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Effect of Di iurn Cromaglycate (DSC-G) and Antihitainines on Postirradiation Cerebral
Blood Flow an Plasma Levels of Histamine and Neurotensin. COCKcERIIAm, L. G., PAuTLER,
E. L., CARRA%,kY, R, E.. COCHRANE, D. E., AND HAMPTON, J1. D. (1988). Fundam. Appl.
Toxicrl. 10, 233-242.41n an attempt to elucidate mechanisms underlying the irradiatien-in-
duced decrease in regional cerebral blood flow (rCBF) in primates. hippocainpal and visual
cortical blood flows of rhesus monkeys were measured by hydrogen clearance. before and after
exposure to 100Gy, whole-body, f irradiation. Systemic blood pressures were monitored simul-
taneously. Systemic arterial plasma histamine and neurotensin levels were determined preirradi-
ation and postirradiation. Compared to control animals. the irradiated monkeys exhibited an
abrupt decline in systemic blood pressure to 23*j of the preirradiation level within 10 min postir-
radiation, falling to 12% by 60 min, A decrease in hippocampal blood flow to 32% of the preirra-
diation level was noted at 10 min postinadiation. folowed by a slight recovery to 43% at 30 min
and a decline to 23% by 60 min. The corical blood flow for the same animals showed a steady
decrease to 29% of the preirradiation levels by 60 min postirradiation. Animals given the mast
cell stabilizer disodium cromoglycate and the antihistamines mepyramine and cimetidine before
Irradiation did not exhibit an abrupt decline in blood pressure but displayed a gradual decrease
to a level 33% below preirradiation levels by 60 min postirradiation. Also, the treated. irradiated
monkeys dislayed rCUF values that were not siaflcantly diftent from the nonirradlated
controls. The plasm neurotensin levels in the irradiated animals. teated and untreated. indi-
cated a nonsignificant postirradiation increase above control "ees However. the postirradiia-
tion plasma histamine levels in both Irradiated groups showed an increase of approximately
1600% above the preiirrediatlon levels and the postirradiation control levls, Thewe findings im-

plicate histamine In the postirradiatlon hypotension. but not .*uvarily in the direct responsibil-
ity for the decrease in regina cerebral blood Dlow seen immeiately poutirradiation in the
primate.* WkTu ua

Some of the many consequences which result sient incapacitation (ETI). characterized as a
from exposure to high levels of ionizing rada- complete but temporary cessation of trained
tion are dramatic changes in the ability of an behavior occtarving within the first 30 min
animal to perform a trained task. Early tran. postirradiation. is one event which follows

exposure to supralethal doss of ionizing ra-
Supported by Are omltdo oydiation (Kimeldorf and Hunt 1965). This

Aroed orcS adibolgyResearch dramatic alteration in motor function is char-
Institute. Defense Nuclear Agency, under Research
Work Unit WJ 00053, The views prisn ted in hspp acterized by a transient reduction in perfor-
are those of t authors No endorsement by the Delens malice, with recovery, followed by a recur-
Nuclear Agency has been given or should! be infered. fn&. gradual performance decrement (PD).
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234 COCKERHAM ET AL.

which may or may not be associated with ETI ports of in vivo neurotensin-mediated release
(Curran et at, 1973). Irradiation-induced hy- of histamine include rat whole-body infusion
potension has been implicated as the cause of (Oishi et a., 1983), rat hindquarter perfusion
ETI found with supralethal irradiation expo- (Kerouac et al., 1984), and rat head perfusion
sure (Miletich and Strike, 1970). However, (Rioux et al., 1985) experiments. Pretreat-
postirradiation hypotension does not occur ment with the mast cell stabilizer, disodium
with equal frequency in all species, having cromoglycate (DSCG, cromolyn sodium), in-
been reported in monkeys and rats but not hibited the neurotensin-induced release of
in cats and dogs (Miletich and Strike, 1970; histamine (Carraway et al., 1982; Cochrane
Chaput et al., 1972; PitchfGrd, 1968). Like- et al., 1986; Kerouac et al., 1984; Oishi et a.,
wise, ETI was not seen in dogs following irra- 1983; Rioux et al., 1985), and was successful
diation exposure of up to 400 Gy (I Gy = 100 in diminishing the radiation-induced de-
rad) (Chaput et al., 1972; Pitchford, 1968); crease in cerebral blood f'ow (Cockerham et
however, a dose-related, progressive PD was aL.. 1986b).
reported with those animals exposed to doses In the present study we attempt to evaluate
of 100-300 Gy (Pitchford, 1968). A recent further the effect of DSCG on radiation-re-
study reported a performance decrement in leased histamine, postradiation hypotension,
rats exposed to a 100 Gy, whole-body, bilat- and reduced regional cerebral blood flow
eral dose of -y radiation received from a 'Co (rCBF) in two contrasting regions of the
source (Cockerham et al.. 1984). ETI has brain. Two regions of the brain not pre-
been reported in monkeys (Bruner et al., viously studied (Cockerham el al., 1986a,b)
1975, Franz, 1985) and in miniature swine were selected for the determination of blood
(Chaput and Wise, 1969), although the ETI flow in this study. The hippocampus was se-
seen in swine differed from that seen in mon- lected as the first region of interest because
keys by the frequent accompaniment of con- this area of the brain is particularly vulnera-
vulsions and spasms of the extremities. Mon ble to oxygen deprivation (Kinino and Sano,
keys were selected for this study because they 1984; Suzuki et at.. 1983). The second region
exhibit a transient decrement in performance of interest, the visual cortex, is an area that
similar to that described in humans who were may be involved with the reduced visual dis-
accidentally irradiated (Hunt, 1987). crimination performance seen in the monkey

