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I n s t i tu te  o f P a th o lo g y , U n iv e rs ity  M edical School, D ebrecen

ELECTRON MICROSCOPIC MORPHOMETRY 
OF THE ZONA GLOMERULOSA CELLS 

OF THE WISTAR RAT

G y . L u s t y i k  and  J .  S z a b ó  

(R eceived A u g u st 6, 1974)

R esu lts  of m o rp h o m e tric  m easu rem en ts  were co m p ared  on th e  cells o f  th e  zona glo- 
m eru lo sa  (ZG) of th e  ad ren a l g lan d o f th e  ra t.  T he m ean  a rea  covered by th e  cells, th e  nuclei, 
th e  m ito ch o n d ria  an d  th e  lip id  d ro p le ts , as well as th e  surface d en sity  o f th e  endoplasm ic 
re ticu lu m  m em brane  an d  o f in te rn a l m ito ch o n d ria l m em b ran e  in d ic a te d  a n  in liom ogeneity  
even  in th e  ZG cells of th e  sam e an im al, w ith  con sid erab le  dev ia tio n s in th e  ZG of d ifferent 
an im als . T he d a rk  a n d  lig h t ZG cells were ^com pared too . T he re su lts  su g g e st horm onal- 
fu n c tio n a l d ifferences, b o th  am ong  th e  norm al an im als  an d  am ong th e  cells o f  th e  same 
an im al.

T h e ligh t an d  e lec tro n  m icroscopic s tru c tu re  of th e  zona g lom erulosa 
(ZG) cells and  th e  fu n c tio n  o f  th ese  cells are  well know n. T h e ir m o rp h o m etric  
in v es tig a tio n  p rov ided  im p o r ta n t  d a ta  on th e  fu n c tio n a l s ta te  o f th e  cells. The 
ad ren a l g land has re p e a te d ly  been su b jec ted  to  h is to m e tric  m easu rem en ts  
w ith  th e  ligh t m icroscope [2, 11, 24, 34], w hen  o ften  c o n tra d ic to ry  resu lts 
w ere o b ta in ed  w ith  re sp e c t to  th e  m orpho log ica l reac tions o f th e  ZG cells. 
This m ig h t exp la in  w h y  so few  m o rp h o m etric  d a ta  o b ta ined  w ith  th e  electron 
m icroscope have been p u b lish ed  concern ing  th e  ZG. The hu lk  o f  q u a n ti ta t iv e  
u l tra s tru c tu ra l  s tu d ies  on th e  ad rena l gland h av e  been carried  o u t o n  th e  zona 
fasc icu la ta  [19—23]. B ecause o f th is sca rc ity  o f  d a ta  we were ob lig ed  to  find  
su itab le  m ethods o f sam p lin g  an d  m easu rem en t. In  th is p ap e r we re p o r t  on our 
p e rta in in g  observ a tio n s.

M ateria l and m ethod

T en  160 to 180 g m ale  W is ta r  ra ts , k e p t on a n o rm al sy n th e tic  d ie t an d  d r in k in g  tap - 
w a te r ad lib itum  were used . U n d e r lig h t e th e r a n aesth es ia , th e  abdom inal c a v ity  w as exposed 
and  th e  le ft ad ren a l g land  o f  e v e ry  a n im a l w as rem o v ed  on th e  sam e d a y  w ith in  h a lf  an 
h o u r in the  m orning. T he excised  tissue  was fix ed  in 3 %  g lu ta rah leh y d e  a t  ro o m  te m p e ra 
tu re  for 3 hours, follow ed b y  f ix a tio n  w ith  1%  osm ium  te tro x id e  a t  4°C fo r 1 hour. 
T he p H  of b o th  fix ing  m ed ia  was a d ju s ted  to  7.2 by  M ilolnig b u ffer. T h e  sam ples 
were d e h y d ra te d  in an  ascen d in g  alcohol series a n d  em b ed d ed  in to  D u rc u p a n  ACM. 
F o r th e  p re p ara tio n  of u l tr a th in  sections, th e  b locks w ere o rien ted  u s in g  sem i-th ick  
sections s ta in ed  w ith  0 .5 %  to lu id in e  blue. U ltra th in  sections p re p are d  w ith  a R e ich ert 
OM U2 u ltra -  m icrotom e w ere s ta in e d  w ith u ran y l a c e ta te  and  lead  c itra te . A T esla  BS 51 ЗА 
electron  m icro- scope was used .

B locks co n ta in ing  5 ZG were p rep ared  from  each  an im al. M easu rem en ts  w ere done 
on th e  m icrographs of 10 ZG cells o f every  an im al, th e  nucle i of w hich w ere s i tu a te d  in the 
p lane of section . As in th is  w ay  th e  s ta tis tic a l c rite ria  w ere no t m et these  d a ta  w ere n o t  su ited
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fo r  s te reo lo g ica l processing, b u t  s t i ll  o ffered  a possib ility  fo r com parisons o f th e  ZG cells of 
th e  sa m e  an im al and of d iffe re n t a n im a ls . This com parison  o f th e  cells p rov ides in fo rm a tio n  
on  th e  h o m ogeneity  of th e  ZG w h ic h  ag a in  m ight help in th e  choice o f th e  m eth o d  o f sam pling . 
F ro m  th e  re su lts  of d ifferen t a n im a ls  we tried  to find  an  an sw er to  th e  qu estio n  w h e th e r  th e  
ZG cells  o f  anim als k ep t u n d e r  id e n t ic a l  conditions were c h a ra c te riz e d  by  iden tica l q u a n tit ie s  
o f  cell organelles.

T h e  area of cells, n u c le i, m ito c h o n d ria , lipid d ro p le ts  a n d  th e  cy top lasm  co n ta in in g  
e n d o p la sm ic  re ticulum  was m e a su re d  on  a to ta l of 250 m ic ro g rap h s  a t  18,750 m ag n ifica tio n . The 
a re a s  w e re  m easured by m ean s o f  th e  p lan im eter and  th e  p o in t  co u n tin g  m eth o d  [27, 38, 4 0 1. 
T h e  su rfa c e  density  of m e m b ra n e -s tru c tu re s  in the  p e rin u c lea r space  (th e  surface of endop lasm ic  
r e t ic u lu m  Golgi m em brane p e r  u n i t  cy top lasm ic vo lum e) w as d e te rm in e d  on 200 m ic ro g rap h s 
a t  4 8 ,7 5 0  m agnification  to g e th e r  w i th  th e  area  of the  cross se c tio n  o f th e  endoplasm ic re ticu lu m  
a n d  th e  surface  density  o f free  r ib o so m es  (th is la t te r  w as re fe r re d  to  th e  cy to p la sm ic  area  
c o n ta in in g  th e  endoplasm ic r e tic u lu m )  as well as w ith  th e  d e n s ity  o f th e  in te rn a l m em b ran es of 
th e  m ito c h o n d ria  (m em brane  su rfa c e  pe r u n it m ito ch o n d ria l vo lum e).

T h e  m ethods of m e a su re m e n t and  calculation w ere  d escribed  b y  W e i b e l  [36 — 40],  
Ch a y e s  [4] and L oud [16, 17).

T h e  va lid ity  of th ese  r e s u l ts  is in fac t lim ited  to  th e  p e rin u c le a r space of th e  ZG cells. 
T h is  re s tr ic tio n  was in tro d u c ed  fo r  th e  sake of com parison  o f  in d iv id u a l cells. W e m easu red  
o rg a n e lle s  w hich — tak in g  a c c o u n t  th e  u ltra s tru c tu ra l c h an g es  o f s tim u la te d  ZG [6, 7, 12, 
14, 26 , 28, 29, 30, 31 ,41 ] a n d  th e  ce llu la r p a th  of in in e ra lo co rtico id  fo rm atio n  [8, 14, 25, 35] 
m ig h t  p la y  a role in a ld o s te ro n e  sy n th es is .

Results

T h e  u ltra s tru c tu re  o f  ZG  cells show ed th e  p a tte rn  know n from  th e  
l i t e r a tu r e  [3, 9, 13. 18, 26, 2 7 , 29, 41 — 43]. T ab le  I  show s th e  m ean a rea  o f  cells, 
th e  n u m b e r  of m ito c h o n d ria  an d  th e ir m ean  a re a  p e r an im al. T he ab so lu te  
v a lu e s  fo r these d a ta  o ffe r n o  d irec t in fo rm atio n , b u t  th e ir  com parison  m eans

Table I

Animal A rea  o f cells
Number

of m itochondria 
per section of cells

Average area 
of mitochondria

l . 61.0 ±  5.9 46 ±  8 0.31 ±  0.04

2. 57.3 ±  5.8 39 ±  5 0.26 ±  0.02

3. 55.2 ±  5.6 38 ±  4 0.17 ±  0.02

4. 40.7 ±  4.6 27 ±  6 0.21 ±  0.04

5. 66 .4  ±  7.8 44 ±  4 0.27 ±  0.03

6. 77.2 ±  7.5 43 ±  5 0.32 ±  0.05

7. 103.7 ±  16.1 37 ±  4 0.45 ±  0.07

8. 69.5 ±  8.0 36 ±  7 0.24 ±  0.02

9. 81.1 ±  12.1 39 ±  6 0.28 ±  0.06

10. 86.5 ±  17.9 44 ±  8 0.29 ±  0.04

T h e  Table shows th e  m e a n  a rea  (/i2) of 10 cells fo r each  an im al, th e  n u m b e r o f m ito 
c h o n d r ia  in the  cell and  th e  m e a n  a rea  of the  m ito ch o n d ria  (fi2) for each an im al. C om parison 
o f  th e  a rea  of cells and m ito c h o n d r ia  m eans a com parison  o f th e ir  volum es. T he v a lu e  fo r th e  
c a lc u la te d  m ean error p ro v id es  in fo rm a tio n  on th e  d e v ia tio n s  in  th e  cells of th e  sam e an im al
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Table II

Percentage ol the area of

Animal nuclei mitochondria lipid droplets m embrane space E R  sacs

in the area of the cell

l . 16.4 ±  1.9 23.8 ±  2.0 1.9 ±  0.8 56.4 ±  2.8 3.2 ±  1.1
2. 28.1 ±  2.6 18.9 ; t  2.1 4.0 ! 2.1 47.6 ±  2.2 3.2 ±  0.5

3. 28.8 1; 3.1 12.1 ±  1.9 6.8 ±  2.4 51.1 ±  1.8 5.4 ±  0.7
4. 36.8 ±  5.0 12.8 h  2.2 5.5 ±  2.6 42.1 ±  1.8 2.1 ±  0.8

5. 23.7 ±  2.4 18.7 ±  2.5 7.3 ±  2.7 50.0 ±  2.6 3.0 ±  0.6
6 . 17.3 ±  1.8 16.1 ±  2.0 3.2 ±  1.8 61.4 ±  3.3 6.1 ±  1.2

7. 21.3 ±  3.2 16.9 ±  2.2 8.7 ±  3.5 52.3 ±  2.2 5.8 ±  0.8
8 . 27.8 ±  4.3 11.9 ±  2.2 10.0 L 4.6 50.2 ±  3.6 3.1 ±  0.8

9. 23.6 ±  3.7 11.7 ±  2.2 7.0 ±  3.2 55.7 ±  3.3 4.2 ±  0.6

10 . 27.5 ±  5.6 16.0 ±  3.6 24.0 ±  6.9 34.2 ; 4.1 2.4 ±  0.5

T he p e rcen tag e  ra tio  o f th e  area o f the  nucleus, th e  m ito ch o n d ria  the lip id  f ra c t io n , an d  
the  m em b ran e  space as well as th e  area enclosed by  th e  en d o p lasm ic  re ticu lum  m em b ran e  in the  
cell is show n. T he d ev ira tio n s  in  th e  ra tio s of the  lip id  d ro p le ts  per cell and per a n im a l a re  the 
g rea tes t, in the  case o f th e  o th e r  d a ta  th e  differences a re  sign ifican t betw een th e  d iffe re n t 
an im als. T he h igh  re la tiv e  e rro r  for the  endoplasm ic re tic u lu m  in due to the g re a t e x p e r im e n ta l 
error

Table III

Animal
Membrane density 

in cytoplasm
(M ')

Density of mito
chondrial membranes 

0* ')

Density of free 
ribosomes

Percentage ratio 
I of dark cells 

(%)

l . 5 .1  ±  0 .3 1 .97  ±  0 .1 0 122 20 18

2. 4 .7  ±  0 .3 2 .08  ±  0 .0 8 9 6  ±  12 22

3. 5 .8  ±  0 .4 1 .72  ±  0 .18 1 0 3  ±  15 14

4 . 4 .8  ±  0 .4 1 .85 0 .0 9 84 9 24

5. 6 .2  ±  0 .3 1.90 0.11 128 22 20

6 . 5 .0  ±  0 .4 2 .10 _ 0 .12 7 6 i  8 16

7. 7 .2  ±  0 .5 1.88 0 .0 9 131  ±  16 12

8. 5 .4  ±  0 .3 1 .75  ±  0 .1 6 9 9  ±  10 15

9. 4 .0  ±  0 .4 2 .0 5  ±  0 .1 4 1 0 3  ±  12 14

10. 3 .8  ±  0 .4 2 .40 0 .1 9 11 2  ;t; 12 13

T ab le  III shows th e  d e n s ity  of th e  endoplasm ic  re ticu lu m  m em branes ( th e  m em b ran e  
surface) per u n it cy to p lasm ic  volum e (/t ')  and th e  d e n s i ty  o f th e  m itochondria l m em b ran e  
(surface of th e  c ris tae  p lu s th e  in te rn a l m em b ran e  in u n i t  m itochondria l vo lum e) ( / / '* ) ,  th e  
nu m b er o f free ribosom es in th e  u n it area o f the  cy to p la sm  co n ta in in g  the en d o p lasm ic  re tic u 
lum (f i ~-) an d  th e  ra tio  o f d a rk  cells per 100 cells. T h ere  is a s ig n ifican t difference in th e  d e n sity  
of free ribosom es per cell an d  p e r an im al and th ere  are  re m a rk ab le  deviations in th e  d e n s ity  
of th e  endop lasm ic  re ticu lu m  m em brane  in th e  d iffe re n t an im als
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a co m p a riso n  of th e  vo lum e o f cells an d  m ito c h o n d ria  and of th e  n u m b e r  of 
m ito c h o n d r ia  p er cell. T h is show ed less d isc re p a n c y , while th e  d ifferences in  
th e  v o lu m e  of cells an d  m ito ch o n d ria  w ere re m a rk a b le . The c a lc u la ted  m ean  
e r ro r  w ill p rov ide in fo rm a tio n  ab o u t th e  d e v ia tio n  from the  av e rag e  o f  th e  
d if fe re n t cells of th e  sam e an im al. T hus, th e  d a ta  fo r the  sam e a n im a l show  
s ig n if ic a n tly  less d e v ia tio n  th a n  those fo u n d  am o n g  different an im als .

T h e  a rea -p ercen tag e  o f  th e  nuclei, m ito c h o n d ria , lipid d ro p le ts  a n d  th e  
m e m b ra n e  space are show n in  T able I I . T he n a tu r e  o f th e  deviations w as s im ila r 
as in  th e  differences in  cell areas. P a r tic u la r ly  h ig h  re la tive  d ev ia tio n s  w ere 
fo u n d  in  th e  q u a n ti ty  of th e  lipid frac tio n  a n d  th e se  deviations p e r  cell w ere 
also  re m a rk a b le .

T h e  surface d e n s ity  of m em branes (endop lasm ic  re ticu lu m  -)- Golgi 
m e m b ra n e s)  and  th a t  o f th e  in te rna l m e m b ra n e  o f  th e  m ito ch o n d ria , th e  n u 
m e ric a l d en sity  o f free ribosom es as well as th e  percen tage of d a rk  cells are 
show n  in  T ab le  I I I .  T here  w ere m arked  d iffe rences betw een the  an im als  and 
also  am o n g  th e  densities o f free ribosom es p e r cell.

T h e  m o rp h o m etric  ch a rac teris tic s  o f  th e  d a rk  and  lig h t cells o f  ZG 
w ere  c a lc u la ted  se p a ra te ly  (T able IY). T he d isc repanc ies betw een th e  tw o  ty p es  
o f  cell m ig h t have been  due  to  th e  sh rin k in g  o f  th e  dark  cells d u rin g  f ix a tio n , 
since  th e re  were s lig h t dev ia tio n s betw een  th e  p ercen tag e  of th e  a re a s  o f  th e  
v a r io u s  organelles.

Table IV

Dark cells L igh t cells

Cell a re a  (/12) 50.1 ±  1.5 70.2 ±  2.2
M ean a rea  o f m itochondria  ( f t 2) 0.22 ±  0.01 0.31 ±  0.01
N u m b e r o f m itochondria  in th e  cell area 
P e rc e n ta g e  ra tio  of th e  a rea  occupied by  the

33 ±  3 40 ±  3

n u c le u s  in  the  cell
P e rc en tag e  ra tio  of th e  a rea  occupied by  the

29.4 ± 1.6 24.2 ±  1-1

m ito c h o n d ria  in th e  cell 14.4 ±  0.5 14.3 ±  0.5
P e rc e n ta g e  ra tio  of th e  a rea  occupied by  lipid 

d ro p le ts  in the  cell
P e rc en tag e  ra tio  of th e  a rea  occupied by the

6.2 ± 1 .3 4.8 ±  1.1

m em b ran e  space in th e  cell 
P e rc e n ta g e  ra tio  of th e  a rea  occupied by  the

49.6 ± 1 .5 55.9 ±  1.7

m em b ran e  sacs in th e  cell 4.0 ±  0.4 4.6 ±  0.4
D en sity  o f free ribosom es in th e  m em brane space ( f t ~)  

D e n sity  o f th e  endoplasm ic re ticu lum  m em brane
114 ±  8 88 ±  6

in  th e  cytoplasm  ( f t ~ 1) 6.3 ±  0.2 5.1 ±  0.2
M em b ran e  density  of th e  m itochondria  ( f t ~ l ) 2.15 ±  0.1 1.89 ±  0.1

T h e  m o rp h o m etric  ind ices o f th e  d a rk  an d  lig h t  cells of the  ZG are show n se p a ra te ly  
in  T a b le  IV . T here  is a  sig n ifican t difference in th e  m e a n  cell and m itochondria l a rea s , as well 
as in  m em b ran e  d en sity  a n d  in  th e  den sity  of free r ib o so m es . T he difference in th e  p e rcen tag e  
ra tio s  o f th e  various o rganelles in  th e  tw o ty p es  o f cell is less significant

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



СУ. LUSTY1K and J. SZABÓ 5

D iscussion

W ith  resp ec t to  th e  ZG, th e re  are  few m o rp h o m etric  (la ta  ava ilab le  
[18]. To th e  b es t o f o u r know ledge no s im ila r m easu rem en ts  h av e  b een  rep o rted  
in  th e  lite ra tu re , so th a t  we w ere unab le  to  com pare our re su lts  w ith  th o se  of 
o th e r  au th o rs .

W e found  re m a rk a b ly  g rea t d ifferences m ain ly  am ong  th e  ZG cells 
o f d iffe ren t an im als, th o u g h  — p rim arily  on g round  o f th e  d e n s ity  o f lip id  
d ro p le ts  an d  free ribosom es —  th e  ZG o f th e  sam e an im al does n o t seem 
to  he hom ogeneous e ith e r. T he role o f lip ids in  th e  sy n th esis  o f  m ineralo- 
co rtico ids is no t y e t fu lly  k now n , a lth o u g h  i t  is beyond  d o u b t th a t  th e y  have 
a role in th e  p ro d u c tio n  of ad ren a l horm ones [26]. T hus, th e  q u a n t i ty  o f  lipid 
d ro p le ts  in  a single cell m ig h t he th e  fu n c tio n  of cellu lar a c tiv ity . S im ila rly , as 
supposed  by  several a u th o rs  [7, 10, 13], th e  d a rk  an d  lig h t ZG cells m ig h t be 
th e  expression  of tw o d iffe ren t fu n c tio n a l s ta te s . In  con n ec tio n  w ith  these 
cells we m u st b ear in  m in d  th a t  — as supposed  by  H h o d i n  [26] — th e  a p p e a r
ance o f cells d iffe ren t in  d e n s ity  m ig h t be th e  re su lt o f d iffe ren t degrees of 
sh rin k in g  du ring  f ix a tio n . T h is assu m p tio n  was su p p o rte d  b y  th e  slight 
difference betw een  th e  p e rcen tag e  of th e  areas o f th e  organelles in  th e  tw o 
ty p e s  o f cell while m em b ran e  d en sity  an d  th e  d en sity  of ribosom es w as g rea te r  
in  th e  d a rk  cells. O n th is  basis no u n equ ivoca l answ er can , how ever, he given 
to  th e  question , an d  th e  n u m erica l ra tio  betw een  d a rk  and  lig h t cells, the  
se p a ra te ly  m easured  m o rp h o m e tric  indices o f these  cell v a rie tie s , m ig h t c o n tr ib 
u te  to  th e  assessm ent o f  th e  s tru c tu ra l-fu n c tio n a l re la tio n sh ip .

T he q u a n tita tiv e  m orpho log ica l d ifferences am ong  o f th e  d ifferen t 
an im als m ay  have been  d u e  to  th e  d iffe ren t fu n c tio n a l s ta te s  of th e  ZG in ind i
v id u a l no rm al an im als even  u n d e r  id en tica l cond itions. C hanges in the  
fu n c tio n a l s ta te  from  th e  m orpho log ical a spec t are p ro b ab ly  re fle c ted  in  the  
sim u ltan eo u s changes in  th e  n u m b e r o f th e  various cell v a rie tie s  (cells w ith  
h igh and  low lip id  c o n te n t, d a rk  an d  lig h t cells) and  in  th e  q u a n t i ty  o f cell 
organelles in  th e  v a rio u s cells.

H ence, th e  q u a n ti ta t iv e  m orpho log ica l c h a rac te riza tio n  o f th e  ZG cells 
is on ly  possible b y  a n u m b e r o f s im u ltan eo u sly  o b ta in ed  p a ra m e te rs . Since 
changes in fu n c tio n a re  acco m p an ied  b y  m acroscopic an d  ligh t m icroscopic  signs, 
p lan n in g  o f ex perim en ts fo r th e  s tu d y  o f th e  s tru c tu ra l-fu n c tio n a l re la tio n sh ip  
dem an d s som e cau tio n . T he m e th o d  of f ix a tio n  m ig h t also be o f im p o rtan ce  
an d  only  re su lts  o b ta in e d  on tissues w hich h av e  been fixed  and  p rocessed  by 
id en tica l m ethods are  su ita b le  for com parison . A su ffic ien tly  la rg e  n u m b er 
o f b locks o b ta in ed  from  d iffe ren t areas o f th e  ZG m u st he ex am in ed . The 
n u m b e r o f blocks an d  th e  n u m b e r o f e lec tro n  m icroscopic p ic tu re s  n ecessary  
for th e  m easu rem en ts can  be e s tim a te d  from  th e  re la tio n sh ip  su g g ested  by 
D e H o f f  (c it. [36], p. 269) an d  im p o r ta n t help m ig h t he o b ta in e d  from  ligh t
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m icro sco p ic  m easu rem en ts  to o . In  add ition , p a ra lle l b iochem ical an d  m o rp h o 
m e tr ic  te s ts  are n ecessary  fo r  th e  s tu d y  of th e  s tru c tu ra l-fu n c tio n a l re la tio n 
sh ip . O nly  such in v e s tig a tio n s  m ig h t answ er th e  q u es tio n  w h e th e r th e re  ex ists 
a q u a n ti ta t iv e ly  assessab le  re la tio n sh ip  betw een  m in era lo co rto co id  p ro d u c tio n  
a n d  th e  s tru c tu re  of th e  ZG  cells.
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E L E K T R O N E N M IK R O S K O P IS C H E  Q U A N T IT A T IV E  M O R P H O L O G IS C H E  U N T E R 
S U C H U N G E N  AN D EN  Z O N A -G L O M E R U L O S A -Z E L L E N  

VON IN T A K T E N  W IS T A R -R A T T E N

GY. LUSTY I К und J .  SZABÓ

M ittels e lek tro n en in ik ro sk o p isch er m orpho log ischer M essungen w urden die Zellen der 
Zona glom erulosa (ZG) von R a tten n eb en n ie ren  v e rg lich en . A ufgrund  der M eßergebnisse  
der F läch e  der Zellen, de r Zellkerne, der M itochondrion  sowie der lipid D ro p le ts , fe rner 
der D ich te  de r M em bran  des en d o p lasm atisch en  R e tik u lu m s (E R ) und d e r In n e n 
m em b ran  der M ito ch o n d rien  erw ies sich, daß  sogar die Z ona glom erulosa der e in ze ln en  T iere 
inhom ogen ist, jed o ch  w u rd en  w eit g rößere A bw eichungen  zwischen den ZG-Zellen v e rsch ie 
dener T iere  e rh a lten . Die »dunklen« und  die »hellen« Zellen der ZG w urden verg lich en . Die 
U n te rsch ied e  wiesen d a ra u f  h in , daß  bei den T ieren  a u ch  in der Norm  horm onelle  u n d  fu n k 
tionelle  A bw eichungen b e s teh e n  bzw ., daß  Zellen in u n tersch ied lich em  horm onellem  Z u s tan d  
v o rh an d en  sind.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ КОЛИЧЕСТВЕННОЕ МОРФОЛОГИЧЕСКОЕ 
ИЗУЧЕНИЕ КЛЕТОК КЛУБОЧКОВОЙ ЗОНЫ У НОРМАЛЬНЫХ КРЫС ПОРОДЫ

ВИСТАР
Д. ЛУШТЬИК и И. САБО

Авторами было проведено сравнение клеток клубочковой зоны (ZO) надпочечников 
крыс с помощью электронномикроскопических морфометрических измерений. 11а основе 
измерения поверхности клеток, клеточных ядер, митохондрий, липоидных капелек, а так
же плотности мембраны эндоплазматической сеточки и внутренней мембраны митохондрий
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было установлено, что клубочковая зона даже у отдельных животных неоднородна, но еще 
более значительные отклонения были обнаружены между клетками клубочковой зоны раз
личных животных. Авторы сравнивали «темные» и «светлые» клетки клубочковой зоны. 
Обнаруженные отклонения указывают на гормональные и функциональные различия, 
наблюдаемые у животных также в нормальном состоянии, или на одновременное наличие 
клеток, находящихся в различном функциональном состоянии.

G y ö rg y  L u s t y i k  

D r. J e n ő  S z a b ó ÎD O T E  K ó rb o n c ta n i In té z e t,
4012 D ebrecen , P f. 22., H u n g ary
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In s t i tu te  o f A n a to m y , H isto logy  an d  E m b ry o lo g y , U n iversity  M edical School, D ebrecen

EFFECT OF TRIIODOTHYRONINE TREATMENT, 
THYROPARATHYROIDEGTOMY AND MERCAPTO- 

IMINAZOLE TREATMENT ON ENCHONDRAL BONE
GROWTH

C H A N G E S IN  T H E  H IS T O L O G IC A L  S T R U C T U R E  O F T H E  G R O W T H  O R G A N

G. L é v a i , S. V a r g a ,* J .  G y a r m a t i , J r . and J .  L a c z k ó  

(R eceived  A u g u st 27, 1974)

H istological changes caused  by  tr iio d o th y ro n in e  (T3) a n d  n ie rrap to illiin azo le  
tre a tm e n t as well as by  th y ro id e c to m y  hav e  been  s tud ied  in the  p ro x im a l g ro w th  organ 
of th e  tib ia  o f grow ing ra ts . On tr iio d o th y ro n in e  tre a tm e n t m o rp h o m e tr ic  ex am in a 
tio n s revealed  an increased  p ro life ra tio n  a n d  reso rp tio n  of cartilag e  a sso c ia ted  w ith 
a  tra n s ito ry  acceleration  o f lin ea r hone g ro w th . A d m in is tra tio n  o f m ercap to im in azo le  
a n d  th y ro id ec to m y  in h ib ited  cartilag e  p ro life ra tio n  and  re so rp tio n  re su ltin g  in  a 
slow ing dow n of hone g row th .

A nom alies clue to  changes in th y ro id  rep resen t a co n sid e rab le  p a rt of 
hone g ro w th  d is tu rb an ces o f endocrine  o rig in . A ccording to  R i e k s t n i c e  and  
A s l i n g  [31] th y ro id  ho rm ones in flu en ce  b o th  th e  grow th an d  th e  d iffe ren tia 
tio n  o f bone, an d  th e  effect o f  th y ro x in e  on skele ta l grow th a n d  d ev e lo p m en t 
is th e  one easiest to  follow. T h ere  are  num erous d a ta  to  show  th e  favourab le  
in flu en ce  on bone g row th  o f th e  th y ro id  ho rm ones [1 2 ,2 7 ,3 0 ,3 3 , 38 ], a lth o u g h  
som e co n tra d ic to ry  ones h av e  also been  p u b lished  [5, 10]. O u r know ledge on 
th e  ossifica tion  d is tu rb an ces due to  red u ced  th y ro id  function  u n ifo rm ly  refers 
to  a slow ing dow n of groxvth [8, 17, 18, 32]. T hough th e  role o f  th e  th y ro id  
in  con tro lling  ossifica tion  is in d isp u ta b le , th e  m echanism  o f a c tio n  o f  its 
ho rm ones is no t clear. In  earlie r p ap ers  [23, 24] we described th e  h isto log ical 
changes observed  in  tin; g ro w th  o rgan  o f th e  tib ia  of develop ing  m ale ra ts  
a f te r  th y ro x in e  and  th y ro id  s tim u la tin g  ho rm one  (TSH) t r e a tm e n t .  In  the  
p re se n t w ork  th e  changes ta k in g  p lace in  th e  prox im al g ro w th  o rg an  o f the 
tib ia  o f m ale ra ts  w ere su b je c te d  to  m o rp h o m e tric  analysis.

M ateria l and  m ethods

Male ra ts  29 — 30 d ay s o f age of o u r own b reed  were used. The a n im a ls  w ere d ivided 
in to  fo u r g roups; th ree  consisted  o f 40 an d  one o f 60 anim als. From  each  g ro u p  five  anim als 
w ere sacrificed  a t  th e  end of every  w eek th ro u g h o u t 5 weeks from  the  b eg in n in g  o f  t re a tm e n t.

* P re sen t address: C en tra l R esearch  L a b o ra to ry , U niversity  M edical School, D ebrecen
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T h e  f irs t  group was t r e a te d  o f  lio thyrom ine o ra lly  w ith  d a ily  0.01 m g/100 g bod y  w eigh t. 
T h e  a n im a ls  in  the  second g ro u p  w ere  u n trea te d  con tro ls. T h e  th ird  group  was tre a te d  orally  
w ith  d a ily  10 mg/100 g b o d y  w e ig h t o f th iam azole.

T h e  60 anim als o f th e  f o u r th  g roup  were su b jec ted  to  th y ro p a ra th y ro id e c to m y  a cc o rd 
in g  to  G riesbach  and P u r v e s  [11]. F ive  anim als b e in g  su ccessfu lly  o p era ted  on b o th  in  
a n a to m ic a l  and  h isto log ical, r e s p e c t  were selected fo r th e  ex p erim e n t; 8 to 12 an im als  
w ere  sacrificed  every week. T h e  d e a th  ra te  ranged  from  0 to  3 0% .

T h e  bones of th e  m o st r a d ic a l ly  operated  5 an im als  w ere  p rocessed  weekly. T he d rugs 
w ere  m ix ed  to th e  food a n d  c o n d itio n s  for feeding, e n v iro n m e n t, tem p e ra tu re , h u m id ity  an d  
illu m in a tio n  were id en tica l fo r e a c h  group. The an im als  w ere  g iven  ta p  w ater ad lib itu m . 
T h e y  w ere  sacrificed in e th e r  a n a e s th e s ia  by  h e a rt tra n s e c tio n . T h e ir  left tib ia  was fix ed  an d  
d e c a lc in a te d  in Susa’s m ix tu re  a n d  a f te r  orienting th e  p ro x im a l end , em bedded in p a ra ffin . 
S e c tio n s  7 [1 th ick  were c u t a n d  s ta in e d  w ith h aem ato x y lin -e o sin , azan , and  alcian  g re e n -  
p ic ro fu c h sin . Before sacrifice th e  b o d y  w eight and d is tan c e  b e tw een  th e  caudal base a n d  th e  
t ip  o f  th e  nose were m easu red . F o r  q u a n tita tiv e  e s tim a tio n , th e  sections were p ro jec ted  on 
g ra p h  p a p e r  by  a Leitz m ic ro p ro je c to r  a t  1 : 1500 m a g n ifica tio n  an d  the  contours o f th e  ep i
p h y se a l cartilage  were d raw n . T h e  th ick n ess of th e  c a r tila g e  w as m easu red , and  a t  1, 3 an d  
5 w eek s an  area of 5 0 0 x 7 5 0  (J? w as sub jected  to  a n a ly s is  o f  th e  ep iphyseal g row th  o rg an  
fro m  3 an im als  of each g ro u p . W ith  th e  m odified m eth o d  o f  G la g olyev  [9] a p o in t-n e tw o rk  
w ith  a  d e n s ity  of d =  15 fi  w as u se d  a n d  positions o f 1836 p o in ts  w ere exam ined w ith in  th e  
m e n tio n e d  region. The p e rce n ta g e  d is tr ib u tio n  of th e  ca rtila g e  g ro u n d -su b s tan ce , ch o n d ro cy tes , 
c a p illa ry  loops, trabecu les a n d  b o n e  m arrow  of th e  g ro w th  o rg a n  w as de term ined  a f te r  c a l
c u la t in g  th e ir  p ro jected  area .

Results

T ab le  I d em o n stra te s  th e  body w eight a n d  le n g th  of th e  ex p erim en ta l 
an im a ls . B ody w eight o f th e  tre a te d  anim als w as a t  ev e ry  po in t of tim e  less 
th a n  t h a t  of the  con tro ls  a n d  th is difference (e x c e p t fo r th e  f irs t w eek) w as 
th e  sm a lle s t in the  case o f  T 3. B ody  length  of T 3 t r e a te d  ra ts  was a p p ro x im a te ly  
th e  sam e  as th a t  o f th e  c o n tro ls , while th e  th y ro id e c to m iz e d  and  th iam azo le  
t r e a te d  anim als were s ig n if ic a n tly  sm aller. T he th ic k n e ss  of th e  ep iphysea l 
c a r ti la g e  of the g ro w th  o rg a n  showed s ig n if ic a n t changes (Table I I )  w ith  
d e v ia tio n s  in  b o th  po sitiv e  a n d  negative d irec tio n s.

A fte r  T 3 treatment th e  ep ip h y sea l ca rtilage  w as alw ays s ig n ifican tly  n a r 
ro w er. A fte r the firs t w eek o f  thiamazole treatment th e  ca rtilag e  was s ig n ifican tly

Table I

M e a n  body iveight and tip  o f  nose — caudal distance in  experim ental anim als at the end o f  the 1st,
3rd and 5th weeks

Period  of treatm ent

C ontrol Triiodothyronine Thiamazole
Thyropara

thyroidectom y

b. w eight
(g)

b. length 
(cm)

b. weight
(g)

h. length  
(cm)

b. w eight
(g)

b .len g th  
(cm)

b. weight
(g)

b. length  
(cm)

1 w eek  (7 days) 59.70 12.95 52.00 13.40 58.40 12.20 53.00 11.42

3 w eeks (21 days) 91 .00 14.20 77.00 14.00 74.00 13.50 73.00 13.54

5 w eeks (35 days) 127.00 17.78 105.00 17.85 98.00 14.95 98.00 16.32
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Table II

Thickness  (//) o f  the epiphyseal cartilage at the erul o f  1st, 3rd and 5th weeks

1 week 3 weeks 5 weeks

C ontro l 455 ± 3 7 3 3 6 ± 3 9 243 ± 1 5

T riio do thyron ine  trea tm en t 351 ± 2 3  11 ] 291 ± 4 1  [I ] 219 ±  16 11 1

Thiam azole tre a tm e n t 500 ± 5 1  [11 2 2 3 ± 2 8  [1] 2 2.3 ±  17 [ 11

T h y ro p ara th y ro id ec to m y 3 7 4 ± 1 6  [1] 3 0 6 ± 1 5  [1] 3 1 3 ±  10 [ 1 1

[1] P  <  0.001

th ick e r, w hile a fte r  the  th ird  and  f if th  w eeks s ig n if ican tly  th in n e r, th a n  in  th e  
con tro ls . A t th e  end  of th e  f irs t and  th ird  w eeks a fte r  thyroparathyroidectom y, 
th ickness o f th e  ca rtilag e  d id  no t reach  th e  c o n tro l values, su rp ass in g  th em , 
how ever, b y  th e  end  o f th e  f ifth  week.

T h e  th ick n ess  of th e  ep iphyseal cartilage* d ep en d s on tw o fac to rs : th e  ra te s  
of p ro life ra tio n  an d  decom position . T he e x te n s io n  of the  p ro life ra tiv e  and  
h y p e rtro p h ic  ch o n d ro cy te  zone refers to  th e  a c tiv ity  of these p rocesses. In  
th is  re sp ec t, we have  a d o p ted  H a m ’s [15] d esigna tions of p ro life ra tiv e  zone

Table III

Total thickness o f  epiphyseal cartilage (ft), thickness o f  the proliferative and hypertrophic cell zones 
(ft) and their ossification rale at the end o f  the 1st, 3rd and 5th weeks

1 week 3 weeks 5 weeks

Control T o ta l th ickness of epiphyseal cartilage  
P ro lifera tive  zone 
H y p ertro p h ic  zone 
P ro lif ./hypertroph . ra tio

4 5 5 ± 3 7
1 8 4 ± 3 7
16 6 ± 1 9

1.11

3 3 6 ± 3 9  
171 ±  16 
10 2 ±  16 

1.67

2 4 3 ± 1 5
1 3 3 ± 1 0

7 4 ± 2 5
1.79

T riiodo thyro ine
tre a tm e n t

T o ta l th ickness of epiphyseal cartilage  
Pro lifera tive  zone 
H y p ertro p h ic  zone 
P ro lif./hypertroph . ra tio

351 ± 2 3  
1 8 9 ± 1 2  [7] 

91 ± 1 5  [1] 
2.07

291 ± 4 1  
15 8 ± 1 2  [2] 

5 9 ± 1 2  [1] 
2.67

2 1 9 ± 1 6  
110 ±  13 [ 1 ] 

40 ±  15 [1] 
2.75

Thiam azole
tre a tm e n t

T o ta l th ickness of epiphyseal cartilage  
Pro lifera tive  zone 
H y p ertro p h ic  zone 
P ro lif./hypertroph . ra tio

50 0 ± 5 1  
2 0 6 ± 2 2  [5] 
178 ± 14 14 ] 

1.15

2 2 3 ± 2 8  
9 0 ± 1 3  [1 ] 
9 0 ± 1 3  [3] 

1.00

2 2 3 ± 1 7  
1 2 3 ± 2 3  [6] 

7 8 ± 1 7  [7] 
1.57

T h y ro p ara 
th y ro idectom y

T ota l th ickness of epiphyseal cartilage  
P ro lifera tive  zone 
H y p ertro p h ic  zone 
P ro lif./hypertroph . ra tio

3 7 4 ± 1 6  
1 5 6 ± 3 9  [5] 
120±  18 [ 1] 

1.30

3 0 6 ± 1 5  
14 4 ±  9 11 ] 
11 6 ±  17 [3 J 

1.24

3 1 3 ± 1 0  
1 6 7 ±  9| 1] 
1 0 3 ±  19 [ 1J 

1.62

[1] P  <  0.001 [2] P  <  0.005 [3] P  <  0.02 [4] P  <  0.025 [5] P  <  0.05 [6 ] P  <  0.1 [7] P  <  0.6
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a n d  h y p e r tro p h ie  zone; th e  la t te r  com prises b o th  th e  m a tu ra tio n  a n d  ca lc i
f ic a t io n  zones.

T a b le  I I I  d em o n stra te s  m easu rem en ts  o f  th e  pro lifera tive  a n d  h y p e r
t ro p h ic  zones. T he d a ta  show  th a t  th e  h y p e r tro p h ic  zone n a rro w ed  dow n 
s ig n if ic a n tly  a fte r  T 3 t r e a tm e n t  as com pared  to  th e  contro ls. A t th e  sam e  tim e  
a s ig n if ic a n t narrow ing  o f th e  p ro life ra tiv e  zone w as observed a f te r  th y ro -  
p a ra th y ro id e c to m y  and  th iam azo le  t r e a tm e n t. E v e n  m ore in te re s tin g  co rre 
la tio n s  w ere  o b ta in ed  on d iv id in g  th e  th ick n ess  va lu es  for the  p ro life ra tiv e  and  
th e  h y p e r tro p h ic  zone. T h is va lue  of th e  r a te  of ossification  show ed  an  
u p w a rd  te n d e n c y  in  th e  c o n tro l anim als w ith  progressing  age, as th e  h y p e r 
t ro p h ic  zone d im in ished  m ore  th a n  th e  p ro life ra tiv e  zone. The e ffec t o f  T 3 
t r e a tm e n t  w as sim ilar, b u t  th e  ra tio  w as co n sid e rab ly  higher th a n  th a t  for 
th e  c o n tro ls . A t th e  th ird  an d  f if th  weeks a f te r  th y ro id ec to m y  and  th ia m a z o le  
t r e a tm e n t  th e  value for th e  ra tio  was low er th a n  th e  contro l, due to  th e  w id en 
in g  o f  th e  h y p e rtro p h ic  an d  narro w in g  of th e  p ro life ra tiv e  zone.

T a b le  IY  d em o n stra te s  th e  resu lts  o b ta in e d  w ith  the  G l a g o l y e v ’ s m e th 
od  [9]. T h e  tab le  shows th e  percen tag e  d is tr ib u tio n  o f th e  1836 p o in ts  w ith 
in  th e  ex am in ed  region concern ing  cartilage  g ro u n d  substances, ch o n d ro cy te s , 
c a p illa ry  loops of th e  m e ta p h y se a l su rface tra b e c u le s  and  hone m arro w . I t  
is seen  t h a t  u n d e r th e  effect o f  T 3 th e  a rea  o f  cap illa ries on the  m e ta p h y se a l

Table IV

Percentage d istribu tion  o f  m easuring  p o in ts corresponding to the constituents o f  the p ro x im a l  
grow th organ in  the tib ia  as determ ined w ith G lagolyev’s po in t network method

Percentage d istribu tion  of points within the to ta l exam ined area 
Total area =  100% =  (750x500) p'1 =  1836 m easuring points

trea tm en t,
weeks

Chondrocyte
Cartilage
ground

substance

Capillary
loop Trabecule

Bone
m arrow

l 24.78 27.45 5.66 11.55 30.56

C ontro l 3 17.10 25.49 5.01 15.85 36.55

5 11.17 22.22 2.72 20.37 43.52

T riio d o th y ro n in e  trea tm e n t 1 20.92 25.65 11.60 15.20 26.23

3 17.59 18.79 7.24 19.72 36.66

5 13.34 15.25 6.21 10.46 54.74

T h iam azo le  tre a tm e n t 1 24.40 38.89 4.25 9.04 23.42

3 11.00 27.70 1.20 5.01 65.09

5 8.17 23.20 1.74 15.36 51.53

T h y ro p a ra  th y ro id ec to m y 1 19.01 24.95 3.10 14.27 38.67

3 12.64 26.74 4.36 13.83 42.43

5 11.66 29.47 2.56 12.15 44.16
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Figs 1-3.  H istological changes in the growth organof the tibia folowing interventions affecting  
the thyroid  gland. H .E . X 120. la  —d: 1-week treatm ent; 2a — d: 3-week treatm ent; 3a — d: 
5-week treatm ent; a = triiodothyronine treated; b =  control; c = th iam azole treated;

d =  thyroidectom ized
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su rface  o f  th e  ep iphysea l ca rtilag e  grew s ig n if ic a n tly  as com pared  to  con tro ls  
as soon  as in  th e  f ir s t  w eek, an d  th is  rem ain ed  u n ch an g ed  till th e  end  o f  th e  
e x p e rim e n t. T h is ph en o m en o n  m ay  be co n sid e red  a sign of th e  acce le ra tio n  
o f c a r tila g e  decay . T he n u m b e r of ch o n d ro cy te s  increased  s im ila rly  up o n  
h o rm o n e  t r e a tm e n t in  th e  f if th  ex p erim en ta l w eek , a t  th e  sam e tim e  th e  a m o u n t 
of g ro u n d  su b stan ce  decreased . T hus th e  re la tiv e  cell co n ten t o f th e  ep ip h y sea l 
c a rtila g e  increased  on T 3 tr e a tm e n t. A s im ila r increasing  ten d en cy  w as o b 
se rv ed  in  th e  f irs t  an d  th ird  exp erim en ta l w eeks in  th e  num ber of p o in ts  s i tu 
a te d  on th e  trab ecu les , w hile b y  th e  end o f th e  f i f th  w eek an opposite  te n d e n c y  
p rev a iled . T he acce lera ted  hone fo rm atio n  in  th e  f i r s t  an d  th ird  w eeks, a sso c ia t
ed w ith  increased  bone decom position  in  th e  f i f th  week, m ay  have b een  re 
sp o nsib le  fo r th e  change. U n d e r th e  effect o f  thiam azole treatment an d  th y ro - 
p a ra th y ro id e c to m y  th e  n u m b e r of cap illaries w as less th a n  in  th e  con tro ls  
a t  ev e ry  p o in t of tim e . A sim ilar ph en o m en o n  w as observed in  th e  d is tr i
b u tio n  o f  trab ecu les . T he h ig h er n u m b er of p o in ts  co rrespond ing  to  th e  ca rtilag e  
g ro u n d  su b s ta n c e  an d  th e  low er num ber co rresp o n d in g  to  th e  ch o n d ro cy tes  
su g g ested  a re la tiv e  decrease o f cell co n ten t o f th e  ep iphyseal cartilage .

F ig u re  1 show s th e  p ro x im al g row th  o rg an  o f  th e  tib ia  in ra ts  treated with  
T3 ( l a ,  2a, 3a), in  th e  con tro ls  ( lb ,  2b, 3b), in  thiam azole treated ( lc , 2c, 3c), an d  
thyroparathyroidectom ized  ( Id ,  2d, 3d) an im als, 1 ,3 , an d  5 weeks a fte r  tr e a tm e n t.  
T h e  p h o to s  w ere ta k e n  of areas su b jec ted  to  m o rp h o m e tric  analysis a n d  th e y  
show  th e  above-described  ex tension  of th e  p ro life ra tiv e  and  h y p e rtro p h ic  
zones, th e  th ick n ess  an d  cell richness of th e  ep ip h y sea l cartilage , th e  d is tr i
b u tio n  o f th e  m e tap h y sea l cap illa ry  loops, th e  n u m b e r of trabecu les a n d  th e  
ex ten s io n  o f th e  hone m arro w  cav ity .

D iscussion

T h e  changes develop ing  in  th e  so-called  g ro w th  organ  [25] o f  y o u n g  
m ale  r a ts  su b jec ted  to  d iffe ren t in te rv e n tio n s  d u rin g  th e  period o f enchon- 
d ra l b o n e  fo rm a tio n  can be sum m arized  as fo llow s. T 3 treatment a cce le ra ted  
th e  re so rp tio n  o f ep iphysea l cartilage , th e  h y p e rtro p h ic  cell zone w as n a r 
row ed  dow n. A lm ost sim u ltan eo u sly , p ro life ra tio n  of th e  ch o n d ro cy tes  
in c rea sed , th e  p ro life ra tiv e  zone becam e w id er, th e  re la tiv e  cell c o n te n t of 
th e  c a rtila g e  increased . T he ra tio  p ro life ra tiv e /h y p ertro p h ic  zone th ick n ess  
in c rea sed  u n d er th e  effect of th iam azo le  an d  th y ro p a ra th y ro id e c to m y ; th is  
ra tio  w as sm alle r th a n  in  th e  contro ls a f te r  3 a n d  5 weeks, as a re su lt o f  a 
re la tiv e  n a rro w in g  of th e  p ro life ra tiv e  zone a n d  a w idening  of th e  h y p e rtro p h ic  
zone. T h e  resu lts  in d ic a te d  a slow er p ro life ra tio n  an d  reso rp tion  o f ca rtilag e . 
T h e  re d u c e d  n u m b e r of th e  m e tap h y sea l c a p illa ry  loops and  th e  re la tiv e  
cell c o n te n t o f th e  ca rtilag e  w ere fu r th e r  proofs o f th e  above s ta te m e n t.
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A ccord ing  to  Krompecher [22], n o rm a l enchondral bone g ro w th  is 
ch a rac te rized  by  th e  balanced  process b e tw een  cartilage  fo rm a tio n  an d  re 
so rp tio n  as well as b one  fo rm atio n  and  re so rp tio n . An increase in  th e  a c t iv i ty  of 
e ith e r  o f  th e se  processes resu lts  in  p a th o lo g ica l bone grow th. In  ou r s tu d ie s  ex p e r
im e n ta lly  p roduced  th y ro id  horm one d iso rd e rs  induced  a d is tu rb a n c e  o f linear 
bone g ro w th , b y  a lte r in g  th e  a fo re -m en tio n ed  p ropo rtio n s. The changes occu r
ring  in  th e  process o f bone g row th  can  be ch a rac te rized  by  th e  ra tio  p ro lifera- 
t iv e /h y p e rtro p h ic  zone. T he num erical v a lu e  o f th is  frac tion  increases w ith  age in 
the co n tro l an im als. T h u s  th e  h y p e rtro p h ie d , decay ing  chondrocy te  zone, w hich 
is a t  th e  s tag e  p receed ing  reso rp tio n , n a rro w s dow n m ore rap id ly  th a n  does th e  
p ro life ra tiv e  zone, w hich  produces th e  su p p ly  o f chondrocytes. In  o th e r  w ords 
w ith  age th e  p ro p o rtio n s  in th e  n a rro w in g  ep ip h y sea l cartilage sh if t to w a rd s  the  
p ro life ra tiv e  zone. U n d e r norm al co n d itio n s ch o n d ra l absorp tion  reach es th e  p ro 
life ra tiv e  to n e  w hich th e n  is also re so rb ed . T he ep iphyseal ca rtilag e  is reso rbed  
co m p le te ly , and  g ro w th  comes to  an  end . T h e  values for th e  tre a te d  g roups well 
ch a rac te rized  th e  process o f o ssifica tion  u n d e r  pathological co n d itio n s.

T 3 com pensates th e  grow th d is tu rb a n c e  o f  th y ro id ec to m ized  r a t s  3— 5 
tim es m ore  th a n  does th y ro x in e  [13] a n d  is tw ice m ore effective in  en h an c in g  
ap p ea ran ce  of th e  ossifica tion  cen tre  [45]. T hese d a ta  are in  good ag reem en t 
w ith  our resu lts  accord ing  to w hich T 3 tr e a tm e n t  enhances ch o n d ra l p ro life ra 
tio n  an d  re so rp tio n , an d  also w ith  th e  o b se rv a tio n s th a t  u p o n  th y ro x in e  
t r e a tm e n t  th e  ep ip h y sea l ca rtilage  o f th e  th ird  m e taca rp a l bone is ab so rbed  
earlie r, a n d  th a t  th e  cliondroclasts , b e in g  p re se n t in high n u m b er, p la y  a role 
in th e  ab so rp tio n  besides th e  cap illa ry  loops [23, 24]. The acce le ra tio n  of 
bone fo rm a tio n  up o n  T 3 tre a tm e n t has also been  recorded, in  a g re e m e n t w ith  
earlie r o b se rv a tio n s  [29, 31, 35, 36]. T h e  f in d in g s of Hall [14], Noback e t 
al. [29] an d  Walker [45] refer in d ire c tly  to  an  enhanced  c a r tila g e  de
co m position  and bone fo rm atio n , an d  show  th a t  th e  ossification c e n tre s  ap p ea r 
ea rlie r u n d e r  th e  effect of th y ro x in e .

T i i o r n g r e e n  a n d  H a n s s o n  [4 3 ,4 4 ] re p o rte d  th a t  th y ro x in e  in  a 20 pg /kg  
dose increased  th e  p ro life ra tio n  o f ep ip h y sea l chondrocy tes of y oung  h y p o p h y s- 
ec tom ized  ra ts . L o n g itu d in a l bone g ro w th  is th e  re su lt o f c h o n d ra l p ro life ra 
tio n  occu rrin g  in th e  ep iphysea l ca rtilag e  [15, 16, 39, 40]. L inear g ro w th  is accel
e ra te d  b y  T 3 in grow ing  ra ts  [3, 4, 30], th e  process is, how ever, te m p o ra ry  
and  th e  tra n s ie n t  acce lera tion  leads to  p re m a tu re  reso rp tion  of th e  ep ip h y sea l 
c a rtilag e  [23], th u s  an im als tre a te d  w ith  th y ro id  horm one rem ain  s h o r te r  th a n  
th e  co n tro ls . Mc L e a n  a n d  U r is t  [25] o b se rv ed  a delay of g ro w th  in  p u b e r ta l  
h y p e rth y ro id ism . W e have , how ever, fa iled  to  observe signs re fe rr in g  to  
o steo c last a ccu m u la tio n  an d  osteoporosis, d esp ite  th e  presence o f  n u m ero u s 
ch o n d ro c lasts . This m ig h t be ex p la ined  b y  th e  fac t th a t  our e x p e rim e n ts  were 
p erfo rm ed  on grow ing young an im als a n d , accord ing  to  h u m an  o b se rv a tio n s  
[20, 26], th y ro g en o u s  osteoporosis is a ra re  phenom enon  in p u b e r ty . T h e  ra te
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of o ssific a tio n  o f T 3 t re a te d  an im als was s ig n if ic a n tly  h igher th a n  th a t  o f  th e  
co n tro ls  a t  ev ery  p o in t o f tim e . This po in ts  to  changes in  th e  g row th  o rg an  
w h ere  th e  increased  p ro life ra tio n  and  a b so rp tio n  o f  th e  cartilage in d ica te  th a t  
en c lio n d ra l ossification  in  th e  tre a te d  an im als p roceeds m uch fa s te r th a n  in 
th e  co n tro ls .

H y p o th y ro id ism  due to  thiamazole treatm ent an d  thyroparathyroidectom y  
d e lay s cartilage resorption  as well as ca rtilag e  p ro life ra tio n  [2, 18, 19, 23, 32, 
37]. T h e  p a th o lo g ica l s tag e  can  be follow ed well in  th e  skeletal a lte ra tio n s  in  
c re tin ism , th e  co rrespond ing  h u m a n  co n d ition : lin e a r  grow th  is re ta rd e d , p e r 
s is tin g  c a rtilag in o u s  is lands m a y  be observed  e v e n  a t  th e  age of 40—50 y e a rs  
a t  s ite s  t h a t  n o rm ally  h av e  long before been  re p la c e d  by  hone [46]. O u r 
m e a su re m e n ts  co rresponded  w ith  th e  ab o v e -m en tio n ed  observations. T h ia 
m azo le  t r e a te d  an d  th y ro id ec to m ized  an im als d isp la y  certa in  d ifferences in  
th e  m ech an ism  of dysostosis, due p ro b ab ly  to  d ifferences in the  loss o f  th y ro id  
h o rm o n e  p ro d u c tio n . U n d er th e  effect o f th ia m a z o le , hy p o th y ro id ism  develops 
g ra d u a lly , th e  blood T S H  level is increased  b y  a feed -b ack  m echanism , th e  a c i
d o p h ilic  cells w hich p roduce  th e  g row th  h o rm o n e  d eg en era te  g rad u a lly  [17, 21, 
34]. T h e  m in im um  q u a n t i ty  o f th y ro id  ho rm one  essen tia l for T S H  p ro d u c tio n  
p e rs is ts  fo r a long tim e  a f te r  th y ro p a ra th y ro id e c to m y [42]. T hiam azo le  in 
h ib its  p e rip h e ra l m e tab o lism  an d  horm one a c t iv i ty  an d  th is  effect c a n n o t be 
n eg lec ted . I t  is, how ever, d ifficu lt to  es tim ate  its  r a te  as n o t even a s im u ltan eo u s 
s u b s t i tu t io n  tre a tm e n t w ith  th y ro id  horm one h e lp s  to  draw  conclusions since 
th e  p e rip h e ra l in h ib ito ry  effect o f the  d ru g  c a n n o t be elim inated  [41]. T h e  
b e h a v io u r  o f th e  C cells o f th e  th y ro id  g land , wrh ich  produce  th y ro c a lc ito n in e  
(TCT) as well as th e  effect o f TCT m ay re p re se n t fu r th e r  problem s. A cco rd 
ing  to  Wuttke e t al. [47] w ith  th e  increased  T S H  level, th e  a c tiv ity  o f  th e  C 
cells increases. P a ra th y ro id e c to m y  follow ing th e  th y ro id ec to m y  is fu r th e r  
c o m p lic a tin g  th e  aspect. P a ra th y ro id  h o rm o n e  p lay s a role in en c lio n d ra l 
o ss if ic a tio n  b y  in fluenc ing  th e  calcium  level. P a ra th y re o p riv a l te ta n y , as a 
sig n  o f  ho rm one  loss, did n o t  occur in our o p e ra te d  anim als. This m ay  h av e  
b een  d u e  to  th e  p a ra th y ro id  islands alw ays d e m o n s tra b le  in the  th y m u s  o f 
ra ts  [7], an d  these  islands becom e h y p e rtro p h ic  a f te r  p a ra th y ro id e c to m y  [6]. 
All th e se  endocrine changes re su lted  in changes o f  th e  h isto logical s t ru c tu re  
o f th e  g ro w th  o rgan  o f th y ro id ec to m ized  an d  th iam azo le  tre a te d  an im als . 
T h is w as m an ifest also in  o u r m easu rem en ts . I n  th e  case of th y ro id  h y p o - 
fu n c tio n , th e  ca lcu la ted  o ssifica tion  ra te  w as low er th a n  in the  con tro ls a t  th e  
end  o f  th e  th ird  an d  f if th  w eeks of tre a tm e n t. T h is in d ica ted  th a t,  ow ing to  th e  
s low ing  dow n of ch o n d ro cy te  p ro life ra tion  a n d  cartilag e  reso rp tio n , bone 
g ro w th  w as delayed  as co m p ared  w ith  th e  co n tro ls .

C onsidering  Krompecher’s [22] above m e n tio n e d  thesis th e  conclusion  
has b e e n  d raw n  th a t  T 3 t r e a tm e n t  increased  cell p ro life ra tio n  in th e  ep ip h y sea l 
c a r tila g e  an d  reso rp tio n  o f th e  la t te r ,  and  en h a n c e d  to  a lesser e x te n t th e  proc-
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ess o f  bone fo rm atio n . T h e  c o n tra ry  was found  in th e  case o f dec reased  th y ro id  
a c tiv ity , a lth o u g h  bone fo rm a tio n  was less a ffec ted  th a n  c h o n d rif ic a tio n  and 
ch ondra l d estru c tio n .
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D I E  W IR K U N G  V O N  T R IJO D T H Y R O N IN - (T 3) U N D  M E R K A P T O IM ID A Z O L - 
B E H A N D L U N G  S O W IE  V O N  T H Y R E O -P A R A T H Y R E O ID E K T O M IE  A U F  DA S 

E N C H O N D R A L E  K N O C H E N W A C H ST U M

G. L É V A I, S. V ARGA, J . GYARMATI J r . und J . LACZKÓ

Im  prox im alen  W ac h s tu m so rg e n  der T ib ia  w ach sen d e r R a tte n  w u rd e n  die 
n a c h  T rijo d th y ro n in - u n d  M e rk ap to im id azo l-B eh an d lu n g  sow ie n ach  ch iru rg isch er T hy- 
re o id e k to m ie  en ts teh en d en  h is to lo g isc h e n  V erän d eru n g en  u n te rs u c h t. An den  h is to lo g i
sch en  P rä p a ra te n  w urde m it v e rsch ied en en  m o rp h o m e trisch en  M essungen fe s tg es te llt, daß  
d ie T rijo d th y ro n in -V era b re ich u n g  d as  Tem po der K n o rp e lp ro life ra tio n  u n d  -reso rp tio n  s te i
g e r t ,  w as m it der v o rü b e rg e h e n d en  B eschleunigung des lin e a re n  K n o ch en w ach stu m s e in h e r
g e h t. U n te r  der W irkung  v o n  M erk ap to im id azo l u n d  n a ch  T y reo id ek to m ie  e rfä h rt  h ingegen  
so w o h l d ie K n o rp e lp ro lifera tion  a ls  a u ch  die K n o rp e lre so rp tio n  eine H em m ung , w as zu r V er
la n g sa m u n g  des K n o ch en w ach stu m s fü h r t .  Die E rgebnisse  w erd en  m it den  L ite ra tu ra n g a b e n  
v e rg lich en .
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ДЕЙСТВИЕ ЛЕЧЕНИЯ ТРИЙОДТИРОНИНОМ И МЕРКАПТОИМИДАЗОЛОМ, 
А ТАКЖЕ ТИРЕО-ПАРАТИРЕОИДЭКТОМИИ ПА ЭНХОНДРАЛЬНЫЙ РОСТ

КОСТЕЙ

Авторы изучали в проксимальном органе роста большеберцовой кости растущих 
крыс гистологические изменения, наблюдаемые под влиянием лечения трийодтиронином и 
меркаптоимидазолом, а также под влиянием хирургической тиреоидэктомии. При прове
дении различных морфометрических измерений на гистологических препаратах было 
установлено, что под влиянием дачи трийодтиронина повышается темп пролиферации 
всасывания хряща, что сопровождается преходящим ускорением линейного роста костей. 
Под влиянием лечения меркаптоимидазолом и тиреоидэктомии как пролиферация так и 
всасывание хряща претерпевают торможение, и это приводит к замедлению роста костей. 
Полученные результаты сопоставляются с литературными данными.

Г. ЛЕВАИ, III. ВАРГА, Й. ДЬАРМАТИ, МЛ., и Й. ЛАЦКО

D r. Géza L é v a i  
D r. S án d o r V arga  
D r. Já n o s  G y a r m a t y , J r .  
D r. Je n ő  L aczkó

D O T E  A n a tó m ia i, Szövet- 
és F e jlő d é s ta n i In téze t, 
4012 D ebrecen , H u ngary
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F ir s t  In s t i tu te  o f A n a to m y , H isto logy  a n d  E m b ry o lo g y , Sem m elweis U n iv e rs ity  Medical
School, B u d a p es t

BLOOD SUPPLY OF THE RAT HYPOTHALAMUS. 
HI. ANTERIOR REGION OF THE HYPOTHALAMUS

(N U C L E U S S U P R A C H I ASM AXIS, N U C L E U S  H Y PO T H A L A M IC U S A N T E R IO R . 
N U C L E U S  P E R  I V E N T R IC U L A R  IS)

G. A m b a c h  and M. P a l k o v it s  

(Received October 28, 1974)

The a rte ria l a n d  venous b lood  su p p ly  of th e  an te rio r h y p o th a la m u s  w as stud ied  
by  m eans of double perfusion  tech n iq u e . T he ang io to p o g rap h y  a n d  c y to a rc h ite c tu re  
o f th e  h y p o th a la m u s w ere co m p ared  on seria l sections b y  acco u n tin g  fo r th e  th ree- 
d im ensional co o rd ina tes. A d e ta iled  d esc rip tio n  is given of th e  a rte rie s  a n d  veins 
c o n trib u tin g  to  th e  blood su p p ly  o f th e  su p rach ia sm atic , th e  a n te r io r  h y p o th a la m ic  
and  th e  p e riv en tricu la r  nuclei. T he to p o g ra p h y  of th e  a rte ria l an d  ven o u s tru n k  on 
th e  base surface of th e  r a t  d ien cep h a lo n  is described , as well as t h a t  o f th e  larger 
b ranches w hich e n te r  from  below  a n d  pass th ro u g h  th e  a n te r io r  h y p o th a la m u s .

In tro d u c tio n

T here  are few d a ta  on th e  to p o g ra p h y  of th e  arteries a n d  ve in s  of the  
h y p o th a la m u s  in  ex p e rim en ta l an im als , p a r tic u la rly  in th e  r a t  [4, 8, 9]. The 
m a jo r ity  of earlie r w orks c o n c e n tra ted  on th e  clarification  o f th e  s tru c tu re  of 
p o rta l veins w hich are o f p rim a ry  im p o rtan ce  from  th e  asp ec t o f n eu ro en d o 
crine  reg u la tio n , b u t no d a ta  h av e  been p u b lished  on the  v a sc u la r ity  o f the  
in d iv id u a l h y p o th a lam ic  nuclei.

T he v a sc u la rity  o f th e  h y p o th a la m u s  — in v estig a ted  in  th e  r a t  [1] an d  in 
o th e r  species — is m ore or less th e  sam e as th a t  of th e  o th e r  reg ions o f th e  
b ra in , ex cep t for th e  o u ts ta n d in g  v a sc u la r ity  o f th e  tw o m ag n o cc llu la r nuclei: 
th e  su p rao p tic  and  th e  p a ra v e n tr ic u la r  nuclei. The ex trem ely  rich  v a sc u la r ity  
o f  th ese  nuclei is no d o u b t re la te d  to  th e ir  fu n c tio n a l role, hence  th e ir  ang io 
to p o g ra p h y  was s tu d ied  se p a ra te ly  from  th e  o th e r vessels o f th e  m ed ia l h y p o 
th a lam u s [2, 3].

T he m eth o d  of doub le  perfusion  tech n iq u e  allowed to  show  th e  arte ries  
an d  veins sep a ra te ly  [2]. B y using  o u r d e ta iled  m ap (Palkovits, in  p re p a ra 
tio n ) o f th e  r a t  h y p o th a la m u s , show ing  th e  th ree-d im en sio n a l c o o rd in a te s  of 
th e  various nuclei and  su b d iv isions, th is  m e th o d  can be app lied  to  th e  p re p a ra 
tio n  of a su rv e ry  of th e  d is tr ib u tio n  o f th e  h y p o th a lam ic  a rte rie s  a n d  veins. 
I n  ad d itio n  we w ished to  s tu d y :

1. an y  possible co rre la tio n  b e tw een  blood  supp ly  an d  cy to log ic  to p o g 
ra p h y  (w hether an y  o f th e  nuclei possesses an  iso lated  b lood  su p p ly , or the
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v ascu la riza tio n  of th e  su b d iv is io n s  w ith in  th e  v a rio u s  nuclei are id en tica l or 
d iffe ren t)  ;

2. th e  re la tionsh ip  b e tw e e n  the  p o rta l ve in s  a n d  th e  vessels su p p ly in g  
th e  o th e r  parts o f th e  h y p o th a la m u s ;

3. th e  vascu lar l in k  b e tw een  th e  h y p o th a la m u s  an d  th e  neighb o u rin g  
reg io n s of the b ra in ;

4. how and w here th e  veins of th e  various h y p o th a la m ic  nuclei m ee t and  
w h a t  k in d  of to p o g rap h ic  re g u la r ity  exists b e tw een  th e  a rte ria l b lood  su p p ly  
a n d  venous system  o f th e  vario u s regions.

In  th is paper we s h a ll  deal w ith  th e  v a sc u la r  s tru c tu re  of th e  a n te rio r  
p a r t  o f th e  m edial h y p o th a la m u s  and, w ith in  i t ,  of th e  su p rach iasm atic  n u 
c leus, th e  an terior h y p o th a la m ic  nucleus an d  th e  p e riv en tricu la r nucleus. 
V ascu la riza tio n  of th e  o th e r  hy p o th a lam ic  reg ions w ill be discussed in  a n o th e r 
p a p e r  (A mbach  an d  P a l k o v i t s , in p re p a ra tio n ).

M ateria ls and m ethods

B icoloured R o trin g  in k  p e rfu s io n  p rep ara tio n s w ere m ade  from  35 ra ts  of 150 to 200 g 
b o d y  w e igh t by  m eans of o u r m e th o d  described earlier [2]. T he h igh ly  viscous red  in k  filled  
th e  a rte rie s , th e  less v iscous b lu e  in k  th e  veins. Serial sec tio n s o f 100 to  400 /1  th ick n ess were 
c u t  fro m  various planes a n d  p ro je c te d , by  accounting  fo r th e  space coord inates, on th e  coord i
n a te s  o f  sim ilar dim ensions o f  th e  cy to a rch itec tu re  o f th e  h y p o th a la m u s (P a l k o v its , in 
p re p a ra tio n ) . Black In d ia n  in k s  d ifferen t in v iscosity  w ere also used  for in v estig a tio n  of th e  
a r te r ie s  on ly  or of th e  e n tire  v a sc u la tu re .

Results

Since several c la ss if ic a tio n s  of th e  h y p o th a la m u s  are know n from  th e  
l i te ra tu re ,  it  seem ed n e c e ssa ry  to  determ ine th e  sp a tia l ex tension  of th e  area 
in v e s tig a te d . The m ed ia l h y p o th a lam u s ex ten d s  la te ra lly  to  th e  th eo re tica l 
p e rp e n d ic u la r  line p ass in g  th ro u g h  the  forn ix , up  to  th e  fib res of th e  m edial 
fo re b ra in  bundle, fo rm in g  th e  la te ra l h y p o th a la m u s , i.e. up  to  th e  g roup  of 
cells em bedded  in th e se  f ib re s . I ts  u p p er b o u n d a ry  is th e  th a lam u s w hich 
p ra c tic a lly  corresponds to  th e  horizon ta l passing  on to p  o f th e  3rd ven tric le . 
R o s tra l ly  it  is ca lcu la ted  to  th e  p reop tic  region w h ich  corresponds to  a d is tan ce  
o f  400 to  500 /< beh ind  th e  b reg m a. ( I t has n o t been  se ttle d  w h e th e r cytologi- 
c a lly  th e  nuclei of th e  p re o p tic  area  can be re g a rd e d  as p a r t  of th e  h y p o th a la 
m u s; in  th is  paper th e y  w ill be discussed se p a ra te ly .)  C audally , th e  lim it of 
th e  m ed ia l h y p o th a lam u s is th e  m am illary  b o d y  w h ich  is n o t a sh a rp  v e rtic a l 
lin e , b u t  can  be d raw n d o rsa lly  3.8 m m  beh ind  th e  b reg m a  and a t  4.6 on m m  
th e  b ase .

D idactically , th e  m ed ia l h y p o th a la m u s can  be d iv id ed  in to  3 p a rts  (P a lk o v its , in 
p re p a ra tio n ) :  1. anterior part o f  th e  h y p o th a lam u s w hich  c o n ta in s  th e  su p rach iasm atic  nuc leu s 
(N SC ), th e  an terio r h y p o th a la m ic  nucleus (N H A ) co n sistin g  o f fo u r subdivisions a n d  th e
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BLOOI) SUPPLY OF THE RAT HYPOTHALAMUS III. 23

p e riv e n tric u la r  nucleus (N P E ) w hich  is d iv ided  from  th e  n e x t region hy th e  re tro c h ia sm a tic  
a rea  (A R ); 2. th e  middle  ( tu b e ra l)  part whose nuclei a re  th e  f ir s t  th ree  subdiv isions o f th e  
a rc u a te  nucleus (N A  1 — I I I ) ,  th e  v en tro m ed ia l nucleus (NV M ) w ith  seven and  th e  dorso- 
m ed ia l nuc leus (ND M ) w ith  th ree  subdiv isions. The m edia l em inence (EM ) w ith  th e  p o r ta l  
v e ins also belongs to  th is  p a r t;  3. th e  posterior (p rem am illa ry ) p a rt is th e  a rea  be tw een  th e  
m am illa ry  b o d y  and  th e  in fu n d ib u lu m . I ts  nuclei are  th e  tw o  po ste rio r subdiv isions o f  th e  
a rcu a te  nucleus (NA IV —V), th e  d o rsa l and  v e n tra l p re m a m illa ry  nuclei (N PM D  an d  N PM V , 
respec tiv e ly ), th e  poste rio r h y p o th a la m ic  nucleus (N H P ), an d  th e  su p ram am illa ry  nucleus 
(NSM ).*

A R T E R IE S

The arteries o f  the m edial hypothalam us

The arteries of th e  h y p o th a la m u s  or ig ina te  d irec tly  from th e  b asa l  
va scu la r  t ru n k s  or b ran ch es  form ing  the  circulus a r teriosus Willisii (see Figs 
1A, B). A t  th e  an te r io r  b o u n d a ry  of  the  bridge  th e  a. basilaris splits in to  tw o 
aa. cerebellares superiores a n d  tw o an. com m unicantes posteriores. The la t t e r  are 
S -shaped  and  jo in  on tw o sides, 2.5 and  3.0 m m  from the  midline a n d  6.0 m m  
beh ind  th e  bregm a, th e  aa. cerebri posteriores com ing  from  th e  a. carotis in terna. 
T he  in te rna l  carotic  a r te ry  runs  1.6 to  2.2 m m  la te ra l ly  front the m idline an d  
3.5 m m  b e h in d  th e  b reg m a  b ranches  in to  tin; p o s te r io r  cerebral a r te ry  w h ich  
ru n s  backw ards  on th e  b o u n d a ry  of  the  co r te x  a n d  the  cerebral peduncle ,  
ta k in g  up  th e  pos terior  co m m unica ting  a r te ry .

A b o u t  1000— 1200 p  beh in d  the b regm a  th e  a. carotis interna  is d iv ided  
in to  th e  a. cerebri media  and  th e  a. cerebri anterior. T h e  a. cerebri m edia  ru n s  
from  its origin 1800 to  2000 p  f rom  the  m idline fo rw ards  and  upw ards  along 
th e  b o u n d a ry  of  th e  p iriform  a n d  parie ta l  co r tex . N ea r  its origin th e  an te r io r  
cerebral a r te ry  lies below th e  ex te r io r  bo rder  o f  th e  op tic  chiasm, th e n  900 to  
1100 p  before th e  b reg m a  line i t  tu rns  g rad u a l ly  above  the  optic ne rve  an d  
con tinues  its p a th  in th e  long itud ina l  f issure o f  th e  cerebrum . I t  b ran ch es  
in to  th e  a. com m unicans anterior 800 1000 p before the b regm a line. T he
b i la te ra l  co m m unica ting  a rteries  anastom ose in th e  m idline in to  a t r u n k  above  
th e  optic  nerve. A fte r  division the  branches of  th is  t r u n k  (a. hem ispherica) 
r u n  paralle l  to  th e  an te r io r  cerebral a r te ry .  T h e  b ranches  proceeding to w ard s  
th e  h y p o th a la m u s  arc show n in Table  I.

Arteries o f  the suprachiasm atic nucleus

T h e  nucleus is s i tu a te d  a t  a d is tance  b e tw een  500 and  1200 p  b e h in d  
th e  b regm a , d irectly  on th e  tw o  sides of th e  3 rd  ven tric le  above th e  op tic  
chiasm . B o th  la te ra l ly  an d  u p w ard s  its m a x im u m  ex tens ion  is 500 to  550 p.

* O f th e  th ree  p a r ts  o f th e  m edial h y p o th a lam u s th e  p re sen t w ork is concerned  w ith  
th e  b lood  su p p ly  of th e  a n te rio r  p a r t;  th e  vessels o f th e  tu b e ra l a n d  prem am illa ry  p a r ts  will 
be th e  su b je c t of fo rth co m in g  p ap ers  o f th e  sam e series (A m bacii an d  P a lk o v its , in p re p 
a ra tio n ).
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Fig. 1. A rteries o f the  m edial h y p o th a lam u s. A. Filled w ith  R o trin g  ink . B. A rteries on th e  b asa l surface of th e  dienceplialon.
A b b rev ia tio n s see in te x t
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Table I

Hypothalamic arteries

a. com m unicans an terio r

a. cerebri an terio r —

a. cerebri m edia — 

a. cerebri posterior —

a. p raeoptica medialis 
a. hypothalam ica  m edialis 
a. subcom m issuralis lateralis 
a. subcom m issuralis m edialis

aa. thalam o stria tae  laterales

aa. praem am illares 
a. m am illaris an terio r

re troch iasm atica

и ------------------------------------------------------------------------------ a. hypo thalam ica  m edia
я ---------------------------------------------------------------- — ----------- - a. hypophysea an terio r

— - a. hypophysea m edia
e --------- ----------------------------------------------- -----------------------  a. hypophysea posterior

---------------  a. hypothalam ica lateralis
p o ste rio r m inor

— a. h y p o th a la m ica  la te ra lis  
p o ste rio r m ajo r 

----- - a. ch o iio idea  an te rio r

a. com m unicians 
poste rio r

- — aa. tubera les posteriores

a. hypo thalam ica  la tera lis 
—*- a. ch iasm atica  la tera lis 
— a. suprach iasm atica  
—► r. sup rach iasm atis an terio r 

. —*- a. oph thalm ica  in te rna

a. tu b era lis  an te rio r 

—► a. in frach iasm atica  

— aa.  tubera les m ediae

— aa. sup raopticae  latera les

—*- a. supraoptica  an terio r 
m edialis

—► aa. supraoptic i an teriores

—► rr. re troch iasm ates 
rr. chiasm ates

a. th a la m o s tria ta  m edialis
— a. supraoptica  m edialis 

a. supraop tica  la tera lis
— a. m am illaris posterior
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Fig. 2. A rteries of th e  su p rach iasm atic  nucleus. N u m era tio n  of vessels: 1. r. a n te rio r, 2. r. p o sterio r, 3. r. p osterio r in ferio r, 4. r . a n te rio r 
superio r, 5. r. an te rio r. A. S ystem  of su p rach iasm atic  a r te ry  and  th e  a rea  supplied  b y  it. B. Course o f  su p rach iasm atic  a rte ry . C. T er

m inal b ranches of su p rach iasm atic  a rte ry . D. Course an d  b ranches o f ram u s su p rach iasm aticu s . A b b rev ia tio n s see in  te x t
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“ BLOOD SUPPLY OF THE RAT HYPOTHALAMUS II I .” 27

T he nucleus is supplied  by  th e  su p ra c h ia sm a tic  a r te ry  o r ig ina ting  from the 
re t ro ch ia sm a tic  a r te ry  and by  th e  m ed ia l  b ranches of the su p ra c h ia sm a tic  
b ra n c h  (Fig. 2A).

T he  a. suprachiasm atica, o r ig ina ting  from  the  a. retrochiasm atica  600 p  
beh in d  th e  b reg m a  passes la te ra lly  to w a rd s  the  middle th ro u g h  th e  la te ra l  
th ird  of th e  optic  chiasm , then  arch ing  u p w ard s  and backw ards i t  sp l i ts  in to  its 
m a in  b ranches  in the  an te r io r  region o f  th e  h y po tha lam us ,  800 to  900 p  be 
h ind  th e  b reg m a  (Figs 2A, B). T he  b ra n c h  proceeding to  the  area  o f  th e  an te r io r  
h y p o th a la m ic  nucleus is the  c o n t in u a t io n  o f  the  main t ru n k  w h ich  supplies 
th is  g roup of nuclei and the ir  im m e d ia te  surroundings. The m id d le  b ranch  
runs  in th e  d irec tion  o f  the  ven tr ic le  a n d  par t ic ipa tes  in th e  s u p p ly  of  the  
p e r iv en tr icu la r  nucleus. The r. p a ra v e n tr icu la r is  inferior ru n n in g  to  th e  a n te 
r ior p a r t  o f  the  p a rav en tr icu la r  nucleus orig inates  from th is  b r a n c h  [3]. The 
in ferior  b ran ch es  of th e  sup rach ia sm a tic  a r te ry  supply  the  NSC. T h e  r. posterior 
superior  reaches th e  nucleus a t  its la te ra l  superior  p a r t  and  d iv ides  in to  an 
a n te r io r  and  poste r io r  b ranch . The tw o  b ranches  supply  to g e th e r  th e  upper 
tw o - th ird s  o f  th e  nucleus (Figs 2A — C ).T he  r. posterior inferior ru n s  from  la tera l 
to  th e  nucleus supp ly ing  the  v e n tra l -p o s te r io r  two th ird  of  th e  NSC (Figs 
2A, B). T h e  branches of the  su p ra c h ia sm a tic  a r te ry  (mainly th e  su p e r io r  ones) 
h ave  te rm in a ls  also in the  an te r io r  th i rd  of  the  nucleus which bes ide  the  r. 
su p rach ia sm a ticu s  p lay  a secondary  role in  th is  area.

T he  ram us suprachiasm aticus  o r ig ina tes  d irectly  from th e  re t ro ch ia sm a tic  
a r te ry  300 to  400 p  beh ind  the  b re g m a  line, and  supplies b lood o n ly  to  the 
NSC (sup rach iasm atic  nucleus). This  b ra n c h  is narrow er t h a n  th e  su p ra 
ch ia sm a tic  a r te ry  and  runs before a n d  m ed ia l ly  to  the  la t te r  ab o v e  the  optic 
chiasm . L eav ing  th e  optic  chiasm i t  p roceeds to  the an te r io r  p a r t  o f  th e  NSC 
w here  i t  sp lits  in to  two branches (Figs 2A, D). The s tronger r. anterior superior 
is su pp ly ing  th e  an te r io r  superior  t h i r d  of  th e  nucleus in an a re a  o f  500 to 
800 p  b e h in d  th e  b regm a. The ram us anterior runs fron ta lly  to  th e  lower p a r t  
o f  th e  nucleus. T he  area supplied b y  th is  b ra n c h  varies, the  b ra n c h  sp lits  as a 
r ide in th e  a n te r io r  inferior th ird  of th e  NSC. I f  the  lower b ran ch  o f  t h e  su p ra 
ch iasm atic  a r te ry  is narrow , its  te rm in a l  divisions m ay  be o b se rv ed  in the  
pos te r io r  inferior th i rd  of the  nucleus.

A rteries o f  the anterior hypothalam ic nucleus

T he an te r io r  hyp o th a lam ic  nucleus is th e  m ain  group o f  nucle i in the 
an te r io r  h y p o th a la m u s .  B ostra lly ,  th e  nucleus consists of v e n t ra l ,  m ed ia l  and 
dorsa l subdiv is ions which begin 500 p  b e h in d  th e  bregm a and  e x te n d  1100 to 
1300 p  b ack w ard .  The fou r th  subd iv is ion  (caudal part)  s ta r ts  b e h in d  th e  o th 
ers (from 1100 2000p) and  fills th e  space  below the p a ra v e n t r ic u la r  nucleus
la te ra l ly  from th e  3rd ventric le  to  th e  m ed ia l  forebrain bun d le .  T h e  ante-
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Table II

Arteries o f  the anterior hypothalam ic nucleus

1. r . a n te r io r  superior •*- —
2. r. a n te r io r  inferior **——
3. rr . v e n tra le s  m ediales ---------
4. r r .  m ed ia les inferiores ■*—
5. rr . v e n tra le s  latera les •*—
6. r. v e n tra lis  posterio r ■*----
7. r. a n te r io r  —
8. r r .  d o rsa les an terio res •*------
9. r. m ed ia lis  superior

10. r. p o s te rio r  superior +----------
11. r. p o s te r io r  inferior +-----------
12. rr . do rsa les  posteriores -----
13. r r .  m in o res -«-----------------------

a. p raeo p tica  m edialis 

a. suprach iasm atica  ■*—

a. ch iasm atica  la te ra lis  ■+-

a. hypo thalam ica  la te ra lis  ■+

a. coinm unicans a n te rio r

a. re troch iasm atica
t .

a. carotis in te rna

r io r  h y p o th a la m ic  nucleus is supp lied  b y  th e  m e d ia l  preoptic  a r te ry  a n d  th e  
b ra n c h e s  o f  th e  re tro ch ia sm a tic  a r te ry :  the  su p ra c h ia sm a tic ,  the  la te ra l  ch ia s 
m a t ic  a n d  la te ra l  h y p o th a la m ic  arteries (Figs ЗА- C ,  4A -C , 5A-C; Tab le  I I ) .

T h e  ram i anterior superior  and  anterior in ferio r  originate from th e  a. 
preoptica  m edialis  (a b ra n c h  o f  th e  an terior  c o m m u n ic a t in g  a rtery ,  Figs ЗА, 
13). T h e  super io r  b ran ch  ru n s  horizon ta l ly  b a c k w a rd s  a n d  splits in th e  a n te r io r  
sup er io r  sec tion  of the  m ed ia l  p a r t  of the  a n te r io r  hyp o th a lam ic  nucleus. I t s  
course  c a n  he t raced  dorsa lly  to  a d istance of 700 to  800 p. The inferior b ra n c h  
also sup p l ie s  the  m edial p a r t  ru n n in g  dorsally a t  th e  he igh t  of the m iddle  a n d  
lower t h i r d  of the  3rd ventr ic le .

T h e  m a in  t ru n k  of th e  a. suprachiasm atica  passes th rough  th e  lower 
th i rd ,  less o f ten  th ro u g h  th e  m idd le ,  of the  v e n t r a l  p a r t  of the  an te r io r  h y p o 
th a la m ic  nucleus to  th e  a rea  o f  th e  medial p a r t  o f  th e  N H A  (Figs 2B, 3B, C). 
The th r e e  or four branches  orig ina ting  opposite  th e  rr .  posterior and  superio r  
ru n n in g  to  th e  sup rach ia sm a tic  nucleus, the  rr. ventrales mediales, supp ly  th e  
lower m e d ia l  section of  th e  v e n t ra l  p a r t  of th e  N H A  to  a distance of 1000 p  
(Figs 2B , С, ЗА, C). U sually  one of  the  b ranches  is s tronger  and splits in  th e  
m ed ia l  p a r t  of the  N H A  w h ich  is (com para tively )  p o o r  in cells. A n o th e r  tw o  
to  th r e e  b ranches  of th e  s am e  a r te ry  provide  b y  m eans  of the  rr. mediales 
in feriores  t h e  fron ta l  section o f  th e  medial p a r t  o f  th e  an terior  h y p o th a lam ic  
nuc leus  to  a d is tance  of 700 to  1100 p  (Figs 2C, ЗА, C).

T h e  a. chiasmatica lateralis runs  th ro u g h  th e  N H A  a t  900 to  1100 p  be h in d  
th e  b re g m a  to the  p a ra v e n tr ic u la r  nucleus (N P V ),  ram ify ing  in its course 
a n d  se n d in g  branches to  th e  N H A  (Figs ЗА, 4A; T a b le  II) .

T h e  ram i ventrales laterales proceed v e n tro m e d ia l ly  (Figs ЗА, 4B) in to  
the  e x te r n a l  ha lf  of th e  nuc leus  and  can he t r a c e d  dorsally  to  a d is tance  of 
1300 p . T h e y  appear  to  o v e r lap  w ith  the  b ra n c h e s  of  th e  sup rach ia sm a tic  
a r te ry .  T h e  ram us ventralis posterior  runs dorsally  a n d  supplies the  pos terior  end 
of th e  v e n t r a l  p a r t  (Figs ЗА, 4C). The ram us anterior  originates from th e  sec
t io n  o f  th e  a. chiasmatica lateralis which lies b e tw e e n  th e  ven tra l  and  dorsa l
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F ig. 3. A rteries o f the  an te rio r h y p o th a la m ic  nu c leu s. A bbrev iations see in te x t .  In d ica tio n  
of vessels see T ab le  I I .  A. A rte ria l sy s tem  o f a n te r io r  hypo thalam ic  nucleus. B . T erm in als 
o f th e  rr. an te rio res  o f a. p reo p tica  m edialis. C. T e rm in a l b ranches of th e  a. su p ra ch ia sm a tica  

in th e  a n te rio r  h y p o th a la m ic  nucleus
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Fig. 4. T he a. ch iasm atica  la te ra lis  and its  b ranches. In d ic a tio n  of vessels see in  T ab le  I I  
a n d  A b b rev ia tio n s . A. C ourse o f la te ra l ch iasm atic  a r te ry . B . R r. ven tra les la te ra les . C. R .

v e n tra lis  posterior. D. R . a n te r io r
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Fig. 5. Course o f a. h y p o th a la m ica  la te ra lis  an d  its  b ran ch es . Ind ica tion  of vessels see in 
Table I I .  A b b rev ia tio n s see in  te x t .  Л. R r. dorsales an te rio re s . B. R . m edialis su p erio r. C. R . 

p o ste rio r su p erio r and  inferior. D . R r. dorsales posteriores
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p a r t s  o f  th e  N H A  and  runs  to  the  f ron ta l  sec t ion  of  th e  caudal p a r t  o f  th e  
N H A  w h ere  i t  ramifies in to  tw o  or th ree  s h o r t  b ranches  (Figs ЗА, 4D ). T h e  rr. 
dorsales anteriores can  be t r a c e d  to  th e  p o s te r io r  section of the  dorsal p a r t  o f  
th e  N H A .  Several overlapp ings  can be o b se rv e d  w ith  the  pos terior  dorsa l 
b r a n c h e s  com ing from th e  la te ra l  h y p o th a la m ic  a r te ry  (Figs ЗА, 4A, 5A). 
T h e  a. chiasm atica  lateralis usually  sends a s t ro n g e r  b ran ch  —  th e  ram us  
m ed ia lis  superior  —  proceeding  la te ra l ly  f ro m  above into the  nucleus. This  
b r a n c h  ends above and  b e h in d  th e  area in  w h ich  th e  sup rach iasm atic  a r t e r y  
ra m if ie s  (Figs ЗА, С, 5B).

T h e  a. hypothalam ica lateralis supplies t h e  cauda l p a r t  of th e  a n te r io r  
h y p o th a la m ic  nucleus. I t  en te rs  th e  h y p o th a la m u s  a t  1200 p beh ind  th e  b re g 
m a  a n d  runs  then  s teeply  u p  to  th e  fornix  (F igs  ЗА, 4B, 5C) where i t  delivers 
th e  m a in  arteries o f  th e  p a ra v e n tr icu la r  n uc leus  and  finally  ram if ies  in  th e  
v e n t r a l  th a la m u s .  I t s  b ran ch es  runnn ig  to  t h e  N H A  (Table I I )  o r ig ina te  from  
th e  v a s c u la r  section be tw een  the  su p ra c h ia sm a t ic  nucleus and  th e  fo rn ix ;  
th e  u p p e r  one, the  ram us posterior superior , supplies the  ha lf  of th e  nuc leus  
u n d e r  th e  p a ra v e n tr icu la r  nucleus, while th e  lower b ranch , th e  ram us poste 
rior in ferio r, supplies the  in ferior  ha lf  o f  th e  l a t t e r  (Figs ЗА, 4B, 5B, C). S h o r t ,  
m in o r  b ran ch es  — rr. m inores  — are found a long  th e  entire length  of  th e  vessel. 
T w o  b ra n c h e s ,  th e  rr. dorsales posteriores, r u n  fro n ta l ly  into the  p o s te r io r  end 
o f  t h e  dorsa l p a r t  o f  the  N H A  and ram ify  b e h in d  th e  bregm a a t  a d is tan ce  of 
900 to  1100 p  (Figs ЗА, 4A).

A rter ies  o f  the periventricular nucleus

T h e  hyp o th a lam ic  p e r iv en tr icu la r  nuc leus  (N P E ) is s i tu a ted  on th e  tw o 
sides o f  th e  fron ta l p a r t  o f  th e  3rd  v en tr ic le  a n d  is some cell layers th ick .  I t  
is t h e  (periven tr icu lar)  c a u d a l  c o n t in u a t io n  o f  th e  preoptic p e r iv e n tr ic u la r  
n u c leu s .  T here  is no sh a rp  t ran s i t io n  b e tw e e n  th e  two nuclei w hich  can  be 
s e p a r a t e d  400 p  beh ind  th e  bregm a. F i r s t ,  fo r  a leng th  of 400 to  500 p  th e  
n u c leu s  ex tends  dorsally  up  to  th e  h e ig h t  o f  th e  top  of the  v en tr ic le  th e n  
g r a d u a l ly  narrow s dow n a n d  can he found  on ly  below. I t  can be t ra c e d  dorsa lly  
2000 p  to  th e  appearance  o f  the  m edial em inence . T he  per iven tr icu lar  nucleus 
is su p p l ie d  b y  the  te rm in a l  b ranches  of  th e  a r te r ie s  of the  medial p reo p t ic ,  the  
s u p ra c h ia s m a t ic  and  th e  an te r io r  h y p o th a la m ic  nuclei, as well as b y  th e  
b ra n c h e s  of th e  an te r io r  hypophysea l  a r t e r y  (Figs ЗА, 6A). T h e  te rm in a l  
b ra n c h e s  of  the  a. preoptica m edialis  supp ly  th e  u p p e r  (rr. anteriores superiores) 
a n d  m id d le  th i rd  (rr. anteriores mediae) t o  a d is tance  of 700 to  800 p  b e h in d  
t h e  b re g m a  (Figs 6A, B). T h e  lower th i r d  is supp lied  b y  th e  rr. anteriores in 
fe r io res  (Fig. 6A), and  the  oro-caudal m idd le  p a r t  o f  the  nucleus (800 to  1000 p) 
b y  th e  b ranches  of  th e  sup rach iasm atic  a r t e ry .  Below th is  area are e n d in g  th e  
b ra n c h e s  of th e  ram i posteriores s u p ra c h ia sm a te s  (rr. mediales inferiores) an d
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F ig. 6. A rte ria l supp ly  of th e  p e riv e n tric u la r  nucleus. A b b rev ia tions seen in  te x t .  N u m era tio n  
of vessels: 1. rr. an te rio res  superio res, 2. гг. an te rio res  m ediae, 3. rr . a n te r io re s  inferiores, 
4. rr . m ediales inferiores, 5. r r . m ediales superio res, 6. r. p e riv en tricu la ris  p o s te rio r  superior, 
7. r. p e riv en tricu la ris  p o ste rio r m ajo r, 8. rr . p e riv en tricu la ris  posterio res m inores. A. Topog
ra p h y  of a rte rie s  supp ly in g  th e  p e riv e n tric u la r  nucleus. B. A. p raeo p tica  m ed ia lis  r r . a n te 

riores. C. A. su p ra ch ia sm atica  rr. m ediales. D. R r. p e riv en tricu la res  p o ste rio re s
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th e r e  are  above the  rr. m ediales superiores from th e  su p ra c h ia sm a t ic  a r te ry  (Figs 
6A, C). These la t te r  b ra n c h e s  supp ly , together w i th  th e  ram us periven tricu laris  
posterio r superior com ing  la te ra l ly  in an a rch  f ro m  th e  la te ra l  ch iasm atic  
a r t e r y ,  th e  upper  p a r t  o f  t h e  pe r iven tr icu lar  nuc leus  dorsa lly  to  a d is tance  of 
1400 p  (Figs 6A, D). T h e  d o rsa l  p a r t  of the  N P E  ab o v e  th e  re tro ch ia sm a tic  
a r e a  is supplied by  b ra n c h e s  of  th e  anterior h y p o p h y s e a l  a r te ry  which proceed 
to w a r d s  th e  lower dorsa l su rface  of  the  optic ch iasm ; t h e  ram us periventricularis  
posterior major runs s te e p ly  u p  the  side of th e  v en tr ic le  1800 p  b e h in d  th e  
b r e g m a  and  ramifies in  t h e  n a rro w er  dorsal p a r t  o f  th e  N P E .  I t  supplies only  
t h e  nucleus and s tays  all a long  beside th e  v en tr ic le .  T h e  rr. periventriculares  
posteriores minores are t h e  te rm in a l  b ranches o f  p a ra l le l  ar teries p e n e t ra t in g  
in to  re troch iasm atic  area .  T h e se  branches ra m ify  in  t h e  lower dorsal th i rd  of 
t h e  N P E  (Figs 6A, D).

V E IN S

V e in s  o f  the medial hypo th a la m u s

T h  e veins of th e  h y p o th a la m u s  m eet in  t h e  vena cerebri anterior and  
t h e  vena basalis, i.e. in  th e  b ran ch es  of th e  m a jo r  venous  t ru n k s  (Figs 7A, B). 
T h e  V .  basalis is th e  s t ro n g e s t  v e in  of th e  cereb ra l  base . I t  originates from  th e  
j u n c t u r e  of the  v. cerebri an terior  and  m edia  500 to  1000 p  beh ind  th e  b reg m a  
f ro m  w here  i t  runs b a c k w a rd s  on the  ex terior  side o f  th e  circulus arteriosus 
W ill is i i .  I t  by-passes th e  m a in  branches of th e  circle on  th e i r  cortical side (Fig 
7B). T h e  course of th e  vena cerebri anterior follows t h a t  o f  th e  an te r io r  cerebral 
a r t e r y .  I t  runs from th e  lo n g i tu d in a l  fissure o f  th e  ce reb ru m  on th e  ex te rn a l  
s ide  o f  th e  an terior  ce reb ra l  a r t e r y  between th e  o p t ic  ne rve  and  th e  co r tex  to  
t h e  f ro n ta l  side of th e  d iv is ion  of  the  a. carotis in terna  (Figs 7A, B), w here  
i t  m erges  w ith  the  vena cerebri m edia  w ith  w hich  i t  fo rm s th e  basal vein. Above 
th e  o p t ic  nerve i t  a n as to m o ses  w ith  several b ra n c h e s  w i th  the  co n tra la te ra l  
v e in .  Several var ia t ions  o f  t h e  m iddle  cerebral v e in  h a v e  been  observed. I n  
a lm o s t  one th ird  of  th e  cases th is  is a double  ve in ,  w hen  a s tronger  vein  
a p p e a r s  in  fron t of th e  m id d le  cerebral a r te ry  a n d  a n o th e r  runs  500 to  1000 p  
f r o n ta l ly  in to  the  a n te r io r  ce reb ra l  vein. O ccasionally , th e  vein runs  beh in d  
th e  m idd le  cerebral a r t e r y  to  th e  cerebral base. L a te ra l ly  from  th e  in te rn a l  
c a r o t id  a r te ry ,  4000 to  5500 p  b e h in d  the  b regm a , th e  b a sa l  ve in  takes  u p  from 
th e  m e d ia l  side th e  vena in terpeduncularis anterior w h ich  form s w ith  its c o n t r a 
l a t e r a l  an d  the  vena in terpeduncularis posterior an  X -s h a p e d  anastom osis  in  
t h e  fossa  in te rpeduncu laris  (Fig. 7A). The p o s te r io r  in te rp e d u n c u la r  ve in  lies 
c lose ly  on top of th e  c e re b ra l  peduncle  and  jo in s  t h e  vena cerebri posterior 
w h ic h  runs  forward on th e  e x te rn a l  side of th e  p o s te r io r  cerebral a r te ry  an d  
m e e ts  th e  vena  basalis 4500 p  b e h in d  the  b re g m a  (Figs 7A, B). These t ru n k s  
a re  d ra in in g  the  venous b lo o d  of th e  h y p o th a la m u s  (Table  I I I ) .
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Fig. 7. Veins on th e  b asa l surface  of th e  d iencephalon . A b b rev ia tio n s see in  te x t .  A. V enous system  of th e  m edial h y p o th a lam u s.
B. Veins on  th e  b asa l surface  of th e  h y p o th a la m u s
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Table III

H ypothalam ic veins

V. h y p o thalam iea  anterom edialis —

V. supraop tica  a n te r io r ---------------------------->■
V. p a rav en tricu la ris  inferior 
V. h y p o thalam iea  p o s te ro m e d ia lis--------- ►

vv. tubera les a n te r io re s --------------------------- ►

V. p e r io p tic a ---------------------------*-i— v. cerebri a n te r io r -------------*■
V. subcom m issuralis la te ra lis  —►--------------------------------------------- ►
v. in fra e h ia sm a tic a ---------------- —J  v . cerebri m e d ia -------------*•

v . re trocb iasm atica

v. supraop tica  p o s te r io r ---------
v. h y p o thalam iea  an tero la tera lis
vv. tubera les m e d ia e ---------------
vv . tubera les p o ste rio re s----------
w .  p raem am illa res-------------------
vv . m am illares a n te r io re s ---------
vv . m am illares posteriores —

v. su p raop tica  m edia-— -------------------------------------------------------------—
v. su p raop tica  a n te ro la te ra lis --------------

v. suprach iasm atica  -------------------
v. ch iasm atica  late ra lis  
V. th a la m o s tria ta  an te rio r
V. h y p o thalam iea  la te ra l is --------

V. supraop tica  c e n tra l is --------------------------------------------------------------
v . th a la m o s tria ta  m e d ia lis --------

vv . supraoptic i p o ste rio re s-----------------------------------------------------------

v . in terpeduncu laris a n te r io r -------------------------------------------------»
v . in terpeduncu laris p o s te r io r---------- ► v. cerebri posterio r

v. chorioidea an te rio r
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Fig. 8. Veins o f th e  su p rach iasm atic  nucleus. N u m era tio n  of vessels: 1. гг. su p rach iasm ates, 2. rr . posterio res, 3. гг. an terio res. 
A. Veins of th e  NSC. B. T he v. su p rach ia sm atica  and  its  b ranches. С. V. p eriop tica . D. R r. sup rach iasm ates
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Fig.  9.  V eins o f th e  a n te rio r  h y p o th a la m ic  nucleus. In d ic a tio n  of vessels see in T ab le  IV 
a n d  A b b re v ia tio n s . A. V eins o f th e  N H A . В. V. h y p o th a la m ic a  an terom edialis. С. V . h y p o -

th a lam ica  a n te ro la te ra lis
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V eins o f  the suprachiasm atic nucleus

The blood of th e  su p rach ia sm a tic  nucleus (NSC) is led off b y  th e  b ranches  
of  th e  sup rach iasm atic  a n d  per iop tic  veins (Figs 8A, 9A). T he  v. suprachiasm a- 
tica  ru n s  dow nw ards from  th e  a n te r io r  p a ra v e n tr icu la r  b ra n c h  a n d  forw ards 
so m ew h a t  la te ra l ly  from  th e  su p rach ia sm a tic  a r te ry  to  th e  s u p ra o p t ic  nucleus 
[3]. A t  600 [г the  vessel pierces th e  nucleus an d  flows in to  th e  b a sa l  vein . In  
ad d i t io n  to  its  b ranches  com ing  from th e  NSC it  has im p o r ta n t  b ranches  
from th e  area  of the p e r iv e n tr ic u la r  a n d  an te r io r  h y p o th a la m ic  nuclei. I ts  
b ranches  originate  from th e  e x te rn a l  dorsal h a lf  o f  th e  nucleus (rr. posteriores). 
In  general the re  are th re e  or  four veins w hich  jo in  in  the  lower p a r t  o f  th e  a n te 
r io r  hyp o th a lam ic  nucleus in to  one or tw o  branches  and  m ee t  th e  su p ra c h ia s 
m a tic  vein  (Figs 8A, B, 9A). Considerable venous anastom oses a re  fo rm ed  be
fore th e  optic  chiasm a, f ro n ta l ly  to  the op tic  nerves. T h e  tw o vena perioptica  
p a r t ic ip a te  in the  anas tom osis .  These veins lie closely on th e  op tic  ch iasm  and 
ru n  on i ts  cerebral side. (Figs 8A, B). T h ey  m eet th e  a n te r io r  cerebral 
vein f ron ta l ly  to  th e  infracliiasm  atic  vein. The tw o  c o n t ra la te ra l  per i
op tic  veins m eet in  th e  m idline by  a sho r t  anastom osis . T h e  anasto- 
m osis is s i tu a te d  n e a r  t h e  o rganon  vascu losum  lam inae  te rm in á l is ,  in  the  
m id line  300 to  400 p  before  th e  b regm a , in th e  sulcus in  which th e  tw o  optic 
n e rves  m eet .  F rom  here  a vein ru n s  f ro n ta l ly  an d  m eets th e  a n te r io r  cerebral 
ve in  or a s tronger vein  jo in ing  th e  l a t t e r  in th e  long itud ina l  f issu re  of  the  
cerebrum . I n  addition  to  th e  veins of th e  NSC, th e  periop tic  ve in  collects the  
b ranches  orig inating  in  th e  a rea  a round  and  below th e  a n te r io r  com m issure ,  
in th e  preop tic  region a n d  in  th e  op tic  chiasm . I t s  b ranches are th e  overw h e lm 
ing m a jo r i ty  of th e  b ra n c h e s  of  th e  vena hypothalam ica anterom edialis  t h a t  
o rig inate  in the  NSC (rr. sup rach ia sm a te s ) ,  b u t  as it  proceeds i t  t a k e s  u p  m inor 
b ranches  also from th e  p reo p t ic  region. I t  o rig inates from 5 to  7 m in o r  b ranches  
in th e  dorsal p a r t  o f  th e  NSC, these  b ranches  are th en  jo ined  b y  one or two 
b ranches  from th e  N P E  a n d  N i l  Am. All these  ru n  do w n w ard s  w i th in  the 
nucleus, th e n  arch fo rw ards  below th e  nucleus form ing a com m on  t r u n k  (Figs 
8A, D, 9A, B). T he  small b ran ch es  o r ig ina ting  from th e  m edia l  t h i r d  of  the 
an te r io r  h a lf  of th e  nuc leus  reinforce b y  th e ir  fan-like s t ru c tu re  th e  a n te ro 
m ed ia l  hyp o th a lam ic  vein . This vein  proceeds all along th e  in ferior  b o u n d a ry  
of  th e  3rd  ventric le  a n d  jo ins  th e  periop tic  vein  ap p ro x im a te ly  a t  th e  height 
o f  th e  b regm a  (Figs 8A, 9A). T he  rr. anteriores are tw o  or th re e  long  veins 
accom pany ing  the  a r te ry  (r. sup rach iasm aticus)  (Fig. 8A). T h e y  o r ig ina te  in 
th e  a n te r io r  ex te rna l  p a r t  o f  th e  nucleus, ru n  la te ra l ly  im m e d ia te ly  above  the 
op tic  ch iasm a and  reach  th e  periop tic  vein  200 to  300 p  b e h in d  th e  bregm a. 
Q uite  often  two arteries  are  p resen t ,  a n d  th e  veins ru n  always be low  them .
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Veins o f  the anterior hypothalam ic nucleus

T he blood o f  th e  an te r io r  h y p o th a la m ic  nucleus is collected b y  t h e  follow
ing veins (Fig 9A; T ab le  IV).

