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SEX CORD NESTS WITH ANNULAR TUBULES 
THE INCIDENCE OF IDENTIFYING THEM 

IN NORMAL OVARIES

G . S. D e l i d e s , J. E l e m e n o g l o u , G . G a r a s

DEPARTM ENT OF PATHOLOGY, M ETAXA’S MEMORIAL CANCER IN ST IT U T E  PIR A E U S, GREECE

(R eceived  16 May 1987)

Sections from  588 ovaries rem oved during  various o p era tio n s and rep o rted  as 
being w ith in  norm al size lim its  were review ed. In  seven cases s tru c tu re s  w ith  th e  
ch arac te ris tic  appearances of sex cord “ tu m o u rs”  w ith  a n n u la r  tubu les (SCTAT) 
were found.

W e called th e  lesions sex cord nests w ith  a n n u la r tu b u le s  (SCNAT). T heir m ean  
d iam eter w as 0.17 m m .

I f  ovaries w ere c u t in serial sections th e  p ro b ab ilities o f id en tify in g  such lesions 
should increase  v e ry  m uch.

K eyw ords: Sex cord tu m o u rs , sex cord nests  in ovaries

Introduction

Sex cord tu m o u r w ith  a n n u la r  tubu les (SCTAT) is a ra re  ovarian  neoplasm  
w ith  d is tin c tiv e  appearance  described  by  Scully in  1970 [8].

H e rep o rted  13 cases an d  16 fu r th e r  exam ples have  been rep o rted  since 
th e n  [1-10]. O f in te re s t (as in  th e  case of o th e r o v arian  tu m o u rs) is th e  associa­
tio n  of the  above tu m o u r to  P e u tz —Jeghers syndrom e [9].

A sm all SCTAT found in c id en ta lly  in an  o v ary  rem oved  during  h y s te r ­
ec to m y  for fib ro ids, drew  ou r in te re s t to  th e  possible excistence of “ o ccu lt” 
SCTAT th a t  could n o t have been  noticed  in ro u tin e  w ork.

M aterials and methods

T he sections from  ovaries rem o v ed  during  358 o p erations perform ed for various reasons 
du rin g  th e  period 1976-1980 were rev iew ed .

O variectom y was u n ila te ra l in  128 cases and b ila te ra l in  th e  rest. T he p a tie n t’s age 
ran g ed  from  32 to  67 years. O varies o f older wom en w ere n o t included  in  th e  s tudy .

In  nearly  all these cases th e  ovaries were rep o rted  as being  w ith in  norm al size lim its . 
In  th e  cases in  w hich a lesion w as fo u n d , add itional sections from  th e  p a raffin  blocks were 
also exam ined. T he SCTAT found  in c id en ta lly  was included in th e  s tu d y  (Case 1). The d iam ete r 
o f th e  lesions was m easured  w ith  th e  use of an eyepiece w ith  a m icrom eter graticule.

Send o ffp rin t requ ests  to : G. S. D elides, D e p a rtm en t o f P a th o lo g y , D iagnostic  and  
T h erap eu tic  In s t i tu te  of P iraeus M e tax a ’s M em orial C ancer In s t i tu te ,  51 B otassi S tr. P iraeus 
30, Greece

1* Acta Morphologica Hungarica 36, 1988
Akadémiai Kiadó, Budapest
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Results

T he inc iden ta lly  fo u n d  tu m o u r w as 1.2 cm in d iam ete r, yellow ish in colour 
an d  solid in co n sis ten cy . Seven ad d itio n a l lesions com posed o f one or tw o 
s tru c tu re s  resem bling SCTAT nests  w ere found . The m ean  d iam e te r of those 
lesions was 1.7 ^  0.07 m m  (SD).

In  all cases ro u n d e d  nests  o f ep ith e lia l cells w ith  a b u n d a n t v acu o la ted  
cy to p la sm  and spheric  nuclei w ith  a single nucleolus w ere p resen t. There 
w as no nuclear a ty p ia  an d  no m ito tic  figures were observed . The ep ithelial 
cells w ere arranged  in  single tu b u le s  or in  com plex n e tw o rk s th a t  con ta ined  
acidoph ilic  hyaline b o d ies  single or coalescen t (Figs 1 an d  2).

T he d iam eter o f th e  lesions, th e  reason  of o p era tio n  and  th e  n u m b er of 
n e s ts  found , are show n in T ab le  I. No one of th e  p a tie n ts  includ ing  Case 1 
p re se n te d  the P e u tz —Jeg h e rs  syndrom e.

Discussion

W ith  the  ex cep tio n  of our f irs t  case th e  lesions w hich  w ere found  in 
o u r m ateria l can n o t be ch arac terized  as “ tu m o u rs” and  we w ould prefer the 
te rm  “ Sex cord n es ts  w ith  a n n u la r  tu b u le s” (SCNAT). T he ap p earan ce  of 
th o se  single nests are  n o t in  an y  w ay  d ifferen t from  th e  “ n e s ts” observed 
w ith in  th e  tu m o u r o f  Case 1 or from  th o se  described in  prev ious papers.

T he incidence o f SCTAT is rep o rted  to  be v e ry  low. G loor found  four 
cases in  a review of o v a ria n  tu m o u rs  am ong  560 000 biopsies exam ined  during 
40 y ea rs  in th e  I n s t i tu te  of P a th o lo g y  of th e  U n iv e rsity  of L ausanne  [4]. 
In  th e  sam e period in  th e  above In s t i tu te  47 granulosa cell and  8 S erto li and/or 
L eyd ig  cell tu m o u rs  w ere observed.

In  the  period 1976-1980 ap p ro x . 20 000 surgical specim ens w ere exam ined  
in  th e  D ept, of P a th o lo g y  of “ M etax a’s M em orial C ancer In s t i tu te ” . A m ong

Table I

Reason o f  operation, number o f  nests and diameter o f lesions

Case Age Operation Number 
of nests

D iam eter of lesions 
(mm)

l 38 U terine fibro ids Large 12
(tum our)

2 45 B reast cancer-ovariectom y
num ber

1
(tu m o u r d iam et.) 

0.26
3 36 B reast cancer-ovariectom y 1 0.24
4 49 U terine fibro ids 1 0.2
5 48 B reast cancer-ovariectom y 2 0.14-0.12
6 48 B reast cancer-ovariectom y 1 0.1
7 51 U terine fibroids 1 0.1
8 39 U terine fibroid-adenom yosis 1 0.26

M ean diam eter o f lesions J ;  S.D .: 0.17 ^  0.07

Acta Morphologica Hungarica 36, 1988



SEX CORD NESTS Э

Fig. 1. Case 1. Sex cord tu m o u r w ith  a n n u la r  tubu les H E  X 160 
Fig. 2. Case 5. Two sex cord “ n ests”  w ith in  th e  ov arian  co rtex  H E  X 100

Acta Morphologica Hung r'.ca 36, 1988
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tho se  8 were g ranu losa  cell tu m o u rs , 1 S erto li and  1 SCTAT (Case 1). T he seven 
SCNAT found in  th e  588 ovaries re p o rte d  as n o rm al, give an  incidence of 
1 .19%  of th is  lesion.

Id en tific a tio n  o f SCNAT w ith  a d iam e te r o f ap p ro x im ate ly  0.2 m m  
w ith in  a ro u tin e ly  sec tioned  o v ary  ap p ea rs  to  be a m a tte r  of chance. I f  th e  
ovaries w ere cu t in  seria l sections th e  p ro b a b ility  o f iden tify ing  th e  lesion 
shou ld  increase an d  th e  incidence o f th e  lesion should  be m uch h ig h er th a n  
th a t  e s tim a ted .

The origin o f SCTAT is a m a tte r  o f discussion. B o th  a g ranu losa  cell 
a n d  a Serto li cell origin are  u n d er co n sid e ra tio n  [1, 4].

To us i t  ap p ears  p robab le  th a t  SCTAT have th e ir  origin in SCNAT like 
th o se  we described. I f  we accep t these  lesions as p o te n tia l tu m o u rs  th e n  SCTAT 
is n o t  so ra re  an d  a g ranu losa  cell o rig in  w ould be m ore p robab le . In  our 
series ages ranged  from  32 to  67 y ea rs  b u t  SCTAT have been described  
in  ch ild ren  (1) an d  if  SCTAT have th e ir  origin in  SCNAT one shou ld  expect 
th e  nests  to  ex ist in  y o ung  ages.

D iffe ren tia tio n  o f  SCNAT from  p a r ts  o f follicles w ith  Call E x n e r  bodies 
especially  if  ca lc ifications are no t p re se n t is o f a real d ifficu lty . A p a rt o f the  
ap p earan ces of th e  n e s t th e  absence o f th e c a  cells su rround ing  th em  appears 
to  be th e  m ain  crite rio n .

All th e  exam ined  ovaries were re p o rte d  as w ith in  “ no rm al”  size-lim its 
an d  i t  seems possible th a t  th e  lesion h a d  been overlooked or cha rac terized  as 
p a r t  o f follicles. A fu r th e r  research  on th e  frequency  of SCNAT in no rm al 
ovaries will be p e rh ap s of value for th e  s tu d y  of th e  histogenesis o f SCTAT.
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COMPETITIVE MECHANISMS 
OF BASIC PEPTIDES INDUCING 

TRANSGANGLIONIC DEGENERATIVE ATROPHY*

J .  T a j t i 1, B. P e n k e 2, K. K o v á c s 2, В. C s i l l i k 1

1 D EPA R T M E N T OF ANATOMY AND ! D EPARTM ENT OF M EDICAL CH EM ISTRY,
SZENT-GYÖRGYI A LB ER T M EDICAL U N IV ERSITY , SZEGED, H UN G ARY

(R eceived  17 M arch 1987)

In  ad d itio n  to  th e  classical m icro tubu le  inh ib ito rs  (a n tim ito tic  agen ts), tran s- 
ganglionic degen era tiv e  a tro p h y  o f c en tra l te rm in als o f p r im a ry  sensory  neurons can 
be induced  also b y  m eans of a p p ly in g  to  a pe rip h eral ne rv e  basic  po ly p ep tid es (P o ly ­
m yxin  В an d  Colim ycin) and  tw o  basic  deriva tives o f g lu tam ic  acid  th a t  do n o t ex ert 
any m ic ro tu b u le  in h ib ition . T his e ffec t is in d ep en d en t o f o th e r  pharm aco log ica l effects 
(h istam ine lib e ra tio n , Ca2+-b in d in g , e tc .) o f th e  applied  com pounds, an d  p ro b a b ly  i t  is 
based on a co m p etitiv e  reac tio n  w ith  nerve g row th  facto r.

K eyw ords: Sp inal cord , d eg en era tio n  nerve g row th  fac to r

Acta Morphologica Hungarica, 36 (1 —2), pp. 7—14 (1988)

Introduction

P rim ary  nocicep tive  neu rons a re  u n d er a special tran sg an g lio n ic  contro l. 
T he m ost obvious sign of th is  tran sgang lion ic  reg u la tio n  is th a t  following th e  
tran sec tio n  o f a p e rip h era l sensory  axon , transgang lion ic  deg en era tiv e  a tro p h y  
(TDA) ensues in  th e  dorsal horn  o f th e  spinal cord [3]. I t  w as show n in our 
earlie r stud ies [1] th a t  th e  b lockade  of th e  re tro g rad e  axop lasm ic  tra n sp o r t  is 
responsible fo r T D A . I t  was p ro v ed  by  Csillik et al. [2, 5] th a t  re tro g rad e  
tra n s p o r t  of L ev i-M o n ta lc in i’s n e rv e  g row th  fac to r (N G F) p lay s an  o u ts ta n d ­
ing  role in th e  m ain ten an ce  of th e  s tru c tu re  and  fu n c tio n  of th e  cen tra l te r ­
m inals of p rim ary  sensory  n eu rons. In  our p resen t s tu d ies, T D A  w as induced  
b y  n o n -an tim ito tic  p o lypep tide  an tib io tics  (lacking an y  a n ti-m ic ro tu b u la r  
a c tiv ity )  and b y  basic g lu tam ic  acid  derivatives, w hich seem  to  in te ra c t 
w ith  N GF.

Materials and methods

In v estig a tio n s w ere perform ed on 51 young a d u lt CFY ra ts  o f b o th  sexes, 220-250 g 
b o d y  weight. In  N e m b u ta l anaesthesia , th e  left sciatic nerve was exposed and  su rrounded  by  
a G elaspon (Je n ap h a rm ) cuff (F ig. 1), soaked  previously  in one of th e  follow ing com pounds:

* Supported  b y  R esearch  G ran ts  No. 527 from  th e  H u n g arian  M in istry  of H ea lth  and 
N o. 05-065 from  th e  H u n g a rian  A cadem y of Sciences

2 Send o ffp rin t req u ests  to : P rof. D r. B. Csillik, D ep artm en t o f A n a to m y , 6701 Szeged, 
P .O . Box 512, H u n g a ry

Acta Morphologica Hungarica 36, 1988
Akadémiai Kiadó, Budapest
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Fig. 1. D iagram  of th e  e x p erim en ta l p a rad igm  for stu d y in g  th e  T D A -inducing  effect of the  
in v es tig a te d  com pounds. T h e  sciatic  nerve is surrounded  by  a G elaspon cuff soaked in the  
e x p erim en ta l substance (exp) for 30 m in; on th e  c o n tra la te ra l sciatic  nerves a  cuff soaked in 
physio logical saline so lu tio n  is applied  for 30 min. A fter 14 days, F R A P  a c tiv ity  of the  R olando 
su b s ta n c e  is studied b y  h isto ch em ica l m eth o d s in serial frozen sections; th e  sciatic nerve was 

s tu d ied  in  no n -sta in ed  teased  sam ples

P o ly m y x in  В su lphate®  (Pfizer).C olim ycin  su lphate®  (Bellon), 48/80®  (Sigm a), Perem in®  
(C hinoin), H -L y s-O H x H 2S O ,, B O C -G LU -ED A , T F A xIl-G ]u-E D A -F M O C ( Figs 2a, b, c and d). 
T he co n tra la te ra l sc iatic  n e rv e  w as su rro u n d ed  by a cuff soaked  in iso ton ic  saline solution. 
C oncen tra tions of th e  su b s tan ces app lied  to  our biological te s t  system  are sum m arized  in 
T ab le  I.

A fter 30 m in, th e  cuffs w ere rem oved and th e  w ounds closed. T he an im als were allowed 
to  su rv iv e  for 14 days; th e re a f te r , in N em b u ta l anaesthesia , th e  ra ts  w ere killed by  the  tran s- 
c a rd ia l perfusion w ith  a  fo rm ald eh y d e-g lu ta ra ld eh y d e  so lu tion  [13]. A fter fix a tio n , b o th  
sc ia tic  nerves and th e  lu m b o sac ra l sp inal cord w ere rem oved , and post-fixed  for 36 h in 
th e  sam e fixative  a t  + 4  °C. T he sciatic  nerves were s tud ied  in  teased  sam ples a fte r  free-hand 
d issec tion  under a Zeiss stereom icroscope, w ith o u t any  sta in ing . T he spinal cord was stud ied  
in seria l frozen sections s ta in e d  for acid ph o sp h a tase  according to  a m odified  Göm öri te c h ­
n iq u e  [8].

Results

Local p e rineu ra l ap p lica tio n  o f 1%  P o lym yx in  В su lp h a te  or 1%  Coli- 
m ycin  su lphate  in d u ced  TD A , w hich, a t th e  ligh t m icroscopic level is clearly  
in d ic a te d  by the  d ep le tio n  of th e  ex tra lysosom al fluoride  re s is ta n t acid phos­
p h a ta se  (F R A P ), i.e. th e  m ark er enzym e of th e  p rim ary  nociceptive neurons, 
from  th e  cen tra l senso ry  axon  te rm ina ls in R exed’s lam in a  I I  in th e  upper 
sp in a l dorsal horn  (F ig . 3).

4cta Morphologica Hungarica 36, 1988
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Fig. 2. a —d. C hem ical form ulas of th e  substances used in  pe rin eu ral ap p lication

P o lym yx in  В is know n to be a strong  h is tam in e  lib era to r. In  o rd e r to  
c larify  th e  T D A -inducing  effect o f P o ly m y x in  В and  to  exclude an y  ev en tu a l 
h is tam in e  effects, th e  h istam ine l ib e ra to r  poliam ine 48/80 and  P erem in  (H ista - 
m in u m  bihydroch lo ricum ) were also  applied  p e rineu ra lly . In  e ith er case, we 
did  n o t encoun ter a n y  change in th e  F R A P  reaction  o f su b s ta n tia  ge la tinosa ,

Acta Morphologica Hungarica 36, 1988
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F ig. 3. T he effect of th e  p e r in e u ra l app lication  of P o ly m y x in  В (10 7 M) on th e  F R A P  ac tiv ity  
o f s u b s ta n tia  gelatinosa R o lan d i (L am ina  I I  of R exed). On th e  side of th e  sc ia tic  nerve trea ted  
w ith  P o lym yxin  В (a p p a re n t le ft)  depletion  of F R A P  a c tiv ity  is n ea rly  com plete; only a 
m in im al residual a c tiv ity  can  be  observed, m ain ly  a t  th e  la te ra l edge of th e  su b s tan tia  
g e la tin o sa  Rolandi w hich re p re se n ts  th e  som ato to p ica lly  corresponding zone of th e  (in tact) 
p o s ta x ia l derm atom e (a ste risk ). T he co n tra la te ra l s u b s ta n tia  ge la tinosa  R o land i (where th e  
sc ia tic  nerve  was trea te d  o n ly  b y  a physiological saline so lu tion ) shows a com ple te ly  norm al,

in ten siv e  F R A P  reac tio n  (arrow )

in d ic a tin g  th a t TD A  d id  n o t ensue; in  o th e r  w ords, h is tam in e  libera tion  is 
n o t responsible for th e  T D A -inducing  effect o f P o ly m y x in  B.

On the  o ther h a n d , since b o th  P o ly m y x in  and  Colim ycin w ere applied in 
th e  fo rm  of su lphate  sa lts , th e  T D A -inducing  effect could be due to  a simple 
b in d in g  of in traax o n a l Ca2+ ions b y  th e  su lp h a te  groups — it  is know n th a t  
Ca2 + p lays a crucial ro le in  axoplasm ic tra n s p o r t  m echanism s. Therefore, to  
ex c lu d e  th e  role of th e  su lp h a te  groups, a p H -d ep en d en t H 2-L y s -0 H x H 2S 0 4 
was also applied p e rin eu ra lly . No F R A P -d ep le tio n  was en co u n te red  ind icating  
th a t  T D A  did no t occur, p ro v in g  th a t  Ca2+ b in d ing  is no t responsib le  for the  
effects of Polym yxin  В an d  Colimycin.

T able I sum m arizes th e  biological effects of 7 d ifferen t chem ical com ­
p o u n d s  on the  spinal co rd  an d  th e  sciatic n erve . O nly the  firs t fo u r com pounds 
in d u ce  TDA. These su b stan ces  have a com m on chem ical fe a tu re : all of th em  
possess a t  least one b asic  cen tre  — P o ly m y x in  В and  C olim ycin even m ore. 
W e assum e th a t  basic  com pounds like B O C -G L U -E D A  an d  TFA xH -G lu- 
ED A -FM O C  [4] (the  m onom eric  un its of p o lia n tin  [9]) could be active in our 
b io logical te s t system  b ecau se  th e y  have a p ro p e r chem ical s tru c tu re  f ittin g  
in to  th e  ta rg e t m olecule. V ery  probab ly , th e  presence of a basic  (e.g. am ino) 
g ro u p  in  the m olecule is n o t sa tisfac to ry  fo r inducing  th e  T D A  effect; the

Acta Morphologica Hungarica 36, 1988
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T able  I

Dose-effect correlation o f  perineurally applied compounds

Effect

Perineurally 
applied compounds

Substance
concentration

on FHA P in the 
Rolando substance

on the 
sciatic 
nerve

n

Polym yxin В 1 0 - ’ M* D epletion (TDA) 0 16
Colimycin 1 0 - ’ M* Depletion (TDA) 0 12
TFA xH -G lu-ED A -FM O C 1 0 -G M* D epletion (TDA) 0 3
BOC-Glu-EDA 10“ G M* Depletion (TDA) 0 5
H -L ys-O H xII.,SO , 1 0 -6 an d  IO -4 M 0 0 5
48/80 10~9 and  10~6 M 0 0 5
Perem in 10 s a n d  1 0 G M 0 0 5

* Threshold co ncen tra tion . I f  applied in  higher am ounts, W allerian  degeneration  ensues. 
In  low er th an  threshold concentra tion . F R A P  depletion does no t occur

presence  of an am ide (peptide) b o n d  in  the  neighbourhood  of th e  am ino group, 
in  p ro p e r distance seem s to  be necessa ry . This could be th e  reason  w hy lysine 
alone proved to  he in ac tiv e .

Discussion

T D A -inducing classical com pounds, like V inca a lkalo ids [8], Colchicin, 
P o d o p hy llo tox in  a n d  G riseofulvin, e x e r t th e ir  effect by  in h ib itin g  th e  m icro- 
tu b u la r  function . A serend ip itous o b se rv a tio n  called our a tte n tio n  to  the  
p ecu lia r T D A -inducing  effect of P o ly m y x in  B. The basic p ep tides applied  in 
o u r investiga tions h a v e  no a n tim ito tic  or an ti-m ic ro tu b u la r  a c tiv ity ; acco rd ­
in g ly  TD A  induced  b y  these com pounds m ust be th e  re su lt o f som e d ifferen t 
m echanism . We assum e th a t  th ese  com pounds induce T D A  as a resu lt of 
in te ra c tio n  w ith  N G F . Such a re a c tio n  can tak e  place e ith e r in  a co m petitive  
m a n n e r, because o f  th e  presence o f  th e  basic cen ters in  th e  N G F m olecule 
th a t  ex e rt sim ilar s t ru c tu ra l  p ro p ertie s  like the  basic g lu tam ic  acid deriv a tiv es , 
or because the basic  g roups fit in to  th e  stereochem ical s tru c tu re  of th e  N G F ; 
in  o th e r  words, th e  reac tio n  m ay re su lt  in  m odification  of th e  conform ation  
of N G F .

I t  is well k now n , how ever, t h a t  in  add ition  to  co n fig u ra tio n a l sim ilarities, 
the  basic  peptide com pounds, s tu d ie d  by  us e.g. P o ly m y x in , have  also o th e r 
pharm aco log ical p ro p e rtie s . Thus, fo r  in stance , in iso la ted  m asto cy te  cu ltu res 
P o ly m y x in  causes m ark ed  d eg ran u la tio n  i.e. h istam ine  release [7, 10]. I t  is 
also w ell known th a t  in  th e  p e rip h era l nerves, like th e  scia tic  n erv e , m astocy tes 
are p resen t in considerab le  num bers [14].

So the  idea t h a t  th e  T D A -inducing  p ro p e rty  o f P o ly m y x in  В is based  on 
a h is tam in e  effect, seem ed  to  be g erm an e . H ow ever, on th e  basis of our inves-
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tig a tio n s  carried  o u t w ith  th e  h is tam in e  lib e ra to r  48/80 an d  w ith  h istam ine  
i ts e lf  (Perem in), h is ta m in e  lib e ra tio n  as a T D A -inducing  fac to r  can  be excluded 
w ith  ce rta in ty .

Y e t there  is a n o th e r  in trig u in g  possib ility . B o th  P o ly m y x in  and  Coli- 
m y c in  are su lpha te  ions. T hus i t  could be assum ed th a t  th e  su lp h a te  groups 
a re  responsible fo r th e  T D A -inducing  p ro p e rty  of these  com pounds, m ain ly  by  
th e ir  reac tion  w ith  Ca2+ ions w hich are know n to  p lay  a k ey  role in  axoplasm ic 
tra n s p o r t  m echanism s. A ccording to  th is  h y p o thesis , su lp h a te  groups w ould 
fo rm  a sa lt w ith  Ca2 + ions th u s  in h ib itin g  th e  Ca2+-a c tiv a te d  Calm odulin 
e ffec t, i.e. the  a c tiv a tio n  o f  Ca2 + — Mg2 + -A T Pase, re su ltin g  in  a b lockade of th e  
m ic ro tu b u la r  tra n s p o r t  [6, 12, 16].

T he role of th e  su lp h a te  groups has been s tu d ied  in  experim en ts w here 
th e  p H -d cp en d en t H -L y s -0 H x H 2S 0 4 w as p e rin eu ra lly  app lied . This com ­
p o u n d  behaves as an  ab so lu te  ca tio n  below  th e  p H  7.4 range ; accordingly  
ly sin e  is ineffective w hile th e  su lp h a te  is ac tive . This w ay, th e  resu lt of th e  
ex p erim en ts  perfo rm ed  w ith  p e rin eu ra lly  applied  H -L ys-O H  X H 2S 0 4 — th a t  
is , th e  lack  of F R A P  dep le tio n  — obv iously  proves th a t  S 0 4 ions do n o t p lay  
a n y  role in  the  in d u c tio n  o f TD A .
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DEVELOPMENT OF THE AUTONOMIC GROUND PLEXUS 
IN THE ATRIOVENTRICULAR VALVES OF THE RAT

G . KÁLM ÁN

DEPARTM ENT OF ANATOMY, U N IV E R SIT Y  MEDICAL SCHOOL, SZEGED, HUNGARY 

(R eceived  23 M arch 1987)

T he developm ent of th e  ad renerg ic  and cholinergic in n e rv a tio n  of th e  r a t  a tr io ­
v en tricu la r  valves was stu d ied  in  w hole m o u n t s tre tc h  p rep ara tio n s . Specim ens o b ta ined  
from  ra ts  ageing 2-30  days w ere processed for th e  h isto fluorescenee an d  enzym e 
h istochem ical d em o n s tra tio n  of m onoam ines and  ace ty lcho linesterase  (A C hE ) ac tiv ity , 
respectively .

A drenergic and A C liE -positive  ne rv e  fib res could be  d e tec ted  from  th e  9 -1 0 th  
p o s tn a ta l days onw ards. F luorescence m icroscopy show ed th e  presence of m an y  
b rig h tly  fluo rescen t m ast cells in  th e  close v ic in ity  o f th e  ingrow ing  te rm in als. T he 
presence of m as t cells du rin g  early  s tages of d evelopm en t o f th e  g ro u n d  p lexus m ay  be 
re la te d  e ith e r to  th e  p ren eu ra l s ta te  of th e  tissue  or th e  s tru c tu ra l an d /o r fu n c tio n al 
m a tu ra tio n  of th e  au tonom ic nerve  term inals.

K eyw ords: H e a rt v a lv es, in n erv a tio n , d ev elopm en t, m a s t cells

Introduction

D uring  an  ex am in a tio n  of th e  in n erv a tio n  in  th e  en d o card iu m , Smir- 
now  [29] observed a ne tw o rk  of th in  nerve fib res in  th e  valves of th e  h e a r t 
an d  th u s  f irs t drew  a tte n tio n  to  th e  presence of nerves in  th e  a tr io v e n tr ic u la r  
valves of m am m als. M ichailow [22] and  la te r  W ollard  [36] d iscovered a 
sim ilar ne tw o rk  of fib res, w hich revealed  a close connection  w ith  th e  endo­
ca rd ia l tissue. The in tro d u c tio n  and  m ore w idespread  use of th e  h istochem ical 
p rocedure  have recen tly  re su lted  in  th e  d em o n stra tio n  of th e  in n e rv a tio n  of 
a tr io v e n tr ic u la r  valves. The A C hE reac tio n  [5, 7, 9, 12, 30, 35] an d  th e  m ono­
am ine fluorescence techn ique [2, 5, 7, 9 -12 , 20] revealed  lig h t m icroscopically  
a cholinergic and  an  adrenerg ic  n e tw o rk  of sim ilar d is tr ib u tio n  in th e  valves 
of th e  hea rt.

E lec tro n  m icroscopic ex am in a tio n  of th e  au tonom ic  in n e rv a tio n  of tissues 
has revealed  th a t  th e  sy m p a th e tic  and  p a ra sy m p a th e tic  nerve  fib res are 
em bedded  in th e  cy top lasm  of th e  sam e Schw ann cells, p ro d u c in g  th e  in n e rv a ­
tio n  a p p a ra tu s  of th e  tissue in  th is  w ay . This m eans th a t  th e  tissues have a 
double  in n erv a tio n . A sim ilar a rra n g e m en t of th e  cholinergic an d  adrenergic
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16 G. KÁLMÁN

f ib re s  has been o bserved  on u ltra s tru c tu ra l ex am in a tio n  o f th e  a trio v en tr icu la r  
v a lv es  [7, 17].

Several th eo ries  h av e  been p u t  fo rw ard  concern ing  th e  fu nc tion  of the 
n e rv e  fibres in th e  v a lv es  of th e  h e a rt. A ccording to  th e  generally  accepted  
v iew , th e  m ovem ent o f  th e  h e a r t valves is passive, i t  depends on pressure 
cond itions regu la ted  b y  th e  rh y th m ic  co n trac tio n  o f th e  card iac  m uscle, and 
th e  neu ra l s tru c tu re s  p re se n t here are n o t re la ted  to  th e  fu n c tio n  of th e  valves 
[21]. There are o th e r  th eo ries  th a t  th e  m ovem ent of th e  a tr io v e n tr ic u la r  valves 
is an  active process an d  th a t  th e  sm ooth  m uscle an d  h ea rt m uscle cells are 
h e re  u n d er neural co n tro l [5, 10, 14, 27, 31]. L ipp and  R odin  [20] considered 
th a t  th e  function  o f th e  nerves of th e  valves is no t th e  in n e rv a tio n , b u t ra th e r  
th e  “ secretion” a n d /o r  u p ta k e  of no rad ren a lin e  in to  and  from  th e  blood 
s tre a m , respectively . M ost au th o rs , how ever, have em phasized  th e  sensory 
c h a ra c te r  of the  n e rv e  fib res  of th e  valves [7, 12, 15, 23, 34, 35].

In  the p resen t w ork , ligh t m icroscopic h istochem ical m ethods were used 
to  s tu d y  the d ev e lo p m en t of th e  in n e rv a tio n  of a tr io v e n tr ic u la r  valves in ra ts  
on  p o stn a ta l days 2—30, an d  to  estab lish  w hether, in  th e  know ledge of the 
ontogenesis of th e  g ro u n d  plexus, conclusions m ay  be d raw n  concerning the  
fu n c tio n a l m a tu ra tio n  o f  th e  te rm ina ls.

Materials and methods

Y oung 2 -3 0-day-o ld  w h ite  ra ts  of b o th  sexes were used . T he an im als w ere killed by  
d ecap ita tio n s , h earts  w ere im m ersed  in  cold (4 °C) physio logical saline so lu tion , and  th e  
a trio v en tricu la r  va lves, to g e th e r  w ith  th e  ann u lu s fib rosus an d  th e  chordae  ten d in eae  were 
d issec ted . The develo p m en t o f th e  nerves w as follow ed b y  th e  p a ralle l use  o f th e  m onoam ine 
fluorescence m ethod of F a lc k  [13] and th e  A C hE reac tion  of K oelle [18] in  whole m ount 
s tre tc h  prepara tions o f m itra l  and  tricu sp id a l valves. T he leafle ts w ere s tu d ied  u n d e r a Zeiss 
fluorescence m icroscope, u s in g  a H B O  200 W  h igh-pressure  m ercu ry  lam p  equ ipped  w ith  
B G  12 exciter filte r, O G  1 a n d  GG 11 ocular filte rs. N on-specific cho linesterase  was blocked 
w ith  2 X 10-4 M e th o p ro p azin e .

In  addition  to  th e  fluorescence m icroscopic in v estig a tio n , successive to lu id ine  blue 
s ta in in g , m oreover a lc ian  b lu e-safran in e  s ta in in g  of paralle l p re p a ra tio n s  fixed  in  C arnoy’s 
flu id  according to R ö h lich  a n d  Csaba [28] were used for id en tif ic a tio n  and  d iffe ren tia tio n  of 
th e  m as t cells, respec tive ly .

Results

The d ifferent h istochem ical m ethods gave alm ost id en tica l resu lts  from  
th e  aspects of th e  t im e  o f ing row th , d ensity , enzym e ac tiv itie s  and  fluorescence 
in te n s ity  of the  fib res  in  th e  m itra l and  tricu sp id a l valves of th e  ra t.

F ig . 1. Fluorescence m icroscopic  p a tte rn  in  th e  a tr io v en tricu la r  valves o f th e  ra t.  X250. 
(a) M itra l valve on th e  9 th  p o s tn a ta l  d ay : conspicuous m as t cells along sligh tly  fluorescen t 
n e rv e  fibres; (b) m itra l  v a lv e  on th e  12 th  day : b ran ch in g  axons closely connected  w ith  
m as to cy tes ; (c) tr ic u sp id a l va lve  on th e  14 th  d ay : axon ram ifica tio n  w ith  d eg ran u la ted  m ast 

cells; (d ) m itra l  valve  on th e  16 th  day : chain-like  ne rv e  p lexus
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F ig . 2. Fluorescence m icroscopic p a t te rn  in  th e  m itra l valves of th e  r a t .  S tage of s tru c tu ra l 
m a tu ra tio n : axon  v a ricosities in  g ro u n d  p lexus. X  250. (a) 20 th  d a y ; (b) 30 th  day

W ith  fluorescence h istochem ica l m ethods, the  ex trem ely  w eak ly  fluo res­
c en t axons em erging from  th e  a n n u la r  m arg in  were firs t observed  in th e  a tr io ­
v e n tr ic u la r  valves on th e  p o s tn a ta l  d ay  9; only the b rig h tly  fluo rescen t m ast 
cells s itu a ted  along th e  ingrow ing  fib res  appeared  in th e  p ic tu re s  (F ig. la ) . 
O n d ay  12, in ten se ly  flu o re scen t p rim a ry  axon-branch ings could  a lread y  be 
observed . A t th e  sam e tim e , th e  pe rin u c lea r a rrangem en t o f f lu o rescen t granules 
becam e pronounced  in  th e  m asto cy tes  (F ig . lb ) . Besides th e  sc a n ty  netw ork  
o f  nerv e  fib res, only  th e  o u tlines o f th e  m a s t cells could be seen 14 days a fte r 
b i r th  (Fig. lc ) . On d ay  16, th e  ch a rac te ris tic  stage o f d ev e lo p m en t of th e  
ad renerg ic  ground p lexus w as conspicuous in the  flu o rescen t p ic tu res  of the 
valv es: due to  th e  axon  segregation  an d  th e  subdivision  o f ax o n  bund les, the  
n e rv e  fib res show ed a chain -like  ap p earan ce , w hich la te r , th ro u g h  th e  w idening 
o f  th e  chain  loops, gave rise to  th e  n e tw o rk  of the  g round  p lexus (F ig. Id ). 
O n d ay  20, th e  ap p earan ce  of axon  varicosities and  an  even  m ore a b u n d a n t

F ig . 3. D istrib u tio n  of A C hE  in  th e  a tr io v en tr icu la r  valves of th e  r a t .  X  250. (a) M itral valve 
on  th e  10th p o s tn a ta l d ay : in g ro w th  of enzym e-ac tive  nerve fibers fro m  a n n u la r m argin ; 
(b ) tricu sp id a l va lve  on th e  12 th  d a y : p r im a ry  ax o n  branching; (c) m itra l v a lv e  on th e  14th 

day  and  (d) on th e  16 th  d ay : develo p m en t o f th e  chain-like ne rv e  n e tw o rk
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Fig. 4. D is tr ib u tio n  of A C hE  in th e  a tr io v en tricu la r  valves. S tru c tu ra l m a tu ra tio n  of cholin­
ergic g round  plexus. X 250. (a) T ricusp idal va lve  of 20-day-old r a t;  (b) m itra l va lve  of 30-day-

old ra t

n e tw o rk  could be observed , b u t i t  d id  n o t y e t ex ten d  to  th e  en tire  valve. 
F lu o rescen t m asto cy tes  could no longer be seen. The varicose g round  plexus 
was fu lly  developed by  p o s tn a ta l d ay  30 (Figs 2a, b).

T he earliest o b se rv a tio n  of A C hE -positive nerve  fib res in  th e  lea fle t was 
on d ay  10 a fte r b ir th , w hen  th e re  w as a few ingrow ing nerve  fib res  from  the 
a n n u la r  m arg in  (F ig. 3a). A n increasing  n u m b er of enzym e-active , b ran ch in g  
n e rv e  fib res were su b seq u en tly  observed  (Fig. 3b). O n d ay  14, due to  the  
seg regation  of th e  axons, th e  d eve lopm en t of th e  chain-like n e tw o rk  had  
s ta r te d . I t  had  becom e p ronounced  b y  d ay  16, ju s t  as in  th e  case of the  
ad renerg ic  fib res (Figs 3c, d). Besides th e  increasing d en sity  of th e  ne tw o rk  
th e  varicosities of fib res  were n o ticed  20 days a fte r  b ir th , and  b y  d ay  30, 
a fu lly  m a tu re , varicose cholinergic p lexus could be seen (Figs 4a, b).

T he applied  non-specific  cho linesterase  b locking agen t, 2 x l 0 -4 M etho- 
p ro p az in e  did n o t in fluence e ith er th e  in te n s ity  of th e  enzym e a c tiv ity , or the 
d e n s ity  of th e  n e tw ork .

T he adrenerg ic  an d  cholinergic ne tw orks developing from  th e  ingrow ing 
n e rv e  fib res from  th e  a n n u la r  m arg in  d id  no t ex ten d  over th e  w hole leafle ts, 
b u t  on ly  to  th e  b o rd e r of th e  ch o rd a l th ird . A t th e  sam e tim e , th e  ing row th
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Fig. 5. Ascending nerve  fib res  in  th e  a tr io v e n tr ic u la r  valves of 25-day-o ld  ra t.  X  160. (a) F lu ­
orescence p a tte rn ;  (b) AChE reac tion

Fig. 6. Id en tifica tio n  of m a s t cells in  th e  m itra l  v a lv e  of 9-day-old r a t .  X 250. (a) M onoam ine 
fluorescence an d  (b) to lu id ine  b lue  sta in in g  of th e  sam e p re p a ra tio n
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o f n e rv e  fibres to  th e  ch o rd ae  ten d in eae  from  th e  pap illa ry  m uscles could also 
be observed . These fib res  could be seen only  from  day  16 a n d  th e ir  varicose 
te rm in a ls  ex tended  on ly  in to  th e  chordal th ird , w here th e y  b ran ch ed  ou t in  a 
fan -lik e  w ay  b u t d id  n o t c o n ta c t th e  n e tw o rk  grow ing from  th e  a n n u la r  m arg in  
(F igs. 5a, b).

In  th e  early  d ev e lo p m en ta l stage  of th e  g round  p lexus, s tro n g ly  fluo res­
cen t cells revealing  a close connection  w ith  th e  developing  adrenerg ic  te rm inals 
w ere p resen t. The e q u iv a len ts  of th ese  flu o rescen t cells s ta in ed  w ith  to lu id ine 
b lu e  an d  alcian b lue-safran ine  p roved  to  be m ast cells (Figs. 6a, b).

Discussion

In  th e  p resen t s tu d y  o f th e  ontogenesis of th e  in n e rv a tio n  in  th e  a tr io ­
v e n tr ic u la r  valves of th e  r a t ,  th e  earliest ap p earan ce  of b o th  adrenergic and  
cholinerg ic  nerve fib res w as on p o s tn a ta l days 9 -10 . The f irs t fib res cam e from  
th e  base  of the lea fle ts ; th ese  axons form ed a ne tw o rk  f irs t an d  i t  is p robable  
t h a t  th e y  are d ériv â tes  o f th e  a tr ia l g round p lexus. A t th e  ch o rd a l th ird , co n ­
sp icuous axon arches can  be seen, w hich fo rm  a pecu liar b o rderline . V aricose 
ax o n s  orig inating  from  th e  p lexus o f th e  p a p illa ry  m uscles an d  runn ing  in th e  
o p p o site  d irection  can  be observed  in th e  chordae  ten d in eae . A fter a u sua lly  
s tra ig h t  course th ese  fib res  can also he follow ed up to  th e  ch o rd a l th ird . This 
b o rd e rlin e  p ro b ab ly  co rresponds to  th e  systo le  closing area . Since there  are no 
c o n tra c tile  elem ents in  th is  area , we suggest th a t  the  au to n o m ic  in n erv a tio n  
p lay s  a role in  th e  m o d u la tio n  o f th e  reflexogenic zone.

The consisten t p a rtic ip a tio n  of th e  senso ry  nerve fib res  was supposed  
a lre a d y  by  S zen tág o th a i [32] in  th e  s tru c tu ra l o rgan iza tion  o f th e  au tonom ic 
g ro u n d  plexus. R ecen tly , e lec tron  m icroscopic stud ies h av e  revealed th a t  
m itoch o n d ria -lo ad ed  varicosities of p resu m p tiv e  sensory  fib res  are p resen t 
o fte n  close to  th e  ad renerg ic  te rm in a ls  in th e  a tr io v e n tr ic u la r  valves [7, 17], 
s im ila r to  those in  th e  m yo card iu m  [3, 4, 19].

The presence o f in ten siv e ly  fluorescen t m ast cells w as observed in th e  
e a r ly  period of ap p earan ce  of fluorescence in th e  developing adrenergic nerves, 
b u t  these  cells could be seen on ly  up  to  days 12-14 of p o s tn a ta l  developm ent. 
T o g e th e r w ith  th e  increase of th e  fluorescence of th e  axons an d  th e  progress 
o f  axon  a rb o riza tion , th e  fluorescence of th e  m astocy tes g rad u a lly  decreases 
a n d  la te r  to ta lly  d isap p ears . I t  m ay  be suggested  th a t  changes in  fluorescence 
o f  m ast cells re flec t cy tochem ical changes — m ain ly  th e  release of biogenic 
am in es — a fte r d e g ran u la tio n  th a t  was observed  in o u r prev ious e lec tron  
m icroscopic stud ies [25]. T he v a s t m a jo rity  o f  young m asto cy te s  as well as th e  
d eg ran u la ted  cells show ed a lcian  b lu e -p o sitiv ity , in acco rdance  w ith  earlie r 
w ide-rang ing  o b serv a tio n s of R öhlich  an d  C saba [28].
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The ontogenesis of th e  g ro u n d  p lex u s in  the  iris o f  r a t  was f irs t described  
b y  Csillik and  K oelle [6] on th e  basis  o f  para lle l m onoam ine fluorescence and  
A C hE h istochem ical reactions. T h e y  observed  th a t  a t  th e  tim e  o f d ev e lo p ­
m en t of th e  g ro u n d  plexus, d u rin g  th e  f i r s t  tw o weeks o f p o s tn a ta l life, b rig h tly  
fluo rescen t “ sphaerica l bodies”  a re  p re se n t. S im ilar in fo rm atio n  was o b ta in ed  
ab o u t th e  ap p earan ce  of num erous flu o re scen t m ast cells in d ifferen t tissues, 
p a rtic u la rly  in  th e  h e a r t a triu m , iris a n d  subm ax illa ry  g land  of th e  r a t  du ring  
th e  p o s tn a ta l developm ent of th e ir  ad ren erg ic  inn erv a tio n  [8, 26]. An increased  
n u m b er of m asto cy tes  was also fo u n d  in  th e  liver o f a d u lt ra ts  a f te r  p a r tia l 
h ep a tec to m y , u n d e r c ircum stances w hen  the  adrenergic nerve reg en era tio n  
p ro b ab ly  ru n  p a ra lle l w ith  a co n sid e rab le  regenerative  g ro w th  of h ep a tic  t i s ­
sues [33]. In  th is  case the grow ing n e rv es  are supposed to  te n d  to w ard s th e ir  
new ly  form ed ta rg e t  cells.

In  our p rev ious inv estig a tio n s, th e  developm ent of th e  ground p lexus in 
th e  r a t  iris w as s tu d ied  during  n o rm a l ontogenesis and  u n d e r ex p erim en ta l 
cond itions [16], a n d  we also observed  in ten s iv e ly  fluo rescen t m ast cells d u rin g  
th e  early  period o f developm ent. O u r ex p erim en ts  on accu m u la tio n , d ep le tion  
an d  lib era tio n , as well as the  c h a ra c te r is tic s  of th e ir  fluorescence in d ica ted  
th a t  these  cells co n ta in ed  m ain ly  se ro to n in , b u t th ey  could  also ta k e  up  th e  
ca techo lam ines. O ur electron m icroscopic  stud ies proved  th a t  th e  m ast cells 
are  v e ry  closely connected  w ith  th e  develop ing  te rm ina ls [25]. As a genera l 
phenom enon , we observed  in  th e  n ew b o rn  ra ts  th a t  th e  ax o n  bundles c o n ta in ­
ing num erous u n m y e lin a ted  fib res w ere su rrounded  b y  th e  cy top lasm  o f a 
single Schw ann cell, and  in th e  v ic in ity  o f  these , m astocy tes show ing th e  signs 
o f d eg ran u la tio n  could  lie seen. T h e  b u n d le s  con tained  on th e  average 30-40  
sm all axons ru n n in g  closely to g e th e r . T h e  sign of th e  n e x t dev e lo p m en ta l 
s tage  is w hen th e  axon  segregation  s ta r ts  vigorously. As a n e t re su lt, th e  
cy to p lasm  o f th e  S chw ann cell se p a ra te s  all th e  axons from  each o th e r. I t  is 
suggested  th a t  th e  axon  segregation  is o f  g rea t im p o rtan ce  in  th e  d ev e lo p ­
m en t of th e  u n m y e lin a ted  axons, a n d  th is  can  be reg a rd ed  as th e  s ta r tin g  
basis  o f th e  m a tu ra tio n . In  th e  s t ru c tu ra l  m a tu ra tio n  o f au to n o m ic  n eu ro n s 
th e  deve lopm en ta l period  of te rm in a l v a ricosities m ay be c ritica l w hen  th e  
tra n s m itte r  s to rin g  vesicles accu m u la te  in  en largem ents w hich  are supposed  to  
be th e  sites of th e  fu n c tio n a l t r a n s m itte r  release.

T he tw o m ain  stages, n am ely  th e  segregation  an d  th e  fo rm atio n  of 
varicosities can  also be observed w ell on ex am in a tio n  of th e  a tr io v e n tr ic u la r  
va lv es  a round  days 16 and  20 a f te r  b ir th ,  respectively . C onsequen tly , b o th  
essen tia l phenom ena, as well as th e  f i r s t  ap p earan ce  of th e  nerves occur here 
la te r  th a n  in th e  irides.

L astly , th e  role o f th e  m asto cy tes  in  th e  early  period seem s to  be verified  
th a t ,  a f te r  sy m p a th e tic  decen tra liza tio n  o f th e  iris in new born  ra ts , besides th e  
re ta rd a tio n  of th e  developm ent of a d re n e rg  g round plexus, th e  in v o lu tio n  of
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th e  m astocy tes c h a ra c te r is tic  of norm al course of d evelopm en t does no t tak e  
p lace . T heir n u m b er are  even m ultip lied  b y  th e  locally  observed m itoses, 
in d ic a tin g  an early  dev e lo p m en ta l stage  o f in n e rv a tio n  [16]. I t  seems th a t  
m a s t cells appear in  th e  tissues w hen th e  grow ing nerves do n o t come in to u ch  
w ith  th e ir  ta rg e t y e t.  T h is view  is su p p o rted  b y  th e  stud ies o f Aloe and Levi- 
M ontalcin i [1], who fo u n d  th a t ,  a fte r th e  tre a tm e n t of new b o rn  ra ts  w ith nerve  
g ro w th  factor, th e re  w as a ten-fo ld  increase in  th e  num ber o f am ine-fluorescen t 
m asto cy tes , suggesting  a specific effect o f th is  p ro te in  also on these  cells.

O ur in v es tig a tio n  have  revealed  th a t  th e  presence o f th e  m astocy tes 
d u rin g  the  ing row th  s tag e  of th e  au tonom ic  nerves can be observed in  th e  
a tr io v en tr icu la r  v a lv es  as well as in th e  irides. The resu lts p resen ted  here and  
th e  earlier light an d  e lec tron  m icroscopic ex p erim en ts  to g e th e r  d em o n stra te  a 
close relationsh ip  b e tw een  th e  m ast cells an d  th e  developing ground p lexus, 
an d  i t  m ay be su g g ested  th a t  the  m asto cy tes  in th e  tissues are somehow 
d ire c tly  or in d irec tly  connected  w ith  th e  g row th  of th e  au tonom ic nerves, 
th e ir  s tru c tu ra l or fu n c tio n a l m a tu ra tio n , an d /o r th e  p ren eu ra l s ta te  of th e  
ta rg e t  tissues, p ro b a b ly  by  the  invo lvem en t o f th e  tra n s itio n a l balance o f th e  
developing  tra n s m itte r  u p ta k e  system s.
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THE EFFECT OF HORMONAL IMPRINTING 
ON TI-STEROID INCORPORATION 

OF T E T R A H Y M E N A  P Y R I F O R M I S

A. K . F ü l ö p , G. Csaba

D EPA RTM EN T O F BIOLOGY, SEM M ELW EIS U N IV E R S IT Y  OF M ED ICINE, BU DAPEST, H UN G ARY

(R eceived  24 M arch 1987)

S te ro id  horm ones are in co rp o ra ted  b y  Tetrahvmena, an d  ap p ear in tra ce llu la r ly  
in b o th  cy top lasm ic  and in tra n u c le a r localizations. A t p r im a ry  in te rac tio n  w ith  th e  
stero id , in co rp o ra tio n  was th e  g re a te s t  a t  10 m in , w hereas a t  th e  second in te ra c tio n  i t  
ten d ed  to  increase  w ith  tim e. T he Tetrahym ena  cells preexposed to  a ste ro id  in co rp o ra ted  
a g rea te r a m o u n t of it a t th e  second ex posure , owing p resu m ab ly  to  th e  in d u c tio n  of 
stero id  recep to rs  a t the  f irs t in te rac tio n .

K eyw ords: H orm onal im p rin tin g , Tetrahymena, s te ro id  horm ones, a u to ra ­
d iog raphy

Introduction

E vidence has been accu m u la ted  th a t  th e  un icellu lar T e t r a h y m e n a  p y r i -  

f o r m i s  is able to  respond  to  horm ones o f h igher organism s [3-6] an d  th a t  
such  horm ones or sim ilar active m olecules are n a tiv e  to  th e  T e t r a h y m e n a  

[2, 11—14]. T he p rim ary  in te rac tio n  o f  th e  T e t r a h y m e n a  w ith  a horm one gives 
rise  to  ho rm o n al im prin tin g  [3, 4], w h ich  accounts for a g rea te r  in te n s ity  o f 
response a t  la te r  in te rac tio n s [5, 6].

S tero id  horm ones also ac t on T e t r a h y m e n a  [8, 10] a n d  induce in  i t  th e  
fo rm ation  of s te ro id  b inding sites a f te r  p reexposu re  [9].

W e ex am in ed  b y  ligh t an d  e lec tro n  m icroscopic a u to ra d io g ra p h y  th e  
in co rp o ra tio n  o f d ifferen t 3H -labeled  stero id s  in to  T e t r a h y m e n a ,  to  o b ta in  
evidence w h e th e r or no t p reexposure  to  th e  given horm one in fluenced  th e  
in trace llu la r  accu m u la tio n  of labeled  s te ro id . The resu lts o f these  s tud ies w ere 
expec ted  to  e lu c id a te  new aspects of th e  phylogeny  o f re c e p to r-h o rm o n e  
in te rac tio n .

Materials and methods

Tetrahym ena p yrifo rm is  GL cells w ere c u ltu red  in  0.1 per cen t y e a s t e x tra c t c o n ta in in g  
1 pe r cen t B acto  T ry p to n e  (Difco, M ichigan, U SA) m edium  a t 28 °C. M ass cu ltu res w ere 
tre a te d  w ith  th e  follow ing steroids: estradio l-17  (G edeon R ich ter L td . B u d ap est, H u n g a ry );

Send o ffp rin t req u ests  to: G. Csaba, D e p a r tm e n t of Biology, Sem m elw eis U n iv e rs ity  
M edical School, H -1445, B udapest, N ag y v árad  té r  4, H u n g ary

A c t a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó ,  B u d a p e s t



28 A . К .  F Ü L Ö P , G . C S A B A

d ih y d ro ep ian d ro ste ro n e  (D H E A , O rganon-O ss, H o llan d ); triam cino lone-ace ton id  (G edeon 
R ich te r  L td . B u d ap est, H u n g a ry ), d ex am ethasone  (S erv a , H eidelberg , FR G ). The stero ids 
w ere dissolved in e th an o l an d  w ere added  to  th e  c u ltu re  m edium  a t 10-G M; the  e thano l 
co n cen tra tio n  never in creased  over 0.1 per cen t (a n d  th e  con tro l also go t it). The ste ro id  
p re tre a tm e n t lasted  72 h, a f te r  w hich  th e  cells w ere se p a ra ted  by  cen trifu g a tio n  and  w ere 
re tu rn e d  to  p lain m ed ium  fo r 48 h  before exposure  to  labeled  ste ro ids, such as estradio l- 
2 ,4 ,6 ,7-3H (spec. ac t. 104 C i/m m ol), d ihydro  (1,2,6,7-3H ) ep ian d ro stero n e  (spec. act. 65 Ci/mmol), 
d ex am eth aso n e -l,2 ,4 -3H  (spec. a c t. 40 Ci/mmol), tr iam cin o lo n e -(l,2 ,4 -3H ) acet.onide (spec, 
a c t. 22 Ci/mmol). All labe led  m olecules were p ro d u c ts  o f th e  A m ersham  L td . (E ngland). T he 
p re tre a te d  and u n tre a te d  m ass cu ltu res  were in cu b a ted  in  presence of label for 10 m in, 30 m in, 
1, 4 or 24 h. The co n ce n tra tio n  of label was 2 /vCi/ml, th e  e th an o l co n cen tra tio n  was less th a n  
0.2 p e r cent. A fter in cu b a tio n  th e  cells were fixed  in 2 per cen t g lu ta ra ld eh y d e  (in 0.1 M, 
p H  7.4 phosphate  b u ffer) for 2 h , postfixed  in  1 pe r c en t O s 0 4 (in M illonig buffer) for 1 h, 
an d  were em bedded in A ra ld ite . Sem ith in  and u l tr a th in  sections w ere cu t and coated w ith  
Ilfo rd  G5 and Ilford  L4 em ulsions, respectively . T h e  lig h t m icroscopic p rep ara tio n s w ere 
developed in OR W O R  9 a fte r  8 weeks and  th e  e lec tro n  m icroscopic p rep ara tio n s  in K O D A K  
D 19B afte r 9 or 11 w eeks of exposure. The lig h t m icroscopic p re p a ra tio n s  were s ta ined  w ith  
to lu id ine  blue and silver g ra ins w ere counted  over th e  lo n g itud inal sections of 25 cells. G rain  
co u n ts  obtained w ere ev a lu a te d  s ta tis tica lly  by  th e  M an n -W h itn ey  te s t  or S tu d en t’s tw o- 
sam ple  i-test; hom oscedastic  sam ples were analyzed  w ith  th e  F -test.

Results

R esults o b ta in ed  b y  ligh t m icroscopic au to rad io g rap h y  are show n in 
T ab le  I and Fig. 1. T he cells no t p reexposed  to  dexam ethasone  in co rp o ra ted  
in itia lly  little  3H -d ex am eth aso n e , som ew hat less a fte r  10 m in, and  a sligh tly  
increasing  am o u n t a f te r  1 h , w hereas th o se  p reexposed  show ed an increasing  
ten d en cy  of in co rp o ra tio n  a t 1 h, and no change a fte r th is  period. B o th  s ta t is ­
tic a l tests  in d ica ted  a sign ifican t d ifference betw een  th e  in co rpo ra tion  values

Table I

Р т е- Treatm ent 10 min
Incorporation of label after inciabation for

treatm ent 30 min 1 h 4 h

3H -dexam ethasone 4 .0 + 0 .6  (25) 2 .9 + 0 .9  (15) 2.4 +  0.6 (20) 5 .6 + 0 .7  (16)
Dexa-
m ethasone 3H -dexam ethasone 3 .5 + 0 .9  (15) 3 .7 + 0 .7  (25) 7 .5 + 0 .6  (20)“ 6 .9 + 0 .9  (16)

— 3H -triam cinolone 4 .0 + 0 .6  (25) 4.6 +  1.1 (24) 7 .7 + 0 .6  (24)“
1 n am -
cinolone 3H -triam cinolone 6 . 5 1 . 6  (25) 6 .4 + 0 .7  (25) 7 .1 + 0 .6  (24) 5 .1 + 0 .5  (25)

— 3H -estrad io l 1 5 .1 + 0 .9  (25) 1 0 .4 + 0 .7  (25) 10.6 +  0.9 (25) 12 .2+ 0 .8  (25) 
21.1+0.22',;Estradiol aH -estrad io l 3 0 .0 + 1 .4  (22)“ 11.6 +  1.1 (25) 16.9 +  2.0 (8)ba

— 3H -D H E A 16.5 +  1.1 (19) 12.0 +  0.7 (25) 8 .1 + 0 .5  (25) 7.6 +  8.8 (25)
D H E A 3H -D H E A 9.2 +  0.6 (9)h 13.8 +  1.1 (25) 18.8 +  1.3 (10)“ 28.3 +  2.1 (22)c

X i  S.E. (g rain  count)
a The M ann-W hitney  te s t showed a sign ifican t (p <  0.01) difference betw een th e  p re ­

trea ted  and u n trea te d  cells.
b S tu d en t’s tw o-sam ple i-te st showed a  sign ifican t (p <  0.01) difference betw een th e  

p re treated  and u n tre a te d  cells.
cThe F -te s t show ed th e  p re treated  and u n tre a te d  groups to  be heteroscedastic; therefore  

th e  i-test was n o t perform ed
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of th e  p re tre a ted  an d  not p re tre a te d  cell groups. T he in co rpo ra tion  o f  3H- 
triam cino lone w as sim ilar to  t h a t  o f  3H -d ex am eth aso n e, b u t th e  d ifference 
betw een  th e  p re tre a te d  and no t p re tre a te d  cu ltu res w as n o t  sign ifican t s ta t i s ­
tica lly . :iH -es trad io l and  3H -D H E A  were in co rp o ra ted  m ore read ily  th a n  
labeled  d ex am eth aso n e  or tr iam cino lone , and  p reexposu re  to  the  sam e hor-

Pretreated U ntreated
----- •  Dexamethasone о—

m one s tim u la ted  inco rpo ra tion  s ig n ifican tly  a fte r longer periods (1,4 h) o f 
in cu b a tio n . The sh ap es of the cu rv es  of in co rp o ra tio n  o f label were h ig h ly  
sim ilar except in th e  case of the  D H E A -tre a te d  cells.

E lectron  m icroscopic au to rad io g rap h y  com plem en ted  ligh t m icroscopic 
find ings by  the  d e te c tio n  of in tra c e llu la r  localization  of in co rp o ra ted  ste ro id s  
(F ig . 2). These m olecules p en e tra te  in to  th e  T e tr a h y m e n a  cells rap id ly , as 
ju d g ed  by  th e ir  ap p earan ce  inside th e  nucleus w ith in  10 m in of exposure. 
I t  appears th a t  th e  steroids can e n te r  th e  cell body  p rac tica lly  everyw here; 
th e y  gain  access in to  th e  n u trien t vacuo les d e tach in g  from  th e  cellu lar p h a ry n x , 
e n te r  th e  cell in  s ite s  w here the e x te rn a l a lveo lar m em brane is lacking, i.e. a t 
th e  roo ts of cilia, across the m em b ran e  of th e  em ptied  m ucocyst, and in  all 
p ro b ab ility , across a n y  surface site . In side  th e  cells labeled  steroids can  be 
d e tec ted  in associa tion  w ith  subcellu lar m em brane s tru c tu re s , and also free ly  
in  th e  cy toplasm . T h e  grain counts te n d  to  increase n o t on ly  above the  c y to ­
p lasm , b u t also ab o v e  the  nucleus a f te r  longer in cu b a tio n . In  th e  case o f 
3H -d ex am eth aso n e  even  a d istinct in tra n u c le a r  accu m u la tio n  could be d e m ­
o n s tra ted .

Acta Morphologica Hungarica 36, 1988
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Fig. 2. E lectron  m icroscopic au to rad io g ram s of Tetrahym ena pyrifo rm is  in cu b a ted  w ith  d ifferen t 3H -stero ids. G rains are above th e  
nucleus (a: 3H -d exam ethasone  10 m in, X 49 500 and g: 3H -d ex am eth aso n  e 4 h, X 28 500), a round  th e  c y to p h a ry n x  (b: 3H -D H E A  24 h, 
X 33 000), above th e  vacuoles (c: a fte r  72 h estrad io l p re tre a tm e n t, 3H -estrad io l 30 m in, X 22 000), a round  th e  ra d ix  of a cilium  (d: 
3H -estrad io l 4 h, x 5 1  500), above a m ucocyst (e: a fte r  72 h, D H E A  p re tre a tm e n t 3H -D H E A  30 m in, X  42 500), on th e  cell surface (f: a fte r

72 h, D H E A  p re tre a tm e n t 3H -D IIE A  30 m in, X 30 000)
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D iscussion

L igh t m icroscopic a u to ra d io g ra p h y  ind ica ted  a low  p e n e tra tio n  ra te  of 
th e  exam ined  sy n th e tic  g lucocortico ids, b u t a considerab ly  g rea te r one of 
n a tu ra l  s tero id  horm ones, such  as D H E A  and  estrad io l, in to  T e t r a h y m e n a  

cells. The factors responsib le  for v a ria tio n s  in  stero id  p e n e tra tio n  are w ith  all 
p ro b a b ility  (i) th e  d issim ilar lip id  so lub ility  of th e  d iffe ren t s tero ids, and 
(ii) presence of ste ro id  b in d in g  sites in  T e t r a h y m e n a , or (iii) th e  jo in t effect of 
b o th . W hile an  in te ra c tio n  be tw een  lip id  so lub ility  a n d  b ind ing  conditions 
seem s to  be m ost p ro b ab le , i t  shou ld  be tak en  in to  co nsidera tion  th a t ,  w ith  
re sp ec t to  p en e tra tio n , th e  c o m p lem en ta rity  of n a tu ra l  s tero ids m ig h t be 
g re a te r  th a n  th a t  o f th e  sy n th e tic  ones. M oreover, consid era tio n  shou ld  also 
be given to  th e  fac t th a t  c e rta in  h igher horm ones are n a tiv e  to  th e  T e t r a h y m e n a  

[2, 9, 11, 14].
The am o u n t of th e  in co rp o ra ted  m olecules changed  in th e  fu n c tio n  of 

tim e . The in co rp o ra tio n  o f all ho rm ones excep t d ex am eth aso n e  in to  th e  no t 
p reexposed  cells w as g re a te s t a f te r  10 m in, and  show ed a re la tiv e  decrease 
la te r , w ith  occasional peaks w hich , how ever, never a t ta in e d  th e  10 m in  peak 
ag a in  over th e  in c u b a tio n  period  of 4 h. B y co n tra s t, in co rp o ra tio n  of label 
in to  th e  preexposed  cells ten d ed  to  increase a fte r 10 m in , in  th e  case of all 
ho rm ones except e s trad io l. T he d ifference betw een th e  in co rp o ra tio n  o f label 
in to  preexposed and  n o t p reexposed  cells does no t seem  to  be an  acciden tal 
phenom enon , a lth o u g h  its  p recise cause is no t know n. P ro b ab ly , a t p rim ary  
exposure, th e  cell is “ u n p ro te c te d ”  ag a in st th e  in flu x  o f  horm one u n til  a s ta te  
o f equilib rium  becom es e stab lish ed  betw een  th e  cell an d  its  env iro n m en t. 
A t th e  second exposure , how ever, horm one in flu x  seem s to  be contro lled . 
T h is exp lan a tio n  does n o t, n a tu ra lly , hold  for the  b eh av io u r of dexam ethasone  
in  n o t p re trea ted  cells an d  th e  b eh av io u r of e strad io l in  th e  p re tre a te d  cells, 
b u t  is should be n o ted  th a t ,  e.g. in  th e  case of e s trad io l, grain  co u n t was 
ex trem ely  high above th e  n o t p reexposed  cells w hereas i t  ten d ed  to  decrease 
m ark ed ly  above th e  p reexposed  cells a f te r  10 m in. T he d ifferen t lip id  so lub ility  
an d  longer half-life of d ex am eth aso n e , com pared  to  th e  o th e r te s t  substances 
can p robab ly  exp la in  its  d issim ilar b eh av io u r [1].

E arlier in v estig a tio n s in to  th e  in fluence of d ex am eth aso n e  an d  D H E A  
h av e  shown th a t  exposure  for sim ilar tim es as in th is  s tu d y  p rovoked  the  
appearance  of ste ro id  recep to rs , w hich are n o rm ally  no t p resen t in  T e t r a ­

h y m e n a .  This m ay  exp la in  th e  g rea te r b ind ing  of labeled  ho rm one to  th e  
h o rm o n e-p re trea ted  cells, fo r th e  recep to rs, once th e y  are p resen t, a lte r  th e  
(influx- and  efflu x -d ep en d en t) equ ilib rium  betw een  th e  cell and  its  en v iro n ­
m en t to  the  ad v an tag e  of th e  cell.

The p resen t ex p erim en ts  have  su b ta n tia te d  th e  resu lts  of earlie r stud ies 
along th is  line [9], w hich  in d ica ted  in d uc tion  of re c e p to r fo rm a tio n  by  p re ­
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exposure to  th e  horm one, while th e  p resen t find ings in d ica ted  an  increase in 
in trace llu la r — p resu m ab ly  bound  — horm one co n ten t o f th e  preexposed cells.

E lec tro n  m icroscopic au to rad io g rap h y  has enabled  th e  location  o f  in ­
co rpo ra ted  3H -ste ro id  horm ones inside th e  cells.

T he e lec tro n  m icroscopic find ings su p p o rt th e  h y po thesis  th a t  th e  in t r a ­
cellular accu m u la tio n  of a ste ro id  depends p a r t ly  on its  lip id  so lubility , p a r t ly  
on the presence or absence of presum ed s te ro id  b in d ing  sites, for grains ap p eared  
n o t only over m em brane  s tru c tu re s , b u t also over th e  cy to p lasm  and  nucleus, 
and  th e  p re tre a te d  cells show ed an  increase in  b o th  cy top lasm ic  and  n u c lea r 
grain coun ts. As to  d exam ethasone, its accu m u la tio n  inside th e  cell nucleus 
ind ica ted  th a t  th e  e x tra o rd in a ry  a ffin ity  o f th is  com pound to  ch rom atin  also 
took  effect in  T e t r a h y m e n a  [15].
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TRANSGANGLIONIC REGULATION 
OF PRIMARY SENSORY NEURONS*

B. Cs i l l i k , E l i z a b e t h  K n y i h á r -Cs i l l i k

DEPARTM ENT OF ANATOMY, ALBERT SZENT-GYÖRGYI M EDICAL U N IV ER SITY , SZEGED, H UN G ARY

(R eceived  2 A pril 1987)

S tru c tu ra l and  functional p ro p e rtie s  o f cen tra l te rm in a ls  o f p rim ary  senso ry  
neurons a re  reg u la ted  by  nerve g ro w th  fac to r supplied  b y  re tro g rad e  ax op lasm ic  
tra n sp o rt  to  d o rsa l ro o t ganglion  cells. Two im p o rta n t a sp ec ts  o f th is re g u la to ry  
system : tran sg an g lio n ic  degenerative  a tro p h y  an d  reg en era tiv e  synaptoneogenesis a re  
review ed in v iew  of electron h isto ch em ica l, e lectrophysio log ical an d  clinical s tu d ies  
perform ed d u rin g  th e  las t decade in  th e  a u th o rs ’ la b o ra to ry  a n d  abroad .

K eyw ords: R egulation , nerve  g ro w th  fac to r, spinal cord , degeneration , reg en e ra ­
tion , pain

Introduction

A ccording to  th e  law  of n eu ro n a l tro p h ism  as it  w as fo rm ula ted  a t  th e  
tu rn  of th e  c e n tu ry , axons and  axon  te rm in a ls  are d ep en d en t of th e  tro p h ic  
substance(s) m a n u fa c tu red  by  th e  cell bodies [7]. T hus, w henever a p erip h era l 
or a cen tra l axon is tran sec ted , th e  d is ta l s tu m p  undergoes a series of d es tru c tiv e  
cytological and  electrophysio logical changes called ax o n a l or W allerian  
degeneration .

A ccording to  th is  concept, also called th e  tro p h ic  e n ti ty  of the  n eu ro n , 
th e  cy toplasm  or p e rikaryon  is e ssen tia l for th e  syn thesis  of neu rop ro te in s. 
These are carried  d is ta lly  b y  axop lasm ic  flow , so as to  rep lace  pro te ins in  th e  
course of the  cell’s m etabo lic  a c tiv ity . T herefo re, th e  axon  c an n o t survive long 
w hen sep ara ted  fro m  th e  perikaryon . T h ro u g h o u t its  w hole len g th , th e  d is ta l 
s tu m p  of th e  axon  becom es swollen an d  irreg u la r d u ring  th e  f irs t day a fte r  
tran sec tio n , c rush , or ligation . In  m am m alian  p e rip h era l nerves, th e  d is ta l 
s tu m p  breaks up  in to  fragm ents b y  th e  3rd to  5tli day . Im p u lse  conduction  
decreases g rad u a lly  from  the  12 th  h a fte r  tran sec tio n ; i t  ceases com pletely  
a t  72 h.

* S upported  b y  R esearch  G ran ts N o. 05-065, No. 1077 and  No. T t  175/86 from  th e  
H u n g a rian  A cadem y of Sciences, and by G ra n t N o. 527 from  th e  H u n g a rian  M inistry  of H e a lth

Send o ffp rin t re q u es ts  to : Prof. B. Csillik, D e p a rtm en t o f A n a to m y , H-6701 Szeged, 
P .O . B ox  512, H u n g a ry
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A t the  sam e tim e , i t  has im p lic itly  been  assum ed th a t ,  if  th e  connection  
o f th e  te rm in a l w ith  th e  p erik a ry o n  w as in ta c t ,  it  had  no reason  to  undergo  
degenera tion . In  fa c t, th is  is th e  basis o f  all th e  m icroscopic (and  elec tron  
m icroscopic) d eg en era tio n  techn iques, o ften  used in hodological research , like 
th e  N a u ta  or F in k -H e im er m ethods.

On the  basis o f o u r ligh t- an d  e lec tro n  cy tochem ical in v estig a tio n s 
s ta r te d  in the  early  70-es [14, 57, 58, 59, 60J, perform ed an d  in  th e  course of th e  
la s t  decade in  th is  la b o ra to ry  an d  co n firm ed  by  stud ies done in  o th e r lab o ­
ra to rie s  it becam e obv ious th a t  p rim ary  senso ry  neurons rep resen t a re m a rk ­
ab le  exception  from  th is  general ru le . I t  tu rn e d  ou t th a t  w henever th e  a n a ­
to m ica l co n tin u ity  o f th e  periphera l axon  of a dorsal ro o t ganglion cell is 
in te r ru p te d  (by a m echan ica l in ju ry , like tran sec tio n , c ru sh  or lig a tu re ), h isto- 
chem ical reactions ch a rac te riz in g  axon  te rm in a ls  of p rim a ry  sensory  neurons 
in  th e  upper dorsal h o rn , like F R A P  (fluo ride  re s is tan t acid pho sp h a tase), 
T M Pase (th iam ine  m onop h o sp h a tase) [23], SP (sub stan ce  P) [40], lec tin - 
b ind ing  c a rb o h y d ra te  ep itopes [37, 38, 85] and  SSEA (stage-specific  em bryonic  
an tigens) d isappear or m ore p roperly , a re  dep leted  in th e  course of days, 
w eeks or m on ths; d ep le tio n  is follow ed b y  f in e  s tru c tu ra l a lte ra tio n s  of p rim ary  
c e n tra l sensory te rm in a ls  in  th is  area  th a t  b ear close resem blance  to  a slow ly 
proceeding  W allerian  degenera tion . T he te rm  TDA (transgang lion ic  d egenera­
tiv e  atrophy) was co ined  to  th is  p rocess, in  order to  em phasize  (i) its  t r a n s ­
ganglionic ch a rac te r (ii) its  s im ila rity  to , b u t  d istinc t difference from . W allerian  
degenera tion . Also i t  becam e obvious th a t  TD A  is a tra n s ie n t effect; as soon 
as th e  anatom ical c o n tin u ity  of th e  p e rip h e ra l axon is reestab lish ed  b y  success­
ful regeneration , h istochem ical m ark e r substances are slow ly rep len ished  in 
th e  R olando su b stan ce , accom panied  b y  a re s titu tio n  of th e  orig inal sy n ap tic  
c ircu itry , by  m eans o f an  axonal reg en e ra tio n  w hich is u n iq u e  in  th e  cen tra l 
n erv o u s system .

The ob jec tive  o f  th e  p resen t p a p e r  is to  sum m arize  th e  resu lts  o f our 
te a m  aim ing to  rev ea l th e  dynam ic m echan ism  underly in g  TD A  and  sy n ap tic  
re s titu tio n , and to  p o in t ou t th e  pe rsp ec tiv es  in neuroscience opened up  by  
th e se  in v estiga tions.

