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In trodu ction

T here  is h a rd ly  an o th e r organ  w hose s tru c tu re  w ould  have been  in v e s t i
g a te d  as often  as t h a t  of th e  lym ph  n o d e . T h is is n o t surp rising , for ch an g es  in  
th e  ly m p h  nodes —  especially  u n d er p a th o lo g ic a l cond itions —  p ro v id e  a lw ays 
usefu l in d ica tio n s for th e  h isto log ist. I t  is d u e  to  th e  possibilities o ffe red  by  
th e  e lec tro n  m icroscope th a t  we are s till ab le  to  p o in t o u t new asp ec ts  in  th is  
co n n ec tio n .

T he p resen t ex p erim en ts  had  th e  a im  to  su p p le m e n t ex isting  d a ta  re g a rd 
ing  th e  s tru c tu re  o f th e  sinuses an d  th e  cap su le  of ly m p h  nodes b y  e le c tro n  
m icroscopic o b se rv a tio n s .

M a te r ia l  a n d  m e th o d

L ym ph nodes m easuring 2 to 3 m m  taken  from  th e  submandibular region o f guinea  
pigs were fixed  and thereafter minced in buffered (pH  =  7.2) isotonic and isoionic 1 per cent 
osm ium  tetroxyde solution  prepared according to S j ö s t r a n d . After 2 hours, the specim ens  
were dehydrated in ethanol and embedded in a 5 : 1 m ixture of butyl and m eth y lm eth a 
crylate. Sections were prepared with a P o r t e r - B lu m  typ e  m icrotom e and photographed by  
means o f a Tesla BS 242 tab le electron m icroscope w ith  2500 to 9000-fold m agnification. M ost 
sections were stained w ith  saturated uranyl acetate  so lution  or 2 per cent K M n 04 solution  
and covered w ith formvar membrane to reduce heating  artifacts.

R esu lts

Capsule  (F ig. 1). I t  consists o f la m e lla te d  co nnec tive  tissue in  w hich  fo u r 
layers can  be d is tin g u ish ed : (1) lam ellae  o f co n n ec tiv e  tissu e ; (2) f ib ro c y te s ;  
(3) f ib re s ; (4) e n d o th e liu m .

ad  (1). This la y e r  consists o f f la t te n e d  f ib ro c y te s  w hich form  sev e ra l 
superp o sed  para lle l lam ellae  (Fig. 1, N os. 1— 7 ) .T h ey  show ed often  th e  p h e n o 
m enon o f p inocy tosis  in  th e  form  of m in u te  vesicles p roduced  by  in v a g in a tio n s  
o f th e  cell m em b ran e . T he lam ellae h a d  a th ic k n e ss  of 30 to  40 m p  a t  som e, 
and  one o f  0.2 p  a t  o th e r  points. R o u n d , la rg e  m ito ch o n d ria  could be seen  in 
th e  cy to p la sm  and  also  osm iophilic bod ies w ere p ercep tib le  in som e cells. 
T hese bod ies m ay  h a v e  rep resen ted  p h a g o c y te d  p a rtic le s . C onnective tis su e  
fib res w ere  observed  in  th e  gaps be tw een  th e  ce llu la r lam ellae. T heir th ic k n e ss
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v a r ie d  be tw een  90 an d  30Ö Â. The th ic k e r  f ib re s  were tran sv e rse ly  s tr ia te d , 
th u s  c e r ta in ly  co llagenous L ibres, w hile no s tr ia t io n  could be d e m o n s tra te d  on 
th e  th in  fib res . T he th ic k  ones ap p eared  in  b u n d le s ; th e  th in  fib res a p p e a re d  
p a r t ly  in  bun d les  an d  p a r t ly  iso la ted . B o th  k in d s  of fibres w ere seen to  ru n  in  
a ll d irec tio n s  in  th e  n a rro w , f la tte n e d  in te r la m e lla r  in te rs tices , a lth o u g h  m o st 
o f th e m  w ere ru n n in g  p a ra lle l to  th e  lam ellae . T h e  th ickness o f th e  fib re s  w as 
fo u n d  to  grow w ith  increasing  d ep th .

