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Studies in the recent past from various 
laboratories have shown that ithe activity of 
-tic drug metabolising enzymes can be in- 
fluenced by a variety of fadors: for example, 
species, sex, age, nutritioal status, drugs, 
chemicals and alterations in hormonal level 
( 1,2), Exposure to ionising radiation may also 
be added to this long list of modifim of 
enzyme activity. Hietbrink and DuBois (3)  
have demonstrated the inhibitory effect of 
x-irradiation on the development of hepatic 
mi- emzynws that metahlise organo- 
phosphates. Using weanling rats irradiated to 
the head alone they also found evidence for 
an a h p a l  inhibitory effect. Recent invest& 
gations in our laboratory have revealed that 
in utero exposure of rats to low doses of x- 
irradiation (25  or 50 R) produced in the male 

*This investigation was supported in part by a 
grant fmm the State of IPinois Mentad Health Fund. 

offspring a significant s u p p s i o n  of t;he 
dwelopment of the hepatic m i c r d  em 
zyme system that metabdiscs hembarbital 
(4).  Irradiation at 2 1  days of age (total body 
or head alone) also suppressed the d w d o p  
mental increase of enzyme activity n d l y  
seen in the males, but to a lesser extent than 
in the prenatal series. Inhibition of the 
zyme system, both direct d absmpa.l, was 
observed in the adult males also, but ody at 
radiation doses a h  5 0 0  R (t0ita.l body 01- 
liver) or above 1 ,OOO R (head alone). 

Methods. Sprague-Dawley rats were used 
in these studies. In the prenatal series, rats 
received 2 5 or 50 R of x-irradhtion (at 1 1-12 
R/rnin) to the pelvic region on the 14th day 
of gestation. The offspring were examined at 
10, 20, 40, and 80 days of age. In  the post- 
natal series, 21 day old miale rats received a 
single dose of 2 0 0  R (49-50 R/min) to ;the 
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total body or h d  alone. The irradiated ani- 
mals were examhed at 30, 40,45, and 50 days 
of age. In the adult series, the animals were 
exposed to various doses of radiation as fol- 
lows: a )  5 0 0  R, 1,OOO R, 2,000 R, or 10,OOO 
R-body alone with head shielded. b) the 
same doses to head alone with body shielded. 
The physical factors of radiation were: 250 
Kv, 30 mA, filter-0.5 m cu and 1 MIT~ Al,  
half value layer-1.45 mm cu, dose rate- 
280 R/min. During irradiation, the unanes- 
thetised animals were held in lucite tubes 
provided with a large number of air holes. For 
shielding, a 3.5 mm thick sheet of lead was 
employed. 

For determination of the hepatic enzyme 
activity, the irradiated animals were decapi- 
tated at the selected intervals, a piece of tissue 
( -200 mg) from the periphery of the right 
lobe of liver excised and weighed rapidly after 
removing the contaminating blood and fluid. 
When the samples were to be stored, as was 
often the case when doing a large series, the 
whole operation was performed in a cold mom, 
the tissue frozen on a bed of dry ice and stored 
frozen in plastic tubes in a mfrigeratm until 
ready for use. The enzyme activity was meas- 
ured by determining the rate of substrate dis- 
appearance in a whule liver hmogenate sys- 
tem according  to the method of Yarn and 
DuBois(5). This method employing whole 
liver homogenates has certain advantages over 
previous methods utilising micrmmal frac- 
tions. It is a simpler procedure, and provides 
for in vivo quantitative comparisons of the 
enzyme aotivities of different animals. The 
reaction system consisted of the following: 
potassium phosphate buffer, pH 7.4, 20 pM; 
magnesium chloride, 30 pM; d u r n  glucose- 
6-phosphate, 3 p M ;  NADP, 1.3 pM; and a 
2076 homogenate of liver in cold isotonic 
KCl containing 0.25% nicotinamide, 0.15 ml 
(= 30 mg tissue) with water to make a 
final volurnte of 0.8 ml. The reaction mixture 
was incubated in 15 ml centrifuge tubes in a 
metabolic shaker in an atmosphere of air at 
375°C. In addition to the sample tubes, each 
of the runs included a) a tube containing all 
the above constitutedts but kept in ice for 30 
minutes (for recovery) and b) a tube with all 
the constitutents except hexobrbitd and kept 
a t  375°C (for tissue blank). At the end of 
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FIG. 1. The effects of prenatal and early post- 
natal x-irradiation and the development o# hexo- 
barbital metabolizing enzyme system in r& llver. 
The devehpment of the enzyme system in control 
male and female mts is also shown for comparison. 
FIG. 2.  The effects of varying doses of head x- 

irradiatim on the hexobrtl.;btal metsbolising enzyme 
system in adult male nat liver am compared with 
the effects of radiation to the body alone. lple 
results are expressed as per cent of enzyme activity 
in the controls. 

