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In local  tetanus induced in albino ra t s  by injection of toxin (0.1 MLD) into the musc l e s  of 
the hind l imb, u l t r a s t ruc tu r a l  changes indicating marked  functional s t ra in  on the cell  
were  obse rved  in the motoneurons  of the h m b o s a c r a l  en la rgement  on the side of in jec-  
tion of the toxin. Most synapses  on the bodies of the motoneurons  had an inc reased  num- 
b e r  of elongated synaptic ves i c l e s  and fea tu res  of an inactive state.  Signs of pe r i ce l lu l a r  
edema were  p resen t .  These changes could be detected on the third day a f t e r  injection of 
the toxin, but they were  mos t  m a rked  on the 10th day; they were  absent  on the opposite 
side.  I nc rea sed  e lec t r ica l  act ivi ty (EA) in the musc les ,  indicating cons iderable  functional 
act ivi ty of the motoneurons ,  and the clinical  p ic ture  of local  tetanus (muscular  rigidity),  
which were  c lea r ly  v is ib le  on the th i rd  day, stil l  pe r s i s t ed  at the max imal  level  on the 
10th day. On the 20th day these u l t r a s t ruc tu ra l  changes were  vi r tual ly  undetectable,  but 
the inc reased  EA and m u s c u l a r  r igidity stil l  pe r s i s t ed ,  although they were  weaker .  Nor-  
mal  EA was r e s t o r e d  and the con t rac tu re  d i sappeared  much l a t e r .  

Tetanus is an example  of molecu la r  pathology [3], and for  that r eason  the sea rch  for  u l t r a s t ruc tu ra l  
changes which can ref lec t  the pathogenic p r o c e s s e s  at the subcel lu lar  level  is of g rea t  impor tance .  

The object  of the p resen t  investigation was to make an e l ec t ron -mic ro scop i c  analys is  of components  
of the spinal re f lex  appara tus  in local  te tanus.  

Few e l e c t r o n - m i c r o s c o p i c  studies have been made of the CNS in tetanus [14, 15, 18], and the i r  r e -  
sults  a r e  contradic tory .  

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

Albino ra t s  were  used. Local  poisoning of the spinal cord  with assoc ia ted  local tetanus was induced 
by injection of tetanus toxin (0.1-0.2 MLD) into the musc l e s  of the left hind l imb,  Under these  conditions the 
tetanus toxin t rave led  along the regional  ne rves  to the an t e r io r  horns of the l umbosac ra l  segments  of the 
spinal cord on the side of injection [3]. The toxin was injected at s eve ra l  points into the musc l e s  of the thigh 
and leg so that a m o r e  uniform distr ibution of toxin in the spinal co rdwas  obtained (along seve ra l  nerves) .  
The tes t s  were  c a r r i e d  out on the 3rd, 5th, and 20th days and l a t e r  a f t e r  injection of the toxin. The controls  
consis ted of intact an imals  and the musc l e s  of the right hind l imb of the exper imenta l  r a t s  for  the e l ec t ro -  
physiological  invest igat ion and the r ight  side of the l umbosac ra l  en la rgement  for  the e l e c t r o n - m i c r o s c o p i c  
invest igat ion.  Muscle potent ials  were  r eco rded  by coaxial  e lec t rodes  on a "Disa" e l ec t romyograph .  

Before  the ma te r i a l  for  e l e c t r o n - m i c r o s c o p i c  investigation was taken, the an imals  were  per fused  with 
2.5% glutaraldehyde solution in phosphate buffer ,  pH 7.4. P ieces  shaped like smal l  columns were  excised 
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Fig. 1. E lec t r ica l  act iv i ty  (EA) in musc Ie s  of hind l imbs  in 
local tetanus:  I) EA in p o s t e r i o r  group of thigh musc l e s ,  2) 
in an t e r io r  group of leg musc les ,  and 3) in gas t rocnemius  
musc le  3 (a), 5 {b), and 10 (c) days a f te r  injection of tetanus 
toxin (0.1 MLD) into above-  mentioned musc l e s  of lef t  hind 
l imb; d) EA in analogous musc l e s  of opposite l imb recorded  
on 10th day a f t e r  injection of toxin. Spontaneous EA and bu r s t s  
of EA provoked by applicat ion of s t imuli  (squeezing the foot) to 
affected (a, b, c) and opposite (D) l imbs .  Moments of s t imula-  
tion marked  by horizontal  l ine.  