Studies have reported elevations of circu- following 50 Gy y-neutron radiation (de
lating blood histamines in humans undergo. Haan e( al.. 1969) and, also, is reported to
ing radiation therapy (Lasser and Stenstrom, show changes in neuronal activity following
1954), and increases in nonhuman primate ischemia (Suzuki e( a., 1983). We also at-
plasma histamine levels (Alter et al.. 1983; tempt to determine if the postirradiation sys-
Cockerham et a., 1986a) following irradia- temic plasma levels of histamine and neuro-
tion. Histamine may be implicated in radia- tensin are changed with DSCG and antihista.
lion-induced hypotension (Alter et at., 1983) mine pretreatment.
and in postirradiation reduced cerebral blood The purpose of this investigation, there-
flow (Cockerham et al.. 1986a). Also, antihis- fore, is threefold: first, to determine if the
tamines have been used to modify the irradia- combined use of DSCG and antihistamines
tion-induced release of histamine and early affects the irradiation-induced release of his-
transient incapacitation in the monkey tamine, postinadiation hypotension. and re-
(Doyle val., 1974; Doyle and Strike. 1977). duced regional cerebral blood flow; second,

Therelemeofhistaminefrommast cellsby to determine if the systemic plasma level of
ionizing radiation may not be effected di- neurotensin is changed significantly follow.
rectly, but may employ an intermediate ing irradiation; and finally, if there is an irra.
chemical mediator such as neurotensin. Re- diation-induced release of neurotensin, to de-
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termine if DSCG will inhibit the neurotensin- lowing access to the skull. Using the stereotaxic micro-

induced release of histamine in primates, manipulator, the skull was marked for insertion of four
Undestadin th phsiolgicl bsisfor electrodes and small burr holes were drilled through the
Undestadin th phsiolgicl bsisfor skull at these marks. Again, using the micromanipulator,

:fadiation-induced incapacitation and shock one electrode was placed in the left and one in the right
is essential to providing protection against hippocampus (Snider and Lee, 196 1). In the same man-
these irradiation effects, for interpreting the ner, one electrode was placed in the left and one in the

effects of nuclear accidents, and for predict- right visual cortex, 4 min to each side of the longitudinal
ing he ffets o nulea wafarein rde to fissure. The latter two electrodes were placed so that the
ing he ffets o nulea wafarein rde to tips were 2.5 mmn below the surface to ensure that mea-

prepare for casualty treatment. surements would be taken from the cortical grey matter.
Thc electrodes were Teflon-coated, platinum-iridium
wire of 0.178-mm diameter, encased in, but insulated

MATERIALS AND METHODS from, rigid stainless-steel tubing (22-p spinal needle)
with exposed tips of approximately 2 mm. The exposed

Sixten housmoneys Macca mlata). eiging dura was covered with moistened pledgetis and the elec-

between 2.3 and 3. 5 kj (2,9 ± 0.08 SE), were used in this trdswescldadeuedothsklwihenl
stud. Te aimas wre ividd rndoly ntotwo acrylic. A stainless-steel reference electrode was placed in

groups of six animals each and one group of four ani- nc ise
mals, as follows: Group I-six sham-irradiated monkeys: Regional cerebral blood flow was measured by the hy-
Group Il-six irradiated monkeys; and Group Ill-our drogen clearance technique for 30 min before irradiation

co-or sham-irradiation and for 60 min after. This techniquemonkeys given an iv infusion of physiological sain co- i setal an amperometric method, which measureswaining the H, blocker mepyramine (pyrilamine) (0.5 thcurnidceinaptnmeltoebyt eu-
mg/mmn) and the H,3 blocker cimetidine (0.25 mg/mmn) tio rygn he current inoduced ins a plnuiletoeabyth relac-
for I hr before and for I hr after irradiation, and the mast tionsi of hg the curentproducd harsa ine risela
cell stabilize DSCG by iv infusion (100 mg/kg 5 mm inhpwihteocnttonfhyrenin tetsu

befre rraiaton.Foo wa wihhed fom ll nimls (Hyman. 1961). Hydrogen was introduced into the blood
befo h fre athen expromnt wa watefr wall aailale via inhalation through the endotracheal tube at a rate of
ad fibituww. Research was conducted according to the apoiaey5.o h omlrsiaoyitk o
principles enunciated in the Guide fo the Car and Us each flow measurement. M~ood flow was measured by
qfLabomtovy Antimals prepared by the Institute of Labo- each of the four electrodes every 10 min. The electrodes
ratory Animal Resources. National Research Council. were maintained electrically at +600 mV in respect to
The monkeys were initily anesthetized in their cal the reference electrode, to reduce posaible oxygen and
with an im injection of ketamine hydrochlooride (2 e ascorbete interference. This method hat been succes-.
kg) with 0.015 mg/kg atropmne sulfate and wer the fulyemployedin seal mila studios(Cockerham.'et
moved to the laboratory where the remainder of the ex- atl. 19WabJ

periment wa odotd After 30 min of recording the animals were diacon-
Asystmic venous catheter was used to administer nectedl from the respirator andJ recording apparatus to (a.

