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Depletion and Repletion of Noradrenal ine in Adrener~ic Nerves  of the Rat after Decaborane Treatment  

Decaborane (B~0H~a) has been reported to deplete the 
rat  brain ~ and peripheral organs of the rabbit  ~,~ of 
noradrenaline (I~A). The NA content  is readily restored 
to about  normal levels after an injection of NA ~-a with 
an apparently normal subcellular distribution. 

As to the mode of action of decaborane, M~.gg~TT and 
SCHU~WZ ~ have produced evidence to show tha t  i t  
inhibits the decarboxylation of DOPA, apparent ly by 
inactivation of the co-factor pyridoxal-5'-phosphate s. 

The depletion is enhanced by cold exposure ~ which 
increases sympathet ic  nerve act ivi ty  s. Moreover, BVGDE- 
MAN and EUL~R ~ have shown tha t  electrical st imulation 
of sympathetic  nerves in decaborane-treated animals 
rapidly becomes inefficient, indicating transmission failure 
owing to lack of available transmitter.  

The presence of noradrenaline and other amines in 
the adrenergic nerves can be studied with the aid of the 
histochemical fluorescence method of FALCK and HIL- 
LAR~, see ~°-~. Recent  experiments suggest tha t  this 
method can be used, even in a semiquant i ta t ive way, 
with good accuracy ~s. 

The aim of the present work was to study the effect 
of decaborane on the NA content in the adrenergic 
nerves of ra t  iris with the fluorescence histochemical 
method and the effect of exogenous NA after depletion 
with a particular view to its cellular localization. 

Material and methods. Sprague-Dawley rats weighing 
about  200 g were used. In some animals the left side iris 
and submaxillary gland were decentralized by cutt ing 
the sympathetic  t runk at various t ime intervals before 
death. In some animals the right cervical sympathetic  
t runk was electrically stimulated for 80 min with 10 
biphasic impulses per sec (for details cf. MALMFORSl°). 

After killing the animals by decapitation, the eyes 
were removed, and the irises prepared, stretched and 
mounted on a slide, dried and treated with formaldehyde 
gas of optimal humidi ty  and examined in a fluorescence 
microscope (for details cf. MALMFO~sl0). From some 
animals the submaxil lary glands were removed and 
analyzed fluorimetrically for NA. 

The following drugs were used: Decaborane, kindly 
given to us by Dr. A. A. WYKES, was dissolved in a 
small amount  of ethyl alcohol, diluted with saline and 
used immediately.  I t  was given in doses of 15-30 mg/kg 
i.p. Reserpine (Serpasil ®, 10 mg/kg i.p.). (--)-Noradrena- 
line bitartrate,  0.1 mg/kg calculated as base i.v., 15 min 
before death. Desipramine (DMI 25 mg/kg i.p.), 30 min 
before the NA. Nialamide (100 mg]kg i.p.), 1-6 h before 
death. 

Results. The fluorescence of the adrenergic nerves due 
to their  content  of endogenous NA in normal ra t  iris 
(Figure 1) has been described earlier x°. 

Depletion with decaborane. The effects of decaborane, 
15 and 30 mg/kg, on the fluorescence intensity of the 
adrenergic nerves in the rat  iris are shown in Table I :  
2 4 h  after the highest dose of decaborane the nerve 
fluorescence was very markedly  reduced and only faint 
streaks of fluorescence could be seen, mainly in the 
varicosities and in the non-terminal  axons (Figure 2). 
A few single terminals It showed a somewhat stronger 
fluorescence (cf. MALMFORS and SACHS14). In  the decen- 
tralized iris from the decaborane-treated animal the 
fluorescence was almost normal (Table I, Figure 3). The 
fluorescence of the adrenergic nerves in the animals given 
decaborane 24 h and nialamide 6 h before death was 
clearly stronger than tha t  in the control animals not  
given nialamide (Table I). 
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Stretch-preparations of rat  irises mounted whole. The ground- 
plexus of the adreuergic terminals above the dilator muscle is seen 
with varying fluorescence intensity due to the pretreatment of the 
animals. Besides the ground-plexus strands of smooth-looking 
ground-plexus can be seen. All figures x 200. 
Fig. 1. Normal animal. Strongly fluorescent terminals with pro- 
nounced varicosities and weakly fluorescent non-terminal axons. 

Table I. The fluorescence intensity of the adrenergic nerves in the 
rat  iris after treatment with decaborane 

Dose Time after the injection (h) 
mg/kg 24 48 72 

15 + + .  (3) 
30 (+)  (10) 
30 and nialamide + + (4) 

100 mg/kg 6 h before death 
30 and decentralization + + + (6) 

+ + (3) 
(+) (4) + (3) 

Number of animals in parenthesis. • Key to the symbols: + + + ,  
strong fluorescence; + + ,  medium fluorescence; +,  weak fluor- 
escence; (+ 1, very weak fluorescence. 
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Fig. 2. Decaborane 30 mg/kg for 24 h, intact iris. Very weakly 
fluorescent terminals, mainly varicosities, and non-terminal axons. 