ad  (2). L a rg e , c h a ra c te ris tic  f ib ro c y te s  w ere  encoun tered  in  th e  second  
la y e r  (F ig . 1, cc); th e ir  nucle i w ere large a n d  rev ea led  coarse c h ro m a tin  s t ru c 
tu re .  L arge  m ito ch o n d ria  w ere visible in  th e  cy to p lasm  w hich  c o n ta in e d  a 
sm all n u m b e r o f e rg asto p lasm ic  sacs and  r ib o so m es. This lay e r of th e  capsu le  
h as , because  of th e  large  size of its  cells, a th ic k n e ss  of 5 to  6 /t, i. e. one ex ceed 
in g  t h a t  of th e  f ir s t  layer.

ad  (3). T he th ird  lay e r consists o f f ib re s  s im ila r to  those co n ta in ed  in  the  
f i r s t ;  i t  is m o stly  com posed of bun d les  fo rm ed  b y  th ick  fib res (F ig . 1, k ); 
th e se  b u n d les  are  co n tin u o u s  w ith  th e  tra b e c u la e  em itted  b y  th e  capsu le  
(F ig . 1, t r ) .  T he la y e r  h ad  a th ickness of a b o u t 7 fi. U n s tr ia ted  fib res  o f  a h o m o 
geneous s tru c tu re  an d  a th ickness v a ry in g  b e tw e e n  60 and 200 [x w ere o b serv ed  
h e re  an d  th e re  am ong  th e  collagenous f ib re s : th e y  m ust have  re p re se n te d  
e la s tic  fib res  (F ig . 4). H a rd ly  an y  cells w ere fo u n d  in th is  layer.

ad  (4). T he fo u rth  lay e r rep resen ts  th e  en d o th e liu m  of th e  m a rg in a l s inus 
(F ig s . 1, 2a). I t  is a lay e r o f f la tte n e d  cells, th e  th ickness of w hich  does n o t 
ex ceed  10 т/л a t  ce rta in  p o in ts . T he m ito c h o n d ria  were found  to  be sm alle r 
an d  m ore e lo n g a ted  th a n  tho se  in th e  f ib ro c y te s , and  there  were few  processes 
on th e ir  su rface . D a rk  osm iophilic g ran id es  p o in tin g  to  phago cy to sis  as also 
vacu o les  could be observed  in  th e m . T h e  cy to p lasm  of th e  cells c o n ta in s  
sm o o th -su rfa c e d  endop lasm ic  re ticu lu m  a n d  sc a tte re d  P a lad e -g ran u les . N o 
e n d o th e lia l cells cou ld  be seen on th e  c o r te x w a rd  surface of th e  m a rg in a l sinus 
(F ig . 2b). T his w all of th e  m arg ina l sinus w as fo rm ed  by densely  p a ck ed  ly m 
p h o cy te s  and re tic u lu m  cells.