physiologcal inline and thet primary anesthetic. *-h cilitate irradiation in a separate room. The animals wefe
raloa(100 "k) with supplenmna infuasion providea reconnected to the respirator and recording apparatus at
moed~ bated on hem rate. Moodi pros... respiration 4 min poatirradiation or sham-irradiation and measure-
rat, blood pH. an peripheral reflexes. A hm rtra ment were continued for a minimum or 60 min. At 30
cathewe wa used to withdraw blood r blood chemistry and 10 min lieirvadiatlom orshmirdaon and at 2,
and blood pg deteMiatloes and to measur systemic 4.6.1 S. 30, 4S. and 60 min postlrradiatlon or sham-ifs-
arteria blood pressure via a Stathem P23 Ob prinure diAtoi, blood Uit'& takes vi t Arterial cattle-
transducler. te to determine plas histamine and neurosena lv-

Approxialtly 2 bt lre irradation or %hs4rdWs els. Blood amtples were ala taken to monitor stablity of
Iwoe. the animals were Intubatd with a culhd ean. blood PH and okygen eivn, And respiration was ad-
shed tube and ventilated wag~ a forced volume repk* a s uted to maintain preurradisti levels. Mean systmic
'or to maintali a ,ab" blood pH and oxyglen tension. arteia blood pressur1fe was determined via the artria
After ignrice ofteodotracheal tube. uh animal wo cathete for the duration of the experiment. After Wemi-
placed on a circulating wate blanke to mantain body nation of t measliurements. while 1till under anesthesia.
tempeiau between 36 and WC. A recial Probe was the animals wer humanely euthiand with an iv in*.c
inred to monitor body temperature. tic. ofiaturated Mj04. and the electrodes wmr exam.

The animal's head wa positoned on the headhokder tried visually via dianction for venfiotion of placement.
or a inffftiaxc instrument (David Kopf Instrument. Blood samples for plasma histamine and neurowsin
Tujuap, CA) and the scallp was obaved and lacid, aS- determumtomn were drawn frm the arterial cathete
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with plastic syringes and transferred to prelabeled, chilled
collection tubes containing EDTA. The tubes were in-0 10 .mm

verted gently and stored on ice until the termination of
the experiment, The blood was then centrifuged (S"C) so
and the plasma was transferred to polypropylene tubes,
rapidly frozen, and maintained at -8(C until analyzed, o-
Plasma levels of histamine were determined by the spe-
cific, radioenzymatic assay for histamine described by
Carraway et al. (1982). Plasma levels of neurotensin were 40

measured using a method previously described by Carra-
way et at. (1980). The antiserum. HC-8, used in this 20 -V

method has been characterized earlier (Carraway and !

Leeman, 1976) and is directed primarily toward the C- o

terminal, biologically active portion of the neurotensin .10 0 10 20 30 40 50 80

molecule, cross-reacting 50% with NT-"' and <0.01% Tkm Poo btrmdon ImWt

with NT'. FIG. I. Percentage change in mean arterial blood pres-
Irradiation was accomplished with a bilateral, whole- sure after exposure to 100 Gy, whole-body, -y irradiation

body exposure to y-ray photons from a cobslt-60 source (t SEM) compared to a preirradiation mean of 106.0
located at the Armed Forces Radiobiolopy Research In- '* 3.41 mm Hg. Animals in the sham-irradiated group (n
stitute. Exposure was limited to a mean of 1.38 min at 74 6) were giver physiological saline for 60 min before
Gy/min steady state, free-in-air. Dose rate measure- and after sham-irradiation. The untreated, irradiated
ments at depth were made with an ionization chamber group (n - 6) also received saline but were exposed to
placed in a tissue equivalent model. The measured mid- 100 Gy -y irradiation. The treated, irradiated group (n
line tissue dose rate was 69 Gy/min, producing a calcu. - 4), in addition, received mepyramine (0.5 ma/min)
lated total doe of 100 Gy. taking into account the rise and cimetidine (0.25 mg/min) in the saline infusion and
and fall of the radiation source. disodium cromoslycate (DSCG) by iv infusiost (100 ma/

Bood pressure and blood flow date were grouped into klg min before irradiation (a. Significantly different
10-min intervals. measured in relation to midtime of ra trom contro s p - 0.05).
diation. and plotted at the middle of the interval, The
Wilcoxon rank sum test was used for the statitial analy.
sis of the data. A 95% level ofconfidece was employed
to determine significance. Since all the animals wen times of observation but displayed a signifi-
treated identically before irradiaion or sham-irradiion,untd Wmbialy Wre nsistm o shm-rratlin.cant difference from the controls only after
and since the preradiation data for the control and te t
animals showed no signiAnt differec, the prd the 30-min postirradiation time. The respira-
tion dat for the irradiated an sham-irradiated anmas tion of each subject was maintained at prera.
werecombined. diation lvels and, although not presented.

the blood gas data revealed a general stability
of blood pH and oxygen tension throughout

