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MUTAGENICITY STUDIES ON TERBACIL,
AN URACIL-ANAUOGUE PESTICIDE

M. B örzsö ny i , Z s u z s a n n a  K o csis , A. P i n t é r , Má r t a  Cs í k , Z s . K e l e c s é n y i ,
A. S u r j á n , G. T örök

NATIONAL IN ST ITU TE OF H Y G IEN E, BU DA PEST, H U N G A R Y  

(R eceived  3 D ecem ber 1985)

T he possib le  m u tag en ic  effec t o f th e  u racil analogue pestic ide  T erbacil w as 
exam ined on  Drosophila melanogaster and  in  m am m alian  cell cu ltu re .

T erbacil d id  n o t p rove  to  be m utagen ic  in  th e  sex -linked  recessive le th a l m u ta ­
tio n  te s t, an d  i t  d id  n o t cause an  increase  in  sister c h ro m a tid  exchange  in  CHO cells. 
I t  can n o t be considered  a chrom osom e-m utagenic  com pound.

C onsidering th e  p ro cary o te  stud ies know n fro m  th e  l i te ra tu re ,  i t  is assum ed 
th a t  T erbacil does n o t rep re sen t a genotoxic h azard  fo r th e  pe rso n s invo lved  e ith e r  in  
i ts  p ro d u c tio n  or its  use.

Introduction

The increased  use o f chem icals in  ag ricu ltu re  m akes i t  n ecessary  to  ca rry  
o u t th o ro u g h  tox ico log ical ex am in a tio n s of chem icals p ro d u ced  in  large v o l­
u m es. D etec tion  o f  m u tag en ic  or carcinogenic effects is o f u tm o s t im portance .

Some u racil d e riv a tiv es  are used  as non-specific  herb ic ides in  sign ifican t 
q u a n titie s  in  ag ricu ltu re . T he m ost fam ous o f th e m  are  T erb ac il (3 -te rtia ry - 
b u ty l-5 -ch lo ro -6 -m ethy l-u rac il), B rom acil (5 -b ro m o -3 -te rtia ry -b u ty l-5 ,6 -tri­
m ethy lene-u rac il), an d  L enacil (3 -cyclohexy l-5 ,6 -trim ethy lene  uracil). The 
s tru c tu re  of these  com pounds suggests a m u tagen ic  a c t iv i ty  if  in co rp o ra ted  
in to  D N A .

This possib ility  is su b s ta n tia te d  b y  5-fluorouracil w h ich  is used  in  h u m an  
m edicine as a c y to s ta tic  agen t. T he th ree  herb icides (T erbacil, B rom acil and  
L enacil) have been  m a rk e te d  fo r severa l years an d  s tu d ies  w ere carried  o u t 
to  d iscover th e ir  e v e n tu a l m u tagen ic  effect in  m icrobial sy stem s. M oriya e t al. [4] 
s tu d ie d  these  th re e  u rac il-d e riv a tiv es  using 5 Salm onella s tra in s , an d  found  
no m u tagen ic  effect. S im ilarly  n eg a tiv e  resu lts w ere fo u n d  in  B acillus subtilis  
rev -a ssay  [4]. M u tag en ic ity  s tud ies w ere carried  o u t in  h ig h er organism s w ith  
B rom acil, w ith  n eg a tiv e  re su lts . T erbacil has, how ever, n o t  y e t  been  exam ined  
in  h ig h er organism s.

Send o ffp rin t re q u ests  to : M. B örzsöny i, N a tio n a l In s t i tu te  o f H yg iene, B u d ap est, 
G yáli 2 — 6, 1097 H u n g a ry
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4 M. BÖRZSÖNYI et al.

In  th e  p resen t p a p e r  an  acco u n t is given ab o u t th e  possib le  chrom osom e 
d am ag in g  effect of T e rb ac il, n am ely  a b o u t its  effect causing  s is te r  ch rom atid  
ex ch an g e  in m am m alian  cell cu ltu re , as well as a b o u t its  m u tag en ic  effect in 
th e  gam etes of D rosophila melanogaster.

Materials and methods

T echnically  pure  T erb ac il w as [p ro v id ed  b y  Chem ical W o rk s of G edeon R ich te r 
L T D , B u d ap est, H ungary .

S ister chromatid exchange

T h e  exam ination  of s is te r  c h ro m a tid  exchange was done on  Chinese h am ste r  ovary  
cells (CHO-K1) [2]. The cells w ere  o b ta in ed  from  dr. I. R askó (B iological C entre  of th e  H u n ­
g a ria n  A cadem y of Sciences, Szeged). As a cu ltu re  m edium  we used  H a m ’s F12 of Serva, 
H e id e lb erg , FR G  to w hich  5 %  fe ta l ca lf serum  was added (G ibco, E n g lan d ). The cu ltu res 
w ere k e p t  a t  37 °C in a h u m id ified  in cu b a to r  in  th e  presence of 5%  C 0 2.

T he liver m icrosom e frac tio n  for th e  m etabo lic  ac tiv a tio n  sy s tem  was p rep ared  accord­
in g  to  A m es e t al. [1], w hile th e  w hole sy s tem  w as constru c ted  acco rd ing  to  N a ta ra ja n  e t al. [5].

T he to x ic ity  o f T erb ac il w as e s tab lish ed  by  stu d y in g  cell su rv iv a l (re la tiv e  p lating  
effic iency) a fte r trea tm e n t.

