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RADIATION RESE..RCH 94, 156-165 (1983)

-

Effects of ®Co Radiation on Synthesis of Prostaglandins F5,, E,
and Thromboxane B, in Lung Airways of Guinea Pigs'?

L. K. STEEL,? IAN K. SWEEDLER, AND G. N. CATRAVAS
Biochemistry Department, Armed Forces Radiobiology Research Institute, Bethesda, Marylard 20814

STEEL, L. K., SWEEDLER, L. K., AND CATRAVAS, G. N. Effects of *®Co Radiation on Synthesis

of Prostaglandins F,, E, and Thromboxane B, in Lung Airways of Guinea Pigs. Radiar. Res.
94, 156-165 (1983).

At | br to 14 days after total-body exposure of guinea pigs to 3.0 Gy “Co, changes were
detected in prostaglandin concentrations in bronchial airway tissues. At 3 hr postexposure, tissue
levels of PGE were significantly elevated, while at 48 hr transiently elevated levels of PGF;, were
observed. By 72 hy, levels returned to control values. Airway synthesis of thromboxane B, in
irradiated animals did not differ from that in.controls. Also assessed were the capacitics of
bronchial airway preparations to respond to H-1 receptor stimulation by the exogenous addition
of hisiamine or transmembrane divalent cation transport stimulation with ionophore, Tissues
from irradiated animals demonstrated alterations in the amount and type of prostaglandins
generated, varying with time postirradiation.

INTROBUCTION

Recent evidence suggests that ionizing radiation induces dramatic changes in pros-
taglandin (PG) levels in animal tissues (/-5) and body fluids* (6, 7, 42). The phas-
macological properties of the prostaglanding, coupled with enhanced formation and
release in all types of inflammatory reactions (8-10), suggest a role for these chemical
mediators in the developmant of radiation-induced tissue injury. The lung is a major
sito of prostaglandin production (11, 12), uptake (13, 14), and inactivation (14-16).
Following exposure to ionizing radiation, numerous biochemical and histopatholog-
ical changes are manifested in pulmonary structeres and fuids [for veviews, see (17~
719)). In a recent communaication (5, 20) we examined the eficcts of v radiavon on
prostaglandin and thromboxane tevels in parenchymal lung tissues and tound the
magnitide of alteration to increase in a dose-dependent manner. Alturod respon.

siveness to H-1 receptor stisaulation with histamine and to the ionophore stimulation
of divalent cation transport also occuned in pascachymal tissues. Since the PGs have

Y Supposted by Armed Fovees Rediobiology Research Institute, Defense Nuclear Ageacy, under Research
Work Unit MS 00064, The views presented in this papes sie those of the nuthors. No cadorsement by the
Defense Nuclear Agency has been given or should be infered,

I Rescarch was conductad scconding to the peincipies enunciated in the Guide for the Care and Use of
Laboratory Animals, prepared by the Institute of Laboratory Anime! Resources, Natioaal Rucmb(‘:ouwl
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“Co AND AIRWAY TISSUE PROSTAGLANDINS 157

been implicated in the modulation of pulmonary vascular and airway function (8,
21, 22), we directed our efforts toward elucidating the contribution of the lung bron-
chial tree in the bronchopulmonary functional response to radiation insult. The
present investigation was performed to determine the effects of ®Co v radiation on
levels of lung bronchial airway prostaglandin and thromboxane. Tissue capacity to
synthesize PG in response to the exogenous addition of histamine or the calcium
ionophore A23187 was also studied.

MATERIALS AND METHODS
Chemicals and Buffers

Tritiated prostaglandin F,, (*H)PGF,,) (120 Ci/mmole), tritiated prostaglandin
E; (PH]PGE,) (150 Ci/mmole), and tritiated thromboxane B, ([°H]TxB,) (120 Ci/
mmole) were obtained from New England Nuclear (Boston, MA). Rabbit PGF,,
antiserum and rabbit PGE antiserum were purchased from Clinical Assays (Boston,
MA) and Accurate Chemical and Scientific Company (Somerville, NJ), respectively.
Histamine diphosphate, Trizma (pH 7.4), and gelatin Bloom-100 were obtained from
Sigma Chemical Company (St. Louis, MO); Norit-A from Fisher Scientific Company
(Pittsburgh, PA); Ultrafluor scintillation cocktail from National Diagnostics (Somer-
ville, NJ}; and Dextran T-70 and protein A-Sepharose CL-4B from Pharmacia (Upp-
sala, Sweden). Ionophore A23187 was obtained from Calbiochem-Behring Corpo-
ration (La Jolla, CA). A23187 was dissolved in dimethylsulfoxide at a concentration
of 10 mg/ml and diluted in buffer before use.

