 49.3 68.0
6b 8.2 8.2 6.5 8.5 53.3 69.7

M+SE 5.8+0.6 6.8+0.4 7.4+=0.4 9.1±0.4 41.5+2.7 60.7+3.3
P (paired Student's t test) NS <0.005 <.O01
P (nonparametric sign test) NS <0.001 <0.001
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57% in hypoxic lungs; in the smaller vessels, the in-
crease was from 31% during control to 53% during
hypoxia.

The relatively high values of 38 and 31% for maxi-
mal degranulation in the control groups are consistent
with variations in the plane of sections and the fixation
by formalin, as previously observed (16, 17), and do
not necessarily mean that considerable degranulation of
cells is normally present.

Effect of hypoxia on rat peritoneal mast cells. The
upper portion of Table II (nonaerated suspensions)
compares the histamine content of freshly extracted and
centrifuged specimens of rat peritoneal mast cells. As
indicated, a freshly extracted suspension contains no
more histamine (0.94±0.18 og/ml) than the sum of
both sedimented cell and supernate after a 10 min
centrifugation (1.01±0.39 Ihg/ml). Within the centrifu-
gate, the cells contain about two-thirds of the total his-
tamine present. Aeration did not significantly reduce the
total histamine in specimens swirled in tonometry flasks,
nor was the distribution of histamine between cells and

TABLE IV
The Effect of Hypoxia on the Histamine-'4C Content of Right

and Left Ventricular Blood of Guinea Pigs

Normoxia Hypoxia
histamine-14C histamine-14C

Experi- Right Left Right Left
ment ventricle ventricle ventricle ventricle

cpm cPm
1 60 75 65 95
2 95 86 100 130
3 300 343 400 537
4 98 104 103 151
5 50 54 55 71
6 150 164 170 390
7 145 176 160 218
8 60 70 70 104
9 75 69 75 78

10 350 354 375 523

M4SE 138±31 150±34 157±38 230±55

(1) A rise in left ventricular histamine-14C from normoxic to
hypoxic periods is significant by nonparametric sign test
(P < 0.001) and the difference of 80 cpm between the two
periods is significant by paired Student's t test (P < 0.02).
(2) The histamine-14C cpm during hypoxia was significantly
higher in left ventricle compared with right ventricle by
nonparametric sign test (P < 0.001) and the difference of
73 cpm was significant by paired Student's t test (P < 0.02).
(3) Right ventricular histamine-14C during hypoxia was
significantly higher than during normoxia by nonparametric
sign test (P < 0.001). Left ventricular histamine-14C is not
significantly higher than right ventricular values during
normoxia by nonparametric sign test.
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FIGuRE 3 The relation between the percentile increases in
pulmonary arterial pressure and the percentile increase in
histamine-14C in left ventricular blood during alveolar hy-
poxia in the guinea pig. Each point represents data from
an experimental period of steady-state alveolar hypoxia.

supernate affected. However, equilibration with hypoxic
gas produced a marked and significant redistribution of
histamine from cells into supernate; the histamine con-
centration during hypoxia averaged 53% in the super-
nate compared with 34% during control conditions. The
02 uptake of the isolated mast cells as a function of the
various imposed 02 tensions is shown in Fig. 2. The
data indicate that Os uptake is directly related to Po2
(between Po2 of 20-140 mmHg) and approaches zero
as the Po. approaches 0 mmHg. It is thus similar to
previously described behavior of mast cells (18). The
viability of the cells after exposure to a low ambient
Po2 is supported by the increasing 02 consumption when
the same cell population is re-equilibrated with an in-
creasing Po2.