T he te s t was carried  o u t  as described  b y  N a ta ra ja n  e t al. [5]. 1 X  106 cells were p la ted  
o u t  on  90 m m  P e tri d ishes, a n d  a fte r  a p eriod  of 24 hours th e  tr e a tm e n t  w as done w ith  the  
doses chosen on the basis o f  th e  to x ic ity  te s t,  i.e. w ith  400 — 200 —100 — 40 ^g /m l Terbacil. 
T h e  tre a tm e n t lasted  3 h o u rs  in  th e  p resence of the  m etabolic  a c tiv a tio n  sys tem , and 24 hours 
w i th o u t  it. The culture  f lu id  co n ta in ed  3 p g/m l b rom odeoxyurid ine  (S igm a). F o r th e  la s t two 
h o u rs  0.5 |itg/ml colchicine (S igm a) w as ad d ed . M etaphases w ere p re p are d  in  th e  u sua l way: 
a f te r  a  hypoton ic  tre a tm e n t in  0.075 M KC1, follow ed by  trip le  f ix a tio n  in  3 p a r ts  m ethanol 
a n d  1 p a r t  acetic acid, th e y  w ere  d ried  in air. T he p lates were s ta in e d  w ith  0.5 ^g /m l H oechst 
33258 fluorochrom e s ta in  (M erck) for 20 m in u te s , th en  exposed to  U V -irrad ia tio n  in  M cllvaine 
b u ffe r  (p H  8.0) for 3 h o u rs , a t  a te m p e ra tu re  o f 60 °C. As a ra d ia tio n  source tw o 15 W  ger­
m icide  lam ps were used.

T he p rep ara tio n s w ere  s ta in e d  w ith  4 %  G iem sa so lu tion  (p H  6.8) for 20 m inutes. 
T h e  te s t  was carried o u t  tw ice , and cyclophospham ide  (15 fig/m l) a n d  N -m e th y l-N ’-nitro-N - 
n itro so g u an id in e  (1 //g /m l) w ere  used as p o sitiv e  con tro l com pounds.

S ex  linked  recessive lethal test on Drosophila

T he te s t was p e rfo rm ed  according to  W u rg le r and co-w orkers [14] a n d  the  guidelines 
o f U K E M S  P a rt 1. M uller-5 fem ales and  m ales o f (yw C0/Y ) g en o ty p e  w ere p rov ided  by  D r J .  
S zab ad  (Szeged B iological C en tre  o f th e  H u n g a rian  A cadem y of Sciences).

T he males were 2 — 4 d a y s  old a t  th e  tim e  of th e  to x ic ity  te s t,  a n d  a t  th e  beginning of 
th is  te s t ,  while the fem ales w ere 3 — 5 days old w hen m ated  w ith  m ales.

Since Terbacil in  s ta n d a rd  food d id  n o t su ffic ien tly  tox ic , i t  w as m ixed  in to  food co n ta in ­
in g  5 %  ethanol and 5%  T w een  80.

A fter estab lish m en t o f to x ic ity  (ren d erin g  ab o u t 50%  le th a lity )  m ale flies were k ep t 
on  s ta n d a rd  food co n ta in in g  10%  T erb acil, 5 %  e thy la lcohol an d  5 %  T w een  80 for 7 days. 
T h e  surv iv ing  m ales m a te d  w ith  M-5 v irg in  fem ales in  a p ro p o rtio n  1 : 3. Because of the  
le n g th  of the  tim e n eeded  fo r poisoning, no b rood ing  was carried  ou t. In  th e  course of the  
ex am in a tio n , 3088 FI fem ales w ere ra ised , each  one carry ing  a “ t r e a te d ”  x-chrom osom e.

Results

R esults of th e  to x ic ity  te s t  o f T erbacil on CHO cells are show n in T able I. 
O n th e  basis of th e  to x ic ity  ex am in a tio n  400 — 200 —100 40 ^g /m l T erbacil

Acta Morphologica Hungarica 35, 1987



M U T A G E N I C I T Y  S T U D I E S 5

Table I

Terbacil No. o f colonies*
R elative plating 
efficiency, per cent

400 f i g /m l 15.6 22.2
200 /tg/m l 32.3 46.1
100 /tg/m l 51.3 73.2

40 f i g / m l 83.3 110.0

* M ean num ber o f colonies on  3 P e tr i dishes

Tabic II

Quantitative distribution o f S C E  in  CHO cells after Terbacil treatment

W ith  m etabo lic  a c tiv a tio n  W ith o u t m etabolic  a c tiv a tio n

N um ber of N um ber o f  N um ber of Number of
experiments m etaphases Mean (bD) experim ents metaphases Mean (SD)

T erbacil 1 30 7.9 ±  2.1 1 toxic
400 /tg/m l 2 30 10.7 ±  2.4 2 toxic

T erbacil 1 30 8.0 ±  1.9 1 30 7.9 ±  3.2
200 ^g/m l 2 NT 2 30 8.6 ±  1.0

Terbacil 1 30 10.2 ±  1.6 1 30 9.9 ±  1.6
100 /tg/m l 2 30 11.4 ±  2.8 2 30 7.6 ±  0.7

T erbacil 1 30 8.2 ±  2.2 1 30 7.5 ±  1.3
40 /tg/m l 2 30 10.7 ±  1.9 2 30 7.3 ±  0.9

Cyclophospham ide 1 30 37.7 ±  4.9*
15 /tg/m l 2 30 29.5 ±  6.7*

M ethylnitrosoguanidine 1 30 31.3 ±  4.1*
1 /tg/m l 2 30 31.4 ±  6.0*

D im ethylform am ide 1 30 7.6 ±  1.8 1 30 9.1 ±  1.7
i% 2 30 10.2 ±  2.4 2 30 6.9 ±  0.9
U n trea ted 1 30 8.5 ±  3.2 1 30 6.9 ±  1.3

contro l 2 30 8.5 ±  3.8 2 30 7.0 ±  1.3

* p  <  o .o i

Table III

Terbacil
concentration

5% ethanol -f- 
5% Tween 80

Exposure
tim e D ied/to tal

20% _ 5 days 2/74
10% — 5 days 3/81
20% — 8 days 2/68
10% + 7 days 103/173
10% + 7 days 23/84

— + 9 days 11/143

A cta  Morphologica Hungarica 35, 1987



6 M. BÖ RZSÖNYI e t al.

Table IV

T reatm ent
N um ber of 
examined 

males

N um ber of 
examined 

chromosomes

Number of 
examined 

chromosomes
per cent**

10%  T erbacil 
5%  e thanol 
5%  Tween 80

62 4 3088 0.13

5%  ethanol 
5%  Tween 80 113 3 2988 0.1

U n trea ted  contro l 82 5 3272 0.15

Positive control* 17 90 333 27

* The anim als were given 0.25 volum e per cen t e th y lm ethane-su lphonate  in  1%  saccharose 
fo r a  period  of 8 hours following 12 hours o f sta rv in g .