Materials and methods

E x p erim en ts w ere p e rfo rm ed  on a lb ino  ra ts  (R -A m ste rd am  s tra in , o f b o th  sexes; 
b o d y  w eight 200-250 g), a n d  on M acacus rh esu s m onkeys (b o th  sexes; body  w eigh t 8-12  kg). 
A buffered  g lu ta ra ld eh y d e-p a ra fo rm ald eh y d e  so lu tio n  was used fo r tran sca rd ia l f ix a tio n  for 
enzym e histochem ical s tu d ies ; Z am boni’s p ic ric  acid-form alin  fo r im m unoh istochem ical 
stu d ies ; n eu tra l 4 %  fo rm alin  fo r lec tin  h isto ch em ica l in v es tig a tio n  an d  R ak ic’ a ld eh y d e  
f ix a tiv e  for e lectron  m icroscopic  in v estig a tio n s, using  a n itro g en -d riv en  pu m p . F R A P  w as 
d e m o n s tra ted  in  serial fro zen  sections b y  a s lig h tly  m odified G öm öri tech n iq u e; T M Pase w as 
v isualized  by  a m o d ifica tio n  of th e  m eth o d  of O gaw a e t al. (1982). F o r  e lectron  cy to ch em istry , 
30-50  /tm  th ick  V ib ra to m e  slices, were u sed ; a f te r  com pleting  th e  h istochem ical re ac tio n
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tissue  blocks m easuring  1 m m 3 or less were excised w ith  a razor b lade , p o stfix ed  in S-collidine 
buffered  1%  osm ic acid, d e h y d ra te d  in graded alcohols and  em bed d ed  in  D urcupan  ACM. 
Silver in terference sections w ere cu t on a R eichert U ltro to m e  using glass o r d iam ond (D u P o n t) 
knives. Sections w ere s ta in ed  w ith  lead  c itra te  and  s tu d ied  un d er a T esla  500 or JE M  100 В 
electron  m icroscope.

E x p erim en ta l su rgery  w as perform ed u n d e r N e m b u ta l or e th e r anaesth es ia , under sem i- 
ste rile  (lab o ra to ry ) cond itions in  ra ts  and un d er a sep tic  conditions in m onkeys.

Results

T r a n s g a n g l i o n i c  d e g e n e r a t i v e  a t r o p h y

T ransganglion ic  deg en era tiv e  a tro p h y  (TDA) is a re c e n tly  discovered 
tro p h ic  phenom enon  p ecu lia r  to  p rim ary  sensory  neu rons th a t  ap p aren tly  
co n trad ic ts  th e  n eu ron  th e o ry  [8]. W hen a p e rip h era l sensory  axon  is dam aged 
(tran sec ted , c rushed  or lig a ted ), d ram atic  a lte ra tio n s  occur n o t only in th e  
d is ta l s tu m p  (W allerian  degenera tion ), h u t  also in  th e  c e n tra l te rm ina ls of th e  
affected  p rim ary  sensory  n eu ro n . B ranches an d  endings in  th e  spinal cord 
suffer s tru c tu ra l, cy tochem ical and functional im p a irm en ts . O bviously  re la ted  
to  th e  m etabolic  a lte ra tio n s  w ith in  the  p e rik a ry o n  (m an ifested  in  th e  “ axon 
reac tio n ”  or ch rom ato lysis  o f th e  Nissl su b stan ce ), TD A  is sim ilar in m any  
respects to  a slow ly p roceed ing  W allerian degenera tion  [3, 4, 45, 46, 48, 53, 54, 
80, 91, 92]. T he m ain  c h a rac te ris tic s  of TD A  are  as follows:

(1) V esiculolysis w h ich  resu lts  in  an  e lec tro n  lu cen t te rm in a l axoplasm  
(light ty p e  of T D A ), s ta r ts  on th e  4 th  p o sto p e ra tiv e  day . T h e  electron lucent 
te rm in a ls  swell and  in  la te r  s tages, form  in tr ic a te  s tru c tu re s  (axon  lab y rin ths) 
th a t  consist o f sp ira lly  w o u n d , onion-like, f la tte n e d  axoplasm ic profiles, som e­
tim es con ta in ing  f la tte n e d  d en d ritic  and glial profiles. The n u m b e r of axonal 
lab y rin th s  is 300/um 2 in th e  u p p e r dorsal h o rn , 3 m on ths a f te r  tran sec tin g  th e  
sciatic  nerve in th e  m onkey  sp inal cord.

(2) S hrunken  e lec tron -dense  osm iophilic te rm in a ls  (d a rk  ty p e  of TDA) are 
occasionally  engulfed  b y  ph ag o cy tic  glial e lem en ts; th is  is, how ever, fa r less 
com m on th a n  in th e  course o f  W allerian degenera tion .

(3) D epletion  of th e  m a rk e r  enzym es F R A P  [61] and  T M P ase  [63] ch a r­
acteriz ing  nociceptive n e u ro n s  [50, 81] from  a class of p r im a ry  cen tra l t e r ­
m inals in lam ina  I I  (in r a t  an d  mouse) re su lts  in  th e  d isap p earan ce  of th e  
enzym e positive line ch a rac te riz in g  the  R o lando  su bstance  on days 4 -6  a fte r 
su rgery  [35, 36, 41, 42, 69, 77].

(4) D epletion  of p u ta t iv e  tra n sm itte r  n eu ro p ep tid es  fro m  th e  afflicted  
p rim ary  afferen t te rm in a ls  occurs in  lam ina I  an d  I I  [5, 28, 52, 72].

(5) D epletion  of le c tin -b in d in g  g lycoconjugates from  a class of p rim ary  
cen tra l te rm ina ls occurs in  lam in a  I I  in  h u m an s and  in  la m in a  I  and  I I  in  
ro d en ts .
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(6) T here is an  increased  la te n c y , decreased am p litu d e , an d  reduced  d u ra ­
tio n  of th e  dorsal roo t p o te n tia l (D R P ); the  dorsal ro o t reflex  d isappears 
[51, 78, 93].

These a lte ra tio n s  ch a rac te rize  th e  g lia-surrounded  p o rtio n s  of th e  cen tra l 
b ra n c h  and  its  te rm in a ls . The do rsa l ro o t p roper, w here axons are su rro u n d ed  
b y  Schw ann cells, does n o t show  a n y  a lte ra tio n s. The changes in D R P  re flec t 
a lte ra tio n s  in th e  sy n ap tic  c irc u itry  o f th e  upper dorsa l ho rn  ra th e r  th a n  in 
th e  dorsal roo t.

TD A  can be evoked no t on ly  by  m echanical in ju ry  of a periphera l 
senso ry  nerve , b u t  also b y  b locking  re tro g rad e  axoplasm ic tra n sp o rt b y  m icro ­
tu b u le  in h ib ito rs  [24, 43]. E x tre m e ly  sm all am oun ts o f d rugs such as vin- 
b la s tin , v in c ris tin , v indesin , leu ro sin  and  form yl-leurosin , as well as podo- 
p h y llo to x in  an d  griseofulvin , th a t  do n o t block an te ro g rad e  tra n sp o r t  and 
th u s  do n o t cause W allerian  d eg en era tio n  (e.g.. 10~8 M v in b la s tin  or 1 0 ~9 M 
v in c ris tin ) are  su ffic ien t to  ind u ce  T D A . F ine s tru c tu ra l, h istochem ical, and 
electrophysio log ical consequences o f T D A  induced by  blockers of re tro g rad e  
axop lasm ic tra n sp o r t  do n o t d iffer in an y  respect from  th e  TD A  induced  by 
m echan ical in ju ry  of th e  p e rip h era l axon .

T D A , a reversib le  process, shou ld  n o t be m istak en  for transgang lion ic  
d eg en era tio n , or for a W allerian  degenera tion  of dorsal ro o ts  and  th e ir  te rm in a ls  
follow ing cell d ea th  in  th e  dorsa l ro o t ganglion.

C ircu m stan tia l evidence suggests  th a t  blockade o f th e  re tro g rad e  t r a n s ­
p o rt of nerve grow th  fac to r (N G F) is responsible for T D A  [10, 32, 33, 34, 44, 86].

In  sh arp  c o n tra s t to  a W alle rian  degeneration  th a t  follows dorsa l rh i­
zo tom y , TD A  in th e  u p p er dorsa l h o rn  is a reversib le  process. As soon as 
re tro g rad e  tra n sp o r t  of N G F  is reestab lish ed  in th e  p e rip h era l sensory  axon, 
e ith e r  by  axonal reg en era tio n  or b y  cessation  of m ic ro tu b u le  in h ib itio n , full- 
scale s tru c tu ra l, cy tochem ical, an d  fu n c tiona l reo rg an iza tio n  takes p lace, in ­
vo lv ing  reac tive  synap toneogenesis .

R e g e n e r a t i v e  s y n a p t o n e o g e n e s i s

R egenera tive  synap toneogenesis  in  the  u p p er dorsa l horn , also called 
reg en era tiv e  p ro life ra tion , s ta r ts  w ith  th e  fo rm ation  of axonal grow th cones [64] 
sim ilar to  those  observed  in th e  course of em bryonic deve lopm en t of th e  spinal 
cord  [22]. A xonal g row th  cones co n ta in  large am o u n ts  o f sm ooth  endoplasm ic 
(axoplasm ic) re ticu lu m  w hich is also p resen t in p re te rm in a l m y e lin a ted  and 
n o n -m y e lin a ted  po rtions of th e  re a c tiv a te d  dorsal roo t axons. F ilopodia e m a n a t­
ing  from  axonal g row th  cones e stab lish  synapses w ith  den d ritic  g ro w th  cones 
o f su b s ta n tia  ge la tinosa  cells; th is  process leads to  a com plete  re s to ra tio n  of 
th e  orig inal fine s tru c tu re  an d  sy n a p tic  connec tiv ity  of th e  upper d o rsa l horn 
w hich  had  been derailed  b y  th e  effect of TDA [65, 75].
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R egenerative synap toneogenesis  in  th e  u p p er dorsa l horn  is accom pan ied  
b y  cy tochem ical rep len ishm en t of p r im a ry  cen tra l a ffe ren t te rm in a ls . F R A P  
an d  T M Pase, w hich w ere depleted  in  th e  course of T D A , reap p ea r again  in  th e  
reg en era tin g  te rm in a ls  (12, 15, 17, 18, 20, 36, 39]. T he sam e applies also for 
su b stan ce  P  and lec tin -b ind ing  g lycocon jugates. R ep le tio n  of new ly form ed 
ax o n  term inals w ith  m ark er su b stan ces tak es  place n o t only a fte r  a s e n s u  

s t r i c t o  regeneration  o f th e  p e riphera l nerve  following m echanical in ju ry  h u t 
also if  re trog rade  axop lasm ic tra n s p o r t  is reestab lished  following m icro tubu le  
in h ib itio n  in the  re spec tive  periphera l nerve . Also fu n c tio n a l p roperties of the  
fo rm erly  in cap ac ita ted  u p p e r dorsal h o rn  are reestab lish ed : original p a ram e te rs  
of th e  dorsal roo t p o te n tia l (latency, a m p litu d e , and  d u ra tio n ) g rad u a lly  re tu rn  
to  n o rm al values in  th e  course of reg en era tiv e  synap toneogenesis [51, 78]. 
C ircu m stan tia l ev idence suggests t h a t  regenera tive  synap toneogenesis in  th e  
u p p e r dorsal horn  is su b jec ted  to  tran sg an g lio n ic  reg u la tio n  b y  N G F, w hich is 
ta k e n  up  b y  p e riphera l receptors a t  th e  nerve endings o f sensory axons and  
carried  by  m eans of a re tro g rad e  axop lasm ic  tra n sp o r t  m echanism  to  th e ir  
p e rik a ry a  in dorsal ro o t ganglia. H e re , N G F  p rom otes syn thesis o f neuro- 
p ro te in s  b y  m eans of a second m essenger.

D iscussion

T ransganglion ic  regu la tio n , a re la tiv e ly  recen tly  d iscovered  dynam ic  and 
p las tic  gene expression phenom enon o f p rim ary  sensory  neurons, obviously  
calls for reassessm ent o f th e  law o f n eu ro n a l tro p h ism . I t  offers a un ique  
m odel to  stu d y  n eu ra l p lastic ity  an d  regeneration  in  th e  cen tra l nervous 
system  [30].

Several ch a rac te ris tic  features o f  T D A  clearly  in d ica te  th e  re g u la to ry  
role o f N G F  in the m a in ten an ce  of c e n tra l te rm ina ls, v iz:

(1) T D A  i s  con seq u en ce  o f  b lo ck a d e  o f  a x o p l a s m i c  t r a n s p o r t  m e c h a n i s m s

T his follows from  th e  fac t th a t ap p lica tio n  a round  a periphera l nerve  of 
sm all am o u n ts  of m icro tu b u le  in h ib ito rs  induce T D A  in th e  segm en ta lly  
re la te d  ip sila tera l R o lando  substance [13, 24, 29, 31]. W hile such  sm all am o u n ts  
o f m icro tu b u le  in h ib ito rs  do no t ind u ce  W allerian  d eg enera tion  in  th e  nerve , 
h igher co ncen tra tions o f m icro tubu le  in h ib ito rs , how ever, m ay  do so.

(2) I t  i s  th e  ( f a s t )  r e t r o g r a d e  c o m p o n e n t  o f  a x o p l a s m i c  t r a n s p o r t , the  b lo c k a d e  o f  

w h ic h  i s  r e s p o n s ib l e  f o r  T D A

A pplication  of 1 0 -9  M V incristin  or 10 -8 M V in b lastin  to  th e  dorsal 
Toots does no t induce F R A P  depletion  in  th e  segm entally  re la ted  u p p er dorsal
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h o rn . In  co n tra s t, tra n se c tio n  o f th e  dorsal ro o t, or ap p lica tio n  of 10_3 M 
V inca  a lkalo id  a round  th e  ro o t, resu lts  in a ra p id  d isappearance  of th e  F R A P  
re a c tio n  [27].

(3) T D A  in v o lv e s  o n l y  t e r m i n a l  a n d  p r e t e r m i n a l  p o r t i o n s  o f  c e n t r a l  s e n s o r y  

a x o n s  ; the  d o r s a l  roo t  p r o p e r  i s  n o t  a f f e c te d

N eith er tran sec tio n  of th e  sciatic  n erv e , n o r p e rin eu ra l app lica tion  of 
a n y  o f th e  m icro tubu le  in h ib ito rs , induce degenera tion  or a tro p h y  in  th e  
S chw ann-cell su rro u n d ed  p o rtio n  of th e  dorsal ro o t, e ith er a t lig h t or at e lectron  
m icroscope levels [1, 2, 16, 22, 25, 66].

(4) T D A  is  n o t  r e la te d  to  the  c o n d u c t i v i t y  o f  the  p e r i p h e r a l  n e rv e

In s tilla tio n  of local an aesth e tic s  or ap p lica tio n  of te tro d o to x in  a round  
th e  n erv e , do no t induce TD A  [61, 90]. On th e  o th e r hand , if  T D A  was a lready  
in d u ced  (either by  m echan ical in ju ry  or by  a m icro tubu le  in h ib ito r), rep len ish ­
m e n t of th e  m ark er enzym e can n o t he o b ta in ed  by  electrical s tim u la tio n  o f 
th e  n e rv e  [61].

(5) T D A  is  the c o n s e q u e n c e  o f  f a i l u r e  o f  n e r v e  g r o w t h  f a c t o r  to  reach  d o r s a l  roo t  

g a n g l i o n  cells

A pply ing  an  a n ti-N G F  serum  (raised in  goat) in a G elaspon cuff a round  
th e  sciatic  nerve, re su lts  in  T D A  in th e  segm en ta lly  re la ted  ip sila teral u p p er 
d o rsa l horn . In  c o n tra s t, ap p lica tio n  of a h u m a n  an ti-D  serum  does no t have  
a n y  effect [32].

(6) T D A - i n d u c i n g  e f fec t  o f  V in c a  a lk a l o i d s  i s  d u e  to b lo c k a d e  o f  r e t ro g ra d e  t r a n s ­

p o r t  o f  N G F  in  the  p e r i p h e r a l  n erve

T he am o u n t o f V in b lastin , needed to  b lock  re tro g rad e  tra n sp o rt of e x ­
p e rim en ta lly  in jec ted , rad io -labeled  125I-N G F  is iden tica l w ith  th e  th resh o ld  
a m o u n t sufficient to  induce TD A  [34]. T D A -inducing  am o u n ts  of V inb lastin  
a n d  V incristin  cause accu m u la tio n  of 125I-labe lcd  N G F d is ta lly  from  th e  site  
o f  ap p lica tio n  and  a d ra m a tic  decrease in N G F  tra n sp o rte d  to  nerve cell bodies 
in  th e  dorsal ro o t ganglia .

(7) T D A  ca n  be p r e v e n t e d  or a t  le a s t  d e l a y e d  b y  lo c a l  a p p l i c a t i o n  o f  N G F

This follows from  experim en ts w hen N G F  was app lied  a t  the  p rox im al 
s tu m p  of th e  tra n se c te d  sciatic  nerve [10, 33, 44]. N G F is even  m ore effective
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if  ap p lied  40-50  h a fte r  tra n se c tio n , i.e. w hen p ioneer fib res of re g e n e ra t­
ing  axons h av e  a lread y  grown o u t; th ese  are know n to  be equ ip p ed  w ith  N G F 
recep to rs  [34].

(8) P o l y m y x i n  a n d  C o l i m y c i n , tivo c y c l i c  b a s ic  p e p t i d e s  u i t h  a n t i b i o t i c  p r o p e r t i e s ,  

i n d u c e  T D A  a f t e r  p e r i n e u r a l  a p p l i c a t i o n ,  v i a  c o m p e t i t i v e  i n h i b i t i o n  o f  N G F

T he T D A -inducing  action  of th e se  drugs is not re la te d  e ith e r to  h istam ine  
release or to  in te ra c tio n  w ith  Ca2+ in a calm odu lin -m ed ia ted  axop lasm ic  t r a n s ­
p o rt m echan ism  [86].

(9) T D A  c a u s e s  a  d e r a n g e m e n t  o f  s y n a p t i c  t r a n s m i s s i o n  i n  the  R o l a n d o  s u b s ta n c e

D orsal ro o t p o ten tia ls  (D R P ) undergo  m arked  a lte ra tio n s  a fte r  blockade 
of re tro g ra d e  axop lasm ic tra n s p o r t  in  th e  peripheral n erve : am p litu d e  is 
decreased , la te n c y  is increased  [78, 88, 89]. TD A  is accom pan ied  b y  th e  in ­
creased  la te n c y  of th e  lick  re flex  in  th e  h o t p la te  te s t [82].

*

A n im p o rta n t aspect of tran sg an g lio n ic  reg u la tion  is th a t  sm all, d a rk  
nerve  cells in dorsal roo t ganglia are  m ore dependen t on N G F  th a n  th e  large, 
pale n e rv e  cells. Subgroups of sm all n e rv e  cells are know n to  be invo lved  in 
n ocicep tion , w hile large nerve  cells su p p ly  o ther senses.

I t  should  be n o ted  th a t  in  c o n tra s t to  F R A P  and  T M Pase, dep le tion  of 
n eu ro p ep tid es  like su b stan ce  P , so m a to s ta tin  (and p ro b ab ly  also cholecysto- 
k in ine) in  th e  course of T D A , is n e v e r as com plete as th a t  o f th e  m ark er 
enzym es since n eu ro p ep tid es  are also p resen t in propriosp inal nerve cells [72]. 
O bv iously , these  are  no t in fluenced  b y  T D A , and even m ay  ex ert com pen­
sa to ry  effects, as show n recen tly  b y  W all’s group [76].

T he su rv iv a l v a lue  of TD A  to  th e  an im al m igh t be th a t  i t  sw itches off 
nocicep tive  a ffe ren ta tio n  soon a fte r  nerve  in ju ry  and  d u ring  th e  process of 
p e rip h era l nerve regen era tio n . T hus, m eaningless signals from  im p a ired  and  
inco m p le te ly  re s tru c tu re d  axons are p rev en ted  from  k ind ling  h igher levels of 
sensory  chains.

W hile  th e  a d u lt m am m alian  c e n tra l nervous system  is n o to rio u s for 
being re fra c to ry  in  p roducing  new  synapses in  replacing d eg en era ted  ones, it  
is possible to  induce fo rm atio n  o f new  synapses experim en ta lly . Such reac tiv e  
sy nap togenesis  w as observed  (1) in  ce n tra l m onoam inergic n eu ro n s a fte r  
e lec tro ly tic  lesions [55]; (2) in  th e  d e n ta te  gyrus and  h ippo cam p u s a fte r 
tra n se c tio n  o f its  a fferen ts [73, 74]; (3) in  th e  o lfactory  bu lb  a fte r  reg en e ra ­
tio n  of th e  o lfac to ry  nerve  [49]; (4) in  th e  v en tra l h o rn  o f th e  sp in a l cord,
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ro s tra l  from  the  site  o f  tra n se c tio n  [6, 47], an d  (5) in  th e  u p p e r dorsal horn  
a f te r  TD A  of cen tra l te rm in a ls  o f p rim ary  sensory  neurons (th is paper). Since 
th is  la s t is the  only one th a t  occurs in  m am m als, inc lud ing  p rim a te s , w henever 
an  in ju re d  peripheral sen so ry  nerve  succeeds in  reg en era tin g , i t  is an  im p o rtan t 
p ro o f  for the reg en e ra tiv e  cap ac ity  of th e  p rim a te  (and , in general, the  m am ­
m alian ) central n e rv o u s system .

Since TDA can  b e  evoked by  app ly in g  m icro tu b u le  inh ib ito rs  by  ion­
top h o resis  to  th e  sk in  o f p a tie n ts , it  offers a n o n -invasive  th e ra p y  for th e  
t re a tm e n t of a u to c h to n o u s  in tra c ta b le  chronic p a in  syndrom es, like p o s t­
h e rp e tic  neuralg ia, in te rc o s ta l neuralg ia , m eralg ia , various po lyneuropath ies, 
irrad ia tio n -in d u ced  b ra c h ia l p lexus lesion, and  te rm in a l p a in  [9, 26, 56, 62, 65, 
67, 71, 83, 84]. B y  d is ru p tin g  th e  rev e rb e ra tin g  circu its in th e  upper dorsal 
h o rn , th is tre a tm e n t re su lts  in a llev ia tion  of p a in  fo r severa l m onths and , 
in d eed , as a resu lt o f in d u c in g  fo rm ation  of a p ro p er w iring in th e  course of 
th e  subsequent syn ap to n eo g en esis , in  m any  in stan ces i t  offers pe rm an en t pa in  
re lie f  [21, 68].

In  addition  to  m ic ro tu b u le  in h ib ito rs, like th e  V inca alkalo ids, also su b ­
s tan ces  th a t in te rfe re  w ith  N G F, such as po ly m y x in  and colim ycin, are th e  
m o st likely can d id a tes  fo r pa in-reliev ing  io n to p h o re tic  tre a tm e n t [32].

Since deple tion  o f  n eu ropep tides, in c o n tra s t to  F R A P  and  TM Pase, is 
o n ly  p a rtia l in th e  cou rse  of TD A , i t  is ev id en t th a t  th e  pain-reliev ing  action  
o f ion to p h o re tica lly  a d m in is te red  V inca a lkalo ids and  basic peptides alike, 
is n o t sim ply due to  a cy tochem ical dep le tion  o f cen tra l p rim ary  sensory  
te rm in a ls . As a w o rk ing  hypo thesis  i t  can be assum ed  th a t  th e  in trinsic  pain- 
re liev ing  system  o f th e  organ ism , o p era ting  w ith  sero ton inerg ic  and  endorphin- 
ergic neurons [11], ge ts  th e  u p p er hand  a f te r  dep le tion  b y  TD A  of n eu ro ­
p ep tid es  [19].

By ex tra p o la tio n , it  can be assum ed th a t  essen tia lly  sim ilar principles 
m a y  be operative in  th e  regu la tion  and m a in ten an ce  also o f o th e r  cell typ es o f 
th e  cen tra l nervous sy s tem . In  th is  respect, of course, th e  te rm  transganglion ic  
reg u la tion  has to  be  rep laced  by  the  w ider concept of “ tra n sp e rik a ry a l regu la ­
t io n ” . Prestige [79] suggested  long ago th a t  th e  su rv iv a l of v e n tra l horn  m o to ­
n eu ro n s is due to  a (la rgely  unknow n) m ain ten an ce  fac to r carried  re tro g rad e ly  
b y  th e  m otor axon  to  th e  perik ary o n . K reu tzb e rg  [70] d em o n stra ted  th a t  th e  
recep tiv e  field o f th e  n eu ro n  (ex tension  of th e  den d ritic  tree ) is dependen t 
on  th e  s tru c tu ra l a n d  fu n c tio n a l in te g rity  of th e  axon . R ecen tly , U nsicker [87] 
p ro v id ed  evidence fo r th e  existence of several tro p h ic  fac to rs  in the  cen tra l 
nervous system , p ro b a b ly  each fac to r specific for a specific cell ty p e ; and it 
ap p ears  th a t also th e se  fac to rs ex e rt th e ir  ac tio n  b y  a tra n sp e rik a ry a l ro u te . 
T h e  idea seems g erm an e  th a t ,  by  in fluencing  tra n sp e rik a ry a l reg u la to ry  m ech­
anism s, em bryonic d ev e lo p m en ta l potencies o f o therw ise s ta g n a n t ad u lt cen tra l 
neu rons, like ax o n a l g ro w th  and  synap togenesis can  be rev ived . T herapeu tica l
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ap p lica tio n  of th is  p rincip le  m ight be an  im p o rta n t s tep  fo rw ard  in p ro m o tin g  
regenera tion  of p a th w a y s  and sy n ap tic  c ircu itries d estro y ed  by  patho log ica l 
even ts, in ju ries an d  accidents.
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PERSONAL MICROCOMPUTER-AIDED 
THREE-DIMENSIONAL RECONSTRUCTIONS

J .  S p a c e r

DEPARTM ENT OF PATHOLOGY, CH ARLES U NIV ERSITY  H O SPITA L, HRADEC KRÂLOVÉ,
CZECHOSLOVAKIA

(R eceived  26 M ay 1987)

A fa s t , cheap  and  sim ple m eth o d  is described w hich  enables th ree-d im ensional 
reconstruc tions to  be produced  from  sh o rt series of sections. T he reco n stru c tio n  is 
form ed and d isp lay ed  e ith e r as a fu ll line or h idden line  d iag ram  or shaded  m odel. 
I t  m ay be ro ta te d , m agnified  or reduced , all w ith  th e  a id  o f a personal m icrocom puter, 
peripherals an d  so ftw are , th e  to ta l  cost of which does n o t exceed several hundreds 
of US dollars.

Introduction

I t  should be an  effort o f each m icroscopist to  o b ta in  th ree-d im ensional 
in fo rm atio n  from  tw o-d im ensional ind iv idual or serial sections. This is p a r ­
ticu la rly  im p o rta n t fo r e lectron  m icroscopists. To o b ta in  such  va lid  in fo rm a­
tio n , th ree-d im ensional reco n stru c tio n s have been used  fo r m ore th a n  a cen­
tu ry  in  ligh t m icroscopy  [4, 11]. A lthough  com p u ter-assis ted  graphics has 
been applied for a b o u t th e  la s t te n  years to  m ake th e  reco n stru c tio n  process 
easier [e.g., 3, 7, 11], on ly  reaso n ab ly  priced m icrocom puters m ade i t  possible 
for m any  m icroscopists to  ta k e  a d v a n ta g e  of th is m odern  app roach .

The to ta l cost o f an  a tta in a b le  hardw are eq u ip m en t consisting  of a 
d ig itizer, m icrocom pu ter and  a p lo tte r  reaches ap p ro x im a te ly  from  ab o u t ten  
th o u sa n d  to  several ten s  o f th o u san d s  of US dollars [2, 5, 7]. Such a sum  m ay, 
how ever, rep resen t a su b s ta n tia l b u rd en  on th e  econom ic b u d g e t in  m any  
lab o ra to rie s . P ro g ram s for sm all persona l com puters, th ere fo re , have appeared  
ju s t  recen tly  [10].

The purpose of th is  com m unication  is to  d irect th e  a tte n tio n  of m icro­
scop ists to  the  fac t th a t  i t  is possible to  create sa tis fac to ry  th ree-d im ensional 
reco n stru c tio n s from  sh o rt series of sections w ith  th e  aid  of a personal m icro­
co m p u te r, periphera ls  an d  softw are, th e  to ta l cost o f w hich does n o t exceed 
a few  hundreds of US dollars.

Send offprin t req u ests  to : Dr. Jo se f Spacek, D ep artm en t o f P a th o lo g y , Charles U n i­
v e rs ity  H osp ita l, CS-500 36 H rad ec  K rá lové, Czechoslovakia

A c t a  M o r p h o l o g i c a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó ,  B u d a p e s t



48 J .  ê P A Ê E K

M aterials and  m ethods

T he Sinclair ZX  S p ec tru m  (48 K  RAM ) personal co m p u te r, a casse tte  recorder and 
hom e TV se t were used as th e  ha rd w are . T he “ VU  3D”  — a design an d  m odelling  com m ercial 
p ro g ram  produced  specifically  for th is  co m p u te r by  Psion  L td ., 1982, was used  as th e  software. 
T his e leg an t p rogram  allows to  c o n stru c t ob jects in th ree  dim ensions from  section  profiles.

O utlines of s tru c tu re s  selected  fro m  serial sections w ere red raw n  on tra n sp a re n t sheets 
(cellophane), aligned and  p ro v id ed  w ith  tw o  lan d m ark s for m u tu a l o r ien ta tio n  (see 8 for the

Fig. 1. Personal co m p u te r (A), c ase tte  reco rder (B) and  TV se t (C) w ere used  as hardw are . 
T he selected  profile was tra c e d  in th e  fo rm  of a polygon from  th e  e lectron  m icrograph  (D) on 
th e  tra n sp a re n t sheet (E ) and  placed in to  th e  coord inate  ta b le t  p ro jec ted  on th e  TV screen (F)

de ta ils ). T he sam e lan d m a rk s  were d raw n  on th e  TV screen. T he sheets w ith  th e  outlines were 
f ix ed  in  tu rn  on th e  screen b y  an  e lec tro sta tic  charge or by  sco tch  tap e . B o th  the  sheet and 
screen  landm arks have  m atch ed  to  secure alw ays th e  sam e position  (F ig . 1). The outlines 
w ere traced  from  th e  shee ts in to  an  X , Y , Z coord inate  system  p o in t-b y -p o in t w ith  the  aid of 
a cu rso r sim ply b y  p ressing  k ey b o ard  b u tto n s . A lte rn a tiv e ly , n u m erica l coordinates alone 
w ere used  to define th e  p o in ts  of in d iv id u a l profiles.

B o th  th e  cursor a n d  co o rd in a te  ta b le t  are being p ro jec ted  on th e  screen  as a co n stituen t 
p a r t  o f  th e  VU 3D p ro g ram  (Fig. 2). T he trac ed  ou tline  is defined  by  a se t o f closed lines fo rm ­
ing  a  polygon. The in d iv id u a l ou tlines or produced  solid o b jec ts m ay  be view ed from  any 
angle and  any d istance  using  com m ands for a  ro ta tio n  (Figs 6, 7, 8, 12, 15), m agnification  
(F ig s 12, 13, 15) or red u ctio n . S tereoscopic pairs can be p roduced . T he th ree-d im ensional 
re p re se n ta tio n  is d isp lay ed  e ith e r as a  full w ire line d iag ram  (F ig . 3), a  h id d en  line d iagram  
(F igs 4, 6, 8, 12, 16) o r a  shaded  solid d iag ram  (Figs 5, 7, 10, 11, 14, 15) each  of these in  full 
persp ec tiv e . N ine d irec tions of a lig h t source are a t  d isposal for th e  sh ad ing . The colour of 
th e  o b jec t and th e  b ack g ro u n d  m ay  be chosen from  eigh t possib ilities an d  any ind iv idual 
screen  d isplay  or th e  c o m p u te r d a ta  file o f th e  reco n stru c ted  o b jec t can  be s to red  on th e  tap e  
an d  loaded  la te r. W hen  loaded  in to  th e  O xford com puting  a r t  stu d io  p ro g ram  (R ainb ird  
so ftw are , 1985) th e  screen  d isp lay  can  be ed ited  in  d ifferen t w ays (F igs 13, 17).

B o th  th e  h id d en  line d iag ram  or th e  solid d iag ram  can serve as a  basis for a finer hand- 
d raw n  graphic re co n stru c tio n  (F ig. 9).

No p lo tte r  was used  in th is  s tu d y . P h o to g rap h s from  TV screen w ere tak en  for th e  
docu m en ta tio n .
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Fig. 2. The cursor and  coord inate  ta b le t  p ro jec ted  on th e  TV screen. P a r t  of section profile
is also d isp layed

Figs 3 -5 . P a r t  of Schw ann cell d isp layed  as a full w ire line d iag ram , a h idden  line d iagram  
and  shaded solid m odel (card iac  v eg eta tiv e  nerve)

Figs 6-7 . H idden  line d iag ram  and sh ad ed  solid m odel of a p a r t  of d en d ritic  shaft w ith  two 
d ru m stick -shaped  d en d ritic  spines (cerebral cortex)

4 Acta Morphologien Hungarica 36, 1988



5 0 j. spaCek

F igs 8-15. M ushroom -shaped d en d ritic  sp ine d isp layed  as h idden  line d iag ram  (8), hand- 
d raw n  graphic reco n stru c tio n  (9), and shaded  solid models. D irection  of ligh t source was 
from  lower r ig h t (10) and from  u p p e r left (11). T he spine was ro ta te d  (12), ed ited  using a r t 
s tu d io  p rogram  (ras te r b ack g ro u n d  in  13) and  m agnified  (14, 15). The spinűié  is m ore p rom inen t

in ro ta te d  d isp lay s (12-15)
Figs 16, 17. H idden  line d iag ram  of a d ru m stick -sh ap ed  d endritic  sp ine  co n stru c ted  from  a 
series of c ircidar profiles (cereb ral cortex). S hading  edited by  a rt s tu d io  program  shown

in Fig. 17

Ada Morphologica Hungarica 36, 1988



M I C R O C O M P U T E R - A I D E D  T H R E E - D I M E N S I O N A L  R E C O N S T R U C T I O N S 51

Results

Some of th e  re su lts  ach ieved  w ith the  m e th o d  described  above are show n 
in  a v a rie ty  of d isp lays on th e  screen p h o to g rap h s  (Figs 3—17) and explained  
in  th e  figure legends. All o f th em  represen t sm all ob jec ts reco n stru c ted  from  
series of e lectron  m icrog raphs of th e  nervous tissu e : a p a r t  of a Schw ann cell 
from  a card iac au to n o m ic  nerve  (Figs 3-5) an d  d en d ritic  sp ines (Figs 6-17) 
from  the  cerebral co rtex .

Discussion

A hand-m ade  geom etrica l tiltin g  and ro ta tio n  of section  profiles is a 
m ethod  requ iring  m an y  w ork ing  hours in a d d itio n  to  th e  fact th a t  it  m ay he 
a source of possible inaccu racies. Thus, if  n o th in g  m ore b u t  a possib ility  of 
th e  ro ta tio n  of in d iv idua l p ro files was offered by  th e  sm all personal com pu ter 
an d  VU 3D p rog ram , it  w ould  lie w orth  of a tte n tio n . I t  is therefo re  adm irab le  
th a t  th is  p rog ram  includes even  th e  constru c tio n  o f graph ic  m odels including 
th e  enhancing  effect o f h id d en  lines rem oval and  on th e  to p  of i t  — th e  shading.

There are , o f course, m a n y  lim ita tio n s re su ltin g  from  th e  low  cap ac ity  of 
m em ory  of th e  used  c o m p u te r. The reco n stru c tio n  p rog ram  requ ires a t least 
64 kB  of ran d o m  access m em ory  [5]. W hen th e  co m p u te r w ith  only 48kB of 
RAM  is used, as in  our case, th e  program  itse lf  engages as m uch  as 46 kB . 
T he rem ain ing  free cap ac ity  is very  sm all and , accord ing  to  our ca lcu lations, 
i t  allows to  receive n o t m ore th a n  abou t 270 p o in ts  only. T hus, e ith e r short 
series of sm all u n co m p lica ted  ou tlines are con v en ien t for th is  p rog ram , or th e  
series m ust be d iv ided  in to  severa l p a rts , each of th em  to  be processed sepa­
ra te ly . Series w ith  profiles o f th e  sam e shape are  especially  su itab le  (Figs 
16, 17). A no ther d isad v an tag e  is th a t  th e  co m p u te r s tacks th e  ou tlines in  a 
p la te-like  form , w hich doubles th e  am oun t of en te red  po in ts  and  fu rth e r  
lim its  the  free cap ac ity  o f th e  m em ory. The n u m b e r of po in ts  per profile 
shou ld  be, there fo re , as sm all as possible. N eith er surface and volum e calcu la­
tio n s  can be done using  th e  Y U  3D program , n o r m ore th a n  one colour m ay 
be used in  one m odel. T he ra s te r  used for th e  shad ing  is r a th e r  coarse­
g rained , too.

All these d isad v an tag es  cause th a t the  c rea ted  reco n stru c tio n s are hard ly  
com parab le  w ith  first-c lass exam ples of co m p u te r graph ics in th is  field  [e.g. 
1, 6, 9]. We suppose, how ever, th a t  th e  reached  resu lts  e n title  us to  conclude 
th a t  the described m ethod  is, in the case of inaccessib ility  of m ore efficient 
eq u ip m en t, highly recom m endab le .
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PATHOGENESIS OF LIMB 
AND FACIAL MALFORMATIONS INDUCED 

BY PYRIMETHAMINE IN THE RAT*
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The tem p o ra l sequence of m orpho log ical even ts re su ltin g  in  lim b an d  face 
m alform ations w as s tu d ied  in p y rim e th am in e  (PY ) tre a te d  fem ale ra ts . 30 m g/kg  of 
P Y  in  a 10 m l/kg suspension  of 0.9%  N aC l w ere adm in istered  i.p . on days 12, 13 and 
14 of gestation . C on tro ls received only 0 .9 %  NaCl solution. T he fem ales w ere killed a t  
d iffe ren t stages o f g es ta tio n  (betw een 14 and  21 days). E a rly  PY  tre a te d  em bryos 
show ed m ainly  h a em a to m as  in the  e x tre m itie s  and  th e  m an d ib u lo -m ax illa ry  areas. 
D u rin g  th e  course o f  gestation , few er h aem ato m as and m ore m alfo rm atio n s were 
observed . A t te rm , m alform ations w e re  observed in  th e  sam e loca lisa tions w here 
haem ato m as were p rev io u sly  seen.

Keywords: P y rim eth am in e , cong en ita l m alform ation , acid, an tag o n is t r a t
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Introduction

In  general, s tu d ie s  in  te ra to lo g y  on ly  deal w ith  congen ita l m alfo rm a­
tions a t  te rm . Only l i t t le  has been p u b lish ed  on th e  m orphological ev en ts  at 
d iffe ren t stages of d ev e lo p m en t in an im als  and  in h u m an  beings [1, 13, 15, 
28, 35]. T he purpose o f  th e  presen t w o rk  was to  s tu d y  th e  te ra to g en esis  of 
face a n d  lim b m alfo rm atio n s during d ev e lo p m en t in ra ts  induced  b y  p y r i­
m e th a m in e . Our p rev ious experim ent h as  show n th a t  p y rim e th am in e  (PY ) 
in d u ced  red  cell m acrocy tosis  re su ltin g  in  haem orrhages in  th e  lim b  ex ­
trem itie s  [19]. PY  is a w ell-know n pow erfu l te ra togen ic  agen t w ith  an  an tifo lic  
ac tion . In  add ition , th e  experim en ta l m alfo rm ations were sim ilar to  those  
observed  in  clinics in d u ced  by  antifolic ag en ts  [12, 26, 29, 30, 34]. T herefo re, 
P Y  w as used as a to o l to  s tu d y  the  m orphogenesis of lim b and  facial m a l­
fo rm atio n s.

* T h is investiga tion  w as supported  in  p a r t  by  C .N .R .S. (F rance) U .A . No. 307, and 
F o n d a tio n  p o u r la R echerche M édicale
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A c t a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó ,  B u d a p e s t



54 C. H O R V A T H

M aterials and m ethods

V irgin female W is ta r  ra ts  (Jan v ie r , F rance), 80 to  100 days old weighing 180-210 g 
w ere m ated  w ith  m ales o f th e  sam e s tra in  and age. F ood  (U A R , F rance) and w a ter were 
av a ilab le  ad libitum . One m ale was housed ov ern ig h t w ith  th ree  to  five fem ales. T he in itia l 
tim e  was considered to  be th e  beg inn ing  of day  0. T h e  fem ales were contro lled  by  w eighing 
a n d  p a lp a tio n  to verify  fo r g e sta tio n  on day  12. The p re g n a n t fem ales were ran dom ly  assigned 
to  th e  contro l and PY  g ro ups. 30 mg of PY  was d ispersed  in  10 ml sterile  physiological saline. 
30 m g/kg/day  PY  w as ad m in iste red  in trap erito n ea lly  a t  9 a.m . on day  12, 13, and  14 of 
g e sta tio n . The fem ales w ere observed  and  weighed th ro u g h o u t g esta tion . T he fem ales were 
sacrificed  a t 8 d ifferen t s tages a t  4 p .m . betw een days 14 and  21 of g esta tio n  and  th e  u te ri 
w ere exam ined. The n u m b er o f live foetuses, th e  n u m b er of early  and la te  resorp tions and 
th e ir  location in each u te r in e  ho rn  were no ted . All foe tuses were weighed and exam ined for 
e x te rn a l anom alies. T he 14 to  17 days old foetuses w ere p reserved  in B ouin’s fix ativ e . H a lf  
th e  foetuses from  each l i t te r  o f 18 to  21 days old were fix ed  in  B ouin’s flu id  in order to  allow 
a la te r  dissection fo r v iscera l m alform ations un d er a low -pow er m icroscope. Some of them  
w ere histologically exam in ed  in serial sections. T he o th er h a lf were fixed  in 96%  e th an o l 
a n d  subsequently  sta in ed  w ith  a lizarin  red S and blue a lc ian  for a la te r  skeletal ex am ination . 
O nly  th e  ex ternal m alfo rm atio n s are discussed in  th e  p re sen t s tu d y . T he visceral and skeletal 
m alfo rm ations will be described  in fo rthcom ing  p apers. T he effects of PY  on various days o f 
g es ta tio n  were analyzed.

Table I

Effect o f  pyrim etham ine on litters o f  pregnant fem ales examined 
on days 14-21 o f  gestation

Sacrifii
day

ce Group Litters
No.

Im plant
Sites No.

M ortality; Total 
live No.

Live
abnormal,

Mean litter 
weight

g ±  S.E.

14 c 5 62 6.45 58 0 0.13 ±  0.01
PY 4 31 3.22 30 3.33 0.15 ±  0.04

IS C 5 52 7.69 48 0 0.23 ±  0.01
PY 6 75 6.66 70 20 0.18 ±  0.03

16 C 6 66 7.57 61 0 0.42 ±  0.01
PY 6 55 1.80 54 83.33 0.32 ±  0.03

17 C 7 69 2.90 67 0 0.75 ±  0.03
PY 9 85 23.53 63 100 0.42 ±  0.04

18 C 5 44 18.13 36 0 1.26 ±  0.04
PY 6 64 10.93 57 100 0.67 ±  0.06

19 C 6 56 11.71 50 0 2.01 ±  0.08
PY S 55 7.27 51 100 1.17 ±  0.18

20 C 8 79 13.92 68 0 3.38 ±  0.10
PY 5 54 9.26 49 100 1.22 ±  0.17

21 € 5 48 6.25 45 0 4.94 ±  0.09
PY 5 57 7.02 53 100 1.92 ±  0.19

C =  co n tiol groups. T he m others weie trea ted w ith  0.9% NaCl (10 m l/kg/d) i.p. on d ay s
and 14 
PY =

of gestation , 
pyrim etham ine  trea ted groups. The mo t hers were trea te d  w ith PY  (30 m g/kg/d)

i.p . on days 12, 13 and  14 of gestation .
No significant difference in any  com parison of th e  foeta\ m o rta lity  betw een control a n d  

P Y  trea ted  groups by  chi-square  test.
Significant difference of th e  foetal weight %  from  contro l in all PY  trea tm e n t group

p  <  0 .0 0 1 .

Acta Morpliologica liungarica 36, 1988



P A T H O G E N E S I S  O F  L I M B  A N D  F A C I A L  M A L F O R M A T IO N S 55

Results

PY  was v e ry  little  toxic as ev idenced b y  v ir tu a lly  no w eight loss an d  by  
th e  generally  h e a lth y  ap p earan ce  o f th e  tre a te d  fem ales. T able I sum m arizes 
th e  effect of P Y  on average fo e ta l w eight, th e  n u m b e r of reso rp tions and 
m alform ed foetuses. The m ean  fo e ta l w eight w as low er in  th e  P Y -tre a te d  
g roups a t each g esta tio n  day  ex cep tin g  day  14. T here  was no difference in 
fo e ta l m o rta lity  ra te s  betw een  th e  con tro l an d  P Y -tre a te d  groups. No ab n o r­
m alities were found  in  th e  co n tro l groups.

T able II sum m arizes th e  freq u en cy  and  typ es o f ex te rn a l abnorm alities 
observed  a t d iffe ren t days of gesta tio n . The s tu d y  w as carried  ou t on a to ta l 
of 433 control and  403 tre a te d  em bryos/foetuses. No m alfo rm ations were 
observed  on d ay  14 and  15 of gesta tio n . O nly 1 em bryo  bad  h aem ato m as of 
th e  ex trem ities anti th e  m an d ib u la r area  on day  14 of gesta tio n . H aem ato m as 
were m ore freq u en t betw een  th e  d ig ita l p la tes of th e  ex trem ities , an d  in  th e  
m ax illa ry  region in  15-day-old foetuses. The haem ato m as occurred  earlier and 
were m ore severe in  th e  h indiim be th a n  in the  forelim bs (Fig. IB ). The m ost 
serious h aem atom as and  the  h ighest percen tage  were seen on day  17 of gesta ­
tio n  (Fig. 2). D u rin g  th e  course of g esta tion , few er h aem ato m as an d  m ore 
m alfo rm ations w ere observed. M and ibu lo -m ax illary  m alfo rm ations (m icro ­
g n a th ia , ag n a th ia , m alposition  o f th e  ex te rn a l ears, open  eyes, cleft pa la te ) 
and  lim b m alfo rm ations were observed . Of p a r tic u la r  in te re s t is th e  m ain ly

Table II

Frequency o f various external abnormalities due to pyrim etham ine in foetuses examined
on days 14 -21 o f  gestation

Sacrifice day

14 15 16 17 18 19 20 21

No. foetuses exam ined 30 70 54 61 47 46 42 53

H aem atom as %
forelim bs 3.3 1.42 12.96 40.98 42.55 45.65 7.14 11.32
hindlim bs 3.3 20.00 44.44 63.93 8.51 19.56 2.38 —
m andibu lar pa rt 3.3 1.42 — — — — —

m axillary  pa rt 4.9 4.9 12.96 21.31 10.63 8.69 4.76 -

M alform ations %
forelim bs — 9.26 80.32 57.45 50.00 100.00 83.02
hindii mbs — — 38.89 50.32 100.00 76.09 100.00 100.00
m and ib u lar area — — —• 100.00 100.00 100.00 100.00 100.00
eyes — — — 34.04 2.17 7.14 3.77
ears — — — — — — 9.52 3.77
oedem a — — 44.44 93.44 100.00 36.95 76.19 33.96
tail — — 18.81 100.00 38.29 58.69 97.62 100.00
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F ig. I A .  L a te ra l view  of a  15-day-old contro l foetus 
F ig . I B .  Lateral view of a  15-day-old ab n orm al foe tus from  a  m o th er tre a te d  w ith  P Y  show ing 

h aem atom as in forelim bs (a), in  h ind lim bs (b) and in th e  m an d ib u lo -m ax illa ry  areas (c, d)

sym m etrica l m an ife s ta tio n  of th e  m alfo rm ations. The h in d lim b s were m ore 
se riously  affected th a n  th e  forelim bs. S y n d ac ty ly , ap h a lan g y , ec tro d ac ty ly  
w ere m ainly observed  in  th e  forelim bs an d  phocom elia, m erom elia in  the  
h in d lim b s; sho rt, k in k y  ta il w as generally  observed a t th e  la te s t stages of 
g e s ta tio n  (Fig. 3). U sually , several defects were com bined  in  th e  sam e 
specim en.

Discussion

The sequence of m orphological ev en ts  was s tud ied  to  u n d e rs ta n d  th e  
genesis of lim b an d  facial m alfo rm ations induced  by  PY  tre a tm e n t. E m bryos 
ex am in ed  at 14 an d  15 days of g esta tio n  ex h ib ited  h aem a to m as m ainly  in 
th e  lim bs and in th e  m an d ib u lo -m ax illa ry  area . A fter d ay  15, h aem atom as 
a n d  m alform ations w ere also observed. A t te rm , m a lfo rm ations were found  in 
th e  above regions. T h is sequence suggests th a t  th e  h aem ato m as seen a t earlier 
deve lopm en ta l s tages led to  the m alfo rm ations observed a t la te r  stages of 
developm ent.

H aem atom as a re  te ra to g en ica lly  im p o rta n t since th e y  can  induce th e  
ab n o rm a l deve lopm en t o f con tiguous s tru c tu re s .
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Fig. 2 A .  L a te ra l view  of a 17-day-old con tro l fo e tus (left) and  abnorm al foe tus (righ t) show ing 
h aem ato m as in h in d lim b s (b) and in  th e  m ax illa ry  a rea  (c). N ote  th e  m ic ro g n ath ia  (d) a lread y  

developed a t th is stage and a generalized  oedem a 
Fig. 2 B . V en tra l view  of a  17-day-old ab n o rm al fo e tus show ing sym m etrica lly  form ed h a e ­

m ato m as in th e  m axillary  areas (d) as well as in th e  perom elic h ind lim bs (b)
Fig. 2C. L a te ra l view  of a  17-day-old ab n orm al fo e tus show ing perom elic forelim bs (a), perom elic 
h in d lim b s w ith  h aem ato m as (b). N ote h aem ato m a  in  th e  m ax illa ry  a rea  (c), a g n a th ia  (d), 

sh o rt k inky  ta il (e) and  generalized  oedem a
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K alte r and W a rk a n y  [11] observed  large haem ato m as on th e  snou t of 
m ouse foetuses su b je c te d  to  ribo flav in -defic ien t, g a lac to flav in -con ta in ing  d iets. 
T h ey  observed th a t  h aem ato m as in te rfe red  w ith  th e  osteogenesis of th e  nasal 
and  p rem ax illa ry  a reas  and  led to  m a lfo rm atio n s. H am b u rg h  [9] observed  
cauda l haem atom as in  m ouse em bryos a f te r  tre a tm e n t of the m o thers w ith  
t ry p a n  blue and  sugg ested  th a t  these  h aem a to m as m igh t have a d e s tru c tiv e  
effect leading to  m alfo rm atio n s of th e  ta il . F erm  and  C arpen ter [3] show ed 
th a t  lead  salts p ro d u ced  caudal h aem a to m as d u ring  early  m orphogenesis fol­
low ed by  ta il and  sac ra l m alfo rm ations in th e  golden h am ster. H aem ato m a  is 
th e  m ost com m on consequence of h y p o x ia  or anox ia  [4, 5, 7, 8]. One of the  
m ost plausib le causes o f vascu lar ru p tu re  is h igh blood pressure an d  p h y sio ­
logical changes in th e  b loodstream  [5, 7, 8, 20]. H ypox ia  m ay re su lt from  a 
b lood  disorder or th e  presence of ab n o rm a l haem opoie tic  cells. A p redom inance  
of red  blood cell m acrocy tosis  and  ab n o rm a l im m atu re  m egakaryob lastic  cells 
w ere observed in  th e  b r /b r  ra b b it and  th e  h d /h d  ra t  du ring  the  sensitive  stages 
of lim b developm ent [2, 22, 23]. T hese au th o rs  concluded th a t  abn o rm al 
haem opoietic  cells in d u ced  hypox ia  follow ed b y  haem orrhages in  th e  m esen­
ch y m al tissue, lead in g  to  h aem atom as, necrosis, th rom bosis and  am p u ta tio n s . 
T re a tm e n t w ith  h y p e ro x ia , p h en y lh y d raz in e , folic acid -)- v itam in e  B12 p a r tly  
p rev en ted  foetal b lood  cell m acrocytosis as well as congenita l m alfo rm ations.

Fig. 3. L atera l view  o f a  21-day-old con tro l (left) and  an ab norm al foetus (rig h t) show ing 
ec tro d ac ty ly  (a), pe ro m elia  (b), ag n ath ia  (d), sh o rt k in k y  ta il (e), open eyes (f) and m alposition  

of e x te rn a l e ar (g). The foetuses w ere fixed  in B ouin’s fluid. X 2.5
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A ccording to  T angapregassom  e t al [27], P Y  induces v ascu la r a lte ra tio n s  re su lt­
ing in  haem orrhages and  h aem ato m as. A t te rm , th ey  observed ru d im e n ta ry  
vessels in th e  affected  areas. F igure  4 shows possible pa th o g en e tic  m echanism s 
o f P Y -induced  m alform ations

The anom alies produced b y  folic acid a n tag o n is ts  in la b o ra to ry  an im als 
are  s trik in g ly  sim ilar to  those observed  in  m an [10, 29, 31, 32]. O ur s tu d y  
concern ing  th e  sequence of m orphological even ts beg inning  w ith  a te ra to g en ie  
tre a tm e n t re su ltin g  in m alfo rm ations a t te rm  m igh t he helpful to  c larify  the  
te ra to g en ic  m echan ism  of drugs hav in g  an  an tifo lic  action  in h u m an  beings.
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SOME EPIDEMIOLOGICAL CHARACTERISTICS 
OF DOWN’S SYNDROME IN HUNGARY

E .  C Z E IZ E L

D EPARTM ENT OF HUM AN GENETICS AND TERATOLOGY —  W H O  COLLABORATING C EN TRE 
FO R TH E COMMUNITY CONTROL OF H E R E D IT A R Y  D ISEA SES, NATIONAL IN STITU TE 

OF H Y G IEN E, BU DAPEST, HUNGARY

(R eceived 21 J u ly  1986)

D ow n’s sy n d ro m e seems to  be an  a d eq u a te  in d ica to r condition of g erm inal 
num erica l chrom osom e m u ta tio n . T he tru e  b ir th  p rev alen ce  of Down’s syndrom e was 
1.2 0.1 pe r 1000 to ta l  b irth s  in H u n g a ry  1973-1982. T he ra te  of u n d e rn o tifica tio n
an d  m isdiagnosis w as 25%  and 5% , resp . A sig n ifican t dev ia tion  was d e tec ted  in  th e  
occurrence of D ow n’s syndrom e in tw e n ty  te rr ito ria l-a d m in is tra tiv e  u n its  o f H u n g a ry  
due to th e  d iffe ren t ascerta inm en t. T he m ax im u m  figu res m ay  represen t th e  tru e  b ir th  
prevalence. No sign ifican t m on th ly  v a ria tio n , i.e., seaso n ality  was found  in  th e  b ir th  
o f D ow n’s syndrom e. A Surveillance of D ow n’s sy n d ro m e was estab lished  in 1980 
based  on th e  H u n g a rian  Congenital M alform ation  R eg is try .

K eyw ords: D ow n’s syndrom e, b ir th  p revalence , seasonality , surveillance

Acta Morphologica Hungarica, 36 (1 —2), pp. 63 — 77 (1988)

Introduction

D ow n’s syndrom e has been know n as a clin ical p a tte rn  since L angdon  
D ow n described th is  congenital anom aly  syn d ro m e in 1866 [12]. In  1958 
L ejeune, G au th ie r an d  T urp in  d e tec ted  th e  f irs t h u m a n  chrom osom e a b e rra ­
tion  ty p e , a small e x tra  acrocentric  chrom osom e in  g roup  G, i.e., chrom osom e 
21 in  th e  cells of p a tie n ts  w ith D ow n’s syndrom e an d  published  th e ir  p a p e r in  
1959 [27]. L a te r  th e  R obertson ian  tra n s lo c a te d  fo rm s of chrom osom e 21 in  
D ow n’s syndrom e w ere also observed. A fte r th e  in tro d u c tio n  of chrom osom e 
h an d in g  techn iques th e  trip lica tio n  of q21.2 segm ent of chrom osom e 21 was 
p roved  as a d irect cause of D ow n’s syndrom e.

F o u r sources o f in fo rm ation  concern ing  D ow n’s syndrom e are ava ilab le  
in H u n g a ry :

1. The H u n g a ria n  Congenital M alform ation  R eg is try  (HCMR) [3] based  
on th e  ob liga to ry  n o tifica tio n s  of m alform ed n ew born  in fan ts d iagnosed from  
th e  b ir th  till the  age of one year and  th e  p re n a ta lly  diagnosed m alfo rm ed  
fetuses.

2. The C ase-C ontrol Surveillance S ystem  o f C ongenita l Anom alies w hich 
inco rp o ra tes  th e  D ow n’s syndrom e as a positive  co n tro l group [8].

Send o ffp rin t re q u e s t to : Dr. E . Czeizel, N a tio n a l I n s t i tu te  H ygiene, 1966 B u d a p es t, 
Gyáli ú t  2—6, H u n g ary

A c t a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó , B u d a p e s t
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3. The H u n g a ria n  R eg istry  of C hrom osom e A berrations [2 1 w hich in ­
vo lves only cy to g en e tica lly  verified  cases o f tr iso m y  21 w ith o u t age l im ita ­
tio n  based  on th e  d a ta  o f cy togenetic  lab o ra to rie s .

4. Some su p p le m e n ta ry  stud ies co n n ec ted  w ith  the  m a te ria l o f th e  
H C M R  [22, 41] an d  som e o th e r H u n g a rian  s tud ies [24, 35].

T h e  b ir th  p r e v a l e n c e  o f  D o w n ' s  s y n d r o m e  in  H u n g a r y

The recorded  a n n u a l b ir th  p revalences of D ow n’s syndrom e in th e  H CM R 
are d em o n stra ted  in  T ab le  I. On th e  one h an d  th e  f irs t tw o years o f th e  HCM R 
h a d  a considerable u n d e rn o tific a tio n . On th e  o th e r hand  th e re  is a recen t 
decrease in th e  b ir th  p revalence of D ow n’s syndrom e due to  th e  increasing  
tre n d  of p re n a ta l fe ta l diagnosis in  w om en over 38. The reco rded  b ir th  p re ­
valence  of D ow n’s syn d ro m e was 0.85 per 1000 to ta l  b irth s  b e tw een  1970 and  
1984, b u t 0.91 p er 1000 to ta l  b ir th s  in th e  period  of 1973-1982. A nnual b ir th  
p revalences of D o w n ’s syndrom e had  a re la tiv e ly  narrow  range (0.85—0.98)

Table I

Pregnancy outcome and sex ratio o f  index patients affected by notified Down s syndrome
in  H ungary , 1970-1984

Livebirth Stillbirth Total
Male Female Sex ratio

No. (No. %)** No. % No. %

1970* 95 20 21.1 0 _ 95 0.62 52 43 0.547
1971 111 16 14.4 0 — 11 1 0.73 50 61 0.450
1972 128 12 9.4 0 — 128 0.83 71 57 0.555
1973* 137 18 13.1 1 0.7 138 0.88 70 68 0.507
1974 173 18 10.4 2 1.1 175 0.93 100 75 0.571
1975 160 28 17.5 8 4.8 168 0.86 78 90 0.464
1976 165 10 6.1 4 2.4 169 0.90 89 80 0.527
1977 165 14 8.5 3 1.8 168 0.94 87 81 0.518
1978* 154 12 7.8 0 — 154 0.91 89 65 0.577
1979 136 37 27.2 2 1.4 138 0.85 64 74 0.464
1980* 146 29 19.9 1 0.7 147 0.98 72 75 0.489
1981* 125 19 15.2 3 2.3 128 0.89 63 65 0.492
1982 124 21 16.9 1 0.8 125 0.93 70 55 0.560
1983 96 16 16.7 1 1.0 97 0.76 54 43 0.557
1984 82 25 30.5 1 1.2 83 0.70 44 39 0.530

T o ta l
1970-1984 1997 295 14.8 27 1.3 2024 0.85 1053 971 0.520

1973-1982 1485 206 13.9 23 1.5 1510 0.91 782 728 0.518

* Com pleted by  some la te r  notified eases 
** N otification  w ith  karyo type

Acta Morphologica Hungarica 36, 1988
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Fig. 1. T he te rr ito ria l d is tr ib u tio n  of b ir th s  w ith  D ow n’s sy n d ro m e in H u n g ary , 1973-1982

w ith in  th e  above ten  y e a r period. I t  is w orthw hile  m en tion ing  th a t  th e  m in i­
m um  an d  m ax im um  occurred  in  tw o successive years.

O nly  1 .3 -1 .5 %  o f D ow n’s syndrom es w as d iagnosed in  s t i l lb o r n s .  I t  is 
n early  th e  double o f th e  popu la tion  s tillb ir th  figu re  (ab o u t 0.8), b u t  th e re  
m ust be a considerab le  u n d e ra sce rta in m en t. The clin ical diagnosis of D ow n’s 
syndrom e is a d ifficu lt and  unreliable ta s k  in  th e  la te  fe ta l d ea th . A t the  
sam e tim e  th e  chrom osom e analysis is used on ly  in  ex cep tional cases of 
stillborns.

I t  is n o t  w orthw hile  separa ting  live- an d  to ta l  b ir th  prevalences because 
th ey  rep re sen t n ea rly  th e  sam e ra tes  due to  th e  low  p roportion  of s tillb ir th s  
(less th a n  1%  in to ta l  b ir th s) .

O nly  15%  of liv eb o rn  w ith  D ow n’s syndrom e w as no tified  w ith  k a r y o t y p e  

c o n f i r m a t i o n .  L a te r  on chrom osom e analysis w as m ade in  several o th e r cases 
too b u t  w ith o u t a new  no tifica tio n .

T he s e x  r a t io  does no t differ s ig n ifican tly  from  th e  sex ra tio  of H u n ­
garian  b ir th  (0.515) in  th e  s tu d y  period h u t th e  w ell-know n m ale p reponderance  
is ex isting  [17].

As in  general, th e re  are tw o  im p o rta n t c r i t e r i a  o f  th e  D ow n’s syndrom e 
su rveillance.

a) C o m p l e t e n e s s  o f  a s c e r ta in m e n t .  T here  are  tw o  possib ilities to  e s tim a te  
th e  ra te  of n o tifica tio n s .
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Table I I

Territorial distribution o f  cases with D ow ns  
syndrome and the proportion o f  index patients’ 

mothers over 35

B irth prevalence Proportion of

Territorial unit
of Down’s 

syndrome per 
1000 to tal 

births

index patients’ 
mother 
over 35 

<%)

B u dapest 0.90 5.2
B aran y a 0 .8 6 3.2
B ács-K iskun 0.97 4.4
Békés 0.79 4.2
B orsod-A baúj-Zem plén 0.76 4.5
Csongrád 0.87 4.3
F e jér 1 .0 2 4.0
G yor-Sopron 1.39 4.0
H ajd ú -B ih ar 0.77 4.3
H eves 1 .0 1 3.3
K om árom 0 .8 8 3.5
N ógrád 0.69 3.1
P est 0.75 4.2
Som ogy 0.59 3.3
Szabolcs 1 .0 1 4.7
Szolnok 0.97 4.5
Tolna 0.81 3.2
Vas 0.99 3.9
Veszprém 1.25 4.0
Zala 1 .0 1 4.0

T o ta l 0.91 4.2

F irs t, th e  t e r r i t o r i a l  d i s t r i b u t i o n  o f index  p a tie n ts  affected  b y  D ow ns’ 
syndrom e. H u n g a ry  o f 93,000 k m 2 has tw e n ty  ad m in is tra tiv e-g eo g rap h ic  
e n titie s  (19 coun ties an d  th e  c ap ita l, B u d ap est) . As Fig. 1 show s th e re  is a 
sign ifican t d ev ia tio n  in  th e  b ir th  p rev a len ce  of cases w ith  D ow n’s syndrom e 
am ong  20 u n its . T he ex p lan a tio n  m ay  he found  in th ree  fac to rs : (1) tech n ica l 
b iases, m ain ly  d ifferences in d iagnostic  skill and  n o tifica tio n  discip line, (2) d if­
ferences in confound ing  v ariab les , e.g., m a te rn a l age d is tr ib u tio n  and  (3) in  
tru e  en v iro n m en ta l and /o r genetic  differences. T he m a th em a tica l analysis in ­
d ica ted  some differences in th e  d is tr ib u tio n  of m a te rn a l age groups (Table I I ) . 
H ow ever, th e  p ro p o rtio n  of m o th ers  over 40 w as v e ry  low: 1 -2 % . T he age- 
g roup  of 35-39 also rep resen ted  a sm all frac tio n  of m others (ab o u t 3% ). T hus 
o n ly  a w eak, no sign ifican t co rre la tio n s was found  (r =  0.2153) b e tw een  th e  
b ir th  prevalence of D ow n’s sy ndrom es and  th e  p ro p o rtio n  of m o th ers  over 35 
in  20 te rr ito ria l u n its , 1973-1982 (T able  I I ) . I t  is n o t reasonab le  to  p o stu la te  
a n y  sign ifican t d ifferences in e n v iro n m en ta l and  genetic fac to rs w ith in  such  a 
sm all cou n try . T h u s th e  m ain  ex p la n a tio n  of observed  te r r ito r ia l differences 
m a y  be th e  d iffe ren t a sce rta in m en t. T he co u n ty  or counties w ith  h ighest b ir th  
prevalences m ay  be n ear to  th e  tru e  b ir th  p revalence of D ow n’s syndrom es in
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H u n g a ry . T he C oun ty  G yőr-Sopron has th e  m ax im um  fig u re : 1.39 p e r 1000 
to ta l  b ir th s . T he second is th e  C ou n ty  V eszprém  w ith  a fig u re  of 1.25. H ow ­
ever, th ese  tw o  counties are n ea r to  each  o th e r and  th e  cy togenetic  service is 
sup p lied  b y  th e  sam e lab  in  th e  to w n  o f G yőr. The h ead  o f p aed ia tric  an d  
genetic  services in  th e  C ounty  G yőr-S opron  (D r. K . Méhes) has had  a special 
in te re s t concern ing  au tosom al num erica l chrom osom e ab e rra tio n s  for a long 
tim e  [32]. F u rth e rm o re  th e  p ro p o rtio n  of m osaicism  was sig n ifican tly  h igher 
(11 .4% ) in  his cy togenetic  lab  due to  th e  m uch  higher n u m b e r o f cells a n a ­
lyzed  [1]. F o u r o th e r counties h av e  figures over 1 per 1000 to ta l  b ir th s . Two 
o f th e m  are in  th e  w estern  p a r t  o f H u n g a ry  (the  so-called T ra n sd a n u b ia  =  
D u n á n tú l) .

Second, co-w orkers of our d e p a r tm e n t [4 1 1 organized  a cy togenetic  
epidem iological s tu d y  of 248 in d ex  p a tie n ts  b o rn  in  B u d ap est, 1970-1979 an d  
reco rded  in  th e  HCM R (Table I I I ) .  Two su p p lem en ta ry  sources of a sc e rta in ­
m en t were used. On th e  one h an d  th e  so-called R ecord of In fa n t  D ea th  E v a lu a ­
tio n  C om m ittee  was scru tin ized . I t  was a sa tis fac to ry  fin d in g  th a t  th is  source 
d id  n o t give new  cases. On th e  o th e r h a n d  all p aed ia tric ian s  w ork ing  in  o u t­
p a tie n t  p aed ia tr ic  clinics in  B u d ap est w ere asked  to  send from  th e ir  c a tch m en t 
area  a  lis t of bab ies w ith  D ow n’s sy n d ro m e  in d ep en d en tly  o f th e ir  age. This 
ap p ro ach  resu lted  in  92 new D ow n’s syndrom es. All no tified  cases w ere over 
th e  age o f one y ea r. A ccording to  th e  re su lts  o f th is  s tu d y  th e  b ir th  p revalence  
of cy to g en e tica lly  verified  D ow n’s syndrom es w as 1.17 i  0.11 p er 1000 to ta l  
b ir th s  in  B u d ap est. In  B u d ap est th e  com pleteness of n o tifica tio n  was 72.9%  
in th e  cases of D ow n’s syndrom es betw een  1970 and  1979. H ow ever, tw o po in ts

Table II I

Data o f  a cytogenetic-epidemiological study o f D o w n s syndromes 
born in  B udapest, 1970—1979

Compliîm entary
ascertainm ent by Total of

Years
HCMR paediatricians confirmed cases

Notified Confirmed Notified Confirmed No.
cases cases cases cases

1970 24 21 8 8 29 1.21
1971 19 17 12 11 28 1.24
1972 15 12 11 11 23 0.96
1973 23 21 9 9 30 1.23
1974 28 26 8 7 33 1.08
1975 31 30 10 10 40 1.21
1976 28 28 6 6 34 1.08
1977 25 24 11 11 35 1.16
1978 31 30 7 7 37 1.32
1979 24 23 10 9 32 1.24

T otal No. 248 232 92 89 321 1.17
0 /
/0 — 93.6 — 96.7 — —
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h av e  to  be considered. A fte r th e  firs t tw o y ea rs  of th e  H C M R , th e  com pleteness 
o f n o tifica tio n  increased  sign ifican tly  (T able I). F u rth e rm o re  B udapest was a 
som ew hat m ore u n d e rn o tif ie d  area th a n  th e  w hole c o u n try  in  th e  s tu d y  
period  (Fig. 1).

On th e  basis o f th e  above availab le  d a ta , th e  e s tim a ted  u n d e ra sce rta in ­
m e n t ra te  is 25%  in H u n g a ry , 1973-1982. H igher u n d e ra sce rta in m en t ra te s : 
44 %  were found  in  N ew  Y ork  S ta te  [17] an d  38%  in  B ritish  C olum bia [29].

b) V a l i d i t y  o f  d i a g n o s i s .  The m a te ria l o f D ow n’s syndrom es w ith in  th e  
H C M R  was checked-up  cy togene tica lly  tw ice.

A clinical an d  cy togene tic  s tu d y  w as perfo rm ed  in  1480 cases w ith  
m u ltip le  congen ita l a b n o rm a lity  (MCA) o f th e  HCM R, 1970—1974 [22]. O f th e  
997 iden tified  MCAs, so-called co ngen ita l anom aly  syndrom es, 581 w ere 
D ow n’s syndrom es. W e p lanned  to  c a rry  ou t chrom osom e stud ies in  100 
ran d o m ly  chosen cases of D ow n’s syndrom e, b u t i t  was possible on ly  in  81 
ch ild ren . T risom y 21 w as found  in  77 cases. T hus th e  clinical diagnosis w as 
confirm ed cy to g en e tica lly  in 95.1 p er cen t o f no tified  D ow n’s syndrom es. 
(O th e r chrom osom e ab e rra tio n s  were fo u n d  in  tw o, h y p o h y d ro tic  ec toderm al 
dysp lasia  in one an d  an  u n id en tified  M C A -entity  in one case.) The above- 
m en tio n ed  B u d ap est s tu d y  (Table I I I )  show ed a sim ilar v a lid ity  ra te  of 
diagnosis (93.6% ). O n ly  tw o m isdiagnoses were found  am ong D ow n’s sy n ­
drom es la te ly  n o tif ie d  by  p aed ia tric ian s . T hus, th e  ra te  of m isdiagnosis was 
a b o u t 5%  in th e  s tu d y  period.

The purpose o f tw o  o ther H u n g arian  stud ies was to  determ ine th e  d is­
tr ib u tio n  of d iffe ren t su b ty p es  of tr iso m y  21 (Table IV ). P ap p  et al [35] su m ­
m arized  th e  d a ta  o f e ig h t cy togenetic  lab o ra to rie s  inc lud ing  our own, in  th e  
period  of 1965 an d  1974 while K o sz to lány i [24] collected chrom osom e ab erra -

ТаЫ е IV

Distribution o f  d ifferent types o f  trisomy 21 in  tivo H ungarian samples compared 
with a combined international material

P app et al. [25] Kosztolányi [24] material*

N um ber % N um ber % Number %

47,21 +  ** 332 91.7 656 93.2 8845 93.1
46/47,21 + 16 4.4 15 2.1 229 2.4
46 ,D-, t(D qG q) 9 1 2.5 ) 242 ) 2.5 1

14 3.9 33*** 4.7 426 [4 .5
46 ,G-, t(Gq, Gq) 5 1 1.4 J 184 1 2.0 J

T otal 362 100.0 704 100.0 9500 100.0

* M aterials of G iroud and M atte r [14], M atsunaga and  F u iita  [30], L indsten  [28] 
and  Hock [17].

** Including cases w ith  double trisom y  and  any  o ther com bined chrom osom al aberra tions. 
*** Including tw o special s tru c tu ra l aberra tions
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Table V

The distribution o f  maternal age groups in H ungary

Year -19 20-24 25-29 30-34 35-39 40-49 Total X

1930 8.0 31.2 27.1 19.0 10.8 3.9 100.0 27.25
1960 13.1 39.9 26.5 13.3 6.3 0.9 100.0 25.10
1970 15.0 41.0 26.6 11.8 4.4 1.2 100.0 24.65
1980 14.5 41.1 29.9 10.5 3.3 0.7 100.0 24.90
1984 14.1 37.2 31.1 13.4 3.6 0.7 100.0 25.33

Table VI

Expected (E )  and observed ( 0 )  cases in  maternal 
age-groups o f index patients with Down s syndrome 

in  the H ungarian Case-Control Surveillance 
System o f  Congenital Anom alies

M aternal Expected Observed
age-grmips No. No. O/E

-19 3.1 4 1.29
20-24 48.8 25 0.51
25-29 75.4 57 0.76
30-34 41.9 45 1.07
35-39 13.2 22 1.67
40-44 2.4 21 8.75
45 - 0.3 11 36.67

T otal 185.1 185 1.00

tio n s from  th e  m ate ria l o f th ree  cy togenetic  lab o ra to rie s . T he H u n g a rian  d is­
tr ib u tio n  of d ifferen t typ es of tr iso m y  21 f its  in well w ith  th e  w ell-know n 
in te rn a tio n a l d a ta .

