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duced from 30 to 10 minutes to yield approxi- 
mately equivalent values. The method has 
been successfully tested with over 10,000 pa- 
tient blood samples. The procedure may also 
be used for similar proportional measurements 
with ascitic Auid, tissue homogenates, bac- 
terial suspensions, etc., with no need for exact 
sample volume or calibrated tubes. 
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(Introduced by E. M. K. Geiling.) 

Department of Pharmacology and Division of Neurology, University of Chicago, Chicago, Ill .  

The widespread interest in drugs affecting 
the central nervous system, together with the 
increasing numbers of isotopically labeled 
drugs available in research, has stimulated 
the search for methods of producing auto- 
radiograms of nervous tissue containing com- 
pounds labeled with such soft beta emitters 
as C-14. To date no suitable method has 
been developed for preparing brain autoradio- 
grams for C- 14 containing specimens. Pre- 
vious methods have been described sholwing 
the localization of certain other isotopes not 
only in individual cells but even in inclusion 
bodies ( 1,2 ) . These methods have not, how- 
ever, been applied to such soft tissues as 
brain. 

The autoradiograms described in this pa- 
per, together with supporting differential 
counting data, show the localization of C-14 
labeled isonicotinic acid hydrazide (Iwni- 
azid) and/or its metabulites in gross ana- 
tomical structures of brains, C-14 labeled 
Isoniazid was used as a prototype for these 
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studies because of its known central nervous 
system effects and because i t  has previously 
been shown to localize in the nervuus system 
of mice, rats, and guinea pigs(3). These ob- 
servations on the localization uf C-14 labeled 
Isoniazid have been confirmed by us in rats 
and cats, which were used in the autoradiu- 
graph studies. 

Materials and methods. The Isoniazid 
used in these studies was synthesized by Mur- 
ray and Langham of the Health Division, Los 
Alamos Scientific Laboratories( 4). The com- 
pound was labeled Hn the carboxyl position 
and had a specific activity of 0.031 mc/mg. 
The labeled drug was diluted with normal 
Isoniazid in saline to a concentration of 2.5 
mg/ml with a resultant activity of 34 x loo 
dpm/ml. Adult cats were given an intra- 
peritoneal dose of 10 mg/kg of Isoniazid dis- 
solved in normal saline one hour before being 
anesthetized with pentobarbital sodium. Dur- 
ing anesthesia the chest was opened and per- 
fusion with normal saline begun in order to 
remove the vascular contents from the capil- 
lary bed of the brain. The left ventricle of 
the heart was cannulated and the descending 
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FIG. 1 (left 1.  Autorarliograni of cat brain lienlispliere showing density difference betwecii 
cortex (A)  and underlyiiig white matter (B). Peripheral rini of darkest density could repre- 
sent the rerg active spinal fluid in subarachnoid space or  activity eriiaiiating from perpendicu- 
lar edge of tissue block, or both. l~evelopment tinie, 30 d a y .  Mylar inenibraiie interposed 
between brain slice slid photographic eniulsioii. 

FIG.  2 (right j .  Autoradiogram of coroiial section of ra t  Frail1 illustrating density differ- 
ence between cortex (A)  and subcortical white matter ( K) ,  slid showing intermediate density 
of thalamus (Cj .  Dm-elopment time, 30 days. No Nylar iiienihrane used. Centrally placpcl, ir-  
regular dark areas wprceent art ifact  which is eliminated by tllc iisc of JIy1:ir. 

aorta was clamped. The right heart was 
opened to allow return of the perfusate. Two 
hundred ml of saline was permitted to flow 
through the system during a period of about 
5 minutes. The perfused brains were then 
carefully removed and placed in a deep freeze 
to facilitate slicing. Serial coronal sections 
of approximately 3 mm thickness were made 
freehand with a 10-inch I'alet razor blade, 
and one hemisphere selected for autoradiog- 
raphy. For C-14 assay purposes, grossly 
visible anatomical structures were usually se- 
lected from the opposite hemisphere, but in 
some cases it was necessary to obtain addi- 
tional tissue from the adjacent slice in the 
same hemisphere. I t  was found impractical 
to separate some of the smaller structures 
(globus pallidus-putamen) , and these are rep- 
resented as single tissues in the accompany- 
ing table. Prior to assembly, the tissue slices 
to be used for autoradiography were placed 
on a glass slide and chilled to -26°C: in a 
deep freeze, together with black plastic slide 
boxes (Clay Adams Co., Inc., Cat. Xo. 
A1604 B)  and foam rubber inserts. The unit 
was assembled in the dark room by placing 
Kodak S o  Screen X-ray film on the flow- 
of the box, covering the free surface of the 
tissue on the slide with a thin Mylar (du 
Pont) membrane. and then quickly apposing 
the tissue and film with the interposed mem- 
brane. In our experience the most suitable 
protective membrane was one quarter mil 

