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Muscles fro m huma n foetuse s o f nin e week s t o nin e month s developmen t 
were examine d b y electro n microscopy . Capillaries , arterie s an d vein s ar e 
frequent i n th e huma n foeta l muscl e a t al l stage s o f development . A t nin e 
weeks th e vessel s hav e th e appearanc e o f capillarie s an d basemen t membran e 
lies aroun d th e endothelia l cell s formin g them . Th e capillarie s ar e o f continuou s 
type whic h d o no t hav e aperture s i n thei r walls . Tigh t junction s ar e see n 
at som e zone s o f adjacen t endothelia l cell s o f th e capillaries . Sometimes , peri -
cytes ar e als o seen . A t sixtee n week s vessel s havin g th e feature s o f vein s 
and o f arterie s ca n b e identifie d betwee n th e muscl e cells . Regardin g th e 
arteries, som e o f th e endothelia l cell s ar e unite d t o th e smoot h muscl e cell s 
and th e intima i elasti c lamin a i s interrupte d wher e thes e cell s approximate . Th e 
significance o f thi s junctio n ma y b e t o ancho r th e intim a t o th e media . 

MATERIAL AND METHODS 

The material used in this investigation is derived from 27 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 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 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 b y means of 
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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-2mra thick. These were washed in two changes of Sorensen's buffer at pH 
7.4 for 15 minutos 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 μ thick were 
cut on an L K B XJltratome 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 

Capillaries, veins and arteries can be readily identified in the muscle of the 
human foetus of nine weeks. 

The capillaries are formed of closely applied endothelial cells which at some 
zones of contact exhibit specialised, electron dense tight junctions (Fig. 1). The 
endothelial cells proliferate by mitosis (Fig. 2) and the tight junctions persist between 
the adjacent cells even when the cells are in mitosis. The occurence of mitosis in 
the endothelial cells of the capillary wall does not interfere with the capacity of 
the vessel to transmit blood corpuscles. A layer of basement membrane lies on 
the outer aspect of the endothelial cells and within spaces in the basement membrane 
there occur pericytes. Pinocytotic vesicles are frequent in both the pericytes and 
the endothelial cells forming the capillaries of the muscle in foetuses of fifteen 
weeks development (Fig. 1). 

Vessels which have the structural appearance of veins are seen in foetuses of 
sixteen weeks development (Fig. 3) . The veins are lined by flattened enlothelial 
cells and tight junctions occur at some adjacent parts of the adjacent membranes 
of the endothelial cells. The nucleus of the endothelial cells to be ovoid in shape 
and is often indented. It has a dense narrow rim of chromatin and the rest of the 
chromatin usually is granular. The cytoplasm of the lining cells is moderately 
electron dense. Around the endothelial cells lies a narrow space separating the 
endothelial cells from the plain muscle cells which form the medial coat. These 
muscle cells are loosely arranged and spaces occur between them and the endothelial 
cells which they surround. Many fibrils of collagen lie between the cells of the 
media and the loosely arranged cells which form the external coat of the vein. 
These cells have a relatively large nucleus which is dark and granular. They contain 
a large amount of cytoplasm which possesses rough endoplasmic reticulum, ribosomes, 
mitochondria an d man y fin e filaments . 
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Arteries (Fig. 4) are also readily identified in the foetus of sixteen weeks 
development. They are lined by compactly arranged columnar shaped cells which 
enclose an irregular shaped lumen. Tight junctions are located at frequent zones 
of contact of all the cells forming the endothelial lining or intima of the artery. 
These columnar cells are of two distinct electron dense appearances (Fig. 4 and 5 ) : 
the majority are fairly electron dense with a round or elongated nucleus which is 
granular with a very electron dense narrow margin. Their cytoplasm contains besides 
mitochondria considerable numbers of electron dense bodies of varying shape and 
also rough endoplasmic reticulum and ribosomes. Interspersed amongst these dark 
cells are cells which have fairly clear cytoplasm. These cells are much less frequent 
than the electron dense cells. A distinct space separates the dark endothelial cells 
from the layer of plain muscle cells forming the media of the artery, and in this 
space lies filamentous material corresponding to the internal elastic lamina. The light 
cells however make direct contact with the cells of the media and no space or 
internal elastic lamina intervenes between them (Fig. 4 and 5) . 

Outside the internal elastic lamina and adhering to the clear cells of the intima 
lie plain muscle cells: between the internal elastic lamina and the smooth muscle 
cells is a layer of basement membrane which is interrupted by the clear intima cells 
which make contact with the cells of the media (Fig. 6) . The cytoplasm of the 



Fig. 2  —  A  blood  capillary  is  lined  by  four  endothelial  cells  one  of  which  is 
in mitosis.  X  3,000.  Ec  =  endotJielial  cell,  My  =  myotube,  Ν  ~  nucleus, 

Pc =  pericyte,  Rb  =  red  blood  cells. 
plain muscle cells contains an abundance of thin filaments and throughout the cells 
there are numerous irregular shaped very electron dense zones which appear to be 
condensations of the filaments. In addition there are some rounded and irregular 
shaped dense bodies as well as collections of glycogen granules and some mitochondria. 
There are several layers of smooth muscle cells and thight junctions exist between 
these adjacent cells. The nuclei of the plain muscle cells are irregular in shape 
and rather granular with a large amount of small, very electron dense chromatin 
throughout their substance. Nucleoli are frequent and the margin of the nucleus 
has a dark rim of chromatin of variable thickness. Between the outer cells of the 
media and the adjacent external coat there occurs a layer of basement membrane 
closely applied to the plain muscle cells (Fig. 6) . The cells of the external coat 
have an irregular shaped nucleus and a large amount of cytoplasm which forms 
long processes which are disposed concentrically around the medial coat. Their 
cytoplasm is rich in rough endoplasmic reticulum, ribosomes, mitochondria and fine 
filamentous material. Collagen fibrils surround these cells but they are devoid of 
basement membrane. 