** N um ber of chrom osom es w ith  recessive le th a l m u ta tio n  expressed in  th e  percentage 
o f  all chrom osom es.

doses w ere used  in  b o th  ex p erim en ts . In  each  group 30 m etap h ases  were 
e v a lu a te d , an d  th e  re su lts  w ere ca lcu la ted  b y  tw o-ta iled -t-p robe.

T he resu lts  o f th e  tw o ex am in a tio n s  a re  show n in T able I I .
R esu lts  o f th e  to x ic ity  te s t  on D rosophila  melanogaster are  show n in 

T a b le  I I I .
On basis o f th ese  re su lts , in  th e  M-5 te s t  m ales fed w ith  1 0%  T erh ac il, 5%  

e th a n o l, an d  5 %  T w een 80 in  th e ir  food w ere used as e x p e rim e n ta l an im als. 
R esults o f th e  recessive le th a l te s t  a re  sum m arized  in  T ab le  IY .

Discussion

M odern ag ricu ltu re  is d ep en d en t on th e  use of pestic ides. F o r th e  w ide 
ap p lic a tio n  o f these  com pounds i t  is, how ever, im p o rta n t to  s tu d y  th e ir  ev en ­
tu a l  genotoxic effect, as th e y  m ay  en d an g e r a large n u m b e r o f  people  w ith  
th e ir  possible m u tagen ic /carc inogen ic  ac tio n .

A ccording to  our know ledge, th e  possib le  genotoxic effect o f th e  herb ic ide  
T e rb ac il has on ly  been  exam ined  in  m icrob ia l system s [5]. T he d iffe ren t sensi­
t iv i ty  of h igher o rgan ism s, an d  th e  differences betw een th e  m e tab o lic  a c tiv a tio n  
sy s tem s, as well as be tw een  th e  d e to x ic a tin g  system s n ecess ita te  th e  s tu d y  of 
x e n o b io tic  agen ts in  eucaryo tic  system s. T he phenom enon o f s is te r c h ro m a tid  
ex ch an g e  appears as a re su lt o f an  exchange betw een  hom ologous p a r ts  o f th e  
o rig in a l, and  th e  new  chain  d u rin g  D N A  rep lica tion . T ho u g h  i ts  ex ac t genetic  
b ack g o ru n d  an d  m olecular m echanism s has n o t been cleared , th e  phenom enon  
is connec ted  w ith  D N A  breakage  an d  reu n io n . A g reat n u m b e r o f D N A  d a m ­
ages m ay  provoke SCE, an d  also ce rta in  know n clastogens (agen ts causing  
chrom osom al a b e rra tio n ) m ay  give rise to  SCE, often  in  c o n cen tra tio n s  below
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th e  clastogenic dose [3 ].T h is  te s t h a s  w idely  been used fo r screening p o te n tia l  
m u tagens/carcinogens [11].

The possible SCE inducing e ffec t o f T erbacil has been  exam ined  on CHO 
cells. O f th e  ap p lied  doses, 400 ^ g /m l o ccu rred  to  be to x ic  w ith o u t m etab o lic  
a c tiv a tio n  sy s tem , a n d  no ev a lu ab le  m e tap h ase  w as w on. W ith  su b to x ic  
doses no s ig n ifican t rise  of SCE could  be observed  e ith er w ith , or w ith o u t m e ta ­
bolic a c tiv a tio n  sy s te m . The co m pounds used  as po sitiv e  con tro l caused  an 
im p o r ta n t  rise o f  SC E , w hich even p ro v e d  to  be s ig n ifican t s ta tis tic a lly , w ith  
i ts  va lues m ore th a n  double the  c o n tro l va lues.

W ith  th e  te s t  o f  sex-linked recessive  le th a l m u ta tio n  on D rosophila  me- 
lanogaster, p o in t m u ta tio n s , or m ino r d e le tions m ay be d e tec ted . These g e n e t­
ic a lte ra tio n s  m a y  be inherited  b y  th e  offspring, an d  be m an ifested . T he 
m eth o d  is based  on detection  of th e  recessive le th a l m u ta tio n  occurring  on 
th e  x -chrom osom e. T h e  x-chrom osom e co n ta in s  ab o u t a th o u sa n d  genetic  loci, 
so w ith  th e  help  o f  th is  m ethod a lte ra tio n s  in  a b o u t 20 %  o f th e  to ta l  genom e 
can  be s tu d ied  [4]. To achieve th is , m ales an d  fem ales ca rry in g  th e  a p p ro p ria te  
genetic  m arkers, i.e . in  our case yellow  bod ied  m ales w ith  ro und , co ral eyes 
(yw c°/Y) and  n a rro w  eye-shaped (B ar) w h ite -ap rico t eyed  fem ales w ith  an  
inversion  on th e ir  x-chrom osom e (M uller-5) were m ated .

A n u m b er o f  m u tag en ic ity  te s ts  h a v e  p roved  i t  convincingly  th a t  th e  
M uller-5 te s t can  w ell be used for m u ta g e n ic ity  te s tin g  o f en v iro n m en ta l xeno- 
b io tic  agents [12, 13, 14].

In  our p re se n t stud ies T erbacil u sed  in  tox ic  doses has n o t caused  an  
increase  o f recessive le th a l m u ta tio n s in  com parison  to  th e  u n tre a te d  con tro ls  
a n d  th e  contro ls tr e a te d  w ith so lven ts on ly .