TxB; antiserum was preparcd in rabbits. An IgGerich fraction was produced by
ammonium suifate precipitation followed by aflinity chromatography on a protein
A-Sepharose CL-4B colamn.

Tyrede's buffer (137.0 mM NaCl, 2.7 mM K, 0.36 mM Nal,PO,, 5.55 mM
dexteose, 11.9 maf NaHCO;, 1.8 mM Ca(ly, .md 0.49 mM MgCls, pH 7.8) was
prepared just before use:

drradiation of Animals _

A total of 120 male guinca pigs (Hartley stiain), weighing 550-650 g, were used
throughout the investigation and maintained on Puniva guinea pig diet and water ad
libitum. Anioals were arbitranty divided into two groups of 60 antinals each (sham
and tiradiated). For cach irradiation, nonanesthetized guinea pigs we  individually
placed in a'25 X 10 X 10-cm Plexiglas westraining chamber. Four ehambers were
vertically stacked, allowing simultancous exposure of four animals. The inadiated
group was unilaterally exposed to 3.0 Gy of %Co radiation (1.17- and §1.33-MaV v)
at a dose rate of 39.5-40.7 md/mm (tasget distance 120 cm, tissue/air xatio, 0.91)
using a Theratron-80,

Control guinea pigs were placed in vestraining chambers and held in the exposure

room for the same period of time as their invadiated counterparts. Treatmeont of

controls differed only in that they did not reccive the *Co exposuse.
Preparation of Fragments from Guinea Pig Lung Airways

" Exposed and sham-inadiated (control) guinca pigs wers individually saetificed ab

: 136 2448 7996 120, 166 oa336brpustmadmuan.{€azhwusexsanmnuwd
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158 STEEL, SWEEDLER, AND CATRAVAS

and the thorax opened to expose the heart and lungs. Tyrode’s bufier was instilled
through the right atrium, and the lungs were infused until visually cleared of blood
and clear fluid drained from the excised aorta. The lungs were quickly removed from
the thorax and placed in buffer. Airway fragment preparations (6-8 mg wet weight)
were prepared by removing all surrounding parenchymal tissue through meticulous
dissection with fine forceps (Fig. 1). Histologic examinations of these airway prepa-
rations revealed very little contamination by adherent alveolar tissue. Nine airway
fragments were obtained from each preparation of experimental animal airway. The
lung airway fragments were placed in 50 ml prewarmed buffer and maintained un-
disturbed at 37°C for 45 min.

Generation and Determination of Prostaglandin (PG)

Airway replicates, equilibrated to 37°C in buffer, were individually transferred into
separate 1.5-ml Eppendorf microfuge tubes containing 200 ul of prewarmed (37°C)
test substance. Care was taken to ensure that each fragment was manipulated as
gently as possible. Airways were exposed to histamine (5 X 107 M) (27), A23187
(23), or Tyrode's buffer alone [as 3 measure of spontancous (basal) PG release], in
triplicate cxperiments. The tissucs were incubated for 30 min at 37°C in the test
solutions. Incubation was terminated by removing the airway fragments from the
supernatant medium and placing each in individual 1.5-ml Eppendorf tubes con-
taining 1 ml of 0.1 N NaOH, Fragments were digested overnight at 40°C, and protein
concantrations of the tissue digests were determined with the Folin veagent (24). The
supesnatants from incubated lung airway-challenge experiments were cither imme-
diately assayed for PG content or stored at ~20°C and assayed for PG control within
S days. Prostaglandin levels were determined by a modificd pmoedme {27) of the
radioimmunoassay technique of Jafte et al. (25).