RESULTS the experimental period.
The preirradiation conical blood flow. as

As seen in Fg. lthe mean systemic ate- shown in F' 2. was 60.1 t 5.3 ml per 100 &
rial blood premure (MABP) of untreated, ir. of tissue per minute. The postirradiation
radiated animalsdecreased to 23% ofthe pre- blood flow for the sham-iradiated group of
radiation mean of 106.0 ± 3.41 mm HI monkeys showed no significant changes for
within 10 min postradision. This was fol. the 60-min observation period while the val.
lowed by a steady decline to a 60-min postir- ues for the untreated, irradiated mon,.ys
radiation level that was 12% of the preirradia- showed a steady decline to 29% of the preirra-
tion values. After sham-irrtdiaton there was diation levels by 60 min postiuadlison.
no significant chanoe in MABP for the six These levels became significantly differnt (p
control monkeys. The four treated, irradiated - 0.05) from those of the sham-irradiated
monkeys (Group 1ll) displayed a MABP that group at 10 main postirradiation and rm-
was statistically dilerent from the untreated. mained that way for the remainder of the ob-
irdted monkeys at all poutirrdition servations. In contrast, the cortical blood flow
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120 , 60.8 .5.5 60 min postradiation. There was a significant
[fooovi _ difference (p = 0.05) between the untreated,

100 - 1T+ 1\ - {irradiated group of monkeys and the other
80 - two groups at all postirradiation times of

measurement. At all postirradiation periods
" o. of observation the hippocampal blood flow of

\1[' . the treated, irradiated animals was not sig-
40. .nificantly different from that of the sham-ir-

20 onn radiated monkeys.
Tj , Figure 4 displays a preirradiation mean

0 o ,plasma neurotensin level of 20.2 ± 2.3 fmol/
Timm,.P oef Ir) ml. The postirradiation levels in the un-

FIG. 2. Percentage change in cortical blood flow after treated, irradiated and the sham-irradiated
exposure to 100 Gy, whole-body, -y irradiation (± SEM) animals did not differ significantly from this
compared to a preirradiation mean of 60.8 .t 5.5 mi/gof value for 60 min, even though the values for
tissue/min. Animals in the sham-irradiated group (n the untreated, irradiated group showed a
- 6) were given physiological saline for 60 min before peak at 6 min, and a gradual rise between 15
and after sham-irradiation. The uitreated. irradiated and 60 min. Although there was not a sig.
group (n - 6) also received saline but were exposed to nificant difference between the neurotensin
100 Gy -j irradiation. The treated, irradiated group (n
- 4), in addition, received mepyramine (0.5 mg/min) levels in the treated, irradiated monkeys and
and cimetidine (0.25 m/ramin) in the saline infusion and that found in the other two groups, the maxi-
disodiumcromogiycate(DSCG)byivinfusion(10Om J mum level in the treated group did occur 10
kIt) 5 min bfore irradiation (.. Significantly different
from controls; p - 0.05),

in the treated, irradiated monkeys actually in-
creased for the first 30 min postirradiation
and never decreased to less than 0% or the i s
preirradiation levels at any time postirradia-
tion. For any of the postirrvdiation observa- s
tions, there was no significant difference be- J!. 1 .
tween the tieated, irradiated group and the 1
control group. However, a statistically sig- to [-,
nificant difference (p - 0.05) did exist be-
tween the untreated, irradiated group and the 0o o 1o 30 to So so
other two groups from 10 min postradiation T .ft.,0,, ,.W

through the remainder ofthe measurements. ft. i. Prceecap ,tt in hippoenmpal blood Go*
Figure 3 displays a preirradiation mean afe exposure to IW Cy. whoke-body. - irrnaa

blood ow of?75.1 ± 5.9 ml per 100 a ofWue ( SEM) compard to a pr6madioa mene or 75.1

per minute in the hippocampus. The postir 15,9 mU/oti nm/win. Anials in -the *mmoiadi edgroupi(n - 6) wn IPvnt phu lala do forG mlii
radiation blood flow values for the untreated, bsO apd &&r AdmmioG, TUC untreted kn.
irradiated animals showad rapid, significant atd vu (t - 6) alo veivd mlai but wem uposd
decline to 32% of the preirradiation levels t1OO Gy -, adl .Th me treated ifef"31d group (N
within 10 min postirradiation. Following an -4), in addito. srei meppyrmiu (0.5 nm/mun)so clsido (0.ZS nmt. in the alc iai o ad
inc1re31e to 43% below pediation levels at dwd ..cimM ql (SCO) yia h Aiot (n0 and

30 mian postirradiation. the values Then de- ks) S rai be m l a (., i dpifrm
creaed to 23% otfte piradiation leveh by fim o rol;p- 0.05).
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140 .. 23 .... irradiated monkeys were significantly lower
130 - than for the sham-irradiated monkeys at the

120 60-min postirradiation point.
110

1Th initial DISCUSSION

9V \ I The initial precipitous decline in postradia-
0o -c, tion rCBF reported here has been well docu-

70 mented in the rhesus monkey (Chapman and
0. .. ... Young, 1968; Cockerham et a., 1986a;
.1o o 10 20 30 40 50 60 Cockerham et aL., 1986b). This decline has

Tiw POttn IJfl been associated with the immediate decrease
FIG. 4. Percentage change in plasma neurotensin con- in MABP and a critical MABP of 50 to 60%

centration after exposure to 100 Gy. whole-body, " ra of normal is said to be necessary for adequate
diation (t SEM) compared to a preirradiation mean of
20.2 ± 2.3 fmol/ml. Animuis in the sham-irradiated autoregulation of cerebral circulation (Chap-
group (n a 6) were given physiological saline for 60 min man and Young, 1968; Doyle et al., 1974;
before and after sham-irradiation. The untreated, irradi- Farrar et at.. 1981). A similar, drug-induced
ated group (n - 6) also received saline but were exposed decrease in cerebral blood flow accompanied
to 100 Gy , irradiation. The treated, irradiated group (n b
- 4). in addition. received mepyramine (0.5 mg/min) by symptoms and signs ofcerebral ischemia
and cimetidine (0.25 m/min) in the saline infusion and has been reported in man (Finnerty et aL,
disodium cromoglycate (DSCG) by iv infusion (100 mg/ 1957), and on the basis of the diminished ce-
Its 5 min before irradiation (e, Significantly diffierent
from controls p - 0.05).