T erbacil cau sed  n e ith e r  a s ig n if ic a n t increase in  th e  n u m b er o f s is te r 
c h ro m a tid  exchanges, or of recessive le th a l  m u ta tio n s . E a rlie r  ex am in a tio n s 
[5, 10], as well as th e  above  tw o m u ta g e n ic ity  te s ts  allow to  assum e th a t  T e rb a ­
cil does no t re p re se n t a genotoxic d a n g e r  e ith e r  for tho se  involved  in  its  p ro ­
d u c tio n , or for th o se  u sin g  it.
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DIFFERENT TYPES OF NERVE PROFILE 
IN THE WALL OF THE CANINE HEPATIC ARTERY: 

AN ELECTRON MICROSCOPIC STLDY

I d a  E . T ó th , Gy ö n g y i  Ga á l , G. V a r g a , M. P a p p ,
E . S. V izi

IN ST IT U T E  OF EX PER IM EN TA L M ED ICIN E, H UN G A RIA N  ACADEMY OF SCIENCES,
BUDAPEST, HUNGARY

(R eceived 3 J a n u a ry  1986)

T he f in e  s tru c tu re  o f th e  h e p a tic  a r te ry  o f dogs w as stu d ied  a t  e lectron  m ic ro ­
scopic level. T he m a jo rity  of nerve  fib res  in n e rv a tin g  th e  a rte ry  was fo u n d  a t  th e  
ad v en titia l-m ed ia l b o rd er of th e  vessel, b u t  som e of th e m  en tered  the  m iddle  p a r t  
o f th e  m ed ia . T he average d istance  of n e rv e  to  m uscle f ib re  was found  to  m easu re  
450 nm .

T h ree  ty p es  o f nerve profile could be  observed , viz. adrenergic, cholinergic an d  
cholinerg ic-pep tiderg ic  as suggested  by  th e  m orpho logy  o f th e ir  vesicles. I t  is suggested  
th a t  th e  cholinergic and  cholinerg ic-pep tiderg ic  nerve  end in g s p robably  m o d u la te  th e  
release an d  th e  co n stric to r effect o f th e  m ain  n e u ro tra n sm itte r  noradrenaline  in  th e  
h e p a tic  a rte ry .

Introduction

The ad renerg ic  nerve  p lexus an d  th e  ad renerg ic  n a tu re  of the  n e rv e  t e r ­
m inals h av e  been  d e m o n s tra te d  in  th e  h e p a tic  a r te ry  o f  dogs [36, 37] an d  o th e r  
species [20, 22, 33, 38] an d  also in  a b ra n c h  o f th e  h e p a tic  a rte ry , th e  su p erio r 
p a n c re a tic -d u o d e n a l a r te ry  [13, 21].

F u n c tio n a l s tud ies revealed  th a t  le f t sp lanchn ic  nerve  s tim u la tio n  [14], 
s tim u la tio n  o f th e  h ep a tic  nerves [15], ad ren a lin e  an d  no rad renaline  (N A ) 
ap p lica tion  [14, 15, 17, 28, 30, 31, 32] give rise  to  vaso co n stric tio n  of th e  h e p a tic  
a rte ry , while ace ty lcho line  [1, 2, 14] an d  som e p ep tid e s  such as g lucagon, se­
c re tin , cho lecystok in in  an d  p e n ta g a s tr in  [28, 29] induce  v aso d ila ta tio n .

I t  was show n earlier [40] th a t  NA w as th e  m ain  n e u ro tra n sm itte r  a c tin g  
on th e  a 1-ad ren o cep to rs  in th e  h ep a tic  a n d  p a n c re a tic -d u o d e n a l a r te rie s . A 
p razosin  and  y o h im b in e-res is tan t c o n trac tio n  (20% ) was produced  b y  an 
unknow n tra n s m itte r . The m uscarin ic ag o n is t oxo trem o rin e  and th e  p u rin e r- 
gic agon ist adenosine  in h ib ited  endogenous N A  release w ith o u t an y  d irec t 
effect on th e  sm o o th  m uscle cells. These re su lts  suggested  th a t  several ty p e s  
of nerve  fib re  reg u la te  th e  calibre of th e  can ine  h ep a tic  a rte ry .

Send o ffp rin t req u ests  to : M. P a p p , M. D ., D. Sc. Szigony u . 43, H-1083 B u d a p es t, 
H u n g a ry
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In  th e  p re se n t w ork  we h av e  s tu d ie d  th e  in n e rv a tio n  o f  th e  h e p a tic  
a r te r y  a t  th e  fin e  s tru c tu ra l  level, an d  h a v e  exam ined  th e  co rre la tio n  b e tw een  
th e  m orphological o b serv a tio n s an d  th e  p rev iously  o b ta in ed  fu n c tio n a l e v i­
dence .

Materials and methods

Pieces ( <  1 m m 3) of th e  h ep atic  a r te ry  o f  3 m ale  dogs were f ix e d  in  a m ix tu re  of 
25 g/1 g lu ta ra ld eh y d e  an d  20 g/1 fo rm aldehyde  in  so d iu m  cacodylate  b u ffer according to  K ar- 
n o v sk y  [18] for 90 m in u te s  a t  4 °C. T h ey  w ere th e n  w ashed in  th e  sam e b u ffe r  for several 
h o u rs  a t  4 °C, and  p o stf ix ed  in  10 g/1 b u ffered  osm ium  te tro x id e  so lu tion  fo r 90 m inu tes. A fte r  
d e h y d ra tio n  in  a g rad ed  series o f e th an o l, th e  sam ples w ere tran sferred  to  p ro p y len e  ox ide, 
a n d  th e  tissue blocks w ere th e n  em bedded  in  D u rc u p a n  ACM (F luka). L o n g itu d in a l or t r a n s ­
v e rse  sections were c u t on  a R e ich ert Om U2 u ltram ic ro to m e . Sem ith in  sec tions (1 /m i) s ta in ed  
w ith  to lu id ine  blue w ere u sed  for o rien ta tio n . Series o f u ltra th in  sections, c u t w ith  e ith e r  a 
g lass or a d iam ond k n ife , w ere s ta in ed  w ith  u ra n y l  ace ta te  and lead  c itra te  acco rd ing  to 
R e y n o ld s  [27]. E lec tro n  m icrographs w ere ta k e n  w ith  a JE O L  TEM SCA N -100C e lec tro n  
m icroscope a t an  acce le ra tin g  vo ltage of 80 kV.

