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Spinal ganglia of a 9-day chick embryo  were  cul tured by the "floating r a f t "  method in ord inary  
med ium (control) and in med ium containing benactyzine (100 ~ g / m l )  or ne rve  growth fac tor  
(50 ~ g / m l ) .  Under the influence of benactyzine the number  of surviving neurons ,  mos t  of which 
contained monoamine oxidase,  increased,  as also did NAD-diaphorase ,  lac ta te  dehydrogenase,  
and i soc i t r a t e  dehydrogenase  act ivi ty.  Under the influence of ne rve  growth fac tor  the number  of 
ne rve  cel ls  with ace ty l cho l ines t e ra se  increased,  NAD-diaphorase  act ivi ty rose ,  lac ta te  dehy~ 
drogenase  act ivi ty  became  maximal ,  ma la t e  dehydrogenase  act ivi ty increased  a little, but suc-  
einate dehydrogenase  act ivi ty was dep res sed .  
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Neuro t rop ic  chemica l  subs tances  can modify the me tabo l i sm of nerve  and a c c e s s o r y  cel ls .  The  dehydro-  
genases  and d iaphorases  - enzymes  connected with the product ion and consumption of energy  - a r e  essen t ia l  
indices of the overa l l  me tabo l i sm  of cel ls .  The  value of cytophotometry  as a method of quanti tat ive e s t i m a -  
t ion of enzyme act ivi ty  r e s t s  on a f i r m  bas i s  [1]. Through the use  of an equimolar  concentra t ion of subs t r a t e s  
in incubation media  and choice of incubation t ime,  it is poss ib le  to c o m p a r e  the ac t iv i t ies  of  different  enzymes  
and to r e p r e s e n t  the whole p r o c e s s  of  glycolyt ic  me tabo l i sm  as a s ingle scheme.  Data on changes in me tabo-  
l i s m  of neurons  of the spinal ganglia in cul ture  under  the influence of ne rve  growth fac tor  and of benactyzine,  
obtained by means  of this technique, a r e  descr ibed  below. 

E X P E R I M E N T A L  M E T H O D  

Spinal ganglia of 9-day chick e m b r y o s  were  grown by the "floating r a f t ,  method in medium consis t ing of 
E a g l e ' s  MEM (in table t  f o r m  f r o m  Microbiol.  Assoc. ,  Bethesda),  10% horse  se rum,  0.4% glucose,  and 0.4 uni t /ml  
insulin. F r o m  the 5th through the 15th day the cul ture  medium contained nontoxic doses  of benactyzine (100 
# g / m l )  or nerve  growth factor  (50 # g / m l ) .  The nerve  growth fac tor  (NGF) was obtained by the method de-  
sc r ibed  p rev ious ly  [2]. On the 15th day of the exper imen t  the cul tures ,  w i tho r  without (control) benactyzine  
and NGF, were  stained to detect  the enzymes .  Pho tome t ry  was c a r r i e d  out by the plug method on the MT sFV -1  
ins t rument  (LOMO) at a wavelength of 470 nm and with a p robe  8 ~ in d iamete r .  

E X P E R I M E N T A L  R E S U L T S  

Neurons  dist inguished by the i r  l a rge  s ize  and high NAD-diaphorase  and dehydrogenase  act ivi ty were  
c lea r ly  detectable  in the  control .  The  neurons  differed f r o m  one another  in the i r  enzyme act ivi ty .  The  g r e a t -  
e s t  number  of neurons  was detected by combined staining for  monoamine oxidase  and cho l ines te rase  and a lso  
by staining for  NAD-diaphorase .  Act ivi ty  of  the other  enzymes  was found in some  of the ce l l s  (Table 1}. In 
cul tures  t r ea t ed  by the s ame  his tochemical  method, the number  of neurons  di f fered by not m o r e  than 1.5-2 
t i m e s .  