Jim0 . ......

min later postirradiation than in the un- -C,
treated animals. law0 i .

The preirradiation plasma histamine level. 20

asshowninFig. 5.was0.ss ±0.06n&/100ol. IoI
The postirradiation levels for the sham-irt- o
diated group of monkeys showed no sig ifi- N O.
cant changes for 60 min of observatibn. Dur- s
in& this same period the levels for both irradi-
ated groups showed abrupt, significant
increases ai the 2-min point to levels that W 30
were almost 1600% above the preirradiation TAitnw.i

level. Significant differences were also present Fu. 5. rce.a dag in piama hisamine con.
between both of the irradiated monkey cmution aftereaosare to IO Gy wt oletaody. - im.
groups and the sham-irradiated animals at diatioa (2 SEM) comp dto a pMnitimma or

Is0.59 z 0,06 ft/t0 0. Animk in tbe "mhaim tl
the 4- and 6-min points. The histamine levels 05 -06 en: given phyAioals saine s 0m ngroup ( - 6) wer ipvea phymoia~l reline for 60 mmn
of the treated, irradiated group were also sig- g mw an *uR.WMkf. Tbg ummed. an-i.
nificantly higher than those founJ in the aul gru (it - 6) go received om b t w" expomed
dam-irrdiated monkeys at the I 5-min time. to 100 Gy -? IWdiatioa. The trate. Iadiat group (a

At no time postirradiation were the plasma * 4Li ' a mc epiramime (0.5 wmin)
histamine levels oflhe treated, diated and adckm" d, i (0.2s mwmia) in the m e infeasioa and

disodlum cmmlycasw (OSCG) by iv inism (10D mW
the nonuuted irradiated monkeys sipifi- I) 5 mW befot irreinia (.. Signalivaty dldbku l
cantly difrent. The histamine levels of the fto ck e Op.05).
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rebral blood flow reported in these animals mines did not alter the irradiation-induced
ne might expect a severe functional impair- release of histamine, showing plasma hista-

ment of the CNS in monkeys following irra- mine levels which appeared to be much like
diation. In fact, the decline in MABP and those seen in a previous report (Cockerham
rCBF reported here corresponds closely in et al., 1986a).
time with the observed occurrence of irradia- The postirradiation hypotension was al-
tion-induced ETI (Curran et al., 1973; Doyle tered significantly with the combined admin-
et al., 1974; Bruner, 1977) and suggests a istration of DSCG and the antihistamines
temporal relationship between the depressed mepyramine and cimetidine. This is in con-
MABP, the decreased rCBF, and the appear- trast to a previous report using DSCG alone
ance of ETI. However, the infusion of mon- (Cockerham et al., 1986b) in which there was
keys with either saline or norepinephrine af- not a significant difference between the DS-
ter irradiation in an attempt to block hypo- CG-treated and the untreated postirradiation
tension produced no significant difference MABP. Comparison of the results of the two
between the performance of monkeys in studies, then, suggests the involvement of the
which the blood pressure was maintained irradiation-induced release of histamine with
with norepinephrine and the performance of the postirradiation hypotension, since the ad-
monkeys that were injected with saline dition of the H, and H2 receptor blockers re-
(Turns et al.. 197 1). Therefore, if there is a suited in an alteration of the postirradiation
causal relationship, as well as a temporal. it MABP not achieved with the administration
seems to exist between the decreased rCBF of DSCG alone. However, the administration
and the appearance of ETI. of DSCG alone (Cockerham et al., 1986b) or

'he measurements of blood flow in the in combination with antihistamines resulted
hippocampus of 100.Gy, '-irradiated mon. in a postirradiation rCBF that was close to the
key, when plotted at postradiation times same level as that found in the control ani-
(Fig. 3), presen t a graph strikingly similar to mals This, then, indicates that the irradia-
the performance graph of monkeys exposed tion-induced release of histamine was not
to 89 Gy of mixed -neutron radiation (Cur- dtln-yctl re blef the postirradiation
ran e al, 1973), with the same temporal r- drew in rCBF but may be indirectly re-
tionship. Likewise, the abrupt increase in eonasble through its effect on the MA P.
plasma histamine levels 2 min postradiation Moreover, since the administration of OSCG
(F 5) coincides with the initial depression did ao inhibit the release of histamine or the
in MABP (Fg I) and rCBF (Figs. 2 and 3). eventual decrease in MAePi DSCo must ot
and the onset of ElI (Curran r at.. 1973). througha difrentpathtoprevent the irmadi
The role of histamine is further supported by atho-uc deren re te r
investigaton who have reported the alter, aton-anduceddecrease in iC"F.
ation of ETI by the administration of antihis- Certainly, the action of DSCG does not
tamines (Doyle el al.. 1974). seem to be by blocking the neurotensin medi-