Results

The h ep a tic  a r te ry  is densely  in n e rv a te d . The te rm in a l nerve  p lexus is 
s i tu a te d  near th e  a d v en titia l-m ed ia l b o rd e r o f th e  vessel w all an d  p e n e tra te s  
in to  th e  m iddle p a r t  o f th e  m edia (F ig . 1). The nerve endings ap p ro ach  th e  
sm o o th  m uscle cells to  p rov ide  a sim ple n eu ro m u scu la r c o n ta c t w ith o u t m em ­
b ra n e  specialization . T he d istance  b e tw een  nerve  to  m uscle f ib re  m easures 
a b o u t 450 nm  on th e  average (n =  18). T he sm allest m easured  n eu ro m u scu la r 
d is ta n c e  was 200 n m , w hile th e  largest a b o u t 1 /mi. The nerve  fib res  are en v e l­
o ped  by  Schw ann cell cy to p lasm , b u t  th e  te rm in a ls  are devoid  o f  it  on th e  side 
fac in g  th e  m uscle f ib re s , being covered  on ly  by  the  b asem en t m em b ran e  of 
th e  S chw ann cell. T h ere  are no sy n ap tic  in te ra c tio n s  betw een  axon  te rm in a ls . 
A b o u t ten  nerve fib res  of d ifferen t ty p e s  u su a lly  run  to g e th e r; th e ir  endings 
h a v e  been classified  on th e  basis o f th e ir  f in e  s tru c tu ra l fea tu res  as follows.

1. A considerab le  n u m b er of nerve  te rm in a ls  are b o u to n -lik e , a b o u t 
1 p m  across, or som etim es ovoid, w ith  d im ensions of 0.75 X 3pm . T hey  co n ta in  
tw o  k inds of vesicle; som e of th em  are  g ra n u la r  and  dense-core, 35 — 55 n m  
in  d iam ete r, an d  th e  re s t w ith  th e  sam e d iam ete r b u t  c lear an d  ag ran u la r . 
O ccasionally , one or tw o  la rger (90 —110 nm ) dense-core vesicles are seen. 
T hese  varicosities m av  re la te  to  th e  ad ren erg ic  in n erv a tio n  o f th e  a r te ry  w all 
(F igs 2 - 5 ) .

2. The second ty p e  of nerve endings is sim ilar to  the  ad renerg ic  te rm in a ls  
as regards th e ir  d im ensions, b u t th e y  d iffer from  them  in th e ir  vesicles. H ere 
we fin d  sm all, clear or ag ran u la r vesicles w ith  a d iam eter o f 30 — 55 n m , m i­
c ro tu b u les , sm all m itoch o n d ria  and also profiles of sm ooth  endop lasm ic  re tic u ­
lu m . This ty p e  of te rm in a l m ay  co rresp o n d  to  the  cholinergic in n e rv a tio n  
(F ig . 6).
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Fig. 1. E lec tro n  m icrograph  o f m edial lay e r o f  th e  can ine h e p a tic  a r te ry , show ing a nerve  
bundle  (arrow ) am ong th e  sm o o th  muscle cells, en v elo p ed  by S chw ann  cell cy toplasm . MC =  

m uscle cell, SC =  Schw ann cell. X  10 000, B a r =  1/rm

3. T he th ird  ty p e  o f  nerve te rm in a ls  reveals m an y  la rg e , dense-core g ra n ­
u la r vesicles ab o u t 90 — 120 nm  in d ia m e te r , to g e th e r w ith  a sm aller a m o u n t 
of clear vesicles, 30 — 55 n m  in d iam eter. T hese  te rm in a ls  m ay  rep resen t m ixed  
cholinerg ic-peptiderg ic n e rv e  endings (F ig . 7).

T he id e n tity  o f th e  fin e  s tru c tu ra l ch a rac te ris tic s  o f th e  nerve profiles is 
usually  preserved th ro u g h  th e ir  d im ensions (Figs 8 11).

Discussion

A system ic s tu d y  o f  th e  in n erv a tio n  o f th e  canine h e p a tic  a rte ry  has n o t 
p rev iously  been carried  o u t  a t  the e lec tro n  m icroscopic level. W e have in v e s ti­
gated  th e  in n e rv a tio n  o f  th e  vascular sm o o th  m uscle in  th e  hepatic  a r te ry  
wall of dogs w ith  special regard  to d e ta ils  o f  th e  n eu ro m u scu la r re la tionsh ips.

T hese experim en ts w ere based on ea rlie r in  v itro  s tu d ies  [40] in w hich we 
d e m o n s tra te d  th a t  th e  m ain  n e u ro tra n sm itte r  in  th is  a r te ry  was NA. T he

Acta Morphologica Hungarica 35, 1987



1 2 IDA E . TÓ TH  e t al.

F igs 2 — 5. Serial sections o f a p resu m ab ly  ad ren erg ic  nerve fibre. D ense-core vesicles (a rro w s) 
a n d  clear a g ran u la r  ones (arrow heads) are p re sen t in the  nerve profile. X 22 000, B ar 1 f im
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Fig. 6. N erve ending, possib ly  cholinergic. S m a ll clear vesicles (arrow ), m ito ch o n d ria  (m ) 
an d  neurotubules (n t). X 72  000, B a r =  0.3 fim  

Fig. 7. A m ixed cholinergic-peptidergic ne rv e  end ing . Sm all, c lear vesicles (arrow ) and  large  
g ra n u la r  ones (a rro w h ead ), besides m ito c h o n d ria  (m ). X 72 000, B ar =  0.3 ^ m
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F ig s 8 — 11. Serial sec tions of a nerve bundle  s itu a te d  n e a r the  ad v en titia l-m ed ia l layer. T h e  
n e rv e  profiles ex h ib it th e  sam e fine s tru c tu ra l fe a tu re  th ro u g h  several levels. Some id en tica l 
p ro file s  are n u m b ered : 1 — cho linerg ic-pep tiderg ic; 2 — cholinergic; 3 — adrenerg ic ; 4 — 

adrenerg ic  profile. X  20 000, B a r =  1 g m
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m uscarin ic  ag o n is t oxotrem orine w as found  to  in h ib it th e  release o f N A  from  
nerve  te rm in a ls . G as tro in tes tin a l p ep tid e  horm ones (CCK, secretin  an d  g lu ca ­
gon) h ad  no d ire c t effect on the  blood vessel w all. In  th e  p resen t w ork we h av e  
so u g h t th e  m orpho log ical background  o f th e  fu n c tio n a l evidence.