T he tru e  b ir th  p revalence o f D ow n’s syndrom e is e s tim a ted  a b o u t
1.2 ^  0.1 per 1000 to ta l  b ir th s  in  H u n g a ry  d u rin g  th e  m ain  s tu d y  period ,
i.e., in  1973-1982. There were a b o u t 25%  u n d e rn o tif ie a tio n  and  ab o u t 5 %  
m isdiagnosis in  th e  D ow n’s syndrom e m a te ria l o f th e  H CM R. The e s tim a ted
1.2 p er 1000 b ir th  p revalence of D ow n’s syndrom e is, o f course, th e  co n ­
sequence of a considerable sh ift in  th e  m a te rn a l age (Table Y). A ccording to  
our p rev ious ca lcu la tion  th e  b ir th  p revalence  of D ow n’s syndrom e m igh t be 
reduced  b y  a b o u t 33%  due to  th e  decreasing  m ean  m a te rn a l age betw een  1930 
and  1960 [9]. H ow ever, only  a m o d era te  fu r th e r  decrease teas found  in  th e  
ad v an ced  m a te rn a l age groups (over 35) in  th e  la s t 25 years (Table Y). T he 
m a te ria l o f th e  Case-Control Surveillance S ystem  of C ongenital A nom alies 
S ystem  confirm s th e  w ell-know n m a te rn a l age effect, i.e., an increase in  th e  
m a te rn a l age-specific b ir th  p revalence of D ow n’s syndrom e (Table V I).

Som e ran d o m  flu c tu a tio n s  [15, 26] and  sign ifican t c lusterings in  space 
and  tim e  [e.g., 32, 34] in  th e  b ir th  p revalence  o f D ow n’s syndrom e have been
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re p o rte d  several tim es. H ow ever, in  gen era l th e  sign ifican t changes in  the  
b ir th  prevalence o f D o w n ’s syndrom e can  be exp lained  b y  th e  d ifferen t 
a sc e rta in m en t and  confound ing  fac to rs. F o r  exam ple th e  p rev io u sly  m en tioned  
c lu s te r  in  th e  C oun ty  G yőr-Sopron , H u n g a ry  (F ig . 1) was caused  b y  th e  b e tte r  
a sc e rta in m en t and  d iffe ren t lab o ra to ry  m e th o d . R ecen tly  an  u n u su a l c luster 
o f bab ies w ith  D ow n’s syndrom e ho rn  to  fo rm er pupils o f an  Irish  board ing  
school has been p u b lish ed  [38]. The m ore  w idespread use o f p re n a ta l fetal 
ch rom osom al ex am in a tio n  (by  am niocen tesis  or CVS) in  p re g n a n t w om en over 
38 re su lted  in  th e  re c e n t general decline in  tim e . F u rth e rm o re  th e  h igher p re ­
n a ta l  loss [7] and  th e  lack  of any  re s tr ic tio n  in  th e  legal te rm in a tio n  of p reg ­
n a n c y  in  w om en over 35 have also led to  a considerab le decline in th e  p ro p o r­
tio n  o f b ir th  from  w ith  adv an ced  age.

S e a s o n a l  ch a n g es  in  the  b i r th  p r e v a l e n c e  o f  D o w n ' s  s y n d r o m e

S ign ifican t m o n th ly  v a ria tio n  in  th e  b ir th  p revalence o f a congenital 
an o m a ly  m ay in d ica te  th e  role of e n v iro n m e n ta l fac to rs in  its  pathogenesis. 
H ow ever, th ere  are  a t  least th ree  e x p la n a tio n s  for th is  phenom enon . F irs t, 
th e  occurrence of concep tion  in w hich th e  specific congenita l anom aly  will be 
m an ifested  differs in  d iffe ren t m o n th s. T h u s  th e  d ifferen t tim e-d is trib u tio n  of 
ab n o rm a l m eiotic d iv isions m ay resu lt in  a m o n th ly  v a ria tio n . I t  m igh t be 
cau sed  b y  b o th  ex tr in s ic  (e.g., m u tag en s) and  in trin sic  (e.g., pre- or p o s t­
o v u la to ry  overripeness o f  ova) fac to rs. S econd, te ra to g en s , e.g., v irus epidem ics 
m a y  be bound to  c e r ta in  seasons. H o w ev er, th is  supposition  can n o t be h a r ­
m onized w ith  th e  p reconcep tional o rig in  o f D ow n’s syndrom e. T h ird , p ren a ta l 
selection  v ary ing  from  m o n th  to  m o n th  m ay  lead to  a m o n th ly  v a ria tio n  of 
b ir th  prevalence. A seaso n a lity  in sp o n tan eo u s  ab o rtio n  ra te  [7] ex ists b u t it 
seem s less likely th a t  a tim e-d e te rm in ed  specific  p re n a ta l selection  can m odify 
th e  b ir th  p revalence o f D ow n’s sy n d ro m e . H ow ever, th e  recen t hyp o th esis  of 
S te in  et. al. [40] concern ing  the  a t t r i t io n  o f trisom ies as a m a te rn a l screening 
device m ay  prefer th is  possib ility .

The seasonality  o f b irth s  w ith  D o w n ’s syndrom e has been pub lished  
[10, 15, 19, 20, 21, 25, 26, 37] th o u g h  th e  m a jo rity  of p rev ious papers did not 
fin d  an y  s ign ifican t seasona lity  [4, 31, 33, 39, 43]. R ecen tly  Jo n g b lo e t and  
V rieze 121 ] have d iv id ed  287 p a tie n ts  w ith  D ow n’s syndrom e in to  four c a te ­
gories: those re su ltin g  from  (1) a n o n -d is ju n c tio n a l even t in p a te rn a l meiosis I 
(13% ), (2) in p a te rn a l meiosis I I  (7 % ), (3) in  m a te rn a l m eiosis I (63% ) and  
(4) in m a te rn a l m eiosis I I  (17% ). T h e  non-d is ju n c tio n s du ring  m ate rn a l 
m eiosis I , by  fa r th e  m o st com m on ca te g o ry , occurred  m ore fre q u e n tly  during  
th e  seasonal “ re s to ra tio n ” and “ in h ib itio n ”  phase of th e  “ o v u la to ry  seasons” 
an d  less freq u en tly  w hen  the  o v u la tio n  ra te  is s tab ilized . The hypo thesis  o f 
th e  Seasonal P re o v u la to ry  O verripeness O v o p a th y  coined by  Jo n g b lo e t [19]
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is based  on th e  existence in  h u m a n s  of an  o v u la to ry  vestige o f “ o v u la to ry  
seasons”  a lte rn a tin g  w ith  “ a n o v u la to ry  seasons”  as occurs in n o n -h u m an  
p rim a te s . In  his opinion the  seaso n a l p erio d ic ity  of th e  p ro lac tin  c o n c e n tra ­
tio n  in w om en an d  “ tra n s ie n t h y p e rp ro la c tin ae m ia ”  w ith  an  an tig o n ad o tro p h ic  
a c tiv ity  m ay  be re la ted  to  these seaso n a l c lusters o f D ow n’s sy n d ro m e’s con­
cep tions due to  th e  delayed o v u la tio n . L a te r , b y  te s tin g  th e  above d a ta  of 
Jo n g b lo e t e t al. [19], Y idebach a n d  N ielson [42] d id  n o t fin d  a s ta tis tic a lly  
sig n ifican t seasonality  ( y h  =  8.2; 0.6  <  p <  0 .7). A no ther s tu d y  of seaso n a lity  
has been m ade in  b ir th  of in d iv id u a ls  w ith  verified  chrom osom e a b e rra tio n s  of 
D ow n’s syndrom e reg istered  in  th e  D an ish  C ytogenetic C en tra l R eg is te r before 
J a n u a ry  1, 1981 [42]. No s ig n ifican t seasonal v a ria tio n  w as fo u n d  in  con­
cep tions of in d ex  p a tie n ts  w ith  D o w n ’s syndrom e. H ow ever, d u rin g  th e  f irs t 
4 m o n th s o f th e  year, using a chi sq u a re  w ith  2 degrees of freedom  a s ig n ifican t 
increase w as observed  in  the  freq u en cy  o f conceptions for D ow n’s syndrom e. 
T h is corresponds w ith  w hat was fo u n d  b y  L an d er et al. [25] in  a s tu d y  o f 1192 
p a tie n ts  w ith  D ow n’s syndrom e b o rn  in  Sw eden. Leek [26] observed  a sig­
n if ic a n tly  h igher frequency  of co n cep tio n s from  A pril to  S ep tem b er in  482 
p a tie n ts  w ith  D ow n’s syndrom e in  th e  U. K . R o th m an  and  F ab ia  [37] s tu d ied  
2469 p a tie n ts  w ith  D ow n’s syndrom e h o rn  in  th e  USA and  found a s lig h t, h u t 
s ign ifican t peak  of m o n th ly  d is tr ib u tio n  o f b ir th s  in sum m er.

All these  suggest th a t  the se a so n a lity  of b ir th s  w ith  D ow n’s sy n d ro m e  
is  a d eb a ted  question  w orth  of fu r th e r  s tu d ies.

T h r e e  m e th o d s  are w orthw hile u s in g  fo r th e  evaluation  of m o n th ly  v a r ia ­
tio n  in th e  b ir th  prevalence of D o w n ’s syndrom e. F irs t, i t  is n ecessary  to  
d e te rm in e  w h e th e r or no t there  is a s ig n ifican t difference in th e  m o n th ly  d is­
tr ib u tio n  o f b ir th s  w ith  D ow n’s sy n d ro m e . In  th e  case of a sign ifican t h e te ro ­
gen e ity , i.e., m o n th ly  varia tio n  a f te r  th e  co rrec tion  concerning th e  to ta l  n u m ­
b e r of b ir th s  in d ifferen t m onths, th e  n e x t s tep  is to  d istingu ish  b e tw een  h a r ­
m onic, e.g., seasonal and  periodic, i.e ., n o n -harm on ic  varia tio n s. T he so-called 
E d w ard s  [13] m ethod  is good to  f i t  a  sinus curve to  the  recorded differences 
b e tw een  observed  and  expected  n u m b e rs  o f cases in  each ca len d ar m o n th . 
A ccord ing  to  W ehrung  and  H ay  [43] “ 0<Ç Ф  2n ”  is th e  angle co rrespond ing  
to  th e  d a ta  of m ax im um  incidence on  th e  “ f it te d  cu rv e”  th is  e s tim a tio n  is 
v e ry  rough , therefo re  th e  least sq u a re s ’ m e th o d  have  been used. M axim um  
p ro b a b ility  is n o t su itab le  for th is  p u rp o se . I f  y \  is large and  p is u n d e r 0.05, 
i t  is ag a in st th e  sinus curve, i.e., a h a rm on ic-seasonal m o n th ly  d is tr ib u tio n . 
T here  is a su p p lem en ta ry  approach  a n d  i t  is a com parison betw een  th e  figures 
o f  above y \ l an d  y,} te s ts . I f  y i  =  y 2n  — y l  is s ig n ifican t, i t  confirm s a s ig n ifican t 
seasona lity . T he th ird  approach  is a  n o n -p a ram e tric  one [16, 36] w hen  th e  
m o n th ly  b ir th  prevalences are ran k ed  fro m  th e  h ighest 12 dow n to  th e  low est 1. 
B ecause th e  ran d o m  p ro b ab ility  is to  o b ta in  th e  largest possible sum  fo r six 
successive m o n th s is sm allest for r  =  n /2 , th e  rank -sum  for six  successive
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F ig . 2b

Fig. 2.a — b. T he m o n th ly  d is trib u tio n  of b ir th s  w ith  D ow n’s syndrom e in  H u n g ary , 1973—1982 
(a) an d  according to  th e  E d w ard s’ m ethod  (b)

m o n th s was chosen for s tu d y . A fig u re  o f th e  te s t crite rion  equal to  or sm aller 
th a n  26 is s ig n ifican t a t th e  conven tiona l 5%  level.

The m o n th ly  d is tr ib u tio n  of 1997 recorded  cases a ffec ted  by  D ow n’s 
syndrom e born  in  H u n g ary , 1970-1984 w as analyzed . No sign ifican t v a ria tio n  
w as found  am ong m o n th s of years s tu d ie d  (F ig . 2). The hom ogeneity  of b ir th s  
w ith  D ow n’s syndrom e is exp lained  b y  chance. A ccording to  th e  E d w a rd s’ 
m eth o d  it  is no t a harm onic-seasonal, an d  th e  periodic v a r ia tio n  is p ro b ab ly  
exp la ined  b y  th e  d iffe ren t a sce rta in m en ts  (F ig. 2b). T he m odified  H e w itt’s 
m eth o d  did n o t show  a sign ifican t sea so n a lity  of b irth s  w ith  D ow n’s syndrom e 
e ith e r  (Fig. 2a). T he period  of D ecem ber an d  Ju ly  had  a h ig h er level of b ir th s  
w ith  D ow n’s syndrom e while its occurrence  was lower in th e  period  of Ju n e  
an d  Ja n u a ry . H ow ever, these  d ifferences did n o t reach  th e  level of significance,
i.e ., these were th e  m an ifesta tions o f  random  flu c tu a tio n s  excep t in 1970 
an d  1981.

Sum m ing u p  th e  resu lts of th ese  s tu d ies  en v iro n m en ta l fac to rs ex e rtin g  
th e ir  effects seasonally  do no t seem to  p la y  an  im p o rta n t role in  th e  etiology 
o f D ow n’s syndrom e.

S u r v e i l l a n c e  o f  D o w n  s s y n d r o m e

Owing to  an  obvious increase b y  exposures to  ionizing rad ia tio n s an d  
chem icals, th e  e x te n t o f germ inal m u ta tio n s  is a m a tte r  of public  concern in  
developed  societies [44]. The su rveillance  of D ow n’s syndrom e seems to  be a
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usefu l system  for th e  re c u rre n t m easu rem en t of one genetic  endp o in t in  th e  
p o p u la tio n  a t large to  d e te c t changes in  th e  occurrence o f  d e  no vo  germ inal 
num erica l chrom osom e m u ta tio n s  as soon as possible in  o rd e r to  tak e  some 
course of coun te r-m easu res [18]. W ith in  th e  H u n g arian  C en tre  for C ongenital 
A nom aly  C ontrol [5] we have a tte m p te d  to  use th e  D ow n’s syndrom e for 
th is  purpose.

T here are five  a rg u m en ts  for th e  s u r v e i l l a n c e  of D ow n’s syndrom e as an  
e n d p o in t re la ted  to  m u ta tio n :

(1) D ow n’s sy n d ro m e  is a com m on congenital anom aly , its  b ir th  p re ­
valence exceeds th e  level 1 per 1000 to ta l  b ir th s . The re g is tra tio n  of p ren a ta lly  
d iagnosed and  e lec tive ly  te rm in a te d  fe tu ses  affected  b y  D ow n’s syndrom e is 
a useful co m p lem en ta ry  ap p ro ach  in  a p o p u la tio n -b ased  system  w ith  high 
asce rta in m en t.

(2) O nly a few  k in d s of n u m erica l au tosom al chrom osom e ab erra tio n s 
com m only  su rv ive  to  b ir th . D ow n’s syn d ro m e seems to  be th e  excep tion , 
because tw o th ird s  o f recognized cases are  born  and  it  rep resen ts  87%  o f al. 
au to so m al num erica l chrom osom e ab e rra tio n s  in  liv eb ir th s  [18]. A fte r th e  
p e rin a ta l period on ly  D ow n’s syndrom e cases have a chance  to  survive.

(3) A m ong g erm in a l chrom osom e ab erra tio n s  th e  num erica l ones re p re ­
sen t a m uch h igher p ro p o rtio n  th a n  s tru c tu ra l ab e rra tio n s . T he ra tio  of s tru c ­
tu r a l  to  num erical ab e rra tio n s  is a b o u t 1 : 4 to  1 : 5 a t liv eb ir th s  [44]. No less 
th a n  0 .3%  of all n ew borns are aneup lo id  an d  th e  incidence of aneup lo idy  is 
h igher in th e  h u m an  th a n  any  o th e r organism s in v es tig a ted . The triso m y  21 
seem s to  be an a d e q u a te  m odel for th e  s tu d y  of th e  orig in  of aneup lo idy  in 
hum an s [11].

(4) D ow n’s sy n d ro m e  alm ost a lw ays (98% ) occurs as a de  n o vo  ev en t,
i.e ., th e  consequence o f  a new m u ta tio n . T hus, i t  is an  ad eq u a te  in d ic a to r  
o f  germ inal num erica l chrom osom e m u ta tio n s .

(5) D ow n’s sy n d ro m e  is re liab ly  recognizable on its  clinical sy m p to m s. 
A dd itiona lly  k a ry o ty p in g  is an easy m eans to  confirm  or to  exclude th e  clinical 
diagnosis and to  s e p a ra te  th e  d iffe ren t su b ty p es  of D ow n’s syndrom e.

N evertheless, th e re  are som e m ethodological p rob lem s unsolved  in th e  
surveillance of D ow n’s syndrom e. F irs t, th e  clinically  d iagnosed D ow n’s sy n ­
drom e rep resen ts a heterogeneous g roup  from  th e  nosological po in t o f view . 
“ P u re ”  triso m y  21 is caused by  n o n -d is ju n c tio n . R o b ertso n ian  tran s lo ca tio n  
is caused b y  chrom osom e m u ta tio n s  and  m osaicism  are  caused by  som atic  
m u ta tio n s . H ow ever, th e  cy togenetic  analysis can id e n tify  these subgroups 
Second, w ith in  th e  subgroup  of p u re  tr iso m y  21 th e  f irs t  and  second m eio tic  
non -d is ju n c tio n  m ay  ta k e  place a t q u ite  d iffe ren t tim es before or a fte r fe rtiliz a ­
tio n  b o th  in m o th e r a n d  fa th e r. H ow ever, th e  recen t D N A  and  o ther m eth o d  
offer a possib ility  fo r th e ir  sep a ra tio n . T h ird , a n u m b er o f fe tuses w ith  triso m y  
21 die in th e  p re- an d  postrecogn ition  periods of fe ta l life b u t before b ir th .
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T hus, one o f th e  m ost im p o r ta n t purposes o f th e  surveillance o f D ow n’s sy n ­
drom e is to  record  all p re n a ta lly  d iagnosed  cases, too .

T h e  com pleteness an d  v a lid ity  o f th e  H u n g arian  reco rded  a n n u a l b ir th  
p reva lences of D ow n’s syndrom e seem ed to  be good for th e  p o p u la tio n  su r­
veillance o f germ inal num erica l chrom osom e m u ta tio n s , th u s  th e  S urveillance

Table VII

Estim ated numbers o f  births needed to detect 
an increase in  the birth prevalence 

o f  cases affected by D o w n s  syndrome

M agnitude 
of increase

N um ber 
of births

1.5 X 51 042
2 X 15 026
3 x 4 811
4 x 2 578
5 X 1 687

of D ow n’s syndrom e was estab lished  in 1980. I t  is p a r t o f th e  H u n g a rian  
Surveillance  o f In d ica to r  C onditions caused  b y  G erm inal M utations w hich 
invo lves also th e  M uta tion  S urveillance o f Sentinel A nom alies as in d ica to rs  
o f germ ina l gene m u ta tio n s [6] an d  th e  p ro g ram  en titled  P airw ise A nalysis 
of U n id en tified  M ultiple C ongenita l A bnorm alities as ind ica to rs  o f germ inal 
gene an d  chrom osom e m u ta tio n s  [23]. T he m ean n u m b er o f n e w  g e r m i n a l  

c h r o m o s o m e  m u t a t i o n s  d e tec ted  by  th is  ap p ro ach  was ab o u t 114 in  a 10.6 m il­
lion p o p u la tio n  per y ear betw een  1980 an d  1984.

A ssum ing  a P o i s s o n  d is tr ib u tio n  o f ev en ts  w ith  a back g ro u n d  ra te  of
1.2 D ow n’s syndrom e per 1000 b ir th s  and  a 98 per cent p ro p o rtio n  of spo rad - 
ic ity , a sam ple  size of 15 000 w ould  be needed  to  de tec t a doub ling  of m u ta ­
tio n  ra te  w ith  probabilities o f ty p e  I and  I I  errors of 0.05 level (T able V II). 
K now ing  th e  average n u m b er o f y ea rly  b ir th s  (135 548) in  H u n g a ry  in  th e  
early  e igh ties, the  detec tion  of a sig n ifican t increase in germ inal num erica  
ch rom osom al m u ta tio n s th ro u g h  th is  su rveillance  system  seem s to  be feasib le. 
A d d itio n a lly  th is  u p d a tin g  record  sy stem  provides an  o p p o rtu n ity  to  give 
som e m edical, educational and  social help  to  these  p a tie n ts  and  th e ir  p a re n ts  
(e.g., th e re  is a course for p a ren ts  teach in g  th em  th e  m ost effective m ethods 
how  to  b rin g  up these babies).
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THE EFFECT OF IPRIFLAVONE TREATMENT 
ON OSTEOPOROSIS INDUCED BY IMMOBILIZATION

I. F ö l d e s 1, Ma r ia n n a  R a p c s á k 2, A. S zö ő r3,
J .  G y a r m a t i4, T. Sz il á g y i2

1 IN STITU TE OF ANATOMY, 2 IN STITU TE OF PATHOPHYSIOLOGY, 3 IN ST ITU TE OF PHYSIOLOGY, 
'D E PA R TM EN T OF RADIOLOGY, DEBRECEN  U N IV ER SITY  MEDICAL SCHOOL, D EB R EC E N , HUNGARY

(R eceived  2 A pril 1987)

The purpose  of these  experim en ts  was to  s tu d y  th e  effect of Ip rif la v o n e  (7 iso- 
propoxy-isoflavone) on  th e  osteoporosis in duced  by  im m obilization . T he im m obiliza­
tio n  was p roduced  by  p las te r  cas t o f th e  r ig h t h ind  lim b in  young  and  old ra ts . Ip r i­
flavone was adm in iste red  v ia  a g astric  tu b e  in  a daily  dose of 40 m g/kg b o d y  w eight 
for 8 weeks. On th e  basis of h isto log ical and  h is to m o rp h o m etric  ex am in a tio n s o f th e  
tib ia , resu lts  o f Ip riflav o n e  tre a tm e n t a re  th e  following:

1) T he decrease  in  th e  den sity  an d  vo lum e of spongy trab ecu le s  w as less ap p a re n t 
in  b o th  m eta- a n d  d iaphysis ;

2) T he a m o u n t of persisting  cartilag e  core an d  s tru c tu ra l ra re fica tio n  of trab ecu les 
were dim inished;

3) In  th e  m etap h y sis  o steob lastic  a c tiv ity  was considerab ly  enh an ced ;
4) Bone reso rp tio n  an d  cortical th in n in g  were decreased:
5) B one rem odeling  was increased  subperiostea lly  and  to  sm all e x te n t  also 

endosteally ;
6) T he tre a tm e n t did n o t p re v en t th e  developm en t o f osteoporosis b u t  signifi­

can tly  d im inished it.

K eyw ords: Im m obilization , osteoporosis, Ip riflavone, r a t ,  [histology, h istom or- 
p h om etry

Introduction

I t  is know n th a t  th e  s ta te  of w eightlessness of a s tro n a u ts  re su lts  in  
osteoporosis [15, 26]. E x p e rim en ta l in ac tiv e  osteoporosis can  be p ro d u ced  b y  
d iffe ren t im m obilizations (d en erv a tio n , p la s te r  cast, e tc .). M any a u th o rs  [3, 4, 
5, 11] have  show n th a t  th e  r a t  is a su itab le  m odel of im m obiliza tion . In  our 
re c e n t stud ies we have confirm ed th a t  th e  p la s te r cast im m obiliza tion  m eth o d  
is also capable of inducing  m arked  osteoporosis in  ra ts  [7, 10, 24].

A ccording to  th e  d ifferen t personal com m unications Ip riflav o n e  increased  
th e  re te n tio n  of Ca an d  P , and  th e  Ca co n ten ts  of tib ia  in  ex p erim en ta l s tro n ­
t iu m  rach itic  chicken. D uring  th e  p re p a ra tio n  of ou r artic le  m a n y  papers 
w ere pub lished  b y  Ja p a n e se  au th o rs  on th e  effect of Ip riflav o n e  on th e  bone 
or osteoporo tic  hone p roduced  b y  d iffe ren t exp erim en ta l m ethods [18, 25,

Send offprin t req u ests  to : D r. I. Földes In s t i tu te  o f A n a to m y , D ebrecen  U n iv e rs ity  
M edical School, H-4012 D ebrecen , H u n g a ry
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30, 31], or on th e  ca lc iton in  secre tion  b y  m eans of estrogen  [28, 29]. The 
earlie r d a ta  p ro m p ted  us to  in v es tig a te  th e  effect o f Ip riflav o n e  on th e  experi­
m e n ta l osteoporosis p roduced  b y  p la s te r cast.

Materials and methods

F o r th e  ex p erim en ts  35 m ale W is ta r  ra ts  w ere used . O u t o f 20 y oung  ra ts  (in itia l bo d y  
w eigh t 100 g) 15 w ere im m obilized  w hereas o u t of a d u lt  r a ts  (in itia l w eigh t 250 g) 10 were 
su b jec ted  to  p las te r c a s t im m obilization . T he r ig h t h in d  lim b  w as f ix ed  in  a  sligh tly  flexed 
p osition  using b an d ag e  app lied  in th e  a rea  betw een th e  ank le  and  th e  m iddle  o f th ig h  u n d e r 
anaesth es ia  of p e n to b a rb ita l  N a  (5 m g/100 g bod y  w eigh t). T he p las te r  cas t w as con tinuously  
checked  and  stre n g th e n ed  or rep laced  w hen  i t  w as necessary . In  th e  g roup  of young  ra ts  8, 
w hereas in  th e  old r a ts  g roup  4 an im als received da ily  Ip rif lav o n e  (7 isopropoxy-isoflavone, 
a p ro d u c t of Chinoin P h a rm ac eu tica l and  Chem ical W ork s L TD , B u d ap es t). Ip riflav o n e  
suspension was p rep ared  in  th e  follow ing m anner: 500 m g Ip rif lav o n e  was suspended  in 100 m l 
0 .9 %  NaCl so lu tion  co n ta in in g  1 m l Tw een 80. T his suspension  w as ad m in iste red  to  ra ts  v ia  
a g astric  tu b e  a t  a d a ily  dose of 40 m g/kg  body  w eigh t fo r 8 weeks. F ive-five  ra ts  in  b o th  
y o u n g  and  old g ro u p s served  as u n tre a te d  contro ls. T h e  an im als w ere fed  L A T I r a t  chow. 
A t th e  end of ex p erim en t th e  tib ia  w as rem oved an d  h a v ed  in  th e  m id sag itta l p lane, fixed  
an d  decalcified in  Susa-so lu tion , 8-10  fi th ick  sections w ere sta in ed  w ith  haem ato x y lin - 
ch ro m o tro p , G oldner a n d  A zan’s m eth o d s. T he s ta ined  h isto log ical sections w ere f irs t  assessed 
q u a lita tiv e ly  and th e n  q u a n tita tiv e  h is to m o rp h o m etric  m easu rem en ts  w ere carried  ou t by  a 
p o in tco u n tin g  m eth o d  as described by  Schenk and O láh [22].

B one fo rm atio n  w as e s tim a ted  by  determ in ing  th e  su rface  d en sity  o f osteoid  seam s (OS), 
o f o steob last-osteo id  in te rface  (OB), th e  trab ecu la r  su rface  (Sv) and tra b e c u la r  volum e (Vv) 
and  osteob last in d ex  (O B I). T he surface  den sity  of to ta l  H o w sh ip ’s lacu n ae  (H L ), of osteoclast- 
bone in te rface  (H O ) an d  o steoclast in d ex  (OCI) served  as p a ram ete rs  o f bone reso rp tion . 
F ro m  each bone to  th e  p o in tco u n tin g  in v estiga tions 2—2 sections, and  from  these  5 -5  v isual 
fields were exam ined . B y  c o n tra s t to  general p ractice , va lues for Sv, V v, OS, OB, an d  O B I 
w ere separa te ly  e v a lu a te d  in  th e  m eta - and d iaphysis. S ta n d a rd  d ev ia tio n  and  significance 
w ere calculated  for th e  p a ram ete rs  stud ied .

Results

Y o u n g  g r o u p  ( T a b le  I )

C o n tro l  g r o u p .  T he spongy trabecu les w ere of n o rm al d en sity  and  th ic k ­
ness in b o th  th e  m e ta - and d iaphysis. M ostly  in  th e  m e tap h y sis  th e  trabecu les 
w ere covered b y  th in  osteoid  seam s and  osteo b lastic  ac tiv itie s  were p resen t 
in  several jilaces. T he m ed u lla ry  cav ity  w as of no rm al size. The co rtica l 
hone was of no rm al w id th , its  periosteal surface w as slig h tlv  eroded. In  
som e areas H o w sh ip ’s lacunae  appeared  w ith  a few  osteoclasts. A t th e  
endo stea l surface s ligh t osteob lastic  a c tiv ity  w as observed . Inside  th e  hone 
signs of reg en e ra tiv e  osteogenesis (v ascu la riza tio n , osteob lasts) also ap p eared  
occasionally.

P la s t e r  c a s t  i m m o b i l i z e d  g r o u p .  In  th e  m etap h y sis  th e  spongy trab ecu les  
w ere m ore s c a tte re d  and  th in n e r . In  th e  trab ecu le s  cartilage-cores w ere 
seen. The s tru c tu re  of trabecu les was also looser, th e  osteocy tic  capsule was
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Table I

Young animals Old animals

C P P + T C  P  P + T

1. N um ber of spongy trabecu lae  in  th e  m eta- 
physis

2. T hickness o f spongy trabecu lae  in  th e  m eta- 
physis

3. N um ber of spongy trabeculae in  th e  d iaphysis
4. T hickness o f spongy trabecu lae  in th e  d ia­

physis
5. P ersisting  cartilage in the  spongy trabecu lae
6. S tru c tu ra l ra refica tion  of trabeculae
7. O steoblastic  a c tiv ity  in ju x tap o sitio n  to  th e  

trabecu lae
8. E n largem en t o f osteocytic capsule
9. G oldner’s osteoid

10. E n la rgem en t of m edullary cav ity
11. T h inn ing  of th e  cortex
12. H ow ship’s lacunae
13. O steoclastic a c tiv ity
14. E ndostea l oesteoblastic  ac tiv ity
15. O steocytic  osteolysis
16. Cortical osteolysis
17. G oldner’s p o sitiv ity  in th e  cortex
18. Subperiosteal osteogenesis
19. E ndostea l osteogenesis
20. Bone regeneration  (remodeling)

0 — — 0 — —

0 — ± 0 — —

0 — — 0 ------- . —

0 ____ ___ 0 ____ _
=b + ± 0 + + +
0 + + ± 0 + + + +

+ + + + + + 0 ± +
0 + + 0 + + +
0 + + 4- 0 + i
0 + + + + + 0 +  +  + + +
0 — — 0 — —
± + + + + + + + +
0 + + + ± ± +  +  + +
0 —1— + 0 + ±
0 + + + + 0 + 4- +
0 +  + d= 0 + + +
0 + + ± 0 + ±

+
+

0 + 0 ± + +

P  =  p las te r cast
P  -f- T  =  p las te r cast +  tie a tm e n t 

C =  contro l 
0 =  norm al

-f- =  m odera te ly  increased

en larged , th e  osteo id  seam s w ere m ore a p p a re n t; a f te r  all, in s tead  of ac tive  
o steob lasts , qu iescen t osteob lasts and  p ro g en ito r cells could be seen (F ig . 1).

In  th e  d iaphysis th e  trabecu les w ere even m ore sca tte red , th e ir  s tru c tu re  
w as m uch looser and  these  areas s ta in ed  red  w ith  G oldner’s s ta in  in d ica tin g  
dem in era liza tio n . The m edu llary  c a v ity  was ex trem ely  enlarged. The co rtica l 
bone was considerab ly  th in n ed , th e  p erio stea l surface stro n g ly  eroded , m an y  
H ow sh ip ’s lacu n ae  occupied b y  osteoclasts w ere observable  (Fig. 2). T he s tru c ­
tu re  of th e  bone was also a lte red , several areas show ed G oldner’s p o s itiv ity . 
O steocytic  osteolysis was also p ro m in en t. O n th e  basis o f these  find ings an  
a p p a re n t osteoporosis was d iagnosed.

P l a s t e r  c a s t  i m m o b i l i z e d  g r o u p  w i t h  d r u g  t r e a tm e n t .  The spongy trab ecu les  
of th e  m e tap h y sis  were m ore ra re  an d  th in n e r  as com pared  to  co n tro l or 
c o n tra la te ra l bone. O ccasionally  inside th e  trabecu les there  w as a m in im al 
am o u n t of ca rtilag e  cores. A t th e  su rface o f th e  trabecu les th e re  w as a th in  
osteo id  seam . Beside th e  trab ecu les  o steob lastic  a c tiv ity  was enhanced  (F ig . 3). 
T he osteocy tic  capsule inside th e  trab ecu le s  w as also sligh tly  en larged . T he

m arkedly  increased 
very  m arkedly  increased 
m oderately  decreased 
m arkedly  decreased 
very  m arkedly  decreased
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8 2 I. FÖLDES et al.

Fig. 1. P laste r cast. M e tap h y s is  trabécu les. E n la rg em en t o f osteocy tic  capsule (-*-), s tru c tu ra l 
ra refica tion  of th e  trab ecu le s , few osteob lasts. H aem atoxy lin -eosin  sta in ing , X 130 

Fig. 2. P laste r cast. C ortical bone. H ow ship’s lacu n ae , osteoclasts (o), s tru c tu ra l ra re fica tio n .
Goldner’s s ta in ing , X 130
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Fig. 3. P la s te r c as t -f- d rug  tre a tm e n t. T h e  s tru c tu re s  of th e  m etap h y sea l trabecu les are 
b e tte r  preserved. O steocy tic  capsules are en larged  ( J ). In  th e  p ro x im ity  of th e  epiphyseal 

cartilag e  m an y  active  o steob lasts (-*-). H E  sta in ing , X 130 
Fig. 4. P la s te r cas t d ru g  tre a tm e n t. C ortical bone. H ow ship’s lacu n ae  w ith o u t appearance  
of osteoclasts, o steocy tic  capsules are en larged . V ascu larization , en d ostea lly  osteob lasts ( t ).

H E  sta in in g , X 130
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decrease in th e  n u m b e r of spongy  trab ecu les  in  th e  d iaphysis  was m ore 
a p p a re n t th a n  in th e  m etap h y sis  or in th e  con tro l bone .T he  tra b e c u la r  s tru c tu re  
w as also a lte red , G oldner’s red  p o sitiv e  areas also ap p eared  inside th e  
trab ecu les . The m ed u lla ry  cav ity  w as also enlarged.

The cortical b one  w as sligh tly  th in n e d . A t th e  p erio stea l surface H ow ship’s 
lacunae  (Fig. 4) a n d  a few osteoclasts ap p eared . The o steocy tic  osteolysis was 
also ap p a ren t here , th e  s tru c tu ra l ra re fica tio n  o f th e  bone and  G oldner’s 
p o s itiv ity  were of m o d era te  degree. In sid e  th e  cortical bone regenera tive  osteo ­
genesis of m o d era te  degree was seen. T h u s a lte ra tio n s  in d ica ted  th e  develop­
m e n t of a sligh t-degree of osteoporosis.

O ld  g r o u p  ( T a b l e  I )

C o n tro l .  T he sp o n g y  trab ecu les  o f th e  m etaphysis  w ere dense and  of norm al 
th ickness. A t th e  su rface  of th e  trab ecu le s  a v e ry  th in  osteo id  seam  appeared  
p o p u la ted  m o d era te ly  w ith  o steob lasts . T he trabecu les d id  n o t show signs of 
s tru c tu ra l anom aly . T he trab ecu les  in  th e  d iaphysis w ere m ore ra re  th a n  in 
th e  m etaphysis. T he ex tension  of th e  osteoid  was sm all, o steob lastic  a c tiv ity  
w as hard ly  seen. T h e  th ickness of th e  co rtica l bone w as no rm al, i t  show ed 
perio stea lly  som e p its  an d  H ow sh ip ’s lacunae  sparse ly  p o p u la ted  w ith  osteo­
clasts. R egenera tive  osteogenesis ap p ea red  m ore enhanced  (F ig. 5).

P la s t e r  c a s t  i m m o b i l i z e d  g r o u p .  In  th e  m etaphysis  th e  d e n s ity  of trabecu les 
w as m odera te ly  d im in ished  as co m p ared  to  th e  co n tro l. A lte ra tions in

F ig . 5. Control. C ortical bone. G oldner’s sta in in g , X  130
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Fig. 6. P la s te r  c a s t  (o ld  r a t ) .  S tru c tu r e  o f  m e ta p h y s e a l  t ra b e c u le s  a re  lo o se r, e n la rg e d  o steo - 
c y t ic  ca p su le s  0 \ ) ,  o s te o n  d is in te g ra t io n  (-<-). G o ld n e r’s s ta in in g , X 130

trab ecu la r th ickness an d  s tru c tu re  w ere m ore a p p a re n t (Fig. 6). T hus 
accum ulation  of ca rtilag e  cores, en la rg em en t of osteocy tic  capsule and  
ra re fica tio n  o f  tra b e c u la r  s tru c tu re  w ere p ro m in en t. T he osteoid seam  was 
th in , o steob lastic  a c tiv ity  appeared  ra re ly . In  th e  d iaphysis  th e  d im inu tion  of 
spongy trab ecu les  w as even m ore conspicuous. T he s tru c tu re  of th e  
rem aining trab ecu les  w as also looser. T he m edu lla ry  c a v ity  was considerab ly  
enlarged. T he th in n in g  o f th e  cortical b one  was also m ore expressed w ith  
occasional frac tu res . A g rea t n u m b er o f H ow ship’s lacunae  filled w ith  
osteoclasts w as p resen t (F ig . 7). T he o steocy tic  osteolysis w as m ore enhanced , 
d isin teg ra tio n  o f osteons could also be observed . T hese find ings in d ica ted  
th e  deve lopm en t of a severe-g rade  of osteoporosis.

P l a s t e r  c a s t  i m m o b i l i z e d  g r o u p  w i t h  d r u g  t r e a tm e n t .  In  b o th  th e  m eta- 
physis and  d iaphysis  th e  n u m b er of cancellous trab ecu les  dim inished m o d ­
era te ly  as com pared  to  th e  contro l. R ed u c tio n s in  tra b e c u la r  d ensity  and
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F ig. 7. P la s te r  c a s t  (o ld  r a t ) .  C o rtica l b o n e . H o w s h ip ’s la c u n a e  w ith  o s te o c la s ts  (0). O s te o n  
d is in te g ra t io n  ( — ). G o ld n e r ’s s ta in in g , X l3 0

th ick n ess  were m ore ap p a ren t in  th e  d iaphysis th a n  in  th e  ine taphysis . 
A lte ra tio n s  in  tra b e c u la r  s tru c tu re  w ere m an ifested  in  a m o d era te  en la rg e ­
m en t of osteocy tic  capsule an d  ra re fic a tio n  of hone (F ig . 8). The o steo ­
b las tic  a c tiv ity  an d  th e  osteoid  seam s w ere v e ry  m ild. The m edu lla ry  c a v ity  
w as m ark ed ly  en la rged . The co rtica l hone was th in n e r th a n  in  th e  con tro l. 
A t th e  periostea l surface of hone a fa ir ly  high n um ber o f H o w sh ip ’s lacu n ae  
w as p resen t co n ta in in g  only  few osteoclasts . O steocytic osteolysis was also 
seen. A s trik ing  fin d in g  was th e  ap p ea ran ce  of th e  su b p erio stea l (Fig. 9) an d  
p a r t ly  endosteal osteogenesis. On th e  basis of th e  above find ings th e  a l te ra ­
tio n s  were considered  as m an ife s ta tio n s  of a m o dera te -g rade  osteoporosis 
associa ted  w ith  a p p a re n t signs o f bone regeneration . I t  is to  be n o ted  th a t  
th e  c o n tra la te ra l lim b  essen tia lly  co rresponded  to  lim bs of con tro l an im als. 
T h e  difference w as m an ifested  in  signs of a m odera te  increase of osteogenesis.

H i s t o m o r p h o m e t r i c  re s u l t s  

G r o u p  o f  y o u n g  a n i m a l s  ( T a b l e  I I )

The q u a n tita tiv e  d a ta  su b s ta n tia te d  th e  q u a lita tiv e  h isto log ical find ings. 
N am ely , th e  t r e a tm e n t in  th e  m e tap h y sis  s ig n ifican tly  increased  th e  tra b e c u la r
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F ig. 8. P la s te r  c a s t  +  d ru g  t r e a tm e n t  (o ld  a n im a l) . T h e  s t r u c tu r e s  o f  m e ta p h y s e a l  t r a b e c u le s  
a re  m o d e ra te ly  d is in te g ra te d , o s te o b la s t ic  a c tiv i t ie s  (< -/ / ) a p p e a r  a t  s e v e ra l s ite s  a lo n g  th e

tra b e c u la s . G o ld n e r’s s ta in in g , X 130

surface (Sv) and  osteob lastic  a c tiv ity  (OB and  O B I). In  ra ts  w ith  p laste r cast 
im m obiliza tion  th e  ex tension  of th e  osteoid (OS) was sig n ifican tly  g rea te r 
in d ica tin g  th a t  calcification  did n o t occur and/or dem in era liza tio n  took  place 
from  th e  trab ecu les . The tra b e c u la r  volum e in  b o th  ex p erim en ta l groups 
d im in ished  considerab ly  as com pared  to  th e  con tro l, th e  su rface density  o f 
osteob last-o steo id  in te rface  (OB) did  n o t a tta in  th e  co n tro l level. In  the  dia- 
physis th ere  w as no sign ifican t difference in  th e  tra b e c u la r  surface betw een  
th e  exp erim en ta l g roups b u t it  was m uch less th a n  in  th e  con tro ls . The e x te n ­
sion of osteoid (OS) was s ig n ifican tly  h igher th a n  in  th e  con tro l in  b o th  experi­
m e n ta l groups. Signs fo r bone reso rp tio n  such as surface d en sity  o f  osteoclast- 
bone in terface  (H O ), osteoclastic  a c tiv ity  (OCI) in d ica ted  th a t  th e  drug  t r e a t ­
m en t sign ifican tly  suppressed  osteoclastic  ac tiv ity .
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Table I

Young

Param eters Control Immobilized

M e ta p h y s is

D ia p h y s is

Sv m m 2/cm 3 2915.1 ± 198.0 1822.0 ±  211.8
V v % 22.0 ± 1.7 15.6 ± 2.1
O S% 14.7 ± 6.4 36.2 ± 3.5
O B % 52.3 ± 8.1 19.0 ± 4.0
OB index 95.0 ± 6.4 51.7 ± 3.7

Sv mm-’/cm 3 1616.7 ± 48.8 966.6 ± 73.6
V v % 12.0 ± 1.0 8.7 ± 1.4
o s % 5.3 ^ 1.5 25.6 ± 5.4
O B % 8.4 ± 3.3 8.5 ± 6.6
OB index 21.7 ± 3.5 11.8 ± 5.4
H L % 3.4 ± 0.4 6.4 ± 1.4
H O % 0.5 ± 0.2 1.4 ± 0.25
OC index 5.5 ± 1.3 22.8 ± 2.1

1 sym bo l p  <  0 .1 0 ; 2 sy m b o ls  p  <  0 .0 5 ; 3 sym bo ls p <  0 .025 ; 4 sy m b o ls  p  <  0.02? 
5 sy m b o ls  p  <  0 .01; 6 sy m b o ls  p  <c 0.005; 7 sy m b o ls  p  <  0.001.

Symbols: #  Im m o b iliz e d  vs. co n tro l;  О  Im m o b ilized  -f- d ru g  t r e a tm e n t  v s. c o n tro l; 
-J- Im m o b iliz e d  +  d ru g  t r e a tm e n t  vs. c o n tr a la te ra l  side ; X Im m o b iliz e d  +  d ru g  t r e a tm e n t  vs. 
im m o b iliz e d ; N .S . n o t s ig n if ic a n t

G r o u p  o f  o ld  a n i m a l s  ( T a b l e  I I I )

In  b o th  th e  m e tap h y sis  and  d iaphysis  th e  ex tension  of tra b e c u la r  su r­
face (Sv) was sig n ifican tly  higher in  th e  d ru g -trea ted  group th a n  in th e  p laster

Fig. 9. C o rtica l b o n e . A re a  o f  su b p e r io s te a l o steo g en esis  (S). G o ld n e r’s s ta in in g , X 130
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anim als

Contralateral Immobilized +  drug 
(control) side treatm en t Results (differences)

2711.4  ± 103.0 2377.8 ±  45.7 •  OO, +T
24.2 ± 2.0 15.1 ± 1.0 •  •  •  •  О О (
33.3 ± 2.3 20.3 ± 3.3 • • • • • • •
37.0 ± 5.2 31.8  ± 2.2 •  • •  •  о о,
61.1 ± 15.1 133.8 ± 10.7

1744.0 ±  162.1 1161.0 ±  93.4
14.2 ± 2.6 8.6 ± 2.7 •  О, T
35.1 ± 2.3 49.1  ± 4.9
17.5 ± 10.1 14.7 ± 5.5 N .S .
18.8 ± 4.9 19.7 ± 3.5 N .S.

4 .6 ± 1.4 6.8  ± 2.1 •  • •
0.66 +  0.4 0.8 ± 0.2
5.0 ± 0.5 8.5 ± 1.7

X X X X X X X

X X X X X X X

OOOOOO. x x x x x x x
o o o o o o ,

X X
+  +  , X X X X X X X

X X X X X X X

Sv =  Surface den sity  of trab ecu la r bone; Vv%  =  T rabecu lar bone volum e %  of to ta l 
cancellous bone; O S%  =  Surface den sity  of osteoid seams %  of to ta l  trab ecu la r surface; 
O B %  =  Surface d ensity  o f osteoblast-osteoid  in terface; H L %  =  H ow ship’s lacunae  %  of to ta l 
trab ecu la r  surface; H O %  =  Surface density  of osteoclast-bone in terface

c a s t group. The ex tension  of osteoid  (OS) was increased  in com parison  to  the  
co n tro l in  b o th  ex p erim en ta l g roups: osteoblastic  a c tiv ity  (O B I) w as reduced. 
In  th e  tre a te d  group , how ever, th e  values of osteob lastic  a c tiv ity  (O BI) was 
s ig n ifican tly  increased  com pared  to  th e  p laste r cast-g roup . Signs of bone 
re so rp tio n  osteoclastic  a c tiv ity  w ere sign ifican tly  enhanced  in  ra ts  w ith  p laste r 
ca s t im m obiliza tion  as com pared  to  th e  respective values o f con tro l or drug- 
t re a te d  ra ts .

Discussion

T he p resen t histo logical and  h istom orphom etric  d a ta  show ed u n eq u i­
vocally  th a t  osteopenic  osteoporosis p roduced  b y  im m obiliza tion  can m ain ly  
be accoun ted  for th e  accelera ted  reso rp tiv e  a c tiv ity  b o th  in  osteoclasts and  in 
osteocy tes. Jo h n s to n  [12] raises th e  questio n : is th e  loss of tra b e c u la r  hone due 
to  a decrease in  th e  n u m b er (density ) of trabecu les, or to  a decrease in  the 
th ick n ess  of in d iv id u a l trab ecu les  ? H is stud ies in d ica te  th a t  b o th  m echanism s 
are  in  p a r t  responsib le . T he pa thogenesis  of tra b e c u la r  bone loss in  osteo­
porosis is s till th e  su b jec t of num erous controversies. A lth o u g h  i t  is now  
recognized th a t  th e  bone rem odeling  a c tiv ity  is heterogeneous [19, 27] the  
m echan ism  lead ing  to  bone loss h av e  been successively a t tr ib u te d  to  an 
increased  hone reso rp tio n  [13] or to  a decreased fo rm atio n . P a r f i t t  e t al. [19] 
suggest th a t  during  th e  accelera ted  phase of bone loss, osteoclasts perfo ra te

Acta Morphologica Hungarica 36, 1988



A
c

ta
 

M
o

rp
h

o
lo

g
ica

 
H

u
n

g
a

ric
a

 
3

6
, 

1
9

8
8

<r>
О

T ab le  I I I

Old animals

Contralateral Immobilized +  drug
Param eters Control Immobilized (control) side treatm ent Results (differences)

M eta- S v  m m 2/cm 3 2915.1 ± 198.0 2195.0 ± 138.0 2240.5 ± 156.0 2741.2 ± 194.4 •  ■ X X X
p h v sis V v % 2 2 .0 ;± 1.7 15.3 ± 1.1 22.6 ± 2.4 18.4 ± 2.2

os% 14.1 ± 7.0 31.6 ± 11.3 26.6 ± 4.4 33.3 ± 9.5 • •  о о
O B % 52.3 ± 8.1 27.5 ± 3.6 28.3 ± 3.0 35.4 ± 2.2 •  • • • ,  ООО О, X X X
O B  in d ex 95.0 ± 6.4 68.5 ± 4.4 90.6 ± 7.2 75.4 ± 4.5 •  X

D ia- S v  m m 2/c m 3 1616.7 ± 48.8 1126.7 ± 66.3 2005.0 ± 111.4 1662.2 ± 91.3 •  • • ,  х х х х х
p h y s is V v % 12.0 ± 1.0 7.4 ± 0.4 19.2 ± 5.3 13.9 ± 1.3 X X X X X

os% 5.3 ± 1.5 35.7 ± 3.4 6.7 ± 2.2 42.5  ± 4.7 •  • • • • • , +  +  +  +  +  +  , О О О О О О О ,  X
0 B % 8.4 ± 3.3 15.2 ± 1.7 10.6 ± 3.1 12.8 ± 1.0 N .S .
O B in d e x 21.7 ± 3.5 17.4 ± 4.7 31.8 ± 8.3 13.3 ± 6.5 + т*
H L % 4 .4  J ; 0.4 7.0 ± 2.0 6.0 ± 2.5 7.3 ± 2.7 N .S .
H O % 0.5 ± 0.2 2.2 ± 0.8 0.8 ± 0.4 1.2 ± 0.2 •  • • • ,  О  О ,  X X X
OC in d e x 5.5 ± 1.3 31.2 ± 1.4 6.7 ± 1.1 6.1 ± 2.1

1 sym bol p <  0.10; 2 sym bols p <  0.05; 3 sym bols p <  0.025; 4 sym bols p <  0.02; 5 sym bols p <  0.01; 6 sym bols p  <  0.005; 7 sym ­
bols p  <  0.001.

Symbols: •  Im m obilized vs. con tro l; О  Im m obilized -f- drug trea tm e n t vs. contro l; -j- Im m obilized -}- drug  trea tm e n t vs. co n tra la tera l 
side; X  Im m obilized -f- drug  tre a tm e n t vs. im m obilized; N .S. no t significant.

Sv =  Surface density  of trab ecu la r bone; V v =  T rabecu lar bone volum e %  of to ta l cancellous bone; O S%  =  Surface density  of osteoid 
seam s %  of to ta l  trab ecu la r surface; O B %  =  Surface density  of osteoblast-osteoid in terface; H L %  =  H ow ship’s lacunae of to ta l trab ecu la r 
surface; H O %  =  Surface density  of osteoclast-bone interface
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trabecu les, th u s  th e re  is no rem ain ing  s tru c tu re  upon  w hich  new  hone can  be 
reb u ilt. I t  is im p o r ta n t to  m ake a d istin c tio n  betw een  tw o  p a th w ay s th a t  
w ould b o th  lead  to  bone loss [1, 8]: (i) uncoupling , a s itu a tio n  in w hich th e  
coupling  m essage is n o t fu n c tio n in g  and  w here o steob lasts  do n o t ap p ear in  
th e  rem odeling  focus, th e re fo re  lead ing  to  an  accu m u la tio n  of H ow sh ip ’s 
lacunae  w ith o u t osteoclasts; (ii) im balance , a s itu a tio n  in  w hich  th e  coupling 
occurs b u t  w here  th e  o steo b lasts  do n o t sy n th e tize  as m uch  m a trix  as w as 
p rev iously  re so rb ed  b y  th e  osteoclasts. A m ong th e  m an y  causes of d im in ished  
ske le ta l m ass, p a ra th y ro id  ho rm one  (P T H ) m ed ia ted  bone reso rp tio n  has been 
th e  m ost w idely  s tu d ied  ex p erim en ta lly . P T H  has been show n to  s tim u la te  
bone reso rp tion  an d  in h ib it bone fo rm atio n  in organ  cu ltu re . The effect on 
bone fo rm atio n  ap p ears  to  be d irec t and  due in  p a r t  to  decreased  tran sc rip tio n  
o f  procollagen in  R N A , b u t d irec t effect on p reosteoclasts  o r osteoclasts have  
n o t been ru led  o u t [20].

M echanical load ing  p e rh ap s  ac ting  th ro u g h  a d irec t o r an  ind irec t s t im ­
u la tio n  of o steo b lasts  th e re b y  p ro duc ing  a positive rem odeling  balance m ay  be 
im p o rta n t in  a t ta in m e n t of a d u lt  bone m ass, and in  su b seq u en t ra tes  o f loss. 
I t  is know n th a t  m echanical s tim u li leads such as th e  p ressu re  of ac tive  
m uscles are n eed ed  for th e  n o rm al rem odeling, m etabo lism  an d  blood supp ly  
o f  bones.

All th ese  fac to rs  m ay  p a r tic ip a te  in  th e  developm ent o f  osteogenic o steo ­
porosis in d u ced  b y  im m obiliza tion . A ccording to  our p re sen t investiga tions 
th e  tre a tm e n t o f  Ip rif lav o n e  decreased  th e  bone a lte ra tio n s  o f im m obilization . 
T he tre a tm e n t decreased  th e  loss o f tra b e c u la r  m ass (d en sity  and  volum e) b o th  
in  th e  p rox im al m etap h y sis  an d  th e  d iaphysis, and  reso rp tio n  of cortical bone 
as com pared  to  th e  im m obilized  tib ia . The in te rru p tio n  or th e  decrease of 
reso rp tio n  process w as d e te rm in ed  b y  th e  m odera te  n u m b e r o f H ow ship’s 
lacu n ae  and  b y  osteoclasts  in d ex . These d a ta  are  in  ag reem en t w ith  th e  resu lts  
o b ta in ed  in  th e  d iffe ren t ex p erim en ts  w ith  Ip riflav o n e . R esu lts  ind ica te  th a t  
in  osteoporosis p roduced  b y  s tep to zo to c in  and  glucocorticoid  tre a tm e n t or 
o v ariec to m y  Ip rif la v o n e  m ark ed ly  suppresses bone re so rp tio n  [23, 30, 31]. 
In  fe ta l long bone cu ltu re  system  Ip riflav o n e  in h ib ited  b asa l 45Ca release from  
bones, and  th is  in h ib ito ry  effect w as d em o n stra ted  in  th e  presence of sub- 
m ax im al co n cen tra tio n  of p a ra th y ro id  horm one.

A ccording to  O h a ta  e t a l [18] Ip riflav o n e  in h ib its  th e  bone reso rp tion  
p rovoked  b y  ca lc itrio l, b u t i t  does n o t in fluence bone fo rm atio n . The question  
arises, how  can Ip rif la v o n e  in h ib it bone reso rp tion , or how  can  th e  tre a tm e n t 
in fluence  osteopenic  osteoporosis.

R ecen tly  i t  has been suggested  th a t  calciton in  release from  th e  th y ro id  
g lan d  is s tim u led  b y  estrogen  [6, 28, 29] an d  i t  has been d em o n stra ted  th a t  
Ip riflav o n e  en h an ced  th e  ac tio n  o f estrogen  s tim u la ted  ca lc iton in  secretion. 
E ndogenous estro g en  prom otes fo rm a tio n  o f 1.25 (O H )2D from  25-O H D  and
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i t  m ay  reciprocally  in h ib it  syn thesis of 24, 25 (O H )2D [2]. A ccording to  K u n tz  
e t al. [14] and G ru b er e t  al. [9] th e  ca lc iton in  tre a tm e n t in  post-m enopausal 
w om en m ay induce a red u c tio n  of bone reso rp tion . I t  w as d em o n stra ted  b y  
N a k a m u ra  et al. [17] t h a t  a tra n s ie n t in h ib itio n  of o steoclastic  bone reso rp tion  
o ccu rred  in the bones o f  calciton in  t r e a te d  ra ts .

A ccording to  o u r investig a tio n s Ip riflav o n e  tre a tm e n t of im m obilized 
ra ts  resu lted  in a m ild  increase of o steob lastic  a c tiv ity  an d  th e re b y  in  an 
increased  subcortical osteogenesis. T his m ay  ind ica te  th a t  Ip riflav o n e  m ay 
change th e  uncoupling  p a th w ay , or m a y  reduce th e  im b alan ce  s itu a tio n . This 
e ffec t of Ip riflavone m ay  he connected  w ith  th e  o th e r effect of calcitonin . 
Im m unocy tochem ical ev idence was fo u n d  b y  Morel e t al. [16] for th e  in te r ­
n a liza tio n  of ca lc ito n in  in  o steob lasts , a d irec t p a rtic ip a tio n  of calciton in  in 
th e  regu lation  of o s teo b las ts , w hile th e  absence of es trad io l recep to rs in  osteo­
b la s ts . Salmon et al. [21] described th a t  chronic calciton in  tre a tm e n t s tim u la ted  
th e  bone alkaline p h o sp h a ta se  in  grow ing ra ts . I t  w as found , on th e  o th e r 
h a n d , th a t  Ip riflav o n e  behaves as an  e lec tron  accep to r in  th e  te rm in a l p a r t  of 
th e  re sp ira to ry  ch a in . Ip riflav o n e  increased  th e  cy tochrom e-ox idase  enzym e- 
a c tiv ity  in  the  liv e r a n d  th e  blood 0 2 level. H ow ever, th e  details o f these  
ac tio n s are still obscure .

F inally , we h a v e  to  m en tion  th a t  our experim en ts s ta r te d  in  1984 differ 
fro m  th e  in v estig a tio n s of Y am azak i e t al. [30, 31] in  th e  doses used, th e  
exp erim en ta l te s t, th e  in v estig a tio n a l m e th o d  and  th e  m ode of ad m in is tra ­
tio n . H owever, th e  m ain  resu lts  are sim ilar and these  y ield  a hopeful pos­
s ib ility  in the  tr e a tm e n t  of osteoporosis.
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CUPRIC IONS AND DOPA OXIDASE ACTIVITY 
IN MELANOCYTES

B h a n u  I y e n g a r , P . C. M e n d i r a t t a

IN ST IT U T E  OF PATHOLOGY-ICMR, SAFD ARJA N G  HOSPITA L, NEW  D E L H I, IN D IA  

(R eceived 15 M ay 1987)

T he in h ib itio n  of D O PA  oxidase  a c tiv ity  b y  cupric  ions has been q u a n ti ta te d  
in  cases o f v itiligo  showing d en d ritic  and  n o n -d en d ritic  m elanocytes a t  th e  m arg ins. 
C upric su lp h a te  was added to  th e  su b s tra te  so lu tion , co n ta in in g  a reac tin g  q u a n ti ty  of 
12.12 pg  of D O P A , to  give 42.8 p g, 85.6 pg , 128.4 p g  and  171.2 p g  o f cupric  ions. C ontrol 
slides w ere in cu b a ted  w ith  D O PA  alone as su b s tra te .

On cy to sp ec tro p h o to m etric  analysis, i t  was seen th a t  th e  in itia l level o f enzym e 
a c tiv ity  d e te rm in es the  ty p e  of in h ib itio n  curve. T h u s, th e re  is a  g rad u al fall in  a c tiv ity  
w ith  d e n d ritic  m elanocytes w hich  h av e  a v e ry  h igh  enzym e c o n ten t, w hereas th e  non- 
den d ritic  m elanocy tes show com plete  in h ib itio n  w ith  one dose. I t  w as observed  th a t  
15.75 pg  o f cupric  ions were reduced  b y  12.12 pg  of D O PA . The enzym e a c tiv a tio n  by  
cupreous ions is countered  by  th e  enzym e in h ib itio n  b y  cupric  ions, th e  ra te  of in h ib itio n  
being d e te rm in a te d  by  th e  level o f cupric  ions.

K eyw ords: DO PA oxidase, m elanocy te , cupric , cupreous, enzym e in h ib itio n

Introduction

I t  w as observed  in earlier s tud ies [1, 2] th a t  add itio n  of cupric ions in  
th e  su b s tra te  in h ib its  the  ty rosinase /D O P A  oxidase a c tiv ity  in th e  d en d ritic  
m elanocy tes of v itiligo . In  th e  p re sen t w ork  th is  in h ib itio n  has been q u a n ­
t i ta te d , to  s tu d y  th e  inh ib ition  p a tte rn s  in d en d ritic  and  non -d en d ritic  m elano ­
cy tes in  v itiligo .

Materials and methods

Skin from  20 cases suffering from  v itiligo  w ere fix ed  in cold bu ffered  form ol g lu ta - 
ra ld eh y d e  Tor 24 h  a t  4 °C. Frozen sections w ere cu t a t  5 p  th ick n ess on a L ipshaw  c ryo tom e 
a t —25 °C. T en  of th ese  were from  cases w ith  d en d ritic  m elanocy tes a t  th e  m arg in  an d  10 
from  n o n -d en d ritic  m elanocytes.

Copper su lp h a te  w as added to  th e  D O PA  su b s tra te  [3, 4] in th e  follow ing c o n ce n tra ­
tions: 350 m g, 700 m g, 1050 mg, 1400 mg in  th e  stock  so lu tion  g iv ing  a fin a l reac tin g  q u a n ti ty  
of cupric  ions as 42.8 p g ,  85.6 pg , 128.4 pg  and  171.2 pg . T he a m o u n t of D O PA  in th is  so lu tion  
is 12.12 pg  co n ta in ed  in  0.016 ml of so lu tion  overly ing  th e  tissue . C ontrol slides w ere in cu b a ted  
w ith  D O PA  as su b s tra te  w ithou t th e  a d d itio n  of C u S 0 4 [4]. S ta in ing  w as done on serial 
cryosections so th a t  th e  sam e set of cells w as follow ed. T he enzym e levels in  20 m elanocy tes 
w ere m easured  a t  th e  m arg ins of th e  v itilig inous zone in  each  case on a R e ich ert Z e to p an , 
B ino lux  cy to sp ec tro p h o to m ete r.

Send o ffp rin t re q u est to : Dr. B hanu  Iy e n g ar, In s t i tu te  o f P atho logy-IC M R , S afd arjan g  
H o sp ita l, P .O . B ox 4909, New Delhi 110029, In d ia
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Results

1. C o n tr o l s :  T h e  enzym e levels in  d en d ritic  m elanocytes w ere v e ry  high, 
th e  average a b so rp tio n  value being  1.134, in  n o n -d en d ritic  m elanocy tes th e  
av e rag e  values w ere 0.628 (Table I).

2. T r e a tm e n t  w i t h  c u p r i c  s u l p h a t e :  (T able I , F ig. 1).

T ab le  I

Copper levels (fig) K (o) 42.8 85.6 128.4 171.2

D O PA  level (^/g) 12.12 12.12 12.12 12.12 12.12

D endritic  m elanocytes 1.134 0.594 0.437 0.280 0.301

N on-dendritic  m elanocytes 0.628 0.316 0.359 0.275 0.282

A bsorption values o f D O PA  oxidase a c tiv ity  in  dendritic  and  non-dendritic  m elanocyte 
on  trea tm e n t w ith d ifferen t levels of cupric ions

a) D e n d r i t i c  m e l a n o c y te s  : A g rad u a l loss of D O PA  oxidase a c tiv ity  oc­
cu rred  w ith  an  in c reasin g  level o f cupric  ions. T hus a fte r  42.8 p g ,  th e  ab so rp ­
tio n  is 0.594, a f te r  85.6 p g  it is 0.437, a f te r  128.4 p g  i t  is 0.280 an d  0.301 a fte r
171.2 p g  (Table I) . T here  was a com ple te  in h ib itio n  of a c tiv ity  seen in  F ig . 1.

b) N o n - d e n d r i t i c  m e la n o c y te s  : In  n o n -d en d ritic  m elanocytes a n ea rly  com ­
p le te  inh ib ition  to o k  place even a fte r  th e  1st dose. T he curve h ad  a p la te a u  
in spec tive  of in c reas in g  doses i.e. 0.316 a f te r  42.8 p g ,  0.359 a fte r  85.6 p g ,

0.275 a fte r 128.4 p g  an d  0.282 a fte r  171.2 p g  of copper (Table I , F ig. 1).
T yrosinase/D O P A -oxidase is a co p p er d ep en d an t enzym e. T here  are 

rep o rts  suggesting  th a t  th e  first p a r t  o f th e  reac tio n  i.e. conversion of ty rosine  
to  D O PA  is due to  a peroxidase an d  th e  second p a r t  converting  D O PA  to 
D O PA -quinone is c a ta ly zed  b y  D O P A -ox idase , a copper d ep en d en t enzym e 
orig inally  considered  to  be ty ro sin ase  [5, 6, 7, 8].

DOPA ox idase  functions in  th e  presence of cupreous ions, th e  cupric  ions 
b e ing  reduced to  cup reous ions in  th e  presence of trace  am o u n ts  of D O PA  
[9, 10]. In  th e  p re se n t w ork th e  effect o f a h igh level o f cupric ion on th e  
enzym e function  has been stud ied .

I t  was o bserved  th a t  there  is an  in h ib itio n  of D O PA  oxidase and  ty ro s i­
nase  on increasing  th e  cupric ion co n c e n tra tio n  [1]. In  th is  w ork  d iffe ren t doses 
h av e  been used to  q u a n ti ta te  th e  in h ib itio n  b y  cupric su lp h a te  an d  to  s tu d y  
th e  p a tte rn  of in h ib itio n  in  th e  h ig h ly  d en d ritic  m elanocytes and  n o n -d en d ritic  
m elanocytes seen a t  th e  m argins of th e  v itilig inous zone.

I t  was n o te d  th a t  th e  basic  levels of D O PA  oxidase a c tiv ity  differ 
m arked ly  in  th e  cell ty p es. T hus th e  enzym e levels are v e ry  h igh in  th e  
dendritic  m e lanocy tes, s ligh tly  increased  in  th e  n o n -d en d ritic  m elanocy tes.
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Fig. 1. In h ib itio n  of D O P A  oxidase a c tiv ity , in  d en d ritic  and  n o n -d en d ritic  m elanocytes on 
increasing  th e  cupric  ion levels in th e  su b s tra te

In  den d ritic  m elanocytes, increasing  levels of copper su lp h a te  give rise 
to  an early  phase of a gradual fall in  enzym e a c tiv ity  com plete inh ib itio n  
occurring  on ad d itio n  of 128.4 /. ignis  in d ica tin g  a s to ich iom etric  reac tio n  to  
cupric ions (F ig. 1).

In  com parison , non-dendritic  m elanocy tes show  com plete  inh ib ition  even 
a fte r  a d d itio n  of 42.8 ц g of cupric su lp h a te  show ing an  all or none ty p e  of a 
reaction . This fea tu re  is possibly due to  th e  difference in  enzym e levels in the  
tw o cell ty p es (F ig . 1).

F rom  th e  above m easurem ents th e  am o u n t o f cupric  ions reduced  to  
cupreous ions b y  th e  presence of 12.12 /xg D O PA  can  be ca lcu la ted  from  th e  
effect on th e  d en d ritic  m elanocytes w hich  have  a h igh  level of enzym e.
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T hus th e  co n tro l (К ) a c tiv ity  of th e  dendritic  m elanocytes i.e. 1.134 is 
ta k e n  as 100%  a c tiv i ty  and  0.280 on t r e a tm e n t w ith  128.4 p g o f  cupric  ions 
is ta k e n  as 0%  a c tiv i ty  as th is is th e  baseline abso rp tion  in  th e  section  on 
co u n te rs ta in in g  (T able I).

The 0.016 m l su b s tra te  so lu tion  co n ta in s  12.12 pg D O PA  w hich reac ts  
w ith  th e  cupric ions. D O PA  reduces cupric  to  cupreous ions. T hus on add ition  
o f 42.8 p g copper th e  absorp tion  is 0.594 i.e. 36 .8%  a c tiv ity  rem ains and  
6 3 .2%  is in h ib ited .

T hus 36.8%  a c tiv a tio n  is due to  th e  conversion of Cu:!+ to  Cu2+ in 
42.8 (Ig Cu by  12.12 pg  DO PA .

I f  100%  cupric  ions are ta k e n  as 42.8 f ig ,

36 .8%  cupric ions equal to: - — ------- =  15.77 [ ig o f cupric  ions.

On tre a tm e n t w ith  85.6 pg Cu3+ th e  abso rp tio n  v alue  falls to  0.437 
w hich is 18.4%  o f th e  in itia l ac tiv ity .

T hus, th e re  is 18 .4%  ac tiv a tio n  o f Cu3+ to  Cu2+ in 85.6 pg  of copper b y  
12.12 pg DO PA .

T hus if  100%  cupric  ions are  ta k e n  as 85.6 pg

18.4%
, . , 85.6 X 18.4

cupric ions equal t o : ----
100

15.75 p g

T hus 12.12 pg  D O PA  reduces 15.75 pg of copper till com plete  inh ib ition  
ta k e s  place.

N on-dendritic  m elanocytes, in  com parison  w ith  th e  d en d ritic  m elano­
cy tes show alm o st com plete in h ib itio n  a lread y  w ith  the  f irs t dose.

The in itia l leve l of a c tiv ity  w ith in  th e  non -d en d ritic  m elanocytes is 
70 .25%  of th e  c o n tro l levels of d en d ritic  a c tiv ity  (0.876). On add ition  of 
42.8 f ig  only 4 .8 %  a c tiv ity  rem ains. T h u s th e  inh ib itio n  is 65 .45%  w hich is 
close to  th a t  seen w ith  dendritic  m elan o cy tes  i.e. 63 .2% . As th e  level of D O PA  
is th e  sam e, th e  level of cupreous ions is also m a in ta ined . T his ind ica tes th a t  
th e  ra te  of in h ib itio n  of DO PA  ox idase is de term ined  b y  th e  level of cupric 
ions and n o t b y  th a t  o f cupreous ions in  th e  m edium .

In  conclusion, 15.75 fig  of cup ric  ions is reduced  b y  12.12 f ig  o f D O PA . 
T he n o n -d en d ritic  m elanocytes w ith  an  in itia l 70.25%  enzym e a c tiv ity , com ­
p a red  to  th a t  o f d en d ritic  m elanocy tes show  65.45 in h ib itio n  a fte r  42.8 f ig  

of Cu3 + . T hus enzym e ac tiv a tio n  b y  Cu2+ is coun te red  b y  th e  enzym e in h ib i­
tio n  by  Cu3 + , th e  ra te  of in h ib itio n  being  dete rm in ed  b y  th e  level of Cu3 + 
ions in  th e  m ed ium  and  no t b y  th e  level of Cu2+ ions.

From  th e  ab o v e  observations i t  is ev iden t th a t  th e  level o f enzym e 
a c tiv ity  de te rm ines th e  ty p e  of in h ib itio n  curve seen. T hus, th e re  is a g rad u a l
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fall in  ac tiv ity  w ith  th e  den d ritic  m elanocytes w hich show  a h igh enzym e 
a c tiv ity . In  com parison , th e  n o n -d en d ritic  m elanocytes show  alm o st com plete 
in h ib itio n  w ith  th e  f irs t  dose itself.
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HISTOGENESIS OF METASTATIC TUMOURS: 
UECTIN REACTIVE SUBSTANCES 

AND INTERMEDIATE FIUAMENT PROTEINS

L. P a j o r , J .  F i s c h e r , G. K e l é n y i

DEPARTM ENT OF PATHOLOGY, U N IV ER SITY  MEDICAL SCHOOL OF PÉCS, HUNGARY

(R eceived  7 May 1987)

The re a c tiv ity  of 38 a n ap las tic  tu m o u rs for c y to k e ra tin , v im en tin , desm in, m ilk 
fa t globule m em brane  an tig en , l a  antigen  as well as p e an u t agg lu tin in  and U lex 
europaeus I lec tin s were in v es tig a ted  im m unohisto logically  in p a raffin  em bedded  tissue  
sam ples. B y th is  ty p in g  of tu m o u rs  estab lishm en t o f th e  histogenesis o f 34 o u t of 
38 neoplasm s w as possible. A m ong th e  epithelial m ark e rs  m ilk fa t  globule m em brane  
an tigen  p roved  to  be superio r to  cy to k era tin . V acuolar or in tra lu m in a l b ind ing  of 
p e an u t lec tin  w as found  to  be m ore sensitive th a n  PA S reac tio n  fo r d e tec tin g  early  
secretory  a c tiv ity . O ur s tu d y  su b s ta n tia te s  th e  p rev ious d a ta  th a t  b in d in g  of U lex  eu ro ­
paeus I lec tin  is in d ica tiv e  o f naso p h ary n g ea l carcinom a. In  th is  s tu d y  we also prov ide  
evidence for v iin en tin iza tio n  in  solid m étastasés as well as for shift in  th e  c y to k e ra tin  
profile  upo n  m alig n an t tran sfo rm a tio n .