T h e  V. hypothalam ica unterom edialis  o rig inates  with one or tw o  longer 
b ranches  in th e  an te ro - in fe rio r  section o f  t h e  m edial p a r t  the  N H A .  Below 
th e  nucleus th ey  jo in  th e  rr. su p rach ia sm a te s  in the  area of the NSC (Figs 9A, 
8D).

T he  b ranches  of  th e  v. hypothalam ica anterolateralis o r ig in a te  in  the 
a n te ro -ex te rn a l  section  o f  the  ven tra l  p a r t  o f  th e  NH A , 600 to  1000 p  beh ind  
th e  b regm a . T he  ve in  runs  la terally , b y -p asse s  th e  NSC and m ee ts  t h e  vena 
basalis. I t  receives ou ts ide  the  nucleus a few th in  branches only f ro m  th e  area 
below the  N HA (Fig. 9C).

T he  u p p e r  b ran ch es  o f  the v. subcom m issura lis lateralis o r ig in a te  in  the 
a rea  of th e  ascending  fibres of the  s t r ia  m edu lla r is .  They run  la te r a l ly  to  the  
dorsa l p a r t  of th e  N H A , 600 to  900 p  b e h in d  th e  bregma, and  m e e t  t h e  basal 
ve in  or th e  an te r io r  cerebral vein n e a r  th e  m arg in  of the  NSO . I t s  lower 
(dorsal) b ranches  o r ig ina te  in the  ex te r io r  t h i r d  of  the dorsal p a r t  o f  t h e  N H A  
and  e n te r  th e  ve in  la te ra l ly  (Figs 9A, 10A, 3B).

T he  vena suprachiasm atica  collects som e  o f  the  veins of th e  N SC , NPV , 
N P F  and NHA.  It ru n s  la tera lly  in the  a re a  o f  th e  NHA, p e n e t ra te s  in to  the  
NSO an d  f ina lly  jo ins  th e  basal vein (F igs  8A, B, 9A, 10B). I t  t a k e s  up 
b ran ch es  d irec tly  from the  medial p a r t  o f  t h e  N H A  (rr. mediales) a n d  ind irec t ly  
b y  th e  m ed ia t io n  o f  th e  ram us p a ra v e n t r ic u la r i s  which passes th r o u g h  the 
nucleus (Fig. 9A). The ram us centralis co llec t ing  the  veins from th e  middle 
p a r t  o f  th e  nucleus m eets  th e  su p ra c h ia sm a t ic  vein dorsally above t h e  N H A v. 
F ro m  th e  a n te r io r  p a r t  o f  the  N H A v  as a  ru le  3 or 4 ven tra l  b ra n c h e s  reach 
the  su p rach ia sm a tic  vein (rr. ventrales).

The vena  c h ia sm a tica  lateralis s t a r t s  w i th  rr. p a rav en tr icu la res  an tero- 
la terales an d  runs  u p w ard s  from th e  N P V  a n d  la terally  be tw een  th e  dorsal 
an d  v e n tra l  p a r ts  o f  th e  N H A  to the  N SO  (F igs  9A, 10B). I t  passes  th ro u g h  
th e  NSO and  m eets  th e  basa l  vein. This ve in  receives m any b ran ch es  from  the 
N H A : th ree  to  fou r  rr .  mediales o r ig in a t in g  from the  dorsal p a r t  o f  the  
m iddle  p a r t  o f  th e  an te r io r  h y p o th a la m ic  nucleus (NIIAin) a n d  ru n n in g  
la te ra l ly ,  m ee t  th e  p a rav en tr icu la r  b ra n c h e s  (Fig. 9A). The r. centralis  is 
usua lly  sm aller,  o r ig ina ting  from th e  m id d le  a rea  of  the nucleus p o o r  in cells 
a n d  proceeding la te ra l ly  backw ards i t  m e e ts  th e  la teral ch iasm atic  ve in .  The 
rr. caudales o r ig inate  in th e  middle sec t ion  o f  th e  anterior cauda l  p a r t  o f  the  
N H A . These 2 to  4 branches meet the  s u p ra c h ia sm a t ic  vein dorsally . T h e  5 or 6 
small rr. dorsales on th e  dorsal p a r t  o f  t h e  an te r io r  h y p o th a la m ic  nucleus 
(N H A d) run  dow nw ards  and  m eet side b y  s ide the  lateral c h ia s m a t ic  vein. 
An a n te r io r  an d  a pos te r io r  group of b ra n c h e s  can be observed. T h e  3 or 4
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Fig. 10. A . T he v. subcom m issu ralis  la te ra lis  and its  b ra n c h e s . B. The v. ch iasm atica  la te ra 
lis a n d  i ts  b ran ch es. C. T he v. p a rav e n tric u la ris  in fe rio r  a n d  its  branches. D. T he v . h y p o - 
th a la m ic a  p o sterom ed ialis  an d  i ts  b ran ch es. A b b re v ia tio n s  see in  te x t. In d ica tio n  o f vessels

see Table IV
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vv. ventrales o riginate  from  th e  dorsal, la te ra l  and  superior  p a r t s  o f  th e  N H A v. 
A fte r  by-passing its v e n t ra l  p a r t  or run n in g  th ro u g h  its e x te rn a l  p a r t ,  they  
are ta k e n  up  by th e  la te ra l  ch iasm atic  ve in  (Figs 9A, 10B).

The vena paraventricu laris inferior runs  be tw een  th e  m ed ia l  caudal 
p a r t  of the  N H A  a n d  th e  ven tric le  in to  th e  in f rach iasm atic  vein . I t s  4 or 5 
small cauda l  b ranches issue on th e  v en tr icu la r  side of  th e  nucleus a n d  collect 
in th e  medial th ird  o f  th e  N H A c  (Fig. IOC).

The branches of  th e  vena hypothalam ica posterom edialis collect th e  blood 
from  th e  rem ain ing  g rea te r  p a r t  o f  the  N H A c. This vein, p roceed ing  dow n
w ards  and  som ew hat la te ra l ly ,  m eets  a b o u t  2000 p  beh in d  th e  b re g m a  and 
700 to  800 p  from th e  m id line  th e  re troch iasm atic  vein  (Fig 10D). I t  runs  either 
in th e  area  be tw een  the  ven tro m ed ia l ,  the  dorsom edial an d  the  a n te r io r  hy p o 
th a la m ic  nuclei, or in the  pos te r io r  section of th e  dorsal p a r t  th e  N H A  and 
collects 4 to  5 su b s ta n t ia l  b ranches  from the  caudal p a r t  o f  th e  N H A .  In  two 
th i rd s  of the  cases a s t ro n g e r  b ran ch  (r. caudalis posterior) can  he  observed 
orig ina ting  from th e  e x te rn a l  th i rd  of th is  p a r t  of th e  nucleus (Figs 9A, 10D). 
In  o th e r  cases th is  b ra n c h  ru n s  as an indep en d en t  vein in to  th e  re tro ch ia sm a tic  
vein .

Veins o f  the periventricular n ucleus

The small veins o f  th e  p e r iven tr icu la r  nucleus (N P E )  are collec ted  by  the 
veins  o f  th e  ne ighbouring  nuclei. The nucleus has  no in d e p e n d e n t  vein  of 
its own. The blood of th e  N P F  is d ra ined  by  th e  an te ro m ed ia l  h y p o th a lam ic ,  
th e  sup rach iasm atic ,  the  la te ra l  ch iasm atic ,  the  inferior p a ra v e n t r ic u la r  veins 
a n d  th e  m edial re t ro c h ia sm a tic  b ranches ,  as well as th e  th a la m ic  vein  (Figs 
8A, 9A, I IA ) .  The blood of th e  inferior an te r io r  p a r t  o f  th e  nucleus represen ting  
th e  area  n ex t  to  th e  NSC, u p  to  1400 p  beh ind  th e  b reg m a , is collec ted  b y  the 
b ran ch es  o f  the  an te ro m ed ia l  h y p o th a lam ic  vein. These are  sm all  venous 
b ran ch es  leading to  th e  te r r i to ry  o f  th e  NSC. Above th e  sup rach iasm atic  
nucleus, 3 or 4 b ranches  (rr. periventricular es anteriores), sp read  fan-like and 
lead ing  in to  the  su p rach ia sm a tic  vein, are visible. T hey  su p p ly  th e  an terior  
h a l f  of  th e  middle th i r d  of  th e  p e r iven tr icu la r  nucleus, an area  1200 to  1300 p 
f rom  th e  fron ta l  p a r t  o f  th e  nucleus (Figs 11A, B). In  som e cases th e  anterior  
b ranches  convey also th e  b lood  of the  fine an d  long veins ru n n in g  along the 
3 rd  cerebral ven tr ic le  b ack w ard s  an d  upw ards  from  th e  o rg an o n  vascu losum  
lam in ae  term inális .  T h e  b ran ch es  of th e  la te ra l  ch iasm atic  vein  (rr. periventri- 
culares posteriores) lie c a u d a l ly  to  th e  form er. T here  are, as a ru le ,  2 or  3 such 
b ran ch es ;  th ey  are collected below th e  an te r io r  p a r t  o f  th e  N P Y  one behind 
th e  o the r ,  in  the  a rea  of  th e  N P E  and  th e n  ta k in g  a la te ra l  t u r n  m ee t  the 
la te ra l  chiasm atic  vein  or its  b ranches  coming from th e  N P V  (Figs 11 A, C). 
T h e  blood o f the  cauda l  p a r t  o f  the  N P E  is collected by  th e  sm all rr .  paraventri-
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F ig . 11. V eins of the  p e r iv e n tr ic u la r  nucleus. A b b rev ia tio n s  see in te x t .  N u m era tio n  of 
v e sse ls : 1. r r . sup rach iasm ates, 2. r .  p e riv en tricu la ris  a n te r io r , 3. r r . p e riv en tricu la res  p o ste 
r io re s , 4. r r .  p e riven tricu lares in fe rio re s , 5. rr. re tro c h ia sm a tic i m ediales, 6. rr . p e r iv e n tr i
c u la re s  superio res. A. V enous su p p ly  of th e  p e r iv en tricu la r  nuc leus. B. R . p e riv en tricu la ris  

a n te r io r . C. Rr. p e r iv e n tr ic u la re s  posteriores. D. R r. p e riv e n tric u la re s  superiores
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culares inferiores of th e  in ferior  p a ra v e n tr ic u la r  vein which ru n  n e x t  to  th e  
nucleus paralle l to the  3rd  ven tr ic le  (Fig. 11A). ( In  one th i rd  of  th e  cases, one 
or  tw o longer branches of  t h e  rr .  re tro ch ia sm a tic i  mediales also p a r t i c ip a te  
in th e  dra inage  of  th is  dorsal p a r t . )  In  the  superio r  an terior  th i rd  o f  th e  N P E  
th e  rr. periventriculares superiores  collect the  blood. These 2 or 3 b ra n c h e s  run  
u p w a rd s  opposite  to  th e  fo rm e r  a n d  m eet th e  tha lam ic  vein 500 to  700 p 
b e h in d  th e  b regm a (F igs  11 A, D). T h e  th a lam ic  vein follows th e  u p p e r  c u r v a 
tu re  of  th e  th a lam u s  from b e h in d  th e  fornix  and  runs back w ard s  in to  the  
g re a t  v en a  Galeni.

Discussion

Surpris ing ly  few d a ta  are  availab le  concerning the  vascu la r  n e tw o rk  of 
th e  r a t  h y p o th a lam u s ,  and  th e  m a jo r i ty  refers to th e  m ajor  a r te r ia l  t ru n k s  
[8, 9] w ith o u t  discussing th e  vessels o f  th e  ind iv idual nuclei o f  t h e  h y p o 
th a la m u s .  A k m a y e v ’s d a ta  [1] are  th e  only  one know n to  describe th e  cap i l la ry  
s t ru c tu re  of  th e  r a t  h y p o th a la m u s .  T he  ang io to p o g rap h y  of the  h y p o th a la m u s  
o f  species o th e r  th a n  th e  r a t  has  been  w orked  o u t  in far g rea te r  d e ta i l ;  th is  is 
p a r t ic u la r ly  t ru e  for the  r a b b i t  [5 — 7] and  th e  dog [4]. In  severa l  cases, es
pecially  in th e  case of  th e  b ran ch es  of  m a jo r  a rte ria l  and venous t r u n k s ,  we 
h a d  to  a d o p t  the  nom en c la tu re  used  for these  species.

T he  a r te r ia l  blood su p p ly  of  all th e  nuclei o f  the  an te r io r  h y p o th a la m u s  
orig ina tes  from th e  basal arte r ies  and  in all cases m an y  sm alle r  o r  la rger  
vessels su p p ly  the  nuclei. In  none  o f th e  in v es t ig a ted  nuclei could  an  a r te ry  
su p p ly in g  alone the given a rea  be d e tec ted .  A n u m b e r  of small, to p o g ra p h ic a l ly  
r a th e r  over lapp ing  branches form  th e  n e tw o rk  o f th e  nuclei, th u s  in ju r y  to  a 
single a r te ry  has p rac t ica l ly  no in fluence  on th e i r  blood supply . T h is  r e p e a t 
ed ly  ensured  vascu la r i ty  m ig h t  ex p la in  th e  low incidence of ischaem ic  necrosis 
o f  ind iv id u a l  nuclei a f te r  e x p e r im e n ta l  surgical in terven tions  (lesions, dissec
tions).

All th e  nuclei o f  th e  a n te r io r  h y p o th a la m u s  ob ta in  blood f rom  arte r ies  
o f  in ferior  origin (Table I). O nly  som e of these b ranches  p a r t ic ip a te  exc lus ive ly  
in  th e  vascu la r  ne tw ork  of th e  h y p o th a la m u s ,  th e  te rm ina l  b r a n c h  o f  th e  
m a jo r i ty  is s i tu a te d  in th e  basa l  ganglia. This is n o t  generally t ru e  for  t h e  veins 
which, th o u g h  the ir  m a jo r i t y  is collected basa lly ,  include, as in t h e  case of 
th e  p a ra v e n t r ic u la r  nucleus, dorsa lly  ru n n in g  veins.

T h e  nucleus suprachiasm atis  ob ta ins  a r te r ia l  blood from th e  re t ro c h ia s 
m a t ic  a r te ry .  F ou r  b ranches  p e n e t ra te  in to  th e  nucleus. Tw o o f  t h e m  are 
b ran ch es  o f  th e  su p rach ia sm a tic  a r te ry  which supplies also o th e r  a rea s  o f  the  
h y p o th a la m u s ,  and tw o are  b ra n c h e s  of  th e  m id idé  su p ra c h ia sm a t ic  a r te ry  
w hich  supplies only th e  NSC. T h e  b icoloured perfusion m e thod  has  m a d e  it
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poss ib le  to  recognize t h e  basa l  branches desc r ib ed  b y  S c r e m in  [8] as an 
a r t e r y ,  and  the  vessel r u n n in g  to  the in fe r io r-pos te r io r  p a r t  of th e  nucleus, as 
ve in s .  T h e  venous sy s te m  o f  the  nucleus is o n ly  p a r t ly  in  topograph ic  ag ree 
m e n t  w i th  the arteries. I n  add i t io n  to th e  s u p ra c h ia sm a t ic  veins th e re  is also 
t h e  per iop tic  vein w hich , r u n n in g  on the dorsal p a r t  o f  th e  optic ch iasm a, m eets 
t h e  an te r io r  cerebral v e in  in  fron t of th e  in f ra c h ia sm a t ic  vein.

T h e  nucleus hypo tha lam icus anterior is one  o f  th e  largest nuclei o f  th e  
h y p o th a la m u s  and is m a d e  u p  of four su b d iv is ions .  I t  is supp lied  b y  th e  
b ra n c h e s  of four a r te r ie s  (F ig  ЗА; Table I I )  o f  w h ic h  th e  b ranches  of  th e  m iddé  
p re o p t ic  a r te ry  reach  th e  nuc leus  fron ta lly  a n d  t h e  b ranches  of th e  re t ro c h ia s 
m a t i c  a r te ry  from below. M a n y  small b ra n c h e s  fo rm  th e  repea ted ly  en su red  
c a p i l la ry  ne tw ork  of t h e  N H A . The blood o f  t h e  nucleus is collected b y  7 
v en o u s  t ru n k s ,  all o f  w h ich  proceed tow ards th e  b a sa l  surface of th e  c e re b ru m .

T h e  nucleus p eriven tricu laris  has no in d e p e n d e n t  a r te ry ;  i t  is supplied  
b y  th e  te rm ina l  b ran ch es  o f  th e  three a rteries  w h ic h  su p p ly  th e  ne ighbouring  
a rea s  (F ig  6A), and b y  th e  an te r io r  hy p o p h y sea l  a r te ry .  This is th e  m o s t  oral 
a re a  o f  th e  h y p o th a la m u s  supplied by  th e  a n te r io r  p i tu i ta ry  a r te ry .  T h e  
p e r iv e n tr ic u la r  nucleus h a s  no independen t v e in ;  th e  small b ranches  com ing  
f ro m  i t  are collected b y  th e  veins of th e  n e ig h b o u r in g  nuclei. In  c o n t ra s t  to  
a r te r ie s ,  some of th e  ve in s  a re  collected do rsa l ly  b y  th e  tha lam ic  vein.

T h e  ang io -a rch i tec tu re  of the  an te r io r  h y p o th a la m u s  is no closed sys tem  
c a u d a l ly ,  b u t  is in c o n n e c t io n  with the  m idd le  p a r t  o f  th e  h y p o th a la m u s .  The 
spec ia l  vascu lar  sy s tem  o f  t h e  re tro ch ia sm a tic  a re a  sepa ra t ing  th e  tw o  p a r ts  
is c losely linked to  th e  a n te r io r  h y p o th a lam u s .  T h e ir  sepa ra te  t r e a tm e n t  is, 
h o w ev e r ,  justif ied  d id a c t ic a l ly  hence th e  fo r th c o m in g  par ts  o f  th is  series 
(A m b a c h  and P a l ic o v it s , Blood supply o f  th e  r a t  h y p o th a lam u s ,  IV . and  
V. in  p re p a ra t io n )  will be  t h e  continuation  of  t h e  p resen t  work.

A B B R E V IA T IO N S

ai = a. in frac h ia sm a tic a
A R = area re tro c h ia sm a tic a
В = a. basilaris
ca = a. chorioidea a n te r io r
CA = a. cerebri a n te r io r
CI = a. carotis in te rn a
cl = a. ch iasm atica  la te ra l is
CM = a. cerebri m ed ia
CO = chiasm a o p tic u m
CoA = a. com m unicans a n te r io r
C oAn = com m issura a n te r io r
C oP = a. com m unicans p o s te rio r
CP = a. cerebri p o s te r io r
CS = a. cerebelli su p e rio r
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ha =
hal
ham
Ы
hip
hm
hp
hpm =  
i
ma
mp
IN II Ac =  
NHAd 
NHAm =  
NIIAv =  
NO
N P E  =  
NPV =  
NSC =  
NSO =  
NSOpt =  
о =
OVLT =
P
P»
p in
PT
г
re
rill

rr
rs
rsp
s =
si
tl
t i n  =
TO
tu  a 
turn 
tup  
vB
vCA
vea
V cl
vCM
vCP
vIA
v IP
vma

a. h y p o p h y sea  an te rio r
V. h y p o th a la m ica  an te ro la te ra lis
V. h y p o th a la m ica  an terom ed ialis
a. h y p o th a la m ica  late ra lis
a . h y p o th a la m ica  la te ra lis  p osterio r m in o r
a. h y p o p h y sea  m edia
a. h y p o p h y sea  p o sterio r
a. h y p o th a la m ica  posterom edialis
V. in frach ia sm a tica
a. m am illa ris  a n te rio r
a. m am illa ris  poste rio r
nucleus h y p o th a lam icu s  a n te rio r p a rs  cau d a lis
nucleus h y p o th a la m icu s  a n te rio r p a rs  dorsa lis
nucleus h y p o th a la m icu s  a n te rio r p a rs  m edialis
nucleus h y p o th a la m icu s  an te rio r p a rs  v e n tra lis
n e rv u s o p ticu s
nucleus p e riv en tricu la ris
nucleus p a rav e n tric u la ris
nucleus su p rach ia sm atis
nucleus su p ra o p tic u s
nucleus su p ra o p tic u s  pars tu b era lis
a. o p h th a lin ica
organon  vascu lo su m  lam inae te rm in á lis  
V. p e rio p tica
V. p a rav en tr icu la r is  inferior
a. p raeo p tica  m edialis
p a rs  tu b e ra lis
a. re tro c h ia sm a tic a
rr .  cliiasinates
r. m eningeus
rr . re tro c h ia s in a te s
r. su p ra ch ia sm atis  an te rio r
r. su p ra ch ia sm atis  p osterio r superior
a. su p ra ch ia sm atica
V. subcom m issu ralis  late ra lis
a. th a la m o s tr ia ta  la te ra lis
a. th a la m o s tr ia ta  m edialis
t ra c tu s  op ticu s
a. tu b era lis  a n te r io r
a. tu b era lis  m ed ia
a. tu b era lis  p o ste rio r
V. basalis
V. cerebri a n te r io r  
V. chorio idea a n te r io r  
V. ch ia sm atica  la te ra lis  
V. cerebri m edia 
V. cerebri p o ste rio r  
V. in te rp ed u n c u la ris  an te rio r 
V. in te rp ed u n c u la r is  posterio r 
V. m am illa ris  a n te r io r
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v m p =  V. m a m illa r is  p o s te rii
v p =  V. p e r io p tic a
v p r — v v . p ra e m a m illa re s
v r =  V. re t ro c h ia s m a tic a
VS =  V. su p ra c h ia s m a tic a
v t a =  V. tu b e ra lis  a n te r io r
v tm =  V. tu b e ra lis  m ed ia

vtp =  V. tu b e ra lis  p o s te r io r
III. =  v e n tr ic u lu s  t e r t iu s

G. AMBACIÏ and M. PALKOVITS
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D IE  B L U TV ER SO R G U N G  D E S H Y PO TH A LA M U S B E I RATTEN, III.

R E G IO  A N T E R IO R  H YPO TH ALAM I (N U C L E U S SUPRACH IASM ATIS, N U C L E U S  
HYPOTH ALAM ICUS A N T E R IO R , N U C L E U S PE R IV E N T R IC U L A R IS)

G. AMBACII und M. PA LK O V ITS

M it der Methode der doppelten  G efäßauffüllung wurde die arterielle und venöse B lu t
versorgung des vorderen H ypothalam us untersucht. A n Serienschnitten wurde unter B erück
sich tigu n g  der räumlichen K oordinaten die A ngiotopographie des H ypothalam us m it dessen  
Z ytoarch itek tu r verglichen und die an der G efäßversorgung des Nucleus suprachiasm atis, 
N u cleus hypothalam icus anterior und Nucleus periventricularis beteiligten Arterien und Venen  
ausführlich  besprochen. Die Topographie der auf der basalen Oberfläche des R atten-D ienze- 
phalons verlaufenden Arterien- und Venenstäm m e, ferner die in den vorderen H ypothalam us  
von  u n ten  eintretenden und durch diesen verlaufenden größeren Zweige werden beschrieben.
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КРОВОСНАБЖЕНИЕ ГИПОТАЛАМУСА У КРЫС. III. ПЕРЕДНЯЯ ОБЛАСТЬ
ГИПОТАЛАМУСА

(nucleus su p rach ia sm atis , nucleus h y p o th a la m icu s  an te rio r, nucleus p e r iv e n tric u la ris )

Г. АМБАХ и M. ПАЛКОВИТШ

Методом двойного наполнения сосудов авторами было изучено артериальное и 
венное кровоснабжение передней части гипоталамуса. На серийных срезах — с учетом 
пространственных координат ангиотопография гипоталамуса была сопоставлена с 
его цитоархитектурой. Дается подробное описание артерий и вен, участвующих в крово
снабжении nucleus su p rach ia sm atis , nucleus h y p o th a lam icu s  an te rio r, nuc leus p e riv en tricu la ris . 
Обсуждается топография артериальных и венных стволов, наблюдаемых на базальной 
поверхности диэнцефалона крысы, а также входящие в гипоталамус снизу и проходящие 
через гипоталамус более крупные ветви.

Dr. G yörgy  A m b ac h  
Dr. Miklós P a l k o v it s

I . A n a tó m ia i  In téze t ,
1450 B u d a p e s t ,  Tűzoltó  u. 58., H u n g a ry
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EFFECT OF PROSTAGLANDIN F2 ALPHA ON THE 
NEUROHYPOPHYSIS

A HISTOCHEM ICAL ST U D Y

U . S i n g h  and M. K a t z a r s k i*

(R eceived October 28, 1974)

Ten m icrogram s of PG F2 alpha in distilled water were injected  intraperitone- 
ally into thirty non-pregnant female rats and their hypophysis was studied after 
aldehyde-fuchsin and performic acid-alcian blue staining. A defin ite depletion of 
posterior pituitary principle was observed in the hypophysis. The role o f oxytocin  
in relation to the oxytocic  effect o f prostaglandin F2 alpha is discussed.

Introduction

T h e  p ros tag lan d in s  have successfully been used to  induce  th e rap eu t ic  
a b o r t io n  and lab o u r  ( E m b r e y , 1971; K a r im  and  S i i a r a m a , 1971; A r n o ld  
e t  al., 1972), b u t  th e i r  m ode  of ac tion  is n o t  fully u n d e rs to o d .  Th is  s tu d y  has 
been  carried  ou t  as a co n t in u a t io n  of our p re l im ina ry  in v es t ig a t io n s  (S in g ii  
a n d  S e b u m  UFU, 1973) in order to  ascerta in  a n y  possible re la t io n sh ip  which 
m ig h t  exist be tw een  th e  oxytocic  effect o f  these com pounds  a n d  th e  release 
o f  p o s te r io r  p i tu i t a r y  principle  from th e  neurohypophysis .

Materials and methods

th e  experim ents were carried out on 30 non-pregnant fem ale rats o f  approxim ately  
the sam e weight. T hey were arranged in groups of six using two as control in each group. 
Ten //g o f PG F2 alpha in 1 ml of distilled water was adm inistered intraperitoneally  to all 
rats except the controls which were injected with a similar am ount of d istilled  water.

After an interval o f ha lf and one hour from the tim e of injection, the rats in each group 
were anaesthetized w ith ether and decapitated. The brain was im m ediately rem oved together 
with the hypophysis, and fixed  in formol-saline. The hypophysis was separated from the 
brain and kept for further fixation  in form ol-saline, then em bedded in paraffin. F ive // thick 
sections were cut and stained with aldehyde fuchsin (Gomori, 1950) and alcian blue-perform ic 
acid (A dams and S l o p e r , 1956). Sections from control and experim ental anim als were stained 
together to avoid any difference during staining.

* Present address: D ept, of Anatom y, M edical School P lovdiv , Bulgaria.
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Fig. 1. Horizontal section of pars nervosa of hypophysis of control rat, 30 m inutes after injection with distilled water,
showing N.S.M . densely filled. A ldehyde-fuchsin X 100

Fig. 2. H orizontal section of part o f pars nervosa of control rat, 30 m inutes after injection w ith distilled water, showing
N.S.M . densely filled. A ldehyde-fuchsin, X 200
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Fig. 3. Horizontal section of pars nervosa of hypophysis o f rat, 30 m inutes after injection w ith PG F2 alpha, showing
depletion o f N.S.M . A ldehyde-fuchsin X 100

Fig. 4. Horizontal section of part o f pars nervosa of hypophysis o f rat, after injection w ith PG F2 alpha, showing
depletion o f N.S.M . Aldehyde-fuchsin X 200
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Fig. 5. H o rizo n ta l section  of p a r t  o f p a rs  nervosa  of h y pophysis o f con tro l r a t ,  one h o u r a f te r  in jec tio n  w ith  d istilled
w a te r, show ing N .S.M . Perfo rm ic  a c id -a lc ian  b lue, X 400

Fig. 6. H o rizo n ta l section  of p a r t  o f p a rs nervosa  of hypo p h y sis  of r a t ,  one h o u r a fte r  in jec tio n  w ith  PG  F2 a lp h a  show ing 
dep letion  of N .S.M . an d  e m p ty  spaces. P erfo rm ic  ac id -a lc ia n  b lue, X 400
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O bservations

a) In  th e  sec tions o b ta in ed  from  co n tro l an im als, th e  n e u ra l lobe was 
densely  filled  w ith n eu ro sec re to ry  m a te r ia l (N .S.M .) w h ich  a p p e a rs  purp le- 
b lue in  th e  case o f a ld eh y d e-fu ch sin  an d  b lu ish -g reen  w ith  p e rfo rm ic  ac id - 
a lc ian  b lue sta in s (F igs 2 an d  5).

b) Sections o b ta in e d  30 m in u te s  a f te r  th e  a d m in is tra tio n  o f PG  F2 
a lp h a  show ed less N .S.M . th a n  in  th e  co n tro ls  (F igs 3 an d  4).

c) Sections o b ta in e d  one h o u r a f te r  th e  a d m in is tra tio n  o f PG  F2 
w ere alm ost devoid o f N .S .M . an d  show ed  e m p ty  spaces (F ig . 6).

D iscussion

D espite  th e  lim ita tio n s  and  d o u b ts  concern ing  th e  re lia b ility  o f histo- 
chem ical reac tions p u t  fo rw ard  by  E n e s t r o m  (1969) th e y  h av e  b een  used  for 
th e  d em o n stra tio n  o f N .S .M . and  are  considered  specific  ( B a n d a r a n a y a k e , 
1971; Ch o u d h u r y , 1971; P e a r s e , 1968). As th e  ex p e rim en ta l co n d itio n s  for 
co n tro l an d  ex p e rim en ta l an im als w ere sim ila r, th e  d ep le tion  o f  N .S .M . seen 
in  th e  la t te r  group o f  ra ts  was p ro b a b ly  n o t due to  e ith e r p h y sica l or osm otic 
stress  w hich  m ay  also cause  a d ep le tio n  o f  N .S.M . (R odecic an d  B r a u k m a n n , 
1966; Ch o u d h u r y , 1971; R o t h b a l l e r , 1953). PG  F2 a lp h a  causes p a in  on 
in tra m u sc u la r  in jec tio n  ( H orton an d  Ma i n , 1967) b u t  is to le ra te d  well 
b y  in trav en o u s  d rip  ( K arim , 1971) an d  i t  is n o t know n  w h e th e r its 
in tra p e r ito n e a l a d m in is tra tio n  is p a in fu l. C onsidering, how ever, th e  doses, tim e 
in te rv a l and  absence o f p h y sica l signs in d ica tin g  pain  (h a ir ra is in g , trem b lin g ) 
in  th e  ra ts , i t  is believed  th a t  th e  d ru g  is to le ra te d  well.

I t  is d ifficu lt to  conclude, from  h istochem ica l reac tio n s a lone , w h e th e r 
th e  changes seen in  th e  n eu ro -h y p o p h y sis  w ere due to  d ep le tio n  o f  oxy tocin  
o r vasopressin , b o th  b e ing  p o ly p ep tid es  rich  in cystine  ( P e a r s e , 1968). The 
re su lts  are therefo re  d iscussed  in th e  lig h t of the in te rre la tio n sh ip  b e tw een  the 
physio logical and  b iochem ica l a c tiv ity  o f these  p o ly p ep tid es  an d  p ro s ta g la n 
dins. W hereas p ro s ta g la n d in  E an tag o n izes  th e  v aso p ressin -in d u ced  a c tiv a 
tio n  of adeny l cyc lase-cy lic  A .M .P. sy stem  to  cause d iuresis ( H orton  and 
Ma i n , 1967), PG  F2 a lp h a  does n o t a ffec t th is  sy stem  p re su m a b ly  due  to  the  
lack  of a ke to  group  a t  p o sition  9 o f  th e  cy c lo p en tan e  rin g  ( F r a n k s , e t ah, 
1971). U nlike PG  an d  A, P G  F2 a lp h a  is a v asop resso r c o m p o u n d ; i t  causes 
co n stric tio n  o f blood vessels and  th e re b y  increases venous re tu rn  a n d  card iac  
o u tp u t  (D a y e r , 1970; D uch ar m e  a n d  W e e k s , 1967; H o rton  a n d  Ma i n , 
1967). I t  has been sugg ested  th a t  th is  effect on b lood p ressu re  is n o t  m ed ia ted  
b y  th e  ren in -ang io tensin  A. D. H . sy stem  (L e e  e t ah , 1971). T h u s  th ere  
ex is ts  an  an tagon ism  be tw een  th e  P G  F2 a lp h a  and  v aso p ressin , as fa r  as 
th e ir  effects on th e  ren a l tu b u le s  an d  b lood  vessels are concerned .
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T h e  effects of PG  F 2  a lp h a  on the u te ru s  a re  m ore closely re la te d  to  
o x y to c in . PG  F2 a lp h a  h a s  synerg istic  ac tion  on u te r in e  co n trac tio n s  w hen  
a d m in is te re d  w ith o x y to c in  ( E m b r e y , 1971). T hese  com pounds h av e  success
fu lly  b e e n  used for th e  in d u c tio n  of abortion  an d  la b o u r  (A r n o l d , e t ah , 1972; 
B y g d e m a n , 1971; E m b r e y , 1971; K arim , 1971; K ar im  an d  Sh a r m a , 1971). 
N o n e  o f  these  w orkers h a v e  o b se rv ed  an ab n o rm al rise  o f b lood  p ressu re  or an y  
o th e r  ca rd io v ascu lar a b n o rm a li ty  even a fte r  p ro lo n g ed  perfusion  w ith  th e  
c o m p o u n d . R ecent re p o rts  in d ic a te  increased levels o f o x y toc in  in  b lood  fo l
lo w in g  perfusion  w ith  P G  F 2  a lp h a  for in d u c tio n  o f  lab o u r in p reg n an t w o m 
en ( A r n o l d  e t ah, 1972).

I t  is qu ite  likely, p a r t ic u la r ly  in  the  lig h t o f th e  o b se rv a tio n  of A r n o l d  
e t a h , th a t  in add ition  to  th e i r  d irec t action  on th e  m y o m etriu m  (K arim  an d  
S h a r m a , 1971) these co m p o u n d s  p ro b ab ly  a ffec t also secondarily  th e  h ypo- 
th a la m o -h y p o p h y s ia l sy s te m  a n d  cause an  endogenous release o f o x y toc in  
fro m  th e  n eu ra l lobe. S uch  a h y p o th es is  has a lre a d y  b een  suggested  b y  Sp e r r o f  
(1971). To su b s ta n tia te  i t ,  rad io -im m u n o -assay  a n d  e lec tron  m icroscopic 
s tu d ie s  have  to  he ca rr ied  o u t  on o ther species an d  p re lim in a ry  w ork  is in  
p ro g re ss  for such in v e s tig a tio n s .
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D IE  W I R K U N G  VON P R O S T A G L A N D IN  F2 A L P H A  
A U F  D I E  N E U R O H Y P O P H Y S E  

E I N E  H IS T O C H E M IS C H E  ST U D IE

U. SINGH und M. KATZARSKI

30 nich tschwangeren  R a t t e n  wurde  die w äßrige  Lösung von 10//g P ro s tg la n d in  F2 Alpha 
in t ra p e r i to n ea l  e ingeführt  u n d  ansch ließend  die H y p o p h y se  der Tiere m it te l s  A ldehydfuchsin  
u n d  P e rfo rm säu re -A lzy an b lau -F ärb u n g  u n te r s u c h t .  In  der H ypophyse  ließ sich d em  h in teren  
Teil en tsp rechend  eine charak te r is t ische  V erm in d e ru n g  wahrnehm en.  Die Rolle  des  O xytoz ins 
wird  im Z usam m enhang  m it  der oxy tox ischen  W irk u n g  ^des P ros tag land ins  F 2  A lp h a  bes
prochen.

ДЕЙСТВИЕ ПРОСТАГЛА11ДИИА F2 ALPHA НА 11ЕЙРОГИПОФИЗ 
ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ

У. СИНГ и М. КАТЦАРСКИ

30 небеременным крысам авторы впрыскивали водный раствор изЮ мк/г F2 alpha 
простагландина внутрибрюшннно и изучали гипофиз животных методом окрашивания 
альдегидфуксином и нерформокислым альциановым голубым. Соответственно задней 
части в гипофизе наблюдалось характерное уменьшение. Роль окситоцина обсуждается 
в связи с окситоксическим эффектом F2 alpha простагландина.

S in g h , U ., М .В., B .S., M .S. 
K a t z a r sk i, M., M .D.

M akerere  M edical School, K a m p a la , U ganda
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CONNECTIVE TISSUE ALTERATIONS 
FOLLOWING NEONATAL THYMECTOMY

VI. CALCIUM H IS T O C H E M IC A L , G R O W T H -D Y N A M IC A L  
AN D  T H E R M O A N A L Y T IC A L  IN V E S T IG A T IO N S  ON B O N E  T I S S U E  

O F  T H Y M E C T O M IZ E D  R ATS

B. M a n d i , M. P e t k ó , G y . Szöőr a n d  T. G l a n t  

( R eceived Decem ber 23, 1974)

T h y m ec to m y  was pe rfo rm ed  in new born  ra ts  a n d  the changes o ccu rr in g  in the 
epiphyseal  cartilage a n d  bone were inves tiga ted  by Ca h is tochem ica l  a n d  therm o-  
analy t ical  methods,  one, tw o  an d  six weeks following operat ion .  F o r m a t io n  of Ca 
complexes w'as slow'ed d o w n  in the  epiphyseal cart ilage an d  the  ra te  o f  grow'th decreased. 
A t  the same time th e  inorgan ic  substance  c o n te n t  decreased considerab ly  in the  bone 
tissue of operated  r a t s  as co m p ared  to the controls.

Introduction

F o r a long tim e  th e re  h av e  been few d a ta  availab le  on th e  e ffec t o f the  
th y m u s  on th e  d ev e lo p m en t an d  s tru c tu re  o f connective tissue , th o u g h  a t te n 
tio n  h ad  tu rn e d  long ago to  th e  g row th  reg u la tin g  fu n c tio n  o f th e  organ  
[10, 13]. T hen  in  the  p a s t 15 y ears , th e  question  of th e  re la tio n  b e tw een  th y m ic  
a c tiv i ty  and  su p p o rtin g  tissu es  has been th e  su b jec t of severa l s tu d ie s .

A ccording to  th e  re su lts , neo n a ta l th y m e c to m y  brings a b o u t a decrease 
o f  th e  p ro life ra tive  a c t iv i ty  o f th e  ep iphyseal ca rtilag e  [1, 2, 18] a n d  re ta rd s  
th e  process of ossifica tion  |2 , 18]. Suhm icroscopic changes occur in  th e  cells 
o f  th e  ep iphyseal ca rtilag e  [16] re su ltin g  in an  a lte red  com position  o f  th e  c a r t i
lage  m a tr ix  [19]. The h o n es o f  th y m ec to m ized  an im als are fragile  a n d  occasion
a lly  skele ta l d efo rm ities are  en co u n tered  [12]. In  th e  hone cells an d  m a tr ix  
u l tr a s tru c tu ra l  changes can  he observed  [17]. R adiological e x a m in a tio n s  sug
gested  a decrease of th e  Ca c o n te n t of bones [3] and  th e  d ev e lopm en t o f  a rick e ts  
like  cond ition  [14, 21] h u t  th ese  w ere checked  b y  co n ven tiona l h isto log ica l 
m e th o d s  w hich failed to  give su ffic ien t in sig h t in  th e  fin er changes o f  th e  chem 
ica l com position  of h o n e  tissu e  following th y m ec to m y . I t  seem ed  th e re fo re  
in te re s tin g  to  perform  Ca h istochem ical an d  th e rm o a n a ly tic a l in v e s tig a tio n s . 
As fa r  as we know , th e  la t te r  p rocedure  has n o t y e t been  ap p lied  in  bone 
resea rch .
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M aterial and m eth o d

T h y m ecto m y  accord ing  to  M i l l e r ’s [20] m e th o d  w as  pe rfo rm ed  on a  to ta l  of 200 albino 
r a t s  w i th in  the  first  24 h o u r s  a f t e r  b ir th .  The o p e ra t io n  re su l ted  in a charac te ris tic  wasting 
sy n d r o m e ,  with r e ta rd a t io n  o f  g ro w th ,  loss of weight  a n d  a t r o p h y  of the  ly m p h a t ic  sys tem  
in  a b o u t  30%  of the  an im als .  S ince  a  great  nu m b er  of o p e ra te d  anim als  died from  advanced  
w a s t in g ,  the  experiments w ere  ca r r ied  ou t  on 36 ra ts .  In  ad d i t io n  to  th e  w ast ing  syndrom e 
a n  im p a i rm e n t  of the  cel lu lar  im m u n e  response was also n o te d ,  as ju d g ed  from  th e  decrease 
in  t h e  proport ion  of ro se t te  fo rm in g  cells (sRFC) of th e  spleen. As controls 36 ra ts  from  the 
s a m e  l i t te r s  as the o pera ted  ones  were  used. They  were su b je c ted  to  a sham  opera t ion  consist
in g  o f  th e  exposure of th e  t h y m u s  w ithou t  rem oving  it.  N o  w ast ing  syndrom e developed in 
th e s e  ra ts .

T h e  animals were k i lled  a n d  the  m ateria l  processed, one, tw o ,  an d  six weeks following 
s u rg e ry .  Fo r  the  ex am in a t io n s  t h e  t ib ia  and the  fe m u r  were  used.

I .  H istochem ical dem onstration o f  Ca

1. D em onstration  o f ionic Ca w ith  N ,N -n a p h tha lylhydroxylam ine  according to V oigt  [28]
T he  proximal ep iphys is  o f  t h e  t ibia  was e m b e d d ed  in p a raf f in  and  sectioned a t  10 fi.

T h e  sec tions were s ta ined  w i t h  0 .1 %  N ,N -n ap li th a ly lh y d ro x y lam in e  (F lu k a  A.G.,  Buchs, 
S w i tz e r lan d )  and exam ined  u n d e r  th e  polarisation! m icroscope.

2. D em onstration  o f  bound Ca according to KossA [23]

T h e  proximal ep iphys is  w a s  fixed in alcohol,  e m b e d d ed  in pa raff in  and  sectioned. 
T h e n  K o ssa ’s Ca reac tion  w as  pe rfo rm ed  followed b y  h a e m a to x y l in  staining.

I I .  Studies on growth d yn a m ics

F ro m  all age groups 5 th y m e c to m iz e d  and  5 c o n tro l  r a t s  were in jec ted  in traper i tone-  
a l ly  w i th  25 mg/kg O x y te tracy c l in e  hydrochloride (Chinoin ,  B u d a p es t)  48 hours ,  an d  with 
50 m g /k g  F lu o rex o n ®  (2,4 bis N ,N -d ica rb o m eth y l-am in o m e th y l- f lu o re sce in  Cheinapol, P rague) 
24 h o u r s  before sacrifice. T h e  p ro x im a l  epiphysis of th e  t ib ia  was removed,  f ixed  in absolute  
a lco h o l ,  em bedded in p a ra f f in  a n d  sectioned. After  d e h y d ra t io n ,  the  sections were m o u n te d  
in  F lu o ro m o n t .  Micrometric  m e a su re m e n ts  were p e r fo rm e d  u n d e r  a f luorescence microscope 
w i th  B G  3/4 and OG 1/1 f i l te rs ,  b y  m eans  of an ocular  m ic ro m ete r .  O xy te tracyc line  produced  
a  ye l low , and Fluorexon a g re e n  fluorescence. The  tw o  f luorochrom es ,  well sepa ra ted  from 
e a c h  o th e r ,  were localized as s t r i p e s  in the  lower, calcify ing p a r t  of  the  epiphyseal  cartilage 
d isc .  T h e  distance m easured  b e tw e e n  the  lower m arg ins  o f  th e  two f luorescent  stripes by  m eans 
o f  a n  ocu la r  micrometer,  c o r re sp o n d s  — depending on t h e  condit ions of the  ex p er im en t  — 
to  t h e  g row th  ra te  of bone  in  24 hours .  From each m a te r i a l  10 sections were p rep ared  and 
20 m ea su re m e n ts  were t a k e n  on e ac h  section. F ro m  th e  d a t a  so ob ta ined  we have  calcula ted  
th e  m e a n  values.

I I I .  T herm oanaly tic  determination o f  the proportion  o f  organic 
a n d  inorganic substances in  the bone

T h e  femurs of th y m e c to m iz e d  and control r a t s  w ere  rem oved ,  cleaned of th e i r  soft 
p a r t s  a n d  dried over P 30 5. A f t e r  weighing and leng th  m e a su re m e n t  of the  bones, th e  two 
e p ip h y s e s  were removed a n d  t h e  d iaphyses m easured  aga in .  F o r  th e  exam inat ions  on ly  the 
d i a p h y s e a l  pa r ts  of the  f e m u rs  w e re  used. The bones were  t h e n  reduced  to granules  0.06 m m  
in d ia m e te r .  The e x am in a t io n s  w ere  carried o u t  in 0.015 — 0.100 g m ate r ia l  b y  m eans  of a 
d e r iv a to g r a p h  (MOM) des igned  b y  P a u l ik  et al. [22]. H e a t in g  was done a t  a ra te  of  10°C/min 
in  a i r  a t  a tem pera ture  r a n g in g  f r o m  20 to 1000°C.
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Results

D em onstration o f  ionic Ca w ith N ,N -naph tha ly lhydroxy lam ine

One-week control rats. In  th e  zone o f c a lc if ic a tio n  of th e  ep ip h y sea l c a r t i 
lage (F ig . 1) an d  in  th e  m e tap h y sis , large a m o u n ts  o f coarsely g ra n u la te d  
N ,N -n a p h th a ly lh y d ro x y la m in e  crystals sh o w in g  m arked  b ire fringence  are  
p re se n t. T h e  m e ta p h y se a l trab ecu lae  are lo n g  a n d  w ell-developed. I n  o th e r  
p a r ts  o f th e  disc, especially  in  th e  zone of p ro life ra tio n , th e  crystals are  c o n s id e r
ab ly  less b iré fr in g en t th a n  in  th e  zone o f c a lc if ic a tio n .

One-week thym ectom ized rats (Fig. 2). S im ila r ly  as in  th e  co n tro ls , b iré 
frin g en t c ry s ta ls  —- th o u g h  m uch  sm aller in  n u m b e r  can be n o te d  in  th e  
ca lcify ing  ca rtilag e  zone o f  th e  ep iphyseal d isc  a n d  in the m e tap h y sis . T h e  
bone tra b e c u la e  are  s tr ik in g ly  sh o rt. Some cells o f  the  zone of p ro life ra tio n  
an d  m arrow  c a v ity  d isp lay  a ce rta in  a c tiv ity .

Two-week control rats. In  th e  ep ip h y sea l ca rtilag e  (Fig. 3) a p o s itiv e  
reac tio n  is d isp lay ed  n o t o n ly  by  th e  tra b e c u la e  o f th e  zone o f c a lc if ic a tio n  
an d  in  th e  m e tap h y sis , b u t  also in  th e  c a r ti la g in o u s  trabecu lae  o f th e  zone of 
h y p e rtro p h y .

Two-week thym ectom ized rats. The b one  tra b e c u la e  of the  ep iphysis  (F ig . 
4) show  less b iré fr in g en t N ,N -n a p h th a ly lh y d ro x y la m in e  crystals th a n  in  th e  
con tro ls . A t th e  sam e tim e  th e  crysta ls  seem  to  h av e  increased in  a m o u n t  in  
th e  zone o f  p ro life ra tin g  cartilage .

Six-w eek control rats (F ig . 5). In  th e  c a rtila g in o u s  trabecu lae  o f  th e  low er 
p a r t  o f th e  p ro life ra tio n  zone b iré fringen t c ry s ta ls  are visible. F o r th is  rea so n , 
th e  line of calcium  in co rp o ra tio n  has an ir re g u la r  course.

Six-w eek thym ectom ized rats (Fig. 6). A p p e a ra n c e  o f b iré frin g en t c ry s ta ls  
begins un ifo rm ly  in  th e  g ro u n d  substance  o f th e  ca lc ification  zone an d  th e  line 
o f calcium  in co rp o ra tio n  is a t  th e  sam e level in  th e  en tire  te rr ito ry  o f th e  c a r t i 
lage disc.

D em onstration o f  bound Ca

One-tveek controls (F ig . 7). In  th e  ep ip h y se a l cartilage , only th e  zones of 
m a tu ra tio n  an d  ca lc ifica tio n  are sep a ra ted  m orpho log ica lly . In  th e  g ro u n d  
su b stan ce  o f  th e  ca lc ifica tio n  zone inso luble , b o u n d  Ca is p resen t. T h e  m e ta 
p h ysea l tra b e c u la e  a re  th in , show ing a p a ra lle l course. A t some sites th e y  are  
co nnec ted  w ith  each  o th e r.

One-week thym ectom ized rats (Fig. 8). T h e  cells o f th e  ca lc ifica tion  zone 
are close to  each o th e r  w ith  little  g round s u b s ta n c e  betw een th em . T h e re  are  
few trab ecu lae  show ing  a p o sitive  reac tion ; th e s e  trab ecu lae  are th in n e r  an d  
sh o rte r  th a n  in  th e  con tro ls .
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F ig s  1 —6, Polarization p h o to m ic ro g rap h s  of e p iphysea l  cartilages stained w i th  N , N - n a p h -
th a ly lh y d ro x y la m in e .  X 63

F ig . 1. One-week control r a t .  Large  am oun ts  of b i ré f r in g en t  crystals in calc if ica t ion  zone
a n d  in m etap h y sea l  t r ab e cu la e

F ig . 2. One-week th y m e c to m ize d  ra t .  Smaller a m o u n t  of  biréfringent crystals in  ca lc if ica
t io n  zone a n d  m e ta p h y s i s

F ig . 3. Two-week control r a t .  I n  addit ion  to the  c a r t i lag in o u s  trabecules of the  calc if ica t ion  
zone  a n d  metaphysis ,  th o se  in h ype r troph ic  car t i lage  also contain small  a m o u n t s

of b iréfringent c ry s ta ls
F ig . 4. Two-week th y m e c to m ize d  ra t .  Few b i ré f r in g en t  crysta ls ,  in the  bone t r a b e c u le s  more 

in th e  p ro l ife ra t ion  zone of th e  ep iphysea l  cartilage 
F ig . 5. Six-week control r a t .  B iréfr ingen t  c rys ta ls  a re  visible  also in the  lower p a r t  of the

proliferation zone
Fig. 6. Six-week th y m e c to m ize d  ra t .  B iréfringent c ry s ta ls  are localized in the  zone  o f  calci

f ica tion  and in the  a rea  d is ta l  to this zone. T h e  e p iphysea l  cartilage disc is n a r ro w
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Figs 7 —12. Kossa’s reac t ion  in e p iphysea l  cartilage. X 80 
F ig . 7. One-week control.  Bound Ca in g ro u n d  su b s ta n c e  of calcification zone a n d  in the 

m e ta p h y sea l  t rabecu le  showing a paral le l  course 
F ig . 8. One-week thym ec to in ized  ra t .  T h in  m e ta p h y se a l  t rabeculae  with low b o u n d  Ca

c o n te n t
Fig. 9. Two-week control ra t .  Bound Ca also in the  lower  p a r t  of the zone of m a tu r in g  c a r 

tilage. N um erous  hone t rab e cu la e  rich in hound Ca 
Fig. 10. Two-week thym ec to in ized  ra t  A few bone trabecu lae  containing sm all  a m o u n t

of b o u n d  Ca
Fig. 11. Six-week contro l ra t .  Bound Ca in the  area  e x te n d in g  to the upper m arg in  o f  m a t u r 

ing cartilage. Dense  network of th ic k  bone t rab e cu la e  rich in calc ium  
Fig. 12. Six-week th ym ec to in ized  ra t.  B o u n d  Ca only in th e  calcification zone a n d  d is tally  

to  it. The  bone  t rabeculae  are sh o r t  a n d  less num ero u s  than  in the  co n tro ls



64 D . M Á N D I e t  a l .

Two-week control rats (F ig . 9). T he zonal s tru c tu re  of th e  ep ip h y sea l 
c a r tila g e  disc is well d iscern ib le . B ound Ca is p re se n t even in th e  low er p a r t  
o f  th e  zone of m a tu ra tio n . T h e  trab ecu lae  fo rm in g  a netw ork  are m ore  n u m e r
ous th a n  a t  th e  one-w eek  stage.

Two-week thymectornized rats (Fig. 10). S om e areas of th e  g ro u n d  su b 
s ta n c e  o f th e  ca lc ifica tio n  zone are devoid  o f  p o s itiv ity . In  the  m e ta p h y s is , 
th e  b o n e  trab ecu lae  c o n ta in in g  bound  Ca are  s h o r t ,  th in  and few in  n u m b e r.

S ix  week control rats (F ig . 11). P o s itiv ity  ex te n d s  to  th e  u p p e r  p a r t  o f 
th e  zone o f m a tu ra tio n . C artilag e  cells d isp lay in g  n uc lear s ta in ing  are  v isib le  
am o n g  th e  c a rtilag in o u s  trab ecu lae  c o n ta in in g  calcium . The th ic k  bone 
tr a b e c u la e  form  a dense n e tw o rk .

Six-w eek thymectornized rats (Fig. 12). P o s itiv e  reaction  m a in ly  in  th e  
zone o f  ca lc ifica tion , sp a rse ly  in  the g round  su b s ta n c e  of m a tu rin g  ca rtila g e . 
T h  ere  are  few er bone tra b e c u la e  th an  in th e  co n tro ls .

Growth dynam ics

T h e  m eth o d  o f Ca d em o n stra tio n  in  v ivo  allow ed to  s tu d y  th e  g ro w th  
d y n a m ic s . R esu lts  a re  su m m arized  in T ab le  I .

Table I

Growth in  /Ini per 24 hr in control a n d  thymectornized rats

Age Control Thymectornized

1 week 135.2 ±  5.2 130.8 ±  8.3

2 weeks 113.4 ±  9.4 95.4 ±  10.1

6 weeks 102.6 ±  7.8 88.3 ±  9.9

As can be seen from  T ab le  I, th e re  w as no appreciable d ifference  in  
g ro w th  betw een  th e  c o n tro l and  th e  th y m e c to rn iz e d  ra ts . A t 2 w eeks, how ever, 
th e  d a ily  g row th  ra te  w as s ign ifican tly  low er in  th e  thym ecto rn ized  th a n  in  
th e  c o n tro l ra ts . T he d ifference was still s ig n if ic a n t a t 6 weeks of age.

Therm oanalytical assay

F o r th e  e x a m in a tio n s  only  m ateria ls  from  th e  tw o -a n d  six-w eek g roups 
u se d  as th e  m a te ria ls  o b ta in a b le  a t one w eek  w as no t sufficien t. As can  be 
seen  in  T ab le  I I ,  th e  fem u rs  o f th y m ecto rn ized  r a ts  were ligh te r in  b o th  age 
g ro u p s . In  th e  2-w eek g ro u p , th e  q u o tien t o f  w e ig h t and  length  in  th e  co n tro ls  
w as 4.51 m g/m m , a n d  in  th e  th y m ec to rn ized  r a t s  2.1 m g/m m . In  th e  6-w eek 
g ro u p  th e  values w ere 8.91 m g/m m  an d  6.69 m g /m m , respectively .
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Fig. 13. D e r iv a to g ram  of con tro l  animal.  D TA Л T 0 (°C) differential th e rm o a n a ly t i c a l  
curve; D T G  d m /d t /m g /m in  =  de r iva t ive  t h e r m o a n a ly t i c a l  curve; TG zlm ( % )  =  th e rm o -  
g rav im etr ic  curve,  loss of substance  a t  TG curve, in p e r  cen t ;  Л =  q u an ti ty  of w a te r  e v a p o ra te d  
a t  20 —220°C; B =  q u a n t i ty  of organic  su b s tan ce  los t  a t  220 — 600°C; C =  in i t ia l  b re a k 
down of c a rb o n a te  h y d ro x y a p a t i t e  a t  600—1000°C, loss o f  0 I I C 0 2: =  to ta l  loss o f  su b 

s tances  (A -f- B -f- C) up  to 1000°C; — C a3( P 0 4) ;, - f  CaÖ -f MgO res idue

T he d e riv a to g rap h ic  curves show ed t h a t  th e  reactions tak in g  p lace  d u rin g  
h ea tin g  a re  q u a lita tiv e ly  id en tica l. T h e  w a te r  co n te n t of th e  b o n e  tissu e  is 
rep re sen ted  by  th e  value o b ta in e d  a t 20 220°C (A), tin* organic m a t te r  b y  th e
value o b ta in e d  a t  2 2 0 —600°C (B), w hereas th e  inorganic su b stan ce  c o n te n t 
is re p re se n te d  by  th e  sum  o f th e  h e a tin g  re s id u e  ( ^ 2) and  the a m o u n t o f  in o r
ganic su b stan ces  rem oved a t  600 1000°C (C), as show n in Fig. 13.

O n th e  basis of th e  resu lts  ca lcu la ted  (T ab le  111) a sign ifican t d ifference  
can  be n o te d  in the  d is tr ib u tio n  of o rg an ic  a n d  inorganic su b stan ces  in  the

5  Ada Morphologic» Academiae Scienliarum Hungaricae 23, 1975



66 В. MÁNDI et al.

Table II

M ean  length and  weight o f  fem u r  in  control a n d  thymectomized rats 
at 2 and 6 weeks after surgery

Specimen
Fem ur length  

(mm)
Femur weight

(g)

2 weeks, control

1ЛÖt—CO 0.082 ±  0.005

2 weeks, thym ectom ized 11.93 ±  0.4 0.026 ±  0.002
6 weeks, control 26.43 ±  0.5 0.235 ±  0.003

6 weeks, thym ectom ized 23.06 ±  0.7 0.154 ±  0.002

Table III

C om position o f bone tissue in  the fe m u r  o f  control and thymectomized ra ts , 
in  per cent o f  weight

Specimen A В c 2-2

2 weeks, control 13.14 ±  0.2 39.20 ±  0.6 4.07 ±  0.02 56.41 ±  0.9 43.59 ±  0.8
2 weeks, thymectomized 11.42 ±  0.3 51.77 ±  0.2 5.87 ±  0.08 69.06 ±  0.7 30.94 ±  0.9
6 weeks, control 13.23 ±  0.5 31.76 ±  0.4 2.13 ±  0.05 47.12 ±  0.5 52.88 ±  1.0
6 weeks, thymectomized 12.91 ±  0.4 34.07 ±  0.4 2.24 ±  0.07 49.22 ± 0 .6 50.78 ±  0.6

A =  w ater  con ten t  (20 — 220°C)

В =  organic substances (220 — 600°C)

C= inorganic  substances (600 —1000°C)

V*! =  A +  В +  C (20 —1000°C);

4  =  inorganic residue (Ca3/ P 0 4)3 ±  CaO ±  MgO

b o n e  tis su e  be tw een  th e  con tro ls  and  th y m e c to m iz e d  ra ts . T he b ones o f  th e  
la t te r  a re  ch a rac te rized  b y  a re la tiv e  a b u n d a n c e  o f  organic, and  a d ec rease  o f 
in o rg an ic  su b stan ces.

D iscussion

A ccord ing  to  th e  re su lts , th e  lo ca liza tio n  o f  ionic, u n b ound  Ca is n e a rly  
id e n tic a l in  th e  ep ip h y sea l ca rtilag e  of c o n tro l a n d  thym ectom ized  ra ts . O n th e  
o th e r  h a n d , th e  m e ta p h y se a l hone tra b e c u la e  o f  thym ectom ized  an im a ls  are  
th in  a n d  sh o rt an d  d isp lay  a w eaker p o s it iv ity . In  th e  contro l g roup  K o ssa ’s 
re a c tio n  w as po sitiv e  in  th e  zones of c a lc if ic a tio n  and  m a tu ra tio n , w hile  in  
th e  th y m e c to m iz e d  g roup  m ark ed  p o s itiv ity  a p p e a re d  only in  th e  zone o f  ca lc i
f ic a tio n . T h u s , th y m e c to m y  seem s to  e x e r t an  in ju rio u s  effect on th e  fo rm a 
tio n  o f  C a-com plexes.
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In  connective tissu e  research  th e  in te re s tin g  resu lts  offered b y  th e rm o - 
a n a ly tic a l assay  [4, 5, 9] have  ju s tif ie d  th e  ap p lic a tio n  of th is m e th o d . In  ou r 
ex p e rim en ta l m a te r ia l  th e  p rocedure re v e a le d  q u a n tita tiv e  d ifferences. T he 
to ta l  inorganic  su b s ta n c e  co n ten t o f  h one  decreased  in th e  th y m ec to m ized  
an im als  as co m p ared  to  th e  con tro ls . S im ila r observ a tio n s w ere m ad e  w ith  
зар [26]. I t  shou ld  be n o te d  th a t  p a r t  o f th e  w a te r  ev ap o ra tin g  in  th e  dom ain  
b e tw een  20 and  220°C (F ig . 13A) derives from  w a te r  bound to  organ ic  m ac ro 
m olecules, b u t its  loss coincides w ith  th a t  o f  th e  adso rbed  m oistu re . F ro m  the 
d e riv a to g rap h ic  cu rv e  i t  can  be seen th a t  th e  u su a l d ry ing  te m p e ra tu re  of 
100— 110°C is n o t su ffic ien t in  th e  case o f  b o n e  as th e y  will re ta in  considerab le  
am o u n ts  of w a te r a t  th e se  tem p era tu res .

On th e  7 th  p o s to p e ra tiv e  d ay  th e  g ro w th  ra te  did no t show  ap p rec iab le  
d ifferences b e tw een  th e  th y m ecto m ized  a n d  c o n tro l groups. T his m eans th a t  
th e  g row th  re ta rd a tio n  occurring  la te r  w as p ro b a b ly  due to  th e  th y m u s  de
fic ien cy  and  n o t to  th e  surgical in ju ry  b ecau se  th is  w ould h av e  m an ife s ted  
i ts e lf  earlier.

T h e rm o a n a ly tic a l an d  grow th d y n a m ic a l in v estig a tio n s rev ea led  m ark ed  
differences b e tw een  th y m ec to m ized  a n d  c o n tro l an im als in  th e  tw o-w eek  
s tag e . T he d ifference, th o u g h  in  a s lig h te r  degree , was still re m a rk a b le  a t  6 
w eeks. This is p ro b a b ly  due to  th e  fa c t t h a t  th e  an im als w ith  severe w astin g  
d isease die before th e  age o f 6 weeks an d  o n ly  th o se  w ith a m ilder form  o f th e  
sy n d ro m e  reach  th is  age.

T he cause o f g ro w th  re ta rd a tio n  an d  d ecrease  o f the  am o u n t of in o rgan ic  
su b stan ces in  th e  b o n e  a fte r  th y m e c to m y  seem s to  he a t tr ib u ta b le  f irs t  o f all 
to  endocrine changes. T h e  alpha cells o f  th e  p i tu i ta ry ,  a fte r a te m p o ra ry  h y p e r
a c tiv i ty  [8] decrease in  n u m b er and  u n d e rg o  d e g ran u la tio n  [7, 24, 25]. A sim i
la r  decrease was n o te d  in  the  a c tiv ity  o f th e  th y ro id  [7, 8] an d  th e  a d re n a l 
g lands [6 — 8]. O n th e  basis of recen t re s id ts  i t  c an n o t, how ever, be  ex c lu d ed  
th a t  th e  lack  of b io log ica lly  active su b s ta n c e s  p ro d u ced  by  th e  th y m u s  m ay  he 
th e  cause of th e  chan g es described above . O f th ese  substances, th y m o sin  [11] 
shou ld  be m en tio n ed  f irs t . In  fac t, th is  h o rm o n e-lik e  su b stan ce  p ro d u ced  by  
th e  ep ithe lia l cells o f  th e  th y m u s has b een  fo u n d  b y  us to  be able to  p re v e n t 
th e  w astin g  sy n d ro m e , and  b y  a d m in is te r in g  to  ra ts  a n tith y m o sin  ra b b it  
se ru m  we could in d u ce  sym ptom s c h a ra c te r is tic  o f th e  w asting  disease [15]. 
F u r th e r  in v es tig a tio n  o f th is  question  is in  p rogress.
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V E R Ä N D E R U N G E N  D E S  S T Ü T Z G E W E B E S  B E I  T H Y M E K T O M I E R T E N  T I E R E N ,  V I I  
C A -H IS T O C H E M IS C H E  U N D  T H E R M O A N A L Y T IS C H E  U N T E R S U C H U N G E N  D E R  
W A C H S T U M D Y N A M IK  AM K N O C H E N G E W E B E  VO N  N E O N A T A L  T H Y M E K T O 

M I E R T E N  R A T T E N

B. M ÁNDI, М. PETK Ó , GY. SZÜÖR und T . GLANT

A n neugeborenen R a t t e n  w urde  eine T h y in e k to m ie  ausgeführ t  u n d  1, 2 u n d  6 W o ch en  
n a c h  d e m  Eingriff m it te ls  Ca-histochemisclier  sowie th e rm o an a ly t i sc h e r  Verfahren  die in der  
K n o rp e lsch e ib e  und im K n o chengew ebe  der E p ip h y s e n  vor  sich gehenden V e rän d e ru n g e n  
u n t e r s u c h t .  Den Ergebnissen zufolge e r fäh r t  in der  E p ip h y sen k n o rp e l  der t h y m e k to m ie r te n  
T ie re  die E n ts teh u n g  des C a-K om plexes  eine V er langsam ung .  Das Ausm aß des täg l ichen  
W a c h s t u m s  n im m t ab. Im  K nochengew ebe  der ope r ie r ten  Tiere  ist  der Gehalt  an  a n o rg a n i 
sc h e n  Stoffen  wesentlich ge r inger  als im K nochengew ebe  der  Kontrollt iere.
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ИЗМЕНЕНИЯ ОПОРНОЙ ТКАНИ У ЖИВОТНЫХ ПОСЛЕ ТИМЭКТОМИИ, VII 
Са-ГИСТОХИМИЧЕСКИЕ И ТЕРМОАНАЛИТИЧЕСКИЕ ИССЛЕДОВАНИЯ 
ДИНАМИКИ РОСТА В КОСТНОЙ ТКАНИ КРЫС ПОСЛЕ НЕОНАТАЛЬНОЙ

ТИМЭКТОМИИ

Б. МАНДИ, М. ПЕТКО, Д. СЁР и Т. ГЛАНТ

Авторы произвели у новорожденных крыс тимэктомию и спустя 1,2 и 6 недель после 
вмешательства изучали Ca-гистохимическими и термоаналитическими методами изменения, 
возникшие в эпифизарном хрящевом диске и в костной ткани. Согласно результатам после 
тимэктомии в эпифизарном хряще животных наблюдается замедление образовании Са- 
комплекса. Уменьшается динамика суточного роста. В костной ткани оперированных 
животных содержание неорганического вещества значительно меньше, чем у контрольных 
животных.
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MORPHOLOGICAL EXAMINATION 
OF THE JUXTAGLOMERULAR APPARATUS 

FOLLOWING THE FLUORESCENCE MICROSCOPIC 
DEMONSTRATION OF SYMPATHETIC NERVES
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Several c a techo lam ine  dem o n s tra t in g  fluorescence techn iques  based  on the 
fo rm aldehyde-condensa t ion  principle have been e x am in ed  for the poss ibility  o f  applica
t ion  of ju x ta g lo m e ru la r  g ra n u lu m  d e m o n s tra t in g  m ethods .  Freezing an d  thaw ing  
cause a d is t rup tion  o f  ju x ta g lo m e ru la r  granules.  S h o r t  form alin  fixat ion  does n o t  p re 
v e n t  th is  dam age.  J u x ta g lo m e r u la r  granules were successfully sta ined  a f te r  freeze
drying.

The a d a p ta t io n  of E n d e s ’s tr ichrom e m e th o d  on the  basis of  t h e  classical 
catecho lam ine  techn ique  o f  F a l c k  and O w m a n  re su l ted  in a reliable p ra c t ic a l  m ethod .  
P rocedures  in troduced  in to  th e  tr ichrom e m eth o d s  to  increase the  colour a n d  in ten s i ty  
c o n tra s t  of  the  s ta in ing  of ju x ta g lo m e ru la r  g ranu les  a n d  to s ta in  the elastic  m em b ran es  
are described. Some aspec ts  of the  s ta ining m ec h an ism  of ju x ta g lo m e ru la r  specific 
granu les  are also discussed.

C atecholam ines cause  ren in  release b y  s tim u la tin g  th e  b e ta -ad ren e rg ic  
recep to rs  of ren in -co n ta in in g  ju x ta g lo m e ru la r  cells [1, 2, 22, 25, 28]. A series 
of m orphological ex a m in a tio n s  prove th e  ad ren erg ic  in n e rv a tio n  o f ju x ta 
g lom eru lar cells [3, 11, 13, 17, 21, 27,]. E lim in a tio n  or th e  in fluence  o f renal 
sy m p h a te tic  nerves re su lts  in  an in h ib ition  o r red u c tio n  of th e  re n in  release 
p ro d u ced  by  a n u m b er o f  ex p erim en ta l s tim u li [5, 6, 16, 19, 20, 26, 30]. These 
effects depend  on th e  lib e ra tio n  of th e  sy m p a th e tic  neu ra l t ra n s m itte r , i.e. 
n o rad ren a lin e , p roduced  e ith e r  by  e x tra re n a l s tim u li v ia  sy m p a th e tic  reflexes 
or b y  in tra re n a l re g u la tin g  m echanism s.

T h e  above o b se rv a tio n s suggest th a t  th e  m orpho log ica l e v a lu a tio n  of the  
re la tio n  betw een  th e  g ra n u la r  sto rage  of ren in  a n d  th e  n o rad ren a lin e  co n ten t 
of ju x ta g lo m e ru la r  nerves m a y  be a useful too l in  th e  s tu d y  o f ren in  secretion .

In  o rd er to  be ab le to  d e m o n s tra te  ren in  c o n ta in in g  granules in  th e  ju x ta 
g lom eru la r cells follow ing th e  fluorescence m icroscopic  d e m o n s tra tio n  o f sy m 
p a th e tic  nerves, we h av e  s tu d ie d  the ap p lic a tio n  o f ju x ta g lo m e ru la r  (JG ) 
g ranu le -s ta in in g  m eth o d s in  sections used fo r ca tech o lam in e  d e m o n s tra tin g  
tech n iq u es. The m ost p ro m isin g  com bination  has b een  developed in to  a reliable 
p ra c tic a l m ethod .
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M ateria l and  m ethods

A lbino  mice of b o th  sexes weighing 40 — 50 g were used. The  f requency  o f  a r te r io la r  
g r a n u la t e d  cells in mice, a fa v o u ra b le  condition  for s tu d y in g  the  s ta ining o f  J G  granules,  
a c c o u n te d  for the choice o f  th e  e x p er im e n ta l  animal.

T h e  mice were d e ca p i ta te d  u n d e r  e the r  anaesthes ia  a n d  2 x 3 x 5  m m  tran sv e rsa l  k idney  
sec t io n s  were obtained. C orresponding  to  the  techn iques  o f  fo rm aldehyde -condensa t ion  reac 
t io n  so m e  kidney slices were im m e d ia te ly  quenched in a d ry  ic e — isopen tane  m ix tu re  and
1. c y r o s t a t  sec t ions  were  p r e p a r e d  fo r  t h e  m e t h o d  o f  E l - B a d a w i  a n d  S c h e n k  (1967), a n d
2. for  t h e  freeze-drying m e th o d  o f  Cs il l ik  and K álmán  (1967), or 3. th ey  were freeze-dried 
in b lo c k  for the  classical m e th o d  o f  F a lck  and Owman  (1965). O th e r  slices were f ixed  in cold 
a q u e o u s  solutions of 1 —4 %  fo rm al in  for the  m ethod  of Sa kh arova  and  Sa k h a r o v  (1968).

K id n e y  blocks were f reeze-dried  for 5 days a t  — 40°C below 10~3 to rr ,  in th e  presence 
of P 20 -  b y  means of an  E d w a rd s  — Pearse  E P D  2 t issue  drier.  Following freeze-drying 
the  b lo ck s  were t rea ted  w ith  fo rm a ld eh y d e  gas of 60 %  re la t ive  h u m id i ty  [15] a t  80°C for one 
h o u r  a n d  vacuum -em bedded  in p rev ious ly  degassed paraff in .  3 — 6 pa raff in  sec tions were 
p r e p a r e d ,  fixed to slides w i th  egg white-g lycerol  and m o u n te d  in paraffin  oil.

Fluorescence microscopic e x am in a t io n  of the  catecholamine-specific  reac t io n  was 
ca r r ied  o u t  by  means of a L e i tz  O r th o p lan  microscope eq u ip p ed  with a P lo em ’s inciden t  
l ig h t  fluorescence device [23]. V io le t  exci t ing  light was p ro d u c ed  by  a H B O  200 h igh  pressure  
m e r c u r y  lam p ,  with 3 mrn B G  3 exc i t ing  fi lter combined w i th  4 m m  GB 38 red  abso rp t io n  
f i l te r .  T h e  T K  455 interference d iv id ing  p la te  bu i l t  in to  P lo e m ’s i l lum inator re flects  90 %  a t  
405 n m  a n d  t ransm its  80 %  a t  480 n m .  T he  К  460 barrie r  f i l te r  in the  slot above th e  i l lum ina to r  
a b so rb s  remaining weak viole t  l ig h t  reflected from  the  specim en (Fig. 1A). T he  catechol-

F ig . 1. B eam  p a th  for inc iden t  l ig h t  f luorescence (A) a n d  for phase  con tras t  (B). | | | | | |  visible 
s p e c t r u m ,  ~ violet light.  1. 3 m m  BG 3 fi lter, 2. 4 m m  GB 38 filter.  3. T K  455 in terference 

dividing p late ,  4. К  460 barr ie r  filter,  5. a n n u la r  stop, 6. phase  ring
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amine-specific  in tense  yellowish green f luorescence  can  easily be d is t in g u ish e d  from the 
dam p ed  yellow-white b a ck ro u n d  autof luorescence.

The  use of phase  co n tra s t  object ives fo r  fluorescence microscopy a l lo w ed  th e  phase 
c o n tra s t  microscopic e x am in a t io n  of the k id n e y  s t ru c tu re  in unstained sec t ions  s im ply  by 
sw itching on the  t r a n s m i t te d  light ( f  ig. I B). W h en  appropria te  fields for m ic ro p h o to g ra p h y  
were selected u n d e r  phase  c o n tra s t  microscopic  con tro l ,  the t ransm it ted  l ig h t  w as  sw itched 
o u t  and exposures were m ade  with inciden t  i l lu m in a t io n .  Coordinates of  th e  p h o to g ra p h e d  
fields were read  off th e  scales of the ob jec t  s tag e  for a further exam inat ion  a f t e r  staining.

S u bsequen t  to f luorescence m ic ro p h o to g ra p h y  the  coverslip was g e n t ly  r e m o v e d ,  the 
pa raff in  oil dissolved in xylene and the  sec tions  r e h y d ra te d  through e thano l .  T h e s e  sections 
with  and  w ithou t  post-f ixat ion  were s ta ined  w i th  d ifferent  methods.

Pos t- f ixa t ion  was carried ou t  in B on in ’s f ix a t iv e  for 4 — 6 hours,  or  in Zenker-formol 
for 24 hrs as recom m ended  by W il so n  (1952) for his modified Bowie-stain ing, o r  in 2 .5% 
po tass ium  d ich rom ate  overn igh t  as used by  W a g e r m a r k  et al. (1968) in t h e i r  Bowie-modi- 
fication.

The  com bined  tr ich rom e sta ining of E n d e s  e t  al. (1969) and W i l s o n ’s m o d if ie d  Bowie- 
s ta in  was used for the  d em ons tra t ion  of J G  g ran u le s .  Modifications of E n d e s ’ o r ig in a l  m ethod  
were m ad e  1. to improve  the  con tras t  in co lour  a n d /o r  intensity  between th e  s t a in in g  of ,1G 
granules  a n d  t h a t  of  nuc lear  chrom atin  in ju x ta g lo m e r u la r  cells, and 2. to  a ch iev e  ad eq u a te  
e lastic  s ta in ing  for dis tinguishing between d i f fe ren t  p a r t s  of  the arterial and  a r t e r io l a r  vascu la 
ture .  Fo r  this purpose,  W eiger t’s resorcin -fuchsin  s ta in ,  Romeis’ orcein s t a in ,  V erhoeff’s 
elastica m eth o d  and  G öm öri’s a ldehyde-fuchsin  s ta in  118] were applied i n te r p o s e d  between 
different  steps of E n d es ’ t r ichrom e techn ique .

To improve  th e  s ta in ing  con tras t  of  J G  g ra n u le s  the  following p ro ced u re s  w ere  carried 
o u t :  1. Mallory’s p hospho tungs t ic  acid h a e m a to x y l in  (PTAH) t r e a tm e n t  wi t h  th e  ionic 
s t re n g th  a d ju s ted  by 0.1 —0.8 M NaCl; 2. m é th y la t i o n  for 1 — 8 hrs by  1 %  1IC1 in absolute  
m eth an o l  a t  60°C prior to staining.

I f  a d eq u a te ly  s ta ined  the  fields co rre sp o n d in g  to the  fluorescence m ic ro p h o to g ra m s  
were p h o to g rap h ed  again.

R esults

T h e m eth o d  of E l -B a d a w i  a n d  S c h e n k  (1967) gave in te n s e  specific 
fluorescence  b u t its  rep ro d u c ib ility  w as in fe rio r to th a t of th e  c lassic  m ethod  
o f F lack  and  O yvman (1965). The re p ro d u c ib ili ty  of the te c h n iq u e  o f  S a k h a 
rova  an d  S a k h a r o v  (1968) p ro v ed  to  be  sa tisfac to ry  b u t th e  in te n s i ty  of 
fluorescence  w as genera lly  w eak to  m o d e ra te . A lthough the  m e th o d  o f  Csilik  
an d  K alm an  (1967) p roduced  in ten se  sp ec ific  fluorescence w ith  good  rep ro 
d u c ib ility , th e  sections cam e off th e  slides d u rin g  fu rther r e a tm e n t. T h e  clas
sical freeze-d ry ing  tech n iq u e  o f F a l c k  a n d  O wman  (1965) w as re liab le  as 
reg ard s  fluorescence in te n s ity  and  re p ro d u c ib ility .

T here  w ere nerve  fib res and  v a ric o s itie s  th a t  exhibited a ye llow ish-g reen  
fluorescence specific  for m onoam ines a ro u n d  arteries and a r te iio le s  in  the 
im m e d ia te  v ic in ity  of m o st g lom eruli (F ig . 2). I t  appeared th a t  in  th e  pre- 
g lo m e ru la r  g ra n u la te d  p a r t  of a r te rio les  th e  varicosities were m o re  num erous 
th a n  in  th e  p rox im al n o n -g ran u la ted  p a r t  co n ta in in g  in ternal e la s tic  m em b ran e . 
In  lo n g itu d in a lly  sectioned  a ffe ren t a r te rio le s , fluorescent f ib re s  ap p eared  
as double chains due to  varicosities w h e reas  th e  varicose fib res fo rm e d  beaded 
closed circles w hen cross-sectioned an d  o p en  circles when cu t o b liq u e ly . E ffe ren t 
a rte rio les  could  be recognized only w h en  sec tioned  long itud inally , b y  a single 
o r occasionally  double chain  ru n n in g  ta n g e n tia lly  to the g lo m eru lu s  (F ig . 3).
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F ig . 2. (a) Mouse k idney .  F a lc k  — Ow m an technique. F o rm a ld eh y d e- in d u ced  ca techo lam ine  
f luorescence  a round tw o  g lom eru l i .  W eak au tof luorescence  in th e  surrounding tu b u le s ,  
(b)  Iden tica l  section s ta ined  w i th  E n d es ’ trichrome m e th o d .  T h e  fields encircled by  f lu o res 
c e n t  f ibres correspond to ob lique-sect ioned afferent a r te r io le s  w i th  richly granula ted  j u x t a 

glomerular cells. X 500
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F ig. 3. (a) Mouse k idney. Fa lck  O w inan  techn ique .  Varicose f luorescent  f ib re s  running 
long itud inal ly  to the  glomerulus.  X 600. (b)  Id e n t ica l  section stained w i th  E n d e s ’ tr ichrom e 
m eth o d .  The  fluorescent  fibres in (a) ind ica te  a longitudinal ly  sectioned e f fe re n t  arteriole.

X600
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F ig . 4. Mouse kidney. L o n g i tu d in a l ly  sectioned a ffe ren t  a r te r io le .  The  preglomerular  p a r t  
is lo n g  a n d  richly g ran u la ted .  T h e  proximal p a r t  c o n ta in s  well-defined elastic m em brane .  

E ndes’ t r ichrom e; a ld e h y d e - fu c h s in -o rce in -P T A H  m odif icat ion .  X 120

U nder the flu o rescen ce  m icroscope the s t r u c tu r a l  re la tions of a rte rio les 
a n d  g lom eruli cannot be d e te rm in e d , neither can  th e  specific  granules of ju x ta 
g lo m e ru la r  cells be re c o g n iz e d . F o r these pu rp o ses  p h a se  co n tra s t m icroscopic 
e x a m in a tio n  is necessary . P o o r ly  granu la ted  ju x ta g lo m e ru la r  cells can n o t be 
reco g n ized  w ith c e r ta in ty  ev en  by  phase c o n tr a s t  because of th e  s im ila r 
a p p e a ra n c e  of the n u c le a r  c h ro m a tin . It is also d if f ic u lt  to  judge th e  in te rn a l 
c la s tic  m em brane in  in te r lo b u la r  arteries an d  a f fe re n t arterioles b y  th e ir  
au to flu o rescen ce  or b y  p h a s e  co n trast. These p ro b le m s can  be solved on ly  b y  
d iffe re n tia l staining.

JG granules were stainable only in the sections prepared according 
to Falcic and Owman (1965). Irrespective of post-fixation, these granules 
could neither be recognized b y  phase contrast, nor stained in the sections 
obtained by the fluorescence techniques of El-Badawi and Schenk (1967) 
and Sakharova and Sakharov (1968).

T h e staining in te n s i ty  a n d  con trast o f J G  g ra n u le s  appeared  to  be in 
a d e q u a te  w ith  the c ry s ta l  v io le t  technique o f W i l s o n  (1952) even a fte r p o s t
f ix a t io n  in d ichrom ate as recom m ended  b y  W a g e r m a r k  e t al. (1968). T h e 
c o m b in e d  trichrom e m e th o d  o f  E ndes  et al. (1969) s ta in e d  JG  granules in 
te n s e ly  and  selectively b u t  th e  colour of c h ro m a tin  g ranu les was an eq u a lly  
s t ro n g  blue which m ad e  i t  d iff ic u lt to recognize p o o rly  g ran u la ted  cells. T he
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Table I

E ffects o f  elastic stains combined with E ndes’ trichrome method

Sequence of stains
Staining o f JG  

granules
Staining of nuclear 

chrom atin
Elastic staining 

arteriolar 1 arterial

PT A II blue blue greyish-brown
+  +  + + + + - , ±  +

Resorcin fuchsin P T A H greyish-brown brown
+ +  + +

P T A H  -resorcin -fuchsi n brown
+ +  + +

Orcein- PTA H blue brown brownish-red
+ + + - ,  í + +

PT A H  orcein brownish-red brownish-red
+  +  +  +

Verhoeff’s stain Р Т Л 1 1 g r e y greyish-blue greyish-brown

PT A II-V erhoeff ’s stain grey grey grey
+ + +  + +  + +

Aldehyde-fuchsin P T A H blue blue blue-lilac
+  +  + +  + + +  + +

P T A H  aldehyde-fuchsin blue-lilac
— — + +  + +

Aldehyde-fuchsin orcein PTA 11 blue brown blue-lilac
+  +  + -j- _|----1_

Orcein aldehyde-fuchsin PT A H blue
+ + • + ■

blue
+  +

blue-lilac
+  4 -  +  +

tIiickor elastic  m em b ran es could be d is tin g u ish ed  by  th e ir  fa in t greyish- 
brow n sta in ing .

T he effects o f  e las tic  sta in s  in tro d u ced  in to  E n d e s  m eth o d  to  im p ro v e  
th e  s ta in in g  o f e lastic  m em branes arc seen in  T ab le  I. F o r convenience these  
m e th o d s are re la te d  to  th e  m ost im p o r ta n t s te p , th e  p h o sp h o tu n g stic  acid 
h aem a to x y lin  (P T A H ) tre a tm e n t. In  som e cases th e  s ta in in g  was n o t lim ited  
to  e lastic  m em b ran es b u t  effected  also th e  s ta in in g  c o n tra s t o f JG  g ranu les 
by  th e ir  a ffin ity  fo r nuclei. O rcein p rio r to  P T A H  s ta in ed  th e  nuclei b row nish- 
red  an d  th e  b lue co lour o f JG  granules was left u n ch an g ed . T he clastic  s ta in in g , 
how ever, is n o t sa tis fa c to ry . A ldehyde-fuchsin  (ripened  for 10 days) app lied  
p rio r to  P T A II p ro d u ced  excellen t elastic  s ta in in g . The b est co m b in a tio n  was 
ach ieved  by orcein  in te rp o sed  betw een  a ld eh y d e-fu ch sin  an d  P T A H  w hen  th e  
e lastic  s ta in in g  an d  th e  colour co n tra s t o f JG  g ranu les w ere eq u a lly  s a tis 
fac to ry  (F ig. 4).

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



78 Z . N E M E S  e t  a l.

F ig . 5 . Mouse kidney. E ndes’ trichrom e method after m éthylation. Longitudinally  (a) 
and  cross sectioned (b) afferen t arterioles. Strongly stained juxtaglom erular granules

againts a pale background. X800
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R aised  ionic s tre n g th  was n o t fo u n d  to  increase  th e  c o n tra s t o f  s ta in in g  
in te n s ity  betw een  JG  granules an d  n u c le a r  ch ro m atin  w ith  P T A H . T he 
s ta in in g  o f b o th  ju x ta g lo m e ru la r  g ran u le s  a n d  n uc lear c h ro m a tin  decreased  
above 0.4 N aCl co n cen tra tio n .

M éth y la tio n  fo r 4 h rs  e lim in a ted  th e  s ta in in g  o f nuclei and  tu b u la r  m ito 
ch o n d ria  w ith o u t a n y  appreciab le  w eak en in g  o f th e  colour o f JG  g ranu les. 
S tro n g  blue JG  g ran u les  were seen a g a in s t a pale  redd ish -b row n  b ack g ro u n d  
(F ig . 5).

D iscussion

All k inds o f ca techo lam ine  d e m o n s tra tin g  tech n iq u es b ased  on th e  
fo rm a ld eh y d e -co n d en sa tio n  p rincip le  h a v e  been  exam ined . F o r th e ir  re la tiv e  
s im p lic ity  an d  th e  easiness of seria l sec tio n in g , th e  m ethods o f  E l- B a d a w i  
a n d  S c h e n k  (1967), Cs ill ik  an d  K á l m á n  (1967), and  Sa k h a r o v a  an d  
S a k h a r o v  (1968) are  freq u en tly  used . In  o u r experience th ese  tech n iq u es  
c a n n o t, how ever, be  com pared  to  th e  c lassical m e th o d  of F alck  an d  Ow m a n  
(1965) as regards th e  in te n s ity  and  sh a rp n ess  o f  fluorescence an d  rep ro d u c ib ility .

T he tech n iq u e  o f E l-B a d a w i  an d  S c h e n k  (1967) involves th a w in g  o f 
u n fix e d  c ry o s ta t sec tions on to  slides. T h e  th a w in g  causes d is ru p tio n  o f JG  
g ran u le s  [12]. In  k eep ing  w ith  th is  o b se rv a tio n  we could n o t d e m o n s tra te  JG  
g ran u les  b y  p h ase  c o n tra s t  or s ta in in g , even  a f te r  po stfix a tio n .

T he m eth o d  o f Sak h aro va  an d  S a k h a r o v  (1968) uses c ry o s ta t  
sec tions from  sh o rt fo rm alin -fixed  b locks. T h aw in g  can n o t be avo ided . W c 
fo u n d  th a t  th e  ca techo lam ine-specific  fluo rescence  was p rev en ted  w hen  th e  
f ix a tio n  w ith  4 %  fo rm alin  h ad  exceeded  60 m in  or w ith  2%  fo rm alin  exceeding  
120 m in. This lim ited  f ix a tio n  a t 0°C p rio r  to  freezing and th a w in g  fa iled  to  
p reserv e  th e  g ran u les .

T he m eth o d  o f Csillik  and  K á l m á n  (1967) applies freeze-d ry in g  of 
c ry o s ta t  sections. T h e  avo idance  o f  th a w in g , how ever, e lim inates th e  possi
b ility  of sp read in g  o f th e  sections on a n d  fix in g  th em  to , slides. T h u s , fo r 
p ra c tic a l reasons, th e se  sections w ere n o t u sed  for sta in ing .

T he classical m e th o d  of F alck  an d  O w m a n  (1965) m eets th e  re q u ire 
m e n t of p re se rv a tio n  o f JG  granules a n d  p ro v id es  all p rac tica l con d itio n s for 
s ta in in g .

The c ry s ta l v io le t s ta in in g  of B ow ie needs special f ix a tio n  an d  a long 
s ta in in g  tim e  w ith  e x trem e ly  d ilu te  so lu tio n s o f  th e  dye, an d  a c ritica l d iffe r
e n tia tio n  period. In  o u r experience, th e  f ix a tio n  o f blocks w ith  fo rm ald eh y d e  
v a p o r  is n o t a su ita b le  m ethod  for B o w ie -s ta in in g  even if  th e  recom m ended  
p o st-f ix a tio n s  are  used  [27, 29]. T he g ran u les  s ta in ed  only m o d e ra te ly  an d  
w ith o u t th e  req u ired  co n tra s t.
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T h e  m ethod  of E n d e s , how ever, w hich  has th e  ad v an tag e  of fo rm alin - 
r e q u ire m e n t,  gave a s tro n g  s ta in in g  of JG  g ran u les , w hich  th e n  has focussed  
o u r  a t te n t io n  on th is  te c h n iq u e .

I n  o rd e r to  recognize th e  p o o rly  g ra n u la te d  ju x ta g lo m e ru la r  cells as w ell, 
we s o u g h t to  increase th e  co lo u r an d /o r in te n s ity  c o n tra s t  betw een  JG  g ran u les  
a n d  n u c le a r  ch rom atin . T o  recognize a n d  lo ca te  a ffe ren t a rte rio les in  th e  
a r te r ia l  t re e  we set o u t to  d ev e lo p  a good e lastic  s ta in in g  effect too.

P T A H  tre a tm e n t m o s tly  rem oves th e  s ta in  from  th e  elastic  m e m b ra n e , 
o n ly  th e  ripened  a ld eh y d e-fu ch s in  p e rsists . A lth o u g h  th e  elastic  s ta in in g  o f 
o rc e in  is liab le  to  e x tra c tio n  b y  P T A H , th e  a f f in ity  to  th e  nuclei o f o rce in  is 
s t ro n g e r  th a n  th a t  o f P T A H . O rcein can  be u sed  fo r increasing  th e  co lo u r 
c o n t r a s t  w ith  E n d e s ’ t r ic h ro m e  s ta in  because  i t  does n o t affect th e  s ta in in g  
o f  J G  granules. An a ld eh y d e-fu ch sin  -  orcein -  P T A H  sequence re su lts  
b o th  in  an  adequa te  e la s tic  s ta in in g  an d  in  a good sta in in g  c o n tra s t  o f  JG  
g ra n u le s .

I n  o rder to  co m p are  th e  ca tech o lam in e  c o n te n t of a r te rio la r  n erv es  
w i th  th e  g ran u la rity  o f ju x ta g lo m e ru la r  a rte rio les  on m ic ro p h o to g ram s, es
p e c ia lly  w hen poorly  g ra n u la te d  cells are  seen, JG  g ranu le  in te n s ity -c o n tra s t  
is n e c e s sa ry . In te n s i ty -c o n tra s t  could n o t be ach ieved  b y  increasing  th e  ionic 
s t r e n g th  because th e  P T A H  sta in in g  of n u c lea r  c h ro m a tin  is reduced  p a ra lle l 
w i th  t h a t  of JG  g ranu les.

T h e  requ ired  in te n s i ty  c o n tra s t w as ach ieved  b y  m é th y la tio n  w hich  
c o m p le te ly  e lim inated  th e  b a c k g ro u n d  s ta in in g  w ith  P T A H  w ith o u t red u c in g  
th e  s ta in in g  of JG  g ranu les. T h e  res is tan ce  to  m é th y la tio n  of th e  s ta in in g  o f JG  
g ra n u le s  w ith  PTA H  p o in ts  to  a m in o r im p o rta n c e  of p ro te in  ca rboxy ls in  dye  
b in d in g . T he s ta in ing  m ech an ism  of c ry s ta l v io le t, liaem ato x y lin —acrid in e  
o ra n g e , h a e m a to x y lin - th io f la v in -T  and  h a e m a to x y lin -R iv a n o l is d iffe re n t 
in  th is  resp ec t [14].

O u r results confirm  in  genera l th e  o b se rv a tio n s  o f Gomba  e t al. (1969) 
o n  th e  sy m p a th e tic  in n e rv a tio n  of ju x ta g lo m e ru la r  a ffe ren t an d  e ffe ren t 
a r te r io le s  o f mice. The in c rea sed  freq u en cy  of v aricosities in th e  p reg lo m eru la r  
g ra n u la te d  p a rt of affe ren t a rte rio les  as co m p ared  to  th a t  o f the  n o n -g ra n u la te d  
p a r t  t h a t  contains in te rn a l  e lastic  m em b ran e  m ay  he an  expression  o f th e  
in c re a se d  functional a c t iv i ty  o f  sy m p a th e tic  nerves a round  ren in  p ro d u c in g  
ce lls . T h is  would agree w ith  th e  u l tr a s tru c tu ra l  d a ta  of B a r a jas  and  M ü l l e r  
(1973) in  th a t  the  g ra n u la te d  cells of a ffe ren t a rte rio les  o f th e  r a t  are  in  c o n ta c t 
w i th  m ore  num erous n e rv e  te rm in a ls  th a n  th e  a rte r io la r  n o n -g ran u la ted  cells.
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V ER FA H R E N  Z U R  M O RPH O LO G ISCH EN  UNTERSUCHUNG 
DES JU X T A G L O M E R U L Ä R E N  APPARATS 

N A C H  FL U O R ESZ E N Z M IK R O SK O PISC H E R  D A R STELLU N G  D ER SY M PA TH ISCH EN
N ER V EN

Z. N EM ES, E. BODOLAY, K . P E C Z E  und  P. ENDES

Zahlreiche, auf dem P rinzip  der Form aldehyd-K onzentration  beruhende fluoreszenz
m ikroskopische Verfahren zum  Nachweis der K atecholam ine wurden im H inblick  darau f 
u n te rsu c h t, auf welche Weise sie an  das V erfahren zum  Nachweis der jux tag lom eru lären  
G ranu la  angeschlossen werden können. Das E infrieren- und  Schmelzenlassen führen zur Dis
ru p tio n  der juxtaglom erulären G ranula. Diese Schädigung läß t sich auch durch kurzzeitige 
F ix ie rung  n ich t vermeiden. N ach G efriertrocknung konn ten  die juxtaglom erulären K örnchen 
erfolgreich gefärbt werden.

D as Endessche Trichrom -V erfahren ergab nach  A daptation  an das klassische F alck  — 
O w m ansche Verfahren zum K atecholam in-N achw eis eine zuverlässige Methode fü r die P raxis. 
Die der E rhöhung des Farben- un d  In tensitä ts -K on tras tes  der Granula sowie der Färbung  
der e lastischen Membranen dienenden M odifikationen werden m itgeteilt, ferner auch einige 
B esonderheiten  des Färbungsm echanism us der spezifischen Körnchen des jux tag lom eru lären  
A p p ara ts  besprochen.

ТЕХНИКА МОРФОЛОГИЧЕСКОГО ИЗУЧЕНИЯ ЮКСТАГЛОМЕРУЛЯРНОГО 
АППАРАТА ПОСЛЕ ФЛЮОРЕСЦЕНТНОМИКРОСКОПИЧЕСКОГО ВЫЯВЛЕНИЯ

СИМПАТИЧЕСКИХ НЕРВОВ

Л . Н Е М Е Ш , Е . Б О Д О Л А И , К .  П Е Ц Е , П . Э Н Д Е Ш

Авторы изучали ряд методов для выявления флюоресцентных катехоламинов, 
основанных на принципе конденсации формальдегида, в целях их сочетания с методом для 
выявления юкстагломерулярных зернышек. Замораживание и оттаивание приводит к 
разрыву юкстагломерулярных зернышек. Кратковременная фиксация не предотвращает 
этого повреждения. После лиофилизации окрашивание юкстагломерулярных зернышек 
было успешным.

В результате адаптации трихромного метода Эндеша к классическому методу 
Фалька и Оумена для выявления катехоламинов был получен надежный метод для приме
нения на практике. Сообщаются модификации, служащие повышению контрастности 
красок и интенсивности окрашивания зернышек, а также окрашиванию эластических 
мембран. Обсуждаются некоторые особенности механизма окрашивания специфических 
зернышек юкстагломерулярного аппарата.

D r. Z o ltá n  N emes 
D r. E d i t  B odolay  
D r. K á ro ly  P ecze 
P ro f . D r . Pongrác E n d e s

D O T E  K ó rb o n c ta n i In tézet, 
4012 D eb recen , P f. 14, H u n g a ry
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PERMEABILITY
OF THE POST-ISCHEMIC RAT AORTA

T. K e r é n y i , G. H o r v á t h , Z. D e t r e , S. K u r u n c z i  an(j H. J ellineic

(Received March 15, 1975)

The tim e course of the vascular perm eability  disorder following upon acute 
hypoxia and the fate of plasm a substances en tering  the vessel wall in consequence of 
increased perm eability  were studied on the r a t  abdom inal aorta rendered hypoxic 
for one hour by double ligature and recirculated for periods ranging from one hour 
to 30 days. The d istribution  and quan tity  of m ural plasm a inhibition were determ ined 
histochem ically by m eans of a colloidal iron tracer and Prussian blue reaction and 
by photom etric analysis, respectively. P lasm a im bibition reached its m axim um  after 
recirculation for 24 to 48 hours and fell to  an  alm ost normal level after 10 days.

A dm inistration of the colloidal iron tra ce r on the second day of recirculation, 
when the perm eability  disorder was a t its peak, showed plasma im bibition in every 
layer of the vessel wall. A t seven days it was restric ted  to  the outer th ird  of the media 
and the adventitia .

The endothelium  is acting as the main barrier to m ural plasma im bibition and 
in the case of a perm eability  disorder only th e  elastic lamellae constitute a tem porary  
m echanical obstacle to  the ingression of plasm a.

D u rin g  th e  recen t decade in te re s t has in creasin g ly  been cen tred  on th e  
re la tio n sh ip  b e tw een  h y p o x ia  and  a rterio sc lerosis  and  i t  has been  g en era lly  
accep ted  th a t  te m p o ra ry  or lasting  h y p o x ia  in  due course leads to  a r te r io 
sclero tic  changes. T he ro le o f hypox ia  in  th e  pa thogenesis  of arteriosc lerosis  
w as f irs t assum ed  by  H u e p e r  (1944). L a te r , in v es tig a tio n s  in to  h u m a n  (O r m o s , 
1957; D e f a r i a , 1967; L a p p e r o u z a , 1962) a n d  exp erim en ta l a rterio sc le ro s is  
( B urck  an d  H a r t m a n n , 1963; K j e l d s e n  e t  ah , 1969; H elin  and  L o r e n z e n , 
1969; Ga r b a r sc h  e t ah , 1969) have u n eq u iv o ca lly  show n th a t  c e r ta in  
form s of th e  co n d ition  are  in itia te d  or a c c e n tu a te d  by hypox ia . I t  has also 
been show n th a t  h y p e rlip id aem ia , one o f th e  accep ted  causal fac to rs o f a r te r io 
sclerosis, also ac ts  to w ard s  th e  decrease o f  oxygen  sa tu ra tio n  a n d  carb o n  
dioxide d iffusion  (Talb o t t  an d  F r a y s e r , 1963) an d , vice versa , in c o rp o ra tio n  
of ,4C in to  trig ly cerid es  is enhanced  by o x ygen  deficiency (K e s s e , 1969). T he 
f ir s t  lesion develop ing  in  early  sclerosis, o ed em a  o f th e  ao rtic  in tim a , h a s  been  
p a r tly  a t t r ib u te d  to  a h y p o x ia-induced  d iso rd e r o f en d o the lia l p e rm e a b ility  
(Me e s e n , 1939; H o t t e r , 1949; Mül l er  a n d  L o e w e n i c ii , 1961) an d  im b ib itio n  
of th e  hypo x ic  a r te r ia l w all by  various p lasm a p ro te in s  (D i x o n , 1961; K e r é n y i  
an d  J e l l i n e k , 1971) has also been rep o rted . T h e re  is reason to  be lieve  th a t
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a n y  lo ca l tra u m a  e lic iting  in creased  p lasm a  flow  across th e  vessel w all ac ts  
to w a rd s  th e  reduction  o f m u ra l oxygen su p p ly , th e re b y  p o te n tia tin g  th e  in 
f lu e n c e  o f  o ther noxious fa c to rs , e.g. h y p e rlip id aem ia  (W h e r e a t , 1967). In  
o rd e r  to  o b ta in  m ore in fo rm a tio n  on th e  p ro b lem , exam ina tions w ere ca rried  
o u t  on  r a t  abdom inal a o r tic  segm ents re n d e re d  hypox ic  for g iven  periods. 
T h is  m odel proved esp ec ia lly  su itab le  fo r th e  s tu d y  of th e  en d o th e lia l 
p e rm e a b il i ty  d is tu rb an ce , w h ich  p lays a decisive role in  d e te rm in in g  th e  
m o rp h o lo g ica l appearance  o f  acu te  v a sc u la r  lesions.

M ateria ls  an d  m eth o d s

A cute m irai hypoxia was produced by double ligature of a 1 cm long segm ent of the 
in fra ren a l aorta in rats of both  sexes, weighing 200 — 300 g. The ligatures were rem oved after 
one h o u r and the ligated segm ent was recirculated for periods ranging from one hour to  30

F ig . 1. Double ligation of in frarenal aorta. A piece of ru bber catheter prevents the m echan
ical in jury  of the vessel wall

days. A th ick  silk thread was used for the ligation and a piece of a rubber catheter was placed 
u nder i t  to  prevent injury of th e  vessel wall (Fig. 1). The colloidal iron preparation F errlec it®  
(N a tte rm an n , Köln) was used as a tracer of plasm a im bibition ( J e l ű n e k  e t al., 1969). The 
p en e tra tio n , deposition and elim ination  of plasm a substances entering the vessel w all were 
exam ined  in two groups of ra ts  (Fig. 2). Following recirculation for periods ranging from  1 hour 
to  30 d&ys (1, 2, 4, 16, 24 hours, 2, 3, 4, 8, 10, 12, 16, 20, 30 days), ra ts of the f irs t group 
were tre a te d  intravenously w ith 1 ml/100 g F errlecit®  one hour before sacrifice, to  determ ine 
th e  a c tu a l perm eability of the vessel wall. Aortic specimens of three rats a t each recirculation 
period  were dried to constant w eight, reduced to  ashes and examined photom etrically  by 
m eans of the  TPZT reagent ( B o t w e l l  and Ma l l e t  1955, as modified by B e n e d e k  and 
Soós, 1967) for the quantities o f iron dem onstrable in th e  vessel wall. The extinctions were 
read  a t  595 m/г in a Spektrom om  MOM 360 appara tus and expressed in term s of f ig  Fe/mg 
d ry  m a tte r .

T he ra ts  of the second group were trea ted  in travenously  w ith 1 ml/100 g F errlec it®  
on th e  second day of recirculation and were killed a t periods ranging from 30 m inutes to  20 days 
a fte r th e  adm inistration of th e  colloidal iron (for details see Fig. 2). This group served for the 
s tu d y  of th e  further fate of p lasm a substances entering the vessel wall.

T he aortic specimens were fixed in formalin, em bedded in paraffin and sta ined  w ith 
haem atoxylin-eosin, Prussian b lue, alcian blue — PAS or Azan. Corresponding aortic segm ents 
from  u n trea ted  and sham -operated  ra ts  served as controls.
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Results

Group 1. In  sec tio n s  from  ra ts  killed a f te r  one h o u r of rec ircu la tio n , a 
p o s it iv e  P russian  b lue  re a c t io n  was found in  e n d o th e lia l cells and  su b en d o - 
th e lia l  spaces as well as in  th e  m edia d irec tly  b e n e a th  th e  f irs t elastic  lam ella  
(F ig . 3). A fter 2-hour re c irc u la tio n , deposition o f  iro n  w as found in severa l cases 
a lso  in  th e  deeper la y e rs  o f  th e  media. T he iro n - tra c e d  p lasm a was localized  
in  th e  in tercellu lar sp aces , especially  along th e  e la s tic  m em branes, and  show ed 
a hom ogeneous P ru s s ia n -b lu e  positive reac tio n .

