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Fourty adult female albino mice were inoculated in the right hind leg 
with rabies viruses of the street type. The mice were sacrificed with an 
interval of 24 hours each, starting in the next day after inoculation. From 
the 10th day ownwards the animals started presenting signs of paralysis, first 
on the leg where the viruses were inoculated and later in the other ones. 
Twenty-four hours after the initial signs, ultrastructural abnormalities were 
found in peripheral nerves compatible with axonal degeneration with secondary 
demyelination but the rabies viruses were not found in the axoplasm, myelin 
sheet, Schwann cell cytoplasm, endoneural or in the epineural structures. 

MATERIAL AN D METHOD S 

The materia l use d i n thi s investigatio n i s derive d fro m fourt y adul t femal e albin o 
mice. The y wer e inoculate d with , 0, 5 m l o f rabie s preparatio n havin g a  tite r o f 
103 L D 50/0.0 8 m l I.C . Th e viruse s wer e o f th e stree t typ e an d the y wer e inoculate d 
intramuscularly i n th e righ t hin d le g o f al l mice . Twenty-fou r hour s late r th e firs t 
animal wa s sacrifice d an d bot h sciati c nerve s wer e take n an d divide d int o thre e 
segments (distal , media l an d proximal) . Th e sam e procedur e wa s carrie d ou t 
twenty-four hour s late r an d the n successivel y unti l th e 18t h day , whe n th e remainde r 
of th e mic e succumbe d t o th e viruses . Afte r bein g remove d th e specimen s wer e 
laid immediatel y o n a  piec e o f car d an d kep t slightl y stretche d b y mean s o f pin s 
applied t o eithe r en d o f th e specimen . Th e specimen s wer e the n immerse d i n a 
cold 4 % glutaraldehyd e i n a  cacodilat e buffer . Afte r tw o hour s o f fixatio n th e 
specimens hel d b y th e pin s wer e release d an d cu t i n smal l piece s o f abou t 1m m 
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thick. The y wer e washe d i n tw o change s o f cacodilat e buffe r fo r 1 5 minute s each . 
Post fixatio n wa s carrie d ou t fo r 3 0 minute s a t roo m temperatur e i n col d 2% 

osmium tetroxid e i n cacodilat e buffer . Afte r bein g washe d i n distille d wate r an d 
dehydrated i n ascendin g grade s o f alcohols , the y wer e embedde d i n a  mixtur e o f 
Polylite. Thi n section s wer e cu t o n a  Sorval l ultratom e an d collecte d o n coppe r grids , 
stained b y urani l acetat e an d lea d citrat e (Reynolds , 1963 ) an d examine d i n longitudina l 
and cros s section s i n a  "Philip s 300" . 

RESULTS 

It wa s observe d tha t fro m th e 10t h da y onward s th e mic e stil l aliv e starte d 
showing paralysi s o f th e righ t hin d leg ; fro m th e 11t h da y onward s th e sam e wa s 
observed wit h regar d t o th e controlatera l le g an d afte r th e 14t h da y th e mic e showe d 
signs o f paralysi s i n th e fou r limbs . O n th e 18t h da y th e remainin g animal s die d 
and b y imuno-fluorescen t technique s th e viruse s wer e detecte d i n thei r brain . 

Electron microscopi c evaluatio n o f th e periphera l nerve s reveale d tha t thos e originate d 
from mic e sacrifice d fro m 2 4 hour s afte r inoculatio n t o th e 8t h da y di d no t sho w 
any structura l abnormalities . Bu t frc m th e 9t h onwards , i t wa s observe d tha t th e 
specimens originate d fro m th e righ t ciati c nerve s ha d ultrastructura i change s lik e 
those see n i n axona l degeneratio n an d a  sligh t degre e o f secondar y demyelination . 

The sam e coul d b e notice d i n th e specimen s comin g fro m th e lef t ciati c nerve s 
after th e 11t h da y o f th e initia l dat e o f th e experiment . 

The axona l degeneratio n wa s characterize d b y alteration s o f th e axoplas m (Fig . 
3,5), decreas e i n volum e o f th e axi s cylinde r (Fig . 5,8 ) an d myeli n brea k dow n 
into larg e ovoid s (Fig . 4) . Mastocyte s wer e onl y occasional y see n i n th e endoneuriu n 
(Fig. 2 ) bu t phagocyte s whic h usuall y containe d myeli n i n thei r cytoplas m occurre d 
frequently betwee n th e nerv e cell s (Fig . 3,7) . A t times , remyelinate d fiber s couL l 
be see n (Fig . 6) . Th e ultrastructura i change s observe d wer e mor e intens e i n th e 
mics wit h th e longes t perio d o f disease , bu t n o particle s resemblin g rabie s viruse s 
were see n i n th e examine d structure s a t an y time . 