Bricfly, the radioimmunoassay consists of incubating 20 ut (10% of the 200-u4
incubation volume) of cither supernatants of the challenged lung airway fragisient or
kaown standards (2.5-1000 pg) and 80 ul Trizma buffer (0.012% Tvzma, (.083%
- NaCl, 0.1% gelatin, pH 7.4) with 50 ai antisera for 2 hr at room temporature,
Thereatter, S0 pl PHIPG (8060 cpm) was added and ircubation continued at 4°C
overnight {12-16 by, final volume 200 ul). Following the addition of 250 al Trizma-
NaCl-gelatin (1.0%), the bound [*H]PG was separated frora the uncomaploxed tracor
by adding S00 gl foed charcoal (0.5%)-Dextsan (0.05%) in Trizma-NaCl, incubating
20 muin at 4°C, and ceninifuging at 200g for 17 min at 4°C. The resulting supernatants
were decanted into scintillation vials containing 10 vil Ultsafluor, and radioactivity
was determined by scintillation cﬁunung (Mark Hi). Al mdmmmuuuassays \wm,
porformed in-duplicate. , ,

Presev:iazwn of Data cmd Statistics

Data ase expressid as perceittage release of contvol values. I\w.dts are ngen as the
meaas + SEM. Differences beiween challenges and eorvesponding control values for
the same time interval were considered significant if; when combining the data from

several experiments (blocking), wmpansun of two mdwcudena aamples g.we & pmb- :

ability (P) oflcas. than 005 (361

;-
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160 STEEL, SWEEDLER, AND CATRAVAS

RESULTS

The effect of a single unilateral exposure to 3.0 Gy ®Co ~ radiation on basal
prostaglandin F,,, E, and thromboxane B, levels in preparations of guinea pig lung
airway was examined. As shown in Figs. 2A-~C, tissues from sham-irradiated animals
released PG into the incubating medium in a uniform fashion at each time point in
the course of these investigations. Sham release values (pg/mg airway lung protein)
ranged from 423 to 567 pg PGF,,, 130 to 158 pg PGE, and 1709 to 2152 pg TxB,.
Individual values at each time point did not statistically differ from other time point
values for each respective PG throughout these studics. Airway tissues from animals
that had received a single unilateral exgosure to 3.0 Gy %Co v radiation revealed no
significant alteration in the quantity of TxB, released into the buffer medium at all
time points studied, compared to sham-irradizted release (Fig. 2C). Likewise, irra-
diated tissue elaborated FGF, in response to buffer challenge in a manner not dis-
similar to their sham-irradiated counterparts{Fig. 2A). A transient rise in PGF,, basal
release from irradiated tissues cocurred at 48 hr postirradiation (P = 0.043) but it
declined 1o control values at 72 fw. A dramatic elevation in PGE levels was noted
in buffer-incubated irradiated tissues a3 hr postirradiation; the levels returned to
control levels by & &i. A rise in PGE levels was also observed at 24 br in animals
receiving 300 rad, but it was not statistically significant (P = 0.052). PGE levels in
irradiated  tissues did it chﬂer from those observed in wntmi fissues at 48 1o
336 hr.

We examined the capacity of gudnea pig airway lung tissuc from ivadiated and
control animals to véspond to H-1 recepior stimulation with 500 pAf histamine (Figs.
JA-Q). Sham-:ma(hatxd tissues consistently responded to histamine with significantly
higher B0 lema thap matching airway replicates incubated in buffer. only, Sham
response 1o provoeation with histasning, expressodas percentage of shass Tsseal release
- (Fig. 2), ranged from 128 5 137% PG, 148 to 167% PGE, and 116 10 127% TxB,.

100}

PO, poimg PRATEN

TG a GO N I T 7
_ _ Lo TmERa T _ .

10, 2, Eitect of 3.0 Gy ¥Co'y mn;&ﬁm B evels of basl PG, , POE, and TxB; in tiaues of guinea
vig alrway lung. Atrway replicates were incubated in Tyrode's tuBier only, as described in the text, Pros
taglandin (PCY) levels are given as picogima per mitligram guinea pig alrway watein, (A) RSF,, jevels; (B)
PGE levels; (C) TrB, lavels, Sham-ivradiated onteol) release, #; imadinted, &. Mexns 5 SEM are gives;
. -_..4,&. is indicated by m&m haes. *P < 0.05; s p «:900: \wmn! amwnd&«egmm). n» 8,
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F1G. 3. Effect of 3.0 Gy *Co ¥ radiation on histamine-induced PGF,,, PGE, and TxB, levels in airway
tissues. Airway replicates were incubated in Tyrode’s buffer containing 5 X 1074 M histaiine, as described
in the text. PG generation evoked by histamine challenge is expressed as percentage of each group's own
basal PG release in Tyrode's buffer only (see Fig. 1). (A) PGFy,; (B) PGE; (C) TxB;. Sham-irradiated
(control) release, @; irradiated, A. Means & SEM are given; SE is indicated by vertical lines, Significant
PG generation induced by histamine challenge (compared to bufier conirols): *P < 0.05; **P <0.01;
P < 0.001 1 = 18,