A fte r rec ircu la tio n  fo r  tw o  days, tw o  fo rm s o f  iro n  deposition cou ld  be 
d is tin g u ish ed  in th e  m e d ia , v iz . delicate g ran u les  w ith in  th e  cells and  a h o m o 

f i g .  3. P russian  blue re a c tio n  in  th e  endothelial cells a n d  b e n e a th  th e  f irs t e lastic  lam ella
a f te r  one hour re c irc u la tio n

F ig .  4. In tensive  h o m ogeneous a n d  g ranular P ru ssian  b lu e  p o s itiv ity  in th e  w hole vessel 
w a ll on  th e  second day o f re c irc u la tio n . Elastic lam ellae  a c t  as b a rrie rs  to p lasm a im b ib itio n

(arrows)
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geneou? mass e x t race l lu la r ly  (Fig. 4). T he  elastic fibres seem to a c t  as a barrier  
to  p la sm a  im bib it ion , tem p o ra r i ly  p rev en t in g  th e  en tran ce  o f  p la sm a  su b 
s tances  in to  ce r ta in  layers  o f  the  m edia  (Fig. 4). T he  P russ ian  b lue  pos i t iv i ty  
of th e  in t im a  was o f  a m u c h  lesser degree a t  tw o hours th a n  a f te r  shorter  
periods of rec ircu lation .

After  rec ircu la t ion  for 8 to  10 days, th e  presence of the  t r a c e r  was 
l im ited  to  endo the lia l  cells, subendo the lia l  space  and  tin; s to m a ta  of  th e  first 
elastic  lam ella  (Fig. 5).

T he  in t im a show ed  a sparse, diffuse P russ ian  blue reac tion  in b o th  re
c ircu la ted  and con tro l  specimens of ao r ta .

The histologically  dem onstrab le  iron c o n te n t  of the  in t im a  and  media 
va r ied  widely in each experim en ta l  g roup , even in th e  un ifo rm ly  in jured  
p o r t io n  betw een  th e  tw o  ligatures, as ju d g e d  from  th e  g rea t  v a r ie ty  of  P russian

Acta Morphulugica AcaJemiae Scientiarum Iliingaricae 23, 197 j

Fig. 5. S l ight p e rm eab i l i ty  d is tu rbance  a f te r  recircula tion  for ten days  

Fig. 6. M inimum  (a) a n d  m ax im u m  (b) p e rm eab i l i ty  af te r  tw o  days  recircu la tion
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F ig . 7. P h o to m etrica lly  e s t im a te d  iro n  co n te n t of th e  re c irc u la te d  a o rta s  show s th e  in te n s ity
o f a c tu a l  p e rm eab ility  d is tu rb a n c e

b lu e  p o s itiv e  reactions in  th e  areas show ing m in im u m  an d  m ax im u m  im 
b ib it io n  (F ig . 6a, b). Seria l sec tio n s  were th e re fo re  p re p a re d  to  assess th e  a v e r
age  deg ree  of m ura l in ju ry .

T o  exclude th e  s u b je c tiv e  erro r invo lved  in  h isto log ica l e v a lu a tio n , th e  
iro n  c o n te n ts  of the  in ju re d  sec tio n s were d e te rm in ed  q u a n tita tiv e ly  b y  p h o to 
m e tr ic  ev a lu a tio n  of ash ed  specim ens, using T P T Z  reag en t. T he va lu es  d e te r
m in e d  a f te r  th e  d ifferen t re c irc u la tio n  periods w ere in  pg  iron /m g  d ry  m a tte r :  
1.07 a t  1 hou r; 2.25 a t  4 h o u rs ;  3.08 a t  16 h o u rs ; 7.05 a t  24 h o u rs; 5.67 a t  48 
h o u rs ;  2.28 a t 3 days; 0 .796 a t  10 days (Figs 7 a n d  8). T he v a lu e  for th e  
sh a m -o p e ra te d  contro l tvas 0 .59 pg iron/m g d ry  m a tte r) .

Group 2. A ortic  sp ec im en s from  ra ts  k illed  th re e  hours a f te r  th e  a d 
m in is tra t io n  of F e rrle c it®  show ed  the presence o f  iro n -traced  p la sm a  su b 
s ta n c e s  over th e  en tire  w id th  o f  th e  m edia. In  th is  series too , th e  e lastic  la 
m e llae  w ere found to  a c t as te m p o ra ry  barrie rs  (F ig . 9a). P a r t  o f th e  colloidal

i Fe+/fng dry weight

F ig . 8. T im e course o f th e  p e rm e a b ility  d is tu rb an ce  a f te r  1 to  10 days rec ircu la tio n
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9 b '  +

F ig. 9. A ortas  from  th e  second experim en ta l g roup , a) G rea t a m o u n t o f colloidal iron in 
th e  vessel w all 3 ho u rs  a f te r  ad m in is tra tio n  of p lasm a trac e r . E lastic  lam ellae  a c t as h a rrie rs 
(arrow s), b) Iron  traced  p lasm a gives P russian  blue p o s it iv ity  only in th e  o u tlie r th ird  o f th e  
m edia  and  in th e  a d v e n titia  on th e  7 th  day follow ing th e  a d m in is tra tio n  of colloidal iron

p rep ara tio n
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iro n  w as deposited  in tra c e llu la r ly  in  th e  form  o f granu les, p a r t  w as d is tr ib u te d  
h o m o g en eo u sly  in th e  e x tra c e llu la r  space. T he flow  o f iro n  tra c e d  p la sm a  across 
th e  s to m a ta  of th e  elastic  lam ellae  could  easily  be follow ed up.

R a ts  killed seven d ay s a f te r  F e rrlec it®  tre a tm e n t, viz. on th e  n in th  day  
o f  re c irc u la tio n , had  collo idal iro n  only  in  th e  o u te r th ird  of th e  m ed ia  an d  in 
th e  a d v e n ti t ia , in  w hich i t  w as u su a lly  p re se n t in th e  form  o f g ran u les  and  
co a rse  c lum ps (Fig. 9b).

S ections tre a te d  w ith  s ta in in g  tech n iq u es o th e r th a n  th e  P ru ss ia n  blue 
r e a c tio n  show ed in  b o th  e x p e rim e n ta l g roups an  in itia l v acu o liza tio n  o f  th e  
m e d ia l sm o o th  m uscle cells, p rog ressing  to  a d issem in a ted  m uscle cell necrosis 
b y  fo u r  to  eight days. T h e  lo ca liza tio n  o f d y stro p h ic  changes in  th e  m edia  
o n ly  in fre q u e n tly  coincided  w ith  th e  areas h eav ily  im b ibed  b y  p lasm a.

D iscussion

I t  is clear from  th e  p re s e n t re su lts  th a t  in  r a t  abdo m in a l ao rtic  segm ents 
th e  m a x im a l p lasm a im b ib itio n  w as fo u n d  a fte r  24 to  48 ho u rs , b o th  h is to lo 
g ic a lly  a n d  b y  q u a n tita tiv e  d e te rm in a tio n  o f th e  iron  tra c e r . A lthough  accord ing  
to  Co n s t a n t i n i d e s  and  R o b i n s o n  (1969), th e  in te r-en d o th e lia l ju n c tio n s  open 
u p  as soon  as after 16 m in u te s  o f  h y p o x ia , in  th e  p re sen t ex p erim en ts  o n ly  a 
m in im u m  increase of p e rm e a b ility  w as found  in  th e  acu te  s tag e , v iz. im m ed i
a te ly  a f te r  th e  release of th e  lig a tu re s . T here  are  tw o possible e x p la n a tio n s  of 
th is  p h en o m en o n , viz. (1) th e  en d o th e lia l cells an d  th e  closing s tru c tu re s  
b e tw e e n  th em  (m aculae o cc lu d en tes , overlaps, in te rd ig ita tio n ) c o n s titu te  an 
in c o m p le te  perm eab ility  b a r r ie r  (S chwartz  an d  B e n d i t t , 1972), in  w hich 
case  th e  increase in p e rm e a b ility  m ig h t be due to  b a sem en t m e m b ra n e  d is
b a la n c e  resu lting  from  h y p o x ic  cell in ju ry . (2) R eg en era tiv e  processes begin 
to  p re d o m in a te  over th e  d eg e n e ra tiv e  processes of th e  irrev e rs ib ly  dam aged  
e n d o th e liu m  only a fte r tw o  d ay s . C la rifica tion  of th e  prob lem  w ill req u ire  
f u r th e r  stud ies.

I t  w as also found th a t  p la sm a  su b stan ces, once th e y  h av e  reach ed  th e  
su b e n d o th e lia l  space, co n tin u e  to  p e n e tra te  in to  th e  a d v e n tit ia  across th e  
in tc r s t i t i t a l  gaps of th e  m e d ia  an d  s to m a ta  o f th e  elastic  lam ellae . U nlike 
c o llo id a l carbon , th e  sa c c h a ra te d  iron  oxide partic les  o f F e rrlec it ®  are  no t 
re ta in e d  b y  th e  b asem en t m em b ran es  (Co tr an  c t a l., 1967), so th a t  th e  P ru s 
s ia n  b lu e  positive reac tio n  in d ic a te s  th e  a c tu a l a m o u n t of p lasm a deposition . 
A sm a ll a m o u n t of th e  tra c e r  is , how ever, ra p id ly  in co rp o ra ted  b y  th e  m ed ia  cells, 
w h ic h  s to re  it  p ro b ab ly  in  th e  lysosom al organelles; th is  p a r tic u la r ity  o f  th e  
m e d ia  cells has been o bserved  in  vario u s ty p es  of v a scu la r wall in ju ry  (O hta  
e t a h , 1959; W is sl e r , 1967; W e i s s , 1968). A d v e n tit i ta l  f ib ro b la s ts  an d  h is tio 
c y te s  also  show a sim ilar s to ra g e  phenom enon .
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In  th e  second ex p e rim en ta l g roup  th e  fa te  of th e  tra c e r  ad m in iste red  
a t  th e  tim e  of m ax im u m  p erm eab ility  d iso rder was follow ed u p  in  th e  vessel 
w all. E lim in a tio n  o f th e  hu lk  of th e  tra c e r  tow ards th e  a d v e n ti t ia  to o k  place 
in a re la tiv e ly  sh o rt tim e , a lth o u g h  som e P russian  b lu e  p o sitiv e  substance  
w as re ta in e d  in necro tic  sm o o th  m uscle cells and  a t sites also w ith in  granules 
localized  in  th e  a d v e n titia .

T h e  pale, diffuse P ru ss ian  b lue  reac tio n , found  in th e  a d v e n ti t ia  o f control 
specim ens and  a t c e rta in  periods of rec ircu la tio n  as well, p ro b a b ly  corresponded  
to  th e  in tra -v ita l H a le -reac tio n  o f a d v e n titia l acid m ucopo lysaccharides 
(Y a r d l e y  and  B r o w n , 1965).

T he p e rm eab ility  d is tu rb an ce  show ed a focal d is tr ib u tio n , a lthough  
th e  in ju ry  invo lved  eq u a lly  th e  en tire  area  of th e  lig a te d  seg m en ts . The 
d eg ree  o f  p lasm a im b ib itio n  could neverthe less re liab ly  be assessed  b y  the 
q u a n t i ta t iv e  d e te rm in a tio n  o f iron  b y  a chem ical m eth o d  w h ich , along w ith 
th e  h isto log ical s tu d ies , allow ed to  analyse  th e  tim e  course  o f  th e  per
m e a b ili ty  d is tu rb an ce .
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B r o w n , G. D. (1965): F ib ro b la s ts  in  tis su e  cu ltu re. U se o f co llo idal iro n  for u l tra s tru c tu ra l  
lo c a l is a t io n  o f acid m u co p o ly sacch a rid es. L ab . In v est. 14, 501— 513.

P E R M E A B IL IT Ä T S U N T E R S U C H U N G E N  A N  D E R  P O S T IS C H Ä M IS C H E N
R A T T E N A O R T A

T. K ER ÉN Y I, G. H O R V Á T H , Z. D ETR E , S. K U R U N C ZI und  H . JE L Ű N E K

U n te rsu ch u n g e n  ü b e r d e n  z e it lic h e n  V erlauf u n d  d ie  q u a n ti ta t iv e n  V erhältn isse  der 
P e rm e a b ili tä ts s tö ru n g e n  n ach  a k u te r  G efässw andhypoxie  sow ie ü b e r  das Schicksal der in  
d ie  G e fässw an d  gelangten  P la sm a a n te ile .

N a c h  lokaler H ypoxie  d u rc h  e in e  D o p p elliga tu r de r A o rta  ab d o m in a lis  der R a tte  w urde 
in  d e r  nachfo lg en d en  R e z irk u la tio n sp e rio d e  von  1 S tu n d e  b is zu  30 T ag en  m it h istochem ischen  
u n d  m ik ro ch em isch en  M eth o d en  in  d ie  G efässw and g e lan g tes  m a rk ie r te s  P lasm a  b estim m t. 
D as e in e  S tu n d e  von den H e ra u s n a h m e  der A orta zur B e stim m u n g  der ak tu e llen  P e rm eab i
l i t ä t  in jiz ie r te  kolloidale E isen  w a r  a m  s tä rk s ten  n ach  24 — 48 s tü n d ig e r  R ezirk u la tio n . Am  
G ip fe lp u n k t der P e rm e a b ili tä tss tö ru n g , eingegebene ko llo id a le  E isen  d u rc h trä n k te  a n fän g 
lich  d ie  g e sam te  Gefässw and. A b 7. T a g  w a r es nur im  äu sse ren  D rit te l  de r M edia u n d  in de r 
A d v e n t i t ia  nachw eisbar.

H au p tsä ch lic h  w ird  das P la sm a e in d rin g e n  du rch  das E n d o th e l  v e rh in d e rt. F ü r  P la sm a 
a n te ile , d ie  die E n d o th e lb a rrie re  ü b e rw u n d e n  haben , s te llen  n u r  die e lastisch en  M em branen  
e in  ze itw elig es m echanisches H in d e rn is  da r.

И С С Л Е Д О В А Н И Е  П Р О Н И Ц А Е М О С Т И  П О С Т И Ш Е М И Ч Е С К И Х  А О Р Т У  К Р Ы С  

К Е Р Е Н Ь И , Т ., Х О Р В А Т , Г . ,  Д Е Т Р Е ,  3 . ,  К У Р У Н Ц И , Ш . и  Й Е Л Л И Н Е К ,  X .

Исследования были проведены для выяснения временных и количественных отно
шений нарушения проницаемости после острой гипоксии стенки сосудов и изменения 
плазматических веществ, попавших в стенку сосудов.

Плазматическое индикаторное вещество, попадающее в стенку сосудов было опре
делено с помощью гистохимических и микрохимических методов в периоде рециркуляции, 
охватывающем от одного часа до десяти дней, после гипоксии, вызванной двойной лига
турой, наложенной на один час на брюшную аорту крыс.

Коллоидное железо, введенное с целью определения временной проницаемости в 
течение одного часа перед удалением аорты, было обнаружено в самом большом количестве 
в стенках сосудов после 24— 48 часовых рециркуляций.

На десятый день количество железа в стенках сосудов понизилось почти до нор
мального уровня.
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С целью выяснения дальнейшего состояния плазматических веществ, попавших в 
стенку сосудов в наивысшем нарушении проницаемости, т. е. при введении коллоидного 
железа на второй день резиркуляции, оно пропитывало вначале всю стенку сосудов, а на 
седьмой день и позже, коллоидное железо было обнаружено только в наружной трети 
средней оболочки и в адвентиции.

Попадание в стенку сосудов плазматических веществ довольно значительно задер
живается эндотелием. Для плазмы, проникающей через эндотелий, только эластические 
пластинки служат временной механической помехой.

D r. T ib o r K e r é n y i  
D r. G ábor H orváth  
D r. Z oltán  D etre  
D r. S án d o r K u r u n c z i 
D r. H arry  J e l l in e k

Sem m elw eis O rv o stu d o m án y i E g y e tem  
I I .  K ó rb o n c tan i In téze te ,
1450 B u d ap es t, Pf. 41, H u n g a ry
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RECENSIONES

M orphology of th e  M ax illo -M and ibu lar A pparatus

E d .:  G. IT. Sch u m a c h e r . 9 th  In te rn a tio n a l C ongress of A natom ists. T h iem e, L eipzig  1972,
204 pages

T he 9 th  In te rn a tio n a l Congress o f A n a to m is ts  was held in L en in g rad , b e tw een  th e  
17 th  an d  22nd A u g u s t, 1972. W ith in  th e  C ongress a specia l Sym posium , in w hich  41 a u th o rs  
p re sen te d  30 p ap ers , was d evo ted  to  th e  m o rpho logy  of th e  m ax illo -m an d ib u lar a p p a ra tu s .

T he book a t  issue co n ta in s th e ir  fu ll t e x t  in clud ing  figures and references. A m ong 
th e  p ap ers  we fin d  re p o rts  on c o m p ara tiv e  a n d  fu n c tio n a l anatom ical, o steo log ical, h is to 
logical an d  electron  m icroscopic stud ies an d  e x p e rim e n ta l observations; th is  m ak e s  im possib le  
to  review  th e  book as a whole, th u s  on ly  som e p a p e rs  shall be m entioned  to  i l lu s tra te  th e  
m u ltip lic ity  of th e  sub jec ts . T he in tro d u c to ry  lec tu re  was held by  G. G. S c h u m ac h e r (G D R ) 
w ho, am ong o thers , described th e  lesion of G asserian  gang lia  caused by  to o th  e x tr a c t io n  and  
local an aesthesia . R . B arg h au sen  (USA) d e a lt  w ith  th e  co m p arativ e  a n a to m y  o f th e  m a s tic a 
to ry  organs of m am m als. L. Du B rul (U SA ) spoke a b o u t  th e  evolution  of th e  o ra l a p p a ra tu s  
o f hom inoideae. N. M osolov (U SSR ) re p o rte d  on th e  an a to m y  of th e  m asse te r  m u sc le , A. 
A ro n o v  (U SSR ) on th e  developm en t o f th e  so ft an d  h a rd  p a la te , M. S tra ssb u rg  a n d  S. P e te rs  
(F R G ) on ex p erim en ts  causing  ab n o rm al d ev e lo p m en t o f th e  p a la te , H . F ro m m e  a n d  II. 
R iedel (F R G ) on o b se rv a tio n s concerning th e  u l tra s tru c tu re  in th e  in itia l s tag es  o f  d en tin  
fo rm atio n , E . L au ten b a c h  (F R G ) on scan n in g  e lec tro n  m icroscopic tes ts  o f th e  fin e  s tru c tu re  
o f th e  m andib le. Som e of th e  lectures in c lu d ed  c lassical m orphological te s ts  e.g. o f  th e  neuro- 
h isto log ical ty p e  (for in stan ce  th a t  by  J .  G riffin  a n d  H . Spain  [A ustralia] and  H . L a u  [G D R ]). 
L. L. K olesn ikov  (U S SR ) sum m ed up his X -ra y  a n a to m ic a l findings, while L. У . K u tn e ts o v a  
e t  al. (U SSR ) and  also K . B alogh and  A. Csiba (H u n g a ry )  d ea lt w ith th e  gross e x a m in a tio n  
o f th e  m andible.

T his rep re se n ta tiv e  volum e w ith  its  ex ce llen t figu res helps the  in te re s ted  sp ec ia lis t 
to  becom e acq u a in te d  w ith  th e  papers p resen ted  a t  th is  conference of a high sc ien tific  s ta n d a rd .

L. H arsányt

N om ina A n a lo in ica  V e te rin a ria

Second E d itio n , w ith  In d e x  ( In te rn a tio n a l C om m ittee  on the  V e terinary  A n a to m ic a l
Nomenclature). Vienna 1973, 218 { XIII pages.

Price: U .S . $ 8 .SO

A vailab le  a t:  A natom isches In s t i tu t  der T ie rä rz tlic h en  H ochschule in W ien. L in k e  B a h n 
gasse 11, A-1030 W ien, Ö sterreich

T he A n a to m ica l N om enclatu re  o f P a ris  (A .N .P .)  b ro u g h t the  v e te r in a ry  a n a to m is ts  
to  su b je c t th e  V eterin ary  A natom ical N o m en c la tu re  (V .A .N .) to  revision. T h e  acc ep ta n ce  
o f th e  A .N .P . p roduced  a considerable gap be tw een  h u m a n  and v e te rin a ry  a n a to m is ts  and 
to  a rriv e  a t  an u n d e rs tan d in g  was considered  necessary  also by  the  hu m an  a n a to m is ts . Con
s id e ra tio n  of erec t p o stu re  as th e  s ta n d a rd  p o sitio n  w as the  m ain d ifference b e tw ee n  th e  
A .N .P . and  V .A .N ., w hich ra th e r  overshadow ed  th e  a sp ec ts  of com parative  a n a to m y . T he 
p rin c ip les  o f th e  V .A .N . agree m ostly  w ith  th o se  o f th e  A .N .P ., especially in th e  ad o p tio n  
o f A nglosaxon  w ords and  th e  som etim es s tran g e  spelling  of the  original L a tin  te rm s , e.g. 
eso p h ag u s in stead  of oesophagus and cecum  in s tea d  of caecum . As to general p r in c ip les , th e  
N o m en c la tu re  p rescribes th e  use of c o n tra s tin g  e p ith e ts , b u t as regards th e  in d ic a tio n  of 
th e  h e a d ’s d irec tion  (ro stra lcau d a l), th is  h a s  n o t been  a tta in e d  in the  new ed itio n .
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Since th e  f irs t ed itio n , th e  th o ro u g h  considera tion  o f tech n ica l term s and of th e  re q u ire 
m e n ts  o f  co m parative  a n a to m y  h a s  caused certa in  ch an g es. T h e  N om enclatu re  su g g ests th e  
use  o f  new , sho rt, easily  in te llig ib le  technical te rm s to  se rv e  s tan d ard iza tio n . A t th e  sam e 
tim e  th e  e ffo rt a t  s ta n d a rd iz a t io n  is confined n o t o n ly  to  th e  com m on use of w ords b u t  also 
to  th e  s im ilar w ay of a p p lic a t io n  o f th e  technical te rm s  u sed  on ly  for dom estic an im als .

T h e  system  of te c h n ic a l te rm s  follows th a t  o f  d e sc rip tiv e  an a to m y , which is p reced ed  
b y  th e  T erm in i G enerales a n d  reg ions as well as b y  th e  c h a p te rs  o f H enle’s tech n ica l te rm s  
a n d  b y  th e  nam es of th e  b o d y  p a r ts .  W ith in  th is sy s te m  th e  d ifferences am ong th e  in d iv id u a l 
spec ies, especially  in ang io lo g y  a n d  to  a lesser e x te n t  in  sp lan chno logy , are d iscussed  in  su b 
c h a p te rs . These h ighly fa c i li ta te  th e  use of the  book. In te r p r e ta t io n  of th e  te x t  an d  th e  a lp h a 
b e tic a l in d ex  w hich is n ew ly  p re se n te d  in  the  second e d itio n  are  also helpful in  th is  re sp ec t. 
B e y o n d  th a t ,  th e  old V e te r in a ry  N om enclature o f J e n a  (V .N .J .)  w ould also be o f h e lp  and  
so w ould  be th e  co m p a ra tiv e  l is t  o f words in follow ing th e  changes. In  th e  second ed itio n , 
th e  changes accepted  b y  th e  W o rld  Congress in M exico h a v e  m ad e  th e  princip les o f c o m p a ra 
t iv e  a n a to m y  m ore u n iv e rsa l. T h e  com prehensive w o rk  o f th e  N om enclature  C o m m ittee , 
w h ic h  ta k e s  in to  c o n sid e ra tio n  th e  proposals of v e te r in a ry  a n a to m is ts  of all over th e  w orld , 
en d ea v o u rin g  a t  th e  sam e tim e  to  e laborate  a un ifo rm  n o m en c la tu re , needs to  be em p h asized . 
F in e  ex am ples of th e  ab o v e  m e n tio n e d  principles a re  to  b e  seen in th e  fields o f sp lan chno logy  
a n d  n e rv o u s system  a n d  a lso  am ong  th e  tech n ica l te rm s  o f osteology and  m yology .T he  
N o m e n c la tu re  C om m ittee w ill be  alw ays glad to  co n sid e r th e  op in ion  and p roposals o f b o th  
v e te r in a ry  and  hu m an  a n a to m is ts .

T he book gives u se fu l in fo rm a tio n  for m edical d o c to rs  perfo rm ing  an im al ex p erim e n ts , 
fo r zoologists, biologists a n d  fo r investiga to rs o f c o m p a ra tiv e  physio logy. Use of th e  N o m en 
c la tu re  has becam e p ra c tic a lly  u n iv e rsa l in co m p ara tiv e  a n a to m y , and  it  w ould be w elcom ed 
if  th is  com m on language w ere  also  used by m ed ical d o c to rs .

G. F e h é r

B l y u g e r , A. F ., Ve x l e r , H . M ., N ovitsky , I. N., S i n e l n i k o v a , M. P ., T e r e n t e v a , L . A .: 
Sm all In te s t in a l  Biopsy in  A cute  E n te ra l  In fections

P ub lica tio n  of th e  A c a d e m y  of Sciences o f  th e  L a tv ia n  Socialist R epublic , Z in a tn e  
P u b lish in g  H ouse, R iga  1973

T he au th o rs  are th e  f i r s t  to  p resen t m odern  in t r a v i ta l  m orphological fin d in g s in  a cu te  
e n te ra l  infections. T h ey  d esc rib e  th e  m ethod an d  r e p o r t  on  i ts  usefulness in  ch o lera , acu te  
d y se n te ry , E . coli e n te r it is , salm onellosis and v iru s h e p a ti t is .  T h ey  recom m end th e ir  m o n o 
g ra p h  to  sc ien tists  dealing  w ith  th e  problem  of e n te ra l  in fec tio n s and  also to  p ra c tit io n e rs . 
T h e  r ic h  illu stra tio n  m a te r ia l  (102 figures, 300 b ib lio g ra p h ic a l d a ta )  as well as th e  d e ta iled  
p re se n ta tio n  of m o d ern  m o rp h o lo g ica l m ethods m ak e  th is  b ib liog raphy  h igh ly  in te re s tin g  
a lso  fo r th e  m orpholog ist.

T he book consists o f se v e n  chapters. The f i r s t  g ives a general review  of th e  h is to ry  
o f sm all in te stin a l b io p sy  te c h n iq u e . I t  is po in ted  o u t  t h a t  ev en  th e  m ost u p -to -d a te  in s t ru 
m e n ts  a re  v a rian ts  of th o se  reco m m en d ed  by W ood a n d  cow orkers in  1949; th e  basic  p rin cip le  
h a s  n o t  changed. The f i r s t  in s t ru m e n t  of Soviet design  h a s  b een  used  since 1961. T he a u th o rs  
p e rfo rm e d  th e ir  ex am in a tio n s  w ith  an  in stru m en t c o n s tru c te d  b y  M. I. D ûm es, w h ich  offers 
th e  poss ib ility  of tak in g  se v e ra l specim ens w ith  a  single  in tu b a tio n . The tu b e  g iv ing  a rad io - 
g ra p h ic  shadow  is p ro v id ed  w ith  distance m arks, th u s  th e  d istan ce  from  th e  te e th  can  be 
co n tro lled . The m eth o d  is co n sid ered  harm less as re p e a te d  exam in atio n s rev ea led  th a t  th e  
3 to  10 m m  large m ucosal d e fe c ts  healed in 72 h o u rs . A n  av erag e  loss of blood o f 2 to  3 m l 
m u s t  he  tak e n  in to  c o n s id e ra tio n . Because of e v e n tu a l  h aem o rrh ag ic  com plications (w hich  
o ccu r v e ry  rare ly ) th e  b lo o d  g ro u p  should prev iously  b e  ty p e d . T he au tho rs discuss in d e ta il 
th e  fie ld s  o f ap p lication  o f th e  tech n iq u e . They use  i t  fo r  d iag n o stic  and  d ifferen tia l d iag n o stic  
p u rp o se s , for contro lling  th e ra p e u t ic  effects, to  s tu d y  th e  pa th o g en esis of in te s tin a l d iseases 
a s  w ell as for the  e v a lu a tio n  o f  th e  effect of new  d ru g s  a n d  new  m ethods. H aem o rrh ag ic  d is
o rd e rs , oesophageal s tr ic tu re ,  ph leb ec tasy , ao rtic  a n e u ry sm , bleeding stom ach  tu m o u r  and  
s ig n ific a n t hyp erten sio n  are  re g a rd e d  as co n tra in d ica tio n s. H aem o rrh ag es of d iffe ren t in te n s ity , 
p e r ito n itis  w ithou t p e r fo ra tio n , a n d  th e  g ravest am o n g  th e m , in te s tin a l p e rfo ra tio n , a re  ra re  
co m p lica tio n s of b iopsy . T h ese  a re , however, th e  re a so n s , w h y  th e  au th o rs  are a g a in s t th e  
a m b u la to ry  app lication  of th e  m eth o d . They p o in t o u t  also  th e  errors, em phasizing  especially  
t h a t  th e  ex ac t localization  c a n n o t  alw ays be d e te rm in ed  a n d  th u s  th e  absence of m o rpho log ical 
a lte ra t io n s  m ay  on ly  re fe r  to  a  given region.

T he second c h a p te r  g iv es a b rief review  on  th e  tech n iq u es of e v a lu a tio n  (s te reo 
m icroscope, electron  m ic ro sco p e , ligh t m icroscope).
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In  th e  th ird  c h ap te r  th e  know ledge o b ta in e d  from  m orphological in v e s tig a tio n s  is 
d iscussed  on th e  hasis of Soviet an d  in te rn a tio n a l l ite ra tu re . The au th o rs  p o in t o u t  th e  defic i
encies an d  e v en tu a l errors, an d  give p ra c tic a l ad v ice  to  th e  investigators.

T he com prehensive  fo u rth  c h a p te r  deals w ith  th e  in ta c t in te s tin a l m u co sa . I t  is im 
p o r ta n t  to  know  its  norm al h isto logical p ic tu re , co n sid erin g  the  large n u m b e r o f  “ p h y sio 
logical v a r ia n ts ” . O ur conv en tio n al m orpholog ical know ledge o b ta ined  p o st m o rte m  has to 
he com ple ted  by  m o d ern  in tra v ita l  m orphological e x am in a tio n s . For th is  we m u s t , how ever, 
know  th e  basic p rincip les of general h isto logy , h is to ch e m is try , cy to ch em istry , m ic ro ch e m is try  
an d  e lec tro n  m icroscopy. T hese p rob lem s are  d e a lt  w ith  in detail. The d iffe re n t cell ty p es  
too  are  th o ro u g h ly  discussed.

T he a u th o rs  are  th e  f irs t  in th e  in te rn a tio n a l l ite ra tu re  to  p resen t re su lts  o f b iopsy  
perfo rm ed  in acu te  en te ra l in fections. T hese fin d in g s a re  included in the  f if th  c h a p te r . The 
p o st m o rte m  d a ta  concern ing  cho lera, w hich has ceased  to  he an “ ex o tic”  d isease, m u st 
be su b jec ted  to  a th o ro u g h  revision . L ig h t an d  e lec tro n  m icroscopic a lte ra tio n s  a re  also  d is
cussed. In  acu te  d y sen te ry , s ig n ifican t s tru c tu ra l h is to ch em ica l and cy tochem ical ch an g es have 
been fou n d . E . coli en teroco litis  belongs to  th e  th ird  g roup  stud ied  by  th e  a u th o rs . T h ey  
found  th a t  th e  lig h t an d  e lectron  m icroscopic as well as th e  histochem ical a n d  cy to ch em ica l 
changes are  u su a lly  less severe in  th is disease th a n  in  acu te  d y sen tery . In  g a s tro in te s tin a l 
salm onellosis, p ro life ra tiv e  changes o f th e  m ucosa d o m in a te . B iopsy allows th e  reco g n itio n  
a n d  sep a ra tio n  of la te n t  an d  clin ically  m ild cases o f th is  disease. The c h ap te r  w hich  d eals w ith  
th e  p rob lem  of v ira l h e p a titis  is o f g re a t im p o rtan ce . I t  describes the  com plex e p ith e lia l  and 
s tro m al changes occurring  in th e  sm all in te s tin a l m u co sa. The possible co n n ec tio n  be tw een  
th e  red u ctio n  of K u ltsch itzk y -ce lls  in v ira l h e p a titis  a n d  th e  decrease o f th e  se ro to n in  level 
is also discussed.

In  th e  s ix th  c h ap te r  c e rta in  basic b u t  non-specific  m orphological changes a re  tre a te d . 
R eg en era tio n  of th e  in te s tin a l ep ith e liu m  u n d e r physio log ica l and pa th o lo g ica l c o n d itio n s  is 
also d e a lt  w ith  an d  th e  physio logical reg en e ra tio n  o f th e  ep ithelial cells in d iffe re n t in te s tin a l 
sec tions is p resen ted  in Tables. T he in te s tin a l ep ith e liu m  is usually  renew ed ev ery  1.6 — 3 days. 
Som e sy n d ro m es are  also d iscussed: h y p e ro g en e ra tio n  syndrom e, sprue-like sy n d ro m e , su b 
to ta l  a tro p h y  e tc . T he a u th o rs  th ro w  lig h t upo n  th e  co n cep t of “ physiological in f la m m a tio n ” 
a n d  on th e  in fla m m a to ry  syndrom e.

In  th e  la s t c h a p te r  th e  re su lts  o b ta in ed  are  ana ly zed  from  the  c lin ico -pa tho log ica l 
p o in t o f  view . I t  is p o in ted  o u t th a t  th e  response o f th e  in testin al m ucosa to  p a th o lo g ica l 
e ffects is to  a c e rta in  e x te n t s te reo ty p ed ; th e  re ac tio n  is a hyperogeneration  o r a sp rue-like  
sy n d ro m e. A t th e  end of th e  book , pa th o g en esis a n d  m orphogenesis of ce rta in  a c u te  e n te ra l 
in fec tions a re  b riefly  sum m arized ; am ong these  th e  u p -to -d a te  in fo rm atio n  co n ce rn in g  the  
p rob lem  of v ira l h e p a titis  is o u ts tan d in g .

T he lig h t and  e lectron  m icroscopic p h o to g rap h s  ad d  new inform ation  to  o u r  experience  
based so fa r chiefly  on p o st m ortem  ex am in a tio n s . Sm all in te stin a l biopsy  is an  im p o r ta n t  
m eth o d  for recognizing  subclin ical an d  la te n t  e n te ra l in fec tions, considering th a t  th e  c lin ical 
p ic tu re  an d  th e  s tru c tu ra l fu n c tio n al changes do n o t a lw ay s develop in p a ra lle l. T h e  m o n o 
g ra p h  p ro v id es useful in fo rm a tio n  especially  for c lin ic ians in te rested  in g a s tro en te ro lo g y , for 
e x p e rts  who perfo rm  endoscopic ex am in a tio n s  an d  also fo r patho log ists.

J .  J uhász

R esearch  in  M edical C are
B ritish  M edical B u lle tin , Yol. 30, N o. 3, Septem ber 1974

T he re ce n t n u m b er o f th e  B ritish  M edical B u lle tin  edited  by  th e  B ritish  Council 
sum m arizes v a rio u s fields o f research  in  a th e o re tic a l as well as p ra c tic a l w ay . The 
genera l co ncep t o f M edical Care includes a b ro ad  sphere . The a c tu a lity  o f th e  d iscussion  
o f p e r tin e n t  research  is offered b y  th e  recen tly  p e rfo rm ed  considerable reo rg an iza tio n  o f th e  
N a tio n a l H e a lth  Service (N H S). T he p redecessor o f th e  N IIS , the  N a tional In su ra n c e , in tro 
duced  by  L loyd George in 1911, p rov ided  m ed ical care  a n d  em ergency aid  o idy  fo r th o se  of 
low incom e w ith o u t p rov id ing  fo r hosp ita l care . T he N H S , follow ing th e  leg isla tion  o f 1946 has 
been en ac ted  in 1948. Since th a t  tim e, in th e  course o f 26 years, a g rea t n u m b er o f d ifficu lties 
m an ifes ted  them selves an d  it has becom e obvious t h a t  th e  care o f th e  aged , o f m en ta lly  
re ta rd e d  and  m en ta l p a tie n ts  failed  to  receive sa tis fa c to ry  a tte n tio n . Follow ing long  d isp u tes , 
th e  tr ip le  o rg an iza tio n a l div ision  ex isting  u n til th a t  tim e  (d is tr ic t  general p ra c tit io n e r , h o sp ita l, 
local pub lic  h e a lth )  was in te g ra te d  in to  one single u n it. I t  seem s rem arkab le  t h a t  th e  o rg a n iz a 
tio n  w ith in  th e  U n ited  K ingdom  is d iffe ren t in E n g la n d  fro m  th a t  in S co tland  a n d  th e re  are

7 Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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fu r th e r  differences in W ales a n d  N o rth e rn  Ire lan d . T h e  sc ien tific  m ateria l, know ledge and  
re sea rc h  techn iques co llected  in  th e  course of th e  d iscussions h a v e  m ade i t  clear th a t  th e  science 
o f h e a lth  o rgan ization  h as  n o t  b een  suffic iently  a p p re c ia te d  in  th e  p a s t and the  tru e  re q u ire 
m e n ts  w ere n o t a p p ro p ria te ly  c o o rd in a ted  w ith  th e  p o ss ib ilities . On th e  basis o f th is  reco g n i
t io n  th e  cost of research  sp e n t fo r  th is  purpose has b een  in creased  betw een the  y ears  1962 and 
1972 from  th e  original sev e ra l h u n d re d  th o u san d s to  10 m illion  pounds.

T h e  p resen t n u m b er o f  th e  B ritish  M edical B u lle tin  co n ta in s  th e  papers o f th o se , who 
h a d  o u ts tan d in g ly  p a r tic ip a te d  in  th e  research. I t  is th o u g h t  in general th a t  th e  efficacious 
p la n  w ould  be of reac tiv e  (c irc u la r)  and m ostly  of se lf-reg u la tin g  effect.

1. A fte r th e  c learly  o u tlin e d  program  follow s 2. th e  d ra ftin g  of a lte rn a tiv e  so lu tio n s; 
3. th e  m o st su itab le  shou ld  b e  ch osen  and 4. has to  be re a lized ; 5. th e  re su lt has to  be e v a lu a te d  
a n d , f in a lly  6. on th is  b a sis  th e  purpose, m ethod  a n d  re a liz a tio n  have  to  be m od ified . T he 
m u lt i la te ra l  req u irem en ts  a re  to  be considered; i t  sh o u ld  be  decided th a t  on v a rio u s  levels 
w h ich  ones are e n titled  to  p r io r ity ,  in accordance w ith  th e  req u irem en ts  and the  av a ilab le  — 
o b v io u sly  re stric ted  — p o ss ib ilities .

T he p resen t n u m b er, w h ich  of course is of im p o rta n c e  in  th e  f irs t place fo r th e  a c tu a l 
d e v e lo p m en t of m edical care  o f  th e  U n ited  K ingdom , b u t  a t  th e  sam e tim e en lig h ten in g  for 
all h e a l th  services, h as b een  assem bled  by a special c o m m itte e  d irec ted  by  P rofessor W . W. 
H o llan d . T he them es d iscu ssed , each  deserving spec ia l a tte n tio n  w ith in  its  sphere , are  as 
fo llow s. Organisation o f  H ea lth  Services Research (S ir D o u g las B lack); E valuation o f  H ealth  
In fo rm a tio n  System s (M. R . A lderson); D em and , N eed and  Q uality  in  General Practice ( J .  D. 
E . K n o x  an d  D. C. M orrel); Sociology o f Prescriptions (P . A. P a rish ); Studies o f P a tien ts  (A nn 
C a rtw rig h t); Evaluation  o f  the R ole o f  the C om m unity H o sp ita l  (A. E . B ennet); The H o sp ita l:  
Tow ards a Rational Use (V era  C arsta irs  and M. A. H e asm an ); D em and fo r  Laboratory Services 
( J .  S. A. A shley); Techniques fo r  Q uality  Control o f  Laboratory Services (T. P . W h iteh ead ); E x p e r i
m ents in  M edical Care (M. W . A d ler, K. D unnell a n d  J .  M. W eddell); Research into N u rs in g  
Services (L isbeth  H ockey); C ost-B enefit Approach  (A. W illiam s); Operational Research A pproach  
to Problem  Solving  ( J .  L u c k m a n n  an d  J . S tringer); M athem atica l M odels o f  the Balance o f  Care 
(A . G. M cD onald, G. C. C u d d efo rd , E . M. L. B eale); S tu d ie s  o f  Health Services O rganization  
(M aureen  D ixon and  J .  J a c q u e s ) ;  Research in Health E d u ca tio n  (W . T. Jones, H elene G rah am e).

No m a tte r  how  d iffe re n t a re  th e  c ircum stances o f th e  U n ited  K ingdom  fro m  th o se  of 
e.g . th e  socialist co u n tries , m a n y  useful lessons m ay  be o b ta in e d  from  these s tu d ies  a n d  still 
m o re  fro m  th e  ex tensive  l i te r a tu re  qu o ted  in th em . T h e  in creased  possibilities of d e m a n d  and  
su p p ly  fo r th e  h ea lth  serv ices is enorm us. W hichever sh o u ld  be th e  d irection of re sea rc h  in 
th e  m ed ica l sciences, so o n er o r la te r  any  valuab le  r e su lt  w ill a sse rt itself in b o th  d iag n o stic s  
a n d  th e ra p y . A p a rt from  th e  d ifficu lties to  p red ic t th e  fu tu re  th ese  should be ta k e n  also in to  
a c c o u n t b y  th e  resea rch  o f H e a lth  Services o rg an iza tio n .

T he costs are ev er in creas in g , characterized  a m o n g  o th e rs  by  th e  b rie f fram e d  no te , 
w h ich  announces th a t  fro m  J a n u a ry  1, 1975, one n u m b e r  o f th e  B ritish  M edical B u lle tin  
i ts e lf  w ill be sold a b ro ad  fo r £  3.5 in stead  of £ 2.5 as before .

I t  follows c learly  f ro m  th e  them e th a t  th is  g ro u p  o f s tu d ies will in te res t in  th e  f irs t  
p lace  th e  h ea lth  service o rg a n ise rs ; however, h e a lth  serv ice  research  will n o t be  re s tr ic te d  
to  th e  in te re s t of those  w ho a re  s tr ic tly  occupied in  th is  te r r i to ry ,  b u t  m ay  becom e a p ro f i t
ab le  read in g  for all th o se , w ho  are  in te rested  in th e  fu tu re  o f  public  h ea lth  and  th e  ap p lied  
m ed ica l sciences. I t  seem s o b jec tio n ab le  th a t  in a d d itio n  to  p rovision  and care, p re v en tio n  
h a s  b een  o m itted . T he e x ce lle n t p ap ers  in th is issue o f th e  B .M .B . are com pleted  b y  c ritica l 
rev iew s on some recen tly  p u b lish e d  books of p e r tin e n t th em es. T he whole issue w ill offer an  
o p p o r tu n ity  for p ro fo u n d  s tu d y  fo r all in te res ted  p e rso n s.

Prof. Gy. P e t r á n y i

Acta Morphologica Academiae Scientiarum Hungáriáié 23, 1975
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In s t i tu te  of P a th o lo g y , U n iv e rsity  M edical School, D ebrecen, H u n g a ry ,

and

E lec tro n  M icroscopic L ab o ra to ry  of th e  I n s t i tu te  o f  P a tho logy  of H u m b o ld t-U n iv e rs ity
(C harité), B erlin , G D R

THE EFFECT OF VASCULAR PERFUSION FIXATION 
ON THE ULTRASTRUCTURE OF THE 

JUXTAGLOMERULAR APPARATUS OF THE RAT

J .  S z a b ó , G y . L u s t y i k  and R .  D r e h e r

(R eceived D ecem ber 21, 1974)

A fter fix a tio n  b y  low p ressure  re tro g ra d e  perfusion th e  e lec tro n  m icroscopic  
p ic tu re  o f the  r a t  JG A  w as stu d ied  an d  co m p ared  w ith  the  picture o b ta in e d  a f te r  fix a tio n  
by  d rip p in g  and  im m ersion . The m ost co n sp icuous difference was th e  p re sen c e  of the 
b asa l c o m p a rtm e n ts  o f th e  m acula  densa  cells, w hich  m ight lan d  e lec tro n  m icroscopic  
su p p o rt to th e  tu b u lo -g lo m eru lar feed b ack  th eo ry . Am ong th e  JG  g ra n u la r  cells, des- 
inosom e-like connected  s tru c tu re s  were seen. C rystalline and  g ran u le  in  g ranu les 
specific secretion  form s were freq u en t in th e  ep ith e lo id  cells.

Introduction

The e lec tro n  m icroscopic p ic tu re  o f th e  JG A  has been d iscussed  in n u m e r
ous p u b lica tio n s |1 8, 12 14, 18 21), b u t  few  d a ta  are ava ilab le  concern ing
th e  e lec tro n  m icroscopic p ic tu re  of th e  JG A  a fte r  perfusion f ix a tio n . G om ba  
e t  al. a n d  R i e d e l  e t  al. [10, 21] d iscussed  th e  ch arac teris tics  o f  th e  m acu la  
den sa  su b seq u en t to  perfusion  f ix a tio n . In  th e  p resen t work we p ro cessed  the 
JG A  of k idneys fixed  b y  th e  re tro g rad e  low  pressure ao rtic  p e rfu s io n  m eth o d  
e la b o ra te d  b y  us [25]. In a d d itio n  to  a d e ta ile d  analysis o f th e  m a c u la  densa, 
th e  e lec tron  m icroscopic p ic tu re  o f th e  JG  g ra n u la r  cells and of G o o rm a g litig h ’s 
cells is also described .

M aterials an d  m ethods

Male W is ta r  ra ts  o f 160 -1 8 0  g body  w e igh t w ere used in the  e x p erim en ts . T h e  an im als 
w ere k e p t on a s ta n d a rd  n o rm al d ie t an d  received  ta p  w a te r ad lib itum . In  10 a n im a ls  un d er 
lig h t e th e r anaesth es ia  th e  ab d o m in a l a o r ta  w as p rep ared . Im m ed iate ly  o ver th e  b ifu rca tio n  
th ro u g h  a cannu le  in serted  in to  the  ao rta , perfusion  a t  50 cm w ater pressure w as c a rr ie d  o u t  for 
3 m in u te s  [25]; th e  fix ing  so lu tion  was 1%  g lu ta ra ld e h y d e  [16] d issolved in  a m odified  
T y ro d e ’s so lu tion . T he fin a l p l l  was a d ju s te d  to  7.2. Before perfusion th e  a o r ta  w as lig a ted  
below  th e  d iap h rag m a  an d  th e  left ren al vein w as cu t. A fter the perfusion , a b o u t  1 cum in 
specim ens were o b ta in ed  from  th e  renal co rtex ; th ese  were fixed in th e  sam e so lu tio n  fo r fu r
th e r  2 hours th en  a fte r  fixed  in 1%  OsO , solved in m odified  T yrode’s so lu tion  fo r 90 m in . Af
te r  alcoholic d e h y d ra tio n  th e  m ate ria l was e m b ed d ed  in M ikropal (F E R A K , B erlin ). In  1 p  
th ic k  sections s ta in ed  w ith  to lu id ine  blue the  p resence of JG A  was a sce rta in ed  th e n  a f te r  o ri
e n ta tio n  and  red u ctio n  of the  block surface u l tr a th in  sections were p rep ared  w ith  a R e ich ert 
OM U2 u ltram ic ro to m e. A fter u ra n y l-a ce ta te  a n d  lea d -c itra te  sta in ing  sections w ere  ex am in ed  
w ith  th e  Siem ens 1Л a n d  T E S L A  BS 513Л e lec tro n  m icroscope. In  each a n im a l, tw o  JG A  
w ere s tud ied .

1 Acta Morphologica Acadcmiae Scicntiarum Hungaricae 23, 1975
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Results

M acula densa. T h e  co m p artm en ts  o b se rv ed  b y  R i e d e l  e t al. an d  G o m b a  
e t  a l. on the  basa l p a r t  o f  th e  m acula den sa  cells could  be d e tec ted  in  each  
e x a m in e d  a p p a ra tu s . I t  is c learly  seen also on  th e  ligh t m icroscopic p ic tu re  
t h a t  th e  co m p artm en ts  a re  confined to  th e  a re a  o f  th e  m acula  densa, w h ereas  
o n  th e  opposite side o f  th e  d is ta l tu b u la r w all n o n e  can be found  (F igu re  1). 
I n  th e  electron m ic ro sco p ic  p ic tu res the c o m p a r tm e n ts  proved  to  he d ila te d  
in te rc e llu la r  spaces (F ig u re s  2, 3, 4). In  th e  c y to p la sm  su rround ing  th e se  spaces 
m ito c h o n d ria , r ib o so m al g ro u p s  and en d op lasm ic  re tic u lu m  portions could  be 
se e n . T he basal m e m b ra n e  is covered by th e  p ro cesses  of th e  m acula densa  cells 
in c lu d in g  gaps v a ry in g  in  w id th . Through th e se  g ap s  d irec t co n tac t is en su red  
b e tw e e n  the  c o m p a rtm e n ts  a n d  the  basal m e m b ra n e . On th e  h ila r side o f th e  
b a s a l  m em brane no g ra n u la r  cells can be seen . T h ere  is a b o rd er co n sisting  
o f  1 o r  2 G oorm agh tigh  ce lls . The in te rce llu la r c o m p a rtm e n ts  do n o t re a c h  th e  
lu m e n , the  bordering  cell m em b ran es  adhere to  e a c h  o th e r; in these areas re g u la r  
te rm in a l  bars could be o b se rv e d  (Fig. 3). L a te ra lly  th e  co m p artm en ts  are e v e ry 
w h e re  respecting  th e  m a rg in  of basal m e m b ra n e  form ing  th e  base  o f th e  
m a c u la  densa. In  th e  a re a  o f  th e  division o f th e  com m on basal m em b ran e  th e  
c o m p a rtm e n ts  g ra d u a lly  decrease  in size th e n  cease to  th e  p resen t (F ig . 4).

Granular cells : I n  th e  section of th e  a f fe re n t a rterio le  close to  th e  h ilus 
th e r e  is a basal m e m b ra n e -lik e  netw ork am ong  th e  ep ithe lo id  cells w hich  fo rm  
th e  m ed ia  and are a r ra n g e d  in several lay e rs . In  som e sections th is  n e tw o rk  
is  th in ,  thus th e  c y to p la sm ic  m em branes o f  th e  a d jacen t cells are closely

F ig . 1. L igh t m icroscopic p ic tu re .  M arked vacu o liza tio n  in  th e  b asa l p a r t  o f m acu la  d en sa ; 
th is  c a n n o t be seen in  th e  d is ta l  tu b u le  on the op p o site  side o f  th e  m acula. 1 ц  th ic k  sec tion

s ta in e d  w ith  to lu id ine b lu e . X 625

Acta Morphologica Academiae bcientiarum Hungaricae 23,1975
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Fig. 2. E lec tro n  m icroscopic p ic tu re . W ide in te rce llu la r c o m p a rtm e n ts ; in th e  b a sa l p a r t  of 
th e  m acu la  densa  on th e  opposite  side o f th e  tu b u la r  w all th ese  are lacking. In  th e  cy top lasm ic  
processes b o rdering  th e  c o m p a rtm e n ts  ribosom es an d  m ito ch o n d ria  a re  p re sen t. C =  com 

p a r tm e n t, L =  tu b u la r  lum en. X8000

connected  (F ig. 5). W e bave  failed  to  observe an y  t ig h t  ju n c tio n s . In f re q u e n tly , 
desm osom e-like connected  s tru c tu re s  were seen am ong th e  ep ith e lo id  cells 
(F ig. 6). The cells have processes an d  arc in te r tw in e d  by  m eans o f th e se . T he 
specific g ranu les v a ry  in shape an d  size; p a r t  are spherica l, p a r t  ovo id  or have

1* Acta Morphologic a Acadcrniae Scientiarurn Hungaricae 23, 1975
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F ig . 3. E lec tro n  m icroscopie p ic tu re .  NO in terce llu la r c o m p a rtm e n ts  (C) n ea r th e  lum en , the  
cell m em b ran es  bordering  th e  c o m p a r tm e n t to u ch  each  o th e r . C onnected  s tru c tu re s  (arrow s) 
c o rre sp o n d in g  to te rm in a l b a rs .  L  -  d ista l tu b u la r  lu m en , M =  m ito ch o n d ria . X 40 000

a  ro d -lik e  elongated  c ro ss-sec tio n . Form s w ith  lo b u la r  m arg ins to o  m a y  be 
d e te c te d  as if th e y  w ould  h a v e  developed b y  th e  fusion  o f severa l ovo id  g ra n 
u le s . T h e  difference in  d e n s ity  is also m ark ed  (F ig . 5). R a th e r  in fre q u e n tly  
c ry s ta ll in e  and g ran u la  in  g ra n u lis  form s can  be seen (F ig . 7). The g ran u les  are 
su rro u n d e d  by  a single m e m b ra n e . The Golgi a p p a ra tu s  is localized  n e a r the  
n u c le u s  and  has a saccu lo -v es icu la r s tru c tu re  (F ig . 5). The cy to p lasm  co n ta in s 
e n d o p la sm ic  re ticu la r c is te rn s , lam ellar m ito ch o n d ria  an d  ribosom es; n ear 
th e  ce ll m em brane th e re  is a  n a rro w  m y o filam en t b o rd e r.

Goormaghtigli s cells. A m ong  th e  cells th e re  is a n e tw o rk  of b a sa l m em - 
b ra n c -lik e  m ateria l w h ich  in  som e places is g row ing th in . The surface m em 
b ra n e s  of the  cells are d e n se ly  layered ; co n n ec ted  s tru c tu re s  cou ld  n o t be 
d e te c te d  (Fig. 8). T he cells h a v e  processes an d  are  in te rlo ck ed . In  th e  ju x ta -  
n u c le a r  region saccu lo -v esicu lar G o lg i-appara tus m ay  be observed , th e  cy to 
p la sm  is poor in o rganelles a n d  con ta ins m ito ch o n d ria , ribosom es a n d  some 
w id e  endoplasm ic re tic u la r  c is te rn s  (Fig. 8).

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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Fig. 4. E lectron  m icroscopic p ic tu re . In  the  region of th e  div ision  of th e  h ila r — tu b u la r  com m on basal m em brane  (arrow ) 
th e  co m p artm en ts  decrease in size th a n  cease to  be p resen t. C =  co m p artm en t; GoC - G oorm agh tigh ’s cell; IS  =  in te r tis su la r
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Fig. 5. E lec tro n  m icroscopic p ic tu re . G ran u lar cells in  th e  m edia  o f th e  a ffe ren t a rte rio le . T h in n in g  of th e  in te rce l
lu la r basa l-m em brane-like  n e tw o rk ; closely ad hering  cell m em b ran es (arrow ). T he ren in  g ran u les are d iffe ren t in  shape 

and  d ensity . G =  Golgi a p p a ra tu s ;  BM L =  b asa l m em brane-like  m ate ria l am ong th e  g ran u la r cells. X 20 000
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F ig . 6. E lectron  m icroscopic  p ic tu re . D esm osom e-like con n ec tin g  s tru c tu re  am ong the 
ju x ta g lo m e ru la r  g ran u la r cells (a rrow ). X 52 000

F ig . 7. E lectron  m icroscopic p ic tu re , a. c rysta lline  g ran u le  fo rm ; 1). g ran u la  in g ranulis form .
X 73 000

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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8

F ig . 8. E lectron  m icroscopic p ic tu re . A m ong G o o rm ag h tig h ’s cells, basal m em brane-like  (BM L) basic substance  w hich 
d isappears a t  sites (arrow ). Closely adhering . Go =  Golgie a p p a ra tu s ;  M =  m ito chondrium . x  20 000
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D iscussion

The re g u la to ry  m echan ism  of re n in  sy n th es is  occu rring  in  th e  ju x ta 
g lo m eru la r g ran u la r cells is a m uch d isp u te d  q u es tio n . E ssen tia lly  tw o  opinions 
keep  them selves in  th e  lite ra tu re . A ccord ing  to  th e  f irs t ren in  sy n th es is  and  
sec re tio n  would he re g u la te d  by  th e  p ressu re  in  th e  a ffe ren t a rte rio le  and  th e  
s tre tc h  acting  on th e  JG C -s of th e  m ed ia  (b a ro re c ep to r th e o ry , s tre tc h  recep to r 
th e o ry , [24, 28]). A cco rd ing  to  th e  second  view  th e  p rim a ry  re g u la to ry  fac to r 
w ou ld  be the  ionic co m position  of th e  d is ta l tu b u la r  flu id  (m acu la  d en sa  th eo ry , 
[17, 26, 27, 29, 30]). In  th e  la t te r  case a f ie d b a c k  th ro u g h  th e  m acu la  densa 
to w a rd s  the  ep ith e lo id  cells should be supposed . T h is th e o ry  is su p p o rte d  by  
th e  enzym e h istochem ica l reac tions of th e  m acu la  densa cells [10] an d  b y  th e  
p resence  of the  in te rc e llu la r  c o m p artm en ts  described  b y  G o m b a  e t  al. and  
R i e d e l  e t ah, and  o b se rv ed  also in th e  p re se n t s tu d y . T his w ould  re fer to  an 
increased  ab so rp tio n  in  th is  region. I t  seem s n o te w o rth y  th a t  in  th e  guinea 
p ig  th e  m acula d en sa  c o m p artm en ts  are  found  also in no rm al an im als  a fte r  
im m ersion  f ix a tio n  [20]. In  ra ts  ren d e red  p o ly u rie  b y  glucose a d m in is tra tio n  
[15], observed these  w ide in te rce llu la r spaces in  th e  p ro x im al and  d is ta l tu b u la r  
sec tio n s.

A lthough th e  supposed  feedback  o f th e  ionic s ta te  o f th e  d is ta l tu b u la r  
f lu id  w ould be d ire c te d  in th e  firs t p lace to w ard s  th e  ren in -p ro d u c in g  JG C -s, 
we have  failed to  observe  an y  d irec t connec tion  b e tw een  th e  m acu la  densa  cells 
an d  th e  JGC. The m a c u la  densa cells w ere d ire c tly  connected  o n ly  w ith  Goor- 
m a g h tig h ’s cells. O u r find ings agree w ith  th e  re su lts  o f th e  th ree-d im en sio n a l 
ex a m in a tio n s  of Barajas [2, 3]. Cossel fo u n d  by  th e  ru th e n iu m  re d  m eth o d  [9], 
Gomba e t al. by  p o ta ss iu m  p y ro a n tim o n a te  f ix a tio n  [11] a co n tin o u s in te rc e l
lu la r  space encircling  th e  g ran u la r  cells from  th e  base  of th e  m acu la  densa to  th e  
lu m e n  of the  a ffe ren t a rte rio le , w hich m ay  en su re  free e lec tro ly te  tra n s p o r t  
b e tw e e n  th e  m acula  d en sa  and  th e  g ra n u la r  cells. In  ag reem en t w ith  o th e r 
a u th o rs  |2, 3, 6, 9, 11, 12] we observed  th e  b asa l m em b ran e-lik e  co n tin u o u s 
b as ic  su bstance  c o n n ec tin g  the  m acu la  densa  cells w ith  G oo rm ag litig h ’s cells 
an d  g ra n u la r  cells.

S tudies concern ing  th e  in n e rv a tio n  of th e  JG A  [5, 6, 31] agree in th a t  
on ly  p a r t  o f th e  JG C -s arc  d irec tly  co n n ec ted  w ith  nerve  end ings. A m ong th e  
JG C -s, sim ilar as w ith  th e  m yocard ia l fib rils , th e re  ex is ts  a sy n cy tiu m -lik e  
s tim u la tio n  tra n sfe r  o r connection . T his h y p o th es is  is su p p o rted  b y  th e  nexal 
ju n c tio n s  by  B iava  an d  W e s t  [6].  These q u in tu p le  lay e red  ju n c tio n s  are visible 
on ly  a f te r  K M n 0 4 f ix a tio n , th u s th e y  could  n o t be s tu d ied  by  o u r g lu ta ra l-  
d eh y d e  perfusion m e th o d . In  our m a te ria l we h av e , how ever, o bserved  s t  ruc- 
tu re s  w ith  desm osom c-like ju n c tio n s  am ong  th e  JG C -s. O ur re su lts  a n d  th e  n exal 
ju n c tio n s  described b y  B ia v a  and  W e s t  su p p o rt th e  ex istence  o f sy n c y tiu m 
like connections o f th e  JG C -s a t th e  e lec tro n  m icroscopic level.
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T h e  u ltra s tru c tu re  o f  th e  g ran u la r  cells is d iffe ren t in p re p a ra tio n s  fix ed  
b y  o th e r  m ethods. We h a v e  f re q u e n tly  observed  c ry s ta llin e  g ranu les a n d  g ran- 
u la  in  granulis form s d e sc r ib e d  before to  occur in  h y p e rfu n c tio n a l s ta te s  
[1, 19, 22, 23].

O u r findings d iffe red  fro m  th o se  o b ta in ed  in  m a te r ia l f ix ed  b y  co n v en 
t io n a l  m eth o d s. This m a y  h a v e  b een  done to  th e  e ffec t o f p e rfu sio n  f ix a tio n  
b e in g  closer to  the p h y sio lo g ica l co n d itions. T h u s, th e  p ro ced u re  m ig h t offer 
m o re  u se fu l in fo rm atio n  co n ce rn in g  th e  JG A  th a n  th a t  su p p lied  b y  o th e r 
m e th o d s .
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W IR K U N G  D E R  V A S K U L Ä R E N  P E R F U S IO N S F IX IE R U N G  A U F  D IE  
U L T R A S T R U K T U R  D E S  JU X T A G L O M E R U L Ä R E N  A P P A R A T E S  VO N  R A T T E N

J .  SZABÓ, GY. L U S T Y IK und  R. D R E H E R

D as e lek tro n en m ik ro sk o p isch e  B ild der JG A  v o n  R a tte n n ie re n  n ach  re tro g ra d e r  P e r
fusionsfix ierung  a u f  n ied rig en  D rücken  w urde u n te r s u c h t  u n d  m it dem  B ild de r IG A , f ix ie rt 
m it  dem  Tropf- u n d  T au c h v e rfa h ren , verglichen. D er au g en fä llig ste  U n te rsch ied  b e s tan d  in 
de r G egenw art der b a sa le n  C o m p artem en te  der M acula densa-Z ellen , die eine e lek tro n en m ik ro 
skopische B e s tä tig u n g  d e r »T ubulo-glom erular«-T heorie sein  k önnen . Zw ischen den g ek ö rn ten  
JG -Z ellen  w erden d esm o so m aartig  angeschlossene S tru k tu re n  beschrieben . In  den  ep ithe lo iden  
Zellen k o n n ten  a u ch  v e rh ä ltn ism äss ig  häufig  k ris ta llin e  u n d  g ran u la  in g ranu lis spezifische 
S ek re tu m g ran u la -F o rm en  b e o b ac h te t werden.

ВЛИЯНИЕ ПЕРФУЗИОННОЙ ФИКСАЦИИ СОСУДОВ НА УЛЬТРАСТРУКТУР 
ПАРАГЛОМЕРУЛЯРНОГО АППАРАТА У КРЫС

Й . С А Б О , Д . Л Ю С Т О К  И Р . Д Р Е Х Е Р

Электронномикроскопически исследовалось парагломерулярный аппарат почки 
крысы после ретроградной перфузионной фиксации при низком давлении и сравнивалось 
со структурой ПГА-а после капельной и погруженной фиксации. Наличие базальных 
частей клеток плотного пятна электронномикроскопически доказательных »тубуло- 
гломерулярной« теории обнаруживалось самым очевидным. Обнаруживались десмо- 
сомовидные соединительные структуры между зернистыми клетками и сравнительно часто 
кристаллические и граннулярные формы специфических секреторных зернышек в эпи- 
телоидных клетках.

D r. Je n ő  Szabó 
G yörgy  L u s t y ik

R. D r e h e r
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ANTIGENICITY OF BONE TISSUE. I. IMMUNOLOGICAL 
AND IMMUNOHISTOCHEMICAL STUDY OF NON- 

COLLAGENOUS PROTEINS OF THE BOVINE CORTICAL
BONE

T . Gl a n t , C s . H a d h á z y , L. B o r d á n  a n d  S . H arm at i  

(R eceived  J a n u a ry  11, 1975)

F rom  pow dered  bovine bone co rtex  an  e x tr a c t  has been p re p a re d  w ith  0.15 
M NaCl and  its  collagen-free frac tio n  o b ta in e d  on D E A E -cellu lose co lum n w as used  
fo r th e  im m u n iza tio n  o f ra b b its . T he non-co llagenous p ro te in  frac tio n  ( N C P )  p ro d u ced  
ag a in s t im m une serum  tw o p re c ip ita tio n  arcs b o th  o n  agarose double ge l-d iffusion  an d  
w ith  im m une e lectrophoresis.

A fter d eca lc in a tio n  in 10%  E D T A  p H  7.4, d irec t and in d irect im m u n e  h isto - 
chem ical ex am in a tio n s  were pe rfo rm ed  w ith  fresh , fresh ly  lyophilized, as w ell as w ith  
bones k e p t for th ree  a n d  six m o n th s  a t  20°C, a n d  th e  an tig en s were localized . P ro longed  
sto rag e  increased  th e  a n tib o d y -b in d in g  c ap a c ity  o f th e  bones, w hereas ly o p h iliza tio n  
decreased  it. F ix a tio n  in cold ace tone  was su ited  b e s t fo r im m u n o h isto ch em ica l s tu d y  
of th e  co rtica l bones.

Ch a l m e r s  [12] in  h is s tu d ies  of bone g ra f ts  w as th e  firs t to  use im m u n o 
logical m eth o d s. S u b seq u en tly , th e  a n tig e n ic ity  o f  various k inds o f  bone was 
ex am in ed  by  an a p h y la c tic  reac tio n s [32], sk in  s e n s itiv ity  te s t [8], p re c ip ita tio n  
reac tio n s  [5, 14, 27, 32], h aem ag g lu tin a tio n  [5, 14, 32] as on th e  basis  o f m o r
pho logical changes in d u ced  in ly m p h  nodes [6, 7, 9, 23, 29]. The m a jo r i ty  of 
th e  a u th o rs  considered  th e  red  bone m arro w  responsib le  for the  a n tig e n ic ity , 
since w hen  w ashed  spongiosa or co rtica l su b s ta n c e  w as used re a c tio n  fa iled  to  
a p p ea r, o r was ra th e r  w eak  [1, 7, 8].

T he com position  o f th e  hone e x tra c ts  u tiliz e d  for im m u n iza tio n  w as n o t 
s tu d ie d  [5, 27, 32] or w here i t  has been  ex am in ed  i t  was found  to  be  o f  co lla 
genous n a tu re  [35] or o f serous orig in  [14] in  a lm o st ev e ry  case. S ev era l p ap ers  
d iscussed  th e  com position  of hone tissue [10, 11, 19—21] h u t th e  a n tig e n ic ity  
o f th e  com ponen ts has n o t been  stu d ied . In  th e  li te ra tu re  no d a ta  w h a tso e v e r 
could  be found  concern ing  th e  a n tig en ic ity  o f  th e  non-collagenous bone  p ro 
te in s  or th e ir  tissu la r lo ca liza tio n . The p re se n t s tu d y  aim ed a t c la rify in g  th ese  
q u estions b y  im m unolog ical m ethods.
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M aterials an d  m eth o d s

P repara tion  o f  the antigen. B ovine co rtica l bone  p ieces were cleaned from  th e  so ft p a r ts , 
th e n  w a sh e d  w ith  d istilled  w a te r , re frig e ra ted  to  — 22°C a n d  from  these b o ne-m eal w as p re 
p a re d  b y  a m o to r-d riv en  rasp  in  such  a w ay  th a t  i ts  te m p e ra tu re  w ould n o t exceed  0°C. F or 
p re p a ra tio n  o f th e  e x tr a c t  such  m eal was used w hich  fell th ro u g h  a 26 m esh sieve. E x tra c t io n  
w as c a r r ie d  o u t  w ith  0.15 M N aC l (1 : 2 =  w :v) in  th e  cold  un d er c o n s tan t m ix in g  fo r 48 
h o u rs . T h e  m ix tu re  w as c en tr ifu te d  (30 m in, 6000 g, 4°C), th e  su p e rn a ta n t w as d e sa lted  on  a 
S e p h a d ex  G-25 colum n (2 .5 x 7 0  cm ), th e n  c o n ce n tra ted  b y  lyophilization .

T h e  collagen of th e  e x tr a c t  w as rem oved  on  D E A E -cellu lose  colum n (S erv a , H e id el
b e rg ; T y p e : D E A E -S S , c ap a c ity  0.72 m E q /g ) acco rd in g  to  M il l e r  [26]. T he collagen-free 
f ra c tio n  (N C P ) w as d esa lted , th e n  lyophilized . F o r  f u r th e r  ex am in atio n s an d  im m u n iza tio n  
th is  l a t t e r  frac tio n  has been  used .

F ro m  b o th  th e  com ple te  bone e x tra c t  an d  th e  collagen-free frac tion , N  w as e s tim a te d  
acco rd in g  to  K je l d a h l , an d  p ro te in  b y  th e  b iu re t re a c tio n a s  w ellas h y d ro x y p ro lin  [33], 
u ro n ic  ac id  [4] an d  hexose [24] w ere de term ined .

Im m u n e  sera w ere p ro d u ced  in ra b b its . “ H u n g a r ia n  g ian t”  ra b b its  o f b o th  sexes 
a n d  1500 to  2000 g b o d y  w e igh t a  m ix tu re  o f  1 m l o f  co m p le te  F reund  a d ju v a n t  (D ifco L ab ., 
D e tro it ,  M ich) and  10 m g p ro te in  (1 m l in 0.15 M N aC l) w as adm in istered . E v e ry  3 w eeks th e  
m ix tu re  w as in jec ted  in to  th e  paw s an d  th e  g lu tea l m uscles u n til the  sera gave p e rcep tib le  
p re c ip ita tio n  arcs w ith  th e  d ilu te d  a n tig en  so lu tion  u sed  fo r im m uniza tion . W ith  th e  bone  ex 
t r a c t  o r ig in a tin g  from  one single c a ttle  alw ays th e  sam e ra b b it  was im m unized. T h e  im m uno  
sera  w ere  in a c tiv a te d  a t  56°C fo r 30 m in.

Im m u n e  d iffu sio n  w as carried  o u t in 0 .5%  ag aro se  gel in 0.15 M NaCl (S erv a , H eidel-
b e rg).

Im m unoelectrophoresis  w as p e rfo rm ed  accord ing  to  th e  m icro-m ethod  of S c h e id e g g e r  
[31] in  0 .5 %  agarose (b a rb ita l-H C l buffer, u : 0.05, p H  8.2) a t  4°C. F or im m unoelectrophoresis 
th e  non-co llag en o u s frac tio n  w as d igested  w ith  h y a lu ro n id ase  (F rom  bovine te s tic le s ; R ea- 
n a l, B u d a p e s t;  A c tiv ity : m in. 300 U S P  U n its /m g ; — 10 m g p ro te in  + 2  mg enzym e in  1 m l 0.1 
M N a -a c e ta te  buffer, p H  5.6, 37°C, for 1 hour) or w ith  collagenase (Serva, H e id e lb erg ; 387 
M an d l U /m g ; 10 m g p ro te in  -f- 1 m g enzym e in 1 m l 0.1 M P h o sp h a te  buffer, p H  7.4, 37°C, for 
30 m in ).

S ta in in g  o f  the p la tes  w as perfo rm ed  w ith  C oom assie-B rillan t B lue R -250 (Serva 
H eid e lb erg ).

F o r  th e  im m u noh isto log ical ex am in atio n s Ig G  w as p re p are d  from  th e  im m u n e  se ra  [3] 
a n d  c o n ju g a te d  w ith  fluo resce in -iso th io cy an ate  (F IT C ) (B D H , E ngland) [13]. U n b o u n d  dye 
w as re m o v e d  b y  gel f i ltra tio n . (F lu o rescein  to  p ro te in  r a tio ,  2.2; p ro te in  co n te n t, 5.4 m g/m l). 
In  o rd e r  to  avo id  unspec ific  co n ju g a tio n , the  co n ju g a te  w as adsorbed before use  on  bovine 
h e p a tic  p o w d er tre a te d  w ith  ace tone . F o r in d ire c t im m uno flu o rescen t e x am in a tio n s  IgG  
o b ta in e d  fro m  im m uno  sera  a n d  adso rbed  to p o w d ered  b o v ine  liver as well as flu o rescen t- 
lab e lled  g o a t gam m a-g lobu lin  (Sevac, P ra h a ) p ro d u ced  ag a in s t ra b b it  gam m a-g lo b u lin  was 
u sed .

F or direct and indirect immunohistological reactions tw o  to  th ree  m m  th ic k  b ov ine  co rtica l 
bone  slices o f bone w ere used , e ith e r  fresh  or fresh ly  lyo p h ilized , or sto red  a t  — 20°C for 3 
a n d  6 m o n th . T h ey  w ere f ix ed  fo r 72 hours in  a lcohol, a ce to n e , 10%  n e u tra l  fo rm ald eh y d e  
so lu tio n  o r 2 .5%  g lu ta ra ld e h y d e , o r were k e p t w ith o u t f ix a tio n  in PB S (salt so lu tio n  buffered  
w ith  p h o sp h a te :  0.15 M N aCl in  0.01 M p h o sp h a te  b u ffe r  p H  7.4). S u b seq u en tly  th e y  were 
w ash ed  in  P B S  changed  several tim es for 72 hours th e n  k e p t  for 4 to 7 days in  10%  E D T A  pH  
7.4, c h a n g e d  tw ice da ily . D eca lc in a tio n  w as follow ed b y  24 hours w ashing in P B S . T hese  p ro 
ced u res w ere p e rfo rm ed  u n d e r c o n s ta n t m ixing a t  a  te m p e ra tu re  betw een 0 a n d  2°C. F ro m  
th e  d e c a lc in a te d  bones 4 to  6 m m  th ic k  c ry o s ta t  sec tio n s were p rep ared  a t  — 22°C, o r th ey  
w ere d e h y d ra te d  in  ace to n e  a t  4°C an d  em bedded  in to  p a ra ff in  according to Sa in t e -Ma r ie  [30].

T h e  sections w ere s tu d ied  w ith o u t d igestion  or a f te r  d igested  w ith  h y a lu ro n id ase  for 
30 m in  o r w ith  collagenase fo r 22 m in , b y  d irec t o r in d ire c t im m unoh istochem ical m eth o d s. 
(The c o n d itio n s  o f e n zy m atic  d igestion  have been  d esc rib ed  previously. T he in te rv a ls  were 
chosen  so t h a t  no d isru p tio n  of th e  sections shou ld  re su lt.)  T he sections w ere co v ered  w ith  
3 to  7 m ix tu re  o f g lycerin  an d  PB S .

T h e  follow ing con tro ls w ere used:
F o r  d irec t im m u n o h isto ch em ica l reac tion :
a :  u n labe lled  an ti-b o n e  ra b b it  IgG  -► F IT C -lab e lled  an ti-bone ra b b it  IgG ;
b : un lab e lled  n o rm al ra b b it  IgG  -* F IT C -labe lled  a n ti-b o n e  ra b b it  IgG ;
c: F IT C -labe lled  no rm al ra b b it  IgG ;
d :  W ith o u t t r e a tm e n t  (ex cep t P B S  covered  sec tions).
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F o r ind irect im m u n o h isto ch em ica l reac tio n s:
a: unlabelled a n ti-b o n e  ra b b it  IgG  -» un labelled  n o rm al r a b b it  IgG  — FIT C -labelled  

a n ti- ra b b it  goat IgG;
b: unlabelled a n ti-b o n e  ra b b it  IgG  -» u n labelled  a n ti- ra b b it  g o a t IgG  -* FIT C -labelled 

a n ti - r a b b i t  goat IgG  ( in d ire c t blocking);
c: unlabelled n o rm a l ra b b it  IgG  -- F IT C -labelled  a n ti- ra b b it  g o a t IgG ;
d: F IT C -labelled a n ti- ra b b it  goat Ig G  (in itself).
A fte r  perform ance o f th e  im m une re ac tio n  and  flu o rescen t ex am in a tio n , p a r t  o f the  

sec tio n s was stained w ith  haem ato x y lin -eo sin  an d  azan .

Results

T able I d e m o n s tra te s  th e  com position  of th e  bo v in e  co rtic a l bone e x tra c t 
as w ell as of its co llagen-free fra c tio n  o b ta in ed  on D E A E -cellu lo se  colum n. 
T w elve p er cent o f  th e  “ com plete”  bone e x tra c t  o b ta in e d  w ith  0.15 M NaCl 
w as non-collagenous p ro te in . A fte r rem oval o f th e  co llagen , th e  frac tion  
d isp lay ed  an a lte red  chem ical com position . T his chem ical f ra c tio n , in  view  of 
its  h igh  uronic an d  hexosam ine c o n te n t was p a r t ly  p ro te o g ly c a n  an d  on th e  
basis  o f  its  n eu tra l c a rb o h y d ra te  c o n te n t p a r tly  g ly co p ro te in . I n  im m unod iffu 
sion th e  non-collagenous (NCP) frac tio n s  gave tw o p re c ip ita tio n  arcs (Fig. 1), 
h u t  re a c te d  n e ith e r  w ith  an ti-h o v in c  ra b b it  scrum  (F ig . 1: c e n tra l  and  fifth  
w ell) n o r w ith  th e  sc ru m  of th e  co n tro l ra b b it  t r e a te d  o n ly  w ith  com plete 
F re u n d  ad ju v a n t.

In  im m unoelec trop lio resis  th e  an tig en  so lu tio n  gave tw o  d is tin c t p re 
c ip ita tio n  arcs in  th e  a lp h a -b e ta  reg ions (F ig. 2). T he an ti-h o n e  ra b b it  IgG  
lab e lled  w ith  F IT C  fo rm ed  p re c ip ita tio n  arcs id e n tic a l to  th ese  of th e  
o rig in a l im m une se ru m  (F ig . 2: low er well). T he a n ti-N C P -fra c tio n  serum  
re a c te d  to  the o rig inal e x tra c t  co n ta in in g  large am o u n ts  o f collagen w ith  tw o

F ig. 1. T w o-dim ensional double  gel-diffusion of the  non-co llagenous fra c tio n  of bovine co rti
cal bone e x tra c t in 0 .5 %  agarose . C entral well: non-collagenous (N C P ) frac tio n  o b ta in ed  from  
bone  e x tra c t on D E A E -cellu lose  colum n. W ells 1, 2, 3, 4: a n ti-N C P  frac tio n  ra b b it  sera. 
W ell 5: an ti-bov ine-serum  (norm al) ra b b it  serum . W ell 6: flu o resce in -iso th io cy an ate  (EITC)- 

lab e lled  an ti-b o n e-N C P -fractio n  r a b b it  IgG
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Fig.  2.  Im m unoelec trophoresis o f N C P  frac tio n  of bovine co rtica l bone in  agarose. M iddle: 
N C P  f ra c t io n . U pper trough : F IT C -c o n ju g a te d  an ti-b o n e-N C P -frac tio n  ra b b it  IgG . Lower 

tro u g h : a n ti-b o n e-N C P -frac tio n  ra b b it  se rum

F ig .  3. A garose  im m u n o e lectro p h o resis o f un frac tioned  e x tra c ts  o f  b ov ine  serum  an d  bovine 
c o rtic a l bo n e . U pper well: bovine se ru m . L ow er well: un frac tio n ed  bone  e x tra c t .  M iddle tro u g h :

a n ti-b o n e-N C P -fra c tio n  ra b b it  serum

p re c ip i ta t io n  arcs, b u t fa iled  to  reac t w ith  e ith e r  o f th e  com ponen ts of 
b o v in e  se rum  (Fig. 3: u p p e r w ell). W hen  e x tra c ts  d igested  w ith  h y a lu ro n id ase  
o r co llag en ase  were used , th e  n u m b e r  of p re c ip ita tio n  arcs w as u n ch an g ed  
(F ig . 4).

S ince FITC  was b o u n d  to  th e  com plete IgG  fra c tio n  of th e  an tise ru m , 
th e  tw o  an tigens were re p re s e n te d  to g e th e r in  th e  im m u n o h isto lo g ica l in 
v e s tig a tio n s .

I n  cy ro s ta t sections th e  fre sh , th e  fresh ly  ly o p h ilized  an d  th e  bones 
s to re d  fo r  3 and  6 m on th s a t  20°C gave a slight im m u n o flu o rescen ce . W hen  th e  
in d i r e c t  m ethod  was u sed  th e  degree of fluorescence in c rea sed  an d  w hen 
h y a lu ro n id a se  digestion w as p e rfo rm ed  before th e  in d ire c t re a c tio n , th e n  a
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Fig. 4. Agarose im m u n o e lectro p h o resis o f d igested  bovine  cortical bone N C P -frac tio n s . U pper 
well: N C P -frac tio n  d igested  w ith  hyalu ron idase. L ow er well: N C P -fraction  d ig es ted  w ith  colla

génase. M iddle tro u g h : an ti-b o n e-N C P -frac tio n  ra b b it  serum

Table I

Chemical com position of bovine cortical bone e x tra c t p rep ared  w ith 0.15 M NaCl an d  th e  collagen- 
free (N C P) frac tio n  ob ta in ed  from  it on D E A E -cellulose colum n. P ercen tu a l v a lu es calcu la ted

for d ry  sub stan ce

Composition
“ Com plete” 

bone ex trac t NCP fi action

T o ta l p ro te in 87.52 25.92
G lycosam inoglycan 2.07 65.12

Ilexose 1.50 7.46

T o ta l 91.09 98.50

H y d ro x ip ro lin 10.58 0.01

Collagen 75.54 0.07
NCP 11.98 25.85

T o ta l N 15.22 6.03

U ronic acid 0.30 11.72

H exosam ine 0.77 24.21

C hondro itin  su lphate 0.80 31.41

T he ind iv idual va lues were calculated by m u ltip ly in g  w ith the ap p ro p ria te  index  factor 
[10, 28] as follows:

collagen h y d ro x ip ro lin  X 7.14
non-collagenous protein  to ta l protein-collagen
hexosam ine  hexosam ine N/0.078
hexosarnine N  = to ta l N (collagen/5.7 -|- N C P/6 .25)
glycosaminoglycan  hexosam ine X2.69
chondroitinsulphate u ron ic  acid X 2.68
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s t ro n g  p o sitiv ity  w as o b se rv e d  (F igs 5 7). In  th e se  cases th e  specific lab e l w as
lo c a liz e d  in  th e  o steo cy te  cap su les , in th e  o s te o c y te s  an d  especially  in  th e  
p ro x im ity  of H av e rs ian  a n d  Y o lk m an n ’s canals. T h e ir  connective tissu e  lin in g  
d isp la y e d  some au to flo re scen ce  b o th  w ith  an d  w ith o u t d igestion  (F ig. 9).

T h e  fix ing  so lu tions also  influenced th e  im m u n o h isto ch em ica l p ic tu re . 
W ith  n eu ra l fo rm ald eh y d e  th e  con tro l sections show ed  such a s tro n g  a u to 
flu o re scen ce  th a t  no e v a lu a tio n  of th e  reac tio n  w as possib le. A fter f ix a tio n  in  
2 .5 %  g lu ta ra ld eh y d e  th e  t im e  requ ired  fo r d eca lc in a tio n  was p ro lo n g ed ; 
i t  a lw a y s  took  m ore th a n  3 to  4 weeks. C o n sid e rab ly  b e tte r  re su lts  w ere ob 
ta in e d  w ith  alcoholic f ix a tio n , h u t  after th is  th e  fluo rescence  ap p ea red  in  sp o t 
in  b o th  th e  d irect an d  th e  in d ire c t reaction . F ix a tio n  in  cold acetone w as th e  
m o s t  su itab le ; in such  m a te r ia ls , even if  u n d ig e s te d  th e  reac tio n  w as as s tro n g  
o r e v e n  stronger th a n  th e  in d ire c t im m unofluorescence  of u n fixed  m a te r ia l 
(F ig . 11) and  the  in d ire c t re a c tio n  (Fig. 12) lo ca lized  th e  an tigens n o t o n ly  to  
th e  p ro x im ity  of th e  o s te o c y te s  and  canals, b u t  also to  th e  ju n c tio n  lines 
b e tw e e n  the  osteocy te  p rocesses and lam in ae . H y a lu ro n id ase  t r e a tm e n t

F ig s  5 — 7. Bovine co rtica l b o n e . In d ire c t im m u n oh istochem ical m ethod . E ach  of th e  th ree  
p re p a ra tio n s  was p rep ared  w ith o u t  f ix in g  afte r E D T A  d e ca lc in a tio n  and  hya lu ro n id ase  d iges
t io n . X 220. In  freshly  ly o p h ilized  bone (Fig. 6) an tib o d y  b in d in g  can  be observed o n ly  in  th e  
o s te o c y te  capsules as well as in th e  w all o f the H av ers ian  can a ls . In  fresh  bones (F ig . 5.) i t  is 
seen  also  in  the  pe rip h ery  o f o s te o cy te s , in stored  bones (F ig . 7) also in th e  region o f th e

specia l in te rca lar lam in ae
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Fig. 8. F re sh  bovine co rtica l bone fixed  in  cold alcohol, d eca lc in a ted  w ith  E D T A , d igested 
w ith  h y a lu ro n id ase . In d ire c t im m unoh istochem ical m eth o d . U n even  d is tr ib u tio n  of the

p o sitiv ity . X 220
Fig. 9. F re sh  bovine co rtica l bone w ith o u t fix a tio n . E D T A  d eca lc in a tio n , h y a lu ro n id ase  d i
gestion . A u to flu o rescen t co n tro l. O utlines o f th e  H av ers ian  canals can  on ly  be seen. X 220 
Fig. 10. F resh  bovine co rtica l bone fixed  in acetone d eca lc in a ted  w ith  E D T A . In d ire c t blocking.

P o s it iv ity  a ro u n d  th e  H a v e rs ia n  canals , w eak b in d in g  in  th e  o steo cy te  capsu les. x2 2 0  
F ig . 11. F resh  u n d ig es ted  bovine  cortical bone; f ix a tio n  in cold ace to n e , deca lc in atio n  in 
E D T A , d irec t im m u n o h isto ch em ica l m ethod . T he fluorescence is as in ten siv e  as th e  p o sitiv ity  
of th e  u n fix ed  m ate ria l (F ig . 5) observed  a fte r  hyalou ron idase  d igestion  by  in d ire c t reac tio n  X 220

(Figs 13, 14) in c reased  th e  an g iten -b in d in g  c a p a c ity  o f th e  in te rc e llu la r  spaces 
of th e  in te rc a la te d  lam ine  an d  o f th e  o steocy te  processes. T he co n tro l of th e  
la t te r  e x am in a tio n s  (in d irec t b lock ing , F ig . 10) w as on ly  s lig h tly  d iffe ren t 
from  th e  au to fluo rescence  co n tro l (F ig. 9); th e  in te rc e llu la r  su b s ta n c e  was a b 
so lu te ly  neg a tiv e .

T he im m u n o flu o rescen t p ic tu re  of lyophilized  hone e m b ed d ed  in  p ara ffin  
(F ig . 15) was s im ila r to  t h a t  o f th e  u n fixed  p red ig es ted  an d  ly o p h ilized  c ry o s ta t 
sec tion  (F ig . 6). In  th e  em b ed d ed  m ate ria l, p red ig es ted  w ith  h y a lu ro n id ase  
(F ig . 16) or collagenase (F ig . 17) th e  p o s itiv ity  in c reased  ch ie fly  in  th e  in te r 
ce llu la r su b stan ce  an d  am ong  th e  lam inae , p a r tic u la r ly  a f te r  co llagenase t r e a t 
m en t. A zan  s ta in in g  show ed th e  absence of collagen in  th e ir  sec tions.
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F ig . 12. F re sh  undigested  b o v ine  c o rtic a l bone; fixed  in cold  ace to n e , d eca lc in a ted  in  E D T A . 
I n d i r e c t  im m unohistochem ical m e th o d . T h e  surroundings, th e  canals an d  th e  osteo cy te  capsules 
a re  m o re  positive , the  osteo cy te  p ro cesses are d iscernib le, th e  ju n c tio n  lines an d  lam inae

b in d  m ore  antibodies. X 220
F ig . 13. F re sh  bovine co rtica l b o n e ; f ix ed  in cold acetone, d eca lc in a ted  in  E D T A , digested  
w ith  h y a lu ro n id ase . In d irec t im m u n o h isto ch em ica l reac tion . C om pared  w ith  Fig. 12, p o sitiv ity  

is particu la rly  in creased  in  th e  region of the  lam in ae  in te rca la re s . X 220 
F ig . 14. D etail of Fig. 13. R eg io n  of th e  in te rca la te d  lam in ae  on  Fig. 13. X450

F ig s 1 5 — 17. Bovine cortical b o n e , ly o p h ilized , deca lc inated  in  E D T A , d e h y d ra te d  in  acetone, 
em bedded in p a ra ff in . In d ire c t  im m unoh istochem ical m e th o d . X 220
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D iscussion

A ccording to  e a r lie r  d a ta , bone tissu e  has w eak an tigen ic  p ro p e rtie s ; 
th e  e x tra c ts  p o in t to  th e  presence o f one [35] or tw o [27] su b stan ces o f a n t i 
genic n a tu re . T he com po sitio n  o f th e  e x tr a c ts  used  in these  s tu d ies  w as n o t 
s tu d ie d ; th e y  w ere m ad e  to  re a c t to  im m u n e  se ra  p roduced  ag a in st com plete  
bone e x tra c ts . In  sp ite  o f th is  th e  arcs o b ta in e d  a fte r  ex h au stio n  w ith  ho m o 
logous serum  w ere p resu m ed  to  be due to  so luble collagen. T he s tu d ie s  of 
E n g e l  and  Cat c h po l e  [15] d e m o n s tra te d  t h a t  an  an tig en  effect of co llagenous 
orig in  should  in  fa c t  be ta k e n  in to  c o n s id e ra tio n . T hey  labelled  w ith  F IT C  
th e  gam m a-g lobu lin  fra c tio n  of a n ti-“ co llagen-D ”  ra b b it  serum  an d  localized  th e  
collagen in d iffe ren t o rg an s of th e  r a t ,  a t  th e  p e rip h e ry  o f new ly fo rm ed  bone 
trab ecu les  and  a ro u n d  ostco cy tes , am ong o th e rs .

A ccording to  th e  above resu lts , th e  p ro te in s  o f non-collagenous n a tu re  of 
th e  bovine co rtica l bone have an tigen ic  p ro p e rtie s , on b o th  im m unod iffu sion  
an d  im m u n o elec tro p h o resis  tw o well d is tin g u ish ab le  p rec ip ita tio n  arcs w ere 
fo rm ed . This c ircu m stan ce  refers by  all p ro b a b il i ty  to  th e  presence o f a t  leas t 
tw o non-collagenous p ro te in s  (p ro teo g ly can s?  g lycopro te in?) of an tig en ic  
p ro p e rtie s . O ur p re se n t m eth o d s are n o t y e t  su ite d  for th e ir  m ore e x a c t d e fin i
tio n . T ak in g  in to  c o n sid e ra tio n  th a t  th e se  can  be elu ted  from  th e  S ephadex- 
G-200 colum n (1.9 X 85 cm ; T ris-H C L  0.1 M p H  8) by  exclusion  v o lum e, s till 
th e y  could be s e p a ra te d  in to  d ifferen t fra c tio n s  on Sepharose 6-B co lum n th e y  
seem  to  be considerab le  in  size. This m a y  e x p la in  w hy on ag ar th e  tw o  a n t i 
gens can be se p a ra te d  on ly  w ith  d ifficu lty  o r n o t  a t  all w hereas on agarose th e y  
easily  sep ara te . In  a d d itio n  to  these  an tig en s  th e  bone tissue seem s to  possess 
a n tig e n ic ity  of co llagenous origin.

O ur N CP fra c tio n  d isp layed  an im m u n o e lec tro p h o re tic  p a t te rn  s im ila r 
to  t h a t  o f D i c k s o n ’s frac tio n  I I  [14]. E x tra c tio n  w ith  E D T A w as avo ided  b e 
cause it  w ould h av e  rem o v ed  those  p ro te in s  to o  [11, 19, 20] w hich o therw ise  
could  ac t as a n tig en s  [18], and  induce a n e g a tiv e  reac tio n . T his su p p o sitio n  
w as ju s tif ied  b y  th e  p ic tu re  of th e  u n fix e d  bones d eca lc inated  w ith  E D T A  
(F igs 5 - 7 ) .

Cold alcohol a n d  acetone were found  su ita b le  as fix ing  so lu tions. D esp ite  
th e  fa c t th a t  th e  degree o f au to fluo rescence  w as a lm ost id en tia l w ith  alcohol 
an d  acetone th e  re s u lt  w as s ligh tly  d iffe ren t. A fte r  f ix a tio n  in alcohol, “ m u te  
re g io n s ’’were o b ta in e d , an tib o d y -b in d in g  w as s ligh t even w ith  th e  in d ire c t 
reac tio n . These reg ions w ere loca ted  a l te rn a te ly  n e a re r  or fa r th e r  to  th e  su rface . 
T his m ay  have b een  due to  incom plete  d iffu sion  or fix a tio n , b u t  th e re  is a

Fig. 15. No d igestion . S trong  p o s itiv ity  o f  cells and  canals. X 450 
F ig . 16. H y a lu ro n id ase  digestion . In  som e reg ions in te rce llu la r specific b ind ing . X450 

Fig. 17. C ollagenase digestion . P o s it iv ity  in  th e  lam in ar region. X 450
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p o ss ib ility  th a t  th e  so lu b ility  o f p ro teo g ly can s  w as in fluenced , w as a t ta c k e d  
b y  th e  alcoho l as in d ica ted  b y  Sefer e t al. [32], w ho a fte r d eca lc in a tio n  w ith  
E D T A , o b ta in e d  a se p a ra te  an tig en  fra c tio n  from  h u m an  bone t r e a te d  w ith  
a lcoho l. A fte r f ix a tio n  in  ace tone  no s im ila r phenom enon  occurred .

In  th e  bones s to red  a t  —20°C fo r 3 a n d  6 m o n th s no decrease  o f  th e  
b in d in g  o f labelled  specific an tib o d ies  could  be o b serv ed ; m oreover, on im m u n o 
h is to c h e m ic a l p o s itiv ity  h a d  increased  in  e x te n t . T he phenom enon  m a y  be 
e x p la in e d  b y  th e  ac tion  o f lysosom al en zy m es, w hich ren d ered  n u m ero u s  
d e te rm in a n ts  of th e  N C P an tig en s  accessib le, as d em o n stra ted  in ca rtilag e  b y  
Barland e t al. [2]. H y alu ro n id ase  d ig es ted  ca rtilag e  [2, 16, 17, 25] d isp lay s  
a s im ila r  phenom enon .

In  lyp o p h ilized  m a te r ia l th e  degree o f a n tib o d y  b in d ing  w as less p ro 
n o u n c e d ; p o s itiv ity  o f s im ila r in te n s ity  a n d  loca liza tio n  as in  fresh  a n d  s to re d  
b o n es a p p e a re d  only  su b seq u en t to  co llagenase d igestion . This m ay  be c o n n e c t
ed  w ith  th e  decrease of a n tig e n ic ity  [22, 34], b u t  freeze-d ry ing  an d  d e c a lc in a 
tio n  m a y  have induced  such  changes in  th e  collagen w hich could p a r t ly  c a m o u 
flag e  som e of th e  d e te rm in a n ts  of th e  N C P an tig en .

R E F E R E N C E S

1. A n d e r s o n , K . J . :  (1961) T he b e h av io u r o f au togenous an d  hom ogenous bone  
t r a n s p la n ts  in  th e  an te rio r  ch am b er o f th e  r a t ’s eye. A histo log ical s tu d y  of th e  size o f th e  
im p la n t. J .  B one J t  Surg. 43-A, 980— 995. —  2. B a r l a n d , P ., J a n is , R ., Sa n d s o n , J . :  (1966) 
Im m u n o flu o re sce n t s tud ies o f h u m a n  a r tic u la r  cartilag e . A nn. rheum . Dis. 25, 156— 164. —  
3. B a u m s t a r k , J .  S., L a f f i n , R . J . ,  B a r d a w il , W . A .: (1964) A p re p ara tiv e  m eth o d  fo r th e  
se p a ra tio n  o f 7S gam m aglobulin  fro m  h u m a n  sera. A rch. B iochem . 108, 514— 522.—  4. B i t t e r , 
T ., M u i r , H . M .: (1962) A m odified  u ro n ic  acid  carb aso le  reac tio n . Anal. B iochem . 4, 330— 334. 
—  5. B u r w e l l , R . G ., G o w l a n d , G .: (1961) S tu d ies  in  th e  tra n s p la n ta tio n  of bone. A ssessm en t 
o f a n tig e n ic ity . Serological s tud ies . J .  B one J t  Surg . 43-B, 814— 819. —  6. B u r w e l l , R . G ., 
G o w l a n d , G . : (1961) S tud ies in  th e  tra n s p la n ta t io n  o f bone. I I .  T he change occu rrin g  in  th e  
ly m p h o id  tissu e  a f te r  hom o g rafts  an d  au to g ra f ts  o f fresh  cancellous bone. .1. B one J t  Surg . 
43-B, 820— 843. —  7. B u r w e l l , R . G ., G o w l a n d , G .: (1962) S tud ies in  th e  tra n s p la n ta t io n  
o f bo n e . I I I .  T he im m une responses o f ly m p h  nodes d ra in in g  com ponen ts o f fresh  hom ologous 
cance llo u s bo n e  an d  hom ologous bone  tre a te d  b y  d iffe re n t m ethods. J .  Bone J t  S u rg . 44-B, 
131— 148. —  8. B u r w e l l , R. G .: (1963) S tu d ies  in  th e  tra n s p la n ta t io n  of bone. V. T h e  c a p a c ity  
o f fre sh  a n d  tre a te d  hom o g rafts  o f bone to  evoke tra n s p la n ta t io n  im m u n ity . J . B one J t  Surg . 
45-B, 386— 401. —  9. B u r w e l l , R . G ., G o w l a n d , G ., D e x t e r , F .: (1963) S tud ies in  th e  t r a n s 
p la n ta t io n  of bone. V I. F u r th e r  o b se rv a tio n s  concern ing  th e  an tig en ic ity  of hom ologous c o rtica l 
a n d  cancellous bone. J .  B one J t  Surg . 45-B, 597— 608. —  10. Ca m p o , R. D .; T o u r t e l l o t t e , 
C. D .: (1967) T he com position  of bovine  cartilag e  a n d  bone. B iochim . B iophys. A c ta  (A m st) 
141, 614— 624. —  11. Ca n d l is h , J .  K ., H o l t , F . J . :  (1971) T he pro teog lycans o f fow l c o rtica l 
a n d  m e d u lla ry  bone. Com p. B iochem . P hysio l. 408, 283— 293. —  12. Ch a l m e r s , J . :  (1959) 
T ra n s p la n ta t io n  im m u n ity  in  bone  hom o g raftin g . J .  B one J t  Surg. 41-B, 160— 179. —  13. 
C o o n s , A . H .,  K a p l a n , M . A .: (1950) L oca lisa tio n  of an tig en s  in  tissue cells. I I .  Im p ro v e m e n ts  
in  a  m e th o d  fo r th e  d e tec tio n  of an tig e n  b y  flu o rescen t an tib o d y . J .  exp. Med. 91. 1— 13. — 
14. D ic k s o n , I. R .: (1971) A n tig en ic ity  o f sheep co rtica l-b o n e  m a tr ix  p ro te ins. B io ch em . J .  
124, 5 3 P — 54P. —  15. E n g e l , M. B ., Ca t c h p o l e , H . R .: (1972) Collagen d is tr ib u tio n  in  th e  
r a t  d e m o n s tra te d  b y  a  specific an ti-co llag en  an tise ru m . A m er. A n a t. 134, 23— 40. — 16. G l a n t , 
T . T ., H a d h á z y , Cs .: (1973) C o m p ara tiv e  in v es tig a tio n  on  cartilage  an tigens. A b s tr . 3rd 
C ongress o f th e  H u n g a rian  A ssocia tion  of A n a to m ists , H isto lo g is ts and  E m b ry o lo g ists . A k a 
d ém ia i K ia d ó , B u d ap es t, P . 8. —  17. H a d h á z y , Cs ., G l a n t , T., M â n d i , B., M i l t é n y i , L .: (1972) 
O n th e  an tig e n ic ity  o f cartilage  tissu e . A c ta  biol. A cad . Sei. H ung . 23, 277— 288. —  18. H a n c o x ,

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



ANTIGENICITY OF BONE TISSUE 121

N. M., O w e n , R ., S in g l e t o n , A .: (1961) C ross-species g ra fts  of dcpro te in ised  bo n e . J .  B one 
Surg . 43-B, 152— 161. —  19. H e r r in g , G. M.: M u co su b stan ces and ion-b ind ing  in  bo n e . In : 
N u tr itio n a l aspects of th e  develo p m en t of bone an d  co n n ec tiv e  tissue. N u tr. D ié ta  13, 147— 154 
(K a rg e r, B asel). —  20. H e r r in g , G. M., A sh t o n , B. A ., Ch ip p e r f ie l d , A. R .: (1974) T h e  iso
la tio n  of soluble p ro te in s, g lycopro te ins and  p ro teo g ly can s  from  bone. P re p a r. B iochem . 4, 
179 193. — 21. I w ata , H ., U r is t , M. R .: (1972) P ro te in  po lysaccharide of bone  m o rp h o g en e 
tic  m a tr ix . Clin. O rth o p . 87, 257— 274. — 22. J a c o b , S. W ., Gow ing , D ., D u n p h y , J .  E .: 
(1959) T ra n sp la n ta tio n  o f tissues. Am er. J .  Surg. 98, 55— 90. — 23. K o sso w sk a -P a u l , B .:
(1966) S tud ies on th e  reg io n a l ly m p h  node b lastic  re a c tio n  evoked by allogeneic g ra f ts  o f  fresh  
an d  p reserv ed  bone tissue . B ull. A cad. pol. Sei. Cl. 2. 14, 651 — 657. — 24. L a u r e n t , T . C., 
A n s e t h , A .: (1961) S tu d ies  on  corneal p o ly sacch arid es. I I .  C haracterization . E x p . E y e  Res.
I ,  99 105. —  25. L o e w i, G.: (1965) L ocalization  o f ch o n d rom ucopro te in  in  c a r tila g e . A nn.
rh e u m . Dis. 24, 5 2 8 —535. —  26. Mil l e r , E. J . :  (1971) Iso la tio n  and c h a ra c te riz a tio n  o f a 
co llagen  from  chick cartilag e  co n ta in in g  th ree  id en tica l ch a in s. B iochem istry 10, 1 6 5 2 — 1659. —  
27. P a n d e y , R ., P a t iia k , R . C.: (1966) A gar d iffusion  s tu d ie s  on the species sp ec if ic ity  o f cow 
a n d  buffalo  bones. In d ia n  J .  exp. Biol. 4, 20— 22. —  28. P u g lia rello , M. C., V it t u r , F ., d e  
B e r n a r d , B ., B o nu cci, A ., A s c en zi, A .: (1973) A na ly sis  o f bone com position  a t  th e  m icro
scopic level. Calc. Tiss. R es. 12, 209—216. —  29. R y m a sz e w sk a , T., W lo d a r sk i, K ., J e l in s k a , 
S., K o sso w ska -P a u l , B ., Z a l e s k i, M.: (1965) B las tic  re ac tio n  in the  reg ional ly m p h  nodes 
ev o k ed  b y  xenogeneic second-set g rafts . B ull. A cad. po l. Sei. Cl. 2. 13, 679— 682. 30. S a in t e - 
Ma r ie , G.: (1962) A p a ra ffin  em bedd ing  tech n iq u e  fo r s tu d ies  em ploying im m u n o flu o rescen ce .
J .  H isto ch ein . C ytochem . 10, 250 256. —  31. Sc h e id e g g e r , J . J . :  (1955) U ne m ic ro m éth o d e
de P im m unoélec trophorèse . In t .  A rch. A llergy 7, 103— 110. — 32. Se f e r , M., P ozsG i, N ., 
Su l ic a , A., D e n is c h i, A ., T e m e l ie , A.: (1968) E tu d e  des p ropriétés an tig é n iq u e s  d u  tissu  
o sseux  h u m ain . Arch, ro u in . P a th . exp. 27, 619— 630. —  33. Stegem a n n , H ., S t a l d e r , K .:
(1967) D e te rm in a tio n  of h y d ro x y p ro lin e . Clin. C him . A c ta  18, 267— 273. —  34. St e in m ü l l e r , 
D .: (1964) F a ilu re  of ly o ph ilized  tissues to  evoke a seco n d ary  response in sk in  h o m o g rafts . 
T ra n s p la n ta tio n  2, 383— 386. — 35. W ellm itz , G., Sc h u m a n n , J .: (1969) R e su lts  o f  series of 
im m unolog ical O u ch terlo n y  te s ts  in  tra n sp la n ta tio n s  o f bones. Wiss. Z. H u m b o ld -U n iv . B erlin  
M a th .-N a th . R. 18, 443— 448.

D IE  A N T IG E N E IG E N S C H A F T  D ES K N O C H E N G E W E B E S . I. IM M U N O L O G IS C H E  
U N D  IM M U N H IST O C H E M  ISC H E  U N T E R S U C H U N G  D E R  N IC H T -K O L L A G E N E N  

P R O T E IN E  IN  D E R  K O R T IK A L E N  K N O C H E N S U B S T A N Z  D E S R IN D E S

T. GLANT, CS. HADHÁZY, L. BO RD Á N  und S. HARMATI

Aus dem  Mehl de r k o rtik a len  K n o ch en su b stan z  v o n  R indern  w urde m it K och sa lz lö su n g  
von  0,15 M ein  E x tra k t  h e rg este llt u n d  d a rau s  a u f  D E A E -Zellu losesäule eine ko llagenfre ie  
F ra k tio n  gew onnen. M it d ieser F ra k tio n  w urden  K a n in ch e n  im m unisiert. Die n ich t-k o llag en e  
P ro te in fra k tio n  (N C P) h a tte  m it dem  ih r gegenüber e rze u g te n  Im m unserum  bei d em  D oppel
d iffusio n sv erfah ren  a u f  A garose u n d  bei de r Im m u n e lek tro p h o rese  zwei P rä z ip ita tio n sb ö g e n  
e rgeben .

