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EFFECT OF 4-HYDROXYPYRAZOLO (3,4-d) PYRIMIDINE
(ALLOPURINOL) ON POSTIRRADIATION CEREBRAL BLOOD FLOW:

IMPLICATIONS OF FREE RADICAL INVOLVEMENT
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Physiology and Radiation Science Departments
Armed Forces Radiobiology Research Institute
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Abstrilct-In an attempt to elucidate mechanisms underlying the irradiation-induced decrease in regional cerebral
blood flow (rBF) in primates, hippocampal and hypothalamic blood flows of rhesus monkeys were measured by
hydrogen clearance. before and after exposure to 100 Gy. whole body. gamma irradiation. Systemic blood pressures
were monitored simultaneously. Compared to-cantrol animals. the irradiated monkeys exhibited an abrupt decline
in systemic blood pressure to 35% of the prejiradlation level within 10 min postimrdiatlon, falling to 12% by
60 min. A decrease in hippocampal blood flow to 32% of the preirradlation level was noted at 10 min postirradiation.
followed by a slight recovery to 43% at 30 min and a decline to 23% by 60 min. The hypothalamic blood flow
of the same animals showed a steady decrease to 43% of the preirradlatlon levels by 60 inin postirradiation. The
postradiation sysitmic blood pressure of -the allopurinol treated monkeys was not statistically different from the
untreated, irradiated monkeys and was statistically different from the control monkeys. However, the treated,
irradiated monkeys displalyed rCBF values that were not significantly different from the nontirradiated controls.
These findings suggest the involvement of free radicals in the postirradiation decrese in regional cerebral blood
flow but not necessarily in the postirradiation hypotension seen in the primate.
Keywoads-Allopurinol. Cerebral blood flow. Fre radicals. Hippocapus, Hypothalamus. Radiaticin *? 1 ifj 1 /~

INTRODUCTION in a large number of pathological conditions including
Early transient incapacitation (ETI) is the complete /Irradiation injury, lschemla, microvascular injury, and
cessation of motor performance, occurring transiently cell mitmbrane d~ae""The triphasic cerebral
and within the first 30 min following exposure to su- ishemic response seen after irtadlatlont) may be even
pralethal doses of ionizing irradiation J'Studies have more damaging than complete ischemil' since reper-
reported severe decreases In regional cerebral blood fusion my lead to the formation of additional free
flow KrBF) in primates at the same postlrradlation rtdicals1,1 A possible mode of pharmacologic Inter-
time after receiving supralethal doses of gamma Irra- ventlon may be the introduction of superoxide
dlation,.' One study" demonstrated a dramatic fall of dlsmutaselt'1' or allopurinoll"' since both have been
total cerebral blood flow following a single. 2.5 G1y., used to attenuate the biochemical arnd functional dam-
Co exposure.- age usually associated with ftee radical production.

The irrml n-induced reduction in crebral blood This study was designed to determine whether the
flow map eloy intermediate mediators such as fre inhibition of free radical formoation via the preitradla-
radlco produced with exposure to ionizing Irda tion administration of allopurinol would be successful
tIon .4-tareeA radical intewim have bean im~cad in altering the po#Wiralton hypotension and reduced

tCFTwo regions of the brain previously studied.-&
C36iehippo;Ampus and the' hypothalamus. were selected

Cu~o~c "Iod be &"-"Wse 4*. Loi G. Oxtt~a for the determination of blood flow In this study since
Ph 0- Air Ftrce 0(11cc ut Sciaounc lltsuaL AWOS~INL a dramatic. postirradiation decrease in blood flow hW
.110. Bulliag AFI. OC 203)2-644. been repocted in thes aeas.

89 0 181,l
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MATERIALS AND METHODS Regional cerebral blood flow was measured by the
Seventeen rhesus monkeys (Macaca mutatra), hydrogen clearance technique for 30 min before irra-

weighing between 2.6 and 3.8 kg (3.1 t 0.26 SEM) diation or sham-irradiation and for 60 min after. -.-