Under the influence of benactyzine the c h a r a c t e r  of growth of the explants  showed l i t t le d i f ference  f r o m  
that  in the control .  Neurons were  a r r anged  in the center  of the explant; in the p e r i p h e r a l  zone of growth, fo rmed  
by bundles of ne rve  f ibers ,  migra t ion  of f ib rob las t s  and Schwann ce l l s  was inhibited a l i t t le.  Counting showed 
(Table 2) that  the number  of surviving neurons  was 1.6 t imes  g r ea t e r  (P < 0.01), the number  of neurons with 

Morphological  Group, Cent ra l  R e s e a r c h  Labora to ry ,  Leningrad Ped ia t r i c  Medical  Inst i tute.  (Presented  
by Academic ian  of the Academy of Medical Sciences  of the USSR A. P.  Avtsyn.) T rans l a t ed  f r o m  Byulleten'  
]~ksper imental 'noi  Biologii i Meditsiny, Vol. 85, No. 2, pp. 212-215, Feb rua ry ,  1978. Original  a r t i c l e  sub-  
mi t ted  Apr i l  20, 1977. 

0007-4888/78 /85  02- 0215 $07.50 �9 1978 Plenum Publishing Corpora t ion  215 



TABLE 1. Relat ive Enzyme Activi ty  of Neurons  in Control  Cultures and under the Influence 
of Benactyzine and NGF (M ~- m) 

Enzyme Addition of NGF 

2,32-4-0,09 (43) NAD-diaphorase 
Glucose-6-phosphate dehydro- 

genase (NADP) 
6-Phosphogluconate dehydro- 

genase (NADP) 
-Glyeerophosphate dehydtogenase (NAD) 

Pymvate dehydrogenase (NAD) 
Lactate dehydrogenase (NAD) 
Succinate dehyd'fogenase (-) 
Isocitrate dehydrogenase (NAD) 
Malate dehydrogenase (NAD) 
/5 -Hydroxybutyr ate dehydrogenase (NAD) 

Legend. Percen tage  of reac t ing  neurons given 

Control Addition of benactyzine 

1,53-+%07 (100) 2,27--4-_0,07 (100) 

0,68---9,02 (54) 0,43___0,02 (28) 

0,47-+0,03 (50) 0,38-+0,03 (53) 
0,23-+'0,03 (2,5) 0,06___0,03 (13) 
0,02-+0,01 (2,6) 0,00 (2,1) 
0,42-+9,02 (12) 0,65---0,03 (42) 
0,29-+9,01 (14,5) 0,12-+0,01 (7,5) 
0,45-+9,02 (69) 0,73-+0,01 (77) 
0,25-+0,03 (27) 0,51-+0,03 (30) 
0,40-+9,03 (8) 0,42,--0,02 (6) 

in parentheses ;  n > 30. 

0,37-+0,02 (57) 

0,26,-.0,01 (50) 
0,02-+0,02 (14) 
0,00 (1,0) 
1,08--.0,07 (70) 
0,12--.0,01 (0) 
0,80.4--0,01 (37) 
0,68+__0,06 (50) 
0,35--+0,01 (20 

TABLE 2. Number  of Neurons in One Spinal Ganglion in Culture 
and Percentage  of Neurons with Monoamine Oxidase and Cholines-  
t e r a se  in Control and under the Influence of Benactyzine and NGF 

Number of 
neurons (M ~ m) 

Cells with monoamine 
oxidase (MAO): 

Type A mao+++ 
T ~  B ma~ 

Cells with aeetylchol[nes- 
terase (CH): 

Type A cla+++ 
T~pe B ch+++ 

Cells containing both acetyl- 
cholinesterase and mono- 
amine oxidase: 

Type A mao+eh~ 
Type C mao+ch+ 

Control Addition of Addition 
benactyzine of NGF 

172,-.19 

35 

23 
24 47 

17 17,5 
0,5 

268,--28 

24 } 68 
44 

164+24 

28 

25 13 } 62 
49 

8 }8,4 0,4 

Legend: A) la rges t  neurons,  B) medium-s ized  neurons, C) small  
neurons; +++) high enzyme activity, +) low enzyme activity. 

monoamine oxidase was a lmost  doubled, and there  was also a significant increase  in the activity of NAD-dia-  
phorase  (P < 0.00D and lactate,  isoci trate ,  and malate dehydrogenases .  The number of neurons containing 
lactate  dehydrogenase was significantly increased.  Activity of NAD-diaphorase and lactate dehydrogenase was 
completely absent in the satell i te and Schwann cells,  which migra ted  less than in the control.  

