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The developin g intramuscula r nerve s wer e studie d b y electro n microscopy , 
the materia l bein g obtaine d fro m huma n foetuse s o f nin e week s t o nin e month s 
development. Alread y a t nin e week s ther e occu r amongs t th e muscl e cell s 
bundles o f nake d axon s surrounde d b y a  fe w Schwan n cells . A s developmen t 
advances th e Schwan n cell s proliferat e b y mitosi s an d eac h Schwan n cel l begin s 
to surroun d smalle r group s o f axon s an d eve n singl e axons : th e latte r ar e 
destined t o becom e myelinate d fibres . Obviou s myelinate d axon s ar e firs t 
observed i n foetuse s o f eightee n weeks . A t thi s stag e wel l develope d node s o f 
Hanvier an d Schmidt-Lanterman n cleft s ar e als o presen t i n th e myeli n aroun d 
the nerv e cells . A t twelv e week s developmen t th e nerve s sho w severa l layer s 
of concentri c cell s aroun d th e axon s an d thes e ar e cell s o f th e perineuriu m 
which i s ver y wel l develope d a t sixtee n weeks : a t eightee n week s smal l bloo d 
vessels ar e see n betwee n th e perineuria l cells . 

MATERIAL AND METHODS 

The material used in this investigation is derived from twenty seven human 
foetuses ranging from nine weeks to nine months development. They have been 
studied in detail in longitudinal and transverse sections by electron microscopy; some 
300 grids were examined. Foetuses of 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 24, 28, 
32, 36 and 40 weeks were studied. 

The age of the minute foetuses was established by the obstetricians who supplied 
the specimens and who supplied the specimens and was calculated according to the 
crown-rump length. The ages of foetuses of 5, 7, 8 and 9 months development were 
based on the menstrual age. They were newborn prematures who died within 24 hours 
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after birth. Specimens were removed soon after death in these cases to avoid the 
occurrence of post mortem changes in the muscle. 

The muscle was usually taken from the thigh, even that from the minute foetuses, 
and laid immediately on a piece of card and kept slightly stretched by means of 
pins applied to either end of the specimen. The specimens were then immersed in 
cold 3% glutaraldehyde in Sorensen's phosphate buffer at pH 7.4. After 2 hours of 
fixation the muscle held by the pins was released and cut in small pieces of about 
l-2mm thick. These were washed in two changes of Sorensen's buffer at pH 7.4 for 
15 minutes each. 

Post fixation was carried out for 2 hours at room temperature in cold 1% osmium 
tetroxide in Michaelis' Veronal- acetate buffer at pH 7.4. After being washed in 
distilled water and dehydrated in ascending grades of alcohols, they were placed 
successively in propylene oxide and in a mixture of equal parts of propylene oxide 
and Epon 812. 

Finally they were embedded in fresh Epon mixture. Sections, 1-2^ thick were 
cut on an LKB Ultratome and stained with toluidine blue by the method of Trump, 
Smuckler and Bennditt (1961) and examined by light microscopy. Thin sections of 
appropriate regions were collected on copper grids, stained by uranyl acetate and 
lead citrate (Reynolds, 1963) and examined in a Siemens Elmiskop I. 

RESULTS 

Nerves can be identified within the muscle of the foetus at nine weeks: the nerves 
consist of groups of many closely packed axons of varying diameter (Fig. 1 and 2). 
The axons are surrounded by the cytoplasm of one or more Schwann cells. With 
maturation the number of Schwann cells steadily increases: they multiply by mitosis 
(Fig. 3 and 5) and in the developing nerves centrioles are frequently found near the 
nucleus of the Schwann cells (Fig. 6). As development advances fewer axons are 
enveloped by each Schwann cell: there is still however marked variation in the 
diameter of the axons (Fig. 6 and 7). As early as ten weeks development there 
occur some Schwann cells which contain only one axon and these Schwann cells may 
be isolated from other structures (Fig. 4). Single axons in a Schwann cell are 
those which are destined to become myelinated. Each Schwann cell is covered by 
a layer of basement membrane and next to the basement membrane occur collagen 
fibrils. By twelve weeks development gaps begin to appear between the bundles of 
axons surrounded by Schwann cell cytoplasm and many collagen fibrils surround the 
Schwann cell cytoplasm lodging these axons (Fig. 6). Fibroblasts can also be identified 
at this stage between the Schwann cells. Schwann cells containing only one axon 
with a long and undulating mesaxon may also be seen at twelve weeks development 
(Fig. 6). 

