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In  an  earlier w ork  i t  has been show n b y  dye techn iques (China in k , try p a n e  
b lu e , m ethy lene  blue) th a t  a ly m p h a tic  com m unication  ex ists betw een  th e  
m ucosa of th e  n a sa l sep tum  an d  th e  cran ia l c av ity , inasm uch as th e  lym ph 
flow ed from  th e  m iddle  and  poste rio r th ird s  o f th e  sep ta l m ucosa to w ard  th e  
c ra n ia l cav ity . In  th a t  w ork ev idence was o b ta in ed  showing th a t  th e  dye 
reach ed  n o t only th e  subarachno idal space, b u t also th e  h y p o th a lam u s and  
in  th is  w ay  co n trib u ted  as y e t undescribed  in fo rm ation  [1].

T he existence o f th e  connection  hav in g  th u s  been estab lish ed , a new  
q u a n ti ta t iv e  m eth o d  has been soug h t for an d  found in  th e  use o f rad ioactive  
iso topes.

The resu lts ob ta in ed  being closely id en tica l, i t  seems th a t  th e  chem ical 
p ro p ertie s  o f th e  rad ioactive  in d ic a to r  d id  n o t in terfere  decisively w ith  th e  
re lia b ility  an d  accu racy  of th e  m eth o d .

W ith  reg a rd  to  th e  above p o in ts  of view , we have used  T h orium  В and  
P 3a. H e v e s y  [2] d e tec ted  su b s ta n tia l am oun ts o f P 32 in  th e  cereb ral co rtex  
a f te r  in trav en o u s in jec tion . T o b i a s , B e r t r a n d  an d  W a i n e  h av e  show n th e  
p resence  of A u198 in  th e  cerebral co rtex , in  th e  w all o f th e  la te ra l  ven tric le  
a n d  in  cerebral b lood vessels a f te r  in trav en o u s ad m in is tra tio n  carried  ou t 
u n d e r physiological conditions [3]. B a k a y  [4] s tu d ied  th e  d is tr ib u tio n  of tra c e r  
e lem en ts  in  th e  cen tra l nervous system  a fte r  in tra th e c a l an d  in trav en o u s 
in jec tio n . On th e  o th e r han d , in  th e  rep o rts  dealing  w ith  th e  flu id  circu lation  
o f  th e  n a sa l m ucosa to  our best know ledge no m ention  has been m ade of inves
t ig a tio n s  involv ing  th e  use o f rad io ac tiv e  isotopes.

Materials and methods

In  p a r t  of th e  experim ents th e  lead  iso tope T hB  h as been used. A few  te n th s  m l o f 
0,2 N  P b (N 0 3)2 ad d ed  to  th e  rad ioactive  p re p ara tio n  have  been used as carrier. T he resu lts  
o f th e  T hB  experim ents needed no o th e r correction  th a n  th e  deduction  of th e  n a tu ra l effect. 
T h e  th in  sam ples absorbed  so little  o f b e ta  ra y s  th a t  au to ab so rp tio n  could be  ignored. T he 
re su lts  are given fo r w eigh t u n it.

In  th e  P 32 (b u ilt in to  H 3P 0 4) s tu d ies  th e  sam ples were ad ju s ted  to  eq u al in ac tiv e  m a te 
r ia l p e r  surface u n it an d  were p repared  fro m  th e  d ry  residue of single d igested  te s t  substances.
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T h u s, au to ab so rp tio n  w as negligible. T he am o u n t o f rad io ac tiv e  isotope in troduced  in to  th e  
organism  was 0,1 m C in  ra ts  and  0,2 mC in  rab b its .

M easurem ents w ere  m ade b y  m eans of an  end-w indow  cou n te r tub e , ab o u t 5 to  6 hours 
a f te r  injection. To en su re  an  equal geom etrical d is trib u tio n , th e  sam ples w ere p laced  in to  
leaden  draw ers in  th e  lead en  cover of th e  tu be.

T w enty  a d u lt m a le  ra b b its  and 60 a d u lt m ale ra ts  w ere used  in  th e  experim ents. T he 
so lu tion  con tain ing  th e  rad ioactive  isotope was in jec ted  in to  th e  m iddle th ird  of th e  sep ta l 
m ucosa, as i t  h ad  b een  done in th e  dye series. T he p H  of th e  in jec ted  so lu tion  w as 6. The 
anim als were sacrificed a f te r  15, 30, 45, 60, 75, 90 an d  120 m inu tes. The b ra in  w as d iv ided  
in to  th e  following p a r ts  : o lfactory  lobe, fro n ta l lobe, tem p o ra l lobe, occip ital lobe, h y p o th a la 
m us, hypophysis, cerebellum , pons and oblong m edulla. In  some cases cen tres in  th e  basal 
ganglia, corpora q u ad rig em in a  were also exam ined for a c tiv ity .