the incubation period, the unmetablised 
hexobarbital in the reaction mixture was de- 
t e r m i d  by the method of Coolper and Brodie 
(6). The amount of hexobbi ta l  metablised 
was calculated from the difference bt?tmn 
the amounts of hexobarbihl recovered in the 
absence and presence of enzyme action. The 
mean recovery af hexobarbital from the tube 
kept in ice was 91-9276 of the added amount. 
The enzyme activity is expressed as p moles 
of hexobarbital mtahl i sed  per g of liver 
(wet weight) per hour. 

Results and discussion. The marked sex 
difference in the activity of the hembarbital 
metabolising enzyme system is illustrated in 
Fig. 1. Other investigators have also ob- 
served this sex difference in the activity of 
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hembarbital metabolising enzyme system in 
rat liver ( 7) .  Prenatal irradiation suppressed 
the development of the enzyme system in the 
male offspring such thak the males now re- 
sembled the f m k s  with respect to the en- 
zyme activity (Fig. 1). No effect of radiation 
was detected in the female offspring. In view 
of the l m  enzyme aotivity even in mnir- 
radiated control females, further tesrts were 
not done in females. 

I t  may be seen that the enzyme develop- 
ment was s u p p d  in rats receiving 2 0 0  R 
early ptndtal ly ,  but the magnitude af t h i s  
suppmsion, in spite of the higher radiation 
dme, is less than that noted in the prenatally 
irradiated anhah. There were 3 groups in 
the early postnatal series: a) those receiving 
total body irradiation b) thaw receiving 
radiation to the M y  alone with head shielded 
and c) those receiving radiatim to the head 
alone with the remainder of the body shieldled. 
Enzyme d e v d v m n t  was suppressed in all 
the 3 group and the results were ndt statisti- 
cally differenlt from each other. 

The effect of radiation in adult rats is 
shwn in Table 1.t Enzyme activity was meas- 
ured at 3 days post-irradiation. Exposure of 
the head done to 5 0 0  R of x-imdiation did 
not affect the hepatic enzyme activity. Even 
though the l l i w  was shielded from radiation in 
these experiments, it was of interest to deter- 
mine the extent of scattering to liver and its 
contribution to the suppression of enzyme ac- 
tivity noted in the head irradiated animals. 

The fallowing experiments were done for 
this purpose: a) The radiation dose under the 
shielded area, at various distances from the 

t No inhibition was mted in an earlier experiment 
when the enzyme activity was measured employing 
the mction mixture of Conney et d [J. Pharmacol., 
v130, 1 (1960)l but using whale Ihogenates in 
place of the microsomad fmtion. E m  in the am- 
trd mt, enzyme activity was very low (1 .u lM/g/lhr) 
by this mekhod, which may explain the fdure 40 
d e w  any inhibition in the irradiated sample. In 
contrait, it should be noted that the reaction mix- 
ture employed in &e present studies yielded a value 
of 12-14 p M/g/hr for adult male a m 4 r d  rats. It 
appears that the low enzyme QGtivity seen in the 
earlier eloperimmt may be attributed Its the diffar- 
ewes in ‘dhe amount of tissue ( S o 0  mg) and cofactors 
in the reaction mixture. 

