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Although it is clwrly impssible to be 
certain as to what factors lead to i n c m e r l  
small intestinal serotonin concentration in rats 
fed a diet which is deficient in both tryp- 
tophan and niacin, it is felt that this finding 
may explain the diarrhea that is observed in 
pellagrous patients. Furthermore, it may be 
that the elevated levels of serotonin en- 
countered in patients with sprue may be a 
reflection of niacin-tryptophan deficiency. 

Summary. Groups of rats were fed -to- 
phan-deficient diets and niacin-tryptophn 
deficient pellagragenic diets. The former 
group showed significanltly decreased concen- 
trations of serotonin in the small intestine, 
brain, and colon, while pellagrous rats showed 
a significant increase in the small intestind 
serotonin levels and no decrease in the brain 
or colonic concentration was abserved. The 
elevated small intestinal concentration of s- 
rotonin in the N-T deficient rat is considered 

to be compatible with a diarrhea based on in- 
creased intestinal tmotility. 
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Serum Zinc  Levels Following Exposure to Ionizing Radiation." (32450) ' 

M. A. QUAIFE AND R. E. OGBORN (Introduced by H. P. Jacob;) 
Speckl Laboratory of Nuclear Medicine and Biology, Veterans ,4dministra!ion Hospital, 

Omaha, Nebraska 

An investigation of the trace elemenjt zinc 
in serum as an indicator of exposure to 
ionizing radiation was predicated upon the 
role of certiain trace elements in i m p r b n t  
biochemical processes in the living organism. 
Specifically zinc has been idenltified in several 
enzyme systems, i.e., dlehydrogenases and 
pancreatic carboxypeptidwe( 1,2), and alcohol 
dehydrogenase and glutamic dehydrogenase 
( 3 )  in mammalian liver with evidence that 
zinc is the active enzymatic site and its 
presence is indispenszble to their activity 
( 4 3 ) .  

Alteration of enzyme levels in the serum of 
various mammalian species including man 
have been reported foE!owing exposure to sig- 
nificant amounts of ionizing radiation. In  
certain of these repork the enzymes were of 
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the zinc cmtaining metalloenzyme group 
(6-8). By an investigation of the common 
denominator of these systems, i.e., dnc, fol- 
lowing the radiation insult, it was postulated 
that a useful pattern of response might evolve 
allowing application of this parameter as a 
biologic indicator of exposure to ionizing 
radiation. Additional support to this mncept 
was given by Wolff (9) who noted increased 
m u m  zinc levels in patients undergoing ra- 
dia tion therapy. 

MateriaZs and methods. Pure bred Beagle 
dogs (equal numbers of male and female) in 
exlperimenta1 groups d 30 each were u t i l i d .  
The experimental subjects were individually 
irradiated using a Cobalt 60 teletherapy unit 
containing 989 culries of activity while the 
control group received sham irradiation. The 
clinical status of the experimental subjeats 
was monitored throughmt the post-exposure 
period. Radiation was delivered at  5.0 R/min, 
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Entrance Air Dose. The target skin distance 
was 162.5 cm. One half the total dose was 
delivered to each side of the animal. Con- 
stant geometry was rnaintained by a re- 
straining box constructed of one half inch 
thickness of lucite (24” X 12” X 20”). A 
Siemens-Reinigewerke R-meter was used to 
calibrate the irradiaticr unit and to monitor 
each exposure. 

After establishing baseline zinc levels by 
sampling from the external jugular vein using 
20 gauge needls m d  antiseptic precaution, 
the subjects’ zinc levels were determined at 
6, 12, 18, 24 and 108 hours post exposure. 
The zinc level was determined on non- 
hemolyzed plasma samples by spectrophoto- 
metric analysis after diphenythrocarbozene 
complexing of the elemenlt. Percent recovery 
by this method was 100.3% 2 2.1%. 

The data from this study were subjected 
to a mean percent of pre-exposure level trans- 
formation in order to allow for the individual 
biochemical variation in the experimental 
subjects’ bQsal state. 

Results and discussion. The zinc level 
following e x p u r e  is depicted in Fig. 1. The 
group response of the plasma zinc level in 
the dog following irradiation was that of 
elevation above the control group. This pat- 
tern wrds noted in all dosage groups except the 
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100 R group. In  this group there is a sug- 
gestion of a similar response occurring a t  12 
and 18 hours post e x p u r e .  The remainder 
of the dose groups exhibit an elevation dlulring 
the day of exposure and all have returned to 
control levels by 108 hours post exposure. In  
the case of the 500 R group &he group mean 
was below that of the control group at 108 
hours. 