were used in this study. The animals were divided This technique is essentially an amperometric method,
randomly into three groups as follows: Group I-six which measures the current induced in a platinum elec-
sham-irradiated monkeys; Group 11-six irradiated trode by the reduction of hydrogen. The current pro.
monkeys; and Group Ill-five monkeys given allo- duced has a linear relationship with the concentration
purinol orally (50 mg/kg) for 2 days prior to irradia- of hydrogen in the tissue.-2 Hydrogen was introduced
tion. 7 Food was withheld from all animals for 18 h into the blood via inhalation through the endotracheal
before the experiment, but water was available ad li- tube at a rate of approximately 5% of the normal res-
bitum. Research was conducted according to the prin- piratory intake for each flow measurement. Blood flow
ciples enunciated in the "Guide for the Care and Use was measured by each of the four electrodes every
of Laboratory Animals" prepared by the Institute of 10 min. The electrodes were maintained electrically at
Laboratory Animal Resources. National Research +600 mV in respect to the reference electrode, to
Council. The monkeys were initially anesthetized in reduce possible oxygen and ascorbate interference.
their cages with an i.m. injection of Ketamine hydro- This method has been successfully employed in several
chloride (20 mg/kg) with 0.015 mg/kg Atropine sul- similar studies.- ,3.18
fate and were then moved to the laboratory where the After 30 min of recording, the animals were dis-
remainder of the experiment was conducted. connected from the respirator and recording apparatus

A systemic venous catheter was used to administer to faciitate irradiation in a separate room. The animals
physiological saline and the primary anesthetic, a- were reconnected to the respirator and recording ap-
Chloralose (100 mg), with supplemental infusions pro- paratus at 4 min postirradiation or sham-irradiation and
vided as needed, based on heart rate, blood pressure, measurements were continued for a minimum of:
respiration rate. blood pH. and peripheral reflexes. A 60 min. At 30 and 10 min preirradiation or sham-ir-
femoral arterial catheter was used to withdraw blood radiation, and at 6, 15. 30. 45, and 60 min postirra-
for blood chemistry and blood gas determinations and diation or sham-irradiation, blood samples were taken
to measure systemic arterial blood pressure via a via the arterial catheter to monitor stability of blood
Stathem P23 Db pressure transducer. pH and oxygen tension, and respiration was adjusted

Approximately 2 h before irradiation or sham-irra- to maintain preirradiation levels, Mean systemic ar-
diation, the animals were intubated with a cuffed on- terial blood pressure was determined via the arterial
dotracheal tube and ventilated using a forced volume catheter for the duration of the experiment. After ter-
respirator to maintain a stable blood pH and oxygen mination of the measurements, while still under anes.
tension, After insertion of the endotracheal tube, each thesia, the animals were humanely euthanized with an
animal was placed on a circulating water blanket to i.v. injection of saturated MgSO,, and the electrodes
maintain body temperature between 36' and 38T. A examined visually via disection for verification of
rectal probe was insented to monitor body temperature. placement,

The animal's head was positioned on the headholder Irradiation was accomplished with a bilateral,
of a stereotaxic instrument (David Kopf InsUtiments, whole-body, exposure to gamma ray photons from a
Tujunga, CA) and the scalp shaved and incised, allow- cobalt-60 source located at the Armed Forces Radio-
ing access to the skull. Using the stemotaxic micro- biology Research Institute. Exposure was limited to a
manipulator, the skull was marked for insertion of four mean of 1.38 rin at 74 (y/min steady state, free-in-
electrodes and small bur holes were drilled through air. Dose rate measurements at depth were made with
the skull at these marks. Again, using the microna- an ionization chamber placed 'in a tissue equivalent
nipulator, one electrode was placed in the left and one model. The measured midline tissue dose rate was
in the right hippocampus."9 In the same manner, one 69 Gy/min, producing a calculated total dose of
electrode was placed in the left and one in the right 100 Gy, taking Into account the rise and fall of the
supraoptic nucleus of the hypothalamus. The elec. radiation source.
rodes were Teflon€-coated. platinum-Iridium wire of Blood pressure and blood flow data were grouped

0. 178 mm diameter, encased in, but insulated from, into 10 min intervals, measured In relation to midtime
rigid stainless steel tubing (22 gauge spinal needle) of radiation, and plotted at the middle of the interval.
with exposedtips of approximately 2 mm. The exposed The Wilcoxon Rank Sum Test was used for the gratis.
dura was covered with moistened pledgetts and the tical analysis of the data. A 95% level of confidence
electrodes were sealed and secured to the skull with was employed to determine significance. Since all the
dental acrylic. A stainless steel teferenceelcISe was animals were treated identically before irradiation or
plaeed in neck tisa-. shamniaadaioa, and since the pteradiation data for
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the control and test animals showed no significant dif-
ference. the preradiation data for the irradiated and 120-
sham-irradiated animals were combined.