Fig. 3. Same animal as Figure 2 but iris decentralized shortly before 
the administration of decaborane. The fluorescence is the same as 
in the normal animal. 

Table II. Restitution of the specific fluorescence of the adrenergic 
nerves of rat iris with NA (0.1 mg/kg i.v. given 15 rain before death) 
with or without preceding nialamide (100 mg/kg 1-2 h before). All 
animals were given decaborane (30 mg/kg 24 h before) and in some 
cases reserpine (10 mg/kg i.p. 30 min before the NA) or DMI (24 mglkg 
i.p. 30 min before the NA) 

Pretreatment NA Nialamide 
+ NA 

Decaborane + + +~ (7) + + + (7) 
Deeaborane + reserpine (+) (3) + + + (3) 
Decaborane DMI (+) (3) + 

Number of animals in parenthesis. ~ Key to the symbols: see Table I. 

Table III. NA content, ~tglg, in the normally innervated and the 
7-10 days previously decentralized rat submaxillary gland after 
15-20 mg]kg deeaborane i.p. 24 h prior to removal of glands 

Normal gland NA (tzg/g) 
1.4 4- 0.12 

After decaborane 
Control 0.55 4- 0.11 
Decentralized 1.0 4- 0.06 

M4- S.E.M. 

W h e n  the  cervical  s y m p a t h e t i c  t r u n k  was  electr ical ly  
s t imu la t ed  for 80 min,  60 rain a f te r  30 mg/kg  decaborane ,  
t he  f luorescence in t he  s t i m u l a t e d  iris d i s a p p e a r e d  to  a 
g rea te r  e x t e n t  t h a n  in t he  u n s t i m u t a t e d  one  which  st i l l  
h a d  nea r ly  no rma l  f luorescence.  

Restitution of the N A  content after decaborane by N A -  
injection. W~hen d e c a b o r a n e - p r e t r e a t e d  an imal s  ( 2 4 h  
before) were  g iven NA 0.1 mg /kg  i.v. 15 ra in  before 
sacrifice, t he re  was a m a r k e d  r e s t i t u t i on  of the  fluor- 
escence (Table II ,  F igure  4). The  in t ens i ty  of t he  fluor- 

escence was  a b o u t  t h e  s ame  as in an  u n t r e a t e d  animal .  
F u r t h e r m o r e  t h e  var icose  appea rance  of t h e  adrenerg ic  
t e rmina l s  was  a b o u t  t h e  s ame  in b o t h  cases and  the  
same as in u n t r e a t e d  animals ,  whereas  t he  n o n - t e r m i n a l  
axons  were  r a t h e r  weak ly  f luorescent  b o t h  in u n t r e a t e d  
and  in an imals  t r e a t ed  wi th  NA. Af te r  DMI (25 mg]kg),  
NA caused  no r e s t i t u t i on  of t he  f luorescence (Table II ,  
Figure  5). Af te r  reserp ine  the re  was  a clear  r e s t i tu t ion  
of t he  f luorescence in t he  iris dep le ted  by  decaborane  
only  if t he  NA was  p receded  by  n ia lamide  (Table II ,  
F igure  6), a l t h o u g h  t h e  appea rance  was  d i f fe ren t  f rom 
t h e  n o rma l  one. The  t e rmina l s  were  s m o o t h  and  t h e  
n o n - t e r m i n a l  axons  were  p ronounced  lo. 

Depletion of N A  in the normal and decentralized rat sub- 
maxillary gland after decaborane. As s h o w n  in Tab le  I I I ,  
s y m p a t h e t i c  decen t ra l i za t ion  of t h e  g land (7-10 days  
before) g rea t ly  reduces  t he  dep le t ing  effect  of decaborane ,  
which  is in a g r e e m e n t  w i th  t he  resul ts  on iris f luorescence.  
A m a x i m a l  dep le t ion  of NA was  no t  a imed  a t  in these  
animals .  

Af te r  decen t ra l i za t ion  the  submax i l l a ry  g lands  showed 
an increase in weigh t  of abou t  10% 15 

Discussion. The  dep le t ion  of t he  adrenerg ic  t r a n s m i t t e r  
in t h e  s y m p a t h e t i c  nerves  of t h e  r a t  iris by  decaborane  
as d e m o n s t r a t e d  b y  t h e  f luorescence h i s tochemica l  
me t h o d ,  is in good a g r e e m e n t  w i t h  earl ier  r ep o r t ed  f ind-  
ings f rom o t h e r  o rgans  in wh ich  t h e  NA c o n t e n t  was  
d i rec t ly  d e t e r m i n e d  *. The weak  f luorescence of t h e  iris 
nerves  a f te r  h igh  doses of decaborane  m i g h t  even  ind ica te  
a r educ t ion  below 10% of t h e  no rma l  value le. 