Already at twelve weeks concentrically arranged cells surround the bundles of 
axons which form the nerve. These cells are the perineurial cells (Fig. 6 and 8). 
They have an elongated nucleus and long cytoplasmic processes which surround the 
various nerves. At sixteen weeks the perineurial cells although well differentiated 



(Fig. 8), do not like the perineurial cell in the adult exhibit any basement membrane 
surrounding their plasma membranes. However, a considerable number of collagen 
fibrils occur between the perineurial cell. The cytoplasm of the perineurial cell 
contains mitochondria and a considerable amount of rough endoplasmic reticulum, 
many ribosomes and some vesicles particularly near the nucleus (Fig. 8). Blood 
capillaries occur between the perineurial cell in the foetus of eighteen weeks (Fig. 14). 

Up to sixteen weeks development none of the axons are myelinated but at 
eighteen weeiks many Schwann cells contain only one axon which is surrounded by 
multiple layers of myelin (Fig. 9, 10, 11 and 12), but some axons of the same 
diameter as the myelinated axons are however unmyelinated (Fig. 13). At eighteen 
weeks both the Schmidt- Lantermann clefts (Fig. 10) and the nodes of Ranvier (Fig. 
12) of the myelinate α nerves are well differentiated. The layer of Schwann cell 
cytoplasm around the myelin sheath and between the axolemma and the myelin sheath 
(Fig. 11 and 12) is very scanty. At twenty eight weeiks the nerves found amongst 
the muscle fibers present the same structural appearance as those seen in the adult 
(Fig. 15). The structures within the axons from nine weeks are well defined and 
consist of filaments, tubules, mitochondria and also occasional vacuoles are readily 
identified. 

COMMENTS 

The earlies t stage s o f th e developin g muscl e examine d alread y showe d 
evidence o f th e formatio n o f nerves . Thi s wa s a t nin e weeks . Th e nerve s 
consist o f larg e collection s o f axon s withi n th e cytoplas m o f on e o r tw o Schwan n 
cells whic h ar e covere d b y basemen t membrane : thi s i n tur n i s surrounde d b y 
bundles o f collage n fibrils . 

As maturatio n advance s th e Schwan n cell s multipl y an d eac h Schwan n cel l 
contains fewe r axon s tha n a t earlie r stage s i n development . I n additio n processe s 
of Schwan n cell s contai n smal l group s o f axons . Collage n fibril s surroun d 
the basemen t membran e of th e Schwan n cell s an d thei r processes . Som e Schwan n 
cells a t twelv e week s developmen t contai n onl y on e axon . Ofte n thes e axon s 
have a  ver y lon g mesaxo n a  structur e firs t define d b y Robertso n (1955) , bu t 
as ye t ther e i s n o evidenc e o f th e formatio n o f myelin . 

How th e spiralle d lamella e o f th e myeli n sheat h ar e forme d ha s bee n th e 
subject o f continuou s discussion . N o definit e solutio n ha s ye t bee n foun d bu t 
the mos t appropriat e explanatio n i s tha t the y ar e forme d b y rotatio n o f th e 
Schwann cel l aroun d th e axon . Thi s i s supporte d b y observation s mad e b y 
several author s includin g Gere n (1954) , Peterso n an d Murra y (1955) , Murra y 
(1959) an d Pomara t e t al . (1967) . Unfortunately , i t wa s no t possibl e i n th e 
present wor k t o detec t ho w th e myeli n sheat h i s formed , bu t b y eightee n week s 
the singl e axon s i n man y o f th e Schwan n cell s ar e alread y surrounde d b y 
multiple layer s o f myelin . Th e myeli n sheat h i s a t thi s tim e forme d o f multipl e 
layers an d i n longitudina l section s o f nerve s th e Schmidt-Lanterman n clefts , 
whose structur e wa s firs t elucidate d b y electro n microscop y i n 195 8 b y J . D . 
Robertson, ar e wel l differentiated . A t thi s stag e th e node s o f Ranvie r ar e als o 



























RESUMO 

Ultraestrutura de nervos intramusculares humanos em desenvolvimento. 