V +

As seen in Figure I, the mean systemic arterial blood '.

pressure (MABP) of untreated, irradiated animals de- . 80 /
creased to 35% of the preradiation mean of 106.0 -
2.3 mm Hg within 10 min postradiation. This was fol- U
lowed by a steady decline to a 60-min postirradiation E 60-
level that was 20% of the preirradiation values. After
sham-irradiation there was no significant change in "
MABP for the six control monkeys but the values for 40.
the group differed significantly (p . 0.05) from the
other two groups. The MABP for the allopurinol
treated, irradiated group did not display a statistically 20
significant difference from the untreated, irradiated . -Shsm.RAdis @d

-0-Re~iateE
group. The respiration of each subject was maintained -@-R.dis..e rW.te
at preradiation levels and, although not presented, the 0 , ' ' ' 2 ' ' ' ' ' ' '0 0 20 30 40 50 -60
blood gas data revealed a general stability of blood pH
and oxygen tension throughout the experimental Time Poatradtlon (min)
period. Fig. 2. Percent change in hippocampal blood flow after exposure

to 100 Oy. whole.body. gamma iitA'ltion (,.SEM). compared to
a prelrradlatton mean of 67.6 - 6.8 mill of tissueimin. Animals

I F - , 1 1' 1 , ,in the sAm'iradle group (a4 6) were given physiological :aline
. for 60 min befo and after sham-ifWdtatloa. The untreated. irra-

- .. diated group (a " 6) also received saline but were exposed to 100
2 ' " . Gy amma hisdion. e tread, Irradiated group (m a 5) also

100 . received sal a W Irraldiation but were given allopu iaol so ml
It& orally) for 2 days prior to Wmdiatioo.

--so The preirradiation hippocampal blood flow, as
shown in Figure 2, was 67.6 t 6.8 ml per 100 g of
tissue per min. The posinradiation blood flow for the

- -sham8ii0ted group of monkeys showed no signif-
icnt changes for the 60-rain observation period while
the values for the untreated, irradiated monkeys

4showed a rapid, significant decline to 32% of the preir-
40 radiation levels by 10 mint postimrdiation. Following

a slight increase to 43% below preinadiation levels at
30 min postinraidtio. the blood flow values de-

20 - creased to 23% of the preirradiation levels by 60 min
postirradiation, The control and untreated. Irradiated

. -o- e ,groups of monkeys were significantly different (p :S
0 L , , .I A,03)fromeAChotheratllPo lrrdietdonncaaueM -
-10 0 10 20 30 40 m0 trent points. The altopurinol treated, iradiated mon.

T •ttfl) keys displayed a poainadidion hippocamps) blood
flow that decreased to only 63% of the preinadiation

Fig , PeNaichuttauo a ureufwteapoaiar. level at 10 min. Even thouh they did not drop any
to t00 Oy. iOk.-body. ga-M W*tiod ttSEM). compaW to lower, these levels were not significantly different
a Wpirtaatlo m 0o106.0 = 1 ma HS AA01 14tdo sham. from the untreated irradiated Group's blood flow levels
"radi t ooP be 61) were #iva phi olckal sN foe 60 ml.
ltfom &Wsd at t a, , The umnad, inla&Q Wp until 40 mint postiradistim,. I Ikewise, the blood flow

.i 6) also tv elvod sitlne but *tit eqpokd w 100 dy gamm levels of th6 treated, irradiated monkeys were not sig.
utadltri. Th erea, Ad g 5.u 0 -' o Y )fol r nificantly different from thoe of the contol monkys

ays rio. ly) UoW mi n ps a.ai
"ays. to •d•a ,. ,_
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I I I I II II I of the preirradiation MABP must be maintained for
-adequate autoregulation of cerebral circulation.' 2~

120 - The initial precipitous decline in MABP to 35% of the
preirradiation levels may then be associated with the
similar immediate decrease in blood flow seen in both

100 the hippocampus and hypothalamus of the untreated.
(0 irradiated animals. In fact the decline in MABP and

#,- cerebral blood flow (CBF) reported here corresponds
80 R closely in time with the observed occurrence of

CJETI 21-3 -26 and suggests a causal relationship between
60 the depressed MABP, CBF and the appearance of ETI.
60- Autoregulation of cerebral blood flow appeared to

be intact in animals pretreated with allopurinol. even

40- though the postirradiation MABP fell to approximately
40 35% of the preirradiation level. The difference noted

in the effect of allopurinol in the hippocampus and the

20- - ota hypothalamus may be attributed to the presence of
-a-anneld fenestrations of the blood-brain barrier near the hy-
-tO:Radial rtd pothalamus. 1 -1 These fenestrations. or windows.