Tissues from animals veceiving 3.0 Gy responded to histamine stimulation with
variable PG release. At 3, 48, 108, and 336 hr postirradiation, tissucs were not capable
of generating significant PGF,, synthesis in response to histamine chaltenge, com-
pared to their own bufier control release (Fig. 3A). In this regavd, the large variability
in airway fragment respounsiveness should be noted as a facior contributing to overall
nonsignificant PGF,, elevations at these time points. PGE levels evoked by histamine
provocation were significantly elevated above buffer conteols at all time points except
168 hr postircadiation {Fig. 3B). Aivway tissues from inradiated apimals were unre-
sponsive to histamine challenge in terms of syathesis of TxBs at 1-24 by postirra-
diation (Fig. 3C). Siganificant TxB; levels were generated at 48-120 hr, whereas at
168 hr, histamine was an incfloctive stinmulator of TxB; synthesis, At 336 b, tissues
agam vesponded to histamine provocation with s.xgmﬁmm TxB; release above buffer-

noubated wmatching airway rephcates '

" To determine the effects of tonizing radiation on the production of PG stimulated
by the transmembrane tansport of divalent catious, ajrway tissue preparations were
challenged with the calcium ionophore A23187. The ionophore-stimulated aclease
by PGF,, and PGE from preparations of sham-irradiated aivway was significantly
higher than that of watching buffer-incubated fragments throughout these studics
(Figs. 4A and B), PG levels, expressed as percentage of basat selease (Fig. 2, ranged
from 128 10 150% and 142 to 176% that of bufier-incubated tissue PGF,, release and
PGE release, respectively. The capagity of airway tissue from the irvadiated group to
respoud to provocation by A23187 with PGFE,, or PGE release was eurtailed at 3 and
6 hy postircadiation, but achieved significant syatbesis at 24 by, At 48 b, PGE levels

4
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FG. 4. Effect of 3.0 Gy *Co v radiation on A23187-induced PGF;,, PGE, and TxB, levels in airway
tissues. Airway replicates were incubated in Tyrode’s buffer containing A23187 (25 pg/ml), as described
in the text. PG generation induced by ionophare stimulation is expressad as percentage of cach group’s
own basal PG release in Tyrode's buffer only (see Fig. 1), (A) PGF,,; (B) PGE; (C) TxB,. Sham-irradiated
(control) ¢ lease, ®: ivadiated, &. Means & SEM are given; SE is indicated by vertical lines. Significant
PG generation evoked by A23187 challengs (compared to buffer controls): *P < 0.05. **P < 0.01;
4P <0001 n = I8

were not elevated above those of buiter-treated samples, but the airway tissues were
capable of siganificant production of A23187-stimulated PGE at 72 hr. lonophore
challenge at 168 hr postirradiation did not evoke significant generation of BXG; in
contrast, at 336 hr, tissucs wore capable of significant syathesis of PGE (but
not PGE,). '

Analysis of TxB; nlcaw by airway tissues from cither sham-irradiated animals or
those receiving 300 rad (Fig. 4C) revealed these tissues to be unsespensive 1o challenge
with A23187. Tissues from control or irvadiated groups were not capable of generating

siguificant TxBy in wsponse to fonophore challonge, compared 10 their ms;x'ctwc :

buffer-incubated airway rephcates (Fig. 2C).

BISCUSSION

Our reselts suggest that tonizing radiation induces 2 transiont yat significant al-
teration in the goneration of the prostaglanding F», and E by preparations of guinea
pig bionchiad aisway, At 3-hr postexposure, significant eloevation of basal PGE levels
was observed, whereas a teansient ¢"vation of basal PGF,, generation was seen at
48 hy pestirvadiation, The airway prepavations used in these expernintents, aithough
essentially devoid of contaminating parenchymal tissues, consisted of 8 mixture of
cell types. As a resuldi, the prostaglandin lovels repoited hercin seflect their overall

synthesis, since the peecise celiular source of the iucreased prostaglagding could not

be established.