Histamine release from the lung of hypoxic guinea
pigs. The results of the separate hemodynamic studies
determining the effects of alveolar hypoxia in the guinea
pig are shown in Table III. Hypoxia caused an increase
in pulmonary artery pressure in all cases while de-
creasing cardiac output (inverse of C(a-v0o2) in 6 of the
10 experiments. These increases in mean pulmonary
artery pressure (averaging 1.7 mmHg) were converted
to an index of pulmonary vascular resistance by utiliz-
ing the inverse of the C(a-vo,; the average increase
in this index with hypoxia was 45%. Table IV com-
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pares left and right ventricular differences in hista-
mine-"C before and during hypoxia. A wide difference
in control values for labeled histamine is present be-
cause of the deliberate use of varied doses of precursor
histidine-'C. During room air breathing, no significant
difference occurred between the average histamine con-
tent in left (150 cpm) and right (138 cpm) ventricular
blood. During hypoxia, the histamine-"C levels in left
ventricular blood emanating from the lung increased
significantly over control levels (150 to 230 cpm, P < 0.02
by paired Students t test); the histamine-"C levels of
the right ventricular blood draining the systemic cir-
culation rose also during hypoxia (138 to 157 cpm. P
< 0.001 by nonparametric sign test).

Not shown in Table IV is the relation between hista-
mine-"C and total "C radioactivity in the acid soluble
fraction of blood (i.e., before extraction by n-butanol).
The histamine-"C accounted for 52% of the total 14C
radioactivity during the control period and 82% during
the hypoxic periods, indicating that the bulk of the
radioactivity increase in the acid-soluble fraction of
blood during hypoxia was due to histamine release.

The relationship between the release of histamine-"C
from the lung and the rise in pulmonary artery pressure
during hypoxia in the guinea pig is shown in Fig. 3.
Each point relates the lercentile increase in pulmonary
arterial pressure to the percentile increase in left ven-
tricular histamine-"C content during one or more hy-
poxic periods in 10 animals. The average increase in
histamine-"C was 45±+6% and the accompanying aver-
age percentile increase in pulmonary arterial pressure
was 26.5±1-3%. These increases were significant at P
levels of 0.05 and 0.02, respectively. A linear relation-
ship is al)l)arent between the two variables, w7ith a cor-
relatioln coefficient of 0.65 (P < 0.01 ).

DISCUSSION
The present study on rats and guinea pigs has demon-
strated that: (a) pulmonary vessels of 50-500 A diam-
eter witlh a well-defined muscular media have a pre-
dictable distribution of mast cells within the adventitia;
(b) such pulmonary mast cells are degranulated in vivo
during alveolar hypoxia; (c) lhypoxia causes mast cells
isolated fronm the peritoneal cavity to release histamine
and possibly other humoral agents in an in vitro situa-
tion; and (d) histamine is released by the lung of in-
tact guinea pigs during alveolar hypoxia, with the rise
in pulmonary arterial pressure during this period pro-
portional to the amount of histamine released. These
data deserve discussion from several points of view.

The localized clustering of mast cells around pulmo-
nary vessels has been noted (19). The present study
ainalyzed their distribution with respect to vascular di-
anieter- and snmooth nmuiscle thickness: in accordance

with the definition of von Hayeck (20) that venous
segments below a diameter of 500 s do not contain a
well-defined muscle coat, the mast cells in the present
study seem almost entirely distributed around pulmonary
arteries. Although only an average of one-third of the
arteries smaller than 500 diameter had mast cells in
any single histological section, every artery of each
generation from 50 to 500 a may have adjacent mast
cells in the neighborinig sections. This conclusion stemis
froml the probability thlat, when one-third of the arteries
have mast cells in histological sections 8 ,I thick, the
other two-thirds of the arteries will have imlast cells in
the next serial sections of 8 A each. Thus, for a single
artery of less than 500 ,u diameter, 1.4 mast cells may
be expected every 24 /u of length. For vessels greater
than 500 A diameter, since 50% of these showed mast
cell clustering in any section, there would be 3.0 cells
for every 16 Z of vessel length. Moreover, utilizing a
diameter-to-length ratio of 1: 3 for pulmonary arteries
of less than 500 A (footnote 2) in conjunction with the
data in Table I, it can be calculated that 90, 55, 33, 16,
and 9 mast cells will be founld per vessel of 500, 300, 175.
90, and 50 A diameter.