f r o m  the an te r io r  horns  of the l u m b o s a c r a l  en la rgement  of the spinal cord,  pref ixed with OsO4, and embedded 
in Araldi te ;  sec t ions  were  examined in the IEM-100V e lec t ron  m i c r o s c o p e .  

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

A m a r k e d  inc rease  in e lec t r i ca l  act ivi ty  (EA) cha rac t e r i s t i c  of local  tetanus [3], consist ing of a s t rong 
burs t  of ac t iv i ty  in r e sponse  to the appl icat ion of p rovoca t ive  st imulat ion,  with a long a f t e r - e f f ec t  and a 
r a i sed  spontanec, us  ground (Fig. 1), was obse rved  in the musc l e s  of the affected l imb.  These  changes in EA 
were  obse rved  3 days a f t e r  injection of the toxin and r eco rded  on the 5th and 10th days.  The seve r i ty  of the 
cl inical  manifes ta t ions  of local  tetanus (muscular  rigidity and fixation of the joints) reached its max imu m 
on the 3rd-Sth day and then r ema ined  unchanged for  10 days.  
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Fig. 2. U l t r a s t ruc tu ra l  changes in spinal motoneurons  in local  tetanus:  
a) motoneuron with l a rge  nucleus poor  in chromat in  (N); nuc lear  m e m -  
b ranes  (NM) c lea r ly  outlined; cy top lasm contains few r ibosomes  (R) 
and po]ysomes  (P); hyper t rophy of Golgi appara tus  (G); mi tochondr ia  
(M) with t rans lucent  ma t r i x  (• 65,000); b) motoneuron with pale nucleus 
(N) and chromat in  (RNP) on inner m e m b r a n e  (NM), ectopia of nucleolus 
(N1). RER) Round endoplasmic re t icu lum (• 45,000); c) Golgi appara tus  
(G) on motoneuron.  Hyper t rophy and hyperp las ia  of c i s t e rn  and tubules,  
inc rease  in number  of l y sosomes  (x 45,000); d) Golgi appara tus  (G), 
lengthened mitochondrion (M) with pale mat r ix ,  (L) l y sozomes  (x 70,000). 

After  20 days or  l a t e r  weakening of the r igidity and normal iza t ion  of the inc reased  EA of the musc les  
of the affected l imb were  observed.  