The plasma histamine levels round in this ated release of histamine since the plama
experiment serve to corroborate the results neurotensin levels in the irradiated monkeys.
reported on subhuman primates by other in. while exhibiting some indications of a postir.
vessi*tois (Doyle and Strike, 1977; Alter e radiation increase, were not found to be sg-
cJ.. 1983: Cockerham t al.. 1986a) by show- nificantly different from those in the sham.
ing an immediate rise by 2 mn postirradia- irradiated monkeys. However. these values
tion followed by a much slowe fill to preimra- do not indicate the levels in the times, whre
diation levels by 30 min postirradiation. neurotensin may be degraded very rapidly
However, the combined administration of (Emson et al.. 1982; Checlar el al.. 1982) as
D SC H and H, an H, blocking antihisa- evideced by a rapid disappearance o neuro.
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tensin-like immunoreactivity (Dupont and In conclusion, we have shown that the
Merand, 1978). combined administration of DSCG and the

Even though a temporal relationship does antihistamines mepyramine and cimetidine

seem to exist between the release of hista- did not alter significantly the irradiation-in-

mine, a reduced MABP, decreased rCBF, and duced release of histamine or the posirradia.

early transient incapacitation, the presence of tion plasma levels of neurotensin. We were

other factors must be considered. Neuroten- not able to demonstrate whether DSCG

sin could still conceivably be released by irra- would inhibit the postirradiation, neuroten-

diation, cause the release of histamine from sin-induced release of histamine. However,

mast cells (Carraway el al.. 1982; Cochrane et we were able to demonstrate that DSCG and

al., 1982; Cochrane et al., 1986; Kerouac et the antihistamines mepyramine and cimeti-

al.. 1984; Rioux el al., 1985), and trigger cere- dine, given in combination, will alter signifi.

brovascular vasoconstriction and cerebral candy the postirradiation hypottasion and

edema (Rioux et al.. 1985). the reduced regional cerebral blood flow. We
Theirradiation-induced reduction in rCBF have also introduced a theoretical mecha-

may also employ intermediate mediators nism through which the administration of
such as free radicals (Ohmori et al., 1979) DSCG may prevent an irradiation-induced
produced with exposure to ionizing radiation reduction in rCBF. The next logical steps will
(Del Maestro, 1980 Kennedy et a., 1984). be to (1) show that DSCG actually does pre-
Free radical interaions have been impli- vent the irradiation-induced production of
Free rialre inbero pthave gfree radicals and (2) determine if the admin-
cited in a large number of pathological con- istration of DSC'G diminishes irradiation-in.

ditions including radiation injury. ischemia, duced ETI.

microvascular injury, and cell damage (Del

Maestro ef al., 1980; Del Maestro. 1980:
Hammond et al.. 1985: Kontos, 1985). The ACKNOWLEDGMENTS
triphasic cerebral ischemic response seen af-
ter ittalition (CoJk ham el al.. 1996.b) I hk autlwm tank Mr. E, ). Goighily for ie-hnici &s-

mAy be even more damaging than complete RWace And Mm 61. K Owm for Ipmftpian or the

ischemia (Rehncrona et al.. 1980) since re- =BJW-*.

perfusion may lead to the formation of addi-
tional free radicals (Julicher et al., 1984: Pc- REFERENCES
tersn vat. 1985). A poiNe mode of phar-
macologic intervention 1nay well be the Atri. W. A.. I11. HAwXrM. R. N.. CAI vUA, , N,.

introduction of DSCG to intervene in the Dwt. T. F.. AND T^KSNhAcA. J. K. (19)). PIomnib
production of free radicals (Carmiciel rt al. nk or hwsamin in nu1va induced hypownsion in

1987). thereby explaining why treatment i4 d.A, mon".aNA)le im % 61t4.

with DSCG would maintain rCBF during the fIvdt. A. 11977), InteneiiS doo-nt e.t* oaCo
Pfffw p~lran d bkvd Ptesure in tnoakty% Rd.

entire obLu"avtion period even with the pres- t & Ji 71- 9D.
ence of po'ound hypoftsion in treuted ani- 3aUNi. A.. &XXO. V.. ^NAow ioIt, R K ( 19?5). De,

mal at 60 min. Thus, the DSCG prevention * "u Kt' ' Q Ptfimanc ioiemmt
in monke 3,ar OCo iwmdiuatot. RAd" PRv 6&~3)

of inadiation-induced flee radical formation 96.
would allowthemantainanceofrCr in the CUM'AILA.)..ARokm o.W. M.. um mm.

initial 20-30 min. TherMf(oe. there would be L0.(1987). Djum aumooyWc0nM) ib

no reperfisicninduced formtion of adi- f f ofhit mhvk Potent tatow wemwe
tioal fie radical allowing the rClF to be dSM", TmtkniwV 7ht(I X I I.

CAUA WAV.. E.. , D(c.. WE. N L .J, t.
maintained during the second portion of the t xS.. E. pra Rk.. . w. AND Wat H. J.

oberatio period. 06U Neumerau uiiVhks 0^1*c -iaiuamio



POSTIRRADIATION CEREBRAL BLOOD FLOW 241

secretion from rat mast cells and elevates plasma hista- ma-Neutron Radiation. AFRRI SR69- 1, Armed
mine levels. J. Physiol. 323,403-414. Forces Radiobiology Research Institute, Bethesda,

CARRAWAY, R. E., HAMMER, R. A., AND LEEMAN, S. E. MD.
(1980). Neurotensin in plasma: Immunochemical and DEL MAESTRO, R. F. (1980). An approach to free radi-
chromatc4raphic character of acid/acetone-soluble cals in medicine and biology. Acta Physiol. Scand.
material. Endocrinology 107(2), 400-406. Suppl. 492, 153-168.