S in u ses  (F ig . 3). E x te rn a lly , th e ir  w all consists  of a lay e r of co llagenous 
or a rg y ro p h ilic  fib res  w hich  sep ara tes  th e  e n d o th e liu m  from  th e  su b s ta n c e  o f 
th e  ly m p h  no d e . T he fib res  —  p a r t ly  s c a tte re d  and  p a r tly  in  b u n d les  —  are  
s i tu a te d  in  a space  ab o u t 0.3 /; w ide. No b a se m e n t m em brane w as fo u n d  b e n e a th  
th e  en d o th e liu m  o f th e  sinuses. T he th ic k n e ss  of th e  en d o th e lia l cells v a rie d  
b e tw een  30 m /t an d  2 ц . M inute , e lo n g a te d  m itoch o n d ria  w ere o b se rv ed  in  
th e m . T hese cells em it som etim es m icrov illi in to  th e  gap below  th e m , a p h e n o 
m enon  p o in tin g  to  th e  a c tiv ity  of th is  su rface . A g reat num ber ol ir re g u la r  v illi 
—  ra th e r  m em b ran e-lik e  cu rved  s tru c tu re s  —  o rig inate  from  th e  in n e r  w all o f 
th e  sinuses (“ u n d u la tin g  m em b ran es” , F igs. 5, 6, 7). These m em b ran es f re q u e n t
ly  su rro u n d  large  (a b o u t 0.5 fi) c av itie s ; i t  is possible th a t  th e  l a t te r  becom e 
su b se q u e n tly  vacuo les m erg ing  in to  th e  cy to p la sm  of th e  en d o th e lia l cells,
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an assu m p tio n  su p p o rte d  by  th e  p resence  o f sev e ra l la rg e r or sm aller v acu o les  
in th e  cy to p lasm . T he processes o f th e  en d o th e lia l cells form  a sh e a th  a ro u n d  
th e  trab ecu le s  w hich  tran sv erse  th e  sinuses. T h e re  is an  endoplasm ic re tic u lu m  
o f m ed ium  size in th e  endo thelia l cells. T he ribosom es in  th em  are e ith e r  iso la te d  
or a rran g ed  in sm all groups. E n d o th e lia l cells a re  capab le  o f p hagocy tosis  and  
p in o cy tosis , as in d ica ted  by  osm iophilic  bodies an d  sm all vesicles in th e  c y to 
p lasm . T he en d o th e lia l cells form  a co n tin u o u s  c o a t over th e  Avail o f th e  s inuses 
and  th e  trab ecu le s  tran sv ersin g  th e m . T h e ir edges are  overlapp ing  like tile s . 
A lth o u g h  th e re  is no gap betw een  th e m , in  one case we saw a cell p a ss in g  
th ro u g h  betAveen tAvo neighbouring  en d o th e lia l cells.

In  a single case we succeeded in  fin d in g  tAvo cen trosom es above th e  n u c 
leus of an  en d o th e lia l cell (Figs. 10, 11, Cj an d  c2). One o f th em , o b liq u e ly  sec
tio n ed , Avas s itu a te d  in  th e  cy to p la sm , th e  o th e r , fo rm ing  a basa l b o d y , Avas 
found  im m ed ia te ly  u n d e r the  cell m e m b ra n e . C h a rac te ris tic  ciliary  f i la m e n ts , 
issu ing  from  th e  basa l body  and  covered  b y  th e  cell m em brane, p ro je c te d  
in to  the  lu m en . N um erous small vesicles could  he seen n ea r th e  cen tro so m es.