K eyw ords: A naplasia , in te rm ed ia te  filam en t p ro te in s, lectins

Introduction

Surgical p a th o lo g is t fre q u e n tly  face th e  p rob lem  of estab lish ing  th e  
h istogenesis of p rim a ry  or m e ta s ta tic  tum ours of u nknow n  origin. The d if­
fe ren tia tio n  of m a lig n an t ly m p h o m as from  m étastasés  of th e  lym ph  nodes is 
of g rea t p rac tica l im p o rtan ce . In  th e  case of m é tastasés  know ledge of th e  
location  o f th e  p rim a ry  tu m o u r m igh t also have clin ical consequences.

E lec tron  m icroscopy can be of help w ith  these  d iagnostic  p rob lem s; 
how ever, i t  needs special p rocessing o f the  biopsy tissues and  is re la tiv e ly  tim e 
consum ing . A reliab le  and rap id  ch a rac te riza tio n  of th e  tu m o u r cells can  be 
o b ta in ed  b y  im m unoh isto logy . T he ty p in g  of in te rm ed ia te  filam en t p ro te in s 
( IF P s) proved  to  he su itab le  for d istingu ish ing  tu m o u rs  of ep ithe lia l, m esen­
chym al, m yogenic or neu ronal o rig in  [2, 3, 26]. In  ad d itio n , lec tins specific 
for te rm in a l sugar com ponen ts o f g lycoproteins are also helpfu l in  estab lish ing  
th e  origin and  degree o f d iffe ren tia tio n  of a given tu m o u r [5, 8, 10, 20, 27].

In  th e  p resen t s tu d y  c y to k e ra tin  (CK), v im en tin , desm in, h u m an  m ilk  
fa t globule m em brane  an tigen  (M FGM A) and la  an tig en  were s tu d ied  im m u n o ­
histo logically  in  38 an ap lastic  tu m o u rs . In  ad d itio n , p e a n u t agg lu tin in  (PN A ,

Send o ffp rin t req u ests  to : L. P a jo r M .D ., D ep artm en t o f P a th o lo g y , U n iv ersity  M edical 
School o f Pécs, H-7643 Pécs, P .O . B ox 99, H u ngary
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d em o n stra tio n  of ea rly  sec re to ry  a c tiv ity  [10] and  U lex europaeus I  (U E A  I, 
id en tif ic a tio n  of en d o th e lia l cells and  n aso p h ary n g ea l carcinom as) w ere used 
[24]. In  certa in  cases p ro s ta te  specific acid p h o sp h a tase  (PSA P) an d  neu ro ­
fila m e n ts  (N F) were d e m o n s tra te d  im m unohisto log ica lly . T he pre-B -cell selec­
tiv e  m onoclonal a n tib o d y  V IB-C5 cross-reacting  w ith  cells of n eu roectoderm al 
orig in  were also used.

On th e  basis o f o u r s tud ies e s tab lish m en t of th e  histogenesis of 34 out 
o f 38 tu m o u rs  (90% ) w as possible. In  26 ou t o f 38 cases (68% ) i t  was also 
possib le to  in d ica te  special d iffe ren tia tio n  an d /o r location  o f th e  p rim ary  
tu m o u rs .

Materials and methods
Light microscopy

F o r ligh t m icroscopical investig a tio n s m ate ria ls w ere fixed  in 10%  form alin , then  
em b ed d ed  in p a rap las t. 5 /m i th ick  sections were s ta in ed  w ith  h aem atoxy lin -eosin , PAS, 
G iem sa and  reticulin .

Im m u  noh istology

C ytokera tin , v im e n tin , desm in and  n eu ro filam en t im m u n o reac tiv ity  w ere studied  on 
5 /a n  th ick  fo rm ol-paraffin  sections using  th e  p e ro x idase-an tiperox idase  (P A P ) m ethod. For 
th ese  in v estiga tions po lyclonal an ti-cy to k e ra tin  and desm in as well as m onoclonal anti- 
v im e n tin  and an ti-n eu ro filam e n t p ro te in  an tibod ies w ere em ployed (H isto g en c P A P  k its , 
B ioG enex  L abora tories). F o r d em o n s tra tin g  th e  la  an tig en  and th e  neu ro ep ith e lia l n a tu re  
O K Ia  (O rtho  D iagnostic  S ystem  Inc .) and  V IB-C5 [19] m onoclonal an tib o d ies (d ilu tion  l : 40) 
w ere  used  (P A P  m eth o d ; H isto g en c P A P  basic k it;  B ioG enex L abora to ries). P ro s ta te  specific 
acid  p h o sp h a tase  (P S A P ) w as d e tec ted  b y  m eans of polyclonal a n ti-P S A P  (Im m uno loc  Inc.).

In  a lim ited  n u m b er o f cases c ry o sta t sections ob ta in ed  from  sam ples frozen in iso- 
p e n ta n  by  liquid n itro g en  w ere also used . Frozen  sections were cu t a t  —20 °C, th en  air-dried 
and  fixed  in acetone for 10 m in  a t  4 °C. The sections were s to red  a t  —20 °C and  used for 
irnm unohisto logy  w ith in  a week.

H u m an  m ilk fa t  g lobule m em brane  an tig en  (M FGM A) w as iso lated  by  P N A  affin ity  
ch ro m a to g rap h y  and  a po lyclonal, m onospecific a n tib o d y  w as g enera ted  ag a in st th e  p rotein  
m o ie ty  of the  an tigen  in ra b b it  as described elsew here [9]. T he in d irect im m unoperoxidase  
m eth o d  was used for im m u n o sta in in g .

T he reac tion  p ro d u c ts  w ere v isualized by  e ith e r 3,3’-d iam inobenzid ine-H C L  (DAB, 
Serva) or 3 -am ino-9-ethv lcarbazo l (Sigm a).

Lectin  histochemistry

L ectins from  p e a n u t (PN A ) and U lex europaeus (U E A  I) labelled w ith  horseradish  
p erox idase  were pu rch ased  from  Sigm a. D eparaffin ized  and re h y d ra ted  sections were trea ted  
w ith  labelled lectins (10 /zg/m l, 30 m in, room  tem p era tu re ) . A fter in cu b a tio n  th e  slides were 
w ashed  th ree  tim es in  PB S . L ectin  b ind ing  sites were v isualized  by m eans of 3-ainino-9- 
e thy lcarbazo l. To u ncover th e  m asked  b ind ing  sites for PN A , tissue sections w ere p re trea ted  
w ith  neuram in idase  (N -P N A  reac tio n ; 0.1 U n euram in idase /m l, V ibrio Cholerae, Boehring).

C ytokera tin , v im e n tin , desm in, N -P N A , U E A -I and MFGMA were tes ted  on skin, 
to n sil, nasopharyngeal ep ith e liu m , b ronchial ep ithe lium , m am m ary  g land , stom ach , small 
and  large in testines, u r in a ry  b lad d er, p ro s ta te  and  s tr ia te d  m uscle as positive  and negative 
con tro ls. All the  te s t  m a te ria ls  were ro u tin e ly  processed using  10%  fo rm alin  as fixative.

Electron microscopy

In  selected cases, w here  electron  m icroscopy was done, sm all blocks o f  th e  tissues were 
fix ed  in 2.5%  g lu ta ra ld eh y d e , p o stfix ed  w ith  1%  0 s 0 4 and  d eh y d ra ted  in g raded  acetone. 
U ltra th in  sections w ere s ta in ed  w ith  lead  c itra te  and u ran y l ace ta te , th en  exam ined in a 
J E O L  100 C electron  m icroscope.
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R esu lts

(1) R e a c t i v i t y  p a t t e r n  o f  a n t i s e r a  w i t h  n o r m a l  t i s s u e s

T he re a c tiv ity  o f  th e  an tibod ies to  c y to k e ra tin  (CK), v im en tin  an d  
desm in  was co n sis ten t w ith  reports on im m unohisto log ica l and biochem ical 
s tud ies [22, 26, 37]. Tw o exceptions w ere, how ever, fo u n d : (i) a ra th e r  sligh t 
an d  equivocal p o s itiv ity  for CK w as seen in  th e  ep ith e liu m  th ro u g h o u t th e  
g astro in te s tin a l t r a c t ;  (ii) the  a n tib o d y  d irec ted  ag a in st v im en tin  ex h ib ited  
consisten t n e g a tiv ity  in  lym phoid cells, th e  n e g a tiv ity  being  in d ep en d en t of 
th e  norm al or m a lig n a n t n a tu re  of th e  cells and  of w h e th e r fo rm ol-para tfin  
sections, frozen sec tions or cy topreps w ere used.

A fte r n eu ram in id ase  tre a tm e n t P N A  (N -PN A ) re a c te d  d is tin c tly  w ith  
th e  ep ithe lia l cells o f m am m a ry  glands, p a r tic u la rly  w ith  th e ir  apical m em brane 
and  w ith  th e  secreted  m ate ria l. Slight to  s tro n g  p o sitiv ity  w as seen in  s tra tif ie d  
squam ous ep ithe lium , u ro the lium , in th e  m em branes of podocy tes and  in th e  
tu b u la r  ep ithe lium  o f th e  k idney, in  b ro n ch ia l ep ithe lium  and  pneum ocy tes I 
as well as in  th e  co lu m n ar epithelium  o f p ro s ta tic  g lands. N -PN A  was p ra c ­
tic a lly  nega tive  in  n o rm a l g astro in te s tin a l ep ithe lium  an d  m ucus w ith  th e  
excep tion  of th e  su p ran u c lea r do t-like s ta in in g  of th e  Golgi regions in th e  
g lan d u la r ep ithe lium  o f th e  stom ach. T he ep ithe lium  o f th e  tonsilla r c ry p ts  
an d  of th e  n a so p h a ry n x  were positive w ith  U E A -I; how ever, th ey  failed  to  
show  b in d in g  for N -P N A .

The re a c tiv ity  of th e  an tibody  d irec ted  against th e  p ro te in  m oie ty  o f 
th e  P N A  recep to r in  th e  hum an m ilk  fa t  globule m em branes followed th e  
reac tio n  p a tte rn  of N -P N A  except for th e  s tro n g  p o s itiv ity  of tonsil c ry p t 
ep ith e liu m  and  co lu m n ar epithelium  o f th e  g as tro in te s tin a l t r a c t  as well as th e  
n e g a tiv ity  for MFGM A o f  the  m em branes o f podocytes.

(2) I m m u n o -  a n d  le c t in  h i s to c h e m ic a l  f i n d i n g s  i n  t u m o u r s

T he age and  sex o f  th e  pa tien ts , th e  sites of the  b iopsies, th e  reac tio n  
p a tte rn s  o f th e  tu m o u rs  w ith  the an tib o d ies  and  lectins, th e  h istopatho log ic  
d iagnoses and  th e  lo ca tio n s of th e  p rim a ry  tu m o u rs  are sum m arized  in T ab le  I. 
The com bination  o f  th e  ro u tin e  h istologic m ethods w ith  im m uno- and lec tin  
h is to ch em istry  enab led  th e  histogenesis in  34 ou t of 38 tu m o u rs  (90% ) to  be 
estab lished . M oreover, in  26 out of 38 cases (68% ) an  assessm ent of th e ir  
d iffe ren tia tio n  or som e ind ica tio n  of th e  loca tio n  of th e  p rim ary  tu m o u rs  
could be  given. In  fo u r cases (No 14, 17, 20, 22) th e  tu m o u r cells failed to  show  
an y  p o sitiv ity  w ith  th e  an tibodies and  lec tin s  used. T h u s, on ly  4 ou t o f 38 
tu m o u rs  (approx . 10% ) rem ained  unclassified .
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T ab le  I О4̂
The clinical data and the results o f  immunohistological J ind ing  in 38 tumours

No.
Age/sex

(yrs) Location N-PNA UEA-I MFG MA CK V D Ia Diagnosis’1 Prim ary tum our1

1 6 0 urin ary  b ladder + n.d. — — — n.d. p ro sta tic  carcinom a0 pro sta tic  gland
2 8 2  $ l.n ., inguinal — — + + — — n.d. p ro s ta tic  carcinom a0 p rosta tic  gland
3 5 5  5 urin ary  b ladder + — + + — — n.d. p ro sta tic  carcinom a0 pro sta tic  gland
4 4 9  9 l.n., axillar + — + + — — n.d. adenocarcinom a breast
5 14 <? l.n., cervical — + + + — — — N P C nasopharynx
6 6 7  <J l.n., cervical — — + — — — — epithelial tum our lung
7 7 8  $ colon — — + — — n.d. epithelial tum our colon
8 6 3  $ l.n., cervical — — + 4- — n.d. epithelial tum our unknow n
9 8 0  $ l.n., cervical + — + — — — n.d. adenocarcinom a th y ro id  gland

10 7 6  Ç l.n., cervical — — — — — — + m alignant lym phom a l.n.
11 3 $ l.n., ax illar — — — — — — — neuroblastom a'1 adrenal gland
12 3 5 ? l.n ., cervical — — + + — — n .d . epithelial tum our unknow n
13 5 7  S l.n., cervical + — + + — — — adenocarcinom a unknow n
14 7 3  9 l.n., inguinal — — — — — — n.d. anap lastic  tu m o u r unknow n
15 3 i  <j bone m arrow + — + n.d. n.d. n.d. + adenocarcinom a stom ach
i 6 7 0  c? l.n., cervical — — + — — — n.d. epithelial tu m o u r unknow n
17 3 8 l.n., cervical — — — — — — n.d. anap lastic  tum our lung
18 5 7  9 l.n ., cervical — + + — — — n.d. N P C nasopharynx
19 5 4  <? l.n., cervical — -f ~r — — — N P C nasopharynx
20 6 6  9 l.n ., ax illar — — — — — — n.d. anap lastic  tum our unknow n
21 7 2  S l.n., inguinal — — + _j_ — — n.d. ep ithelial tum our unknow n
22 5 5  9 l.n., ax illar — — — — — — n.d. anap lastic  tum our unknow n
23 5 6  9 l.n., ceivical — — + + — — — epithelial tu m o u r ovary
24 7 0  $ epipharvnx — + - + — —- n.d. N P C ep ipharynx
25 74 l.n., axillar + — + + + — adenocarcinom a stom ach
26 75 l.n., cervical — + + + — — n.d. N P C nasopharynx
27 6 3  9 l.n., abdom inal + — + + — — n.d. adenocarcinom a unknow n
2 8 7 4  $ l.n., cervical + — — — — - n.d. adenocarcinom a stom ach
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29 69 ? l .n ., in g u in a l + — — —
30 34 $ p a ro tid  g lan d - + + +
31 67 <J l.n ., cerv ica l — — + +
32 36 c? re tro p e r ito n e u m — + + +
33 13 cJ re tro p e r i to n e u m — — — —
34 54 $ l .n ., in g u in a l n .d . — — +
35 60 <? l .n ., a x illa r - — —
36 32 $ l .n ., ce rv ica l — + +
37 52 £ l .n ., ce rv ica l ■ — + —
38 50 $ sk in + ' — - 1- +

— n.d. adenocarcinom a colon
— n.d. NPC p aro tid  gland
— — oat-cell caieinom ag'1 lung
— n.d. m esotheliom a re troperitoneum
-f n.d. liposarcom a l e troperitoneum
+ — — adenocarcinom a thyro id  gland
— + m alignant lym phom a l.n.
— n.d. hypernephrom a kidney
+ — — adenocarcinom a colon
— n.d. Merkel cell tu m o u r6 skin

NPC
l.n.

N -PN A
U E A -I

MFGMA
CK
+

n.d.

nasopharyngeal carcinom a 
lym ph node
peanut agglutin in  a fte r neuram inidase trea tm en t
U lex  eu ro p a e u s  a g g lu tin in  I
hum an m ilk fa t globule m em brane antigen
cy to k era tin ; Y =  v im en tin ; D  =  desm in, la  =  la  antigen
positive
negative
no t done
diagnosis m ade by rou tine  pathologic s tu d y  supplem ented  w ith  im m unohistology, lectin  h istochem istry  as well as elec­
tron  m icroscopy
p rim ary  tu m o u r unknow n m eans th a t  e ither th e  clinical-radiological exam ination  gave negative resu lts or th e  p a tien t
dropped ou t th e  follow-up
pro sta te  specific acid phosphatase  positive
VJB-C5 positive
neurofilam ent positive
in tra - or in tercellu lar lum inal m em brane sta in ing  was absen t
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Table II

Histogenetic subtyping o f  tum ours (n  — 38)

E pithelial 28/38 74%
N euroectoderm al 3/38 8%
M alignant lym phom a 2/38 5%
Non-m uscle sarcom a 1/38 3%
Myogenic 0/38 0%
U nclassified 4/38 10%

Total 38 100%

Table III

The distribution o f  M F G M A , C K  and N -P N A  reactivity 
among the epithelial tum ours (n  =  28)

M FGM A+
CK +
N -PN A  +

M FGM A+ +  CK +
MFGMA + +  CK + +  N -PN A  +

M FGM A+ +  N -PN A  + 
M FGM A+ +  N -PN A  “ 
M F G M A ' +  N -PN A  +

24/28 86%
18/28 64%
1 1/28 39%

16/28 57%
5/28 18%
9/28 32%

15/28 54%
2/28 7%

Am ong th e  classifiable tu m o u rs  th e  ep ith e lia l ones (28 o u t of 38) re ­
p resen ted  the  overw helm ing  m a jo rity  (74% ). In  add ition , th e re  were 3 (8% ) 
tu m o u rs  of n eu ro ec to d erm al origin, 2 (5% ) m alignan t lym phom as, 1 (3% ) 
non-m uscle sarcom a, w hereas m yogenic tu m o u rs  were ab sen t in  th is  series 
(T able II).

(a) E p i t h e l i a l  m a r k e r s .  The d iagnosis o f ep ithe lia l tu m o u r w as estab lish ed  
w hen e ither M FGM A or CK, or b o th  w ere show n to  be p resen t o r ea rly  secre­
to ry  a c tiv ity  could  be d em o n stra ted  b y  m eans o f N -PN A  (T able I I I ) .  M FGM A 
p o sitiv ity  proved  to  be th e  m ost con sis ten t fea tu re  of ep ithe lia l tu m o u rs  (in 
24 ou t of 28 n eop lasias, 86% ). I t  was follow ed b y  CK being p re sen t in 18 ou t 
o f 28 cases (64% ), w hereas sec re to ry  a c tiv ity  was d e tec ted  in  11 o u t o f  28 
m alignancies (39% ). G landu lar ep ithe lia l origin was estab lished  only  in  those  
cases when besides th e  in trace llu la r do t-like  s ta in in g  of the Golgi regions in t r a ­
ce llu la r v acu o la r or lum inal m em b ran e  sta in in g s were seen w ith  N -P N A . 
A sh ift from  th e  lum inal m em brane  to  do t-like  cy top lasm ic s ta in in g  w as 
observed w ith  increasing  anap lasia . I t  is rem arkab le  th a t  am ong th e  11 
tu m o u rs  w ith  N -P N A  p o sitiv ity  th e re  were on ly  5 (No 3, 4, 13, 25, 17) show ing  
al so MFGMA an d  CK re a c tiv ity  (F ig . 1). T h ree  of them  p ro v ed  to  be o f g la n ­
d u la r  epithelial o rig in , w hereas in 2 cases th e  p rim ary  tu m o u rs  were u n k n o w n  
a t  th e  tim e of th is  s tu d y .
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F ig . 1. M etas ta tic  adenocarcinom a (No 25). a. CK (x 2 5 0 ) ;  b. and  c. M FGM A and  N -P N A , positive ly  s ta ined  in tra  (arrow )-, 
a n d  in te rce llu la r (arrow head) lum en-like s tru c tu re s  (X 4 0 0  and  X 250); d. v im en tin  positive  p a ran u c lea r w hirl-like s tru c ­

tu res  (arrow s, X 400)

H
IST

O
G

E
N

E
S

IS
 O

F M
E

T
A

ST
A

T
IC

 T
U

M
O

U
R

S



108 L . P A J O R  e t  a l .

Fig. 2. M etasta tic  p ro s ta tic  carcinom a (N o 2). a. H aem atoxylin -eosin  ( X 100); b. CK ( X 400); 
c. PSA P ( X 100); d. M FGM A sta in ing  a t  lu m in a l m em branes (arrow s) of th e  neoplastic  cells

( X 250)

Acta Morphologica Hungarica 36, 1988
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Fig. 3. M etastasis of oa t cell carc inom a (No 31). a. H aem ato x - 
y lin-eosin ( X 250); b .  CK (x 4 0 0 ) ;  c  m onoclonal an tib o d y  
V I B- C5 ( X 400)
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F ig. 4. M etastasis of M erkel tu m o u r (No 38). a. EM  whirl-like a rra n g e m e n t of in te rm ed ia te  
filam en ts (IF , X 8300); 6, c, d and  e do t-like  cy top lasm ic  p o sitiv ity  (arrow s) fo r cy to k era tin , 

n eu ro filam en t, M FGM A an d  w ith  N -PN A  ( X 400)
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Fig. 5. M esenchym al tu m o u r (liposarcom a) (No 33). a. G iem sa sta in in g  (x 4 0 0 ) ;  b .  dot-like  cy top lasm ic p o s itiv ity  for 
v im en tin  (arrow s, x 4 0 0 ); c. EM w hirl-like a rran g em en t o f in te rm ed ia te  filam en ts  stu d d ed  w ith  m itochondria  ( X 13 000); 

d .  EM  lipid d rop lets (LD ) and  bundle  of in te rm ed ia te  filam en ts  ( IF , X 26 000)
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Fig. 6. M etasta tic  adenocarcinom a (No 34). a. H aem atoxy lineosin  ( X 400); b. and  c. s trong  p o sitiv ity  for CK and vim en- 
tin  (x 4 0 0 ) ;  d  and  e. EM g lan d u la r s tru c tu re  w ith  m icrovilli (MV) in th e  lum en, th e  su rround ing  cells con ta in  secretory  g ra n ­
ules (G), in te rm ed ia te  filam en ts (IF ) , to n o filam en ts  (arrow s) and desm osoine-like ju n c tio n a l com plexes (arrow heads)

( X 5000 and X 20 000)
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Fig. 7. M etas ta tic  adenocarcinom a (No 37). a and  b. D ot-like  cy top lasm ic  (arrow ) and  lum inal m em brane  sta in in g  (a rro w ­
head) w ith  N -PN A  and  for MFGM A (x 4 0 0 ) ;  c .  in tensive  p o sitiv ity  for v im en tin  ( X 400); d .  EM  m itochondria  and  in te r ­

m ed ia te  filam en ts  in th e  poorly  d iffe ren tia ted  cy top lasm  ( x 3 3  000)
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I t  is also w o rth  m en tio n in g  th a t  o f  th e  24 M FGM A positive  tum ours 
on ly  9 (32% ) show ed s im u ltan eo u s re a c tiv ity  to  N -P N A  and  M FGM A whereas 
15 tu m o u rs  failed to  e x h ib it a N -PN A  b ind ing  p ro p e rty  (Fig. 2). M oreover, 
th e re  were tw o cases o f  neop lasia  in  w hich lu m in a l m em brane s ta in ing  by 
N -P N A  was no t acco m p an ied  w ith  anti-M FG M A  b inding .

F ig . 8. M etastasis of n aso p h a ry n g ea l carcinom a (No 19). a. H aem atoxy lin -eosin , in filtra tin g  
cells (arrow s) in  th e  p a ra fo llicu la r  space, GC germ inal cen tre  (XlOO ); 6, c an d  d anap lastic  
cells positive  for M FGM A, CK an d  w ith  U E A -I (arrow s) (x 4 0 0 ) ;  e , f .  EM  desm osom es (D) 

an d  in te rm ed ia te  filam ents ( IF )  (X 8300)
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(b) T u m o u r s  o f  n e u r o e c t o d e r m a l  o r ig in .  O ut of th e  tu m o u rs  w ith  a defin ite  
diagnosis of neu roec toderm al orig in  tw o proved  to  he positive fo r MFGMA 
an d  CK (No 31, 38) and to  (No 11, 31) w ith  a n tib o d y  (VIB-C5) in d ica ting  
th e ir  neu roep ithe lia l n a tu re  (F ig . 3). In  ad d itio n  to  th e  M FGM A and CK 
re a c tiv ity  th e  tu m o u r cells in case No 38 showed do t-like  cy top lasm ic  p o sitiv ity  
w ith  N -PN A  an d  for n eu ro filam en t p ro te in  (F ig. 4).

(c) V i m e n t i n  r e a c t i v i t y .  F o u r (No 25, 33, 34, 37) ou t o f th e  38 in v estig a ted  
tu m o u rs  were positive for v im e n tin  h u t none for desm in. One o f th e  v im en tin  
positive tu m o u rs  (No 33) p ro v ed  to  he only v im en tin  reac tive  in d ica tin g  its 
m esenchym al origin (Fig. 5), th e  o th e r th ree  ex h ib ited  s im u ltaneous re a c tiv ity  
for ep ithelia l m arkers (Figs 1, 6 an d  7).

(d) U E A - 1  r e a c t i v i t y .  Seven tu m o u rs  (No 5, 18, 19, 24, 26, 30 and  32) 
show ed U E A -I s ta in ing , and  all o f th em  were also positive  fo r a t  least one of 
th e  ep ithe lia l m arkers (Fig. 8). In  five  ou t o f 7 th e  su b seq u en t clinico-radio- 
logical in v estiga tions revealed  th e  p rim ary  tu m o u rs  to  he s itu a te d  in  the  
n aso p h a ry n x  w hereas in  th e  rem ain in g  tw o in  th e  p a ro tid  g land  an d  in  the  
re tro p erito n eu m .

(e) l a  a n t i g e n .  T hree (No 10, 15, 35) out of 13 tu m o u rs  w ere p ositive  for 
l a  an tig en  in  c ry o s ta t sections, tw o  of th e  th ree  failed to  reac t w ith  an y  of 
th e  an tibod ies or lectins used. H ow ever, th e  th ird  (No 15) w as re a c tiv e  w ith  
M FGM A and  ex h ib ited  secre to ry  a c tiv ity  as well.

(f) E le c t r o n  m i c r o s c o p i c  f i n d i n g s .  In  the  few cases w here e lec tron  m icro­
scopy was m ade find ings con firm ed  th e  h istogenetic  a ssu m p tio n  based  on 
im m uno- and lec tin  h is to ch em istry . In  cases No 6 an d  19, bund les o f in te r ­
m ed ia te  filam en ts  and  desm osom e-like ju n c tio n a l com plexes w ere observed 
(F ig . 8). In  case No 34, in  a d d itio n  to  th e  desm osom es an d  to n o filam en ts , 
ea rly  signs of g lan d u la r d iffe ren tia tio n  w ith  lum en-like fo rm atio n s, lined  w ith 
m icrovilli, su rrounded  w ith  ep ith e lia l cells con ta in ing  secre to ry  g ranu les were 
seen (Fig. 6). In  case No 37 a large n um ber of in te rm ed ia te  filam en ts  were 
observed  w hereas secreto ry  g ranu les could n o t be revealed  (F ig. 7). In  case 
No 33, tu m o u r cells were h eav ily  packed  w ith  in te rm ed ia te  f ilam en ts  and  a 
large n u m b er o f lip id  drop le ts w ere seen (Fig. 5). T he tu m o u r cells in No 38 
co n ta ined  a large n u m b er of in te rm e d ia te  filam en ts fo rm ing  w hirl-like s tru c ­
tu res as well as n eu rosecre to ry  g ranu les (Fig. 4).

D iscussion

The aim  o f th e  p resen t s tu d y  was to  es tim ate  th e  efficacy of im m uno- 
h isto logy  and  lec tin  h is to ch em istry  in  estab lish ing  th e  histogenesis o f a n ap la s ­
tic tu m o u rs . A m ong th e  m arkers s tu d ie d  th e  IF P s  h av e  recen tly  been  ta k e n  
for reliable and  h igh ly  specific in d ica to rs  of th e  know n em bryon ic  p a th w a y s  of
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d iffe ren tia tio n  [2, 3]. I t  is also know n th a t  tu m o u r  cells, even in  m étastasés, 
re ta in  th e  specific I F P  p a tte rn  of the correspond ing  norm al cells [21].

F ixa tion  s ig n ifican tly  influences th e  im m unohisto log ica l dem o n stra tio n  
o f IF P s . The use of frozen  sections was u n d o u b ted ly  th e  m ost re liab le  m ethod ; 
nevertheless, a n u m b e r of au th o rs  rep o rtin g  on I F P  ty p in g  used form ol- 
p a ra ff in  sections [17, 34, 35]. The resu lts can  be im p ro v ed  b y  alcohol f ix a ­
tio n  [2].

W hen th e  an tib o d ie s  used in  th e  p resen t s tu d y  were te s te d  on form ol- 
p a ra ff in  sections, a s tro n g , d is tinc t and specific reac tio n  was seen in all the 
cells and tissues w here  i t  was to  be expected . N evertheless, tw o po in ts need 
som e consideration . F ir s t ,  th e  re a c tiv ity  of g a s tro in te s tin a l ep ithe lium  w ith 
th e  polyclonal a n tib o d y  d irected  against c y to k e ra tin  was n o t unequivocal. 
B ecause th is a n tib o d y  w as p rep ared  p red o m in en tly  ag a in st 56 kD  and  64 kD 
c y to k e ra tin  filam en ts , th e  poor re a c tiv ity  of th e  g a s tro in te s tin a l t r a c t  ep ith e ­
liu m  is likely to  be d u e  to  th e  failure of th is  a n tib o d y  to  re a c t w ith  cy to ­
k e ra tin  proteins o f low er m olecular w eight w hich are m ore ch a rac te ris tic  of 
co lu m n ar ep ithe lium  [38]. Second, we were n o t ab le to  d em o n stra te  v im entin  
in  lym pho id  cells o f  d iffe ren t origins. This is su rp ris in g  because v im en tin  has 
re c e n tly  been d e m o n s tra te d  a t least in th e  lym p h o id  e lem ents of th e  T-zone 
as well as in m a lig n an t lym phom as [13, 14].

B y m eans o f com bined  app lica tion  of im m unoh isto logy  and  lectin  h isto ­
ch em istry  abou t 9 0 %  o f tu m o u rs  was classified. These resu lts  are in good 
ag reem en t w ith th a t  w as rep o rted  b y  P oston  and S idhu [28] in  th e ir  recent 
s tu d y .

T u m o u r s  o f  e p i t h e l i a l  o r i g in

(1) M F G M A  r e a c t i v i t y .  M FGM A p o s itiv ity  proved  to  be th e  m ost con­
s ta n t  featu re  of th e  ep ithe lia l origin: 86%  of ep ithe lia l tu m o u rs  expressed 
th is  antigen. S im ilarly , Z o tte r  e t al. [42] rep o rted  90%  re a c tiv ity  in  non- 
m am m ary  ep ithe lia l tu m o u rs  using  a m onoclonal a n tib o d y  (MAM-6) against 
h u m a n  MFGMA on p a ra ff in  sections. I t  should  be m en tioned  th a t  on th e  basis 
o f  biochem ical an d  im m unological analysis M FGM A iso la ted  b y  PN A  affin ity  
ch ro m ato g rap h y  seem s to  be very  sim ilar if  no t id en tica l w ith  th e  ep ithelial 
m em brane an tigen  [9]. T hus the  wide tissue  specific ity , includ ing  sim ple, 
squam ous and s tra tif ie d  ep ithe lia , of th e  a n tib o d y  against M FGM A used in 
th is  s tu d y  m ay ex p la in  th e  su p erio rity  of M FGM A as an  ep ithe lia l m arker.

(2) C y to k e r a t in  r e a c t i v i t y .  E pithe lia l tu m o u rs  w ere positive for CK in 64% . 
T h is resu lt is s im ilar to  th e  57%  reac tiv ity  found  b y  Schlegel e t al. [35] using 
form ol-paraffin  sec tions.

Studies on CK b iochem istry  led to  th e  recogn ition  th a t  s tra tif ic a tio n  
a n d  kera tin iza tio n  re su lt in  a sh ift of CK p o ly p ep tid e  expression  to  higher
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ap p a re n t m olecular w eight [41]. C onsequen tly , th e  specific ity  range of the  
a n tib o d y  used b y  us m akes th e  d em o n stra tio n  o f CK of co lum nar ep ithelia l 
ty p e  som ew hat u n ce rta in . This m ay  be one of th e  fac to rs  responsib le for th e  
low er v a lu e  of an ti-C K  in ep ithelia l tu m o u rs . N onetheless, only  5 o u t o f 11 
tu m o u rs  w ith  sign of an early  secre to ry  a c tiv ity  were reac tiv e  to  CK. A lthough  
Moll e t al. [22] did no t rep o rt any  sign ifican t changes in  th e  CK p a tte rn  due 
to  m a lig n an t tran sfo rm a tio n , th is o b se rv a tio n  suggests th a t  in th e  above- 
m en tioned  cases th e  m alig n an t tra n sfo rm a tio n  m ay  have been accom panied  
w ith  a sh ift of CK profile . This assu m p tio n  was fu r th e r  su p p o rted  b y  th e  
fin d in g  of s trong  CK re a c tiv ity  in one of th e  tu m o u rs  (No 34) in w hich  electron  
m icroscopy revealed in te rce llu la r lu m in a  lined w ith  m icrovilli. Besides fine 
and  sc a n ty  IF s  th e re  w ere, how ever, also rough  bund les co rrespond ing  to  
to n o filam en ts , w hich are  p resen t all b u t exclusively  in  squam ous epithelial 
cells [12].

(3) N - P N A  r e a c t i v i t y  : s e c r e to ry  p o t e n t i a l .  N -P N A  specific to  th e  te rm in a l 
D -g a lac tosy l-(l-3 )-N -ace ty l-D -ga lac tosam ine  m o ie ty  has recen tly  been show n 
to  be an  excellen t m ark e r of early  sec re to ry  a c tiv ity  [8, 18]. In  a d d itio n , PN A  
re a c tiv ity  seem s to  closely paralle l th e  estrogen  recep to r s ta tu s  in m am m ary  
carcinom as [16]. O ur resu lts  confirm  th a t  N -PN A  is superio r to  th e  PA S 
reac tio n  in  d em o n stra tin g  early  secre to ry  a c tiv ity  (11 N -PN A  p o sitive  and  
PAS n eg a tiv e  tu m o u rs  vs. one tu m o u r w ith  com bined  re a c tiv ity , d a ta  n o t 
show n). T h ree  typ es of N -P N A  sta in in g  w ere observed : do t-like cy top lasm ic  
cy top lasm ic  vacuo la r an d  in tra lu m in a l sta in in g . D epending  on the  m a tu r ity  
of th e  tu m o u r  the  la t te r  tw o were m ore or less p ronounced  p ro b ab ly  in d ica tin g  
secre to ry  m alfunc tion  w ith  com plete or incom plete  inh ib itio n  of secretion . 
D ot-like cy top lasm ic  s ta in in g  in  itse lf  is n o t in d ica tiv e  of an  an ap lastic  adeno­
carc inom a because a n u m b er of neop lasias inc lud ing  m elanom a, m a lig n an t 
h istiocy tosis  and  M erkel tu m o u r w ere found  to  show  th is  fea tu re  [10, 27].

N e u r o e c t o d e r m a l  tu m o u r s

Tw o o u t of th ree  tu m o u rs  considered  to  he of n eu ro ec to d erm al origin 
proved  to  be positive for MFGM A and  CK in d ica tin g  th a t  these m ark ers  are 
reliable an d  overall in d ica to rs  of th e  ec to d erm al origin. T he CK re a c tiv ity  of 
oa t cell carc inom a su b s ta n tia te s  th e  recen t fin d in g  of B lohel et al. [6], how ever, 
it c o n tra d ic ts  th a t  of L eh to  e t al. [21], w ho found  n e g a tiv ity  for CK in o a t 
cell carc inom as. The tu m o u r diagnosed as n eu ro b las to m a  m etastasis  failed  to  
show p o s itiv ity  for an y  of th e  m arkers su p p o rtin g  th e  find ing  of O sborn  et 
al. [25]. A lthough  th e re  are  c o n trad ic to ry  re p o rts  reg ard in g  th e  I F P  co n ten t 
of M erkel cell tu m o u rs  [15, 33, 39], th e  com bined  re a c tiv ity  to  CK, neurofila- 
m cnt, N -P N A  and  to  M FGM A in case o f tu m o u r  No 38 spoke u n equ ivoca lly  
for a n eu ro ec to d erm al m alignancy  [27].
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C o e x p r e s s i o n  o f  v i m e n t i n  a n d  C K

As a rule a single cell ty p e  is ch a rac terized  b y  a single I F P  [39]. T here 
a re , how ever, ex cep tio n s am ong b o th  no rm al an d  tran sfo rm ed  cells [3, 4, 7, 26]. 
A lth o u g h  tu m o u r cells do re ta in  th e ir  orig inal I F P  p a tte rn  in th e  course of 
d issem ination , som etim es th e y  ad d itio n a lly  acqu ire  v im en tin , a phenom enon  
re fe rred  to  as v im en tin iza tio n  [29]. G enerally , v im en tin iza tio n  is considered to  
o ccu r w hen tu m o u r cells spread  in  body  flu ids re su ltin g  in  p leu ra l effusion or 
asc ites  [30]. In  th re e  o f our cases we d em o n stra ted  th e  presence of v im en tin  
in  solid m étastasés o f ep ithe lia l tu m o u rs  w hich m igh t be due to  th e  v im en ­
tin iza tio n .

U l e x  e u r o p a e u s  a g g l u t i n i n  1 r e a c t i v i t y

The histogenesis of n asopharyngea l carc inom a (NPC) is som ew hat co n ­
tro v e rs ia l, b u t, in  th e  ligh t of recen t in v estig a tio n s, th e  balance is ju s t  lean ing  
to w ard s  the re sp ira to ry  ep ithe lia l origin [36]. B esides th e  ch a rac te ris tic  CK 
p ro te in  p a tte rn , N PC  cells have  recen tly  been  found  to  h ind  p re fe ren tia lly  to  
th e  fucose specific U E A -I lec tin . The d iffe ren tia l d iagnostic  value of th is  
fe a tu re  was em phasized  [23]. In  our h ands th e  com bined  re a c tiv ity  to  U E A -I 
a n d  M FGM A/CK p ro v ed  to  be a v e ry  reliab le d iagnostic  too l in  d iffe ren tia tin g  
N P C  from  o th e r ep ith e lia l tu m o u rs  or from  m a lig n an t lym phom as.

I a  a n t ig e n  r e a c t i v i t y

On the basis o f Ia  an tig en  re a c tiv ity , tw o  tu m o u rs  (No 10, 35) w ere 
d iagnosed  as m a lig n an t ly m p h o m a [32]. H ow ever, in  c o n tra s t to  th e  o b se rv a ­
tio n  of O sborn e t  al. [26] an d  G abb ian i e t al. [11] as well as in  ag reem en t 
w ith  th a t  of G iorno [13] an d  Giorno and  Scio tto  [14] we w ere unab le  to  
d em o n stra te  v im e n tin  in  ly m p h o m a cells. Ia  an tig en  has also been d e tec ted  
in  a series of non -haem ato log ic  cells and  tu m o u rs  [1, 40]. In  case o f tu m o u r  
N o 15, positive fo r I a  an tigen , th e  s im u ltaneous re a c tiv ity  to  N -P N A  an d  
M FGM A helped us in  estab lish ing  th e  g lan d u la r origin.

A cknow ledgem ent

The au th o rs  th a n k  Prof. D r. W . K n ap p  (D e p a rtm e n t of Im m uno logy , U n iv ersity  of 
V ienna) for p rov id ing  th e  m onoclonal a n tib o d y  V IB -C 5, as well as H e in te l G m bH  (V ienna) 
fo r  th e  an ti-cy to k e ra tin , an ti-d esm in  and  a n ti-v im en tin  an tibodies.

Acta Morphologica Hungarica 36, 1988



H I S T O G E N E S I S  O F  M E T A S T A T IC  T U M O U R S 119

R E F E R E N C E S

1. A ichinger G, F ill H , W ick G: In  s itu  im m une com plexes, ly m p hocy te  su b p o p u la tio n s, and
H L A -D R -positive  ep ithelial cells in  H ash im oto  th y ro id itis . L ab  In v e s t 52: 132, 1985

2. A ltm annsberger M, O sborn M, S chauer A, W eber K : A ntibodies to  d iffe ren t in te rm ed ia te
filam en t p ro te in s. Cell type-specific  m arkers on p a raffin -em bedded  h u m an  tissues. L ab 
In v est 45: 427, 1981

3. A ltm annsberger M, W eber K , H ölscher A, Schauer A, Osborn M: A ntibodies to  in te r­
m ediate f ilam en ts  as d iagnostic  tools. Lab In v e s t 46: 520, 1982

4. A ltm annsberger M, W eber K , D ro ste  R , O sborn M: Desm in is a specific m arker for
rh ab d o m yosarcom as of h u m an  an d  r a t  origin. Am  J  P a th o l 118: 85, 1985

5. A ub JC , T ieslan C, L ank ester A: R eactions of no rm al and  tu m o u r cell surface enzym es I.
W heat germ  lipase  and associated  m ucopolysaccharides. P roc N a tl A cad Sei USA 50: 
613, 1963

6. B lobel GA, G ould У Е , Moll R, Lee I, H uszár M, Geiger B, F ran k e  W W : Coexpression of
neuroendocrine  m arkers an d  ep ith e lia l cy to skele ta l p ro teins in  b ro n chopu lm onary  
neuroendocrine  neoplasm s. L ab In v e s t 52: 39, 1985

7. Caselitz J ,  J ä n n e r  M, B re itb a rt E , W eber K , O sborn M: M alignant m elanom as co n ta in
only the  v im e n tin  ty p e  of in te rm ed ia te  filam en ts. V irchow s A rch (P a th o l A n a t) 400: 
43, 1983

8. F ischer J ,  K lein  P J ,  V ierbuchen M, S k u tta  B, U h len b ru ck  G, F ischer R : C harac teriza tion
of g lycoconjugates of h u m an  g a s tro in te s tin a l m ucosa by  lectins. I. Ilis tochem ica l 
d is trib u tio n  of lec tin  b inding sites in norm al a lim en ta ry  t ra c t  as well as in benign and 
m alignan t g a s tr ic  neoplasm s. J  H istochem  C ytochem  32: 681, 1984a

9. F ischer J ,  K lein  P J ,  F a rra r  G H , H an isch  FG , U h len b ru ck  G: Iso la tion  and  chem ical and
im m unochem ical ch arac te riza tio n  of the  p ean u t-lec tin -b in d in g  g lycopro tein  from  h u ­
m an m ilk-fa t-g lobule  m em branes. B iochem  J  224: 581, 1984b

10. F ischer J , K lein  P J :  D ifferen tia l diagnosis of an ap las tic  gastric  cancers by  lectins. Lectins
4: 101, 1985

11. G abbiani G, K ap an c i Y, B arazzone P h , F ran k e  W W : Im m unochem ica l id en tifica tio n  of
in term ed iate-sized  filam en ts in h u m an  neoplastic  cells. Am  J  P a th o l 104: 106, 1981

12. G hadially  FN : Is  i t  a squam ous cell carc inom a or an  adenocarc inom a? In : G hadially
FN , (ed.) D iagnostic  E lectro n  M icroscopy of T um ours. B u tte rw o rth , L ondon, B oston 
1980, pp  68-78

13. Giorno R : Im m unoh istochem ica l analysis of th e  d is tr ib u tio n  of v im e n tin  in  h u m an  p eri­
pheral ly m p h o id  tissues. A n a t R ec 211: 43, 1985

14. Giorno R, S cio tto  CG: Use of m onoclonal an tibod ies fo r analyzing  th e  d is tr ib u tio n  of th e
in te rm ed ia te  f ilam en t p ro te in  v im e n tin  in h u m an  non-H o d g k in ’s ly m phom as. Am  J  
P a th o l 120: 351, 1985

15. G ray C: M erkel cell carcinom as. H isto p a th o lo g y  7: 803, 1983
16. H elle M, K ro h n  K : R eac tiv ity  of a  m onoclonal a n tib o d y  recognising an  estrogen  recep to r

regu la ted  g ly co p ro te in  in re la tio n  to  lectin  h isto ch em istry  in b re a s t cancer. V irchows 
A rch (P a th o l A n a t)  410: 23, 1986

17. Ja sa n i B, E d w ard s R E , T hom as N D , G ibbs A R : T he use of v im en tin  an tibod ies in  th e
diagnosis o f m a lig n an t m eso theliom a. V irchow s A rch  (P a th o l A n a t) 406: 441, 1985

18. K lein  P J ,  C itoler P , N ew m an R A , U h len b ru ck  G: Die B ed eu tu n g  von  L ek tin -R ezep to ren
fü r das C arcinom a lobulare  in  s itu  (C LIS) der M am m a. V erh  D tsch  Ges P a th  63: 591, 
1979

19. K n ap p  W : M onoclonale an tik ö rp er in  de r L eukäm ied iagnose. D iagnose u n d  L abor 35: 12,
1985

20. L eh m an  T P , Cooper H S , M ulholland SG: P e a n u t lec tin  b ind ing  sites in tran s itio n a l cell
carcinom a of th e  u r in a ry  b ladder. C ancer 53: 272, 1984

21. L eh to  V P , S ten m an  S, M iettinen  M, D ahl D, V irtan en  I: E xpression  of a n eu ra l ty p e  of
in te rm ed ia te  f ila m en t as a d istingu ish ing  fea tu re  be tw een  o a t cell carc inom a an d  o th er 
lung  cancers. A m  J  P a th o l 10: 113, 1983

22. Moll R , F ran k e  W W , Schiller D L: T he cata log  of h u m an  cy to k e ra tin s: p a tte rn s  of ex p res­
sion in n o rm al ep ith e lia , tu m o u rs  a n d  cu ltu red  cells. Cell 31: 11, 1982

23. M öller P , L en n e rt K : On th e  a n g io s tru c tu re  o f ly m p h  node in  H o d g k in ’s disease. An
im m unoh istochem ical s tu d y  using  th e  lec tin  I o f U lex europaeus as en d o the lia l m arker. 
V irchows A rch  (P a th o l A n a t) 403: 257, 1984

24. M öller P , W irbel R , H ofm ann  W , Schw echheim er K : L ym p h o ep ith e lia l carc inom a
(Schm incke ty p e )  as a d eriva te  o f th e  tonsilla r c ry p t ep ithe lium . V irchow s A rch  (P a th o l 
A n a t) 405: 85, 1984

Acta Morphologica Hungarica 36, 1988



120 L . P A J O R  e t  a l.

25. O sborn  M, A ltm an n sb e rg er M, Shaw  G, S chauer A, W eber К : V arious sy m p a th e tic  derived
hu m an  tu m o rs d iffe r in  neu ro filam en t expression. V irchow s A rch (P a th o l A n a t) 40: 
141, 1982

26. O sborn M, W eber K : T u m o u r diagnosis b y  in te rm ed ia te  f ila m en t ty p in g : a novel tool for
surgical p a th o lo g ist. L ab  In v e s t 48: 372, 1983 :

27. P a jo r  L, Balázs M, B alogh  J ,  B rittig  F , Jo ó s L, L inse R , Scholz M, Suba Zs, T ó th  P
U ltra s tru c tu ra l, le c tin  h istochem ical an d  im m unohisto log ical observations on  M erkel 
cell tum ours. P a th  R es P ra c t 181: 45, 1986

28. P osto n  RN, S idhu  Y S : D iagnosing tu m o u rs  on ro u tin e  surgical sections b y  im m uno-
h istochem istry : use  o f c y to k e ra tin , com m on leukocy te  and  o th er m arkers. J  Clin 
P a th o l 39: 514, 1986

29. R am aekers F , P u ts  J ,  M oesker O, K a n t A, J a p  P H K  V ooijs G P , D em o n stra tio n  of
k e ra tin  in h u m an  adenocarc inom as. A m  J  P a th o l 111: 213, 1983a

30. R am aekers FCS, H aag  D, K a n t A, M oesker O, J a p  P H K , V ooijs G P: C oexpression of
keratin - and  v im e n tin - ty p e  in te rm ed ia te  filam en ts in h u m an  m e ta s ta tic  carcinom a 
cells. Proc N a tl A cad  Sei USA 80: 2618, 1983b

31. R am aekers FCS, M oesker O, H u y sm an s A, S ch aart G, W este rh o f G, W ag en aar SS,
H erm an C J, V ooijs G P : In te rm ed ia te  f ilam en t p ro te in s in th e  s tu d y  of tu m o r h e te ro ­
geneity: an  in -d e p th  s tu d y  of tu m o rs  of th e  u rin a ry  an d  re sp ira to ry  t ra c t.  A nn  NY 
A cad Sei 455: 614, 1985

32. R itz  J , Griffin J D :  Cell-surface an tig en s in acu te  leukem ia. Ia  an tigen . In : M inich,
E  (ed.) Biological responses in cancer, Vol. 1: P rogress to w ard  p o ten tia l app lications. 
P lenum  P u b lish in g  C orporation , N ew  Y ork  1982, pp  4-5

33. R u ite r  D J , v a n  M uyen  G N P, W arn aar SO: In te rm ed ia te  f ilam en ts  in M erkel cell tum ours.
J  Pa tho l 145: 120A, 1985

34. Said JW , N ash G, B anks-Schlegel S, Sassoon A F , M urakam i S, S h in tak u  IP : K e ra tin  in
hum an  lung  tu m o rs . P a tte rn s  of localization  of d ifferen t-m olecu lar-w eigh t k e ra tin  
proteins. Am  J  P a th o l 113: 27, 1983

35. Schlegel R, B anks-Schlegel S, M cLeod JA , P in k u s GS: Im m u noperox idase  localization  of
k eratin  in h u m an  neoplasm s. Am J  P a th o l 101: 41, 1980

36. Shi S-R, G oodm an M L, B ilan  A K , P ilch  BZ, Chen L B , Sun T-T: Im m unoh istochem ica l
s tu d y  of n a so p h a ry n g ea l carcinom a using  m onoclonal k e ra tin  an tibodies . Am  J  P a th o l 
117: 53, 1984

37. Sun T-T, Shih C, G reen H : K e ra tin  cy toskele tons in ep ith e lia l cells of in te rn a l organs.
Proc N atl A cad Sei USA 76: 2813, 1979

38. Tseng SchCG, J a rv in e n  M J, Neison W G, H uan g  J-W , W oodcock-M itchell J ,  Sun T-T:
C orrelation of specific  k e ra tin s  w ith  d ifferen t types of ep ithe lia l d iffe ren tia tio n : m ono­
clonal a n tib o d y  stud ies . Cell 30: 361, 1982

39. V irtanen  I, M ie ttin en  M, L ehto  V -P , K arin iem i А -L, P aasiv u o  R : D iagnostic  app lication
of m onoclonal a n tib o d ies  to  in te rm ed ia te  filam en ts. A nn NY  A cad Sei 455: 635, 1985

40. W ilson BS, H erzig  MA, L loyd RV: Im m unoperox idase  s ta in in g  for Ia-like  an tig en  in
paraffin  em b ed d ed  tissues from  h u m an  m elanom a and lung  carcinom a. A m  J  P a th o l 
115: 102, 1984

41. W oodcock-M itchell J ,  E ich n er R , N elson W G, Sun T-T: Im m uno localiza tion  of k e ra tin
polypeptides in  h u m an  epiderm is using  m onoclonal an tibod ies . J  Cell Biol 95: 580. 1982

42. Z o tte r S, L ossn itzer A, K unze K -D , M üller M, H ilkens J ,  H ilgers J ,  H agem an  P H : E p i­
thelial m ark ers  fo r p araffin -em bedded  h u m an  tissues. Im m u n o h isto ch em istry  w ith 
m onoclonal an tib o d ies  ag a in st m ilk fa t globule an tigens. V irchow s A rch (P a th o l A nat) 
406: 237, 1985

Acta Morphologica Hungarica 36, 1988



A cta Morphologica H ungarica, 36 (1 — 2 ) , p p . 121 — 132 (1988)

EFFECT OF CADMIUM ON THE RAT INTESTINE

D. H u L Í N S K Á ,  M. V o j T Í S E K ,  D. B l T T N E R O V A ,  M. C l K R T ,  Y .  H ü L Í N S K Y

INSTITUTE OF H Y G IE N E  AND EPIDEM IOLOGY, PRAG U E VèCHT, LABORATORY 
OF ELECTRON MICROSCOPY, PR A G U E, CZECHOSLOVAKIA

(R eceived 30 M ay 1987)

The effect o f cadm ium  on r a t  je ju n a l m ucosa w as observed a fte r  ap p lica tio n  of 
CdCl2 doses: acu te  single (32.5 mg • kg - 1 ) or com bined (32.5 -|- a f te r  24 h 162.5 
m g • k g - 1 ) and chron ic  (250 mg • 1— daily  consum ption  10 ml for 3 m o n th s). In h ib i­
tio n  of m ucosal re sp ira tio n , m easured  by  a C lark electrode was 44, 50.4 an d  38.4%  
respec tive ly , as re la te d  to  100%  of contro ls. M etallo th ionein  was d e te rm in ed  in th e  
m ucosa for com bined and  chronic doses.

E lectron  X -ra y  m icroanalysis has show n Cd2+ d istrib u tio n  in  dependence  on 
patho log ical changes: g re a te r  regressive changes caused sm aller Cd2+ re te n tio n . In  acu te  
ex p erim en ts Cd2+ p e n e tra te  by  passive diffusion th ro u g h  foci of dam aged  villi in to  th e  
lam in a  propria. In  c ry p t ab so rp tive  cells w ith  p reserved  alcalic p h o sp h a tase  an d  suc­
c in a te  dehydrogenase a c tiv ity  and in P a n e th  cells Cd2+ re ten tio n  was de te rm in ed . 
C om bined dose of Cd2+ dam aged  hom eostasis and p rev en ted  Cd2+ re ten tio n . In  chronic 
ex p erim en ts occurred a  diffuse d is trib u tio n  of Cd2+ in th e  m ucosa.

Keywords: M ucosal resp ira tion , m eta llo th io n e in , P a n e th  cells

Introduction

L ittle  is know n ab o u t th e  m echanism  of abso rp tio n  and  tra n sp o r t  of 
cadm ium  th ro u g h  th e  w all of sm all in te s tin e  in to  th e  organism  [8, 14]. P a th o ­
logical changes in  sm all in te s tin e  a fte r oral ap p lica tio n  of low Cd2+ doses were 
observed  by  R ichardson  and  Spivey-Fox [13]. T aguch i and  Suzuki [17] ascer­
ta in ed  v e ry  fast u p tak e  of Cd2+ by  ab so rp tiv e  cells and  its b ind ing  to  m e ta llo ­
th ionein  in  the  in te s tin a l m ucosa. Also th e  presence of cellular organelles in 
cadm ium  storage has n o t been fu lly  explained . E v en  th e  opinion of S te ib e rt 
e t al. [15] ab o u t th e  im p o rtan ce  of m itoch o n d ria  in  sto rage  and  tra n s p o r t  o f 
cadm ium  is of a re la tiv e  v alue  only, as well as b ind ing  of cadm ium  to  cellu lar 
nuclei, as supposed b y  G oyer and  W ilson [5].

T he aim  of th is  s tu d y  is to  c o n trib u te  to  th e  u n d e rs tan d in g  of tra n s p o r t  
m echanism  of cadm ium  in g as tro in tes tin a l t r a c t  a fte r its  oral en try .

Send o ffp rin t req u est to : D. H ulínská, In s t i tu te  of H ygiene and  E pidem io logy , E lec tro n  
M icroscopy, P rague , é ro b áro v a  48, 100 42, Czechoslovakia
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Materials and methods

E xperim en ts w ere perform ed on fem ale W ista r ra ts ,  average w eight 200-250 g. In  an 
a cu te  te s t w ith  a  single dose (a) ra ts  w ere given in  e th e r narcosis 32.5 mg • kg - 1 CdCl2 on th e  
f i r s t  day  by gavage. T h is  dose was effective for 24 h . In  acu te  te s t w ith  com bined doses (b) 
r a ts  were p rem ed ica ted  w ith  an oral dose of 32.5 m g • k g - 1  CdCl2 for 24 h  before th e  ap p lica ­
tio n  of second oral dose o f 162.5 mg • k g -1  CdCl2 b y  gavage . Second dose w as effective for 
1 h , in  resp ira tio n  te s ts  also for 3 h. In  chronic  te s ts  (c) ra ts  were d rin k in g  daily  10 ml 
on  average a so lu tion  w ith  250 m g • 1—1 CdCl2 for 3 m o n th s . C ontrol ra ts  d ran k  d istilled  
w a te r  only. A fter 3 m o n th s  ra ts  were killed by  d e ca p ita tio n  and  a fte r lap a ro to m y  th e  je ju n u m  
w as isolated.

For biochem ical s tu d y  th e  je ju n u m  w as soaked w ith  a cold saline and  m ucosa was 
sc rap ed  by  m eans of m icroscopic  glass. O xygen co n su m p tio n  w as m easured  on je ju n a l m ucosal 
scrap ing  in a K re b s -R in g e r  p h o sp h a te  buffer (p H  =  7.4) b y  m eans of Clark electrode in  a 
glass vessel a t  37 °C, p ro v id ed  w ith  m ag n e tic  stirrin g . F o r ran g e  calib ra tio n  air oxygen a t  th e  
s ta r t  and n itrogen  a t  th e  end  of m easu rem en t were used .

D e term in a tio n  o f m eta llo th io n e in  in th e  je ju n a l m ucosa cytosol was perform ed accord­
in g  to  Squibb e t al. [14]. A fter p rev ious m ucosa h o m ogen isa tion  and cen trifu g a tio n  in cold 
m ucosal cytosol w as se p a ra ted  on a ch ro m ato g rap h ic  co lum n w ith  Sephadex  G-75. In d iv id u a l 
frac tio n s were m easu red  sp ec tro p h o to m etrica lly  on U n icam  SP-1800 and a tom ic  abso rp tio n  
spec tro p h o to m eter V a rian  T ech tro n  AA 175 was used  fo r cadm ium  d e te rm ination .

For h istochem ical s tu d y  th e  je ju n u m  was frozen in  liqu id  n itrogen  and cu t on c ry o cu t 
(R eichert). Succinate  d ehydrogenase  (SD H ) ac tiv ity , Mg2+ adenosine tr ip h o sp h a ta se  (A TPase) 
a c tiv ity  as well as acid  (A cP) and alcalic (A1P) p h o sp h a tase  activ ities  were d e term ined  acco rd ­
ing  to  L ojda and P a p o u se k  [9].

A nother p a r t  o f th e  je ju n u m  w as fix ed  in  B ak er’s n e u tra l  fo rm aldehyde , d eh y d ra ted  
an d  em bedded in p a ra ff in . E n erg y  dispersive sp ec tro m ete r (E D S) to g eth e r w ith  Jeo l JC X  II 
m icroscope was used  fo r th e  s tu d y  of u l tra th in  je ju n a l sections in  transm ission  (ТЕМ ), scanning 
(SEM ) and scanning  tran sm iss io n  (STEM ) m ode. Sam ples fo r X -ray  m icroanalysis were fixed  
e ith e r w ith  2,5 g lu ta ra ld e h y d e  in  0.1 m ol • 1“ 1 caco d y la te  b u ffer or were snap  frozen in liqu id  
n itrogen  and freeze su b s titu te d  w ith  1%  osm ium  te tro x id e . A fte r d eh y d ra tio n  w ith  acetone 
sam ples were em bedded  in  E pon  812.

For u l tra s tru c tu ra l  s tu d y  tissue was fix ed  w ith  K a rn o v sk y ’s g lu ta ra ld eh y d e-p a ra- 
fo rm aldehyde f ix a tiv e  in  T h y ro id  buffer, p o stfix ed  w ith  1%  O s 0 4, d eh y d ra ted  and  em bedded  
in  E pon. T hin  sections w ere m o u n ted  on Cu or A1 grids, carbonized  for STEM  and  SEM  s tu d y  
or s ta ined  w ith  u ra n y l a ce ta te  (UA) or lead  c itra te  (LC) fo r ТЕМ  stu d y . F o r d e te rm in a tio n  
of selected a rea  com position  w ith  E PM A  follow ing con d itio n s were chosen: 80-100 kV, 80 (lA. 
em ission cu rren t, slope ang le  45°, d e tec to r d istance  21 m m , sam pling  tim e 200 s.

Results

B iochem ically , th e  effect of Cd2+ on th e  re sp ira tio n  of je ju n a l m ucosa 
an d  in d uc tion  o f m e ta llo th io n e in  (MT) w ere observed. T he resu lts  o f th e  
effects of cad m iu m  on oxygen co n su m p tio n  of m ucosa are dep ic ted  in  
T ab le  I. B o th  acu te  (a, b) an d  chronic (c) te s ts  cadm ium  caused  s ign ifican t 
in h ib ition  of re sp ira tio n . In  acu te  te s ts  w ith  com bined  doses (b) degree of 
in h ib ition  w as increasin g  w ith  d u ra tio n  o f CdCl2 exposure.

The p resence o f m e ta llo th ione in  in d u c tio n  in  m ucosa was n o t de te rm in ed  
in  acu te  (a) te s ts  b u t  in  acu te  (b) te s ts  MT w as d em o n stra ted  even if  m icro ­
analysis has n o t p ro v ed  cadm ium . T he p resence of MT was confirm ed also in  
chronic ex p erim en ts  (Table I).
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Table I

Inhibition o f  respiration by cadmium in je ju n a l mucosa scraping

Application CdCIj dose Exposure period Inhibition

Acute single (a )
Controls 0 0
E x p erim en t 32.5 mg • kg - 1 24 h 44%

Acute combined (b)
Controls 0 0
E xperim en t 32.5 +  162.5

m g • k g '1
24 +  1 h 50.4%

E xperim en t 32.5 +  162.5 24 +  3 56.3%

Chronic (c)
Controls 0 0
E xperim en t 250 mg • l -  1 

10 m l/d ay /ra t
3 m onths 38.4%

All inh ib ition  values are re la ted  to  100%  value of controls. All inh ib itions are s ta tis ­
tica lly  significant, t-te st: P  <  0.01

H i s t o c h e m i c a l  c h a n g e s

In  all experim en ts  th e re  w ere h isto logically  p roved  focal lesions in  th e  
je ju n a l m ucosa. M orphological changes corresponded to  h istochem ical a lte ra ­
tions w hich in  tu rn  depended  on th e  e x te n t of lesions:

In  acu te  (a) te s ts  foci o f regressively  changed  villi w ith  v acu o la r d y s­
tro p h ic  cells w ere seen. A t th e  base  of the  c ry p ts  no dam aged gob le t and 
P a n e th  cells occurred . F rom  th e  b ru sh  border of th e  group o f villi in  lesion 
a rea , A IP  a c tiv ity  has d isappeared  (F ig . 1). In  th e  su rro u n d in g  villi an d  c ry p ts  
o u ts id e  lesions A IP  a c tiv ity  w as de tec ted , th o u g h  sm aller th a n  in  con tro ls . 
No Mg2+ A T Pase was show n in ab so rp tiv e  cells o f villi in lesion a rea . C ryp ts 
w ere sligh tly  positive . In  ab so rp tiv e  dystroph ic  cells o f villi no SD H  a c tiv ity  
could  be d em o n stra ted  while i t  w as p resen t in  th e  c ry p ts . A cP a c tiv ity  was 
increased  in  lam in a  p ropria  a t th e  base.

In  acu te  (b) te s ts  th ere  w ere ex tensive regressive villous changes, th e ir  
cells w ere necro tic . B rush  bo rder w as ab sen t or g rea tly  reduced . H y p e rtro p h ic  
goblet cells covered m ucosal su rface . Patho log ical p ro d u c t form ed g ranu les in 
th e  m ucus of goblet cells, b u t also in  en terocy tes an d  p lasm  of m ucosa h is tio ­
cy tes. A IP  and  Mg2+ A TPase ac tiv itie s  d isappeared  en tire ly  from  th e  reg res­
sively  changed m ucosa. S D H -active  sites were rare .

In  chronic (c) te s ts  m icroscopic lesions appeared  in  th e  m ucosa, focally  
affecting  iso lated  villi. Bases of ab so rp tiv e  cells form ed vacuoles. G oblet cells 
were unchanged . A IP  a c tiv ity  w as decreased in  iso la ted  ab so rp tiv e  cells a t 
th e  to p  of villi an d  n egative  in th e  focus of regressively  changed  c ry p ts  (F ig . 2). 
O utside lesion foci th e re  was a m ark ed  SD H  ac tiv ity .
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F ig. 1. R a t je ju n u m . A cu te  Cd2+ dose (a). M icrovillar bo rd er (m v) of d am aged  villi has no 
A1P a c t iv ity  co n tra ry  to  und am ag ed  v illi. (Arrow ). X250 

F ig. 2. R a t je ju n u m . C hronic  Cd2+ dose (c). Local A1P a c tiv ity  decrease in th e  base of villi
and cryp ts . (A rrow ). X 250
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F ig . 3. R a t  je ju n u m . A cute Cd2+ dose (a). D ila ta tio n  of in te rce llu la r connections (ic) of 
a b so rp tiv e  cells, sw elling of m ito ch o n d ria  (m ) and d ila ta tio n  of endop lasm atic  re ticu lu m  (er).

X 14 800
F ig . 4. R a t je ju n u m . A cute Cd2+ dose (b). Necrosis in th e  m icrovillar bo rd er (m v) and in the 

cy top lasm  a fte r  fusion  of la te ra l connections. X7600
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Fig. 5. R a t je junum . C hronic Cd2+ dose (c). N orm al goblet cells (gc) and m icrovillar border 
(mv) b u t  vacuo lizing  m itochondria  (in) of a b so rp tiv e  cells (ac). X4900 

Fig. 6. R a t je junum . C hronic C d -f dose (c). V acuolization  of P a n e th  cells (PC) and in filtra tio n
of lam ina  propria. (Arrow ). X 4900
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U l t r a s t r u c tu r a l  c h a n g e s

In  acu te  (a) te s ts  u ltra s tru c tu ra l changes occurred  in  th e  ab so rp tiv e  cells 
o f villi. N um erous vacuoles in  cells o rig inated  from  sw ollen m itochondria , 
som e of w hich were su rro u n d ed  b y  a double m em b ran e  and  co n ta in ed  iso lated  
c ristae , while o thers w ere covered  by  a single m em b ran e  only . A bsorp tive 
cells in  c ry p ts  w ere n o t vacuo lized  and  in th e  m ito ch o n d ria  h ad  an  electron- 
dense m atrix . P a n e th  cells o f c ry p ts  con tained  g ranu les. P lasm a cells in  lam ina 
p ro p ria  h ad  d ila ted  en d o p lasm atic  re ticu lum  (Fig. 3).

In  acu te  (b) te s ts  ex ten siv e  changes w ere a ffec ting  b o th  th e  absorp tive  
an d  goblet cells. N ecro tic  cells p ro tru d e d  in to  th e  lum en  (F ig. 4). M icrovilli in 
th e  necro tic  focus w ere red u ced , shortened  an d  w ith o u t f ilam en ts . Goblet 
cells also suffered from  necrosis, th e ir  nuclei being  py cn o tic  or vacuolized. 
In  th e  secreted  m ucus e lec tron  dense granules w ere seen. C ry p t P a n e th  cells 
w ere also vacuolized.

In  chronic (c) te s t  vacuo lized  absorp tive  cells show ed focal a lte ra tio n s. 
G oblet cells were unch an g ed  (F ig . 5). T ight ju n c tio n s  o f ab so rp tiv e  cells were 
d ila ted  and  filled w ith  vesicles in  some places. P a n e th  cells w ere vacuolized, 
nuclei of c ry p t ab so rp tiv e  cells w ere active. In  th e  lam in a  p ro p ria  m acro­
phages w ith  g rea tly  vacuolized  cy to p lasm  (Fig. 6) w ere en co u n tered .

E le c t r o n  p r o b e  m i c r o a n a l y s i s

X -ra y  spec trum  of je ju n a l m ucosa has show n in  acu te  an d  chronic tests  
the presence of cadm ium  K a an d  lines. M icrovillar b o rd e r, ab so rp tiv e  and 
goblet cells, la te ra l m em branes an d  nuclei of P a n e th  cells and  lam in a  propria  
in th e  m ucosal hase were in v es tig a ted . Point m icroanalysis d id  no t prove the  
presence of Cd2 + in  m itochondria .

X -ray  spec tru m  in  acu te  (a) te s ts : d o tted  line dep ic ts p rev ious liver 
analysis from  th e  sam e ex p erim en t and  below th e re  is an  analysis of p roper 
ab so rp tiv e  cells of v illi base (F ig . 7). D iffuse Cd2+ d is tr ib u tio n  in  th e  cy to ­
p lasm  of abso rp tive  cells as show n by  surface analysis in  STEM  (Fig. 8). 
H igher Cd2+ d is trib u tio n  ap p eared  in  cryp ts. In  SEM  m ode, th e  d is trib u tio n  
of Cd2+ in la te ra l m em branes of cells surface analysis w as asce rta in ed  (Fig. 9).

In  acu te  (b) te s ts  E D S analysis did not d e tec t Cd2+ e ith e r in th e  m ucosal 
ep ithe lium  or in th e  lam in a  p ro p ria . In  the  p a th o log ica lly  changed  cryp ts 
th e re  was no Cd2+ re ten tio n . C adm ium  applied p ro b ab ly  en te red  th e  blood 
system  th ro u g h  th e  changed  m ucosa.

In  chronic (c) te s ts  th e re  ap p ea red  to  be an e lev a ted  Cd2+ co n ten t in 
c ry p t base and lam ina p ro p ria . E D S  system  did  n o t p rove th e  presence of 
Cd2+ e ith e r  in th e  m icrovillar b o rd e r or in  ab so rp tive  cells. R e te n tio n  of Cd2 +
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Fig. 7. R a t je ju n u m . A cute  Cd2+ dose (a). X -ray  sp ec tru m  of je ju n a l m ucosa base. D o tted
line: liver analysis. X 10 000

Fig. 8. R a t je ju n u m . A cute  Cd2+ dose (a). Surface Cd-’+ analysis in  th e  ab so rp tio n  cells (ac), 
d e m o n s tra tin g  d iffused d is tr ib u tio n  of cadm ium  ions. (A rrow ). X 10 000
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in  c ry p t base was p ro v ed  by  X -ray  peaks, whicli w ere higher th a n  those in 
acu te  te s ts  (Fig. 10). Surface analysis has show n a diffuse d is tr ib u tio n  of 
cadm ium .

D iscussion

Findings suggest th a t  cadm ium  influences th e  re sp ira tio n  o f je ju n a l 
m ucosa depending on dose and  len g th  of exposure. Degree of resp ira tion  
in h ib itio n  in these ex p e rim en ts  is low er th a n  th a t  from  in v itro  te s ts  [22, 23]. 
I t  is in teresting , th a t  in h ib itio n  of re sp ira tio n  by  a single acu te  dose is com ­
p a rab le  to  decrease show n for oxygen con su m p tio n  in  chronic te s ts . A n ex p la ­
n a tio n  of th is m ay be t h a t  th e  to ta l re ta in e d  q u a n tity  of cadm ium  in chronic 
te s ts  is near to  th e  a m o u n t used in  acu te  single dose (a) te s ts . L ong-term  
app lica tion  of Cd2+ in  low er co n cen tra tio n s sim u ltan eo u sly  causes in  th e  
in te s tin e  a b ind ing  o f to x ic  Cd2+ in to  MT, while th e  rem ain ing  cadm ium  
produces s tru c tu ra l focal changes. T hese changes m ay  lead  to  decreased  resp i­
ra tio n  levels.

F unc tiona l changes are in  ag reem en t w ith  u ltra s tru c tu ra l an d  histo- 
chem ical findings. T he resu lts  from  our acu te  chronic te s ts  in d ica te  various 
degrees of p e rm eab ility  changes of cellu lar m em branes in  th e  je ju n a l m ucosa, 
w hich  operates as a sieve. C um ulation  of Cd2+ in  u n d am ag ed  cells w as dem on­
s tra te d  by  X -ray  m icroanalysis . In  te s ts  w ith  com bined  doses (b) cadm ium  
was no t proved in path o lo g ica lly  changed  m ucosa or in chronic te s ts  cadm ium  
was found diffusedly in  th e  c ry p t ep ith e liu m  and  lam ina  p rop ria . In  p a th o ­
logically  changed sp o ts  th e  re ten tio n  o f Cd2+ e ith e r did no t occur and  cadm ium  
was rap id ly  tra n sp o r te d  by  th e  blood in to  th e  liver [24] or was lo w er th a n  th e  
d e tec tio n  lim it.

T ruchet 119] d e te c te d  L i+ by  using a in icroanalyzer in th e  liv er in  con­
cen tra tio n s  higher th a n  10 mg I ]. H a r t  e t al [6] po in ted  out MT by  im m uno- 
cy to ch em istry  in th e  lu n g  b u t using th e  LAMMA m eth o d  th e y  found  no cad ­
m ium . B inding of cad m iu m  to  MT in in te s tin a l or liver cytosol has been  proved 
b y  Squibb et al 114].

In  agreem ent w ith  A ungst and  F u n g  [1] we p resum e, th a t  w ith  increased 
dam age to  the  m ucosal ep ithelium  a h igher degree of passive diffusion in m etal 
tra n sp o rt can be supposed .

In  chronic ex p erim en ts  th e  p rob lem  of defense of organism  against 
cadm ium  to x ic ity  b y  MT is discussed [3, 18, 20, 25].

A ccording to  o u r resu lts  th e  m ag n itu d e  of p rem ed ica tion  dose is signifi­
can t. In  our te s ts  w ith  com bined doses (b) th e  f irs t dose was h igher th a n  th a t ,  
used by  Y oshikaw a [25] and  Cherian [3]. S im ilarly  to  Y oshikaw a [25], we 
found  regressive changes leading to  je ju n a l m ucosa necrosis.