Resul ts  of the e l e c t r o n - m i c r o s c o p i c  investigation of the spinal motoneuron of the control  an imals  and 
motoneurons  of the exper imenta l  an imals  on the side opposite to injection of the toxin showed a c l ea r  p ic -  
ture  of the a rch i tec ton ics  of the organel les ,  the u l t r a s t ruc tu re  of which continued to exhibit r egu la r  shapes .  
The nucleus had a high content of chromat in ,  as a rule  with a cen t ra l  nucleolus.  Most motoneurons  were  in 
a s ta te  of no rmochromia ;  the i r  mi tochondr ia  had r egu la r  c r i s t a e  and a fa i r ly  dense mat r ix .  Two ma in types  
of synaptic boutons could be obse rved  in the neuroopih The boutons of type 1 contained agranu la r  ves i c l e s  
with a c i r cu l a r  outline measu r ing  about 250-350A, those of type 2 contained flat,  elongated agranu la r  ves ic les ,  
with a mean  width of 300-500A. Synaptic boutons with f lat  ve s i c l e s  as a rule contained a few round ves ic les ,  
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Fig. 3. Ultrastructure of axosomatic s~,,apses on spinal motoneurons 
in local tetanus: a) Axosomatic synapse in "passive" state; presynaptic 
terminal (A) contains numerous flat, eloagated agranular vesicles (ESV), 
a few granular synaptic vesicles (GSV), synaptic space (SS) in inactive 
state; dilated tubules of endoplasmic reticulum (ER) in cytoplasm of 
motoneuron, x 50,000; b) flat elongated agranular vesicles in presynaptic 
terminal, synaptic space in inactive state; synapse located in part  of 
motoneuron body where there is a swollen mitochondrion (M) containing 
a vacuole (V), N) Nissl 's body (x 45,000); C) pericel lular  edema, detach- 
ment of presynaptic terminal from body of motoneuron whose cytoplasm 
is denuded of ribosomes and polysomes; presynaptic terminal contains 
flat, elongated agranular vesicles.  Synaptic space (arrows) slightly 
widened, presynaptic membrane (PRE) condensed and thickened in active 
zone. POST) Postynaptic membrane, x 45,000; d) pericellular  edema, 
detachment of presynaptic terminal rich in flat, elongated synaptic vesicles 
(ESV) (x 45,000). 
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whereas  no flat  ves i c l e s  were  obse rved in  the typec l  boutons. These two types of boutons contained a v e r y  
few granu la r  synaptic  ves i c l e s  measur ing  500-700 A. 

The types  of boutons descr ibed  above were  about equally numerous .  

Invest igat ion of the spinal motoneurons  of the exper imenta l  an imals  on the side of injection of the t e t -  
anus toxin showed changes affecting both the body of the neuron and its components  and a lso  the synapses  
located on it. These  changes were  detectable as ear ly  as on the f i r s t  day a f t e r  injection of the toxin, but 
they were  mos t  c l ea r ly  v is ib le  on the 10th day. At this t ime mos t  of the motoneurons  had a swollen nu- 
cleus,  a lmos t  f r ee  f r o m  chromat in ,  but with c l ea r ly  defined l aye r s  of the nuc lear  m e m b r a n e  (Fig. 2a). The 
distr ibution of nuc lea r  chromat in  on the sur face  of the inner  nuclear  m e m b r a n e  could frequently be  seen.  
As a rule the nucleolus was shifted toward the inner  nuclear  m e m b r a n e  {Fig. 2b). The cy top lasm of the 
motoneurons  contained considerably fewer  r ibosomes ,  both  f ree  and at tached to m e m b r a n e s  of the endo- 
p l a s m i c  re t iculum.  This l a t t e r  s t ruc tu re  cons is ted  of seve ra l  dilated vacuoles  and c i s t e rns .  The  Golgi 
appara tus  was hyperp las t ic .  An inc rease  in the number  of lysosomes  was observed  both in the cy top lasm 
and in the zone of the Golgi appara tus .  The mi tochondr ia  in some neurons  were  swollen and their  ma t r ix  
was t rans lucent  but in others  the changes were  l e s s  marked  {Fig. 2c, d). As a rule  the axosomat ic  boutons 
(Fig. 3) contained flat,  elongated, ag ranu la r  synaptic  ves i c l e s  with a few round, ag ranu la r  synaptic ves ic les ;  
s o m e t i m e s  so l i t a ry  g ranu la r  ves i c l e s  up to 700/~ in d iamete r  could be seen  (Fig. 3a). The boutons descr ibed  
above occupied the g r e a t e r  par t  of the body sur face  of the motoneurons .  The axosomat ic  contacts  had v e r y  
few act ive zones, and axosomat ic  synapses  in a "pass ive"  state were  frequently seen {Fig. 3a). The p r e -  
synaptic t e rmina l s  of these  synapses  contained an inc reased  number  of elongated ves ic les .  In the pos t -  
synaptic zone, in the cytoplasm of the motoneuron,  mitochondria  in a swollen s ta te  (Fig. 3b) could be seen, 
and some zones of the cy top lasm were  denuded of r i bosomes  and po lysomes .  The synaptic  space  va r i ed  
in width f r o m n o r m a l  {150-200 .~ ) to 300 .~. The m e m b r a n e  of the p resynapt ic  ending was frequently some-  
what thickened (80-90/~; Fig. 3c). Mitochondria with a fa i r ly  dense ma t r i x  were  p re sen t  in the presynapt ic  
region (Fig. 3c, d). Signs of pe r i ce l lu l a r  edema (Fig. 3a, c) and swelling of the p r o c e s s e s  of the glial  cel ls  
were  frequently v is ib le  around mos t  motoneurons .  