R e t ic u lu m  c e lls  (F igs. 2a, 21>, 7). T hese cells, Avell observable  in th e  s in u ses , 
show  a v a r ie ty  of form . T heir p rocesses v a ry  in  sh a p e ; we saw  a w hole ra n g e  
o f such  fo rm s, from  sh o rt, cy lindro id  processes seen in the  ligh t m icroscope to  
long, th in  an d  to r tu o u s  subm icroscopic  ones (F ig . 8). T here Avere m o reo v e r 
sac-like in v a g in a tio n s  betAveen th e  m icrov illi, an d  also vacuoles o f d iffe re n t 
size th a t  h ad  becom e de tached  in to  th e  cy to p la sm . T he cy top lasm  th e re fo re  
ex h ib ited  a spongy  p a tte rn . B und les o f co n n ec tiv e -tissu e  fibres w ere o fte n  
obserA'ed passing  th ro u g h  the  c y to p la sm  so th a t  re ticu lu m  cells seem ed  to  
en cap su la te  th e  tra b e c u la e  as did th e  en d o th e lia l cells o f th e  sinuses. T h e re  
ex ists  a close to p o g rap h ica l con n ec tio n  b e tw een  re ticu lu m  and e n d o th e lia l 
cells. T he long processes of con tiguous re tic u lu m  cells are often su tu rew ise  
in te rlaced , and m ay  be likewise in te rla c e d  Avith th e  microA illi of th e  e n d o th e lia l 
cells. T he cy to p lasm  o f th e  re ticu lu m  cells in  th e  m arg in a l sinus co n ta in s  m a n y  
ro u n d  bodies Avith a hom ogeneous o sm ioph ilic  su b s ta n c e . T hey  haAc d iffe re n t 
d iam ete rs  up to  0.5 ft .  In  some in s tan ces , th e  c e n tre  o f  th e  osm iophilic su b s ta n c e  
ap p ea red  to  be less o p aq u e ; in th ese  cases, th e  b o d y  Avas en larged  an d  m ore  
co m p act fo rm atio n s could be observed  in  th e  in te r io r  of th e  ra rif ied  sp o ts  
(F ig . 9). E v en  a th in  delim iting  m em b ran e  a ro u n d  th e  dense bodies cou ld  be 
seen in  som e cases. Such observa tions m ake i t  p ro b ab le  th a t  the  s tru c tu re s  in  
question  Avere th e  lysosom es described  by  D u v e  (1959) and  N oviK O FF (I9 6 0 ). 
The cy to p lasm  includes num erous sm all vesicles o f th e  endoplasm ic re tic u lu m  
as Avell as m an y  ribosom es; th e  la t te r  ap p ea red  e ith e r  iso la ted  or a rra n g e d  in 
ro se tte  fo rm . T hey  Avere som etim es jo in e d  to  th e  endop lasm ic  re ticu lu m  fo rm 
ing rough-su rfaced  vesicles. The nucle i o f th e  re tic u lu m  cells d isp layed  v a r io u s  
shap es; th e y  Avere m u ltilo b u la r in som e in s tan ces  an d  p rov ided  w ith  ir re g u la r  
in d e n te d  processes in  o thers.
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F ig .  1. Capsule o f ly m p h  node and marginal sinus. S trongly fla tten ed  cellular lam ellae (1— 7) 
and  bundles o f connective-tissu e fibrils betw een th em , which constitute the outer layer

of the capsu le
F ib rocytes (cc), contain ing fla tten ed  nuclei, large m itochondria, vesicles o f th e  endoplasm ic  
reticu lu m , and ribosom es, are found in the n ex t layer. The frame of the capsule is formed  
b y  th ick  bundles o f  collagenous fibrils (к) w hich m ay project into the interior o f the lym ph  
node in the shape o f trabecu lae (tr .) D elicate e lem en tary  fibres and elastic fibres m ay be seen 
b etw een  the collagenous bundles. The inner surface o f  the capsule is lined by the fla t endo
th e liu m  of the sinus (e) w hich contains, beside th e  nucleus, vacuoles (i?) o f vary in g  size, dark 

spherical granules (gr), m itochondria  and ribosomes 
ly  =  lym phocytes; m =  m itochondrium ; n nucleus



ULTRASTRUCTURE OF THE LYMPH NODE 4 1 9

Fig. 2a. E xternal region of the m arginal sinus. Its outer w all is formed by the connective-  
tissue capsule o f the lym ph node (c) and the covering fla t  sinal endothelium (e)
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Fig.  2b. Internal portion o f  the marginal sinus (continued from Fig. 2a). The sinus has no 
sharp boundary tow ards the substance o f the ly m p h  node, and the characteristic endothelium  
is absent. The wall consists, essentially, o f d en sely  packed cells, reticu lum  cells above all 
c =  capsule; e =  endothelium  o f the sinus; r =  reticu lum  cell; tr =  trabecula; ly  =  lym pho

cyte; es =  centrosom e
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Fig. 3. M edullary sinus. Its wall is formed by fla t endothelium  o f variable surface, and — 
beneath it —  a loose layer o f  connective tissue fibrils. The endothelium  engulfs the fibre 
bundles traversing the sinus (tr). Two reticulum  cells are v isible in the sinus (cf. Fig. 7). e =  
endothelium ; r reticulum  cell; n nucleus; er ergastoplasm ; f  bundle o f  fibrils;

nl nucleolus; es centrosom e



Fig. 4. D etail o f a trabecule projecting from the capsule into the marginal sinus 
The bundle o f  connective-tissue fibres is covered by endothelium  on both  sides (e). It is com posed o f striated collagenous fibrils (к), very  

thin elem entary fibres ( / )  and thicker (elastic) fibres o f  hom ogeneous appearance (e /)  
n  =  nucleus; m =  m itochondrium