Observation of the physiological state of 
the experimental subjects did not reveal evi- 
dence of gastrointestinal disturbance during 
the time period of sampling. Alteration of 
blood volume does not appear to be a factor 
in the elevation of the serum zinc level. This 
fact is supported by evidence in irradiaked 
beagles indicating a minimal alteration in 
plasma volume in the immediate post-exposure 
F i o d  ( 10). 

The role of trace metal in metabolic proces- 
ses is suggested as a useful a m  of exploration 
in discerning the biochemical alterations fol- 
lowing exposure to ionizing radilation. This 
suggestion is based upon the fac t  tlmt trace 
metals are in m n y  instances the cofactms 
upon which enzyme activity is dependent. 
Alterations of plasma copper and magnesium 
have been reprted(l1)  as well as serum 
manganese( 12). Zinc 2s a cofactor in a num- 
ber of metalloenzymes has been studied for 
its response in extracellular fluid, as re- 
flected in the plasma level, to the effects of 
ionizing radiation In  the species studied the 
pattern of response was that of an increase 
over the pre-exposure level as well as that of 
the control group. The statistical variation 
within groups yielded varying degrees of over- 
lapping. 

As a mirror of the biochemical lesion of 
ionizing radiation, this p a m e t e r  #must be 
related to effects in the total organism. The 
more common endpoint utilized in radiation 
effects is that of lethality. Table I depicts the 
mortality in the experimental groups. 

The dose mortality relationship suggests 
that the dose rate of 5.0 R’min influenced 
this study. The median lethal d m  for this 
species is approximately 3 0  R for acute ef- 
fects. The flattening of the dose mortality 
curve in this investigation with a median 
lethal dose between 5 0 0  R and 600 R in- 
troduces the dose nate $actor as a possible ex- 
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TAHl,E I. 30-Day Mortality Following Exposure 
to Vaxyiiig Doses of Gamma Radiation. 

Dose (R) No. of deaths/group % Lethality 

600 17/25* 68 
500 7/25 28 
400 6 / 2 5  23 
3 (to 1/25 4 
200 0/25 0 
100 0/25 0 

* 5 aiiiiiials cliostw at  rsiidoni froiii each group 
were sacrificetl 011 day 5 f o r  liistopatliologic studies. 

planation of the minimal elevation of Serum 
zinc at  lower total doses of radiation. Altho'ugh 
no linea'r dose response relationship was found 
between groups in this study, the highest dose 
elicited lthe maximal elevation of serum zinc 
level, which was sustained ifor a longer period 
of time. 

The ,technicad assistance of Mr. T. J. Johason, 
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Henry Hahn is gratefully acknowledged. 
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Departments of Psychiatry and Biochemistry, University of North Carolina School of Medicine, 

Chapel Hill 

Several investigations support a possible ils- 

sociation between the acquisition of behavioral 
tolerance and an adaptive increase in alcohol 
dehydrogenase activity in animals subjected 
to chronic alcohol consumption. Solme of bhese 
studies, as reviewed by Hawkins et al(1) 
employed too few animals, others too low a 
doage level, and others Itw toxic a method olf 
dminlisrtration. In this paper we describe the 
rates of C1402 formation after injection of 
ethanol- 1 C 4 ,  acetate- 1 -C14 and glucose-U- 
C14 into rats which (had consumed dilute 
ethanol for up Ito 1 1  months. 

Methods and materials. Male Wisbr rats 
weighing 1 0 0  g were caged in pairs, and were 
allowed to eat a diet of Purina c h w s  ad 
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libitum. The control group consisted of 18 
rats which were given tap water to drink. 
Three experimental groups olf m e  dozen rats 
each were allowed only S % ,  10% or 20% 
solutions of ethanol in tap water for up to 1 1  
months. 

C*407 monitoring system. A Nuclear-Chicago 
Dymacoa (which consisted of an ion.katioln 
cbmber  with a high precision D C  voltmeter, 
a recorder, and an integrator) was used to 
measure rates of metabolism of labeled sub- 
strakes by determining the appearance of 
C1402 in expired air. For measurement of the 
current produced by the ionization ~ h b e r  
we used a method known either as the high 
resistance leak or as the equilibrium voltage 
method( 2 ) .  

Rate of elimination of ethanol. Rats which 
had been drinkinig ethanol from 6% tb 11 
months were injeotecl intrRperiltmdly wilth 