The controls w ere  given 0,5 m l o f th e  so lu tion  co n ta in ing  th e  rad ioactive  iso tope sub
cutaneously , in tra v en o u s ly , or in trap erito n ea lly  and  were sacrificed a t  th e  sam e tim e as th e  
experim en tal anim als.

Results

In  b o th  th e  T h B (N 0 3)2 an d  th e  H 3P 320 4 series th e  labelled  ion reached  
its  m axim um  c o n cen tra tio n  in  th e  cen tra l nervous system  60 m in u tes  follow
ing  in jection , in  c o n tra s t  wdth th e  in trav en o u s experim en ts. This fac t offers 
p ro o f th a t  th e  ra d io a c tiv e  isotope in jec ted  in to  th e  n a sa l m ucosa reached  th e  
cen tra l nervous sy s te m  th ro u g h  an o th e r ro u te  an d  in  sh o rte r tim e  th a n  a fte r  
in trav en o u s a d m in is tra tio n .

As to  d is tr ib u tio n , i t  was rem arkab le  th a t  in  o u r experim ents th e  a c tiv ity  
o f th e  hypophysis w as significantly  low er th a n  th a t  o f th e  h y p o th a lam u s. 
T his is in  sharp  c o n tra s t  w ith  w h a t H e v e s y  [2] has observed a fte r in trav en o u s 
ad m in is tra tio n , w hen  88 per cent o f th e  in jec ted  rad ioactive  iso tope were 
d em o n stra ted  in  th e  p i tu i ta ry  and  corpus p ineale . In  th is  connection  reference 
is m ade to  th e  s tu d ie s  by  B o r e l l  an d  Ö r str o m  [5] in  w hich considerab le 
am o u n ts  of th e  in tra p e rito n e a lly  in jec ted  P 32 accum ulated  in  th e  choroid 
p lexus and  in  th e  w all o f th e  la te ra l ven tric les. In  o u r stud ies w ith  ThB  i t  wras 
in ten d ed  to  e lu c id a te  ev en tu a l differences in  to ta l  b ra in  a c tiv ity  a fte r  ad m in 
is tra tio n  th ro u g h  d iffe ren t rou tes. The resu lts  h av e  been ta b u la te d  (Table I)

Table I

D istribu tion  o f  T h B (N 0 3)2, 30 m inutes after injection

R oute Brain Liver muscle Number of
of adm inistration

discharges/min/g rats

In tran asa l 120,3 27,6 5
Subcutaneous 59,0 223,0 3
In trav en o u s 67,4 294,0 3

In trap e rito n e a l 48,0 1500,0 3

I t  is obvious fro m  th e  d a ta  in  T able  I  t h a t  T hB  in tro d u ced  in to  th e  m idd le  
th ird  of the  n asa l m u co sa  reached in  th e  cen tra l nervous system  a co n cen tra tio n



RA DIO A CTIV E ISOTOPE STU D IES 7 7

tw ice as h igh  as th a t  a t ta in e d  b y  in jection  th ro u g h  e ith e r  th e  in trav en o u s, 
o r th e  subcu taneous, or th e  in tra p e rito n e a l ro u te . On th e  o th e r  h a n d  in  p a re n 
chym al organs an d  d ifferent tissues low levels resu lted  a f te r  in tra n a sa l a d 
m in is tra tio n  and  high levels w ith  th e  la t te r  m eth o d s. The resu lts  for liver and  
m uscle, tw o organs rich ly  supp lied  w ith  blood an d  th u s  rep re sen ta tiv e  are 
p resen ted  in  T able I . I t  shou ld  be added as e x p lan a tio n  t h a t  th e  rad ioactive  
in d ic a to r  in jec ted  in to  th e  n a s a l m ucosa en te red  d irec tly  th e  CSF space. B a k a y  
[6] h as  rep o rted  th a t  th e  rad io ac tiv e  isotope reaches th e  b ra in  sooner an d  in 
h igher concen tra tion  if  in jec ted  in tracy ste rn a lly .

I t  h as  been also found  (B a k a y  [4]) th a t  th e  iso tope adm in iste red  in t r a 
cistern  a lly  is dem onstrab le  a f te r  30 m inutes th ro u g h o u t th e  b ra in  (except 
in  th e  fro n ta l lobe and  th e  c a u d a l cord). This shows th a t  th e  ro u te  of th e  iso tope 
a fte r  n a sa l in jection  is som ew hat different from  th a t  ad m in is te red  in tra c y s te rn 
ally .