In  our acu te  (b) te s ts  ra ts  w ere su rv iv in g  an d  in  chronic te s ts  th e re  were
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no p a tho log ica l find ings in th e  liver even  if  th e  in tes tin e  h ad  focal lesions in 
m ucosal ep ithe lium . A ccording to  M orita  [11] a defensive m echanism  ag a in st 
Cd2+ to x ic ity  develops a lread y  in  th e  in te s tin e .

Cells of ab so rp tiv e  villi are m ore sensitive  to  th e  to x ic  Cd2+ in fluence  
th a n  gob le t and  P a n e th  cells [4, 21]. R ichardson  and  S p ivey-F ox  [13] o b ­
served  dense deposits o f Cd2 + in  en d o th e lia l and  in ab so rp tiv e  cells o f  th e  
quail. S im ilarly  to  H o lt an d  W ebb [7] we presum e, th a t  th e  speed  an d  
degree o f  Cd2+ tra n s p o r t  in to  the  in te s tin e  depend on dose. A ccord ing  to  
N o rd b erg  [12] in te s tin a l u p tak e  of cadm ium  is m uch g re a te r  th a n  its  t r a n s ­
p o rt in to  th e  body.

T he origin of b ind ing  places for Cd2+ a t th e  suhcellu lar level is n o t q u ite  
c lear y e t. T aguch i [16] observed  b in d in g  o f Cd2+ to  m em branes of ep ith e lia l 
cells. In  ou r te s ts  th e  presence of cad m iu m  could no t be p ro v en  in  in te s tin a l 
m ito ch o n d ria  by  p o in t m icroanalysis. T h is is consisten t w ith  u ltra s tru c tu ra l 
f in d in g  o f m itochondria l v acuo liza tion . Also M akashew  an d  V erbolovich  [10] 
described  m itochondria l changes u n d e r th e  effect o f lead . B ru n n e r and  
B ucher [2] supposed  th e  passage of cad m iu m  th ro u g h  th e  m ito ch o n d ria l 
m em brane .

In  all experim en ts th e  co rre la tio n  betw een  m ucosal re sp ira tio n  an d  
m ito ch o n d ria l s tru c tu ra l changes was a p p a re n t.

R E F E R E N C E S

1. A u n g s t B J , Fu n g  H L : K in e tic  ch arac te riza tio n  of in v itro  lead  tra n sp o r t  across th e  r a t
sm all in testin e . T oxicol A ppl P h arm aco l 61: 39, 1981

2. B ru n n e r G, B ucher T h: D e term in a tio n  of th e  q u a n tita tiv e  re la tio n sh ip  of o u ter a n d  in n er
m em b ran e  p ro te ins in r a t  liver m ito ch o n d ria  b y  m eans of enzym ology and  e lec tro n  
m icroscopy . F E B S  L e tte rs  6: 105, 1970

3. C herian MG, Goyer R A , Y alberg  LS: G a s tro in te s tin a l ab so rp tion  an d  organ d is tr ib u tio n
of o ra l cadm ium  chloride an d  cadm ium  m eta llo th ionein  in m ice. J  Toxicol E n v iro n  
H e a lth  4: 861, 1978

4. F o u lkes EC: Some d e te rm in a n ts  of in te s tin a l cadm ium  tran sp o rt in  th e  ra t. J  E n v iro n
P a th o l Toxicol 3: 471, 1980

5. G oyer R A , W ilson M H: L ead-induced  inclusion  bodies. L ab In v e st 32: 149, 1975
6. H a r t  B A , C herian MG, A ngel A: Cellular loca lization  of m etallo th ionein  in th e  lung  fo llow ­

ing rep ea ted  cadm ium  in h ala tio n . T oxicology 37: 171, 1985
7. H o lt D. W ebb M: In te s tin a l and hepatic  b in d in g  of cadm ium  in n e o n a ta l ra t. A rch T oxicol

52: 291, 1983
8. Kellő D , Sugaw ara  N, V oner C, Foulkes EC: O n th e  role of m eta llo th io n e in  in cad m iu m

a b so rp tio n  b y  r a t  je ju n u m  in situ . Toxicology 14: 199, 1979
9. L ojda  Z, P ap o u sek  F : Z ák lady  h istochem ického  p rû k azu  enzym û. S k rip ta , B rn o  1970

10. M akashew  K K , V erbolovich V P : Succina tedehydrogenase  and cy tochrom eox idase  o f d u o ­
d en u m  in  lead  in to x ica tio n . Izv  A kad  N au k  K az  SSR Ser Biol N au k  5: 59, 1967

11. M orita  S: Defense m echanism s against cadm ium  to x ic ity . I. A biochem ical and h isto log ical
s tu d y  of th e  effects of p re tre a tm e n t w ith  cad m iu m  on th e  acu te  oral to x ic ity  o f cad m iu m  
in  m ice. J p n  J  P h arm aco l 35: 129, 1984

12. N o rdberg  G F : E ffects and  Dose R esponse R e la tio n sh ip  of Toxic M etals. E lsevier, A m ste r­
dam  1976

13. R ich a rd so n  M E, Sp ivey-Fox  M R: D ie ta ry  cad m iu m  and en te ro p a th y  in  th e  J a p a n e se
quail. L ab  In v est 31: 722, 1975

14. S quibb  K S , Cousins R J ,  Silbon B L , Levin S: L iver and  in testinal m eta llo th ionein : F u n c ­
tio n  in  acu te  cadm ium  to x ic ity . E x p  Mol P a th o l 25: 163, 1976

9* Acht Morphologica Hungarica 36, 1988



13 2 D. HULÍNSKÁ ct al.

15. S te ibert E , K ro l B , Sow a B, G ralew ska K , K am in sk i M, K usz E : Cadm ium  induced
changes in th e  h is to en zy m atic  a c tiv ity  in liver, k idney  an d  duodenum  of p re g n an t 
ra ts . Toxicol L e t t  20: 127, 1984

16. T aguchi T: O b serv a tio n s on th e  d istrib u tio n  a n d  m o v em en t of cadm ium  in epithelial cells
of ra t  sm all in te s tin e  b y  lig h t and  electron  ra d io a u to g ra p h y . J  T oxicol E nviron  H e a lth  
15: 509, 1985

17. T aguchi T, Suzuki S: C adm ium  b ind ing  co m p o n en ts  in th e  su p e rn a ta n t fraction  of th e
sm all in te stin a l m ucosa  of ra ts  ad m in istered  cadm ium . N ippon  E iseigaku Zasslii 33: 
467, 1978

18. T erh aar CJ, Vis E , R o u d a b u sh  R L , F a ssen  D W : P ro tec tiv e  effects o f low doses of cadm ium
chloride ag a in s t su b seq u en t h igh oral doses in  th e  ra ts . T oxicol A ppl P h arm aco l 7: 
500, 1965

19. T ruchet M: Io n  m ic roanalysis in m eta l tox ico logy . In : E chlin  P , K aufm an  R, S. (eds)
Microscopica A c ta , (Suppl.) 2, M icroprobe A nalysis in B iology and  Medicine. H irzel 
Verlag, S tu t tg a r t  1978, p. 355

20. Valberg LS, H a is t  J ,  C herian  MG, D e laq u errie re-R ich ard so n  L, G oyer RA: C adm ium
induced e n te ro p a th y : C om parative  to x ic ity  o f cadm ium  chloride  and  cadm ium  th io - 
nein. .1 T oxicol E n v iro n  H e a lth  2: 963, 1977

21. V ictery  W, M iller C R , Fow ler BA: L ead accu m u la tio n  by  r a t  ren a l b rush  border m em ­
brane vesicles. J  P h a rm aco l E x p  T her 231: 589, 1984

22. V ojtísek M: In flu en ce  d u  cadm ium  sur le t r a n s p o r t  du  D-glucose p a r  la paroi chez le ra t.
J  Physiol P a ris  78: 51A, 1982

23. V ojtísek M: T he e ffec t of CdCl2 on th e  re sp ira tio n  of r a t  sm all in testin e  m ucosa. J  H yg
Epidem iol M icrobiol Im m u n o l 27: 381, 1983

24. V ojtísek M, H u lín sk á  D : U npublished  observations
25. Y oshikawa H : P re v e n tiv e  effects of p re tre a t m erit w ith  low dose of m etals on th e  acu te

toxicity  o f m e ta ls  in  m ice. In d  H ealth  8: 194, 1970

A c t a  M o r p l io lo g ic a  H i m g a r i c a  3 6 ,  1 9 8 8



Acta Morphologica Hungarica, 36 (1 —2), pp. 133 140 (1988)

THE STUDY OF STEROID HORMONES 
IN EPITHELIAL OYARTAN TUMOURS

I lo n a  P é t e r , É va  Gá t i , J .  S ug á r

RESEARCH IN STITU TE OF ONCOPATHOLOGY, NATIONAL OF ONCOLOGY, B U D A PEST, HUNGARY

(R eceived  3 Ju n e  1987)

W e exam ined  th e  estrad io l a n d  tes toste rone  co n te n t of 13 b en ig n , 5 border-line 
and 26 m alig n an t ep ithelial o v a ria n  tum o u rs w ith  th e  aid of an  in d ire c t im m uno­
peroxidase  m ethod . W hile th e  tw o  horm ones were ra re ly  d e tec ted  in  th e  epithelium  of 
benign tu m o u rs , th ey  were freq u e n tly  p resen t in  border-line  or m a lig n an t tum ours. 
In  cases w here th e  in te rs itia l su b s tan ce  of th e  tu m o u rs  was coupled  to  a glandular 
hy p erp lasia  of th e  en d om etrium , estrad io l p redom inance could be d e m o n s tra ted .

In  th e  ep ithelial cells of m a lig n an t tu m o u rs of cytological g rad e  2 o f th e  Broders 
g rad ing  system , w hich are of th e  h ighly  d iffe ren tia ted  and bo rd er-lin e  types, the  
sim ultaneous presence of estrad io l and  tes to s te ro n e  is m ore fre q u e n t (4/5 and 6/9) 
th a n  in poorly  d iffe ren tia ted  tu m o u rs  of g rades 3 and  4 (4/17).

In  th e  group of grade 2 w ith  b e tte r  prognosis, th e  tu m o u r cells also contain 
estradio l. S im ilar ten d en cy  can be  observed in p a tie n ts  w ith  p o o rly  d ifferen tia ted  
tum ours.

O ur o bservations refer to  th e  possible p rognostic  value  of th e  estrad io l con ten t 
of tu m o u r cells.

Keywords: O varian  tu m o u rs , ste ro id  horm ones

In tro d u c tio n

The ind irec t im m un p ero x id ase  m ethod  p roved  to  he su ita b le  to r the 
im m ed ia te  de tec tio n  o f stero id  h o rm o n e-co n ten t in tissues em b ed d ed  in  p a ra f­
fin  an d  fixed  in  form alin . T his m e th o d  has been used b y  sev era l researchers 
to  in v estig a te  ste ro id -co n ten t an d  localization  o f sex cord tu m o u rs  in the  
o v a ry  and  th e  te s tis  as well as in  case of b rea s t cancer an d  endo m etriu m  
cancer [5, 8, 9, 15, 17, 19]. H ow ever, th ere  are no sim ilar d a ta  availab le  for 
o v arian  tu m o u rs  of ep ithe lia l origin. In  th e  strom a of endocrino logically  active 
ep ith e lia l ov arian  tu m o u rs  enzym es h av in g  d irect co n tac t w ith  s te ro id  genesis 
have  been found [7, 14].

In  our previous in v es tig a tio n s  we exam ined  th e  p rogn o stic  value of 
h isto log ical g rad ing  system s in cases o f ovarian  tu m o u rs  of ep ith e lia l origin [4]. 
The p resen t s tu d y  was aim ed a t th e  d em o n stra tio n  of th e  e s trad io l and  te s to ­
ste rone  co n ten t of tu m o u rs  m en tio n ed  above, search ing  for possib le  correla­
tio n  betw een  th e  horm one c o n te n t an d  th e  grade of d iffe ren tia tio n .

Send o ffp rin t req u est to : Ilona  P é te r , R esearch  In s t, o f O n co patho l., N a tio n a l In st, of 
Oncology, B u d ap est, R a th  Gy. 7 -9 , H-1112 H u n g ary
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Materials and methods

P ara ffin  sections o f 10%  fo rm alin -fixed  tissue derived  fro m  border-line  and  benign 
tu m o u r cases [4] w ere p re p a re d , selected accord ing  to  d iffe ren t h isto log ical ty p es  of ovarian  
carcinom as, prev iously  g ro u p ed  as to  th e ir  g rade  of d iffe ren tia tio n . W e also perform ed the  
h isto logical ex am in atio n  o f th e  u teru s sen t to g e th e r w ith  th e  tu m o u rs . F o r d e tec tin g  endo­
genous estradio l and  te s to s te ro n e , in d irec t im m unperox idase  (P A P ) reac tio n  has been carried  
o u t according to  S te rn b erg e r e t al [18] u sing  Im m u n o sta in in g  S y stem s k its  (O rtho  Diagn. 
S y st. Inc . R aritan , N .Y . U SA ). As a p ositive  con tro l for endogenous estrad io l d isp lay , norm al 
o v a ry , for endogenous te s to s te ro n e  n o rm al te s tis  was used. F o r  n e g a tiv e  con tro l ex am inations 
we in cu b a ted  th e  sec tions w ith  n o rm al rab b it-se ru m  in stead  o f u sing  a p rim a ry  an tibody .

Results

The in te rce llu la r su lis tance o f th e  exam ined b en ig n  cystic  tu m o u rs  was 
positive  to  e strad io l (12/13) and  to  testo ste ro n e  (10/13) in  im m unperox idase 
reac tions in m ost cases (Table I). A ccording to  th e  re la tiv e  in te n s ity  of the  
reactions, estrad io l p redom inance  or th e  mere p resence  o f es trad io l could be 
observed  in  cases w here  th e  ben ign  ovarian  tu m o u r occurred  to g e th e r w ith  
g lan d u la r h y p erp lasia  of th e  en d o m etriu m , endom etriosis or B ren n er-tu m o u r 
(Table I, cases 1, 2, 4, 6, 9, 12, 13, an d  7). The h o rm o n e  co n te n t o f th e  tu m o u r 
cells could be d e m o n s tra te d  only  in  tw o cases (T able I , cases 1, 5).

Table I

Benign tum ours — Steroid hormone content in  the tum our cells 
and the stroma

H orm one content
Case Age . . U terus assoc. —
No. years Histol. type lesions epithelial strom al

estr. test. estr. test.

1 39 se rous gl. h y p l. end. + + + + +
2 48 se rous gl. h y p l. end. — — + + —
3 51 se rous — — — +
4 64 se rous gl. h y p l. end. — — + + +
5 21 m ucin o u s — + + + + + +
6 49 m u cin o u s +

serous en d o m etrio sis — — + —
7 53 m u cin o u s -f-

B ren n e r — — — + + +
8 53 m ucin o u s — — — + +
9 58 m ucin o u s f ib ro m y . — — + —

10 65 m ucinous f ib ro m y . — — + +
11 67 m ucin o u s — — — + + + +
12 78 m ucinous gl. h y p l. end. — — + + +
13 83 m ucin o u s gl. h y p l. end.

f ib ro m y . — — + + -j-

estr. =  estrad io l 
test. =  tes toste rone
gl. hypl. end. =  glandular hyperp lasia  of 

endom etru im
fibrom y. =  fibrom yom atosis

In te n s ity  of im m unperoxidase reaction 
+  -f- — strongly  positive

4- =  m oderate ly , slightly  positive 
— - negative
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Table II

Border-line tumours — Steroid hormone content 
in the tumour cells and stroma

Case
No.

Age
years H istol. type

U terus assoc, 
lesions

Hormone

epithelial 
estr. test.

content

stromal 
estr. test.

l 48 sero u s gl. h y p l. end .
f ib ro m y . + “ Г - f - r - r

2 55 serous gl. h y p l. en d . + + -j- 4 - +
3 56 serous gl. h y p l. end . — + 4 - + - f
4 63 serous gl. h y p l. en d .

f ib ro m y . + +  + + + +
5 65 m u c in o u s f ib ro m y . +  + + + +

Table III

M alignant tumours — Steroid hormone content in the tumour cells and the stroma

Horm on content
Case
No.

Age
years Histol. type

U terus assoc, 
lesions epithelial 

estr. test.
stromal 

estr. test.

l 35 serous +  + + + +  + +  +
2 36 serous — + + + +  +
3 41 serous fibrom y. + + + + +  +
4 47 serous — + +  + + +
5 48 serous — + + +  + +  +
6 48 serous — — + + +
7 54 serous — +  + + + +
8 60 serous — — + +  + +  +
9 62 serous fibrom y. — + + + +  +

10 64 serous — — + + - r
11 64 serous fibrom y. + + + + +
12 69 serous — — + + — + +
13 73 serous fibrom y. + — + +
14 28 m ucinous gl. hypl. end. — + — +
15 47 m ucinous fibrom y. + + +  + +  +
16 50 m ucinous fibrom y. — +  + — +
17 60 m ucinous gl. hypl. end. +  + + +  + +
18 60 m ucinous + — + +  +
19 71 m ucinous gl. hypl. end. +  + — +  + —
20 36 endom etr. — — + —
21 43 endom etr. adenocc. end. — + —
22 44 endom etr. ad enoacan th . end. + — + —
23 48 endom etr. -f-

m ucinous adenocc. end. — + + + +
24 48 endom etr. adenocc. end. + — +  + +
25 50 endom etr. — “Г + + -L

26 50 endom etr. adenocc. end. — + + +  +

e n d o m e tr . =  en d o m e tr io id
ad en o cc . end . =  a d e n o c a rc in o m a  o f  e n d o m e tr iu m
a d e n o a c a n th . end . =  a d e n o a c a n th o m a  of e n d o m e tr iu m
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Fig. 1. M ucinous tu m o u r o f border-line ty p e . M oderate ly  in ten se  estrad io l reac tion  in th e  
ep ithe lia l cells and  th e  s tro m a  (T able I I ,  case 5)

Fig. 2. In ten siv e  ep ith e lia l and s tro m atic  te s to s te ro n e  p o sitiv ity  on o th e r p a rts  o f th e
sam e tu m o u r

The ep ithe lia l cells in th e  tu m o u rs  of border-line  ty p e  (low m alignancy) 
con ta ined  e s trad io l (4/5) and  te s to s te ro n e  (5/5) (Talde I I ) .  In  th e  tu m o u rs  
accom panied b y  g lan d u la r h y p erp lasia  of th e  en d o m etriu m , reaction  of th e  
connective tissu e  teas more in tensive  for es trad io l th e n  for te s to ste ro n e  (Table
I I ,  cases 1, 2, 3, 4).

S im ilarly  to  th e  border-line ty p e , th e  presence of th ese  tw o stero id  h o r­
m ones could be observed  m ore o ften  in  th e  ep ith e liu m  of m a lig n an t tu m o u rs  
(Table I I I )  th a n  in  benign  ones. P ositiv e  e strad io l reac tio n  was recorded  in 
m ore th a n  h a lf  o f th e  cases (15/26) and  i t  w as even higher in  th e  case of te s to -
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Fig. 3. M ucinous carcinom a of cytological g rade  3. S tro n g  te s to s te ro n e  im m u n p ero x id ase  
reac tio n  in  th e  tu m o u r cells, th e  s tro m a  is sligh tly  positive  (Table I I I ,  case 16)

Fig. 4. An en dom etrio id  m alig n an t tu m o u r o f cy to logical g rade  2 (ad en o acan th o m a). E s ­
trad io l p o sitive , m odera te  reac tio n  in th e  cells o f th e  p av em en t ep ithe lium , th e  g lan d u la r 

ep ithe lium  and in  th e  in te rs ti tia l  cells (T able  I I I ,  case 25)

sterone p o s itiv ity  (19/26). In  one case the  tu m o u r  cells co n ta ined  no ho rm one 
a t all (T able I I I ,  case 21).

T he v a ria tio n  of ho rm o n e-co n ten t in tu m o u r cells could he observed  in 
all th ree  h isto logical ty p es, in som e cases b o th  horm ones s im u ltaneously , in 
o thers th e y  co n ta ined  c ith e r tes to ste ro n e  or es trad io l (Figs 1—4). T here  was 
no co rre la tio n  betw een  th e  ho rm o n e-co n ten t of th e  tu m o u rs  and  th e  age of 
th e  p a tie n ts .

The estrad io l p redom inance  of th e  connective tissue could be show n in 
two o f th re e  cases occurring  to g e th e r w ith  g lan d u la r h yperp lasia  of th e  endo-
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m etriu m  (Table I I I ,  cases 17, 19) and in th re e  of five cases w ith  endom etrium  
carc inom a (Table I I I ,  cases 21, 22, 24).

E xam in in g  th e  s te ro id  h o rm o n e-co n ten t o f m a lig n an t tu m o u rs  in  co r­
re la tio n  w ith  th e ir  g rade  of d iffe ren tia tio n  (T able IV ), we can n o te  th e  s im u l­
taneous presence o f es trad io l and  te s to s te ro n e  m ore often  in  th e  g roup  of 
h igh ly  d iffe ren tia ted  tu m o u rs  (6/9), cy to log ica l g rade 2 in  B roders g rad ing  
sy stem , th a n  am ong tu m o u rs  belonging  to  grade 3 (3/10) or g rade 4 (1/7).

The course of disease shows s ig n ifican t in d iv id u a l d ifferences w ith in  th e  
sam e clinical stage h av in g  th e  sam e cy to log ica l grade. In  th e  group of g rade  2, 
in  case of b e tte r  prognosis (Table IV , cases 25, 17, 2, 3, 11 and  4) es trad io l in 
th e  tu m o u r cells could  also be po in ted  o u t in  c o n tra s t  to  cases of poor p ro g ­
nosis (Table IV , cases 10, 20, 12). The chance  o f su rv iv a l of a p a tie n t in  clinical 
s tage  1 w ith  a tu m o u r  grade 3 co n ta in in g  b o th  horm ones (Table IV , case 7) 
p roved  to  be b e tte r  th a n  th a t  of the  p a tie n ts  in  th e  sam e group w ith  tu m o u rs

Table IV

M alignant tumours — Steroid hormone content and cytological grunding

Case No. 
(accord, to H istol. type

Clinical
stage

Epithelial hormone 
content Clin, follow-up 

(months)
Table III) estr. test.

Cytologica
25

l grade : 2 
endom etr. I/c + + alive, 134

17 m ucinous I l /a +  + + died, 44
2 serous I l/b + + alive, 61
3 serous I l /b + + died, 101

и serous I l /b + + alive, 95
4 serous I l /b + +  + alive, 155

10 serous I l /b — + died, 12
20 endom etr. I l /b — + died, 1
12 serous III — +  + died, 1

Cytological grade : 3 
7 serous I/c +  + + alive, 70

14 m ucinous I/c — + died, 19
19 m ucinous I l/b +  + — died, 14
18 m ucinous I l /b + — died, 9
16 m ucinous 11/b — +  + died, 23
13 serous I l/b + — died, 30
21 endom etr. I l /b — — died, 8
15 m ucinous I I I + + died, 2
6 serous H I — + died, 12
5 serous IV + + died, 10

Cytological grade: 4 
24 endom etr. I l /a + died, 63
23 endom etr. I l /b — + died, 3

1 serous H I +  + +  + died, 11
8 serous IV — + died, 16
9 serous IV — + + died, 12

22 endom etr. IV + — died, 16
26 endom etr. IV + died, 7
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c o n ta in in g  no  estrad io l (Table IV , case 14). P a tie n ts  w ith  tu m o u rs  of g rade  4, 
b u t  e s trad io l positive  and  endom etrio id  ty p e  have  a b e tte r  su rv ival th a n  tho se  
o f th e  sam e g roup  b u t w ith  estrad io l n eg a tiv e  tum ours (Table IV , cases 24, 
23, 22, 26).

D iscussion

T he in d ire c t im m unperox idase  reac tio n  used in our ex am in a tio n s gives 
in fo rm a tio n  a b o u t stero id  horm ones o b ta in ed  e ith e r from th e  serum  or secre ted  
b y  th e  cells [9, 19]. The role of en zy m a tica lly  active s tro m a cells of ep ith e lia l 
o v a rian  tu m o u rs  in  stero id  syn th esis  is w ell know n an d  can  be co rre la ted  
w ith  th e  estrogen ic  or androgenic  fu n c tio n s  of these tu m o u rs  [10, 11]. T he 
in te rs ti t ia l  e s trad io l p redom inance  found in  tu m o u rs  occurring  w ith  g lan d u la r 
h y p erp lasia  o f th e  endom etrium , p o st-m en o p au sa l bleedings an d  en d o m etriu m  
carc inom a corresponds to  th e  above d a ta  o f  th e  lite ra tu re . E nzym es o f e s tro ­
genic m e tab o lism  have also been iso la ted  in  th e  epithelial com ponen ts of 
b re a s t can cer [13].

W e c a n n o t exclude th a t  th e  d e m o n s tra te d  ho rm one-con ten t p a r t ly  co r­
responds to  horm ones bound b y  recep to rs. T h e  biochem ical de tec tio n  of e s tro ­
genic an d  te s to s te ro n e  recep to rs in ep ithe lia l o v arian  tum ours h ad  a d iversified  
resu lt. In  m a lig n a n t tu m o u rs  th e  occurrence of estrogenic recep to r w as 5 0 -  
100%  w hile t h a t  o f testo ste ro n e  recep to rs  w as 41 -72%  [2, 6]. R ecep to rs w ere 
found  in  a p p ro x im a te ly  h a lf of th e  h igh ly  d iffe ren tia ted  en d o m etria l c a rc i­
nom as, w hile in  th e  case of p oo rly  d iffe ren tia ted  ones, recep to rs  w ere on ly  
sp o rad ica lly  d e tec ted  [3]. The p rognostica l v a lue  of recep to r s ta tu s  is still 
argued .

In  o u r p rev ious exam in a tio n s based  on B roders system  th e  prognosis of 
tu m o u rs  o f  g rade  2 was s ig n ifican tly  b e tte r  th a n  th a t  of tu m o u rs  of g rade  3 
or 4, w hile th e re  was no difference reg a rd in g  su rv iv a l according to  h isto log ical 
ty p e  [4]. A lth o u g h  in  larger ex am in a tio n  series significant differences can  be 
d e m o n s tra te d  in  th e  prognosis o f th e  p a tie n ts  according to  clinical stages or 
the g rade  of d ifferen tia tion  [1, 12, 16], nevertheless g rea t in d iv id u a l d if­
férencies occur w ith in  each g roup  concern ing  th e  course of disease, w hich  is 
due to  tu m o u r  heterogeneity . E s trad io l an d  tes to ste ro n e  w ere sim u ltan eo u sly  
p resen t m ore o ften  in  cases of h ig h ly  d iffe ren tia ted  tu m o u rs  o f grade 2 w ith  
low m alig n an cy  (border-line) th a n  in  tu m o u rs  o f grade 3 or 4.

T he prognosis of p a tien ts  w ith  h igh ly  d iffe ren tia ted  tu m o u rs  co n ta in in g  
estrad io l w as b e tte r  th a n  th e  prognosis o f p a tie n ts  in th e  sam e group w ith  
e strad io l n eg a tiv e  tum ours. A sim ilar te n d e n c y  could be observed  in  ou r 
p a tie n ts  w ith  poo rly  d iffe ren tia ted  tu m o u rs  in  clinical stage  1 as well as in  
p a tie n ts  w ith  p oo rly  d iffe ren tia ted  tu m o u rs  o f  endom etrio id  ty p e .

T he possib le prognostic  value of estrad io l-co n ten t of tu m o u r cells re ­
quires c o n firm a tio n  in a la rger p o p u la tio n  o f p a tien ts .
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W . F . N e i s s : Ultracytochemistry o f  intracellular membrane glycoconjugates. Yol. 99.
A dvances in  an a to m y , E m bryo logy  and  Cell B iology. E ds: F . B e c k , W. H i l d , W . K r iz , R. 
O r t m a n n , J .  E . P a uly , T. H. s c h ie b l e r .
Springer V. B erlin , H eidelberg , N ew  Y ork , London, Paris, T o k y o , 1986. 92 pp, 113 Figs. 
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T he book has appeared  in  th e  series of A dvances in A n a to m y , E m bryology  a n d  Cell 
B iology as V olum e 99 published  by  S p ringer V erlag Publish ing C om pany  (Berlin, H eidelberg , 
New Y o rk , L ondon , Paris and  T okyo) in  1986. T he ed ito rs are: F . B eck, W. Iliid , W. K riz, 
R . O rtm an n , J .  E . P au ly  and F. H . Schiebler.

T h is book consists of 92 pages te x t  and  113 excellent q u a lity  EM  figures. T he to p ic  is 
com prehensive  and  joins th e  m ain  s tre am  of recen t m em brane resea rch . The a u th o r ’s aim  
was to  s tu d y  th e  topology of in tra ce llu la r  g lycoconjugates o f th e  post-Golgi m em branes: 
lysosom es, peroxisom es, secretory  granu les an d  m itochondria . A t th e  tim e, i t  is th e  f irs t 
a tte m p t  to  fill th e  gap betw een b iochem ical an d  m orphological d a ta  by  th e  use o f selected  
u ltracy to ch em ica l m ethods. T he tech n iq u es used  were as follow s: n eu tra l- and  sialo-glyco- 
con jugate-spec ific  ph o sp h o tu n g stic  acid  or periodic acid ox idatio n -th io ca rb o h y d raz id e-s ilv e r 
p ro te in a te  reac tions and  sialyl g roup-specific  m ild periodate  o x id a tio n , th ioca rb o h y d raz id e - 
silver p ro te in a te  reac tion  a t th e  u l tra s tru c tu ra l  level. These reac tio n s  d e m o n s tra ted  th e  
p ro te in -b o u n d  glycoconjugates b u t  no t th e  glycolipids. The s tu d y  revealed  a co at o f g lyco­
co n ju g a tes  on th e  in n er surface of post-G olgi m em branes, such as t he lysosom al an d  sec re to ry  
g ra n u la r  m em branes. B ased on these  o b servations, the  a u th o r p ro p o sed  a general m odel of 
th e  in n e r  m em branes of lysosom es and  secretory  granules, w hich rep resen ts an  in tra ce llu la r  
g lycocalyx  — sim ilar in s tru c tu re  to  th e  co at p re sen t on th e  cell m em b ran e . This in tra ce llu la r  
g lycocalyx  appears on ly  on in tra ce llu la r  m em branes o rig ina ting  from  th e  G o lg i-ap p aratu s or 
w hich are  fusion-com patib le  w ith  each o th e r  and  th e  cell m em b ran e . These m em branes are 
jo in ed  by  th e  m em brane recycling of exo- an d  endocytosis an d  crinophagy . T he fu n c tio n  of 
th e ir  in n er co at could be th e  sep a ra tio n  of th e  o rganelle-m em brane from  th e  m atrix  o f lyso­
som es a n d  secretory  granules a n d  could  perform  a m echanical/chem ical b a rrie r to  p ro te c t 
th e  m em b ran e  against th e  action  of ly tic  enzym es from  w ith in . T he book m ay a t t r a c t  th e  
a tte n tio n  of m em brane b iologists, m orpholog ists and  pa th o lo g ists , b u t  can  be h ighly  reco m ­
m ended  to  general biologists as well.

J .  T ímár

A c t a  M o r p h o l o g i c a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó ,  B u d a p e s t





P R IN T E D  IN  H U N G A R Y  

A kadém iai K iadó es N y o m d a  V álla la t, B udapest





IN S T R U C T IO N S  TO A U T H O R S

F o rm  o f  m anuscrip t
C o n trib u to rs  a re  req u ested  to  su p p ly  tw o  com plete  copies of th e  m a n u sc r ip t includ ing  

a ll ta b le s  an d  illu s tra tio n s . M anuscrip ts sh o u ld  be ty p e d  double-spaced  w ith  m arg in s of a t  least 
4 cm . P ag es should  b e  num bered  co n secu tive ly .

T he headline sh o u ld  include th e  t i t l e  o f th e  p ap er, a u th o rs ’ nam es, a n d  n am e and  sh o rt 
p o s ta l  ad d ress  of th e  in s t itu te  w here th e  w o rk  was done.

A n abstract o f  n o t  m ore th a n  200 w ords should  be supplied  ty p e d  before  th e  te x t .  I t  
sh o u ld  b rie fly  describe  th e  purpose of th e  in v estig a tio n s, th e  m ethods u tilized , th e  re su lts  
o b ta in e d , an d  th e  a u th o rs ’ p rincipal conclusions.

A bbreviations and symbols
A b b rev ia tio n s shou ld  be spelled o u t  w hen  f irs t  u sed  in  th e  te x t  or, a lte rn a tiv e ly , a l is t  of 

a b b rev ia tio n s  m ig h t be  given. The In terna tiona l System  o f  U nits ( S I )  sho u ld  be used fo r all 
m easu rem en ts . Sym bols for physical q u a n tit ie s  are to  be  p rin te d  in  ita lic s  a n d  should , th e re ­
fo re , be  u n d erlin ed  in  th e  m an uscrip t. U n u su a l sym bols sh o u ld  be id en tified  on th e  m arg in .

References
R eferences sh o u ld  be nu m b ered  in  a lp h ab etica l o rd e r, and  these  n u m b ers  only should  

be  in se rte d  in  th e  t e x t  (in  paren theses). In  th e  reference l is t  each  ite m  shou ld  in clu d e  th e  nam es 
a n d  in it ia ls  o f all a u th o rs ;  th e  t itle  of th e  a rtic le ; th e  t i t le  o f th e  jo u rn a l a b b rev ia te s  according 
to  th e  sty le  used  in  In d e x  M edicus (a l is t  o f th e  jo u rn a ls  in dexed  is p r in te d  an n u ally  in  th e  
J a n u a ry  issue); th e  vo lum e num ber; th e  f i r s t  page n u m b er; an d  th e  y ear o f p u b lica tio n .
K a p la n  A P , K a y  A B , A usten  K F  : A  p re -a lb u m in  a c tiv a to r  of p rek a llik re in . J  E x p  Med 

135:81, 1972
T itles  of books should  be follow ed b y  th e  p u b lish er; p lace of p u b lica tio n ; an d  th e  y e a r. 

O láh  I ,  R öhlich  P , T örő  I: U ltra s tru c tu re  o f L y m pho id  O rgans. A k ad ém iai K iad ó , B u d ap es t 
1975

H a lász  В: T he en d o crin e  effects of iso la tio n  of th e  h y p o th a la m u s from  th e  re s t  o f th e  b ra in . 
In :  F ro n tie rs  in  N euroendocrino logy , eds G anong W F , M artin i L , O xfo rd  U n iv ersity  P ress , 
O xford  1969, p . 307

Tables and illustrations
Tables shou ld  be  com prehensib le to  th e  reader w ith o u t reference to  th e  te x t .  The h e a d ­

ings shou ld  be  ty p e d  above th e  tab le . T ab les  should  be  n u m b ered  w ith  R o m an  a n d  illu stra tio n s 
w ith  A rab ic  n u m era ls .

F igures  sh o u ld  b e  id en tified  b y  n u m b er and  a u th o rs ’ nam e w ritte n  l ig h tly  in  pencil on 
th e  b ack . T he to p  sh o u ld  be in d ica ted  on th e  back  of p rin ts . T he le tte rs  a, b  e tc . should  be p laced  
in  th e  low er le f t-h a n d  corner of p r in ts . S ta in in g  tech n iq u es an d  th e  o rig ina l m agn ifica tion  of 
p h o to m ic ro g rap h s sh o u ld  be s ta ted . F ig u re  cap tions sh o u ld  be ty p ed  on a sep a ra te  sheet. T he 
a p p ro x im a te  p lace o f figu res and tab le s  in  th e  te x t  shou ld  be  in d ica ted  in  th e  m an u scrip t on th e  
le f t-h a n d  m arg in .

Proofs and reprints
R ep rin ts  a n d  p roofs will be sen t to  th e  f irs t a u th o r  unless o therw ise  in d ica ted . A h u n ­

d red  re p rin ts  of each  pap er will be su p p lied  free of charge.



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C B D. LIBRARY AND SUBSCRIPTION SERVICE 
Box 4886. G.P.O.. Sydney N  S W. 2001 
COSMOS BOOKSHOP. 145 Ackland Street 
St. Kilda (Melbourne), Victoria 3182

AUSTRIA
GLOBUS. Hóchstádtplatz 3. 1206 Wien XX 

BELGIUM
OFFiCE INTERNATIONAL DES PERIODIQUES 
Avenue Louise. 485. 1050 Bruxelles 
E. STORY-SCIENTIA P.V.B.A.
P. van Duyseplein 8, 9000 Gent

BULGARIA
HEMUS, Bulvár Ruszki 6, Sofia 

CANADA
PANNÓNIA BOOKS, P.O. Box 1017 
Postal Station "B", Toronto, Ont. M 5T  2T8

CHINA
CNPICOR, Periodical Department, P.O. Box 50 
Peking

CZECHOSLOVAKIA
MAD'ARSKA KULTÚRA, Národni trida 22 
115 66 Praha
PNS DOVOZ TISKU. Vinohradská 46, Praha 2 
PNS DOVOZ TLACE, Bratislava 2

DENMARK
EJNAR MUNKSGAARD, 35, Norre Segade 
1370 Copenhagen К

FEDERAL REPUBLIC OF GERMANY
KUNST UND WISSEN ERICH BIEBER 
Postfach 46. 7000 Stuttgart 1

FINLAND
AKATEEMINEN KIRJAKAUPPA, P.O. Box 128 
00101 Helsinki 10

FRANCE
DAWSON-FRANCE S A ,  B P  40. 91121 Palaiseau 
OFFICE INTERNATIONAL DE DOCUMENTATION ET 
LIBRAIRIE, 48 rue Gay-Lussac 
75240 Paris, Cedex 05

GERMAN DEMOCRATIC REPUBLIC
HAUS DER UNGARISCHEN KULTUR 
Karl Liebknecht-Straße 9, D D R -102 Berlin

GREAT BRITAIN
BLACKWELL S PERIODICALS DIVISION 
Hythe Bridge Street, Oxford 0X1 2ET 
BUMPUS. HALDANE AND MAXWELL LTD.
Cowper Works, Olney. Bucks M K46 4BN  
COLLET'S HOLDINGS LTD , Denington Estate, 
Wellingborough. Northants N N 8 2Q T 
WM DAWSON AND SONS LTD . Cannon House 
Folkstone. Kent C T I9 5EE 
H. K. LEWIS AND СО., 136 Gower Street 
London WC IE  6BS

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL 
BOOKSELLERS, 2 Hippokratous Street, Athens-143

HOLLAND
FAXON EUROPE. P.O. Box 167 
1000 AD Amsterdam 
MARTINUS NIJHOFF В. V.

Lange Voorhout 9-11, Den Haag 
SWETS SUBSCRIPTION SERVICE 
P.O. Box 830, 2160 Sz Lisse

INDIA
ALLIED PUBLISHING PVT LTD 
750 Mount Road, Madras 600002 
CENTRAL NEWS AGENCY PVT LTD.
Connaught Circus, New Delhi 110001 
INTERNATIONAL BOOK HOUSE PVT. LTD. 
Madame Cama Road. Bombay 400039

ITALY
D. E. A., Via Lima 28, 00198 Roma 
INTERSCIENTIA, Via Mazzé 28, 10149 Torino 
LIBRERIA COM Ml SSI ON ARI A SANSONI 
Via Lamarmora 45, 50121 Firenze 
SANTO VANASIA, Via M Macchi 58 
20124 Milano

JAPAN
KINOKUNIYA COMPANY LTD.
Journal Department, P.O. Box 55 
Chitose, Tokyo 156
MARUZEN COMPANY LTD , Book Department 
P.O. Box 5050 Tokyo International, Tokyo 100-31 
NAUKA LTD., Import Department 
2-30-19 Minami Ikebukuro, Toshima-ku, Tokyo 171

KOREA
CHULPANMUL, Phenjan 

NORWAY
TANUM-TIDSKRIFT-SENTRALEN A S.
Karl Johansgata 43. 1000 Oslo

POLAND
WEGIERSKI INSTYTUT KULTURY
Marszalkowska 80, 00-517 Warszawa
CKP I W. ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P„ Bucuresti
ILEXIM, Calea Grivitei 64-66, Bucuresti 

SOVIET UNION
SOYUZPECHAT — IMPORT. Moscow 
and the post offices in each town 
MEZHDUNARODNAYA KNIGA, Moscow G 200

SPAIN
DIAZ DE SANTOS Lagasca 95, Madrid 6 

SWEDEN
ESSELTE TIDSKRIFTSCENTRALEN 
Box 62, 101 20 Stockholm

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4011 Base! 

USA
EBSCO SUBSCRIPTION SERVICES
P.O. Box 1943, Birmingham. Alabama 35201
F. W. FAXON COMPANY. INC.
15 Southwest Park, Westwood Mass. 02090 
MAJOR SCIENTIFIC SUBSCRIPTIONS 
1851 Diplomat. P.O. Box 819074,
Pallas, Tx. 75381-9074  
READ-MORE PUBLICATIONS, INC.
140 Cedar Street. New York, N. Y. 10006

YUGOSLAVIA
JUGOSLOVENSKA KNJIGA. Terazije 27. Beograd 
FORUM, Vojvode MiSica 1,21000  Novi Sad

Index: 26.017



Acta
Morphologica
Hungarica
V O L U M E  36, NUM BERS 3-4, 1988

EDITOR-IN-CHIEF 

K. LAPIS

COPY-EDITOR 

ERZSÉBET L. JUHÁSZ

EDITORIAL BOARD

I. TÖRŐ (Chairman), E. BEREGI, B. CSILLIK, P. ENDES, 
В. HALÁSZ, H. JELŰNEK, GY. RAPPAY,
GY. ROMHÁNYI, P. RÖHLICH, E. SOMOGYI, J. SUGÁR,
GY. SZÉKELY, J. SZENTÁGOTHAI, [l.TARISKA



ACTA MORPHOLOGICA
H U N G  A R I C A

A Q U A R T E R L Y  OF T H E  H U N G A R I A N  
A C A D E M Y  OF S C I E N C E S

A cta  Morphologica p u b lish es  original p ap ers  on ex p erim en ta l m orphology and  pa th o lo g y  
in  English.

A d a  Morphologica is p u b lish ed  in y early  vo lum es o f four issues b y

A K A D É M IA I K IA D Ó

P u b lish in g  H ouse of th e  H u n g a ria n  A cadem y of Sciences 
H-1054 B u d ap es t, A lk o tm án y  u. 21.

M anuscrip ts and  e d ito r ia l  correspondence sh o u ld  be ad dressed  to

A cta M orphologica

1st In s titu te  of P a th o lo g y  and  E x p erim en ta l C ancer R esearch , Sem m elw eis Medical U n iv ersity ,
1085 B u d ap es t, Ü llői ú t  26, H u n g ary

Subscription in form ation
O rders should be a d d re ssed  to

K U L T U R A  Fore ign  T rad in g  C om pany 

H-1389 B u d ap est P .O . Box 149

or to  its rep re sen ta tiv es  ab ro ad

A cta Morphologica H u n g a rica  is ab strac ted /'in d ex ed  in B iological A bstracts , C hem ical A b­
s tra c ts , C h em ie-In fo rm atio n , C urren t C o n ten ts -L ife  Sciences, E x ce rp ta  M edica, d a ta b ase  
(EM B A SE), G eron to log ica l A b strac ts , In d e x  M edicus

4

©  A ka d ém ia i K ia d ó , B udapest



C O N TE N T S

N orm al and experim ental morphology

P e rm an e n t m etach ro m atic  effect o f 1 ,9 -d im ethy l-m ethy lene  b lue  on acidic m u co p o ly ­
saccharides of m astocy tes . E . Р о к о т у , T . K rem m er , L . Holczinger ...............................  143

R e-in n erv a tio n  of pancrea tic  tissue  im p la n ts  in  n o rm al and  ?n sy m p a th e tica lly  dener-
v a te d  eyes of ra ts . T . D onáth , E. Adeghate  ............................................................................  147

In te rco n n ec tio n  of dem yelina tion  processes a n d  in flam m atio n  in th e  dynam ics of e x p eri­
m en ta l allergic encephalom yelitis. M . G. K h izh n ya k , Y. L . Z h itn u kh in , G. V. K o ­
novalov, S. P. Semenov ..................................................................................................................... 155

U ltraste reo log ic  stud ies on th e  m y ocard ia l m ito ch o n d ria  in e x p erim en ta l hy p o th y ro id ism .
P. B loch , A . K u lig  ..............................................................................................................................  167

C ytochem ical exam in atio n s o f Ca, cy tochrom e ox idase  and su cc in a te  dehydrogenase  e n ­
zym es in  en dom etrium  carc in o m ato u s tissue  a fte r h igh dose progestogen  t re a tm e n t.
Z. Szarvas , I .  Balogh , К . P atai ....................................................................................................... 177

H isto logical ev a lu a tio n  of p u lpal responses to  fo u r com posite resins in  dog d en ta l p u lps.
J . Urbizo Vêlez, R . Delgado F ernandez , J . A . Rodriguez Palacios, Jo lán  B ánóczy , 185 
Id a  N yárasdy  ..........................................................................................................................................

The m osaic colour-specific p h o to recep to rs  in  th e  m am m alian  re tin a  as defined b y  im -
m u n o cy to ch em istry . A . Szél, P. R öhlich  ................................................................................. 191

O rganelle d is tr ib u tio n  in th e  w edge-, sp indle- a n d  in v erted  w edge-shaped  n eu ro ep ith e lia l 
cells du rin g  chick em bryo  n e u ru la tio n . J .  G. Fernandez, C. A . Chamorro, P. P a z ,
J .  M . V illar ..........................................................................................................................................  203

Pathology

In te rm ed ia te  f ilam en t ty p in g  in  tu m o u r d iagnostics — an aid  in  h istogenetic  c lassifica­
tio n ?  L . Langbein , H. K osm ehl, D . K a te n k a m p .................................................. .................  215

The effects o f h y p ertension  on th e  w all o f th e  larg e  in tra c ra n ia l a rte rie s  w ith  special re fe r­
ence to  th e  changes o f som e connective  tissue  elem ents. K a ta lin  Hegedűs .................  227

The b iphasic  n a tu re  of a h u m an  am elan o tic  m elanom a tu m o u r line HT-18. B hanu Iyengar,
J . T ím á r , В . Szende  ........................................................................................................................  235

G lycosam inoglycan contain ing  fa t-s to rin g  cells in hepatic  fibrogenesis. B . Szende , К . L a p is ,
J .  T ím á r , Zsuzsa  S ch a ff’ К . S im o n , A . J en ey , A . D ivald , S . Р а к и , F . T ím á r ............ 241

Book review s ......................................................................................................................................................  253





Acta Morphologica Hungraica, 36 (3 — 4), pp. 143 —146 (1988)

PERMANENT METACHROMATIC EFFECT OF 
1,9-DIMETHYL-METHYLENE BLUE ON ACIDIC 

MUCOPOLYSACCHARIDES OF MASTOCYTES

E . P o k o r n y , T. K r e m m e r , L. H o l c z in g e r

NATIONAL IN ST IT U T E  OF ONCOLOGY, RESEA R C H  IN ST ITU TE OF ONCOPATHOLOGY, 
BU D A PEST, HUNGARY

(R eceived  29 Ju ly  1987)

The 1 ,9 -d im ethy l-m ethy lene  b lu e  (SE R V A ) h as a v e ry  stro n g  m etach ro m atic  
reac tion  w ith  su lp h a te d  m u copo lysaccharides o f m asto cy tes  a t  p H = l  (T ris-H C l b u f­
fer). This m etach ro m as ia  is re ta in ed  also  a t  increasing  p H  (2.5 — 5), an d  is n o t affec ted  
e ith e r by  th e  q u a li ty  or by  the  c o n c e n tra tio n  of th e  ions p re sen t (1/240 M T ris-H C l, 
a n d  0.2 M p h o sp h a te  buffer).

The sm ears  do no t need a n y  spec ia l m o u n tin g  m edium , on ly  C anada balsam . 
T he m etach ro m as ia  is preserved for a  considerab le  len g th  of tim e.

Keywords: M astocytes, su lp h a te d  m ucopolysaccharides, 1 ,9 -d im ethy l-m ethy- 
lcne blue (DM M B), m etachrom asia

In tro d u c tio n

R eactions b ased  on the  p h en o m en o n  of m etach ro m asia  p lay  an  im p o r ta n t 
role in  th e  h istochem ical detection  o f  su lp h a te d  m ucopo lysaccharides [2, 5, 10, 
11, 13, 17].

D isad v an tag e  o f these s ta in in g  tech n iq u es  lies, how ever, in  th e  fa c t th a t  
re su lts  are considerab ly  influenced  b y  th e  p H  and  ion co n cen tra tio n  of th e  s ta in ­
ing  m edium  and th e  p rep ara tio n s, in  th e  m a jo rity  of cases, lose th e ir  m e ta c h ro ­
m asia  w ith in  a sh o rt tim e  and fade o u t  [3, 6, 13].

P resen t in v estig a tio n s have b e e n  perfo rm ed  w ith  th e  dye 1 ,9-d im ethyl- 
m eth y len e  blue ch lo ride  (SER Y A ) on  m ouse m a s t cells. A tte n tio n  to  th is  dye 
h as  been  called u p o n  b y  Taylor and  J a f f re e  [14] and  T oepfer [16] because of its  
s tro n g  m e tach ro m atic  p roperties. M ast cells co n ta in , beside h is tam in e  and  
se ro to n in , m ain ly  h ep a rin  [1, 9]. C o n seq u en tly , th ese  cells seem  to  be m ost 
su itab le  to  te s t th e  s ta in in g  reaction .

M aterials a n d  m ethods

M ast cells were se p a ra ted  by  the  te c h n iq u e  of T hon  a n d  U vnäs [15] from  th e  ab d o m in a l 
c av ity  o f Swiss mice. F ro m  th e  cells o b ta in e d  sm ears w ere p rep ared . A fte r hav ing  a ir-d ried  
th e  sm ears were fixed  in  C arnoy’s solution fo r  15 m in  th e n  w ashed in  d istilled  w a ter for 4 x 1  
m in  a n d  dried  a t room  tem p era tu re .

Send o ffprin t re q u ests  to: Dr. E . P o k o rn y , N a tio n a l In s t i tu te  o f Oncology, R esearch  
I n s t i tu te  o f O ncopatho logy , B udapest, R a th  G y. u. 7— 9, H -1122, H u n g a ry
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A fter dry ing th e  p rep ara tio n s  were s ta in e d  w ith  0 .05%  1 .9 -d im ethy l-m ethy lene  blue 
(DM M B) dye so lu tion  a t  p H  =  1, p H  =  2.5 an d  p H  =  5. I t  is well know n  th a t  a t  p H  =  1 
o n ly  su lp h a te  g roups, a t  p H  =  2.5 p h o sp h a te  g roups an d  a t  p H  =  4 carb o x y l g roups are 
d issoc ia ted  and able to  e n te r  in  reac tio n s w ith in  b iological o b jec ts [4, 8]. p H  values were 
a d ju s te d  w ith  0.001 M T ris  b u ffer (T ris-/h y d ro x y -m eth y l/-am in o -m etan / — 0.1N  HC1, or w ith
0.2 M phosphate  buffer.

A fter s ta in ing  a n d  dry ing  a t  room  te m p e ra tu re  th e  sm ears were covered  w ith  C anada 
ba lsam .

R esults an d  discussion

In  p re p a ra tio n s  s ta in ed  a t p H  : 1 only  th e  granules of m ast cells were 
s ta in ed  m etach ro m atica lly , while o th e r cellu lar elem ents rem ained  u n sta in ed . 
A bsorp tion  m ax im u m  o f granules s ta in ed  p u rp le , w as sh ifting  to  570 n m  in s te a d

Ь

F ig . la  M ast cell p re p a ra tio n  s ta ined  w ith  DM MB so lu tion  a t  p H  =  1. M ast cells are  in ten siv e ly  
sta ined  w hile o th e r  cells are h a rd ly  visib le in  th e  back g ro u n d . (X  320)

Fig. lb  M ast cells s ta in e d  w ith  DMMB so lu tion  a t  p H  =  1. W ith in  th e  cells on ly  th e  g ranules 
ge t s ta in e d  no o th er cellu lar com ponen ts are visible. (X 1820)

Acta Morphologica Hungarica 36, 1988
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of th e  660 n m  orig inal m axim um  of th e  dye in cells. A bsorp tion  m ax im a  were 
recorded  by  scann ing  and  in te g ra tin g  c y to p h o to m e te r  (B arr an d  S tro u n d , 
G lasgow). Some o th e r cells p resen t in th e  p rep ara tio n s  d isp layed  a fa in t blue 
colour. B ackground  sta in ing  w as h a rd ly  discernible. C onsequen tly , no or 
m in im al ad so rp tiv e  sta in ing  to o k  place (F ig  la ,  b). W ith  increasing  pH  
(2 .5— 5), o th e r cellu lar com ponents becom e also visible, b u t while th e  m ast cell 
g ranu les re ta in  th e ir  m etach ro m atic  s ta in in g  p roperties, th e y  s ta in  o rthoch ro - 
m atica lly .

I t  can be s ta te d  th a t  th e  DMMB sta in in g  a t pH  : 1 is h ig h ly  selective 
fo r su lp h a ted  m ucopo lysaccharides. S tro n g  m etach ro m asia  g ranu les (sh ifting  
th e  ab so rp tio n  m ax im um  from  660 to  570 nm ) rem ains a t pH  : 2.5 an d  p H  : 5 
as well. The phenom enon  is no t affected , even  w ith in  very  w ide lim its , e ith er 
b y  th e  q u a lity  or b y  th e  co n cen tra tio n  of th e  ions presen t.

I t  is of ad d itio n a l significance th a t  no special m oun ting  m edium  is needed 
an d  u n d er a lay e r o f C anada balsam  m e tach ro m asia  is p reserved  fo r a consider­
able leng th  o f tim e .

F u r th e r  ch a rac teriza tio n  of DMMB sta in in g  and  th e  s tu d y  o f its  ap p lica ­
b ility  are in progress.
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RE-INNERVATION OF PANCREATIC TISSUE 
IMPLANTS IN NORMAL AND IN SYMPATHETICALLY 

DENERVATED EYES OF RATS

T. D o n á t h , E . A d e g h a t e

1st D EPARTM ENT OF ANATOMY, HISTOLOGY A ND EMBRYOLOGY, SEM MELWEIS 
U N IV ERSITY  MEDICAL SCHOOL, BUDAPEST, HUNGARY

(R eceived 12 O c to b er 1987)

E m b ry o n ic , n ew born  and  a d u lt p a n c re a tic  tissue frag m en ts  were im p la n te d  
in to  th e  a n te rio r  eye-cham ber of ra ts  o f th e  sam e offspring to  de te rm in e  w h e th er th e re  
is a n y  difference in  th e  p a tte rn  of th e ir  re -in n erv a tio n . In  a n o th e r  exp erim en t th e  
em bryon ic  p an crea tic  tissue frag m en ts  were im p la n te d  in to  sy m p a th e tic a lly  d e n e rv a te d  
eyes o f hom ologous ra ts . N ew born , a d u lt a n d  em bryonic  p a n c re a tic  tissue im p la n ts  
were rem oved  u n d e r a stereo-m icroscope a f te r  17, 45 and  53 d ay s, respectively . T he 
em bryon ic  p an crea tic  tissue  im p lan ts  in  d e n e rv a te d  eyes w ere rem oved  a fte r 46 days. 
T he im p la n ts  were p rocessed  for electron  m icroscopy.

T he em bryonic, n ew born  and a d u lt p a n c re a tic  tissue im p la n ts  were eq u ally  well 
re -in n e rv a te d  by  a g ran u la r  an d  g ran u la r vesicle-contain ing  n e rv e  te rm in als an d  v a rico s­
ities from  th e  h o st iris. T he em bryonic  p a n c re a tic  tissue im p la n ts  were also re -in n e r­
v a te d  in sy m p a th e tica lly  d en erv a ted  eyes, m o st likely by  p a ra sy m p a th e tic  n e rv es of 
th e  iris. E x ce p t for th e  few  in trin sic  nerve profiles, th e  re -in n e rv a tin g  nerve fibres seem ed 
to  reach  th e  im p la n t s tro m a  th ro u g h  th e  b lood  vessels rev ascu lariz in g  th e  im p la n ts . 
The re -in n e rv a tio n  of th e  endocrine  pancreas is m ore pronounced  th a n  th a t  o f th e  w hole 
tissue.

K eyw ords: R e -in n e rv a tio n , p a n c re a tic  im p lan ts , ey e-cham ber

In troduc tion

In  sp ite  o f th e  fac t th a t  pancreas h as  been ex ten siv e ly  tra n sp la n te d  
ex p erim en ta lly  to  tr e a t  in d u ced  diabetes m ellitu s, less a t te n tio n  has been  paid  
to  th e  u l tra s tru c tu ra l  m orpho logy  of th e  tra n sp la n ts  [3], an d  even m uch  less 
to  its  re -in n e rv a tio n . Since in ta c t  in n e rv a tio n  is p ro b ab ly  v ita l  to  the  endocrine 
secretion  of p an creas , th e  im p o rtan ce  of a de ta iled  know ledge of the p a tte rn  of 
re -in n e rv a tio n  o f pan crea tic  tissue im p lan ts  can n o t be overem phasized .

In  th e  p resen t s tu d y , new born  and  a d u lt p an crea tic  tissue frag m en ts  
were im p lan ted  in to  th e  a n te rio r  eye-cham ber of ra ts  o f th e  sam e offspring to  
de te rm ine  if th e re  is an y  difference in  th e ir  p a tte rn  of re -in n erv a tio n  from  th e  
host iris. In  a n o th e r ex p erim en t, em bryon ic  pan crea tic  tissu e  fragm ents w ere 
im p lan ted  in to  sy m p a th e tic a lly  den erv a ted  eyes of hom ologous ra ts  to  s tu d y  
th e  phenom enon  of re -in n e rv a tio n  from  th e  pool of p a ra sy m p a th e tic  nerves in 
th e  iris.

Send o ffp rin t requ ests  to : D r. T. D o n á th  1st D ep t, of A n a to m y , Sem melweis U n iv e r­
sity  M edical School, B u d ap est, T űzo ltó  u. 58, H-1450 H u n g ary
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Materials and methods

18 day-old em b ry o n ic , new born  and  a d u lt  r a ts  were an ae sth e tize d  w ith  a e th e r  and 
ch lo ra l h y d ra te . M edian la p a ra to m y  was p e rfo rm ed  an d  th e  ta il of o r th e  whole (em bryon ic  
a n d  new born) p an creas w ere rem oved  and c u t in to  sm all pieces in physio logical so lu tion . T he 
p ieces were im m ed ia te ly  im p la n te d  w ith  fin e  w a tc h m a k e r’s forceps in to  th e  a n te rio r  eye- 
c h am b er of anaesth e tized , hom ologous ra ts  th ro u g h  a sm all incision (3 — 4 m m ) m ade on th e  
co rn ea . P rior to im p la n ta tio n , th e  h o st ra ts  rece iv ed  0.5 ml of 0 .05%  a tro p in e  to enhance  p up il 
d ila ta t io n  and to m in im ise  th e  by-effec ts o f th e  a n aesth e tic s . P lastu b o l sp ra y  (E G IS , H u n g a ry ) 
p ro d u c in g  a sterile  m e th y lm e ta c ry la te  film  w as u sed  to  cover the  incision  on  th e  cornea. 8000 
i. u . o f  penicillin was g iven  in tra m u sc u la rly  ag a in s t a n y  procured  in fection .

In  an o th er e x p erim en t, 18-day-old p a n c re a ta  were im p lan ted  as described above  in to  
sy m p a th e tic a lly  d e n e rv a te d  eyes o f hom ologous r a ts .  S y m p ath e tic  d e n e rv a tio n  of th e  iris was 
p e rfo rm ed  by th e  e x tirp a tio n  of th e  superio r cerv ica l ganglion. A fte r 17 days, an im als hav in g  
rece iv ed  new born p a n c re a tic  tissue  frag m en ts  w ere an ae th estized  as described  above, p e rfused  
tran sca rd ia lly  w ith  K a rn o v sk y ’s so lu tion , th e  eyes d issected  ou t an d  th e  im p lan ts rem oved  
u n d e r  a stereo-m icroscope, w hile those  w ith  a d u lt  an d  em bryonic p a n c re a tic  tissue im p la n ts  
w ere  tre a te d  in th e  sam e w ay  a f te r  45 and  53 d a y s , respectively . T he em bryonic  p a n c re a tic  
tis su e  fragm en ts im p la n te d  in to  sy m p a th e tic a lly  d en erv a te d  eyes w ere rem oved  a fte r 46 days 
as described above.

The im p lan ts w ere re fix ed  and  po stfix ed  in  K a rn o v sk y ’s an d  in  1%  osm ium  te tro x id e  
so lu tio n s , respectively . T h ey  were d eh y d ra ted  in  g rad ed  e thanol and  p ro p y len e  oxide. U lth ra -  
th in  sections s ta ined  w ith  lead  c itra te  and u ran y l a c e ta te  were in v es tig a ted  u n d e r a T esla BS 500 
e lec tro n  m icroscope.

Results

A d u l t  p a n c r e a t i c  t i s s u e  i m p l a n t s

A fter 45 p o s tim p la n ta tio n  days, a n e rv e  plexus w ith  d ifferen t ty p e s  of 
v aricosities were found  a ro u n d  th e  ac in a r cells. E m p ty  ro u n d  vesicles w ere seen 
in one ty p e  of axon , m ed ium  dense-cored vesicles in a n o th e r w hile a th ird  ty p e  
co n ta in ed  f la tte n e d  or oval-shaped  vesicles. The axons were enclosed in 
S chw ann  cell processes w hich opened to w a rd s  th e  acinar cell (Fig. 1). P a ra lle l 
w ith  acinar d eg en ra tio n , p ro life ra tion  o f pan crea tic  tu b u le s  and  ex istence of 
endocrine cells were also observed.

N e w b o r n  p a n c r e a t i c  t i s s u e  i m p l a n t s

At 17 days a fte r  im p lan ta tio n , new ly  form ed n eu ro -in su la r com plex was 
fo u n d  around fe n e s tra te d  capillaries in  th e  su b stra te  of th e  im p lan ts. (F ig . 2). 
N erv e  fibre te rm in a ls  con ta in in g  ag ra n u la r  vesicles were observed on th e  cell 
m em b ran e  of th e  b e ta  cells. (Fig. 3). The n e rv e  filtres were enclosed in Schw ann 
cell processes and  open  to w ard s the  endocrine  cells except w hen  th ey  lied on the  
p la sm a  m em brane o f th e  endocrine cells.

In  the b e ta  cell, lig h t an d  d a rk  sec re to ry  granules w ere discernible. Some 
g ra n u la r  vesicle-contain ing  nerve fib re  te rm in a ls  were also found  on th e  p lasm a 
m em brane of d e lta  cells. A round th em  m a n y  axons w ith  n eu ro tu b u la r  s tru c ­
tu re s  and varicosities con ta in ing  m edium  dense-cored vesicles were seen. 
(F igs 4, 5).
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F ig. 1. 45-day-old a d u lt p an crea tic  tissue im p la n t:  N erve p lexus w ith  d ifferen t ty p e s  o f v a r i­
cosities a round  degenerating  ac inar cell (ac). E m p ty  ro u n d  vesicles are found  in  one axon 
(arrow  head), m edium  dense-cored vesicles in  an o th er ( th in  a rro w ), while a th ird  co n ta in s 

f la tten e d  or oval-shaped  vesicles (th ick  arrow ). X  40600

In  add ition  to  th e  above observ a tio n s, th ere  was a m ark ed  re -v ascu la riza ­
tio n  o f th e  im p lan ted  tissue to  be seen. In  harm ony  w ith  g rad u a l ac inar degener­
a tio n  th e re  occurred  a p ro life ra tio n  o f pan crea tic  tu b u le s  resu ltin g  in  d u c t-is le t 
an d  d u c t-ac in a r tran sfo rm a tio n . T he ra tio  and  o rg an iza tio n  of th e  endocrine 
cells to  each o th e r d id  n o t change ex cep t for a slight increase  in  th e  n u m b e r of 
b e ta  cells.
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Fig. 2 17-day-old p a n c re a tic  tissue  im p lan t: N eu ro -insu lar com plex co n sis tin g  of b e ta  (B) an d  
d e lta  (D ) cells, nerve f ib re  te rm in a ls  (arrow  head) and  axons (th ick  arrow ) a ro u n d  fen estra ted

capillaries ( th in  arrow ). X 11600
Fig. 3 17-day-old p a n c re a tic  tissue  im p lan t: N erve f ib re  term inals (a rro w  head) and  axons 
( th ic k  arrow ) con ta in ing  a g ra n u la r  vesicles on th e  p lasm a  m em branes o f b e ta  (B) cells. N erve 

fib re  varicosities ( th in  arrow ) are also found  on th e  p e rip h ery  of th e  cells. X 29000



R E - I N N E R V A T I O N  O F  P A N C R E A T IC  T I S S U E  I M P L A N T S 151

Fig. 4 17-day-old  p a n c ra tic  tissue im p lan t: A xon  (a rro w  h ead ) w ith  m edium  dense-cored  
vesicles a round  d e lta  (D ) cells. X  40600

Fig. 5 17-day-old  p an crea tic  tissue  im p lan t: M edium  dense-cored  vesicles con tain ing  ne rv e  fib re  
te rm in als  (th ic k  arrow ) on  p lasm a  m em brane of d e lta  (D ) cells. A nerve fibre v a rico sity  ( th in  

arrow ) co n ta in ing  m an y  ag ran u lar vesicles in th e  p e rip h e ry  of de lta  (D) cells.
X  29000
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E m b r y o n i c  p a n c r e a t i c  t i s s u e  i m p l a n t s

A fter im p la n ta tio n  of 18 em bryonic  d ay s old pancreatic  tissu e  frag m en ts  
fo r  56 days, nerve p lexus w ith  varicosities an d  axons enclosed in  Schw ann cell 
p rocesses were observed  around  b e ta  cells. T he varicosities co n ta in ed  ag ran u la r 
vesicles and m ito ch o n d ria . Some nerve  fib res  were m yelina ted . (F ig. 6). The 
d iffe ren tia tio n  of th e  im p lan ts  w hich w ere com posed m ostly  o f pan crea tic  
tu b u le s  seemed to  be delayed  because re la tiv e ly  u n d iffe ren tia ted  pan crea tic  
tu b u la r  and islet cells could  still be recognized  a t  th is  stage.

E m b r y o n i c  p a n c r e a t i c  t i s s u e  i m p l a n t s  in  s y m p a t h e t i c a l l y  d e n e r v a t e d  e y e s

46 days a fte r  im p la n ta tio n  o f 18 em bryon ic  days old p an c rea tic  tissue 
frag m en ts , axon p ro files w ith  n e u ro tu b u la r  s tru c tu re s  were d iscernible a ro u n d  
b e ta  cells. The axons w ere enclosed in  S chw ann  cell processes w h ich  opened  up  
as th e y  came closer to  th e  endocrine cells (F ig . 7). N erve fib re  v aricosities were 
also  observed am ong th e  Schw ann cell enclosed nerve fibres.

Discussion

R esults of th e  p resen t s tu d y  co rro b o ra te  th a t  em bryonic , new born  and 
a d u l t  pancreatic  tissue  im p lan ts  are eq u a lly  well re -in n erv a ted  in  th e  an te rio r  
ey e -ch am b er [1]. S im ard  (7] and  C oupland [2] have also rep o rted  th e  ex istence 
o f  nervous elem ents in pan crea tic  im p lan ts . T h ey  a ttr ib u te d  th is  to  th e  su rv iv a l 
o f  th e  nervous e lem en ts  w hich are observed  only in fully d iffe ren tia ted  a d u lt 
p a n c re a tic  tissue im p la n ts  and  n o t in  em bryon ic  pancreas. T he d isc repancy  
m ig h t be due to  th e  fa c t th a t  S im ard  [7] a n d  C oupland [2] used  only  lig h t m i­
croscope to  exam ine th e  s tru c tu re  of th e  im p lan ts . The lig h t m icroscope is n o t 
c ap a b le  of d em o n stra tin g  sm aller an d  fine  n erv o u s elem ents.

The p ronounced  re -in n erv a tio n  of th e  endocrine pancreas m igh t p ro b ab ly  
ex p la in  the stronger in tim acy  of th e  endocrine  pancreas to  th e  n ervous system . 
S ince it  is well e s tab lish ed  th a t  th e  secre tion  o f endocrine p ancreas is fin e ly  
re g u la te d  by  the  au to n o m ic  system  [5], in ta c t  in n e rv a tio n  is th e re fo re  essen tia l 
fo r  th e  norm al re g u la tio n  of endo- and  exocrine secretion o f th e  pancreas. 
M ost o f the  re -in n e rv a tin g  nerve profiles co n ta in  ag ranu lar vesicles, p ro b ab ly  
d e n o tin g  a p redom inance  of p a ra sy m p a th e tic  over sy m p a th e tic  nerves in  re ­
in n e rv a tin g  the  r a t  pan crea tic  tissue im p lan ts . E m bryon ic  p an c rea tic  tissue 
im p lan ted  into sy m p a th e tica lly  d en erv a ted  eyes are re -in n erv a ted . The re -in n e r­
v a t in g  nerve fib res are likely  to  be p a ra sy m p a th e tic , because superio r cervical 
gang lionectom y causes com plete d egenera tion  of sy m p a th e tic  nerve  fib res  in 
th e  iris. [6].
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F ig . 6 18 em bryonic  d ay s old pan crea tic  tis su e  im p lan t: N erve fib re  v a ricosities (a rro w  heads
around  b e ta  (B ) cells. X  29000

F ig . 7 18 em bryonic  days old p an crea tic  tis su e  im p lan t in sy m p a th e tic a lly  d e n e rv a te d  eyes: 
N erve  p lexus w ith  axons con tain ing  e m p ty  vesicles (a rrow ) a ro u n d  b e ta  (B ) cells. X  40600



154 D O N Á T H  a n d  A D E G H A T E

T hough nerve f ib re  te rm in a ls  are found  on th e  p la sm a  m em branes of the  
endocrine cells suggesting  a possib ly  p a re n ch y m a tic  origin, i t  appears th a t  th e  
re -in n e rv a tin g  nerve fib re s  reach  th e  im p lan ts  th ro u g h  th e  re -vascu lariz ing  
b lood vessels also from  th e  iris. The axons w ith o u t vesicles m igh t rep resen t 
re g e n e ra tin g  and/or develop ing  nerve fib res.
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ENCEPHALOMYELITIS

M. G. K h i z h n y a k , Y. L. Z h i t n u k h i n , G. V. K o n o v a l o v , S. P . S e m e n o v
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U sing  a new m ethod  for th e  s im u ltan eo u s d em o n stra tio n  of m yelin  b reak d o w n  
p ro d u c ts  an d  cell elem ents in  th e  d em y e lin a ted  nervous tissue, a n u m b er of p rev io u sly  
u n k n o w n  regu la rities were rev ea led  concern ing  in te rconnection  be tw een  d em y elin a tio n  
processes a n d  in flam m atio n  in th e  d y nam ics o f ex p erim en tal allergic encephalom yelitis  
(E A E ). A lte ra tio n s  in  osm ophilia  an d  in  size o f m yelin  b reak d o w n  p ro d u c ts  in  th e  
d em y elin a tio n  foci are d e m o n s tra ted  to  be th e  m o st essentia l in  th e  E A E  p a th o m o rp h o l­
ogy, a  ce rta in  ty p e  of cellu lar re ac tio n  corresponding  to  each  stage of p e riax o n a l 
changes. A close re la tionsh ip  w as fo und  be tw een  dem yelina tion  processes an d  in f la m ­
m atio n  w hich  determ ines th e  s tru c tu re  o f th e  dem yelina tion  foci a t  various stages of 
th e  disease.

Introduction

D espite  pro longed efforts to  in v es tig a te  th e  pathogenesis o f dem y elin a tin g  
disease, th e ir  u n d erly ing  m echanism s are s till n o t clarified . U p to  th e  p re sen t 
tim e , th e  p rob lem  of pathogen ic  effect o f cellu lar and  h u m o ra l fac to rs o f th e  
im m une response to  m yelinated  s tru c tu re s  o f th e  bra in  is argued . T here c an n o t 
he an y  progress in  th is field w ith o u t a fu n d a m e n ta l s tu d y  of all th e  fac to rs  of 
nervous tissue  lesions in  th e ir  in te ra c tio n  to  determ ine  th e  sequence o f th e ir  
appearance  an d  th e ir  significance in  d ev e lopm en t of dem yelination .