N ach  D ekalz in ierung  m it 10% iger E D T A -L ö su n g  (bei pH  7,4) w u rd en  a n  frischen , 
frisch  lyoph ilisierten  sowie an  drei und  sechs M onate  bei — 20°C gelagerten  K n o c h e n  d irek te  
u n d  in d irek te  im m u nh istochem ische  U n te rsu ch u n g en  d u rch g efü h rt u n d  die A n tig en e  lokali
s ie rt. D en E rgebnissen  n ach  w ird du rch  längere L ag e ru n g  die A n tik ö rp er-B in d u n g sfäh ig k e it 
de r K n o ch en stü ck e  e tw as g este igert, w ährend  sie d u rc h  L yophilisierung h e ra b g e se tz t  w ird. 
Z ur im m u n h isto ch em isch en  U n te rsu ch u n g  der k o rtik a le n  K nochenstücke is t die k a lte  A ceton- 
F ix ie ru n g  am  m eisten  geeignet.
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АНТИГЕННОЕ СВОЙСТВО КОСТНОЙ ТКАНИ I. ИММУНОЛОГИЧЕСКОЕ 
ИССЛЕДОВАНИЕ НЕ-КОЛЛАГЕННЫХ БЕЛКОВ КОРКОВОГО ВЕЩЕСТВА 

КОСТЕЙ КРУПНОГО РОГАТОГО СКОТА

Т . Г Л А Н Т ,  Ч .  Х А Д П А З И , Л .  Б О Р Д А Н  и  Ш . Х А Р М А Т И

Из муки коркового вещества костей крупного рогатого скота авторы приготовили 
при помощи раствора поваренной соли в 0,15 М вытяжку, из которой на столбе ДЕАЕ- 
целлюлозы была получена фракция без коллагена. С этой фракцией они иммунизировали 
кроликов. Не-коллагеновая белковая фракция (NCP) дала с иммунной сывороткой (об
разованной против нее) при двойной диффузии на агарозе и при иммуноэлетрофорезе две 
дуги преципитации.

После декальцинации в 10%-ом растворе ЭДТА (при pH 7,4) на свежих, на лиофили- 
зированных в свежем виде костях, а также на костях, хранившихся в течение трех или 
шести месяцев при температуре в —20 °С, проводили непосредственные и косвенные им- 
муногистохимические исследования и локализовали антигены. На основе наблюдений авто
ров более длительным хранением до некоторой степени повышается способность костей 
к связыванию противотел, в то время как лиофилизация понижает эту способность. Для 
иммуногистохимического исследования корковых кусков костей наиболее подходящим 
методом является холодная фиксация в ацетоне.

D r. T ib o r G la n t  
D r. C saba H a d h Ázy  
D r. L ászló  B o r d á n  
D r. S án d o r H a r m a t i

D O T E  A n ató m ia i, S zö v e t- és F e jlő d és tan i In té z e t  
4012-D ebrecen, P f. 14 ., H u n g a ry
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MORPHOLOGICAL AND HISTOCHEMICAL CHANGES OF 
ULTIMOBRANCHIAL FOLLICLES OF THE RAT THYROID 

IN THE COURSE OF POSTNATAL LIFE

M. P etk ó *

(R eceived  F eb ru a ry  21, 1975)

M orphological a n d  h istochem ical changes o f u ltim o b ran c liia l follicles o f the  
th y ro id  have been  in v es tig a te d  in ra ts  from  n ew b o rn  to  18 m o n th s  o f  age.

T he f irs t w ell-de lim ited  u ltim o b ran ch ia l follicles, th o u g h  w ith  no lum en, were 
d e tec ted  in th e  th y ro id  g lan d  o f 10-day-old ra ts .  A t 30 d ay s o f age, follicles possessing 
regu lar lu m ina  w ere p re se n t in th e  th y ro id . W ith  age, th e  follicles g rad u a lly  increased  
in  volum e assum ing  ex tre m e  dim ensions in a d u lt  age. T he follicles d isp layed  v a ry in g  
shapes from  sim ple cy sts  to  b izarre  form s. F ro m  th e  age of 50 d ay s th e  cells o f the 
fo llicu lar wall a re  se p a ra te d  fro m  th e  cell debris c o n ta in ed  in th e  lum en. T he la t te r  gave 
a PA S positive re ac tio n . T h e  cells o f th e  u ltim o b ran c h ia l follicles d id  n o t ex h ib it a rgyro- 
philia  and  m eta ch ro m as ia  show ing th a t  th ey  d iffer co n sid erab ly  from  th e  C-cells like
wise o f u ltim o b ran c h ia l o rig in , w hich  are know n to  give m ark ed  argyroph ilic  and  m eta- 
ch rom atic  reac tio n s.

Introduction

In  m am m als, th e  th y ro id  g land has a doub le  em b ry o n ic  origin.
One p a r t  o f th e  g lan d  is derived  from  a v e n tra l  o u tg ro w th  of th e  floo r of 

th e  p h a ry n x , while th e  o th e r  p a r t  develops from  th e  u ltim o b ran ch ia l body  [15, 
18, 23] .  T hough th is  h as  long  been  know n, th e  fa c t  t h a t  th e  h isto log ical s tru c 
tu re  o f th e  th y ro id  is n o t u n ifo rm , has only  re c e n tly  been  recognized . N o n id e z  
[11] d e m o n s tra te d  t h a t  in  ad d itio n  to  the fo llicu la r ep ith e liu m  th e  th y ro id  p os
sesses a “ second fo llicu la r e p ith e liu m ” . I t  has b een  show n th a t  th is  e p ith e 
lium  produces ca lc ito n in , a horm one in fluencing  ca lc ium  hom eostasis  [1, 7, 9].  
On th e  basis o f th e ir  c a lc ito n in  p roducing  c a p a c ity , th ese  cells w ere te rm e d  
C-cells [4, 12]. A  second  k in d  of follicle has also  been  fo u n d  in th e  th y ro id . 
T his k in d  has a d iffe ren t s tru c tu re  and  has been  te rm e d  p o s tn a ta l  u ltim o b ra n 
ch ial follicle b y  V a n  D y k e  [19, 20] who was th e  f i r s t  to  describe i t  an d  assum ed 
its  u ltim o b ran ch ia l o rig in . N um erous s tud ies w ere ca rried  o u t on  th e  origin 
[22],  m orphology  an d  u ltr a s tru c tu re  [2, 3, 22 ] ,  of th e  u ltim o b ran ch ia l follicle.

A ccording to  th e se  s tu d ies , th e  u ltim o b ra n c h ia l (U B ) follicle is a c y s t
like or tube-like  fo rm a tio n  v a ry in g  in  shape , com posed  o f u ltim o b ran ch ia l (U)

* P resen t address : I n s t i tu te  o f A n a to m y , H isto lo g y  an d  E m b ry o lo g y , U n iv ersity  
M edical School, D ebrecen (H u n g a ry ).
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cells [10]. In  the lum en o f th e  tu b e  o r cyst, cell debris an d  an  ace llu la r am orphous 
s u b s ta n c e  can be found , w h ile  th e  w all is m ade u p  o f U -cells o f tw o  d iffe ren t 
ty p e s .  T h e  o u te r Avail of th e  fo llicle consists of severa l layers of f la t te n e d  “ basal 
U -c e lls”  ch arac terized  b y  n u m e ro u s  desm osom es an d  dense c lu s te rs  o f tono- 
f ib r ils .  T h e  cells cover ea c h  o th e r  on ion-like. T he “ ap ical U -cells”  lin in g  th e  
fo ll ic u la r  lum en in a single la y e r , are u su a lly  f la t , som etim es cu b o id a l o r co lum 
n a r  in  fo rm , having  sh o rt m icro v illi in c o n ta c t w ith  th e  lu m en . A ccording 
to  N è v e  an d  W ollm a n  [1 0 ] th e  genera l p ro p ertie s  an d  ce llu la r s tru c tu re  of 
th e  u ltim o b ra n c h ia l follicles are  sim ilar a t  all ages, th o u g h  d iffe ren t in  size. 
T h e  n u m b e r  and volum e o f fo llicles w ith in  th e  lobes increase w ith  age.

T h e  aim  of th e  p re s e n t w ork  w as to  s tu d y  th e  m orpho log ica l a n d  histo- 
c h e m ic a l changes of th e  p o s tn a ta l  u ltim o b ran ch ia l follicles, an d  to  in v es tig a te  
th e  h is to ch em ica l d ifferences e x is tin g  betw een  th e  U-cells an d  C-cells also of 
u l t im o b ra n c h ia l origin.

Material and methods

W is ta r  ra ts  of b o th  sexes w ere  u sed  in th e  s tu d y . T h y ro id  g lands w ere o b ta in e d  from  
n e w b o rn , 10, 30, 50, 70, an d  120-day-o ld  ra ts . One age group  com prised  5 r a ts  o f  e ith e r sex 
fro m  th e  sam e litte r. U n d er p e n to b a rb ita l  anaesth es ia , th e  th y ro id  w as excised , one of the 
lo b es w a s  rem oved  and fix ed  in  a  m ix tu re  o f g lu ta ra ld eh y d e-p icric  ac id -ace tic  acid  (G PA ) 
fo r 24 h o u rs . T h is was follow ed b y  em b ed d in g  in p a ra ffin  a n d  serial sec tion ing  (7 fi). T he series 
o f  s e c tio n s  p rep ared  from  each  lobe  w ere d iv ided  in  th ree  g roups so th a t  each  th ird  section  was 
in c lu d e d  in  a separate  group. T h e  sec tions were used  for th e  follow ing h is to ch em ica l reactions:
— S ilv e r im p reg n a tio n  acco rd ing  to  D e  G r a n d i [6].
— H y d ro ly s is  w ith 1 n  h y d ro c h lo ric  acid  a t  60°C for 6 h r  acco rd ing  to  S o lcia  an d  Sam- 

p ie t r o  [16], followed b y  s ta in in g  w ith  0 ,01%  1 : 9 -d im eth y lm eth y len e  b lue  a t  p H  5.4 
in  M c llw a in e  buffer.

— P A S  re a c tio n  th a t  in som e cases w as p receded  b y  d igestion  w ith  saliva.

Results

I n  th e  newborn rat no  u ltim o b ra n c h ia l cells could be d if fe re n tia te d  from  
th e  th y ro id  tissue b y  an y  o f  th e  reac tio n s  em ployed .

A t  10 days o f  age w ell c ircum scribed  u ltim o b ran ch ia l cell g roups were 
d e te c te d  in  the  cen tra l a rea  o f  th e  lobe (F igs 1 an d  2). T he cells w ere oval in 
sh a p e  a n d  localized in g ro u p s . N o lu m in a  su rro u n d ed  b y  cells cou ld  be no ted . 
T h e  cells did no t e x h ib it a rg y ro p h ilia  a n d  m e tach ro m asia  a n d  th e ir  PAS 
r e a c t io n  w as negative.

A t 30 days o f age th e  a re a  occupied  by  U-cells w as m uch  la rg e r  th a n  in 
th e  p re v io u s  stage. The cells b o u n d in g  a lum en  w ere follicle-like in  ap p earan ce  
(F ig . 10). Som etim es sev e ra l follicles close to  each  o th e r could  be n o te d  (Fig. 
11). T h e  lum ina  of th e  fo llicles co n ta in ed  d eg en era ted  cells a n d  cell debris 
y ie ld in g  o rthochrom asia  a n d  a po sitiv e  PA S reac tio n . The w all o f th e  follicle 
w as m a d e  up  of cubic or ovo id  cells d isp lay ing  no a rg y ro p h ilia  a n d  m eta-
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Figs 1 — 5 U ltim o b ran ch ia l follicles in th e  r a t  th y ro id , 1 : 9 -d im ethy l-m ethy lene  b lue  s ta in in g  
Fig. 1. 10 days o f  age. Isle t-like  accu m u la tio n s o f U -cells (m arked  w ith  arrow ) in th e  cen tra l 

a rea  o f th e  th y ro id  lobe. M agnification , 4 0 x 6 .3  
Fig. 2. 10-day stage. R u d im e n ta ry  U B  follicle (arrow s). M agnification , 63 х б .З  

Fig. 3. 50-day stage. U B  follicle. M agnification , 4 0 x 6 .3  
Fig. 4. 120-day stage. U ltim o b ran ch ia l process in th e  th y ro id . M agnification , 4 0 x 6 ,3  

F ig. 5. 18-month stage. UB follicle w ith  th in  wall an d  large  am oun ts o f cell d eb ris  in th e  lum en.
M agnification , 6 3 x 6 .3
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F ig s 6 —9 U ltim o b ran ch ia l follicles o f r a t  th y ro id  D e G ra n d i’s silver im p reg n a tio n  
F ig . 6. No a rgyroph ilia  in  UB follicle of 50-day-old  r a t .  In  th e  v ic in ity , a few a rg y ro p h ilic  

C-cells a re  visible. M agnification , 2 5 x 6 .3
F ig . 7. In  th e  70-day-old  r a t  th e  U B  follicle is e x tre m e ly  larg e . No a rgyroph ilia  is p re sen t.

M agnification , 10 X 6.3
F ig . 8. In  th e  120-day-old  r a t  th e  UB follicles e x h ib it no a rg y ro p h ilia . In  th e  v ic in ity , m an y  

a rg y ro p h ilic  C-cells. M agn ification , 2 5 x 6 .3
F ig . 9. T h y ro id  g land  o f 120-day-old  ra t.  One large U B  follicle an d  m an y  sm all ones (m ark ed  

w ith  a rro w s) in  th e  en v iro n m en t. M ag n ification , 1 0 x 6 .3
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F igs 10 14 U ltim o b ran ch ia l follicles o f r a t  th y ro id . PAS reac tio n
F ig . 10. A t 30 days o f  age th e  U B  follicles co n ta in  lu m in a  filled w ith PAS p o s titiv e  cell debris.

T he cells o f th e  fo llicu lar wall are PA S n e g a tiv e . M agnification , 4 0 x 6 .3  
Fig. 11. T h y ro id  g land  of 30-day-old rat. Two U B  follicles w ith  lum ina co n ta in in g  colloid-like 
substance  an d  PA S po sitiv e  cell debris. T he cells o f  th e  follicular wall are PA S n eg ativ e .

M agnification , 6 3 x 6 .3
Fig. 12. A t 50 days o f  age th e  lum en of th e  U B  follicle is filled w ith  a PAS p ositive  m ass and 
cell frag m en ts . Some of th e  cells in the  follicular w all e x h ib it  a m o d era te  PAS p o sitiv e  reac tio n

(arrow s). M agn ification , 4 0 x 6 .3
Fig. 13. A t 70 days o f  age th e  lum en of the  UB follicle co n ta in s PAS positive d eg en e ra tin g  

cells an d  cell frag m en ts . No reac tion  in th e  fo llicu la r wall. M agnification, 25 X 6.3 
Fig. 14. A t 120 days o f  age th e  m ass in the  lum en o f th e  U B  follicle is PAS p o sitive . T h e  cells 

o f th e  wall are PAS negative . M agn ification , 2 5 x 6 .3
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c h ro m a s ia  an d  no PAS re a c tio n . In  one sec tio n  an  UB follicle w as d e te c te d  
on th e  su rface  of the  th y ro id  lobe, in th e  im m ed ia te  v ic in ity  o f th e  th y ro id  
a n d  p a ra th y ro id  gland from  w hich  u ltim o b ra n c h ia l processes p e n e tra te d  in to  
th e  p a ra th y ro id  gland (F ig . 15).

A t 50 days o f age la rg e  U B  follicles w ere v isib le  (Fig. 3). The cell d eb ris  
in  th e  lu m e n  becam e sh a rp ly  se p a ra te d  from  th e  w all of th e  follicle. S om etim es 
a  s l i t  w as form ed betw een  th e m . The cell d eb ris  in  th e  lum en s ta in e d  o rth o -

F ig . 15. T h y ro id  and p a ra th y ro id  g lands of 30-day-old  r a t  s ta ined  w ith  1 : 9 -d im e th y l- 
m e th y le n e  b lue. M agnification, 25 X 6.3. A t th e  m arg in  of th e  th y ro id  gland (T) an  u l tim o 
b ra n c h ia l  follicle is visible. T he u ltim o b ran c h ia l p rocess conn ec ted  w ith  the  follicle (m ark ed  

w ith  arrow ) p e n e tra te s  in to  th e  su b s tan ce  of th e  p a ra th y ro id  (PT ).

c h ro m a tic a lly , y ield ing a p o s tiv e  PA S re a c tio n  b u t  no argy roph ilia . O ccasion 
a lly , th e  cells form ing th e  fo llicu la r wall also gave a sligh t PA S p o s itiv ity  (F ig . 
12). M o st o f  th e  cells were f la t ,  covering each  o th e r  onion-like. In  th e  v ic in ity  
o f  th e  fo llic les argyrophilic  C-cells w ere o ften  n o te d  (F ig. 6). The follicles th e m 
se lves n e v e r  exh ib ited  a rg y ro p h ilia .

A t 70 days o f age p a t te r n  w as th e  s im ila r as p rev iously , b u t  a t  th is  age 
th e  U B  follicles assum ed e x tre m e  sizes (F ig . 7). T he cen tra l cell d eb ris  ex 
h ib i te d  m a rk e d  o rth o ch ro m asia  and  PAS p o s it iv i ty  (Fig. 13).

A t 120 days o f age, in  a d d itio n  to  large U B  follicles sim ilar as th o se  seen 
a t  70 d a y s  (Fig. 8), tu b e -lik e  fo rm atio n s (F ig . 4) w ere also p resen t. In  th e ir  
v ic in i ty ,  num erous sm all fo llicles w ere n o ted  (F ig . 9.); th e y  were p ro b a b ly  th e  
se c tio n s  o f  con to rted  tu b e -lik e  or b iza rre -sh ap ed  follicles.
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A t 18 m onth o f  age th e  UB follicles w ere e x tre m e ly  large (F ig . 5) c o n ta in 
ing  m an y  d e sq u a m a te d  cells, dead  cells an d  fra g m e n ts . T hese cells giv ing a 
p o sitiv e  PAS re a c tio n  an d  m ark ed  o rth o ch ro m asia , w ere alw ays well d iffer
e n tiab le  from  th e  fo llicu la r w all from  w hich  th e y  w ere o ften  se p a ra te d  b y  a 
s lit. No a rg y ro p h ilia  an d  m etach ro m asia  could be n o te d  in  these  cells.

The PA S re a c tio n  perfo rm ed  a fte r  d igestio n  w ith  sa liva  w as som ew hat 
less positive in  all age groups b ey o n d  30 days.

Discussion

In  ra ts  th e  u ltim o b ran ch ia l b o d y  m ig ra tes  to  th e  anlage o f th e  th y ro id  
on th e  16th d ay  o f em bryon ic  life [17, 21]. A cco rd ing  to  our re su lts  on th e  
10 th  day  of p o s tn a ta l  life, some of th e  U-cells m ig ra te d  in  th e  th y ro id  anlage 
are  still located  as a hom ogeneous isle t in  th e  c e n tra l p a r t  o f th e  lobe. These 
cells do no t su rro u n d  a lum en, d isp lay  no d iffe re n tia tio n  in to  basa l an d  apical 
ty p e s  and do n o t e x h ib it  e ith e r a rg y ro p h ilia  or m e tach ro m asia , or PA S p osi
t iv i ty .  Most p ro b a b ly , th is  cell isle t is th e  site  w here  th e  U B  follicles arise. The 
cells o f the UB follicles becom e m ore and  m ore f la t te n e d  show ing an  onion-like 
s tru c tu re . In  th e  in te rio r , th e  cells undergo  d eg en e ra tio n  an d  d esq u am ate  
in to  th e  lum en o f th e  follicle. O th e r cells o f th e  u ltim o b ra n c h ia l bo d y  sc a tte r  
in  th e  th y ro id  to  becom e th ere  p ara fo llicu lar, o r C-cells [8, 13].

A t 30 days o f age th e  ra t  th y ro id  was fo u n d  to  co n ta in  reg u la r U B  fo lli
cles w ith  lu m in a  co n ta in in g  PA S positive  cell d eb ris . A t th is  tim e  th e  w all of 
th e  follicle is m ad e  u p  of basal ( f la tten ed ) an d  ap ica l (ovoidal) cells d isp lay ing  
no  PA S p o s itiv ity . In  one case we have n o te d  in  a 30 day s old r a t  th a t  th e  UB 
follicle was lo c a te d  be tw een  the  th y ro id  an d  th e  p a ra th y ro id  ex ten d in g  p ro 
cesses in to  th e  l a t t e r  g land (Fig. 15). This o b se rv a tio n  is co n sis ten t w ith  th e  
re su lts  of Go l d s t e i n  an d  W h ite  [5] th a t  an lages m ig ra te  from  th e  u ltim o 
b ran ch ia l pouch  to  th e  p a ra th y ro id  and  th y m u s  w here even  secre tion  occurs. 
W ollman an d  N è v e  [22] often  observed  U B  follicles on th e  surface of th e  
th y ro id . The U B  follicles show a g rad u a l increase  w ith  age, occasionally  a t ta in 
ing  ex trem e d im ensions. The la rg est follicles w ere  n o te d  in th e  th y ro id  g lands 
o f  anim als 18 m o n th  of age. The follicles w ere v a riab le  in shape , som etim es 
a p p ea rin g  as c y s ts  o r narrow  tu b e-lik e  fo rm a tio n s . In  some cases a cen tra l 
la rge  cyst was p re se n t w ith  sm all, bud-like  c y s ts  d e tach ed  from  its  Avail (F ig. 
9). W ollman  a n d  N è ve  also described  follicles c o n ta in in g  rod-like s tru c tu re s  
an d  ep ithelia l p ea rls . O ur find ings were s im ila r to , or id en tica l w ith , those  
described  by  th e  a u th o rs  quo ted .

From  50 d ay s  of age, the  cells of th e  fo llicu la r w all are se p a ra te d  b y  a 
s lit from  the  m ass filling  th e  lum en . T his is v isib le  up  to  18 m o n th  of age. The 
fa c t th a t  it m ay  be an  a rte fa c t, c an n o t be ex c lu d ed .
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N è v e  and  W o l l m a n  [10] n o te d  m ixed  follicles co n ta in in g  b o th  th y ro id  
fo ll ic u la r  ep ithe lium  an d  U -cells in  th e  th y ro id  g land  of r a ts  o f a ll ages. In  
o u r  m a te r ia l  we have n o t o b se rv e d  m ixed  follicles, b u t  we used  W is ta r  ra ts , 
w h e re a s  N è v e  and  W o l l m a n  w o rk ed  w ith  F isch er ra ts . W e have  n e v e r  n o te d  
a rg y ro p h il ia  and  m e ta c h ro in a s ia  in  th e  U B  follicles w hich  show s t h a t  th e  fo lli
c u la r  cells have defin ite ly  d if fe re n tia te d  from  th e  C-cells likew ise o f  u ltim o- 
b ra n c h ia l  origin (the la t te r  cells a lw ays e x h ib ite d  m ark ed  a rg y ro p h ilic  an d  
m e ta c h ro m a tic  reactions). T h u s , th e  u ltim o b ran ch ia l bodies m ig ra tin g  to  th e  
a n la g e  o f  th e  th y ro id  c a rry  tw o  ty p e s  o f cells: C- an d  U-cells p la y  an  im p o r ta n t  
p a r t  in  ca lc ito n in  p ro d u c tio n , w hile  th e  cells com posing th e  U B  follicles g ra d u 
a lly  d e g e n e ra te  and  n ec ro tize . T h e  fu n c tio n  o f these  cells is u n k n o w n .

I t  appears th a t  g ly co p ro te in s  are responsib le  fo r th e  PA S p o sitiv e  reac 
t io n  y ie ld e d  by the d eg e n e ra tin g  an d  necro tiz in g  cells and  cell fra g m e n ts  in  
th e  lu m e n  of the  UB follicles. E lu c id a tio n  of th is  questio n  needs fu r th e r  in 
v e s t ig a tio n s .
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D IE  M O R P H O L O G IS C H E N  UN D  H IS T O C H E M IS C H E N  V E R Ä N D E R U N G E N  D E S 
P O ST N A T A L E N  U L T IM O B R A N C H IA L E N  F O L L IK U L U S  IN  D E R  R A T T E N S C H IL D 

D R Ü S E  W A H R E N D  D E S  PO ST N A T A L E N  L E B E N S

M. PETKÓ

E s w urden die m orpholog ischen  u n d  h is to ch em isch en  V erän d e ru n g en  de r u ltiino- 
b ra n ch ia le n  Follikuli in R a tte n sc h ild d rü se n  w äh ren d  des p o s tn a ta le n  L ebens, von der G eburt 
bis zum  18. M onat, u n te rsu c h t.

In  den S ch ildd rüsen  von  10 Tage a lte n  T ieren  gelang es zum  e rsten  M al g u t um schriebene  
u ltim o b ran ch ia le  Z ellen g ru p p en  zu fin d en , die den L u m en  n och  n ic h t um fassten . Im  A lter 
v o n  30 T agen e n ts ta n d e n  b e re its  die u ltirn o b ran ch ia len  F o lliku li m it e inem  L um en. Ih r  V olu
m en n a h m  m it dem  A lte r  der T iere zu, u n d  hei a lten  T ie ren  k am en  riesige Follikuli zu stande . 
Die Follikuliform en ze ig ten  sich, angefangen  von e in fachen  Z y sten  bis zu den b iza rren  F o rm en , 
als au sse ro rden tlich  v a r ia b e l;  die W andzellen  u n d  die Z e lltrü m m er im  L um en  tre n n te n  sich 
v o n  SOtägigen A lter an . D ie L um en ze lltrü m m er e rg ab en  eine P A S -R eak tio n . Die Zellen der 
u ltirn o b ran ch ia len  F o llik u li ergaben  nie eine a rgy roph ile  u n d  m etach ro m atisch e  R eak tio n , 
w as d a ra u fh in w e is t,  d ass sie sich von den C-Zellen von  eben fa lls  u ltim o b ran ch ia lem  U rsp rung , 
die g u te  solche R eak tio n en  ergaben, u n tersch e id en .

МОРФОЛОГИЧЕСКИЕ И ГИСТОХИМИЧЕСКИЕ ИЗМЕНЕНИЯ ПОСЛЕРОДОВОГО 
УЛТИМОЖАВЕРНОГО ФОЛЛИКУЛА ЩИТОВИДНОЙ ЖЕЛЕЗЫ У КРЫС В 

ТЕЧЕНИЕ ПОСЛЕРОДОВОЙ ЖИЗНИ

М. ПЕТКО

Морфологические и гистологические изменения ултиможаберного фолликула щито
видной железы было исследовано в течение послеродовой жизни с новорожденного до 
восемнадцатимесяцного возраста.

Обнаруживались хорошо описанные ултиможаберные группы клеток сперва в 
щитовидной железе десятидневного животного не образующие просвет. В тридцати днев- 
нем возрасте уже видны ултиможаберные фолликулы имеющие просветом. Постепенно 
с возрастом увеличивалось их объем, в пожилом возрасте огромные фолликулы образова
лись. Обнаруживались разнообразные формы фолликула с простой кистой по странным 
видам. С 50-и дневного возраста пристеночные клетки и детрит клеток в просвете отделя
ются.

В просвете клеточный детрит дает реакцию ПАШ-а. Клетки ултиможаберного фол
ликула некогда не дают реакции аргирофилии и метакромазии, изображая различие от 
других ултиможаберных клеток »Ц« хорошо дающих эти реакции.

D r. M ihály P e t k ó , D O TE A n a tó m ia i, S zövet- és F e jlő d és tan i In té z e t,
H-4012 D ebrecen , P f. 14. H u n g a ry
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F irs t D e p a r tm e n t o f A n a to m y , H isto logy  an d  E m brio logy ,
Sem m elw eis U n iv ersity  M edical School, B u d ap es t

THE ARTERIAL AND VENOUS BLOOD SUPPLY OF THE 
SEPTUM PELLUC1DUM IN THE RAT

G. A m b a c h , S. H o rváth  and M. P alicovits 

(R eceived M ay 13, 1975)

The a r te r ia l  a n d  venous system s of th e  r a t ’s se p tu m  p e lluc idum  has been  stud ied  
b y  m eans of th e  p e rfusion  tech n iq u e . T he a rte rie s  m ay  be classified in to  th ree  groups. 
T he b ranches o f each  o f th e  th ree  groups o rig in a te  fro m  th e  a. h em isp h erica  and  e n te r  
th e  sep tum  fro m  th e  f ro n ta l d irec tion . T he ve ins m ay  be d iv ided  in to  an  an te rio r  and 
a posterio r g ro u p . T he an te rio r  veins flow th ro u g h  th e  v. subcallosa  in to  th e  sinus 
cavernosus, th e  p o s te rio r  veins in to  v. cerebri m agna . T he a rte ria l a n d  venous blood 
su p p ly  of th e  in d iv id u a l nuclei of th e  sep tu m  are c o m p ar in d ep en d en t.

T he sep tu m  p e llu c id u m  is a well developed  o rgan  in th e  r a t  con ta in ing  
n u m ero u s  groups of n u c le i [P alicovits, H o rváth  in  p re p a ra tio n ] . F o rm ing  
p a r t  o f th e  lim bic sy s tem , th e  sep tu m  is an a to m ica lly  as w ell as fu n c tio n a lly  
co nnec ted  w ith  b o th  th e  h y p o th a lam u s an d  th e  o th e r  p a r ts  o f th e  lim bic 
sy stem  an d  specially  w ith  th e  h ippocam pus.

In  recen t y e a rs , an  increasing  n u m b er o f e x p e rim e n ta l in te rv en tio n s  
(lesion, in p la n ta tio n , f ib e r  tra n se c tio n ) has heen  p erfo rm ed  in  th is  reg ion , b u t  
th e  de ta ils  of th e  an g io a rc h ite c tu re  of th e  se p tu m  have n o t  b een  de tec ted . 
U tiliz in g  th e  re c e n tly  e la b o ra te d  double In d ia n  in k  perfu sio n  tech n iq u e  [1], 
th e  a rte rie s  and  vein s  o f th e  sep tu m  in th e  a d u lt r a t  were m ap p ed .

M aterials and  m ethods

In  50 ra ts  o f 150 to  200 g body  w eigh t such In d ia n  in k  perfusion  b lood  vessel p rep a 
ra tio n s  were p ro d u ced , w here  th e  a rte rie s  were filled w ith  red , th e  veins w ith  b lue  [1]. In to  the 
a o rta  o f th e  ra ts  a n ae s th e tize d  w ith  p e n to b a rb ita l, b lue  R o trin g  In d ia n  in k  w as in jec ted  u n til 
th e  dye h ad  app eared  in th e  r ig h t a tr iu m ; su b seq u en tly  th e  a rte rie s  w ere filled  w ith  red  R o t
rin g  In d ia n  ink c o n ta in in g  5 to  7%  gela tin . The b ra in s  w ere fix ed  in 8 %  fo rm ald eh y d e  for 10 
d ays, th e n  th ey  were w ork ed  tip p a r tly  for m acroscopic p re p a ra tio n s , p a r tly  fo r 500 [i th ick  
fro n ta l or sag itta l serial sections. A fter alcoholic d eh y d ra tio n  th e  sections were c leared  in xylene. 
E x clu siv e ly  a rte ria l fillings w ith  ge la tinous red  In d ia n  ink  w ere also perfo rm ed .

R esults
Л rteries

On th e  b asa l su rface  of th e  b ra in , 1600— 2000 p  la te ra lly  from  th e  m id 
line, th e  a. caro tis  in te rn a  runs fo rw ard  an d  d iv ides 1000— 1200 ft b eh in d  the  
b reg m a  into th e  a. ce reb ri m edia  and  th e  a. ce reb ri a n te r io r  (F ig . 1A) [1, 3].
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I n i t ia l ly ,  the  a. cerebri a n te r io r  ru n s along th e  e x te rn a l low er m arg in  of the  
o p tic  cliiasm a, th e n  a t  500 -700 ft before th e  b reg m a [»lane it  ascends g rad u a lly  
o v e r  th e  optic nerve a n d  co n tin u es  its  course in  th e  fissure  lo n g itu d in á lis  
c e re b r i  (Fig. IB ). T he a. o lp lia c to ria  tak es  from  it  its  o rig in  a t  700—900 ft 
b e fo re  th e  bregm a line a n d  ru n s  in v e n tra l d irec tio n  in to  th e  n asa l cav ity . 
T h e n  th e  b ila te ra lly  ru n n in g  aa . cerebri an te rio res  are u n ite d  a t  an  acu te  angle 
in  tb e  m idline, form ing a sing le  vessel, th e  a. hem ispherica. (This is also called 
as a n te r io r  cerebral t r u n k  [4] or com m on a n te r io r  tru n k  [6 ].)T h e  a. hem i- 
sp lie r ic a  then  form s a s te e p  a rc h  up w ard  to  th e  genu  corporis callosi (Figs 
I B ,  2 A) to  run  from  th e re  on  th e  ex te rn a l su rface  o f th e  co rpus callosum  in 
th e  m ed ian -sag itta l p lan e  b a c k w a rd  to  th e  re a r  en d  of th e  sp lén ium  corporis 
c a llo s i, d ividing again  in to  tw o  b ran ch es and su p p ly in g  th e  m ed ian  w alls of 
th e  hem ispheres, th e  c o n v e x  surface of th e  b ra in  it  anasto m o ses w ith  the  
b ra n c h e s  of the a. c e re b ri m ed ia  (F ig . IB ). T he te rm in a l b ran ch es  form  
a n a s to m o se s  w ith th e  a. c e reb ri poste rio r as well as w ith  th e  an te rio r 
b ra n c h e s  of the choroid p le x u s  o f th e  th ird  and  la te ra l  v en tric les.

F ro m  the section  o f th e  a. hem ispherica  below  th e  corpus ca llosum  orig i
n a te  th e  arteries su p p ly in g  se p tu m  pellucidum  th e y  e n te r  i t  su b stan ce  from  the  
a n te r io r  and  inferior d ire c tio n s  (F igs IB , IC, 2A).

T h e  sep tal a rte rie s  m a y  be classified in to  th re e  g roups (T able I).
1. The firs t g roup  in c lu d es  th e  artéria infracallosa  an d  its  b ran ch es . The 

a . in fraca llo sa  tak es  its  o rig in  from  th e  a. h em isp h erica  d ire c tly  before  th e  
g e n u  corporis callosi, 1800—2000 ft orally  from  th e  b reg m a p lan e . T h en  it 
m a k e s  a tu rn  a round  th e  g en u  corporis callosi, d iv id ing  below  i t  in to  tw o 
b ra n c h e s  and  takes its  co u rse  b ack w ard s n ea r th e  m id line. I t  supp lies th e  
a n te r io r  tw o-th irds o f th e  m ed ian  up p er reg ion  o f th e  sep tu m . F re q u e n tly , 
a b o u t  1000 ft before th e  b re g m a  th e  a. in fraca llo sa  gives a b ra n c h  ru n n in g  
la te r a l ly ,  th a t  p a r tic ip a te s  in  th e  blood su p p ly  of th e  u p p e r la te ra l  th ird  
o f  th e  sep tum  (Fig. 2A).

2. The second g ro u p  is fo rm ed  b y  th e  b ra n c h e s  of s tr in g  t ru n k , th e  a.
subcallosa. The m ost a. su b c a llo sa  o rig inates from  th e  a. h em isp h erica  a t  2000— 
2200 ft before the  b reg m a  p la n e  (F ig . 2A), th e n  i t  ru n s  u p w ard  an d  b ack w ard  
to  tb e  reg ion  below th e  c o rp u s  callosum . In  its  s lig h tly  w ind ing  course i t  gives 
4 to  7 b ranches from  th e  f ro n t  to  the  sep tu m . I t s  u p p e rm o st b ra n c h , th e  a. 
sep ta lis  superior o r ig in a te s  be low  th e  genu corporis  callosi, 1400 1500 ft
b e fo re  th e  bregm a. I t  ru n s  c a u d a lly  n ear th e  m e d ia n -sa g itta l p lane  below  th e  
a. in fraca llo sa  para lle l to  th e  la t te r  (Fig. 2A). T he sh o rt b ran ch es of th is  sec
t io n ,  th e  rami minores anteriores  divide in  th e  m ed ian  u p p e r p a r t  o f th e  sep 
tu m . A t 900 to  1000 ft b efo re  th e  b reg m a line th e  a. sep ta lis  su p erio r tu rn s  g rad 
u a l ly  u p w ard  and its  2 to  3 te rm in a l b ran ch es , th e  rr. m inores posteriores 
s u p p ly  beh ind  the d iv id in g  a re a  o f  th e  a. in fraca llo sa , th e  m ed ian  u p p e r sep ta l 
re g io n  d irec tly  ro stra l to  a b o u t  900 ft before th e  b reg m a  a s tro n g  b ra n c h , the
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Fig. 7. Л . D ev elo p m en t o f th e  a. hem ispherica  on th e  hase  o f th e  b ra in ; B. The a. h e m isp h e rica  
and  its  se p ta l b ranches. S ag itta l p re p a ra tio n ; C. T h e  a. hem isp h erica  and its sep ta l b ran ch es . 
500 ft th ic k  sa g itta l section ; D . A. sep talis la te ra lis  superio r. 500 ft th ick  fro n ta l sec tio n ; N u m 

bering  of vessels: See Table I. A b b rev ia tio n s : See te x t
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a. septalis lateralis superior  m akes a la te ra l tu rn , su p p ly in g  w ith  2 to  3 branches 
th e  la te ra l superio r reg ion  of th e  poste rio r tw o -th ird s  o f th e  sep tu m . This 
a r te ry  is well visib le on sec tions in th e  fro n ta l p lan e  (F ig . ID ). F ro m  the  a. 
subca llo sa , below  th e  a . sep ta lis  superio r, 3 to  5 p a ra lle l th in  a rte rie s  tak e  
th e ir  o rig in ; these  are th e  aa. septales mediales w hich  e n te r  th e  s e p tu m  from  the  
fro n ta l d irection  an d  su p p ly  th e  cen tra l and  low er th ird s  o f th e  a n te r io r  m edial 
p a r t  o f th e  sep tu m  (F ig . 2A).

3. The th ird  g roup  is fo rm ed  b y  3 to  6 a rte rie s  d iv erg in g  fan-like  (aa. 
septales laterales in feriores);  th e y  o rig ina te  from  th e  a. ce reb ri a n te r io r  or from  
th e  in itia l section  of th e  a. hem ispherica , 800 1000 p  before  th e  b reg m a (Fig.
2A). T hese vessels e n te r  from  below  in to  th e  su b stan ce  o f th e  sep tu m  and  
b ra n c h  off la te ra lly  th ro u g h o u t th e  en tire  len g th  o f th e  se p tu m . One of these 
a rte rie s , th e  a. subcom m issuralis m edialis  ru n s b a c k w a rd  an d  u p w a rd  in the  
m e d ian -sag itta l p lane , encircles th e  cen tra l p a r t  of th e  co m m issu ra  an te rio r 
an d  supplies th e  m ed ian  in fe rio r sep ta l reg ion  over th e  co m m issu ra  an te rio r
(F ig . 2A).

Veins

In  c o n tra s t to  th e  a rte ria l su p p ly  th e  venous d ra in ag e  o f  th e  sep tum  is 
tw o -d irec tio n a l : th e  a n te r io r  g roup  flow s in to  th e  sinus cav ern o su s and  the  
p o s te rio r  group d ra in s  th e  b lood  in to  th e  v . G aleni (F ig . ЗА ; T ab le  I I ) .

T he veins o f th e  s e p ta l region before th e  com m issura  a n te r io r  are  collect
ed in to  an  im p o rta n t ven o u s t ru n k , th e  v . subcallo sa  (F igs. ЗА , 3B , 4A). This 
fo rm s num erous an astom oses w ith  th e  veins ru n n in g  dow nw ard  from  th e  cortex . 
In  th is  w ay  below  th e  co rpus callosum , along th e  a. h em isp h e rica , a venous 
p lexus in fracallosus is fo rm ed  (F ig. 3B). The v . subcallo sa  is co nnec ted  b ack 
w ard  over th e  n . o p ticu s  w ith  th e  v . p erio p tica  an d  b y  a s tro n g e r  b ra n c h  ru n 
n ing  in  fro n ta l d irec tio n  w ith  sinus cavernosus.

1. The u p p e r ve in  o f th e  a n te rio r  group , th e  v. infracallosa  o rig in a tes  w ith 
sm all b ranches below  th e  co rpus callosum . I t  ru n s  fo rw ard  n e a r  th e  m idline, 
th e n  flow s in to  th e  v . subcallosa  or th e  u p p e r o f th e  p lex u s in fracallosus.

I t  d ra ins th e  ven o u s b lood  of th e  m ed ian  u p p e r  th ird  of th e  sep tum . 
T he collecting  a rea  of th e  vein  corresponds m o stly  to  th e  su p p ly in g  region 
o f th e  a. in fracallosa  (F igs 3B , 4A). The veins o rig in a tin g  a t  300 400 ц  before
th e  b reg m a p lane from  th e  dorsal and  m edian  th ird s  o f th e  se p tu m  (vv . septales 
an te rio res  superiores) ru n  fo rw ard  for ab o u t 1000 1200 /t, th e n  flow  in to  th e  v.
subcallosa . These veins co llect th e  b lood  from  th e  a n te r io r  tw o -th ird s  of the  
su p p ly in g  region of th e  a. sep ta lis  superio r (F ig . 4A).

From  th e  la te ra l  an d  in fe rio r p a r t  of th e  fro n ta l tw o -th ird s  o f th e  sep tum , 
5 to  8 veins d ra in  th e  b lood  in to  th e  v . su bca llo sa ; these  are called  the  vv. 
septales mediales an d  laterales. U sually , 3 — 4 m ed ian  an d  2 4 la te ra l veins
m ay  be found . T he m ed ian  veins orig inate  above th e  com m issu ra  an te rio r  and
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F ig . 2. S ch em atic  draw ing of th e  s e p ta l  a rteries. A. S ep ta l a rte rie s  in  th e  sa g itta l p lane;
B . A r te r ie s  o f the  nucleus se p ta lis  do rsa lis , pars in te rm ed ia  an d  nucleus sep ta lis  la te ra lis ;
C. A rte rie s  o f the  nucleus sep ta lis  m ed ia lis  and the  nucleus t r a c tu s  d iagonalis p a rs  septalis;
D . A r te rie s  o f th e  nucleus se p ta lis  fim b ria lis  and nucleus sep ta lis  tr ia n g u la ris . N um bering

of vessels: See T ab le  I. A bbrev ia tions: See te x t

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



B L O O D  S U P P L Y  O F  T H E  S E P T U M  P E L L U C ID U M 139

Fig. 3. M acroscopic an d  m icroscopic p re p a ra tio n s  o f th e  veins d rain ing  th e  se p ta l b lood; 
Л. V. subcallosa and  its  se p ta l b ranches. S ag itta l p re p a ra tio n ;  B. A nterio r veins o f th e  sep tu m . 
S ag itta l p re p a ra tio n ; C. P o ste rio r-su p erio r veins o f  th e  sep tu m . 500 //, th ick  s a g itta l  section ; 
I). P osterio r-in ferio r ve ins o f  th e  sep tum . 500 // th ic k  sa g itta l section; N u m b erin g  o f vessels: 

See T able  11. A b b re v ia tio n s : See te x t
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F ig. 4. Schem atic  rep re se n ta tio n  of th e  se p ta l veins. Л. P rinc ipa l septal veins: d ia g ra m  in the  
sa g itta l  p lan e ; B. V eins o f the  nucleus sep ta lis  d o rsa lis , p a rs in te rm ed ia  an d  n u c leu s  sep ta lis  
la te ra lis ; C. Veins o f  th e  nucleus sep ta lis  m edialis a n d  nucleus trac tu s  d iagonalis ; 1). V eins of 
th e  nucleus sep ta lis  fim bria lis  and  nucleus sep ta lis  trian g u laris . N um bering  o f vessels: See

T able  I I .  A b b re v ia tio n s : See tex t
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t r a n s p o r t  th e  blood from  th e  m edian  and in fe rio r p a r t  of the  fro n ta l tw o - tl i ird s 
of th e  sep tu m ; th e  la te r a l  veins tak e  th e ir  o rig in  from  th e  lower p a r t  o f  th e  
id e n tic a l region and  ru n  to w a rd s  th e  v. subcallo sa . T h ey  are freq u en tly  co llec ted  
in to  a com m on tru n k  a n d  flo w  in to  the  v . su b ca llo sa  (F ig . 4A). These veins are 
f re q u e n tly  overlapp ing  w ith  th e  dorsa l-in ferio r veins.

2. F rom  the  d o rsa l o n e -th ird  of the  s e p tu m  th e  veins are connected  w ith  
th e  a n te r io r  veins o f th e  h ippocam pus and  are  d ra in in g  backw ard  th ro u g h  th e  
v . G alen i. The su p erio r v e in s  ( vv. septales posteriores superiores)  o rig inate  be low  
th e  co rpus callosum  w ith  sev era l sm all b ra n c h e s  fro m  th e  po ste rio r-su p erio r 
o n e -th ird  of the  se p tu m . T h e  orig inating  b ra n c h e s  m ay  be found a t  0 300 p
before th e  bregm a p lan e  in  th e  full w id th  of th e  s e p tu m  (Figs 3C, 4A).

T he inferior ve in s  (vv .  septales posteriores inferiores)  collect th e  b lood  
from  th e  m iddle an d  low er p a r t  of the  p o ste rio r  o n e -th ird  of the  sep tu m  as well 
as from  th e  region b efo re  th e  com m issura a n te r io r  an d  in connection  w ith  th e  
su p e rio r  veins, to g e th e r  w ith  th e  an te rio r ve in s  o f th e  h ippocam pus flow  in to  
th e  v . G aleni (Fig. 3D ).

F req u en tly , th e  v e in s  o f th e  an te rio r an d  p o s te r io r  groups are ov erlap p in g , 
p a r tic u la r ly  in th e  m e d ia n  an d  inferior la te ra l p a r ts  o f th e  sep tum .

Variations

A rteries. In  25% of th e  cases, th e  upper o n e-th ird  o f  th e  a. subcallosa is connected  b y  a 
co m m u n ica tin g  b ran ch  w ith  th e  a. hem ispherica. S o m etim es, in stead  of th e  a. su bca llo sa  
th e  a rte rie s  classified in to  th e  second group o r ig in a te  fro m  th e  a. hem ispherica. In f re 
q u e n tly , th e  b ranches o f th e  th ir d  group orig inate  w ith  one single com m on tru n k  a t  th e  
in itia l sec tion  of th e  a. h e m isp h e rica . The a rte ria l su p p ly  of th e  tw o halves o f th e  se p tu m  
is fre q u e n tly  asym m etrical.

V ein s . In  the  venous sy s te m  o f  th e  septum , on th e  co llecting  region of the  veins d ra in in g  
in  a n te r io r  or p osterio r d ire c tio n  considerable o v e rla p p in g  an d  num erous v a r ia tio n s  a re  
f req u e n t. A sym m etry  o f th e  v en o u s  drainage of th e  s e p ta l  ha lves is com m on. In  th e  v e 
nous d ra in ag e  of th e  n u c le i, g ro u p s  of vessels are m ore  d o m in a n t th a n  single vessels; th u s  
th e  v a r ia tio n s  m ig h t be e v en  num erous.

Discussion

In  th e  ra t  th e  a r te r ie s  of the  sep tu m  p e llu c id u in  tak e  th e ir  o rig in  e x 
clu sively  from  th e  sy s te m  o f th e  a. cerebri a n te r io r , in  co n tra s t w ith th e  r a b b i t  
w here  th e  b ranches o f  th e  a. cerebri m edia to o  p a r tic ip a te  in  the  b lood  su p p ly  
o f th e  sep tu m  [5].

T he sep tum  s im ila rly  to  th e  h y p o th a la m u s  [1 3] possesses an a b u n d a n t
n e tw o rk  of blood vesse ls . E v e n  where la rg e r b ra n c h e s  are dissected  th e y  are 
fav o u rab le  possib ilities fo r th e  re la tive ly  u n d is tu rb e d  blood supp ly  o f th e  
s e p ta l  nuclei, th u s  from  th is  aspect the  chances o f surgical in te rv en tio n  are 
p ro m isin g . A t the  sam e t im e , w hen the  d iv isions o f th e  vessels are p ro je c te d  
to g e th e r  w ith  th e  c y to a rc h ite c tu re  of th e  s e p tu m  (P a l k ov its , H o r v á t h ; 
in  p re p a ra tio n ) i t  is seen  t h a t  th e  ind iv idual s e p ta l  nucle i have a co m p ara tiv e ly  
in d e p e n d e n t blood su p p ly .
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The nucleus sep talis dorsalis is su p p lied  b y  th e  branches o f th e  a . sep ta lis  
la te ra lis  su p erio r (Fig. 2B); som etim es w ith  th e  p artic ip a tio n  o f  th e  rr . infra- 
callosae. C o n tra rily , the  pars in te rm e d ia  o f  th e  dorsal nucleus is su p p lie d  in 
its  g rea t m a jo r ity  b y  these  la t te r  ram i, w h ereas  th e  a. septalis la te ra lis  su p erio r 
gives b ran ch es on ly  to  th e  a n te r io r  p a r t  o f th is  subdivision (F ig . 2B ). In  the  
reg ion  of th e  nucleus sep talis la te ra lis  th e  aa . sep ta les  la terales in fe rio re s , w hich 
belong  to  th e  th ird  group, arc  d iv id in g  (F ig . 2B). The a rte rie s  o r ig in a tin g  
m edia lly  from  th e  a. subcallosa, th e  aa . sep ta le s  m ediales su p p ly  th e  nucleus 
sep ta lis  m edialis and  the  pars sep ta lis  o f th e  nucleus tra c tu s  d iag o n a lis  (Fig. 
2C). In  th e  m a jo r p a r t  of th e  reg ion  o f th e  nucleus sep talis f im b ria lis  the 
a. sep ta lis  su p erio r divides, w hile in  th e  an te rio r-in ferio r p a r t  o f th e  nucleus 
som e of th e  b ran ch es of th e  aa . sep ta le s  m ediales te rm in a te  (F ig . 2D ). The 
nucleus sep ta lis  tr ian g u la ris  possesses an  in d ep en d en t a rte ry , th e  a . sep ta lis  
tr ia n g u la r is , w hich  is the  m ed ian  te rm in a l b ra n c h  of the a. sub co m m issu ra lis  
m edialis (Table I).

The sep ta l veins flow in tw o  d ire c tio n s : th e  an terio r group flow s in to  the 
sinus cavernosus, th e  po ste rio r g roup  in to  th e  v . Galeni. T he l a t t e r  veins 
com m unica te  w ith  those of th e  h ip p o cam p u s .

W hen  th e  venous system  o f th e  in d iv id u a l sep tal nuclei is s tu d ie d , i t  is 
seen th a t  co m p ared  w ith  th e  a rte r ie s  th e  overlapp ing  in the  d iv id in g  region 
of th e  veins is m uch m ore con sid erab le . T he tw o  d irectional d ra in a g e  is valid  
in th e  case of all nuclei; from  each  nu c leu s venous branches are co llec ted  in 
b o th  the a n te r io r  an d  p o ste rio r d irec tio n .

F rom  th e  nucleus sep ta lis  dorsa lis ( to g e th e r  w ith  the p a rs  in te rm ed ia ) 
fro n ta lly  th e  v v . septales an te rio re s , d o rsa lly  th e  vv. sep ta les p o ste rio res  
superio res arc collected. (F ig. 4B ). F ro m  th e  nucleus sep ta lis la te ra l is  the  
v v . sep ta les la te ra les  (Fig. 4B ), b ack w ard s  th e  v v . septales p o ste rio re s  su p erio 
res (som etim es also the  inferiores) d ra in  th e  b lood . The nucleus se p ta lis  m ed ia 
lis an d  th e  nucleus tra c tu s  d iagonalis  p a rs  sep ta lis  have com m on v e in s : fo r
w ard  th e  v v . sep ta les m ediales, b a c k w a rd  th e  v v . septales poste rio res in fe rio res 
are co llected  (F ig . 4C). The v v . sep ta les  m ed ia les dra in  forw ard th e  b lo o d  of the  
nucleus sep ta lis  fim brialis an d  th e  n u c leus sep talis tr ia n g u la ris  (F ig . 4D). 
B ack w ard  from  th e  fo rm er n uc leus th e  v v . sep ta les  posteriores su p e rio re s  and  
jnferiores, w hile from  the  la t te r  on ly  low er b ranches, o rig ina te  (F ig . 4D ).

Abbreviations

АСА = Л. cerebri an te rio r
15 =  N ucleus tra c tu s  d iagonalis (B roca)
CA C om m issura  an te rio r
CC C orpus callosum
СМ V. cerebri m agna (Galeni)
CoA =  A. com m unicans an te rio r
1) =  N ucleus sep ta lis  dorsalis
F  — N ucleus sep ta lis  fim bria lis
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F X  =  F o rn ix
H  =  A. hem ispherica
I =  A. in fracallosa
IM  =  N ucleus sep ta lis  d o rsa lis  pars in te rm ed ia
L =  N ucleus sep ta lis  la te ra l is
M =  N ucleus sep ta lis  m ed ia lis
NO =  N. opticus
O =  A. o lfactoria
P  =  Y. periop tica
S =  A. septalis su p e rio r
SC — A. subcallosa
SL =  A. sep talis la te ra l is  superio r
SM =  A. su bcom m issu ralis  m edialis
T  =  N ucleus sep ta lis  tr ia n g u la r is
V I =  V. in fracallosa
V L  =  V en tricu lu s la te ra lis
Y S =  V. subcallosa
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D IE  A R T E R IE L L E  UND V E N Ö S E  B L U T V E R S O R G U N G  
D E S  S E P T U M  PE L L U C ID U M  B E I  R A T T E N

G. AMBACH, S. HORVÁTH u n d  M. PA LK O V ITS

D ie A u to ren  u n te r s u c h te n  das arterielle u n d  v en ö se  S y s tem  des Septum  P e llu c id u m  m it 
k o m b in ie r te n  d oppelten  P e rfu s io n stech n ik  bei R a tte n .

D ie A rterien  sind  in  d re i G ruppen zu teilen . D ie  Ä ste  a ller G ruppen en tsp r in g e n  der 
a. h em isp h e rica  u n d  ge lan g en  v o n  vorne in  den S e p tu m  P e llu c id u m . Die V enen sind  in  v o rd e re  
u n d  h in te re  G ruppen  zu te ilen . D ie  vordere m ünden  sich  d u rc h  der v. subcallosa in  d en  sinus 
cav e rn o su s, die h in te re  in  die v . cerebri m agna. Die a r te r ie lle  u n d  venöse B lu tv e rso rg u n g  de r 
e in zelnen  K ernen  des S e p tu m  P elluc idum  ist re la tiv  se lb s tän d ig .

АРТЕРИАЛЬНОЕ И ВЕНОЗНОЕ КРОВОСНАБЖЕНИЕ ПЕРЕГОРОДКИ КРЫСЫ
Г ., А М Б А Я , Ш . Х О Р В А Т  и  м . п а л к о в и т ш

Исследовалась артериальная и венозная система перегородки крысы методом двой
ной перфузии туши.

Артерии разделяются на три группы. Ветри из каждой группы начинаются от а. 
хемисферика и проходят к перегородке спереди. Вены разделяются на переднюю и заднюю 
группы.

Передние вливаются через в. субкаллоза в синус кавернозус а задние в в. церебри
магна.

Артериальное и венозное кровоснабжения каждого ядра перегородки считаются 
самостоятельными.

D r. G yörgy  A mbach  |  Sem m elw eis O rv o s tu d o m á n y i E gyetem ,
D r. S án d o r H o rváth  ! i .  A natóm iai In té z e te
D r. M iklós P alk ovits  j 1450 B udapest, P f. 95 ., H u n g a ry
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EFFECT OF REHYDRATION OF RAT LIVER TISSUE 
AFTER WATER DEPRIVATION

I. B ar t ó k , Sz. Y iragh  and J .  Me n y h á r t  

(Received June 26, 1975)

Male albino ra ts  were d ep riv ed  of w a te r  fo r 6 d ays, th en  th ey  w ere a llow ed  to 
d rin k  ta p  w a ter ad  lib itu m . T he s tru c tu re  o f  th e  liver was exam ined by  lig h t an d  elec
tro n  m icroscopy, and  th e  p ro te in  and  d ry  m a t te r  co n ten ts , oxygen co n su m p tio n  and 
g lucose-6-phosphatase  a c tiv ity  o f the  liver were d e te rm in ed  afte r re h y d ra t io n . A t 10 
m in u te s , th e  m ito ch o n d ria  show ed signs o f d iv is ion  an d  a peculiar tra n s fo rm a tio n  of 
th e  c ris tae . A t 60 m in u te s , th e  m em b ran es o f th e  ro u g h  endoplasm ic re tic u lu m  were 
fo u n d  to have p ro life ra ted . A t 12 hours, th e  sm ooth-surfaced  m em b ran e s  show ed 
h y p e rtro p h y  and  th e  bile canaliculi were d is ten d ed . A t 24 hours all r e h y d ra t io n  induced  
organelle  a lte ra tio n s  were declin ing . The b iochem ical find ings agreed well w ith  the  fine 
s tru c tu ra l changes an d  b o th  were in d ica tiv e  o f an  en chanced  functional c a p a c ity  o f the 
liver cells du ring  re h y d ra tio n .

T he fine s tru c tu ra l changes in d u ced  in th e  r a t  liver hy  d e h y d ra tio n  due 
to  w a te r  d ep riv a tio n  w ere described  p rev io u sly  [1]. S ix-day th ir s tin g  w as fol
low ed h y  sw elling of tlie  m ito ch o n d ria , q u a n ti ta t iv e  decrease of ro u g h  and  
sm o o th  su rfaced  endop lasm ic  re ticu lu m  (E R ), frag m en ta tio n  an d  d ila ta tio n  
o f ro u g h -su rfaced  E R  (R E R ) c is te rn ae  an d  a red u c tio n  in size o f tin* Golgi 
com plexes. T here  was also a m ark ed  co n str ic tio n  of th e  lum en of bile can a licu li, 
an d  h e p a tic  oxygen con su m p tio n  and  g lucose-6 -phosphatase a c t iv i ty  were 
d ecreasing . These a lte ra tio n s  in d ica ted  a gen era l redu c tio n  of th e  fu n c tio n a l 
c a p a c ity  o f th e  liver.

T he p re se n t p ap e r rep o rts  on fu r th e r  s tu d ie s  on th e  b eh av io u r o f  d e h y d ra 
tio n -in ju re d  cell organelles a fte r  re h y d ra tio n , w ith  regard  to  th e  te m p o ra l 
course o f organelle a lte ra tio n s .

M aterials and  m ethods

Male a lb ino  ra ts  w eighing 3 3 0 ^ 3 7 0  g, and  m a in ta in e d  on a sem isy n th e tic  d ie t  were 
d ep riv ed  o f w a te r for 6 days an d  were su b seq u en tly  allow ed to d rink  tap  w a te r  ad  lib itum . 
The h a e m a to c r it  was reg u la rly  recorded . Five ra ts  w ere k illed  on  th e  six th  d a y  o f  w a te r  de 
p r iv a tio n  an d  five each  a t  10, 20 and  60 m inu tes, a n d  12 a n d  24 hours a fte r th e  b eg in n in g  of 
re h y d ra tio n . A verage w a ter con su m p tio n  of the  re h y d ra te d  an im als was 10 ml d u r in g  th e  f irs t 
10 m in u te s , and  15, 20, 60 and  70 ml su b seq u en tly . R a ts  killed  a fte r  10, 20 an d  60 m in u te s  did 
n o t receive  food, w hereas those  killed la te r  were fed n o rm ally . T he livers of th e  w a te r  d ep rived  
a n d  re h y d ra te d  an im als as well as o f th e  five ra ts  n o rm ally  p rov ided  w ith  food a n d  w a te r  
w ere rem o v ed  im m ed ia te ly  a fte r  sacrifice and  ex am in ed  by  th e  following m ethods.
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1. D ry  m a tte r  c o n te n t  w as de term ined  from  a sp ec im en  weighing a b o u t 150 m g, devoid  
o f cap su le , a fte r  o v e rn ig h t d ry in g  a t  90°C.

2. P ro te in  c o n te n t w as d e te rm in ed  by th e  m ic ro -K je ld a h l technique.
3. O xygen c o n su m p tio n  w as m easured  by  th e  W a rb u rg  techn ique, in th e  p resence of

0.01 M Glucose su b s tra te .
4. G -6-Pase a c t iv ity  w as e s tim a ted  by  th e  m e th o d  of B erg m ey er  [2], u sin g  G -6-P 

as s u b s tra te .
5. B locks for lig h t m icroscopy  were fixed in 10%  n e u tra l  form alin , em bedded  in p a ra ffin , 

a n d  th e  sections were s ta in e d  w ith  haem ato x y lin  a n d  eosin .
6. Sm all tissue b lo ck s fo r e lectron  m icroscopy w ere fix ed  in 4%  g lu ta ra ld eh y d e  an d  1%  

H 0 s 0 4 buffered  acco rd ing  to  M illonig, th e n  d e h y d ra ted  in  a lcohol and em bedded  in  D u rc u p an  
ACM . T h ick  sections w ere s ta in e d  w ith  to lu id ine  b lu e , th in  sections w ith  u ra n y l a c e ta te  and  
lea d  c itra te . E lectron  m ic ro g rap h s  were m ade on a SEM -1 e lec tro n  m icroscope.

R esults

H a e m a to c rit, h e p a tic  d ry  m a tte r  an d  p ro te in  co n ten ts, oxygen co n su m p 
tio n  an d  G -6-Pase a c t iv i ty  of th e  liver of n o rm a l, d eh y d ra ted  an d  re h y d ra te d  
r a ts  a re  show n in T ab le  I .  H ep a tic  d ry  m a tte r  a n d  p ro te in  co n ten t h ad  a p p ro x 
im a te d  th e  n o rm al v a lu e  a fte r  re h y d ra tio n  fo r 1 h ou r and reach ed  i t  a f te r  
12 h o u rs . O xygen co n su m p tio n  had  n o rm a lized  one hour a fte r re h y d ra tio n  
a n d  p e rs is ted  a t t h a t  level th ro u g h o u t. T he G -6 -P ase  a c tiv ity  in c reased  a t a 
slow er ra te , h u t a f te r  12-hour reh y d ra tio n  i t  m a rk e d ly  exceeded th e  no rm al 
h e p a tic  a c tiv ity  a n d  rose fu r th e r  u n til 12 h o u rs .

Table I

H aem atocrit, hepatic dry matter and protein contents, oxygen consum ption and gîucose-6-phosphatase 
activ ity  in  norm al, dehydrated and rehydrated rats

H aem atocrit, 
per cent

H epatic d ry  
m a tte r con ten t, 

per cen t

H epatic protein 
content, 
per cent

QUZ
i S E

Glucose-6-
phosphatase

activity*

N o rm a l 43
(4 1 -4 8 )

31.4
( 2 8 - 3 3 )

22.1
(1 9 -2 3 )

9.7 
+  1.6

23.5
± 3 .0

D e h y d ra te d 53
(5 1 -5 6 )

39.2
( 3 7 - 4 2 )

30.8
(2 7 -3 2 )

6.1
± 0 .9

16.4
± 2 .2

10-m in u te -reh y d ra ted — 37.2
( 3 5 - 3 9 )

28.3
(2 5 -3 0 )

6.7
± 1 .1

17.1
± 2 .3

20-m in u te -reh y d ra ted — — 27.4
( 2 6 -3 0 )

7.6
± 1 .0

19.6
± 2 .9

1-hour reh y d ra ted 49
(4 8 -5 1 )

34.7
( 3 2 - 3 7 )

25.3
(2 2 -2 7 )

10.1
± 1 .8

18.9
± 2 .7

12-hour reh y d ra ted — 32.5
( 3 0 - 3  5)

23.1
(2 2 -2 6 )

10.9
± 1 .7

30.6 
+  4.4

2 4-hour reh y d ra ted 46
( 4 3 -4 9 )

32.0
( 2 9 - 3 6 )

22.9
(19 24)

10.1
± 2 .0

37.4 
+  4.8

* =  p  mole P 0 3 gm  liver/m in
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In  H . E . — s ta in e d  sec tions from  d e h y d ra te d  ra ts  th e  liv er cells ap p eared  
sh ru n k en  an d  th e  average  n u m b e r of nuclei found  in  20 h ig h -p o w er fields 
(X 700) w as 23 in  c o n tra s t  to  th e  n o rm al average  of 12. S h rin k in g  o f  th e  cells 
d isap p ea red  g rad u a lly  on  re h y d ra tio n  an d  a fte r  1 hour th e  av erag e  n u m b e r of 
nucle i in  one fie ld  d id  n o t  differ from  th e  no rm al.

Electron microscopy

In  liv er cells o f r a ts  re h y d ra te d  for 10 m in u tes  m ito c h o n d ria l swelling 
d isap p eared . M any m ito ch o n d ria  — m ore in  th e  p e rip o rta l th a n  in  th e  cen tro- 
lo b u la r h ep a to cy te s  — show ed p h en o m en a  in d ica tiv e  o f a u to re p ro d u c tio n : 
p a ra lle l m em branes, co n tin u o u s  w ith  th e  in n e r lim itin g  m em b ran e , ex ten d ed  
tra n sv e rsa lly  in to  th e  m a tr ix  space , d iv id ing  i t  in to  2 or 3 p a r ts  (F ig . 1); o th e r 
m ito ch o n d ria  becam e e lo n g a ted  an d  e ith e r  assum ed  a d u m b b e ll-sh ap e  owing 
to  co n stric tio n  of th e  c e n tra l p a r t  (F ig . 2) or ex h ib ited  ram ifica tio n s . In  m any  
o th e r  m ito ch o n d ria , u n u su a lly  long c ris tae , o rdered  p a ra lle l to  th e  o u te r 
m em b ran e , were seen. T he in tra c r is ta l  space co n ta in ed  a pecu lia r e le c tro n  dense 
su b stan ce  (F ig. 4) w hich  consisted  of a lte rn a tin g  dense an d  lig h t lines. M ito
ch o n d ria  ex h ib itin g  th is  p ecu lia r s tru c tu re  w ere found  in  m a te r ia l  f ix ed  in 
b o th  0 s 0 4 and  g lu ta ra ld e h y d e ; th e y  occurred  in  all p a r ts  o f lo b u les . These 
m ito ch o n d ria l changes h av e  been  described  in  g rea te r d e ta il in  a prev ious 
p a p e r  [1].

Fig. 1. 10-m inute  re h y d ra tio n . D iv id ing  m ito c lio n d riu m : tran sv ersa l d o ub le  m em branes 
sep a ra te  th e  m a tr ix  in to  th ree  p a r ts . X 24 000 

Fig. 2. 10-m inute re h y d ra tio n . D iv id ing  du m b b ell-sh ap ed  m ito ch o n d riu m . X 33 000
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F ig . 3 . 20-m inute re h y d ra tio n . D iv id ing  d u m b b ell-shaped  m ito ch o n d riu m . X 25 000 
F ig . 4. 10-m inute re h y d ra tio n . M itochondria  o f d iffe ren t sh ap es w ith  e longated  c ris tae , 
e x te n d in g  parallel to th e  in n e r  l im itin g  m em brane. T he in tra c r is ta l  space o f th e  e longated  

m itochondrium  c o n ta in s  electrondense m ate ria l ( 0 s 0 4 fix a tio n ). X 23 000 
F ig . 5. 20-m inute re h y d ra tio n . M an y  longitud inal p a ra lle l in n e r  m em branes inside th e  

e longated  m ito c h o n d ria  (g lu tara ldehyde  f ix a tio n ) . X  23 000
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A fter 1 0 -m inu te  reh y d ra tio n  a c e r ta in  d ila ta tio n  and fra g m e n ta tio n  of 
th e  R E R  p e rs is te d , b u t  th e  change w as m u c h  less expressed th a n  d u rin g  
d eh y d ra tio n . S ingle au to p h ag ic  vacuoles w ere  seen  in several cells. T h e  lu m en  
of som e bile cana licu li con ta ined  a m yelin  fig u re-lik e , co ncen trically  o rd e red  
lam ellar su b stan ce  (F ig . 6).

A fte r re h y d ra tio n  for 20 m inu tes, th e  s tru c tu ra l changes in d u c e d  b y  
d e h y d ra tio n  d isap p ea red  com pletely . D iv id in g  m itochondria  a n d  m ito 
chondria  w ith  lo n g itu d in a l cristae were s till p re se n t in fair num bers, a lth o u g h  
less a b u n d a n tly  th a n  p rev iously  (Figs 3 a n d  5). E lo n g a ted  paralle l D E R  p ro 
files w ere seen. T he sm oo th  E R (S E R ) fo rm ed  a n e tw o rk  of m em branes c o n ta in 
ing glycogen g ran u les . The cisternae a n d  vacu o les  of the  Golgi co m p lex  in 
creased  in  n u m b e r an d  e ith e r a hom ogeneous or a g ranu lar su b s ta n c e  w as 
a b u n d a n tly  p re se n t inside them .

A fte r re h y d ra tio n  for 60 m inu tes, d iv id in g  m itochondria  and  lo n g itu d in a l 
cristae  Mere ra re ly  seen. The R E R  m em b ran es  increased  in n u m b e r so th a t  
30 or m ore p a ra lle l c is te rn  profiles w ere f re q u e n t (Fig. 7). The S E R  fo rm e d  a 
c ircum scribed  co m p ac t ne tw ork  in sev era l cy top lasm ic  areas. O ne or tw o 
au to p h ag ic  v acuo les w ere still p resen t in  th e  cells. Several bile can a licu li w ere 
d is ten d ed  a n d  som e h ad  e ith er an irre g u la r  am o rphous, or a co n c e n tr ic a lly  
o rdered  lam ella r su b stan ce  in th e  lu m en .

A fte r 12 h o u r  re h y d ra tio n , no d iv id in g  m ito ch o n d ria  were fo u n d , b u t  in 
th e  p e rip o rta l an d  cen tro lo h u la r h e p a to c y te s  som e m itochondria  c o n ta in e d  
lo n g itu d in a l c r is ta e . M any liver cells in  th e  ce n tro lo h u la r  and  p e r ip o r ta l  a reas 
show ed a m a rk e d  increase of SE R . The S E R  tu b u le s  form ed a c o n tin o u s , co n 
to r te d  and a rb o riz in g  ne tw o rk  th a t  tra v e rs e d  th e  en tire  cy top lasm  (F ig . 8). 
G lycogen w as n o t p re se n t in such h e p a to c y te s  w hereas large fields o f  g lycogen  
were seen in  o th e rs . L ip id  d rop lets, p a r t  o f  w h ich  were su rro u n d ed  b y  S E R  
tu b u les  closely a t ta c h e d  to  the  m arg in  o f th e  d ro p , were freq u en t in  th e  g ly co 
gen fields (F ig . 10). W hile a t sh o rte r p e rio d s  o f re h y d ra tio n  sing le , if  an y , 
au to p h ag ic  v acuo les w ere seen, 4 to  5 o f th e m  w ere found to  have  a p p e a re d  
s im u ltan eo u sly  in  som e h ep a to cy tes  (F ig . 12). M arked d is tension  o f  bile 
canalicu li w as fre q u e n tly  seen in  all lo b u la r  zones. The c ircu m scrib ed  d i
la ted  p a r t  o f  th e  lum en  was occasionally  b u lg in g  in to  the  cy to p lasm  o f liv e r 
cells in  a sac-like m a n n e r (F ig. 11). A n am o rp h o u s  or lam ellar su b s ta n c e  was 
often  p re se n t in  th e  can a licu lar lum en  (F ig . 9).

A fte r re h y d ra tio n  fo r 24 hours, m ito c h o n d ria  w ith  lo n g itu d in a l c r is ta e  
were ra re  a n d  w ere found  only in  c e n tro lo h u la r  hepa to cy tes . S ev e ra l bile 
canaliculi w ere s till d is ten d ed , th e ir  lu m en  com prising  the  sam e su b s ta n c e  as 
before. The S E R  w as s till h y p ertro p h ic  in  p a r t  o f  th e  h ep a to cy tes , m a in ly  in  
th e  c e n tro lo h u la r  zone, y e t  less a b u n d a n t th a n  earlie r.
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F ig . 6. 10-m inute  re h y d ra tio n . A co n cen trically  o rd e re d  lam ellar substance inside  th e
bile canaliculus. X 24 000

F ig .  7. 1-hour re h y d ra tio n . P ro life ra tio n  of ro u g h -su rfa ce d  endoplasm ic re tic u lu m .
X13 800
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Fig. 8. 12-hour re h y d ra tio n . H y p e rtro p h y  of sm oo th -su rfaced  endoplasm ic re ticu lu m .
X 15 000
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F ig . 9. 12-hour re h y d ra tio n . L am ella r sub stan ce  in sid e  th e  bile canaliculus. X 24 000 
F ig . 10. 12-hour re h y d ra tio n . L ip id  d rop lets su rro u n d e d  b y  profiles of sm oo th -su rfaced  

endoplasm ic  re ticu lu m . N ote increase  o f g lycogen. X 22 000 
F ig . 11. 12-hour re h y d ia tio n . C ircum scribed sac-like d i la ta t io n  o f a bile canalicu lus. X 22 00 
F ig . 12. 12-hour re h y d ra tio n . H e p a to c y te  co n ta in in g  th re e  au to p h ag ic  vacuoles. x 2 2  0000
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D iscussion

The p re sen t re su lts  in d ica te  t h a t  in  th e  liver cells o f a lb in o  r a ts  m orpho
logical changes induced  b y  p ro longed  d eh y d ra tio n  no rm alize  ra p id ly . A part 
from  th e  d isappearance  o f d e h y d ra tio n -in d u ced  changes, c e r ta in  s tru c tu ra l 
a lte ra tio n s  are ta k in g  p lace , w hich  suggest an  increase o f th e  functional 
c a p a c ity  o f h ep a to cy tes  d u rin g  re h y d ra tio n .

T en  m inu tes a fte r  th e  b eg in n in g  of re h y d ra tio n  m a n y  m itoch o n d ria  
show ed p henom ena th a t  are kn o w n  to  signify m ito ch o n d ria l d iv is io n  in  both  
p la n t  [5] and  an im al cells (3, 12, 13]. T he beginning  of m ito c h o n d ria l division 
w ith in  a few m inu tes a f te r  d rin k in g  in d ica tes  an  e x tra o rd in a r ily  ra p id  accom m o
d a tio n  of these  organelles to  th e  fu n c tio n a l req u irem en ts  o f th e  h ep a to cy tes . 
O xygen  consum ption  o f th e  liver rose para lle l to  th e  p rogress o f  m ito chondria l 
d iv ision  and  reached  th e  no rm al level a f te r  its te rm in a tio n .

S im ultaneously  w ith  m ito ch o n d ria l a u to rep ro d u c tio n , th e  c ris ta e  of m any 
m ito ch o n d ria  becam e e lo n g a ted , a rran g ed  lo n g itu d in a lly , a n d  a substance 
show ing  a period ic  p a t te rn  m ade ap p earan ce  in th e  in tra c r is ta l  space  in  every 
zone of th e  lobules. A s im ila r tra n s fo rm a tio n  of th e  in n er m ito c h o n d ria l m em 
b ra n e  has been  observed  b y  severa l investig a to rs  u n d e r d iffe re n t conditions 
in  h ep a to cy te s  an d  o th e r  cells (see in  [1]), b u t its  e x a c t role is s till unclear. 
A ccord ing  to  ou r own fin d in g s an d  to  o th ers  [15], th e  ch an g e  is n o t due to  
f ix a tio n . E lon g a tio n  of th e  c ris tae  en larges th e  surface o f th e  in n e r  m em brane 
3 to  4 tim es and  th e  e lo n g a ted  m em b ran es show a cy toch rom e ox id ase  ac tiv ity  
[8]. In  th e  p re sen t e x p e rim en t, th e  lo n g itu d in a l tra n s fo rm a tio n  o f th e  m ito
ch o n d ria l c ristae , th e  a u to re p ro d u c tio n  of m ito ch o n d ria  an d  th e  increase in 
h e p a tic  oxygen co n su m p tio n  to o k  place s im u ltaneously . T here  is, accord ingly , 
reaso n  to  suppose th a t  th e  fo rm a tio n  of long itu d in a l c ris tae  m ig h t be re la ted  
to  th e  en h an ced  fu n c tio n a l s ta te  o f th e  m itochondria .

A fte r re h y d ra tio n  fo r 1 h o u r, changes of th e  E R  b ecam e  p red o m in an t. 
P ro life ra tio n  of th e  R E R  w as o b served  a fte r 60 m in u tes  a n d  in  m an y  liver 
cells th e  S E R  show ed a m ark ed  h y p e rtro p h y  a fte r  12 h o u rs . S E R  is know n 
to  be th e  p rin c ip a l site  o f o x id a tiv e  d e tox ifica tion  o f lip id -so lu b le  exogenous 
su b stan ces  [4, 6, 10] b u t  it  also p lay s a m ajo r role in  th e  m e ta b o lism  of endo
genous substances such as s te ro id  horm ones, cholestero l [4, 6, 7] f a t ty  acids 
[4], bile sa lts [11] an d  b iliru b in  [9]. The c ircu la to ry  d iso rd e r a ris in g  during 
d e h y d ra tio n  g rad u a lly  no rm alizes on re h y d ra tio n , to  ju d g e  fro m  th e  respective 
h a e m a to c rit read in g s. T h u s , p re su m ab ly , a considerab le  a m o u n t of endo
genous sub stan ces en te rs  th e  liv er cells an d  undergoes m e tab o lic  tra n sfo rm a tio n  
in  th e  S E R . The h y p e r tro p h y  of th e  sm oo th  m em branes w as acco m p an ied  by 
an  e lev a tio n  of th e  G -6-Pase a c tiv ity , in d ica ting  a s im u ltan eo u s in crease  of the 
sy s te m ’s fu n c tio n a l a c tiv ity . H y p e r tro p h y  of th e  S E R  w as p re c e d e d  b y  m u lti
p lica tio n  of th e  ro u g h -su rfaced  m em b ran es. This agreed  well w ith  th e  impli-
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c a t io n  th a t  p ro te in  sy n th e s is  in v o lv ed  in th e  neogenesis  o f sm oo th  m em branes 
ta k e s  p lace  — a t le a s t p a r t ly  — in  the  R E R  [4, 6, 7, 14]. As th e  E R  plays a 
ro le  in  f a t ty  acid m e tab o lism  to o  [4], there is re a so n  to  suppose th a t  th e  close 
to p o g ra p h ic  association  b e tw e e n  lip id  d roplets a n d  S E R  tu b u le s  im plies a 
fu n c tio n a l  re la tion  b e tw een  th e s e  com ponents.

Tw elve hours a f te r  r e h y d ra tio n  th e  a u to p h a g ic  vacuo les tem p o ra rily  
in c re a se d  in  num ber. T he a m o rp h o u s  or lam ella r su b s ta n c e  found  in  th e  bile 
c a n a lic u li h ad  p ro b ab ly  b e e n  re leased  from  th e  a u to p h a g ic  vacuoles. The 
d is te n s io n  and in trace llu la r  sa c c u la tio n  of the  bile  can a licu li m ig h t be re la ted  
w ith  th e  increased sec re tio n  o f  b i le [16].

I t  is concluded fro m  th e  p re sen t find ings t h a t  re h y d ra tio n  following 
u p o n  p ro longed  w a te r d e p r iv a tio n  induces in  th e  h e p a to c y te s  a rap id  and  
in te n s iv e  neogenesis o f m ito c h o n d r ia  and E R . I t  w as show n p rev iously  [1] 
t h a t  b lo o d  circulation  an d  fu n c tio n a l capacity  of th e  r a t  liv e r d im in ished  during  
d e h y d ra tio n . On re h y d ra tio n  th e  circulation  im p ro v e d  g rad u a lly , as ju d g ed  
f ro m  th e  rise of the  h a e m a tro c it .  The flu id  c o n te n t o f  th e  liv e r cells increased  
as sh o w n  b y  the  re d u c tio n  o f  d ry  m a tte r  c o n te n t a n d  p ro te in  co n cen tra tio n , 
a n d , in  all p ro b ab ility , th e  a m o u n t  of substances t r a n s p o r te d  to  th e  liver also 
in c re a se d . I t  appears, th e re fo re , th a t  the  m u ltip lic a tio n  o f cell organelles is 
r e la te d  to  th e  increase in  th e  fu n c tio n a l cap ac ity  o f h e p a to c y te s . The surpris- 
in g ly  ra p id  au to rep ro d u c tio n  o f  m itochondria  can  lie in te rp re te d  as th e  earliest 
m a n ife s ta tio n  of a c c o m m o d a tio n  to  the  increased  m e tab o lic  an d  energy  re 
q u ire m e n ts . This is fo llow ed b y  p ro lifera tion  of th e  R E R , w hich  ind ica tes an 
in c re a s e d  pro te in  syn th esis  a n d  m em brane neogenesis. F in a lly  th e  SE R  h y p e r
tro p h ie s , ap p aren tly  to  e n la rg e  its  capacity  for th e  m e tab o lic  tran sfo rm a tio n  
o f  th e  increased  am o u n t o f  endog en o u s substances e n te r in g  in to  th e  h e p a to 
c y te s  d u rin g  reh y d ra tio n .
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R E H Y D R A T A T IO N S E F F E K T  IN  D E R  L E B E R S T R U K T U R  VON R A T T E N  
NACH D Ü R S T E N

I . BARTÓK, SZ. V IRÁ G H  u nd  J .  M ENYHÁRT

Die V erfasser Hessen m ännliche weisse R a t te n  6 T age lang  d ü rsten  u n d  e r n ä h r te n  diese 
n u r  m it T ro ck e n fu tte r . S o d an n  erh ie lten  d ie T ie re  ad  lib itum  L eitungsw asser. W ä h re n d  der 
R e h y d ra ta t io n  p rü f te n  sie m it Hilfe von  L ich t- u n d  E lek tro n en m ik ro sk o p  die L e b e rs tru k tu r  
sowie den T ro ck e n su b sta n z- u n d  E iw eissgehalt, d e n  S auersto ffv e rb rau ch  u n d  d ie G lukose-6- 
P h o sp h a ta se -A k tiv itä t  d e r  L eber. 10 M inu ten  n a c h  B eg in n  der R e h y d ra ta tio n  ze ig ten  sich 
in zah lre ichen  M ito ch o n d rien  A nzeichen e iner T e ilu n g , u n d  die Cristae w iesen e in e  e ig e n tü m 
liche U m w an d lu n g  auf. N a ch  60 M inuten  n a h m  die Z ah l der M em branen des r a u h e n  endo
p lasm atisch en  R e tik u lu m s zu. 12 S tu n d en  sp ä te r  e n ts ta n d  eine H y p e rtro p h ie  im  R e tic u lu m  
des g la tte n  en d o p la sm atisch en  R e tik u lu m s, au to p h a g isch e  V acuola re ich erten  sich  a n , u n d  die 
G allencanalicu li d eh n ten  sich aus. N ach  2 4 stü n d ig er F lüssigkeitsau fnahm e ze ig te  d ie  L eb e r
z e llen s tru k tu r  eine n ah ezu  n o rm ales B ild. D ie E rg eb n isse  de r biochem ischen P rü fu n g e n  s ta n d en  
in  E in k lan g  m it den  V erän d e ru n g en  in  de r F e in s tru k tu r ,  u n d  diese wiesen in sg e sa m t a u f  eine 
E rh ö h u n g  der fu n k tio n e llen  K a p a z itä t  de r L eberze llen  w ährend  der R e h y d ra ta t io n  h in .

В Л И Я Н И Е  Р Е Г И Д Р А Ц И И  НА  Т К А Н Ь  П Е Ч Е Н И  П О С Л Е  Д И Е Т Ы  Л И Ш Е Н Н О Й
Ж И Д К О С Т И  У  К Р Ы С

И. БАРТОК, С. ВИРАГ и Й. М ЕНЪХАРТ

Белые крысы мужского рода были содержены на безводной диете в течение 6 дней, 
кормили их только сухим пищевым веществом. Далее животные получили простую воду 
ad lib itu m . Во время регидрации оптически и электронномикроскопически исследовалось 
структура печени, состав сухого вещества и белки печени, расход кислорода и активность 
глукоз-6-фосфатазы. Обнаруживалось за 10 минут после начала пойки воды признаки 
деления во многих митохондриях, появилось переобразование своеобразных митохонд
риальных гребешок.

За 60 минут обнаруживалось нарастание мембранов зернистой эндоплазматической 
сети, за 12 ч. гипертрофия незернистой эндоплазматической сети, и нарастание автофаготи- 
ческих вакуол и расширение желчных канадцев. В течение 24 часов после введения жид
кости структура клеток печени оказывалась почти нормальной.

Результаты биохимических исследований совпадаются ультраструктурными изме
нениями и эти вместе касаются функциональной мощности клетки печени во время ре
гидрации.

D r. I s tv á n  Bartók, F ővárosi P é te rfy  S án d o r u tc a i K órház  1441 B u d a p e s t,
P f. 76., H u n g a ry

D r. Szabolcs Virágh, O rv o sto v áb b k ép ző  In té z e t ,  1389 B u d a p e s t, P f . 112.,
H u n g ary

D r. Je n ő  Menyhárt, Sem m elw eis O rv o s tu d o m á n y i E gyetem , U ro ló g ia i K li
n ik a , MTA K u ta tó  L á b ., 1450 B u d ap est, Ü llő i ú t  78., 
H u n g ary
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A COMPARATIVE CHARACTERISTIC OF EFFECTOR 
INNERVATION OF CEREBRAL ARTERIES IN MAMMALS

AND HUMANS
P. A. M o t a v k in , G. S. V l a s o v  and L. D. P a l a s h c h e n k o  

(Received June 25, 1975)

The neural fibres of cerebral arteries in humans, rats, guinea-pigs, rabbits, cats, 
dogs, swine, cows and horses have been studied using the methods of Flack-Hillarp 
and Koelle. The large arteries of the carotid and vertebral systems bear dense cholin
ergic and adrenergic plexuses formed by transversal and longitudinal neural fibres, 
which are located in the superficial and deep adventitial layers. The highest density of 
cholinergic and adrenergic fibres was observed on the arteries of humans and large 
mammals. Depending on the density of cholinergic and adrenergic fibres in the said 
arteries, the animals may be listed in the following order: rats, guinea-pigs, rabbits, 
cats, dogs, swine, cows and horses. Basic differences in the structure of neural plexuses 
of humans and animals were not observed.

D ifferen t m e th o d s  have been used fo r c larify ing  th e  fu n c tio n a l significance 
o f n eu ra l p lexuses on cereb ra l vessels. Ca r l y l e  and  G r a y s o n  [1], S o k o - 
l o f f  [18], R o s e n b l u m  [17], P o l it o f f  an d  M a o r i [16], K o b a y a s h i  e t  al. 
[И ] ,  N ie l s e n  an d  O w m a n  [13] an d  H a r p e r  e t al. [8] n o te d  t h a t  on sym 
p a th e tic  s tim u la tio n  or in tro d u c tio n  o f ca techo lam ines th e  d ia m e te r  o f the  
p ia i a rte rie s  decreases w hereas ex c ita tio n  o f th e  vag a l nerve or in tro d u c tio n  of 
ace ty lcho line  th e  sa id  a rte rie s  d ila te .

F u r th e r  ad v an ces in  th e  s tu d y  o f v a so m o to r in n e rv a tio n  a re  depend ing  
on th e  h isto log ical te c h n iq u e s  used  for rev ea lin g  th e  m ed ito rs an d  enzym es in 
th e  n eu ra l fib res. T he specific h istochcm ical fluorescence m e th o d  [5], allow ed 
to  describe th e  ad ren erg ic  n eu ra l p lexuses on th e  cerebral b lood  vessels of 
m am m als an d  h u m a n s  [2, 3, 6, 9, 10, 12, 14, 15, 19, 20, 23, 24]. T h e  cerebral 
v a sc u la r  system  possesses b o th  ad ren erg ic  an d  cholinergic in n e rv a tio n  [4, 21, 
22]. M ost au th o rs  used  on ly  1 3 m am m al species to  s tu d y  th e  in n e rv a tio n
o f ce reb ra l vessels, [4] b e ing  th e  only  ones to  have  p resen ted  ev id en ce  o b ta in ed  
in  num ero u s an im als e.g . m ice, ra ts , ra b b its , guinea-pigs, and  ca ts .

The abo v e-c ited  references conv incing ly  ind ica te  th e  p resence  o f a m or
phological su b s tra te  for n eu ra l reg u la tio n  o f cereb ral b lood  c irc u la tio n . Most 
of th e  re le v a n t p a p e rs , how ever, w ere b ased  ch iefly  on th e  s tu d y  o f  la b o ra to ry  
an im als. F a rm  an im als  have  n o t been  used , n e ith e r  have th e  c e re b ra l blood 
vessels of hum ans b een  su ffic ien tly  s tu d ie d . Y e t, such ev idence a p p e a rs  to  be 
ind ispensab le  for a co m p ara tiv e  c h a ra c te risa tio n  of th e  cholinerg ic  a n d  ad re 
nerg ic  in n e rv a tio n  o f ce reb ra l vessels.
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M ateria ls  and m ethods

T e n  each of sex u a lly  m a tu re  r a ts ,  guinea-pigs, r a b b its ,  e a ts , dogs, sw ine, cows, horses 
a n d  th e  cereb ral a rte rie s  o f 10 h u m a n s , who had  died in  a c c id e n ts  in  w in tertim e , w ere u sed  in  
th e  s tu d y . The b ra ins w ere re m o v e d  im m ediately . T h e  fo llow ing  a rte rie s  were exam in ed : 
in te r n a l  sphenoid ; m iddle , a n te r io r  an d  posterio r ce reb ra l; m a in , v e r te b ra l an d  cerebellar; 
a n d  p ia  m a te r  arteries.

In tra c ra n ia l  a rte rie s  (d ia m e te r  u p  to  800 fi) o f th e  c a ro tid  a n d  v e r te b ra l system s w ere 
iso la te d  w ith  th e  p ia  m a te r. T h e  la rg e r  vessels were c u t lo n g itu d in a lly  a n d  m o u n ted  on slides. 
A t th e  sam e tim e 25—40 /л th ic k  tra n s v e rsa l and ta n g e n tia l  c y ro s ta te  sections were p re p are d . 
A d re n e rg ic  fib res were ex am in ed  b y  m eans of the  h is to ch em ica l fluorescence m eth o d  o f F a lck - 
H illa rp . All p rep ara tio n s  w ere d r ie d  in  vacuo (5 • JO-1 m m  H g ) a t  room  te m p e ra tu re  fo r 5— 10 
m in . A f te r  d ry ing , th e  sam ples w ere  tre a te d  w ith  gaseous fo rm ald eh y d e  a t  80°C for 1 h r  in 
c losed  g lass vessels co n ta in in g  p a ra fo rm a lin  a t  s ta n d ard ize d  h u m id ity  in  a  th e rm o sta t. D ep en d 
in g  o n  th e  sub jects ex am in ed , re la tiv e  h u m id ity  v a r ie d  fro m  65 to  7 5% . The p re p a ra tio n s  
w ere  s tu d ie d  in  a lum in escen t m ic ro sco p e  in  b lue-vio let l ig h t  o f 410—480 m ц . T he re su lts  w ere 
p h o to g ra p h e d  on  X -ray  film . S am p le s n o t trea te d  w ith  g aseous fo rm ald eh y d e  w ere used  as 
c o n tro l to  check th e  specificity  o f lum inescence. A cety lch o lin es te rase  (3.1.1.7) and  ch o lin ester
ase (3 .1 .18 ) were e s tim a te d  in  cho linerg ic  neural fib res  b y  K o e lle ’s m e th o d  using  iodide an d  
b ro m id e  sa lts  of ace ty lth io ch o lin e  a n d  b u ty ry lth io ch o lin e . C o n tro l m ate ria l was k e p t in  10-5 M 
ese rin e  so lu tion . The o p tim u m  e x p o sitio n  tim e in th e  in c u b a tio n  so lu tion  was d e te rm in ed  e x 
p e r im e n ta lly . The p re p a ra tio n s  w ere  m ain ta ined  in  th e  m ed iu m  a t 37°C, p H  6.2— 6.8, for 
0 .5 — 4 h r . The c o n cen tra tio n  o f lo n g itu d in a l and tra n s v e rsa l  co n d u cto rs  per sq. m m . w as 
c o u n te d  to  m ake a q u a n ti ta t iv e  d e te rm in a tio n  of cho linerg ic  a n d  adrenerg ic  n eu ra l p lexuses 
in  th e  a rte rie s .

R esu lts  and discussion

Cholinergic an d  ad re n e rg ic  neura l p lex u ses  w ere observed  in  all th e  
a r te r ie s  of the  ca ro tid  a n d  sp in a l system s o f e v e ry  an im al stud ied .

T h e  cholinergic f ib re s  w ere ligh t-brow n a n d  b row n  in  colour. N eu ra l 
c o n d u c to rs  w ith  h igh ace ty lch o lin esterase  a c t iv i ty  c o n tra s te d  sh a rp ly  w ith  th e  
v a s c u la r  w all w here e n z y m a tic  ac tiv ity  w as lack in g . C opper su lphide, a f in a l 
p ro d u c t  of the  h is to ch em ica l reac tion , falls o u t  n o n -un ifo rm ly  along th e  
c o n d u c to r  leng th  to  fo rm  segm en ts of v aricose  in tum escences w ith  large- 
g ra n u la r  s tru c tu re . A d ren erg ic  fib res have b r ig h t-g re e n  fluorescence, an d  also 
c o n ta in  varicose in tu m escen ces  w ith  more in te n s iv e  fluorescence. D eep a d 
v e n t i t i a  layers were n o t o b se rv ed  in  the to ta l  p re p a ra tio n s  w ith  th ick  v ascu la r 
w alls due to  tissue au to flu o rescen ce  and fluo rescence  o f th e  superfic ia l p lexus. 
In  su c h  cases, th e  n u m b e r o f  n eu ra l fibres w as n o t  co u n ted .

I n  arteries an d  b ra n c h e s  over 400 p  in  d ia m e te r  tw o ne tw orks w ere 
d e te c te d  in  a single n e u ra l p lex u s  (Figs 1—4). A su p erfic ia l large-loop n e tw o rk  
w as fo rm ed  chiefly b y  p e r ia d v e n tit ia l  th ic k  n e u ra l bun d les  (10—90 p) w ith  
lo n g itu d in a l, tra n sv e rsa l a n d  spiral-like d irec tio n s . F ro m  th e  o u te r p lexus, 
f ib re  bun d les  b ran ch  to  fo rm , on th e  b o u n d a ry  w ith  th e  m iddle p ia  m a te r , a 
d en se  deep netw ork  co n sis tin g  of th in  chiefly  c irc u la r  n eu ra l fib res. The sm aller 
th e  vesse l, the  less th e  n u m b e r  of superficial n e u ra l conduc to rs an d  th e  low er 
th e  d e n s ity  of n eu ra l f ib re s  in  th e  deep p lex u s . I n  a rte rie s  less th a n  400 ц  
in  d ia m e te r  only one p lex u s  w as seen (Figs 3, 4c).
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Fig. 1. C holinergic neu ral p lexuses. M ethod of K oelle. x 8 0 :  a. M iddle cerebral a r te ry  o f  th e  
h u m an ; b . M iddle cereb ral a r te ry  o f th e  horse; c. M iddle ce re b ra l a r te ry  of th e  cow; d. M iddle

cereb ral a rte ry  o f th e  dog

In  th e  large vessels o f th e  cerebral b ase , th e  d e n s ity  of cholinergic con
d u c to rs w as h ig h er th a n  th a t  o f adrenergic f ib re s . T h u s , th e  d en sity  of th e  tw o 
k inds fib re  p e r sq .m m , o f  th e  m iddle a rte ry  in  th e  b ra in  o f a dog was 74.18 +  2.34 
an d  67.64 +  3.28 re sp ec tiv e ly  (P  <  0.001) (F igs Id ,  4b). The sm all a r te r ie s  in 
th e  p ia  m a te r  o f ra ts , gu inea-p igs, ra b b its , dogs, c a ts , sw ine, cows, horses an d  
h u m an s co n ta in ed  th e  sam e n u m b er of cho linerg ic  fib res . T hus, for in s ta n c e , 
th e  d en sity  o f cholinerg ic  an d  adrenerg ic  c o n d u c to rs  p er sq. m m . in  th e  p ia i 
a r te rie s  (d iam e te r 300 fi) o f ra b b its  and  gu in ea-p ig s  was 54.61 +  1.04 an d  
53.45 +  1.82 an d  52.34 +  2.36 an d  55.61 +  3.24 (P  >  0.5), respective ly .
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F ig . 2. C holinergic n eu ra l p lexuses. M ethod  of K oelle . a . B ran ch  of th e  m id d le  cerebral 
a r te r y  o f  th e  swine. x 8 0 ; b. M iddle cereb ral a r te ry  o f th e  ca t. xlOO; c. M iddle c e re b ra l a rte ry  
o f th e  g u inea-p ig . X200; d. A n te rio r  cereb ral a r te ry ,  m iddle  cerebral a r te ry  a n d  an te rio r  

b ran ch  of th e  r a t ’s in te rn a l c a ro tid  a rte ry . X 200

I n  a rte ries less th a n  200 fi in  d ia m e te r  tra n sv e rsa l fib res p re d o m in a te d  
a m o n g  th e  cholinergic an d  ad ren erg ic  p lexuses. In  th in n e r a rte rie s , th e  d en sity  
o f t r a n s v e rs a l  fibres w as less, w hile in  a rte r ie s  w ith  a lum en of 25 — 100 
th e re  w ere  more lo n g itu d in a l co n d u c to rs .

T h e  h ighest d en sity  o f fib res w as found  in  th e  in tra c ra n ia l p a r t  o f the  
in te rn a l  sphenoid  a r te ry  an d  th e  f irs t sec tions o f th e  an te rio r an d  m idd le  cere
b ra l a r te r ie s , fu rth e r in  ca ts , in  th e  in tra c ra n ia l  b ran ch  of the in te rn a l m ax illa ry  
a r te ry .

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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F ig . 4. A drenergic n eu ra l p lexuses. M ethod  of F a lck -H illa rp , ML-2 a. M iddle cerebral a r te ry  o f th e  cow. x 2 0 0 ; b. M iddle cerebral 
a r te ry  o f th e  dog. X 200; c. B ran ch  of th e  dog’s m iddle cerebral a rte ry . x 2 0 0 ; d. M iddle cerebral a r te ry  o f th e  ra b b it . XlOO
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The vessels o f th e  v e r te b ra te  sy s tem , n a m e ly  th e  m ain  sp in a l, ce reb e llar 
an d  p o ste rio r cereb ral a rte rie s , d isp lay ed  a low er d ensity  of n eu ra l fib res  in 
all th e  an im als. T hus, th e  densities of cho linerg ic  n eu ra l fibres p e r sq . m m  in 
th e  c a t ’s m iddle ce reb ra l a r te ry  and  th e  cau d a l d irection  w ere 67.88 +  1.48 
an d  52.49 +  1.73 re sp ec tiv e ly  (P <+ 0.001). Л  s im ila r reg u la rity  w as c h a ra c te r 
istic  o f th e  ad renerg ic  fib res , too.

T hus no basic  d ifferences were o b serv ed  in th e  s tru c tu re  a n d  d e n s ity  of 
cholinergic an d  ad ren erg ic  p lexuses. T he p re se n t s tu d y  on th e  c o n c e n tra tio n s  
of n eu ra l fib res in  ce reb ra l a rteries show ed especially  dense cho linerg ic  and 
ad ren erg ic  n eu ra l p lexuses to  be ty p ic a l o f hum an s and  large  m am m als. 
A ccording to  th e  d e n s ity  of cholinergic an d  ad renerg ic  fib res in  th e  said 
a rte rie s , th e  an im als m a y  be lis ted  in  th e  follow ing o rder: ra ts , gu inea-p igs, 
ra b b its , ca ts , dogs, sw ine, cows an d  horses.
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V E R G L E IC H E N D E  U N T E R S U C H U N G  D E R  E F F E K T O R IN N E R V A T IO N  D E R  
Z E R E B R A L E N  A R T E R IE N  B E I S Ä U G E T IE R E N  U N D  M E N S C H E N

P A. M OTAW KIN, G. S. WLASOW und  L. D. PALASCHENKO

M it Hilfe der F A L C K -H lL L A R P s c h e n  und  KoELLEschen M ethode w urden die N eu ro fib ril
len in den zerebralen  A rte rien  von M enschen u n d  S äugetie ren  (R a tte n , M eerschw einchen, 
K an in ch en , K a tzen , H u n d e n , Schw einen, K ü h e n  u n d  P fe rd en ) u n te rsu ch t. A n d e r K a ro tis  
und  den grossen A rte rien  des v e rteb ra len  S y stem s w aren  d ich te  cliolinerge u n d  adrenerge  
Plexi aus Q uer- u n d  L ängsfib rillen  in den oberfläch lich en  u n d  tieferen  a d v en titie llen  S ch ich ten  
zu b eo b ach ten . Die s tä rk s te  cholinerge und  ad ren erg e  F ib rillen k o n zen tra tio n  zeig te  sich  an den 
m enschlichen sowie den A rte rien  der grossen S äu g e tie re . A ufgrund der ste igenden  C holinerg- 
und  A d re n e rg -F ib rillen k o n zen tra tio n  in den g le ic h lau ten d en  A rterien  der T iere  k o n n te  fol-
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gende R e ih en fo lg e  aufgeste llt w erd en : R a tte n , M eerschw einchen , K aninchen , K a tz e n , H u n d e , 
S ch w eine, K ü h e  u n d  P ferde. E s zeig te  sich kein  U n te rsch ie d  v o n  grundlegendem  C h a ra k te r  in 
de r S t r u k tu r  de r N ervenplex i zw ischen  dem  M enschen u n d  den  u n te rsu ch ten  T ieren .

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ ЭФФЕКТОРНОЙ ИННЕРВАЦИИ АРТЕРИЙ 
ГОЛОВНОГО МОЗГА МЛЕКОПИТАЮЩИХ И ЧЕЛОВЕКА

П . А ., М О Т А В К И Н , Г . А ., В Л А С О В  и  Л .  П . П А Л А Щ Е Н К О

Изучались нервные волокна артерий головного мозга человека и млекопитающих 
(крыс, морских свинок, кроликов, кошек, собак, свиней, коров и лощадей) методами 
Фалька— Хилларпа и Келле. На крупных артериях каротидной и вертебральной систем 
имеются густые холин- и адренергические сплетения, образованные поперечными и про
дольными нервными волокнами, расположенными в поверхностных и глубоких слоях 
адвентиции. Наиболее высокая концентрация холин- и адренергических волокон уста
новлена на артериях человека и крупных млекопитающих. В соответствии с возрастающей 
концентрацией холин- и адренергических волокон в одноименных артериях животные 
могут быть расположены в следующий ряд: крысы, морские свинки, кролики, кошки, 
собаки, свиньи, коровы, лошади. Принципиальных различий в строении нервных сплете
ний у человека и изчуаемых животных не установлено.

D r. P . A. MOTAVKIN
D r. G. S. V lasov

D r. L . D . P al ash ch enk o

M edical In s t i tu te ,  690747 V lad ivostok , U .S .S .R .
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In s t i tu te  o f  Forensic  M edicine, Sem m elw eis U n iv e rsity  Medical School, B u d a p e s t

EFFECT ON THE HEART MUSCLE OF EXPERIMENTAL 
CARBON MONOXIDE POISONING

T. B a l o g h , P . S ó t o n y i  a n d  E .  S o m o g y i  

(R eceived J u ly  20, 1975)

T he e lec tro n  m icroscopic tech n iq u e  fa iled  to reveal u l t r a s t ru c tu ra l  a lte ra tio n s  
specific for carbon  m onoxide poisoning. In  th is  co n tac t, the sp ec ific ity  o f  th e  lead  salt 
d e tec tio n  m eth o d  o f calcium  d e te rm in a tio n  is discussed.

W ith th e  increase o f m o to r vehicle tra ff ic  en v iro n m en ta l a ir  |m llution 
lias becom e grave [5, 8] an d  carb o n  m onoxide  occurs a t h ig h est co n cen tra tio n  
in  th e  u rb a n  a tm o sp h ere  [11, 19, 32j.

T he m ost f req u en t sources of ca rb o n  m onoxide poisoning  a re  in add ition  
to  th e  e x h a u s t gases, th e  in d u s tr ia l an d  g en era to r gases, th e  ex p lo sio n  gases 
develop ing  in m ines as well as ca rbon  m onoxide  lib e ra ted  d u rin g  th e  incom 
ple te  com bustion  o f coal an d  th e  lig h tin g  gas p a rticu la rly  in  to w n s  [14, 18,
26, 28, 35].

O f the  effects o f  carbon  m onoxide , ch iefly  its action  on c e n tra l  nervous 
sy s tem  has been s tu d ied  [14, 17]. Only few d a ta  [24, 37] deal w ith  th e  changes 
induced  in tin* h e a r t  especia lly  a t  th e  u ltra s tru c tu ra l level.

T he p resen t ex am in a tio n s  were a im ed  at s tu d y in g  tin 1 e ffec t o f acute 
carb o n  m onoxide po ison ing  on the  h e a r t  m uscle.