The transient elevation 1 levels of aleway basal PGE at 3 hr postiivadiation agroes
with pievicusly reposted Gudings in other tissues and fuids. Liver and spleen rom
the rat {4) and mcuse (3) demoustrate wansiently elevated PGE synthesis at 3 b

-t pormms e e e
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following %°Co exposure. Exudates from normal skin of the human abdomen exposed
to ultraviolet radiation contain elevated PG levels at 2-24 hr postexposure (7). Ele-
vations in urinary levels of PGE (42) and TxB, (6, 42) in rats previously exposed to
$9Co have also been reported to occur at 3—-4 hr postirradiation.

Prostaglandins are not stored but are synthesized by cells de novo prior to their
release. Therefore, one might explain the rise in PGE levels as a vasodilatory response
to the radiation-induced disruption of cellular membrane integrity and release of
biologically active substances. Whereas PGE acts as a bronchodilator (10), PGF,,
exerts a vasoconstrictive action (27). Elevated PGE synthesis may reflect a defense
mechanism of airway smooth muscle to counteract the contractile actions of biogenic
amines (e.g., histamine) and other stimuli (28, 29). Subsequently, PGF,, formation
might favor smooth muscle contraction to counteract PGE-mediated bronchodila-
tion. Interestingly, levels of PGF,,,, PGE, and TxB; in guinea pig parenchymal lung
tissue were all significantly elevated at 1-3 hr after exposure to 300 rad of %Co
radiation (5). On the basis of our findings, one can only speculate on the relative
contribution of the pulmonary vascular tissue in modulating or influencing airway
response (or vice versa).

Guinea pig parenchyma preparations (30, 37) and airway preparations (37) have
been demonstrated to synthesize PG in response to stimulation of H-1 receptor sites
with histamine. In the studies reporied in this communication, the capacity of bron-
chial airway tissucs from irradiated animals to respond to histamine provocation with
PG synthesis revealed alterations in the type and amount of prostaglandin generated.
Tissue receptor responsiveness appeared to vary over time, but all three PGs exhibited
diffcring patterns of generation in response to histapnne stimulation. One notable
exception was at 168 hr (7 days) postirradiation, when preparations of histainine-
challenged bronchial airway did not synthesize significant quaatities of PGF,,., PGE,
or TxB, above their own buftur-treated controls.

The carboxylic acid kmophore A23187 has previously been demonstrated w evoke
prostagiandin biosynthesis in a variety of cell types (12). including guinea pig paven-
chiymad and airway lung tissues (35}, This action is thought to result from A23187-
promoted Ca?* teansport and the ensuing activation of Ca®*-dependent phospholi-
pases, which in turn enzymatically cleave arachidonic acid (parent compound of Fy,,
E, and TxB,) esterified in membrane phospholipids. As our results show, bronchial
airways from ®Co-exposed animals respond to ionophore challonge in a manuer
somewhat sinvlar to the pattern of PGY,, and POE release seen with histamine
provocation. Just as control (sham-irradinted) airway tissues failed to gencrate sig-
nificant TxB; synthesis in response to A23187 challenge, the irradiated tissucs also
did uot respond. Thus it appeavs that bronchial airways do not generate TxB; i
response to A23187 stimulation of unsatuvated fatly actd metabolism.

The relationship of prostaglandin and thromboxane concentrations to radiation
domage 13 unresolved. The fung is a prmary organ for circulating prosiaglandin
uptake and degradation (34, 35) as well as a pinmary site of prostaglandin production
in inflammatory reactions (8- 710), Numerous tissue reactions resubling from vadiation
injury {including alterations in membrane surface tension properties, impairment of
gas exchiange (36), leakage of plasma protein (37-39), alterations in enzyme(s) activ-
itics vespossible for PG synthesis or degradation (40), and greater radioscnsitivity of
certain lung ceil types (¢1)) way i part account for the observed incicases ta basal
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PG levels, the alterations in H-! receptor responsiveness, and Ca**-dependent secre-
fion processes.

In view of the possible coniributions of PGs to some of the symptems following
irradiation, further efforts are being directed toward (a) delineating the mechanisms
that regulate the types and amounts synthesized and (b) further clarifying their role
in the pathologic events constituting radiation injury.
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