The  t ime  course and  especia l ly  t he  morphologica l  
p ic tu re  of the  r emain ing  f luorescence wi th  a few s t rong ly  
f luorescent  axons  and  t e rmina l s  is s imi la r  to  t h a t  seen 
a f te r  t he  t y r o s i n e h y d r o x y l a s e  inh ib i to r  H44/68, t h e  
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Fig. 4. 24 h after decaborane 30 mg]kg, NA (0.1 mg]kg i.v.) has 
been given 15 rain before death. The restituted fluorescence is the 
same as in a normal animal. 
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Fig. 6. The same treatment as in Figure 4 but in addition nialamide 
(100 mg/kg) and reserpine (I0 mg/kg) was given 2 h and 30 min 
before the NA respectively. There is a marked restitution of the 
fluorescence but the terminals are not as varicose as in Figure 4 
and the non-terminal axons are more pronounced. 

also ind ica ted  by  the  p resen t  expe r imen t s .  W h e n  the  
u p t ak e  of NA in to  t h e  amine  s torage  granules  is impai red ,  
as a f te r  reserpine ,  N A  is t aken  up  and  s to red  in all 
l ikel ihood ex t ragranu la r ly .  This  a ccumula t i on  is mark -  
ed ly  p o t e n t i a t e d  by  inhib i t ion  of MAO. Af te r  decaborane ,  
however ,  MAO has  ve ry  l i t t le  ef fect  on t h e  r e a p p e a r a n c e  
of f luorescence a f te r  in jec t ion  of NA, sugges t ing  t h a t  in 
th is  case u p t ak e  of NA is essent ia l ly  in t he  granules .  
E v e n  w h e n  decaborane  is g iven sho r t ly  before  t he  
a d m i n i s t r a t i o n  of NA, i t  does n o t  seem to  affect  t he  
u p t a k e  m e c h a n i s m s  of t he  axon.  

The  ev idence  ob ta ined  b y  t h e  h i s tochemica l  f luor- 
escence t e chn ique  thus  s u p p o r t s  t he  conclus ion tha t ,  in 
a g r e e m e n t  wi th  prev ious  f indings,  decaborane  inhib i t s  
r e syn thes i s  of the  adrenerg ic  n e u r o t r a n s m i t t e r  b u t  does 
no t  i m p a i r  t he  u p t a k e  and  s to rage  m e c h a n i s m s  in t h e  
axon  m e m b r a n e  or t h e  i n t r a a x o n a l  granules  1~,2°. 

Fig. 5. The same treatment as in Figure 4 but DMI (25 mg/kg i.p.) 
has been given 30 min before the administration of NA. The fluor- 
escence is about the same as in the animal treated with decaborane 
alone for 24 h (cf. Figure 2). 

m e t h y l - e s t e r  of ~ -me thy l -p - ty ros ine lL  F u r t h e r m o r e ,  t he  
effect  of decen t ra l i za t ion  a n d  s t imu la t ion  was  the  s ame  
a f t e r  b o t h  drugs.  Obvious ly  the  no rma l  ne rve  impulses  
cause a more  rap id  dep le t ion  a f te r  inh ib i t ion  of NA 
synthes is .  This  effect  is f u r t he r  enhanced  by  electr ical  
s t imula t ion  9, xs. 

F r o m  t h e  p r e s e n t  a n d  p rev ious  observa t ions ,  i t  appea r s  
t h a t  decabo rane  does  n o t  impa i r  t h e  u p t a k e  and  s torage  
m e c h a n i s m s  *,a in t he  adrenerg ic  nerves,  since the  t rans-  
m i t t e r  c o n t e n t  can  be easily res tored  in an a p p a r e n t l y  
no rma l  fashion b y  exogenous  NA, F u r t h e r m o r e ,  t he  
cel lular  and  subcel lu lar  d i s t r ibu t ion  of t h e  exogenous  
N A  seems to  be the  s ame  as in a no rma l  an imal  s as 

Zusammen]assung. Mit Hilfe der  F luoreszenz-Technik  
w e rd en  die  VerAnderungen  in s y m p a t h i s c h e n  F a s e r n  der  
R a t t e n i r i s  nach  NoradrenMin-Deple t ion  d u r c h  Boron-  
H y d r i d  Deca rbo ran  (D o p a -D ek a rb o x y l a s e -H emmer )  ana-  
lysier t .  

T. MALMFORS and  U.  S. voN EIJLER 

Departments o/Histology and Physiology, 
Karolinska Institutet, S-10401 Stockholm 60 (Sweden), 
23 November 1970, 

17 T. MALMVORS and CH. SACHS, Europ. J. Pharmac. 2, 265 (1968). 
xs N.-A. HILLARP and T. MALMVORS, Life Sci. 3, 703 (1964)• 
is T. MALMVORS, unpublished observation. 
s0 This work has been supported by grants from the Swedish Medical 

Research Council under project No. B70-14x-97-06B, B70-14x- 
711-05B and Knut and Alice Wallenberg Foundation. 