W e d e m o n s tra te d  th e  p e n e tra tio n  o f th e  nerve  fib res in to  th e  m u scu la r 
lay e r of th e  m id d le  p a r t  of the  m ed ia  in  th e  h ep a tic  a r te ry . In  m ost a r te rie s  
th e  nerve  te rm in a ls  are re s tric ted  to  th e  area of th e  b o rd e r betw een  th e  a d ­
v e n tit ia  an d  th e  m ed ia  [7 ,2 5 ]. T here a re , h o w ev er,n u m ero u s exceptions w here  
th e  nerve fib res  p e n e tra te  in to  th e  m ed ia , for exam ple  in  su bcu taneous v ines 
[9, 1 1 ,2 4 ], h u m a n  o m en ta l veins [34], dog p edal a r te ry  [35], ra b b it  a n d  dog 
p u lm o n a ry  a rte rie s  [8, 12], sheep com m on ca ro tid  a r te ry  [19], an d  th e  a o r ta  
of som e m am m alian  species [10]. D ue to  th e  d irec t in n e rv a tio n  of th e  m uscle 
co a t in  th e  m ed ia , th e  p a th  of th e  t r a n s m itte r  to  d is ta l effector m uscle cells 
is sh o rten ed  [24] an d  th e  v ascu la r c o n trac tile  response to  a n eu ra l e ffect 
becom es m ax im u m  [3]. In  a prev ious w ork  [40] we fo u n d  th a t  th e  se n s itiv ity  
of h ep a tic  an d  p an crea tic -d u o d en a l a r te rie s  to  th e  ap p lica tio n  of NA is low er 
th a n  th a t  of th e  v a scu la r  bed  in n e rv a te d  a t  th e  b o rd e r o f th e  m edia a n d  th e  
a d v e n titia . T he fo rm e r arteries m igh t be less in fluenced  b y  circu la ting  c a tech o l­
am ines. In  th e  p re se n t s tu d y  th e  n eu ro m u scu la r d istance  in  th e  h e p a tic  
a r te ry  was fo u n d  to  be 200 —1000 nm . A ccording to  d a ta  in  th e  l i te ra tu re , th e  
la rg e r th e  vessel d iam ete r, th e  g rea te r  th e  n eu ro m u scu la r d istance. T h is is 
a b o u t 8 0 - 120 n m  in  arterio les, and  2 0 0 —500 nm  in  large  a rte ries , while i t  m a y  
reach  even 2 jum in  some large elastic  a rte rie s  [3, 5]. This d istance in fluences 
th e  ra te  of t r a n s m it te r  release, its  co n cen tra tio n , effectiveness, and  its  m e tab o lic  
fa te  [3, 4, 5].

A t th e  e lec tro n  m icroscopic level we could d e m o n s tra te  th ree  ty p e s  of 
nerve  te rm in a l w h ich  m ay  rep resen t th e  ad renerg ic , cholinergic and  c h o lin e r­
g ic-peptiderg ic  in n e rv a tio n  of th e  h e p a tic  a rte ria l w all. A sim ilar c la ssifica tion  
w as proposed  b y  B u rn sto ck  [6] and  R e c h a rd t e t al., [26] for o th e r a rte rie s . A n 
and renerg ic  n e rv e  p lexus was p rev io u sly  d e m o n s tra te d  in  th e  h ep a tic  a r te ry  
w all b y  m eans o f a fluorescence h istochem ica l m eth o d  [36]. I t  was also show n 
th a t  th e  ca techo lam inerg ic  fib res in  th e  h ep a tic  a r te ry  d egenera ted  a f te r  
e x tirp a tio n  o f th e  coeliac ganglion [36]. T he ex istence  of adrenerg ic n e rv e  
te rm in a ls  in  th e  vesse l is in  good ag reem en t w ith  th e  ea rlie r neurochem ical a n d  
fu n c tio n a l f in d in g s t h a t  NA is th e  m ain  tra n s m itte r  in  th is  a r te ry  [40]. T h e re  
h a d  been no d irec t evidence of th e  cholinergic in n e rv a tio n  of th e  canine h e p a tic  
a r te ry , a lth o u g h  in  v ivo  acety lcholine increased  th e  h e p a tic  blood flow  due to  
d ila ta tio n  of th e  a r te r ia l bed [16]. O u r earlie r fin d in g  th a t  th e  m u scarin ic  
agon ist o x o trem o rin e  inh ib ited  NA release from  nerve  te rm in a ls  show ed t h a t  
cholinergic nerves m a y  p lay  a role in  th e  in n e rv a tio n  o f th e  h ep a tic  a rte ry .

The fu n c tio n a l significance o f m ixed  cho linerg ic-peptiderg ic  endings h as  
n o t been c larified . A n y  peptides in  th e  nerve  te rm in a l m ay  coexist w ith  ace-
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ty lch o lin c  and m igh t in te ra c t  w ith  o th e r tra n s m itte rs  or m o d u la to rs  p a r tic ip a t­
ing  in  regu la tion  of th e  b lood  flow  th ro u g h  th e  h ep a tic  a rte ry . I t  is n o t know n 
w h ich  p ep tid e  is p re sen t in  these  nerves.

T here  were no sy n a p tic  in te rac tio n s  be tw een  d ifferen t n e rv e  te rm in a ls . 
T he n eu ro m o d u la tio n  o f  tra n s m itte r  re lease is a p p a re n tly  n o n -sy n ap tic  [42]. 
T he varicosities of d iffe ren t types o f n e rv e  te rm in a ls  s itu a te d  close to  each 
o th e r  in  th e  sam e b u n d le  m igh t m o d u la te  th e  release of NA from  th e  a d ren e r­
gic n e rv e  term inals, in flu en c in g  th e reb y  th e  adrenerg ic  neu ro tran sm issio n  and  
hence  th e  functional v a sc u la r  response o f th e  h ep a tic  a rte ry .