Terminações nervosa s intramusculare s sã o observada s j á n a non a seman a 
de vid a intra-uterin a e  consiste m d e grupo s d e axônio s nã o mielinizados , d e 
diâmetro variável , envolvido s po r pouca s célula s d e Schwan n e  se m nenhu m 
espaço entr e o s axolemas . Nest a e  na s fase s imediatament e seguinte s a s célula s 
de Schwan n sã o comument e vista s e m mitose . N a décim a segund a semana , 
pequenos espaço s preenchido s po r fibra s colágena s aparece m entr e o s axônio s 
que sã o agor a envolvido s e m pequeno s grupo s o u individualment e pela s célula s 

well forme d an d a t th e node s th e axon s ar e somewha t constricted . O n eithe r 
side o f th e nod e th e termina l loop s o f th e myeli n sheat h ha s th e characteristi c 
pattern o f tha t see n i n th e adult . Curiously , Ocho a (1971 ) foun d tha t th e 
onset o f myelinatio n i n sura l foeta l nerve s als o start s a t th e ag e o f eigthtee n 
weeks. Individua l axon s whic h ar e o f th e sam e diamete r a s th e myelinate d 
fibres als o li e singl y withi n Schwan n cell s bu t a s ye t n o myeli n formatio n 
can b e see n aroun d them . Fro m th e earlies t stage s o f th e axon s observe d 
neurofilaments, neurotubules , vesicle s an d mitochondri a ca n b e identifie d withi n 
them. Thes e structure s ru n paralle l t o th e lon g axi s o f th e axons . Microtubule s 
were firs t describe d i n th e neuro n b y Pala y (1956 , 1958) . I t i s o f interes t 
that i n immatur e animal s (Bodian , 1966 ; Peters an d Vaughn , 1967 ) nerv e fiber s 
contain man y microtubule s bu t ver y fe w neurofilaments . Peter s an d Vaugh n 
(1967) stat e tha t i n th e opti c nerv e o f rat s neurofilament s ar e commo n onl y 
at abou t fiv e day s afte r birt h an d the y postulat e tha t th e neurofilament s ar e 
formed b y th e brea k dow n o f th e wall s o f th e microtubules . I n th e presen t 
investigation, i t i s interestin g t o not e tha t neurofilament s an d neurotubule s ar e 
seen abundantl y i n th e axon s o f th e intramuscula r nerve s o f foetuse s a t al l 
stages o f developmen t an d tha t th e numbe r o f suc h structure s steadil y increase s 
with maturation . 

Fibroblasts als o occu r amongs t th e Schwan n cell s containin g th e axon s bu t 
they ar e relativel y fe w compare d t o th e numbe r o f Schwan n cells . Undoubtedl y 
the fibroblast s contribut e t o th e formatio n o f collage n withi n th e nerve s bu t 
most authoritie s no w accep t tha t th e Schwan n cell s themselve s contribut e t o 
the formatio n o f th e collage n aroun d them . 

The firs t evidenc e o f th e formatio n o f perineuriu m aroun d th e nerve s i s 
seen a t twelv e week s an d a t thi s stag e th e perineuriu m i s no t complet e bu t 
by sixtee n week s th e perineuriu m i s wel l differentiate d an d consist s o f severa l 
layers o f slende r elongate d cell s surroundin g th e nerve . I n th e foetu s o f 
eighteen week s bloo d vessels-th e "vas a nervorun"-occu r betwee n th e perineuria l 
cells. Fro m th e earlies t evidenc e o f th e formatio n o f th e perineurium , collage n 
fibrils occu r betwee n th e perineuria l cell s bu t no t eve n a t th e late r stage s o f 
the nerve s observe d i s ther e an y evidenc e o f th e formatio n o f basement  mem -
brane aroun d them . 



de Schwan n a s quai s ,  po r su a vez , aparece m e m maio r número . Naquele s 
axônios único s a  célul a d e Schwan n envolvent e apresent a mesaxônios , o  qu e 
constitue no s primeiro s sinai s d e mielinização . Aind a nest a fas e nã o observada s 
células perineurai s pouc o diferenciadas . Po r volt a d a décim a sext a seman a 
os axônio s e  o  perineur o atinge m u m gra u avançad o d e diferenciação , embor a 
ainda nã o s e poss a visualiza r bainha s d e mielina . Soment e n a décim a oitav a 
semana d e desenvolviment o é  qu e sã o visualizada s a s bainha s d e mielin a co m 
suas típica s incisura s d e Schmidt-Lanterman n e  nodo s d e Ranvie r perfeitament e 
formados. Aind a n a décim a oitav a seman a aparece m perfeitament e formado s o s 
"vasa nervorum " qu e s e dispõe m n o sentid o longitudina l da s fibra s nervosas , 
envoltos pel o tecid o conjuntiv o da s mesmas . D a vigésim a oitav a seman a e m 
diante o  aspect o encontrad o é  semelhant e a o da s terminaçõe s nervosa s d o 
adulto. 
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