422 
I. TÖ

RŐ
 and P. RÖ

H
LICH



Fig. 5. D etail from the wall o f  a m edullary sinus. N ote the irregular inner surface of the endothelium : it em its lam ellar processes (1) which, 
converging, form cavities (я) at several points. A few elem ents o f the endoplasm ic reticulum  (er) and m itochondria (m) are visible in the 
endothelial cells. The endothelium  has no basem ent membrane. Beneath the endothelial cells there is only a space o f varying width

which contains connective-tissue fibrils ( / )  
ly  lym phocytes
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Fig. 6. D etail o f a sinus wall. From the inner surface o f the endothelium  lam ellar processes (Í) are arising —  they  adhere closely to each
other and form cavities at several points (ж)
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Fig.  7. D etail o f  a m edullary sinus. Its wall consists o f fla t, irregular endothelium  (e) and  
underneath , a layer of delicate connective-tissue fibrils ( / ) .  Two reticulum  cells are seen 
in the cavity of the sinus. One of them  em its num erous long m icrovilli. Their cytop lasm  
is well structured: it contains m itochondria (m), ribosom es (r) (P alade’s granules), fla tten ed  
ergastoplasm ic vesicles (er), several m inute, round, hom ogeneous osm iophilic granules (gr), 

and clear vacuoles (t>); one o f the cells has a m ultilobular nucleus

3 Acta Morphologien XI/4.



Fig. 8. Surface o f a reticulum  cell. The cytoplasm  em its numerous villous or lam ellar processes which form cavities (#) at several points. 
Several vacoules (p), bounded by a membrane similar in thickness to the cell m em brane, w ith clear contents, can be seen near the 
surface o f the cytoplasm ; th ey  are presum ably products o f  pinocytosis. Num erous sm all vesicles (er) can also be observed in the same

area o f the cytoplasm ; they  probably belong to the endoplasm ic reticulum
l lipid droplet
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Fig. 9. R eticulum  cell. Spherical osm iophilic particles, presum ably surrounded by membranes, are visible in the cytoplasm . The central 
part is rarefied in some of them , while more com pact osm iophilic elem ents are contained in others (lysosom es, phagocyted particles?)
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F ig .  10.  Endothelial cell from  a sinus. The major part o f the cell is occupied b y  the flattened  
n u cleu s (n). Two centrosom es are seen near the nucleus, towards the lum en o f  th e  sinus. One 
is  o b liq u ely  sectioned (c2), th e  longitudinal axis o f  the other (e2) is perpendicular to the cell 
m em brane and forms a regular basal body. A cilium  em erges from the la tter  w hich is covered 

by th e  cell m em brane (oblique section) 
ly  — ta n g en tia l section o f ly m p h o c y t e ; /  collagenous fibrils
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T he endo thelium  o f th e  sinuses differs in  c e r ta in  respects  fro m  th a t  of 
th e  b lood  vessels. The la t te r  has a sm ooth  o u te r  su rface  and  th e re  is alw ays 
a b a se m e n t m em brane u n d e rn e a th ; also its  in n e r su rface is sm o o th , h av in g  
o n ly  sev e ra l m inu te  m icrovilli. T here  w ere sem e p in o cy to tic  vesicles in the  
en d o th e lia l cells of th e  b lood  vessels, b u t th e  s tru c tu re  of th e  c y to p la sm  did 
n o t d isp lay  the  spongy  p a t te rn  found  in the  sinal e n d o th e liu m . T h e  e n d o th e 
lium  o f th e  blood cap illa ries m ay  be so sw ollen in th e  ly m p h  node t h a t  it som e
tim es occludes th e  lum en .