M aterials and  m ethods

T he ex am in a tio n s  were carried  o u t on iso la ted  r a t  h earts trea te d  by  p e rfu s io n  according 
to L a n g e n d o r f f . A fter h ep arin iza tio n  and d e c a p ita tio n  the h earts  w ere im m e d ia te ly  rem oved 
an d  perfused  th ro u g h  th e  coronaries w ith  K reb s-H en se le it b icarbonate  b u ffer so lu tio n  co n ta in 
ing 10 mM glucose. T he te m p e ra tu re  o f the  so lu tio n  w as ad ju s ted  to 31 C by a th e rm o s ta t  and 
bub b led  th ro u g h  w ith  a m ix tu re  o f 0 2 and  C 0 2, o r CO, N2 and C 0 2. T he p e rfu s io n  solution 
c o n ta in ed  95%  0 2 and  5 %  C 0 2, th e  CO so lu tion  con ta in ed  45.10 v o l%  CO, 4.77 v o l%  C 0 2 
and  50.13 v o l%  N 2. Calcium  w as ad d ed  a t  c o n ce n tra tio n s  of 0; 0.075; 0 .1506; 0 .325; 0.625; 1.3 
a n d  CO perfusions was done for 1, 2, 5, 10, 15, 20 or 30 min.

T he h e a r t  was fixed  in 3 %  g lu ta ra ld e h y d e  solu tion  of ЗГ C, and  sp ec im en s were ob
ta in e d  from  the  m iddle lay er o f th e  left v e n tric le  su rround ing  th e  left d e scen d in g  coronary. 
T he m ate ria l was fix ed  in 1%  O sO ,, d e h y d ra te d  an d  em bedded in A ra ld it (D u rc u p an  ACM, 
F lu k a ). In  a d d itio n  to  th e  ro u tin e  e lectron  m icroscopic  technique, for the  lo ca liza tio n  of cal
c ium  th e  am m onium  o x a la te  [9, 25J, po tassiu m  o x a la te  and lead a c e ta te  m e th o d s  were ap
plied.
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Succinodehydrogenase  w as e s tim a te d  according to  K e r p e l -F r o n iu s  and H a jó s  [23] 
u n fix e d  specim ens w hich a f te r  d e h y d ra t io n  were em bed d ed  in  A ra ld it.

U l t r a th in  sections w ere p re p a re d  w ith  the L K B  u ltro to m , th e n  exam ined w ith  a  JE M  
100B  e le c tro n  microscope a t  60 kV  accelera tion  voltage.

Results

T h e  earliest change w as a d ila ta tio n  of th e  s a c ro tu b u la r , and T -sy stem . 
A fte r  20 to 30 min p e rfu s io n  w ith  CO or w ith  a so lu tio n  con ta in ing  ca lcium  
below  th e  physiological c o n c e n tra tio n , the  w alls o f  th e  sac ro tu b u la r sy s tem  
w ere  a lso  dem aged. The c a p illa r ie s  were d ila ted , th e  p e ricap illa ry  spaces w ere 
also  e x te n d e d . The en la rg ed  p in o c y to tic  vesicles re fe rre d  to  increased tra n s p o r t  
o f  m a te r ia ls . The p e ric a p illa ry  spaces and su rro u n d in g  fib res  con ta ined  oedem a 
f lu id . T h e  glycogen c o n te n t w as  m ain ta ined . In  th e  m ito ch o n d ria , a fte r 1 — 2 
m in  p e rfu s io n , as one o f th e  e a r lie s t changes, one o f th e  cristae  becam e e lo n 
g a te d , th e n  stre tched  across to  th e  opposite side, w h ere  a s tric tu re  ap p eared  on 
th e  m itochondrion ! and  th u s  p ra c tic a lly  tw o d a u g h te r-m ito c h o n d ria  developed . 
A t som e sites the  changes involveel only p a rts , e sp ec ia lly  th e  periphera l p a r ts , 
o f  th e  m itochonelrium  (P la te  I I ;  F ig . 3). S u b se q u e n tly  a c ircu lar a rra n g e m en t 
o f th e  m itochondria l c r is ta te ,  la te r  the ir f ra g m e n ta tio n , th e n  com plete lysis 
o f th e  in n er s tru c tu re  o c c u rre d . In  the firs t 5 to  10 m in  th e  m itochondria l 
d a m a g e  w as restric ted  to  th e  im m ediate v ic in ity  o f th e  capillaries, th e n  
a f te r  30 m in also in m ore re m o te  areas. In  th e  m uscle  fib res  the  sarcom eres 
w ere  c o n tra c te d  and  re d u c e d  in  len g th  after 2 m in  p e rfu s io n , when a d isin tc- 
g r a t 'o n ,  s tre tch ing  an d  b re a k in g  u p  of the  Z -d isk , also appeared  (P la te  I ;  
F ig s  1, 2). Beside the  h y p e rc o n tra c te d  areas h y p e rre la x e d  p a rts  could also he 
o b se rv e d  (P la te  I I ;  F igs 1, 3, 4). In  the in te rc a la te d  d isks the  in te rce llu la r 
sp ace  w as w idened. A t h y p e rc o n tra c tio n  on b o th  sides of th e  Z-disks s tro n g ly  
e le c tro n  sca tte rin g  m a te ria l co u ld  he observed (P la te  I I ;  F ig . 2).

A m ong  the applied  c a lc iu m  detection  p ro ced u re s  th e  lead -aceta te  assay  
w as a p p lie d  as a rou tine  m e th o d . I t  gave a positive re a c tio n  in  the m ito ch o n d ria  
and  in th e  d ila ted  s a c ro tu b u la r  system s, some o f th e m  w ith  dam aged  Avails 
(P la te  I I I ;  Figs 1, 3). A t so m e s ites a positive re a c tio n  w as seen along th e  Z- 
d isk  as w ell as in the  a rea  o f  h y p e rc o n tra c tio n  (P la te  I I I ;  F ig . 2). In  the  h e a r t  
m u sc le  in ju red  by carbon  m o n o x id e  and perfused  w ith  a physio logical a m o u n t 
o f ca lc iu m  the  changes d ev e lo p  la te r  than  if th e  p e rfu s in g  solution co n ta in s  a 
low  c o n c e n tra tio n  of ca lc iu m . I f  th e  perfusion is c a rr ie d  o u t w ith o u t calcium  
a n d  CO is subsequen tly  a d d e d , th e  changes a p p e a re d  as soon as 1 2 m in
(P la te  I I I ;  Fig. 4) O therw ise t h e y  appeared  only  a f te r  20 to  30 m in. The succ ino 
d eh y d ro g e n a se  reaction  fa ile d  to  show an y  s ig n if ic a n t change in an y  o f 
th e  e x p e rim e n ta l groups.
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Plate l ,  F igs 1, 2
F ra g m en ta tio n  and  d is in te g ra tio n  o f Z -m em branes (arrow s) in СО-poisoned  h e a r t

m uscle. 1 — 2 =  x 3 6  000
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Plate I I ,
F ig . 1. The sarcom ere is sh o rte n e d . H y p e rco n trac ted  a rea s in th e  h e a r t m uscle. X 18 000 
Fig. 2. Ou bo th  sides o f th e  h y p e rc o n tra c te d  fib res h y p e rre la x a tio n  and  to rn  fib res m ay  be 

observed. T he in te rc a la te d  disk is d raw n  o u t  (arrow ). x l 2  000 
F ig . 3. H y p e rco n trac ted  f ib re s  an d  characteris tic  b rid g es (arrow ) in th e  m ito ch o n d ria :

X 18 000
Fig. 4. H y p e rc o n tra c te d  fib res , incip ien t te a r in g  o f the  fib rils . X 18 000
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M ate I I I .
F ig. 1. E lec tro n  m icroscopic  h istochem ical calcium  d e te c tio n  in con tro l h e a rt m uscle.

X 14 400
Fig. 2. L ead p re c ip ita te  (arrow ) in h y p e rc o n tra c te d  sarcom eres. X 13 440 

Fig. 3. СО-poisoned h e a r t  m uscle. Positive  reac tion  in th e  walls o f the d ila ted  sa c ro tu b u la r  
sy s te m  (arrow s) and the  m ito ch o n d ria . X 14 000 

Fig. 4. Perfusion  in  th e  absence  and  in the  p resence of CO. T he sac ro tu b u lar sy s tem  is 
m ark ed ly  d ila ted  (arrow ), its  wall is fragm en ted  a t  n u m ero u s  sites, the  h e a rt m uscle is d is 

in te g ra te d  in some p a r ts . X 14 000
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Discussion

C arbon  m onoxide responsib le  for one o f th e  m ost f re q u e n t [28]; i t  is 
a b s o rb e d  b y  th e  e ry th ro c y te s  an d  b o u n d  to  haem oglobin . T he a f f in ity  of 
h a e m o g lo b in  to  carbon  m onoxide is 200 fold o f  its  a ffin ity  to  oxygen . In  m uscle, 
c a rb o n  m onoxide is b o u n d  to  m yoglobin , b u t  th e  d is trib u tio n  of CO b e tw een  
h a e m o g lo b in  has no t been  clarified  [1, 10].

C arboxyhaem og lob in  sh ifts th e  n o rm a l oxygen  d issociation  curve  to  th e  
le f t  a n d  induces tis su la r  h y p o x ia . In  a d d itio n  to  the  c o n cen tra tio n  o f th e  
in h a le d  gas, its  in ju rious effect is co n n ec ted  w ith  the  ac tu a l s ta te  o f tissue 
m e ta b o lism , w ith  re sp ira to ry  fu n c tio n  as well as w ith  th e  ac tion  o f th e  h e a r t
[2, 3 ].

I n  sub jec ts  w ith  a n aem ia , a thero sc le ro sis  or co ronary  sclerosis, a low 
c a rb o n  m onoxide c o n c e n tra tio n  m ay  a lre a d y  induce  severe a lte ra tio n s , even 
in d e ta i l  [34]. C arbon m onoxide  in h ib its  th e  a c tiv ity  of g lucose-6 -phosphate  
d e h y d ro g e n a se  and lac tic  ac id -d eh y d ro g en ase ; i t  has no effect on m alon ic  acid 
d e h y d ro g e n a se  and it red u ces th e  n u m b e r o f lysosom es [7, 39]. F o r its  effect 
on  th e  h e a r t m uscle cells, th e  tissue hypo x ia  an d  the  in h ib ition  of fe rro p ro te in  
(c y to c h ro m e , m yoglobin) due  to  carb o x y h aem o g lo b in  fo rm atio n  are re sp o n 
sib le . T he m echanism  of ce llu la r fe rro p ro te in  in h ib itio n  is n o t q u ite  clear, 
p a r t ly  because  th e  ce llu la r effects of ca rb o n  m onoxide can n o t be se p a ra te d  
fro m  th e  effects p ro d u ced  b y  ca rb o x y h aem o g lo b in  in vivo [3, 6, 22].

A ccord ing  to  clinical d a ta , a fte r a cu te  CO poisoning changes p o in tin g  
to  h e a r t  m uscle cell in ju ry  m ay  be a b se n t, or ap p ea r im m ed ia te ly  or severa l 
d a y s  la te r  [20, 21]. P e tech ia l or diffuse b leed ings m ay develop in  th e  p e ri
c a rd iu m , endocard ium  an d  th e  p ap illa ry  m uscles. In  th e  m y o card iu m , f a t ty  
d e g e n e ra tio n  or necrosis m a y  develop [16, 21].

T h e  p henom ena observed  b y  us, n a m e ly  th e  e longation  o f th e  c ris ta  
a n d  th e  division th e  m ito ch o n d ria  occur also in  o ther m a te ria ls , th u s  in  th e  
l iv e r  m ito ch o n d ria  of d e h y d ra te d  ra ts  a f te r  re h y d ra tio n  [4] an d  u n d e r  th e  
e ffe c t o f tr iio d o -th y ro n in e  an d  rib o flav in  d efic iency  in h e a r t an d  liv er m ito 
c h o n d r ia  [30, 31]. In  th e  h e a r t  m uscle in tra c e llu la r  oedem a, d ila ta tio n  o f the  
sa rc o p la sm ic  re ticu lu m  an d  m ito ch o n d ria l changes were observed  fo llow ing 
th e  in h a la tio n  of 1 v o l%  CO [37].

F o rm a tio n  of a h y p e rc o n tra c te d  s tr ip e  w as observed in p o ta ss iu m  d e 
f ic ie n c y  [33], following e lec tric  shock [36] a n d  a fte r  open h ea rt su rg e ry  [38].

F o r  th e  e lec tronm icroscop ic  h is to ch cm ica l de tec tio n  of calc ium , several 
m e th o d s  have been e la b o ra te d  [9, 12, 13, 25, 27, 29]. The ex am in a tio n s  d em 
o n s t r a te d  th a t  in the  m am m alian  h e a r t  m uscle  beside th e  sac ro p la sm a tic  
r e t ic u lu m  o th e r cellu lar organelles have also a role [13].

T h e  changes found in th e  m ito ch o n d ria  developed  ea rly ; th e  fu n c tio n a lly  
a n d  p a r t ly  s tru c tu ra lly  lo s t p a r ts  seem to  be d em arca ted  b y  a m em b ran e
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from  th e  in ta c t  regions. In  th e  im m ed ia te  su rro u n d in g s of th e  cap illa rie s , severe 
m ito ch o n d ria l changes are  develop ing  ra p id ly . The fra g m e n ta tio n  a n d  d is
in te g ra tio n  o f th e  Z -d isk  m ay  also be co n sid ered  as an  early  e ffec t o f  h y p o x ia , 
b u t  th is  change ap p ears  la te r  th a n  th e  d ila ta tio n  of th e  s a c ro tu b u la r  system .

W e have  o b ta in ed  co rrec tly  ev a lu ab le  a n d  ex p erim en ta lly  w e ll-rep ro d u c 
ib le reac tio n s w ith  th e  le a d -a c e ta te  m e th o d . The lead  p re c ip ita te  p o in tin g  to  
th e  h ig h est am o u n t o f calcium  w as fo u n d  correspond ing  to  th e  m ito c h o n d ria , 
a n d  fre q u e n tly  in  th e  w alls o f th e  s a c ro tu b u la r  system . The p re c ip ita te  co r
resp o n d in g  to  th e  Z -disk  an d  th e  h y p e rc o n tra c te d  area  su p p o rts  o n ly  th e  view  
t h a t  a t  sites n o t th e  a m o u n t o f ca lcium  b u t  th e  lead -b ind ing  c a p a c ity  has in 
c reased , due p ro b a b ly  to  local p H  changes an d  th e  a c c u m u la tio n  o f lead- 
re a c tiv e  groups.

H ence , i t  is assum ed  th a t  in  c a rb o n  m onoxide poisoning  th e  calcium  
tu rn o v e r  is dam aged . H ow ever to  p rove  th is  hypo thesis th e  p re s e n t calcium  
d e te c tio n  m ethods are  n o t sa tis fa c to rily  sensitive  or specific.
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A N  D E R  H E R Z M U S K U L A T U R

I. BA LO G H , P. SÓTONYI u nd  E . SOM OGYI

M it Hilfe der E le k tro n en m ik ro sk o p te c h n ik  der V e rfasse r w ar es n ich t m öglich  ein  
u l tra s tru k tu re l le  V e rän d e ru n g  fe s tzu s te llen , die bei d e r  K o h len m o n o x y d v erg iftu n g  eine 
Spezifischen C h arak ter au fw eisen  w ü rd e . U n ter an d e re m  b e h a n d e ln  die A u to ren  das Spezi
f ik u m  d e r K a lz iu m d ars te llu n g  m it  B leisalzen .

ИССЛЕДОВАНИЕ ВЛИЯНИЯ ЭКСПЕРИМЕНТАЛЬНОЙ ИНТОКСИКАЦИИ ОКИСИ 
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Специфические ультраструктурные изменения интоксикации окиси углерода не 
наблюдались применением электронно-микроскопической техники авторов. Исследовалось 
методики для демонстрации кальции с помощью свинцовой соли.
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C en tra l M unicipal H o sp ita l fo r In fec tious D iseases o f B u d a p es t, N a tio n a l I n s t i tu te  o f
H yg iene, B udapest, H u n g a ry

INTRANUCLEAR VIRUS-LIKE PARTICLES IN HBSAG- 
AND IHXAG-NEGATIVE ACUTE HEPATITIS (TYPE C?)

(P R E L IM IN A R Y  R E P O R T )

G. K e n d r e y , I. H ollós  and B . L ászló

(R eceived  Septem ber 20, 1975)

K ey-w ords

V irus-like pa rtic les , a cu te  h e p a titis , h ep a titis  ty p e  C.
In tra n u c le a r  v iru s-lik e  partic les w ere fo u n d  b y  e lectron  m icroscopy  in  liver 

cells o f a w o m an  suffering  from  m ild H B sAg- a n d  I H xA g-negative  acu te  h e p a titis . 
The p a rtic les  e n co u n te red  w ere m orphologically  d iffe re n t fro m  those fo u n d  in  h e p a titis  
В a n d  h e p a titis  A resp ec tiv e ly . F u rth e r  s tu d ies  a re  req u ired  to  clarify  w h e th e r th e  
s tru c tu re s  re p re se n t an  in c id e n ta l find ing  of a  new  h u m a n  (passenger) v iru s  or th e y  
m ay  be re la te d  to  th e  aetio log ical agen t of th e  su p p o sed  h e p a titis  ty p e  C.

The d iscovery  of A u s tra lia  (i.e. H B sAg) an tig e n  [2] w ith  th ree  d is tin c t 
ty p e s  of p a rtic le  in  th e  se ru m  using  negative s ta in in g  [1], e lec tron  m icroscopic 
d e m o n s tra tio n  o f in tra n u c le a r  virus-like p a rtic le s  (i.e. v irus-cores) in  liv er 
cells of H B sA g-positive p a tie n ts  [12], fu r th e rm o re  v isu a liza tio n  of v irus-like  
p a rtic le s  in  faecal e x tra c ts  of p a tie n ts  d u rin g  th e  ic te ric  phase of h e p a titis  
A [4, 18], have g iven  new  im pulse to  h e p a titis  re sea rch  [17]. T here are se ro 
logical te s ts  for th e  d iffe ren tia l diagnosis of h e p a tit is  A and  B, i.e. b y  com ple
m en t f ix a tio n  an d  reverse  passive  h em ag g lu tin a tio n  m eth o d s [6, 7].

R ecen t d a ta  im p ly  th a t  a su b s ta n tia l p ro p o rtio n  of p o s t- tra n sfu s io n  
(i.e. in o cu la tio n  ty p e ) h e p a tit is  cases is cau sed  n e ith e r  b y  H B -v iru s  n o r b y  
th e  ag en t of h e p a titis  A a n d  suggest th e  ex is ten ce  o f an  ad d itio n a l v iru s(es), 
h e p a titis  ty p e  C [13].

Case repo rt

A 24-year-o ld  w om an  developed  jau n d ic e  2 m o n th s  a fte r  d e liv e ry  o f a 
h e a lth y  child  an d  a t  th e  en d  of th e  f irs t m o n th  a f te r  ta k in g  an  o ra l c o n tra 
cep tiv e . C linical fea tu re s  a n d  lab o ra to ry  te s ts  su g g ested  h ep a to ce llu la r in ju ry  
a n d  cholestasis. R ep ea ted  search  for H B sAg, a n t i -H B s an d  IH -a n tig e n  d u rin g  
th e  acu te  ic te ric  phase  o f th e  disease gave n e g a tiv e  re su lts . A liv er b io p sy  
9 d ay s  a f te r  th e  onse t o f ja u n d ic e  show ed ty p ic a l m ild  cho lesta tic  h e p a titis .
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F ig .  1. P o rtio n  of liver cell n u c le u s  (N ) w ith  ro u n d  a n d  oval osm iophilic p a rtic le s , som e of 
th e m  su rro u n d e d  by  a clear halo  X81 000

I n s e t :  A  h igher m agnification  o f th e  v irus-like  p a rtic le  o u tlin ed  in Fig. 1. w ith  tu b u la r  inner
s tru c tu re  X 375 000

(O sm iu m  fixation , u ra n y l a c e ta te  an d  lead  c itra te , JE M  6CM electron  m icroscope)
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Fig. 2. P a r t  of h e p a tic  cell nuc leus (N). Some p artic les  h av e  a ta le -like  s tru c tu re  (circle and
arrow s). X 102 000

In se t: T u b u la r  in n er s tru c tu re  an d  “ ta le ”  of the  v iru s-lik e  p a rtic le  encircled in  F ig . 2.
X 378 000

(O sm iu m -fix a tio n , u ra n y l-a c e ta te  an d  lead c itra te , JF jM 6CM electron  m icroscope)

Acta Morphologica Acadcmiae Scientiarurn llungaricae 23, 1975



176 G . K E N D R E Y  e t  a l.

I n  u ltra - th in  sec tions m a n y  h é p a to c y te s  co n ta in ed  in tra n u c le a r , ro u n d  
o r o v a l, h ig h ly  osm iophilic  p a r tic le s  of 3 0 —40 n m  in  d iam e te r, som e o f th em  
s u r ro u n d e d  b y  e lectron  lu c e n t  halo  (F ig . 1). A t h ig h er m ag n ifica tio n  a tu b u la r  
in n e r  s tru c tu re  could be d e m o n s tra te d  w ith in  th e  pa rtic le s  (F ig . 1. in se t). 
I n  a  sm a ll num ber of liv e r  cell nucle i th e re  w ere sim ilar p a rtic le s  w h ich  had  
a n  o sm ioph ilic , 28 -3 7  n m , ta le -lik e  s tru c tu re  (F ig . 2). The la t te r  a p p ea red  
g ra n u la r  an d  had  a d en se r o u te r  la y e r  (F ig . 2. inset).

T h e  partic les e n c o u n te re d  h ad  a v iru s-like  m orpho logy  an d  w ere d iffe ren t 
f ro m  th o se  found in  liv e r  cell nuclei of H B sA g-positive p a tie n ts  e i th e r  w ith  
a c u te  o r chronic liver d isease  [5, 8 — 11, 15], or in  H B A g -carrie rs  w ith  or 
w i th o u t  liv e r in v o lv em en t [3, 14, 16]. T h ey  h ad  no m orpho log ica l s im ila rity  
to  v iru s - lik e  partic les seen in  faeca l e x tra c ts  o f p a tie n ts  w ith  h e p a tit is  A [4, 18].

T h e  ex ac t n a tu re  a n d  significance o f these  partic les  are  n o t know n. 
W e w o u ld  speculate th a t  th e  s tru c tu re s  we now  describe rep re sen t an  in c id en ta l 
f in d in g  o f  a new h u m an  (p assen g e r? ) v iru s  or th e y  m ay  be re la te d  to  th e  aetio- 
lo g ica l a g e n t of h e p a titis  C.
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V IR U S A R T IG E  K Ö R P E R C H E N  IN  D E N  K E R N E N  V O N  L E B E R Z E L L E N  B E I  H B sAg- 
U N D  I I I XA G -N E G A T IV E R  A K U T E R  H E P A T IT IS  (TY P C?)

G. K EN D R E Y , I . HOLLÓS und L. BARNABÄS

In  den  Z ellkernen  de r L eber e iner a n  le ic h te r  H B sAg- u n d  IH xA g-neg ativ er H e p a tit is  
le id en d en  F ra u  w u rd en  bei de r e lek tro n en m ik ro sk o p isch en  U n te rsu ch u n g  v iru sa r tig e  K ö rp e r
chen  gefunden . D iese P a rtik e lch e n  w aren  v o n  d en  bei A- bzw. B -V iru s-H ep a titis  n ach g e
w iesenen K ö rp e rch en  m orpholog isch  abw eichend . Z u r K lä ru n g  der F rage , ob  d ie  ob igen  
G ebilde als Z u fallsbefund  zu  b e tra c h te n  sind  u n d  e in  neues hu m an es (p assen g er? ) V iru s  oder 
den  E rreg e r  der ang en o m m en en  H ep a titis -C  d a rs te llen , sind  w eitere U n te rsu c h u n g e n  
erfo rderlich .

ВИРУСОПОДОБНЫЕ ТЕЛЬЦА В ЯДРАХ ПЕЧЕНОЧНЫХ КЛЕТОК 
ПРИ HBSAG- И 1НХАО-ОТРИЦАТЕЛЬНОМ ОСТРОМ ГЕПАТИТЕ (ТИП С?)

Г. КЕНДРЕИ, И.ХОЛЛОШ и Б. ЛАСЛО

В клеточных ядрах печени женщины, страдающей легкой формой HBSAG- и IHxAg- 
отрицательного гепатита, при электронномикроскопическом исследовании были обнару
жены вирусоподобные тельца. Эти частицы морфологически отличались от телец, выявлен
ных при вирус-А- или вирус-В-гепатите. Для уяснения вопроса о том, следует-ли рас
сматривать вышеуказанные вирусоподобные образования как случайную находку и явля- 
ются-ли они новым человеческим (passenger?) вирусом или возбудителем предположен
ного гепатита С, необходимы еще дальнейшие исследования.

D r. G ábor K e n d r e y  
D r. B a rn a b á s  L ászló

D r. Iv á n  H ollós ,

F ő v áro s i L ászló  K órház ,
1097 B u d a p e s t, G yáli ú t 5/7., H u n g a ry

O rszágos K özegészségügyi In té z e t,
1966 B u d a p e s t, G yáli ú t  2 — 6., H u n g a ry
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RECENSIONES

Review s on Cancer. B iochem ica  a n d  B iophysica  A c ta  (CR) E lsev ier S c ien tific  
P u b lish in g  C om pany, A m ste rd am  1974

Vol. 355, No. 1., P p . 1 — 120 

P rice: D fl. 33.00

T he R N A  tu m o u r v iru se s  are able to  induce  tu m o u rs  in  anim als. T h is c lass o f  v iruses 
has several such  biological, b iochem ical and  s tru c tu ra l p ro p erties , w hich  d is tin g u ish  i t  from  
th e  o th e r  R N A  viruses.

C oncerning th e ir  fine  s tru c tu re , these  v iru ses m ay  be classified in to  В a n d  C type 
pa rtic les . B o th  have a R N A  genom e, w hich  is rep lica ted  b y  an  in te rm ed ia ry  D N A .

A m ong the  R N A  tu m o u r  v iruses th e  C -type has been stu d ied  m o st th o ro u g h ly . These 
v iruses induce leukaem ia, sa rco m a an d  occasionally  som e o th e r k ind  of tu m o u r  in  num erous 
an im al species. U nder la b o ra to ry  cond itions v iruses induce  in  vitro  cellu lar tran s fo rm a tio n .

N orm al cells — a t  le a s t in  som e an im al species — obviously  possess su ch  com plete 
genetica l in fo rm atio n  w hich  is su ited  fo r bu ild ing  up  C -type particles.

T he fu n c tio n  in  vitro  o f  th is  genetic  m ate ria l o f th e  som atic  cells is u n k n o w n ; i t  seems 
to  p lay  a role in  th e  d ev e lo p m en t o f “ sp o n tan eo u s”  tu m o u rs .

T he f ir s t  pap er p u b lish ed  in th e  n u m b er a t  issue discusses th e  R N A  a n d  D N A  com 
p o n e n ts  o f th e  genetic m a te ria l o f  th e  C -type v iruses. I t  proposes a  m odel, w h ich  m ay  help  to 
s tu d y  th e  rep lica tion  an d  in te ra c tio n  o f th e  v iru s w ith  chrom osom es.

Some new ex p erim en ta l d a ta  are re p o rte d , w hich  are in c o n tra s t w ith  th e  fo rm er concept 
concern ing  th e  u l tra s tru c tu re  o f C -type v iru s p a rtic le s , th e  connection  b e tw ee n  v iru s and 
an im al cells, th e  c lassifica tion , cellu lar an d  m olecu lar bio logy, and  genetics, o f R N A  tu m o u r 
v iruses.

T he f irs t  p u b lica tio n  (R N A  and  D N A  fo rm s of th e  genetic  m ate ria l o f C -type  viruses 
and  th e  in te g ra te d  s ta te  o f th e  D N A  fo rm  in  th e  cellu la r chrom osom e, b y  M. H il l  a n d  J an a  
H il l o v a ) supplies the  re ad e r  also w ith  th e  necessary  in fo rm a tio n  by  th e  h y p o th es is  is offered 
to ex p la in  th e  rep lica tion  cycle o f th e  R N A  tu m o u r v iruses, w ith  the  in te rm e d ia ry  he lp  o f DNA. 
T he in te rre la tio n  of m a lig n ity  is b ro u g h t in to  connection  w ith  an  ev o lu tio n ary  p ro cess or w ith  
th e  endogenous depression  o f  th e  tran sfe rre d  genetic  m ate ria l coding th e  C -type  v iru 
ses.

T he second p ap er (V iruses as im m unological a d ju v a n ts  in cancer, b y  J .  L id e n m a n n ) 
deals w ith  tu m o u r im m uno logy . T he hom ogenate  o f tu m o u r cells in fec ted  w ith  v iru se s is iin- 
m unolog ically  m ore effec tive  th a n  a sim ilar e x tra c t  o f  non-in fec ted  cells. T h is  phenom enon 
has been s tu d ied  chiefly  w ith  non-specific  tu m o u rs  an d  in fluenza  v iruses, b u t  i t  w as dem on
s tra te d  using  specific tu m o u r  f i ltra te s  a n d  o th e r v iruses too . The h y p o th es is  o f  a ca rrie r — 
h a p te n  ty p e  connection  also is p u t  fo rw ard ; i t  m ay  come in to  existence a t  v a r io u s  levels of 
v irus developm en t. V iruses, t h a t  seem  su ited  in  m an  fo r “ v irus-assisted  im m u n o th e ra p y ”  
were a d a p te d  to  h u m an  tissu es. F u r th e r  h u m an  stu d ies  are recom m ended .

T he th ird  p ap er (T ra n sp o r t  o f sugars in tu m o u r cell m em brane , by  M. H a t a n a k a ) dis
cusses th e  tra n sp o r t  o f su g ars  across norm al an d  tu m o u r cell m em branes. T h e  p rev io u s ly  ob
served  differences, e. g. aero b ic  glycolysis o f tu m o u r cells, w ere ex p la ined  by  th e  ra te  o f p ro lif
e ra tio n  r a th e r  th a n  by m alig n ity . A ccording to  re ce n t s tu d ies  based on th e  c o n n ec tio n  of cellu
la r  d en sity  and  p ro p o rtio n  o f g lycolysis th e  changes o f th e  ra te  o f glycolysis a re , how ever, no t 
caused  by  p ro life ra tio n , b u t  b y  changes in th e  tran s fo rm a tio n  of norm al c°41s. T h e  h y po thesis 
is su p p o rte d  by  a considerab le  n u m b er o f ex p erim en ts  an d  cellular biological a n d  b iochem ical 
ex am in atio n s . F inally  th e  fo u r th  p ap er (A ntigens o f  m urine  leukem ia v iruses, b y  F , L il l y  and
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R . S t e e v e s ) discusses th e  k n o w led g e  concerning p ro te in s  w ith  an tig en ic  p ro p e rtie s  iso la ted  
fro m  m u rin e  leukem ia v iruses. A  g en etica l, biochem ical a n d  im m uno log ica l su rv ey  is given 
w ith  n u m ero u s  references.

Sz. O ttó

H . J e l l i n e k : Arterial Lesions a n d  Arteriosclerosis. A k ad ém ia i K iad ó , P u b lish in g  H ouse o f th e  
H u n g a r ia n  A cadem y of Sciences, B u d a p e s t  1974. 331 p ag es , w ith  245 b lack  a n d  w h ite  an d  

188 co lo u red  m icropho togram s, 3 f ig u re s , 2 tab le s

T h is  book sum m arizes th e  r e s u l ts  o f recen t resea rch es o n  b o th  th e  pa th o g en esis a n d  th e  
p a th o lo g y  o f a rte ria l changes a n d  arteriosclerosis, based  on  th e  s tu d ies  o f a  te a m  o f th e  Second 
I n s t i tu t e  o f  Patho log ical A n a to m y  o f  Semmelweis U n iv e rs ity  M edical School, B u d a p es t. T he 
m a in  p a r t  o f th e  book is w r i t te n  b y  P ro fesso r H . J e l l i n e k ; in  th e  a u th o rsh ip  o f th e  c h ap te rs  
h is  p re s e n t  and  form er c o lla b o ra to rs , h a d  an  o u ts tan d in g  ro le .

S tru c tu ra lly , th e  book  is d iv id e d  in to  a preface, 11 c h a p te rs  an d  an  ap p en d ix . I n  th e  
p re fa c e  th e  E d ito r  rep o rts  t h a t  in te n s iv e  research  p e rfo rm e d  d u rin g  ab o u t 15 y ears  on  th e  
v a s c u la r  diseases occurring  in  m a n  o r  induced  in an im a l e x p e rim e n ts  allow ed th e  conclusion  
t h a t  a n y  v ascu la r lesion is e s se n tia lly  id en tica l and th e  a d v a n c e d  lesions rem ind  in  each  case 
o f  th e  a rte rio sc le ro tic  changes.

T h ese  stud ies su p p o rt co n v in c in g ly  th e  sim ilar co n ce p tio n  of Gero et. al. as well as o f 
H a u s s ’ school concerning th e  p a th o g e n es is  of a rte rio scle ro sis. T hese a u th o rs  re g a rd  as th e  
d ec is iv e  fa c to r  in  th e  e v o lu tio n  o f  th is  polyaetio logical d isease  th e  “ nonspecific”  s te reo ty p ic  
c h an g e s  in  th e  com position  o f  th e  b a s ic  substance o f v a sc u la r  connective  tissue, in d u ced  b y  
v a r io u s  s tre ss  effects or th e  so -ca lled  ’’nonspecific”  m esen ch y m a l reac tio n .

T h e  f irs t  chap ter d iscusses th e  u ltra s tru c tu re  o f th e  a r te r ia l  w all o f m am m als, ana ly sin g  
in  d e ta i l  th e  s tru c tu re  o f th e  in tim a i ,  m edial and  a d v e n ti t ia l  lay e rs  in  th e  a o rta , th e  large  
a n d  sm a ll vessels as well as in  th e  capillaries. R eferences a re  su p p lied  concerning th e  signif
ic a n t  c e llu la r elem ents d e te c te d  h e re ,  th e  endothelia l cells, sm o o th  m uscle cells a n d  th e  f ib ro 
b la s ts .

T h e  second ch ap ter d iscusses o n  th e  basis of th e  a u th o rs ’ ow n stud ies th e  ao rtic  re ac tio n  
to  v a r io u s  effects, w hich con sis ts  in  a  p ro liferation  of th e  in tim a . H ere are discussed b o th  th e  
d e v e lo p m e n t and th e  s tru c tu re  o f  th e  regenerative  in tim a i p ro life ra tio n , its  m orphogenesis, 
th e  o r ig in  o f cellu lar com p o n en ts , th e  endothelia l a n d  sm o o th  m uscle  cells, and  th e  ro le o f  th e  
s m o o th  m uscle cells in f ib rillo g en esis , fu rth e r the  in tim a i p ro life ra tio n  in  v ascu la r c ra fts  as 
w ell a s  th e  vascu la r changes d e v e lo p in g  in  ex p erim en tally  p ro d u c e d  hyp erten sio n .

T h e  th ird  ch ap ter d e m o n s tra te s  th e  pa thogenesis a n d  u l tra s tru c tu re  o f th e  a r te r io 
sc le ro tic  changes, th e  fo u rth  c h a p te r  p resen ts o b se rv a tio n s o f  th e  large  a rte rie s  o f m uscles. 
C h a p te r  5 discusses th e  m o rp h o lo g ica l changes induced  in  th e  sm all a rte rie s  an d  arte rio les  b y  
e x p e r im e n ta l  hypertension , to p ic a l  ap p lica tio n  of acid , n o ra d re n a lin e  tre a tm e n t a n d  h y p e r
s e n s i t iv i ty  reac tio n  e lic ited  b y  h o rse  serum . I t  is d e m o n s tra te d  t h a t  th e  m orpholog ical changes 
a re  s im ila r  in  each case an d  d iffe r f ro m  th e  lesions obse rv ed  in  th e  large  vessels o n ly  in  q u a n ti ty  
o f e la s tic  elem ents.

C h a p te r  6 sum m arizes e x p e r im e n ta l  observations on  th e  d ev elo p m en t of su b en d o th e lia l 
f ib r in o id  a n d  on h istochem ical a n d  enzym ological changes in  th e  connective  tissue.

C h a p te r  7 d em o n stra tes  th e  ch ro n ic  changes dev elo p in g  in  th e  sm all vessels su b seq u e n t 
to  s im p le  in ju ry  or a fte r an  a cu te  h y p e rte n siv e  crisis, fu r th e r  in  ben ig n  h y p e rten sio n , h y p o x ia  
a n d  fo llo w in g  th e  subsidence o f e lic ite d  ex perim en tally  a c u te  changes.

C h a p te r  8 discusses th e  th e r a p y  of changes in  th e  sm all vessels, developing in  e x p eri
m e n ta l  h y p e rten sio n . In  C h ap te r  9 , a  su m m ary  is given of th e  conclusions d raw n  fro m  th e  ex 
p e r im e n ta l  d a ta .

C h a p te r  10 discusses th e  t r a n s p o r t  across th e  v a sc u la r  w all, fu r th e r  th e  fa c to rs  re sp o n 
sible fo r  p e rm eab il ity , in tra m u ra l  d iffu sio n  of various p lasm a  co m p o n en ts , such as th e  p ro te in s , 
lip id e s , lip o p ro te in s , and  ions, th e  ro le  o f vasoactive am ines a n d  h o rm ones, an d  th e  effec t of 
h y p o x ia  a n d  p H  as well as h y p e r te n s io n , on  tran sp o rt m ech an ism . Special em phasis is la id  on  
th e  ro le  o f  pe rm eab ility  in a rte rio sc le ro sis .

C h a p te r  11 gives a su rv e y  o f  th e  ex p erim en tal re su lts , to g e th e r  w ith  th e ir  c ritica l ev a l
u a tio n .

T h e  A ppendix  co n ta in s som e p o in ts  im p o rta n t fo r th e  in v es tig a to r in te re s ted  in  th e  
to p ic , e .g . a  descrip tion  of th e  m e th o d s  of fixation  an d  s ta in in g ; a  l is t  o f th e  p u b lica tio n s o f th e  
a u th o r  a n d  his collaborators as w e ll as a detailed l is t  o f m ore  th a n  th o u sa n d  references, an  
a u th o r  a n d  a sub ject index . F in a lly , a  collection of m ic ro p h o to g rap h s  assem bled w ith  u tm o s t  
care  is a d d e d , con tain ing  245 b la c k  a n d  w hite and 188 co lo u red  p la tes .

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975
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T he h igh  level o f th e  d o c u m en ta tio n  m a te ria l h a s  to  be em phasized . The f ir s t  p a r t  o f the  
fig u res on  60 pages consists o f electronm icroscopic  p ic tu re s . T h eir con trastin g  is e x ce lle n t, th e  
c u ttin g  is clear. I t  is re g re tta b le  th a t  the  lig h t m ic ro sco p ic  p ic tu res  are condensed on  8 pages; 
in sp ite  o f th e ir  ex ce llen t q u a lity  th ey  are too  sm all fo r d e m o n s tra tin g  details.

T he p ro fo u n d  m in u ten ess o f deta il w e ll-p ro p o rtio n ed  a n d  d idac tic  in th e  w o rk  w ill fulfil 
th e  re q u ire m e n ts  o f ev er in te re s ted  research  w orker. T h e  b ib lio g rap h y  m eets th e  re q u ire m e n ts  
o f  a source of references, concerning th e  aetio lo g y , p a th o g e n es is  and  pa th o lo g y , o f  a r te r io 
sclerosis.

S. G e r o

6* Acta Morphologica Academiae Sen ntiarum Hungaricae 23, 1975
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Technikai szerkesztő :

D r. S o m o g y i  E n d r e

A z A cta  M orphologica angol n y e lv en  kö zö l értekezéseket a  k ísé rle te s  o rv o stu d o m án y  
tá rg y k ö ré b ő l.

A z A cta  M orphologica v á lto zó  te r je d e lm ű  fü ze tek b en  je len ik  m eg. T ö b b  fü z e t a lk o t egy 
k ö te te t .

A közlésre  szán t k é z ira to k  a k ö v e tk e ző  c ím re  kü ld en d ő k ;

A cta  M orphologica, 1094 B u d a p est, Tűzoltó  u . 58.

U g y an erre  a cím re k ü ld e n d ő  m in d en  szerkesz tőség i és k ia d ó h iv a ta li  levelezés.
M egrendelhető  a  b e lfö ld  szá m á ra  az  A k ad ém ia i K iad ó n ál (1368 B u d a p e s t P f. 24. 
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b ild e n  e inen  B and.

D ie  zur V erö ffen tlich u n g  b e s tim m te n  M a n u sk rip te  sind  a n  fo lgende  A dresse  zu 
se n d e n :

A cta  M orphologica, 1094 B u d a p est, Tűzoltó и. 58.
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STUDIES ON CARTILAGE FORMATION 
XX. HISTOCHEMICAL INVESTIGATION OF SOME 

ENZYMES OF GLYCOGEN METAROLISM 
IN REGENERATIVE ARTICULAR SURFACES

Cs. H a d h á z y , T . G l a n t , B. Má n d i , S. H a r m a t i , L. B o r d á n , and K . B alogh

(R eceived F e b ru a ry  28, 1975)

In  28 dogs th e  d is ta l a rticu la r cartilag e  o f th e  fe m u r was rem oved an d  th e  reg en e r
a tin g  a rticu la r  su rface  on the  7 0 th  p o sto p e ra tiv e  d a y  w as stu d ied  h is tochem ically  for 
hexokinase, g lucose-6-phosphatase, phosphohexose-isom erase , fructose-1 , 6 -d iphos
phatase , a ldo lase, g ly ce ra ld ehyde-3 -phosphate  deh y d ro g en ase , la c ta te  deh y d ro g en ase , 
la c ta te  d eh y d ro g en ase  isoenzym es, p h o sp h o g lu co m u tase , phosphory lase , g lycogen 
sy n the tase , U D P  — glucose dehydrogenase , a n d  U D P -g lucuron ic  acid-4-ep im erase .

The a r tic u la r  surface consisted  of fib ro u s tis su e  an d  of cartilage  islets. T he la t te r  
con ta ined  cells d iffe ren tia tin g  in to  cartilage  a n d  y o u n g  chondrocy tes. T he g lyco ly tic  
enzym es re a c te d  positive ly  in  th e  reg en e ra tiv e  a r tic u la r  surface. E n zy m e a c tiv itie s  
were h igher in  th e  cells (p a rticu la rly  th e  ch o n d ro b la s ts  and  young  cho n d ro cy tes) of 
th e  cartilage is le ts  th a n  in  the connective  tis su e . In  th e  cells d iffe ren tia tio n s in to  c a r t i
lage, beside th e  L D H  isoenzym es ch a ra c te ris tic  o f glycolysis, a sign ifican t L D H , and  
L D H , a c tiv ity  w as observed. A t th e  sam e site  th e  p resen ceo ffru c to se -1 , 6 -d ip h o sp h a tase - 
a c tiv ity  could  be  assum ed , b u t th e re  was no g lucose-6 -phosphatase  a c tiv ity . G lycogen 
syn thesis p ro ceed ed  in th e  cells of th e  cartilage  is le ts an d  U D P-glucuronic  acid-4-epi- 
m erase a c t iv ity  w as observed in  th e  d iffe re n tia te d  cells. U D P-glucose dehy d ro g en ase  
a c tiv ity  was p o sitiv e  in  every  sec tion  of th e  a r tic u la r  surface.

Introduction

T he g lyco ly tic  enzym es of ca rtilag e  and  g ra n u la tio n  tissue have  been 
s tu d ie d  in deta il b y  m eans of chem ical m e th o d s. A m ong o thers D e l b r ü c k  [6],  
S il b e r g e r  et al. [31, 32] , K u h l m a n  and  M cN a m e e  [21, 22], Ma r c u s  an d  
S r iva st ava  [24] s tu d ie d  th e  cartilag e  and  W o e s s n e r  an d  B ouceic [39, 40 ] ,  
an d  H artman  a n d  W a l pu r g e r  [17] th e  g ra n u la tio n  tissue.

P ro b ab ly  b ecau se  of techn ica l reasons th e  s tu d y  of ca rtilage  d iffe re n ti
a tio n  has been so m ew h a t neglected . W e have s tu d ie d  th e  g lycolytic  enzym es of 
ch o ndrifica tion  u n d e r  reg en era tiv e  co n d itions [14, 15, 27, 28] , w hile h is to - 
chem ical studies h a v e  been perfo rm ed  by  B a l o g h  an d  H ajeic [3], R a e k a l l io  
e t al. [29], T a k a d a  [33] and  W o lfe  and  Co h e n  [41]. As a co n tin u a tio n  of 
ea rlie r stud ies [16] in  th e  p resen t p a p e r  we w ish  to  re p o rt on resu lts  o f enzym e 
h istochem ical te s ts  in  reg en era tin g  carlilage .
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M ateria l and  m ethod

I n  28 dogs p re tre a te d  w ith  m o rh in e -a tro p in e  an d  anaesth es ized  w ith  T h ia lb a rb ita l  
th e  le f t  k n e e  jo in t  was exposed a n d  th e  d is ta l a r tic u la r  c artilag e  of th e  fem ur rem o v ed  to g e th e r  
w ith  a  few  m m  of th e  spongiosa. N e x t, a n e w  a r tic u la r  surface  w as form ed from  th e  spongiosa  
a n d  th e  inc is io n  was closed (for d e ta ils , see 13).

A fte r  70 days th e  an im als w ere k illed  a n d  3 x 5  m m  specim ens were o b ta in e d  v a rio u s 
p a r ts  o f  th e  regenerating  a r tic u la r  surface b y  incisions p e n e tra tin g  in to  th e  spongiosa . T he 
osseous p a r t  w as th in n ed , th e  spec im ens w ere frozen  in  d ry  ice and  10 fim  c ry o s ta t  sectiones 
w ere p re p a re d  w ith o u t f ix a tio n  a n d  d eca lc in atio n . O f th e  g lycolytic  enzym es, h ex o k in ase  
(Me i j e r , [25]), g lucose-6-phophatase  (F o u q u et , W e g m a n n , [8]), phosphohexose-isom erase  
(Me i j e r , B lo em  [26]), fru c to se-1 ,6 -d ip h o sp h atase  (Ve r n e , W eg m an n  [35]), a ld o lase  (A b e , 
S h im iz u  [1]), g ly ce ra ld ehyde-3 -phosphate  dehy d ro g en ase  (H im m elo ck , K a r n o v sk y  j 18]), 
la c ta te  d ehydrogenase  (W e g m a n n , S otelo  [37]), la c ta te  dehydrogenase  isoenzym es (G e r e b t - 
zo ff  [9]) w ere s tud ied  and  of o th e r  enzym es p a r tic ip a tin g  in  glycogen m etab o lism , pho sp h o - 
g lu co m u tase  (Yano  [42]), p h o sp h o ry lase  (G o ld b er g  e t al. [10]), glycogen sy n th e ta se  (W e g 
m a n n  e t  al. [38]), U D P-glucose deh y d ro g en ase  (B a logh  j r . ,  Co h en  [2]), U D P -g lu cu ro n ic  
acid -4  (5 )-ep im erase  (D ic u lesc o , O n ic esk o  [7]).

T h e  prob lem s of spec ific ity  n ecessita ted  th e  d e tec tio n  of non-specific  ph o sp h o m o n o - 
e s te ra se s  (a c id  and  alkaline p h o sp h a tase ). T hese  w ere d e te c te d  p a r tly  b y  th e  PB - i.e. b y  th e  Ca- 
Co m e th o d  (G ömöri [12]) an d  p a r t ly  b y  th e  azo-dyes. A cid p h o sp h a tase  (B u r st o n e  [5]) was 
d e te c te d  w ith  n ap th o l A s-B i-N a-p h o sp h ate , 1.04. m M ; “ E d e lro tam in  IT R ” , 5 m M ; in  50 mM 
a c e ta te  b u ffe r  p H  5.2; an d  a lk a lin e  p h o sp h a tase  (B a r k a , A n d e r so n  [4]) w ith  n a p h th o l 
A s-B i-N a-p h o sp h a te , 1.04 mM ; F a s t  blue sa lt: 1 mM  50 mM  veronal ace ta te  b u ffe r  p H  9.2.

E a c h  enzym e was te s te d  in  m a te ria l  from  4 dogs, all w ith  positive  an d  n e g a tiv e  co n tro ls. 
T he s im u lta n eo u s ly  processed liver o f  p ositive  co n tro l dogs w as tre a te d  like th e  m a te r ia l  u n d e r 
in v e s tig a tio n . T he a rticu la r su rfaces u sed  as po sitiv e  con tro ls w ere in cu b a ted  w ith o u t su b s tra te . 
In  th e  re a c tio n s  involving glucose-6 p h o sp h a tase  an d  fructo se-1 ,6 -d ip h o sp h atase  10 m M  N aF  
w as u se d  a s  in h ib ito r. A fter in c u b a tio n  th e  slides w ere rin sed  an d  fix ed  in  n e u tra l  fo rm a ld e 
h y d e  d i lu te d  1 : 1 0  and a fte r  re p e a te d  rin sin g  covered  w ith  A q u am o u n t (M ichrom e, E . G urr, 
L o n d o n ).

R esu lts

T h e  o p era ted  jo in t  w as b leed ing  and  a h ae m a to m a  and  la te r  g ra n u la tio n  
tis su e  w as form ed on th e  h o n e  w ound . S u b seq u en tly  th e  g ra n u la tio n  tissu e  
b ecam e  rich  in  fib res an d  a f te r  a b o u t a m o n th  sm all ca rtilage  isle ts  a p p e a re d  
in  th e  v ic in ity  of th e  spong iosa. A fte r 70 day s th e  reg en era tin g  c a r tila g e  su r
face co n sis ted  of connective tissu e  an d  of la rg e r m erg ing  cartilage  is le ts  (F ig . 1). 
T h e  co n n ec tiv e  tissue was p o o rly  v ascu la rized  and  th e re  were fib ro b lasts  b e tw een  
i ts  f ib re s . S ta rtin g  from  th e  edge in  th e  d irec tio n  of th e  spongiosa, th e  c a rtila g e  
is le ts  co n sis ted  of ca rtilage  p recu rso rs  in  v a rio u s  stages of m a tu r ity  (“ e n v iro n 
m e n ta l  f ib ro b la s ts” , p rech o n d ro b la s ts , ch o n d ro b lasts) and  of y o u n g  ch o n 
d ro c y te s  fo r details see re ferences [13, 16].

R e su lts  are given in  T ab le  I w here th e  e s tim a ted  degree o f  p o s it iv ity  
o f  th e  v a r io u s  reactions is m a rk e d  from  - j-  to  -j- +  +  +  ; — s tan d s  fo r a n e g a tiv e  
re a c tio n  a n d  ^  for u n c e rta in  p o sitiv ity .

T h e  g lycolytic  enzym es re a c te d  p o sitiv e ly  in  th e  cells of th e  re g e n e ra tin g  
a r t ic u la r  surface. H exok inase  (F igs 2, 3) an d  aldo lase (Figs 6, 7) a c tiv itie s  w ere 
s u b s ta n tia l ly , phosphohexose-isom erase  (F igs 4, 5) a c tiv ity  s lig h tly  lo w er in 
th e  c o n n ec tiv e  tissue th a n  in  th e  ca rtilag e  isle ts . G ly ce ra ld eh y d e-3 -p h o sp h a te
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Fig. 1. 70 day  old reg en e ra tin g  a rticu la r  surface. C artilage island  on spongiosa tra b e c u le  (a). 
T he re s t  o f th e  a rticu la r  su rface  consists o f connective  tissue  co n ta in in g  c o n s tr ic ted  vessels 
(b). In  th e  connective tis su e  f ib ro b la s ts , (1), in th e  cartilage  islets e n v iro n m en ta l f ib ro b la s ts  
(2), p rech o n d ro b las ts  (3), ch o n d ro b la sts  (4) an d  y o u n g  ch o ndrocy tes . H aem a to x y lin -eo s in , x 9 5

dehydrogenase  (F igs 8, 9) an d  la c ta te  d eh ydrogenase  (F igs 18, 19) show ed 
m ax im u m  p o s itiv ity  in  all cell ty p es. On th e  en tire  a r tic u la r  su rface  th e  a c tiv 
i ty  of la c ta te  d eh y d ro g en ase  M -isoenzym es (L D H 5 an d  L D H 4) w as d o m in a t
ing  (F igs 22, 23). A c tiv itie s  o f th e  H -isoenzym es (L D H p  L D H 2), p a r tic u la r ly  
in  th e  connective tissu e  regions w ere w eaker (F igs 24, 25). P o s it iv ity  o f  glu- 
cose-6 -phosphatase  (F igs 10, 11) and  fru c to se -1 ,6 -d ip h o sp h a tase  (F igs 12, 13) 
w ere lim ited  to  th e  ca rtilag e  islets. T he la t te r  enzym e was d e te c te d  o n ly  in 
ch o n d ro b lasts  and  y o u n g  chondrocy tes. E v a lu a tio n  o f th e  re su lts  w as m ade 
d ifficu lt b y  th e  s im u ltan eo u s  a c tiv ity  o f non-specific  phosph o m o n o este rase . 
W ith  g lucose-6 -phospha tase  acid  p h o sp h a ta se , w ith  fru c to se -1 ,6 -d ip h o sp h a
tase  (F igs 14, 15) a lk a lin e  p h o sp h a ta se  is likely  to  in te rfe r  (Figs 16, 17). Sodium  
fluo ride  in h ib its  b o th  th e se  reac tions (F ig . 13/b).
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F ig s  2 to 9: 70 day old re g e n e ra tin g  a rticu la r  surface. U n d e r low  pow er th e  cartilag e  islets an d  
t h e i r  env ironm en t, u n d e r h ig h er p o w er cells of cartilage is le ts a re  visible. H exok inase  (F igs 2, 3; 
X 110 and  X 300, re sp ec tiv e ly ) phosphonexose-isom erase  (F ig s 4 and  5; X 80 and  x 2 5 0 , 

re sp e s tiv e ly ) , aldolase (F ig s 6 a n d  7; xlOO and X 340, re sp ec tiv e ly ), g lyceraldehyde-3-phos- 
phate-dehydrogenase  (F ig s  8 an d  9; X 100 an d  x  300, re sp ec tiv e ly ) reac tio n s
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Figs 10 to 17: 70 day  old reg en e ra tin g  a rticu la r surface . U n d e r low power cartilage is le ts  a n d  
th e ir  en v iro n m en t, u n d e r h igh  pow er cells of cartilag e  is le ts  a re  visible. G lucose-6-phosphatase  
(F igs 10 and  11; X 80 an d  X 300 respectively), fru c to se-1 ,6 -d ip h o sp h atase  (Figs 12 a n d  13/a; 
X 100 and  X 300 fru c to se-1 ,6 -d iphosphatase  in  case o f  in h ib itio n  by N aF  (Fig. 13/b, x  300), 

acid pho sp h a tase  (F igs 14 an d  15; X 100 and  X 340 re sp ec tiv e ly ) and  alkaline p h o sp h a ta se  
(F igs 16 a n d  17; Xl l O and x  340 re sp ec tiv e ly ) reactions.
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F ig s  18 to 25:  70 day old reg en e ra tin g  a rticu la r su rface . C artilage islets and  th e ir  e n v iro n m e n t 
a re  sh o w n  un d er low pow er, cells of cartilage is le ts  u n d e r  h igh power. L ac ta te  d eh y d ro g en ase  
(F ig s  18 an d  19; XlOO an d  X 300, respectively), la c ta te  dehydrogenase M -isoenzym es (F igs 
22 a n d  23; X80 and  x 2 5 0  resp ec tive ly ), la c ta te  deh y d ro g en ase  H -isoenzym es F igs 24 a n d  25; 
X 80 a n d  x 2 5 0 , re sp ec tive ly ), phosphog lucom utase  (F ig s 20 and  21; XlOO an d  x 2 5 0 , re sp ec 

tively), re ac tio n s .
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Figs 26 to 33: 70 d ay  old regenerative  a rticu la r  su rface . C artilage islands and  th e ir  e n v iro n 
m en t u n d e r low pow er, cells o f cartilage  islets u n d e r h igh  pow er. Phosphory lase  (F ig . 26, X 340), 
phosphory lase  con tro l (F ig  27, X 340), glycogen sy n th e ta se  (Fig. 28, X 340), g lycogen sy n th e 
tase  con tro l (Fig. 29, X 340), U D P G  dehydrogenase  (F ig s 30 and 31, xlOO and  X 340, re sp ec
tiv e ly ), U D P  g lucuron ic  acid-4-(5)-epim erase (F igs 32 an d  33; x l l O  and x 2 8 0 , re sp ec tiv e ly ),

reac tio n s.
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T h e  o th e r enzym es d isp lay ed  a p ra c tic a lly  id en tica l b eh av io u r. P h o s- 
p h o g lu c o m u ta se  a c tiv ity  w as th e  sam e co n n ec tiv e  tissu e  and  th e  c a rtila g e  
is le ts  (F ig s  20, 21). T he sam e w as th e  case w ith  U D P-glucose d eh y d ro g en ase  
(F ig s  30, 31). U D P -g lu cu ro n ic  acid-4 (5 )-ep im erase  a c tiv ity  w as re s tr ic te d  
to  th e  ch o n d ro b las ts  an d  th e  y o u n g  ch o n d ro cy tes  (F igs 32, 33). P h o sp h o ry la se  
(F ig s  26 , 27) was p ra c tic a lly  lack in g  w hile g lycogen  sy n th e ta se  a c t iv i ty  w as 
p re s e n t  in  th e  cartilage  is le ts . (F igs 28, 29).

D iscussion

D u e  to  th e  lack  of a p p ro p r ia te  m eth o d s, ea rlie r h istochem ical te s ts  in  th e  
re g e n e ra tin g  cartilage w ere lim ite d  to  th e  d e te c tio n  of la c ta te  d eh y d ro g en ase  
[3, 29 , 33, 41] and g ly ce ra ld eh y d e-3 -p h o sp h a te  dehydrogenase  [3]. A n in te n s iv e  
la c ta te  dehydrogenase  a c t iv i ty  w as observed  in  th e  cells of the  g ra n u la tio n  
t is s u e  [29] and  an even m ore  in ten siv e  one in  th e  d iffe ren tia tin g  c a rtila g e  
w h e re  th e  a c tiv ity  of g ly ce ra ld eh y d e-3 -p h o sp h a te  dehydrogenase w as also 
m a rk e d  [3, 41]. W ith  th e  use of u p -to -d a te  m e th o d s  we have  found in  a ll cell 
ty p e s  o f  th e  reg en era tin g  a r tic u la r  surface hexok inase , phosphohexose-iso- 
m e ra se , g ly ce ra ld eh y d e-3 -p h o sp h a te  d eh y d ro g en ase , aldolase an d  la c ta te  
d e h y d ro g e n a se  ac tiv ity . T h e ir  d ifferences re f le c t th e  a c tiv ity  co n d itio n s re 
v e a le d  b y  chem ical m e th o d s [6]. T he observed  m ax im u m  la c ta te  d eh y d ro g en ase  
a n d  g ly ce ra ld eh y d e-3 -p h o sp h a te  deh y d ro g en ase  p o s itiv ity  did n o t allow  to  
c o n c lu d e  to  local d ifferences, w hile th e  u n ev en  d is tr ib u tio n  of th e  p o s it iv ity  
o f  h e x o k in a se , aldolase an d , to  a ce rta in  degree , also of phosphohexose-isom er- 
ase seem s to  ind ica te  a m ore  in ten siv e  g lycolysis in  th e  d iffe ren tia tin g  an d  
y o u n g  chondrocy tes th a n  in  th e  co nnective  tissue .

In  th e  cartilage  p recu rso rs , in  ag reem en t w ith  o th e r au th o rs  [3, 29, 
33, 41] we too  [16] o b serv ed  th e  a c tiv ity  o f  enzym es of th e  c itra te  cycle, 
te rm in a l  o x ida tion  and  p en to se -p h o sp h a te  s h u n t th e  find ings concern ing  L D H - 
iso en zy m es offered som e in fo rm a tio n  a b o u t th e  in te n s ity  ra tio  of th e  g ly co ly tic  
a n d  th e  above aerobic processes. The H -isoenzym es L D H , and  L D H 2, th e  
d o m in a tin g  isoenzym es of tissu es  w hich o b ta in  th e ir  energy  from  o x id a tiv e  
p ro cesse s , while th e  M -isoenzym es L D H - a n d  L D H 4 are  c h a ra c te r is tic  o f 
tis su e s  w ith  a g lycolytic m e tab o lism  [34, 36]. O n th e  basis of these o b se rv a tio n s , 
in  th e  co nnec tive  tissue  reg ions of th e  re g e n e ra tin g  a r tic u la r  surface g lycolysis 
p re d o m in a te s , while in  th e  ca rtilag e  islets an ae ro b ic  and  aerobic g lucose d e 
g ra d a t io n  occurs s im u ltan eo u sly .

T h e  specific ity  of th e  g lu co se-6 -phospha tase  and  fru c to se -1 ,6 -d ip h o sp h a
ta s e  re a c tio n  is a d iff icu lt p rob lem  because of th e  presence of non -spec ific  
p h o sp h o m o n o este rases . F ru c to se -1 , 6 -d ip h o sp h a ta se  w as in v es tig a ted  a t  p H  
8 .6  w h e n  th e  resu lts  m igh t be  in fluenced  b y  th e  a lkaline  p h o sp h a tase  a c tiv ity .
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T h is  la t te r  is n o t, o r on ly  very s lig h tly  in h ib ite d  by  N aF  [30] a n d  differs 
co n sid e rab ly  from  fructose-1 , 6 -d ip h o sp h a ta se  b o th  w ith  re sp ec t to  liab ility  
to  in h ib itio n  an d  s u b s tra te  specific ity  ( th e  second hydrolyzes fru c to se -1 ,6- 
d ip h o sp h a te  and fru c to se -l-p h o sp h a te )  [20]. S ince N aF  in h ib its  th e  reac tio n , 
i t  seem s likely t h a t  fru c to se -1 ,6 -d ip h o sp h a tase  is p resen t in  th e  cells o f th e  
c a rtila g e  islets. G lucose-6 -phosphatase  w as e s tim a te d  a t pH  6.7, th u s  an  in te r 
fe rence  b y  acid an d  p e rh ap s  even b y  a lk a lin e  p hosphatases m ig h t h av e  oc
c u rre d . In h ib itio n  b y  N a F  p rac tica lly  ex c lu d es  th e  possib ility  of a lk a lin e  p h o s
p h a ta s e  a c tiv ity , h u t  offers no m eans fo r  a d iffe ren ta tio n  be tw een  ac id  p h o s
p h a ta s e  and  g lucose-6 -phosphatase , b o th  enzym es being sen sitiv e  to  N aF  
[19]. T h u s, the  p ro b a b ili ty  of a g lu co se -6 -p h o sp h a tase  a c tiv ity  w as su p p o rte d  
o n ly  b y  th e  pH  u n fav o u rab le  to  ac id  p h o sp h a ta se  [11] and  by  a som ew hat 
d iffe re n t localiza tion  (g lucose-6 -phospha tase  does no t h y d ro ly ze  N a-b e ta - 
g ly ce ro p h o sp h a te  [23]), b u t  this d iffe ren ce  w as n o t w ell-defined. I t  m u s t he 
a d d e d  th a t  the  p ro b lem  could no t be d ec id ed  b y  chem ical te s ts  e ith e r .

C ertain  enzym es o f th e  glycogen m etab o lism  of cartilage  d iffe re n ta tio n  
w ere in v es tig a ted  b y  W o l f e  and Co h e n  [41] u n d e r sim ilar co n d itio n s . These 
a u th o rs  found a s lig h t phosphory lase a n d  g lycogen sy n th e tase  a c t iv i ty  in th e  
c a rtila g e  precurso rs. W e have o b ta in e d  s im ila r resu lts  in th a t  th e  a c tiv ity  
ra t io  o f  th e  above enzym es ind ica ted  a p re fe rence  for glycogen sy n th e s is  in 
c a rtila g e  precursors.

U D P-glucose dehydrogenase  is k n o w n  to  ca ta lyze  th e  fo rm a tio n  of 
U D P -g lucu ron ic  ac id , w hile U D P -g lu cu ro n ic  acid-4-epim erase c a ta ly z es  th e  
U D P -g lucu ron ic  ac id  ^  U D P -iduric  acid  conversion . The la t te r  a re  th e  u ron ic  
ac id  com ponen ts o f g lycosam inog lycanes. A ccord ing  to  our re su lts , U D P - 
g lucu ron ic  acid is fo rm ed  in  the e n tire  a re a  o f  th e  regen era tin g  a r t ic u la r  su r
face, w hile U D P -id u ric  acid m ainly in  th e  ca rtilag e  islets. (F o r d e ta ile d  d a ta  
on th e  U D P-glucose dehydrogenase a c t iv i ty  o f th e  reg en e ra tin g  a r tic u la r  
su rface , see reference  [28].)
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U N T E R S U C H U N G  D E R  K N O R P E L B IL D U N G . X X . H IS T O C H E M IS C H E  U N T E R  
S U C H U N G  D E R  G L Y K O L Y SE  U N D  E IN Z E L N E R  E N ZY M E D ES G L Y K O G E N S T O F F 

W E C H S E L S  IN  D E R  R E G E N E R IE R E N D E N  G E L E N K F L A C H E

CS. H AD H ÁZY, T. GLANT, B. M ÁNDI, S. H A R M A TI, L. BORDÁN und KLÁ RA  BA LO GH

D ie d is ta le  G elenkfläche des F em u rs  v o n  28 H u n d e n  w urde e n tfe rn t u n d  am  70. Tag 
n ach  dem  E in g riff  die A k tiv itä t  der H ex o k in ase , G lukose-6-phosphatase , P hosphohexoseiso- 
m erase , F ru k to se - l,6 -d ip h o sp h a ta se , A ldolase, G ly cera ld eh y d -3 -p h o sp h a t-D eh y d ro g en ase , 
M ilchsäu redehydrogenase , der Isoenzym e der M ilchsäuredehydrogenase, d e r Phosphogluko- 
m u ta se , P h o sphorilase , G ly k o g en sy n th etase , U D P-G lukose-D ehydrogenase , U D P -G lu k u ro n - 
säu re-E p im erase  m it h istochem ischen  M eth o d en  u n te rsu c h t.

D ie reg enerie rende  70tägige G elenkfläche b e s te h t aus fibrösem  Gewebe sow ie aus K n o r
pelinseln . D ie le tz te re n  e n th a lte n  sich zu K n o rp e l d ifferenzierende Zellen u n d  ju n g e  Chond- 
ro zy ten . D ie u n te rsu c h te n  g lyko ly tischen  E n zy m e  geben  in der reg en erie ren d en  G elenkfläche 
eine po sitiv e  R eak tio n . Die E n z y m a k tiv itä t  d e r  K norpelinselze llen  (insbesondere  d ie  der Chond- 
ro b las ten  u n d  de r ju n g en  K norpelzellen) ü b e r tr a f  d ie A k tiv itä t  des B indegew ebes. In  den  sich 
zu  K n o rp e l d ifferenzierenden  Zellen is t n eben  de r fü r  die G lykolyse c h a ra c k te ris tic h e n  A k tiv i
t ä t  der Isoenzym e der M ilchsäu redehydrogenase  a u ch  eine erhebliche L D H t- u n d  LDH„- 
A k tiv itä t  nachw eisbar. In  den gleichen Zellen k a n n  eine F ru k to se - l ,6 -p h o sp h a ta se -A k tiv itä t  
angenom m en  w erden , w äh ren d  sich die A k t iv i tä t  de r G lukose-6-phosphatase  n ic h t  beweisen 
ließ. In  den  K norpelinselzellen  erfo lg t eine G ly k o g en sy n th ese , und  in den  h ö h e r  d ifferenzier
te n  Zellen lä ß t sich  eine A k tiv itä t  der U D P -g lu k u ro n säu re-4 -ep im erase  au fze ig en . In  säm t
lichen T eilen  de r G elenkfläche erw ies sich  d ie R e a k tio n  der U D P -g lu kose-D ehydrogenase  als 
positiv .

ИССЛЕДОВАНИЯ ПО ОБРАЗОВАНИЮ ХРЯЩА. XX. ГИСТОХИМИЧЕСКОЕ 
ИССЛЕДОВАНИЕ ГЛИКОЛИЗА И ОТДЕЛЬНЫХ ЭНЗИМОВ ОБМЕНА ГЛИКОГЕНА 

В РЕГЕНЕРИРУЮЩЕЙСЯ СУСТАВНОЙ ПОВЕРХНОСТИ
Ч . Х А Д Х А З И , Т . Г Л А Н Т , Б .  М А Н Д И , Ш . Х А Р М А Т И , Л . Б О Р Д А Н  и К .  Б А Л О Г

Авторы удалили дистальный суставной хрящ бедренной кости 28 собак и на 70-ый 
день после операции изучали гистохимическими методами в регенерирующейся суставной 
поверхности активность гексокиназы, глюкоза-6-фосфатазы, фосфорексозизомеразы, фрук
тоза-1,6-дифосфатазы, альдолазы, глицеральдегид-3-фосфат-дегидрогеназы, лактат-дегид
рогеназы, изоэнзимов лактат-дегирогеназы, фосфорглютамазы, фосфорилазы, гликоген 
синтетазы, KDP-глюкоза-дегидрогеназы и UDP-глюкуроновой кислоты-4-эпимеразы.

70-дневная регенерирующая суставная поверхность состоит из фиброзной ткани и 
из хрящевых островков. Последние содержат клетки, дифференцирующиеся в хрящ, и 
молодые хондроциты. Исследовавшиеся гликолитические энзимы давали в регенерирую
щейся поверхности положительную реакцию. В клетках хрящевых островков (в част
ности в хондробластах и молодых хрящевых клетках) энзиматическая активность превы
шает актиность соединительной ткани. В клетках, дифференцирующихся в хрящ, наряду с 
активностью изоэнзимов лактатдегидрогеназы, характерной для гликолиза, наблюдается 
также значительная актиность ЛДГ1 и ЛДГ2. В этих же клетках можно полагать актив
ность фруктоза-1,6-дифосфатазы; активности глюкоза-6-фосфатазы не удалось доказать. 
В клетках хрящевых островков происходит синтез гликогена ; в более дифференцированных 
клетках выявляема активность UDP-глюкуроновая кислота-4-эмимеразы. Реакция UDP- 
глюкоз-дегидрогеназы во всех частях суставной поверхности оказалась положительной.

Cs. H a d h á z y  
T . G l ant  
B . MÁNDI 
S. H arm ati  
G. B o r d á n  
K lá ra  B alogh

In s t i tu te  of A n a to m y , H isto logy  
and  E m b ry o lo g y  
U n iv e rs ity  M edical School 
4012 D ebrecen , P f. 12., H u ngary
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D e p artm en t of A n a to m y , H isto logy  a n d  E m b ry o lo g y , and  C entral R esea rch  L ab o ra to ry , 
U n iv ersity  M edical School, Debrecen

THE EFFECT OF GLUCOSE-1 PHOSPHATE CALCIUM ON 
THE EPIPHYSEAL CARTILAGE OF THE RAT

I. F ö l d e s , S. V a r g a  and J . Laczkó

(R ece iv ed  A pril 21, 1975)

E lec tro n  m icroscopic in v es tig a tio n s  were carried o u t on th e  p ro x im a l tib ia l 
ep iphysea l cartilage  of a lb ino  ra ts  t r e a te d  w ith  2 mg G -l-P-C a da ily  fo r one an d  three  
w eeks. T he tre a tm e n t

en h anced  th e  secretory  a c t iv ity  o f th e  u p p e r cells of the  zone o f m a tu r in g  cartilage  
w ith  a consequentia l en la rg em en t o f th e  Golgi region, dep le tion  of sec re to ry  p ro d 
uc ts , an d  an  increase in th e  n u m b er o f m icro tubuli.

-  In  ad d itio n , th e  tre a tm e n t in creased  th e  num ber of m a trix  vesicles in  th e  e x tra 
cellu lar space show ing in c ip ien t calc ifica tio n . This find ings confirm  th e  earlie r light 
in icriscopic o b se rv atio n  of th e  ca lc ifica tio n  stim u la tin g  effect o f G -l-P -C a .

In tro d u c tio n

P rev io u s in v estig a tio n s b y  m ean s of h isto logical a n d  h is to ch em ica l 
m eth o d s an d  iso topic  tra c e rs  rev ea led  th a t  some p h o sp h a te  e s te rs  (G -l-P , 
G -6-P , Л Т Р) caused  increased  c a lc ific a tio n  an d  enchondral o ssifica tio n  [9]. 
A T P  an d  G -l-P -C a  also s tim u la te d  m ucopo lysaccharide  p ro d u c tio n  an d  ca l
c ifica tio n  [11, 14, 15].

A n d e r s o n  [2] an d  B o nucci  [6] fo u n d  b y  electron m iro sco p y  m em b ran e  
corpuscles te rm e d  vesicles or g lobules, in  th e  cartilage m a tr ix . S u b seq u en tly , 
th e  ex istence of these  globules h as  been  confirm ed b y  n u m e ro u s  au th o rs  
[1, 3, 28, 31, 32]. A ccording to  T h y b e r g  an d  F riberg  th e  m a tr ix  vesicles 
c o n ta in in g  acid m ucopo lysaccharides are  th e  cen tres of h y d ro x y a p a ti te  c ry sta l 
fo rm atio n .

Ma t s u z a w a  and  A n d e r s o n  [20] d em o n stra ted  a lk a li p h o sp h a ta se , 
A T P -ase and  acid  p h o sp h a ta se  in  th e  vesicles of the  ep ip h y sea l cartilage . 
S im ilar vesicles show ing p y ro p h o sp h a ta se , A TP-ase, a lkali p h o sp h a ta se  and 
5 ’A M P-ase a c tiv itie s  w ere iso la ted  in  th e  f if th  frac tio n  o f th e  ep iphyseal 
c a rtilag e  of ca lf  em bryos [1, 3]. A n in creased  local c o n c e n tra tio n  o f  calcium  
b y  m eans of ac tiv e  tra n s p o r t  th ro u g h  th e  cell m em brane m a y  o ccu r in  m any  
tissues b y  th e  s ite  o f ca lc ification . A n d e r s o n  and Sa j d e r a  [4] su p p o se  th a t

Abbreviations : G -l-P
G -l-P -C a
G-6-P
A TP

glucose-1-phosphate  
g lucose-1-phosphate  calcium  
glucose-6-phosphate 
aden o sin e trip h o sp h a te
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th e  m a tr ix  vesicles are also in v o lv ed  in b ind ing  Ca ions. A ccording to  A n d e r 
so n  [2] th e  e lectron  d e n s ity  o f  g ranules in th e  cells o f  th e  ep iphyseal ca rtilag e  
o f th e  n o rm a l r a t  is p ro p o r tio n a l to  th e  ra te  o f ca lc ific a tio n  of th e  m a tr ix  
vesicles. In  th e  v ic in ity  of th e  zone of ca lc ifica tion  in  ra c h itic  ra ts  A n d e r s o n  
found  few  cells c o n ta in in g  g ran u les  w hereas th e  n u m b e r  of vesicles w as a p 
p ro x im a te ly  th e  sam e as in  n o n -ra c h itic  con tro ls. I n  m o s t m a tr ix  specim ens no 
a p a t i te  c ry s ta ls  w ere fo u n d  b u t  a few c rysta ls  w ere  p re se n t in  th e  vesicles of 
th e  h y p e r tro p h ic  zone.

T h e  Golgi a p p a ra tu s  a n d  th e  rough  su rface en d o p lasm ic  re ticu lum  of th e  
ch o n d ro c y te s  are know n  to  be  invo lved  in  th e  sec re tio n  o f cartilage  su b stan ce  
g ro u n d  [16, 22, 29, 33].

W e h av e  th e re fo re  s tu d ie d  th e  effect of G - l-P  Ca on th e  ep iphyseal 
c a r tila g e  w ith  special a t te n t io n  to  secre to ry  g ra n u le s  an d  m a trix  vesicles.

M ate ria l and m ethod

In v e s tig a tio n s  were c a rried  o u t  on th e  p rox im al e p ip h y sea l cartilag e  of the  t ib ia  in  12 
a lb ino  r a ts  w eighing 100 g. E ig h t  r a t s  w ere given 2 m g of G -l-P -C a  (SPA , M ilano) daily  in tra -  
p e r ito n e a lly  fo r one and  th re e  w eeks. F o u r ra ts  served as u n t r e a te d  con tro ls. A fter th e  com ple
t io n  o f t r e a tm e n t  th e  an im als w ere k illed  un d er e th e r a n a e s th e s is  a n d  th e  p rox im al ep iphysea l 
c a rtila g es  w ere rem oved  a n d  c lean sed  fro m  th e  soft p a rts . T h e  m a te r ia l  w as m inced fin e ly  a n d  
fix ed  in  3 %  g lu ta ra ld eh y d e  so lu tio n  a d ju s te d  to  p H  7.2 w ith  0.1 M cacody la te  buffer a t  room  
te m p e ra tu re  fo r 4 hours. F o llow ing  f ix a tio n  th e  specim ens w ere w ash ed  in  buffered  so lu tio n  
a n d  p o s t-f ix ed  in  2%  osm ium  te tro x id e  buffered  w ith  0.1 M cac o d y la te  a t  room  tem p e ra tu re  
fo r 2 h o u rs , d e h y d ra ted  in  g ra d ed  a lcoho l series and  em b e d d ed  in  A ra ld ite . The sections w ere 
c o n tra s te d  w ith  u ran y l a c e ta te  a n d  lead  c itra te  and  e x am in ed  w ith  a JE M  100B e lectron  
m icroscope.

R esu lts  and discussion

A fte r  one and  th re e  w eeks of G -l-P -C a  t r e a tm e n t  alike, th e  reg ion  of 
Golgi vesicles ap p eared  to  be la rg e r in  the  p ro life ra tiv e , an d  especially in  th e  
h y p e r tro p h ic  zone (F igs 1 a n d  2). T he upper p a r t  o f  th e  la t te r  zone correspond  
to  th e  so-called  “ zone o f tr a n s i t io n ”  seen u n d e r  th e  lig h t m icroscope. T he 
en la rg ed  Golgi vesicles d e lim ite d  b y  sm ooth  m em b ra n e s  co n ta ined  a g ran u la r  
su b s ta n c e  o f  m o d era te  e le c tro n  d en sity  (Fig. 3). P a r t  o f  th e  Golgi a p p a ra tu s , 
m a in ly  in  th e  m ore d is ta l cells, w as localized in  th e  p e rip h e ra l zone, in  th e  
v ic in ity  o f th e  c y to m em b ran e  (F ig . 4). No a p p re c ia b le  d ifferences were n o ted  
b e tw een  t r e a te d  an d  c o n tro l r a ts  as regards th e  e x ten s io n  of th e  g ra n u la r  
re tic u lu m , n u m b er an d  size o f  c isterns, and  n a tu re  o f th e  substance  p re se n t 
in  th e m  (F ig . 5). Ow ing to  in c rea sed  secretion  th e re  w as an  increased  dep ic tion  
o f su b s ta n c e s  from  th e  cell. C onsequen tly , v a rio u s fo rm a tio n s  due to  ex tru s io n  
o f su b s ta n c e s  in to  th e  e x tra c e llu la r  space cou ld  be  seen : vacuoles, vesicles 
open in g  in  th e  ex tra c e llu la r  sp ace , p resecre to ry  g ra n u la s  p e n e tra tin g  th ro u g h
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Fig. 1. U pper p a r t  of h y p e rtro p h ic  zone of ep iphysea l cartilage  in  th e  r a t  a f te r  one w eek 
of G -l-P -C a  tre a tm e n t. E x te n d e d  te r r i to ry  of pe rin u c lea r Golgi vesicles (G )

th e  cell m em branes or cell processes (F ig . 6). In ten s iv e  ca lc ifica tio n  o ccu rred  
in  th e  ex trace llu la r space, in  th e  lo n g itu d in a l in te rc o lu m n a r se p tu m  (F ig . 7). 
I n  th e  h y p ertro p h ic  zone, tw o  ty p es  of m a tr ix  vesicles could  be d is tin g u ish ed . 
O ne ty p e , a lysosom e-like vesicle su rro u n d ed  a tr ip le  m em b ran e  c o rre sp o n d ed  
to  th e  corpuscle described  b y  T h y b e r g  an d  F r ib e r g  [32],  th e se  s tru c tu re s  
o f  v a ry in g  size and  d e n s ity  w ere found  in  g rea t num bers in  th e  m a tr ix  (F ig . 8). 
T h e  second ty p e  was re p re se n te d  by m a tr ix  vesicles localized likew ise am o n g  th e  
f ib re s  in  th e  g round su b stan ce . T hese vesicles co n ta in ed  a p a ti te  c ry s ta ls  d is
p la y in g  in itia l ca lc ification  (F ig . 9). N um erous such  m a tr ix  vesicles w ere  found  
in  th e  ep iphyseal ca rtilag e  of ra ts  tre a te d  w ith  G -l-P -C a .

In  th e  m a trix  th e  a m o u n t of in te rf ib r illa r  su b stan ce  c o n ta in in g  m ain ly  
M PS-s seem ed to  h av e  increased  as com pared  to  th e  n u m b er o f f ib re s .

T he p resen t e lec tron  m icroscopic find ings h av e  confirm ed  o u r p rev io u s 
re su lts  o b ta in ed  w ith  th e  lig h t m icroscope. On G -l-P -C a  t re a tm e n t e n la rg e m e n t 
o f  th e  Golgi region an d  an  increase  in  size an d  n u m b er o f Golgi vesicles w ere 
n o te d . In c reased  secre tion  o f M PS seem ed to  be due to  th e  p ro b a b ly  en h an ced  
a c tiv i ty  o f th e  Golgi a p p a ra tu s . R ecen tly , th e  role of th e  Golgi a p p a ra tu s  in 
th e  p ro d u c tio n  of M PS-s has been th e  su b jec t o f num erous s tu d ies  [5, 7, 16, 
22, 25] .

E n la rg em en t of Golgi reg ion  w as conspicuous in th e  u p p e r p a r t  o f th e  
h y p e rtro p h ic  zone w here u n d e r  no rm al cond itions th e  endop lasm ic  re tic u lu m
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Fig.  2. E p iphyseal c a rtilag e  fro m  r a t  trea ted  w ith  G -l-P -C a  for one week. The Golgi a p p a 
ra tu s  (G) is localized a t th e  p e r ip h e ry  of th e  cell

Fig.  3. U pper zone of h y p e r tro p h y  of epiphyseal c a r tila g e  fro m  r a t  t re a te d  w ith  G -l-P -C a  
fo r 3 weeks. Golgi vesicles (V) con ta in  a g ran u la r  su b s ta n c e . In  th e  p ro x im ity  of 

th e  nucleus a n d  a m o n g  th e  Golgi vesicles m ic ro tu b u li (M t) are visible
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Fig. 4. Zone of h y p e rtro p h y  of ep iphysea l c a r tila g e  from  ra t trea te d  w ith  G -l-P -C a  
for 3 weeks. The Golgi zone is well v isible in the  cell

Fig.  5. Zone of h y p e rtro p h y  of the  ep iphysea l c a rtila g e  from  ra t  trea ted  w ith  G -l-P -C a  
for one week. N orm ally  developed endop lasm ic  re ticu lu m  (E R ) and vesicles e x te n d in g

in to  the  e x tra c e llu la r  space
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Fig. 6. P resecre to ry  g ran u les  ex tru d ed  th ro u g h  th e  cell process and m em brane

Fig. 7. D istal p a r t  o f ep ih y sea l cartilage of r a t  a f te r  G -l-P -C a  trea tm e n t for one w eek 
In ten s iv e  ca lc ifica tio n  in long itu d in a l in te rco lu m n ar  septum
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Fig. 8. E p ip h y sea l cartilage  of r a t  a fte r  G -l-P -C a  tr e a tm e n t  for 3 weeks. N u m ero u s lyso- 
som elike m a tr ix  vesicles in th e  ex trace llu la r space

Fig. 9. E p ip h y sea l cartilag e  of r a t  a f te r  G -l-P -C a  t re a tm e n t  for one w eak . I n  th e  
e x tr a  cellu lar space, large  n u m b ers  o f m a tr ix  vesicles show ing incip ient c a lc ifica tio n
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is th e  ch a ra c te ris tic  o rgane lle . A sim ilar e x te n s io n  of th e  Golgi reg ion  w as 
n o te d  in  th e  h y p e rtro p h ic  cells a f te r  v ita m in  D tr e a tm e n t  h u t here  th e  m a in  
e ffec t w as seen m a in ly  in  th e  cells of th e  p ro life ra tio n  zone [12]. T h ere  is an  
e v id e n t  para lle lism  b e tw een  th e  resu lts  o b ta in e d  w ith  v itam in  D and  G -l-P -C a  
t r e a tm e n t  as show n e lec tro n  m icroscopically  (increase  in n u m b er o f Golgi 
vesic les) and  h is to ch em ica lly  (increase in a m o u n t o f  acid  M PS-s). No changes 
d u e  to  G -l-P -C a  w ere  n o te d  in  th e  endop lasm ic  re ticu lu m  as d e m o n s tra te d  
b y  th e  s tru c tu re  o f th e  ex trace llu la r su b s ta n c e , d isp lay ing  an  in creased  
a m o u n t  of in te rf ib r illa r  m a tr ix  am ong a few  m a tu re  collagen fib res.

O n G -l-P -C a  t r e a tm e n t  m icro tubu les a p p e a re d  in  th e  cells o f  th e  
e p ip h y se a l cartilage  o f  a d u lt  ra ts . S l a u t t e r b a c k  [30] w as the  f irs t to  describe  
m ic ro tu b u le s  in  o sm iu m -fix ed  specim ens o b ta in e d  from  H y d ra . W e h av e  o b 
se rv e d  m icro tu b u les  a t  th e  perip h ery  of cells o f  th e  costal c a rtilag e  [24]. 
Sa n d b o r n  et al. [27] fo u n d  m icro tubu les in  m a te r ia l  fixed  in g lu ta ra ld e h y d e . 
P a l f r e y  and  D a v i e s  [23] described  m ic ro tu b u les  in  a rticu la r  ca rtilag e , L é v a i  
a n d  M a r x  [17] in  em b ry o n ic  ep iphyseal c a r tila g e . M icrotubules are  u su a lly  
lo c a te d  p e rin u c learly , o r in  th e  p e riphera l p a r t  o f  th e  cell. In  our specim ens 
m ic ro tu b u le s  were fo u n d  am o n g  th e  Golgi vesicles, in  th e  v ic in ity  o f th e  nucleus 
(F ig . 3). T hough th e ir  fu n c tio n  has no t been  c la rified , it  th e y  seem  to  p la y  
a ro le  in  tra n sp o r t  c o n n e c te d  in  some w ay  w ith  th e  Golgi a p p a ra tu s .

I n  th e  ep ip h y sea l c a rtilag e  tw o ty p e s  o f  m a tr ix  vesicles or corpuscles 
co u ld  be  d is tingu ished . M atuicas  and  K r ik o s  [21] suggested  th a t  th e  m a tr ix  
vesic les are lysosom al dense  bodies o rig in a tin g  f ro m  th e  chondrocy tes as th e se  
c o m p o n en ts  show  g re a t m orphological s im ila ritie s . T h y b e r g  an d  F r i b e r g  
[32] sp eak  of tw o ty p e s  o f m a tr ix  vesicle: one is a  lysosom al dense b o d y , w hile 
th e  o th e r , co n ta in in g  a cy top lasm -like  su b s ta n c e , m ay  have o rig in a ted  from  
d e ta c h e d  cy top lasm ic  m em b ran e . In  th e  f i r s t  ty p e  o f vesicles T h y b e r g  an d  
F r y b e r g  [32] d e m o n s tra te d  acid p h o sp h a ta se  b u t  th is  has n o t been co n firm ed  
b y  M a t s u z a w a  an d  A n d e r s o n  [20]. T hese a u th o rs  too  m en tio n  th e  p ossi
b i l i ty  o f a lysosom al en zy m e effect h u t th e y  co u ld  n o t o b ta in  ev idence o f th e  
p re sen ce  of the enzym e.

E v id e n tly , th e  tw o  ty p e s  show  d iffe ren t m orpho log ica l fea tu res  an d  p ro b 
a b ly  th e ir  fu n c tio n s are  also  d ifferen t. In  th e  co rpuscles of lysosom al c h a ra c 
te r  ( f ir s t  type) no signs o f in it ia l  ca lcification  w ere  found . This m ay  h av e  been  
d u e  to  techn ica l sh o rtco m in g s  or, m ore p ro b a b ly , to  th e  in v o lvem en t o f th e se  
b o d ies  in  th e  p re p a ra tio n  o f th e  m a trix . T h e  second  ty p e  of vesicle in  w hich  
in c ip ie n t ca lc ification  w as n o ted , are p ro b a b ly  re la te d  to  cell d e s tru c tio n . 
A cco rd in g  to  som e a u th o rs , [2, 6] the  vesicles o rig in a te  from  th e  cells in  th e  
zones o f resting  an d  p ro life ra tin g  cartilage from  w h ere  to g e th e r w ith  th e  m a tr ix , 
th e y  pass  in  th e  zones o f h y p e rtro p h ic  an d  ca lc ify in g  cartilage  w here ca lc ifica tio n  
b eg in s . T he vesicles a re , how ever, less n u m e ro u s  in  th e  u p p er zones.

In  our m a te r ia l th e  f ir s t  ty p e  of vesicle w as m ore num erous in th e  u p p e r

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



T H E  E F F E C T  O F  G L U C O S E  - 1 P H O S P H A T E  C A L C IU M 203

p a r t  o f th e  zone of m a tu ra tio n , while th e  second ty p e  m ain ly  in th e  d is ta l p a r t  
o f  th e  cartilage .

T he p resen t fin d in g s seem  to  su p p o rt and  ex p la in  th e  increase  in  am o u n t 
and  the  changes o f M PS u n d e r  th e  effect o f G -l-P -C a  tre a tm e n t.
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E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E R  W IR K U N G  VON 
G L U K O S E -l-P H O S P H A T K A L Z IU M  A U F  D IE  E P IP H Y S E N K N O R P E L  V O N  R A T T E N

Von

I .  F Ö L D E S, S. VARGA und J . LACZKÓ

E tw a  100 g schwere R a t te n  w u rd en  m it 2 m g G -l-P -C a  (SPA -M ilano) p ro  d ie b eh an d e lt 
u n d  a m  prox im alen  E p ip h y sen k n o rp e l der T ibia der T iere w urd en  e le k tro n en o p tisch e  U n te r
s u c h u n g e n  du rchgeführt. A u fg ru n d  der V ersuchsergebnisse ü b t  die G -l-P -C a  -B eh an d lu n g  eine 
d o p p e lte  W irkung aus, in d em  sie

— einerseits die se k re to risc h e  T ätig k e it in  den o b eren  Zellen der R eifungszone  anreg t. 
In fo lg e  dieser S tim ulierung  v e rg rö ß e r t  sich der U m fang  des Golgi-A p p a ra te s , u n d  es erhöh t 
s ich  a u c h  die E ntleerung  der se z e rn ie r te n  P ro d u k te  sowie die Z ahl der M ik ro tu b u li:

— andererseits zeig t d e r B e h an d lu n g  die Zahl der eine in itia le  K a lz ifik a tio n  zeigenden 
M atrix -V esik e l im  e x tra ze llu lä re n  R a u m  einen A nstieg. D u rch  den le tz te ren  B efu n d  w ird  die 
f rü h e re  lich tm ikroskopische B e o b a c h tu n g  der V erfasser b e s tä tig t,  w onach  d as G -l-P -C a  eine 
k a lz ifik a tio n ss te ig e rn d e  W irk u n g  a u sü b t.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ ДЕЙСТВИЯ ГЮКОЗ-1- 
-ФОСФАТА КАЛЬЦИЯ НА ЭПИФИЗАРНОМ ХРЯЩЕ КРЫСЫ

И . Ф Ё Л Д Е Ш , Ш . В А Р Г А  и Й . Л А Ц К О

Белым крысам весом приблизительно в 100 г авторы давали 2 мг глюкоз-1 фосфат 
кальция (SPA-Milano) в день и после этого они проводили на проксимальном эпифизарном 
хряще большеберцовой кости животных электронномикроскопические исследования. 
Согласно результатам опытов дача глюкоз-1-фосфата кальция оказывает двойное действие, 
а именно

-  повышает скереторную функцию верхних клеток зоны созревания. В результате 
этого увеличивается размер аппарата Гольджи, выделение секреционных продуктов, и 
увеличивается число микротрубок;

-  в внеклеточном пространстве дача препарата повышаетчисломатрикс-пузырьков, 
показывающих начальную кальцификацию. Послеоним результатом подкрепляется 
прежнее наблюдение авторов под оптическим микроскопом, согласно которому глюкоз-1- 
-фосфат кальция вызывает повышение кальцификации.

D r. I s tv á n  F ö l d e s  D O T E  A n a tó m ia i Szövet- és F e jlő d é s ta n i In té z e t 
4012 D ebrecen , P f. 14, H u n g a ry

D r. S án d o r Va r g a  1 D O T E  K ö zp o n ti K u ta tó  L a b o ra tó riu m  4012 D ebrecen, 
D r .  J e n ő  L aczkÓ j Pf. 3 ,  H u n g a ry

Acta fylorphologica Academiae Scientiarurn Hungaricae 23, 1975



Acta Morphologien Acad. Sei. Hung. 23 (3), 205 — 216, 1975

Second D e p a rtm en t of A natom y, Sem m elw eis U n iv e rs ity  M edical School, B u d a p es t, H u n g a ry

EFFECT OF NEONATAL THYMECTOMY ON RABBIT
TONSILS

I . O l á h  a n d  I . T ö r ő

(R eceived  A pril, 26, 1975)

An in ten siv e  ly m p h o cy te  m ig ra tio n  tak e s  place th ro u g h  th e  v en u le s  lin e d  w ith  
h igh  en d o th e liu m  and  s itu a te d  in  th e  ex tra fo llicu la r  areas of th e  tonsils . A fte r  th y m e c 
to m y  th e  m ig ra tio n  of ly m p h o cy tes  is less m ark e d  and  in  th e  a rea s su rro u n d in g  the  
vessels ly m p h o cy te  dep le tion , co n n ec tiv e  tissu e  p ro life ra tion  and  a d is in te g ra tio n  of th e  
in tim a te  c o n ta c t betw een  re ticu la r  cells a n d  re ticu la r  fibres can  he o b se rv ed . A sim ilar 
ly m p h o cy te  dep ic tio n  ap p ears  also in  th e  ep ith e liu m . S im ilarly  as th e  deep  co rtica l 
su b s tan ce  of th e  ly m p h  nodes th e  ex tra fo llicu la r  regions of the  ton sils  be lo n g  to  th e  
p e rip h era l ly m pho id  organs.

In tro d u c tio n

A n in te ra c tio n  betw een  th e  to nsils  an d  th e  th y m u s has b een  suggested  
a t  th e  end  of the la s t c en tu ry . R e t t e r e r  [16] believed  to  have  d iscovered  e p ith e 
lial re tic u lu m  in th e  su b ep ith e lia l reg ion  o f  th e  tonsils. A p a rt fro m  th is  e rro r, 
he h as  to  be given th e  c red it for recogn iz ing  in  th e  tonsile  th a t  th e  ep ith e liu m - 
ly m p h o cy te  in te ra c tio n  to p o g rap h ica lly  looks to  be iden tica l w ith  t h a t  o f  th e  
th y m u s . T his was su p p o rted  by  E w i n g  [5] w ho claim ed a s im ila r ity  in  s tru c 
tu re  be tw een  th y m o m as an d  to n s illa r  ly m p hoep ithe liom as. A cco rd in g  to  
J o l l y  [9] a fu n c tio n a l in te ra c tio n  develops betw een  the  to n s illa r  ep ith e liu m  
an d  th e  ly m p h o cy tes . H e called  th e  th y m u s  an d  th e  bursa of F a b ric iu s  “ o r
ganes ly m p h o ep ith e liau x ”  and  assu m ed  a close re la tionsh ip  b e tw een  these  
o rgans an d  th e  ly m p h  organs asso c ia ted  w ith  th e  in testin e .

A fte r  th e  d ev e lopm en t o f th e  m o d ern  im m unology  arose th e  q u es tio n  
w h e th e r th e  tonsils were ce n tra l ly m p h o id  organs like th e  th y m u s  a n d  th e  
b u rsa  o f  F ab ric iu s  or p erip h era l ly m p h  o rg an s like th e  spleen a n d  th e  ly m p h  
nodes.

S ince P a r r o t t  e t al. [15] h ad  p e rfo rm ed  n eo n a ta l th y m e c to m y  in  m ice 
i t  has been  know n th a t  th e  p e rip h e ra l ly m p h o id  organs (lym ph  n odes, sp leen) 
d u rin g  a ce rta in  s tage  of th e ir  d e v e lo p m en t a re  u n d er th e  in flu en ce  o f  th e  
c e n tra l lym p h o id  organs (th y m u s). A fte r  th y m ec to m y  th e  deep c o rtic a l su b 
s tan ce  o f th e  ly m p h  nodes is u n d erd ev e lo p ed  an d  cy topcnic . N o rm a lly  th is  
a rea  is ch a rac te rized  by  th e  p resence o f venu les w ith  a high e n d o th e liu m  and  
an  in ten s iv e  ly m p h o cy te  m ig ra tio n , th ro u g h  th e  w all of th e  v en u le s  w hile
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a f te r  th y m e c to m y  th e  e n d o th e liu m  becom es f la t  a n d  ly m phocy te  m ig ra tio n  
d im in ish es  or ceases.

I n  view  of these  f in d in g s  we have s tu d ie d  th e  ro le  o f th e  th y m u s  as o f a 
c e n tra l  lym pho id  o rg an , in  th e  developm ent o f th e  tonsils  and th e  changes 
o ccu rrin g  in  th e  s tru c tu re  a f te r  th y m ec to m y .

M ateria l and m eth o d

T h y m ecto m y  w as p e rfo rm e d  on a  to ta l  of 51 n ew b o rn s  o f 8 m o th er ra b b its . A fter 
o p e ra tio n  th e  b ab y  ra b b its  w ere  g iv en  back to  th e  m o th e rs  so t h a t  feeding d ifficu lties should  
n o t in te rfe re  w ith  th e  e ffec t o f th y m e c to m y . Two an im a ls  o f  each  lit te r  (a to ta l  o f 16) w ere 
sh a m o p e ra te d  and  these  a n im a ls  th e n  served as con tro ls. T h ir ty f iv e  to  fo rty  days a f te r  th y m 
e c to m y  th e  tonsils w ere re m o v e d  fixed  by  p e rfusion  w ith  a 4 .5%  buffered  solution of glu- 
ta ra ld e h y d e  th e n  a f te r  r in s in a  w ith  b u ffe r  solution p o st-f ix ed  in  1%  osm ium  te tro x id e  so lu tio n  
d e h y d ra te d  in  an  alcohol series a n d  em bedded  in A ra ld ite . S em i-th in  and  th in  sections w ere 
p re p a re d  w ith  R e ichert OM IJ-2 u ltram ic ro to m e . S e m i-th in  sec tio n s were sta ined  w ith  azu re  
I I  a n d  to lu id in e  b lue, th e  th in  sec tions w ith  u ra n y l a c e ta te  a n d  P b -c itra te , and  s tu d ied  b y  
JE M  6C e lectron  m icroscope.

R esults

In  th e  ra b b it, p e rip h e ra liza tio n  of ly m p h o id  cells from  th e  th y m u s  
occu rs m a in ly  before  b i r th  [1], and  only if  few  in d iv id u a ls  is th e  in te n s ity  of 
th is  p rocess sh ifted  to  th e  p e rin a ta l period. H en ce , on ly  in  th e  la t te r  an im als 
th e  e ffec t of n e o n a ta l th y m e c to m y  on th e  p e r ip h e ra l lym pho id  o rgane can  be 
d e m o n s tra te d . T issue ch an g es  a fte r th y m e c to m y  re a c h  only  in th e  ex tra fo llic - 
u la r  su b stan ce  a degree  w h ich  m ight be assessed  m orphologically .

A fte r  th y m e c to m y  a conspicuous tra n s fo rm a tio n  tak es  place in  th e  su p 
p o r tin g  system  and  ly m p h o c y te  com position  o f th e  ex tra fo llicu la r su b stan ce  
o f th e  tonsils.

N o m orpho log ical chan g es occur in th e  d e v e lo p m en t and s tru c tu re  o f th e  
fo llicu les. N ex t w ell-developed  cellrich follicules th e  cy topen ia  of th e  e x t r a 
fo llicu la r substance  is s tr ik in g  (Fig. 1).

T h e  venule lin ed  w ith  high en d o th e liu m  w h ich  w ere d e tec ted  in  th e  
th y m u s  d ep en d en t reg io n s o f  th e  lym ph  nodes w ere  p re se n t in  th e  e x tra fo llic 
u la r  su b stan ce  o f th e  to n s ils  too. I t  w as a ly m p h o c y te  m ig ra tion  th ro u g h  
th e se  vessel-w alls (F ig . 2). A fte r th y m ec to m y  th e  su b endo the lia l co nnec tive  
tis su e  a round  th e se  vessels b roadened  an d  ly m p h o cy te  m ig ra tio n  w as 
less fre q u e n t (F ig. 3). T h e  f la tte n in g  o f th e  e n d o th e lia l cells described  b y  
P a r r o t t  et al. [15] fo r m ouse  lym ph  nodes, w as o n ly  m oderate . In  th e  a ccu 
m u la te d  connective tis su e  o f  th e  ex tra fo llicu la r su b s ta n c e  m ain ly  ly m p h o b la s t 
I I .  [14] and  m edium  size ly m p h o cy tes  w ere o b se rv ed  (F ig. 4), while co m p ared  
to  th e  contro ls th e re  w as a sign ifican t decrease  in  th e  n um ber of sm all ly m 
p h o c y te s  (Figs 4, 5).
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Fig. 1. Tonsil of a th y m e c to m ize d  anim al. T he follicules (F ) are w ell-developed, rich  in  lym pho id  
cells while th ere  a re  few cells in th e  ex trafo llicu lar reg ion  (E f). T he fram ed  a rea  can  be seen 
un d er h igh pow er in F ig. 4 L: c ry p t lum en, R : re ticu la r  ep ithe lium , S: s tra tif ie d  squam ous

ep ith e liu m  x  280

In  th e  ex ten sio n  o f th e  re tic u la te d  ep ith e lia l regions (e p ith e lia l area 
in f iltra te d  w ith  ly m p h o id  elem ents) no changes w ere observed , th o u g h  the 
cellu lar com position  o f th e  lym phoid  e lem ents w hich m ig ra ted  in to  th e  ep i
the lium  had  undergone a change. T here  w as a s lig h t decrease in  ly m p h o cy te
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Fig.  2. H ig h  endothelia l v en u le  o f  co n tro l anim al. T he en d o th e lia l cells (E n ) bu lge in to  th e  
lu m e n , u n d e r  th em  ly m p h o cy tes  (L y ) m ig ra ting  th ro u g h  th e  w all of th e  vessel. T h in  suben- 

d o th e lia l connective  tissue (C t) X4900.
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Fig. 3. H igh en d o th e lia l ven u le  of thym ectom ized  an im al. T he en d o th e liu m  (E n ) is som ew hat 
f la t te r ,  the  su b en d o th e lia l connective  tissue w idened (C t). L ym p h o cy tes (L y) m ig ra te  th ro u g h

the vascu lar w all. X 5300
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Fig. 4. D e ta i l  of Fig. 1. In  th e  ex tra fo llicu la r  reg ion  (E f)  above th e  venule , e x ten siv e  lig h t 
a rea s c o n ta in in g  collagen are v isib le  am ong  th e  loosely s itu a te d  ly m p h o id  cells. B eside  a few  
m a tu re  ly m p h o c y tes  m ain ly  m ed iu m  size ly m p h o cy tes  an d  ly m p h o b la s ts  a re  v isib le . S ligh t 
ly m p h o c y te  m ig ra tio n  th ro u g h  th e  e n d o th e liu m . U nder th e  ven u le  a  cell-rich  fo llicule (F ) can

be seen. X780
Fig.  5. H igh endothelia l v e n u le  o f co n tro l an im al. C om pare w ith  F ig . 4. X 1600 

Fig. 6. E p ith e liu m  of c ry p t in  th y m e c to m ize d  an im al. In  th e  b asa l p a r t  o f th e  e p ith e liu m  an  
u n u su a lly  la rg e  num ber of p lasm o c y tes  (arrow ) are visible. In  th e  sub ep ith e lia l ex tra fo llicu la r  

region m a jo r i ty  o f ly m p h o id  cells is young . X900



E F F E C T  O F  N E O N A T A L  T H Y M E C T O M Y 211

Fig. 7. R e ticu la r fib res (R f)  o f a norm al anim al. T h ey  su rro u n d ed  by a re ticu la r  cell sh ea th  
(R e), iso la tin g  the  f ib rilla r su b s tan ce  of the fib res fro m  th e  ly m pho id  p a ren ch y m a , X 18,200
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Fig. 8. E x tra -fo llicu la r su b s tan ce  of a  thy m ec to m ized  an im al. M ainly young  ly m p h o id  cells 
w ith  so m e lym phocy tes (L y) are  v isib le . In  the  connective  tis su e  m ass (Ct) re ticu la r  cells (R c)

a p p e a r  like  fib rocy tes. X 6400
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c o u n t para lle l to  a rise in  th e  n u m b er o f p lasm a cell lim ited  m a in ly  to  th e  
b a sa l p a r t  o f th e  ep ith e liu m  (F ig . 6).