A su itab le  m odel to  s tu d y  th e  dem y elin a tin g  process is th e  ex p erim en ta l 
allergic encephalom yelitis  (E A E ). In  th e  li te ra tu re  one can come across co n ­
flic ting  view s on th e  in te rconnec tion  of th e  dem yelinating  processes an d  in ­
flam m atio n  in  E A E  — beginning w ith  th e ir  topograph ic  d iscrepancy  [2, 3, 13] 
up  to  th e  idea ab o u t possible deve lopm en t o f E A E  w ith o u t dem y elin a tio n  [1, 
7, 9, 10]. The cause of sim ilar conclusions is th e  fac t th a t  some in ad eq u a te  m e th ­
ods are used to  d em onstra te  d em y e lin a tio n  and  its  connection  w ith  o th e r  
a lte ra tio n s  in  th e  nervous tissue  (for exam ple , W eigert’s, K u ltsc h itz k y ’s, 
Spielm eyer’s m ethods, s ta in ing  a fte r  K liiv er-B arre ra ). L uxo l F a s t B lue, MBS

Send o ffp rin t requests to : M. G. K h izh n y ak  M. D . In s ti tu te  for E x p erim en ta l M edicine, 
U SSR  A cadem y o f M edical Sciences, P a v lo v ’s S tr. 12, 197022 L eningrad , U SSR
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an d  some o th e r s ta in in g s  are  capable to  rev ea l only  adv an ced  stages of dem yelin- 
a tion , and  M arch i’s h ig h ly  sensitive m eth o d  can n o t id en tify  safely neurological 
and  in fla m m a to ry  cells. E lec tron  m icroscopy is know n to  be su itab le  to  in v e s ti­
gate bo th  aspects  o f th e  pathological process — in flam m atio n  and dem yelina- 
tion . Since, how ever, th e  pathological a lte ra tio n s  in th e  CNS a t  E A E  ap p ea r in 
sm all areas an d  in  la rg e  space-tim e ranges, th e  volum e of th e  m ateria l necessary  
for th e  in v es tig a tio n  is o ften  beyond th e  m ethod ica l possibilities of e lec tron  
m icroscopy.

The aim  of th e  p resen t in v estiga tion  w as to  s tu d y  th e  re la tionsh ip  b e ­
tw een the  processes o f dem yelination  an d  in flam m atio n  in  th e  E A E  d ynam ics 
using the  m e th o d  developed  a t our in s ti tu te  for s im ultaneous d em o n stra tio n  of 
m yelin b reak d o w n  p ro d u c ts  and cell e lem en ts in d em yelina ted  nervous tissue .

Materials and methods

E A E  w as in d u ced  in  no n -in b red  m atu re  gu inea  pigs (body  w eigh t 350—400 g) w ith  a 
single su b cu tan eo u s in je c tio n  in  a forefoot p a d  of 0.001 m g m yelin  basic p ro te in  frac tio n  
(B P F ) or 20 m g (w et w e ig h t) o f b ra in  tissue h o m o g en a te  (B H T ) in m ix tu re  w ith  0.05 m l com ­
p le te  F reu n d  a d ju v a n t  (CFA ). B P F  was iso la ted  fro m  bovine sp inal cord b y  m eans of colum n 
ch ro m ato g rap h y  [14]. H isto log ical signs of E A E  w ere d e tec ted  an d  exam ined  in 113 an im als 
sensitized  w ith  B P F  a n d  in  49 sensitized  w ith  B T H . T he an im als in v es tig a ted  were k illed  a t  
various stages o f th e  E A E  developm en t: a t  8— 10 d ay s ( la te n t period ), a t  14—17 days (n eu ro ­
logical signs o f E A E ) a n d  48— 365 days (clinical recovery). A ccord ing  to  our m o d ificatio n  of 
M archi’s m eth o d  [4], CNS m ate ria ls  were fix ed  in  10 p e r cen t fo rm aldehyde , k ep t in 3 pe r cen t 
po tassium  b ich ro m ate  so lu tio n  follow ed b y  1 p e r cen t osm ic acid  so lu tion  for 2 days in  each. 
Sam ples w ere th e n  w ash ed  in  ta p  w a ter for 12 h, d e h y d ra ted  successively in  70, 96, 100 per 
cen t ea th an o l an d  em b ed d ed  in  celloidine. H isto log ical sections o f 2.5 — 5 th ickness w ere 
s ta ined  w ith  to lu id in  b lue  a n d  m o u n ted  w ith  b a lsam . A p a r t  o f th e  m ate ria l was fix ed  in  70%  
e th an o l and  s ta in ed  w ith  th e  Nissl m ethod . R ap id  p re p a ra tio n s  w ere o b ta ined  by m eans of a 
freezing m icro tom e a f te r  specim en  im p reg n atio n  in  osm ic acid.

Results

N eurological sy m p to m s of E A E -pareses and  paia ly ses  of h ind  lim bs, 
pelvic d isorders, haem ipareses and  hyperk ineses were observed  in th e  an im als 
for th e  f irs t tim e  in  1 0 — 14 days a fte r th e  in jec tion  of encephalitogenic m ix tu re . 
L e th a lity  a t E A E , in d u ced  w ith  B P F , w as 85% , while am ong th e  an im als, 
inocu la ted  w ith  B T H , 100%  death  was reg istered  (usually  on th e  3rd — 4 th  
days from  th e  onse t o f th e  disease). In  3 an im als, in o cu la ted  w ith  B T H , a h y p e r­
acute  course o f E A E  w as observed w ith  a sh o rten ed  la te n t  period up to  8 days 
and  a rap id  (d u ring  severa l hours) m o rta l outcom e.

The m ain  pa th o lo g ica l changes, rev ea led  du ring  th e  la te n t period of E A E , 
beginning  from  th e  10 th  d ay  a fte r in o cu la tio n  of th e  encephalitogenic  m ix tu re , 
were d em yelina tion  an d  cellular in fla m m a to ry  in filtra tio n . The in flam m ato ry
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reac tion , found  m ain ly  in th e  lum bosacra l segm ents o f th e  sp inal cord and in the  
zone of th e  pons V ariolii, p roduced  tw o ty p es of ce llu lar in filtra tio n s : e ith e r  
lym p h o cy tes  and  h aem atogen ic  m acrophages, or m acrophages and neu tro p h ilic  
g ranu locy tes. A lready  a t  th is  stage o f the  disease, th e  p e c u lia rity  of th e  in f la m ­
m a to ry  process was its close connection  w ith  d em y e lin a tio n . In  the  areas, free 
of haem atogen ic  e lem ents, th e  m yelin  b reakdow n p ro d u c ts  w ere absen t an d  cer­
ta in  stages o f periaxona l changes corresponded  to  de fin ite  ty p es of cellu lar reac ­
tions. F o r exam ple, in  areas w here th e  w hite  su b stan ce  w as in filtra te d  w ith  
lym phocy tes an d  h aem atogen ic  m acrophages, single m yelin  breakdow n p ro d u c ts  
were d e tec ted  (F ig. la ) ,  while in  th e  zones w here m acrophages and  neu tro p h ilic  
g ranu locy tes occurred , focal accum ulations of osm iophilic  granules w ere ob-

Fig. 1. W h ite  m a tte r  o f th e  sp ina l cord lu m b ar segm ent. M archi’s m odified  m ethod  w ith  to- 
luid ine b lue  s ta in ing , a — ly m p h o-m onocy tic , in filtra tio n  in  th e  zone of single sm all slig h tly  
osm iophilic m yelin  b reakdow n p ro d u c ts  (arrow s). E A E . T he 11 th  d a y  a f te r  inocu la tion  w ith  
B P F . X 460; b -  in f iltra tio n  w ith  m acrophages and n eu tro p h ilic  g ran u lo cy tes in the  zone of 
focal accu m u la tio n  of sm all s lig h tly  osm iophilic m yelin  b reak d o w n  p ro d u c ts  (arrow s). EA E. 
The 11 th  d ay  a f te r  ino cu la tio n  w ith  B P E . X 280  c — h aem ato g en ic  m acrophages w ith  an  
a d m ix tu re  o f a s tro cy tes  and  a n e u tro p h ilic  g ranu locy te  am ong focal accum ula tion  o f th e  
m yelin  b reak d o w n  p ro d u c ts  possessing various degree of o sm iophilia  (arrow s). E A E . T he 
17th d ay  a f te r  in o cu la tio n  w ith  B P F . X 4 6 0  d  — large in te n siv e ly  osm iophilic m yelin  b re a k ­
down p ro d u c ts  am ong glial cells. E A E , induced  w ith  B P F . T he 5 th  d a y  of th e  clinical reco v ­
ery. X 580  e — d esin teg ra ted  frag m en ts  o f m yelin sh ea th s  o f sm all size and w eak degree of 
osm iophilia. T he cerebellar w h ite  m a tte r . M odified M archi’s m e th o d . E A E , induced  by  B P F .

Tw elve m o n th s a f te r  clinical recovery . X 1 4 0
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served  (Fig. lb ) . U sually , in th e  foci o f in itia l dem yelination  ly m p h o id  cells were 
ab sen t. These foci w ere often  revealed  ra th e r  fa r from  th e  ly m p h o id  in filtra te s . 
S m all size (0.5 —2.5 m em ) an d  ex trem e ly  low osm iophilia in  frag m en ts  of de­
s tro y ed  m yelin sh ea th s  in th e  areas of th e  in itia l d em yelination  a t tra c te d  our 
a tte n tio n .

An essen tia l m an ifesta tio n , d issem in a tio n  and po lym orph ism  w ere specif­
ic for the  p a th o m o rp h o lo g y  of E A E  d u rin g  th e  period of neuro logical signs. 
B esides th e  changes described  above, th e  in flam m ato ry  in f iltra tio n  of th e  CNS 
w h ite  m a tte r  w as p roduced  b y  haem ato g en ic  m acrophages an d  astro cy tes ,am o n g  
w hich  th e  m yelin  b reakdow n  p ro d u c ts  w ere s itu a te d ; th e ir  osm ioph ilia  was of 
h ig h er degree an d  th e y  were la rg e r in  size (F ig . lc ).

V arious zones o f th e  in f la m m a to ry  in filtra te s  could n o ticeab ly  differ by 
th e ir  ra tio  of cellu lar e lem en ts. N ear la rge  vessels and in th e  p ia  m a te r  encephali, 
as a rule, lym p h o cy tes  p red o m in a ted , in  th e  deeper zones — haem atogen ic  
m acrophages, an d  a t th e  b o rd e r o f th e  in fla m m a to ry  in f iltra te s  w ith  th e  w hite 
m a tte r  — h aem atogen ic  m acrophages an d  n eu troph iliac  g ranu locy tes. I f  near 
th e  large vessels an d  th e  p ia  m a te r  th e  m acrophages u su a lly  h ad  a peculiar 
ro u n d  form , in  th e  d e p th  of th e  w h ite  m a tte r  an d  especially in th e  dem yelination  
foci these cells acq u ired  an elongated  form .

On the  f irs t  days a fte r  th e  d isap p earan ce  of visible neuro logical d is tu r­
bances, ce rta in  lesions of the  spinal cord w hite  m a tte r  of various in te n s ity  were
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seen. The m an ife s ta tio n  of dem yelination  could be ra th e r  essential, how ever, 
in flam m ato ry  changes were g rad u a lly  decreasing . D urin g  th is  period th e  d em y ­
e lin a tio n  foci w ere rev ea led  in  th e  a n te rio r an d  po ste rio r fun icu li of th e  lu m b o ­
sac ra l segm ents o f th e  spinal cord  an d  w ere seen as accu m u la tio n s of large (up to  
4 0 —50 and m ore m em ) in tesive ly  osm iophilic g ranu les localized in th e  cereb ra l 
w h ite  m a tte r am ong  astro cy tes  and  o ligodendrocy tes (F ig. Id ) . In fla m m a to ry  
changes during th e  f irs t  w eek of clinical recovery  w ere m an ifested  as a r a th e r  
m o d era te  ly m p h o tic  an d  m onocytic  in f iltra tio n  in  th e  area  o f the  an te rio r and  
p o ste rio r lo n g itu d in a l sulci in  th e  lum bosacral segm ents an d  v e ry  seldom  in th e  
zone of the sp inal co rd  w h ite  m a tte r .

S tructu re  o f th e  d em yelination  foci in  3 — 3.5 m o n th s  a fte r  E A E  in d u c tio n  
rem ained , as a w hole, th e  sam e. O nly a m ore diffuse a rra n g e m en t of th e  m yelin  
breakdow n p ro d u c ts  in th e  w hite  m a tte r  can  be m en tioned .

In  11 — 12 m o n th s  of reconvalescence in th e  b ra in  an d  sp inal cord w eak ly  
osm iphilic, m a in ly  sm all size (5 — 7 m cm ) frag m en ts  of d esin teg ra ted  m yelin  
sh ea th s  w ere fo u n d  freely  sca tte red  in  th e  w hite  m a tte r  (F ig . le ).

Changes co n n ec ted  w ith  glial cells were n o t sig n ifican t. O nly in cases o f a 
h y p eracu te  course o f  E A E  a no ticeab le  re -a rran g em en t (F ig . 2a) and  a sh a rp  
condensation  of th e  n uc lear ch ro m atin  (F ig. 2b , c) w as observed  in th e  d em y ­
elina tion  foci. P a th o lo g ica l changes in neurons w ere u su a lly  ab sen t. In 3 an im als, 
how ever, in o cu la ted  w ith  B T H , lesion of th e  grey  m a tte r  in  th e  lu m bosacra l 
segm ents of th e  sp in a l cord took  place as d e s tru c tio n  an d  ischem ic changes. 
D estruc tive  changes in  th e  neurons w ere acu te  sw elling, sh a rp  h y p erch rom atosis
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Fig. 2. L u m b o sac ra l segm ent of th e  sp in a l cord ( a ~ e  — w hite m a tte r , / — g  — a n te rio r  horn). 
a — re d is tr ib u tio n  of chrom atin  in  g liocy tic  nuclei. E A E . T he 8 th  d ay  a f te r  in o cu la tio n  w ith  
B T H . N issl m e th o d . X 900 b — in te n siv e  h y p e rtro p h y  of cy to p lasm  an d  co n d en sa tio n  of 
c h ro m a tio n  in  th e  gliocyte nucleus. E A E . T he 8 th  d ay  a f te r  in o cu la tio n  w ith  B T H . N issl 
m e th o d . X 8 4 0 . c — in tensive ly  m an ifes ted  co n densation  of c h ro m a tin  in  a g liocyte. E A E . 
T he 8 th  d a y  a f te r  inocu la tion  w ith  B T H  N issl m eth o d . X 840 . d  — re m n a n ts  o f condensed  
c h ro m a tin  n e a r e ry th ro cy te s . E A E . T he 8 th  d a y  a fte r  in o cu la tion  w ith  B T R . N issl m eth o d . 
X 5 9 0  e — a cu te  sw elling w ith  p h en o m en a  of a c lum ped  chrom ato lysis nu c lear h y p erch ro m a- 
tosis a n d  h y p e r tro p h y  of th e  n uclear a p p a ra tu s  in  th e  neuron. E A E . T he 8 th  day  a f te r  in o cu la ­
tio n  w ith  B T H . N issl m ethod. Х 4 8 0 / — ischem ic a lte ra tio n  of th e  neuron . E A E . T he 8 th  day  
a f te r  in o cu la tio n  w ith  B TH . Nissl m eth o d . X 3 2 0  g — pericellu lar in c ru s ta tio n  of th e  n eu ron .

E A E . The 8 th  day a fte r  in o cu la tio n  w ith  B T H . Nissl m ethod . X 280
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o f th e  nucleus w ith  h y p e r tro p h y  of th e  n u c leo la r a p p a ra tu s  (F ig. 2d). T he signs 
o f hypox ia  were p y k n o tic  nuclei, th e ir  form  copying  th e  con tours of cy top lasm  
(F ig . 2e). Perice llu lar in c ru s ta tio n  of th e  bodies o f th e  nerve  cells w ith  calcium  
sa lts  (Fig. 2f) in d ica ted  ischem ic changes. I t  shou ld  be n o ted  th a t  the  p a th o lo g i­
cal changes described w ere detec ted  in th e  b ra in  and th e  sp inal cord of all an i­
m als w ith  neuro logical d isorders w hich ap p ea red  a fte r  th e  B T H  inocu la tion  as 
w ell as in  60 per c e n t o f guinea pigs w ith  E A E , induced  b y  B P F . The CNS 
lesions were p re d o m in a n t in  th e  spinal cord  in 31 p er cen t an d  in  th e  b ra in  in  9 
p e r cen t of th e  a ffec ted  an im als sensitized  w ith  B P F . D em yelina tion  and  cellu­
la r  in flam m ato ry  in f il tra tio n  in th e  CNS o f an im als in ocu la ted  w ith  B P F  w ere 
considerab ly  less p ro n o u n ced  th an  a fte r  th e  B T H  inocu la tion  (Fig. 3a, b). 
T herefo re, on th e  b lack  an d  w hite pho to  th e  m yelin  b reakdow n  p ro d u c ts  are 
h a rd ly  discernible in  th e  foci o f early  dem y elin a tio n  being m asked  by  g ran u lo ­
c y te  nuclei frag m en ts  (F igs 3b, lb ) . A fter th e  B T H  inocu la tion  th e  d em y elin a­
tio n  foci becam e so e x ten s iv e  th a t  th e y  could be seen w hen using  low m agn ifica ­
tio n  (F ig. 3c). The m y e lin  b reakdow n p ro d u c ts  in  such an im als were found  n o t 
o n ly  along the  p e rip h e ry  o f th e  w hite m a tte r  o f th e  spinal cord (as in E A E  in ­
du ced  by  B P F ) h u t also  in  its  d ep th  an d  even  am ong th e  nerve  cells of th e  grey 
m a tte r  (Fig. 3d).

F ig . 3. L u m b ar seg m en t o f  sp ina l cord. W hite  m a t te r  (a, b, c). G rey m a t te r  (d ). M arclii’s 
m od ified  m ethod  w ith  to lu id in  blue stain ing , a w id esp read  cell in fil tra tio n  and  c learly  v is­
ib le  m yelin  b reakdow n p ro d u c ts  (arrow s). E A E . 11 th  d ay  a f te r  in o cu la tio n  w ith  B T H . X90 
b — m o d era te  cell in f il tra tio n . Sm all and  sc a tte re d  m yelin  b reak  dow n p ro d u c ts  h a rd ly  differ 
fro m  granulocy tes n u c lear frag m en ts  (arrow s) in th e  foci o f m o d era te  d em yelina tion . E A E . 
1 1 th  day  a fte r in o cu la tio n  w ith  B P F . X120 c — ex ten siv e  d em y elin a tio n  in  th e  p e rip h e ra l 
a reas. E A E . 17th day  a f te r  in o cu la tio n  w ith  B T H . X 22 d — m yelin  b reakdow n p ro d u c ts  in  
th e  grey  m atte r . E A E . 1 7 th  d a y  a fte r  ino cu la tio n  w ith  B T H . X290
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Discussion

As d e m o n s tra te d , a specific fea tu re  of th e  E A E  m orphological p ic tu re  is 
th e  change of osm ioph ilia  in  th e ' d es in teg ra ted  frag m en ts  of th e  m yelin  sh ea th s . 
E v id e n tly , in th e  foci o f  th e  in itia l periaxonal process th e re  are n o t y e t essentia] 
changes in th e  ch em ica l com position  of m yelin . T herefore, du ring  th e  E A E  
la te n t  period in  th e  CNS alm ost exclusively  poor osm iophilic g ra n u la rity  is 
rev ea led , and a t ad v a n c e d  stages of th e  disease th e  in te s itiy  of osm iophilia of th e  
m yelin  breakdow n p ro d u c ts  increases essen tia lly ; th is  depends on th e ir  agg re­
g a tio n  and d igestion  b y  h aem atogcn ic  and  glial elem ents. D ecreasing a ff in ity  o f 
th e  desin teg ra ted  frag m en ts  of th e  m yelin  sh ea th s  to  osm ium  a t far-o ff stages 
o f  clinical recovery , u n d o u b te d ly , d em o n stra te s  th a t  th e  processes o f th e  m yelin  
b reak d o w n  p ro d u c ts  d igestion  w ith  glial cells have  com e to  th e ir  end.

D em yelination , n o t connected  w ith  th e  h aem atogen ic  e lem ents, has n o t 
b een  observed. In f la m m a to ry  in filtra te s  consisting  o f ly m p h o cy tes  and  h a e m a ­
to gen ic  m acrophages w ere th e  m ost f req u en t find ings in th e  p a th o m o rp h o lo g y  
o f th e  EA E la te n t  p erio d . In  im m unological reac tions T -killers are know n to  
p e rfo rm  dam aging  ac tio n  to  th e  tis su e -ta rg e ts  w ith o u t an y  assistance  of a n t i ­
bod ies and  th e  co m p lem en t, b u t  in  coopera tion  w ith  m acrophages [11]. W hen  
speak in g  abo u t th e  im m unolog ical phenom enon  of th e  delayed  ty p e  h y p e rse n ­
s it iv ity , m acrophages an d  lym p h o cy tes  ac t as a single ly m p h o -m acro p h ag ea l 
sy s tem  [8]. T hus, th e  d a ta  o b ta in ed  m ake i t  possible to  suppose th a t  develop-
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m en t of early  stages o f th e  pe riax o n a l process in th e  CNS can he resu lted  from  
coopera tive  action  of ly m p h o cy tes  and h aem atogen ic  m acrophages.

C on tra ry  to  th e  d a ta  of som e au th o rs , w ho have s ta te d  th e  absence of 
dem yelination  in places o f accum ula tion  of n eu tro p h ilic  g ranu locy tes in th e  
CNS [12], our in v es tig a tio n  dem o n stra tes  th a t  in itia l s tages of th e  m yelin  
sh ea th  d estruc tion  arc accom pan ied  w ith  th e  ap p earan ce  of neu tro p h ilic  g ra n u ­
locytes in these areas. T his d isc repancy  can he caused  by  in su ffic ien tly  sensitive 
sta in in g  m ethod  w ith  L uxo l (th e  Luxol m ethod) ap p lied  b y  o th e r au th o rs  for 
revealing  in itia l dem yelin a tio n .

The lym pho id  cells are  d em o n stra ted  in  th is  w ork  to  de te rm ine  m ain ly  
in  th e  w hite  m a tte r  areas w ith  m inim al dam age of th e  m y e lin a ted  fibers and  
th e y  are ab sen t in  th e  in itia l dem yelination  foci, w here p re d o m in a n t elem ents 
a re  m acrophages an d  n eu tro p h ilic  g ranu locy tes. T his o b se rv a tio n  m akes possi­
ble to  consider in a new  w ay  th e  p a rtic ip a tio n  of cells in th e  in f iltra tio n s  during  
th e  E A E  developm ent an d  suggests th a t  p o ly m o rp h o n u lcea r neu troph ils  and  
m acrophages ev iden tly ,p o ssess  n o t only phagocy tic  h u t  also non-specific  m yeli- 
no tox ic  ac tiv ity . C ertain  dependence betw een  th e  n u m b e r of neu troph ilic  
g ranu locy tes and  m an ifesta tio n  of periaxonal changes can be considered also as 
reac tions of these h aem ato g en ic  elem ents to  p re fo rm ed  lesions in  th e  CNS.

The d a ta  p resen ted  suggest th a t  in th e  E A E  m orp h o d y n am ics th e  degree 
o f th e  osm iophilic changes, size of th e  m yelin b reak d o w n  p ro d u c ts  and  cellular 
com position  of th e  dem y elin a tio n  foci, w here ce rta in  ty p e  of cellu lar reactions 
corresponds to  each stage  o f th e  p eriaxonal changes (T able I) , are th e  m ost

Table I

P eriaxonal changes and  cellular reactions in  th e  E A E  dynam ics

Periods of EAE
Structure of periaxonal

changes
Cell elements in the demy­

elination zones

L a ten t

Single, sm all (0 .5— 1.5 mcm) slightly  
osm iophilic fragm en ts of m yelin 
sheaths

Focal accum ulations of small slightly  
osm iophilic m yelin  breakdow n 
p roducts

L ym phocytes and haem atoge­
nic m acrophages

H aem atogenic  m acrophages 
and  neu troph ilic  granulocytes

Neurological
m anisfestations

Focal accum ula tion  of fragm ents of 
destroyed  m yelin  sheaths varying in 
size and degree of osmiophilia

H aem atogenic  m acrophages 
w ith  ad m ix tu re  o f astroglio-
cytes

Convalescence A ccum ulation  of m ain ly  large (20— A strocy tes and  m acrophages 
50 m cm ) and h ighly osmiophilic g ranules of m icroglial origin

R em ote  tim e of 
convalescence

Diffuse accum ula tion  of p redom inan tly  
slightly  osm iophilic, small (5— 8 m cm ) 
th e  m yelin  b reakdow n products

A strocy tes w ith  in tensively  
h y p ertro p h ied  processes
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im p o r ta n t. Thus, in th e  dynam ics o f th e  E A E  d ev e lopm en t be tw een  th e  de- 
m y elin a tio n  processes an d  in flam m atio n  th ere  ex ists a close in te ra c tio n  th a t  
de te rm in es th e  s tru c tu re  o f th e  d em y elina tion  foci a t  vario u s stages of the 
disease.

R E F E R E N C E S

1. C olover J :  A new  p a tte rn  o f sp inal cord d em y elin a tio n  in gu inea pigs w ith  a cu te  ex p eri­
m en ta l allergic en cephalom yelitis  m im ick ing  m ultip le  sclerosis. B rit J  E x p  P a th o l 
61: 390, 1980

2. K h o ru zh ay a  TA, B a rd ac h ac h y an  E A : E le c tro n  m icroscopic in v es tiag e tio n  o f th e  ex p eri­
m en ta l allergic en cephalom yelitis  in  dogs. C om m unication  I I .  P ecu lia ritie s  o f u ltra - 
s tru c tu ra l a lte ra tio n s  in  th e  c en tra l n e rv o u s tissue depend ing  on se v e rity  o f  th e  course. 
M echanism  of allergic d em y elin a tio n . C ytol Gen 13: 16, 1979 (R ussian )

3. H ow ell G, K idd M: A n e lec tro n  m icroscopical com parison of p r im a ry  an d  seco n d ary  d em y ­
e lin a tio n  in th e  r a t  c en tra l n ervous system . V irchow s’ A rch iv  A b t B Z ellp a th  2: 
181,1969

4. K h iz h n y ak  MG: The m eth o d  of n e rvous tissue  s ta in ing  on h isto log ical sections. B ull I n ­
ven tio n s No. 44 (a u th o rs  certifica te  No. 1273769) 1986

5. M ayansky  AN, M ay an sk y  D N : E ssay s on  N eu tro p h il and  M acrophage. N a u k a , N ovosi­
b irsk , 1983 (R ussian )

6. M ayansky  AN, G aliu lin  AN: N eu tro p h il R e ac tiv ity . U n iv e rs ity  P ress, K azan , 1984
(R ussian)

7. M oore C, T rau g o tt U , F a ro g  M, N o rto n  W , R aine C: E x p e rim en ta l au to im m u n e  en cep h a­
lom yelitis. A u g m en ta tio n  of d em y e lin a tio n  b y  d ifferen t m yelin  lip ids. L ab  In v e st 
51: 416, 1984

8. P ig a rev sk y  V E: P o ly m o rp h o n u clear leucocy te  and m acrophage  in  in f la m m a to ry  and
h y p e rsen s itiv ity  reac tio n s . A rch P a th o l 45: 14, 1983 (R ussian )

9. R a in e  C, T rau g o tt U , F a ro g  M ,B o rn sta in  M, N o rto n  W: A u g m en ta tio n  of im m u n o -m ed iated
d em yelina tion  by  lip id  h ap ten s . L ab  In v e s t  45: 174, 1981

10. R a in e  C, T rau g o tt U : T he pa thogenesis an d  th e ra p y  of m ultip le  sclerosis is based  u p o n  the
req u irem en t o f a com b in a tio n  of m y elin  an tigens for au to im m u n e  d em y elin a tio n . J  
N euro im m unol 2: 83, 1982

11. Serov  VV: In flam m atio n  and  im m u n ity , h y p e rsen s itiv ity . A rch  P a th o l, 45: 3, 1983
(R ussian)

1 2 . V acenic  J ,  G rcevic M, V itale  B : C orrela tive  s tu d y  of im m unological an d  patho log ical
ev en ts  involved in  ex p erim en ta l allerg ic encephalom yelitis. P e rio d  B iologorum  79: 
91, 1977

13. Z h ab o tin sk y  Y u M, Ioffe V I: E x p erim en ta l A llergic D em yelinating  D iseases o f  th e  N ervous
tissue. M editsina, L en in g rad , 1975 (R ussian )

14. Z h itn u k h in  Y u L, P lesk o v  VM: Iso la tio n  an d  analysis of encep h alito g en ic  f rac tio n s  of the
spinal cord p ro te in s. P rob lem s M ed Chem . 1: 57, 1978 (R ussian )

Acta Morphologica Hungarica 36, 1988



A cta M orphologica H ungarica , 36 (3  — 4 ) , p p . 167 — 175 (1988)

ULTRASTEREOLOGIC STUDIES ON THE 
MYOCARDIAL MITOCHONDRIA IN 

EXPERIMENTAL HYPOTHYROIDISM

P . B l o c h , A. K ulig

DEPARTM ENT OF PATHOM ORPHOLOGY IN ST ITU TE OF DIAGNOSTICS,
M ILITA RY  M EDICAL ACADEMY, L Ó D Í ,  POLAND

(R eceived 19 N ovem ber 1987)

U ltraste reo log ic  stud ies w ere perfo rm ed  on m y o card ia l m ito ch o n d ria  in ex p eri­
m en ta l h y p o th y ro id ism  induced b y  th e  excision of th e  th y ro id  g land. S tud ies were 
carried  ou t using accep ted  m ethods in  stereology accord ing  to  W eibel e t al. [15].

M itochondrial m em brane su rface  areas and  re la tiv e  volum es of in d iv idua l m em ­
bran es and c o m p a rtm e n ts  were c a lcu la ted  by  m eans of W eibel’s grid  and  square  grid.

Q u an tita tiv e  s tud ies disclosed th a t  in  h y p o th y ro tic  an im als m itochondria l 
m a trix  volume increased , while m itochondria l ex te rn a l c o m p a rtm e n t volum e was red u c­
ed, w hich reflected  low ered  energy p ro d u c tio n  by  m ito ch o n d ria  an d  its  tran sfe r  to  o th er 
subcellu lar s tru c tu re s  o f m yocard ia l fibers .

The s tud ies allow ed to  e v a lu a te  energy s ta te  o f  m ito ch o n d ria  and  enab led  to 
exam ine the  course b ioenergetic  d is tu rb an ces  w ith in  m y o ca rd ia l fibers, th e  effect of 
w hich was progressive h e a r t h y p o d y n am ism  and  failure.

Keywords: H y p o th y ro id ism , m y ocard ium , u ltra ste reo lo g ic  analysis o f m ito ­
chondria

Introduction

A  series of ex p e rim en ta l s tu d ie s  [1, 2, 3] on ch ron ic  h y p o th y ro id ism  in ­
duced  b y  surgical excision  of the  th y ro id  gland enab led  to  ev a lu a te  dynam ics of 
m orphological changes in  th e  m y o card iu m . T hey  w ere expressed  as sm all scars 
and  areas of congelative necrosis. T h e ir  cause was ascribed  to  im paired  vascu la r 
perfusion  associated w ith  developing atherosclerosis, w h ich , consequen tly , led 
to  m yocard ia l hy p o d y n am ism . S im u ltaneously  perfo rm ed  elec trocard iograph ic  
investig a tio n s con firm ed  diffuse dam ag e  to  th e  m y o card iu m , h u t th e y  d id  no t 
ex p la in  th e  reason fo r hy p o d y n am ism .

A  new insigh t w as prov ided  b y  electron  m icroscopic stud ies [2]. I t  was 
found  th a t  in the dev e lo p m en t of d am ag e  to  th e  m y o card iu m  in th e  course of 
h y p o th y ro id ism  an im p o r ta n t p a r t  is p layed  by  d is tu rb an ces  in  energetic  
processes reflected  b y  m ito ch o n d ria l a lte ra tio n s . R esu lts  o f th is  stud ies p ro m p t­
ed us to  analyze fu r th e r  m ito ch o n d ria l b ioenergetics o f th e  m yocard ium , th e  
m ore so as the  ex p lan a tio n  of m orphologic basis of m y o card ia l a lte ra tio n s in th e  
course o f hy p o th y ro id ism  has no t been  a tte m p te d  as y e t.

Send o ffprin ts re q u es ts  to  : P . B ioch, M. D . D ept, o f P a th o m o rp h o lo g y  lu s t ,  o f D iagnostic , 
M ilita ry  Acad. 90—549 L o d z, Zerom skiego S tr. 113 P o land
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Materials and methods

T he studies w ere p e rfo rm ed  on 4 ra ts  su b jec ted  to  surgical excision o f th e  th y ro id  gland 
(g ro u p  E). D etailed  d e sc rip tio n  of th e  p ro ced u re  was p resen ted  in  o u r p rev ious p ap er [2]. 
T h e  co n tro l group co n sisted  of 7 S h am -o p era ted  ra ts  (group C).

T he anim als w ere o p e ra ted  b y  th o rac o to m y  u n d e r e th e r an aesth es ia . T he h e a r t  was 
ta k e n  fo r investiga tions follow ing 32 w eeks of th e  experim en t.

A fter th o raco to m y  a needle w as in tro d u c ed  inside th e  left ven tric le  a n d  th e  h e a r t  was 
p e rfu sed  w ith  a p p ro x im a te ly  100 m l o f 5 %  g lu ta ra ld eh y d e  in  cacody la te  buffer. M yocardial 
sam p le s were tak en  fro m  id en tica l 4 p o in ts  o f th e  le ft ven tricle . Sam ples w ere add itionally  
f ix e d  in  the  perfusion  so lu tio n  for 3 h. T h en , th e y  w ere w ashed in  0.13 M caco d y la te  buffer 
fo r 14 h , and  post-fixed  in  1 %  osm ium  te tro cx id e  for 2 h a t  4°C. T he m a te ria l  was th en  em ­
b e d d e d  in  A rald ite  an d  c u t w ith  an  L K B  I I I  u ltram ic ro to m e. S e in ith in  sec tions were sta ined  
w ith  1%  toluidine b lue. U l t ra th in  sections w ere co n tra s ted  w ith  u ra n y l ace ta te  an d  lead 
c itra te .  The ex am in atio n s w ere p e rfo rm ed  using  a Ph ilips EM  300 e lectron  m icroscope.

Stereologic an a ly sis  o f  m y o card ia l m ito ch o n d ria  was perfo rm ed  accord ing  to  W eibel 
e t  a l. [7, 13, 14, 15]. U l tra th in  sections w ere p h o to g rap h ed  in  c o n s tan t in itia l m agn ifica tion  of 
X 27 000 tak in g  6— 8 e lec tro n o g ram s from  each  block [4,5]. To m in im alize  u n d erestim atio n  
o f p a ram e te rs  concern ing  m ito ch o n d ria l in te rn a l m em brane , a special m e th o d  of selection 
w as app lied , as described p rev io u sly  [11, 13], there fo re , only those  m ito ch o n d ria  were p h o to ­
g ra p h e d , w hich had  th e  a rea s  o f  th e  tran sv e rse ly  c u t c ristae  as large  as possib le  and  were free 
o f  a r tifa c ts  (Fig. 1). A to ta l  514 m ito ch o n d ria l profiles were analyzed  from  th e  experim ental 
g ro u p  and  1.066 ones fro m  th e  co n tro l group . In  o rder to  calcu la te  m ito ch o n d ria l m em brane 
su rface  a rea  per u n it  o f vo lu m e th e  W eibel’s n e tw o rk  w ith  15 te s t  lines (z - 0.494/un) was
p lac ed  17 X 23 cm e lec tro m ic ro g rap h  w ith  fin a l m agn ifica tion  of X81 000. D a ta  for m easure­
m e n ts  o f  re la tive  vo lum es of in d iv id u a l m ito ch o n d ria l m em branes an d  c o m p artm en ts  were 
o b ta in e d  from  a square  n e tw o rk  of d en sity  o f 53.8 p o in ts /^ m 2. P o in ts  fa lling  o v er m itochondria l 
p ro file  (P mit), m a trix  (P niatX in te rn a l m em b ran e  plus cris tae  (P c) an d  e x te rn a l co m p artm en t 
( P ec) (in te rm em b ran e  space  p lus in tra c r is ta l  space) w ere counted . T he follow ing pa ram ete rs  
w ere  calcu la ted :

R e la tiv e  volum e of th e  m ito ch o n d ria l e x te rn a l m em brane  (Vem): 

it- __ ( л P m a t  4~ P c  +  Pe<
v e in  I 1 p

V *mi t

R e la tiv e  volum e of th e  in te rn a l m em b ran e  (V irn):

P

- ]  X 100%

R e la tiv e  volum e of th e  m a tr ix  (Vmat) ‘

Vmat

X 100%
*mi t

X 100%
Pmit

R e la tiv e  volum e of th e  e x te rn a l c o m p a rtm e n t (Vec):

P
V e c  —  p X 100%

mit

S u rface  a rea  of the  e x te rn a l m em b ran e  p e r u n it  o f m itochondria l volum e (Sem):

о ___ Hem
em 7  /  I

S u rface  a rea  of th e  in te rn a l m em b ran e  p e r  u n it  o f m ito ch o n d ria l vo lum e ( S jm):

c  __  4  l e m  +  8  l im

™ * X l mit
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Fig. 1. R ep resen ta tiv e  electron  m ic ro p h o to g rap h  of a lo n g itu d in a l section  of m ito ch o n d ria  
from  a left v e n tr icu la r  m yocard ia l cell. T he tissue was o b ta in ed  from  a h y p o th y ro id  ra t.
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In  o rd er to evaluate  in te rre la tio n sh ip s  be tw een  co m p a rtm e n t volum es a n d  in te rn a l m em brane 
su rface  area, p a r titio n  coeffic ien ts were ca lcu la ted  [5, 12]:

V m a t

Sim

T h ey  de term ine  m a trix  (E mat) o r e x te rn a l c o m p a rtm e n t (E ec) vo lum es p e r u n it  o f m ito ch o n ­
d ria l in te rn a l m em brane  su rface  area.

All calculations o f  m ea n  values, s ta n d a rd  dev ia tions and  s ta n d a rd  errors of m eans were 
ca lcu la ted  w ith  a specia l p ro g ram m e fo r a n  O d ra  1305 co m p u te r. S ta tis tic a l analysis was 
pe rfo rm ed  using K ru sk al-W allis  ran k  sum  te s t  [6].

Results

E x te rn a l and  in te rn a l m em brane surface areas w ere fo u n d  to  be sign ifi­
c a n tly  decreased in  th e  ex p erim en ta l g roups (Table 1, F ig . 2).

In te rn a l m em b ran e  to  in te rn a l m em b ran e  surface area  ra tio  was low er in  
the  group E th a n  th a t  in  th e  con tro l g roup  (Table 1, Fig. 3) and  th e  difference 
w as s ta tis tic a lly  sig n ifican t.

R elative vo lum e o f th e  ex te rn a l co m p artm en t was s ig n ifican tly  decreased 
in h y p o th y reo tic  r a ts  in  com parison  w ith  th a t  in no rm al ra ts  (Table 1, Fig. 4), 
w hile re la tive  vo lum e o f the  in te rn a l c o m p artm en t s ig n ifican tly  increased  from  
4 2 .8 ^ 0 .9 7  in the  g roup  C to  6 7 .9 ^ 0 .7 5  in  th e  group E  (T able 1, F ig . 4).

R elative vo lum e o f th e  in te rn a l m em brane  s ig n ifican tly  decreased from  
2 9 .0 ^  1.1 in the  g roup  C to  1 1 .9 ^ 0 .4 3  in  th e  group E  (Table 1, Fig. 4), while th e  
d ifference in th e  re la tiv e  vo lum e of th e  e x te rn a l m em brane  betw een  b o th  groups 
w as insign ifican t.

P a rtitio n  coeffic ien t Eéc was decreased  in  th e  group  E  (Table 1, F ig . 5), 
w hile it  E mat raised in  th e  group E  and  th e  rise was sign ifican t in re la tio n  to  th a t  
in  th e  group C.

Discussion

U ltrastereo log ic  analysis  of m yo card ia l m itochondria  perfo rm ed  according 
to  W eibel [14, 15], en ab led  to  ev a lu a te  th e ir  energy s ta te s  and  bioenergetic  
d is tu rb an ces in m y o card ia l fibers in  th e  course of h y p o th y ro id ism . Q u a n tita tiv e  
assessm ent revealed  th a t  a t the  end  of th e  experim en t h y p o th y ro tic  anim als 
h ad  increased m a tr ix  vo lum e and  low ered ex te rn a l c o m p a rtm e n t volum e of 
th e ir  m yocardial m ito ch o n d ria . C hanges in m itochondria l co m p artm en t vo l­
um es are m orphological equ iv a len ts  of d is tu rb ed  bioenergetics w ith in  m yocardial 
f ib ers , ind ica ting  a lte red  A TP b iosyn thesis . Low ered surface area  of th e  in te rn a l 
m em b ran e , w hich co n ta in s  re sp ira to ry  chain  enzym es in v o lved  in  th e  oxyd a tiv e  
phosp h o ry la tio n , re flec ts  im paired  p ro d u c tio n  of A TP necessary  for norm al
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T a b le  1

Stereological characteris tics o f m itochondria

No Compartment Param eter Symbol
U nit of Contro 1 Experim ental p
measure ( ibU ) (x ± S D ) 0.01 0.05 0.1

l E x te rn a l m em brane surface area 
per u n it of m itochondria l volum e

Surface
Volume

süem
Vv em

/ит21/тп3 6.19 +  0.19 4.95 +  0.21 + |_ +

2 In te rn a l m em brane surface area 
per u n it of m itochondrial volume

Surface
Volume

Sim 
^ im

fimP/fim3 37.4 +  1.04 25.7 +  0.88 + ~r +

3 In te rn a l to  ex ternal m em brane 
surface area  ra tio

Surface Sim/Sem — 6.81 +  0.29 5.84 +  0.44 — + +

4 R elative  m atrix  volum e Volume Vmat О /о 42.8 +  0.97 67.9 +  0.75 + + +
5 E x te rn a l co m p artm en t volum e 

re la tive  to in trac ris ta l plus 
in te rm em brane  space volum es

Volume Vec о//о 24.0 +  0.30 15.5 +  0.57 + + +

6 R elative  volum e of in te rn al 
m em brane

Volum e Mm о//о 29.0 +  1.1 11.9 +  0.43 -f- +

7 R elative  volum e of ex ternal 
m em brane

Volume Vem ()//о 4.2 +  0.29 4.7 +  0.28 — + +

8 P a rtitio n  coefficient o f ex ternal 
co m p artm en t

P artitio n
coefficient

Eec / т г 3/ / / т 2 0.0070 +  0.0002 0.0066 +  0.0003 - — —

9 P a rtitio n  coefficient o f m atrix P a rtitio n
coefficient

E mat fim 3l fini- 0.012 +  0.0004 0.0293 +  0.0012 + + 4-

* +  SD m ean +  s tan d ard  dev ia tion  of th e  m ean
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Eec : partition coefficient of external compartment 
Emat : partition coefficient of internal compartment

□  Control group

У//Л Experimental group

Fig. 2. M itochondria l m em brane  surface  a reas per m ito ch o n d ria l volum e u n i t

C=3 Control group 

V //A  Experimental group

Fig. 3. In te rn a l m em brane  to  e x te rn a l m em brane su rface  a rea  ra tio
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m : matrix
Ce : external compartment 
mi : internal membrane 
me: external membrane 
C : control group 
E : experimental group

Fig. 4. R e la tiv e  volum es of m ito c h o n d ria l m em b ran e  c o m p artm en ts

Sem: external membrane surface area 
Sim : internal membrane surface area

□  Control group 

Х //Л  Experimental group

Fig. 5. P a r t i t io n  coefficient o f e x te rn a l  an d  in te rn a l  c o m p artm en ts
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a c tiv ity  of th e  m yocard ium . This o b se rv a tio n  w ould exp la in  m yocard ia l hypo- 
dynam ism  w ith  su b seq u en t m yo card ia l failu re in  th e  course of h y p o th y ro id ism . 
In  tu rn , decreased surface area of th e  e x te rn a l co m p a rtm e n t, n o rm aly  rich  w ith  
ad en y la te  k inase an d  diphosphonucleoside kinase [8, 16, 17], p roves im p a ir­
m en t of its  role as a m ed ia to r in  th e  tra n s fe r  of a lready  decreased h igh-energy  
p h o sp h a te  com pounds from  th e  m ito ch o n d riu m  to  o th e r s tru c tu re s  o f th e  m yo­
card ia l fibers. M cC allister and  P age [10], using a n o th e r  ex p e rim en ta l m odel, 
described a rise in  th e  p a r titio n  o f m ito chondria l frac tio n  in  th e  f ib e r  volum e 
in response to  th y ro x in e  ad m in is tra tio n  to  ra ts  w ith  excised th y ro id  g land, 
w hich is an  ev idence for more dense p ack in g  of th e  c ris tae  p ro b ab ly  a t th e  cost 
o f th e  m ito ch o n d ria l m a trix . The la t te r  suggestion is in  ag reem en t w ith  our 
re su lt in d ica tin g  a rise in  th e  m a tr ix  vo lum e in  an im als w ith  ex p e rim en ta l h y ­
po thyro id ism .

D irec t c o n tr ib u tio n  of th y ro id  horm ones to  th e  reg u la tion  o f o x y d a tio n  
and  energy p ro d u c tio n  w ith in  m ito ch o n d ria  was con firm ed  by  th e  detec tio n  of 
specific recep to rs on th e  m itochondria l in te rn a l m em brane  [9]. I t  is supposed  
th a t  b ind ing  of th e  th y ro id  horm ones to  th e  recep to rs induces a lte ra tio n s  in  the  
sp a tia l a rran g em en t of m acrom olecules form ing in te rn a l p a r t  o f th e  m ito ­
chondrial m em b ran e . L ehn inger [8], w ho inv estig a ted  e lec tro p h o re tic  p a tte rn  of 
m itochondria l p ro te in s , found a p ro te in  of m olecular w eight o f 54 000 w ith in  
m itochondria  o b ta in e d  from  tissues o f norm al ra ts  and  of ra ts  w ith  excised 
th y ro id  g land , rece iv ing  triio d o th y ro n in e , while th is  p ro te in  was lack in g  in th e  
m itochondria  in ra ts  w ith  excised th y ro id  gland an d  n o t receiv ing  tr i io d o th y ­
ronine.

Im p a irm e n t o f h igh-energy com pound  p ro d u c tio n  affects m yo card ia l f ib er 
biology, induces m etabo lic  d eran g em en ts  reflec ted  b y  m orphological ab n o rm a l­
ities. The earlies t changes a t  th e  subm icroscopic level lead  to  m y o card ia l 
dysfunction  due to  energy  deficiency.

S tereologic s tu d ies  on m ito ch o n d ria  according to  W eibel en ab led  to  e luci­
d a te  m echanism s o f energy d is tu rb an ces  in th e  m yocard ium  in th e  course o f 
hy p o th y ro id ism , w hich induces red u ced  energy p ro d u c tio n  an d  progressive 
h ea rt fa ilu re .
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CYTOCHEMICAL EXAMINATIONS OF Ca, 
CYTOCHROME OXIDASE AND SUCCINATE 

DEHYDROGENASE ENZYMES IN ENDOMETRIUM 
CARCINOMATOUS TISSUE AFTER HIGH 

DOSE PROGESTOGEN TREATMENT

Z. Sza r v a s1, I. B a l o g h 2, К . P a t a i1

■SECOND CLINIC OF OBSTETRICS AND GYNECOLOGY, SEM M ELW EIS MEDICAL U N IV ER SITY ,
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■■DEPARTMENT OP FORENSIC M EDICINE, SEM M ELW EIS MEDICAL U NIV ERSITY , 
BUDAPEST, H UN G ARY

(R eceived 2 D ecem b er 1987)

A u th o rs  in v es tig a ted  th e  effect o f  h ig h  dose progestogen  in  en d o m etriu m  c a r ­
c inom atous tissue  on  th e  d is tr ib u tio n  of calc iu m  d ep o ts , as well as on  th e  chem ica lly  
d e tec tab le  a c tiv ity  o f cy tochrom e oxidase a n d  su cc in a te  dehydrogenase . B y m eans of 
e lectron  m icroscopy no ch arac te ris tic  d e s tru c tiv e  effec t could u n equ ivocally  be d e ­
m o n s tra te d ; cy tocbem ical ex am inations show ed  a v e ry  s ig n ifican t a c tiv ity  o f c y to ­
chrom e ox idase, an d  in  th e  a c tiv ity  of su cc in a te  dehydrogenase  a considerable decrease  
w as observed . T h ey  fo u n d  d is trib u tio n a l a lte ra tio n s  in  p lasm a m em branes, in  m ito ­
ch o n d ria  an d  in  th e  g round  cy top lasm . C hanges b e tw een  Ca d ep o ts  a re  th o u g h t to  h a v e  
an  effect on tu m o u r cells also in  a p ro tec tiv e  w ay , a n d  can  be reg ard ed  as co m p en sa to ry  
p h enom ena.

K eyw ords: E n d o m e triu m ,ca rc in o m a , p ro g esto g en  th e ra p y ,m ito c h o n d ria l dam age

In tro d u c tio n

In  ou r prev ious pub lica tions we d ea lt w ith  ex am in a tio n s in  th e  course 
of w hich it w as observed th a t  in m ito ch o n d ria  o f th e  h u m an  en d o m e triu m  
carc inom atous cells, d egenera tive  a lte ra tio n s  show ing d ifferen t degrees o f 
severity  developed  as a re su lt o f progestogen tre a tm e n t [1 3 ,1 4 ].The m orpho log ­
ical ev a lu a tio n  o f these  changes regarded  as a d am age is ra th e r  p ro b lem atic , 
as one of th e  ch a rac te ris tic s  of m itoch o n d ria  o f ca rc in o m ato u s cells is th e  w ide 
m orphological v a r ie ty , and  th e  boundaries be tw een  no rm al and patho log ica l 
dev iations can n o t u n equ ivoca lly  be m ark ed  o u t. H istochem ical exam in a tio n s 
in v estig a tin g  th e  fu nc tion  of m itochondria  in  h u m a n  endo m etriu m  carc in o m a­
tous tissues are  h a rd ly  m et w ith  in  the  li te ra tu re . T he increase o f in tram ito ch o n - 
drial electron-dense s tru c tu re s  following m ito ch o n d ria l im p a irm en ts  due to  th e  
progestogen effect described b y  us, can be reg a rd ed  as th e  m orphological 
evidence of th e  im p a irm en t [13].

Send o ffp rin t req u ests  to : D r. Z. Szarvas, 2nd Clinic o f O b ste tric s and  Gynecology, S em ­
m elweis M edical U n iv ersity , 1446 B u d ap est, P . O. B o x  429, H u n g a ry

A d a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K ia d ó ,  B u d a p e s t
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The aim  o f o u r p resen t p u b lica tio n  is to  prove th e  m ito ch o n d riu m  im ­
pairm en ts  fo llow ing progestogen  t r e a tm e n t  b y  m eans o f enzym e-h isto log ical 
exam inations.

Materials and methods

Five o f o u r p a tie n ts  suffering  from  h isto lo g ica lly  p roved  en d o m etriu m  carc in o m a w ere, 
following diagnosis, g iven  p reo p era tiv e ly  h igh  dose progestogen  th e ra p y  w ith  th e  d ru g  D epo- 
p rovera  (m edro x ip ro g este ro n -ace ta te ). All o u r p a tie n ts  belonged h isto logically  to  th e  “ h igh ly  
d iffe ren tia ted ”  en d o m e triu m  carc inom a group . P a tie n ts  were tre a te d  fo r e ig h t w eeks w ith  a 
weekly progestogen  dose o f 1000 mg. O th e r ty p e s  o f th e ra p y  (cy to s ta tic a l o r R a -irra d ia tio n )  
were no t app lied . T he co n tro l group  consisted  of som e p a tie n ts  in  w hom  th e  progression  was 
lim ited  to a c lin ically  c ircum scribed  e x te n t, to  a reas o f  m icroscopical m ag n itu d e; for th is  reaso n  
also we d ispensed w ith  p reo p era tiv e  in tra c a v ita l  ra d io th e ra p y , an d  a fte r  h isto log ical d iagnosis 
hy ste rec to m y  w as pe rfo rm ed . Follow ing p ro g esto g en  th e ra p y  h y ste rec to m y  was p e rfo rm ed  in 
th e  exam ined p a tie n ts  a n d  th e  tissue p re p a ra tio n s  were su b jec ted  to  e lectron  m icroscopic  
enzym e-h istochem ical ex am in atio n s . F o r m orpho log ical ex am in atio n s th e  specim en  w as f ix ed  
in 2.5%  g lu ta ra ld e h id e , fo r “ ro u tin e ”  e lectron  m icroscopic ex am inations in  1%  o zm iu m te tro x - 
ide. For h is tochem ical ex am in a tio n s  th e  tissue  specim ens were in cu b a ted  fo r 45 m in  a t  room  
tem p era tu re . T he follow ing m eth o d s were em p lo y ed : p o tass iu m -p y ro an tim o n a te  sugar o f  lead  
m ethod  was ap p lied  to  de te rm in e  calcium  cy to ch em ica lly  [3]. T he com position  of th e  in c u ­
b a tio n  m edium  fo r d e te rm in in g  succ in a te -d eh y d ro g en ase  was as follow s: 0.5 M p o tassiu m -so ­
d iu m -ta r tra te  to ta l  q u a n ti ty  3 1, to  w hich  in  0.1 M S trönsen  p h o sp h a te  b u ffer (p H  7.6),
0.8 ml 1.0 M sod iu m -su ccin a te , 0.7 m l 0.05 M p o tass iu m  ferric icyan ide were ad d ed  [4]. F o r 
de te rm in in g  cy to ch ro m o x id ase  th e  u n fix ed  spec im en  w as in cu b a ted  fo r 45 m in  a t  room  te m ­
p era tu re . The in c u b a tio n  so lu tion  co n ta in ed  5 m g d iam in o b en z id in -te trah y d ro ch lo rid e  (D A B ), 
10 ml 0.05 M, in  10 m l 0.05 M hydroch lo ric  -T ris b u ffer (pH  7.4) th e  fin a l p H  w as 7.3. To th e  
con tro l m a te ria l 0.01 M end  co n cen tra tio n  K C N  w as added  accord ing  to  th e  m eth o d  o f Selig- 
m an  et al. (11].

Results

In  our u n tre a te d  con tro l m a te ria l ch a rac te ris tic  s tru c tu re s  of a d e n o c a r­
cinom a w ere observed  inc lud ing  m em b ran e  a lte ra tio n s [15], well know n  in 
m ito ch o n d ria . C y tochem ical ex am in a tio n s revealed  in trace llu la r calcium  in  th e  
m em branes, in  m ito ch o n d ria  and  free cy to p lasm a  (Fig. 11). The p re c ip ita te  of 
cy toch rom ox idase  reac tio n s could be o bserved  in  the  form  of p re c ip ita te  on th e  
surface o f th e  in n e r m em brane (F ig. 1). T he p rec ip ita te  o f S D H -enzym e re a c ­
tio n  was in tra m ito c h o n d ria lly  localized on  th e  m em brane (F ig. 7).

In  all o u r tre a te d  p a tie n ts  th e  a lte ra tio n s  were of th e  sam e ten d en cy , 
so th ey  are  d e a lt w ith  to g e th e r.

1. The cy toch rom ox idase  reac tio n  as com pared  w ith  th e  co n tro l (F ig . 1). 
s ign ifican tly  decreased , b u t localiza tion  o f th e  reaction  did n o t change, a t  th e  
sam e tim e its  c o n tin u ity  was d isru p ted  on th e  m itochondria l m em branes (Figs 
2 - 6).

2. T he S D H  reac tio n  in  the  tre a te d  m ate ria l was also com parab le  to  th e  
contro l (F ig. 7) as to  its  localization , b u t  th e  in ten s ity  of reac tion  s ig n ifican tly  
decreased (Figs 8 — 10).

3. R em ark ab le  a lte ra tio n s  could be observed  in  th e  in trace llu la r d is tr ib u ­
tion  of calcium . As com pared  w ith  th e  co n tro l th ere  w ere signs o f d ep le tion  in 
d ifferent calcium  pools. The decrease o f calcium  p rec ip ita te  from  th e  p lasm a
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Figs 1 — 6 C ytochrom e ox idase  reac tio n  in en d o m etriu m  carcinom a. Fig. 1 control, u n tre a te d ;  
F igs 2 — 6. t re a te d  m ate ria l; F in a l m agn ifica tion  X 2 4  000

m em brane an d  from  th e  cy to p lasm a  was s ign ifican t, w hile th e  p rec ip ita te  in  th e  
m itochondria  could be clearly  observed, b u t com pared  w ith  th e  contro l i t  also 
showed a decreasing te n d e n c y  (Figs 12 — 14).

Discussion

In  ad d itio n  to  ro u tin e  h isto logical and  e lectron  m icroscopic m ethods, 
succinated  hydrogenase  an d  cy tochrom e oxidase ac tiv itie s  and  dem onstrab le  
in terce llu lar calcium  w ere in v es tig a ted . S uccinate  dehydrogenase and  c y to ­
chrom e oxidase were observed  in  in tram ito c lio n d ria l localiza ta ion . The d iam ino- 
benzidine te trah y d ro ch lo rid e  reaction  e n d -p ro d u c t co rrespond ing  to  cy tochrom e 
oxidase could be observed  inside th e  c ristae  as well as on th e  surface of th e  o u te r  
co m p artm en t and  in n er m em brane.
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Figs 7— 8 S ucc in a te  dehydrogenase  re ac tio n  in  endom etrium  carcinom a. Fig. 7 co n tro l, 
u n tre a te d ;  F igs 8 10. tre a te d  m a te ria l; F ina l m agnification  X 3 0  000
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F igs 11 — 14 C y tochem ical detection  of calcium . Fig. 11 con tro l, u n tre a te d ; Figs 12 — 14 
tre a te d  m ateria l; F ina l m ag n ifica tion  X 3 0  000
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This reaction  is v e ry  sensitive, i t  resp o n d s to  th e  s ligh test hypox ic , anoxic 
an d  tox ic  im p a irm en ts  an d  influences by  decreasing th e  a c tiv ity  [2, 5, 7, 8, 11, 
12]. In  the  p resen t case it  can be b ro u g h t in to  connection  w ith  th e  effect of 
tre a tm e n t, if  we consider th e  fact th a t  a c tiv ity  s ign ifican tly  decreases due to  
in fluences, or if  i t  c an n o t be observed b u t  m ay  be supposed  th a t  in th e  tu m o u r 
tissu e , in th e  re sp ira to ry  chain  of th e  tu m o u r  cell even a defin ite  im p a irm en t 
m ay  develop irrev e rsib ly  dam aging  th e  m etabo lism  of th e  tu m o u r cell.

Succinate dehydrogenase  bound  to  CoQ by FAD rep resen ts  a n o th e r ta rg e t 
differing  from  cy toch rom e oxidase. T he cy tochem ical reac tio n  of in tra m ito ­
chondria l ch a rac te r, can  be seen on th e  in n e r surface o f th e  inner m em brane. 
T he reaction  as opposed  to  cy toch rom e oxidase is less sensitive, b u t  i t  is 
ex trem ely  stab le  an d  su itab le  for com parison . W ith  th e  help  of th e  reac tio n  
anoxic, hypoxic an d  to x ic  a lte ra tio n s are  d e tec tab le , an d  th e  co m p en sa to ry  
a c tiv ity  increase is also perceptib le . In  non-necro tic  tissues the  cy tochrom e 
oxidase a c tiv ity  genera lly  decreases up o n  hypoxic effect, b u t rem ains, while 
succinate  dehydrogenase  does n o t change, or it decreases only in a sm all 
degree. A ccording to  o u r experience re la tin g  to  cyanide, ca rbonm onoxide  and 
o th e r toxic substances cy tochrom e-ox idase  reac ts  cy tochem ically  on tox ic  effects 
m uch quicker and  w ith  a to ta l  loss of a c tiv ity . In  some cases, how ever, an a c tiv ­
ity  increase in  th e  ea rly  com pensa to ry  phase  m ay be supposed.

For th e  m orphological ex am in a tio n  of in trace llu la r calcium  depo ts we 
app lied  as a ro u tin e  th e  parallel ex am in a tio n  of p o tassiu m  p y ro a n tim o n a te , 
sugar of lead  and  o x a la te  reactions. A ccord ing  to  our experience th e  calcium  
depo ts cond itionally  b ound  to  p lasm a m em branes, endoplasm ic re ticu lu m , 
m itochondria  as well as in th e  g round cy to p lasm  can be v isualized  in  th e  skele ta l 
m u scu la tu re  and  in  th e  muscle tissue  o f th e  h ea rt, u te ru s  and  en d o m etriu m . 
T he jo in t em ploym en t of reactions an d  th e ir  com parison w ith  th e  con tro l are 
su itab le  for m on ito rin g  m orphologically  th e  tre a tm e n t and  sup p lem en tin g  th e  
pharm acological ex am in a tio n  [9, 10, 11].

The cy tochem ical p rec ip ita te  of th e  in trace llu la rly  dem o n strab le  calcium  
in our m ateria l can  be observed p a r tly  in  th e  cell m em brane, p a r tly  in  th e  in tr a ­
cellu lar ce ll-constituen ts, m ain ly  in  th e  m itochondria  as well as in th e  so called 
ground cy top lasm . I t  is estab lished  th a t  in  th e  case of patho log ical or p a th o lo g ­
ically  increased ca lcium  m etabo lism  an accum ulation  m ay  develop in the  
in trace llu la r depo ts. The drugs in flu en c in g  calcium  m etabo lism  m ay  possess 
d ifferent po in ts o f a tta c k . Such agen ts can  be e.g. drugs causing dep le tion  of the  
p lasm a m em brane, or th e  decrease of th e  free cy to p lasm atic  or m itoch o n d ria l 
q u a n tity  of calcium , or co u n te rac t accu m u la tio n . In  ou r m ateria l ca lcium  c y to ­
chem ical ex am in a tio n s reveal the  decrease of reaction  p rec ip ita te  in  th e  p lasm a 
m em brane as well as in  the  m ito ch o n d ria , and the  reac tio n  p rec ip ita te  can 
sim ilarly  decrease also in th e  free cy to p lasm .

This fact show s th e  effect o f th e  app lied  tre a tm e n t on th e  m etabo lism  of
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calcium , i t  a lte rs  th e  d is trib u tio n  am ong in tra c e llu la r  calcium  dep o ts , w hich 
ex e rts  b y  th e  dep le tion  of calcium  d epo ts of increased  ac tiv ity , a ce rta in  p ro ­
tec tiv e  in fluence  ham pering , — in th is  p a r tic u la r  case —, the  necrosis of th e  
tu m o u r cell.

In  ou r m a te ria l p ro g este ro n -trea ted  and u n tre a te d  carc inom atous cases 
were com pared . Since th e  degree o f d iffe ren ta tio n  o f th e  adenocarcinom a was 
id en tica l, we th o u g h t com parison perm issib le co rrespond ing  to  con tro l. T hough 
b y  sim ple e lec tron  m icroscopic ex am in a tio n s no s ign ifican t d e s tru c tiv e  effect 
dam aging  tu m o u r  could be p roved , a t th e  sam e tim e  — w ith th e  help  of cy- 
tochem ical reac tio n s  localized to  m ito ch o n d ria  — we succeeded in confirm ing  
th e  tu m o u r dam ag in g  effect of progestogens being  m anifested  possib ly  th ro u g h  
m ito ch o n d ria . On th e  basis of all these i t  m ay he su pposed  th a t  in th e  s tru c tu re s  
invo lved  in  th e  m etabo lism  of en d o m etriu m  carc inom a cells, im p a irm en ts  
develop w hich can  be regarded  as m orpho log ically  irreversib le. P rogestogens 
ex e rt, a t  th e  sam e tim e , an effect on th e  d is tr ib u tio n  of in trace llu la r calcium  
as well as on th e  N A D H  and  FA D  d ep en d en t cy toch rom e oxidase and  succinate  
dehydrogenase  enzym es too . The resu lts  of our ex am in a tio n s m ay  th u s  be re ­
garded  as an  in d ire c t m orphological p ro o f of th e  fa c t th a t  gestagens have  a 
h am p erin g  effect on th e  grow th of en d o m etriu m  carc inom a.

R E F E R E N C E S

1. B alogh  I ,  S ó to n y i P , Som ogyi E : E ffec t on  th e  h eartm u scle  o f ex p erim en ta l carb o n -m o ­
noxide po isoning. A cta  M orph A cad Sei H ung  23: 165, 1975

2. B alogh I :  C arbon-inonoxide poisoned heartm u scle  C and D iss B u d ap est 1983, 56 — 58
3. E lzanow sky  W , L ew arto v sk i B, B eresew icz A, W o jtczak  J: In fluence of acethy lcho line  on

in tra ce llu la r  d is tr ib u tio n  of calcium  an tim o n a te  in  th e  guinea pig a tr ia . A c ta  Physio l 
Po l 27: 235, 1976

4. K e rp e l-F ro n iu s S, H ajós F : The use o f fe rricyan ide  for th e  lig h t and  e lec tro n  m icroscopic
d em o n s tra tio n  o f succinic d ehydrogenase  a c tiv ity  H istochem ie  14: 343, 1968

5. K e rp e l-F ro n iu s S, H ajós F: A m eth o d  for th e  e lec tro n  m icroscopic d em o n s tra tio n  of
cy tochrom e ox idase  in  fresh  an d  fo rm aline-p refixed  tissu es H istochem ie 10: 216, 1967

6. K om nick  H : H istochem ische C alcium -L ocalisation  in  de r S k e le ttm u sk u la tu r des F rosches
H istochem ie  18: 24, 1969

7. L itw in  JA : E ffec t o f stab ilizers on  d iam inobenzid ine  reac tio n s  o f m itochondria  H isto ch em ­
is try  44: 349, 1975

8. O gaw a K , B a r rn e t t  R J : E lec tro n  cy tochem ica l s tu d ies  o f succinic dehydrogenase  and
d ih y d ro n ico tin am id e-ad en in e-d in u cleo tid e  d iap h o rase  a c tiv itie s  J  U ltra s tru c t R es 12: 
4 8 8 ,1965

9. Roels F : C ytochrom e an d  cytochrom e oxidase in d iam inobenzid ine  sta in ing  o f m ito ch o n ­
d ria  J  H isto ch em  C ytochem  22: 442, 1974

10. R u b á n y i G, B a lo g h  I ,  K ovács A G B , Som ogy E , Só tony i P : U ltra s tru c tu re  an d  loca lization
of calc ium  in  u te rin e  sm ooth  m uscle A c ta  M orph A cad Sei H ung  28: 269, 1980

11. Seligm an AM, K arn o v sk y  M J, W asserk rug  H L , H a n k e n  JS :  N on-drop let u l tra s tru c tu ra l
d e m o n s tra tio n  of cytochrom e oxidase a c tiv ity  w ith  a po lym erizing  osm iophilic re ag e n t, 
d iam ine-benzid ine  (D A B) J  Cell Biol 38: 1, Í 968

12. Só tony i P , Som ogyi E , B alogh I, N em es A: The e v a lu a tio n  of electron  m icroscopic cy to ­
chrom e ox idase  re ac tio n  in  e x p erim en ta l heartm u scle  h y p o x ia  Cell Mol B iol 26: 9 ,1980

13. Szarvas Z: In tram ito c h o n d ria l changes in th e  adeno carc in o m a cells o f th e  h u m a n  en d o ­
m etriu m  a f te r  p rogestogen  tre a tm e n t M orph Igazságü  O rv  Szemle 20: 81, 1980

14. Szarvas Z: W irk u n g  der Progestogene a u f  E n d o m e triu m k arz in o m  Zbl G ynekol 101: 1323,
1979

15. Szarvas Z: P ecu lia r a lte ra tio n s  in  the  s tru c tu re  o f m ito ch o n d ria  o f g landu lar cells o f ad en o ­
carcinom a of th e  en d o m etriu m  M orph Igazságü  O rv  Szem le 15: 177, 1975

Acta Morphologica Hungarica 36, 1988





A cta  M orphologica H ungarica, 36 (3  — 4 ) , p p . 185 — 190 (1988)

HISTOLOGICAL EVALUATION OF PULPAL 
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IN DOG DENTAL PULPS
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T he p u lp a l responses to  fo u r com posite  resins — u sed  in  d e n tis try  fo r a n te rio r  
to o th  re s to ra tio n s  — w ere s tu d ied  in  a d u lt  dog tee th . T he m ate ria ls  w ere p laced  in  
Class У draccal cav ities follow ing th e  in s tru c tio n  of th e  m an u fa c tu re rs  a n d  th e ir  effects 
w ere e v a lu a te d  a f te r  72 h , 30 a n d  60 days using  ro u tin e  h isto log ical m eth o d s. The 
re su lts  in d ica ted  t h a t  a  p u lp a l response  was observed on ly  a t  th e  72 h  tim e  in te rv a l in  
all th e  resins in v es tig a te d , a n d  th e  in d ex  of th is  response w as less th a n  1 fo r all o f th e m

K eyw ords: C om posite resins, p u lp a l response, dog-experim en ts

Introduction

In  th e  recen t y ears  s to m ato lo g y  in  general and  p a r tic u la r ly  conserv a tiv e  
d e n tis try  has experienced  a q u a lita tiv e  ju m p  w ith  th e  in tro d u c tio n  o f  new  
filling  m ate ria ls  in  clinical p rac tice , am ong th em , com posite  resins. T he d evel­
o p m en t of these  m ateria ls  has g re a tly  enhanced  th e  a b ility  o f d en tis ts  to  p e r­
fo rm  a n te rio r  re s to ra tio n s , an d  num ero u s clinical s tud ies w ere carried  o u t, 
in v es tig a tin g  th e  ch a rac teris tic s  of these  m ateria ls  [9, 10, 11].

C om posite resins consist o f an  organic b inder w ith  an  inorgan ic  an d /o r 
organic fille r [9]. The f irs t used  in  d e n tis try , in  the  seven ties, consisted  o f an 
organic b in d e r of th e  B IS-G M A  ty p e  w ith  m ore th a n  70 w eigh t %  inorgan ic  
filler. Since th e  in tro d u c tio n  of th ese  f irs t resins, m icrofilled  com posite resins 
h av e  been developed. T hey  consist o f a resin  system  th a t  co n ta in s  sm aller size 
pa rtic le s  an d  a low er filler c o n te n t th a n  conven tional com posite resins (35 to  50 
w eigh t %  filler).

The in te rn a tio n a l odonto logie l i te ra tu re  is rich in  p u b lica tio n s ab o u t th e  
h isto log ical reac tions to  various com posite  resins [1, 2, 5, 6, 7, 8, 12, 13, 14, 15, 
16, 17, 18]. M ost of th e  au th o rs  p o in ted  o u t th a t  these  m a te ria ls  caused i r r i ta ­
t io n  to  th e  d en ta l pu lp  an d  re p o rte d  d ifferen t degrees of p u lp a l dam age using  
d iffe ren t m ethods of ev a lu a tio n  a n d  d iffe ren t criteria .

Send o ffp rin t req u ests  to : P rof. D r. J .  B ánóczy , D e p a rtm en t o f C onserva tive  D e n tis try , 
Sem m elweis M edical U n iv ersity , B u d a p es t, M ikszáth  K álm án  té r  5. H -1088, H u n g a ry

A c t a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K i a d ó ,  B u d a p e s t
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The aim  o f th is  w ork  w as to  p erfo rm  an  ex p erim en ta l h isto log ical s tu d y  
to  determ ine th e  effect o f v a rio u s resins on th e  d en ta l pu lp  b y  using  a s ta n d a rd ­
ized  m ethod  of ev a lu a tio n , an d  to  e s tab lish  a  rea listic  com parison  am ong the  
re su lts  ob tained .

Materials and m ethods

This s tu d y  in v es tig a te d  th e  p u lp a l response to  fo u r com posite  resins: tw o conventional 
(E v icro l and L um icon) an d  tw o m icrofilled  com posite  resins ( Iso p ast, Isom olar). 
T h e  s tu d y  was carried  o u t in  1 2 m ale dogs w eighing of 6 +  2 kg , w ith  all th e ir  p e rm an en t 
te e th  e ru p ted  and  w ith o u t caries. A fte r being  a n aesth e tized  w ith  sodium  p e n to b a rb ita l 
(30 m g/kg body  w e ig h t) each  an im al received a th o ro u g h  p re tre a tm e n t follow ed by p re p a ra ­
tio n  of six teen  Class V cav itie s  on th e  bucca l surface  of te e th  using  a 35 carb ide  b u r in  an  
a ir- tu rb in e  handpiece  w ith  a ir /w a te r  sp ray . The size o f each  cav ity  w as s tan d ard ized  in  th e  
follow ing m anner: th e  cerv ico-occlusal d im ension  w as 1.5 m m , th e  m esio-d ista l w id th  was 
3 m m , and th e  d e p th  w as 2/3 th e  th ick n ess oi d en tin . F o r each  m ate ria l th ree  dogs were used. 
T h e  te s t  m ate ria ls w ere p re p a re d  follow ing th e  m an u fa c tu re r’s in s tru c tio n s  an d  using a cal­
c ium  hydroxide c a v ity  lin e r (R eocap) fo r all th e  resins. E ig h t cav itie s were filled w ith  th e  
re sin  to be e v a lu a ted , an d  o f th e  rem ain in g  e ig h t, fo u r were filled  w ith  silica te  cem ent w ith o u t 
c av ity  liner (in  o rd e r to  e s tab lish  th e  u n accep tab le  ex trem e  of p u lp a l in fla m m a tio n  due to  th e  
filling  m ateria l) an d  fo u r w ith  zinc oxyde-eugenol (Z nO -E ) serv ing as n e u tra l  controls.

