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

Effects of =Co Radiation on Synthesis of Prostaglandins F2a, E,
and Thromboxane B2 in Lung Airways of Guinea Igs 12

L. K. STEEL, 3 IAN K. SWEEDLER, AND G. N. CATRAVAS

Biochemistry Department. Armed Forces Radiobiology Research Institute, Bethesda, Maryland 20814

STEEL, L. K., SWEEDLER, 1. K., AND CATRAVAS, G. N. Effects of 'Co Radiation on Synthesis
of Prostaglandins F2,, E, and Thromboxane B2 in Lung Airways of Guinea Pigs. Radias. Res.94. 156-165 (1983).

At 1 hr to 14 days after total-body exposure of guinea pigs to 3.0 Gy 10Co, changes were
detected in prostaglandin concentrations in bronchial airway tissues. At 3 hr postexposure, tissue
levels of POE were significantly elevated, while at 48 hr transiently elevated levels of PGF2 . wvre
obsrved. By 72 hr, levels returned to control values. Airway synthesis of thromboxane % in
irradiated animals did not differ from thit incontrols. Also assessed were the capacities of
bronchial airway preparations to respond to H- I receptor stimulation by the exogenous addition
of histamine or transmembrane divalent cation transport stimulation with ionophore. Tissues
from irradiated animals demonstrated alterations in the amount and type of prostaglandins
generated, vazyiag with time postirradiation.

INTRODUCTION

Recent evidence suggests that ionizing rdiation induces dranmtic changes in pros-
taglandin (PG) levels in animal tissues (1-5) and body fluids4 (6, 7, 42). The phar-
imacological properties of the prostaglandins, coupled with enhanced formation and
re-ease in all types of inflantmatory reactions (8-10), suggest a role for thse chemical
mediators in the development of radiation-induced tissue injury. The lung is a major

".site of prostaglandin production (11, 12), uptake (13, 14), and inactivation (14-16).
Following exposure to ionizing rWdiation, numerous biochemical and histopatholog-
ical changs are mnifcsted in pulmonary structures and fluids [for reviews, se, (17-
](.)]. In a recent communication (5, 20) we examined the effc-t of 'y radiatn on
postaglandin and thromboxane levels in parenehymal lut* tissues and tbund the
magnitude of alteration to increa.. in a dose-dependent manner. AIt, -r respon-
siveness to -I r=ptor stimulation with histamiine and to the ionophow stimulation
of divalemt cation transport also occut in -panchymal tis Sinw the PGs have

' Suppmted by Atmed Fotr RWoboloogy Re, arch Inaltute, W" Nuc-atr Agetmy, under Rewrch
Work Unit W300064, Vic viewsi pmtsnted In tis prpu wr thws of the outlowm No cadorsnreut by the
Dfens Nuclear Agency has been jivcn or so~td be inreed.
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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 6°Co -y 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 F2, ([3H]PGF 2,) (120 Ci/mmole), tritiated prostaglandin
E2 ([3H]PGE2) (150 Ci/mmole), and tritiated thromboxane B2 ([PH]TxB2) (120 Ci/
mmole) were obtained from New England Nuclear (Boston, MA). Rabbit PGF2"
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-!00 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). lonophore A23187 was obtained from Calbiochem-Bebring Corpo-
ration (La Jolla, CA). A23187 was dissolved in dimethylsulfoxide at a concentration
of 10 mg/ml and diluted in buffer before use.

Tx: 2 antiserum was prepared in rabbits. An IgG-rich fraction was produced by
amimonium sulfate precipitation followed by albuity chromatography on a protein
A-Sepharose CL4B column.

Tyrode's bulfbr (137.0 mM NaCI, 2.7 ntM KG, 0.36 mM NaH 2P0 4 , 5.55 nM
V-:?..- dextrose, 11 .9 mM NaHCO3 , 1.9 imM CaCI2, and 0.49 ftM MgC!2 , p1 7.8) was

prepared just before use.

Irradiation of Animals

A total of 120 wale guinea pies (Hartley striL), weighing 550-650 g, wvre used1< throughout the investigation and maintained on Puina guinea pig -diet and water ad
libitm. Animals were arbitraily divided into two groups of 60 animals each (sham
and itradiated). For each irradiation, nonanesthetized guinea pigs w ,,- individually
placed in a,25 x 10 X 10-cm Plexiglas rwtraining chamber. Four catbers were
vertically stacked, allowing simultaneous exposure of tbur animals. The irradiated
group was unilaterally expoed to 10 Gy of 6Co radiation (1.17. and 1.33-MoV -V)
at a dose rate of 39.5-40.7 tad/rain (target distance 120 cm, tissue/air ratio, 0.41)
using a Theratron-80.