Fig. II. Enlarged picture o f  a centrosom e and the basal body shown in F ig. 10. N ote the  
num erous m inute vesicles (re) around the centrosom e

D iscussion

As regards the  s tru c tu re  of th e  capsu le , it  has been fo u n d  to  consist o f 
la m e lla te d  connective tissu e . G oing in w ard , one fin d s  m ore an d  m ore  fib res. 
T he n u m b e r of collagenous fib res  increases to w ard s  th e  co rtex . F o rm in g  bund les 
th e y  p ro je c t in to  the  in te r io r , and  co n s titu te  th e  fram e  of th e  ly m p h  nodes. 
T here  are  few elastic  fib res  an d  sm ooth  m uscles a re  a b se n t a lto g e th e r . The 
s tru c tu re  of th e  c ap su la r  fib ro cy te s  allows th e  conclusion th a t  th e y  p lay  
no ro le in  th e  e ssen tia l fu n c tio n s  of th e  lym ph  nodes.

W e have failed to  d e m o n s tra te  en d o th e lia l cells on th a t  su rface  of th e  
m a rg in a l sinus w hich faces th e  co rtex . In  th e  m esen te ric  ly m p h  node of th e  
m ouse, М о е  (1960) fo u n d  an in te rce llu la r  gap 1 to  2 /i w ide b e tw een  th e  in n er
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e n d o th e lia l  cells o f th e  m a rg in a l sinus, th e  like o f w hich  he failed  to  fin d  in  th e  
e n d o th e liu m  of th e  in te rm e d ia ry  sinuses. The ev id en ce  of our fin d in g  in  guinea 
p ig s  su p p o rts  th e  a s s u m p tio n  th a t  the  w all of th e  sinus is fo rm ed  here  b y  the  
ce lls  o f  the  cortex  itse lf , th e  lym p h o cy tes  an d  v a rio u s  form s of re tic u lu m  cells, 
so  t h a t  the  lym ph is free  to  pass from  th e  m a rg in a l sinus b e tw een  an d  along 
th e  co rtic a l cells w ith o u t f lo w in g  along p re fo rm ed  p a th w a y s .

T he s tru c tu re  o f th e  m ed u lla ry  sinuses o ffers severa l p o in ts  of in te re s t. 
T h e se  sinuses are in v a r ia b ly  lin ed  by  en d o th e liu m  w hich  is se p a ra te d  from  the  
s u b s ta n c e  of the ly m p h  n o d e  by  a w ider or n a rro w e r space, an d  th e  sep a ra tio n  
is m a d e  still more d is t in c t  b y  th e  presence o f d e lica te  fib res . T he en d o the lia l 
c e lls  m ay  ju t  ou t o f th e  w a ll an d  bulge in to  th e  s in a l c a v ity  a t  sev era l p o in ts . 
M ic ro v illi and n u m ero u s  m em b ran e-lik e  p rocesses em erge from  th e  sinusw ard  
s u r fa c e  of these cells w h ic h  len d  a la b y rin th ic  c h a ra c te r  to  th e  sinus. These 
p ro c e sse s  m ay ac t as “ u n d u la t in g  m em branes” , th u s  becom ing  fac to rs  in  the 
m o rp h o lo g ica l changes o f  th e  en d o th e lia l cells a n d  in  th e  tr a n s p o r t  o f th e  con
t e n t s  o f  the  sinus. N u m e ro u s  vacuoles ren d er th e  cy to p la sm  of th e  en d o th e lia l 
ce Ils sponge-like and  s im ila r  to  th e  re ticu lu m  cells w h ich  have  th e  sam e su rface  and  
in n e r  s tru c tu re . T here  e x is ts  th u s  a s trik ing  s im ila r ity  be tw een  th e  re tic u lu m  cells 
a n d  th o s e  of the sinal e n d o th e liu m . T ran sito ry  fo rm s can  be seen. O ne m ay  regard  
th e  re ticu lu m  cells as d e ta c h e d , ac tiv a ted  e n d o th e lia l cells, an d  th e  la t te r  as 
f la t te n e d  resting re tic u lu m  cells. This view  seem s to  be sup p o rte d  b y  th e  
s t r u c tu r e  of the cy to p la sm  a n d  th e  occurrence o f  p in o cy to sis  an d  p h agocy tosis .