Table II

The distribution o f  intranasally injected thorium  В  in  the brain

Animal,
No.

Amount demonstrated Discharge/gram Discharge/minute

1 2  3 4 total gram

I .........................
29.80

M g '

8.00
0(259

1.55
0,014

58.96
0,307

98.31
07880 g 1 1 1 ,7 /g

и .........................
41.64
07261

18.84
07777$

11.64
0,020

36.84
0,240

108.96
0(794 137,2/g

h i .........................
8.2

0,257
5.4

0 ,200
1.2

P Ï 6
6.6

0,347
21.4
0 ,820 25,8/g

IV .........................
28.4

07233
15.4

0,261
14.4

0,7)25
22.0

0(328
80.2

0,837“ 95,8/g

V...........................
67.4

0.222
58 .4

0 ,261
6.6

0,025
16.4

0 ,349
148.8
0 ,857 173.6/g

V I.........................
10.0

0,252
56.0

0 ,2 6 4
3.0

0,028
13.4

0 ,309

82.4
0 ,854 96,6/g

T o ta l : ............
185.4
l(5 Î5

162.0
1(518

38.19  
1 0,128

154.2
ï(8 8 0

E /m in
gram 122.4 106.7 298.3

1
82.02 —

1. L eft fro n ta l lobe.
2. R ig h t fro n ta l lobe.
3. H ypothalam us.
4. P a rie ta l, occipital lobes, cerebellum .
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In  our experim en ts th e  a c tiv ity  o f th e  fro n ta l lobe developed sooner 
a n d  was higher, because th e  rad io ac tiv e  iso tope reached  th e  CSF space from  
th e  an terio r scala. T his is consisten t w ith  th e  s ta te m e n t m ade b y  B a k a y  [6] 

th a t  th e  p a rts  of th e  b ra in  ad jacen t to  th e  CSF space develop a h igher a c tiv ity .
In  our stud ies on th e  d is trib u tio n  o f th e  tra c e r  in  various p a r ts  o f the  

b ra in  the  following resu lts  were o b ta in ed . The h ighest n u m b er of discharges 
p e r  gram  w eight w as fo u n d  in  th e  h y p o th a lam u s. T he fro n ta l lobe exh ib ited  
a b o u t 1/3 of th is  a c tiv ity , w hile th e  a c tiv ity  in  o ther cereb ral areas (as com pared 
to  th a t  in  th e  h y p o th a lam u s) teas in sign ifican t. In  th is  case th e  an im als were 
k illed  20 m inu tes a f te r  in jec tio n  (T able I I ) .

To elim inate a d so rp tio n  an d  radiocollo ids, in ac tiv e  lead  was added  to  
th e  solutions con ta in in g  th e  rad ioac tive  iso tope. In  these  experim en ts perform ed 
in  10 ra ts  i t  was found  th a t  T hB  accu m u la ted  in  th e  h y p o th a lam ic  region, 
b u t  considerable am o u n ts  w ere d e tec tab le  also in  th e  b asa l ganglia. This tim e  th e  
m easurem ents were m ad e  30 m inu tes a fte r  in jection  (T able I I I ) .

Table II I

A ctiv ity  o f  different p a rts o f  the brain

Part of brain tested Measured
value Discharges/ m inute/g

F ro n ta l an d  o lfac tory  
lobes

367,5  
0 ,4 7 2  g 7 7 8 ,7/g

H ypotha lam us
57,5

0 ,022  g 2 6 1 3 ,6/g

B asal ganglia
39,0  

0 ,030  g 1300 ,0/g

T em poral lobe
124,2

Ô /3 Ï3 g
3 9 6 ,8/g

Cerebellum , oblong 
m edulla

84,0
1 ,2 5 0 g 6 4 ,7/g

In  th e  course o f th e  investiga tions th e  question  arose, w h a t changes 
occur a fte r in jec tion  in  th e  ac tiv ities of CSF, blood a n d  b ra in  and  how  are 
th e se  correlated  d u rin g  th e  period of observation?  To e lucidate  th is  p o in t, 
th e  above values w ere followed up  over periods of from  15 to  120 m in u tes  a fte r 
in jec tio n  (6 rab b its). T he resu lts  are p resen ted  in  F ig . ] .