type A Nylar, which screened out 26% of 
the beta particles as measured in an open 
window gas flow Geiger counter. Firm ap- 
position of the tissue slice to the plastic pro- 
tected photographic emulsion was maintained 
by placing the foam rubber insert over the 
inverted glass slide and adherent tissue before 
closing the slide box. The assembled units 
thus prepared were sealed with black elec- 
trical tape (Minnesota Mining and Mfg. Co. 
No. 33), and stored at  -26°C for 30 days to 
allow development of the autoradiogram. It 
is imperative that the dark room operation be 
carried out rapidly in order to prevent warm- 
ing of the tissue with resultant softening and 
distortion due to the slight pressure of the 
foam rubber. If several autoradiograms are 
to be prepared at  the same time, a pan of 
dry ice may be used in the dark room to keep 
the boxes chilled and the tissue slices frozen 
during the required manipulations. After the 
30-day exposure, the film was allowed to 
come to room temperature before processing. 
The tissue slices may be fixed in neutral for- 
malin for comparative study. 

Results. I t  may be seen from the illustra- 
tions (Fig. 1 and 2 )  that there is a well de- 
fined differential density between various ana- 
tomical structures of the brain. I t  is signifi- 
cant that the relative density of the labeled 
Isoniazid autoradiograms in the various brain 
areas is similar to the differential radioactiv- 
ity of the equivalent anatomical areas as 
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TABLE I. Activity of C-14 Labeled Isoniazid in 
Brain Tissues of the Cat. See also Fig. 1. Data by 

direct plating (6) .  

apm/mg 
Tissue dry wt 

Cerebellar cortex 
Cerebral " 

Hippocampus 
Caudate nucleus 
Thalamus 
Cerebral white matter 
Globus pallidus-putamen 
Pyramids 
Brain stem 
Centrum of brain stem 
Cerebellar white matter 
Cerebrospinal fluid 

466 
451 
430 
373 
380 
220 
233 
175 
216 
179 
197 
3485" 

* dpm/ml. 

demonstrated by gross dissection and radio- 
assay (Table I ) .  For example, the cerebral 
cortex shows an activity of 451 dpm as com- 
pared with 220  dpm in the cerebral white 
matter when calculated on a dpm/mg of dry 
weight basis. No comparable densitometer 
measurements of the films were made. 

It is to be noted that those areas of local- 
ization of C-14 Isoniazid or its metabolites as 
indicated by the denser areas of the autora- 
diogram (Fig. 1)  correspond to the density 
of the capillary bed in cortex and white mat- 
ter of the cat brain, as measured by Hough 
and Wolff ( 5 ) .  To determine what relation- 
ship might exist between drug concentration 
and vascularity in the central nervous system, 
time studies with C-14 labeled Isoniazid and 
other radioactive compounds are in progress. 
1-131 labeled serum albumin, which is re- 

tained within the vascular system, will be 
used to determine the relative vascularity of 
various brain areas and the adequacy of the 
saline perfusion. 

Summary. Gross autoradiograms of brain 
slices containing C-14 labeled Isoniazid, to- 
gether with supportive data from radioactiv- 
ity assay, are presented to show the differen- 
tial localization of Isoniazid in brain tissue, 
and the technic is described. Future studies 
to determine the relationship between brain 
vascularity and brain drug content are indi- 
cated. 

ADDENDUM: The authors have found that 
aluminized Mylar gives autograms that are 
superior to those prepared by using non- 
metalized Mylar if more than 30 days ex- 
posure time is required. 

mil Mylar may be obtained 
from the Metalized Products Co., Inc., 29 
Knight St., Norwalk, Csnn. 

Aluminized 
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