CARRAWAY, R. E., AND LEEMAN.S. E.(1976). Radioim- DEL MAESTRO, R. F., THAW, H. H., BJORK, J.,
munoassay for nzurotensin, a hypothalamic peptide. PLANKER. M., AND ARFORS, K.-E. (1980). Free radi.
J. Biol. Chem. 251(22). 7035-7044. cals as mediators of tissue injury. Acta Physiol. Sand.

C4ArMAN. P. H., AND YOUNG, R. J. (1968). Effect of Suppl 492,43-57.
,obalt-60gpmma irradiation on blood pressureand ce- DOYLE, T. F., CURRAN, C. R., AND TURNS, J. E. (1974).
rebral blood flow in the Macaca mulatta. Radiat. Res. The prevention of radiation-induced, early transient
351, 78-85. incapacitation of monkeys by an antihistamine. Proc.

CHAPUT, R, L., KOVACtc. R. T., AND BARRON, E. L. So. Exper Biol. Med. 145, 1018-1024.
(1972). Performance of Trained Beagles after Supra- DOYLE, T. F., AND STRIKE. T. A. (1977). Radiation-re-
lethal Doses of Radiation. AFRRI SR72-1. Armed leased histamine in the rhesus monkey as modified by
Forces Radiobiology Research Institute, Bethesda, mast-cell depletion and antihistamine. Experientia 33.
MD. 1047-1048.

CHAPUT, R, L.. AND WISE, D. (1969). Ainiature Pig In. DurKwt, A., AND MERAND, Y. (1978). Enzyme incti-
carpatiation and Perfiwrmance De remeni after ,Mixed vation of neurotenin by hypothalamic and brain ex-
Gammo-Neutron Irradiation. AFRRI SR69-12, tractsofthe rat. L#/ &i. 22, 1623-1630.
Armed Forces Radiobiology Research Institute. EMSON, P. C.. GOEDERT. M.. WILLIAMS. B.. NINKOVIC,
Bethesda. MD. M., AND HUNT. S. P. (1982). Neurotensmn: Reponal

CHEcLtE, F.. KITASGI. P.. AND VINCENT, J.-P. (1982). distribution, charatcnation. and inactivation. Ann.
Degradation of neurotensin by synaptic membranes. N. Y Arad. Sci. 40f 198-215.
Ann. N .4td. S4.5 4W 413-414, FARRAR. J. K.. GAMACHE. F. W.. JR.. FERutsON.

C 14HRANE, D. E., BOUCHER. W., AND BIDS. P. (1986). G. G.. BARKIR. J.. VARKEY. 0. P.. AND DRArj.
Neurotansin stimulates histamine release in #n wo, C. G. (1981). Ef cUto(profound hypotension on cerm.
skin blisters: An e fet inhibited by cromolyn or soma- bral blood Row during surry for intracranial aneu-
tostatin. In AreA .4lle'vr.Appl Immunt4, 813). 225- rysms: J Neurcuur S& 074N.,
230, FINNreItTyv. F. A., JR.. GVII.AUDV. R. L,, AND FA,

COcl4ANt D. E., EMomt, C,. LEVINE, G,.CARRAWAV, ZEKA J, F. (1957). Cardic and cletbral hmody.
R. E., AnD LimAN. S. E (1932). Neuroterin hes namks in dru induced pmualcollaps r, A'm 5,
ctaneo s vascular penmbilit) and simulate hista- 34-39.
mint relew rmm Isolated skin. Ann N .4rAd So FR4Z. C. 0. (1915l). Eleft of mixed neutron-amma
41), 396-97. total-body indatin on rhesu monkto phycal ac-

ComeRAwM. L. G,. Bom V.. AND Gv w-.Htw*. tivity perwnuma. RAdkwArt Ill,44-441.
MAN. C. J, (1984), Gamma fridition pravduced pu.for- HAMMOM. B.. KoNts, H. A.. AND HeULs H. L (1935),
mance dcrment in rat a wmud with the acelero, Oyvn mdical i the adult r rtocy dsr syn-
SnWOa LeAt 49,297-300. driuc. in m)o"M66.al is am. and rew ion in.

CorKWAM, L. 0. COavsmv T. L. ANDu HAMrtoN. jtwy. "id in cerebral vasula damw. Care J PAnerV
J. D. (1916). Postradation reio iet blood P**wreal 4&1 731-117
flow in primaes.4eir . p*v rin"w Md 5 7..A7$- Hvmv. W. A. 1191171, E*tsofts tg radiatioin o 0
W8. harior aid the luen If% .tfllsa d aci& (3. J.

Comamm, . G. .DvLs. T. F. PAtu. .. . vn Conklin and R. I Wiler. Ed LK Academc Pim New
HAaMsPr. ). D. (1986b, D um cromoogyia. a York.
a Cell 0sabiu. tMer pourmiati repoal o u" r- HVMAN. E. $, (1961), 0IMear s QWunttaten by.
bral blood Now to priman J ritkWl Enwvm deiaa a a pliaum ,ctruk, (oir Ars 9. 14O 3-
He0hlSk Il91-l0l. 1tO?.