U n til 30 m in u tes  a f te r  in jec tion  th e  a c tiv ity  of CSF increases steep ly , 
show ing no su b s ta n tia l a lte ra tio n  during  th e  n ex t 2 ho u rs . This ind ica tes th a t  
T h B  passes slowly from  th e  CSF in to  venous blood. T he curve for to ta l  b ra in  
a c t iv i ty  increases for 15 to  30 m inu tes, th e n  runs p a ra lle l (a t a lower level)
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w ith  CSF a c tiv ity . The a c tiv ity  o f blood showed no su b s ta n tia l changes during  
th e  120-m inute observation  period .

Fig. 1. A ppearance o f iso tope T hB  a fte r  in jec tio n  in to  th e  n asa l m ucosa 
1 : I n  CSF; 2 : in  bra in ; 3 : in  blood

To m ake longer observation  possible, s im ila r experim en ts have been 
carried  o u t w ith  P 32, w ith  th e  difference th a t  in  these  series th e  controls, to o , 
were te s te d  for a c tiv ity  in th e  CSF and  th e  b lood. The resu lts  are  shown in  
F ig . 2.

3000-j \

Fig. 2. 1 : A fte r in trav en o u s in jec tio n , in  blood; 2 : a f te r  in tra n asa l in jec tio n , in  blood; 
3 : a f te r  in tra n a sa l ad m in istra tion , in  CSF; 4 : a f te r  in trav en o u s a d m in is tra tio n , in  CSF

I t  w as found  th a t ,  a f te r  in trav en o u s in jec tio n , P 32 reach ed  a very  h igh  
in it ia l  co n cen tra tio n  in  blood an d  a fte r  12 h o urs, a lthough  i t  w as su b stan tia lly  
low er th a n  th e  in itia l value, th e  level was ab o u t 3 tim es as h igh  as th a t  a tta in e d  
b y  using  th e  n a sa l m ucosa ro u te . A fter ris ing  for abou t 3 ho u rs , th e  a c tiv ity  
o f CSF decreased , fa s t a t  first an d  slowly la te r .
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A fter in jec tion  in to  th e  n a sa l m ucosa the  blood level rem ained  low, while 
th e  a c tiv ity  o f th e  CSF was s till a b o u t tw ice as h ig h  as th a t  observed  after 
in trav en o u s ad m in is tra tio n . A fter 12 hours the  CSF a c tiv ity  curve began  to  
decline, b u t i t  w as s till h igh above th e  curve of CSF a c tiv ity  in  th e  controls.

D iscussion

The rad io ac tiv e  isotope ex p erim en ts  have fu lly  borne ou t th e  results 
o b ta in ed  b y  dye techn iques. I t  shou ld , how ever, be n o ted  th a t  for certain  
isotopes b lood-brain  b a rrie r does n o t ex ist.

I t  is know n from  th e  lite ra tu re  t h a t  only sm all am oun ts of p a ren te ra lly  
in tro d u ced  rad io ac tiv e  isotopes (Cu64, I 331, Cl36, S35 an d  Z n65) were dem onstrab le  
in  th e  b ra in  [7, 8, 9, 10, 11].

In  co n trast w ith  th is , our ta b u la te d  d a ta  rev ea l th a t  considerable p ro 
p o rtions of th e  rad io ac tiv e  isotopes T hB  and  P 32, respective ly , e n te r  th e  brain  
w hen  in jec ted  in tra n a sa lly . The d is tr ib u tio n  in  th e  b ra in  of th e  rad ioactive  
iso tope in jec ted  in to  th e  nasa l m ucosa is s ign ifican tly  d ifferent from  th a t  
recovered a fte r in trav en o u s  ad m in is tra tio n . In  te rm s o f  th e  a rb itra ry  a c tiv ity  
u n its  per gram  w eight th e  following differences were fo u n d  in  th e  b ra in  ; ThB 
in tra n a sa lly  : 120,3, subcu taneously  59,0, in trav en o u sly  67,4 an d  in trap eri- 
to n ea lly  48,0. T hus, th e  in tra n a sa l va lu e  was abou t tw ice as high. As regards 
th e  ac tiv ities of liv er an d  m uscle, a s im ilar com parison  will show th e  in tra 
n a sa l inoculation  to  produce an  a c tiv i ty  no t am o u n tin g  to  m ore th a n  a m ere 
o n e -ten th  or o n e-six tie th  of th a t  p roduced  b y  a d m in is tra tio n  b y  o ther p a ren te ra l 
rou tes.