COMMENTS 

It is well known that the rabies virus is a Rhabdovirus and has an external 
capsule containing RNA inside. The virus has an elongated form ("bullet-
shaped") and its size has been estimated to be 100-150m^ in the transverse 
section and 150-250ιπμ in the longitudinal. Figure n«? 1 shows rabies viruses 
in cross section found in the brain of the animal sacrificed at the 15th day 
after inoculation. The manner by which the rabies viruses gain access to the 
central nervous system in natural infections and experimental modelss is contro­
versial. Various theories of haematogenous and neural pathways have been 
proposed; those in favor of the neural pathway state that the viral particles 
travel along or in the nerves from the site of exposure to the CNS. According 
to Johnson (1965) "the relationship of the early sensory and motor symptoms 
to the site of exposure in man and dogs is evidence for the invasion of the 
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central nervous system by way of the nerve pathway and the segment of the 
central nervous system first invaded corresponds to the site of intramuscular 
inoculation", although some authors believe that those symptoms are due 
exclusively to an ascending myelitis instead of a manifestation of peripheral 
nerves involvement. To avoid general infection some authors have carried 
out neurectomy prior to the inoculation and this sparing effect of neurectomy 
suggests that the virus travels to the CNS via peripheral nerves. In 1963 Dean 
et al. through experimental models calculated the rate of propagation of the 
viruses. They have estimated it in about 3mm per hour. Kaplan et al. (1962) 
and Dean et al. (1963) have also suggested that local anesthetics injected 
intramuscularly proximal to the site of exposure has a sparing effect due to 
the anesthetic action on the metabolism of the inoculated tissue. 

Although all these theories of axonal spread have been popular for many 
years, nobody has ever shown the rabies viruses in peripheral nerves and how 
they move within nerves has remained a perplexing problem. The main purpose 
of the present work was to detect the virus particles along the neural routes 
(axons, Schwann cell cytoplasm, myelin sheeth or tissue spaces occurring 
between the nerve fibers). Unfortunately no evidence of the virus particles was 
found in the neural structures, but their effect on the axons are remarkable. 
It is possible that, after inoculation, the viruses looses their capsules and replicate 
once in the axoplasm. If this happened, by electron microscopy the viral RNS 
molecules would become undistinguishable from the rest of the axoplasm content 
and throughout the axoplasm these dangerous "invaders" would reach the medula 
by active reproduction and, later, upper parts of the CNS. This behaviour 
would explain the sparing effect of neurectomy and anesthetics injected proximal 
to the site of expossure. The evidence of striking axonal degeneration along 
with secondary demyelination may explain the signs or the acute progressive 
paralytic course of the disease. These findings contrast with the theory that 
the paralytic course of the disease is due to exclusively an ascendig myelitis. 
From what was observed both processes may take part in the pathogenesis of 
the paralysis. 

RESUMO 

Ultraestrutura de  nervos  periféricos  de  ratos  inoculados  com  virus  da  raiva. 

Alterações ultraestruturais bastante significativas foram encontrados em 
nervos periféricos de ratos inoculados com virus da raiva. Tais achados se 
caracterizam por degeneração axonal com desmielinização secundária. Os acha­
dos são precedidos em cerca de 24 horas por sinais clínicos correspondentes. 
Contudo, os nervos examinados não apresentaram partículas com as caracte­
rísticas das do virus da raiva. É possível que após a inoculação os virus 
percam suas cápsulas e as molésculas de ARN que os constituem se confundam 
com o conteúdo axoplasmático, tornando-se indistinguíveis pela microscopia 
eletrônica. Só dessa forma poder-se-ia explicar a ação deletéria das partículas 
virais nos axônios e conseqüente tramitação centrípeta em direção à medula 
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e partes mais altas do sistema nervoso central, sem serem detectados pela 
microscopia eletrônica. A degeneração axonal encontrada, com conseqüente 
quadro de polineurite, mostra que os sinais periféricos não são exclusivamente 
de uma mielite ascendente. Ambos os processos podem estar envolvidos. 
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