Control guinea pigs were placed in restraining chambers and hdd in the exposure
room for: the same period of time as their in-Aiated counterparm Treaitcut of
.controls diff ed oaly in that thty did not receive the Co . "expowr.
r,,alon qfFragmens fram Guinea Plig Lung Airwys

..xpowd and sham-imadiated (ontruol)-guinea pAgs wei individually. sacrificed at .
' i 1, 3, 6, 24, 48, 79, 96,120, 168., or 336 hrpo aiio. s a i was in.ed
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and the thorax opened to expose the heart and lungs. Tyrode's buffer 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 370C 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 /u 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 10-4 M) (27), A23187
(23), or Tyrode's buffer alone [as a measure of spontaneous (basal) PG release], in
triplicate experiments. The tissues were incubated for 30 min at 37 0C in the test
solutions. Incubation was terminated by removing the airway fragments from the
supernatant medium and placing each in individual 1.5-ml Eppondorf tubes con-
taining I ml of 0. 1 N NaOH. Fragments were digested overnight at 40"C, and protein
concentrations of the tissue digests were determined with the Folin reagent (24). The
supeniatants from incubated lung ai way-challenge experiments were either imme-
diately assayed for PG content or stored at -20*C and assayed for PQ control within
5 days. Prostaglandin levels were detenined by a modified procedure (27) of the
radioimmunoassay technique of Jafflet at (25).

Brie(ly, the radioiniaiunossay consists of iacubating 20 Al (10% of the 200-pt
incubation volume) of either supernatants of the challenged lung airway fragment or
known standards (2.5-1000 pg) and 80 Al Trizoia buffer (0.012% Trimia, 0.083%
NaCI, 0.1% gelatin, pH 7.4.) with 50 p1 antisem for 2 hr at room temperature.
Theteafter, 50 pl 11PG (8000 cpm) was added and incubation. continued at 4oC
overnight (12-16 hr, finai.volume 200 pl). Following the addition of 250 pA Trizma-
NaCI-getatin (.0%), the bound {' HIPG was separated from the uncomplcxetd tracr
by adding 500 p1 iced chaitoal (0.5%)-.xtran (0.05%) in Trizina-NaCI, incubating
20 rain at 41C, and centtifuging at 200g for 17 rin at 40C. The Tulting supermatants
were dcanted into scintiltation vials containing 10 ml Ultrafluor, and rudioactivity
wAs determined bY s.intilkatio n counting (Mark 114) All tadioirmnuassays wm
pwformed in duplicatc.

Pesentation of Data and &.atislr

Data a e exprossed as peiwntage relea.se ofcontral values. Results are given as the
mias _t SE M. Differences betwwi chle.agos and conresonliig control values for
the ame time interval were considered significant ift, when combining the data firm
several exprments (blocki"O, coo isa ofatwo iuxedent Usa gave a .pb-
ability ( Of han 0.05 (2n.
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RESULTS

The effect of a single unilateral exposure to 3.0 Gy 6WCo -y radiation on basal
prostaglandin F2,, E, and thromboxane B2 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 PGF2., 130 to 158 pg PGE, and 1709 to 2152 pg TxB 2.
Individual values at each time point did not statistically differ from other time point
values for each respective P(G throughout these studies. Airway tissues from animals
that had received a single unilateral exposure to 3.0 Gy 'Co -y radiation revealed no
significant alteration in the quantity of TxB2 released into the bufler medium at all
time points studied, compared to sham-irradiated release (Fig. 2C). Likewise, irra-
diated tissue elaborated FGF2, in response to buffer challnge in a manner not dis-
similar to their.sham-irradiated counterparts{Fig. 2A). A transient rise in PGF2. basal
release from irradiated tissues occurred at 48 hr postirradiation (P = 0.043) but it
declined to control values at 72 hr A dramatic elevation in PGE levels was noted
in buffer-incubated irradiated tissues at 3 hr postirradiation; the levels returned to
control levels by 6lit. A rise in PGE levels was a observed at 24 hr in animals
receiving 300 rad : but it was not statistically significant (P = 0.052). POE levels in
irradiate&tissoes did not' differ from those observed in control tissues at 48 to
336 hr.