In  our la b o ra to ry , im m un o h isto ch em ica l a tte m p ts  have  been m ade to  
id e n tify  th e  p ep tid e  in v o lv ed  in  th e  pep tiderg ic-cho linerg ic  in n e rv a tio n  of 
th e  a r te r ia l  w all an d  w e observed v a so a c tiv e  in te s tin a l p ep tid e -co n ta in in g  
n e rv e  fib res and  v aricosities a t  th e  lig h t m icroscopic level [41]. Im m u n o h is to ­
ch em ica l localization  o f  choline a ce ty ltran sfe ra se  an d  enzym es invo lved  in  th e  
b io sy n th es is  of n o rad ren a lin e  rem ains to  lie ca rried  ou t in o rd er to  verify  th e  
cholinerg ic  and  ad ren erg ic  n a tu re  of th e  fib re s  in th e  wall of th e  can ine h ep a tic  
a r te ry .
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EFFECT OF EMBRYONIC AND/OR NEONATAE 
DIETHYLSTILBESTROL AND AELYLESTRENOL 
TREATMENT ON POSTNATAL DEVELOPMENT 

OF THE CHICK TESTIS

P .T . SÓTONYi, G. Cs a b a

IN ST ITU TE OF BIOLOGY, SEM M ELW EIS U N IV ERSITY  OF M ED IC IN E BU DA PEST 

(R eceived 28 J a n u a ry  1986)

T he sy n th e tic  stero id  d ie th y ls tilb e s tro l (D E S ) an d  th e  stero id-like  a lly les tren o l 
(A E) have  been  used  fo r years in  h u m a n  m edicine fo r th e  p ro tec tio n  of p reg n an cy . T he 
hazard s to  th e  fe tu s  of g esta tio n al D E S  tre a tm e n t are well estab lished  [2, 17, 18]. 
K now ledge of a  sim ilar effect o f A E  is  still frag m e n ta ry . T herefore, fu r th e r  s tu d ies  are 
req u ired  of th e  afte r-effects of em b ry o n ic  and p e rin a ta l A E  exposure. In  o u r earlie r 
ex p erim en ts w ith  po ly p ep tid e  h o rm o n es [4, 5, 6] we have  observed  th a t  p e r in a ta l age 
is  a critica l p e rio d  in  th e  m a tu ra tio n  o f horm one recep to rs . In  th is  period th e  p resence  
of horm one in d u ces th e  developm ent o f  i ts  specific recep to rs . T he phenom enon is  te rm ed  
horm onal im p rin tin g  [4, 5, 6]. D u rin g  i ts  m a tu ra tio n  th e  recep to r is flex ib le a n d  th e  
p resence of non-specific  horm ones c ap a b le  o f b in d in g  to  i t  m ay  a lte r  its  norm al dev elo p ­
m en t A ccord ing ly , even a single h o rm o n e  in jec tio n  in  th e  p e r in a ta l  period  m ay  a lte r  
th e  h o rm o n e-sen sitiv ity  o f th e  ta rg e t  organ.

Introduction

The role o f  th e  endocrine system  in  th e  in tra u te r in e , p e rin a ta l an d  n e o n a ­
ta l  phases o f o n to g en y  is poorly  u n d e rs to o d . I t  is un c lea r to  w h a t e x te n t m ay  
endogenous an d  exogenous horm ones in fluence  dev e lo p m en t of the  endocrine 
system . A lthough  severa l papers h av e  been  p u b lished  on th e  norm al pre- an d  
p o s tn a ta l  d ev e lo p m en t of genita l o rg an s in  b ird s , l i ttle  is know n a b o u t th e  
effect o f p re n a ta l ho rm one tre a tm e n t on  th e  d iffe ren tia tio n  an d  d eve lopm en t 
of gen ita l organs. T here  are  some d a ta  on th e  d ev e lo p m en t of m ale and  fem ale  
sexual organs a f te r  estrogen  (inc lud ing  D ES) t r e a tm e n t p rio r  to  th e ir  d iffe­
re n tia tio n . These e a rly  tre a tm e n ts  w ere show n to  p roduce  m ark ed  a lte ra tio n s : 
fem in iza tion  in  genetic  m ales, th e  fo rm a tio n  of ov o testis , in h ib itio n  of gonads, 
persistence  o f M iiller-ducts and  s ig n if ican t changes in  g onada l horm one secre ­
tio n  [9, 11, 16, 25, 40, 41, 42, 43]. R ecen t stud ies h av e  show n th a t  in  th e  e m b ry ­
onic gonads estrogens m ay  influence th e  b ind ing  c a p a c ity  o f estrogen ho rm one 
recep to rs  and  accep to rs [31, 32, 33, 34].

In  earlier ex p erim en ts  in  ch icken  a fte r  D E S  an d  A E  tre a tm e n ts  we 
found  signs of fu n c tio n a l te ra to g e n ic ity , various m alfo rm ations [26], suppu-

Send o ffp rin t re q u ests  to :  G. C saba, In s t ,  o f B iology, Sem m elw eis U n iv ersity  o f M ed­
icine, B u d ap es t, N a g y v á ra d  té r  4, H-1445, P .  О. B ox 370, H u n g a ry
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r a t iv e  in flam m ation  of th e  ov id u c t [27], an d  a ch an g e in  free h istones in  ch ick­
en  an d  ra ts  [28, 29]. In  th e  r a t ,  D E S an d  A E  tre a tm e n t re su lte d  in  a decrease 
o f  b in d ing  cap ac ity  o f u te rin e  estrogen  recep to rs  [7].