In  no rm al an im als  th e  re tic u la r  fib res  consisting  o f co llagenous m icro
fib rils  are  su rro u n d ed  b y  a con tinuous re tic u la r  cell sh ea th  (F ig . 7) w hich  sepa
ra te s  th e  lym pho id  e lem ents of th e  p a ren ch y m a  from  th e  re tic u la r  fib res . A fter 
th y m e c to m y  th e  c h a ra c te ris tic  link  betw een  re tic u la r  fib res  an d  re tic u la r  cell 
w as u p se t. F o rm in g  large q u a n titie s  of collagen th e  re tic u la r  cells are  unab le  
to  cover th e  re tic u la r  fib res  and  to  iso la te  th e ir  collagenous su b s ta n c e  from  
th e  lym p h o id  p a ren ch y m a . A m ong th e  s c a tte re d  collagen fib res  an d  ly m p h o 
b la s ts  I I  th e  re tic u la r  cells ap p ea r like f ib ro cy tes  (F ig. 8).

D iscussion

T he p e rip h era l lym p h o id  organs d iv ide  in to  c o m p a rtm e n ts  T an d  B. 
A fte r n eo n a ta l th y m e c to m y  m ain ly  c o m p a rtm e n t T  is d ep le ted  o f ly m p h o 
cy tes  [15, 23] . T his fin d in g  is su p p o rted  b y  th e  o b serv a tio n s o f de S o u s a  e t al. 
[19] on cong en ita lly  h y p o th y m ie  m ice. As in  m ice and  ra ts  o n ly  th e  lym ph  
nodes, spleen and  P e y e r’s p a tch es had  been s tu d ie d , in  th e  lack  o f observa tions 
concern ing  th e  tonsils th e ir  c lassification  has been  based  on in d ire c t fu n c tio n a l 
d a ta .

A n u m b er o f a u th o rs  has p ro v ed  th e  specific a n tib o d y  p ro d u c tio n  of th e  
to n s ils  in v ivo and  in  v itro  [2—4, 8, 17, 18, 21] a fu n c tio n  c h a ra c te r is tic  of the  
p e rip h e ra l lym p h o id  o rgans.

F ic h t el iu s  [6] s tu d ied  th e  n u m b er o f m itoses an d  D N A  sy n th esis  of 
ly m p h o cy tes  in th e  to n s illa r  ep ith e liu m  an d  in  th e  ep ith e liu m  o f th e  gu t 
asso c ia ted  lym p h o id  organs an d  found th a t  th ese  are id en tica l w ith  those  of 
th e  th y m u s . T his a u th o r  th e re fo re  assum ed  th a t  th e  tonsils be long  to  th e  cen
tr a l  lym pho id  o rgans. L a te r , how ever, F ic h t e l iu s  [7] to ld  a b o u t m ixed: 
c e n tra l and  p e rip h era l im m une-o rgan  an d  considered  th e  ep ith e liu m  to  rep 
re se n t a cen tra l an d  th e  su b ep ith e lia l tissu e  a p e rip h e ra l ly m p h o id  organ. 
T he ex istense o f m ixed  im m une organs has been suggested  also b y  Stram ig- 
n o n i  e t al. [20]. w ho believe on g rounds o f ex p erim en ts  w ith  P H A  on th e  
r a b b i t  app en d ix  th a t  in th e  f irs t days of p o s tn a ta l  life th e  ap p e n d ix  functions 
as a cen tra l lym p h o id  organ  and becom es on ly  la te r  of a p e r ip h e ra l n a tu re .

R ecen tly , S u z u k i  and  I n o  [22] have suggested  th e  ex istence  o f  a th y m u s-  
to n sil in te rac tio n  since 3H -th y m id in e  u p ta k e  by  th e  to nsils  is low er a fte r 
th y m ec to m y .

In  an earlie r s tu d y  [13] we found  in  th e  ex tra fo llicu la r su b s ta n c e  of th e  
to n sils  venules w ith  a h igh en do the lia l lin ing  w hich b y  th e ir  s tru c tu re  and  
in ten s iv e  ly m p h o cy te  flow  m ig h t be analogous to  those  found  in  th e  th y m u s 
d ep en d en t deep co rtica l su b stan ce  o f m ouse ly m p h  nodes. I t  w as therefo re
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a ssu m e d  th a t  the  su rro u n d in g  to n s illa r  region is analogous to  c o m p a rtm e n t 
o f th e  ly m p h  nodes and  m ig h t s ta n d  u n d er th e  in flu en ce  o f  th e  th y m u s .

T h e  v a lid ity  of th is  a s su m p tio n  has been co n firm ed  b y  changes in  th e  
s u p p o r t in g  system  of th e  to n s ils  a n d  in  th e  ly m p h o id  ce llu la r com position  of 
th e  p a re n c h y m a  a fte r  th y m e c to m y . T he fo rm er show ed a ce rta in  lack  o f 
o rg a n iz a tio n : th e  c h a ra c te r is tic  links of th e  re tic u la r  cells w ith  th e  re tic u la r  
f ib re s  w ere  upset. I t  seem s t h a t  o f th e  dual fu n c tio n  o f re tic u la r  cells th a t  
is p ro d u c tio n  of th e  g ro u n d  su b s ta n c e  of re tic u la r  fib re s  (fib ro cy te  ty p e  fu n c 
tio n )  rem ain ed  in ta c t an d  e n sh e a th in g  of th e  re tic u la r  fib re  ( re tic u la r  cell 
fu n c tio n )  w hich is c h a ra c te r is tic  fo r lym pho id  o rg an s h as  been  dam ag ed . I t  is 
n o t  c le a r  w heth er th e  d iso rg a n iz a tio n  of th e  su p p o rtin g  system  occurs a fte r  
th e  le s io n  of the  lym pho id  p a re n c h y m a  or th e  tra n s fo rm a tio n  of th e  su p p o rtin g  
sy s te m  can  be a t tr ib u te d  d ire c tly  to  th e  in fluence  o f th e  th y m u s.

C hanges in th e  ly m p h o id  p a ren ch y m a are re la te d  to  ly m p h o cy te  d ep le
tio n  w h ich  was conspicuous a ro u n d  th e  venules lin ed  w ith  h igh en d o th e liu m  
in  th e  ex tra fo llicu la r su b s ta n c e . I n  these  to n s illa r  reg ions in s tead  o f sm all 
ly m p h o c y te s  ly m p h o b lasts  I I  d o m in a te , while in  n o rm a l an im als ly m p h o b la s ts  
I  a re  in  p reponderance  in  th e  ex tra fo llicu la r su b s ta n c e . L y m p h o b la s ts  I I  
a re  th e  ch a rac te ris tic  cells o f  th e  germ inal cen tres .

A  ce rta in  re la tio n sh ip  seem s to  ex ist b e tw een  th e  increase in  n u m b er 
o f  ly m p h o b la s ts  I I  a c c u m u la tin g  in  th e  e x tra fo llicu la r  su b stan ce  an d  of th e  
s im ila r  cells in the  ep ith e liu m . T h e  large n u m b er o f  y o u n g  and  m a tu re  p lasm a  
cells in  th e  ep ithelium  su g g ests  t h a t  ly m p h o b lasts  I I  w hich  h ad  m ig ra te d  in to  
th e  ep ith e liu m  have d if fe re n tia te d  in loco in to  p la sm a  cells an d  m ay  h av e  
o r ig in a te d  from  th e  fo llicu les.

T h e  redu c tio n  of th e  ly m p h o c y te  is n o t lim ite d  to  th e  ex tra fo llicu la r 
su b s ta n c e , h u t m igh t be o b se rv ed  in th e  ep ith e liu m  to o . K o bu r g  [10, 11] 
a n d  M e y e r  zum  G o t t e s b e r g e  an d  K o bu rg  [12] fo u n d  w ith  te s ts  :i-H - 
th y m id in e  th a t  th e  ly m p h o id  e lem ents in  th e  ep ith e liu m  o rig ina te  from  th e  
g e rm in a l cen tres w hich is b u rsa -d e p e n d e n t.

T h e  reduction  in  th e  n u m b e r  of ly m p h o cy tes  a p p ea rin g  in  th e  e p ith e 
liu m  a f te r  th y m ec to m y  su g g ests , how ever, th e  m ig ra tio n  of a considerab le  
n u m b e r  o f T  lym phocy tes b e s id e  В lym phocy tes in to  th e  ep ith e liu m  from  th e  
e x tra fo llic u la r  region w hich  is u n d e r th e  in fluence  o f th e  th y m u s.

Conclusions

1. In  th e  e x tra fo llicu la r  su b stan ce  of th e  to n s ils  th e re  are m an y  venu les 
lin e d  b y  h igh epo thelium  th ro u g h  w hich an  in te n s iv e  ly m p h o cy te  m ig ra tio n  
ta k e s  p lace  betw een  c irc u la tio n  a n d  to n silla r su b stan ce .

2. A fte r n eo n a ta l th y m e c to m y  in these  reg ions a ly m p h o cy te  dep le tio n
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can  be o b served . T h is also m an ifests  in  a reduced  lym phocy te  m ig ra tio n  
th ro u g h  th e  venu les lined w ith  h igh e n d o th e liu m .

3. A considerab le  accum ula tion  o f co n n ec tiv e  tissue a p p e a rs  in  th e  
ex tra fo llic u la r  su b s ta n c e  and  th e  in t im a te  link  betw een re tic u la r  cells and  
re tic u la r  fib res  is im paired .

4. T h e  n u m b e r o f lym pho b lasts  is h ig h e r in  the  ex tra fo llicu la r region.
5. In  th e  ep ith e liu m  th ere  is an in c rea sed  n u m b er of p lasm a cells w hich 

h ad  p ro b a b ly  d iffe re n tia ted  from  ly m p h o b la s ts .
6. T h e  c h a ra c te ris tic  changes fo llow ing  th y m ec to m y  suggest t h a t  th e  

e x tra fo llic u la r  su b s ta n c e  o f the  tonsils is u n d e r  th e  influence o f th e  th y m u s  
an d  shou ld  th e re fo re  be considered th y m u s-d e p e n d e n t region.
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D IE  W IR K U N G  D E R  N E O N A T A L E N  T H Y M E K T O M IE  A U F  D IE  K A N IN C H E N T O N 
S IL L E N . E IN E  L IC H T - U N D  E L E K T R O N E N M IK R O S K O P IS C H E  S T U D IE

I . OLAH und I . TÖRŐ

I n  de r e x tra fo llik u lä ren  S ub stan z  der T onsillen  is t  e ine  in tensive L p m p h o zy ten m ig ra - 
t io n  ü b e r  d ie  m it h ohem  E n d o th e l ausgek le ide ten  V en u lae  w ah rnehm bar. N ach  de r T h y m e k - 
to m ie  n im m t die L p m p h o z y ten m ig ra tio n  ab , w äh ren d  in  d e r G efäßum gebung L y m p h o z y ten -  
D ep le tio n  B in d eg ew eb sv erm eh ru n g  u n d  die L ösu n g  d e r  in n ingen  B indung zw ischen  d en  
R e tik u lu m z e llen  u n d  den  G itte rfase rn  w ah rn eh m b ar is t. D ie  L ym p h o zy ten -D ep le tio n  lä ß t  
sich a u c h  im  E p ith e l b eo b ach ten . A ufg rund  der U n te rsu ch u n g e n  d a rf angenom m en  w erd en , 
d aß  d ie  ex tra fo llik u lä ren  T onsillenbereiche, ähn lich  d e r tie fen  R in densubstanz  de r L y m p h - 
d rü sen , u n te r  dem  E in flu ß  des T h y m u s s tehen  u n d  so m it zu  d e n  peripheren  L y m p h o rg a n en  ge
hören .

ДЕЙСТВИЕ НЕОНАТАЛНОЙ ТИМЕКТОМИИ НА МИНДАЛИНЫ КРОЛИКОВ. 
МИКРОСКОПИЧЕСКОЕ И ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ

И . О Л А  и И . Т Ё Р Е

Через выстланные высоким эндотелием малые вены, находящиеся во внефолли- 
кулярном веществе миндалин, наблюдается интенсивная миграция лимфоцитов. После 
тимектомии миграция лимфоцитов уменьшается, причем вокруг сосудов наблюдается 
уменьшение количества лимфоцитов, накопление соединительной ткани и прекращение 
тесной связи между ретикулярными клетками и решетчатими волокнами. Уменьшение 
количества лимфоцитов выявляемо также в эпителии. На основе исследований можно пола
гать, что внефолликулярные зоны миндалин — подобно глубокому корковому веществу 
лимфатических узлов — находятся под влиянием зобной железы, и что они, следовательно, 
относятся к периферическим лимфатическим органам.

D r. Im re  O láh  Sem m elw eis O rv o s tu d o m á n y i E g y e tem  I I .  sz. A n a tó m ia i 
In té z e t

D r. Im re  T örő 1094 B u d ap est, T ű zo ltó  u . 58., H u ngary
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STRUCTURE OF THE OSTEOCYTE CAPSULE IN RATS 
WITH HYPERVITAMINOSIS-D AND RICKETS

K lára  M a t e s z , I . F ö l d e s  an d  L. M ó d is  

(R eceived Ju n e  21, 1975)

A histochem ical and  to p o -o p tica l s tu d y  was m ade of th e  changes o f th e  osteo- 
c y te  capsu le  (OC) of th e  cortical a n d  spongious bone layers of th e  t ib ia  a n d  v e r te b ra  
o f r a ts  w ith  hyp erv ita ra in o sis-D  an d  rick e ts .

In  hyp erv itam in o sis-D  th e  n u m b er o f s ta in e d  OCs was found  to  d ecrease . A fter 
t r e a tm e n t  w ith  high doses of v ita m in  D, a b ro ad en in g  of th e  OCs was n o te d  in  th e  a rea  
o f dem in era liz in g  bone. U nder th e  p o la riza tio n  m icroscope a decrease o c cu rre d  in  th e  
p ro p o rtio n  of b iréfrin g en t OCs, m ore m ark ed  in  birefringence th a n  in s ta in in g . Since 
bone  dem in era liza tio n  due to  v ita m in  D w as n o t followed by a rise in  th e  n u m b er o f 
o steoc las ts , i t  is concluded th a t  o steo cy tic  a c tiv ity  has an  im p o rta n t ro le in  d e m in e ra l
iza tio n  as show n by th e  b roadened  OC. In  ra ch itic  ra ts  considerab ly  few er OC to o k  
th e  s ta in  an d  show ed b irefringence th a n  in  th e  con tro ls. Thus, a lte ra t io n  o f th e  OC 
s tru c tu re  d is tu rb s  th e  n u tr it io n  of bone tissu e  au d  th e re b y  agg rav a tes  th e  p a th o lo g ica l 
process.

In tro d u c tio n

T h e  o steo cy te  capsu le (OC) described  b y  V irchow  is a zone o f  special 
g round  su b s ta n c e  su rro u n d in g  th e  o steo cy te  an d  th e  processes. T h e  s tru c tu re  is 
te rm ed  “ G renzsche ide” , “ K n o ch en k ap se l” , or “ R an d zo n e”  in th e  G erm an , 
“ gaine l im ita n te ” , or “ reb o rd  lacu n o  can a licu la ire”  in th e  F ren ch , an d  “ os
te o c y te  cap su le”  in  th e  E ng lish  l i te ra tu re . T hese te rm s correspond to  R o u g e t- 
N e u m a n ’s sh e a th  of th e  classical h is to lo g ica l lite ra tu re . Since its  f i r s t  d e 
sc rip tio n , th e  OC has been th e  su b jec t o f n u m ero u s in v estiga tions.

F o r a long tim e  th e  OC w as considered  hom ogenous in n a tu re . W e i d e n - 
r e i c h  [27] w as th e  f irs t  to  suggest its  f ib r illa r  s tru c tu re . T he f i r s t  d e ta iled  
h is to ch em ica l o b serv a tio n s are know n from  L o r b e r ’s [18] w ork  w ho  d em o n 
s tra te d  th e  presence of acid  m uco p o ly sacch arid es  (M PS), lipides a n d  a lka line  
p h o sp h a ta se  in  th e  OC. L i p p  [16] fo u n d  P as  p o s itiv ity  in  th is  zone. H a r r is  
an d  H am  [13] w ere th e  f ir s t  to  suggest th a t  th e  OC m ay p la y  a fu n c tio n a l 
role in  d iffu sion  betw een  hone cells an d  cap illaries.

S c h m i d t  [23] observed  b iré frin g en t OCs in  non-decalcified  h o n e  sections 
s ta in e d  w ith  Congo red . B y  to p o -o p tica l reac tio n s  using gold ch lo ride , S c h m id t  
d e m o n s tra te d  th a t  th e  OC co n ta in s  collagen  fib res  ru n n in g  p ara lle l to  th e  su r
face. T h e  e lec tro n  m icroscopic s tru c tu re  o f th e  OC has been s tu d ie d  b y  B a u d  
[1], B a u d  an d  D u p o n t  [2], B a u d  an d  M o r g e n t h a l e r  [3]. T h ese  au th o rs  
consider th e  OC as an am orphous su b s ta n c e  rich  in M PSs, in w hich  collagen
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f ib r ils  a re  p resen t. B a u d  d isting u ish ed  tw o ty p e s  o f OC, an o steob lastic  an d  
an  osteo c lastic  ty p e . A ccord ing  to  his m easu rem en ts  th e  OC (te rm ed  b y  him  
lacu n o -can a licu la r  sy s tem ) has a surface of 250 m m 2/m m 3 in te rs ti t ia l  bone 
tis su e . B é l a n g e r  [4] sugg ested  th a t  o steocy tes a re  n o n -resting  cells cap ab le  
o f  b u ild in g  up an d  d e s tro y in g  g round su b stan ce .

S im ilar changes w ere n o ted  by  R e m a g e n  e t  al. [21] a fte r a d m in is tra tio n  
o f  d ih y d ro ta c h y s te ro l. T h ese  au th o rs  d e m o n s tra te d  calcium  and  p h o sp h a te  
c ry s ta ls  in  the  OC. T h e n  MÓDIS [19] d e m o n s tra te d  th a t  th e  OC w as n o t a m o r
p h o u s  b u t  ac tu a lly  a s tru c tu re d  pericellu lar la y e r  in  w hich th e  M PS chains 
a re  s itu a te d  para lle l to  th e  cell surface show ing a n  o rien ta tio n  of h igher o rd er 
th a n  t h a t  of th e  bone m a tr ix . T he s tru c tu re  w as fo u n d  to  change w ith  a d v a n c 
in g  age and  d am ag in g  fa c to rs  affect th e  s ta in in g  an d  briefringence o f th e  
OC [19].

H isto logical e x a m in a tio n s  using h a e m a to x y lin  ch rom otrope  have revealed  
t h a t  bone d em in e ra liza tio n  due to  v itam in  D w as no t associated  w ith  a 
n u m e ric a l increase o f o steo c lasts  and B é l a n g e r  [4] described th e  process 
o f  o steo cy tic  osteo lysis. T h ese  observa tions h av e  m ade us to  assum e th a t  in 
a d d itio n  to  osteoclastic  re so rp tio n  some o th e r fa c to rs  m ay also be in v o lved  in 
th e  d em in era liza tio n  due  to  hyp erv itam in o sis  D an d  we have s ta r te d  s tu d ies  
on  th e  s tru c tu re  o f  th e  o steo cy te  capsule.

M ateria l and  m ethods

In  th e  experim en ts , 12 a lb ino  ra ts  of 100 g w e igh t o f  b o th  sexes were used. T he an im als 
w ere  d iv id e d  in 3 groups of 4 r a ts  each  G roup I was tre a te d  w ith  doses of 10 000 I. U. v ita m in  
D 3 in  oil adm in iste red  o ra lly  th ro u g h  a stom ach  tu b e  d a ily  for 14 days. The ra ts  of G roup I I  
re ce iv e d  40 000 I. U. v ita m in  D 3. G roup I I I  included  th e  co n tro l.

A fte r killing th e  ra ts  b y  ex an g u in a tio n  th e  t ib ia  a n d  th ree  tho rac ic  v e rte b rae  were 
re m o v e d  for ex am in atio n . H a lf  o f th e  m ateria l w as fix ed  in  form ol and th e  o th er h a lf  fix ed  
a n d  decalc ified  in Susa’s flu id , th e n  em bedded in  p a ra f f in  a n d  sections 10—12 fi th ic k  were 
c u t  a n d  k e p t in xylo l o v e rn ig h t a t  37 °C. The sections w ere s ta in ed  w ith  0.1%  to lu id in e  blue 
so lu tio n  (C hrom a) a t  p H  3.5 [22].

F o r  evalu a tio n , in each  section  500 osteocytes w ere co u n ted  b o th  in th e  co m p ac t an d  
in  th e  spongious lay er, an d  th e  p ro p o rtio n  of s ta in e d  OC w as estab lished . The v isu a l fields 
e x a m in e d  were th en  ex am in ed  in  po larized  ligh t, using  th e  sam e m icroscope. H ere we have  
a lso  c o u n te d  th e  o steo cy tes  su rro u n d e d  by b iré frin g en t capsu les. T hen  we calcu la ted :

-  th e  percen tag e  of s ta in e d  OCs a round  th e  o steo cy tes , as seen in th e  lig h t m icroscope;
— th e  percen tag e  of s ta in e d  OCs show ing p o la riz in g  a c tiv ity .
T h e  d a ta  were i llu s tra te d  graphically . The sam e ca lcu la tio n s were perfo rm ed  fo r th e  

c o n tro ls .
In  ad d itio n , th e  effect o f hy p o v itam in o sis D on th e  n u m b er and s tru c tu re  o f th e  OCs 

h a s  also been s tu d ied  in  8 y o u n g  a lb ino  ra ts  of 25 — 30 g w eigh t, these an im als w ere fed 
Me C ollum ’s rach itogen ic  d ie t fo r 8 weeks, while th e  o th e r 4 se rv ed  as controls. T he m a te ria l was 
p ro cessed  and  ev a lu a te d  in  th e  sam e w ay as in  th e  f ir s t  ex p erim en t.

I n  every  specim en  th e  a lc ian  blue —PAS re a c tio n  a n d  in  th e  non-decalcified sections, 
K o ssa ’s reac tio n  was pe rfo rm ed .
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R esults

On v itam in  D tre a tm e n t th e  OCs becam e th ic k e r u n d er th e  e ffec t o f 
10,000 I. U. v ita m in  I )3, th e  th ick en in g  w as re s tr ic te d  to  sm all, well d e lim ited  
a rea  o f  th e  spongiosa. A fte r a d m in is tra tio n  o f such  sm all doses, th e  OCs g av e

Fig. 1. C ortical hone from  tib ia  o f con tro l ra t.  L ig h t p h o to m icrograph . A lcian b lue  PA S
reac tio n . M agnification : 40 x  6.3 X 0.3

Fig. 2. C ortical hone from  tib ia  o f r a t  t re a te d  w ith  10 000 I. U. v itam in  I);i. L igh t p h o to m ic ro 
graph . A lcian  b lue  PA S reac tio n . M agn ification : 40 x  6.3 x  0.5 

Fig. 3. C ortical bone from  tib ia  o f r a t  tre a te d  w ith  40 000 1. U. v ita m in  I) ,. L igh t p h o to m ic ro 
graph . A lcian blue PA S reac tio n . M agn ification : 40 X 6.3 X 0.5 

Fig. 4. C ortical hone from  tib ia  of ra t  tre a te d  w ith  10 000 I U. v ita m in  I).,. L igh t p h o to m ic ro 
graph  K ossá reac tio n . M agn ification : 63 x  6.3 x  0.5 

F ig .  5. C ortical bone fro m  tib ia  o f ra t tre a te d  w ith  40 000 I. U. v itam in  D.,. L ig h t p h o 
to m icro g rap h . K ossá reac tio n . M agnification: 63 X 6.3 X 0.5 

Fig. 6. C ortical bone ( tib ia )  of con tro l ra t. L ig h t pho tom icro g rap h . T oluid ine  blue p H  3.5.
M agnification : 40 x  6.3 x  0.5

F ig . 7. C ortical bone from  tib ia  o f con tro l ra t. P o la riza tio n  m icrograph. T olu id ine  blue p H
3.5. M agnification : 40 x  6.3 X 0.5
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Fig. 8. Spongious lay e r from  tib ia  of r a t  t r e a te d  w ith  10 000 I. U. v itam in  D 3. L ig h t p h o to 
m ic ro g rap h . Toluid ine blue p H  3.5. M agnification : 40 X 6.3 X 0.5 

Fig.  9. Spongious la y e r  fro m  tib ia  of r a t  t r e a te d  w ith  10 000 I. U. v ita m in  D 3. P o la riza tio n  
m ic ro g rap h . Toluid ine blue p H  3.5. M agnification : 40 X 6.3 X 0.5 

Fig. 10. Spongious la y e r  from  tib ia  of r a t  t r e a te d  w ith  40 000 I. U. v ita m in  D 3. L ig h t p h o to 
m ic ro g rap h . T oluid ine blue p H  3.5. M agnification : 40 X 6.3 X 0.5 

Fig. 11. Spongious la y e r  fro m  tib ia  of r a t  t r e a te d  w ith  40 000 I. U. v ita m in  D 3. P o la riz a tio n  
m ic ro g rap h . Toluid ine blue p H  3.5. M agnification : 40 X 6.3 X 0.5 

Fig. 12. C ortical lay e r fro m  tib ia  of ra ch itic  r a t .  L ig h t p h o to m icrograph . T olu id ine  b lue  p H  
3.5. M agnification: 40 X 6.3 X 0.5

Fig. 13. C ortical lay e r fro m  tib ia  of ra ch itic  r a t .  P o la riz a tio n  m icrograph. T o lu id ine  b lue  p H
3.5. M agnification : 40 X 6.3 X 0.5
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a po sitiv e  alcian b lue  or PA S reac tio n  in  th e  a rea  of d em in e ra liza tio n  o f the  
co rtic a l bone (F igs 1 an d  2). T he b roadened  capsu les w ere p o sitiv e  fo r calcium . 
A fte r  large doses, d em in e ra liza tio n  becam e m ore consp icuous an d  m ore e x ten 
sive, accom pan ied  b y  a m ark ed  en la rgem en t o f th e  capsu les, p a r tic u la r ly  in 
th e  spongiosa (F ig . 3).

W hile in  th e  d em inera liz ing  cortica l bone th e  OC w ere b ro a d , th e y  were 
less b ro a d  in th e  dem in era lized  bone w here th e y  e x h ib ite d  an  eq u a lly  in tense  
a lc ian  b lue, PA S a n d  K ossá  p o sitiv ity  (F igs 4, 5).

O n tre a tm e n t w ith  large  doses o f v ita m in  D th e  n u m b e r o f s ta in ed  cap 
sules decreased in  th e  spongious and  co rtica l lay e rs  of th e  v e r te b ra  and  tib ia  
as com pared  to  th e  co n tro ls  (F igs 6 and  10). In  b o th  bones a m ark ed  reduction  
o f b irefringence w as n o te d  in  th e  OCs (F igs 7 a n d  11). As show n in  G raph  I, 
in  th e  case of th e  v e r te b ra  th e  difference w as s ig n ifican t (p <7 0.01).

Sm all doses o f  v ita m in  D caused a so m ew h at g re a te r  re d u c tio n  in  s ta in 
ing  in te n s ity  th a n  d id  la rg e  ones (Figs 8, 10). In  po la rized  lig h t th e  decrease 
w as n o t  so m ark ed  as w ith  large doses (F igs 9, 11) in  b o th  th e  tib ia  and  th e  
v e r te b ra . W ith  re g a rd  to  th e  la t te r  bone th e  d ifference w as h ig h ly  sign ifican t 
(p <7 0.001) as seen in  G rap h  1.

Rate of Rate of OC-s
stained ОС-s of polarization

activity
White rat trea ted  with
vitamin D3, tibia (toluidineblue pH3,5)

Rate of Rate of OC-s
stained OC-s of polarization

activity
White rat treated with
vitamin Dj,vertebra (toluidineblue pH3,5)

□  Control О  Big dose of vitamin D3 0  Small dose of vitamin D3

G rap h  I M easurem en ts of OC in tib ia  and v e r te b ra  o f r a t  t re a te d  w ith  v ita m in  D 3.
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I n  th e  ligh t m icroscope th e  sections o b ta in ed  from  ra c h itic  an im als 
sh ow ed  less sta ined  OCs th a n  d id  th e  contro ls (F ig . 12). In  p o la rized  ligh t 
c h an g e  w as  o f th e  sam e d ire c tio n  b u t  th e  decrease o f th e  n u m b e r o f b iré frin g en t 
OCs w a s  m ore  m arked  (F ig. 13; G ra p h  II) . In  rach itic  hone p re p a ra tio n s  th e  
g ro u n d  su b stan ce  exh ib ited  a liv e ly  dichroism .

Rate of Rate of OC-s
sta ined  ОС-s of polarization

activity

Vertebra of rachitic white rat 
(toluidineblue pH 3,5)

Rate of Rate of OC-s
stained OC-s of polarization 

activity

Tibia of rachitic white rat 
(toluidineblue pH3,5)

I I Control Щ  Rachitis
G rap h  I I  M easurem ents o f OC in  tib ia  and  v e r te b ra  of ra ch itic  ra t.

D iscussion

T h e  resu lts  have c o n firm ed  th e  s ta te m e n t t h a t  in  th e  OC th e  M PSs are 
o r ie n te d  p ara lle l to  th e  su rface , [19].

1. O n v itam in  D t r e a tm e n t ,  especially  if  h igh  doses a re  g iven , th e  OCs 
b eco m e considerab ly  b ro ad er. O w ing  th e ir  v a ry in g  shape , th is  could  n o t he 
v e r if ie d  b y  m easurem ents.

T h e  th ickness of th e  OCs is n o t  uniform  even u n d e r physio log ica l con
d itio n s . I n  new ly form ed sp o n g io u s bone th e  lacu n ae  are  la rge , w hile in  lam el
la r  b o n e  an d  m atu re  m a tr ix , n a rro w e r [12].

A cco rd in g  to  L iu  e t a l. [17] in  h y p erv itam in o sis-D  th e  vo lum e of th e  
la c u n o -c a n a lic u la r  system  in  th e  r a t  bone increases b y  7 % . On th e  basis of 
m ic ro ra d io g ra p h ic  in v e s tig a tio n s , D u r ie z  and  Ca u c h o i x  [9] conc luded  th a t
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p a ra th y ro id  ho rm one an d  h y p erv itam in o sis-D  are  responsib le fo r o steocy tic  
osteolysis. As ev idenced  b y  lig h t m icroscopie ex am in a tio n s, v ita m in -D  plays 
a role in  osteocy tic  re so rp tio n . T he la t te r  process is en tire ly  a b se n t in  th e  bones 
of chicken fed a d ie t low in Ca, and  d e fic ien t in  v itam in . A fte r v ita m in  D t r e a t 
m en t, in c ip ien t osteo lysis can  be n o ted  w hich increases in in te n s ity  on  th e  com 
b ined  a d m in is tra tio n  of v ita m in  D and  p a ra th y ro id  horm one [5]. T r u m m e l  
e t al. [25] observed  a p a ra lle l loss o f th e  m a tr ix  an d  m ineral sa lts  in  th e  bone 
u n d e r th e  effect o f 25 HCC tre a tm e n t.

B y m eans o f a lp h a  ra d io g rap h y  B é l a n g e r  and B a s m u s s e n  [7] and 
B é l a n g e r  et al. [6] d e m o n s tra te d  en larged  ОС in th e  re so rb in g  bone. In  
secondary  h y p e rp a ra n th y ro id ism , increased  la c u n a r  d iam ete rs  w ere  found  
in  th e  phase of re so rp tio n  [8]. A fte r a d m in is tra tio n  of p a ra th y ro id  ho rm one 
an  in ten se  PA S p o s itiv ity  w as n o ted  in th e  m a tr ix  a round  th e  o s te o c y te  [12]. 
S tim u la tio n  of o steo cy tic  re so rp tio n  is accom pan ied  by  increased  m e tach ro m a- 
sia and  p ro tease  a c tiv ity  o f th e  OC [5]. A s im ila r change was n o te d  in  en d o g 
enous p a ra th y ro id  h y p e ra c tiv ity  in an im als fed a d ie t rich  in P  o r po o r in 
Ca [10]. E n la rg ed  capsu les are alw ays p re se n t in th e  dem in era liz in g  hone. 
T his find ing  seem s to  in d ic a te  th a t  u n d e r c e r ta in  cond itions th e  o s teo cy te  is 
able to  resorb  bone g ro u n d  substance .

2. R egard ing  th e  s tru c tu re  of th e  OC we refe r to  th e  re su lts  o f M ÓDIS 

[19] w ho d e m o n s tra te d  t h a t  th e  OC ap p ears  in  th e  r a t  hone on th e  4 2 n d  p o s t
n a ta l  day . T he o rien ted  M PS chains of th e  capsu le  co rrespond  to  ch o n d ro itin  
su lp h a te  A and  C, an d  th e y  increase w ith  age. A ccording to  J a n d e  a n d  B é l a n 
g e r  [15] and  J a n d e  [14] o steocy te  capsules rich  in  o rien ted  M PS a re  c h a ra c 
te ris tic  of re so rp tiv e  o steo cy tes  ra th e r  th a n  of fo rm ativ e  ones. T h ese  a u th o rs  
suggest th a t  d u rin g  re so rp tio n  th e  tra n s p o r t  p a th s  of th e  OCs a re  u n d e r  in 
creased  dem and . T h is suggestion  has been  su p p o rte d  by  W a s s e r m a n  a n d  Y a e - 
g e r  [26], B a u d  and  M o r g e n t h a l e r  [3], D u p o n t  [8], and  R e m a g e n  e t al. 
[21]. T he OC m igh t h av e  a role in m a tr ix  m in era liza tio n  too . S im ila rly  as 
R e m a g e n  e t al. [21], we h av e  also d e m o n s tra te d  Ca sa lts  in  th e  OC. L o r b e r  
[18] found  a lkaline  p h o sp h a ta se  in  th e  OC.

A ccording to  o u r fin d in g s, th e  n u m b e r o f b iré frin g en t OCs decrease 
considerab ly  d u rin g  d em in era liza tio n  due to  h y p erv itam in o sis-D . T h e  capsu les 
becom e b ro ad er b u t  less b iré frin g en t. T h is phenom enon  m ay  be ex p la in ed  
in  several w ays. A lte red  hom eostasis m ay  a p rio ri change th e  sy n th e s is  of 
M PS. E n ch an ced  bone  re so rp tio n  w hen no t associa ted  w ith  th e  p resen ce  of 
large num bers of o steo c lasts  leads to  increased  esteocy tic  osteo lysis. T h e  p re s 
ence of b roadened , h ig h ly  basophilic  o steo cy te  capsules m ay be a sign  o f th is  
process. T he large a m o u n t o f Ca accu m u la ted  in  th e  OC m ay  h av e  a deso rien t- 
ing  effect on th e  M PS chains.

In  rach itic  ra ts , th e  OCs likew ise d isp lay ed  a decrease in p o la riz in g  a c tiv 
ity . S t e e n d i j k  e t al. [24] found  th a t  v ita m in  D deficiency w as asso c ia ted
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w it h  se con d ary  h yperp ara th yro id ism . D u r ie z  a n d  Ca u c h o ix  [9] described  
in c r e a se d  osteocytic  a c t iv i t y  in  rickets.

O u r resu lts  allow ed to  conclude th a t  h y p e rv itam in o sis-D  b rings a b o u t 
a w e ll-v isib le  th ick en in g  o f  th e  OC w hich c o n ta in s  an  alcian  b lue  — P A S , an d  
K o ssá  po sitiv e  sub stan ce . T h is  enlarged la c u n o -c a n a lic u la r  system  w hich  even 
in  i ts  n o rm a l s ta te  a m o u n ts  to  double th e  o steo c la s tic  H ow sh ip ’s la c u n a r  sy s
te m  [11] is capable  o f re m o v in g  th e  re so rp tio n  p ro d u c ts  re su ltin g  fro m  th e  
e ffec t o f  h y p e rv itam in o sis-D . D em in era liza tio n  m ig h t th u s  be th e  re su lt of 
a c tiv e  o steocy tic  a c tiv ity  o r  a consequence o f th e  s tru c tu ra l change ta k in g  
p lace  in  th e  bone g ro u n d  su b s ta n c e  u n d er th e  e ffec t o f v ita m in  D. T he la t te r  
h y p o th e s is  seems to  be su p p o r te d  b y  the  change in  s tru c tu re  o f th e  OC. In  fac t, 
th e  n u m b e r  of b iré frin g en t OCs decreases m a rk e d ly  b o th  in  th e  tib ia  an d  in  th e  
v e r te b r a  in  h y p e rv ita m in o tic  anim als.

T h e  a lte red  OC s tru c tu re  m ay im p a ir th e  n u tr i t io n  o f th e  bone tissue  
w h ic h  in  tu rn , m ay  fu r th e r  a g g ra v a te  th e  p a th o lo g ic a l cond ition .
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S T R U K T U R E L L E  U N T E R S U C H U N G  D E R  O S T E O Z Y T E N -K A P S E L  B E I R A T T E N  
M IT D -H Y P E R V IT A M IN O S E  U N D  R A C H IT IS

Von

K. MATESZ, I. FÖLDES und L. MÓDIS

In  der K o rtik a lis  u n d  in  der Spongiosa der T ib ia  u n d  der W irbe lknochen  von  R a tte n  
m it D -H y p erv itam in o se  u n d  R a ch itis  w urden die V e rän d e ru n g e n  der O steo zy ten -K ap se ln  
(OC) m it h isto ch em isch en  u n d  top o o p tisch en  R e ak tio n en  u n te rsu c h t.

Bei D -H y p erv itam in o se  is t eine A bnahm e des p ro z en tu e llen  A nteils der sich fä rb e n d e n  
OC w ah rn eh m b ar. N ach  B eh an d lu n g  m it hohen D -V itam in d o sen  erfo lg t im  B ereich des sich  
d em inera lis ie renden  K no ch en s eine V erb reiterung  d e r OC. Im  P o la risa tio n sm ik ro sk o p  s ieh t 
m an  eine A bnahm e des A n te ils  d e r  eine D oppelb rechung  au fw eisenden  OC. Die D o p p e lb re 
ch u n g  n im m t in  viel g rößerem  M aße ab als die F ä rb u n g . A u fg ru n d  der B eobach tung , d aß  n ach  
de r u n te r  D -V itam in -E in flu ß  e in tre te n d en  D em in e ra lisa tio n  k e in  A nstieg  der O s teo k las ten 
zah l erfolgt, w ird an g en o m m en , d aß  die D em in era lisa tio n  d ie Folge einer a k tiv en  O steo zy 
te n tä tig k e it  d a rs te llt. D iese A k tiv itä t  w ird du rch  d ie  V e rb re ite ru n g  der OC re p rä se n tie r t. 
D ie durch  die s tru k tu re lle  V e rän d e ru n g  der OC b e d in g te  E rn ä h ru n g ss tö ru n g  des K n o ch en g e
w ebes ru f t  eine w eite re  V ersch lech te ru n g  des p a th o lo g isch en  Z u stan d es hervor.

ИЗУЧЕНИЕ СТРУКТУРЫ КАПСУЛЫ оСТЕОЦИТОВ У КРЫС С 
П1ПЕРВИТАМИНОЗОМ D И РАХИТОМ

К . М А Т Е С , И . Ф Ё Л Д Е Ш  и Л .  М О Д И Ш

В корковом слое и губчатом веществе большеберцовой кости и позвонка крыс с 
гипервитаминозом D и рахитом авторы изучали при помощи гистохимических и топооп- 
тических реакций изменения капсулы остеоцитов.

Было установлено, что при гипервитаминозе D уменьшается доля окрашенных 
капсул остеоцитов. После дачи больших доз витамина D в области деминерялизации кости 
наблюдается расширение капсулы остеоцитов. В поляризационном микроскопе видно 
уменьшение доли капсул остеоцитов, поазывающих двойное преломление. Уменьшение 
двойного преломления гораздо больше, чем уменьшение окрашивания. Из факта, что после 
деминерализации, возникающем под влиянием витамина D, не происходит увеличения 
числа остеокластов, авторы сделают вывод, что деминерализация является результатом 
активности остеоцитов, проявляющейся в расширении капсулы остеоцитов. Измененная 
структура капсулы остеоцитов вызывает путем нарушения питания костной ткани даль
нейшее ухудшение патологического состояния.

Dr. Klára Matesz D O T E  A natóm iai S zövet- és F e jlő d és tan i In té z e t, 401^ 
D ebrecen , Ff. 14., H u n g a ry

D r. Is tv á n  F ö ld es  
D r. I jászló MÓDIS
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In s t i tu te  of B io logy , Sem m elw eis U n iv e rs ity  M edical School, B u d a p es t

DEMONSTRATION OF THE HETEROGENEITY OF THE 
MAST CELL POPULATION ON THE BASIS OF THE 

MUCOPOLYSACCHARIDE CONTENT
G. C s a b a  and P . K o v á c s  

(R eceived Ju n e  26, 1975)

From  th e  a sp e c t o f its  m ucopolysaccharide  c o n te n t th e  m as t cell p o p u la tio n  is 
no t hom ogeneous. T he p u lm o n a ry  and h e a r t  m uscle m as t cells o f th e  r a t  are alcian  
blue positive, th e  m a s t cells of th e  th y ro id  g land , ly m p h  nodes, su b c u tan e o u s  connec
tive  tissue, m esen te ry  an d  peripheral nerve are  sa fran in  p o sitive , w hereas am ong the  
m as t cells of th e  p e rito n ea l c av ity  and th e  th y m u s  th e re  are b o th  a lc ian  blue and saf
ran in  positive fo rm s. T he least acid  m ucopo lysaccharides are in th e  m a s t cells of the  
peritonea l flu id , th e  m esen tery  and  th e  lungs, w hereas th e  m ost acid  ones are in the  
m as t cells of th e  ly m p h  nodes, th e  su b cu tan eo u s connective  tissu e  an d  th e  th y ro id  
g land. T here is a considerab le  difference be tw een  th e  tw o las t m en tio n ed  organs. The 
m as t cells of th e  su b c u tan e o u s  connective  tissu e  are en d -p ro d u c t cells w ith o u t am ine 
or precursor tu rn o v e r , w hereas th e  m ast cells of th e  th y ro id  g land  in co rp o ra te  an d  deliv
er am ines, w hich  m ay  p a r tic ip a te  in th e  reg u la tio n  of th e  h o st g land.

E v e r since th e ir  d esc rip tio n  by E h rlich  [12],  th e  m ast cells w ere recog
nized b y  th e ir  m e ta c h ro m a tic  sta in in g  w ith  basic  dyes an d  th e re fo re  every 
m etach ro m a tic  co n n ec tiv e  tissue  cell was classified  as a m ast cell. T h e  m etachro- 
m asia  is due to  th e  acid po lysaccharide  c o n te n t o f th e  g ran u les  [15, 18]. 
W hen in these cells b iogenic  am ines h ad  also been d e m o n s tra te d  (17, 21] 
th e n  ce rta in  d ifferences h av e  becom e obvious. Som e cells c o n ta in  h istam ine  
in  ad d itio n  to  h e p a rin , a re  included  w hile som e co n ta in  also se ro to n in , the  
m a s t cells of mice a n d  ra ts , or dopam ine, of th e  u n g u la tes  [18].  N evertheless, 
acid m ucopo lysaccharides and  h is tam in e  h ad  seem ed to  be o b lig a to ry  com po
n e n ts  of th e  g ranu les to g e th e r  w ith  som e th ird  one. T h a n  i t  w as d e tec ted  th a t  
in  th e  v e rte b ra te s  b e long ing  to  a phy lo g en e tica lly  low er class th a n  th e  rep tiles 
th e  m e tach ro m atic  cells co n ta in  se ro ton in  [14] in s te a d  of h is tam in e  [16, 20]. 
S u b seq u en t in ic ro c in em ato g rap h ic  analyses [2, 4] show ed th a t  th e re  a re  active 
form s as well as end  p ro d u c t (cadaver) cells th e  la t te r  being  im m obile  and  no t 
d isp lay ing  any flow  o f th e  granu les. The la t te r  cell ty p e , w hich is ch ie fly  ch arac
te ris tic  o f th e  su b c u ta n e o u s  connective tissue , could  n o t be c lassified  in any  
o f th e  m a tu ra tio n  ca teg o ries  d iffe ren tia ted  on th e  hasis of th e ir  a lc ian  blue 

safran in  s ta in in g  [3]. T hese cells w ere sa fran in  p o sitiv e  b u t  a t  som e sites 
e. g. in th e  perito n ea l f lu id  th e y  proved  co n sid e rab ly  ac tiv e . A t th a t  tim e  was 
th e  role of basic p ro te in s  in  th e  ty p e  o f sta in in g  o bserved  [6] an d  it  has becom e 
clear th a t  it  depended  on th e  presence o f a m u co p o ly sacch arid e , tw o kinds 
o f am ine and  a basic  p ro te in  w heth er th e  cell shou ld  be considered  a m ast cell 
an d  if  so, in  w hich m a tu ra tio n  stage  i t  was.
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F u n c tio n a l  s tu d y  la te r  re v e a le d  th a t  w hereas th e  p e rito n ea l m a s t cells 
in c o rp o ra te d  biogenic am ine p re c u rso rs  [11], th e  m a s t cells localized  elsew here 
in  th e  b o d y  failed  to  do so. A t th e  sam e tim e  th e  m a s t cells o f th y ro id  in co r
p o ra te d  se ro to n in  [1, 8, 9] w h ich  w as n o t ta k e n  u p  b y  o th e r e. g. p e rito n ea l 
m a s t cells [11]. In  add itio n  o n ly  th e  m ast cells o f th e  th y ro id  can  in co rp o ra te  
u rid in e  [10]. In  th e  ligh t of th e se  d a ta  i t  seem ed in te re s tin g  to  s tu d y  w h e th e r 
th e  m a s t  cells of th e ir  m u co p o ly sacch arid e  in th e  q u a lity  localized  of th e  in d i
v id u a l o rg a n s  could be d iffe re n tia te d .

Materials and methods

T h e  ex am in atio n s were p e rfo rm ed  in  a d u lt  m ale W is ta r  CB ra ts . M ast cells w ere s tu d ied  
in  p e r ito n e a l  f lu id  (th ick  drop) ly m p h  no d e , th y m u s , su b cu tan eo u s  con n ec tiv e  tis su e  (m em brane  
p re p a ra tio n ) ,  m esen tery  (in to  p re p a ra tio n ) , th y ro id  g land , lungs, p e rip h e ra l ne rv e  (sciatic) 
an d  h e a r t  m usc le . I f  no t sla ted  o th e rw ise , p a ra ffin  sections w ere ex am ined . S ta in in g  of in ta c t  
cells w a s  o n ly  ta k e n  in to  co n sid era tio n . T he m ateria ls w ere f ix ed  in  n e u tra l  fo rm ald eh y d e  
an d  th e  m u copo lysaccharides w ere d e m o n s tra te d  by  th e  follow ing m eth o d s [15].

1. S ta in s  referring  to  th e  p re sen ce  of acid  m u copo lysaccharides:
a . m e ta ch ro m a tic  sta ins:

0 .0 1 %  alcoholic azure  A 
0 .0 1 %  alcoholic to lu id in e  b lu e  
1 .0%  aqueous azu r A.

I n  th e  case of azur A a  d ifference  in  s ta in ing  in te n s ity  is m an ifes t be tw een  aqueous an d  
a lcoholic  so lu tio n s .

b . o rto ch ro m a tic  sta ins:
0 .0 1 %  alcoholic m eth y len e  b lu e ;
1 .0 %  aqueous m eth y len e  b lu e ; 
a lc ia n  blue — PA S; 
p e rio d ic  acid — p a ra d ia m in e ; 
co llo id a l iron.

T h e  a lc ian  blue — PA S as w ell as th e  periodic a c id -p arad iam in e  m eth o d s allow  to  d iffer
e n tia te  b e tw e e n  perio d a te  re ac tiv e  a n d  non-reac tive  p o ly saccharides.

2. A lc ia n  blue — CEC.
T h is  m eth o d  allows a d if fe re n ta t io n  of th e  p o ly sacch arid es o f v a rio u s  a c id ity .
I n  th e  presence of 01 M M gCl2 h y lau ro n ic  acid a n d  th e  w eak ly  su lp h a te d  m ucins w hile 

w ith  1 .0  M gC l2 only h ep arin  will be  s ta in e d .
3. A lc ia n  blue — safran in  [4, 19] p e rm its  conclusions concern ing  th e  m a tu ra t io n  stage 

of th e  m a s t  cells.

Results and discussion

R e su lts  are shown in T a b le  I .  In  th e  case o f a p o sitiv e  re su lt th e  in te n s ity  
o f th e  s ta in in g  was e s tim a te d  in  severa l specim ens.

T h e  exam ined  m ast cell p o p u la tio n  was n o t hom ogeneous; e ith e r  th e ir  
m u co p o ly sacch a rid e  or its  m a tu r i ty  as in judged  from  th e  degree o f su lp h a tio n  
was d if fe re n t.

O n  th e  basis of th e  a lc ia n  b lu e-safran in  s ta in in g  o f th e ir  m a s t cells th e  
o rg an s  co u ld  be d iv ided  in to  th re e  groups. T he lungs an d  th e  h e a r t  m uscle 
c o n ta in e d  on ly  alcian b lue p o s itiv e  cells; th e  th y ro id , ly m p h  nodes, sub-
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Table I

H istochem ical reac tion  in in ta c t m as t cells of various organs

Lyrnp node Peritoneal
fluid

Thyroid
gland

Subcut.
connective

tissue
Mesentery Lungs

Peripheral 
nerve/sciatic Thymus Heart

Alcian blue 
— safranin

A: -  
S: +  +

A: +  +
S: +  +

A: -
A: +  +

A: -  
S: +  +

A: - A: +  + A: - 4 - gland A: +  +  
capsule:
A: + +  S: +  +

A: +  +

Alcian blue 
-  PAS

A: +  +  
P A S :+  +

A: +  + A: + A: +  + A: - A: +  +  
PAS: +

A: +  +  
PAS: §

gland A: 4 -4 - 
capsulePA S : 4- 4~

A: +  +  
PAS: -

Colloidal iron 4" 4“ 9 +  + — § — +  + + + —
0.01%  alcoholic Azure A 4" 4“ + + +  + +  + § — 4-4- - -
0.01%  alcoholic Toluidine 

blue
+  + + + +  + +  + +  + — + + gland +  

capsule 4“ 4-
+  +

0.01%  alcoholic m ethylene 
blue

+  + +  + +  + +  + +  + § 4-4- gland: +  
capsule: + 4 -

+  +

1.0%  aqueous m ethylene 
blue

+  + + + +  + +  + +  + 4-4- 4-4- gland: 4 -4- 
capsule: 4~4-

+  +

1.0%  aqueous azure A, 
p H  1.8

+  + + + 4-4- ! I
T T +  + — 4-4- gland :

capsule: +  +
4- 4-

A lcian blue-CEC 0.1 M 
MgCi2

4" 4" § 4-4- +  + +  + + + 4_ gland: 4 -4“ 
capsule: + 4 -

+ +

0.5 M MgClj 4" 4“ § 4-4- 4“ 4“ +  + + + + + gland: 4-4- 
capsule: + 4 “

+ +

1.0 M MgCl2 +  + § + + + 4 - 4- + + gland: 4-4- 
capsulet -)“ 4~

+ +

Periodic acid —
— P arad iam ine

+  + j ___1 + + 4~ 4“ §
+ +

+ + gland: — 
capsule: 4"4“

+ +

§ Occasional reac tion  in some cells -)- =  positive + +  =  strongly  positive
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c u ta n e o u s  connective tissu e , m esen te ry  a n d  th e  periphera l nerves c o n ta in e d  
o n ly  sa f ra n in  positive  cells. T he p e rito n ea l f lu id  and  the  th y m u s  c o n ta in e d  
b o th  a lc ia n  blue an d  sa fran in  p o sitive  m a s t cells. A ccording to  Co m b s  e t al. 
[3] th e  re a c tio n  of th e  cells to  a lc ian  b lue —  sa fra n in  is ch a ra c te ris tic  o f  th e ir  
m a tu r i ty .  T he alcian  b lue  p ositive  m ast cells a re  th e  y o ungest; n e x t  follow  
th o s e  o f  m ixed  g ra n u la tio n ; fin a lly , th e  m a tu re  cells con ta in  ex c lu siv e ly  sa f
r a n in  p o s itiv e  g ranules. T h e  la s t group in c lu d es on ly  th e  cells of th e  p e rito n e a l 
f lu id  a n d  th e  th y m u s. T h is c lassifica tion , as i t  has been show n p rec io u sly  
[7], is v a lid  solely for tw o  sites viz. th e  th y m u s  and  the  p e rito n ea l c a v ity , 
th e s e  b e in g  th e  only  areas w here alcian  b lu e  positive  and  sa fran in  p o sitiv e  
cells o c c u r sim u ltan eo u sly . T h is m eans a t  th e  sam e  tim e th a t  i t  is a t  th e se  sites 
t h a t  m a tu ra t io n  of ly m p h o id  cells in to  m a s t cells occurs and  also, t h a t  a lc ian  
b lu e  a n d  safran in  p o s itiv ity  can n o t be a c c e p ted  as an  in d ica to r o f th e  m a tu 
r a t io n  o f  po lysaccharides co n ta in ed  in  th e  g ran u les . S ta in ing  of th e  m a te r ia l 
c o n ta in e d  in  th e  granu les depends on th e  p ro p o rtio n  of com ponen ts, a n d  th is  
p ro p o r t io n  changes in  th e  course of m a tu ra t io n .

A lc ian  b lue s ta in in g  o f th e  m ast cells sign ifies e ither th a t  th e  q u a n t i ty  
o f th e  ac id  m u copo lysaccharides is p ro p o r tio n a te  to  th a t  of th e  am in es or i t  
in d ic a te s  an  excess of basic  p ro te in s  over th e  m ucopo lysaccharide  [6].

T h is  w ould be c h a ra c te ris tic  o f th e  cells o f  th e  lung and  th e  h e a r t  m uscle. 
A t th e  sam e tim e  th is  p o lysaccharide  is o f h e p a r in  n a tu re , th u s  in te n se ly  sul- 
p h a te d ,  since i t  re ta in s  its  a lc ian  blue s ta in in g  even w hen ex am in ed  a t  th e  
c r i t ic a l  e lec tro ly te  co n c e n tra tio n  w ith  1.0 M M gC l2. The specific b in d in g  con
d itio n s  o f  th e  g ranu le  co m p o n en ts  are in d ire c te d  also by  th e  fac t th a t  th e  m a s t 
cells o f  th e  lung an d  h e a r t  do n o t s ta in  w ith  a lcoho lic  azure A or to lu id in e  b lue, 
w h e re a s  th e  m ast cells are d e m o n s tra te d  b y  th e se  dyes a t  o th e r s ite s  w here 
th e  g ra n u le s  are sa fran in  positive . T hus, n o t  even  exclusively a lcian  b lu e  p osi
t iv e  cells are  id en tica l in  m uco p o ly sacch arid e  c o n te n t. W hereas th e  p u lm o n a ry  
ones a re  PA S positive , th o se  in  th e  h e a r t  m u sc le  PA S are n eg a tiv e  a n d  w hile 
th e  m a s t  cells in  th e  h e a r t  m uscle s ta in  in te n s iv e ly  w ith  alcoholic m e th y le n e  
b lu e , th o s e  in th e  lungs are  le ft u n s ta in ed . I t  w ould  be of in te re s t to  c la rify  
th e  c o n n e c tio n  betw een  th is  specific s ta in in g  a n d  th e  func tion  o f th e  h e a r t  
m u sc le  m a s t cells. H e i n e  an d  F ö rster  [13] a lre a d y  observed a c o n n ec tio n  
o f th e  m a s t cells of th e  h e a r t  m uscle w ith  th e  sarcop lasm atic  tu b u la r  sy s tem  
a n d  th e  n e rv e  endings, b u t  th is  does n o t y e t  e x p la in  th e  differences in  s ta in in g  
a n d  b in d in g .

A m o n g  th e  organs w hich  con ta in  on ly  sa fra n in  positive m a s t cells th e re  
are  co n sid e rab le  d ifferences concern ing  th e  m ucopo lysaccharides. A cco rd ing  
to  o u r  p rev io u s ex am in a tio n s  [6] sa fran in  p o s it iv ity  in itse lf in d ica te s  an  ex 
cess o f  th e  biogenic am ines over th e  m ucopo lysaccharides. T h u s fro m  th is  
p o in t  o f  v iew  th e  m ast cell p o p u la tio n  o f th e  th y ro id  gland, ly m p h  n o d es, sub- 
s c u ta n e o u s  connective tissu e , m esen tery  an d  p e r ito n e a l cav ity  is hom ogeneous.
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I t  ap p ea rs  a t  th e  sam e tim e  th a t  w h e th e r  ju d g e d  by  th e  full p ic tu re  o r th e  
c ritic a l e lec tro ly te  co n cen tra tio n  m e th o d , th e  m ost acid m uco p o ly sacch arid es  
a re  in  th e  m a s t cells o f th e  th y ro id  g lan d .

T h e  m a s t cells o f th e  th y ro id  g land  o ccu p y  a specific position . T h e y  p a r t ic 
ip a te  in  th e  reg u la tio n  of fu n c tio n  b y  d e liv erin g  th e ir  sero tonin  c o n te n t  and  
are  ab le  to  ta k e  u p  se ro ton in  from  th e  su rro u n d in g s  [1, 8, 9]. W h en  th e  h ig h est 
m u co p o ly sacch arid e  co n ten t is v iew ed fro m  th is  aspect, i t  m ay  b e  p re su m ed  
th a t  h e p a rin g  ow ing to  its  s tro n g  e le c tro n e g a tiv ity  would ensure  th e  am ine  
u p ta k e  even  from  th e  su rro u n d in g s. S till a ll these  observations fa il to  su p p ly  
an  a d e q u a te  answ er to  th e  q u estio n  w h y  th e  m a s t cells of th e  su b c u ta n e o u s  
co n n ec tiv e  tissu e , w hich  co n ta in  m ucopo lysaccharides of a lm o s t id e n tic a l 
a c id ity , a re  e n d -p ro d u c t cells, w ith o u t a n y  am ine  or precurso r tu rn o v e r  [11], 
w hen  a t  th e  sam e tim e  th e  th y ro id  m a s t cells, w hich  are  also sa fra n in  po sitiv e , 
d e m o n s tra te  an  ac tiv e  fu n c tio n  [10]. H ere  th e  ro u tin e  function  o f th e  genetic  
a p p a ra tu s  o f th e  th y ro id  g land , or th e  irrev e rs ib le  inh ib ition  occ lusion  [5] 
in  case o f  th e  su b cu tan eo u s conn ec tiv e  tis su e  m a s t cells m ay be in v o lv e d  and  
th is  w ould  be d irec ted  ch iefly  b y  th e  basic  p ro te in s  [5, 6].

T h e  m ucopo lysaccharides in  th e  sa fra n in  p ositive  m ast cells o f  th e  p e r i
to n ea l flu id , w hen  exam ined  b y  th e  c ritic a l e lec tro ly te  m ethod , d id  n o t  p rove  
to  be  s tro n g ly  su lp h a te d  and  gave th e  w e a k e s t reac tio n  am ong a ll th e  m ast 
cells s tu d ie d . T h is refers to  a change th e  p ro p o rtio n  of the  granu le  c o m p o n en ts  
in  th e  course o f m a tu ra tio n . T his change re su lts  in  th e  safran in  p o s itiv e  m a s t 
cells, a n d  th e  change in  th e  degree o f su lp lia tio n  o f th e  m u co p o ly sacch arid e  
induces th e  specialised  fu n c tio n  in  th e  th y ro id  or th e  functional in a b il i ty  in  
th e  su b c u ta n e o u s  connective  tissue . T h is is show n also by  th e  low er deg ree  of 
su lp lia tio n  o f th e  m ucopo lysaccharides in  th e  safran in  p ositive  m a s t  cell 
g ranu les o f th e  m esen te ry  co m p ared  w ith  o th e r  safran in  positive m a s t  cells. 
O n th e  basis  o f th is  o b se rv a tio n  i t  seem s possib le  th a t  m ast cells a lre a d y  m a tu re  
from  th e  asp ec t o f th e  g ranu le  co m p o n en ts  w ould  be tran sfe rred  d ire c tly  from  
th e  p e rito n ea l c a v ity  to  th is  s ite  [7]; in  th e se , how ever, su lp h a tio n  o f  th e  
m uco p o ly sacch arid es  is n o t y e t  com plete .

In  su m m ary , i t  appears th a t  th e  d en o m in a tio n  m ast cell is a n  o vera ll 
d efin itio n  o f a he terogeneous cell p o p u la tio n . T h e  m em bers of th e  p o p u la tio n  
are s ta r t in g  from  th e  lym pho id  cells an d  u n d e rg o  m a tu ra tio n  p ro cesses; th e y  
are  a d a p te d  to  th e ir  su rround ings in  th e  in d iv id u a l organs acco rd ing  to  th e ir  
fu n c tio n  an d , accord ing ly , q u a lity  an d  p ro p o rtio n s  of th e ir  chem ical co m p o 
n en ts  a re  d iffe ren t. T he q u a n tita tiv e  an d  q u a lita tiv e  differences a m o n g  th e  
m u copo lysaccharides form  a sm all p a r t  o f  th is  he terogeneity .
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N A C H W E IS  D E R  H E T E R O G E N IT Ä T  D E R  M A S T Z E L L E N P O P U L A T IO N E N  
A U F G R U N D  D E S  M U K O P O L Y S A C H A R ID E N G E H A L T S

Von

GY. CSABA und P . KOVÁCS

Die M a stze llen p o p u la tio n en  sind h in sich tlich  des M ukopo lysacharidengehalts  n ic h t 
e in h e itlich . Bei R a tte n  s in d  d ie  M astzellen der L u n g e  u n d  des M yokards A lzy an b lau -p o sitiv , 
d ie  M astzellen  der S ch ild d rü se , des L y m p h k n o ten , des su b k u ta n e n  B indegeenw ebes, des 
M esenterium s u n d  d e r p e rip h e ren  N erven s in d  S afran in -p o sitiv , w ährend  u n te r  den  
M astzellen  der P e rito n e a lh ö h le  u n d  des T hym us sow ohl A lzy an b lau - als au ch  S afran in -posi- 
t iv e ,  F o rm en  V orkom m en. D ie  am  w eningsten  sa u re n  M ukopolysacharide  f in d en  sich  in  den 
M astzellzellen  der p e r ito n e a le n  F lüssigkeit, des M e se n te riu m s u n d  der L ungen, d ie sa u e rs ten  
in  d e n  M astdellen  de r L y m p h k n o te n , des su b k u ta n e n  B indegew ebes u n d  der S ch ildd rüse . 
A u ch  zw ischen den  M astze llen  der beiden le tz te ren  O rg an e  lassen sich erheb liche U n te r 
sch iede aufzeigen. D ie  M astzellen  des su b k u ta n en  B indegew ebes sind E n d p ro d u k tz e llen , 
b e s itz en  keinen A m in  o d e r A m in -P räkurso r-S to ffw echsel. w ährend  in  den M astzellen  der 
S ch ild d rü se  A m in au fn ah m e  u n d  -abgabe vor sich  g e h t. D ieser U m stan d  d ü rf te  in  de r 
S teu eru n g  der W irtsd rü se  R o lle  spielen.
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ДОКАЗАТЕЛЬСТВО РАЗНОРОДНОСТИ ПОПУЛЯЦИЙ ТУЧНЫХ КЛЕТОК НА 
ОСНОВЕ СОДЕРЖАНИЯ МУКОПОЛИСАХАРИДОВ

Д . Ч А Б А  и П . К О В А Ч

В отношении содержания мукополисахаридов популяции тучных клеток не явля
ются однородными. У крыс тучные клетки легких и миокарда дают положительную реак
цию с алциановой синькой, тучные клетки шитовидной железы, лимфатических узлов, 
подкожной клетчатки, брыжейки и периферических нервов являются сафранин-поло- 
жительными, в то время как в перитонеальной жидкости и зобной железе встречаются как 
альцианблау-положительные, так и сафранин-положительные формы тучных клеток. 
Наименее кислые мукополисахариды наблюдаются в тучных клетках перитонеальной 
жидкости, брыжейки и легких, а наиболее кислые — в тучных клетках лимфатических 
узлов, подкожной клетчатки и щитовидной железы. Тучные клетки двух последних орга
нов также показывают существенные разницы. Тучные клетки подкожной клетчатки пред
ставляют собой клетки конечного продукта, без обмена амина и обмена прекурсоров 
аминов, в то время как в тучных клетках щитовидной железы осуществляется поглощение 
и отдача аминов. Последнее обстоятельство — быть может — играет роль в регулирова
нии железы хозяина.

D r. G yörgy  Cs a b a ) Sem m elw eis O rv o s tu d o m án y i E gye tem , B io lógiai In té z e t, 
D r. P é te r  K ovács  J 1450 B u d a p e s t, T ű zo ltó  u. 58., H u n g a ry
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SELECTIVE 5-HT UPTAKE BY EPITHELIAL CELLS OF
THE HAT LUNG

G. Csa b a  and P .  K ov á cs  

(R eceived Ju ly  3, 1975)

Som e of th e  ep ith e lia l cells of the  r a t  lu n g  ta k e  up  sero ton in  from  th e  c irc u la tio n  
w hereas th e  p recu rso r o f se ro to n in , 5 — IIT P , o r h is tam in e  and  h istid ine  a re  n o t ta k e n  
up . T he o b se rv a tio n s  ra ise  th e  possib ility  t h a t  se ro to n in  accum ula tion  could be  a  m a n i
fe s ta tio n  of th e  genera l p o ten tia ls  of th e  e n to d e rm .

Som e sections o f  th e  in te s tin a l t r a c t  possess th e  cap ac ity  to  p ro d u ce  
biogenic am ines. T h u s  th e  in te s tin a l en te ro ch ro m affin e  cells p roduce se ro to n in , 
th e  g astric  ep ith e lia l cells, h is tam in e  [9]. T h is  a b ili ty  is n o t re s tr ic te d  to  d e fi
n ite  sections o f th e  g u t h u t  a com m on p ro p e r ty , w hich  m anifests i ts e lf  in  th e  
endocrine  g lands o f  e n to d e rm a l origin as w ell as in  th e  ep ithe lium  of th e  tra c h e a  
am ong specific co n d itio n s. In  a prev ious s tu d y  we could d e m o n s tra te  w ith  
or w ith o u t h o rm o n a l p ro v o ca tio n  th e  p resen ce  o f  h is tam in e  and  se ro to n in  in  
th e  th y m u s  [3] an d  in  th e  em bryona l tra c h e a  [5 ]; w hereas a considerab le  p a r t  
of th e  tissues of e n to d e rm a l origin are c lassified  b y  P e a r s e  [12J in to  th e  A p u d  
series, th u s  th e y  a re  co n ta in in g  am ines or ta k in g  up  am ine precurso rs.

In  th e  p re se n t w o rk  we have s tu d ied  th e  lu n g  as an  organ of e n to d e rm a l 
origin, to  e lu c id a te  th e  questio n  w hether i ts  ep ith e liu m  w ould ta k e  u p  am in e  
p recu rso rs or b iogenic  am ines.

Materials and methods
M ale W is ta r  CB r a ts  o f 80 g m ean  w eigh t rece iv ed  20 m g n ialam ide (N u re d a l-U n ited  

P h arm aco log ical P ro d u c ts , B u d ap es t)  in tra p e rito n ea lly , th e n  a fte r 30 m inu tes 250 X/tCi 
3H -h istid in e  (SC R -C E N . B elg ium ) spec. ac t. 42 Ci(mM ol), 3H -5 -h y d ro x y try to p h a n  (A m ersh am , 
U. K .)  spec. a c t. 8.2 Ci(mM ol), 3H -h istam ine  (SC R -C en., A m ersham , U. K .) sp e c .a c t. 
10.7 Ci(mMol). One h o u r la te r  th e  an im als were k illed  w ith  a n  overdose of e th e r sp ec im en s 
of th e ir  lungs w ere f ix ed  in  3%  g lu ta ra ld eh y d e  a n d  O s 0 4 a n d  em bedded  in D u rcu p an  (F lu k a ). 
T he sem i-th in  sec tions w ere covered  w ith  Ilford  K5 em u lsio n  and  a fte r exposition  fo r 29 
days developed in  O R W O  R 9. T he p rep ara tio n s w ere c o u n te rs ta in e d  w ith  basic to lu id in e  b lue.

Results

T he ep ith e lia l cells o f th e  lungs show ed no  u p ta k e  of e ith er 5 -H T P  or 
h is tid in e  an d  h is ta m in e  b u t  in  th e  s e ro to n in - tre a te d  an im als th ere  w as a h ig h  
a c tiv ity  over som e o f th e  cells o f th e  ep ith e lia l lin in g  (F ig. 1). O nly som e sca t-
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F ig . 1. N u m ero u s gra ins above p u lm o n a ry  a lveo lar ep ith e lia l cells (arrow ). xlOOO
F ig . 2. S e ro to n in  in  a  single e p ith e lia l cell (a rrow ). M an y  grains above th e  c ap illa ry  (doub le

arrow ). XlOOO
F ig . 3. Cross section  of vessel. T h e  gra ins c an n o t be  localized  to  cells. No g ra in s ab o v e  th e  

en d o th e liu m  of th e  v a sc u la r  w all. XlOOO
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te re d  ep ith e lia l cells co n ta in ed  se ro to n in  (F ig . 2). O ver th e  vessels n u m ero u s  
e x tra c e llu la r  granules w ere p re se n t (F ig. 3).

D iscussion

O n th e  basis o f th e  ex p e rim en ts  i t  seem s th a t  th e  ep ith e lia l cells o f th e  
lu n g  a re  n o t form ing, b u t  ta k in g  up  se ro to n in . I f  th e  cells w ould  h a v e  any  
se ro to n in -p ro d u c in g  c a p ac ity , th e n  th e y  shou ld  have  ta k e n  u p  5 -H T P , h u t 
th is  fa iled  to  occur, f ’o rm erly  A l a b a s t e r  an d  B a k h l e  [1] as w ell as G il l is  
[10] s tu d ie d  th e  am ine u p ta k e  o f th e  r a t  lu n g  b y  biochem ical m e th o d s  and  
o b se rv ed  an  u p ta k e  of 5 -H T  an d  n o rad ren a lin e . In  th e ir  op in ion  th e  a ff in ity  
o f th e  lu n g  is m uch s tro n g e r to  5-H T  th a n  to  no rad ren a lin .

O u r experim en ts h av e  p ro v ed  th a t  for th e  sero tonin  u p ta k e  a few  in d i
v id u a l ep ith e lia l cells a re  responsib le . T he u p ta k e  occurs se lec tiv e ly , since 
h is ta m in e  w as n o t ta k e n  up . T h is u p ta k e  of 5 -H T  by  th e  ep ith e lia l cells c o n tra 
d ic ts  th e  supposition  o f A l a b a s t e r  an d  B a k i i l e  [1] w ho assu m ed  th a t  the  
c a p illa ry  en do the lium  an d  th e  sep ta l cells w ere tak in g  up th e  su b s ta n c e . T heir 
h y p o th e s is  w as p ro b ab ly  based  on th e  ex p erim en ts  of H u g h e s  e t al. [11] who 
d e m o n s tra te d  n o rad ren a lin e  u p ta k e  in  th e se  cells b y  a u to ra d io g ra p h y . Since 
i t  follow s from  our ex p erim en ts  th a t  se ro to n in  is localized in  th e  ep ith e lia l 
cells a n d  can n o t he found  in  th e  en d o th e liu m  o f th e  cap illaries or o f  a n y  o ther 
vessel, i t  is assum ed th a t  th e  u p ta k e  o f se ro to n in  and  n o ra d re n a lin e  occurs 
e ith e r  a t  d ifferen t sites or else th e  in  v itro  perfusion  m eth o d  a p p lie d  b y  the  
q u o te d  au th o rs  [11] gave e rroneous resu lts .

I t  seem s d ifficu lt to  p ro v id e  a fu n c tio n a l ex p lan a tio n  fo r th e  se ro to n in  
u p ta k e  b y  th e  lung. I t  m ay  be p resu m ed  th a t  th e  ta sk  of the  cells w o u ld  be the  
e lim in a tio n  of sero ton in  from  th e  c ircu la tio n . I t  is also possible t h a t  se ro ton in  
is m e tab o lized  in  th e  cells an d  p a rtic ip a te s  in  th e  syn thesis o f som e su b stan ce , 
s im ila rly  as th e  cells o f th e  in te s tin a l t r a c t  p ro d u ce  m ela to n in  fro m  sero to n in  
[12]. O r, else, th e  ep ithe lia l cells ta k in g  u p  se ro ton in  m ig h t be d iffe re n t from  
th e  re sp ira to ry  ep ithe lia l cells also of en to d e rm a l origin an d  p re se n t a t  an 
id e n tic a l site . W hen we s tu d ie d  th e  general iodine accu m u la tin g  c a p a c ity  of 
th e  en to d e rm  [7] we could  observe th a t  in d iv id u a l cells o f th e  a to p ic a lly  tr a n s 
p la n te d  trach ea l ep ith e liu m  to o k  u p  iod ine from  th e  c ircu la tio n  in  th e  sam e 
s c a tte re d  w ay  observed  in  th e  p re se n t exp erim en ts . C om paring  th e  resu lts  
i t  seem s th a t  th e  specific endocrine  p ro p e rtie s  of th e  e n to d e rm a l ep ith e liu m  
m a n ife s t in  some of th ese  cells an d  sam e w ould  he in d ica ted  b y  th e  se ro ton in  
u p ta k e  b y  th e  p u lm o n a ry  ep ith e liu m .

T h e  c ircum stance  th a t  som e cell ty p e  in  th e  p resen t case th e  en to d e rm a l 
cells, w hich  have  p reserved  th e ir  endocrine  p ro p erties , w ould  ta k e  u p  th e  p re 
cu rso r an d  are p rep arin g  th e  ho rm one from  th e  la tte r , w hereas in  o th e r  cases
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th e y  do n o t tak e  up  th e  p re c u rso r  only th e  h o rm o n e  itse lf, c an n o t he considered  
an  ex cep tio n a l p h en o m en o n . T he peritonea l m a s t  cells ta k e  up am ine  p re 
c u rso rs  only [8], w hereas th e  m ast cells o f th e  th y ro id  can  tak e  up  se ro ton in , 
b u t  n o t  its  p recursors [2, 4, 6 ]. In  th e  p re sen t case  a sim ilar phenom enon  m ay  
h a v e  been  observed.
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D IE  S E L E K T IV E  5 -H T -A U FN A H M E  IN  D E N  E P IT H E L Z E L L E N  D E R
R A T T E N L U N G E

Von

GY. CSABA und F . KOVÁCS

M anche  E pithe lzellen  d e r R a tte n lu n g e  n eh m en  au s  d em  K re islau f Sero ton in  auf, 
w ä h re n d  sie kein  5-H T P — d en  P rä k u rso r  des S ero to n in s — u n d  k e in  H istam in  oder H is ti
d in  a u fn eh m en . A ufgrund  de r Y ersuchsergebnisse w ird  d ie M öglichkeit erwogen, das die Sero
to n in a k k u m u la tio n  eine M a n ife s ta tio n  der allgem einen P o te n z e n  des E n to d e rm s d a rs te llt.

ИЗБИРАТЕЛЬНОЕ ПОГЛОЩЕНИЕ 5-HT ЭПИТЕЛИАЛЬНЫМИ КЛЕТКАМИ
ЛЕГКИХ КРЫСЫ

Отдельные эпителиальные клетки накапливают из кровообращения серотонин, в то 
время как они не поглощают ни 5-НТР (прекурсора серотонина), ни система или гистидина. 
На основе результатов опытов обсуждается возможность, что накапливание серотонина 
представляет собой проявление общей потенции энтодермы.

D r. G y ö rg y  C s a b a  lS em m elw e is  O rv o stu d o m án y i E g y e te m , B iológiai In té z e t, 
D r. P é te r  K o v á c s  j 1450 B u d a p e s t, T űzo ltó  u . 58., H u n g a ry
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ULTRASTRUCTURAL CHANGES IN THE LUNGS 
INDUCED RY EXTRACORPOREAL PERFUSION

J .  Soós, I. B a l o g h , P. S ó t o n y i , A. Á r v a y  and E. S o m o g y i

(R eceived  M arch 10, 1975)

T h e  changes in d u ced  in  th e  lungs h av e  b een  stud ied , in th e  course  o f 15 h e a r t  
o p e ra tio n s  w ith  e x traco rp o rea l c ircu la tio n . In  each  case m ateria l w as o b ta in e d  from  
lungs a f te r  th e  th o rac o to m y , before s ta r tin g  th e  perfusion  and a fte r  i ts  te rm in a tio n . 
T he p u lm o n a ry  s tru c tu re  show ed changes ag a in s t th e  contro l m a te ria l a lre a d y  p rio r 
to  perfusion , th e  m ost conspicuous a lte rn a tio n s  o f th e  capillary  e n d o th e lia l cells a n d  of 
th e  b asa l m em brane. E x am in a tio n  o f th e  su rfa c ta n t  by  ru th en iu m  re d  d e m o n s tra te d  
changes in  th e  reac tio n ; from  th is  c ircu m stan ce  th e  conclusion has b een  d ra w n  th a t  
a ffec tio n  of th e  su rfa c ta n t m ay  h av e  a p a r t  in  th e  postperfusion  sy n d ro m e.

S im u ltan eo u sly  w ith  th e  increase  of th e  n u m b er of surgical in te rv e n tio n s  
on th e  h e a r t  th e  incidence of u n d esired  la te  effect has increased . I t  is o ften  
d ifficu lt to  decide w h e th e r for th e  fa ilu re  th e  underly in g  disease som e o f its  
consequences or th e  in te rv e n tio n  in v o lv in g  a h igh  num ber of aphy sio lo g ica l 
fac to rs  w as responsib le an d  th e  s tag e  o f th e  disease canno t he n eg lec ted . One 
of th e  serious p o sto p e ra tiv e  re sp ira to ry  com plica tions of o p e ra tio n s  on th e  
open h e a r t  perfo rm ed  w ith  c a rd io p u lm o n a ry  by p ass  is the  p e rfu sio n  lu n g  or 
p o stp e rfu sio n  p u lm onary  syndrom e m an ifes tin g  w ith  a te lec tas is  h a e m o r
rhages an d  oedem a. A d am age to  th e  a lv eo la r su rfa c ta n t d u ring  th e  perfu sio n  
has p ro b a b ly  an im p o r ta n t role in th e  d ev e lo p m en t of th e  sy n d ro m e .

A s tu d y  has been m ade on th e  effect o f ex traco rp o rea l p e rfu sio n  on th e  
a lv eo la r su rfa c ta n t layer. I t  was a co n sid erab le  d ifficu lty  in th e  s tu d y  th a t  th e  
s u r fa c ta n t  h ad  th en  a lread y  suffered  changes due  to  th e  basic d isease . S everal 
m e th o d s  a re  know n for d e m o n s tra tio n  o f th e  su rfa c ta n t; th e ir  re su lts  c o n ce rn 
ing th e  s tru c tu ra l ch a rac te ris tic s  o f tin; lay e r, its  functional s ig n ifican ce  and  
basic  changes are p a r tly  c o n tra d ic to ry  [2, 3, 6, 7, 9, 10, 11, 15, 16, 17, 25].

Material and methods

M ateria l was o b ta ined  fro m  iden tica l p a r ts  o f  th e  lu n g  of 15 p a tie n ts  su b je c te d  to  open 
h e a r t o p e ra tio n s  u n d e r ex traco rp o rea l perfusion . T he specim ens were ob ta in ed  a f te r  th o ra c o to 
m y before  th e  perfusion  and a f te r  its te rm in a tio n . Since th e  resu lts differ th e  m e th o d  of fix a tio n  
th e  su rfa c ta n t  has been s tud ied  also in a p p a re n tly  n o rm al pu lm onary  specim ens fro m  sub jec ts  
o p e ra ted  u p o n  for tu m o u r.

T he specim ens were im m ed ia te ly  c u t in to  1 m m  pieces and fixed in [18] 2 .5 %  g lu te ra l- 
dehyde  w ith  cacody la te  buffer co n ta in in g  0.5 m g/m l ru th e n iu m  red. A fter fix ing  fo r 1 h o u r  and

A da Morphologica Academiae Scientiarum Hungaricae 23, 1975



240 J .  S O Ó S  e t  a l .

r in s in g  w ith  cacodylate  b u ffe r  th e  m ate ria l was p o stf ix ed  in 2°/0 osm ium  te tro x id e  w ith  0.1 M 
v e ro n a l ace ta te  buffer p H  7.2 a n d  0.5 m g/m l ru th e n iu m  re d  in  th e  d a rk  a t  -f-4°C fo r 3 h ours, 
th e n  d e h y d ra te d  and e m b e d d ed  in  A ra ld ite . The sec tions w ere p re p a re d  by  m eans of a  L K B  ty p e  
u l tro to m e . Some of th e m  w ere  c o n tra s te d  w ith  u ra n y l  a c e ta te  a n d  lead  c itra te . H IT A C H I H U  
10A a n d  JE M  100B ty p e  e le c tro n  m icroscopes were u sed .

Table I

Duration o f p erfusion

Minutes Subjects

30 3
3 0 - 6 0 2
6 0 -1 2 0 5

120 5

Table I I

Operations

ASD 4
T e tra lo g y  o f  F a llo t 2
Im p la n ta t io n  of m itra l valve 5
Im p la n ta t io n  of aortic v a lve 2
Im p la n ta t io n  of m itra l and aortic

v a lv e 2

15

Results

I n  th e  alveo lar su rfa c e  of th e  ep ithe lia l cells an d  of the  ty p e  I I  p n e u 
m o cy te s  a 150 to  200 Â th ic k  cell-free lay e r w as seen  d isplaying a t  som e sites 
a g ra n u la r  s tru c tu re  a n d  c lea rly  con tou ring  th e  m icrov illi (P la te  I , F igs 1, 2, 
a n d  3). In  th e  s ta in e d  la y e r  th ere  was a close resem blance  betw een  ty p e  I  
a n d  ty p e  I I  cells an d  a c h a ra c te r is tic  ru th e n iu m  re d  p o sitiv ity  on th e  m em 
b ra n e s  o f th e  inclusion b o d ie s  of ty p e  I I  p n e u m o c y te s . T he preperfusion  p u lm o 
n a ry  s tru c tu re  show ed ch an g es against th e  c o n tro ls , consisting in  sw elling 
o f  th e  cap illa ry  e n d o th e lia l cells, increased  v a c u o liz a tio n , th ick en in g  o f th e  
b a sa l m em branes. T h is w as p a rticu la rly  m a rk e d  in  p a tien ts  suffering  from  
sev ere  p u lm o n ary  co n g estio n . The a lveolar s u r f a c ta n t  layer before perfusion  
(P la te  I I ,  Figs 1 an d  2) fo rm e d  a con tinuous la y e r  on th e  alveolar su rface  in  
som e cases w hereas in  o th e rs  i t  was narrow  d isco n tin u o u s  and  som etim es even 
lack in g  (P la te  I I ,  F igs 3 a n d  4). A fter th e  p e rfu s io n , app ro x im ate ly  in  p ro p o r
tio n  to  its  d u ra tio n , th e  o ed em ato u s sw elling o f th e  cells, th e ir v acu o liza tio n  
a n d  th e  th ick en in g  o f  th e  b a sa l m em brane w ere  m o re  m arked . In  th o se  cases 
w h ere  before perfusion  th e  su rfa c ta n t lay er show ed a cha rac teris tic  p o s itiv ity , 
th e  p o s it iv ity  decreased  in  p ro p o rtio n  to  th e  d u ra tio n  o f perfusion (P la te  I I I ,  
F ig s  1 an d  2) or even  d isap p ea red ; in itia lly  w eak  reac tion  d isap p eared  in 
a lm o s t every  case (P la te  I I I ,  Figs 3 and  4).
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Plate I .  F ig. 1: C ontinuous ru th en iu m  red  positive  lay e r on the  alveolar surface  of ep ith e lia l 
cells. X 8300. Fig. 2. R eac tion  localized to  th e  m icrovilli and  inclusion bodies o f  ty p e  2 
p n eu m o cy tes . X  16,600. Fig. 3. T he reac tio n  is m ostly  con tinuous and 150 to  200 A th ick .

X 60,560
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P late I I .  Figs 1 —2. L ay e rs  o f various th ickness a n d  lo ca liza tio n  prior to perfusion. X 6600 
Figs 3 — 4. A b sence  of su rfac tan t on th e  su rface  of cells. X 12,400
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Plate I I I .  F igs 1 —2. D ecrease of ru th en iu m  red  p o sitive  lay e r p a ralle l to the  d u ra tio n  p e rfu 
sion. X 12.400. Figs 3 4. C harac teristic  changes an d  d isap p ea ran ce  of p o sitiv ity . X 15,800
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D iscussion

E la s tic ity  of th e  lung  tissue in  i tse lf  w ould  no t suffice m a in ta in  th e  s ta 
b il i ty  req u ired  from  th e  o rgan . T h e  re a c tio n  force of th e  lungs is due  m ain ly  
to  th e  a lveo lar su rface  ten s io n  ensu red  b y  th e  su rfa c ta n t covering  th e  in n e r 
su rfa c e  o f th e  alveoli. In  th e  lack  of s u r fa c ta n t , a te lec tasis d is tu rb a n c e s  of 
a lv e o c a p illa ry  d iffusion  in te r-  an d  in tra a lv e o la r  oedem a and  h aem o rrh ag es  
a p p e a r . F o rm a tio n  an d  fu n c tio n  of th e  s u r fa c ta n t  depend on sa tis fa c to ry  b lood 
su p p ly  and  norm al m etabo lism  in  th e  a lveo li. T he su rfa c ta n t is a ffec ted  in  a 
n u m b e r  of p a tho log ica l processes, e. g. p u lm o n a ry  a rte ria l occlusion [1] h a e m 
o rrh a g ic  shock [12], ca rd io p u lm o n a ry  b y p ass  [4, 5, 8, 26] o x ygen  in to x i
c a tio n  [13, 22], in  o p era tio n s fo r m itra l s tenosis  [14] and  o th e r o pen  h e a r t  
o p e ra tio n s  [23, 27], an d  ow ing to  ir ra d ia t io n  [20]. Follow ing p e rfu sio n , v acu o li
z a tio n  o f th e  a lv eo la r cells w ith  sw elling o f  th e ir  m itochondria  an d  endop las- 
m ic  re tic u lu m  was fo u n d  [24, 27]. In  sh o ck  a swelling of b o th  th e  g ra n u la r  
a n d  th e  m em braneous p n eu m o cy tes  cou ld  be observed w ith  m ito c h o n d ria l 
ch an g es  re s tr ic te d  to  th e  g ran u la r  p n e u m o c y te s  [21]. In  oxygen in to x ic a tio n , 
a w id en in g  of th e  s u r fa c ta n t  layer, its  sw elling  as well as m e tap las ia  o f th e  g ra n 
u la r  p neum ocy tes o ccu rred  [13]. In  th e  lungs of m itra l s tenosis  p a tie n ts  
c a p illa ry  d ila ta tio n  an d  in te rs ti t ia l  oedem a vacuo liza tion  of th e  m em b ran eo u s  
p n e u m o c y te s  ad d itio n a lly  in th e  c a p illa ry  en do the lia l cells ab n o rm a l lucens 
reg io n s , th e  su b s ti tu tio n  of th e  th in  m em b ran eo u s p n eu m o cy tes  b y  th ic k  
g ra n u la r  pn eu m o cy tes  as w ell as o ed em ato u s  th ick en in g  of th e  s u r fa c ta n t  lay er 
w as found  [14]. S im ilar changes w ere o b se rv ed  in m itra l in su ffic ien cy  [23]. 
U n d e r  th e  effect o f ir ra d ia tio n  an  irre g u la r  aggregation  of th e  su rface  m a te ria l 
s ta in e d  b y  th o ro tra s t  could  be observed , a t  num erous sites th e  a lv e o la r  ep i
th e lia l  lay e r was to rn  from  th e  b asa l m e m b ra n e  [20].

A  n u m b er of a u th o rs  rep o rted  on cell d estru c tio n  in th e  course  o f e x tra 
c o rp o re a l perfusion . [19, 23, 27]. T he p re se n t s tu d y  revealed  th e  d am ag e  of 
th e  s u r fa c ta n t  lay e r in  th e  course of th e  perfusion . B iopsy p rio r to  perfusion  
a lre a d y  show ed an  effection  of th e  fine  s tru c tu re  of the  lung and  th e  s u r fa c ta n t  
la y e r , p a r tic u la r ly  in  p a tie n ts  w ith  cong estio n . T hus th e  perfusion  w as only 
p a r t ly  responsib le  for th e  dam age an d  for th e  consecutive perfusion  lung .
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U L T R A S T R U K T U R E L L E  U N T E R S U C H U N G  D E R  D U R C H  E X T R A K O R P O R A L E  
P E R F U S IO N  H E R B E IG E F Ü H R T E N  L U N G E N V E R Ä N D E R U N G E N

Von

J. SOÓ S,I. BV LO ^Ü , P. ЗЗГЭ Ч У Ч , A. ÁHVAY und E. SOVÍOGYI

Im  Z usam m enhang  m it 15 m itte ls  e x tra k o rp o ra le r  Perfusion  a u sg e fü h rte n  H erzo 
p e ra tio n e n  w urden  die u n te r  P e rfu sio n sw irk u n g  e in tre te n d e n  L u n g en v e rän d e ru n g en  u n te r 
su ch t. In  säm tlich en  F ällen  w urde n ach  der T h o ra to k o m ie  vor dem  B eginn  u n d  n a ch  dem  
A b ste llen  der Perfusion  aus de r L unge B io p siem ate ria l en tnom m en . Im  V ergleich  zu  d e n  K o n t
ro llen  zeigte schon die vor P erfu sio n sb eg in n  w ah rn eh m b are  L u n g en s tru k tu r V e rän d e ru n g en , 
v o n  den en  die V eränderung  de r k ap illa ren  E n d o th e lze llen  u n d  der B a sa lm e m b ra n  besonders 
au ffa llen d  w aren. Die U n te rsu ch u n g  de r o b erfläch en ak tiv en  S ubstanz  m it R u th e n iu m ro t 
zeig te  eine R eak tio n sv e rän d e ru n g ; dies lä ß t  a u f  die Rolle der o b e rfläch en ak tiv en  S ch än d ig u m g  
in  d e r E n tw ick lu n g  des P o s tp e rfu sio n s-L u n g en sy n d ro m s folgern.
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УЛЬТРАСТРУКТУРНОЕ ИЗУЧЕНИЕ ИЗМЕНЕНИЙ ЛЕГКИХ, ВЫЗВАННЫХ  
ЭКСТРАКОРПОРАЛЬНОЙ ПЕРФУЗИЕЙ

Й. ШООШ, И. БА Л О Г, П. ШОТОНЬИ, А. АРВА И  и Э. ШОМОДЬИ

В связи с 15 случаями операции на сердце при помощи экстракорпоральной перфузии, 
авторы изучали изменения легких, возникающие под влиянием перфузии. Во всех наблю
дениях после торакотомии до начала и после окончания перфузии авторы продовили биоп
сию легких для получения материала. По сравнению с контролями в структуре легких из
менения наблюдались уже до начала перфузии. Особенно поразительными были изменения 
эндотелиальных клеток капилляров и основной мембраны. Исследование поверхностно
активного вещества красителем рутеновый кресный показало изменение реакции. Этот факт 
позволяет заключение, что поражение поверхностноактивным веществом играет роль в 
развитии постерфузионного легочного синдрома.

D r. Jó z se f Soós
D r. I s tv á n B alogh

D r. P é te r SÓTONYI
D i. E n d re Somogyi

D r. A tti la Á rva  y

Sem m elw eis O rv o s tu d o m án y i E gye tem  Ig azság ü g y i
O rv o s ta n i In téze t
1450 B u d ap est, Pf. 9 /41, H u n g a ry

O rszágos K ard io lógiai I n té z e t  Szívsebészeti O sz tá ly a  
1450 B u d a p e s t, Pf. 88, H u n g a ry
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RECENSIONES

J .  K u n z : Pathologie der A rterienw and  (P a th o lo g y  of th e  A rte ria l W all). Verlag Volk u n d  G esund
h e it, B erlin 1975. P rice: M 43.

T he book d iscusses th e  role and significance of g lycosam inoglycans (form erly  m u co p o ly sac 
ch arid es) an d  th e ir  p a r tic ip a tio n  in th e  changes o f th e  v ascu la r wall. The basis o f  th e  ex am 
in a tio n s  is th e  d efin ition  of th e  norm al s tru c tu re , b u t  i t  supplies an  excellen t a n d  d e ta iled  
d iscussion  of th e  significance of g lycosam inoglycans in arteriosclerosis research . In  a d d itio n  
to  th e ir  p a th o g en etic  role, these  substances are d iscussed  also from  o th er asp ec ts , e. g. as risk  
fac to rs . T he in te n tio n  is to  clarify  th e  aetio log ical a n d  a th o g en etica l details o f th e  single ele
m en ts . T he m ost im p o r ta n t s ta te m en ts  in  th e  s tu d y  of th e  g lycosaininologlycans co n ce rn  no t 
so m u ch  b y  th e  fin a l s ta te  th a n  th e  early  changes o f th e  a rte ria l wall. A lth o u g h  no d e ta ils  
a re  su p p lied  concerning th e  connection  of g lycosam ines w ith  th e  nervous system  or th e  m uscles, 
th e ir  im p o rtan ce  and  role are also d iscussed. A fte r t r e a tin g  th e  im portance , role a n d  s tru c tu re  
of g lycosoam inoglycans in th e  a rte ria l wall from  physio log ical and biochem ical a sp ec ts , th e  
chan g es o f o th er th a n  a rte rio sclero tic  ch arac te r  a re  re p o rte d . T he m ain  problem s o f lip id  in fil
t r a t io n  an d  sy n th esis an d  v ascu la r changes are d e a lt w ith  from  th e  aspect o f g ly co sam in o g ly 
cans a n d  th e  a u th o r’s op in ion  concerning these  b asic  questions is sla ted  by  c o m p a rin g  his 
ow n re su lts  and  th e  p e r tin e n t lite ra ry  d a ta . F o r th e  sp ec ia lis t engaged in a rte rio sc le ro sis  re 
sea rch  m an y  in te res tin g  d a ta  are supplied  concern ing  th e  various form s of a r te r ii t is ,  a field  
w here  l ite ra ry  d a ta  a re  scare and  have m ostly  been  o b ta in e d  in stud ies concern ing  th e  v arious 
fo rm s of m ucopolysaccharidosis. T he d e ta iled  a n a ly s is  o f the  causal factors a rte rio sc le ro sis  
is also of in te re s t; i t  discusses in a d d itio n  to  lip id  in f il tra tio n , th rom bosis, ca lc if ica tio n  and 
h y p e rte n sio n  also th e  changes induced  by  endocrine  fac to rs  and  v itam ins. T h e  sign ificance  
of sm o k in g  an d  n u tr it io n  as well as of genetic  fa c to rs  is also discussed. T he bo o k  co n ta in s  
an  ex te n siv e  lis t of references, su p p lem en ted  u n til  th e  day  of publication . T h e  m o n o g rap h  
will be useful for th e  specia list engaged in th e  p ro b lem  of glycosam inoglycans as well as for 
th o se  w ho in te n d  to  o b ta in  in fo rm a tio n  ab o u t th e ir  p rob lem s.

J .  J e l l i n e k

A. F . R o c h e , H. W ia n e r , and  D. T i i is s e n : P redicting adult Stature fo r  Ind ividuals. M onograph  
in P e d ia tr ic s , Vol 3, w ith  114 pages 17 figures an d  40 tab les . K arger, B asel 1975.

T h e  five ch ap te rs  of th e  book supply  d e ta iled  in fo rm a tio n  on th e  possib ility  o f p red ic tin g  
a d u lt  s ta tu re  in in fancy  by  em ploying th e  so-called  R W T  m ethod  term ed  a f te r  th e  in itia ls  
of th e  au th o rs .

T he f irs t c h ap te r  describes th e  in d ica tio n  sp h ere  o f p red ic ting  the  a d u lt  s ta tu re ;  in 
th e  case o f ab n o rm ally  tall or ab n orm ally  sm all c h ild ren  th e  reliable p red ic tion  of a d u lt  h e igh t 
m ay  su p p o rt th e  in d ica tio n  or co n tra in d ica tio n  of d ru g  th e rap y . K now ledge o f th e  co rre 
la tio n  be tw een  lo n g itu d in a l g row th  ra te  and degree  of bone m a tu ra tio n  m ay be o f im p o rta n ce  
for e s tab lish in g  th e  r ig h t tim e  for c e rta in  surg ical in te rv en tio n s , p a rticu la rly  h e a r t  o p e ra tio n s  
or o rth o p ae d ic  in te rv en tio n s.

C h ap te r 2 gives a l ite ra ry  su rvey  of th e  m e th o d s  used  in p red ic ting  a d u lt s ta tu re ,  th en  
e n u m e ra te s  and  e v a lu a te s  th e  p e rta in in g  d a ta .

C h ap te r 3 d iscusses th e  m ethods of e x am in a tio n  a n d  of th e  collection of d a ta .  T h e  R W T  
m eth o d  has been developed  from  com bination  of d a ta  o f th e  lo n g itud inal e x a m in a tio n  o f Fels. 
T hese  s tu d ies  were carried  o u t in Yellow Springs on  ch ild ren  born  betw een 1929 a n d  1954. 
In  each  case body len g th  an d  body  w eigh t w ere m easu red , and bone age was e s t im a te d  on
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b a sis  o f  th e  G reu lich -P y le  a tla s . F o r each  child , 80 d a ta  w ere  reg is te red ; am ong th ese  2 w ere 
c o n s ta n t  a n d  78 v a riab le . C o n stan t d a ta  concern th e  h e ig h t  o f th e  p a ren ts . A m ong th e  78 
d a ta  v a ry in g  according to  th e  age of th e  ch ild ren , 75 sig n ify  bone-specific  bone age; th e  re m a in 
in g  3 v a r ia b le s  a re  th e  ly in g  b o d y  len g th , s tan d in g  h e ig h t a n d  bod y  w eight. T he e x a m in a tio n  
w ere  c a r r ie d  o u t on 100 boys a n d  100 girls; in  th e  f ir s t  y e a r  o f life a t  th e  age of 1, 3, 6, 9, an d  
12 m o n th s ,  a fte rw ard s ev ery  6 m o n th s  u n til  th e  age of 18 y e a rs , a n d  su b sequen tly  e v e ry  second  
y e a r .

C h a p te r  4 discusses d a ta  p rocessing  and  an alysis. S ta r t in g  from  th e  s tu d y  o f th e  lin e a r  
c o rre la tio n s  o f th e  d a ta  su ited  fo r p red ic tin g , e lim in a ted  th o se  w hich co n ta in ed  no essen tia l 
in fo rm a tio n  an d  from  each  group  o f p red ic to rs  one w as ch o sen  to  rep resen t th e  w hole g ro u p  
in  re s p e c t  o f sex and  age. In  th e  course o f f in a l se lec tio n  fo u r  p red ic to rs  rem ained :

1. ly in g  bod y  len g th  a t  th e  tim e  of s tu d y ;
2. b o d y  w eigh t a t  th e  tim e  of s tu d y ;
3. m ean  a d u lt  h e ig h t o f p a re n ts ;
4. m e a n  m e ta ca rp a l bone  age of th e  child.
I f  th e  v a lues o f th ese  4 p red ic to rs  as well as th e  reg ress io n  coefficients a n d  c o n s ta n ts  

re p re s e n te d  in  th e  R W T  tab le s  X X V II  an d  X X V I are  s u b s ti tu te d  in  th e  g iven  e q u a tio n , th e  
a d u lt  s t a tu r e  o f th e  ch ild  can  be  calcu la ted .

T h e  5 th  c h ap te r  co m pares th e  R W T  m eth o d  w ith  th e  B ay ley -P in n eau  m e th o d  u sed  
also fo r  p re d ic tin g  a d u lt  s ta tu re , a n d  ev alu ates th e  r e lia b il i ty  p red ic tio n  by  th e  tw o  m eth o d s.

T h e  B a y le y -P in n e au  m e th o d  allows h e ig h t p re d ic tio n  fro m  th e  age of 6 y e a rs , w hereas 
th e  R W T  m e th o d  a lread y  fro m  th e  f i r s t  year. In  c o n tra s t  to  th e  B ay ley -P in n eau  m eth o d , th e  
R W T  m e th o d  in fo rm s co n cern ing  a d u lt  s ta tu re  o f su ch  c h ild ren , in  w hom  less t h a n  th e  h a lf  
o f m e ta c a rp a l  bones is o f a d u lt  m a tu r i ty .  The R W T  m e th o d  can  be app lied  in  b o y s u n t i l  th e  
age o f  16 y e a rs , in  girls u n t il  th e  age of 14. E x c e p t in  th e  p e rio d  of adolescence, th e  R W T  
m e th o d  su p p lies  m ore e x ac t p re d ic tio n  th a n  th e  B a y le y -P in n e a u  m ethod . T he p o ss ib ilities  
o f  e r ro r  w ith  b o th  m eth o d s  are  a n a ly sed  in  th re e  series d iv id e d  according to  age a n d  sex. 
T h e  c o m p a riso n  proves th e  h ig h er re liab ility  of th e  R W T  m e th o d  an d  its  usefulness th ro u g h o u t 
th e  e n ti re  period  of childhood.

B e a  K is m a r t o n i

J u n z o  K o iz u m i  : Glycogen in  the Central Nervous System  V o lu m e 6, No 4. G u stav  F isch er V erlag .
S tu t tg a r t  1974. P rice: D M  23, —

T h is  m o n o g rap h , p u b lish ed  in  th e  “ P rogress o f  H is to c h em istry  an d  C y to ch e m is try ”  
se rie s  c o n ta in s  on 30 pages 20 e lec tro n  m icroscopic p ic tu re s  o f excellen t q u a lity . T h e  g lycogen  
m e ta b o lis m  of th e  c e n tra l  ne rv o u s system  is rev iew ed , covering  num erous p ro b lem s, t h a t  
m a y  o ffe r  new  in fo rm a tio n  even  fo r th e  m orpho log ist fa m ilia r  w ith  th e  question .

T h e  f ir s t  c h ap te r  deals w ith  th e  m orphology o f g ly co g en  stru  c tu re  includ ing  th e  p ossi
b i li t ie s  o f  re liab le  d iffe re n tia tio n  of th e  single g lycogen p a r tic le s . The second c h ap te r  d iscusses 
th e  to p o g ra p h y  of g lycogen in  th e  c en tra l nervous sy s te m , in  th e  neu ronal an d  g lia l cells. T h e  
th i r d  c h a p te r  describes th e  con d itio n s associated  w ith  a n  in crease  of th e  glycogen c o n te n t, e. g. 
i r r a d ia t io n ,  in ju ries o f th e  c e n tra l  n e rv o u s system , p sy c h o tro p ic  d rugs, h ib e rn a tio n , h y p o x ia , 
is c h e m ia , c ereb ra l oedem a, n e u ro n a l d eg en eration , e n c e p h a litis  and  cerebral tu m o u rs . N o te 
w o r th y  a re  th e  e x am in a tio n s  d em o n s tra tin g  th a t  th e  n u m b e r  of be ta -p artic les  is h ig h er in  
th e  i n ta c t  tissu es, w hereas a h ig h er n u m b er o f a lp h a -p a rtic le s  m ay  be observed  in  p a th o lo g i
cal a n d  ex p e rim e n ta l m a te ria l. 4 accu m u la tio n  of g ly co g en  is n o t un ifo rm  in  th e  d iffe re n t 
p a r ts  o f  th e  glia. C h ap te r fo u r d iscusses th e  c o n d itio n s in d u c in g  a decrease o f th e  g lycogen  
c o n te n t  e. g. convulsive  processes, in su lin , h y p o g ly ca em ia , h is tam in e , shock e lec tro sh o ck , 
e x p e r im e n ta l  c a ta to n ia , C ardiozole spasm . A d e ta iled  b ib lio g ra p h y  is added.

T h e  m o n o g rap h y  supplies v a lu ab le  in fo rm a tio n  also  fo r th e  clinicians eng ag ed  in  e x 
p e r im e n ta l  p a th o lo g y .