D evelopm ent o f  c ilia  on th e  endo thelia l cells of th e  sinuses m ay  have 
b e e n  induced  by  c e r ta in  lo c a l fac to rs  in w hich  case th e y  shou ld  be regarded  
as a n  ab e rra tio n . I t  is w o r th y  o f  no te  th a t  also o th e r  en d o th e lia l cells o f m eso
d e rm a l  origin m ay be p ro v id e d  w ith  cilia, su ch  as are  fo und , fo r in stan ce , 
a r o u n d  th e  nephrostom es in  v e r te b ra te s  of th e  lo w er o rders.

R e ticu lum  cells a re  p e rv a d e d  by  num ero u s w id er or n a rro w er passages 
a n d  sh o w , therefore , a sp o n g y  s tru c tu re  so th a t  i t  is over a la rg e  su rface th a t  
t h e y  a re  in  con tac t w ith  th e  ly m p h  (phagocy tosis, p in ocy tosis  !). T he presence 
o f  d e n se  bodies (lysosom es) especia lly  in  th e  in te r io r  o f th e  re tic u lu m  cells 
o f  th e  m arg inal sinus p o in ts  to  th e  possib ility  o f  en zy m e sy n th es is , a m o rp h o 
lo g ic a l phenom enon in d ic a tiv e  o f processes of d ig es tio n  occu rring  in  th e  sinuses 
o f  ly m p h  nodes. S o r e n s o n  (1960) has described th e se  bodies as d ense ly  p acked  
i r r e g u la r  or ovoid s t r u c tu r e s ;  a n d  found , in  a d d itio n , som e c ry s ta llin e  p a rtic le s .

T h e  lum en of th e  s in u se s  h as  a v e ritab ly  la b y r in th in e  c h a ra c te r  on accoun t 
o f  th e  m anifold and in te r la c in g  processes of th e  e n d o th e lia l and  re tic u lu m  cells. 
T h e  in n e r  s tru c tu re  is, m o re o v e r , co n stan tly  c h an g in g  ow ing to  th e  m o tion  of 
th e  cy to p la sm . Such a la b y r in th in e  s tru c tu re  m ak es i t  d ifficu lt for th e  ly m p h o 
c y te s  to  pass th ro u g h  th e  ly m p h  nodes, and i t  is b y  m eans o f cy top lasm ic  
m o v e m e n t and m ech an ica l in flu en ces (blood v esse ls , m uscles, i. e. ex te rn a l 
fo rc e s )  th a t  lym ph flow  is m a in ta in ed . T he la b y r in th in e  c h a ra c te r  of the



ULTRASTRUCTUКЕ OF THE I.YMPH NODE 431

sinuses is so p ronounced  th a t  a m echan ica l m assage is necessary  to  en su re  a 
m ass flow  of ly m p h o cy tes  from  th e  ly m p h  node to  th e  vas efferens. In  a g ree 
m e n t w ith  H a n  (1960), we have  failed to  find  th e  sy n c y tiu m  of re tic u lu m  cells. 
O u r observ a tio n s w ere o therw ise  in h a rm o n y  w ith  th o se  o f М о е  (1960) who 
s tu d ied  the  m esenteric ly m p h  nodes o f  m ice, as also w ith  those  o f H a n  (1960) 
w ho s tu d ied  th e  m esen te ric  lym ph  nodes of ra ts . O ur in v es tig a tio n s  co n cern in g  
lym ph o cy to g en esis , p lasm o cy tes , e tc ., are  in p rogress.