The te e th  w ere su rg ically  rem oved  u n d e r an aesth es ia  in  th e  follow ing th ree  tim e in te r ­
va ls : 72 h, 30 days an d  60 days. T h ey  were fix ed  in  10%  n e u tra l fo rm alin , dem ineralized  
in  10%  form ic acid , em b ed d ed  in  p a ra ffin , serially  sectioned  a t  6 /im , an d  s ta in ed  w ith  haem a- 
to x y lin  and eosin. T he m icroscopical ev a lu a tio n  w as carried  o u t b y  th e  sam e person w ith  an 
o p tica l m icroscope. T he c rite ria  u sed  were:

A) R eduction  in  o d o n to b la s t p o p u la tio n  b e n ea th  th e  cav ity

0 — No difference as co m p ared  to  o th e r  sites o f th e  pu lp
1 — R ed u ctio n  of less th a n  10%  of th e  p o p u la tio n
2 — R ed u ctio n  b e tw een  10— 50%  of th e  p o p u la tio n
3 — R ed u ctio n  of m ore th a n  50%  of th e  p o p u la tio n

B) D isp lacem ent o f  o d o n to b la s t nuclei in to  d en tin a l tu b u les

0 — No d isp lacem en t
1 — Less th a n  10%  of tu b u le s  co n ta in in g  nuclei
2 — B etw een 10— 50%  o f tu b u le s  co n ta in in g  nuclei
3 — More th a n  50%  o f tu b u le s  co n ta in ing  nuclei

C) Presence of in f la m m a to ry  cells in  th e  o d o n to b la stic  lay e r p e r 1 m m  len g th  of cav ity  
floor

0 — U n d er fo u r cells
1 — F rom  5 to  25 cells
2 — F rom  26 to  100 cells
3 — More th a n  100 cells
4 — Abscess fo rm atio n

D) Presence of in f la m m a to ry  cells in  th e  re s t o f th e  p u lp , pe r 1 m m  len g th  of cav ity  floor

0 — U n d er fo u r cells
1 — F rom  5 to  25 cells
3 — F rom  26 to  100 cells
3 — More th a n  100 cells
4 — Abscess fo rm a tio n

The in d ex  of p u lp a l response  fo r each m ate ria l w as ca lcu la ted  using  th e  criteria  of th e  
B. S. I. M ethods o f B iological A ssessm ent o f D e n ta l M aterials [3], a n d  were com pa red.
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F ig. 1 P h o to m icro g rap h  show ing d isru p tio n  of th e  odo n to b lastic  lay e r, 72 h  a fte r  filling w ith
E vicrol. X 200  H .E .

Results

7 2  h o u r s  : A t th is  period  a pu lpal response was observed  associated  w ith  
all th e  fo u r resins s tud ied , charac terized  by  red u c tio n  in  th e  odon to b last p o p u ­
la tio n  below  th e  cav ity  due to  d isrup tion  of th is  lay er an d  areas of vacuo liza tion  
(Fig. 1). In  all th e  m a te ria ls  th e  in d ex  w as low er th a n  1 (from  0.35 to  0.90) 
(Table I). In  th e  contro ls filled w ith  zinc oxyde-eugenol on ly  a slight reduc tion  
w as observed  in  th e  o d o n to b la s t p o p u la tio n  a fte r  72 h (index  0.10) while in  
th e  te e th  filled  w ith  silica te cem ent m ost severe a lte ra tio n s  could be observed  
(0.50 to  2.16) (Table I.),

T ab le  I

P ulp a l response index  o f each com posite resin  a fte r  th ree  d ifferen t tim e in tervals

72 h  30 days 60 days
M aterial

A В C D A В C D A в c D

E V IC R O L 0.41 0 0 0 0 0 0 0 0 0 0 0

LUM ICON 0.35 0 0 0 0 0 0 0 0 0 0 0
ISO PA ST 0.90 0 0.54 0.54 0 0 0 0 0 0 0 0
ISO M OLAR 0.41 0 0.29 0.52 0 0 0 0 0 0 0 0
SILIC A TE 2.16 0.50 1.11 1.60 0.25 0.25 0 0 0.11 0 0 0

ZnO-E 0.10 0 0 0 0 0 0 0 0 0 0 0
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A nother fea tu re  observed  w as v ascu la r congestion , be ing  m ore p ro m in en t 
w ith  Isom olar (F ig. 2.).

An in fla m m a to ry  response w as observed  in  pu lps u n d e r Iso p as t (index
0.54) and  Isom olar (0.29 an d  0.52). In  m ost te e th  th e  response consisted  
m ain ly  of p o ly m orphonuclear leukocy tes an d  was lim ited  to  th e  odon to b lastic  
la y e r  and in  some cases to  th e  superfic ia l p u lp  n ea r th e  c a v ity  (F ig. 3).

Abscess fo rm atio n  was a fea tu re  seen as expected  only  in te e th  filled  w ith  
silica te  cem ent w ith o u t c a v ity  liner.

No a lte ra tio n s  w ere observed  e ith e r  30 or 60 days a fte r  re s to ra tio n s  w ith  
th e  resins an d  w ith  zinc oxyde-eugenol, (Table I.) how ever, th e y  were p resen t 
in  th e  te e th  filled  w ith  silicate cem en t.

Discussion

The resu lts  in d ica te  th a t  all th e  com posite resins ev a lu a ted  p roduced  
p u lp a l response on ly  a fte r 72 h  o f th e ir  ap p lica tion , m a in ly  w ith  red u c tio n  
in  o d o n to b last p o p u la tio n  below  th e  cav ity . N evertheless, in  all cases th e  in d ex  
w as accep tab le  (less th a n  1) accord ing  w ith  th e  B. S. I . c rite ria . The h ighest 
in d e x  was o b ta in ed  w ith  Iso p as t. L um icon  w as th e  le a s t i r r i ta n t  m a te ria l 
w ith  an index  of 0.35 follow ed b y  E v icro l w ith  0.41. W e agree w ith  Goto 
an d  Jo rd a n  [6], H eys [7], L ang e lan d  e t al. [8], and  T obias e t al. [14] in th e  fac t 
t h a t  these m a te ria ls  in itia lly  cause ir r ita tio n , b u t  th e  p u lp a l response decreases 
as th e  p o st-o p era tiv e  in te rv a  lincreases. On th e  o th e r h an d , S tan ley  e t al. [13] 
s ta te  th a t  o rganic an d  m acrom olecu lar ir r i ta n ts  of th e  resins m ay  induce  th e ir  
m ax im um  responses a fte r  a longer tim e  in te rv a l, b u t we d id  n o t observe th is  
in  our w ork.

In  the  resins s tu d ied , no d isp lacem en t of od o n to b lasts  nuclei in to  d en tin a l 
tu b u les  was observed . W e on ly  saw  th is  fea tu re  in  te e th  filled  w ith  silicate 
cem en t. The resu lts  o b ta in ed  in  th e  con tro l group d e m o n s tra te d  th a t  th e  in ju ry  
p ro v o ca ted  b y  c a v ity  p re p a ra tio n  w as m inim al.

The in f la m m a to ry  response in  re la tio n  w ith  th e  o d o n to b lastic  lay e r and  
th e  re st of th e  p i dp  was ev id en t w ith  Iso p as t and  Isom olar. The h ighest 
in d ex  was o b ta in ed  w ith  silicate , accom pan ied  b y  abscess fo rm atio n  in  some 
sections.

In  our s tu d y  th e  in itia l p u lp a l reac tio n s d isappeared  an d  a com plete  reco ­
v e ry  was observed  30 an d  60 days a fte r  p lac ing  th e  re s to ra tio n s . H eys e t al.
[7] rep o rted  p u lp a l reac tions a t  th e  3-day-tim e in te rv a l an d  a t  5 —8 weeks 
follow ing tre a tm e n t. This m ay  be exp la ined  b y  th e  fa c t th a t  these  au th o rs  did 
n o t use e ith e r c a v ity  liners or acid  e tch ing  th a t  m igh t reduce  p u lpa l in fla m m a ­
tio n . B rän n strö m  an d  N ord en v a ll [4] d em o n stra ted  th a t  acid  e tch ing  follow ed 
b y  a bond ing  agen t reduced  m icro-leakage and  th e  risk  of b ac te ria l invasion  from
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Fig. 2 H isto logical section  of a to o th  filled w ith  Isom olar e x tra c te d  a fte r  72 h  o f th e  re s to ­
ra tio n . N ote  v a scu la r congestion  and  areas o f haem o rrh ag e . X 200  H .E .

Fig. 3 Severe pu lpal dam age associated  w ith  a silicate cem en t filling , 72 h a fte r th e  re s to ra tio n . 
O bserve th e  abscess fo rm atio n  w ith  d e s tru c tio n  of th e  o d o n to b la s tic  lay e r X 2 0 0  H .E .
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th e  surface. M oreover, th e  use o f a c a v ity  lin er serves to  occlude cu t d en tin a l 
tu b u le s  avoiding th e  p e n e tra tio n  o f b a c te ria  an d  th e ir  p ro d u c ts . W e consider 
v e ry  im p o rta n t to  p o in t to  th e  need of using  c a v ity  liners u n d er th ese  m ateria ls  
in  o rd e r to  m inim ize th e ir  tox ic  effects.

Conclusions

1. A redu c tio n  in  o d o n tob lastic  p o p u la tio n  below  th e  c a v ity  w as observed  
in  all th e  com posite resins used.

2. T eeth  tre a te d  w ith  Iso p a s t an d  Iso m o lar show ed p u lp a l in ilam m a-
tio n .

3. P u lp a l reac tio n s were lim ited  u p  to  72 h  a fte r  re s to ra tio n s .
4. The p u lp a l response index  w as low er th a n  1 in  all th e  m a te ria ls  s tu d ied .
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THE MOSAIC OF COLOUR-SPECIFIC 
PHOTORECEPTORS IN THE MAMMALIAN 

RETINA AS DEFINED BY IMMUNOCYTOCHEMISTRY

Á . S z é l , P .  R ö h l i c h

1st LABORATORY OF ELECTRON MICROSCOPY, 2nd D EPARTM ENT OF ANATOMY, 
HISTOLOGY AND EMBRYOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

(R eceived 28 J a n u a ry  1988)

A m onoclonal an tibody  (OS-2) p ro d u ced  earlier to chicken v isual p igm en ts w as 
found  to  recognize  a small frac tion  o f cones in  m am m alian  species. R ecen tly , these  cones 
were show n to  be blue-sensitive b y  th e  m eth o d  o f selective p h o tic  dam age. A fte r ex p o s­
ing  ra b b its  to  in ten se  blue ligh t, ch a ra c te ris tic  m orphological changes were fo u n d  in  
cones s ta in e d  b y  OS-2. A nother m onoclonal a n tib o d y  (COS-1), in  tu rn , labelled  a ll th e  
in ta c t  cones w hich  rem ained u n s ta in e d  by OS-2. T he co m p lem en ta rity  of OS-2 p o si­
tive  an d  COS-1 positive cones was d e m o n s tra ted  in several m am m alian  species, in c lu d ­
ing m onkey  a n d  m an.

K eyw ords: Im m u n o cy to ch em istry , co lour vision, m am m als, h u m an , re tin a l
cones

Introduction

D uring  th e  p a s t decades a considerab le  am o u n t of d a ta  has been ac c u m u ­
la ted  on th e  co lour-specificity  of re tin a l p h o to recep to r cells using m ic ro ­
sp ec tro p h o to m e try , electrophysio logy  an d  selective d egenera tion  or s tim u la tio n  
b y  m o n o ch ro m atic  ligh t [2, 5 — 9, 13]. These m ethods requ ire  liv ing, in m o st 
cases d a rk -a d a p te d  re tinas and so p h is tica ted  in s tru m e n ta tio n . R ecen tly , we 
developed a novel approach  based on th e  idea th a t  d ifferen t v isual p ig m en ts  
are responsib le  to  recognize various colours, and  th e  differences in th e  p ro te in  
com ponen ts o f th e  p igm ents can be d e tec ted  im m unologically . The a d v a n ta g e  
o f th is  ap p ro ach  is th a t  visual cells can  be d istingu ished  from  each o th e r b y  
im m u n o cy to ch em is try  using v isual p igm ent-specific  an tibod ies on sections o f 
em bedded  m a te ria l. This s tra teg y  p roved  to  he successful since we could m ake 
d istin c tio n  b e tw een  pho to recep to r cells o f th e  chicken by  an tibod ies p ro d u ced  
to  chicken p h o to re c e p to r m em branes [17]. S u b sequen tly , th e  an tib o d ies  w ere 
ch arac terized  to  be specific to  v isual p igm en ts [18]. The an tibod ies could  be 
co rre la ted  to  co lour-specificity  of v isual cells in th e  gecko, a re tin a l system  c h a ­
rac te rized  b o th  m orphologically  and  m icro sp cc tro p h o to m etrica lly  [19]. T he 
question  arised  w h e th e r these an tibod ies are su itab le  for d istingu ish ing  colour- 
specific p h o to re c e p to r cells also in th e  m am m alian  re tin a  in w hich m orphologi-
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cal differences b e tw een  cone cells are h a rd ly  or n o t de tec tab le . Two m onoclonal 
an tibod ies (m Abs) w ere found  to be especia lly  useful in m am m als. One of th em , 
m A b COS-1, labelled  a considerable fra c tio n  o f th e  cones b o th  in th e  av ian  and  
m am m alian  re tin a s , w hile th e  o ther one, m A b OS-2, recognized all p h o to recep ­
to r  cells in the  av ian  re tin a . In  m am m als, how ever, th is  la t te r  m Ab was b o und  
only  to  abo u t 10%  o f a ll cones. This f in d in g  m ade us to  assum e th a t  m A b OS-2 
w hich behaves in th e  b ird  as a universal a n ti-v isu a l p igm en t a n tib o d y  is specific 
in  m am m als to  a d e fin ite  v isual p igm en t. I t  is well know n th a t  b lue-sensitive 
cones com prise ab o u t 10%  of the cones [15, 16], and  are arranged  in th e  m onkey  
in a regu lar p a tte rn  [4]. Since we observed  th e  sam e p a tte rn  and  freq u en cy  of 
cones sta ined  by m A b OS-2 in the  m o n k ey  re tin a , we assum ed th a t  OS-2 is 
specific to  th e  v isu a l p ig m en t of b lu e-sensitive  cones. The specific ity  of m A b 
OS-2 to  the  b lu e -sen sitiv e  cones was p ro v e n  b y  tw o in d ep en d en t w ays [20]. 
As th e  firs t ap p ro ach  th e  m ethod  of se lec tive  pho tic  dam age [15] was chosen. 
T he experim en t w as ca rried  out on ra b b its  know n for con ta in ing  b lue-sensitive 
elem ents in th e  re t in a  [3, 4]. A small fra c tio n  o f cones in th e  re tin a  of an im als 
exposed to  in ten se  b lu e  lig h t showed c h a ra c te ris tic  m orphological a lte ra tio n s  
(vacuolization  of in n e r  segm ents, d e fo rm atio n  of th e  o u te r segm ents). Since 
only  these ra re ly  occu rring , deform ed cones w ere s ta in ed  b y  m A b OS-2, th e  
conclusion was d raw n  th a t  th is a n tib o d y  is specific to  th e  b lue-sensitive cones 
[20]. A no ther ev idence w as furnished b y  th e  ground squ irre l re tin a , w here m A b 
OS-2 recognized exc lusive ly  the  so called В cones. These cones, ex h ib itin g  la rger 
in n e r segm ents, w ere p ro v ed  to  be b lu e-sensitive  [1]. In  th e  p resen t s tu d y  sev er­
al d ifferen t m am m alian  species were te s te d  b y  th is  blue-specific an tib o d y , to ­
g e ther w ith  m A b COS-1 specific to  a n o th e r  cone sub-popu la tion .

M aterials an d  m ethods

1. A n im a ls , preparative steps

Ground squirrels ( C itellus citellus) .  T he an im a ls , k e p t u n d e r norm al lab o ra to ry  cond i­
tio n s , were killed b y  a ir  em bolism , the  p o ste rio r h a lf  o f th e  eyes were im m ersed  in  ice-cold 
0.1 M phosph a te-b u ffe red  1 %  g lu tara ldehyde  f ix a t iv e  (p H  7.2), an d  th e  re tin as  w ere se p a ra ted  
from  th e  und erly in g  p ig m e n t epithelium  in  one m in u te  a fte r  d ea th . Follow ing one h o u r f ix a ­
tio n  (22 °C) th e  re tin a s  w ere cu t in to  sm all p ieces, w ashed  several tim es in  p h o sp h a te  b u ffer, 
follow ed by  in cu b a tio n  in  0.1 M Tris buffer o v e rn ig h t (2%  sucrose was added  to  ba lan ce  th e  
osm otic pressure). A fte r  d e h y d ra tio n  in e th an o l, th e  re tin a l pieces w ere em bedded  in  A ra ld ite . 
0 .5— 1 ^ m  th ick  ra d ia l  a n d  tan g en tia l sec tions w ere p rep ared  for im m u n o cy to ch em istry . 
T he sections were c u t on  a R eichert OMU-2 u ltram ic ro to m e . T he m orphology  of th e  single 
p h o to recep to r cells w as s tu d ied  on carefu lly  o r ien ted  rad ia l sections. T an g en tia l sections 
were also p resen ted  to  d e m o n s tra te  the o rg an iza tio n  an d  d is tr ib u tio n  of th e  d iffe ren t p h o to ­
recep to r cell types.

Bovine and p ig  re tin a s . The sources o f th ese  an im als w ere th e  local sloughter-houses. 
T he enucleation  fo llow ed th e  d e a th  of th e  an im als  w ith in  5 m in. The eyes w ere cu t in to  tw o p a r ts  
in  th e  eq u ato ria l p lan e . T h e  posterio r halves w ere processed  as described before.

T he monkeys (Cercopithecus aethiops) w ere im m obilized , narco tized  in tra v en o u s ly  and  
exsan g u in a ted . T he e n u c lea tio n  was carried  o u t a b o u t  5 m in a fte r  d ea th . T he fovea w as fix ed  
sep ara te ly .
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T he re tin a  o f a  hum a n  p a tie n t (50 -year-o ld  w om an, suffering  in  m alig n an t m elanom a) 
w as also used . The re tin a  was fixed as d escribed  above w ith in  2 m in  a fte r th e  o p e ra tiv e  e n u ­
c leation . As th e  fovea w as com pletely d e s tro y ed  as a re su lt o f th e  tu m o u r, only th e  p e rip h e ra l 
p a r ts  o f th e  re tin a  cou ld  be processed for im m u n o cy to ch em istry .

R abbits , rats, ham sters and guinea p ig s  w ere also used  in  th e  experim ents. Follow ing 
e th e r  narcosis, th e  an im als  were d e cap ita ted . T he eyes w ere enuclea ted  w ith in  1 m in  a fte r  
d e a th , an d  th e  re tin a s  w ere processed as d escribed  above.

T he dog (used  fo r ano ther physio log ical experim en t) w as killed by  an  overdose of 
in tra v en o u s  N em b u ta l. A fte r enucleation, th e  eyes were carried  to  th e  lab o ra to ry  in  ice cold 
0.1 M p h o sp h a te  b u ffer. W ith in  20 m in th e  eyes were cu t in to  tw o p a r ts  and  su b seq u en tly  
im m ersed  in  th e  f ix a tiv e .

2. Im m unocytochem istry

P rio r to  th e  im m u noreac tion  th e  em b ed d in g  resin  w as rem oved  from  th e  sec tions by  
so d ium -m ethox ide  [10]. A fter p re incubation  in  2 %  bovine serum  album in , th e  sec tions were 
reac ted  w ith  th e  p r im a ry  an tibodies f o r l h  a t  room  tem p e ra tu re .T h e  d ilu tions of th e  m onoclon­
al an tib o d ies  w ere 1 : 1 0  000 for all species e x cep t for th e  g round  squirrel w here 1 : 1000 
p ro v ed  to  be m ore su itab le . For com parison, a  po lyclonal a n ti-rh o d o p sin  serum  w as also used  
d ilu ted  1 : 2000. T he p ro d u c tio n  and c h a ra c te riz a tio n  of th e  th re e  an tibodies w as described  
elsew here [18]. S hortly : m ice were im m unized  b y  a  p h o to recep to r m em brane suspension  de ­
riv ed  from  th e  cone-rich  chicken re tina . W h en  screening th e  h y b rid o in a  cell lines w ith  lig h t 
m icroscopic im m u n o cy to ch em istry , only th o se  clones were selected  w hich specifically  s ta in e d  
th e  p h o to recep to r o u te r  segm ents. These cell lines w ere grow n u p , cloned rep ea ted ly , a n d  were 
ch arac te rized  by im m unobiochem ical m e th o d s. T he po lyclonal an ti-rhodopsin  se ru m  was 
p ro d u ced  in  ra ts  b y  im m unizing  the  an im als w ith  th e  excised opsin  bands from  electropho- 
re tica lly  sep a ra ted  b o v in e  p h o to recep to r o u te r  segm en t p ro te in s. T he c h a rac te riza tio n  was 
carried  o u t by  lig h t a n d  electron  m icroscopic im m u n o cy to ch em istry  and  by  im m u n o b lo ttin g . 
T he b o u n d  an tibod ies w ere detected  by  th e  a v id in -b io tin  system  (V ectastain , V ecto r, B u rlin ­
gam e). T he b io ty n y la te d  second an tibodies w ere  follow ed b y  th e  av id in-perox idase  com plex. 
T he im m u n o reac tio n  w as revealed  by  d iam inobenzid ine .

T he im m u n o cy to ch em istry  was co n tro lled  b y  th e  om ission of th e  p rim ary  or th e  sec­
o n d a ry  an tibod ies an d  b y  im m unoreactions c a rried  o u t on n o n -re tin a l tissues o f th e  sam e 
anim als.

R esu lts

U sing th e  th re e  an ti-v isual p ig m en t an tibod ies (m A h OS-2, COS-1 an d  
an ti-rhodopsin ) th re e  d ifferent p h o to re c e p to r cell ty p e s  could be se lec tive ly  
labelled . The rod  cells o f all kinds of re tin a s , as expec ted , were sta in ed  b y  th e  
po lyclonal an tirh o d o p sin  serum . N one o f th e  cones h o u n d  th is  an tib o d y . On th e  
c o n tra ry , th e  cones w ere recognized b y  th e  tw o m onoclonal an tibod ies. W hile  
OS-2 w as specific to  a ra re ly  occurring  cone ty p e  in  all an im al species, m A h 
COS-1 labelled  th e  m a jo rity  of cone p h o to recep to rs  (F igs 1 and  2) C onsecu tive 
serial ta n g e n tia l sections reacted  w ith  th e  d ifferen t an tibod ies w ere u sed  to  
decide if  th e re  are com m on elem ents o f  th e  tw o cone su h p o p u la tio n s, a n d  if  
th e re  are cones w hich  are no t recognized b y  an y  of th e  tw o  cone-specific a n t i ­
bodies. C om paring th e  iden tical e lem ents on serial section  pairs (Figs 2 a n d  5) 
i t  w as c learly  o b servab le  th a t  each cone w as sta in ed  b y  e ith er m A b OS-2 or 
COS-1, an d  no one w as sta ined  b y  b o th  o f th em .

C alcu lating  th e  ra tio s  of the  tw o  cone types, i t  w as ev iden t th a t  in  all 
species th e  n u m b er o f  th e  OS-2 positive  elem ents was falling  in the  range  o f  5 
and  10% .
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F ig . 1. A pa ir of a d ja c e n t  tan g e n tia l sections o f th e  g ro u n d  squirrel re tin a  reac ted  w ith  m A h 
OS-2 (A) and COS-1 (B ) to  show th e  co m p le m e n ta rity  o f th e  two cone-specific an tib o d ies . 
T h e  cone o u ter seg m en ts  a re  surrounded  by  th e  p rocesses of the  re tin a l p ig m en t ep ith e lia l 
cells stack ed  w ith  b lack  p ig m e n t granules. N ote  t h a t  m A h OS-2 labelled  on ly  a few cone o u te r  
seg m en ts  leaving th e  m a jo r i ty  o f cones u n s ta in e d , w hich , in  tu rn , w ere recognized b y  m A h 
COS-1. Some b lu e-sen sitiv e  cones sta ined  by  OS-2, b u t  n o t  by  COS-1 are  m ark ed  on th e  id e n ­

tica l sections b y  arrow s. B a r 10 /mi

All th ree  a n tib o d ie s  were ab so lu te ly  specific to  th e  p h o to recep to r o u te r  
segm ents. No o th e r p a r ts  of the  p h o to recep to rs , or o ther cell ty p es  of th e  re tin a s  
w ere labelled (F igs 1 an d  7C). In  th e  co n tro ls , w here no p rim a ry  or secondary  
a n tib o d y  was u sed , no  s ta in ing  could be observed .
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Fig. 2. R ad ia l sem ith in  sections o f th e  bovine re tin a  reacted  w ith  m A b  OS-2 (A), m A h COS-1 
(B ) and  an ti-rhodopsin  (C). m A b OS-2 labelled  th e  o u ter segm ents o f a ra re ly  occurring  cone 
ty p e  (filled arrow , A), while th e  m a jo rity  of cones were s ta ined  b y  m A b COS-1 (B). A nti- 
rh o d o p sin  an tib o d y  sta ined  all th e  rod o u ter segm ents (filled a rro w s, C) leaving th e  cones 
u n s ta in e d  (open arrow s). N ote  th a t  all th ree  an tibodies recognized  exclusively  th e  o u te r  
segm ents, while o ther p a r ts  o f th e  p h o to recep to rs  to g e th e r w ith  o th e r  re tin a l cell ty p es  re ­

m ained  u n sta in ed . B ar 10 f i n l
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F ig . 3. T angentia l sec tions o f th e  hu m an  re tin a  re ac te d  w ith d ifferen t cone-specific an tibodies. 
T h e  p e riphery  of th e  p r im a te  re tin a  is a b u n d a n t in  rod  cells su rro u n d in g  th e  less num erous 
cone photo recep to rs. A ra re ly  occurring  cone ty p e  recognized by m A h OS-2 (filled arrowr, A) 
is responsible for th e  b lu e -sen s itiv ity . The o th e r cones, being sensitive  to  th e  m iddle (green) 
a n d  long (red) w av elen g th s a re  s ta ined  b y  m A b COS-1 (B). N ote th e  n eg ativ e  blue-sensitive

cones on В (open arrow s). B ar 20 ^m

A m ong th e  d iffe ren t species th e  follow ing v a ria tio n s  could  he observed: 
A lth o u g h  th e  bov ine  (F ig . 1), th e  ra b b it, th e  dog, th e  pig (F ig . 7) and  the  gu inea  
p ig  (not shown) re tin a s  to g e th e r w ith  th e  p e rip h ery  of th e  m onkey  and  h u m an  
re tin a s  (Figs 3 an d  4) w ere sim ilar as reg a rd s  th e  ra tio s  of th e  COS-1 and  OS-2
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F ig . 4. T an g en tia l section ta k e n  from  th e  p e rip h e ry  of th e  m onkey  re tin a  n o t fa r from  the 
fovea. N o te , th a t  th e  rods (positive ly  s ta in ed  b y  an ti-rhodopsin ) are su rro u n d in g  th e  u n lab e l­
led cone o u te r  segm ents in  a m ore or less reg u la r  circle. Tow a rd s th e  ora se rra ta , th e  re tin a  

becom es m ore and  m ore a b u n d a n t in rod  cells. B ar 20

po sitiv e  elem ents, th e  d is tr ib u tio n  o f th e  ph o to recep to r cells was s trik ing ly  
d iffe ren t betw een th e  p rim a te  and  n o n -p rim a te  re tinas. W hile th e  p rim a te  cones 
w ere alw ays su rrounded  by  a m ore or less regu lar circle of rods, th e  organ ization  
of th e  n o n -p rim ate  cones and  rods ex h ib ited  m uch less re g u la rity  (F ig . 7A and 
B).

T h e  OS-2 positive cone cells w ere alw ays d is trib u ted  ra th e r  even ly  am ong 
th e  o th e r  cones. N eighbouring  OS-2 positive  elem ents could  be ra re ly  d e tec ted  
in  th e  re tin a s . In  the  fovea  of th e  m onkey , w here no rods could  be fo u n d  a t  all, 
th e  cones were organized in  a reg u la r, hexagonal p a tte rn  (F ig . 5A an d  B). 
A w ay fro m  the  cen te r, th is  re g u la rity  changed  due to  th e  ap p ea rin g  rods. 
A n ti-rh o d o p sin  positive ro d  cells w ere in te rm ing led  betw een  th e  s tra ig h t lines 
of th e  cones (Fig. 5C).

A  un ique  fea tu re  o f th e  h a m ste r  (no t shown) and  th e  r a t  re tin a s  (F ig. 6) 
was th e  p au c ity  of OS-2 positive cones. On rad ia l sections th e y  could be h a rd ly  
seen. T hese elem ents could be iden tified  in  a su itab le  n u m b er only  on ta n g e n tia l 
sections o f the  ra t  re tin a s . This p ecu lia rity  can be a ttr ib u te d  to  th e  low  n u m b er 
o f cones in  th is  an im al. The ra tio  of th e  tw o cone ty p es w as, nev erth less , th e  
sam e as described in  th e  o th e r species.
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Fig. 5. C onsecutive tan g e n tia l sections o f th e  m onkey  fovea reac ted  w ith  m A h OS-2 (A), m A h COS-1 (B ) and  an ti-rhodopsin  
(C). T he foveal cones are o rgan ized  in a re la tiv e ly  regu lar hexagonal p a tte rn . Since th e  specim en is no t derived  from  th e  very  cen tre  
of th e  fovea, som e rod  o u te r  segm ents s ta in ed  by an ti-rh o d o p sin  can also be seen am ong th e  cones. T he arrow s show th e  sam e blue- 
sensitive  cone o u te r  segm ents on th e  th ree  iden tica l sections. N ote th e  com plete  c o m p lem en ta rity  o f th e  th ree  an tibod ies . B ar 10 fim
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Fig. 6. T an g en tia l sections o f th e  r a t  re tin a  reac ted  w ith  m A bs OS-2 and  COS-1, resp. N ote  
th e  re la tiv e ly  sm all n u m b er o f b lue-sensitive  cones (arrow s, A). T he con tro l section  (B) show s 
th e  d is tr ib u tio n  of th e  m iddle-to -long  w aveleng th  sensitive  cone o u te r  segm ents s ta in ed  by

m A h COS-1 (arrow s, B). B ar 20 fim

In  c o n tra s t to  all o th e r species, th e  gound squ irre l re tin a  (Fig. 2) was 
un iq u e  in  its  ab u n d an ce  of cones. The rods were com prising  less th a n  3%  of th e  
to ta l  p h o to recep to r cell n u m b er. This anim al, w hich  was earlie r th o u g h t to  
h av e  a pure-cone re tin a , co n ta in ed  OS-2 positive cones in th e  sam e ra tio  as th e  
o th e rs . 7%  of th e  to ta l  cone cell num ber was s ta in ed  b y  OS-2, and th e  o th e r 
93 %  was labelled  b y  m A h COS-1.

O th er species (bovine, dog, pig, guinea pig) w ere differing  from  each o th e r 
exclusively  in  th e  shape an d  size o f th e ir  p h o to recep to r cells. The ex ac t descrip ­
tio n  of these differences was bey o n d  the  aim  of th e  p re sen t paper.
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Fig. 7. D istrib u tio n  of c e r ta in  cone cell ty p es  in th e  re tin a  of d iffe ren t m am m alian  species. 
(A) a n d  (B) are tan g en tia l sec tions of pig a n d  ra b b it  re tin as , resp ., re ac ted  w ith  m A b OS-2. 
N o te  t h a t  th e  blue sensitive  cones s ta in ed  by  th e  a n tib o d y  com prise only a m in o r frac tio n  of the 
to ta l  cone population . T he m a jo rity  o f cones are  left un labelled . (C) is a  ra d ia l section  derived 
fro m  th e  dog re tin a  reac ted  w ith  m A h COS-1 show ing th e  m iddle-to -long  w a v e len g th  sensitive 
cones. T he s ta ined  o u te r  seg m en ts are m ark e d  w ith  filled  arrow s, while th e  open  arrow s p o in t

to  th e  u n s ta in e d  ones. B ar 20 fim

D iscussion

Since in our ea rlie r exp erim en ts , on ly  those elem ents of th e  r a b b it  re tin a  
w h ich  w ere dam aged  b y  th e  in tense  blue lig h t were recognized b y  m A h OS-2, 
th e  conclusion could he d raw n  th a t  th is  a n tib o d y  is specific for th e  blue-sensi­
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tive  cones [20]. Since mAb OS-2 w as show n to  be specific for v isual p igm en ts 
[18], th e  a n tib o d y  obviously recognizes th e  b lue-sensitive cones by  b in d in g  se­
lec tive ly  to  th e  b lue-sensitive v isual p ig m en t o f th e  ra b b it.

F rom  th e  observations on th e  ra b b it an d  g round squirrel re tin a  [20], one 
can clonclude th a t  th e  OS-2 positive  cones of th e  o th e r m am m alian  species are 
also b lue-sensitive. This a ssum ption  is su p p o rted  b y  th e  fac t th a t  th e  d is tr ib u ­
tion  p a tte rn  of th e  m onkey  blue cones [4] is th e  sam e as th a t  of th e  OS-2 positive 
cone cells in ou r m onkey re tin as . T he p e rcen tag e  of th e  blue cones in several 
investiga ted  m am m alian  species [1, 15] is in  good agreem ent w ith  th e  q u a n ti ty  
of th e  OS-2 positive  elem ents. T he m olecular s im ila rity  of th e  b lue-sensitive  
p igm en ts derived  from  different an im als is ev idenced  by  our p rev ious im m uno- 
biochem ical re su lts . R eacting  th e  e lec tro p h o re tica lly  separa ted  p h o to recep to r 
m em brane  p ro te in s  of d ifferent m am m alian  species (rab b it, pig, m onkey) 
w ith  m A h OS-2, one single p ro te in  h an d  of m olecular m ass 36 kD  falling  in  th e  
v isu a l p igm ent range  was sta in ed  [20].

A rem ark ab le  observation  of ou r im m unocy tochem ical in v estig a tio n s was 
th a t  our o th e r an ti-v isu a l p igm ent a n tib o d y , COS-1, sta ined  all th e  cones u n ­
labelled  b y  m A h OS-2. This is a convincing  evidence for m A h COS-1 being 
specific to  th e  m iddle-to-long  w av eleng th  (green and  red) sensitive cones o f th e  
r a b b it  and  th e  o th e r m am m alian  re tin a s . I t  is n o t surprising  th a t  th e  b lu e-sen ­
sitive  p igm ent can be d istinguished  im m unolog ically  from  the  m iddlc-to-long- 
w ave sensitive p igm en ts, since i t  w as show n in  m an  [11] th a t  these  p igm en ts 
ex h ib it only 43%  m u tu a l id e n tity , while th e  red - and  g reen-sen titive  p igm en ts 
are  96%  id en tica l. The 4 %  difference of th e  an tigen ic  d e te rm in an ts  w as n o t 
enough to  he d e tec ted  by  the  m onoclonal an tibod ies.

MAbs OS-2 an d  COS-1 seem  to  be com p lem en ta ry  an tibod ies being spe­
cific to  th e  sh o rt an d  m iddle-to-long w av elen g th  sensitive m am m alian  cone cells, 
respective ly . I t  seem s to  be reasonab le  to  use th e m  to  de tec t th e  d is tr ib u tio n  of 
th e  tw o m ain  cone typ es in th e  m am m alian  re tin a s . T aken  in to  co nsidera tion  
th a t  all an im al species in v es tig a ted  so fa r, ex h ib ited  tw o  im m unolog ically  
d iffe ren t cone ty p e s ,i t  can be assum ed th a t  all of th e m  are possessing th e  a n a to m ­
ical su b stra te s  o f th e  colour vision. A lthough  d ifferen t colour-specific p rim a te  
cone cells have been  m uch earlier described  [12, 14], th e  question  w h e th e r th e  
n o n -p rim a te  an im als can d iscrim inate  th e  d iffe ren t colours w as d eb a ted  for 
decades. In  ro d en ts , even th e  presence of th e  cone cells was dou b tfu l, an d  the 
r a ts  were considered as anim als h av in g  p u re-ro d  re tin as . O ur stud ies w ith  cone 
specific an tibod ies fu rn ished  evidence th a t  th e  dup lic ity  th e o ry  is va lid  also 
in  th e  ra t ,  and  a t  least tw o d ifferen t k inds of cones are p resen t in  th e  re tin a  of 
th is  anim al. E lectrophysio logical ex p erim en ts  ra ised  the  possib ility  of colour- 
d iscrim ination  in  ra b b its  and ca ts  [3, 4 ]; th e  b lue- and  green-sensitive cones 
of th e  ground squ irre l were e legan tly  d iffe ren tia ted  by  th e  n itro -b lu e -te trazo - 
liu m  h istochem ical reac tion  [1].
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U sing e lec tron  m icroscopic im m u n o cy to ch em is try  d is tin c t m orphologic 
d ifferences could also be estab lished  in th e  fu tu re  betw een  colour-specific cone 
cells. A n o th er ap p ro ach  is to  de tec t th e  m orphological basis of the  syn thesis  and  
in trace llu la r t ra n s p o r t  o f the  d ifferen t v isual p ig m en t m olecules.

O ur o b se rv a tio n s on the  h u m an  re tin a  raise th e  possib ility  th a t  m A h 
OS-2 and  COS-1 can  becom e useful too ls also in ocular pa tho logy . T he v a rious 
form s of co lour-b lindness could be ch a rac te rized  b y  th ese  colour-specific a n t i ­
bodies. In ten s iv e  in v es tig a tio n s  are in  progress to  p roduce fu r th e r  an tib o d ies  to  
d isc rim in a te  th e  red - a n d  green-sensitive v isua l p igm en ts.
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T he fo rm atio n  o f th e  neural tu b e  is a m o rphogenetic  process involving cell-shape 
changes. T he a c tiv ity  o f th e  cy toskele ta l e lem en ts o f th e  neu ro ep ith e lia l cells an d  th e  
in te rk in e tic  nuclear m ig ra tion  affect th e  n eu ro ep ith e lia l cell shape in  a w ay th a t  these  
cells acqu ire  th ree  d is tin c t conform ations o f w edge-shaped , sp ind le-shaped  an d  in v e rted  
w edge-shaped  cells. E a c h  of them  is u l tra s tru c tu ra lly  ch arac te rized  in th is p a p e r  w ith  
reg ard  to  th e  in tra ce llu la r  d is trib u tio n  of m ito ch o n d ria , ro u g h  endoplasm ic re ticu lu m , 
yolk d rop lets, lip id  bodies and Golgi a p p a ra tu s . T hese d is tr ib u tio n  p a tte rn s  are  a n a ­
lyzed in re la tio n  to th e  role p layed  by th e  neu ro ep ith e lia l cells during  th e  succesive phases 
o f n eu ra l tu b e  fo rm atio n .

K eyw ords: O rganelle  d is trib u tio n , n eu ro ep ith e lia l cells, chick em bryo, n e u ru la ­
tion

In tro d u c tio n

N eu ru la tio n  is a com plex phenom enon th a t  p roduces th e  early  ru d im en ts  
of th e  cen tra l nervous system . V arious m echan ism s of neu ru la tio n  have  been  
proposed [9, 16, 20], b u t  only  th e  changes in n eu ro ep ith e lia l cell shapes h av e  
gained w idespread  accep tance . T hus m icro tu b u les  an d  m icro filam ents ac t in  th e  
chick neu ro ep ith e lia l cells lead ing  to  th e  “ co lu m n ariza tio n ”  and  “ b o ttlin g ”  of 
these cells [7].

T he co lu m n ariza tio n  o f neu roep ithelia l cells is accom plished  by  th e  m icro ­
tubu les a rran g ed  lo n g itu d in a lly  w ith in  neu ro ep ith e lia l cells [2, 20]. T re a tm e n t 
w ith  a n tim ie ro tu b u la r  ag en ts  as colchicine p rev en ts  n eu roep ithe lia l cell e lo n ­
gation  [3, 19, 21].

A pical b an d s of m icro filam ents are p re sen t in  th e  chick  neu roep ithelium  
[8, 10, 11, 15] lead ing  to  th e  b o ttlin g  of n eu ro ep ith e lia l cells. D isrup tion  of 
m icro filam ents w ith  cy tochalasin  13 in h ib its  n eu ra l tu b e  fo rm ation  [13, 22, 25].

D uring  neural tu b e  fo rm ation , an d  a d d itio n a l phenom enon  is occurring  
and affecting  neu ro ep ith e lia l cell shape; i.e., in te rk in e tic  nu c lea r m igra tion  [12]. 
The position  o f th e  nucleus during  th is  m ig ra tio n  de te rm in es w hether a p a rtic - 
rdar n eu roep ithe lia l cell is w edge-shaped (nucleus a t  th e  basa l side of th e  neu-
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roep ithe lium ), in v e rte d  w edge-shaped (nucleus a t to  apical side of th e  n eu ro ­
ep ith e liu m ), or sp ind le-shaped  cells (nucleus n e ith e r  a t th e  ap ica l n o r basa l 
sides of the  neu ro ep ith e liu m ), [18].

N euroep ithelia l cells show an ap ico-basal po la rity  due to  th e  ep ith e lia l 
n a tu re  of the  n eu ra l tu b e . This rem ark ab le  p o la r ity  could in fluence  th e  in t r a ­
ce llu la r a rran g em en t o f the  cy top lasm ic  organelles of n eu ro ep ith e lia l cells. 
O n th e  o ther h an d , in te rk in e tic  n uc lear m ig ra tio n  m ay be assoc ia ted  w ith  th e  
specific  changes in  th e  subcellu lar d is tr ib u tio n  p a tte rn s  show ed b y  n e u ro e p ith e ­
lia l cells [14].

In  th is p ap e r th e  existence of organelle d is trib u tio n  p a tte rn s  for th e  th ree  
cell typ es of n eu ro ep ith e liu m  is in v es tig a ted , considering ce rta in  organelles in  
th e se  cells: m ito ch o n d ria , rough  endop lasm ic  reticu lum , y o lk  d rop le ts , lip id  
bodies and Golgi a p p a ra tu s . Such u ltra s tru c tu ra l ch a rac te riza tio n  m ight be of 
in te re s t in re la tion  to  th e  phases o f n e u ru la tio n  in w hich each cell ty p e  is in ­
vo lved .

M aterials and  m ethods

Processing fo r  transm ission  electron microscopy

F ertile  w h ite  L eg h o rn  eggs were in cu b a ted  to  stages 6, 8, 10 an d  12 [5] an d  th e  m id ­
b ra in  regions of th e  em bryos were collected follow ing th e  criteria  used  b y  Schoenw olf and  
F ra n k s  [18]. The pieces w ere fixed  d irec tly  a f te r  rem oval from  the  yolk w ith  2%  g lu ta ra ld e - 
h y d e  buffered w ith  0.1 M cacody la te  (330 -360  m O s) a t  p H  7.4 for 1 h a n d  rinsed  in  th is  b u f­
fer. T hen, th ey  were p o st-fix ed  w ith  a bu ffered  osm ium  te tro x id e  so lu tion  fo r 3 h and  w ashed 
in  buffer. D eh y d ra tio n  w as accom plished using  in creas in g  concen tra tions o f e th an o l and  fin a lly  
th e  sam ples were em b ed d ed  in to  E pon  812 resin . S em ith in  sections were s ta in e d  w ith  to lu id in  
b lue  and u ltra th in  ones m o u n ted  on 200-m esh grids an d  co n trasted  w ith  u ra n y l a c e ta te  and  
lead  c itra te . The grids w ere exam ined in a Jeo l 100 CX transm ission  e lectron  m icroscope o p e ra t­
in g  a t  60 kV.

S a m pling  procedures

In  our s tu d y  sam p lin g  problem s can be overcom e by  using only sections cu t p e rp en d ic ­
u la r ly  to n eu ro ep ith e liu m  [24]. To o b ta in  a re p re se n ta tiv e  sam ple th e  m eth o d  described  by 
W illiam s [26] was used . M idbrain  regions from  fifteen  em bryos of each s tage  were o rien ted  ac­
cord ing  to th e  cep h a lo cau d al axis in th e  inclusion  p rocedures and e ig h t b locks were selected  
a t  each stage by  using  a d ig ita l random  tab le . T hree  grids were ob ta in ed  from  each selected  
b lock  and the  pool o f g rids was observed. T h u s, te n  neuroep ithelia l cells w ith  nuclear profile 
w ere p h o to graphed  from  each  grid, follow ing th e  m eth o d  reported  by  H irak o w  an d  G otoh  [6], 
o b ta in in g  finally  240 p rofiles for each stage. These cellu la r profiles were classified accord ing  to 
th e  position  of th e  nucleus [18] in wedge-, sp indle- an d  in v erted  w edge-shaped  cells to analyze 
sep a ra te ly  th e  organelle  d is trib u tio n . The m icrographs were p rin ted  a t  m agn ifica tio n s of 
12 000— 22 000 and  an a ly zed  for th e  s tu d y  of organelle  d istribu tion .

Organelle distribution analysis

The analysis o f organelle  d is tr ib u tio n  was m ade  in  th e  th ree  n eu ro ep ith e lia l cell shapes 
(w edge-shaped, sp ind le- an d  in v erted  w edge-shaped) considering  th ree  zones w ith in  these  cells: 
ap ical, m edian and  b asa l, by  using the  nucleus as reference. Thus tw o lines passing  th ro u g h  
ap ical and  basal poles o f  th e  nucleus were d raw n  de lim iting  these zones (see Fig. 1). A t each 
cellu lar zone th e  p rofiles o f m itochondria , ro u g h  endoplasm ic re ticu lu m , yolk d ro p le ts  and 
lip id  bodies were q u a n tif ied , and th e  o b ta in ed  va lues were expressed as percen tag es o f d is tr i­
b u tio n  in each zone.
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F ig  .1. T ransm ission  e lectron  m ic ro g rap h  from  the n eu ro ep ith e liu m  of stage 10 chick em bryos. 
T hree  cellu lar zones are selected for th e  organelle d is tr ib u tio n  analysis (a , ap ical; m  m edian ; 
b , basal). IW : in v erted  w edge-shaped cells, W: .w edge-shaped cells, S: sp ind le-shaped  cells.

B ar: 10 Ц1n
Fig. 2. B asal zone of a w edge-shaped cell of stage 8 n eu ro ep ith e liu m  in w hich num erous 

m ito ch o n d ria  (a rrow s) could be seen. B ar: 1 /an  
Fig. 3. E lec tro n  m icrograph  from  th e  ap ical zone of a sp ind le-shaped  neu ro ep ith e lia l cell of 
s tage  10 th a t  p resen ts  Golgi e lem en ts (arrow heads), ro u g h  endoplasm ic re ticu lu m  cis te rnae  

(arrow s), m ito ch o n d ria  (m ) and lipid bodies (lb). B ar: 1 fim  
Fig. 4. M icrograph show ing several yo lk  d rop lets (arrow heads) in  th e  ap ical zone of an  in v erted  

w edge-shaped n eu ro ep ith e lia l cell from  stage 8 em bryos. B ar: 1 f i m
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T he Golgi a p p a ra tu s  w as an alyzed  as a  w hole, considering  th e  cellu lar zone in  which 
i t  app eared . T hus th e  p e rcen tag es  o b ta in ed  express th e  cellu lar p ro p o rtio n  rep re se n tin g  the 
Golgi a p p a ra tu s  in each  cellu la r zone (ap ical, m ed ian  and basal).

S ta tistica l analysis

T he o b tained  p e rcen tag es were su b jec ted  to  th e  G -independence te s t  [23] based  on chi- 
sq u are  d is trib u tio n  by  u sin g  a level of significance of P  <  0.05. T h u s th e  p e rcen tag es o f each 
organelle  and cellular zone w ere com pared  betw een  th e  th ree  cell ty p es to  f in d  significant 
d ifferences (P  <  0.05) b e tw een  w edge-shaped , sp ind le-shaped  an d  in v erted  w edge-shaped 
cells w ith  regard  to  th e ir  organelle  d is tr ib u tio n  p a tte rn s  (see T ab le  IV).

R esults

O r g a n e l le  d i s t r i b u t i o n  i n  the  w e d g e - s h a p e d  ce lls  (Table I)

W edge-shaped n eu ro ep ith e lia l cells show th e ir  nucleus lo ca ted  a t  th e  basal 
side o f n eu roep ithe lium  an d  an ap ical p ro longation  ex ten d in g  to w ard  th e  apical 
side o f n eu roep ithe lium  (see Fig. 1). W ith in  these cells th e  m ito ch o n d ria l profiles 
are  m ore ab u n d a n t in  th e  basa l zone (F ig . 2), the  percen tages in th is  zone ran g ­
ing  betw een  40—60% . R ough  endoplasm ic re ticu lum  cisternae  are m ore n u m er­
ous w ith in  th e  ap ical zone o f th e  cell a t  stages 6, 8 an d  10, b u t a t  s tage  12 the 
b asa l zone con ta in s a 50 .7%  of th e  ro u g h  endoplasm ic re ticu lu m  cisternae.

Table I

D istrib u tio n  percentages o f  m itochondria  (m ), rough  endoplasm ic re ticu lum  (rer), y o lk  droplets 
(yd), lipid bodies (lb) and  Golgi a p p ara tu s  (ga) in  th e  w edge-shaped cells from  chick neuroep itheli­

um  a t stages 6,8,10 and 12

6 8 10 12

В 40.1 50.5 60.4 54.9
in M 29.9 17.7 22.6 24.1

A 30.0 31.8 17.0 21.0

В 27.4 32.0 32.8 50.7
rer M 30.1 22.3 25.9 22.5

A 42.5 45.7 41.3 26.8

В 49.4 22.0 66.7 —

yd M 21.5 34.1 — —

A 29.1 43.9 33.3 100

В — 3.9 26.7 —

lb M 33.3 17.3 13.3 —

A 66.7 78.8 60.0 100

ga

В
M I I I
A 100 100 100 100

B : b a sa l zone
M : m e d ia n  zone
A : a p ic a l zone
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Y olk  d rop le ts  o f th e  w edge-shaped cells are p resen t in  th e  basa l zones in  h igher 
percen tages th a n  in  the  m ed ian  an d  apical zones a t  stages 6 and  10, th o u g h  
stages 8 and  12 p resen t m uch m ore y o lk  drop le ts in  th e  apical zone of th e  cell. 
In  all stages th e  lip id  body  d is tr ib u tio n  w ith in  w edge-shaped n eu ro ep ith e lia l 
cells is p re fe rab ly  apical, as well as th e  Golgi a p p a ra tu s  of these  cells locates 
alw ays in  th e  ap ical zone of th e  cell.

O rg a n e l le  d i s t r i b u t i o n  in  the s p i n d l e - s h a p e d  cells  (Table II)

N euro ep ith e lia l cells whose nucleus is lo ca ted  in  cen tra lly  a n d  ta p e r  apica- 
ly  and  basa lly  acquire  a sp ind le-shape (see Fig. 1). M itochondrial d is tr ib u tio n  in 
these  cells show s sim ilar p e rcen tages in  th e  basa l an d  ap ical zones (30—40% ) 
a t  stages 6, 8 an d  10 w hereas a t  s tage  12 in  th e  apical zone th e re  are  h igher 
percen tages th a n  in the  basal an d  m edian  zones. E x c e p t a t stage  6, th e  ro u g h  
endoplasm ic re ticu lu m  cisternae d is tr ib u te  m ore freq u en tly  w ith in  th e  ap ical 
zone of th e  sp indles-shaped  cells. Y o lk  d roplets of th e  sp indle-shaped  cells are 
m ore a b u n d a n t in  the  apical zone a t  stages 6, 10 an d  12 b u t a t stage 8 th e y  are 
hom ogeneously  d is trib u ted  in to  basa l and  apical zones. A 80— 100%  of the

Table II

D istrib u tio n  percen tages of m itochondria  (m ), rough  endoplasm ic re ticu lum  (rer), yolk drop lets 
(yd), lipid bodies (lb) and Golgi a p p ara tu s  (ga) in  th e  sp indle-shaped cells from  chick n euroep ithe li­

um  a t stages 6,8,10 and 12

6 8 10 12

В 41.1 39.4 36.5 28.2
m M 24.4 23.2 29.7 32.1

A 34.5 37.4 33.8 39.7

В 43.7 27.5 25.7 22.1
re r M 15.5 30.8 27.7 34.5

A 40.8 41.7 46,6 43.4

В 33.3 50.0 20.0 —

yd M 16.1 3.3 20.0 40.0
A 50.6 46.7 60.0 60.0

В 60.0 5.4 6.1 —

lb M 20.0 2.7 6.0 —

A 20.0 91.9 87.9 100

ga

В
M — — — —

A 100 100 100 100

B : b a sa l zone,
M: m e d ia n  zone
A : a p ic a l zone
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lip id  bodies of th e  sp in d le -sh ap ed  cells o f stages 8, 10 an d  12 are  lo ca ted  w ith in  
th e  apical zone, w h ils t a t  stage  6 th e  basa l zone con ta in s a 60%  of these  in c lu ­
sions. F inally , all sp in d le -sh ap ed  n eu ro ep ith e lia l cells p resen t th e ir  Golgi 
a p p a ra tu s  located  in to  ap ica l zone (Fig. 3).

O rg a n e l le  d i s t r i b u t i o n  i n  th e  i n v e r t e d  w e d g e - s h a p e d  ce lls  (Table I I I )

In v e rted  w edge-shaped  neu ro ep ith e lia l cells have  th e ir  nucleus located  
in  th e  apical side o f n eu ro ep ith e liu m  an d  a cy to p lasm ic  p o rtio n  ex ten d in g  to ­
w ard  the  basal side o f  neu ro ep ith e liu m  (F ig . 1). M itochondrial d is tr ib u tio n  p a t ­
te rn s  a t th e  four s tages s tu d ied  are v e ry  d iffe ren t since th e  h ighest m itochondria l 
p ro p o rtio n  is observed  in  th e  m edian zone a t  stages 6 and  10, in th e  ap ical zone 
a t  stage 8 and  in  th e  b a sa l zone a t stage 12. R o u g h  endoplasm ic re ticu lu m  cister- 
nae  show  a sim ilar d is tr ib u tio n  in  neu ro ep ith e lia l in v e rted  w edge-shaped  cells 
of stages 6 and  8 (25%  in  basal, 31%  in  m ed iuan  an d  43%  in apical zone), w here­
as a t  stage 10 a 4 0 %  o f th e  rough endop lasm ic  re ticu lu m  profiles are in  the  
m edian  zone and  a t  s ta g e  12 there  is a hom ogeneous d is tr ib u tio n  of these p ro ­
files in  the  th ree  ce llu la r zones. Y olk d ro p le ts  d is tr ib u te  in  sim ilar percen tages in

Table II I

D istrib u tio n  percentages o f  m itochondria  (m), rough  endoplasm ic re ticu lum  (rer), yo lk  droplets 
(yd), lipid bodies (lb) an d  Golgi ap p ara tu s (ga) in th e  in v erted  w edge-shaped cells from  chick

neuro ep ithelium a t stages 6, 8, 10 and 12.

6 8 10 12

в 24.3 19.4 37.2 39.3
m M 41.4 27.8 37.2 30.4

A 34.3 52.8 25.6 30.3

В 25.0 25.0 23.7 35.6
rer M 31.3 31.9 39.5 31.1

A 43.7 43.1 36.8 33.3

В 39.1 23.1 66.7 —

yd M 21.7 19.2 — —

A 39.2 57.7 33.3 100

В — 42.9 33.4 —

lb M — — 33.3
A 100 57.1 33.3 100

ga

В
M — ___

A 100 100 100 100

B : b a sa l zone
M : m e d ia n  zone
A : a p ic a l zone
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basal and  apical zones a t  stage 6 th o u g h  a t s tage  10 a 66 .7%  of th e  yolk  d ro p le ts  
are in  th e  b asa l zone of th e  in v e rted  w edge-shaped  cells. These inclusions are 
m ore a b u n d a n t in  th e  ap ical zone a t  stages 8 (57 .7% ), (see Fig. 4) an d  12 
(100% ). A location  p re fe rab ly  apical of th e  lip id  bodies ;s observed  in th e  n e u ro ­
ep ithe lia l cells o f stages 6, 8, and  12, h u t a t s tage  10 these  inclusions are h o m o ­
geneously d is tr ib u te d  in  th e  th ree  cellu lar zones of th e  in v e rte d  w edge-shaped 
cells. The Golgi a p p a ra tu s  shows an  apical p o la rity  in  th e  in v erted  w edge- 
shaped  neu ro ep ith e lia l cells since its  location  w ith in  these  cells is alw ays in  th e  
apical zone.

Discussion

The m orphogenetic  even ts occurring  in  th e  em bryo  induce  some s tru c tu ra l 
and fu n c tio n a l changes affecting  th e  u ltra s tru c tu re  o f th e  em bryonic cells. 
Changes occur in  organelle developm ent and in trace llu la r  d is trib u tio n  d u rin g  
m orphogenesis [1].

W ith  resp ec t to  m itochondria l d is tr ib u tio n  in th e  w edge- and  sp indle- 
shaped  cells one can observe how in th e  ap ica l zone of th e  w edge-shaped cells 
(Table 1) th e  p ercen tage  of m itoch o n d ria  is m ore e lev a ted  a t  stages 6 an d  8, 
w hereas th e  sam e zone of th e  sp ind le-shaped  cells (T able II)  shows s im ila r 
percen tages in  th e  four stages s tu d ied . T hus in  th e  ap ical zone of th e  w edge- 
shaped  cells ap p ea r th e  h ighest m itochondria l percen tages w hen the  e lev a tio n  
and  convergence of n eu ra l folds are tak in g  p lace (stages 6 an d  8). This fac t w ould  
be re la ted  in our opinion w ith  th e  local energy  supp ly  for th e  apical m ic ro fila ­
m en t c o n trac tio n . T he apical bundle  o f m icro filam en ts c o n tra c ts  ac tive ly  d u rin g  
n eu ra l tu b e  fo rm atio n  [11] and  narrow s th e  apices of neu ro ep ith e lia l cells. T h a t 
th e  sp ind le-shaped  neu roep ithe lia l cells m a in ta in  th e ir  ap ica l percen tages of 
m itochondria  d u rin g  th e  four stages suggests th a t  sp indle cells m igh t be invo lved  
in  th e  m echanism  of neura l fold fusion th a t  s ta r ts  a t s tage  10. Schoenw olf 
and D esm ond [17] p o in ted  out th a t  n eu ra l fo ld  fusion is accom plished b y  th e  
apical p ro longations of th e  sp indle-shaped  cells from  th e  opposite  folds th a t  
co n tac t in  th e  m idline. This m echanism  is also an  ac tive  process th a t  req u ires  
energy supp ly  p rov ided  by  m itochondria . T hus th e  apical percen tages of m ito ­
chondria  in th e  neu ro ep ith e lia l sp ind le-shaped  cells do n o t d im in ish  from  stage  
8 to  10 y ield ing  a su itab le  energy  supp ly  for n eu ra l folds fusion.

The yolk d rop le ts  and  lip id  body  d is tr ib u tio n  in  th e  th re e  n eu roep ithe lia l 
cell shapes is m ark ed ly  ap ical in th e  four stages ana lyzed  (see Tables I, I I  an d  
I I I ) .  This d is tr ib u tio n  p a tte rn  of cy top lasm ic  v ite lline  inclusions would be re ­
la ted  w ith  th e  localiza tion  of th e  Golgi a p p a ra tu s  in  th e  n eu roep ithe lia l cells th a t  
is alw ays apical. D uring  n eu ru la tio n  th e re  is an  ac tive  consum ption  of reserves 
con ta ined  in th e  inclusions th a t  requ ires a re la tio n sh ip  b e tw een  Golgi a p p a ra tu s  
and  v ite lline cy top lasm ic  inclusions [4]. T h u s one could expec t m ost of th e  
inclusions d is tr ib u te d  p re fe rab ly  apically .
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A nalysis o f  th e  cell o rganelle  d is tr ib u tio n  p a tte rn s  in  th e  th ree  n e u ro ­
ep ithe lia l cell ty p e s  (w edge-shaped, sp ind le -shaped  and in v e rte d  w edge-shaped) 
o f  th e  chick em b ry o  reveals a subce llu la r id e n ti ty  for each one. T able IV show s 
th e  s ta tis tica l analy sis  for d ifferences b e tw een  th e  th ree  cell ty p es  w ith  reg a rd  
to  th e  organelle d is trib u tio n  p a tte rn s . O n ly  th e  Golgi a p p a ra tu s  localiza tion  
does no t p re se n t sign ifican t d ifferences b e tw een  the  th ree  n eu ro ep ith e lia l cell 
shapes. N evertheless m ito ch o n d ria , rough  endoplasm ic re ticu lu m  an d  v ite lline  
inclusions show  an  in trace llu la r d is tr ib u tio n  th a t  differs s ig n ifican tly  betw een  
th e  th ree cell ty p e s  a t  th e  four stages considered  (Table IV ). T herefore  one can 
observe th a t  each  neu ro ep ith e lia l cell ty p e  o f each stage can  be cha rac terized  
u ltra s tru c tu ra lly  b y  its  organelle d is tr ib u tio n . In  th is  re sp ec t th e  b o ttle -sh ap ed  
neu roep ithe lia l cells of X e n o p u s  la e v i s  em bryo  can also be id en tified  b y  th e ir  
in trace llu la r o rganelle  d is trib u tio n s  [20].

On th e  basis  of these  re su lts  we h av e  m ade schem atic  draw ings to  c h a ra c ­
te rize  the  th ree  neu ro ep ith e lia l cell ty p es  a t  each  stage (see F ig .5). These draw -

ТаЫе IV

Significant differences (P  <  0.05) found  for each stage (6, 8, 10 and 12), organelle (in: m itochon­
d ria , rer: rough endoplasm ic re ticu lum , yd : yo lk  d rop lets, lb : lipid bodies, ga: Golgi a p p ara tu s )  and 
cellular zone (B: B asal, M: M edian, A: A pical) be tw een  th e  d istribu tion  percen tages o f th e  three

n euroep ithe lia l cell ty p es

6 7 10 12

В be abc ab abc
m M be b b а

A — he abc abc

В ac — ab abc
rer M ac ab be ab

A — — с ас

В ab ас ас —

yd M — abc — —

A abc be ас ас

В — be ас —

lb M a a Ьс —

A abc abc abc —

ga

В
M — — — —

A — — — —

a: T here  are significant differences be tw een  w edge-shaped an d  spin­
dle-shaped cells

b: T here  are significant differences betw een  w edge-shaped and
in v erted  w edge-shaped cells

c: T here  are significant differences betw een spindle-shaped and  in ­
v e r te d  wedge-shaped cells 

— : T here  are no significant differences
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Fig. 5. D iag ram m atic  re p re se n ta tio n  of th e  organelle  d is tr ib u tio n  in th e  wedge- (W s), sp indle- 
(Ss) a n d  in v e rte d  w edge-shaped  (IW s) n eu ro ep ith e lia l cells from  chick em bryos a t  s tag es 6, 8, 
10 a n d  12. T he d is tr ib u tio n  an d  re la tiv e  n u m b er o f each organelle  are in d ica tiv e  o f th e  d is tr i­
b u tio n  pe rcen tag es. E ac h  profile  o f an  organelle  m eans a 10%  o f d is trib u tio n  p e rcen tag e  in  a 
cell zone. Sym bols: ovals, m ito ch o n d ria ; tu b es , ro u g h  endoplasm ic re ticu lum ; w h ite  circles, 
yolk d ro p le ts ; d a rk  circles, lip id  bodies, T he Golgi a p p a ra tu s  is n o t rep resen ted  here  since its  

lo ca tio n  w ith in  n eu ro ep ith e lia l cells is alw ays apical
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ings show  a specific chronologie evo lu tion  of th e  organelle d is tr ib u tio n  p a tte rn s  
in  th e  th ree  neu ro ep ith e lia l cell types. W edge-shaped , sp ind le-shaped  and  in v e r t­
ed w edge-shaped cells d iffe ren tia te  progressively  as n eu ru la tio n  proceeds, in  a 
w ay  th a t  stage 12 n eu ro ep ith e lia l cells p re se n t organelle d is tr ib u tio n  p e rc e n t­
ages d is tin c t for each  cell ty p e  (F ig. 5.) M oreover, th e  s ta tis tic a l analysis (T ablelV ) 
rev ea ls  th a t  th e  s ig n ifican t differences b e tw een  organelle d is trib u tio n  p e rc e n t­
ages of th e  th ree  n eu ro ep ith e lia l cell typ es are  m ore rem arkab le  in stage 12 th a n  
in  th e  o th e r stages. D is tr ib u tio n  of th e  m ito ch o n d ria  and  rough  endoplasm ic 
re tic u lu m  cisternae d iffers sign ifican tly  b e tw een  th e  th ree  cell ty p es a t  stage 
12 em bryos (Table IV ). T hese facts s tro n g ly  suggest th a t  w edge-shaped and  
in v e r te d  w edge-shaped neu roep ithe lia l cells h av e  w ell-defined organelle a rran g e ­
m e n t. W hether th e  in tra c e llu la r  a rran g em en t described for th e  th ree  m o rp h o ­
log ical s ta tes of th e  neu ro ep ith e lia l cells is o n ly  a consequence of each p a r tic u ­
la r  cell ty p e , arises as a question  to  be ana lyzed . In  fu r th e r  stud ies we will 
s tu d y  th e  effects o f t re a tm e n t w ith  m icro tu b u le  and  m icro filam en t in h ib ito rs .
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INTERMEDIATE FILAMENT TYPING IN 
TUMOUR DIAGNOSTICS -  AN AID IN 

HISTOGENETIC CLASSIFICATION?

L. L a n g b e i n , H. K o s m e h l , D. K a t e n k a m p

IN ST IT U T E  OF PATHOLOGICAL ANATOM Y, F R IE D R IC H -S C H IL L E R -U N IV E R S IT Y ,
JE N A , GDR

(R eceived 29 Ju n e  1987)

I t  is com m only  accepted , t h a t  a h istogenetic  co rre la tio n  can be estab lish ed  
be tw een  tu m o u r a n d  m o th e r tissue b y  m eans of in te rm e d ia te  filam en t ty p in g . R ecen t 
re su lts  concerrning th e  co-expression o f d iffe ren t in te rm ed ia te  filam en ts w ith in  one cell, 
th e  occurrence of ep ithelial-specific  in te rm ed ia te  fila m en ts  in  soft tissue tu m o u rs , and 
th e  m odu la tion  of in te rm ed ia te  f i la m e n t ty p e  expression  caused  by  som e b io ac tiv e  
sub stan ces and v ira l in fec tions cast d o u b ts  on the  general accep tance  of th e  h isto g en e tic  
c lassification  of h u m an  tu m o u rs b y  in te rm ed ia te  f i la m e n t ty p in g . I ts  c h a rac te riza tio n  
de te rm in es only th e  a c tu a l m orpholog ical d iffe ren ta tio n  o f th e  neoplastic  cells and  
rep re sen ts  a v a lu ab le  to o l for the  d iag n o s tic  assessm ent o f  th e  tu m o u r u n d e r  th e  v iew ­
p o in t o f the  fu n c tio n al d iffe ren tia tio n  o f  i ts  cells. A d o u b tle ss  conclusion concerning 
th e  m o th e r tissue of th e  neoplasia (h isto g en e tic  origin) is th ere fo re  no t possible.

Keywords: T u m o u r c lassification , in te rm ed ia te  f ila m en ts , histogenesis, im m uno- 
h isto ch em istry

T he cy toskele ton  o f hum an  a n d  an im al cells is com posed of th re e  m ain  
com ponen ts: m icro filam ents and  m ic ro tu b u les  w ith  associated  p ro te in s  and  
in te rm e d ia te  filam ents [12, 25, 38, 79]. W hile m icro filam en ts  and  tu b u le s  seem 
p rin c ip a lly  to  be co rre la ted  to  m ore dynam ic  and  fu n c tio n -re la ted  ac tiv itie s , 
th e  system  o f in te rm e d ia te  filam en ts h a s  its basic ta s k  in  th e  m a in ten an ce  of 
cellu lar in te g rity , cellu lar shape and  in te rn a l s tru c tu re  o f cells [9, 16, 37, 39].

B ecause th ey  are p e r tin e n t to  essen tia l cellular c o n stitu en ts  for p rim itiv e  
and  ontogenetica lly  old cell functions, in te rm ed ia te  filam en ts  are considered , 
to  be s tab le  m olecular-biological fo rm a tio n s  [5, 70, 71, 73].

T he in te rm ed ia te  filam en ts are m orpho log ica lly  ch arac terized  b y  th e ir  
d iam ete r o f 10 nm  and  th e ir  cellular a rran g em en t. T h e y  can be d isting u ish ed  
b y  b iochem ical and im m unological m e th o d s  in to  five f ila m e n t classes: k e ra tin -  
filam en ts  (19 p o lypep tides; 40 — 70 k D ), n eu ro filam en ts  (3 p o lypep tides; 63- 
145, and  200 kD ), glial f ilam en ts  (53 k D ),d esm in  filam en ts  (52 k D ),a n d v im e n tin  
filam en ts  (54 kD) [21, 59, 60]. T hese types of in te rm e d ia te  f ilam en ts  are 
expressed  in adu lt, non-neop lastic , an d  in  situ  grow ing cells regu larly  in  tissue 
specific m an n er (48):

— k e ra tin  filam en ts  in  ep ithe lia l cells
— v im en tin  f ilam en ts  in  m any  ty p e s  of m esenchym al cells
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— desm in f ila m e n ts  in  skeletal, h e a r t an d  m ost sm ooth  m uscle cells
— glia f ilam en ts  in a s tro cy tes  an d  som e ependym al cells
— n eu ro filam en ts  in n eu ra l cells.
The classification  of h u m an  tu m o u rs  in to  carcinom as an d  sarcom as, t u ­

m o u rs  of the  h aem a to p o e tic  and ly m p h a tic  sy s tem  as well as neop lasias of th e  
c e n tra l  nervous system  is based  on th e ir  origin from  d istinc t m o th e r tissues and  
is designated  as h is to g cn e tic  classification .

In te rm e d ia te  f ila m e n ts , as p rim itiv e  an d  phy logenetica lly  old s tru c tu res , 
can  be iden tified  in  w ell-d iffe ren tia ted  or u n d iffe ren tia ted  tu m o u rs  by  m eans of 
im m unochem ical m e th o d s [60] — despite  th e  lack  of o ther tu m o u r  cell ch a rac ­
te riz in g  fea tu res. L abelling  o f th e  sam e in te rm e d ia te  filam en t ty p e  in b o th  neo­
p la s tic  and  correspond ing  n o rm al tissue leads to  th e  concept o f th e  h istogenetic  
c lassifica tion  of h u m a n  tu m o u rs  by  in te rm e d ia te  filam en t ty p in g  [50, 56, 57, 
63].

The d is tr ib u tio n  o f k e ra tin  is p a rtic u la rly  investig a ted  in  d e ta il, because 
th e se  filam en ts m ay  be considered to  be of th e  g rea test d iagnostic  value. 
P a r tic u la r  im p o rtan ce  o f  th e  k e ra tin  d em o n stra tio n  lies in  th e  id en tific a tio n  of 
u n d iffe ren tia ted  carc in o m as an d /o r th e ir  d is tin c tio n  from  o th e r  u n d iffe ren ti­
a te d  tum ours [3, 64].

U sing po lyclonal or m onoclonal an tib o d ies  to  k e ra tin  o r cy to k era tin  
p o ly p ep tid es , d e m o n s tra tio n  of ep ithelia l orig in  is possible n o t on ly  for cells 
o f ep iderm oid  carc inom as (F ig. 1) [28, 49], h u t also for cells of sim ple n o n -s tra ti-  
f ic d  carcinom as of p a ren ch y m a l organs, for exam ple  adenocarcinom as [2, 62], 
u ro th e lia l carcinom as [56], th y ro id  carcinom as [81] and  neu roendocrine  carc i­
n o m as [10, 54, 60].

In v estig a tio n s w ith  m onoclonal an tibod ies against d iffe ren t k e ra tin  p o ly ­
p e p tid e s  or w ith  2 -d im ensional gel e lectrophoresis showed th a t  d u rin g  the  p ro ­
cess o f d iffe ren tia tion  o f non -neop lastic  ep ithe lia l cells in vivo [6 ,30] and in v itro  
[36], th e  in te rm ed ia te  filam en t p a tte rn  show s v a ria tio n s. Also d u rin g  experi­
m e n ta l carcinogenesis v a ria tio n s  of k e ra tin  p a t te rn  betw een carc inom a and th e  
o rig inal tissue w ere observed  [19, 19, 28, 53]. F u rth e rm o re , th e re  appears to  be 
a q u a lita tiv e  and  q u a n ti ta t iv e  he te ro g en e ity  in  cellu lar k e ra tin  expression also 
in  a d is tinc t tu m o u r [17, 68; Fig. 1].

R egard ing  these  re su lts  one has to  questio n  th e  com m on view , th a t  a cell 
expresses only one single cell-type-specific  in te rm ed ia te  filam en t.

I t  is know n for a longer tim e , th a t  m ost cells iso lated  from  th e  tissue, for 
exam ple  cells in  cu ltu re s  and  ascites, co-express v im en tin  in ad d itio n  to  th e ir  
o rig inal in te rm ed ia te  f i la m e n t ty p e  [23, 61; F ig . 2]. A fter re -in te g ra tio n  of th e  
cells in to  th e  tissue , th e  v im en tin  d isappears [52].

An ad d itio n a l expression  of v im en tin  f ilam en ts  to  k e ra tin  filam en ts  [21], 
neu ro filam en ts  [8], glia f ilam en ts  [67] or desm in filam ents [31, 56] is know n to  
ta k e  place in em b ry o n ic  tissues.
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Fig. 1. D em o n stra tio n  o f  k e ra tin  in an ep id e rm o id  carcinom a of th e  lung . N o te  th e  h e te ro ­
geneous expression of k e ra t in  in different cell g roups of th e  carc in o m a ;(p o ly c lo n a l a n tik e ra tin  

a n tib o d ies , ind irect p e ro x id ase  tech n iq u e . X I 90)

A num ber of m a lig n an t tu m o u rs  develop d ifferen t ty p e s  of in te rm ed ia te  
filam en ts  w ithin th e  sam e cell (cf. T ab le  I ; Figs 3, 4). T hree d ifferen t in te rm ed i­
a te  filam en t types could  be id en tified  w ith in  one n eo p lastic  cell [1, 65, 80]. 
A n o th e r im p o rtan t fa c t;  k era tin  f ila m e n ts , ch a rac te ris tic  for ep ithe lia l d iffer­
e n tia te d  cells, can be dem o n stra ted  in soft tissue tu m o u rs  — synov ia l sarcom as 
[18]. ep ithelo id  sarcom as [15, 51] an d  m alig n an t m esotheliom as [17, 78], w hich 
are derived  from a m esenchym al s te m  cell [32].