We ex mined te capacity of guinea pig airway lung tissue from irradiated and
control a.mals to itspo-d to H-I ruptor stimulation with 500 AM histamine (Figs.
3 A-C). Sbam.in'adiated tissuies consistettly responded to histamine with significantly
higher P lvts-than matching airway replicates incubated in bufir -only, Sham
rcsponse toprovocgiona with histamine,, exprssi.h percntage ot' sham~*Sal release
(Fig. 2), tanged from 128 uo 137% PO-,.F, 148 to 167% PFG, and 116 to 127% U832.

S100j

. ..1 : . .• ..
• .. -. st~ t . . .A ..-

" Nb

Mzo. 2. i~ed of 3.0 Cy% P 'Oi- radiat~on wn kwkuof POma V.W,. POP and bSgAn igo6 aWu
oi ahtvwy lung. Aiowy atplicates were incubud in Tyied's buf&tr Mly, as descibed In the wtM, Pro

t1a1 (PO) lvs are ghtu " rpoalnos per nilig. guiva pig air"wy witin, (A) .jtwd; (1): POE. htv s (C)3 lTx% tLewi. Shuniwsiazed (venu .)) ,reas; #; I i ated, a. Meas i -S ore -a;
i vt.
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': tissues. Airway replicates were incubated in Tyrode's buffer containing 5 X lO-rMhistanine, as described
in the text. PaG generation evoked by histamine challenge is expressed as percentage of each group's own

:i' -: basal PG release in Tyrode's buffer only (see Fig. I). (A) POF,5; (B) POE; (C) TlxB,. Sham-irradiated
:;:(control) release, 0; irradiated, &. Means ±+ SliM are given; SE is indicated by vertical lines Significant
i, . lPg generation induced by histamine chalenge (compared to bufibr contros): 'P < 005; "*P < 0.01;*t*P <;0001. a , 18.

:':::Tissues from animals receiving 3.0 Gy responded to histamine stimulation with
variable Pj release. At 3. 48, 168, and 336 hr postirradiation, tissues were not capable

F .of generating sigoiniani nF,, synitesis in rPsponse to listamine vaenge, coni
tupared to their own buffar control release (Fig. 3A). In this regard, the large variability

:,,in airway fragment responsiveness should be noted as a flactor contributing to overallnonsignificant PG F2 ,elevations at these im points. PGE levels evoked by histaaine

bsal provocation were- significantly elevated above buffer cntrols at al time points except
3cotrol68 hr lesirradiation (Fig. 3B). Airway tissues frEis irradiated animals were unr-
G sponsive to histamine challenge in temps of sythsois of Th at 1-24 hr postirra.

diation (Fig. 3). Signiflant TxB levels were generated at 48-120 hr, whereas at
168 hr histamine was an ineabctive stimulator ofTx synthesis. At 336 h1, tissues
again responde to histamine provocation with signiCcant ThB2 releas above bufm-
incubated iatehing airway replicats. o

os i determine the fclv of ionizing radiation on the production of PG stimulated
68by the ransmenbne transport ofdivaent catious, airway tissue preparation s were

sns chalenge with the calcium ionophom A23187. The ionophor-stimulated rleap
,oby Fg, and P E from preparations of shamgrnidiated airway was sigifihantly

h ,ghr than that of matchinfg bufi er-incubatla fragments throughout the sltudies
(Figs. 4A and B), PG lvels, expressed as percentage of basal ltease (Fig. 2), ranged

from 128 to 150% and 342 to 176% thatofted tissue PGF. el ease and
PyE trlease, es trctively. The capacity of airaay tissue from the irradiate group to

resiond to provocation by A23187 with PGior PGE release was cutlailed at 3 and
"hF dooah b repativ nsyfantesia sat24 hAti48rh, PGEIevdl

t , , ". - ., -o - r = . ., , , g .• •
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FIG. 4. Effect of 3.0 Gy 'Co -y radiation on A23187-induced PGF 2., PGE, and Txh levels in airway
tissues. Airway replicates were incubated in Tyrode's buffer containing A23187 (25 pgml), as described
in the text. PG generation induced by ionophore stimulation is expressed as percentage of each group's
own basal PG release in Tyrode's buffer only (see Fig. 1), (A) PGF2.; (B) PGE; (C) TxB2 , Sham-irradiated
(control) r.:lease, V: irradiated, A. Means ± SEM are given; SE is indicated by vertical lines. Significant
PG generation evoked by A23187 challeng (compared to buffer controls): OP.<0.05; "P <0.01;
*"P < 0.001 n - 18.