The r e su l t s  of these  invest igat ions thus showed that in local  tetanus no g ros s  u l t r a s t ruc tu ra l  injur ies  
a re  observed .  The changes found in the motoneurons  show that these cel ls  were  in a s ta te  of cons iderable  
functional s t r e s s .  These resu l t s  agree  with those of e lect rophysiological  invest igat ions showing that at these 
t imes  a f t e r  admin is t ra t ion  of tetanus toxin the re  is a marked  i nc r ea se  in EA of the musc l e s ,  indicating 
equally cons iderable  act ivi ty  of the motoneurons .  The changes obse rved  in the motoneurons  a r e  not specif ic  
ip_ c h a r a c t e r ,  for  s i m i l a r  changes can be obse rved  in other  s ta tes  [1, 5, 6, 13]. 

No g ros s  morphologica l  changes were  obse rved  in the presynapt ic  appara tus  of the axosomat ic  syn-  
apses .  A cur ious  fea ture  was the p re sence  of compara t ive ly  many elongated synaptic ves ic les  and the r e l a -  
t ive i nc r ea se  in number  of synapses  with oblong synaptic space were  obse rved  in these synapses  m o r e  f r e -  
quently than usual .  Since axosomat ic  synapses  of this type with elongated synaptic  ves i c l e s  a re  considered 
[9, 12, 16, 17] to be inhibitory, the pa t t e rns  obse rved  probably  re f lec t  blocking of the act ivi ty  of inhibi tory 
synapses ,  cha rac t e r i s t i c  of the action of tetanus toxin [3,-7, 8, 10, 11]. In this connection the resu l t s  of the 
w r i t e r s '  previous  invest igat ions [4] can be cited, when the number  of p resynapt ic  ves i c l e s  in the p resynapt ic  
t e rmina l s  was cons iderably  inc reased  during dis turbance of the l ibera t ion of med ia to r  by the p resynapt ic  
appara tus  of the neu romuscu la r  s y s t em  of the d iaphragm af te r  adminis t ra t ion  of a l a rge  dose of toxin. The 
r e su l t s  now descr ibed  a lso  agree  with those of an investigation [2] showing that in local  tetanus there  
is ~t s ta t i s t i ca l lys ign i f ican t  dec rease  in the number  of argentophil ic  axosomat ic  synapses .  

The signs of pe r i ce l lu l a r  edema were  evidently secondary  in cha rac te r ,  for  they occu r r ed  chiefly in 
the l a t e r  s tages  of the pathological  p r o c e s s .  It  should a lso  be noted that  p r o c e s s e s  of the glial  ce l ls  f r e -  
quently en tered  the synaptic space,  with the consequent detachment  of the p resynapt ic  pa r t s  of the synapse  
f rom the pos tsynapt ic .  Both these phenomena may p lay  a supplementary  pathogenetic role  in the d i s turb-  
ance of synapt ic  conduction. 

The fact  that the u l t r a s t ruc tu ra l  changes descr ibed  above a r e  no longer  v is ib le  on the 20th day of the 
exper iment  is in teres t ing  and dese rves  specia l  analysis ;  meanwhile  the EA in the musc l e s  p e r s i s t s  at a high 
level  even a f t e r  this per iod  and does not r e tu rn  to normal  until the 60th-70th day. 
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