T he above-described  s tru c tu re  ju s tif ie s  the conclusion  th a t  th e  lym ph , 
a f te r  h av in g  gained access to  the m arg in a l sinus, flow s hence in to  passages 
w ith  walls of c o n s ta n tly  chang ing  s tru c tu re  (“ in te rm e d ia ry  s inuses” ) in to  the 
m e d u lla ry  sinuses an d  keeps seeping fo rth  in the  ch an n e ls  form ed b y  th e  c y to 
p lasm  o f en d o th e lia l an d  re ticu lu m  cells. The ly m p h  flow  is p ro b a b ly  p ro m o ted  
also  b y  th e  m ovem en t o f th e  “ u n d u la tin g  m em b ran es”  an d  processes also of 
th e  en d o th e lia l and  re tic u lu m  cells. N a tu ra l congestion  o f ly m p h  in th e  in te rio r  
o f th e  nodes creates fav o u rab le  con d itio n s for a b so rp tio n , e n zy m a tic  a c tiv ity , 
th e  syn thesis  of im m u n e  su b stan ces , p inocy tosis , p h ag o cy to sis , in b rie f, for 
all th e  m anifold p rocesses occurring  in  ly m p h  nodes. T he sinuses a re  p ro b ab ly  
no p e rm a n e n t s tru c tu re s , since a m u tu a l tra n s fo rm a tio n  of e n d o th e lia l and 
re tic u lu m  cells m ay cause  a d isap p earan ce  or re c o n s tru c tio n  o f th e  ly m p h  sinuses, 
p h en o m en a  revea ling  processes o f in n e r  d y n am ic  a d a p ta tio n  w h ich  could 
ex p la in  w hy we find  ly m p h  nodes w ith  d iffe ren t s tru c tu re s  in d iffe re n t p a rts  
o f th e  body .

S u  m i l i a r y

The structure of the capsule and the sinuses o f lym ph nodes has heen studied  in guinea 
pigs. Thorough observations o f the endothelial and reticulum  cells o f the sinuses, as seen in 
electron microscopic pictures, lead to the conclusion that the lym ph sinuses are no preformed 
structures but functionally  determ ined and constantly  changing cavities o f sinusoid  archi
tecture. There is no fundam ental difference betw een endothelial and reticulum  cells; depending  
on functional requirem ents, they may transform  one into the other.
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ДАННЫЕ ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОГО ИССЛЕДОВАНИЯ 
СТРУКТУРЫ ЛИМФАТИЧЕСКОГО УЗЛА

И. ТЁРЁ и П. РЕЛИХ
Авторы сообщают о своих наблюдениях в связи со структурой капсулы и синусов 

лимфатического узла морской свинки. Подробно излагается электронномикроскопиче
ская картина синусового эндотелия и ретикулярных клеток. Авторы придерживаются 
того мнения, что лимфатические синусы не представляют собой детерминированные 
образования а являются функционально индуцированными, постоянно меняющимися 
щелями синусовой структуры. Эндотелий и ретикулярные клетки являются функци
онально преобразовывающимися друг в друга клеточными формами тех же клеток.

E L E K T R O N E N M IK R O SK O P ISC H E  U N T E R SU C H U N G  D E R  L Y M P H D R Ü S E N -
STRUK TUR

I. TÖRŐ und P. RÖHLICH

D ie Struktur der K apsel und der Sinusé der L ym phdrüsen von  M eerschweinchen  
w u rd e untersucht. Das elektronenm ikroskopische B ild des Sinusendothels und der Retikulum 
z e llen  wird ausführlich beschrieben . Die Meinung wird vertreten , daß die Lym phdrüsen- 
sinu se  keine determinierten G eb ilde, sondern funktionsbedingte, sich ständig ändernde Spalten  
sinu sartiger Struktur darstellen . D as Endothel und die R etikulum zellen sind Zellformen 
der g leichen  Zellen, die fu n k tion ell ineinander um w andeln können.

P ro f .  Im re  T örő 
D r . P á l  R ö h l i c h

B u d a p e s t IX . T űzoltó  u . 58. H u n g a ryо  J
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