Under the influence of NGF considerable growth of the p r o c e s s e s  of  the neurons of the spinal ganglia took 
place and migrat ion and development of satel l i tes  and Schwann cells were activated. Counting showed that com-  
pared  with the control  the number of surviving cells was not significantly changed, but the number of cells with 
ace ty lchol ines terase  activity was a lmost  doubled. Cytophotometry showed a mm'ked increase  in activity of 
lactate  dehydrogenase and also (in some neurons) of NAD-diaphorase.  Meanwhile the activity of enzymes of 
the pentese cycle (P < 0.00D and succinate dehydrogenase fell. During the action o f N G F  NAD-diaphorase ac-  
tivity in the satel l i tes  and Sehwarm cells,  located between the neurons and their  p r o c e s s e s  in the cent ra l  zone 
of the explant, increased  considerably.  Migrating cells  in the zone of growth differed f rom the satel l i tes in 
the central  zone by the presence  of severa l  enzymes (a-glycerophosphate ,  succinate,  glucose-6-phosphate,  and 
lactate dehydrogenases,  NAD-diaphorase).  

The data on metabol ism in the control  cul tures and under the influence of benactyzine and NGF a re  il- 
lus t ra ted schemat ica l ly  in Fig.  1, in which the thickness of the a r rows  is proport ional  to optical density mult i -  
plied by the fract ion (% of react ing neurons /100) .  It  will be c lear  f rom Fig. 1 that an increase  in energy con- 
sumption under the influence of benactyzine and NGF (in the reac t ion  of splitting of NADH by NAD-diaphorase) 
is accompanied by activation of lactate dehydrogenase (forming NADH). The depress ion  of succinate and py-  
ruva tedehydrogenasesunder these  c i rcumstances  will be noted. The data on the effect of benactyzine on me-  
tabol i sm a r e  in agreement  with Labor i t ' s  conclusions [7] regard ing  the activating effects of atropine on gly- 
eolysis  and the Krebs '  cycle.  
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Fig .  1. Scheme rep resen t ing  metabol i sm of nerve  cel ls  in control  cul ture  and 
under influence of benactyzine (100 t tg /ml )  and NGF (50 ~ g / m l ) .  Thickness  
of a r rows  is propor t ional  to  enzyme activity in neurons (optical density • % of 
reac t ing  neurons /100) .  BHBD) fl-hydroxybutyrate dehydrogenase,  G6PD) glu- 
cose-6-phosphate  dehydrogenase,  6PGD) 6-phosphogluconate dehydrogenase,  
~-GPD) ~-glycerophosphate  dehydrogenase,  ICD) i soe i t ra te  dehydrogenase,  
LD) lactate  dehydrogenase,  MD) malate dehydrogenase,  NADD) NAD-diaphorase,  
PD) pyruva te  dehydrogenase,  SD) succinate dehydrogenase.  

Under the influence of benactyzine most neurons contained monoamine oxidase, whereas under the influ- 
ence of NGF most contained acetylcholinesterase. It can tentatively be suggested that the addition of benacty- 
zinc, which blocks M-cholinergic receptors, to the culture medium facilitates survival of cells which have no 
M-cholinergic receptors [4], i.e., neurons of the spinal ganglion which contain monoamine oxidase, unlike neu- 
rons containing cholinesterase, have no M-cholinergic receptors. 

The data indicating an increase in the number of surviving neurons in the spinal ganglion in medium con- 
taining benactyzine can be compared with the observed increase [5] in survival of neurons of the spinal ganglia 
under the influence of an increased K + concentration, when they are in a state of depolarization. If it is re- 
membered that the ganglion of the 9-day chick embryo contains about 400 nerve cells, during culture for 2 
weeks in the presence of benactyzine about 67% of the initially explanted neurons will survive, and 68% of them 
contain monoamine oxidase. In the control culture no such number of cells with monoamme oxidase was ob- 
served. Presumably this can be regarded as evidence of the possible transformation of neurons from acetyl- 
chol ines terase-conta in ing into monoamine oxidase-containing,  which is accompanied by a para l le l  change in 
glycolyt ic  metabol ism.  
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