P . SÓTONYI
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L. M ü d i s : Topo-O plical Investigations o f  M ucopolysaccharides ( A cid  G lycosam inoglycans) . 
H a n d b u ch  der H isto ch em ie  (H an d b o o k  of H is to c h em istry ) . W. G raum an  an d  K . N eu m an n , 
G ustav  F ischer V erlag , S tu t tg a r t  1975. 134 pages w ith  98 illu stra tio n s. V olum e I I  P o lysac

charides. P a r t  4

T o p o -o p tica l p o la riza tio n  m icroscopic p ro c ed u re s  a re  com bined w ith m eth o d s  o f m u 
copolysaccharide  h is to ch e m is try  in th e ir  s tu d y  of th e  p e rta in in g  theo re tica l and  m ethodolog ical 
problem s. N ew  in fo rm a tio n s  were ob ta in ed  by  m ea n s  of th e  topo-op tical reac tio n s  in tro d u ced  
by R o m h án y i a n d  his school, w hich su p p o rt R o m h á n y i’s concep t of the  m u copo lysaccharides 
concern ing  th e ir  o r ien ted  m ic ro s tru c tu ra l o rg a n iz a tio n . T he N ,N -d ie th y lp seu d o cy an in e  s ta in 
ing process seem s well su ited  for th e  s tu d y , a n d  th e  c r itic a l e lectro ly te  c o n ce n tra tio n  (CEC) 
procedure  fo r th e  d if f e re n tia t io n ,  of various m uco p o ly sacch arid e  s tru c tu re s . V ery  re m a rk 
able a re  those  new  e x am in a tio n s  where th e  re su lts  o b ta in e d  w ith  th e  an iso tro p ic  in d ex  are 
u tilized  for th e  s tu d y  of th e  s tru c tu re  of th e  g ro u n d  su b stance. D etailed  s tu d ies  w ere per
form ed on th e  changes an d  fo rm atio n  of th e  la t te r  in  ep ip h y sea l and a rticu la r cartilag e . T h e  effect 
of hypo- and  h y p e rv itam in o sis  in connective  tis su e  as well as th e  effect of lysine  a n d  v aso p res
sin in  th e  course o f reco v ery  during  callus fo rm a tio n  is stu d ied . In  th e  g ro u n d  su b s tan ce  a 
m ark ed  increase  w as fou n d . T he changes in  m u co p o ly sacch arid e  o rien ta tio n  in v a rio u s  p roc
esses a ffec ting  th e  g ro u n d  su b s tan ce  are also d iscussed  a n d  i t  is shown th a t  th e  changes revea led  
by  th e  to p o -o p tic a l re ac tio n  in th e  epiphyseal a n d  a r tic u la r  cartilages and  in  th e  su b s ta n tia  
p ropria  o f th e  co rn ea  m an ifes t them selves in  th e  o r ie n ta tio n  of th e  m ucopo lysaccharides.

T he s tu d y  illu s tra te s  excellently  the  e x ce p tio n a l possib ilities o f p o la riza tio n  m icros
copy an d  m u co p o ly sacch arid e  h is tochem istry  in  m o rp h o lo g ica l stud ies a t  th e  subm icroscop ica l 
level. T he ex ce llen t d id ac tic  o f th is  book an d  its  c la ss ifica tio n  deta iled  list of re ferences g rea tly  
fac ilita te  u n d e rs ta n d in g  of m ucopolysaccharide  h is to ch e m is try . The book will su p p ly  new 
in fo rm atio n s for m orp h o lo g ists  and also for c lin ic ians.

P . SÓTONYI
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BALBIANFS VITELLINE BODY IN THE OOCYTES 
OF VITELLOGENIC AND NONVITELLOGENIC FEMALES 

OF THE DOMESTIC FOWL: A CORRELATIVE 
CYTOLOGICAL AND HISTOCHEMICAL STUDY

S. S. G u r a y a

(R eceived  D ecem ber 18. 1975)

A cy to log ical an d  h istochem ical s tu d y  has b een  m ade of B a lb ian i’s v ite llin e  
body in th e  oocytes o f nonvite llogen ic  an d  v ite llo g en ic  fem ales of th e  d o m estic  fowl 
(Gallus dom esticus) , w hich  consists of yo lk  nu c leu s, m ito ch o n d ria , Golgi bodies and 
lipid bodies o f d iverse  n a tu re . The yolk nuc leu s co n sistin g  of R N A , p ro te in  an d  lipo 
p ro te in  show s th e  g re a te s t developm en t an d  m orpho log ical com plex ity  in  th e  g row ing 
oocytes o f v ite llogen ic  fem ales. I ts  possible sign ifican ce  has been discussed in re la tio n , 
to th e  v a ria b le  m etab o lism  and  horm onal s ta tu s  o f th e  fem ale du rin g  sexual m a tu ra tio n .

Introduction

Guraya [9] rep o r ted  th e  presence o f  a p a ran u c lea r  basophilic  com plex  
of organelles a n d  lipid inclusions in the  y o u n g  oocytes of birds. The s t ru c tu re  
was te rm e d  yolk nucleus com plex; it  consists o f  th e  yolk  nucleus, m ito ch o n d r ia ,  
Golgi bodies and lipid bodies of variable  size an d  histochemical com position . 
Using th e  e lec tron  m icroscope, Greenfield [7] a n d  Bellairs [4] confirm ed  
th e  presence o f  these co m ponen ts  in the  yo lk  nuc leus  complex of fowl oocytes , 
which th e y  called the  B alh ian i  body, and th is  te rm  will be used here for th e  
p a ran u c lea r  complex.

In th e  p resen t  s tu d y  th e  changes o f  B a lb ia n i ’s vitelline body were e x a m 
ined in th e  developing  oocytes of nonvite llogenic  and vitellogenic chicken  to  
reveal differences in th e  m orpho logy  of its yo lk  nucleus com ponent.  The  deve l
o pm en t,  s t ru c tu re  and  func tion  of various co m ponen ts  in B a lb ian i’s v itelline 
body  of th e  an im al oocyte  are still cha lleng ing  subjects .

Materials and  methods

O varies o f ju v en ile  (or nonvitellogenic) a n d  a d u lt  (or vitellogenic) d o m estic  ch ick en  
(Gallus dom esticus) were used . A fter d ecap ita tio n , th e  o v a ry  w as im m edia te ly  p laced  in p h y sio 
logical saline, w ashed free fro m  blood and  cu t in to  sm all pieces. F ix a tiv es used for th e  h is to 
chem istry  o f lip ids included  fo rm ald eh y d e-calc iu m  w ith  a n d  w ith o u t p o s tc h ro m a tio n  [2, 3]. 
A fter fix a tio n  an d  su b seq u en t p o stch ro m atio n , th e  m a te ria l  w as em bedded  in g e la tin . Frozen  
gela tine  sec tions w ere cu t a t  10 /f. Sections were w ashed  b riefly  in w ater tre a te d  w ith  th e  fo l
lowing h is tochem ical tech n iq u es for lipids as c ited  in [141: S u d a n  black В for th e  d em o n s tra -
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t io n  o f  l ip id s  in general; N ile b lu e  su lp h a te  tech n iq u e  fo r n e u tra l  and  acidic lip id s; S u d a n  I I I  
a n d  S u d a n  IV  m ethods for n e u tra l  fa ts  (trig ly cerid es); acid  h aem atin  tech n iq u e  to g e th e r  w ith  
p y r id in e  e x tra c tio n  contro l fo r p h o sp h o lip id s ; S c h u ltz ’s m eth o d  for cho lestero l a n d /o r  its 
e s te rs . S u d an o p h ilic  lipids, w h ich  s ta in e d  p ink  w ith  N ile b lue  and  red  w ith  S u d a n  re d , w ere 
in te r p r e te d  as neu tra l fa ts (tr ig ly c e rid e s ) . S u danoph ilic  substan ces , w hich s ta in e d  b lu e  w ith  
N ile  b lu e  a n d  blue-black w ith  a c id  h aem a tin , a n d  gave  a n eg ative  reac tio n  in  th e  m a te ria l  
t r e a te d  w ith  h o t pyridine, w ere in te rp re te d  to  c o n ta in  phospholip ids. M aterial f ix ed  in  w eak 
B o u in ’s so lu tio n  and ex tra c te d  w ith  h o t py rid ine  [2] a n d  coloured  w ith  S u d an  b lack  B , was 
u se d  a s  a  co n tro l for lipids in  g en era l.

P a ra f f in  sections of m a te r ia l  fix ed  in Z en k er’s f lu id  w ere tre a te d  w ith  m e th y l green- 
p y ro n in e  [14]; controls w ith  r ib o n u c léa se  and tr ic h lo ro ac e tic  acid  were em ployed  in  th e  s tu d y  
o f R N A . P ro te in s  were d e m o n s tra te d  b y  m ercuric b ro m o p h en o l blue [12].

T h e  follow ing cytological te c h n iq u e s  (as c ited  in  [1 ,5 ]) w ere used for s tu d y in g  th e  m o rp h o l
o g y  a n d  d is tr ib u tio n  of c y to p la sm ic  co m p onen ts. T h e  m a te ria l  was fixed  acco rd ing  to  L ew itsk y  
(F le m m in g ’s so lu tion  w ith o u t a c e tic  acid), C h am p y , A o y am a, and K o la tch ev  te c h n iq u e s  and  
e m b e d d e d  in  p a raffin  wax. T h e  se c tio n s  cu t a t 5 [i w ere e ith e r  s ta in ed  w ith  iro n  h aem o to x y lin  
or m o u n te d  u n sta in ed  for silver n i t r a te  an d  osm ium  te tro x id e  tre a tm e n t.

Results

A s described in p rev io u s  p ap e r  [9] th e  yo lk  nucleus and i ts  assoc ia ted  
m i to c h o n d r ia ,  Golgi bodies an d  lipid inc lusion bodies form a su b spher ica l  
m a ss  in  th e  ju x tan u c lea r  oop lasm  of oocytes m easu r in g  77 [Л in  m a x im u m  
d i a m e t e r  (Fig. 1); most o f  t h e  lipid bodies t h a t  te n d  to  hide th e  yo lk  nuc leus  
a n d  i t s  associa ted  organelles a re  usually  lost in th e  paraff in  sections. T he  early  
s t a  ges in  th e  developm ent, m orpho logy  a n d  d is tr ib u t io n  of yolk nuc leus  and  
t is  a s so c ia te d  com ponents a p p e a r  to  be s im ila r  in the  corresponding  oocytes

Fig. 1. P o r t io n  of oocyte from  th e  o v a ry  of n o n v ite llogen ic  fem ale, show ing fu lly  dev elo p ed  
B a lb ia n i’s v ite llin e  body in th e  ju x ta n u c le a r  ooplasm . M ito chondria  (M) a n d  som e lip id  
b o d ies  (L )  a re  associated w ith  th e  y o lk  nucleus (Y N ) w h ich  form s th e  su b s tra te . L ip id  bodies 
(L ) in  th e  fo llicu lar epithelium  (F E ) .  P o rtio n  of nuc leu s (N ) is also seen. C h am p y /iro n  haem a-

to x y lin . X 1000
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Fig. 2. P o rtio n  of oocy te  from  th e  ovary  of n o n v ite llo g en ic  fem ale, showing sp a rse ly  d is tr ib u te d  
yo lk  nucleus su b s tan ce  and  m itochondria  (M) in  th e  fo rm  of granules, rods a n d  f ilam en ts . 
L ip id  g ranu les a re  seen in th e  follicular ep ith e liu m  (F E ) . C ham py/iron  h a em a to x y lin . xlOOO

of nonvite llogenic  and  vitellogenic ovaries .  W h en  the  yolk nuc leus  a n d  its 
associa ted  organelles and  lipid bodies h av e  re ach ed  their  greatest d e v e lo p m e n t  
in th e  ju x ta n u c le a r  ooplasm of oocytes in t h e  nonvitellogenic o v a ry  (Fig. 1), 
the  yolk nucleus itse lf  begins to  break  u p  f irs t  in to  irregular m asses, th e n  in to  
small e lem ents o f  th e  growing oocytes w h ich  m easu re  116 ^tin m a x im u m  d ia m 
eter. S im ultaneously ,  th e  o ther c o m p o n en ts  o f  Balhiani’s v ite ll ine  b o d y  are 
also dispersed in th e  o u te r  ooplasm. F in a l ly ,  all th e  components o f  B a lb ia n i ’s 
vitelline body  are sparse ly  d is tr ibu ted  in  t h e  ooplasm  (Fig. 2). A t  th i s  s tage , 
the g ranu la r ,  rod-like a n d  filam entous m ito ch o n d r ia ,  which closely follow' 
the  d is tr ib u t io n  of  sparse ly  d is tr ibu ted  y o lk  nucleus substance in  t h e  o u te r  
ooplasm , can  be s tu d ie d  more precisely. T h e  la rg es t  oocytes in th e  o var ie s  of 
juven ile  chicken m easu red  0.6 mm (596 fi) in d iam eter  and yo lk  fo rm a t io n  
h ad  no t  begun  in th em .

In  th e  v ita llogenic  ovary , the  yolk n u c leu s  still persists in o ocy tes ,  which 
m easure  239 (i in d iam e te r ,  and as a re su lt  o f  its  con tinued  grow th , i t  becom es 
a lm ost as large as th e  nucleus of the  oocy te  (Fig. 3). Owing to  i ts  den se  and
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o rg a n iz e d  n a tu re ,  th e  yo lk  nucleus s tands o u t  in  s h a rp  contrast  to  th e  genera l  
o o p la sm . Som etim es, tw o  y o lk  nuclei develop  s im u ltaneously  in th e  oocy tes  
o f  th e  v ite llogenic  o v a ry  a n d  continue to  p e rs is t  on oocytes which m easu re  
236 Ц in  d iam e te r  (Fig. 4); th e  large one lies in  t h e  ju x tan u c lea r  ooplasm  a n d  
th e  sm all  one a t  the  an im al  pole.

P a r t  o f  th e  fully  deve loped  yolk nuc leus  in  th e  oocytes of v i te llogenic  
fem ales  takes  th e  form  of rad ia t in g  pro jec tions  w h ich  extend in to  th e  o u te r

F ig . 3. P o r tio n  of oocy te  from  th e  ov ary  of v ite llogen ic  fem a le , illu stra tin g  th e  m o rp h o lo g ica l 
c o m p le x ity  o f th e  yo lk  nucleus (N ). One ex tension  (Y N E ) is in  th e  form  of arch  h a v in g  sev e ra l 
m ito c h o n d ria  (M) an d  sp arse ly  d is tr ib u te d  yolk nuc leu s su b s ta n c e  in its concav ity . P o r t io n  of 

fo llicu lar e p ith e liu m  (F E )  is also seen. L e w itsk y /iro n  haem atoxylin . X 400

o op lasm  (Figs 3, 4). The yo lk  nucleus and  its long  extensions sometimes deve lop  
in to  a com plica ted  s t ru c tu re  (Fig. 3). I ts  e x te n s io n  m ay  take  the  fo rm  o f  an 
a rch  w ith  its co n cav ity  to w a rd s  the  nuc lea r  enve lope .  The arch consis t ing  of  
y o lk  nucleus su b s tan ce  is o f  variable w id th  a n d  can be d istinguished  in  its 
th ic k e r  and  th in n e r  p o r t io n s  (Figs 3, 5). Som e seco n d a ry  projections m a y  also 
arise from  the  o u te r  surface , th e  arch, which re a c h  the  cytoplasmic m e m b ra n e  
o f  t h e  oocyte  (Fig. 3). T he  yolk nucleus a n d  i ts  various extensions a p p e a r  
to  c o n t r ib u te  th e i r  su b s ta n c e  to  the  ou te r  o o p la sm  where it  is sparse ly  d i s t r ib 
u te d .  T he  fully deve loped  yolk nucleus in t h e  oocytes of nonv ite l logen ic  
ch ick en  does n o t  develop such  extensions of  c o m p le x  nature  (Fig. 1).

T he  fully grown yo lk  nucleus in som e oocy tes  of vitallogenic fem ales  
m a y  d iffe ren tia te  in to  zones o f  vary ing  d e n s i ty  (Figs 3, 6): (1) an  in n e r  zone, 
(2) a m iddle  zone, and  (3) an ou te r  zone. A l th o u g h  the fully deve loped  yolk 
nuc leus  of  th e  nonv ite llogenic  ovary  (Fig. 1) does n o t  appear to  h av e  zones o f

Acta Morphologica Academiae Scientiarum Hungaricae 23. 1975
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P ig . 4. P o rtio n  of oocy te  from  th e  ov ary  of v ite llogenic  fem ale , show ing tw o yolk nuclei (Y N ) 
a d ja c e n t to  th e  nucleus (N). A oyarna p re p a ra tio n . X400

v a ry in g  density , it  does n o t  appear  hom ogeneous since it  con ta ins  various 
re t icu la r  and g ran u la r  su b s tru c tu re s  (Fig. 1).

The substanece  of th e  yolk nucleus and  i ts  extensions give a w eak  posi
tive  reaction  w ith  S udan  b lack  B, which d issap p ea rs  in the  control m a te r ia l  
ex t ra c te d  w ith  ho t p y r id ine ,  revealing the  p resence  of  some diffuse lipids in 
th em , in add it ion  to  R N A  a n d  protein described prev iously  in the  yolk  nucleus 
of young  oocytes in b irds [9]. The diffuse l ip id  com ponen t seems to  be due 
to  l ipoprotein  as ju d g e d  from  its negative reac tions  in h istochem ical tes ts  
for phospholip ids, t r ig lycerides  and cholesterol a n d /o r  its esters.

D evelopm ent and d iffe ren tia tion  of th e  y o lk  nucleus and its ex tensions 
in th e  oocytes of  v ite llogenic  hen are closely accom pained  by th e  pro life r
a tion  and accum ula tion  o f  various o ther  c o m p o n e n ts  in the  ju x ta n u c le a r  
ooplasm ; they  include th e  m itochondria ,  Golgi bodies and  different ty p e s  of 
lipid bodies. The yo lk  nucleus actually  forms th e  su b s t ra te  round  which the  
various o the r  organelles con tinue  to  m u lt ip ly  a n d  aggregate  during  oocyte  
grow th . The m itochondr ia  show a higher c o n c e n tra t io n  in the  per iphera l  p o r 
tions of  the  yolk nucleus. T he ir  num ber  is also a p p a re n t ly  more in th e  con-
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F ig . 5. H ig h e r  reso lu tion  of y o lk  nuc leu s ex ten sio n  (Y N E ) show n in F ig u re  3. illu s tra tin g  
m ito c h o n d r ia  (M) and sparsely  d is t r ib u te d  yo lk  nucleus su b s tan ce  in  its  v ic in ity . L ew itsk y /iro n

h a em a to x y lin . X 1000

c a v i ty  o f  t h e  yolk nucleus a r c h  which i tse lf  is associated w ith  m ito ch o n d r ia  
(F igs  3, 5). The d is t r ib u t io n  and  m orpho logy  of m itochondria  can  be best 
s t u d i e d  in  the  C ham py an d  L ew itsk y  iron h e a m a to x y l in  p re p a ra t io n s  where 
t h e y  a p p e a r  in the  form o f  g ranu les ,  rods and  f ilam ents  (Figs 1— 3, 5, 6). W ith  
h is to c h e m ic a l  techniques th e  m ito ch o n d r ia  s ta in  m ain ly  as a phosph o l ip id -  
p r o t e in  com plex  [8].

T h e  Golgi bodies fo rm  a close m orphological association w ith  t h e  ou te r  
reg io n s  o f  th e  fully developed  yo lk  nucleus a n d  could be s tud ied  bes t  in  m a te 
r ia l  t r e a t e d  by  the A o y a m a  and K o la tch ev  techniques, in  h is to ch em ica l  
t e c h n iq u e s  for lipids, th e  Golgi bodies ap p ea r  to  s ta in  for l ipopro te in  as jud g ed  
f ro m  t h e i r  weak reac tion  w i th  S udan  b lack  В and  negative re a c t io n s  with 
o th e r  h is tochem ical tes ts  u sed  for  th e  de tec t io n  of  phospholipids, t r ig lycerides  
a n d  cho les te ro l  and/or its  e s te rs .  The Golgi bodies like the  yolk nuc leus  resist 
the  a c t io n  of ethanol and  p a ra f f in  em bedd ing  af te r  various cy to log ica l f ix a 
t io n s ,  a p p a re n t ly  due to  t h e i r  lipopro te in  com position.

A d a  Morphologica Academiae Scientiarum Hungaricae 23, 1975
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Fig. 6. H igher re so lu tio n  of yo lk  nucleus (YN) show n in  F ig u re  3, illu stra tin g  its  zones. M ost 
of m ito ch o n d ria  (M) are p re sen t in  th e  peripheral zone. P o r t io n  of nucleus (N) is a lso seen.

L ew itsk y /iro n  h a em ato x y lin . X 1000

Various types  of lipid bodies in the  fo rm  o f  granules and spheres ,  t h a t  
have  been described  in th e  y o u n g  oocytes o f  b ird s  [8], accum ulate  a long  w i th  
th e  grow th of yolk nucleus. T h ey  usually  a c c u m u la te  in the  ou ter  oop lasm . T h e  
lipid spheres consisting o f  tr iglycerides and  cho lestero l and/or its e s te rs ,  are 
lost in th e  course of d e h y d ra t io n  and paraff in  e m b e d d in g  and thus c lear v a c u 
oles are forned in the  o u te r  ooplasm  (Figs 3 ,5 ) .  T h e  various types of lip id  bodies  
could be s tu d ie d  effectively  in the  frozen sec t ions  of the  m ater ia l  f ix e d  in 
form aldehyde-ca lc ium  a n d  postchrom ed  in d ic h ro m a te  calcium and  co loured  
w ith  Sudan b lack  B. T hey  consist m ainly  o f  t r ig lycerides ,  cholesterol a n d /o r  
its  esters and  very  little phospholip id .

W ith  fu r th e r  g row th  o f  th e  oocyte in th e  v ite llogenic  ovary, th e  p e rs is t in g  
yolk  nucleus and  its ex tensions finally  d is a p p e a r  from  view as the ir  s u b s ta n c e  
consisting of  HNA, p ro te in  an d  lipoprotein is d i s t r ib u te d  in the o u te r  ooplasm  
where it fu r th e r  m ultip lies a n d  accum ulates . T h e  m itochondria , Golgi bodies  
and  lipid bodies are also d ispersed  in the  o u te r  oop lasm  and con tinue  to  m u l 
t ip ly .  In  some oocytes m easu r in g  255 ft in d ia m e te r ,  the  yolk nuc leus /nuc le i  
and  associated  com ponen ts  m ove aw ay from  th e  ju x ta n u c le a r  ooplasm  and  
continue  to  pers is t  as o rganized  s truc tu res  in t h e  o u te r  ooplasm (Fig. 7) w here  
they  appear  to  proliferate  fu r ther .
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F ig. 7. P o rtio n  of oocyte fro m  th e  ov ary  of v ite llo g en ic  fem ale , showing tw o y o lk  n ucle i (YY). 
M itochondria  (M) are  also seen. L ew itsk y /iro n  haem atoxylin . x 4 0 0

F ig . 8. O ocyte  from  th e  o v a ry  o f v itellogenic fem ale , show ing  yolk nuclei (Y N ) in  th e  cortica l
ooplasm . A oyam a p re p a ra tio n . XlOO

T he cortical ooplasm  of some grow ing  oocytes (measuring 228 p i n  d iam 
e te r )  in  vitellogenic fem ales  also show 5 to  7 com pact  spherical bodies  which 
in  th e i r  m orphology a n d  histochem ical re a c t io n s  closely resemble t h e  ju x ta -  
n u c le a r  yolk nucleus (Fig. 8). T hey  are also associated  with the  m ito c h o n d r ia ,  
Golgi e lm ents  and som e lip id  granules consis t ing  of phospholip ids a n d  t r i 
g lycerides . These co r t ica l  ooplasmic s t r u c tu r e s  are apparen tly  fo rm e d  from 
som e  f ragm ents  o f  orig inal yolk nucleus, w h ich  a t ta in  a large size b y  fu r th e r  
g ro w th  and  d iffe ren tia tion . T hey  finally  dev e lo p  in to  a com pact a n d  o rgan ized  
s t r u c tu r e  in the  cortical ooplasm s im ilarly  as th e  ju x tan u c lea r  y o lk  nucleus.
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These secondary  yo lk  nuclei of th e  cortical ooplasm seem to  c o n s t i tu te  ad d i
tional sites for th e  m u lt ip l ica t ion  of yo lk  nucleus substance , m ito ch o n d r ia ,  
Golgi bodies and possib ly  of some lipid granules. F inally , th ey  also d isap p ear  
before the  yolk vesicles orig inate  in th e  cen tra l  ooplasm. The co r t ica l  yolk 
nuclei are undeve loped  in th e  corresponding  oocytes of nonv ite llogen ic  chicken.

Discussion

The p resen t  s tu d y  revealed  th a t  B a lb ian i’s body of th e  fowl oocyte 
becomes ve ry  com plex  b o th  m orphologically  and  h is tochem ica lly  during  
m a tu ra t io n  of the  o v a ry  as described also for th e  h u m an  oocyte [11]. T h e  yolk 
nucleus com ponen t a t ta in s  its g ra te s t  deve lopm en t and m orpho log ica l  com 
plex ity  in the  oocytes  of vitellogenic chicken which m ight in som e  w ay  he 
re la ted  to  yolk deposition  on th e ir  oocytes and  subsequen t  em bryogenesis .  
S imilarly, th e  pers is t ing  yolk  nucleus and  its associated cell co m p o n en ts  of 
vitellogenic females of  th e  wall l izard ( Hemidactylus f la v iv ir id is )  develop  a 
g rea t  morphological a n d  histochem ical com plex ity  during  th e  b reed in g  sea
son [10].

The p a ra n u c le a r  com plex  of organelles and inclusions has been  described 
by various term s in prev ious studies  on av ian  oogenesis [7]. All th o se  term s 
were used due to  th e  belief t h a t  th is  region o f th e  oocyte has s o m e th in g  to  do 
w ith  the  fo rm ation  of  yolk. I t  now appears  to  be th e  site  of a h igh  m etabo lic  
ac t iv i ty  concerned w ith  the  initial m u lt ip l ica t ion  and d if fe ren t ia t io n  of 
various organelles a n d  lipid bodies as also su p p o r ted  by  its in tense  acid  phos
p h a ta se  ac t iv i ty .

The grea tes t  dev e lo p m en t  and co m plex ity  of th e  yolk n uc leus  in the 
oocytes of vite llogenic  females o f  b oo th  fowl and  wall lizard can be a t t r ib u te d  
to th e ir  peculiar m e tabo lism  which m ay  be th e  resu lt  of high levels o f  horm ones;  
the  la t te r  are now well know n to influence oocyte  grow th and  yo lk  deposition 
in n o n -m am m alian  v e r te b ra te s  [6, 13, 15]. U nder  the  effect of th o se  horm ones, 
the  m etabolic  a c t iv i ty  of  oocytes in vitellogenic females is a p p a re n t ly  elev a ted , 
and  this s t im u la tes  th e  syn thesis  of a b u n d a n t  complex m acrom olecu les  such 
as RNA, pro te in , l ipopro te ins ,  lipids, etc.,  used in the  cons truc tion  o f  th e  yolk 
nucleus and  its ex tens ions ,  and of o the r  ooplasmic s truc tu res .  S im u ltaneous ly ,  
the ir  p recursor su b s tan ces  m igh t  also becom e available  in a b u n d a n c e  in the 
blood p lasm a of v ite llogenic  females, a n d  are subsequen tly  t r a n s p o r te d  into 
the growing oocyte. A s im ilar  exp lan a t io n  m ay  be offered for th e  dev e lo p m en t  
of  cortical yolk nuclei in th e  oocytes of vitellogenic hen, which seem to  consti
t u t e  th e  secondary  sites for the  m u lt ip l ica t ion  of yolk nucleus s u b s ta n c e  and 
o th e r  com ponents  to  he su b sequen tly  accum ula ted  in th e  co r t ica l  ooplasm 
of the  vitellogenic ov ary .  The corresponding  oocytes in the  nonv ite llogenic  
o v a ry  show a sparse  d is t r ib u t io n  of yolk nucleus substance . Since cytological
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( inc lu d in g  u l t ra s t ru c tu ra l )  a n d  histochemical s tu d ie s  h ave  revealed  t h a t  th e  
y o lk  nucleus consists o f  e lem en ts  of endop lasm ic  re t icu lum  (or l ipoprotein)  
a n d  R N P  particles [10] t h e  synthesis of such  m acrom olecules  is a p p a re n t ly  
m u c h  more s t im u la ted  in  vitellogenic females th a n  in nonvitellogenic ones. 
T h e  precise na tu re  o f  th e  fac to rs  which a c tu a l ly  con tro l  th e  deve lopm en ta l  
p rocesses  of the  yo lk  nu c leu s  and  other organelles  in  the  growing oocyte , is 
s ti l l  a challenging su b je c t  fo r  fu tu re  research. In  th is  regard  the  s tu d y  o f h o r 
m o n a l  effects on th e  d e v e lo p m e n ta l  processes o f  oop lasm ic  s truc tu res ,  especially  
o f  t h e  yolk  nucleus, will be  rew ard ing . In  genera l,  regu la t ion  of th e  biogenesis 
o f  cell organelles a n d  th e  ru les  t h a t  in teg ra te  th e m  to  produce cell g row th , 
r e p ro d u c t io n ,  or d if fe re n t ia t io n  are m a tte rs  a b o u t  which  knowledge is still 
v a g u e .  The results o f  p re s e n t  s tu d y  and of a p rev io u s  one on the l izard oocyte  
[10] suggest however, t h a t  th e  metabolic s ta tu s  o f  th e  female a p p a re n t ly  has 
a g r e a t  influence on th e  d eve lopm en ta l  processes o f  ooplasmic s t ru c tu res  d u r 
ing  previtellogenesis.
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В A LB IЛ N IS C H E  V IT E L L IN -K Ö R P E R C H E N  IN  D E N  OO ZY TEN  VON 
V IT E L L O G E N E N  U N D  N IC H T -V IT E L L O G E N E N  H A U S H Ü H N E R N  

E IN E  K O R R E L A T IV E  Z Y T O L O G ISC H E  U N D  H IS T O C H E M IS C H E  S T U D IE

S. S. GURAYA

An den in den O o zy ten  v o n  vitellogenen und  n ich tv ite llo g e n en  H au sh ü h n e rn  (G allus  
dom esticus) b efind lichen  B a ib ia n isch e n  V ite llin -K ö rp erch en , die aus dem  E ikern , aus M ito- 
ch o n d rien , G olg i-K örperchen  u n d  L ip iden  u n tersch ied lich er A rt b estehen , w urden zy to lo g isch e  
u n d  h istochem ische U n te rsu c h u n g e n  ausgeführt. D er au s  R N S , E iw eiß  und L ip o p ro te in  b e s te 
hende E ik ern  zeigt den  h ö c h s te n  E n tw ick lu n g sg rad  u n d  d ie  g rö ß te  m orphologische K o m p le x i
t ä t  in den w achsenden  O o z y ten  de r v ite llogenen H ü h n e r . D ie m ögliche B ed eu tu n g  d iese r  
B eo b ach tu n g  in bezug a u f  d en  sich im V erlauf der g esch lech tlich en  R eifung v e rä n d e rn d e n  
S toffw echsel u n d  den h o rm o n a len  S ta tu s  w ird besp ro ch en .

ВИТЕЛЛИНОВЫЕ ТЕЛЬЦА БАЛБИАНИ В ООЦИТАХ ВИТЕЛЛОГЕННЫХ И 
НЕВИТЕЛЛОГЕННЫХ КУР: КОРРЕЛЯТИВНЫЕ ЦИТОЛОГИЧЕСКИЕ И

ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ

С. С. Г У Р А Й А

Цитологические и гистохимические исследования были проведены на вителлиновых 
тельцах Балбиани, находящихся в ооцитах вителлогенных и невителлогенных кур (G a l
lus dom esticus). Эти тельца состоят из германитивного ядра, из митохондрий, телец Гольд
жи и из липидов различной природы. Состоящее из РНК, из белков и липопротеинов гер
минативное ядро показывает максимальное развитие и наибольшую морфологическую 
коммплексность в растущих ооцитах вителлогенных кур. Обсуждается возможное значе
ние этого наблюдения в отношении обмена веществ и гормонального статуса в ходе поло
вого созревания самки.

S ár i iu l  S. G u r a j a :
D e p a r tm e n t  of Zoology P u n j a b  Agricu ltu ra l U n iv e rs i ty ,  
L u d h ia n a ,  P u n jab  Ind ia
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I n s t i tu te  of A n a to m y , H isto logy  an d  E m bryo logy , U n iv e rsity  Medical School, D ebrecen

EFFECT OF TRIIODOTHYRONINE (T3) 
THYROPARATHYROIDECTOMY AND 

MFRCAPTOIMIDAZOLE TREATMENT ON ENCHONDRAL
BONE GROWTH

II. G R O W T H  D Y N A M IC S IN T H E  P R O X IM A L  G R O W T H  O R G A N  
O F T H E  T IB IA  IN  Y O U N G  RATS

G. L é v a i , M. P e t k ó , S. V a r g a , J .  L a c z k ó * and J .  G y a r m a t i , J r .

(Received May 29, 1975)

The 24 h o u r g ro w th  ra te  o f th e  tib ia l p ro x im a l g row th  organ w as in v e s tig a te d  
in triio d o th y ro n in e  or in ercap to im id azo le -trea ted , an d  in th y ro id ec to in ized  m ale  ra ts , 
l.o n g itu d in a l g row th  of th e  tib ia  o f th e  sam e period  was also s tu d ied . A fte r  one 
w eek tre a tm e n t, th e  24 h o u r ra te  o f g ro w th  in th e  tr iio d o th y ro n in e - tre a te d  r a ts  was 
re ta rd ed  as com p ared  w ith  th e  co n tro ls, w hereas a t  th e  end of th e  3rd a n d  5 th  weeks 
th e  grow th  ra te  of th e  tre a te d  an im als exceeded  th a t  of th e  con tro ls. T h e  t ib ia  was 
som ew hat longer in th e  tre a te d  ra ts  th an  in th e  u n tre a te d  co n tro ls, th o u g h  th e  d ifference 
was no t sign ifican t.

The g ro w th  ra te  in  th e  g row th  organ  of m erc ap to im id a zo le -tre a ted  and 
thy ro id ec to m ized  an im als w as generally  h igher th a n  th a t  m easured  in th e  co n tro ls. 
T he leng th  of th e  tib ia  was less th a n  in th e  co n tro ls , b u t th e  d ifference w as n o t signif
ican t. The p h en om enon  is a tt r ib u te d  to  th e  a lte red  ho rm onal cond itions.

Introduction

G row th  of long bones occurs in th e ir  g row th  organs [11] as a resu lt  of 
ench o n d ra l  ossification. The g row th  ra te  of these  bones — a p a r t  f rom  a t r a n 
s ien t  acceleration  ta k in g  place d u r ing  p u b e r ty  — gradua lly  decreases  un til  
l inear bone g row th  stops a l to g e th e r  [4]. N o rm al  equilibrium  of th e  endocrine  
sy s tem  is ind ispensable  for physiological g row th . I f  this equ ilib r ium  is upse t ,  
p ro found  changes tak e  place in longitud inal g row th  [15, 21]. Most o f  g row th  
d is tu rb an ces  hav ing  an endocrine  origin are caused by  the  a l te red  func tion  
o f  th e  thy ro id  [9, 15, 16, 21]. In  a p revious w ork  we have ana lysed  b y  bio
m etr ica l  m ethods  the  m orphological a l te ra t ions  ensuing in the  p ro x im a l  tibia l 
g ro w th  organ of developing  ra ts  un d e r  the  effect of t r i io d o th y ro n in e  and 
m ercap to im idazo le  t r e a tm e n t  an d  th y ro id e c to m y  [10].

In the  presen t w'ork we have  s tud ied  th e  changes in long itud ina l  g row th  
o f  th e  tibia , and in t h a t  o f  th e  prox im al g row th  organ  following tr i io d o th y ro n in e  
a n d  goitrogenic t r e a tm e n t ,  an d  surgical th y ro id ec to m y .

* P resen t address : C en tra l R esearch  L ab o ra to ry , U n iv ersity  M edical School. D ebrecen .
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Material and method

E x p erim en ts  w ere c a r r ie d  o u t on the  p ro x im al e p ip h y sea l g row th  o rg an  o f th e  tib ia  
o f  28 — 30-day-old (42 — 45 g) m a le  ra ts  of our ow n b re ed . F if tee n  an im als w ere t r e a te d  w ith  
tr iio d o th y ro n in e  h y d ro ch lo rid e  (L y o th y ro n in * ) in d a ily  doses o f 0.01 m g/100 g b o d y  w eigh t 
g iv en  o ra lly . F ifteen  an im als w e re  tre a te d  w ith  th ia m az o le  (M eto th y rin * ) o ra lly , in da ily  doses 
o f 10 m g/100 g body w eigh t. In  30 ra ts , th y ro id ec to m y  w as pe rfo rm ed  accord ing  to  G r i e s b a c h  
a n d  P u r v e s  [2]. For fu r th e r  p ro cess in g  th e  m ate ria l o f 15 an im a ls  was used in com ple te  e x tirp a 
t io n  of th e  th y ro id  g land  w as v e rified  afte r d ea th . T h e  d ru g s  w ere m ixed to  th e  food. The 
e x p e r im e n ta l conditions (food, te m p e ra tu re  of th e  ro o m , m o is tu re  co n te n t of th e  a ir, ligh t) 
w ere  id e n tic a l w ith  every  g ro u p . T h e  anim als rece ived  t a p  w a te r  ad  lib itu m .

A fte r  7, 21 and 35 d ay s  o f  t r e a tm e n t, 5 an im als f ro m  each  group w ere killed  b y  overdos
age o f e th e r. F o rty -e ig h t h o u rs  before , every an im al w as g iv en  25 m g/kg O xyte tracycline  and 
24 h o u rs  la te r , 50 m g/kg  F lu o rex o n * *  (2,4 b is /N ,N ’-carb o m eth y l/-flu o resce in ) in tra p e rito n e -  
a lly  u s in g  th e  m ethod  of Mo d is  e t al. [14].

A tte n tio n  was p a id  to  th e  precise dosage of flu o ro ch ro m e  and  th e  ex ac t tim e  of k illing 
th e  a n im a ls . B oth  tib ia e  o f th e  an im als were rem o v ed . F ro m  th e  p ro x im al end  of th e  left 
t ib ia  18 [л th ick  c ry o sta t se c tio n s  w ire  m ade and  a f te r  a b r ie f  f ix a tio n  in  ab so lu te  a lcohol th e  
se c tio n s  w ere m oun ted  in  F lu o ro m o n t (M icrome) a n d  ex am in ed  in  u ltra v io le t lig h t w ith  
B G  3 /4 — OG 1/1 filte r c o m b in a tio n . T etracycline  gave a  yellow , an d  F luorexon  a g reen  fluo res
cence. T h e  d istance b e tw een  th e  low er m argins o f th e  f lu o re sce n t s treak s was m easu red  by  
a n  o cu lo m ete r. The re su lts  o f m easu rem en ts  are show n  in  T ab le  I, w here th e  d a ta  re p re se n t 
th e  a b so lu te  values for g ro w th  in  tak in g  place in th e  24 h o u rs  elapsed follow ing te trac y c lin e  
a n d  F lu o re x o n  a d m in is tra tio n .

T h e  r ig h t tib iae  w ere f ix e d  in  acetone and d ried  a t  room  te m p e ra tu re .T h e ir  len g th  was 
m ea su re d  w ith  a caliper. T he d a ta  re la tin g  to tib ia l le n g th  an d  bod y  len g th  (d is tan ce  betw een  
th e  t ip  o f th e  nose and  base  o f th e  ta il) are given in T ab le  I I .

R esults

T ab le  I, in a d d i t io n  to  d a ta  of m e a su re m e n ts ,  contains also th e  values 
c a lc u la ted  for 24 hours  o f  g row th  of the  t ib ia .  T h e  value  for 24 h o u r  g row th  
was ca lcu la ted  from t ib ia l  len g th  (Table I I )  b y  d iv id ing  th e  difference be tw een  
m e a n  t ib ia l  length m e a s u re d  on the 7 th  a n d  21st  days of t r e a tm e n t  by  th e  
n u m b e r  of  days e lapsed (14 days). E.g. th e  m e a n  leng th  of th e  t ib ia  of the  
c o n tro l  animals was 25.17 m m  on the 7 th , a n d  27.35 m m  on the  21st d a y  of 
th e  exp e r im en t;  the  d ifference  (2.18 m m  =  2180 /л) divided by  14 gives the  
v a lu e  o f  the  average d a ily  g ro w th  of the  t ib ia ;  in  th e  given case i t  was 155.71 /л.

In  control ra ts  th e  ca lcu la ted  m ean  d a i ly  g ro w th  of th e  t ib ia  reached  
th e  h ighes t  value in th e  f i r s t  week (271 /i) a n d  th e n  declined in the  th i rd  and  
f i f th  w eek  to  abou t th e  s a m e  level (155 /л, a n d  158 /л, respectively). A sim ilar 
t e n d e n c y  was no ted  in th e  g row th  ra te  of th e  p ro x im a l  g row th  o rgan  of the 
t ib ia  a t  identical t im e  in te rv a ls  (129 /i, 110 /.i, a n d  105 /1 , respectively) .

Following surgical th y ro id e c to m y  the  c a lc u la ted  values for t ib ia l  g row th  
were  low er a t  the  end o f t h e  f i rs t  and fif th  w eek  as com pared  w ith  th e  controls  
(217 /I, 137 /л), while in th e  th i rd  week th e y  so m e w h a t  exceeded th e  control 
ones (163 /л). The 24 h o u r  grow th  ra te  m easu red  in th e  proxim al g row th  organ

* =  K őbányai G y ó g y sze rg y ár, B udapest
** =  Chemopol, P rag u e
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Table I

24-hour growth rate measured in proximal growth organ o f  the rat tibia , 
and calculated values fo r  24-hour tib ia l growth

1 week (37-day-old rat) 3 week (51-day-old rat) 5 weeks (65-day-old rat)

Jrowth (//)
Treatment

proximal proximal proximal
tibia growth tibia growth tibia growth

organ organ organ

C ontrol 271.42 1 2 9 .6 +  6.2 155.71 110.0 +  10 6 158.57 105 .1+  5.6
T riiodo thy-

ron ine 321.42 1 1 9 .3 +  4.3 (1) 150.71 1 3 1 .6 +  7.8 (1) 132.14 10 9 .3 +  4.3 (1)
tre a te d

Thiam azole-
tre a te d 254.28 1 5 0 .6 +  8.4 (1) 140.00 110 .0+  8.2 95.00 144 .6+ 10 .1  (1)

T h y ro id -
ectom ized 217.14 183.2 +  12.1 (1) 163.57 1 2 4 .4 +  7.4 (1) 137.85 10 9 .2 +  4.5 (1)

(1) p <  o.i°/t

Tabic II

B ody length o f  rats ( distance between the tip  o f  nose and base o f  ta il)  and length o f  the tibia

Treatment
Duration

(week)
Body length 

(cm)
Tibial length 

(mm)

C ontrol 1 (37 day-old rat) 12.94 25.17
3 (51 day-old ra t) 14.20 27.35
5 (65 day-old ra t) 17.80 29.57

T riiodothyron ine- 1 (37 day-old ra t) 13.42 (2) 25.67 (4)
tre a te d 3 (51 day-old rat) 14.00 (4) 27.78 (4)

5 (65 day-old rat) 17.88 (4) 29.63 (4)

T h iam azo le-trea ted 1 (37 day-old rat) 12.20 (1) 25.10 (4)
3 (51 day-old ra t) 13.50 (2) 27.06 (4)
5 (65 day-old ra t) 14.92 (1) 28.39 (3)

T hyro idectom ized 1 (37 day-old rat) 11.45 (1) 24.67 (4)
3 (51 day-old ra t) 13.56 (1) 26.96 (4)
5 (65 day-old rat) 16.36 (1) 28.89 (3)

(1) P <  0.1% (2) p <  1% (3) p <  5% (4) p <  10%

o f  t h e  t ib i a  sh o w e d  l ikew ise  a d ec reas ing  t e n d e n c y ,  t h o u g h  th e  v a lu e s  w ere  
h ig h e r  (183 p, 124 p  a n d  109 ft re sp e c t iv e ly )  t h a n  t h e  c o n t ro l  ones.

I n  t h i a m a z o le - t r e a t e d  r a t s  t h e  c a lc u la te d  v a l u e  fo r  d a i ly  t ib ia l  g r o w th  
w a s  lo w er  a t  all t im e  i n t e r v a l s  (254 p, 140 p, a n d  95 ft) t h a n  in  t h e  c o n t ro ls  
s h o w in g  a s im i la r  d e c r e a s in g  t e n d e n c y .  T h e  2 4 - h o u r  g r o w th  r a te  m e a s u r e d  in  
th e  p r o x im a l  g ro w th  o r g a n  o f  t h e  t ib ia  exceeded  t h e  c o n t ro l  v a lu es  in  th e  f i r s t  
a n d  f i f t h  w eek  (150 p, a n d  144 p, r e sp e c t iv e ly ) ,  w h e re a s  in  th e  t h i r d  w eek  
t h e r e  wras no d if fe rence  b e t w e e n  th e  t r e a te d  a n d  c o n t ro l  a n im a ls  (110 ft).
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T r i io d o th y r o n in e  t r e a t m e n t  e n h a n c e d  th e  d a i ly  g r o w th  r a t e  o f  t h e  tib ia  
(321  [i) in  th e  f i rs t  w eek ,  a n d  d e c re a s e d  i t  a t  th e  end  o f  t h e  t h i r d  a n d  f if th  
w e e k s  (150  fi, and 132 p ,  r e s p e c t iv e ly ) .  T h e  g r o w th  r a t e  m e a s u r e d  in  t h e  p ro x im a l  
g r o w t h  o rg an  of  th e  t i b i a  fo r  t h e  s a m e  t im e  in t e r v a l  w as low er  in  t h e  f i r s t  week 
(1 1 9  fi), w hereas  a t  t h e  e n d  o f  t h e  t h i r d  a n d  f i f t h  w eeks i t  w as  h ig h e r  (131 fi, 
a n d  109  fi, r e sp e c t iv e ly )  t h a n  in  t h e  co n t ro ls .

T h y r o id e c to m y  a n d  g o i t r o g e n ic  t r e a t m e n t  c a u se d  a s ig n i f i c a n t  r e t a r d a 
t i o n  o f  g row th .  On t h e  o t h e r  h a n d ,  in  r a t s  t r e a t e d  w i th  t r i i o d o t h y r o n in e ,  at 
t h e  e n d  of  th e  f i r s t  w ee k  lo n g i t u d in a l  g r o w th  s ig n i f ic a n t ly  e x c e e d e d  t h a t  in 
t h e  c o n t ro l s .  A t th e  e n d  o f  t h e  t h i r d  a n d  f i f t h  w eeks  t h e  d i f fe re n c e  in  b o d y  
l e n g t h  b e tw e e n  th e  tw o  g r o u p s  w as n o t  s ig n i f ic a n t .

Discussion

T h e  use of  m a rk e r s  a l lo w s  to  m e a s u r e  th e  e x t e n t  o f  g r o w th  t a k i n g  place 
in  a g iv e n  o rgan  in c e r t a in  t i m e  in te r v a l s  [4]. T h e  f i r s t  su c h  i n t r a v i t a l l y  given 
“ m a r k e r ”  was th e  m a d d e r .  Ruina tinctoria K rapp  [3]. N o w  is o to p e s  [7, 8] and 
f l u o r o c h r o m e s  [12, 13] s e r v e  as m a r k e r s .  T h e  l a t t e r  a l low  to  m e a s u r e  longi
t u d i n a l  g ro w th  w i th in  a s h o r t  p e r io d  o f  t im e  e.g. 24 h o u rs .  D e s p i te  t h e  s c a t t e r 
in g  o f  v a lu e s ,  th e  r e su l t s  o b t a i n e d  are  a c c e p ta b le .  W e co u ld  f in d  no  d a t a  on 
t h e  a p p l i c a t io n  of  f lu o r o c h r o m e s  in  d i s t ru b a n c e s  o f  b o n e  g r o w th  o f  en d o c r in e  
o r ig in .

I n  a p rev ious  w o rk  [10] w e h a v e  d e s c r ib e d  th e  h is to log ica l  c h a n g e s  o c c u r 
r i n g  in  t h e  p ro x im a l  g r o w t h  o r g a n  o f  th e  t i b i a  in  y o u n g  r a t s  fo l lo w in g  t r i io d o 
t h y r o n i n e  or th ia m a z o le  t r e a t m e n t  a n d  su rg ica l  t h y r o id e c to m y .  I n  t h e  p re se n t  
s t u d y  w e h av e  m e a s u r e d  g r o w t h  b y  m e a n s  o f  f lu o ro c h ro m e s  u n d e r  s im ila r  
c o n d i t i o n s .

T h e  m e th o d s  a n d  r e s u l t s  o f  o u r  e x p e r im e n t s  [19] a n d  w i th  a d if fe rence  
o f  2 — 4  d a y s  our  i n te r v a l s  to o  c o r re sp o n d  to  th o s e  u sed  b y  T a p p . T h e  values 
fo r  t h e  le n g th  of th e  t ib i a  in  t h e  3 in te r v a ls  were  as follows ( th e  f i r s t  f igures  
a r e  t h o s e  given b y  T a p p ): 25 m m  — 25.17 m m ;  27.5 m m — 27.35 m m ;  29 m m —  
2 9 .5 7  m m .  T he  2 4 -h o u r  g r o w t h  m e a s u re d  on  th e  p ro x im a l  e p ip h y s is  o f  the  
t i b i a  w a s :  180 ц — 129 //; 120 ц— 110 / í ; Н О  p — 105 и. T h u s ,  o u r  r e s u l t s  are 
in  a g r e e m e n t  w ith  T a p p ’s d a t a ,  b u t  d iffe r  f ro m  th o s e  p u b l i s h e d  b y  H ansson  
e t  a l .  [5] o b ta in e d  on S p r a g u e - D a w le y  r a t s .  T h e  d if fe rences  m a y  be  d u e  to  
d i f f e r e n c e s  in th e  r a t  s t r a i n s  a n d  to  th e  d iv e r s i ty  o f  m e th o d s .

I n  a 24 -hour  i n t e r v a l  S isso ns  [17] n o t e d  a g r o w th  o f  180 /< in the  
d i s t a l  ep ip h y s is  o f  ra t  f e m o r a  in  th e  f i rs t  f iv e  w eeks  of  t h e  e x p e r im e n t .  К ем- 
b e r  [7] m e a su re d  a g r o w t h  o f  125 fi in  t h e  p r o x im a l  e p ip h y s is  o f  5 — 8-w eek-o ld  
r a t  t i b i a e .  All these  d a t a  a r e  in  close a g r e e m e n t  w i th  o u r  r e s u l t s  o b t a i n e d  on 
c o n t r o l  ra ts .
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C hanges  e l ic i ted  in  t h e  e n d o c r in e  sy s te m  m o d i f y  t h e  e x a m in e d  p a r a m e te r s  
o f  lo n g i tu d in a l  b o n e  g r o w th .

F o l lo w in g  t r i i o d o t h y r o n in e  t r e a t m e n t  no  s ig n i f i c a n t  c h a n g e  o c c u r re d  in  
t ib i a l  l e n g th  as c o m p a r e d  w i t h  t h e  co n t ro ls ,  a n d  b o d y  l e n g th  o f  th e  t r e a t e d  a n i m 
als w as  s ig n i f ic a n t ly  g r e a t e r  o n ly  a t  th e  e n d  o f  t h e  f i r s t  w eek .  T h e  c a lc u la te d  
v a lu e s  fo r  d a i ly  g r o w th  o f  t h e  t i b i a  differ  f rom  t h e  c o n t ro l s  b y  c o n s id e r a b ly  
h ig h e r  v a lu es  in t h e  f i r s t  w e e k  a n d  low er  ones in  t h e  t h i r d  a n d  f i f t h  w eeks .  
M e a s u r e m e n ts  in  t h e  p r o x im a l  g r o w t h  o rg a n  o f  t h e  t i b i a  sh o w ed  s ig n i f ic a n t ly  
lo w er  v a lu es  in  th e  f i r s t  w e e k ,  a n d  h ig h e r  ones a t  t h e  e n d  o f  th e  t h i r d  a n d  f i f th  
w e e k s ,  as c o m p a r e d  t o  t h e  c o n t ro l s .  T h e  l a t t e r  d a t a  se em  to  i n d ic a t e  t h a t  
t r i io d o t h y r o n in e  t r e a t m e n t  e l ic i ts  a  t r a n s i e n t  s lo w in g  d o w n  o f  g r o w th  fo llow ed  
b y  a n  ac c e le ra t io n  a n d  e v e n tu a l ly  b y  a r e t u r n  to  t h e  n o r m a l  level.  T h e  ch a n g e s  
m a y  b e  i n t e r p r e t e d  as r e s u l t in g  f ro m  th e  effec t  o f  la rg e  a m o u n t s  o f  g r o w th  
h o r m o n e  re le ase d  u n d e r  t h e  e f fec t  o f  th e  s u d d e n  e l e v a t io n  o f  th e  b lo o d  th y r o id  
h o r m o n e  level.  T h e  s low  g r o w th  n o te d  on th e  7 th  d a y  w as  p r o b a b ly  t h e  re su l t  
o f  a t r a n s i e n t  g r o w th  h o r m o n e  d e f ic i t  d u e  to  t h e  m o b i l i z a t io n  o f  r e se rv e s .  F o r  
t h e  p r o d u c t i o n  o f  g r o w t h  h o r m o n e  t h e  p re se n ce  in  t h e  b lo o d  o f  t h y r o i d  h o r 
m o n e s  is r e q u i r e d  [6, 18]. T h e  p r o x im a l  g ro w th  o rg a n  o f  t h e  t ib ia  is th e  m o s t  
s e n s i t iv e  in d ic a to r  o f  t h e  b lo o d  g r o w t h  h o r m o n e  level 11 ]. I n  th e  c h a n g e s  e l ic i ted  
in t h e  in i t ia l  p e r io d  o f  t r e a t m e n t  t h e  p r im a r y  t r i i o d o t h y r o n i n e  e f fec t  e x e r te d  
d i r e c t ly  on t h e  g r o w th  o r g a n  m a y  h a v e  b ee n  in v o lv e d  [10].  I n  t h e  l a t e r  p e r io d ,  
th e  g r o w th  r a te  a p p r o a c h e d  t h a t  o f  th e  c o n t ro ls ;  th is  m a y  be i n t e r p r e t e d  as a 
s ign  o f  a d a p ta t i o n  o f  t h e  e n d o c r in e  s y s te m  to  th e  c h a n g e d  c o n d i t io n s .

T h ia m a z o le  t r e a t m e n t  a n d  th y r o id e c to m y  e l ic i ted  a s ig n i f ic a n t  dec rease  
in g ro w th .  A dec rease  w as  n o te d  in  t h e  g r o w th  o f  th e  t ib i a .  T h e  2 4 - h o u r  g r o w th  
m e a s u r e d  in th e  p r o x im a l  g r o w th  o r g a n  o f  th e  t ib i a  l ikew ise  d i f fe red  r e m a r k a b l y  
f ro m  th e  c o n t ro l  v a lu e s .  I n  f a c t ,  th e s e  v a lu e s  in  tw o  o f  th e  t h r e e  in te r v a l s  
e x a m in e d  w ere  h ig h e r  in  t h e  t r e a t e d  a n im a ls .  O w in g  to  t h e  d i f fe r e n t  e n d o c r in e  
c o n d i t io n s ,  th e  r e su l t s  o b t a i n e d  in  t h e  tw o  g ro u p s  will b e  d isc u sse d  s e p a r a t e ly  
d e s p i te  th e  f in d in g  t h a t  t h e  s e ru m  th y r o id  h o r m o n e  le v e l  d e c re a s e d  in  b o th  
cases .  In  th i a m a z o le - t r e a t e d  a n im a l s  th e  p r o d u c t io n  o f  t h y r o i d  h o r m o n e  sh o w e d  
a g r a d u a l  d ec rease  [6],  w h ile  t h e  t h y r o t r o p i c  h o r m o n e  (T S H )  level  w as  ra ised .  
T h e se  a n im a ls ,  u n l ik e  t h y r o id e c to m i z e d  ones ,  possess  c o m p le te  C-cells a n d  
p a r a t h y r o i d  g lands .

W h e n  g o i t ro g e n ic  t r e a t m e n t  is a p p l ie d  we h a v e  to  re c k o n  w i th  t h e  d irec t  
p e r ip h e r a l  e ffec t  o f  t h e  d ru g .  I n  t h e  case o f  t h y r o p a r a t h y r o i d e c t o m y  t h e  m a jo r  
p a r t  o f  C-cells a n d  o f  t h e  p a r a t h y r o i d  s u b s t a n c e  is r e m o v e d .  C o n s e q u e n t ly ,  a 
d e g r a n u la t i o n  o f  t h e  a c id o p h i l ic  cells o f  t h e  a d e n o p h y p o p h y s i s  [6, 9, 16], d e 
c re ase  o f  g ro w th  a n d  o f  t h e  b lo o d  th y r o i d  h o r m o n e  leve ls  o ccu rs .  N e v e r th e le s s ,  
a m in i m u m  a m o u n t  o f  t h y r o i d  h o r m o n e  a lw a y s  p e r s is ts  in  t h e  c i r c u la t io n  [6]. 
T h e se  o b s e rv a t io n s  m a y  well e x p la in  th e  d if fe rences  in  g r o w th  r a t e  o f  t h e  tw o  
g ro u p s  o f  an im a ls .  A f t e r  su rg ica l  th y r o id e c to m y  t h e  e n d o c r in e  e q u i l ib r iu m  is
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s u d d e n l y  u p se t .  W e  s u p p o s e  t h a t  th i s  ch a n g e  in  t h e  e n d o c r in e  s y s t e m ,  w i th  th e  
s i m u l t a n e o u s  e le v a t io n  o f  T S H  p r o d u c t io n ,  m a y  also  h a v e  a s h a r e  in  t h e  in c re ase d  
m o b i l i z a t i o n  o f  g r o w th  h o r m o n e .  T h e  l a t t e r  p ro ce ss  m a y  r e s u l t  in  a d e g ra n u la -  
l i o n  o f  ac idoph il ic  cells . T h e  g r o w th  o b s e rv e d  a t  t h e  e n d  o f  t h e  f i f th  w eek  
a p p r o a c h e s  th e  c o n t ro l  v a l u e s ;  th i s  seem s to  b e  d u e  to  t h e  a d a p t a t i o n a l  effo rts  
o f  t h e  o rg an ism  a n d ,  in  a d d i t i o n ,  to  t h e  p e r s i s te n c e  o f  a  s l ig h t  a m o u n t  o f  
t h y r o i d  h o rm o n e  in  t h e  b lo o d  [6]. T h e  m in i m u m  h o r m o n e  le v e l  m a y  be s u f f i 
c i e n t  fo r  th e  p r o d u c t i o n  o f  a n  a m o u n t  o f  g r o w th  h o r m o n e  e n s u r in g  a n  a lm o s t  
n o r m a l  g ro w th  of  t h e  p r o x i m a l  t ib i a l  g r o w th  o r g a n  [1]. T h ia m a z o le  t r e a t m e n t  
e l i c i t e d  a co n s id e rab le  in c r e a s e  in  g r o w th  a t  t h e  e n d  o f  t h e  f i r s t  a n d  f i f th  
w e e k s .  T h e  changes  n o t e d  in  t h e  f i r s t  w ee k  se em  to  b e  l ik e w ise  e x p la in e d  b y  
t h e  in c re a s e d  m o b i l i z a t io n  o f  g r o w th  h o rm o n e .  I n c r e a s e d  g r o w t h  a t  th e  end  
o f  t h e  f i f t h  w eek  m a y  b e  i n t e r p r e t e d  as th e  r e s u l t  o f  h ig h e r  T C T  s e c re t io n  of  
t h e  C-cells o f  th e  t h y r o i d .  W uttice e t  al. [22] o b s e rv e d  in c re a s e d  a c t iv i t y  in  
t h e  t h y r o i d  C-cells a f t e r  g o i t r o g e n ic  t r e a t m e n t ,  a n d  th is  in c re a s e d  a c t iv i t iy  
m i g h t  b e  asso c ia te d  w i t h  T C T  s e c re t io n .  A c c o rd in g  í o T a r s o l y  a n d  B u c h e r [20],  
p r o l o n g e d  a d m in i s t r a t i o n  o f  T C T  leads  in  r a t s  t o  a p r o l i f e r a t i o n  o f  c h o n d r o c y te s  
in  t h e  p ro x im a l  t ib i a l  e p i p h y s e a l  ca r t i la g e  w h ic h  is t h e  m o r p h o lo g ic a l  s ign  of  
a c c e l e r a t e d  g ro w th .  T h e  a l t e r a t i o n s  b ec o m e  c o n s p ic u o u s  o n ly  a f t e r  se v era l  
w e e k s  t r e a tm e n t .

O u r  co n tro l  m e a s u r e m e n t s  a re  in  a g r e e m e n t  w i th  t h e  d a t a  in  t h e  l i t e r a 
t u r e ,  w h ic h  is a p r o o f  o f  t h e  u se fu ln e ss  o f  t h e  m e t h o d  e m p lo y e d .  T h e  re su l t s  o f  
m e a s u r e m e n t s  o b t a in e d  u n d e r  p a th o lo g ic a l  e n d o c r in e  c o n d i t io n s  m a y  se rve  
a s  b a s i s  for  s im ila r  i n v e s t ig a t io n s  o f  g r o w th  d y n a m ic s .  F o r  t h e  c la r i f ic a t io n  
o f  t h e  e x a c t  b a c k g r o u n d  o f  t h e  ch a n g es  o b s e rv e d ,  f u r t h e r  s tu d i e s  a re  r e q u ire d .
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D IE  W IR K U N G  D E R  T R IJO D T H Y R O N IN -(T 3) B E H A N D L U N G ,
D E R  T H Y  R E O P A  R AT H Y  R EDI I ) E K T O M IE  U N D  D E R  M E R K  А РТО  I MID  A S Ö L 

B E  H A N D L U N G  A U F  DAS E N C H O N D R A L E  K N O C H E N W A C H ST U M

II . U n te rsu ch u n g  de r W ac h stu m sd y n am ik  am  p ro x im a le n  W ach stu m so rg an  der T ib ia  ju n g er
R a tte n

G. LÉVAI, M. PETKÓ. S. VARGA, J. LACZKÓ und .1. GYARMATI jr.

Am p ro x im a len  W ach stu m so rg an  der T ib ia  ju n g e r  m än n lich er R a t te n  w u rd e  n ach  
T rijo d th y ro n in - u n d  M erk ap to im id aso n -B eh an d lu n g  sow ie nach  T h y reo id ek to in ie  das 24- 
S tu n d e n -W a ch s tu m  u n d  d ie L än g en v erän d eru n g en  de r T ib ia  u n te rsu c h t. U n te r  T r ijo d th y ro n in 
w irkung  sind  die am  p ro x im a len  W ach stu m so rg an  der T ib ia  am  E nde  der e rs ten  B eh an d lu n g s
woche im  2 4 -S tu n d en w ach stu m  e rm itte lte n  W erte  g e rin g er als die gleichen W erte  d e r K o n tro l l
i e r e ;  dem gegenüber sind  am  E n d e  der 3. u n d  5. B eh an d lu n g sw o ch e  die W erte  der V e rsu ch stie re  
g rößer als d ie jen igen  de r K o n tro llra tte n . Die T ib ia län g e  de r b e h an d e lte n  T iere ü b e rs te ig t zw ar 
e tw as die der K o n tro llen , doch  is t der U n tersch ied  n ic h t sig n ifik an t. U n te r  M erk ap to im id aso l- 
W irk u n g  bzw. nach  T h y reo id ek to in ie  ü b e rs te ig t der W e r t des im  p ro x im alen  W ac h stu m so rg an  
der T ib ia  gem essenen 2 4 -S tu n d en -W ach s tu m s in  de r R egel die K o n tro llw erte . Z u g le ich  is t 
die T ib ia län g e  im allgem einen  geringer als die K o n tro llw e rte , indessen  n ich t in  s ig n ifik a n tem  
A usm aß. Als E rk lä ru n g  fü r diese E rsch ein u n g  w erden  d ie  im  L aufe  der E ingriffe  e n ts ta n d e n e n  
horm onellen  V erän d e ru n g en  an g efü h rt.

Д Е Й С Т В И Е  Т Р И Й О Д Т И Р О Н И Н А  (T 3), М Е Р К А П Т О И М И Д А З О Л А  И 
Т И Р Е О П А Р А Т И Р Е Р О И Д Е К Т О М И И  НА ЭН Х О Н Д Р А Л Ь Н Ы Й  РО СТ К О С Т Е Й

II. Изучение динамики роста на проксимальном органе роста большеберцовой кости
молодых крыс

Г. ЛЕВАН, М. ПЕТКО. Ш. ВАРГА, Й . ЛАЦК О и Й. ДЯРМАТИ МЛ.

На молодых крысах-самцах после дачи трийодтиронина или меркаптоимидазола и 
после проведения тпреоидектомии, авторы изучали в проксимальном органе роста боль
шеберцовой кости размер роста, происходящего в течение сутки, и изменения длины боль
шеберцовой кости. Было установлено, что под влиянием дачи трийодтиронина суточный
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рост проксимального органа роста большеберцовой кости к концу первой недели опыта 
отстает от такового у контрольных животных, в то время как к концу третьей и пятой 
недели дачи препарата, величины подопытных животных превышают величины измерен
ные у контролей. Длина большеберцовой кости подопытных животных в незначительной 
мере превышает длину большеберцовой кости контроле!!, причем разница не явичины 
достоверной. Под влиянием дачи меркаптоимидазола или после тпреоидектомии величины 
суточного роста проксимального органа роста большеберцовой кости в общем превышают 
величины контрольных крыс. В то же время длина большеберцовой кости, как правило, 
отстает — хотя только в незначительной мере — от величин контрольных животных. Для 
объяснения этого явления авторы приводят гормональные условия, развивающиеся в ходе 
вмешательств.

D r .  G éza L évai 
D r .  M ih á ly  P etkó 
D r .  S á n d o r  Varga 
D r .  J e n ő  L aczkó 
D r .  J á n o s  G yarmati

D O T E  A n a tó m ia i ,  S zö v e t -  és F e j lő d é s ta n i  I n t é z e t  
4012 D e b re c e n  
P f .  14, H u n g a r y

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



Acta morphologica Acad. Sei. hung. 23 (4) pp. 271 281, 1975

In s t i tu te  of Forensic  M edicine, Sem m elw eis U n iv e rsity  Medical School, B u d a p e s t

SCANNING ELECTRON MICROSCOPIC INVESTIGATION 
OF THERMAL DAMAGE OF THE TEETH

L. H a r sá n y i

(R eceived  J a n u a ry  2, 1976)

Sound te e th  w ere h e a ted  to  200 °C and  1300 °C and th e  g ra d u a lly  develop ing  
m orphological changes have  been  s tu d ied . T he cem en tu m  s tru c tu re  w as d es tro y ed  a t 
a b o u t 500 °C, th e  enam el s tru c tu re  b e tw een  700 an d  900 °C, w hereas d e n tin e  p reserved  
its  can a licu la r s tru c tu re  even a f te r  th e  ino rg an ic  sa lts  had  m elted  a t  900° to  1000 °C. 
A t 1300 C th e  m in eral su b s tan ces o f th e  to o th  were m elting  in to  a ty p ic a l,  g lobu lar 
fo rm ations. S can n in g  e lectron  m icroscopic ex am in a tio n  of d en ta l re s id u es  d am aged  
by h igh te m p e ra tu re  seem s v a lu ab le  from  forensic, crim inological as well as a n th ro p o 
logical aspects, since th e  origin o f th e  fin d in g  can  be de term ined , from  a sm all frag m en t, 
th e  m ate ria l can  be id en tified  w ith  a to o th  and conclusions can be d ra w n  co n ce rn in g  the  
tem p e ra tu re  ind u cin g  th e  dam age.

T e e th  are  w e l l -k n o w n  to  re s is t  h ig h  t e m p e r a t u r e s .  E x a m i n a t i o n  of 
d e n t a l  res id u e s  m a y  b e  i m p o r t a n t  in  cases  w h e re  on  th e  bas is  o f  p a r t s  o f  co rpses ,  
h u m a n  re m a in s  f o u n d  a f t e r  a f i re ,  b la s t  o r  c o m b u s t io n  e x p e r t  o p in io n  
h a s  to  g iv en  c o n c e r n in g  t h e  o r ig in  o f  t h e  f in d in g ,  w e th e r  t h e  m a t e r i a l  w ou ld  
he  p a r t  o f  a t o o th ,  a n d  to  c la r i fy  t h e  c i r c u m s ta n c e s  o f  d e a th .  T h e r m a l  d a m a g e  
to  t h e  t e e t h  has  b e e n  in v e s t ig a te d ,  e x p e r im e n t a l l y  b y  a n u m b e r  o f  a u t h o r s  
a n d  t h e  e n s u in g  m o rp h o lo g ic a l  ch a n g e s  h a v e  b e e n  d esc r ib ed  in  d e t a i l  in  th e  
p e r t a in in g  l i t e r a tu r e  [1, 14, 15, 18, 19, 22, 24, 25, 28. 29, 32, 35, 4 3 —46, 48 ,  51, 
56 ] .  In  t h e  cou rse  o f  a n th ro p o lo g ic a l  s tu d ie s ,  e x p e r t  e x a m in a t io n  a n d  e v a lu 
a t io n  o f  sk e le ta l  a n d  d e n t a l  f in d in g s  o r ig in a t in g  from  u rn  b u r ia l s  p r o v id e d  
c o n s id e ra b le  h e lp  [2, 11, 12, 16, 17, 38].

E le c t r o n  m ic r o s c o p y  o f fe red  n e w  p o ss ib i l i t ie s  for th e  r e c o g n i t io n  o f  tee tl i  
b y  t r a n s m is s io n ,  re p l i c a ,  as well as s c a n n in g  (SE M ) te c h n iq u e s  [7— 10, 13, 20, 
23 ,  31, 36, 42, 50, 52].

S E M  was soon  in c lu d e d  a m o n g  t h e  e x a m in a t io n  m e th o d s  o f  fo rensic  
m e d ic in e ,  b y  i ts  a p p l i c a t io n ,  o b s e rv a t io n s  w ere  ca r r ie d  o u t  on  e l e c t r i c  c u r r e n t  
m a r k s ,  f ib r in  n e t w o r k  d e v e lo p in g  in  h a e m o r r h a g e s ,  w o u n d s ,  b o n e  in ju r i e s  [3 — 6], 
t h e  m a r k s  of  i n s t r u m e n t s  on  b o n e s  [21, 39, 40 ]  a n d  b i t e - m a r k s  [53].  I n  th e  
c r im in o lo g ic a l  m a r k - r e a d i n g ,  t r a s s o lo g y ,  p a r t i c u l a r  a t t e n t i o n  w a s  p a id  to 
m ic r o -m a rk s :  t e x t i l e  a n d  p la s t ic  f ib re s ,  d y e  g ra n u le s ,  l a c q u e r  f r a g m e n t s ,  m e ta l  
a n d  w o o d  p a r t ic le s ,  m in e r a l  g ra n u le s ,  h a i r ,  e tc .  [55].

T h e  p r e s e n t  p a p e r  r e p o r t s  on  a s t u d y  o f  t h e  t h e r m a l  d a m a g e  t o  t e e t h  b y  
S E M , a t e c h n iq u e  n o t  y e t  a p p l ie d  fo r  su c h  p o rposes .
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M a te r ia l  an d  m e th o d

F ro m  th e  fresh co rpses o f 35 to  45 years old m en  a n d  w om en  sound  incisor an d  p rem o lar 
t e e th  w ere  rem oved and  w e ighed  to g e th e r  w ith ad h erin g  sh re d s  o f soft tissue and  th e  d e n ta l 
p u lp . P rese rv in g  agen ts w ere  n o t  app lied . Four te e th  each  from  every  corpse fo rm ed  one 
e x p e r im e n ta l  group. T h erm al t r e a tm e n t  was carried  o u t in  a n  e lectric  incin e ra to r. T he te m p e ra 
tu r e  w as e levated  to 1300 °C in  s te p s  of 100 °C. E ach  g ro u p  re ac h ed  th e  ex p erim en ta l te m p e ra 
tu re  in  5 m inu tes; th e rm a l t r e a tm e n t  las ted  for fu r th e r  55 m in u te s .

T h e  te e th  rem oved fro m  th e  fu rn ace  were cooled a t  room  te m p e ra tu re  and w eighed again . 
T h e  lo ss in  w eight agreed w ell w i th  d a ta  in the  l ite ra tu re , a m o u n tin g  to  25 to  28%  a fte r  h ea tin g  
to  b e tw e e n  200 °C and 1300 °C [49 ]. A b o u t 66%  of th e  w e ig h t loss th e  m ajo r occurred  betw een  
200 °C a n d  1300 °C, owing to  d e h y d ra t io n  [35]. T he lo st w a te r  o rig in a ted  from  th e  a b o u t 10 to 
1 2 %  w a te r  co n ten t of d e n tin e  a n d  of th e  higher c o n te n t o f  th e  d e n ta l pulp . F u r th e r  w eigh t 
lo ss a m o u n tin g  to 5 to 8%  o f th e  in i t ia l  w eight occurred  b e tw ee n  300 °C and 1000 °C.

T h e  tee th  were f ir s t  o b se rv e d  by  a m agnify ing glass. A fte r  reg is te ring  the  gross p h en o m 
e n a , SE M  of sm aller f ra g m e n ts  w as perform ed. C o rresp o n d in g  to  th e  technical possib ilities 
o f o u r  e lec tro n  m icroscope, f ra g m e n ts  ab o u t 6 x 6 x 4  m m  in  size w ere exam ined. T he m ate ria l 
w a s  f ix e d  to  th e  holding p la te  w i th  E lek tro d ag  416 A cheson , C an ad a  adhesive. S team in g  was 
p e rfo rm e d  in 4 X 10“ 5 v a cu u m  b y  a  JE O L  J E E  4 .В ro ta t in g  device. N a carbon  layer has been 
a p p lie d ;  over the  surface of th e  m a te r ia l  an  abou t 30 n m  (300 Â) gold lay er was sp read . A scan 
n in g  ap p lian ce  m ounted  on a J E M  100B a p p ara tu s  w as u sed . F ro m  th e  enam el, d e n tin e  and 
c e m e n tu m  substance of each  t o o th  several specim ens w ere p re p a re d ; th e  e x te rn a l su rface  of 
th e  en am el. The bony su b s ta n c e  a n d  th e  frac tu re  surface  of d e n tin e  w ere stud ied . T he s tru c tu ra l  
c h a n g e s  o f th e  tee th  tre a te d  a t  id en tica l tem p e ra tu re s  w ere  in full agreem ent. T he F igu res 
d e m o n s tra te  specim ens o r ig in a tin g  from  th e  sam e to o th .

Results

A t  200 °C o n ly  c h a n g e s  in  co lour were  in d u c e d .

300 °C, 1 h r

Gross changes: C r o w n  a n d  ro o t  are  d a r k  g r e y i s h  b r o w n :  on  t h e  c ro w n  
s m a l l  crev ices  can  be  o b s e r v e d .  T h e  f ra c t io n  s u r f a c e  o f  d e n t in e  is l ig h t  g re y ish  
b r o w n  in  colour. T h e  e n a m e l  c a p  s t a r t s  to  pee l  o f f  in  so m e  places in  t h e  fo rm  
o f  s m a l l  crevices. T h e  c a v i t i e s  are  n o t  n a r r o w e d .

S E M  (Plate I )
A . Enamel. S m a l l  c r e v ic e s  can be seen ,  w h ic h  fo rm  no  n e tw o r k .  I n  th e  

a r e a s  b e tw e e n  th e  c re v ic e s  t h e  en a m e l  su r fa c e  is i n t a c t .
B. Dentine. T h e  s t r u c t u r e  is p rese rv e d .  T h e  tu b u l e s  h a v e  o p en e d  u p  h o r i 

z o n t a l l y  or  lo n g i tu d in a l ly ;  t h e i r  m o rp h o lo g y  is u n a f f e c te d .
C. D. Cementum. T h e  e v a p o r a t in g  w a te r  l if ts  t h e  c e m e n tu m  f ro m  d e n t in e ,  

“ v e s ic l e s ”  w i th  d i s r u p te d  w a l l s  a re  fo rm ed .  O n  t h e  d e n u d e d  su rface  t h e  t u b u l a r  
o r i f i c e s  can  be seen.

500 °C, 1 h r

Gross changes. T h e  e n a m e l  is g rey ,  t h e  r o o t  l ig h t  b r o n w is h -g r a y ,  th e  
f r a c t i o n  su rface  o f  d e n t i n e  d a r k  g rey ish -h la ck .  T h e  c ro w n  d isp lays  d ee p  lo n g i
t u d i n a l  fu rrow s,  a lm o s t  d i v i d i n g  i t  in to  s e v e ra l  p ie ce s .  T h e  p u lp  c h a m b e r  a n d  
t h e  r o o t  cana l  are  p r e s e r v e d  a n d  n o t  n a r ro w e d .
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P la te  I . 300 °C A. E n am el x 430 B. D en tine  x 3300 C. C em en tum  x 4 3 0  D. C em entum
X I 100

S E M  ( Piute I I )
A. B. Enamel. T h e  e n a m e l  s u b s t a n c e  is d iv id e d  b y  a deep  n e t w o r k  o f  

c re v ice s  in to  i r r e g u la r ,  m u l t i a n g u l a r  p la tes .
C. Dentine. T h e  s t r u c t u r e  is p re se rv e d .  T h e  o p e n  d e n t a l  ca n a l icu le s  a re  

n o t  n a r r o w e d ,  t h e i r  a n a to m i c a l  p ro p e r t ie s  c a n  e x c e l le n t ly  be  s tu d i e d .  A c c o rd 
in g  to  К о м о ш  [32] as well as F uruhata  a n d  Y amamoto [14] t h e  d e n t in e  
s t r u c t u r e  w o u ld  be  r e n d e r e d  in d is t in g u is h a b le  a t  500 °C. T h is  is a n  e r ro n e o u s  
s t a t e m e n t ,  due  o b v io u s ly  to  t h e  H irano  [24] m e t h o d  a p p l ie d  b y  th e s e  a u t h o r s :  
t h e y  e m b e d d e d  t h e  f r a g m e n t  in to  g e la t in  a n d  s t a i n e d  i t  w i th  fuchs in  to  o b t a in  
l ig h t  m ic roscop ic  p r e p a r a t i o n .  T h is  cou ld  n o t  su c c e e d  w i th  th e  c a lc in a te d ,  
b r i t t l e  m a te r ia l .  T h e  S E M  m e th o d  saves  t h e  b r i t t l e  s u b s t a n c e ,  in d u c e s  no 
c h a n g e s  on its  s u r fa c e  a n d  th is  will r e s u l t  in  b la m e le s s  p e r s is te n c e  o f  d e n t in e .

D. Cementum. T h e  lo n g  s u b s t a n c e  is a g g r e g a t e d  in to  la rg e  p la te s  d iv id e d  
b y  d e e p  fu rrow s.  T h e  s ing le  p o r t io n s  are  i r r e g u la r ly  m u l t i a n g u l a r  a n d  m e a s u r e  
a b o u t  30 to  60 /I in  d ia m e t e r .
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P la te  I I .  500 °C A. E n am el x 4 3 0  B. E n am el x llO O  C. D en tin e  хЗЗОО D . C em entum
X 430

7 0 0 °C, 1 h r

Gross changes. T h e  c r o w n  a n d  r o o t  a re  l ig h t  g re y ish -w h i te ,  t h e  d e n t in e  
is p a l e  g re y  in  co lour.  T h e  c ro w n  is b r o k e n  in to  f r a g m e n t s ,  in  s o m e  p a r t s  th e  
p u l p  c h a m b e r  a n d  t h e  r o o t  c a n a l  ca n  b e  rec o g n ize d  b u t  n a r ro w .

S E M  (Plate I I I )
A .  Enamel. I t  c o n s is ts  o f  f in e  g ra in e d  g ra n u le s ;  t h e  o r ig in a l  s u r fa c e  c a n n o t  

b e  re c o g n iz e d .
B. C. Dentine. T h e  d e n t i n e  t u b u le s  a re  s o m e w h a t  n a r r o w e d  b u t  ca n  be 

s t u d i e d  well. T he  h y p e r m i n e r a l i z e d  p e r i t u b u l a r  zone  d e s c r ib e d  b y  J o h a n sen  
a n d  P a rk s  [27] is a b o u t  0 .5  ц t h i c k ;  i t  c a n  b e  a g a in s t  t h e  e n v i r o n m e n t  a n d  
t h e  i n t e r t u b u l a r  d e n t in e  s u b s t a n c e  as a  s l ig h t ly  p r o m in e n t ,  d i f f e r e n t i a te d  
l a y e r .  O w in g  to  its  h ig h  s a l t  c o n t e n t  t h e  p e r i t u b u l a r  zone is m o re  h e a t - r e s i s t a n t  
t h a n  t h e  i n t e r tu b u la r  d e n t in e ,  w h ic h  c o n ta in s  m o re  o rg a n ic  m a te r i a l  a n d  w a te r .
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P la te  I I I .  700 °C A. E n am el x llO O  B. D en tin e  X 3300 C. D entine x l l . 0 0 0  D . Cemen-
tu m  x l l O O

D. Cementum. T he su rface f in e ly  gran u lar, th e  original s tru c tu r e  cannot 
be seen .

9 0 0 °C, 1 hr

Gross changes. Crown, root and d en tin e  are eq ually  lig h t, a lm o st  w hite . 
T h e crow n is broken in to  sm aller, th e  root in to  larger pieces; on th e  fragm en ts  
th e  narrow ed ca v ities  o f  th e to o th  can he recogn ized .

SEM (Plate IV)
A. Enamel. T h e en am el grains s ta r t  to  fuse; the stru ctu re  ca n n o t be 

recogn ized .
B. C. Dentine. T he stru ctu re can be s tu d ie d  w ell. The n arrow ed  d en tin e  

tu b u les  m easure 1.5 to  1.7 fi in  d iam eter; th e  orifices o f th e a n a sto m o se s  b e
tw een  tu b u les can n ot be seen , since th e  sa lts  h a v e  fused into sm o o th  f la t  p lates 
irregular in size and rounded  o ff  a t th e ir  m arg in s. The m eltin g  p o in t  o f  ap a tite  
(h y d ro x y -a p a tite , fran co lite , e tc .) , w hich  form s th e  bulk o f  th e  anorganic
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P la te  IV . 900 °C A. E n a m e l хЗЗОО В. D entine хЗЗОО C. D e n tin e  X 11000 D. C em en tu m
XllOO

su b sta n c e s  o f th e to o th  is , con sid erab ly  h igh er th a n  900 °C; e .g . K o c h  and  
S z t r o k a y  [30] e s tim a ted  it  a t 1550 to 1650 °C. H o w ev e r , in  addition  to  ca lciu m  
and phosp horus th e t o o th  co n ta in s a num ber o f  o th e r  elem ents e .g . sod iu m , 
p o ta ss iu m , chlorine, m a g n e siu m , copper, z in c , f lu o r in e  and iron or ig in a tin g  
from  organ ic su b sta n ces . T h ese  decrease th e  m e lt in g  tem perature o f  a p a tite .

Ü. Cementum. T h e su rfa ce  is granular p en e tr a te d  by deep and w id e  
crev ices; th e original s tr u c tu r e  is decom posed .

1 0 0 0 °C, 1 hr

Gross changes. C row n root and dentine are e q u a lly  p orce la in -w h ite; th e  
to o th  has broken up in to  p ieces; in the fragm en ts th e  narrow pulp ch am b er  
an d  th e  root canal can s l ig h t ly  be d istingu ish ed .

SE M  (Plate V)
A.  Enamel has liq u e f ie d  in to  sm ooth  p la tes w h ich  h ave lost their s tru ctu re .
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P la te  V. 1000 °C A. E n am el x  3300 B. D en tine  x l l O O C. D entine  x 3300 D. D en tin e
X 11,000 E . C em entum  Xl l OO

B. C. D. Dentine. The ch aracteristic  tu b u lar stru cture is still p reserv ed , 
b u t  under h igher pow er th e  su b sta n ce  is seen  to  h ave m elted  in to  m in u te  
pearls. The stru ctu re con sists o f  sm all g lob u les 0.1 o f  0.2 ц in d iam eter co n n ected  
lik e a str in g  o f  pearls. Such m icro-pearls h ave n o t been  reported  in th e  lite ra 
tu re. T h ey  differ from  th e “ b on e-p earls” o f  m acroscop ic size , form ed  on  the  
b on es o f  th e sk u ll and th e  ex trem ities  under th e  effec t o f  high v o lta g e  current 
at ab ou t 3000 °C to  4000  °C [26].

E. Cementum is seen  to  cover  th e d en tin e  as a h om ogen eou s, m elted  
u n con n ected  layer; in som e p laces th e  open orificies o f  th e  d en tin e  tu b u les  
can  be seen.

1 1 0 0  °C  1 h r

Gross changes. The to o th  is broken dow n in to  sm all fragm en ts p orce la in  
w h ite  in colour; on sin gle p ieces it  can be still recogn ized , w h eth er th e y  w ere  
p arts o f  th e  crow n or o f  th e  root. On the su rface deep large crevices are v is ib le ;
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P la te  V I. 1100 °C; 1300 °C A. D entine . 1100 °C x  3300 B. D en tine . 1100 °C x  11,000 
C. D en tin e . 1300 °C X3300 D. D e n tin e . 1300 °C X 11,000

th e  narrow  pulp ch am b er an d  root canal can  be ob served  on th e  corresp ond ing  
p ieces .

SEM (Plate VI)
T he original s tr u c tu r e  o f  enam el or ce m en tu m  can n ot be recogn ized ;  

th e  p ictu re is id en tica l w ith  th a t  seen after h e a t in g  at 1000 °C.
A. B. Dentine. T h e tu b u la r  structure is s t ill  recogn ized; th e  an astom oses  

an d  th e  parts o f th e  n arrow  tu b u les, can n ot b e d istin gu ish ed  since th e  su b 
s ta n c e  has liq u efied  an d  form ed  round p la te s  an d  granules o f u n even  size.

1 3 0 0 °C, 1 hr

Gross changes. T h e w h o le  tooth  is tra n sfo rm ed  in to  m in u te  sm ooth  
p orce la in -w h ite  fra g m en ts. S om e pieces can be recogn ized  as parts o f  th e  crown  
or th e  root. Their su rface is lik e  glass; crev ices c a n n o t he seen  on it. On larger  
p ieces th e  rem ains o f  th e  narrow ed  pulp ch a m b er and th e  root canal m a y  be 
su sp e c te d  in form o f  sm a ll id en tation s or o p en in g s.
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C. I). T h e original stru ctu re o f  the tissu es is d ecom p osed , th e  in organ ic  
sa lts h ave fused  in to  round form ations o f  v ariou s sizes.

Conclusions

1. SEM  is a m eth o d  e x c e llen tly  su ited  for th e  stu d y  o f  h ea t-d a m a g ed  
tee th . T heir p rep aration  p resen ts no d iff ic u lty  an d  th e sm all, b r ittle  p ieces  
are n ot dam aged  during prep aration .

2. T he hard tissu es o f  th e too th  are r e s is ta n t to  heat. D en tin e  w ill 
preserve for th e  lon gest t im e its original arch itectu re  which c ircu m stan ce  
depends on its  pecu liar stru ctu re d eterm in ed  b y  th e  tu b u les . The h yp erm in era l-  
ized p eritu bu lar zone has a con sid erable role in  th e  resistan ce o f d en tin e.

3. M elting o f  in organ ic crysta ls starts a t 9 0 0 °  to  1100°C  and n o t at 
th a t h igher m eltin g  p o in t o f  a p a tite . The d ecrease o f  the m eltin g  p o in t is one  
to th e p resence b esid e a p a tite  o f  o ther e lem en ts .

4. D esp ite  m eltin g , d en tin e  preserves its  ch aracter istic  tub ular stru ctu re  
up to  ab ou t 1 100°C . W hen th e  to o th  has been  d am aged  b y  such a h igh tem p e r
ature it can be still d eterm in ed  w hether th e  fra g m en t is o f  d en ta l orig in .

5. W hen th e to o th  has b een  exp osed  to  a tem p eratu re o f  1300 °C. or 
higher, it  ca n n o t be es ta b ilish ed , eith er m a cro sco p ica lly , or by SEM  w h eth er  
the fragm en t w as p art o f  a to o th .

6. T he gross ch aracteristics and the SEM  p ictu re  a llow  ex a c t con clu sion s  
concern ing th e  tem p era tu re in d u cin g  the d am age.

7. I t  seem s ad v isab le  to  ap p ly  th e  SEM  tec h n iq u e  in forensic and a n th ro 
pological ex a m in a tio n s  a fter  th e  d etection  o f  b u rn ed  fin d in gs.
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R A S T E R E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E R  T H E R M IS C H E N
SC H Ä D IG U N G  VO N  Z Ä H N E N

L. HARSÁNYI

Im  e lek trisch en  Ä scherofen  w u rd en  in ta k t  Z äh n e  e rh itz t ,  u n d  die zw ischen 200 °C u n d  
1300 °C a llm äh lich  e n ts te h e n d e n  V erän d e ru n g en  u n te r s u c h t .  Die ch a ra k te ris tisch e  S tru k tu r  
des Z a h n k itts  lö s t sich  bei e tw a  500 °C au f, im  Z ah n sch m elz  bei e tw a 700 — 900 °C, w ä h ren d  
das D e n tin  seine d u rc h  die Z ah n b e in k an ä lch en  g e p räg te , ä u ß e rs t ch a ra k te ris tisch e  S tru k tu r ,  
se lb st n ach  dem  S chm elzen  der ano rg an isch en  Salze (bei e tw a  900 —1000 °C), b e ib eh ie lt. Die 
m ineralischen  S toffe de r Z ähne schm elzen bei 1300 °C zu u n c h a ra k te ris tisch e n , ru n d lich en  
G eb in d en  ein. D ie ras te re lek tro n en m ik ro sk o p isch e  U n te rsu ch u n g  von  h itzeg esch äd ig ten  
G eb iß resten  is t v o n  g e rich tsm ed izin ischen , k rim in a lis tisc h en  u n d  an th ro p o lo g isch en  G esich ts
p u n k te n  g leicherw eise w ich tig , den n  sogar aus k le in en  F ra g m en ten  lä ß t sich der U rsp ru n g  des 
F u n d es  e rm itte ln  u n d  fe sts te llen , ob das u n te rsu c h te  M a te ria l ein Z ahn is t; fe rn e r k a n n  m an  
aus der A nalyse  des e rh a lte n e n  B ildes au f d ie d ie S chäd ig u n g  herb e ifü h ren d e  T e m p e ra tu r  
folgern.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ CKEH НИРО ВАННЕ ТЕРМИЧЕСКОГО
ПОВРЕЖДЕНИЯ ЗУБОВ

Л .  Х А Р Ш А Н Ь И

В электрической зольной печи автор нагревал недоврежденные зубы и изучал 
морфологические изменения, постепенно возникающие между 200° и 1300Т. В зубном 
цементе разложение характерной структуры происходит под влиянием температуры при
мерно в 500 C, в зубной эмали — после применения примерно 700°—900°С, в то время как 
дентин сохраняет свою очень характерную структуру, определенную дентинными каналь
цами, даже после применения 900°-- 1000°С, т. е. после расплавления неорганических со
лей. При температуре в 1300°С минеральные вещества зубов расплавляются в нехарактер
ные, кругловатые образования. Электронномикроскопическое скеннирование остатков 
зубного аппарата является важным как с судебномедицинской, так и с криминалисти
ческой и антропологической точек зрения, так как даже из небольших фрагментов можно 
выявить происхождение находки, определить, что исследованное вещество представляет 
собой зуб, а из анализа полученной картины можно сделать заключения о температуре, 
вызвавшей повреждение.

Dr. László H a r s Á n y i : Semmelweis O rv o s tu d o m á n y i  E g y e tem ,
Igazságügyi O rv o s tan i  In téze te ,  1450 B u d a p e s t ,  
Pf. 9. H u n g a ry
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A QUANTITATIVE HISTOLOGICAL METHOD FOR THE 
IDENTIFICATION OF A NUCLEUS IN THE BRAIN. 

THE PERIFORNICAL NUCLEUS

M. P alkovits

(R eceived J a n u a ry  6, 1976)

C y to arc h ite c to n ie  c h arac te riza tio n  of th e  h y p o th a la m ic  perifornieal n u c leu s in 
th e  r a t ,  has b een  a tte m p te d  by q u a n tita tiv e  h is to lo g ica l analysis. D a ta  a re  g iv en  on 
th e  vo lum e, cell n u m b ers  and  cell densities o f th e  nucleus. The applied m eth o d  p ro v e d  
su itab le  for th e  id e n tif ic a tio n  and clear se p a ra tio n  fro m  th e ir b ack round  o f  in d iv i
d ual b ra in  nuclei an d  fo r describing in ex ac t te rm s  th e  cellu lar he te ro g en e ity .

In troduc tion

A group of cells above and p a r t ly  a ro u n d  th e  column of the  fo rn ix  a t  
abou t th e  coronal level o f  th e  dorsomedial h y p o th a la m ic  nucleus has  been  
descr ibed  as nucleus perifornicalis (N PF) [6]. H ig h  concentrations o f  n e u ro 
t ra n s m i t te r s  and th e i r  re la ted  enzymes [2 — 4, 10, 14— 16] and in tense s ta in in g  
w ith  ace ty lcho lines terase  [8] and th ia m in e p y ro p h o sp h a ta se  [1] were fo u n d  
in th is  nucleus.

C ytoa rch itec ton ies  is largely based on su b jec t iv e  jud g m en ts  s u c h  as 
va r ia t ions  of  s ta in ing ,  or neuronal dens ity  in d iffe ren t  cell groups. S y s te m a t ic  
q u a n t i ta t iv e  analysis  is however, he requ ired  if  th e  nucleus does n o t  c learly  
s tan d  ou t  from its env irom en t,  and  such d a t a  are  essential to  gain  ex a c t  
num erica l  in fo rm a tio n  on cell num bers ,  sizes and  densities in a n y  region. 
For th e  knowledge o f  a nucleus it  is also im p o r ta n t  to  analyse the h o m o g e n e i ty  
of its cell p o p u la t io n .  I f  th e  nucleus p roves  to  be heterogeneous, f u r th e r  
analysis  is needed in  o rder  to  clarifity , w h e th e r  th e  different kinds o f  cells 
are m ixed  a t  ra n d o m  or w h e th e r  th e y  form s e p a ra te  subdivisions. The m e th o d  
described in th is  s tu d y  has  been applied to  th e  perifornieal nucleus h u t  i t  is 
easily a d ap tab le  to  a n y  o th e r  region of th e  b ra in .

Materials and m ethods

A d u lt r a t  (200 : 10 g) b ra in s  were fixed  by p e rfu s io n  wi t h  4%  form alin, and  e m b e d d ed  
in p a raffin . Serial sec tio n s o f 10 ftm  th ickness w ere s ta in e d  w ith  luxol fast blue a n d  cresy l 
vio let [7].
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General technical requirements o f  quantitative studies

Q u a n t i ta t iv e  histological analyses sh o u ld  com ply  with two basic  re q u ire 
m e n ts :  a) de te rm in a t io n  o f  shrinkage caused  b y  th e  h istotechnical p rocedures ;  
a n d ,  b) exac t  and  reproduc ib le  o rien ta t ion  o f  p lan e  of sectioning.

A d  a) Shrinkage is an  im p ro ta n t  f a c to r  even in linear m e a su re m e n ts  
(10— 30% ) and  increases in  q u ad ra t ic  o r  cub ic  ra te  in case o f  ca lcu la t ing  
fo r  surfaces  or volum es, a n d  thus  highly in f luences  the  results o b ta in e d  [12]. 
T o  es tab l ish  th e  ra te  o f  h is to techn ica l sh r in k a g e  two paralle l incisions of 
p re v io u s ly  de te rm ined  d is tance  were cu t  w i th  a fine knife and th is  d is tance  
w as  re -m easu red  on th e  m o u n te d  sections.

A d  b) The head of th e  anes the tized  r a t s  h a d  to  be fixed by  a s te reo tax ic  
in s t r u m e n t  and  th e  f ro n ta l  p lane of th e  sec t ions  was ad jus ted  w i th  th e  a id  of 
t h e  s te reo tax ic  in s t ru m e n t .  The b ra ins  w ere  inclined to  a 5° nose-dow n 
pos i t io n  of the  u p p e r  incisor ba r-b in au ra l  p la n e .  A coronal p lane of  “ o rig in"  
was c u t  th ro u g h  th e  pos te r io r  h y p o th a la m u s  b y  a transverse ly  o r ie n te d  knife 
m a n ip u la te d  by  th e  v e r t ica l  and t r a n s v e rs a l  m ovem ents  of th e  e lec trode  
c a r r ie r  o f  th e  s te reo tax ic  in s t ru m e n t .

Topographic  determination o f  the brain nuclei

T en  (im th ic k  seria l sections were c u t  a n d  samples were t a k e n  a t  70 pm- 
d is ta n c e s  (ca lcu la ted  for th e  living s ta te ) .  P ho to m ic ro g rap h s  of th e  c o r re sp o n d 
ing  sections and  con ta in ing  th e  whole h y p o th a la m u s  were superim posed  by  a 
r e c ta n g u la r  grid of lines ru n n in g  parallel w i th  an d  perpendicu lar  to  th e  m idline 
a t  d is tances  of  70 pm  (Figs 1 and 3). T h e  sides containing th e  sam e  areas 
w ere  p ro jec ted  b y  th e  aid of a Y isopan (R e ic h e r t )  miscroscope w i th  a square  
w in d o w  of th e  opaque  screen corresponding  to  th e  7 0 x 7 0  pm  o b jec t  d is tance  
fo r  all m agn if ica t ions  used. S ta r t in g  w ith  t h e  low est square b o rde r ing  th e  m id 
line ,  all neurones hav in g  visible and  focussab le  nucleoli were c o u n te d .  The 
n u m b e r  of  cells per  sq u a re  were classified in to  an  a rb i t ra ry  scale su b d iv id in g  
th e  sp a n  be tw een  th e  tw o  extrem es in to  fo u r  categories m arked  b y  d ifferen t 
sy m b o ls .  In  th e  resu lting  d iagram  the  nuclei o f  h igher  density  were th u s  sh a rp ly  
o u t l in e d  (Fig. 1).

Absolute number and density  o f  cells in  the bra in  nuclei

F rom  the  cell n u m b ers  on the  sections a n d  th e  volume of a n y  n u c leus ,  the 
a b so lu te  n u m b e r  of  cells in th is  nucleus c a n  be determ ined. T h is  requires 
a) th e  d e te rm in a t io n  of  th e  volum e; and  b) ca lcu la ting  the cell n u m b e r  per 
sec t io n  of  th e  nucleus investiga ted .
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Fig. 1. N eurone  densi ty  in the  h y p o th a la m u s  a t  the  peril'ornical nucleus level. 1. 0 — 4 cells/ 
sq u a re  (7 0 x 7 0 /< ) ;  2. 5 — 8 cells/square; 3. 9 — 12 cells/square; 4. more t h a n  12 cells/square

A d  a) The section surface  areas m ult ip l ied  b y  the  d is tances  be tw een  
sections give th e  vo lum e of th e  nucleus. The section surfaces were m easu red  
w ith  a p lan im eter ,  ta k in g  in to  considera tion  th e  q u ad ra t ic  shr inkage .

A d  b) The cell d e n s i ty  of th e  nucleus can  be ca lcu la ted  from  coun ting  
o f  cells in th e  section surfaces and  m easuring  th e  section surface areas. I t  is 
im p o r ta n t  to  express cell d ens i ty  in section vo lum e instead  of  d e n s i ty  in sec
t io n  surface. The vo lum e o f  th e  sections is ca lcu la ted  by  m u lt ip ly in g  th e  sec
t io n  surface  area w ith  th e  section th ickness using a correction  fac to r .  The 
F l o d e r u s  [5] correction  seems to  be m ost su i tab le  for the  purpose  [12, 13]. 
F o r  th is  knowledge of th e  average  d iam eter  o f  th e  nuclei (usually  100 m e a su re 
m en ts  are  sufficient for i ts  de te rm ina tion )  a n d  the  d iam ete r  o f  a n u c lea r  cap 
t h a t  would  be still recognized as a nucleus, is indispensable . On th e  basis of 
section  vo lum e, cell n u m b e r  per  sections, and  to ta l  nucleus vo lum e, th e  to ta l  
cell n u m b e r  is de te rm ined  by  em ploying  rule o f  three .
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Dot diagram method fo r  separation  o f  different brain nuclei and their subdivisions

T he principle of  th e  d o t  d iagram  [11, 13] m e th o d  is as follows. E ach  
cell nucleus corresponds to  one do t in a co o rd in a te ;  different ty p es  of cell 
sh o w  differences in size a n d  shape of th e ir  nuclei. Longest and b isecting  pe r
p e n d ic u la r  short  d iam e te rs  o f  cell nuclei were m easu red  using a pro jec tion  
m icroscope with X 3000 m agnif ica t ion . Choice of  the  coord inate  depends on

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 log V

F ig .  2.  D o t  diagrams of t h e  cell nuclei of the  perifo rn ica l  nuc leus (500 m easu rem en ts  each). 
A  )  L o n g itu d in a l  (L) a n d  s h o r t ,  per ipendicu lar  (B) b isectors  of cell nuclei of th e  tw o  coor
d in a te s ;  B )  e longation (E )  o f  cell nuclei (quo t ien t  of long  a n d  shor t  d iam eter)  a n d  th e  loga
r i th m ic  classes of the  nuc lea r  v o lu m e  (log. У) on  th e  tw o  coordina tes .  D ind ica tes  neurones 
h a v in g  large  spherical nuclei w h ic h  appear  as densely p a c k e d  clouds, well se p a ra ted  from  the

do ts  of  the o ther  cell nucle i

t h e  o b jec t  under in v es t ig a t io n .  The sim plest w a y  is to  p lo t d iam eters  on the  
tw o  coord inate  axes (Fig. 2A). Direct ind ica tion  o f  th e  size (nuclear vo lum e =  v) 
a n d  sh ap e  (elongation (E) o f  th e  nuclei =  a q u o t ie n t  o f  th e  long (L) a n d  short  
(B) d iam eter)  of cell nucle i  on the  coordinates (Fig. 2B) proved  to  be a b e t te r  
in d e x  th a n  the  d iam e te rs .  (Nuclear volum e is o b ta in ed  from a tab le  based 
on th e  formula: v  =  7t/6 ■ L B 2.) Dots re p re se n t in g  300 — 500 cell nuclei are 
e i th e r  d is tr ibu ted  h o m o g en eo u s ly  or in va r ious  groups of d ifferent packing  
densit ies  depending on th e  cell types in th e  a rea  inves tiga ted .

T he  cell nuclei w ere  a g a in  m easured  b y  scan n in g  7 0 x 7 0  /.mi squares  and 
reco rd in g  in a dot d ia g ra m .T h e  small and  th e  large , the round  and  the  e longated  
cell nuclei became s e p a r a te d  by  indica ting  th e m  w ith  four different symbols 
on th e  d iagram  of th e  h y p o th a la m u s  (Fig. 3). T h u s  we can  ascer ta in  w h e th e r
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111 IS2 №з Mi,
Fig. 3. D ifferent ty p es  of cell in the  h y p o th a la m u s  a t  the  perifornical nuc leus  level.  1. Cells 
hav ing  small ,  ro u n d  nuclei; 2. cells h av ing  small ,  e longa ted  nuclei; 3. cells h a v in g  large ,  e longa t

ed nuclei; 4. cells h a v in g  large,  round  nuclei

any  given nucleus is hom ogeneous or is m ad e  up of various subd iv is ions .  I f  
the  cell p opu la t ion  is heterogeneous, 300— 500 cell nuclei have  to  be used for 
a sum m arized  do t  d iagram . In  th is  case even  the  percen tual p ro p o r t io n  of the  
d ifferent cell ty p es  m a y  be calcu la ted .

D a ta  concerning the  perifornical nucleus (volume, densi ty ,  cell num bers)  
have  been ca lcu la ted  from d a ta  of  8 an im als  (mean ^  S. E. M.).

Results

The perifornical nucleus is loca ted  in  th e  middle th ird  of  th e  h y p o th a la m u s  
m ain ly  dorsally  and s ligh tly  m edia lly  to  th e  fornix (Fig. 4). The n uc leus  ex tends  
for 10 0 0 —1100 pm  len g th  in th e  ro s tro -cau d a l  direction; u sua lly  b e tw een  the  
d is tance  of  2400 pm  an d  3300 pm  c a u d a l ly  from the  b regm a of a 200 g ra t .  
The size of th e  nucleus (bo th  sides) ca lcu la ted  for the  living s t a t e  was found 
to  be 0.315 ^  0.0148 m m 3. N eurona l  d en s i ty  was 21684.9 /m m 3, th e  to ta l  
n u m b e r  of neurones 6830.5 j 95.6.
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Fig. 4. T opography  of th e  p e r ifo rn ica l  nucleus (N P F ) .  A b b r . :  F  — fornix; FMT — fasciculus 
m am m il lo tha lam icus;  PM — p e d u n c u lu s  mammillaris;  NVM — nucleus ventromedialis;  N A  — 
nuc leu s  a rcua tus ;  NM — m a m m il l a r y  body, CO — optic  c h ia sm a .  A )  F ron ta l  plane section, 
haem atoxylin -eosin ,  x 3 4 ;  B )  l u x o l  fas t  blue a n d  c resy lv io le t  s ta in ing.  x6 8 0 ;  C)  s a g i t ta l  
p lane  section, luxol fast  b lue  a n d  cresylviolet.  x 2 0 ;  D )  N P F  f ro m  Fig. 4C, under  h igh  power

(  X 200)

W ith  the  aid o f  th e  d o t  diagrams tw o ty p e s  o f  cell could be s e p a ra te d  
(Fig. 2). The d is tr ibu tion  o f  sm all  and m edium -size cell nuclei on the  e longation- 
vo lu m e  diagram  (Fig. 2B) h in ts  a t the possib ili ty  o f  a th i rd  type  of cell, which 
w ould  he smaller and m o re  e longa ted  th an  th e  tw o  o th e r  types.