CURA. C. ft.. Yowo, R. W.. &No DmVes W. F. iuucrar*. R. H. K. TumrucG. LI. M.. Stftumtaa a.
(97) T * uV ,twuPltwe' F/i pom. L. iti. A.. Koow . 3. M.. ) ^mNoosknsw . J.
mr toAaiPPOSd Gwnew-Nnwn RAdsa- (1994). Decreasd dece aswft f e l i~ n rm
tim AFRRI St?),I.. A IrdFornm dioiaoyP*- bmna dona# normal r*epesm after hypow,. i.
-aCh Institut.11Setedmea D. towi WAd calcluvifte pev4aiont. I.*k~ S 0121.

ta I'ers. H, J.. KLn,,s. S. J.. ANo G AL J. E. 123It-12.
(1%9). +I"W DAIMtt f0iuia rv r iA it K NNI. A ' R.. TWA t. W.. ANo urnsi. J. ft .(19%.
Motaetd. mu wa 5.0w, Raw d .txmu Gam. Rok of fm icas to the iatio no sad prumoio of



242 COCKERHAM ET AL.

radiation transformation in vitro. Carcinogenesis lowing intravenous administration of neurotensin.
5(10), 1213-1218. Life &i. 32, 2231-2239.

KEROUAC, R., ST-PIERRE, S,, AND Rioux, F. (1984). PETERSON. D. A., ASINGER, R. W., ELSPERGER, K. J.,
Participation of mast cell 5-hydroxytryptamine in the Ho~wANs, D. C., AND EATON, J. W. (1985). Reactive
vasoconstrictor effect of neurotensin in the rat per- oxygen species may cause myocardial reperfusion in-
fused hindquarter. Lfe Sci. 34, 947-959. jury. Biochem. Biophys. Res. Commun. 127(t),87-93,

KIMELDR, D.J., ANDHUNT, E. L.(1965). Neurophys- PITCHFORD, T. L. (1968). Beagle Incapacitation and
iological effects of ionizing radiation. In Ionizing Radi- Survival Time afler PulsedMixedGamma-Neutron Ir.
ation: Neural Function and Behavior (D. J. Kimeldorf radiation. AFRRI SR6S.24, Armed Forces Radiobiol-
and E. L Hunt, Eds.), Academic Press, New York. o9y Research Institute, Bethesda, MD.

KimNo, T., AND SANO, K. (1984). Selective vulnerabil- REHNCRONA, S., SIEsiO, B K., AND SMITH, D. S. (1980).
ity in the gerbil hippocampus following ischemi Acta Reversible ischemia of the brain: Biochemical factors
Neuropathol. 62,201-208. influencing restitution. Aca Physiol. and. Supp.

KONTSe H. A. (1933). Oxygen radicals in cerebral vas- 492,135-140.
cular injury. Circ. Res. 57(l), 508- 516. RioUX, F. KEROVAC, R., AND ST-PIERRE, S. (1985). Rt-

LASSER, E. C.. AND STENSTROM, K. W. (1954). Eleva- lease of mast cell mediators, vasoconstriction and
tion of circulating blood histamine in patients under- edema in the isolated, iirffused head of the rat follow-
going deep roentgen therapy. 4mer. J. Roentgenolboy ing intracaroid infusion of neurotensin, Neurpe'i.

72,985-988. tides 6, 1-12.
SImDER. R. S.. AND LEE, J, C. ( 06). A Sa nrciAtlasMofPTiC, D. J., AND SraeiGE, t. A. (1970). Altpeatioi oft he Monkey Brain (Macrck mulato. Univ. of Chi,

of Posirraditio H ofio and Inc us.ocit cap Pr, Chicago.
theI Mome bi, Administrdio of |adsobeiol. Drues. SuzuKu, R., YAMAG X-HI. T., Lt, C.-L., AND KLATZO, 1.
AFRRI SR7O, I, Armed Fores Radio&1o0o" Re- (1983). The effectof 5-minute ischemia in mongolian
march Institute, Bethesda, MD. gerbils. II. Chanes of spontaneous neuronal activity

OHMoRI. H., KOMORIYA. K.. AZUMA, A., KUmtOWUMI in erebral coiex and CAI *eL.'or of hippocampu.
S,. AND HASHIMOTO. Y. (1979). Xlathine oxidase-in- Arta Neurwpat4 A4, 217-222.
duced histamine release from isolated rat peritonea) Thmt , i.E., Drvtf, T. F., AND CIRRAN, C, R. (1971),
mWs ceft- invlvement of hydrowe peroxide. s#ia Nv'epinrm EAnj ~frti n E* PII xwrrdtatu Per.
fiwme. PhPImka"l. X, 333-334, fornre Iktrnsent in t hrA',ktw AFRRI SR71l, 1I,

OWtt. M.. lHtKco. L.. INAOKaI. C., AND TAKA=OI. S. Armed Formes Raiobialop Research Institute,
(1953), Release ohinamine and adral in viv fve. Bb theda MD.

Aecesslon For
PTIS ORAi

DTIC TAB
UnannounCGd
:Ustltloati

DiStribaatift/
Availability Codes

jAvar eo/Or

Dist Speoa

69 1
oto>