These data permit a calculation of the amount of hista-
mine available from mast cells (luring hypoxia. Assuming
a value of 10" g/mast cell (21 ) anid three other factors.
i.e., the number of arterial segments per given genera-
tion = 2' (footnote 2) the estimates above of the number
of mast cells per segment, and an approximate value of
50% for the amount of histamine released per cell (base(d
on the present in vitro peritoneal mlast cell results), it is
possible to estimate that 10-5 g of histamine are released
by arterial segments 16 through 20 (60-500 a) of a Nhole
lung during a hypoxic period. This amount of histamine
has been found sufficienit to increase pulmonary vascular
resistance by 30% when infused into the cat (22) ; an(d
such increases in pulnmonary vascular resistance are sinmi-
lar to those spontaneously observed in the present groulp
of animals during alveolar hypoxia.

The present data indicate that histamine is releasedl
during hypoxia from mast cells harvested from the peri-
toneal cavity of rats and which are therefore independent
of all other neural or lhumoral influences. Mforeover, as
indicated by the oxygeni consumption data, the cells
survive even after the release of histamine. These (lata
are consistent with the release of hiistamine and other
vasoactive agents as an energy-requiring step, which call
be inhibited by total lack of oxygen (23) but carried on
at environmental 02 tension as low as 21 mmHg (18,
24). Thus, from these data, the mast cell of the lung
seems to fall within the general concept of a chemore-
ceptor cell, like that of the carotid body cells, in that:
(a) it releases an active transmitter- substance when the

2 Domingo Gomez, personal communicationi.
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environmental Po2 falls (25), and (b) its drop in 02
consumption during mild hypoxia indicates a high criti-
cal P02, which would result in alterations of intracellular
metabolism and consequent release of a transmitter in
some proportion to the degree of hypoxia.

Although release of histamine or other substances
from the lung has been noted during hypoxia previously
(26), the present isotopic-labeled techniques permitted a
more precise analysis of the amount released and the es-
tablishment of a relationship between the amount of his-
tamine found in the left ventricular blood and the associ-
ated rise in pulmonary vascular resistance. The smaller
increase during hypoxia of labeled histamine in the mixed
venous blood, even though mast cells are widely dis-
tributed in the tissue of the guinea pig (7), may be a re-
sult either of (a) rapid degradation of both pulmonary
and systemically released histamine (27) or (b) a lower
capacity of tissues other than the lung to release hista-
mine (28).

Mast cells contain a large niumiiber of vasoactive agenits
(7), of which histamine is but one major constituent;
in view of this, h.istamine was chosen as an indicator of
mast cell degranulation and release of humoral agents
with the reservation that it need not be the mediator, or
the only miiediator, of the pulmonary vasoconstrictor re-
sl)ponse to hypoxia. The role of histamine and of other
possible pulmonary vasoconstrictors contained in the
mast cell in the continuation of the pulmonary pressor
response to hypoxia long after it has begun -is uncertain
from the present study. The maintenance of this response
may involve an increase in the rate of synthesis of these
substances by the partially degranulated mast cells so
that a new steady state of increased synthesis, decreased
storage pool in cellular granules. and increased release
of vasoconstrictor substances is established during
hypoxia.

The failure to observe bronchoconstriction as a counter-
part to the vasoconstriction during alveolar hypoxia is
attributable in part to the far fewer numbers of mast cells
seen around the periphery of bronchi in the present his-
tological sections. Bronchoconstriction might also be pre-
vented if the per.ibronchial mast cell enjoyed higher
environmental 02 tensions than the perivascular mast
cell: the former has access to 02 sources composed of in-
sl)ired air, alveolar air, and bronchial (systemic) ar-
terial blood, all of which give an average P02 higher thani
is likely near the mast cell around the pulmonary arteries,
which sees 02 sources only in the alveolus on one hanid,
and within the pulmonary artery (mixed venous), on the
other.
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