TABLE I. ‘Effect of X-Irradiation on Hexobarbi- 
tal Metabolisring Enzyme System in Adult Male 
Rat Liver. (Enzyme activity is exprwsed as pmales 
of drug metabalised per g met weight liver per hour 

2 S.E.) 

X-irradiation (head only) 
Cmt7rol 1 , O R  2,000 R 10,000 R 

~~~ ~ ~ 

11.9 2 0.2 9.5 1.0 6.3 & 0.6 5.4 k 0.8 

periphery of Ithe shield (1/2”, l”, 1 1 / 2 9 ,  
was measured by placing a Victoren dbsim- 
eter inside a phantom (lincolnxhire bolus, a 
speaidly pmpred material containing light 
mgnesium carbomte 13% w/w in a sugar 
base, made by Boots Putre Drug). The 
readings were 18% (at 1/2”), 5.4% (at 1”) 
and 3.7% (at 1 1,/2”) of the total dose 
delivered tn the had .  

b) The radiation dose to the liver was also 
determined directly by placing a V i c t m  
dosimeter, wrapped in plastic, between the 
hepatic lobes of an mesthetised rat and re- 
paating the experiment undm conditions iden- 
tical to the head irradiation of unarmthetisled 
rats. It was found that the liver received 
5-6% of the total dose delivered to the head. 

c) Varying doses of radiation from 1 0 0  R 
and up were delivered to ithe body alone 
(with head shieldd) or liver alone (with the 
remainder of the body shielded). Figure 2 
shows %he results of these studies. Here the 
effects orf radiation of body done are shown 
in relation to the effect of head irradiation. 

It can be seen that doses of 100 or 2 0 0  R 
body or liver radiation p r o d u d  no chaw 
in the enzyme activity in adult liver, while 
dwes af 5 0 0  R and above produced marked 
suppression of ithe hepatic m e  system. 
The maximal amun t  of radiation dsse re- 
ceived by the liver w h  1,OOO R was given to 
the head alone, was 50-60 R. Since there was 
no inhibition af enzyme activity even up to 
2 0 0  R of body imadiation, it is evident t b t  
the inhibition of the hembarbital metabdising 
enzyme system noted in the adult rats after 
1,OOO rn 2 , W  R head irradiation is an 
absmpd effect and is not a result d direct ac- 
tion of radiation on liver. The effect seen at 
the higher radiation doses may be more coon- 
plex and may include both direct and abscopal 
type of effects. 

Hypophysxtomy in early postnatal life 
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utero or during the early postnatal life (total 
body or head alone) produced a supp?.ession 
of the development of hembarbital metahlis- 
ing enzyme system in liver. A k @  in- 
hibition of the hepatic enzyme system after 
x-irradiation was also noted in adult male 
rats, but with higher radiation doses, sug- 
gesting that the central nervous system plays 

but also in the maintenance of optimal level of 
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I .  " 01 enzyme activity in liver. 
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FIG. 3. The response of the h e x o k b k d  metab- 
lising enzyme system in adult male rat liver to a) 
1,OOo R head x-irradaaticm, b) 2,000 R head x-irradi- 
a4ion and d) hypophysectoany are compared. 

has to suppress the nd tance with the radiation plrocedure. 

Grateful xkmledgemerrt is made to the Uni- 
versity of Chiqo canceT ~~~w and 
the Deprtment of Radiology fm use of the radia- 
tion facilities arbd Mr. James Bland for his assis- 

developmental increase of enzyme activity 
s e n  in male rats( 8). I t  is shown in 4.he present 
studies (Fig. 3) that hypophysectomy in addt  
rats (65 days old) also results in an inhibiation 
of the hepatic enzyme system. Although the 
mechanisms underlying Ithe a- effects 
of head irradiation on liver enzyme activity 
cannot be outlined yet, collateral evidence 
suggests that radiation impairment af the hy- 
pophysea,l regulation may be responsible for 
the distamt effects observed. It is also apparent 
from our results that the central nervous sys- 
tem exerts a regulatory role not only in the 
development but also in the maintenance Olf an 
optimal level of enzyme activity in liver. 

Summary. Exposure to m5rradiation in 
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Types A and B botulinal toxins and anti- 
toxins appear to be quite specific as deter- 
mined by animal neutralization tests(1). 
Multiple precipitin bands and crossreactions 
have been observed, h m v e r ,  in gel-diffusion 
tests. Lamanna and Lowenthal(2) showed 
that type A crystalline botulinal toxin f m e d  
two precipitin bands with type A antitoxin in 

the Ouch geldiffusion test and one band 
with type B antitoxin. They demonstrated 
that one of the homologous bands and the 
cross-reacting band were attributable to the 
hemagglutinin in type A toxin and its anti- 
body present in the homologous and het- 
erologous antitoxins. Gendon( 3 ) demonstrated 
numerous bands between crude type A toxin 