0 1.L. 1 1 I I L I L would allow the preirradiation administered allopurinol0 10 20 30 40 50 60 to enter the hypothalamus before irradiation. Their ab-
Time Poatradlation ImiN ~ sence in the area of the hippocampus would inhibit the

Fig. 3. Percent change in hypothalamic blood flow after exosr entrance of allopurinol into that area until after the irra-
to 100 Gy. whole-body. gamma irradiation OtSEM) compared to diation-induced alteration of the blood-brain barrier.
a preiffadiAtion mean of 70,1 ±6.4 mils of tissueimin. Animals Therefore, the radioprotective effect of allopurinol
in the shazn-irr adiated group n - 6) were gve~n physiological saine wolbepsntithhytaamsttetmef
for 60 miu before and after sham-imdlafioti. The untreated. m- wudb rsn nh yohlmsa h ieo
diated group tit a 6) also received Waine but were exosed to 100 irradiation. but not In tb* hippocampus until after
Gy gammi. irradiation. The treated. IrreAdiated group (m 5) also irradiatiJon.
received Wdine and Irrodialion but wer en aqI in 1150IDO ma Allopurinol interferes with the xanthine oxidase cat-kg. orally) for .1 days prior to ifaldo alyzed production of free radicals and has been used

Figure 3 displays a preirradiation mean blood flow to attenuate cellular damage asse'ciated with the ro-
of 70, 1 :t 6.4 ml per 100 g of tissue per minute in the perfusion induced production of free radicals. 3"1 This
hypothalamus. The postiffadiation blood flow for the action would have been expected durin; the partial
shamn-irradiated group of monkeys showed no signif- cerebrAl reperfusion that occurred between 10 and 30)
icant changes for the 60 min observation period while min postirradiation, However. the administration of
the values for the untreated, irradiated monkeys allopuritiol altere4 the immediate postirradiation de-
showed a decline to 43% of the preirradiation levels crease in cerebral blood flow. thereby eliminating the
by 60 min postirrdIation, These levels became sig- reperfusioni-xitnthine, oxidsm production of free radi-
nificantly different (p :% 0,05) from those of the sham. cals, It is therefore highly likely that the immediate
irradiated group at 10 min postirradiaxion and remained action of allopurinol, may have been by some means
that way for the remainder of -the observations. The other than xanthine oxidase Inhibition,
blood flow measurements of monkeys pretteated with A possible explanation of the mechanistic effect of
alloputiniol were not significantly different from those alloputrnol In diminishing the postirradiation decrease
of the control monkeys at any time postirrmdiation. in rCBF Is an interference in the formation of supser-
However, a significant difference was seen between oxide radicals. Superoxide r~~scan be generated
the blood flow measurement of the pretreated. Iral inl the reaction of hydrated elecrons or hydrogen atoms
ited group and the untreated. irradiatd g"ou begin. with dissolved oxygen following gamma irradiation of
ning a 40 min postliadiation. aqueous solutions. This tadlolyticaily-fornied free tad-

ical is involved in oxidative chain reachions" with the
possibility of intewconversion and postirradiation gen,
oration of other fornu of activated oxygen. leading

Postirradiation hypotension his been well docu. aidirectly to further irradiation-Widuced celiulaus dim-
ueretd in the rhesus monkey and a critical postittadia- age."3 A possible mode of phannacologtc Interventton
tion tnean artent blood pressure (MABP~otS*W.60% may wefl be the imtoduction of Allowuinol to intervene
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in the production of free radicals, thereby explaining tion regional cerebral blood flow in primates. J. Toxicat. En.
why rea~net wih aloprino wold aintin CBFviron. Health 18:91-101; 1986.why reamen wih alopuino wold mintin CEI 4.Chapman, P.14.; Young. R.I. Effect of cobalt.60 gamma ifra-during the entire observation period even with the pres- diation on blood pressure and cerebral blood flow in the Macaca

ence of profound hypotension in treated animals at mulatta. Radiat. Res. 35:78-85, 1968.
5.Ohmori, H.; Komnorlys, K.; Azuma. A.; Kurosumi. S.; Hash-60 min. Thus, the allopurinol prevention of irradiation- imoto, Y. Xanthjne oxjdase-induced histamine release from iso.

induced free radical formation would allow the main- lated rat peritoneal mast cells: involvement of hydrogen
tainance of rCBF in the initial 20-30 min. Thus, the peroxide. Biochem. Phai'macol. 28:333-334; 1979.
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second portion of the observation period. Carcinogenesis S( 10): 1213 -1218. 1984.

9. Hammond. B.. Kontos. H.A.; Hess, H.L. Oxygen radicals inExamination of the chemical/ physical structure of the adult respiratory distress syndrome. in rmyocardial ischcmia
allopurinol suggests that its effectiveness may be due and reperfusion injury, and in cerebral vascular damage. Can.
to an ability to scavage hydrated electrons and hydro- J. PA.'siol. Pharmacol. 63:173-187; 1985.
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