Par t ia l  d is tr ibu tion  o f  th e  cell hav ing  large , spheric  nuclei (D-cells on 
th e  d o t  diagram) reached  2 9 .2 %  of the to ta l  n u m b e r  of  N P F  cells; th e i r  
a v e rag e  n um ber  was 1994.5; and  their  d ens i ty ,  6332 .6 /m m 3. The p e r ik a ry a  
o f  th e se  cells are large a n d  s ta in  intensely w ith  c resy l v io le t  (Figs 4A a n d  4B). 
A l th o u g h  th e  perifornical nuc leus  contains d if fe ren t  ty p e s  of cells, i t  c a n n o t  
be se p a ra te d  in to  su b d iv is io n s  because th e  v a r io u s  cell types are a r ran g ed  
diffuse ly  (Fig. 3). D is t r ib u t io n  of  the  cells is no t  abso lu te ly  homogeneous, as 
t h e  D cells are loca ted  m a in ly  in the  oral p a r t  o f  t h e  nucleus and the ir  p a r t i c i 
p a t io n  in the  nucleus declines  in the caudal d irec t io n  (Fig. 5). The num erica l  
d is t r ib u t io n  of D-cells in  a  150 /лп th ick  sec tion  in  oro-caudal d irection was 
4 0 .0 % ,  32.7% , 33 .0% , 3 2 .7 % ,  24.7% , and 12 .0% .
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log V

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 log V 2.1 2.2 2.3 2.4 25 2.6 2.7 2.8 29 log V

2.1 2.2 2.3 Z4 2.5 2.6 2.7 2.8 2.9 log V 2.1 2.2 2.3 2.4 2.5 26 2.7 2.8 29 log V

Fig.  5. D ot d iag ram s (e lo n g a tio n  E  nuclear vo lum e in  lo g arith m ic  classes — Log. V) o f 
N P F  from  vario u s ro s tro -ca d u a l po rtions of the  nucleus (300 m easu rem en ts each. D -cells a re  
sh aded . A )  D o ts from  N P F  cells loca ted  rostra l to  th e  2500 /t (b reg m a level =  0): B )  sam p les 
from  th e  N P F  be tw een  2500 an d  2650 fi; C)  2 6 5 0 -2 8 0 0  f i;  D )  2 8 0 0 - 2 9 5 0 / í ; E )  2 9 5 0 -3 1 0 0  f i;

F )  caudal to th e  3100 fi

Discussion

N uclei are c ircum scribed  areas of th e  b ra in  w here th e  density  o f  cells is 
generally  h igher th a n  th a t  is in th e  su rro u n d in g  a reas. Id en tifica tio n  o f  b ra in  
nuclei is based  tra d itio n a lly  on sub jec tive  im p ressio n . N um erical d e te rm in a 
tio n  of th e  cell d en sity  p roved  to  be a su itab le  m e th o d  for the  d e lin ea tio n  o f  
specific  regions o f the  b ra in  on th e  basis o f  m ore  exact crite ria . T he b ra in  
nuclei and  areas could be sep a ra ted  acco rd ing  to  differences in d e n s ity  o f  
th e ir  cells.

N uclei are e ith e r  hom ogeneous or h e te ro g en eo u s. I f  th ey  are h e te ro 
geneous th e  cell ty p es are  arranged  diffusely like in th e  perifornical n u c leu s ,
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o r  c a n  be separa ted  in to  subdivisions (v en trom ed ia l  or dorsom edia l  nuclei, 
see F ig .  IB). Different ty p e s  of cells d isp lay  differences in th e  size a n d  shape 
o f  t h e i r  nuclei.

A lthough  the  nucleus perifornicalis was described in th e  r a t  n e a r ly  50 
y e a rs  ago [6], its correct to p o g ra p h y  a n d  borders  as well as its  q u a n t i t a t iv e  
p a r a m e te r s  (size, cell d ens i ty ,  cell n u m b e r ,  cell types) have n o t  b een  d e te r 
m in e d  previously . The do t  d iagram s a n d  m a in ly  the  e longa tion-vo lum e d ia 
g ra m  h a v e  proved  su itab le  for th e  d e m o n s t ra t io n  of the  h e te ro g en e i ty  of  the  
n u c leu s .  A bout one th i rd  of  th e  neu rones ,  rep resen t  a ty p e  of  periforn ica l 
cells, ro u g h ly  2000 cells p e r  an im al,  t h a t  differ significantly  from  th e  o ther  
cell ty p e s  w ithou t ,  how ever,  m ak in g  a s e p a ra te  subnucleus.

The physiological importance of the nucleus perifornicalis is unknown. 
Recent studies (P a l k o v it s , deJoNG, Szalay  and deWiED, in preparation) 
point to its role in salt and water balance; it may even correspond to the so- 
called “drinking center” [9, 17].
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Q U A N T IT A T IV E S  H IS T O L O G IS C H E S  V E R F A H R E N  Z U R  I D E N T I F I K A T I O N  
D E R  Z E L L G R U P P E N  D E S Z E N T R A L N E R V E N S Y S T E M S .

N U C L E U S P E R I F O R N IC A L IS

M. PALKOVITS

Die genaue Z y to a rc h i t e k tu r  des Nucleus perifornicalis  wurde m it te ls  q u a n t i t a t iv e r  
histologischer Analyse e rm i t te l t  und  über  das V o lum en  des Zellkerns,  die Zellzahl u n d  die 
Zelldichte w urden  A n g a b en  m itgete ilt .  Die M ethode  l ä ß t  sich zur Iden ti f iz ie rung  der Kerne  
des Z en tra ln e rv en sy s tem s sowie zu ihrer Iso lierung von  der U m gehung  allgemein  verwenden,  
u n d  sie ist auch zur C ha rak te r is ie rung  gemischter  Z e l lpopula tionen  geeignet.

КОЛИЧЕСТВЕННЫЙ ГИСТОЛОГИЧЕСКИЙ МЕТОД ДЛЯ ИДЕНТИФИКАЦИИ 
КЛЕТОЧНЫХ ГРУПП ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ. 

Н У К Л Е У С  П Е Р И Ф О Р Н И К А Л И С

М. ПАЛКОВИЧ

Методом количественного гистологического анализа была установлена точная 
цитоархитектоника N ucleus  perifornicalis . Сообщаются данные объема клеточного ядра, а 
также числа и густоты клеток. Метод пригоден для идентификации ядер центральной 
нервной системы, как и для их точного обособления от окружности, и применим также для 
характеристики смешанных клеточных популяций.

D r.  Miklós P a l k o v i t s ; S em m elw eis  O r v o s t u d o m á n y i  E g y e te m ,
1. A n a tó m ia i  I n t é z e t e
1450 B u d a p e s t ,  P f.  95, H u n g a r y
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SPONTANEOUS REVERSIBILITY OF ADVANCED TOXIC
LIVER CIRRHOSIS

T. M a r o s , L. S e r e s -S t u r m , O. L a k a t o s , M a g d a  T. S e r e s -St u r m

and V. B lAZSEK 

(Received Decem ber  23. 1974)

T h e  sp o n ta n eo u s  res to ra t ion  of liver c ir rhosis  induced by 6 and  9 m o n th  CCI, 
t r e a tm e n t  has been  stud ied .  The  O H -pro line  c o n te n t  of the  liver s t ro m a ,  t h e  D N A  
c o n ten t  of  th e  p a ren c h y m a ,  and  the  Со/ D N A  ra t io  were determined. O b s e rv a t io n s  
las ted  for 4 m o n th s  a f te r  completion  of t r e a tm e n t .

Cirrhosis developed  after  6 m o n th ,  CCI, a d m in is t ra t io n  was revers ib le  in 3 — 4 
m o n th s  a f te r  th e  d iscon tinua tion  of t r a t m e n t ;  th e  no rm al  s troma p a r e n c h y m a  ra t io n  
had  g radually  norm alized .

Nine m o n th  t r e a tm e n t  exhaus ted  th e  c ap a c i ty  of the  s trom a for sp o n ta n eo u s  
recovery  and  the  p a ren c h y m a  regenerated  to  a lesser ex ten t .  Fibrosis re m a in e d  p ra c t i 
cally irreversible  4 m o n th s  a f te r  CCI, a d m in is t ra t io n .

U n d e r  e x p e r im e n t a l  c o n d i t io n s  t h e  s p o n ta n e o u s  r e v e rs ib i l i ty  o f  l ive r  
c ir rhos is  m a y  he e s t i m a t e d  b y  d i f fe re n t  c r i t e r i a .  S t ru c tu r a l  a n d  f u n c t i o n a l  
r e c o v e r y  o f  t h e  l iv e r  m a y  t a k e  som e w ee k s  to  so m e  m o n th s .

Materials and m ethods

In the e x p er im en ts  r a t s  of e ither sex, weighing 150 g were used, liver c ir rhos is  was 
induced by the  su b cu tan e o u s  ad m in is t ra t io n  of 0.1 0.2 ml per 100 g of CCI, in sun f low er  oil.
The  surviv ing an im als  were d ivided into two groups.

1. The  firs t  group  comprising  40 animals rece ived  45 doses of CCI, d u r in g  6 m on th s .  
Ten of these anim als  (g roup  M l )  served as controls a n d  were killed on the last day  o f  t r e a tm e n t .  
The res t  was sacrificed 1.5 m o n th s  (subgroup I /a) ,  3 m o n th s  (subgroup I I /a )  a n d  4 m o n th s  
(subgroup  11 I/a) later.

2. The  second group  consisted of 39 anim als .  T h ey  received 75 doses o f  CCI, in the  
course of 9 m on ths .  15 an im als  were killed on the  las t  d a y  of t rea tm e n t  and served as con tro ls  
(group M 2). The  rem a in in g  anim als  were killed in g roups  of 12 three  m on ths  ( su b g ro u p  11 b) 
and  4 m o n th s  (subgroup  I H /b )  after  t r ea tm e n t .

Specimens were f ixed  in neu tra l  formalin (1 : 9), f ix ed  in cooled 80% alcohol a n d  C a rn o y ’s 
solution, em bedded  in pa raff in  and sectioned w ith  a freez ing  microtome. Sections were s ta ined 
w ith  h a em ato x y l in -eo s in ,  S u d an  I I I .  van  Gieson, a n d  Székely Goldner’s t r ic h ro m e  dye. 
The  liver s t ro m a  and  p a ren c h y m a  were exam ined  by  scan n in g  electron microscopy. Q u a n t i t a 
tion of collagen was m ad e  on the  basis of OH-proline  c o n te n t  [9. 2]. DNA was e s t im a te d  spec tro- 
pho tom etr ica l ly  using d iphenylam ine .  Calculations were m ade  by means of Agrel l’s form ula .
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Results
Morphology of the liver

Group M l  (control). T y p ic a l  m a c r o n o d u l a r  c irrhosis ,  th e  l o b u la r  a r c h i 
t e c t u r e  is d i s in te g r a t e d ,  se v e re  d y s t r o p h ic  le s io n s ,  m u l t ip le  n e c ro t ic  foc i ,  n e w  
b ile  c a n a c u l i  w i th  m a r k e d  d if fuse  s e p ta l  a n d  p e r ih e p a to c e l lu la r  f ib ro s is  w i th  
s e v e r a l  p se u d o lo b u l i  a re  n o te d .  T h e  th r e e  d im e n s io n a l  m ode l d e m o n s t r a t e s  a 
b l u r r e d  n e t w o r k  o f  ro u g h  f ib ro u s  s e p t a  b r e a k i n g  u p  th e  p a r e n c h y m a  in to  
i r r e g u l a r  f r a g m e n t s  (F igs  l /а  a n d  1/b).

Subgroup l /а. S ix  w eeks  a f t e r  th e  e n d  o f  CCI, t r e a t m e n t  th e  l iv e r  r e g a in s  
i t s  o r ig in a l  s m o o th  su r fa ce .  T h e  lo b u la r  a r c h i t e c t u r e  is m o d e r a te l y  d i s t o r t e d ,  
d y s t r o p h i c  s igns a n d  d i s s e m in a te d  n ec roses  a r e  d e te c ta b le  on ly  in  t h e  c e n t r e  
o f  lo b u l i .  T h e  n u m b e r  o f  n ew  bile  ca n a c u l i  is d e c r e a s e d .  T he  p e r ic e l lu la r  f ib ro s is  
h a s  d i s a p p e a r e d ,  t h e  in t e r lo b u la r  s e p ta  a re  f r a g m e n t e d .  T he  th r e e  d im e n s io n a l  
p i c t u r e  r e v e a ls  a  g e n e ra l  d ec rease  o f  f ib ro s is  w i th  an  overa ll  t h i n n i n g  a n d  
r e o r g a n iz a t io n  o f  c o n n e c t iv e  t i s su e  s e p ta  t o w a r d  th e  in te r lo b u la r  a re a .

Subgroup Ilia.  R e g e n e r a t io n  is c o m p le t e  3 m o n th s  a f te r  t h e  e n d  o f  CC14 
t r e a t m e n t .  I n  t h e  p o r t a l  reg io n s  so m e r e s id u a l  f ib ro s is  is sti ll  d e t e c ta b l e .

Subgroup IH/a.  T h e  l iv e r  p r e s e n ts  a  n o r m a l  m ic roscop ic  p ic tu r e  t h e  p e r i 
p o r t a l  c o n n e c t iv e  t i s su e  does  n o t  exceed  t h e  u s u a l  l im it .

Group М 2  (control). T y p ic a l  m a c r o n o d u l a r  c i r rhosis ;  in  11 o f  15 r a t s  
i t  is a s s o c ia te d  w i th  asc i tes .  T y p e  a n d  g r a v i t y  o f  t h e  h e p a to c e l lu la r  le s ions  a re  
m o r e  d i s t i n c t  b u t  c o r r e s p o n d  to  th o s e  d e s c r ib e d  fo r  g roup  M 1. S e p ta l  f ib ro s is  
d iv id e s  t h e  p s e u d o lo b u l i  in to  f u r th e r  f r a g m e n t s ,  in  th e  s e p ta  p o o r  in  cells 
s e v e r a l  vesse ls  ca n  b e  seen .  T h e  th r e e  d im e n s io n a l  m ode l d e m o n s t r a t e s  t h e  
m a n y  c o n n e c t iv e  t i s su e  l a b y r i n th s  (F igs 3 /a  a n d  3/b) .

Subgroup Il/b.  T h e  p i c tu r e  o f  m a c r o n o d u l a r  cirrhosis  is u n c h a n g e d  3 
m o n t h s  a f t e r  ce as in g  th e  CC14 t r e a t m e n t .  T h e  lo b u l a r  a r c h i te c tu r e  is d i s o r g a n i z 
ed ,  t h e r e  a re  m a n y  r e g e n e r a te d  h e p a to c y te s  t h o u g h  d y s t r o p h ic  ones a lso  o c c u r .  
T h e  s e p t a l  a n d  p e r ic e l lu la r  f ib ro s is  show s t h e  s a m e  c h a ra c te r is t i c  as in  g r o u p  
M 2, b u t  t h e  s e p t a l  f r a g m e n t a t i o n  is a b s e n t .  T h e  sc a n n in g  e le c t ro n  m i c r o 
sc o p ic  p i c t u r e  o f  t h e  s t r o m a  is s im i la r  to  t h a t  n o t e d  in  g roup  M 2.

Subgroup I ll /b.  T h e  c i r rhos is  is u n c h a n g e d  4 m o n th  a f te r  s t o p p i n g  t h e  
t r e a t m e n t .  N o a sc i te s  is seen .  T h e  p ic tu r e  o f  t h e  p a r e n c h y m a  c o r r e s p o n d s  to  
t h a t  f o u n d  a f t e r  3 m o n th ,  b u t  th e r e  a re  less n e w ly  fo rm e d  bile c a n a c u l i .  F i b r o 
sis s u r r o u n d i n g  t h e  h e p a to c y te s  is less d i s t i n c t  t h a n  in  s u b g ro u p  I l / b .  T h e  
i n t r a l o b u l a r  s e p t a  a re  s p o r a d ic a l ly  f r a g m e n t e d  a n d  to r tu o u s .  T h e  r a t i o  o f  f i b r o 
sis a n d  o f  p se u d o lo b u l i  is s im i la r  as in  t h e  p r e v io u s  p h a s e .  T h e  th r e e d im e n s io n a l  
m o d e l  c le a r ly  v isua l izes  t h e  s inus-l ike ,  o c c a s io n a l ly  in t e r r u p te d  c o u rse  o f  t h e  
c o n n e c t iv e  t i s su e  s e p ta .

T a b l e  I  co m p rise s  t h e  re su l t s  o f  b io c h e m ic a l  m e a s u re m e n ts .
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Fig. l /а. Liver cirrhosis a f te r  6 m onths  CCI, t r e a tm e n t  Szekely-Goldner’s t r ic h ro m e  x 87

Fig. l/b. Three-dim ensional  recons truc t ion  of h y p e rp la s t ic  connective  t issue in 6 m onths
old cirrhosis

Ada Morphologica Academiae Scienliarum Hungaricae 23, 797.»
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Fig.  2 /a .  R a t  liver after 6 m o n th s  o f  CCI, t r e a tm e n t  a t  1.5 m o n th s  following in te r ru p t io n  
of the  t r e a tm e n t .  Székely-Goldner’s t r ich rom e.  X 87

T ig. 2/b. Three-dimensional r e c o n s t ru c t io n  of connective  t is sue  of cirrhotic  an im al  t re a te d  
with CCI, for 6 m o n th s ;  a t  1.5 m onths  a f te r  th e  end  of t r e a tm e n t
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3/a. Advanced liver c irrhosis af te r  9 m onths  CCI, t r e a tm e n t .  Székely-Goldner’s tr ichrome.
X 87

3/b. Three-dimensional reco n s tru c t io n  of connective  tissue in 9 m o n th s  l iver cirrhosis

Ada Morphologien Acndemiae Scientiarum Hungaricae 23. 1975
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Fig. 4 /a .  R a t  liver t rea ted  for 9 m o n th s  with CCI,: 4 m o n th s  a f te r  the  end of t re a tm e n t .  
Szék e ly -G o ld n er’s t r ichrom e s ta in in g  x 8 7

Fig. 4/b. Three-dimensional r e c o n s t ru c t io n  of hepatic  connec tive  t issue of cirrhotic  a n im al,  t r e a t 
ed with CCI, for  9 m o n th s ;  4 m onths a f te r  t h e  end of t rea tm e n t

Acta IWorphologica Academiae Scientiarurn Hungaricae 23, 1975
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Tabic I

Figures in brackets show m in im um  and m a x im u m  values in the respective groups; l \  means 
significance versus healthy controls and P,, versus groups  M , and  Л/ ,

Collagen (m g/100 g liver) DNA (mg/100 g liver) Co

Sx P x i  Sx P DNA

H ealthy 12 211 .3+  8.5 — 344.5 +  13.8 — 0.6

Group M , 10 449.0 +  12 - 37 7 .0 +  7.8 - 1.2
tn

Л Subgroup 10 359.6 +  11 T>, 0.001 359.0+10.7 P, 0.90 1.2
a I / a P„ 0.05

"o 2 “
Subgroup 10 262.0+14.2 P ,  0.40 N ot  deter- — —

.2  о1м I I / a P,, 0.01 mined

Subgroup 10 198.4+  8.0 P ,  0.90 3 3 1 .0 +  7.5 P, 0.90 0.6
11 t/a P ,  0.001 P.. 0.40

Group M„ 15 713.6 +  22.1 — 28 8 .5 +  8.4 _ 2.4
■J. (640 -  876)

«4M Г\
© c Subgroup 12 652.8 +  52.2 P„ 0.30 345.0 +  14.1 P., 0.01 1.8

I I / b ( 4 0 8 -8 2 0 )
'E  onV Subgroup 12 627.2 +  31.7 l \ ,  0.10 321 .0+  9.7 P., 0.01 1.8
CTj I I I / b (480 770)

D iscussion

T h e  t im e  n e e d e d  for th e  i n d u c t io n  o f  i r re v e r s ib le  cirrhosis  b y  CCI , t r e a t 
m e n t  ra n g e s  f ro m  6 to  9 w eeks a c c o r d in g  to  so m e  a u t h o r s  [13— 15, 17] w hile  
o th e r s  p u t  i t  a t  3 to  5 m o n th s  [4, 6].

T h e se  d a t a  a re  n o t  re l iab le  n o t  o n ly  for  t h e  f ew  e x p e r im e n ts  m a d e  b u t  for 
t h e  s h o r t  p e r io d  (2— 3 weeks) t h a t  e l a p s e d  f ro m  t h e  en d  of  th e  t r e a t m e n t  to  
th e  t im e  o f  e x a m in a t io n .  O lsso n  [10] a n d  B e n g m a r k  a n d  O ls so n  [3] c o n 
s id e ra b ly  c o n t r i b u t e d  to  th e  b e t t e r  u n d e r s t a n d i n g  o f  th e  p ro b le m ;  t h e y  f o u n d  
t h a t  e v e n  a n  8 m o n t h  ch ro n ic  CCI, a d m i n i s t r a t i o n  does n o t  exceed  t h e  t h r e s h 
old o f  s p o n ta n e o u s  r e v e rs ib i l i ty .

I n  o u r  e x p e r im e n t s  t h e  t r e a t m e n t  l a s te d  fo r  24 to  36 w eeks ,  w i th  45 
a n d  75 doses r e sp e c t iv e ly .  T hese  v a lu e s  fo r  b o t h  t h e  d u r a t i o n  o f  t r e a t m e n t  a n d  
th e  n u m b e r  o f  doses a p p l ied  are  m u c h  h ig h e r  t h a n  t h e  140 d ay s  l im it  o f  r e v e r 
s ib i l i ty  c o n s id e re d  b y  se v e ra l  a u th o r s .

S ix  m o n th s  a f t e r  th e  o n se t  o f  CCI,, t r e a t m e n t  (g ro u p  M 1) t h e  h is to lo g ic a l  
p ic tu r e  a n d  t h e  b io c h e m ic a l  te s t s  r e f l e c t e d  a n  im p a i r e d  l ive r  fu n c t io n  in  a g r e e 
m e n t  w i th  t h e  a d v a n c e d  cirrhosis .  P a r e n c h y m a l  lesions a n d  f ib ros is  t h e n  g r a d u 
a l ly  d i s a p p e a re d  1.5 to  4 m o n th s  a f t e r  t h e  e n d  o f  CC14 a d m in i s t r a t i o n  a n d  t h e  
n o r m a l  s t r o m a / p a r e n c h y m a  r e la t io n  w as  r e s to r e d  s p o n ta n e o u s ly  ( C o /D N A  -)- 
+  0 .6 ).

G ro u p  M 2, ex p o sed  to  9 - m o n th  t r e a t m e n t  r e v e a le d  th e  c lass ica l  m a c r o -  
n o d u la r  p i c tu r e  o f  c irrhosis  a s so c ia te d  w i th  a sc i te s .  A  s t r ik in g  in c re a se  in  t h e
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co llagen  con ten t ,  3.5 fold h igher  th a n  th e  n o rm a l  an d  the  up p er  l im it o f  g roup 
M 1 , was charac teris tic .

R u b i n  and  P o p p e r  [16] found  th e  collagen con ten t  o f  th e  l iver  to  in 
c rea se  in  parallel w i th  th e  degree of CC14 po isoning  to  a certa in  p o in t  a n d  to  
s tab i l iz e  beyond  th a t .  T he ir  observa tion  seem to  su p p o r t  t h a t  we h ave  ach ieved  
th e  u p p e r  limit o f  collagen accum ula tion .

T h e  DNA con ten t  was m u ch  lower as com pared  to th e  co m p a ra t iv e ly  
s t a b le  values  for th e  6 -m o n th  group, while th e  Со/D N A  ra tio  was a b o u t  4 fold 
o f  t h a t  observed in ra ts  a n d  tw ofold  t h a t  in  g roup  M 1.

T h e  paralle lism  be tw een  th e  high b iochem ical values and th e  a m o u n t  of 
p ro l i fe ra te d  connective t issue  has been p o in te d  o u t  by  o ther  au th o rs ,  too  [11, 
12]. T h ree  to  four m o n th s  a f te r  th e  d is c o n t in u a t io n  of t r e a tm e n t  ascites a n d  
th e  p a re n c h y m a l  lesions d isappeared  in  c o n t ra s t  to  the  fibrosis t h a t  re ta in ed  
i ts  e x t e n t  and to p o g rap h ic  charac ter is t ics  which  had  become s tab le  a f te r  
9 m o n th s .

T he  decrease of  collagen co n ten t  observed  in group M 2 was n o t  s ignif
i c a n t .  R esu lts  ob ta in ed  in  th e  3rd and 4 th  m o n th  were 3 fold h igher  th a n  th e  
n o r m a l  ones and  th e y  were com parab le  to  th e  u p p e r  values for g roup  M 1. 
T h e  w ide  sca t te r ing  of th e  d a t a  for collagen w i th  a p redom inance  of  m a x im u m  
v a lu e s  can he a t t r ib u te d  to  ind iv idua l  reac tions .  The occasional in te r ru p t io n  
o f  in te r lo b u la r  se p ta  and  d is in teg ra t ion  of th e  connective tissue su rro u n d in g  
th e  hep a to cy te s  m igh t  be ascribed to  a spo n tan eo u s  catabolism  of collagen, 
p a r t ic u la r ly  4 m on ths  a f te r  th e  end of t r e a tm e n t .

T he  biochemical f ind ings  how ever failed to  support  th is  hypo thes is .
I n  spite  of th e  decrease in th e  Со/D N A  ra t io  from 2.4 to  1.8 th e  level still 

r e m a in e d  high, ab o u t  th reefo ld  of the  l im it reg a rd ed  as norm al. T he  p h e n o m 
e n o n  can  m ain ly  be a t t r ib u te d  to  D N A  p ro d u c t io n  (parenchym al r eg en e ra 
t io n )  a n d  no t to  a decreased  collagen con ten t .

CC14 t r e a tm e n t  for n ine  m o n th s  d id  n o t  change th e  am o u n t  of  collagen 
in t h e  in te r lo b u la r  and  in t ra lo b u la r  areas of  th e  cirrhotic livers and  in sp ite  
o f  a spon taneous  regenera t ion  of  th e  h e p a to c y te s  the  fibrosis r e ta in e d  its 
c h a rac te r is t ic .

T ran sfo rm a tio n  of  connec tive  t issue in to  homogeneous an d  th ic k  sep ta  
d iv id in g  the  p a ren ch y m a  in to  pseudolobules, as well as th e  sporadic  d isc o n t in u 
i t y  o f  in te r lo b u la r  fibrosis  recognizable 4 m o n th s  after  t r e a tm e n t ,  re f lec t  
a te n d e n c y  to m acrom olecu la r  reo rgan iza tion  in  th e  physicochem ical s t ru c tu re  
o f  th e  accum ula ted  collagen.

Six to  9 m on ths  a f te r  the  beginning  of CCI,, t r e a tm e n t  th e  accu m u la t io n  
o f  “ long  lived collagen”  o f  low tu rn o v e r ,  r e f ra c to ry  to  spon taneous d eg rad a t io n  
w as n o ted .  This m a y  h av e  been one to  th e  decreased ac t iv i ty  o f  lysosom al 
e n z y m e s  necessary  for collagen d is in teg ra t ion  or to  an increase of ch o ndro it in  
В s u lp h a te  which is r e s is ta n t  to  these  enzym es. [5]
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DAS P R O B L E M  D E R  S P O N T A N E N  R E V E R S I B I L I T Ä T  
D E R  F O R T G E S C H R I T T E N E N  L E B E R Z I R R H O S E

T. MAROS, L. SERES-STURM, (). LAKATOS, M. T. SERES-STURM und V. BLAZSEK

Die Verfasser u n te r s u c h te n  das makro- und m ik roskop ische  sowie das d re id im ens iona le  
Bild der Leber,  den  O H -P ro l in -  u n d  den D N A -G ehal t  des L ebers trom as bzw. des L eber-  
pa renchym s,  ferner das Co/DNA -Verhältn is  im H inb l ick  a u f  die spontane  R evers ib i l i tä t  der  
m it  T e trach lo rkoh lens to ff  in d u z ie r te n  Zirrhose 6 und  9 M o n a te  nach  Behandlungsbeg inn  sowie 
4 Monate nach  Abschluß der  Behandlung .

6 M onate  nach  B e h and lungsbeg inn  en tsp rach  der  m orphologische und  b iochem ische  
S ta tu s  dem bei fo r tg esch r i t te n e r  Zirrhose e rm it te l ten  Bild.  N a c h  dem Abschluß der T e t r a c h lo r 
koh lens toff-B ehandlung  h a t t e  sich das normale S t ro m a/P a ren ch y m -V erh ä l tn is  s tu fenw eise  
wiedereingestell t .

W urde  die B e h an d lu n g  9 M onate  fortgesetzt ,  so f ü h r t e  dies zur E rschöpfung der  p o t e n 
tiellen sp o n tan en  W iederhers te l lung  des S trom as, w äh ren d  die Leberzellen vollkom m en,  je d o c h  
m it weit geringerer I n te n s i t ä t  regenerierten.

Obwohl 4 M onate  nach  Absetzen der CCI,-G aben  die W irk u n g  au f  die für die K o l lagen-  
mobilisa tion v e ran tw o r t l ich en  Mechanismen nachw eisbar  ist,  b le ib t  die Fibrose selbst p r a k t i s c h  
irreversibel.

U n te r  exper im en te l len  B edingungen ist die p o ten t ie l le  spontane  R evers ib i l i tä t  der 
Leberzirrhose  au fg rund  versch iedener  Kriterien  fe s ts te l lb a r .  Diesbezügliche, generell  m it  
T e trach lo rk o h len s to ff  d u rc h g e fü h r te  U nte rsuchungen  zeigen, d aß  zur W iederhers te llung  des 
s t ruk tu re l len  u n d  funk t ione l len  Zustands  der Leber einige W ochen bis Monate e rfo rder l ich  
sind.

Ausgehend von diesen E rw äg u n g en  u n te rsu ch ten  die Verfasser das Verhältn is  zw ischen  
S trom a u n d  P a ren ch y m , die Möglichkeiten einer sp o n ta n e n  Ausheilung im fo r tg esch r i t te n en  
S ta d iu m  der Leberzirrhose ,  6 u n d  9 Monate nach dem B eg in n  einer CCl,-Behandlung.
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ИЗУЧЕНИЕ ПРОБЛЕМЫ САМОПРОИЗВОЛЬНОЙ ОБРАТИМОСТИ ДАЛЕКО 
ЗАШЕДШЕГО ЦИРРОЗА ПЕЧЕНИ

Т. МАРОШ, Л. ШЕРЕШ-ШТУРМ, О. ЛАКАТОШ, М. Т. ШЕРЕШ-ШТУРМ и В. БЛАЖЕН

Авторы изучали макро- и микроскопическую, также как и трехмерную картину 
печени, содержание ОН-пролина и DNA в печеночной строме и паренхиме и соотношение 
Co/DNA с точки зрения спонтанной обратимости цирроза, вызванного четырехлористым 
углеродом, спустя 6 и 9 месяцев после начала и 4 месяца после окончания дачи соединения.

Спустя б месяцев после начала дачи СС14 морфологическое и биохимическое состоя
ние печени соответствовало картине, выявляемой при далеко зашедшей стадии цирроза. 
После окончания дачи соединения постепенно восстанавливается нормальное соотношение 
строма: паренхима.

Продолжение дачи СС14 в течение 9 месяцев привело к истощению потенциального 
спонтанного восстановления стромы, в то время как печеночные клетки полностью восста
новились, правда с значительно меньшей интенсивностью.

Несмотря на то, что спустя 4 месяца после окончания дачи СС14 можно установить 
действие, оказанное на механизмы, ответственные за мобилизацию коллагена, сам фиброз 
практически остается необратимым.

В экспериментальных условиях для оценки возможной самопроизвольной обрати
мости цирроза печени имеются различные критерии. Исследования такого направления, 
проводимые — как правило — четиреххлористым углеродом, показывают, что для вос
становления структурного и функционального состояния печени необходимо от несколь
ких недель до нескольких месяцев.

Исходя из этих размышлений авторы изучали соотношение паренхимы и стромы пе
чени, возможность спонтанного излечения в далеко зашедшей стадии цирроза, спустя 6 и 9 
месяцев после начала дачи четыреххлористого углерода.

D r. Т. Maros

D r. L. S e r e s -S turm

D r. О. L akatos

D r. M agda T. S e r e s -Sturm

D r. Y. B lazsek

D e p a r tm e n t  o f  A natom y of th e  U n iv e rs i ty  
o f  M edicine a n d  Pharm acology,
T irgu-M ures,  s tr .  Gh. Marinescu,
R o m an ia
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In s t i tu te  of  Pa th o lo g y ,  M au lana  Azad  Medical College, N ew  Delhi,  Ind ia

SPLENIC LYMPHOCYTIC RESPONSE TO ACUTE
HAEMOLYSIS

B. Iy e n e g a r  

(Received J u n e  21, 1975)

Adult  a lbino ra ts ,  weighing 150 — 250 g, were a d m in is te red  a su b le th a l  dose 
of copper su lpha te ,  p h en y lhydraz ine  and  a n t i - ra t  e ry th ro c y ta  1 se rum  b y  th e  in t r a 
cardiac  route to p roduce  equ iva len t  haem olysis  of 3 mg se-bilirubin in 24 hr. T h e  anim als  
were sacrificed a t  in te rvals  of 1, 2, 3, 5 and 7 d ays  and  the  spleen was s tu d ied  w ith  
pa r t icu la r  reference to the  ly m p h a t ic  shea th .  Copper su lp h a te  t r e a tm e n t  was followed 
by an  init ial  increase in the  n u m b e r  of lym phocy tes  w i th in  th e  p e r ivascu la r  shea th ,  
indicating  a ra p id  m obilization of th y m ic  lym phocy tes .  L a te r  these  ly m p h o c y te s  
displayed blastic  t ran s fo rm a tio n  a n d  increased m ito t ic  a c t iv i ty .  Afte r  p h en y lh y d ra z in e  
t r e a tm e n t  a c t iv i ty  was slight.  A n t i se ru m  caused a com ple te  loss of ly m p h o c y te s  
which were th e n  replaced and ge rm inal  centers were formed.

E ry th ro p h ag o cy to s is  did n o t  p lay  a p a r t  in the  conversion  seen a f te r  p h e n y l 
hydraz ine  t r e a tm e n t .  The response to a n tise ru m  was slow.

As copper  increases the  glycolyt ic  ac t iv i ty  of th e  cell on rais ing the  copper  
level the  qu iescen t  small  ly m p h o cy tes  are converted  in to  m etabo lica l ly  ac t ive  b last  
cells.

E arlie r  s tudies  on th e  effect o f  3 different ty p es  o f  acu te  haem olysis  on 
th e  lym phoid  cells o f  th e  spleen revea led  a cell p ro lifera tion  in th e  m arg ina l 
zone [5]. The presen t s tu d y  was carried  ou t to observe th e  re la t ionsh ip  betw een  
th e  lym phoid  reac tion  and th a t  o f  HE cells.

M ateria l and  methods

A dult  albino ra ts  of c ither sex weighing from 150 to 250 g were used. Copper su lpha te  
(A R  Grade) was adm in is te red  in a su b le th a l  dose of 5000 fig/200  g bo d y  weight  b y  th e  in t r a 
card iac  route. Pheny lhydraz ine  (20 mg/200 g body weight)  a n d  an ti  r a t  e ry th ro c y te  serum 
(1 ml of tenfold dilution) were given to p roduce  3 mg of serum -bil i rub in  in 24 hr.  Batches 
of 9 ra ts  each were sacrified a t  in te rvals  o f  24, 48, 72 hours  5 days  and 7 d a y s  in each 
group. The spleen was rem oved  and f ixed  in  10% buffered  formalin .  P a ra f f in  sections 5 p  
in th ickness  were s ta ined  w ith  H arr is ’ h a e m a to x y l in  and  eosin a n d  th e  changes p roduced  in 
the  white  pulp  were s tudied . The  w id th  o f  th e  lym phoid  sh ea th  as co m p ared  to th e  num ber  
of germ inal  follicles per  10 low power fields ( L P F )  were calcu la ted  in each group, in t e n  control 
ra t  the  norm al m orphology of the  splenic wh i te  pulp was s tudied .

Results

The ly m p h a t ic  sh ea th  in norm al animals is com posed m a in ly  o f  small 
lym phocy tes .  No def in ite  area of  b las t  t ran sfo rm a tio n  or germ ina l  centres 
can be seen. The w id th  of the  s h e a th  is ap p ro x im a te ly  equal to th e  d iam e te r  
o f  th e  arteriole (Fig. 1).
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F ig .  1. Norm al perivascular  l y m p h a t i c  shea th  in the  spleen of a con tro l  r a t ,  composed of 
sm a l l  lym phocy tes  (Н Е  X 400) Fig.  2. Marked increase of the  pe r ivascu la r  ly m p h a t ic  shea th  

2 d a y s  a f te r  copper su lphate .  (H  E  X 400)
F ig .  3. Clones of b last  cells a p p e a r  a t  th e  periphery  of th e  ly m p h a t ic  sh e a th ,  p ro t ru d in g  into 

the  surrounding red  p u lp  on  th e  3rd day following copper  su lpha te .  ( H E  X 100)
F ig .  4.  B las t  cells showing v e s ic u la r  nuclei w ith  p ro m in e n t  nucleoli a n d  mitosis.  ( H E  X 400)
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Fig. 5. G ra p h  showing (a) the  ly m p h  sh ea th  th ickness a n d  (b) germinal  follicle fo rm at ion .
(---------- : copper  su lphate ,  : phenylhydraz ine ,  . . : an t ise rum ) Fig. 6. B las t  cells
showing mitosis  ( H E  X 100) Fig.  7. Л follicle which has sep a ra ted  from the  l y m p h s h e a th .  The  
sh ea th  is seen in the u p p e r  r ig h t  corner (H E  X 100) Fig. 8. Vascular  c h an n e l  aris ing 
from the  cen tra l  arteriole to  ru n  be tw een  the  peripheral sh e a th  and  the  b last  cells ( H E  X 100)
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TIME IN DAYS

F ig .  9. T he germ inal c en tre  g ra d u a lly  being rep laced  b y  sm all ly m p h o cy tes  on  th e  5 th  day 
fo llo w in g  copper su lp h a te . (H E  X 100)

Copper Sulphate. In  th e  anim als tr e a te d  w ith  copper su lp h a te  th e  ly m 
p h a t ic  sh ea th  w idens to  r e a c h  alm ost 4 tim es  th e  w id th  o f th e  a rte rio le  by  the  
2 n d  d a y  (Fig. 2). A fte r  th e  3rd day  th e  sh e a th  becom es again n arro w  and  is 
a lm o s t com pletely re p la c e d  l»y R E  cells o f th e  m arg in a l zone b y  th e  7 th  day.

On the  2nd d a y , a t  d iffe ren t po in ts  a t  th e  p e rip h ery  of th e  ly m p h a tic  
s h e a th ,  the  sm all ly m p h o c y te s  grow in size, th e  nuclei becom e v esicu la r w ith 
n u c leo li and  show m ito se s  (F igs 3, 4). T hese g roups of cells w hich g rad u a lly  
ta k e  on a b lasto id  a p p e a ra n c e  s ta r t  p ro tru d in g  in to  th e  su rro u n d in g  red  pulp 
(F ig . 5). These areas a re  la te r  covered b y  a m a n tle  o f sm all ly m phocy tes.
(F ig - ó).
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As the  b la s t  cell groups a re  form ed, th in  vascu la r  channe ls  are seen 
growing ou t from th e  central a r te r io le  to  su r ro u n d  th e  g roup  o f b la s t  cells 
(Fig. 7). Th ese channe ls  lie be tw een  th e  peripheria l  sh ea th  of  sm all  ly m p h o 
cytes  an d  the b las t  cells. The cells l in ing these  channels  are ac t ive ly  phagocytic  
a n d  ta k e  up the  d a m a g e d  red ce l ls [6].

As th e  germ inal follicles s e p a ra te  ou t  from the  pe r ivascu la r  s h e a th  (Fig. 
8) th e  vascu lar  channe ls  become less p ro m in en t .

M aximum a c t iv i ty  is seen on th e  3rd  d ay ,  a f te r  which th e re  is a g radual 
fall in  blastic  t ra n s fo rm a tio n ,  the  m itoses  w ane  w ith in  th e  b las t  cell groups and 
the  b las t  cells are rep laced  by m a tu re  small lym phocy tes .  T here  is a correspond
ing fall in the n u m b e r  of separa te  germ ina l follicles w ith in  th e  red  pu lp .

Phenylhydrazine. After  th e  a d m in is t ra t io n  of  p h en y lh y d raz in e  there  is 
a s ligh t increase in  th e  w id th  o f  th e  ly m p h o id  sh ea th .  The germ ina l  follicles 
show a similar cu rv e  (Fig. 9).

A nti-ra t erythrocyte serum. A f te r  th e  a d m in is t ra t io n  o f  a n t ise ru m  there  
is a g radua l  increase in th e  ly m p h a t ic  sh ea th  a f te r  an in itia l d e s tru c t io n  which 
is m id w a y  between t h a t  o f  copper su lp h a te  a n d  p h en y lhydraz ine .  T h e  germinal 
cen tres  become ac t iv e  by  the  7 th  d a y ,  4 days la te r  th a n  in th e  co p p er  su lphate  
t r e a te d  animals. P e a k  ac tiv ity  is s im ilar  to  t h a t  seen a f te r  copper  su lpha te  
(Fig. 9).

Discussion

On com paring  th e  results a f te r  th e  d ifferent haem oly tic  agen ts ,  it  is seen 
th a t  lym phoid  hyp e rp la s ia  and b la s t  t ra n s fo rm a tio n  are no t  causa lly  re la ted  
to  th e  haemolysis. T hus ,  phenyl hyd raz in e ,  w hich  causes a progressive  extra- 
v a scu la r  haemolysis, ha rd ly  produces any  lym p h o id  reaction. A n tise ru m , which 
is an tigenically  ac t ive ,  produces an  early  d es truc tion  of  th e  ly m p h  shea th  
cells followed by  a gradua l increase of  th e  lym phocy tes .  This increase  is m uch 
less m arked  than  t h a t  produced b y  copper su lp h a te  which reaches th e  peak  in 
2 days and is followed by  a qu ick  fall.

T he  ly m p h -sh e a th  cells are  re la ted  to  th e  antigenic  s t im u lu s  b u t  the  
reac tion  being m u ch  m ore p ro m in e n t  with copper, it appears  t h a t  copper has 
a d irec t  effect on these  cells.

The conversion of  lym phoid  cells in to  b las t  cells w ith  th e  fo rm ation  of 
germ inal centres appea rs  to  be co rre la ted  w ith  th e  increase o f  th e  lym phoid  
s h e a th  cells. P hen y lh y d raz in e  causes a slight ac t iv i ty  while a f te r  an t ise ru m  the 
increase in blast cells is g radual, a t ta in in g  th e  peak  on th e  7 th  day .

B last t ran s f  o rm a tio n  and ly m p h  sh ea th  ac t iv i ty  are n o t  co nnec ted  with 
R E  cell ac t iv i ty ,  pa r t icu la r ly  e ry th ro p h ag o cy to s is .  E ry th ro p h ag o cy to s is  is 
h ighes t  under th e  effect of p h en y lh y d raz in e  b u t  th e n  h a rd ly  a n y  a c t iv i ty  is 
seen in th e  ly m p h o id  elements. M oreover, e ry th ro p h ag o cy t ic  a c t iv i ty  caused
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b y  a n t i s e ru m  was m uch  low er t h a n  th a t  released b y  su lp h a te  or p h en y lh y d ra -  
zine a n d  y e t  the  lym pho id  a c t iv i ty  increases g ra d u a l ly  to  a p eak  on th e  7 th  
d a y .  T h u s  the  effect o f  a n t i s e ru m  is due to  an im m unolog ic  s t im u la t io n  while 
c o p p e r  is no t antigenic.

I n  th e  response th e  fo rm a t io n  of m eta l lop ro te in  complexes m ig h t  be 
im p l ic a te d  [9]. As copper p roduces  a prolifera tive  response in haem opoie tic  
t i s su e  [5] as well as in th e  R E  cells [5], th e  effect ap p ea rs  to  be a generalized 
p h e n o m e n o n  not confined to  im m u n e  activ ity .

C opper is no rm aly  p re s e n t  in  all the  cells o f  th e  bo d y  as a c o n s t i tu e n t  
o f  t h e  enzym es of redox  sy s te m s  [3] and  plays an  im p o r ta n t  role in th e  glyco
ly t ic  a c t iv i ty  of cells. W h en  th e  copper  level is ra ised , as in  W ilson’s disease, th e  
m e ta l  is deposited in m a n y  o rgans ,  m ain ly  in th e  neu rones  of  th e  basa l  ganglia 
[12], t h e  hepatocy tes  and  th e  ren a l  tu b u la r  cells [11, 2], b u t  every  cell m a y  con
ta in  deposits  of copper in v a r ia b le  am ounts .

I t  is seen th a t  excess c o p p e r  causes a ra p id  raise in  glycolytic ac t iv i ty ,  
w i th  a n  increase in th e  ce llu la r  m etabo lic  ra te  [13]. The lysosom al m em branes  
a re  b ro k e n  down by p e ro x id a t io n  [8] and h y d ro ly t ic  enzym es are released. 
T h e  n eu ro n es  and  red  cells [8] a n d  renal tu b u la r  cells are  d es troyed  due to  a u to 
o x id a t io n  and au to -d iges t ion  b y  th e  released lysosom al enzym es [13]. The 
cell phospho lip id  m e m b ra n e s  are  also affected [1].

In  th e  present e x p e r im e n ts ,  th e  initial b ro a d e n in g  of th e  pe r ivascu la r  
lv m p h a t i c  shea th  ind ica tes  t h a t  th e  n u m b er  of  sm all  lym phocy tes  has in 
c reased .  As there  is no m itosis  or b las t  t ra n s fo rm a t io n  a t  th is  s tage, these  cells 
a p p e a r  to  be tran sp o r ted  in to  th e  spleen by  th e  c ircu la t ion . As th e  pe r ivascu la r  
s h e a th  becomes popu la ted  b y  th y m ic  lym phocy tes  [4], copper seems to  s t im 
u la te  t h e  release of th y m o c y te s .

T hese  lym phocytes  a re  g radua lly  t ra n s fo rm e d  in to  b las t  cells which 
m u l t ip ly  to  give rise to  clones o f  cells which th e n  form germ inal follicles. Thus 
th e  ly m p h o c y te s  are n o t  d e s t ro y e d  like the  neurones  a n d  red  cells b u t  show  an 
in c re a se d  ac t iv i ty  an d  p ro life ra te .

N orm ally  the small ly m p h o c y te  is an iner t  cell w ith  a low m etabo lic  
r a te .  W i th  a rise in th e  c o p p e r  level, the  increased  glycolytic a c t iv i ty  and  
m e ta b o l ic  ra te  converts  i t  i n to  a m etabolica lly  ac t ive  b la s t  cell. B o w l e r  and  
D u n c a n  [1] have shown t h a t  several aspects of ce llu lar  ac t iv i ty ,  p a r t icu la r ly  
th e  a c t iv i ty  of the  m e m b ra n e  enzym es, are a l te red  b y  copper. P e ro x id a t io n  of 
th e  lysosom es with selective release of  hyd ro ly t ic  enzym es m ay  be involved 
in  th i s  process. A ctiva tion  o f  lysosom al enzymes has  also been im p lica ted  in 
b la s t  t ran s fo rm a tio n  p ro d u c e d  b y  antigenic s t im u la t io n  and  b y  P H A  [12]. 
T h e se  changes, which are le th a l  to  the  n o n -m ito tic  an d  m etabo lica l ly  ac tive  
n e u ro n e s ,  enchance th e  a c t iv i ty  o f  lym phocytes .  In  th e  red  cells th e re  is a 
q u ic k e r  uti l ization  of th e  m e ta b o l i te s  with early  d e a th  o f  th e  cells.

G radua lly ,  the  s t im u la to ry  effect on the  cell w anes and the  b lasts  are re 
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placed by lym phocy tes ,  so t h a t  t h e r e  is a fall in th e  n u m b e r  of  follicles and 
b las t  cells.

Thus, copper gives rise to  a b la s t ic  t ra n s fo rm a t io n  of  splenic ly m p h o cy te s .  
This is in co n tra s t  to  th e  cell d ea th  p ro d u c e d  in red cells and  neurones. T h e  rise 
in m etabolic  a c t iv i ty  produced  by  co p p er  destroys th e  non -m ito t ic  cells by  
au to -ox ida tion , whereas the  excessive energy released  is u tilized  h y  the  
lym phocy tes  for b lastic  t r a n s fo rm a t io n  and  mitosis.

R E F E R E N C E S

I. B o w l e r , K . ,  D u n c a n , D. J . :  (1970) The effect of copper  on  m em b ran e  enzym es.  
Biochem. b iophys.  A cta  A m st .  196, 116 — 119. — 2. G o l d f i s c h e r , S.,  St e r n l i e b , I . :  (1968) 
Changes in the d is t r ibu t ion  of hepatic  c o p p er  in re la tion  to the  progression of W ilson’s disease 
(hepato len t icu lar  degenerat ion).  Amer. J .  P a th .  53, 883 — 901. (1963) 3. H a r p e r , H .  A.:
Review of Physiological Chemistry.  (9 th  e d .)  K. Lange Medical Publica t ions ,  San Franc isco  
(1963) — 4. H u m p h r e y , J .  H . ,  W h i t e , R. G .:  Im m u n o lo g y  for S tu d e n ts  of  Medicine. (2 n d  ed.) 
Blackwell Scientific Publ ica t ions ,  Oxford 1964. — 5. Iy e n e g a r . B.: Influence o f  haemolysis 
in the  m arg inal  zone re ticu loendothe lia l  cells of  the  spleenc ( In  press). 6. I y e n e g a r , B., 
C h a n d r a . K.: (1973) Sites of  iron d e pos i t ion  in the  spleen af te r  haemolysis.  A c ta  morph. 
Acad. Sei. hung. 21, 343 — 350. — 7. I y e n e g a r . B., Ch a n d r a , K . :  (1974) Splenic feedback  in 
red cell regenerat ion . Acta  h aem at .  51, 2 9 0 —296. — 8. I y e n e g a r , B., G u p t a , I). N.:  (1973) 
Haem olysis  p roduced hy copper su lpha te .  I. E x t r a v ascu la r  haem olysis  p roduced  by h eav y  
m eta l  poisoning. Ind . .1. med. Res. 61, 195 — 198. — 9. J a n d l , J .  H . ,  S i m m o n , R . L.:  (1957) 
Agglutination  an d  sensi t isa t ion  of red cells b y  metall ic  cations. Brit.  J .  H e a m a t .  3, 19.
10. L i n d q u i s t , R. R.:  (1967) Acid p h o sp h a ta s e  a c t iv i ty  in copper  loaded r a t  livers:  Studies  
on the  pa thogenesis of  hepa to len t icu lar  d e gene ra t ion .  Amer. J . P a th .  51, 4 7 1 —481. 11.
V o g e l . F. S.: (1959) The  deposition of exogenous  copper u n d e r  exp er im en ta l  cond it ions  with 
obse rva t ions  on its neuro tox ic  properties in re la t ion  toW ilson’s disease. J .  exp. Med. 110, 810.
12. V o g e l , F. S., E v a n s , J .  W.: (1961) Morphological a lte ra t ions  p roduced  b y  copper  in neural  
tissues with considera tion  of the  role of th e  m e ta l  in the pa thogenesis  of  Wilson’s disease. J.  
exp. Med. 113, 997. 13. V o g e l . F. S.. K e m p e r . L.: Biochemical reac tions of copper  w ith in
neural  m itochondria ,  with consideration  of t h e  role of the  metal in the  pa thogenesis  of  W ilson’s 
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D IE  R E A K T I O N  D E R  MI L Z -L Y M P H O Z Y T E N  AU F D I E  A K U T E  H Ä M O L Y S E

B. i y e n e g a r

An vollentwickelten  A lb inora t ten  v o n  150 — 250 g Gewicht w u rd e n  sub le ta le  Dosen 
von K upfersu lfa t ,  P h en y lh y d raz in  und R a t te n e r y th r o z y te n -A n t ik ö r p e r - 1 e n th a l te n d e s  Serum  
in einer Menge in t r a k a rd ia l  e ingeführt,  die in n e rh a lb  von 24 S tu n d e n  eine der W irk u n g  von 
3 mg Serum bil irub in  äq u iva len te  H äm olyse  herbeiführte .  Die Tiere  w u rd e n  in 1-, 2-, 3-. 5- 
u n d  7 täg igen  In te rv a l len  g e tö te t  und ihre Milz, besonders im H inb lick  au f  die ly m p h a t is ch e  
Kapsel ,  u n tersuch t .

U n te r  der W irkung  von K u p fe rsu l fa t  wurde  zunächst  in der pe r ivasku lären  Kapsel 
e in  Anstieg der L y m p h o zy ten zah i  reg is tr ie r t ,  was au f  die rasche  Mobilis ierung d e r  T h y m u s -  
ly m p h o z y ten  hinweist.  Im  weiteren V e r la u f  zeigten diese L y m p h o z y ten  eine b las tische  
T ran s fo rm a tio n  u n d  eine gesteigerte  m ito t isch e  A k t iv i tä t .  Nach  P h en y lh y d raz in -V erab re ich u n g  
w a r  diese A k t iv i tä t  gering. U n te r  der W irk u n g  von Im m u n se ru m  v e rsch w an d en  die L y m p h o 
zy ten  völlig. Ihre N eub i ldung  ging m it dem  A u f t r e te n  von G erm ina tionszen tren  einher.

In den m it  Phen y lh y d raz in  h e rb e ig e fü h r te n  V erän d e ru n g en  spielte die E ry th ro p h a g o -  
zytose  keine Rolle.  Die du rch  A n t ise rum  ausgelös te  R eak t ion  en tw ickelte  sich langsam .
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РЕАКЦИЯ ЛИМФОЦИТОВ СЕЛЕЗЕНКИ НА ОСТРЫЙ ГЕМОЛИЗ

Б. ИЕНЕГАР

Взрослым белым крысам, весом в 150 — 250 г, вводили сублетальные дозы сернокис
лой меди, фенильгидразина и сыворотку с содержанием противотел против эритроцитов 
крысы, в количестве, достаточном для вызывания в пределах сутки гемолиза, эквивалент
ного гемолизу отЗ мг сывороточного билирубина. Животных убили с 1, 2, 3, 5, и 7 дневными 
интервалами и изучали их селезенку с особым вниманием на лимфатическую капсулу.

После введения сернокислой меди в околососудистой капсуле вначале повысилось 
число лимфоцитов, что указывает на быструю мобилизацию лимфоцитов зобной железы. 
В дальнейшем эти лимфоциты показали бластозную трансформацию и повышенную лим
фатическую активность. В случае введения фенильгидразина активность оказалась 
незначительной. Под влиянием иммунной сыворотки лимфоциты совершенно исчезли. Из 
новообразования сопровождалось появлением зародышевых центров.

В изменениях, вызванных введением фенильгидразина, эритрофагоцитоз не играет 
роли. Реакция на введение иммунной сыворотки развилась только медленно.

B h a n u  I y e n e g a r : В-72, P a n d ra  Road New Delhi,  110003, In d ia
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D e p a r tm e n t  of Infec t ious Diseases, In s t i tu te  of In te rn a l  Medicine, a n d  D e p a r t m e n t  
of Histology and  E m b ry o lo g y ,  I n s t i tu t e  of  B ios truc tu re ,  Medical School, B ia ly s to k ,  Po land

HISTOPATHOLOGICAL CHANGES OF SOME ORGANS IN 
THE COURSE OF EXPERIMENTAL SALMONELLA AGONA 

INFECTION OF RARRITS

D a n u t a , P r o k o p o w i c z  a n d  L .  R e j n i a k  

( R eceived Ju n e  26, 1975)

O rgan  changes evoked  by  infection w ith  Salmonella agona were e v a lu a t e d  in 
30 rabbits .  Pa thological  changes were found n o t  only in the  in tes t ines  b u t  also in the  
liver, lungs, spleen, k idney  a n d  supra rena l  glands.  The  changes were d i f fe re n t  from 
those induced by o th e r  sero types  of Salmonella .

In  the  las t  decade, diseases evoked b y  Salm onella  (S.) agona se ro ty p es  
have  ap peared  in m an y  coun tries  o f  th e  world. [6] S . agona has an  an t ig en ic  
s t ru c tu re  of 4, 12: f, g, s and  is inc luded  in g roup  В of the  K a u f fm a n n  W hite  
schem a.

The sources of infection  are anim als [8] fed on infected fish m e a l  [6].
The aim o f  th e  p resen t  inves t iga t ion  was to  s tu d y  the  effect o f  S . agona  

infection on th e  organs of  rabb its .

M ateria l  and m ethods

T he  exper im en ts  were carried  o u t  on 30 male r a b b i t s  weighing 2 —4 kg. T w e n ty - s e v e n  
were infected, and  3 sham e-infec ted  served as controls. T he  m ateria l  for infection w as  o b ta in e d  
from  p a tien ts  w i th  salmonellosis  due to agona.

The  ra b b i t s  were orally infected  w ith  0.25 X 1010 per kg body weight of  c u l tu red  S. agona. 
O pium  t inc tu re  in a dose of 3 ml/kg was injected in te rpe r i tonea l ly  to faci l i ta te  in fec t ion  by 
in h ib i t in g  peris ta lsis  [9]. Before a n d  af te r  the  infection  30 ml/kg of milk was in t ro d u c e d  into 
th e  s tom ach  th ro u g h  a tube  to neu tra lize  the  gastr ic  ju ice  [9].

W eigh t  a n d  condit ion  of the  an im als  were e v a lu ted  every  day.
T he  an im als  were killed by in jec tion  of air  in to  the  ear  vein. Materials f rom  th e  follow 

ing organs were exam ined :  liver, spleen, k idney, su p ra ren a l  gland, lungs and  in te s t in e  with 
ly m p h  sac and  ve rm iform  ap p en d ix .  R ou t ine  histological m ethods were used to  p repare  
t issues for microscopic exam inations .

The  disease was confirm ed by th e  iden tif icat ion  and  isolation of the  o rg a n ism s  from 
blood, faeces, liver, spleen, k idney ,  sup ra rena l  gland a n d  lungs. Isola tion and  id en t i f ic a t io n  
of bac te r ia  was perform ed  in W ojew odsh ip  Epidemiologic  Sta tion .

Results

A m ong 27 infected ra b b i ts  a decrease o f  body  weight was o b se rv ed  in 
18 anim als. D ia r rh a e a  was no ted  in a single case only. Betw een  th e  2nd  an d  
7 th  days of the  disease, 2 2 %  of th e  animals died. In these anim als gross exam i-
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n a t io n  revealed d is tens ion  a n d  congestion o f  in te s t in e s ,  especially of th e  lym ph  
sac  a n d  vermiform a p p e n d ix .

Diagnosis of th e  d isease  was confirm ed b y  iso la t ion  of S. agona f rom  small 
a n d  la rge  intestines a n d  ly m p h  sacs.

I n  30%  of th e  a n im a ls  bacteria  were fo u n d  in th e  liver, k idney , s u p ra 
r e n a l  g land, spleen a n d  lu n g s .  Blood cu ltu res  w ere  negative.

A .  A n im a ls  died between the 2nd and 7th days after infection

In  the rabb its  w h ic h  died in the f i r s t  w eek  of th e  disease, th e re  was a 
h y p e r t r o p h y  of the  ly m p h a t i c s  of the in te s t in e  a n d  ly m p h  sac (Fig. 1), w ith  
in f la m m a to ry  in f i l t ra t io n s  o f  the  in testina l a n d  ly m p h  sac epithelium . (Fig. 2). 
N e c ro t ic  changes w ere  n o te d  in the  in te s t ina l  m u co sa  and  subm ucosa .

Fig. 3 shows v a c u o la te d  degeneration  a n d  single necrotic  foci in  the  
l iv e r ;  num erous in f i l t r a t io n s  consisting of  m o n o n u c le a r  cells and  single m ac ro 
p h a g e s  were visible in  t h e  lobules (Fig. 4).

In  the  spleen p h a g o c y t in g  cells filled w i th  p ig m en t ,  and  enlarged  ly m p h  
n o d es  were observed.

In  the lungs, in f l a m m a to r y  changes (Fig. 5), in  th e  alveoles and  bronchi 
e x u d a te  and in f la m m a to ry  cells were obse rved  (Figs 5, 6).

The sup ra rena l  g la n d s  displayed co n ges tion  of the  m edulla  th e  cells 
h a d  a spum y  cy top lasm  in  th e  zona fasc icu la ta .

B . A n im a ls  killed after 4 weeks o f  infection

After  four weeks, ch ron ic  in f la m m a to ry  changes in th e  in te s t ines  and 
l y m p h  sac (Fig. 7) a n d  th e  spleen were n o ted .

Fig. 8 shows d e g e n e ra te d  hepa tocy tes  a n d  num erous in f la m m a to ry  in 
f i l t r a t io n s  in the  l iver  lobules .

In  the k idney p a re n c h y m a to u s  d eg en e ra t io n  of th e  convolu ted  tubu les  
(F ig .  9), eosinphilic f lu id  u n d e r  the B o w m a n ’s capsule , e ry th rocy tes  outside 
t h e  b lood  vessels a n d  n ec ro sed  convoluted  tu b u le s  were seen (Fig. 10).

Fig. 11 shows in f l a m m a to r y  changes in  th e  lung tissue an d  b ronchi.  
T h e  pu lm o n ar  vessels e x h ib i te d  distinct e n d o th e l ia l  lesions (Fig. 12).

In  the control g ro u p  no changes in  th e  te s te d  organs were observed.

Discussion

Since S. agona has  b een  known to c lin ic ians only  for the  las t  f ive years, 
no  in fo rm ation  is a v a i la b le  concerning e x p e r im e n ta l  disease evoked b y  these 
b a c te r ia .  According to  so m e  au thors, changes  o f  th e  ly m p h a t ic  sy s tem  are 
t y p ic a l  of salmonellosis [4], while other a u th o rs  found  changes in m a n y  o ther  
o rg an s  [10].
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Fig. 3. V acu o la ted  degenerat ion  and microfocal necrosis in liver. 11 and  E X 240
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Fig. 1. H y p e r t ro p h y  pf lym phatic  sys tem  in  ly m p h  sac. H and E  X 240

F ig . 2. I n f l a m m a t io n  inf il t ra t ion  in in te s t in a l  ep i the l ium  II and E  x  240
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Fig .  4.  In flam m atio n  in f il tra tio n  by  m o n onuclears a n d  single m acrophages in  liv e r . H  and
E  X 240

F ig . 5. In flam m atio n  changes in  lung  tissue , leu k o c y te s  and d esq u am ated  e p ith e lia l  cells
in  b ronchi. H  a n d  E  x 2 4 0

Fig. 6. In flam m atio n  changes in lung tissue  w ith  a lveo lar ex u d ate . H a n d  E  X 240
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Fig.  7. Inf i l t ra t ion  by  m ononuclears  p lasm ocy tes  and  m ac ro p h ag es  in the  wall of ly m p h  sac.
H  a n d  E  X 240

Fig. 8. Vacuolated degenerat ion  and in f la m m a to ry  in f i l t ra t io n  in liver. H  and E  x 2 4 0

Fig. 9. P a re n ch y m a to u s  degeneration in  p rox im al c o n v o lu ted  tubu le .  I I  and  E  X 400
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F ig . 10. N ecrotic changes in  p ro x im a l co n v o lu ted  tu b u le  of k idney . H  an d  E  X 240
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F ig . 11. In flam m atio n  changes in  lung  tis su e  an d  bronchi. H  a n d  E  X 240

F ie. 12. E n d o th e lia l lesion  in  p u lm o n a ry  b lood vessels. H a n d  E  X 240
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R ab b its  in fe c te d  w ith  S. agona show ed changes in the  liver, s im ila r  to  
th  ose found b y  H a l l  [3] in  ra ts  in fec ted  w ith  S.dublin . G ursel  e t al. [2] de
scribed  liver lesions in  th e  course o f  h u m an  in fe c tio n  w ith  S. typhi.

I t  seems t h a t  th e  changes described  a b o v e  a re  associated  w ith  e n d o to x in  
lib e ra ted  from  S alm onella . A ccording to  R i e t s c h e l  [11] lipid A is re sp o n sib le  
for th e  effect o f  th e  endo tox in .

In  th e  course o f exp erim en ta l sa lm onello sis , pa tho log ica l changes in  lungs 
are  rare . B a s k e r v i l l e  e t al. [1] found  th e m  in  gu in ea  pigs in fec ted  w ith  S. 
cholerae suis an d  L o b a n o w a  e t al. [5] in  h a m s te rs . Stor y  e t al. [12] d esc rib ed  
b ro n ch o p n eu m o n ia  or unspecific  congestion  a n d  oedem a in h u m an  in fec tio n  
w ith  S. typhi murium.

In our ra b b its  th e re  were changes in lu n g s  th e ir  aetiology was p ro v e d  by  
successful c u ltu r in g  o f S. agona from  th e  o rg a n .

The k id n ey s are  also involved  in  in fe c tio n  w ith  S. agona. Story  e t al. [12] 
could  no t fin d  a n y  changes in  th e  k id n ey  o f  p a tie n ts  infected w ith  S . typhi 
murium. The lo ca liza tio n  m igh t depend  on th e  se ro ty p e  of Salm onella. N o r d - 
stoga  [7] found d is tin c t c lec tronm icroscop ic  changes in the k id n ey  o f  pigs 
in fec ted  w ith  S. cholerae suis and d efin ed  th e  changes as a S an are lli- 
S hw artzm an  re a c tio n .

The changes found  in th e  k id n ey  of o u r  ra b b its  were how ever n o t  c h a r
ac te ris tic  o f th e  S an are lli-S h w artzm an  re a c tio n .

Sum m ing u p , in th e  course o f  in fec tion  w ith  S . agona pathological changes 
shou ld  be ex cep ted  n o t only in th e  ly m p h a tic  sy s tem  o f in testines h u t  a lso  in 
th e  liver, lungs, k id n e y , su p ra ren a l g lands a n d  th e  spleen. I t  should he s tre sse d  
th a t  th e  changes observed  b y  us w ere d iffe re n t from  those described b y  o th e r  
au th o rs  in in fec tio n s w ith  o th e r sero types o f  S alm onella .
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B E I  E X P E R I M E N T E L L E R  I N F E K T I O N  V O N  K A N IN C H E N  M IT  
S A L M O N E L L A  AG O N A  IN  D E N  E I N Z E L N E N  O R G A N E N  B E O B A C H T E T E  

H IS T O P A T H O L O G IS C H E  V E R Ä N D E R U N G E N

D. PROK O PO W ITZ und  L . R E JN IA K

D ie  in  30 K a n in ch e n  d u rc h  In fek t ion  m i t  Sa lm onella  agona ausge lös ten  O rg a n 
v e r ä n d e r u n g e n  w urden  ana lys ie r t .  Pathologische  A b w eich u n g e n  ließen sich n ich t  n u r  i n  den 
G e d ä r m e n ,  sondern  auch  in  der L eber ,  in den L u n g en ,  i n  der  Milz, in den N ie ren  u n d  in  den 
N e b e n n ie r e n  nachweisen. E s  sche in t ,  d aß  diese V e rä n d e ru n g e n  von den durch  a n d ere  S e r o ty p e n  
d e r  Sa lm one l lag ruppe  ausge lös ten  V erän d e ru n g en  abw eichen .

ГИСТОПАТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ, НАБЛЮДАЕМЫЕ В ОТДЕЛЬНЫХ 
ОРГАНАХ В ХОДЕ ЭКСПЕРИМЕНТАЛЬНОГО ЗАРАЖЕНИЯ КРОЛИКОВ 

МИКРОБОМ САЛМОНЕЛЛА АГОНА

Д . П Р О К О П О В И Ц  и  Л .  Р Е Й Н И Я К

Обсуждаются изменения органов, вызванные у 30 кроликов заражением животных 
микробом Salmonella  agona. Патологические изменения наблюдались не только в кишках, 
но и в печени, в легких, в селезенке, в почках и в надпочечниках. Кажется, что эти 
изменения отличаются от изменений, вызванных другими серотипами группы сальмонел.

D r. D a n u ta  P rokopow icz  
D r. L eopo ld  R e jn ia k

A k ad ém ia  M edyczina
K a te d ra  i K lin ika  Chorób Z a k a z n y g h
B ia ly s to k , u l. Zuraw ia 14., P o lska
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MESENCHYMAL REACTION AND SERUM 
GLYCOPROTEIN CONCENTRATION IN CHRONIC 

HEPATITIS AND LIVER CIRRHOSIS

J .  F e h é r , L. J a k a b , L. J ó z s a , I .  S z i l v á s i  a n d  G a b r i e l l a  P a p p  

( R eceived S ep tem b er  5, 1975)

In  liver b iopsy  specimens o f  45 p a t i e n ts  w i th  chron ic  p e rs is ten t  hepati t is ,  chronic  
aggressive h e p a t i t i s  a n d  liver c irrhosis the  n u m b er  of ly m p h o id  cells an d  f ib rob la s ts  
as well as in th e  sera  of the  same p a t i e n t s  the  co n ce n tra t io n  of IgG, IgA, IgM, a lpha-2- 
macroglobulin a n d  Coeruloplasmin h a v e  been stud ied .  The  n u m b e r  of lym pho id  cells 
and  f ibroblasts ,  was significantly e leva ted  in chron ic  aggressive hep a t i t is  an d  liver 
cirrhosis;  a close corre la t ion  could be  d e m o n s tra ted  b e tw ee n  th e  n u m b er  of the  ly m p h o id  
cells and the  Ig G  concen tra t ion ;  t h e  se rum  a lpha-2 -m acrog lobu l in  level ch an g e d  
parallel to th e  n u m b e r  of liver f ib ro b la s ts  in chronic  aggressive hep a t i t is  an d  l iver 
cirrhosis.

I t  has been show n earlier t h a t  in chronic h e p a titis  th e  co n cen tra tio n  
o f  th e  ca rb o h y d ra te  com ponents o f  th e  serum  g ly copro te in s as well as th e  
im m unog lobu lin s, a n d  th e  level o f a lp h a-2 -m acro g lo b u lin  an d  C oeruloplasm in 
u n d e rw e n t changes [3, 4, 6]. Serum  hexose, hex o sam in e , sialic acid and  sero- 
m uco id  co n cen tra tio n s  were h ig h er th a n  th e  co n tro l values. The degree of 
e lev a tio n  changed accord ing  to  th e  ty p e  o f chronic  h e p a titis . In  th e  aggressive 
fo rm  associated  w ith  an active m esen ch y m al re a c tio n  the  co n cen tra tio n  w as 
s ig n ifican tly  h ig h er th a n  in in ac tiv e  chronic h e p a titis . In p e rs is ten t h e p a titis  
th e  e levation  of IgM , w hereas in aggressive h e p a tit is  th a t  o f th e  IgG  concen 
t r a t io n  was c h a ra c te ris tic , a lth o u g h  b o th  th e  IgA  and  IgM  values increased  
considerab ly- In  liv e r  cirrhosis th e  level o f all th e  th re e  im m unoglobu lin  classes 
w as e levated . In  ch ron ic  aggressive h e p a titis  a n d  liv er cirrhosis increased  
co n cen tra tio n s o f se ru m  C oeruloplasm in an d  a lp h a-2 -m acrog lobu lin  were fo u n d , 
w hereas they  show ed no sign ifican t change in  ch ron ic  p e rs is ten t h e p a titis .

In  the  p re se n t s tu d y  we h av e  a tte m p te d  to  e s tab lish  w h e th e r in ch ron ic  
h e p a tit is  and liv e r cirrhosis th e re  w as an y  co rre la tio n  betw een  th e  n u m b e r 
o f in flam m ato ry  cells an d  e levation  o f th e  serum  g ly co p ro te in  level.

Materials and methods

The materia l  consis ted  of 45 p a t ie n ts  (21 m en  and  24 wom en) t re a te d  a t  the  3rd D e p a r t 
m e n t  of Medicine. T h e i r  age ranged  from 18 to 62 years. T he  d iagnosis was based on the  h is to ry ,  
c linical symptoms, l a b o ra to ry  d a ta  and l iver  biopsy. Ten p a t i e n ts  h ad  chronic  pers is ten t  h e p a 
t i t is ,  20 pa tients  chron ic  aggressive h e p a t i t i s  a n d  the  group  of 15 p a t ie n ts  had active  liver 
c irrhosis . As a control g ro u p  for the serum  values of 25 h e a l th y  su b jec ts  were included. T h ere
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w ere  no controls for the  f ib ro b la s ts  a n d  ly m p h o c y te s  in the  liver, since no b io p sy  was pe r
fo r m e d  in  the  h ea l thy  sub jects .

IgG , IgA and IgM as well as a lpha-2-m acrog lobul in  a n d  Coeruloplasmin w ere  de te rm in ed  
b y  r a d ia l  imm unodiffusion  [10]. F o r  control,  re ference  sera (H u m a n ,  H y la n d )  w ere  used.

T he  num ber  of t h e  cel lu lar  e lem ents  p a r t i c ip a t in g  in the  m esenchym a l  reac t ion ,  nam ely  
t h e  ly m p h o id  cells ( ly m p h o cy tes ,  p lasm a  cells) a n d  f ib rob las ts  (including th e  h is t iocy tes  found  
i n  t h e  l ive r  tissue) was d e te rm in e d  in histological sections p repared  from  the  b iopsy  specimens 
u n d e r  400fold m agnifica tion;  eac h  cell was c o u n te d  in  20 v isual fields (2.50 m m 2). The  results 
o b t a in e d  were re la ted  to  1 m m 2. T he  cell c o u n t  in  I m m 3 was d e te rm in ed  b y  th e  F loredus  
f o r m u la  [5].

S ta tis t ica l  analysis was pe rfo rm ed  b y  th e  t t e s t ,  th e  corre la t ion  coefficient (r) and  the  
l in ea r  regression equation.

Results

R esu lts are p re se n te d  in  th e  F igures an d  T ables. In  aggressive h e p a titis  
a n d  cirrhosis th e  n u m b e r o f  h ep a tic  ly m p h o id  cells was s ig n ifican tly  h igher 
(p <C 0.001) th a n  in  ch ro n ic  p e rs is ten t h e p a titis  (Table I), IgM  w as consider
a b ly  increased  in ch ron ic  p e rs is te n t h e p a tit is , w hereas in  chronic  aggressive 
h e p a ti t is  and liver c irrhosis  th e  co n cen tra tio n s  of all th e  th re e  im m u n o g lo b u 
lins w ere s ign ifican tly  h ig h e r th a n  th e  n o rm a l values.

r -  0.78 
y-19x + 950

2 4 6 8 10 -103 lymphoid cell /  mm3

Fig. 1. Serum IgG level a n d  h epat ic  ly m p h o id  cells in chronic aggressive h ep a t i t i s

Fig. 2. S e rum  Ig G  level a n d  h ep a t ic  ly m pho id  cells in l iver cirrhosis
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Table I

Number o f in flam m atory cells in  the liver and serum  glycoprotein concentration in 
chronic hepatitis and liver cirrhosis

Control
Hepatitis,
chronic

persistent
Hepatitis,
chronic

aggressive
Liver

cirrhosis

N um ber  of n 10 20 15
X 2230 5205 5300

lymphoid s 269 53 607
cells/mm3 1> <0.001 < 0 .0 0 1

n 10 20 15
N u m b er  of X 950 1760 1940

fibroblasts s 51 101 111
/m m 3 I» < 0.001 < 0 .0 0 1

11 25 10 20 15
IgG X 1200 1430 1939 1846

mg/100 ml s 56 163 131 218
p > 0 .0 5 <0.001 < 0 .0 2
n 25 10 20 15

IgA X 210 267 289 449
mg/100 ml s 16 45 23 58

p > 0 .0 5 < 0 .0 2 < 0 .0 1
11 25 10 20 15

IgM X 130 248 191 254
mg/100 ml s 11 240 18 331

p < 0 .0 5 <0.001 < 0 .0 1
n 25 10 20 15

Coerulo- X 31 38 57 58
plasmin, s 2.2 4.2 4.3 6.2
mg/100 ml p > 0 .0 5 < 0.001 < 0 .0 0 1

Alpha-2- n 25 10 20 15
macro- X 244 251 351 453
globulin s 12 14 26 57
mg/100 ml p > 0 .0 5 < 0 .0 1 < 0.01

n =  nu m b er  of cases; x  =  m ean ;  s =  s ta n d a rd  error; p =  degree  of significance against control,  
or in the case of cell count,  against the chronic p e rs is ten t  hepati t is  group

In  chronic p e rs is te n t h e p a titis  there  w as no  co rre la tion  w h a tev e r lie- 
tw een  th e  abso lu te  n u m b e r o f lym phoid  cells a n d  th e  im m unog lobu lin  levels 
(th e  co rre la tion  coeffic ien t w as in  every  case be low  0.25). In  aggressive h e p a 
titis  th e re  was a close co rre la tio n  betw een  th e  se ru m  IgG  level and th e  n u m b e r 
of lym p h o id  cells (r =  0 .78; F ig . 1), b u t none in  re la tio n  to  IgA  an d  IgM  
(r < / 0.25). F in a lly , in  th e  p a tie n ts  w ith  liver c irrh o sis  th e re  was also a close 
co rre la tio n  betw een  th e  ly m p h o id  cells and  th e  se ru m  IgG  (r =  0.80; F ig . 2). 
W ith  IgA  th e  co rre la tio n  coeffic ien t was 0.41 a n d  w ith  IgM , 0.58 (Table I I ) .

T he n um ber o f f ib ro b la s ts  an d  h istiocy tes fo u n d  in  liv er tissue was s ig n if
ic a n tly  e levated  (p <7 0.001) in chronic aggressive  h e p a titis  and  cirrhosis 
(F ig. 4, and T able  I) a g a in s t th e  values for p a tie n ts  suffering  from  ch ro n ic  
p e rs is te n t h ep a titis .
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Table I I

Correlation coefficient ( r )  fo r  the relation o f  number o f  lym phoid cells u’ith serum
glycoprotein concentration

H epatitis,
chronic

persisten t

H epatitis,
chronic

aggressive
Liver

cirrhosis

IgG 0.07 0.78 + + + 0.80 + + +
IgA 0.14 0.10 0.41 +
IgM 0.01 0.10 0.58+ +
Coeruloplasmin 0.00 0.00 0.00
Alpha-2-macroglobulin 0.00 0.00 0.00

+ =  w e ak
+ + =  evaluable
+ + + =  h igh  correlation

T h e  se ru m  a l p h a - 2 -m a c ro g lo b u l in  a n d  Coeru lop lasm in  c o n c e n t r a t i o n s  
w e r e  n o t  h ighe r  in  c h r o n ic  p e r s i s t e n t  h e p a t i t i s  t h a n  in  t h e  c o n t r o l  g r o u p ,  in 
c h r o n i c  b u t  aggress ive  h e p a t i t i s  a n d  c i r rh o s is  b o th  c o n c e n t ra t io n s  w e r e  s ign if
i c a n t l y  in c re ase d  (T a b le  I ) .

oC2 -macroglobulin 
mg / 100 ml

r -  0.59 
y -  8X + 215

fibroblasts / m m 3

F ig . 3. Se rum  a loha-2-m acrog lobulin  level a n d  n u m b er  of hepat ic  f ib ro b la s ts  in  chronic
aggressive h e p a t i t i s

I n  chron ic  p e r s i s t e n t  h e p a t i t i s  no  c o r r e la t io n  was f o u n d  b e t w e e n  th e  
n u m b e r  o f  f ib ro b la s t s  a n d  a lp h a - 2 -m a c ro g lo b u l in  c o n c e n t r a t io n  ( r  =  0.05). 
I n  c h r o n ic  aggressive  h e p a t i t i s  th e r e  w a s  no  c o r re la t io n  b e tw e e n  t h e  Coerulo
p l a s m i n  level  a n d  t h e  n u m b e r  o f  f i b r o b l a s t s  in  t h e  l iv e r  (r  =  0 .1 3 ) ,  w h erea s  
a n  e v a lu a b le  c o r re la t io n  w a s  d e t e c t e d  (r  =  0.59) b e tw e e n  t h e  a lp h a - 2 -m a c ro -  
g l o b u l i n  c o n c e n t ra t io n  a n d  t h e  f i b r o b l a s t  c o u n t  (F ig .  3).

I n  l ive r  c irrhosis  t h e r e  w as  no  c o r r e la t io n  b e tw e e n  t h e  n u m b e r  o f  f ib r o 
b l a s t s  a n d  th e  se ru m  C o e ru lo p la sm in  c o n c e n t r a t i o n  (r =  0 .09), b u t  t h e  changes

Acta Morphologica Academiae Scientiarum Hungaricae 23, 1975



MESENCHYMAL REACTION IN CHRONIC HEPATITIS 323

Tab le  III

Correlation coefficient (r )  fo r  the relation o f  fibroblast number with  
glycoprotein concentration

Hepatitis,
chronic

persistent

Hepatitis,
chronic

aggressive
Liver

cirrhosis

IgG 0.00 0.00 0.00
IgA 0.00 0.00 0.00
IgM 0.00 0.00 0.00
Coeruloplasmin 0.05 0.13 0.09
Alpha-2-macroglobulin 0.02 0.59 + + 0.75 ++ +

+ + — evaluable 
+ + + = high correlation

o f  th e  a lp h a-2-m acrog lob u lin  con cen tra tion  w ere p rop ortion ate to  th e  n u m b er  
o f th e  fib ro b la sts  and h is t io cy tes  (r =  0.75; F ig . 4).

In  none o f  th e  d iseases cou ld  a correlation  be d em on strated  b e tw e en  th e  
n um ber o f  ly m p h o id  cells and th e  C oeruloplasm in and a lp h a-2 -m acrog lob u lin  
le v e l, nor b etw een  th e  n u m b er o f  liver  f ib ro b la sts  and th e im m u n o g lo b u lin  
co n cen tra tio n s (in  each case th e  r va lu e  was 0; T ab le  II and I I I ) .

оc2 - macroglobulin 
mg / 100 ml

г -  0.75 
у -  22 X t26

fibroblasts / mm3

Fig. 4. Serum  a lpha-2-macroglobulin  level a n d  n u m b er  of h epat ic  f ibroblasts in l iver cirrhosis

D iscussion

A con sid erab le  n um ber o f  c lin ica l and ex p er im en ta l stud ies h ave su p p o rted  
P op p er’s v iew  con cern in g  th e  in fla m m a to r y  p rocesses in th e liver. A cc o rd in g ly , 
periporta l in filtra tio n  m igh t be th e  m orp h o log ica lly  ch aracteristic  fea tu r e  o f  
au toaggressive  p rocesses. T he au to im m u n e progression  o f  th e ch ron ic in f la m 
m atory  process is m a in ta in ed  b y  th e  cellu lar and h um oral occurrences in v o lv e d
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[13 , 17]. A ll th e au th ors a ttr ib u te  a s ig n ifica n t role to  th e ly m p h o cy tes  present 
in  th e  liver su b sta n ce , w h ich  are tran sform ed  fo llow in g  stim u la tio n  and are 
p a r tia lly  changed  in to  an tib od y-form in g  p la sm a  cells . The a ccu m u la tio n  of 
h e p a tic  lym p h o id  ce lls h as been  con firm ed  b y  each  th e  p ertin en t literary  
d a ta ; w e h ave h o w e v er , fa iled  to  find  lite r a r y  references con cern in g  their  
q u a n tita t iv e  e v a lu a tio n . S tu d ies on th e  b eh a v io u r  o f  th e  peripheral ly m p h o 
c y te  cou n t and serum  im m u n e-g lob u lin s w ere perform ed  b y  B olton  e t  al. [1] 
in  52 p a tien ts  su ffer in g  from  Crohn’s d isea se  an d  20 w ith  u lcera tiv e  co litis, 
b u t th ese  authors fa iled  to  exam in e th e ly m p h o c y te  count and th e  im m u n o
g lo b u lin  co n cen tra tio n s. S k in n e r  and W h i t e h e a d  [18] stu d ied  th e  lym p h o id  
ce llu la r  elem en ts an d  th e  loca l lym p h  n o d es in  surgical prep aration s o f 85 
co lec to m ized  p a tie n ts . T h e y  in terpreted  th e  m orp h o log ica l p icture as a p roof  
o f  th e  stim u la tio n  o f  th e  cellu lar and h u m ora l m ech an ism s in u lcera tiv e  co litis  
an d  in  Crohn’s d isease . T h e results o f  th e  p resen t s tu d y  m igh t be b rought 
in to  con n ection  w ith  th is  ob servation : th e  b eh a v io u r  o f  the im m u n oglob u lin s  
w o u ld  be th e  resu lt o f  th e  hum oral im m u n e resp on se and th e  ch an ges o f  th e  
ly m p h o id  cell cou n t o f  th e  cellular one. T h e n u m b er o f  lym ph oid  cells in th e  
liv e r  and the in crease in  serum  im m u n og lob u lin s could  be correlated  ow ing  
to  th e  causal re la tion  o f  th e  tw o factors: th e  h igher serum  im m u n e g lob ulin  
co n cen tra tio n  w o u ld  b e a con sequ en ce o f  in crea sed  a n tib o d y  form ation  in d u ced  
b y  th e  a c t iv ity  o f  th e  a ccu m u la ted  cells. On th e  o th er h and , it can n ot be ex c lu d 
ed  th a t  th e  ly m p h o id  e lem en ts  in th e liv er  are o n ly  represen tin g  th e  im m u n o 
log ica l reaction  o f  th e  en tire  organism .

There are m a n y  d a ta  concerning th e  g ly c o p r o te in -sy n th e tis in g  a c t iv 
i t y  o f  fib rob lasts . Forrester et al. [7] o b ser v ed  th a t  th e e lec trop h oretic  
m o b ility  o f  tran sform ed  h a m ster  k id n ey  f ib r o b la s ts  is con n ected  w ith  th e  sia lic  
acid  con cen tra tion  o f  th e  ce ll surface. A cco rd in g  to  Sobel et al. [18] th e  g ly co 
p ro te in s and m u co p ro te in s o f  the co n n ec tiv e  t issu e  b asa l su b sta n ce  are also  
p rod u ced  b y  f ib r o b la sts . Kittlich et al. [11 ] ob served  m u cop olysacch arid e  
sy n th e s is  iu fib ro b la st cu ltu res. The resu lts o f  our earlier ex p er im en ts refer 
also  to  the p rob able role o f  fibrob lasts in  g ly c o p r o te in  syn th esis [2, 5, 8, 9]. 
T h e presen t resu lts re v e a le d  a correlation  b e tw e e n  th e  serum  alpha-2-m acro-  
g lo b u lin  con cen tra tion  an d  th e  num ber o f  f ib r o b la sts  found  in th e  in te rstit ia l 
su b sta n ce  o f  th e  liv e r  in  chronic aggressive  h ep a tit is  and h ep a tic  cirrhosis. 
O n th is basis it seem s th a t  the in creased  g ly c o p r o te in  sy n th e tis in g  a c t iv ity  
o f  th e  fib rob lasts in  th e  in te rstit ia l h ep a tic  su b sta n ce  m ay  in du ce an e lev a tio n  
o f  th e  serum  a lp h a-2-m acrog lob u lin  co n cen tra tio n . The ob servation s o f  Jakab 
e t  al. [10] in p a tie n ts  su ffer in g  from acu te  m y o ca rd ia l in farction  a lso  support 
th is  h yp oth esis.

To sum  up, s ig n if ic a n t  increase in th e  n um ber o f  lym p h o id  cells and  
fib ro b la sts  in th e  liv e r  in  chronic aggressive  h e p a tit is  and cirrhosis has been  
v e r if ie d  b y  q u a n tita t iv e  exam in ation s. A  c lo se  correlation  could  be d em on stra t-
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см! b e t w e e n  th e  n u m b e r  o f  t h e  ly m p h o id  cells a n d  the* s e ru m  Ig G  level .  The 
c h a n g e s  in  th e  se ru m  a lp h a - 2 -m a c ro g lo b u l in  level a n d  in  th e  n u m b e r  o f  the  
l iv e r  f ib ro b la s t s  r u n  p a ra l le l  in  c h r o n ic  aggressive  h e p a t i t i s  a n d  in  l iv e r  c irrhosis .
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D IE  M E SE N C H Y M A L E  R E A K T I O N  UN D  D E R  G L Y K O P R O T E I D S P I E G E L  
IM S E R U M  B E I  C H R O N I S C H E R  H E P A T IT IS  U N D  L E B E R Z I R R H O S E

J . F E H É R , L. JA K A B , L. JÓZSA , I. SZILVÁSI und G A B R IE LLA  PA PP

Bei 45 K ra n k en  m it  ch ron ischer  persistierender H ep a t i t is ,  chronischer aggressiver 
H e p a t i t i s  u n d  Lebercirrhose w u rd e  im Biopsiemateria l  der Leber  die Zahl der  ly m pho iden  
Zellen  u n d  der F ibrob las ten ,  fe rne r  im Serum  der gleichen K ra n k e n  die IgG-. IgA. IgM-, 
a -2-M akroglobulin -  und die C oeru lop lasm inkonzen tra t ion  u n te r s u c h t  und  folgendes fest
gestell t:
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1. Bei chronischer, aggress iver  H ep a t i t is  u n d  L eberz irrhose  l äß t  sich bei der  q u a n t i t a t i 
v e n  U n te rsu ch u n g  ein s ig n i f ik a n te r  Anstieg  der Zahl der ly m p h o id en  Zellen u n d  der F ibro
b l a s te n  aufzeigen.

2. Ztvischen der Z ah l  d e r  ly m p h o id e n  Zellen u n d  dem  IgG-Spiegel i s t  eine enge K orre la 
t io n  nachweisbar.

3. Bei chronischer, aggress iver  H e p a t i t is  u n d  L eberzirrhose  ä n d e r t  sich der a-2-Makro- 
g lobulinspiegel  parallel der  V e rä n d e ru n g  der F ib ro b las ten zah l  in der Leber .

РЕАКЦИЯ МЕЗЕНХИМЫ И КОНЦЕНТРАЦИЯ СЫВОРОТОЧНЫХ 
ГЛИКОПРОТЕИДОВ ПРИ ХРОНИЧЕСКОМ ГЕПАТИТЕ И ПРИ ЦИРРОЗЕ ПЕЧЕНИ

Й. ФЕХЕР, Л. ЯКАБ, Л. ЙОЖА И. СИЛВАШИ и ГАБРИЕЛЛА ПАПП

У 45 больных персистирующим хроническим гепатитом, агрессивным хроническим 
гепатитом и циррозом печени авторы изучали в печеночной ткани, полученной при био
псии печени, число лимфоидных клеток и фибробластов и в сыворотке тех же больных 
определили концентрацию IgG, IgG, IgM, альфа-2-макроглобулинов и церулоплазмина. 
Они нашли, что

1. при агрессивном хроническом гепатите и при циррозе печени в случае количест
венного исследования в печеночной ткани наблюдается достоверное повышение числа 
лимфоидных клеток и фибробластов;

2. между числом лимфоидных клеток и концентрацией IgG можно выявить тесную 
корреляцию;

3. при агрессивном хроническом гепатите и циррозе печени уровень альфа-2- 
макроглобулинов изменяется параллельно изменению числа фибробластов в печени.

D r. Ján os Fehér 
D r. L ajos Jakab 
D r. Is tv á n  SziLVASi 
D r. G abriella Papp 
L á sz ló  Józsa

S em m elw ei U n iv ers ity  M edical S ch ool,
T h ird  D ep artm en t o f  M edicine,
1430  B u d a p est, M ező Im re út 17.,
H u n g a r y
N a tio n a l In stitu te  o f  T ra u m a to lo g y , 1430 B u dap est, 
M ező Im re ú t 17., H u n gary
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H. Karobath: Der B litzum fa ll. Verlag  G. W itzstrock. B ad en -B ad en ,  Brüssel , K ö ln  (1975)
106 p. ,  42 Figures, 7 Tables.

M odem  electropathology a n d  resea rch  on lightn ing injuries over its  s t a r t  a t  th e  tu rn  
o f  t h e  c en tu ry  Je lű n ek  of V ienna.  D u r in g  the  pas t  75 years  several of his s t a te m e n t s  have  
becom e obsolete. K a ro b a th ’s sm all  m o n o g rap h  now sum m arizes  all up  to d a te  know ledge  
concern ing  lightn ing accidents.  A f te r  a survey  of the  h is to ry  of pers is ten t  re sea rch  th e  m e te o r 
ology of th u n d ers to rm  and the  physics  of  l igh tn ing  discharge are described. T h en  th e  sy m p to m s  
of th e  l igh tn ing  stroke, its  effect on  th e  h e a r t  and  the ECG changes are discussed in ad d i t io n  
to  in d iv idua l  accidents and th e  a u th o r ’s anim al experiments .  In  the following c h ap te rs ,  the 
t r ia d  of the  l ightn ing syndrom e i.e. d i s tu rb ed  consciousness,  l igh tn ing  paralysis ,  a n d  skin 
a l te ra t io n s ,  fu r th e r  the  d is tu rb an ces  of s ight and  hearing  as well as the  influence on p reg n an cy  
of t h e  l igh tn ing  in ju ry  are discussed.

Most physicians know v e ry  li t t le  a b o u t  l ightning acc idents;  in this  l it t le  book th ey  will 
f ind  ev e ry th in g  may ough t  to know.

E. Somogyi

1. Oláh, P. Röhlich, I. Törő: U ltrastructure o f  L ym pho id  Organs. A n  Electron M icroscopic  
A tlas. Pub l ish ing  House of th e  H u n g a r ia n  Academ y of Sciences, B udapes t ,  1975., a n d  J .  B. 
L ip p in c o t t  Co., Philadelphia  an d  T o ro n to ,  and Masson et Cie, Paris.  P p .  317,255 il lustra tions,

28 schem atic  drawings

In  the  last decades a g re a t  d ev e lo p m en t  has ta k e n  place in the  field of  e x p er im e n ta l  
a n d  c linical im m unology as well as in th e  diagnostics and  th e ra p y  of diseases of th e  ly m p h a t ic  
sys tem .  In  a nu m b er  of diseases of u n k n o w n  origin func tiona l  d is tu rb an ces  of th e  im m u n e  
sy s te m  have  been observed a n d  th e  a u to im m u n e  origin of some of these diseases has  been 
p roven .

In  the  pathogenesis of v a r io u s  diseases an  increasing im por tance  has been a t t r i b u te d  
to im m u n o reac tio n s  and  m echanism s .  I n  addit ion ,  e x am in a t io n  of the  s t ru c tu ra l  an d  func
t iona l  changes of lym phocytes ,  has  become a rou tine  d iagnostic  procedure .  T h is  explains 
w h y  th e  researchers possessing a classical knowledge of th e  ly m pho id  o rgans felt an  increas
ing need  for a work supplying in fo rm a t io n  on the  fine s t ru c tu re  of lym pho id  o rgans  revealed  
b y  e lec tron  microscopy in the  la s t  tw o  decades. This book m eets  th is  re q u ire m e n t  an d  illus
t r a t e s  the  cellular e lements in th e i r  m icro  env ironm en ts  which have  an  im p o r t a n t  role in 
im m u n o re a c t io n s  and  im m unocy to log ica l  phenomena.

The  book is in troduced  b y  a brief  c h ap te r  on the  m ateria l  a n d  the  m eth o d s  of f ixa t ion ,  
em b ed d in g ,  s ta in ing, etc., used b y  th e  au thors .

In  the  firs t  p a r t  of the  book  an tic ipa t ing  t h a t  the  reader  has th e  necessary  basic 
knowledge of light microscopy — th e  c o m p o n en ts  of lym phoid  tissue are described: the  cellular 
e lem en ts ,  ly m p h  follicles and the  venu les  w i th  a peculiar endothe lia l  l in ing  p re sen t  in the  l y m p h 
oid organs.  After  a description o f  the  f ine  s t ru c tu re  of  the  c om ponen ts  of  ly m pho id  tissues, 
se p a ra te  c h ap te rs  are devoted  to th e  ind iv idua l  lymphoid  organs: th y m u s ,  b u rsa  of Fabric ius ,  
tonsils ,  gut-assoc ia ted  lym pho id  organs,  ly m p h  nodes and  th e i r  p a r t icu la r  form , the  so-called 
h eam o ly m p h -n o d es  and  finally th e  spleen. Their  descrip t ion  is i l lus tra tive  an d  d idac t ica l ly  
co n s t ru c ted .  T he  description of each  ty p e  of tissue and  organ  is in t ro d u ced  by th e  p re sen 
t a t io n  of l igh t  microscopic p ic tu res  of  1000 2000 t im es  m agnifica tion , a n d  of i l lu s t ra t ive
sch em a tic  drawings.  These are followed by  e lectron microscopic p ic tu res  w i th  m agn if ica t ions  
r an g in g  from 2000 to several 10000 t im es.  The  t rans it ions  be tw een  the  different  degrees of
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m a g n if ica t io n  always follow a well-chosen order, a llowing an  easy o r ien ta t ion  also for readers 
less ve rsed  in the s t ru c tu re  of  ly m p h o id  tissue.

T h e  most im p o r t a n t  a n d  va luab le  p a r t  of  t h e  a t la s  is the  r ich  i l lu s t ra t ion  material.  
A p a r t  f rom  some excep tions ,  t h e  i llustra tions m ade  f ro m  32 sem i- th in  sections, and  the  223 
e le c t ro n  microscopic p ic tu re s  a re  of  excellent q u a l i ty  a n d  the  28 schem atic  i l lus tra tions  are 
also o u ts tand ing .  The legends  to  th e  figures as well as th e  e x p lan a t io n s  to  th e  symbols are 
fo u n d  on the  page opposite to t h e  f igures. The  c ons truc t ion  allows th e  reader  to familiarize himself 
w i t h  th e  m ateria l  and o b ta in  p ro fo u n d  knowledge a b o u t  th e  fine s t ru c tu re  of  th e  cellular ele
m e n t s  of  the  lymphoid  t is sue  a n d  lym phoid  organs. T he  a t la s  also con ta ins  a few m ontages 
m a d e  u p  of several p ic tu res  w h ic h  f i t  precisely. T he  tec h n iq u e  app lied  in m ore  t h a n  one case, 
w h e n  s t ru c tu ra l  p ropert ies  cons id e red  im p o r ta n t  are r e n d e re d  conspicuous by  clippings or by 
f a t  c o n to u rs  is ingenious a n d  d idac t ic .  I t  also c o n tr ib u te s  to  th e  va lue  of th e  a tlas  t h a t  the  
fu n c t io n a l  importance  of each  f in e  s t ru c tu ra l  e lem en t  is p o in te d  out. A n o th e r  m er i t  of the  
b o o k  is t h a t  the au thors  do n o t  e n te r  in to  a deta iled analys is  of t h e  var ious h ypo theses  concern
in g  th e  single s t ruc tu res ,  b u t  in s te a d  presen t  t h a t  knowledge  ab o u t  th e  ly m p h o id  organs 
w h ic h  h as  found general a c c ep ta n ce .  They  a lways f in d  m ean s  to  call a t t e n t io n  to h i th e r  to 
u n c la r i f ie d  problems.

T he  rich original p ic tu r e  m ate r ia l  of the  a tlas  is based  pr im ari ly  on th e  s tu d y  of the 
ly m p h o id  organs of th e  r a t ,  gu inea-p ig ,  b a t ,  r a b b i t ,  c a t  a n d  m onkey .  In  s tudies  on the  bursa  
o f  F a b r ic iu s  the  chicken w as  th e  ob jec t  of exam ination .

I t  is u n fo r tu n a te  t h a t  t h e  exam inations  should  n o t  invo lve  the  ly m pho id  organs of 
m a n .  I n  our days when th e  reclassif ica tion  of H o d g k in  a n d  n o n -H o d g k in  ly m p h o m a s  on the 
ba s is  o f  th e  s truc tura l  ch an g es  o f  th e  lymphoid  sys tem  a n d  on th e  changes of im m u n e  func tion  
are  c u r re n t ,  this would h a v e  h a d  a par ticu lar  ac tu a l i ty .  I t  is hoped  t h a t  the  n e x t  edition  of 
t h e  boo k  will be co m p le m e n te d  w i th  scanning e lec tron  m icroscopy  p ic tu res  on  the cellular 
c o m p o n e n ts  of lym phoid  o rgans .

T he  l iterature  p re sen te d  a t  th e  end of the  a t la s  a n d  classif ied according to  the  chap ters  
c o m p rise s  300 im p o r tan t  l i t e r a r y  sources on the  u l t r a s t r u c tu r e  of lym pho id  organs,  tissues and 
th e i r  cellular elements,  also in  re sp ec t  of h u m an  m ate r ia l .

T he  subject of th e  a t l a s  fills a long felt need. T h e  book will rep resen t  a useful source 
of in fo rm a t io n  for resea rchers  a n d  clinicians in te res ted  in th e  physio logy and  m orphology  of the 
ly m p h o id  system and will be  m o s t  suitable for teach in g  purposes.

K . L a p i s

K i n g  M cL e l l a n d : Outlines o f  A v ia n  A na tom y:  154 pages w i th  73 figures, Bail lière T indal
and  Co., L ondon  1975.

T his  book is a sk e tch l ik e  su m m a ry  of the  a n a to m y  of dom es tic  birds. I t  supplies basic 
k n o w led g e  for beginners a n d  p ro v id es  guidance for t r a in in g  courses. I t  is a useful book for 
zoologists ,  biologists, for th o se  in te re s ted  in c o m p ara t iv e  a n a to m y  a n d  ex p er im en ta l  medicine 
as well as for  high school a n d  u n iv e r s i ty  education.

T he  monograph c o n ta in s  15 chapters .  In  th e  f i r s t  c h a p te r  th e  origin  a n d  classification 
o f  t h e  b irds ,  in the second th e  s t r u c tu r e  of the  skin, g lands  and  p lum age  as well as the  develop
m e n t  o f  the  la t ter  are su m m a r iz e d ,  referring also to  th e  sk in  changes in  M arek’s disease. 
C h a p te r  3 summarizes th e  o r g a n  sys tem  of m oti l i ty ,  w i th  a so m ew h a t  de ta i led  description 
o n ly  o f  th e  vertebrae.  I t  m a k e s  a digression on the  fu n c t io n a l  role of the  p n e u m a t ic  bones and 
d iscusses  the  species specific  c h arac te r is t ic  of oss if ication an d  also th e  m orphology  of bone 
d iseases .  Chapter  4 is a precise  a n d  clear survey of rece n t  knowledge concerning bod y  cavities:  
t h i s  is th e  book’s most  v a lu a b le  chap ter .  Chapter  6 discusses th e  digestive a p p a ra tu s  and  the  
p rocesses  of  food u p tak e ,  t r an sm iss io n ,  physical an d  chem ica l  d iges tion  and  crop-m ilk  fo rm a
t io n .  T h e  p a r t  concerning th e  s to m a c h  and en te rna l  d iges tion  also belongs am ong  the  bests.  
T h e  m o re  deta iled desc r ip t io n  o f  th e  resp ira to ry  a p p a r a tu s  in C hap te r  7 discusses also the 
f u n c t io n  of the  organ of p h o n a t i o n  (syrnix), the  p leu ra l  cav it ies  a n d  the  e lectron  microscopic 
s t r u c tu r e  of  the lungs;  p u l m o n a r y  resp ira t ion  is also discussed. The  sexual o rgans are briefly 
su m m a r iz e d  in Chapters 8 a n d  9. A separa te  c h ap te r  discusses th e  func tional  m orphology  of 
th e  c loaca  and the e x te rn a l  sex  organs. The fu n c t io n a l  h is to logy of the  endocrine  glands 
(C h a p te r  10) refers to th e  m o s t  re ce n t  da ta .  Together  w i th  th e  descrip t ion  of th e  blood vessel 
s y s te m  (C hapter  11) blood f o r m a t io n  (haematopoiesis) a n d  w i th  th e  descrip t ion  o n  th e  ly m p h a 
t ic  s y s te m  (Chapter 12) a c q u i r e d  im m u n i ty  is also discussed. C hap te r  13 deal ing  w ith  the 
n e rv o u s  sys tem  is the  m o s t  d e ta i le d  one and m ain ly  c o n ta in s  recen t  d a ta .  I n  C hap te r  15 the  
o rg a n s  of sense are briefly  su m m ar iz ed .
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In  the  single chap te rs ,  few c o m p ara t iv e  references to  v e r te b ra te s  are found. At the  
sam e time some less k n o w n  fac ts  and  recen t  knowledge s tud ies  are described in more deta il.

The c h ap te rs  which  would  be  im p o r ta n t  in teach in g  a n d  prac t ice ,  namely those  deal ing  
w i th  the  u r in a ry  sys tem  an d  th e  sexual organs and egg fo rm at io n ,  u n fo r tu n a te ly  o ccupy  a 
small  space in the  book.

The book is a successful u p - to -d a te  guide serving th e  Eng lish  educa tiona l  sys tem . It 
supplies in each c h ap te r  the  basic  a n d  m ost  recent reference stud ies .  T he  easily surveyab le  an d  
ingeniously c o n s t ru c ted  figures a re  excellent and  m ean  a g re a t  help in teaching, more t h a n  
w ould  i l lus tra tions  p resen t ing  m ore  deta ils  and  supply  a t  th e  sam e  t im e  perfect d irec tions 
in th e  course of th e  necropsy.

G . F e h é r

Ada Morphologica Academiae Scientiarum Hungaricae 23, 1975





PREPARATION OF MANUSCRIPTS

T he p ap e r m u st be o rig inal a n d  u n p u b lish ed , and  shou ld  i t  be accep ted  for 
p u b lica tio n , i t  is not be p u b lish e d  elsew here.

C o n trib u to rs  are re q u e s te d  to  su p p ly  tw o copies o f th e  m a n u sc r ip t e ith e r  
in  H u n g a rian  or in E ng lish , in c lu d in g  tab les  and  illu s tra tio n s .

T he head line  shou ld  in c lu d e  th e  w orking  place, th e  t i t le  of p ap e r, and  
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