B rain  a c tiv ity , as expressed in  th e  above a rb itra ry  un its , reaches the  
p e a k  a fte r  30 to  60 m inu tes, an d  begins to  decrease a f te r  2 hours. T he CSF 
curve shows an  a lm o st paralle l course, while th e  a c t iv i ty  in  blood increases 
slowly. F rom  th is  i t  foliotes th a t  d u rin g  th e  first 2 h ou rs of ex am in a tio n  the  
rad ioac tive  iso tope co n ten t of th e  cereb ra l vessels m ay  be ignored when ev a lu a
tin g  th e  effect in  th e  b ra in .

In  his stud ies on th e  d is tr ib u tio n  in  th e  cen tra l nervous system  o f in tra - 
cy ste rn a lly  or in trav en o u sly  in jec ted  P 32, B a k a y  [4] found  th a t  on in tra 
venous ad m in is tra tio n  th e  h ighest a c t iv i ty  was reached  in  th e  p itu ita ry , while 
on  in tra c y s te rn a l in jec tion  the  rad io ac tiv e  isotope a tta in e d  its  h ig h est con
c e n tra tio n  in  tissues ad jacen t to  th e  aq u ed u c t an d  choroid  p lexus, w ith  only 
v e ry  sm all am ounts d e tec tab le  in  d iffe ren t p a rts  o f  th e  b ra in . These resu lts 
c an  be explained  b y  th e  rem ark ab ly  a b u n d a n t vascu la risa tio n  of th e  p itu ita ry  
a n d  com pare in te re s tin g ly  w ith  o u r re su lts .

In  our in tra n a sa l experim ents th e  olfactory  lobe, fro n ta l lobe, tissues 
a d jacen t to  th e  la te ra l  ven tric le  a n d  th e  h y p o th a lam u s exh ib ited  a s trong
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a c tiv ity . In  connection  w ith  th e  h y p o th a lam u s i t  m ay  be suggested  th a t  in  it  
th e  re la tiv e ly  h igh  concen tra tion  o f rad io ac tiv e  isotope can be exp la ined  b y  
th e  a b u n d a n t v ascu la r supply  of th a t  a rea  an d  b y  absense o f a b lood-brain  
b a rrie r . The h igh  a c tiv ity  in th e  b asa l ganglia m ig h t have also been  due to  th e ir  
favourab le  c ircu la tion . In  earlier in v e s tig a tio n s  m ade by  in jec tin g  dye in to  th e  
n a sa l m ucosa we succeeded in  follow ing u p  b y  gross ex am in a tio n  i ts  course 
on th e  cerebral base  to  the  h y p o th a lam u s.

In  the  p resen t s tu d y  we have  succeeded again  to  prove t h a t  th e  blood- 
b ra in  b a rrie r  can  be by-passed in  th e  w ay  described earlier an d  to  co n tribu te  
q u a n tita tiv e  d a ta  concerning th e  d is tr ib u tio n  in  th e  cen tra l nervous system  
o f th e  in jec ted  te s t  substances. K r o m p e c h e r  e t  al. [12] have m ad e  use of these 
investig a tio n s in  th e ra p y , w hen th e y  in stilled  insulin  and  strep to m y c in  on 
th e  nasa l m ucosa.

SU M M A RY

The q u a n tita tiv e  d istribu tion  in  th e  c en tra l nervous system  of rad io ac tiv e  isotopes 
(T hB  and  P 32) in jec ted  in to  the  n asa l m ucosa h as been  studied .

I t  h as been  found  th a t  :
1. The g rea tes t p roportion  of th e  rad io ac tiv e  iso tope th u s  in tro d u ced  is  accum ulated  

in th e  hy p o th alam u s, w ith  considerable am o u n ts  p re sen t also in  th e  b asa l ganglia , o lfactory  
lobe an d  fro n ta l lobe.

2. T he p eak  of CSF and b ra in  a c tiv ity  is a tta in e d  60 m inutes follow ing in jec tion .
3. The rad io ac tiv e  isotope in jec ted  in to  th e  n asa l m ucosa is absorbed  a t  a  h igher ra te  

th a n  th a t  in jec ted  e ith e r subcutaneously  or in travenously .
4. T he a c tiv ity  reached  in  th e  b ra in  a fte r  th e  in tra n asa l ad m in is tra tio n  surpassed  in  

ev ery  case th e  a c tiv ity  m easured a fte r  in tra v en o u s  or subcutaneous in jec tio n . O n th e  o ther 
h an d , th e  p a renchym al organs showed a  considerab ly  low er activ ity .

5. O bservations continued over p rolonged periods revealed  th a t  th e  co n cen tra tio n  of 
rad io ac tiv e  P 32 did n o t  decrease in th e  CSF even as la te  as 6 hours a fte r in jec tio n .
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