A ltera tions o f in te rm ed ite  f ila m e n t expression can also be achieved by  
severa l b ioactive su b stan ces . V itam ine  A  [24, 33] an d  som e horm ones [35, 43, 
66, 76] m ay  influence th e  k era tin  p o ly p ep tid e  p a tte rn  or th e  in te rm ed ia te  f i la ­
m e n t ty p e  (cf. 65). A fte r  v ira l in fections such a lte ra tio n s are possib le, too  [7, 69].

These resu lts c a s t some doub ts on  th e  general accep tan ce  o f th e  concept 
o f h istogenetic  c lassifica tion  of h u m a n  tu m o u rs  b y  in te rm e d ia te  filam en t ty p in g  
[cf. 26]. Conclusions on th e  h istogenesis of cells, based  on th e  d e te rm in a tio n  of 
in te rm e d ia te  filam en t ty p es  should b e  considered only  w ith  lim ita tio n s, b e ­
cause th e  in te rm ed ia te  filam en t p a t te r n  is obviously  d e te rm in ed  p rim arly  by  
th e  fu n c tio n a l s ta te  a t  th e  tim e of in v es tig a tio n  and n o t so fa r  b y  th e  cellular 
orig in . This is u n d erlin ed  by  the  occurrence  of k e ra tin -p o sitiv e  cells in soft 
tissue  tu m o u rs  or b y  th e  co-expression o f  d ifferen t in te rm e d ite  filam en t typ es
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F ig . 2. Co-expression o f v im e n tin  filam en ts  (a) an d  k e ra tin  f ilam en ts  (b) in  cells o f an  estab lished  
ep ith e lo id  r a t  liver cell line ; (polyclonal an ti-v im e n tin  an tibod ies , po lyclonal a n tik e ra tin  a n ti ­

bod ies , in d ire c t im m unofluorescence tech n iq u e . X 420)
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Table I
Co-expression of in te rm ed ia te  filam en ts in  different h u m an  tum o u rs (selected from  lite ra tu re )

Tum our K eratin V imentin Desmin Glia fila.
Neuro-

fila. Authors

R enal cell carcinom as + - f W aldherr et al. 1985

A denocarcinom as
(lung)

+ U p to n  et al. 1986

T hyreoid carcinom as 
(follicular, pap illar)

+ ; M iettinen  et al. 1984

T hyreoid  carcinom as 
(m edullar)

+ + Schröder et al. 1986

Pleom orph adenom as +
+

+
+ 4-

Caselitz et al. 1981 
A c h ts tä tte r  et al. 1986

A denocarcinom as
(parotis)

+ 4- 4- Sato et al. 1985

O at-cell cercinom as 
(lung)

+ 4- L eh to  et al. 1983

M erkel cell carcinom as + 4- Gould et al. 1985

Is le t cell tum our + + M iettinen  et al. 1985

Carcinoid + 4- L ehto  et al. 1985

Leiom yosarcom as 4- 1 M iettinen  et al. 1984

R habdom yosarcom as 4- 1 A ltm annsberger et al. 
1982

Gliomas
(astrocytom as)

4- 4- H erpers et al. 1986

R habdoid  tum ours + - f Tsuneyoshi et al. 1986

M eningiom as + _L 4- T suneyoshi et al. 1986 
B udka  1986

w ith in  one cell (cf. T able I). T herefore, th e  d em o n stra tio n  of k e ra tin  filam en ts  
in  th e  ad en o m ato id  tu m o u rs  of th e  genita l t r a c t ,  fo r exam ple, only perm its  to  
designate  th ese  neop lasias as ep ithe lia lly  or m eso thelia lly  d iffe ren tia ted  and  
does n o t p e rm it an  unam biguous conclusion as to  an  ep ithe lia l or m ésothélial 
origin (histogenesis) o f these  tu m o u rs  [34] (Figs 4, 5). On th e  o th e r h a n d ,in  cases 
o f co-expression of k e ra tin - and  neu ro filam en ts in neuroendocrine carcinom as 
[46], one is n o t ab le to  d ecide ,if th e  stem  cell has an  ep ithe lia l or n eu ra l n a tu re .

T herefore, th e  co-expression of d ifferen t in te rm ed ia te  filam en t classes 
w ith in  th e  sam e cell, especially  in  neoplasias, m eans th a t  these  cells m ay  express 
som e fea tu res o f d ifferen t k ind  o f tissues. L abelling  of only  one in te rm ed ia te  
filam en t ty p e  using  a single in te rm ed ia te  f ila m e n t an tise ru m  describes th e  
possible tu m o u r d iffe ren tia tio n  in  a lim ited  m anner.

W ith  re sp ec t to  tu m o u r diagnosis th e  labelling  of d ifferen t in te rm ed ia te  
filam en t ty p es  gives a useful c o n trib u tio n  to  th e  a c tu a l fu n c tio n a l d iffe ren tia ­
tio n  of neop lastic  cells and  th e re b y  can be considered as an  essen tia l co n trib u tio n  
to  tu m o u r biology.
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Fig. 3. E xpression  of desm in (a) and  v im en tin  (b) in th e  cells o f an  e x p erim en ta l m ethylcho- 
e n th ren e-in d u ced  m u rin e  rh ab d o m y o sarco m a. M edium -sized tu m o u r cells a re  deco ra ted  by  

v im e n t in  and desm in an tib o d ies  as well (—). G ian t tu m o u r cells only express desm in  ( < )  and 
a re  ailing in  v im e n tin  s ta in in g  ( < ) ;  (m onoclonal an ti-d esm in  an tib o d ies , po lyclonal anti- 

v im en tin  an tib o d ies , P A P -tech n iq u e , h e am ato x y lin  co u n te rsta in in g . X 190)
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Fig. 4. E x p ressio n  of k e ra tin  (a ) a n d  v im en tin  (b ) in  th e  cells o f a h u m an  hepatoce llu lar c a r ­
cinom a, (po lyclonal a n ti-v im en tin  an tibodies, p o ly c lo n a l a n tik e ra tin  an tibodies , in d irec t im ­

m unofluorescence techn ique. X 1 9 0 , in se t X 4 6 0 )
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F ig . 5. Expression of k e ra t in  in  th e  tu m o u r cells ( < )  o f a h um an  ep id id y m al a d en o m ato id  
tu m o u r  indicates an  ep ith e lia l or m éso thélia l d iffe ren tia tio n ; (polyclonal a n ti-k e ra tin  a n tib o d ies ,

in d ire c t perox idase  tech n iq u e . X 200)
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THE EFFECTS OF HYPERTENSION ON THE 
WALL OF THE LARGE INTRACRANIAL ARTERIES 

WITH SPECIAL REFERENCE TO THE CHANGES 
OF SOME CONNECTIVE TISSUE ELEMENTS
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T he effect of h y p e rten sio n  on th e  wall o f th e  m ajo r cereb ral a rte rie s  o f 62 p a ­
t ie n ts  w as investiga ted  a t  th e  lig h t m icroscopical level. T his series does n o t include  p a ­
t ie n ts  w ith  atherosclerosis o f th e  large  in tra c ra n ia l a rte ries. In  h y p e rten siv e  in d iv iduals 
th e  in tra c ra n ia l  arteries show ed concentric  in tim a i th icken ing . F u rth e rm o re , th e  col­
lagenous fibers occurred in  th e  m edia  as early  as in  th e  th ird  decade of life in  p lace of 
re tic u la r  fibers. On th e  basis o f l ite ra ry  d a ta  and  o u r find ings one m ay  suppose th a t  
u n d e r  p e rm a n en t m echanical influence th e  a r te r ia l  sm ooth  m uscle cells sy n th e tize  
p re d o m in an tly  collagenous fib ers  in s tea d  of re tic u la r  fibers.

K eyw ords: A rteria l w all, connective  tissu e , h y p ertension

Introduction

M ost o f th e  au thors do n o t m ake d is tin c tio n  betw een  th e  changes of th e  
large ce reb ra l arteries induced  b y  h y p erten sio n  an d  those  caused  b y  a th ero sc le ­
rosis [2, 3, 4 , 16, 18]. A ccording to  C ervós-N avarro  [2] th e  causal lin k  betw een  
h y p e rten s io n  an d  atherosclerosis can n o t be denied , how ever, th e  h y p erten siv e  
v ascu la r changes have to  be reg a rd ed  as a d is tin c t nosological e n ti ty  on th e  basis 
o f th e  fo llow ing facts:

1. T he hypertension  p lays u n d o u b te d ly  an  im p o rta n t role in  th e  develop­
m en t o f atherosclerosis, how ever, th e  h y p erten s io n  by  itse lf also causes c h a ra c ­
te ris tic  v a sc u la r  abnorm alities.

2. T he hypertensive  v ascu la r changes are re s tr ic ted  m ain ly  to  th e  a r te r i­
oles, w hile th e  atherosclero tic  process affects p red o m in an tly  th e  la rg e r a rteries.

3. T he pathological fea tu re s  o f these tw o v ascu la r diseases also differ from  
each o th e r, m oreover, th e y  can  develop sep ara te ly .

4. T he com plications of h y p erten siv e  v ascu la r abnorm alities are also d iffe r­
e n t from  th o se  of atherosclerosis.

A b b rev ia tio n s : L =  lu m en , I  =  in tim a , M =  m ed ia , A =  a d v e n titia
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The vascu la r ab n o rm alities  w hich are  ch a rac te ris tic  for h y p erten sio n  — 
th ick en in g  of th e  m u scu la r lay e r, hyalinosis, an d  d ev e lopm en t of m ilia ry  an eu ­
ry sm s — are p re d o m in a n tly  lim ited  to  th e  arterio les. T he th ick en in g  of the- 
m ed ia  of th e  la rger a rte rie s  is also a co n sis ten t fea tu re  in  h y p erten sio n . H ow ­
ever, th is  a lte ra tio n  can  generally  be observed  in  th e  a rte rie s  of younger in d i­
v id ua ls.

T he th ick en in g  o f th e  m edia  is considered  as an  ad a p tiv e  response to  com ­
p en sa te  for th e  increased  w all tension  [1, 2] because th e  th ickness of th e  a rte ria l 
w all is d irec tly  re la te d  to  th e  ta n g e n tia l tension  in  i t ,  a re su lt of p ressu re  and  
rad iu s  [1]. I t  is still u n d e r deba te  w h e th e r th e  th ick en in g  of th e  m edia is caused 
b y  th e  h y p e rtro p h y  of th e  sm ooth  m uscle cells (SMCs) or b y  th e ir  h y p erp lasia . 
T he d a ta  having  been  pub lished  recen tly  su p p o rt th e  fo rm er view  [3].

A fter th e  5 th —6 th  decades of life th e  th ick en in g  of th e  m uscu la r lay er 
can  com m only no longer observed  because the  w all of th e  la rger a rteries d ila tes. 
T he dam age of th e  in te rn a l elastic  lam in a  (IE L ) an d  th e  accum ula tion  o f collag­
enous fibers in th e  m ed ia  are m ost p ro b ab ly  th e  cause of d ila tion  of th e  larger 
a rte rie s  in p a tie n ts  w ith  a long h is to ry  of h y p erten sio n  [2].

H ypertension  induces also th e  th ick en in g  of th e  in tim a  [3]. U n d er ex ­
p e rim en ta l conditions th e  h y p ertension  enhances th e  p e rm eab ility  of th e  in tim a  
to  a v a r ie ty  of sub stan ces [4, 11, 12, 19]. T he th ick en in g  of th e  in tim a  in  h y p e r­
ten sio n  is also a ttr ib u ta b le  to  th e  accu m u la tio n  of b o th  cellu lar and  ex trace llu ­
la r  e lem ents [3, 11].

The purpose o f th e  p resen t p ap e r is to  d em o n stra te  th e  effect o f h y p e r­
tension  on th e  w all of th e  large in tra c ra n ia l a rte ries  w ith  special reference to  th e  
changes of connective tissue  elem ents. F ro m  th is  p o in t o f view  little  a tte n tio n  
has been paid  till now  to  th e  even ts ta k in g  place in  th e  m a jo r cerebral a rteries 
u n d e r th e  effect of chronic  hyperten sio n .

The discussion o f  patho log ical changes affecting  th e  arterio les in  h y p e r­
ten siv e  p a tie n ts  is b eyond  th e  scope of th e  p resen t p ap er.

Materials and methods

The large in tra c ra n ia l  a rte rie s  o f 62 p a tie n ts  w ith  a h is to ry  of h y p erten sio n  m ore th a n  
5 y ears  were in v es tig a te d  m icroscopically . I n  each  case th e  general au to p sy  rev ea led  left 
v e n tricu la r  h y p e rtro p h y  w hich  is ch arac te ris tic  o f h y p erten sio n . T he ré v é lan t clinical d a ta  of 
p a tie n ts  in v es tig a ted  are  sum m arized  in  T ab le  I. T h is series does n o t include p a tie n ts  w ith  
m acroscopically  v isible a therosc lerosis of th e  in tra c ra n ia l  a rte ries.

The b ra ins were f ix ed  in  10%  fo rm ald eh y d e  so lu tion  for a week.
U nder th e  age of 40 fro m  all th e  large in tra c ra n ia l  a rte rie s  ( in te rn a l caro tid , an te rio r 

cereb ral, m iddle cereb ral, b asila r, and v e rte b ra l)  sam ples were ta k e n  a t  a b ran ch in g  p o in t and 
a t  lea s t 4—6 m m  aw ay  fro m  th em . O ver th e  age of 40, th e  b asila r and  left or r ig h t m iddle 
cereb ral a rte ries were su b jec ted  to  m icroscopical ex am in a tio n  in  th e  sam e w ay  m en tioned  
above.

The sections w ere 7 f i m  th ick  and  th ey  w ere s ta in ed  w ith  h em atoxy lin -eosin , e lastic  van  
Gieson, orcein, trich ro m e, period ic  acid Schiff, an d  G öm öri’s m e th o d  for re ticu lin .
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T ab le  I

Age 
years ) Total

Sex Hemorrhage

brain
stem

Soften­
ing

No
cerebro­
vascular

disor­
dersM F to ta l

hemis­
phere thalam us

2 0 - 3 0 3 2 l 2 2 — — — l

31— 40 5 3 2 5 5 — — — —

41— 50 12 7 5 10 8 l l 2 —

51— 60 20 9 11 14 9 3 2 4 2
61— 70 9 3 6 7 6 i — 2 —

71— 80 9 4 5 6 4 l 1 3 —

CO V о 4 1 3 2 2 — — 2 —

T ota l 62 29 33 46 36 6 4 13 3

A bbreviations: M m ale, F  — fem ale

Results

On m acroscopical inpsection  th e  walls of th e  large  in tra c ra n ia l a rte rie s  
were th ickened  an d  less tra n sp a re n t th a n  those  of no rm o ten siv e  in d iv id u a ls  
w ith o u t cereb rovascu lar d isorders. T he th ick en in g  of th e  a rte ria l wall becam e 
m ore p ro m in en t w ith  increasing age.

M icrospical ex am in a tio n  revealed  concentric  in tim a i th ick en in g  in  seg­
m en ts aw ay  from  th e  b ranch ing  po in ts  (Fig. 1A, B). A t th e  b ran ch in g  sites th e  
in tim a i th ick en in g  was som ew hat la rger.

The n e x t co n sis ten t m icroscopical fea tu re  w as th a t  th e  collagenous fibers 
occurred  in  the  m edia  o f th e  large in tra c ra n ia l a rte ries as early  as in  th e  th ird  
decade (F ig. 2) while th e y  becam e visib le generally  in th e  6 th  decade in  p a tie n ts  
w ith o u t ce rebrovascu lar diseases [10]. I t  is w o rth  of m en tio n  th a t  th e  in tim a i 
th ick en in g  hav ing  developed in  a rte rie s  of h y p erten siv e  p a tie n ts  n ev er n a r ­
row ed th e  lum en m ark ed ly  because o f th e  g radua l d ila tion  of th e  arte ries  (F igs 
1, 2).

In  th e  c o n tin u ity  of IE L  sm all gaps could alw ays be found . E x ten siv e  
defects of th e  IE L  w ere encoun tered  on ly  in tw o y oung  p a tie n ts  w ho died  of 
cerebral haem orrhage. The case re p o rt of one of th e  p a tie n ts  was p u b lished  in  
1982 [5].

W e found  p a r tia l lack  of re tic u la r  fibers in  th ree  p a tie n ts  (Fig. 3). T hey  
died in  th e  age of 33, 76 and  29 years. The firs t p a tie n t died  of card iac a rre s t an d  
h ad  no cereb rovascu lar d istu rbances. The second suffered  from  th a lam ic  h aem ­
orrhage, an d  th e  th ird  from  hem ispheria l b leeding. The m edia of th e  large in t r a ­
cran ial a rteries in  th e  o th e r cases co n ta in ed  a dense n e tw o rk  of re ticu la r  fibers 
un til th e  tim e  w hen th e  collagenous fibers began to  rep lace  th e  re ticu la r fibers 
(Fig. 4).
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F ig . 1. The r ig h t in te rn a l  caro tid  a rte ry  o f a 45-year-o ld  w om an w ith  a h is to ry  of h y p e rte n ­
sion  of 15 years. (A): o rcein ; ХЮ О, В G öm öri’s m e th o d  for re ticu lin ; Х Ю 0. (A): T he in tim a  is 
un ifo rm ly  th ickened  a n d  th e  a r te ry  is d ila ted . (B): T he m edia  con tains th ic k  fibers an d  th e  th ic k ­
en ed  m edia com prises th in n e r  fibers. T he fo rm er co rrespond  to  th e  collagenous fib ers  and  th e

la t te r  to  th e  re tic u la r  fibers
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Fig. 2. T he le ft an te rio r  cerebral a r te ry  o f a  61-year-old m an  w ith  20-year-long  h is to ry  of 
h y p e rten sio n . Göm öri’s m eth o d  for re ticu lin ; X 400. The re ticu la r  fibers are  rep laced  by col­

lagenous fibers in  th e  m edia. I n  th e  th ickened  in tim a  re ticu la r  fib ers  a re  seen

In  th e  concen trical in tim a i th ick en in g  th e  re tic u la r  fibers w ere localized 
close to  the  lum en form ing a cell-rich  layer. U nder th is  lay e r th e  collagenous 
fib ers  w ere th e  p rinc ipa l connective tissu e  elem ents in  th e  th ick en ed  in tim a .

Discussion

O ur results confirm  th e  hyp o th esis  held b y  som e au th o rs  [2] th a t  the  
h y p erten s io n  b y  itse lf  induces p a tho log ica l a lte ra tio n s  o f th e  large  in tra c ra n ia l 
a rte rie s . In  th e  stud ies concern ing  th e  effect o f h y p erten sio n , th e re  is generally  
no m en tio n  ab o u t th is  fac t, th e y  discuss th e  ab n orm alities of a rte rio les.

T he h y p ertension  causes concen tric  in tim a i th ick en in g  o f th e  large cere­
b ra l a rte rie s  in  co n tra s t to  a therosclerosis and  aging. In  th e  la t te r  tw o  conditions 
the  in tim a i th icken ing  is generally  eccentric . T he concen tric  in tim a i th icken ing  
leads m ost p ro b ab ly  to  th e  loss o f  th e  tra n sp a re n t ap p earan ce  o f a rteries in
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F ig . 3. The rig h t m iddle  cereb ra l a r te ry  o f a 76-year-old h y p e rte n siv e  w om an w ho died of th a ­
lam ic  haem orrhage. G öm öri’s m eth o d  for re ticu lin ; X 160. T he m ed ia  is poorly  supplied  by  re tic ­

u la r  fibers

F ig . 4. The rig h t a n te r io r  cereb ra l a r te ry  o f a 27-year-old w o m an  who suffered  from  h y p e rte n ­
sion  fo r 7 years. G öm öri’s m e th o d  for re ticu lin ; X 400. T he re tic u la r  fib ers  fo rm  a dense n e t­

w ork  in  th e  m ed ia  (norm al p a tte rn )
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h y p erten siv e  p a tie n ts . I t  seems to  be obvious th a t  th e  f irs t  step  in the  develop­
m en t of hyp erten siv e  vascu la r changes is th e  sam e th a t  in  atherosclerosis and  
aging ,i.e., th e  d am age o f th e  endo thelium . This induces enhanced  pro lifera tion  
o f  SMCs of the  a r te r ia l  w all, the  m ig ra tion  of SMCs from  th e  m edia in to  the  
in tim a  an d  th e  increased  ra te  of collagen syn thesis  [18].

H ypertension  g enera lly  does n o t influence th e  d en sity  of re ticu la r fibers 
in  th e  m edia of th e  m a jo r  in trac ran ia l a rte ries , how ever, collagenous fibers occur 
earlie r th a n  in th e  a rte rie s  of p a tien ts  w ith o u t v a scu la r  diseases [6, 8]. E x p e ri­
m e n ta l d a ta  su p p o rt th is  observation . S tre tch in g  o f a r te ria l SMCs in  cu ltu re  
s tim u la tes  th e ir  collagen  synthesis [13, 14]. M oreover, in th e  blood vessels of 
spo n tan eo u sly  h y p e rten s iv e  ra ts  th e  syn thesis  of collagen also increases [16] 
an d  th e ir  arteries becom e m ore rigid th a n  those o f n o rm otensive  an im als [1]. 
T herefo re, it  m igh t be assum ed th a t  th e  increased m echan ical stress induced  
b y  h y p ertension  c o n s titu te s  a d irect s tim u lus for collagen syn thesis [18].

I t  is w ell-know n th a t  the  classical collagen fib e rs  co n ta in  Type I collagen 
an d  T ype I I I  collagen co n stitu tes  th e  classical re tic u la r  fibers. In  th e  a rte ria l 
w all b o th  typ es of collagen  are sy n th e tized  by  SMCs. T he ra tio  of collagen T ype 
1 to  T ype I I I  in th e  n o rm a l arte ria l w all is a p p ro x im a te ly  3 : 7 [15]. In  p a tie n ts  
w ith o u t vascu lar diseases th e  re ticu la r fibers form  a dense n e tw o rk  a round  th e  
SMCs of th e  m edia and  th e  collagenous fibers confine to  th e  ad v en titia  [6]. 
W ith  increasing age th e  collagenous fib ers  m ay occur also in  th e  m edia an d  in 
th e  th ickened  in tim a  [6]. U nder pa tho log ica l c ircu m stan ces — such as a th e ro ­
sclerosis [8] — th e  ra tio  of co llagenT ype I  t o T y p e l l l  can  change in  th e  a rte ria l 
wall [15].

O ur find ings in d ic a te  th a t  th e  p e rm an en t m ech an ica l stress p rom otes 
m ain ly  th e  enhanced  syn thesis  o f collagenous fib ers  (i.e. — th a t  of T ype I  
collagen) n o t only in  th e  th ickened  in tim a  b u t also in  th e  m edia. The effect of 
h y p erten sio n  on th e  a r te r ia l wall p resen ted  in  th is  p ap e r is v e ry  im p o rta n t 
because in  the  l i te ra tu re  th ere  is no m en tio n  ab o u t th e  ty p e  of collagen w hich 
p red o m in a tes  in h y p e rten s io n .

In  h y p erten siv e  ind iv iduals th e  re ticu la r f ib e r  deficiency has obviously  
to  be regarded  as an  acc id en ta l find ing  on th e  basis discussed above. P a r tia l lack  
o f re ticu la r  fibers p ro v ed  to  be a con sis ten t pa th o lo g ica l fea tu re  in p a tie n ts  w ith  
th e  following d iso rders: unexp la ined  su b arach n o id  hem orrhage  [9], d issecting  
an eu ry sm  [7], and  b e rry  aneurysm s [6, 8]. In  th e  la t te r  cond ition  th e  re ticu la r 
f ib e r  dificiency was co n firm ed  recen tly  also by  q u a n ti ta t iv e  m easurem ents [17].

The p resen t observ a tio n s do n o t c o n trad ic t th e  w idely  accep ted  view  
th a t  th e  hy p erten sio n  causes m ain ly  th e  dam age o f  th e  arterio les an d  its  con­
sequences — p re d o m in a n tly  the  b leed ing  — is also th e  re su lt o f th e  patho log ical 
a lte ra tio n s  of arterio les.

F u rth e r  d e ta iled  investiga tions are needed  to  confirm  th e  p resen ted  
observations and to  c la rify  th e ir  im portance .
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THE BIPHASIC NATURE OF A HUMAN 
AMELANOTIC MELANOMA TUMOUR 

LINE HT-18

B h a n u  I y e n g a r 1, J .  T ím á r2, В. Sz e n d e 2

■INSTITUTE OP PATHOLOGY, N EW  D E L H I, IN D IA , !I s t  IN ST ITU TE OF PATHOLOGY 
AND EX PER IM EN TA L CANCER RESEA RCH , BU DAPEST, H UN G ARY

(R eceived  12 N ovem ber 1987)

T he m orphological fe a tu res  o f a  h u m an  am elan o tic  m elanom a tu m o u r line , 
H T -18 was s tud ied  in  v itro . P rim ary  cu ltu res show  th a t  th e  tu m o u r  cells are b ip h asic  
w ith  resp ec t to  th e ir  d iffe ren tia tio n  as revealed  b y  lig h t m icroscopy, SEM  and Т ЕМ . 
M ost o f  th e  cells show num ero u s processes resem bling  n eu ro n al d endrites . T he c y to ­
p lasm  con ta ins stage I and  I I  m elanosom es, occasionally  m elanosom es show ing irreg u la r 
p ig m en ta tio n . A ccording to  these  o bservations i t  ap p ears th a t  th e  H T -18 cells a re  a t  
an  earlie r phase of d iffe ren tia tio n  show ing b o th  m elanogenic an d  neurogenic a c tiv ity .

Keyw ords: A m elano tic  m elanom a, m elanogenesis, neurogenesis, m orphology

Introduction

E p id e rm a l m elanocytes are derived  from  th e  n eu ra l c rest cells d u ring  
em bryogenesis. In  v itilig inous sk in  in a large p ro p o rtio n  of cases, the  m arg inal 
m elanocy tes show  n eu ra l d iffe ren tia tio n  [1]. T he m elanocy tes m ay  p ro lifera te  
and  give rise to  a m alig n an t tu m o u r, th e  m elanom a, w hich m ay  or m ay  n o t 
show  p ig m en ta tio n . In  th e  p re sen t w ork  the  g row th  ch arac te ris tic s  and th e  
m orphology  o f th e  hum an  am elan o tic  m elanom a tu m o u r line, H T-18 have been 
s tud ied  to  assess th e  n a tu re  o f th e ir  d iffe ren tia tion .

Materials and methods

All s tu d ies  were perform ed on p rim a ry  cu ltu res o f a h u m an  am elan o tic  m elanom a 
tu m o u r line  x en o g rafted  on im m u n o -su p p ressed  CBA m ice [9]. Cells w ere m echanically  d is­
sociated  a n d  se p a ra ted  w ith  0 .08%  Difco try p sin . T he cells w ere su spended  in  H-M EM  m edium  
w ith  10%  F low  FCS. T hey were allow ed to  adhere  to p las tic  for 1 1/2 h , th e n  w ashed w ith  
p h o sp h a te -b u ffe red  saline (PB S ), a n d  w ere resuspended  in  N unc  and  L in b ro  m ulti-d ishes 
(24 wells). E a c h  well s ta r te d  w ith  5 X 105 cells. F lask  cu ltu res  were m ad e  in  G reiner T25 
flask  w ith  5 to  10 X 106 cells. These w ere in cu b a ted  a t  37 °C in  7 .5%  C 0 2 a tm osphere.

C u ltu res were view ed daily  to  s tu d y  g ro w th  charac te ris tics . T he estab lished  m ono lay ­
ers were c u t o u t and  m oun ted  on slides. T hese were s ta in ed  by  Sevier M unger s ta in  [2] fo r 
d endritic  processes and  m elan in . T he m onolayers w ere fix ed  in  2 %  g lu ta ra ld eh y d e

Send o ffp rin t requ ests  to : B h an u  Iy e n g ar, M. D. In s t i tu te  o f P a th o lo g y  (ICM R), Saf- 
d a rjan g  H o sp ita l, P . O. B ox 4909, N ew  D elhi 110 029, In d ia

A c t a  M o r p h o lo g ic a  H u n g a r i c a  3 6 ,  1 9 8 8  
A k a d é m i a i  K ia d ó ,  B u d a p e s t
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Fig. 1. L igh t m icroscopy o f th e  p rim ary  c u ltu re  o f H T -18 show ing d en d ritic  an d  axon-like 
processes sta ined  w ith  silver. In  th e  cen tre  a po lygonal cell shows p ig m e n t g ranu les in  the

cy top lasm  (Sevier-M unger X 2 5 )

(P B S  p H  =  7.2) for 1 h , w ash ed  and  p o st-fix ed  in  1%  0 s 0 4 (PB S). A fte r  d e h y d ra tio n  in  th e  
case of SEM stud ies , th e  m on o lay er was le ft in  s itu  and  critica l p o in t d ried  (B alzer), coated  
w ith  gold and view ed in  a  T E S L Á  BS-300 s te reo scan , while in  th e  case o f ТЕМ  i t  was flo a ted  
o ff by  propylene oxide, e m b ed d ed  in to  P o ly b ed  812, “ u ltra c u t”  a n d  exam in ed  in  a JEOL-IOOB 
transm ission  electron  m icroscope.

R esults

L ig h t  m ic r o s c o p y

C ultured  th e  cells have a d en d ritic  appearance . T he nuclei are large and  
vesicular, th e  cy to p la sm  is a b u n d a n t a n d  is th ro w n  in to  processes o f v a ry in g  
lengh ts. These processes are covering o th e r  cells. A few  cells ap p ear rounded  
w ith o u t dendritic  processes (Fig. 1).

On silver s ta in e d  p rep a ra tio n s  (F ig . 1) a few m elanosom es are seen sc a t­
te red  w ithin th e  cy to p lasm  of the  d e n d ritic  cells. These granu les are m ore p ro m ­
in en t w ith in  th e  ro u n d e d  cells. T he d en d ritic  processes are s ta in ed  w ith  silver 
as w ith  axis cy linders an d  arborise on d is ta n t cells.
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S c a n n i n g  e lec tron  m i c r o s c o p y

T he tu m o u r cells arc f la t ,  hi- or m ultipo lars. T h ey  show  long axon-like 
processes (Fig. 2) in te rlac ing  w ith  each o ther. T here are num erous sm aller 
d en d ritic  processes runn in g  from  th e  surface. These end som etim es in knob-like 
s tru c tu re s . These processes a p p e a r to  arborise on polygonal cells. In  scanning  
SEM p ic tu res  the  cells ap p ea r a lm o st like nerve cells.

T r a n s m i s s i o n  e lec tron  m i c r o s c o p y

As show n by ТЕМ , th e  cells v a ry  in size an d  shape. M ost cells have a b u n ­
d a n t cy top lasm  w hich is th ro w n  in to  num erous den d ritic  processes, occasionally  
in to  axon-like p ro jections w hich ex ten d  to  a considerable d is tan ce  (Fig. 3).

T he cy toplasm  con ta ins m elanosom es. The Golgi vesicles ap p ear d ila ted  
w ith  early  fo rm ation  of lam in a ted  s tru c tu re s  ty p ica l for th e  earliest inelanosom e 
stages (F ig . 4). Occasional la m in a te d  s tru c tu res  are ev id en t w hich are p a rtia lly  
sep a ra ted . Most of th e  m elanosom es are o f stage I or I I ,  w ith  little  ine lan ization . 
The in te rn a l s tru c tu re  of these  organelles shows co nvo lu ted  lam ellae, th e  m ela­
nosom es being round , oval or m ark ed ly  e longated . The m a tr ix  shows p igm ent 
in occasional m elanosom es. S everal cells con ta in  vacuoles w ith in  th e  cy top lasm . 
The d en d ritic  and  axon-like processes do no t con ta in  an y  m elanosom es. The 
in te rn a l s tru c tu re  shows lo n g itu d in a l filam ents as seen in n eu rite s  (Fig. 5).

Discussion

F rom  the  p resen t s tu d y  it ap p ears  th a t  th e  tu m o u r cells in  am elanotic  
m elanom a HT-18 have neuro id  ch arac teris tics . The p resence of m elanosom es 
w ith in  th em  and  silver sta in in g  confirm  th e  m elanom a orig in  of th e  cell line. 
The in te re s tin g  featu res of den d ritic  processes and  th e ir  c o n ta c ts  w ith  o th e r cells 
is in d ica ted  by scanning and  transm ission  EM , by  h isto logy  an d  grow th  ch a rac ­
te ristics.

T he epiderm is shows th ree  varie ties  of dendritic  cells, th e  m elanocytes, 
th e  L an g erh an s cells and  th e  M erkel cells [3, 4]. The ch a ra c te ris tic  fea tu re  of the  
m elanocy te  is the  presence of m elanosom es w hich can be seen in  a fa irly  large 
n u m b er in  th e  HT-18 cells. T he stag e  I I  m elanosom es are  in  abundance . The 
level of m elan in  fo rm ation  is low  in  th is  tu m o u r line. T he m elanosom es v a ry  
considerab ly  in size and con fig u ra tio n  as seen in EM m icrog raphs. In  th e  ep id e r­
m al m elanocy tes the  dendritic  processes con ta in  m elanosom es w hich are p inched 
off by  th e  process of apocopa tion . B y th is  process th e  p ig m en t granu le  is 
passed in to  th e  neighbouring b asa l cells and  prickle cells. In  th e  H T-18 cells th e  
dendrites and  axon-like processes are  on th e  neighbouring  cells alm ost as in
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Fig. 2. Scanning EM  o f H T -18 cells h igh ligh ting  m o stly  b ipo lar f la t  tu m o u r  cells w ith  long 
axon-like  processes (4 )  and  sh o rte r d en d ritic  ones (D ) (X 3 0 0 0 )

Fig. 3. T ransm ission  e lec tro n  m icroscopy of a H T -18 cell show ing n u m ero u s surface  projec 
tio n s  (D). The cy to p la sm  co n ta in s endoplasm ic re ticu lu m , m ito ch o n d ria  a n d  nucleus (X 3 6  000)
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Fig. 4. C y top lasm  of H T -18 m elanocyte show s p a r t ly  p ig m en ted  and abnorm al m elanosom es 
(M). T he inset d e m o n s tra te s  lam inated  s tru c tu re  o f an  early  stage m elanosom e

(X 4 8  000)

Fig. 5. Т Е М  p ic tu re  a t  h ig h  m agnification  of a d e n d rit ic  process to  show th e  in te rn a l s tru c tu re  
co n sistin g  of m ic ro filam en ts  resem bling th e  s tru c tu re  o f neu rites ( /* )  (X 9 6  000)
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sy n ap tic  endings. No m elanosom es are p resen t w ith in  these processes, th e  in te r ­
n a l s tru c tu re  w hich  is like th a t  of n eu rite s  [8]. T he s ta in ing  ch a rac te ris tic s  o f 
th ese  s tru c tu res  are  also sim ilar to  tho se  o f neu rites (as seen by silver s ta in in g ). 
T h is fea tu re  has been  observed by  M oellm ann e t al. [8], and  sim ilar fin d in g  w as 
n o ted  in m ouse m elanom a cu ltures [6, 7].

The B irbeck g ranu les ty p ica l of th e  L angerhans cells and n eu ro sec re to ry  
granu les seen in M erkel cells are ab sen t in th e  tu m o u r cells [4, 5].

I t  can be concluded  th a t  th e  m elan o tic  m elanom a cells have  a n eu ro id  
appearance  and  th e  m elanosom es show  a low level of p igm ent p ro d u c tio n . T h e  
g ranules do no t m ove in to  the  d en d ritic  processes w hich extend  from  th e  cell 
surface. Thus, these  cells show an early  b iphasic  stage  of m elanocyte d iffe re n ti­
a tio n  as also seen in th e  dendritic  m elanocy tes o f v itiligo .
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GLYCOSAMINOGLYCAN CONTAINING FAT-STORING 
CELLS IN HEPATIC FIBROGENESIS

B. S z e n d e , К . L a p i s , J .  T í m á r , Z s . S c h a f f , К . S i m o n , A. J e n e y , A. D i v a l d ,

S . B a k u , F . T ím á r

1st IN STITU TE OF PATHOLOGY AND EX PER IM EN TA L CANCER RESEARCH 
SEM M ELW EIS M EDICAL SCHOOL, BU D A PEST, HUNGARY

(R eceived 12 S ep tem b er 1988)

Male F-344 ra ts  were tre a te d  fo r 10 w eeks e ith e r w ith CC14 (0.2 m l/kg , per os, 
tw ice a week) o r w ith  CC14 (sam e as above) an d  p h én o b arb ita l (0.2 g/1 in  d rink ing  
w ater). L iver fib rosis and cirrhosis developed  in  b o th  tre a te d  groups, and  was con­
firm ed  histo logically . Cirrhosis w as m ore fre q u e n t a f te r  th e  CCI, -j- p h én o b arb ita l t r e a t ­
m ent. The collagen co n ten t of th e  liv e r, m easu red  b y  m o rp h o m etry  and  biochem ically , 
was sign ifican tly  h igher in th e  an im als  o f  th e  group  tre a te d  w ith  CCI, -f- p h én o b arb ita l 
th a n  in th e  an im als trea te d  only w ith  CC14. Specially  a lte red  fa t-s to rin g  cells ( I to  cells) 
were found in th e  perip o rta l and sep ta l fib ro tic  a reas in d irec t p ro p o rtio n  to th e  a m o u n t 
o f fibrosis and  cirrhosis. They were iden tified  as a lte red  fa t-s to rin g  cells by  th e ir  desm in 
co n ten t an d  V itam in  A sto ring  c ap a b ility . T h is s tu d y  d e m o n s tra ted  th a t  these  cells 
were enlarged an d  contained n e u tra l  fa t,  lipofuscin  and PA S-positive  m ate ria l. The 
p o ten tia l role o f G A G -containing FSC in  fib rogenesis is discussed.

K eyw ords: F a t-s to rin g  cells, I to  cells, g lycosam inoglycans, liver, fibrogenesis

Introduction

The developm ent of fibrosis is th e  m ost com m on and m ost serious event 
in chronic liver disease.

Collagen and  o th e r ex trace llu la r m a tr ix  fo rm ation  in liver cirrhosis has 
been  s tud ied  ex tensive ly  in the  la s t  decade [25, 28, 29]. A series of in v itro  
s tu d ies  showed th a t  m acrom olecules o f th e  ex trace llu la r m a trix  such as collagen 
I — I I I  — IV , lam in in , fib ronectin  an d  g lycosam inoglycans (GAG) can be p ro ­
duced  b y  h ep a to cy tes  [6, 7, 10, 11, 14, 22, 34]. O ther cells found  in the  liver, 
K u p ffe r cells and m acrophages, p ro d u ce  f ib ro n ec tin  in cu ltu re  [1, 26].

An increase in  concen tra tion  an d  a pa tho log ic  d is trib u tio n  o f ex trace llu la r 
m a trix  m olecules were found in h ep a tic  c irrhosis [25, 26, 29]. These changes are 
a lw ays connected  w ith  the  presence o f in f la m m a to ry  cells, such as ly m phocy tes,

A bbrev iations: F E R : rough su rfaced  endop lasm ic  re ticu lum ; H ID : h igh iron d iam ine; 
H  an d  E : h em ato x y lin  and  eosin; GAG: g lycosam inoglycans; CHS: ch o n d ro itin  su lp h a te ; 
I)S : d e rm a ta n  su lp h a te ; M A— FA F: m acro p h ag e  f ib ro b la s t p ro life ra tio n  s tim u la tin g  fac to r; 
cA M P: cyclic adenosine m onophosphate ; FSC: fa t-s to rin g  cells: CCI,: carbon  te trac h lo rid e ; 
PA S: periodic acid S ch iff reac tion ; IU : in te rn a tio n a l u n it

Send o ffp rin t req u ests  to : Dr. B. Szende, 1st In s t i tu te  of P a th o lo g y  an d  E x p erim en ta l 
C ancer R esearch , Sem m elweis Medical U n iv e rs ity , H -1085 B u d ap est, Ü llői ú t  26, H u n g ary
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m acrophages and  m a s t cells [20, 35, 38]. Besides p roducing  fib ro n ec tin  [1], 
m acrophages also p roduce  a so-called f ib ro b la s t p ro lifera tion  s tim u la tin g  fac to r 
(M A -FA F). This fa c to r  also m odula tes th e  p ro d u c tio n  of cAM P and  p ro s ta g la n ­
din  b y  fib ro b lasts  an d  in  th is  w ay i t  p lays a role in th e  reg u la tio n  of collagen 
syn thesis  [15, 36, 38].

L ym phocy tes are  also sources of hum ora l fac to rs w hich active m acrophages 
an d  stim u la te  f ib ro b la s t m ig ra tion  and  p ro lifera tion  [15, 24, 37, 38]. T he role 
o f m ast cells in fib rosis and  cirrhosis is p resen tly  n o t well u n derstood  [20].

The role of I to  cells [12] or fa t-s to rin g  cells (FSC) in  th e  p ro d u c tio n  of 
collagen, has been discussed [13, 16, 17, 18, 39]. The h istogenesis o f FSC is 
closely re la ted  to  th a t  o f fib ro b lasts  an d  m y o fib rob lasts . R ecen tly  Y okoi and  
co-w orkers [40] h av e  show n a close re la tio n sh ip  betw een  th e  degree of h ep a tic  
fib rosis in an ex p erim en ta l m odel and  th e  n u m b er of FSC in the  f ib ro tic  areas. 
T hese au tho rs also d em o n stra ted  th a t  FSC co n ta in  desm in, and  th a t  th e y  belong 
to  th e  m yogenic cell line w hich is able to  develop to  m y o fib rob lasts  p roducing  
collagen. B u rt and  co-w orkers [3] observed  an  increased  n u m b er o f desm in- 
co n ta in in g  s te lla te  cells in  exp erim en ta l r a t  liver in ju ry . T hey  concluded th a t  
th ese  cells were id en tica l to  FSC. R ecen tly , V erhoeven and  B uyssens [33] 
suggested  th a t  FSC are  m odified pericy tes. T hey  argued  th a t  desm in p o sitiv ity  
su p p o rted  th e  concep t o f FSC as pericy tes w ith  a special func tion  in  V itam in  A 
sto rage  and  collagen syn thesis .

In  the  p resen t s tu d y , d ifferen t degrees of hepa tic  fibrosis and  cirrhosis 
w ere produced  e ith e r  b y  t r e a tm e n t w ith  CC14 or w hitli CCI4-f-p h én o b a rb ita l 
t re a tm e n t accord ing  to  th e  m ethod  of M cLean [19]. T he in  v iv o  loca liza tion  
and  b iosyn thesis o f ex trace llu la r  m a trix  com pounds was s tu d ied  to  reveal th e  
source of th e  new ly  form ed ex trace llu lar m a tr ix  com ponen ts. The n u m b er and  
m orphology  of FSC w ere in v estig a ted  in  re la tio n  to  th e  degree of fib rosis and  
cirrhosis. New fea tu re s  of ac tiv a te d  FSC, th e ir  GAG co n ten t and  phag o cy tic  
c a p ac ity  were d em o n stra ted .

Materials and methods

The experim en ta l groups consisted of 20, 8-week-old m ale F-344 ra ts . A nim als o f 
th e f ir s t  group  were tre a te d  for 10 weeks w ith  0.2 m l/kg  CCI, dissolved in  oleum  h e lia n th i, 
each  was given 0.5 ml so lu tion  by  g astric  tu b e  tw ice a week. M em bers o f th e  second group  
w ere trea te d  w ith  CC14 in  th e  sam e w ay as group  one while receiv ing  p h é n o b arb ita l (0.2 g/1 
in  d rink ing  w ater). In  one of th e  con tro l groups (group three) an im als received oleum  h e lia n th i 
(0.5 m l per an im al, by  g astric  tu b e , tw ice a week). In  th e  o th e r con tro l group (group fo u r )  on ly  
p h é n o b arb ita l (0.2 g/1 in  d rin k in g  w ater) w as given. A t th e  71st day  of th e  ex p erim en t all an i­
m als were sacrificed.

The liver was obse rv ed  m acroscopically , one p a r t  o f each  lobe was p reserv ed  for b io ­
chem ical stud ies, th e  o th e r  p a r ts  were fixed  in 8 pe r cen t bu ffered  fo rm alin  for h isto logy. Sm all 
pieces o f the  livers o f 5 an im als from  each group were fixed  in g lu tara ldehyde-O gO j for e lectron  
m icroscopy. Oil re d -0  sta in in g  was done using  form alin -fixed  frozen sections. P a ra ffin -e m ­
b ed d ed  m ateria l was used  for H .E ., PA S, P icrosirius red , alcian  b lue, to lu id ine  b lue, Ziehl- 
N ielsen, P russian  b lue, a n d  p H  2.0 and pH  4.0 iron colloid [30] s ta in ing . Im m u n o h isto ch em ica l
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procedures w ere done for desm in (an ti-desm in  se ru m : S trav igen  B-SA . B ioG enex L a b o ra to ­
ries, D ublin . CA., USA). GAG were iden tified  u l tra s tru c tu ra lly  a f te r  ap p lica tio n  of h igh  iron  
d iam ine (H ID ) reaction  a fte r Spicer e t al. [31].

T es ticu la r  hyaluron idase  (H ya lu ro n id ase  S igm a, U K ) was d issolved in sod ium  a c e ta te  
buffer, p H  5.6, a t  a co n cen tra tio n  of 2000 U /m l. The sections w ere in cu b a ted  for 1 h a t 
37 °C. T he co n tro ls  were in cu b a ted  in buffer a lone .

U ltra th in  sections were co n tra sted  w ith  u ra n y l  ace ta te  an d  exam ined  using  a JE M  
100 В e lectron  microscope. M orphom etry  to  q u a n ti ta te  th e  p e rcen tag e  of collagen in th e  
slides s ta in e d  w ith  P icrosirius was perform ed b y  m eans of a Q u a n tim e t v id eo d en sito m ete r 
(C am bridge In s tru m en ts , U .K .). G A G -contain ing  cells (blue cy top lasm  a f te r  Fe-colloid s ta in ­
ing) w ere co u n ted  in 5 /i th ick  sections and th e ir  n u m b er was given p e r cubic m illim eter liver 
tissue. S tu d e n t’s t tes t was used  for s ta tis tica l an alysis.

C arrageenan  Io ta , (Sigm a) was ad m in is te re d  i. p. 5 m g/an im al in  0.01 ml PBS one day 
before sacrificing  the  anim als to  label the  p h a g o cy tic  cells in th e  liver p a ren ch y m e. C arrageenan  
was id en tified  in  tissue using th e  m ethod  of G ango lli e t al. [8].

Biochem ical studies

T he a m o u n t o f collagen w as de term ined  b y  th e  m easurem ent o f h y d ro x y p ro lin e  in the  
cellu lar p ro te in s  a fte r hydrolysis u n d e r n itrogen  in  6 M HC1 a t 105 °C fo r 24 h [2].

The u ro n ic  acid co n ten t o f th e  g lycosam inoglycans was q u a n ti ta te d  according to  the  
m eth o d  of N oesser [23].

V ita m in  A  injection

Two an im als receiving th e  CC14 -f- p h é n o b a rb ita l  tre a tm e n t w ere in jec ted  i.p . w ith  
50 000 IU  o f V itam in  A, 24 h before sacrifice. Frozens sections o f liver were in v es tig a ted  
using  a flu o rescen t m icroscope (O lym pus B T H U , reflected  ligh t, Y 550 filter).

R esu lts
1. L i v e r  f i b r o s i s - c i r r h o s i s

M acroscopically , th e  surface of th e  liv er was uneven  in d ifferen t degrees 
in th e  an im als tre a te d  w ith  CCI, or CCI4-f-p h én o b a rb ita l. T ru e  a tro p h ic  c irrhosis 
was also observed  in  18 an im als in the  g ro u p  tre a te d  w ith  CCl4+ p h e n o b a rb ita l .

U n d er th e  ligh t m icroscope, fib ro sis  (two cases) or cirrhosis (eighteen 
cases) w ere observed  in all livers from  an im als  trea ted  w ith  CC14-|-p h én o b a rb i­
ta l. T re a tm e n t w ith CC14 alone resu lted  in  various degrees of sep ta l and p e rip o r­
ta l fib rosis. W ith  m orp h o m etry , the  red -s ta in e d  areas am o u n te d  to  5 — 12 %  
o f th e  areas o f the  sections. T able I. show s th e  percen tage of red -s ta in ed  col-

Table I
The ra tio  of red  areas (collagen fibres) in P icrosirius-stained  liver sections of CC14, CC14 -)- p héno­

b a rb ita l, oleum h e lian th i and p h en o b arb ita l-trea ted  P-344 m ale ra ts

Treatm ent t e r  cent of collagen fibres

1 . CCI, 5.14 +  2.40
2. CC144  phénobarb ita l 1 2 .26+ 7 .38
3. Oleum helianth i 2.23 +  1.56
4. Phénobarb ital 1 .7 7 + 1 .1 3

(Significance betw een group 2. an d  1.: p <  0.01 and be tw een  group 
1. and groups 3. and  4.: p <  0.01)
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lagen  fib res. W hereas th e  average c o n te n t o f collagen in  th e  livers of th e  
an im als tre a te d  w ith  CCI , w as 5 .1 4 ^ 2 .3 8  % , tre a tm e n t w ith  CCl4-|-p h en o b ar- 
b ita l resu lted  in a collagen co n ten t of 1 2 .2 5 ^ 7 .3 8  %  (p <  0.01).

The contro l g roups h a d  these  collagen co n ten ts  (oleum  he lian th i 1.77 
1.13%  and p h é n o b a rb ita l 2 .2 3 ^ 1 .5 6 % ), w hich  were n o t e lev a ted  a b o v en o rm a l.

B i o c h e m i c a l l y ,  th e  am o u n ts  o f collagen and  GAG w ere increased in th e  
livers of anim als t re a te d  e ith er w ith  CCI , a lone or CCI4—|— p h én o b arb ita l. I t  is 
n o tew o rth y  th a t  in  th e  an im als tre a te d  w ith  CCI4-|-p h é n o b a rb ita l tre a te d  a n i ­
m als th e  am oun ts of th ese  b iopolym ers w ere s ig n ifican tly  h ig h er th a n  in  th e  
livers of the  group tre a te d  w ith  CCI, alone (T able II) .

Table II

H ydroxy  proline* and  uron ic  acid** co n ten t o f th e  liver o f CC14, CC14 ; phénobarb ita l, o leum  
h e lian th i and p h en o b arb ita l-trea ted  Г-344 m ale ra ts

Treatm ent Hydroxyproline 
C“g/g wet mass)

Uronic acid 
(/'g/g " f t  mu»»)

1. CC14 443 +  233 95 +  51
2. CC14 —(- p h én obarb ita l 619 +  391 116 +  70
3. O leum  h e lian th i 286 +  120 66 +  37
4. P h én o b arb ita l 202 +  49 64 +  27

(Significance betw een group 2. and group p <  0.05 and  betw een
group 1. and  groups 3. and 4. : p  <  0.05) 

* P ro te in  bound 
** GAG associated

2. G A G - c o n t a i n i n g  ce lls

In  the  p o rta l areas and  along th e  connecetive tissue tra c ts  form ing th ic k ­
ened sep ta  or su rro u n d in g  th e  pseudolobules, a n u m b er of re la tiv e ly  large (20 — 
30p in d iam eter) cells w ere seen (Fig. 1). T he cells had  a b u n d a n t cytoplasm  a n d  
round  nuclei w ith  m ed ium  ch ro m atin  co n te n t. T heir cy to p lasm  showed a fa in t  
basophilic s ta in ing  w ith  H .E ., and  was PA S positive even a fte r  am ylase d iges­
tion . The iron colloid m ethod  at pH  2.0 re su lted  in  m ed ium  to  dark  blue s ta in ­
ing o f the cy top lasm  (F ig . 2a) in d ica ting  GAG c o n ten t. Oil red  О stain ing  show ed 
fa t  d roplets in th e  cy to p lasm  of these  cells (Fig. 2b). T he sam e resu lt w as 
o b ta ined  w ith a lcian  b lue sta in ing . These cells also show ed a week desm in p o si­
t iv ity  (Fig. 2c). Serial sections show ed th a t  th e  GAG, oil red  0  and desm in  
positive cells were id en tica l.

Small am o u n ts  o f n a tiv e  brow n, P ru ss ian  b lue-nega tive  p igm ent w ere 
p resen t in the  cy to p lasm  o f nearly  all these  cells. T w en ty  four hours a fte r C a rra ­
geenan ad m in is tra tio n , these  G A G -contain ing  cells w ere filled  w ith g ranu les 
show ing purple m e tach ro m asia  a fte r s ta in in g  w ith  to lu id in e  b lue. This d em o n ­

Acta Morphologica Hungarica 36, 1988



G A G  A N D  F A T - S T O K I N G  C E L L S 245

s tra te d  th e  up tak e  o f C arrageenan  in to  th e  cy top lasm  (Fig. 3). No such  cells were 
found in  the  contro l g roups.

T he Fe-colloid s ta in in g  a t ligh t m icroscopy  level was com pared  in  sections 
from  tes ticu la r h y a lu ro n id ase -trea ted  an d  con tro l sam ples a t  p H  2.0. In  th e  
con tro l sam ples, s tro n g  b lue sta in ing  o f  th e  cy top lasm  in d ica ted  th e  presence 
of G A G  (Fig. 5a), b u t th is  was d im in ished  d ram a tica lly  in  cells t r e a te d  w ith  te s ­
tic u la r  hyalu ron idase (F ig . 5b). This d e m o n s tra te d  th e  presence of ch o n d ro itin  
su lp h a te  in these cells.

Fig. 1. E n la rg ed , specially  a lte re d  fa t-s to ring  cells ( I to  cells) in  th e  p o rta l a rea  a n d  in  th e  sep ta  
(arrow s) o f c irrhotic  r a t  liv e r  (a lc ian  blue, X 200)

U sing th e f l u o r e s c e n t  m ic r o s c o p e , th e  GAG con ta in ing  cells o f th e  livers 
of th e  am inals tre a te d  w ith  V itam in A show ed en largem en t and  a m ark ed  ligh t 
green fluorescence in d ica tin g  to  the u p ta k e  of V itam in  A b y  these  cells (F ig. 2d). 
In  th e  f ib ro tic  or c irrh o tic  livers of r a ts  n o t tre a te d  w ith  V itam in  A, only the  
lig h t yellow  au tofluorescence of lipofuscin  was observed.

T ab le  I I I .  shows th e  q u a n tita tiv e  d is tr ib u tio n  of th e  G A G -containg  cells. 
The average  num ber in  th e  CC14 tre a te d  group  am o u n ted  to  6 2 .5 1 ^ 1 7 .38/m m 3 
w hereas in  the  CCl4-f-p h én o b arb ita l t r e a te d  group th e  average n u m b e r was 
1 4 5 .5 0 ^ 2 8 .80/m m 3. T h is difference was s ign ifican t a t th e  level p <  0.005.

N o G A G -containg cells were found  in th e  th e  livers of th e  con tro ls.

U l t r a s t r u c tu r e

T he large cells in  th e  po rta l areas co n ta in ed  phagolysosom es, cholesterin  
cry sta ls , well developed rough  endoplasm ic re ticu lu m  and  Golgi bodies in th e ir  
cy to p lasm  (Fig. 4). T he m ost im p o rta n t fea tu re  of these cells w as th e  H ID
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/' tg. 2a. F a t-s to rin g  cells co n ta in ing  g lycosam m oglycans in  c irrho tic  r a t  liver (pH  2.0 iron  
colloid, X 200). 6. F a t-s to r in g  cells co n ta in in g  n e u tra l fa t in  c irrh o tic  r a t  liver (oil red  О, X 2 0 0 ). 
c. F a t-s to rin g  cells show ing  desm in p o sitiv ity  in c irrho tic  r a t  liver (an ti-desm in  im m u n o h is to ­
chem ical reaction , X 2 0 0 ). d. V itam in  A fa t-s to rin g  cells in  c irrh o tic  r a t  liver (au tofluorescence

of frozen section , X 800)

sta in in g  of th e  cy to p lasm ic  granules an d  w eaker diffuse H ID -p o s itiv ity  in  th e  
cy top lasm , in d ica tin g  su lp h a ted  GAG (Fig. 4, in sert).

O l l ie r  m e s e n c h y m a l  c e l l s

E longated  perisinuso ida l cells w ith  desm in p o sitiv ity  (u n a lte red  FSC) 
w ere observed a ro u n d  th e  sinusoids in  a den sity  n o t d ifferen t from  th e  con tro ls. 
The K upffer cells d id  n o t show  sign ifican t q u a lita tiv e  or q u a n tita tiv e  a lte ra tio n s  
in e ither of th e  ex p e rim en ta l groups. O nly a few ly m p h o cy tes  were seen in th e  
p o rta l regions of th e  an im als tre a te d  w ith  CC14 or CCI 4- |-p h én o b arb ita l. In  livers 
w ith  fibrosis or c irrhosis, sca tte red  m ast cells w ere d em o n stra ted  tv ith  Ziehl- 
N ielsen s ta in ing  in th e  p erip o rta l regions and  along th e  collagen fibres.
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Fig. 3. D em o n stra tio n  of C arrageenan  tak e n  up by p o rta l fa t-s to rin g  cells. C arrageenan a p ­
peared  as m etach ro m atic  purp le  m ate ria l in the  cy top lasm  of fa t-s to rin g  cells (tolouid ine

b lue, X 600)’

Fig. 4. P o rta l  area in  c irrho tic  liver a t  u ltra s tru c tu ra l level. N ote  th e  presence of a large cell 
in  th e  ex trace llu la r m a trix , w ith  a b u n d a n t  cy top lasm  co n ta in ing  m edium  c lcctrondense  g ra n ­
ules (G), cholesterin  c ry sta ls  (Cr) a n d  som e lip id  d rop lets (1). H =  h ep a to cy te , L =  lym phocy te .

N. 173905, X 7200

Fig. 4. In se rt: D etec tion  of su lp h a te d  GAG in fa t-s to ring  cell w ith  H ID  s ta in  a t  u ltra s tru c tu ra l 
level. N ote stro n g  p o sitiv ity  in cy top lasm ic granules. N : 173518, X 20000
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F ig . 5a. D etection  of GAG in p o rta l fa t-s to rin g  cells o f c irrho tic  r a t  liver, b D e tec tion  of GAG 
in p o rta l fa t-s to rin g  cells o f c irrh o tic  r a t  liv e r a fte r  te s ticu la r h y a lu ro n id ase  p re -tre a tm e n t. Note 

th e  d ra m a tic a lly  decreased  re ac tio n . (Fe-colloid s ta in  a t  p H  2. X 800)

Table III

N u m b er of GAG contain ing  fa t-s to ring  cells per cubic m illim eter in the liver of CCI,, CCl4-f-phéno­
barb ita l, o leum  h e lian th i and  p h én o barb ita l-trea ted  F-344 m ale ra ts

T reatm ent Cells/mm3

1. CCI ,
2. CCI, phén o b arb ita l
3. O leum  h e lian th i
4. P h én o b arb ita l

62.51 +  17.38 
145.50+28.80 

n. d.
li. d.

Section fineness: 5/i
n. d.: tes ted  b u t  no t detected
(significance betw een  group 2. and  group 1.: p <  0.005)

Discussion

In  ag reem ent w ith  th e  resu lts  of M cLean [19], we found th a t  tre a tm e n t 
w ith  CCI ,+ ^phenobarliita l re su lted  in  a m ore severe f ib ro tic  change in the  ra t 
liv er th a n  tre a tm e n t w ith  CCI, alone. This allowed us to  com pare chronic liver
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in ju ries of tw o degrees o f severity . The m ost in te restin g  resu lt of our p resen t 
s tu d y  was th a t  the  n u m b e r of m esenchym al cells con ta in ing  GAG increased  
in parallel w ith  the  e x te n t o f hepatic  fibrosis an d  cirrhosis. These find ings were 
confirm ed b y  our b iochem ical resu lts, show ing th e  para lle l e levation  o f th e  
co n cen tra tio n s of collagen and  GAG in th e  liver.

The m orphological s tud ies, d em o n stra ted  th a t  th e  G A G -containg cells 
are des m in positive, and  tak e  up and  store  V itam in  A. These observations in d i­
cate  th a t  th e y  really  are m odified  FSC. These cells also con ta in  a considerable 
am o u n t o f n e u tra l lipid, b'pofuscin and  PA S-positive m ateria l. D ue to  these  the  
ey t oplasm  of th e  m odified  FSC is more ex ten d ed  th a n  th a t  of no rm al FSC. 
U ltra s tru c tu ra lly , the  cells ap p ea r to  be of m esenchym al origin and  show som e 
ch arac teris tic s  of m acrophages based  also on th e  C arrageenan  phagocy tosis.

A lthough  the  m acrophage function  of FSC has no t been described till now , 
we m ay p resum e, th a t these m esenchym al cells can  acquire  phagocy tic  cap ac ity  
un d er th e  circum stances o f chronic liver poisoning w ith  CCl^.

These ch arac teris tics  p o in t to  th e  fa c t th a t  these  cells are FSCs w hich have 
m ig ra ted  in to  th e  p o rta l areas as well as in to  th e  sep ta  w hich con ta in  th e  new ly 
form ed collagen fibres. These FSCs show sign ifican t m orphological changes 
com pared  to  th e  FSCs in  n o rm al liver. The FSCs in  dam aged  liver are en larged  
and  con ta in  a considerable a m o u n t of GAG. W h eth e r th e  GAG is syn thesized  or 
tak en  up b y  th e  FSC is unknow n . A ccording to  Schafer et al. [27] how ever, f a t ­
s to ring  cells are able to  syn thesize  GAG in  v i t r o , especially  ch ron d ro itin  su lfa te  
and  d e rm a ta n  su lfate  w hich are the  d o m in an t GAG species in c irrho tic  liver 
[21, 32]. T he FSC m ay also synthesize h ya lu ron ic  acid in  v i t r o  [9].

The p re sen t s tu d y  confirm s th e  positive co rre la tion  betw een  th e  am o u n t 
of collagen an d  th e  n u m b er o f FSC recen tly  described  by  M atsuzak i e t al. [17], 
Y okoi et al. [39, 40]. F u rth e rm o re  th e  s tu d y  d em o n stra te s  th a t  these cells con­
ta in  large am o u n ts  of GAG. I t  has been show n i n  v i t r o  th a t  FSCs are ab le to  
p roduce b o th  collagen [5] an d  GAG [27]. W e suggest based  on th e  H ID  p o s iti­
v ity  in  th e  Golgi zone th a t  th e y  are able to  do th e  sam e i n  v iv o .

W e consider th e  m ost im p o rta n t resu lt o f our s tu d y  th a t  we w ere able 
to  localize a cell ty p e  in  c irrh o tic  liver w hich can be responsible for th e  e lev a ted  
GAG co n ten t. The p ro d u c tio n  of GAG com ponen ts m ay  fac ilita te  th e  fo rm atio n  
and packag ing  of connective tissue ground substance . In  vivo stud ies using 
labeled  GAG precursors are  in  progress to  confirm  th e  origin of the  in trace llu la r
GAG.
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Book reviews

K . B rodm ann : Vergleichende Lokalisationslehre der Grosshirnrinde in  ihren P rin zip ien  dar­
gestellt a u f  G rund des Zellenbaues. J o h a n n  A m brosius B a rth , L eipzig, 1909. DM 65,—

This book is a  re p rin t ed ition  of D r. K o rb in ian  B ro d m an n ’s classic book on th e  com ­
p a ra tiv e  c y to a rch itec to n ie  of the  cereb ra l co rtex , pub lished in  1909. T he basic work of B ro d ­
m an n , the 52 a rea s  o f th e  cerebral co rtex  he d istingu ished  and d esig n ated  on th e  basis o f  th e  
m orphology of th e  co rtex  are well know n  all over th e  world, and  m an y  figures of his cy to a rch i- 
tec tio n ic  a tlas can  be found in m ost n eu ro an a to m ica l or neu rophysio log ical tex tbooks.

In  the  p re face , B rodm ann  m en tio n s th a t  th e  original goal o f his research  w as to 
p erfo rm  a to p o g rap h ica l analysis o f th e  h u m an  cerebral co rtex  concern ing  the  cell s tru c tu re . 
B u t  during his s tu d ie s  he had  been faced  w ith  th e  question  how th e  s tru c tu re  o f th e  c o rtex  
develops during  on togenesis and w h a t k in d  of differences m igh t e x is t in th e  m orphology  of 
th e  cerebral c o rte x  o f th e  anim al k ingdom , p a rticu la rly  in  m am m als. T h is has ex te n d ed  his 
s tu d ies  and re su lted  in a very  com plex co m p ara tiv e  analysis o f th e  cy to a rch itec to n ies  o f th e  
cereb ral cortex. T h is  book is a very  th o ro u g h , concise, w ell-w ritten  a n d  illu s tra te d  su m m ary  
o f his observations. I t  is d ivided in th ree  sections. In  th e  f irs t sec tion  princip les o f c o m p ar­
a tiv e  cy to a rch itec to n ies  are described. T he second section deals w ith  th e  p rincip les o f  th e  
co m p ara tiv e  a rea s on  th e  surface of th e  cereb ral cortex . The th ird  sec tion  rep resen ts th e  sy n ­
th e tic  p a rt: it is a n  a tte m p t to find  a m orphological, physiological a n d  patho log ical co rtex  
organology. The book  ends w ith a re ce n t p o stsc rip t by  E. W inkelm an  an d  K. Seidel. T h is 
p ro v ides a b rie f cu rricu lu m  vitae  of B ro d m an n  an d  com m ents on his c y to a rch itec to n ie  w ork . 
B ro d m an n  did n o t  receive too m uch reco g n itio n  for his co n trib u tio n  du rin g  his life. As an  
exam ple , the  M edical F a c u lty  of th e  U n iv e rs ity  in  B erlin did n o t a p p ro v e  his “ H a b ili ta tio n ­
sc h rif t” . E v e ry b o d y  in te res ted  in neuroscience will find  th is classic book , w hich has also a 
s ign ifican t h isto ric  v a lu e , to  be in te re s tin g  to  read .

B. H alász

I .  K ö rny ei  (ed.): Neuropathologia
A kadém iai K iadó B u d ap es t, 1987. (417 pages, 345 p a r tly  coloured illu s tra tio n s .)  F t  312. —

The ed itio n  o f  th is  book is an  o u ts ta n d in g  ach ievem en t o f H u n g a rian  m edical l i te r a ­
tu re . The b rillian t sp ir it  of th e  N esto r o f H u n g a rian  neuro p ath o lo g y , I s tv á n  K örnyei, is re ­
flec ted  in th is issue. T he best rep re sen ta tiv es  o f  neuropatho logy  in  H u n g a ry  co n trib u ted  to  th e  
bo o k , compiling th e  experience of several decades. O u t of the  27 c h ap te rs , 12 are dealing  w ith  
th e  problem s of g en era l neu ro p ath o lo g y , i.e. th e  basic a lte ra tio n s  in  th e  neurocy tes , n eu ra l 
f ib re s  and glia cells due to  degeneration , in flam m atio n , hypoxia. T he special n eu ro p ath o lo g y  
is sy stem atica lly  d escribed  po in ting  o u t th e  in flam m ato ry  and  he red o d eg en era tiv e  d iseases 
a s  well as the  tu m o u rs  of th e  cen tra l an d  p e rip h e ra l nervous system . A sep a ra te  c h a p te r  d e ­
scribes the  m ost im p o r ta n t  m uscu lar diseases. An excellent survey  on liq u o r cyto logy is also 
g iven.

This book c an  be  used as a te x tb o o k  b y  pa tho log ists, n eu ro p ath o lo g is ts , and  n eu ro lo ­
g ists. The au th o rs  g ive  a descrip tion  of th e  m acroscopic and m icroscopic a lte ra tio n s  in a m ost 
d id ac tiv e  style. T h e  m ethods of e lectron  m icroscopy  and im m u n o h isto ch em is try  as well as 
neu ro ch em istry  a re  also described w hen th e  ap p lica tio n  of th is  m e th o d s is necessary  fo r th e  
co rre c t diagnosis.

8 Acta M orphologica H ungarica 36, 1988



254 B O O K  R E V I E W S

The corre lations be tw een  n eu ro p ath o lo g y  an d  o th e r d isciplines is c learly  expressed in 
th is  com prehensive s tu d y . T he book can  be reco m m en d ed  for p a th o lo g ists , n eu ropatho log ists , 
neuro log ists and to  th e  b e s t o f m edical s tu d e n ts .

We are looking fo rw ard  to  see th e  E ng lish  o r G erm an ed ition  of th is  book.

B. Sz e n d e

A. K ress  and J .  Mi l l i a n : The fem ale  genital tract o f  the shrew Crocidura russu la .

A d vances in A n a to m y , E m b ry o lo g y  and  Cell B iology Vol. 101, S p ringer V erlag ; B erlin, H ei­
de lberg , New Y ork, L o n d o n , P a ris, Tokyo, 1987. pp . 76 : 31 figs. DM 63 ,—

The an ato m y  a n d  h isto logy  of th e  m am m alian  rep ro d u c tiv e  sy s tem  have  been s tud ied  
p rim arily  in h u m an s a n d  in lab o ra to ry  an im als ( ra t ,  m ouse, h am ste r). T h u s, know ledge on 
w ild anim als, and  especially  on Insec tiv o ra , is r a th e r  im com plete. N o w adays, such in form ation  
is im p o rta n t b o th  in re p ro d u c tiv e  biology an d  also in  taxonom ica l s tu d ies , w hen the  ex te rn a l 
m orphological fea tu res  a re  insu ffic ien t for th e  c lassifica tion  of a g iven  tax o n . This book sets 
o u t  to  fill the  abo v e-m en tio n ed  gap by  describ ing  th e  find ings o f u p -to -d a te  electron  m icro­
scopic studies, and th e re  is no d o u b t th a t  th is  a p p ro ac h  is a correct an d  w orthw hile one. The 
a u th o rs  have perfo rm ed  sy s tem atic  e lectron  m icroscopic ex am in atio n s o f all anatom ical areas 
o f  th e  fem ale gen ita l t r a c t  o f th e  shrew. A m ark ed  difference was rev ea led  in  th e  fine s tru c tu ra l 
o rgan ization  of th e  w all o f  th e  b u rsa  ovarica  as co m p ared  to  h igher m am m alian  species. A p rim ­
itiv e  m am m alian  c h a ra c te ris tic  was also fo u n d : th e  b u rsa  ovarica  com ple te ly  envelops th e  
o v a ry . The presence o f th e  com plete epoophoron  an d  pa rao p h o ro n  in  th e  gen ita l tra c t of 
Crocidura species is a conspicuous fea tu re , because  th is  p a r t  is u su a lly  ab sen t in a d u lt h u ­
m ans. The au th o rs  ad d itio n a lly  describe the  fine  s tru c tu ra l c h arac te ris tics  o f th e  u terine  tu b a , 
th e  u teru s , the  cerv ix  a n d  th e  vagina. The te x t  is illu s tra te d  w ith  31 figu res; all the  m icro­
g rap h s are of excellen t q u a lity . D etailed  discussions follow th e  resu lts , a n d  finally  a concluding 
d iscussion is also p re sen ted . More th an  160 references are given. In  conclusion , th is book is 
very  well w ritten , re ferenced  and illu stra ted . T he w ork  can strong ly  be recom m ended  to  those 
in te res ted  in re p ro d u c tiv e  biology and tax o n o m y .

I. Be n e d e c z k y
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NEWS RELEASE

MAJOR NEW CHEMICAL AND PATENT MEETING 
ANNOUNCED FOR 1989

IN F O N O R T IC S  L T D  has announced a m a jo r new in te rn a tio n a l confer­
ence an d  exh ib ition  to  cover electron ic in fo rm ation  in chem ical, p h arm aceu tica l 
and  p a te n t  in fo rm ation . T he m eeting  and ex h ib itio n  will tak e  place in the 
C onven tion  C entre, M ontreux  Sw itzerland , 26 — 28 Sep tem ber 1989, and will 
he a rran g ed  in conjuction  w ith  L ondon-based  IBC T echnical Services.

In fo rm atio n  can be o b ta in ed  from  H arry  Collier (IN F O N O R T IC S  LTD , 9a 
High S tre e t, Caine, W iltsh ire , SN11 OBS, U .K .) or from  Helen C onry (IBC 
H ouse, C anada  R oad B yfleet, S u rrey  KT14 7JL , U .K .).

The Johns Hopkins University School of Medicine offers the 
30th ANNUAL POSTGRADUATE INSTITUTE FOR PATHOL­

OGISTS IN CLINICAL CYTOPATHOLOGY

The In s ti tu te  begins in F e b ru a ry  1989. A pplication  an d  com pleted  p re ­
reg is tra tio n  m ust he accom plished before 2 4 th  of M arch, 1989. F o r details, 
c o n ta c t:  Jo h n  K . F ro s t, M. D. T he Jo h n s  H opk ins H osp ita l, B altim ore , MD 
21205, USA.

T he en tire course is given in English .
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