As maturation advances the number of endothelial cells increases. Fig. 7 shows 
a well developed blood capillary of the muscle of a human foetus of twenty weeks 
development. 













COMMENTS 

Blood vessel s ar e distribute d widel y amongs t th e foeta l muscl e cell s a t al l 
stages o f developmen t examine d i n thi s investigation . 

Regarding th e capillarie s the y ar e line d b y flattende d endothelia l cell s o n 
the oute r surfac e o f whic h i s a  coverin g o f basemen t membrane : the y ar e th e 
so-called continuou s typ e (Bloo m an d Fawcett , 1975 ) i n whic h th e endothelia l 
cells ar e closel y applie d throughou t thei r extent . Thi s i s i n contras t t o th e 
capillaries o f th e fenestrate d typ e whic h presen t opening s i n th e capillar y wal l 
as i n th e viscera l capillarie s wic h ar e concerne d wit h th e productio n an d 
absorption o f fluid . Th e adjacen t endothelia l cell s o f th e capillarie s o f th e 
muscle a t nin e week s developmen t presen t electro n dens e tigh t junction s a t thei r 
surfaces. Thes e junctiona l complexe s ar e o f th e macul a occluden s type . Man y 
endothelial cell s i n th e capilla r wal l wer e undergoin g mitosi s an d eve n i n thes e 
cells tigh t junction s betwee n the m an d thei r neighbourin g endothelia l cell s ar e 
observed. I n th e endothelia l cel l cytoplas m o f th e capillarie s i n foetuse s o f 
fifteen week s onward s occu r man y pinocytoti c vesicle s (Baile y e t al. , 1971) . 

Developing vein s als o ar e frequen t i n th e muscle . Thre e coat s ca n b e 
distinguished i n thei r walls , th e intima , medi a an d adventitia . Th e intim a i s 
formed o f a  continuou s laye r o f flattende d endothelia l cell s an d tigh t junction s 
occur a t zone s o f contac t o f adjacen t cells . Th e media l coa t howeve r i s il l 
defined eve n a t sixtee n week s developmen t an d man y gap s occu r betwee n 
the smoot h muscl e cell s whic h for m it . A n abundanc e o f collage n fibril s li e 
external t o th e medi a amongs t th e loosel y arrange d non-continuou s cell s o f 
the adventitia l coat . 

Arteries ca n b e identifie d i n th e foetu s o f sixtee n weeks . The y ar e 

formed o f intimai , media l an d adventitia l coat s wit h a n interrupte d laye r o f 

fibrils representin g th e interna l elasti c lamin a separatin g th e intim a fro m th e 

media. Th e intima i cell s contras t markedl y wit h thos e o f th e vein s an d 

capillaries i n tha t the y ar e columna r i n shap e an d very  numerous . The y ar e 

of tw o types , on e bein g muc h mor e electro n dens e tha n th e other . Howeve r 

there ar e n o report s i n th e literatur e whic h woul d indicat e th e functiona l 

difference betwee n th e tw o typ e o f intima i cells . Tigh t juction s occu r betwee n 

the variou s cell s o f th e intima . I n addition , th e interna l elasti c lamin a i s 

interrupted fairl y frequentl y b y foo t processe s o f th e clea r cell s makin g contac t 

with th e smoot h muscl e cell s o f th e media . A t thes e zone s o f contac t th e 

membranes o f th e contactin g cell s ar e il l defined . Her e th e basemen t membrane 

layer whic h cover s th e inne r surfac e o f th e media l coa t i s als o interrupted . 

A laye r o f basemen t membran e i s closel y relate d t o th e oute r surfac e o f th e 

smooth muscl e cell s o f th e media l coat . Th e adventitia l coa t i s forme d o f 

several layer s o f concentri c elongate d cell s wit h collage n fibril s betwee n them . 
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RESUMO 

Ultraestrutura de vasos sangüíneos intramuscular es humanos em desenvolvi

mento. 

Foram examinado s po r ultramicroscopi a vaso s sangüíneo s proveniente s d a 
biópsia muscula r d e 2 7 feto s humano s d e 9  semana s a  9  mese s d e desenvolvi -
mento intra-uterino . N a non a seman a d e vid a embrionári a o s vaso s sanguíneo s 
intramusculares tê m a  aparênci a d e capilare s cuja s célula s endoteliai s sã o 
envoltas po r membran a basa l e  abaix o dest a muita s veze s sã o identificado s 
pericitos. Tai s capilare s sã o d o tip o contínuo . Na s área s d e contat o entr e 
as célula s endoteliai s ocorre m desmossomas . 

Veias e  artéria s be m formada s sã o vista s a  parti r d a décim a sext a seman a 
Nas artéria s sã o observada s ampla s zona s d e contat o entr e a  camad a endotelia l 
e a  camad a seguint e formad a pela s célula s musculare s lisas . Tai s zona s d e 
contato interrompe m periodicament e a  lâmin a elástic a intern a e  sã o originárias , 
na verdade , d e célula s clara s qu e situada s entr e a s célula s endoteliai s mantê m 
com esta s um a íntim a relaçã o atravé s d e numeroso s desmossomas . Nã o fo i 
possível identifica r o s núcleo s d e tai s célula s cuj a funçã o parec e se r a  d e fixa r 
a íntim a n a camad a média . 
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