were not elevated above those of buffer-treated samples. but the airway tissues were
capable of significant production of A23187-stimulated P E at 72 hr. lonophore
challenge at 168 hr postin'adiation did not evoke significant generation of PG; in
contrast, at 336 hr, tissues wvrv capable of signficaut synthesis of PGE (but
not POFza).

Analyss of TxB rlease by airway tissu from either sham irradiatcd animals or
those receiving 30( rad (Fig. 4C) revealed these tissues to be unmponsive to challenge
with A23187. Tissues from control or irradiatod groups were not capable ofgeneating
significant "l'XB in reisjonse to ionophore chalge, compared to their s tive
buflkr-ncubatcd airway replica ts (Fi& 2C).

t)ISCUSSON

Our raults suggest that ionizing radiation induces a transient yet significant at-
teration in the generation of the prostaglandins F2, and E by pr.pamtions of guillea
pig bronchial akway. At 3 hr postexpouire, significant elevation of basal WE levels
was oblrvecLd whe.eas a transient -'-vation of basa PGF ,, generation was seen at
48 hr postiradiaion. Ihe airway preparations used in these experiments, although
essentially devoid of contaminating tparcchymal tissues, consisted of a mixture of
cell types. As a resut, tile pOSta gladin leveLs reported hcrein reflect their overall
synthesis, since the paise cllular souv of the inaceasd pics-gLulins could not
be established.

The transient elevation in levels of airway basal PCE at 3 hr postitrrdiation ajrees
with prxeviously repmed findings in oth-ter tissues and fluids. Liver and spleen from
the at (4) and mtuse (3) demowit trnsiently ceevated PWU synthesis at 3 hr
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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 TxB2 (6, 42) in rats previously exposed to
6OCo have also been ieported 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. Wherea PGE acts as a bronchodilator (10), PGF2ft
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, PGF2~. formation
might favor smooth muscle contraction to counteract PGE-mediated bronchodila-
tion. Interestingly, levels of PGF2,,, PGE, and Txfl 2 in guinea pig parenchymal lung
tissue werc all significantly elevated at 1-3 hr after exposure to 300 rad of 60 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 vers).

Guinea pig parenchyma prepara tions (30, 31) and airway preparations (31) have4, been demonstrated to synthesize PG in response to stimulation of H-! I eceptor sites
with histamine. In the studies reported in this communication, the capacity of bron-
chial airway tissues front irradiated aninmals to respond to histamnine provocation with
PG synthesis revealed alterations in the type and aniount of prostaolandin generated.
Tissue receptor responsiveness appeared to vary over time, but all thr ae P~s exhibited
ditfering patterns of' generation in responsc to histamnine stimulation. One notable
-excep~tion was at 168 hr (7 days) postin-adiatioti. when preparations of histamine-
.chalkngwed bronchial airway did not synthesize. significant quantities of 130F~ PE,
or T'xB,, above their own btfli.-wated controls

The carboxylic acid ionophore A23 187 has previously be-en demonstrated to evokc
prostaglandin biosynthesis in a variety of cell types(32). includ116 guinlea pig Pawen-
c1hymal and airway lung isucs (3') This action is thought to result fromt A23 187-
promoted C2al tranport and the ensuing actiation of Ca'-dependent phospholi-

L~, avid 1'02) esterified iii ,rmnimne phospliolipids. As our results show, bronchial

uptehand der dtion(4 3h ) pa wella riayst of Pp,, W relaeseelnwith hridstione

gas xchnge(36) k~in o sma poti A237 ch)altretith in -edynies)t also-

A ~ ~ ~ aai i ii s rcrcs v f 11G ung eis a degia org40and brcrate rostlndiivi no

cz~tn lung cdl types (41)) way in past acwot for the. observvd inca~ses in basal
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PG levels, the alterations in H-I receptor responsiveness, and Ca2+-dependent secre-
tion processes.

In view of the possible contributions of PGs to some of the symptoms 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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