In  th e  p resen t w o rk  we in v e s tig a te d  th e  effect of em bryon ic  stero id  
t r e a tm e n t  perfo rm ed  a f te r  sexual d iffe re n tia tio n , i.e. w hen d iffe ren tia tio n  of 
th e  gonads had  a lread y  been com p le ted , b u t  th a t  o f th e  M iiller-ducts was in 
an  in itia l stage. W e w ere in te re s te d  in  th e  w eigh t and  h isto logy  o f th e  testes 
on th e  5 th  day  and  on th e  6 th  w eek a f te r  h a tch in g . We also s tu d ied  th e  effect 
o f  a single em bryon ic  t re a tm e n t on th a t  o f re p e a te d  p o s tn a ta l tre a tm e n ts .

Materials and methods

In  th e  yo lk  sac of H u b b a rd  b roy ler chick  em bryos a single dose of 0.5 m g a lly lestreno l 
(A E , R ich ter, B u d ap est, 5 m g/m l) or 0.25 m g d ie th y lstilb e stro l (D E S , R ich te r, B u d ap est, 
2.5 m g/m l) was in jec ted  on th e  9 th  d a y  of in cu b a tio n . B o th  agen ts w ere dissolved in  abso lu te  
e th a n o l, th en  afte r th e  a d d itio n  of tw o drops o f T w een  80 th ey  were fu r th e r  d ilu ted  in  physi­
ologic saline solu tion . C ontro ls received  0.1 ml of th e  so lven t. Eggs w ere in cu b a ted  according 
to  ro u tin e  technology. Im m e d ia te ly  a fte r h a tc h in g , a group of an im als w as tre a te d  again  by  
a n  in tra m u sc u la r  in jec tio n  of 0.25 m g A E  (2.5 m g/m l) and 0.125 m g D E S (1.25 m g/m l). 
A E  an d  D ES were dissolved in  benzyl alcohol, th en  d ilu ted  w ith  sunflow er oil. C ontro ls received 
0.05 m l of the  solvent. T he an im als were d iv ided  in to  7 groups.

I. C ontrol
II .

I I I .  D E S -trea trn en t

IV.
V.

V I. A E -tre a tm e n t 

V II.

I on th e  9 th  d a y  of incu b a tio n  
on th e  9 th  d a y  of in cubation  
and a t  h a tch in g  
a t  h a tch in g

( on th e  9 th  d a y  of incu b a tio n  
on  th e  9 th  d a y  of in cubation

( and  a t  h a tc h in g  
a t  h a tch in g

T h e  anim als were killed e ith e r  5 days or 6 w eeks a f te r  hatch ing . The testic les were rem oved , 
w eighed  and fixed  in  B o u in ’s fix a tiv e . M aterials w ere em bedded in  p a ra ffin  and 5 ^ m  sections 
w ere  p repared  in th e  m id -p lan e  of th e  tes tes  and  s ta in ed  w ith  haem atoxilin -eosin .

Q u an tita tiv e  h isto log ical ev a lu a tio n  o f th e  te s tic u la r  tissue w as perfo rm ed  according 
to  th e  cock tes tis  te s t  of Ish ii e t al. [ 19J. T his m eth o d  was com plem en ted  w ith  q u a n tita tiv e  
ana ly sis  of the  cellular com position  of sem iniferous d u cts . In  each an im al 40 d u c ts  w ere m eas­
u re d  un d er an eyepiece m icron-scale to  d e te rm in e  th e  m ean d u c t d iam ete r. In  ad d itio n , in 
each  an im al 10 d u c ts  w ere analysed  concerning cellu lar com position. T heir m eans were r e ­
g a rd ed  as ch arac te ris tic  o f th e  group. W ith in  th e  sam e group the  average n u m b er o f each cell 
ty p e  was corre lated  to  th e  average  to ta l  cell n u m b er and expressed in  percen tag e  of th e  to ta l. 
M oreover, th e  ra tio s  o f sperm atogen ic  cells (sp e rm ato g o n ia  an d  p r im a ry  sperm ato cy tes) 
v e rsu s Sertoli cells, and  sp e rm ato g o n ia  versus p r im a ry  spe rm ato cy tes  w ere calcu la ted . T he 
n u m b er of cells per u n it  a rea  was also de te rm in ed . D ifferences betw een groups w ere ev a lu a ted  
b y  th e  tw o-sam ple t te s t.

Results

Postnatal day 5

A decrease of b o th  te s te s  was observed  in th e  tre a te d  an im als (Table I) . 
T h e  degree of decrease w as rough ly  s im ila r in  b o th  tes tes , b u t  m ore p ro n o u n ced  
a fte r  D ES th a n  a fte r  A E  tre a tm e n t. T he decrease was th e  g re a te s t (p <  0.01)
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Table I

Testicular weight and sem iniferous duct diameter on day 5

DES
C n n t r , AE

9 9 +  1 1 9 9 +  1 1

T esticu la r w eight, mg 6.2 5.8 8.3 11.6 8.7 7.1 9.4
left ± 0 .9 2 ± 0 .7 3 ± 1 .0 2 ± 1 .5 2 ± 0 .9 1 ±0 .94 ± 1 .8 7

rig h t 5.3 3.9 6.6 8.7 6.4 6.2 7.3
± 0 .6 4 ±0.51 ± 1 .2 7 ± 1 .1 8 ± 0 .5 9 ±1.38 ± 0 .7 8

D uct d iam eter, /m i 29.8 27.4 38.3 44.7 33.2 32.9 40.1
± 3 .6 4 ± 5 .5 5 ± 4 .7 8 ± 5 .3 0 ± 4 .3 7 ±6.81 ± 5 .3 7

N um ber of anim als 18 19 15 23 17 16 18

w hen tre a tm e n t w as perfo rm ed  on th e  9 th  d ay  of in c u b a tio n  p lu s  a t  h a tc h in g  
(in th e  case o f D E S  th e  te s ticu la r w e ig h t decreased  to  th e  h a lf  of th e  con tro l). 
The difference a g a in s t th e  group h a v in g  received  t r e a tm e n t on the  9 th  g e s ta ­
tio n a l d ay  only , w as n o t  sign ifican t. T re a tm e n t im m ed ia te ly  a fte r h a tc h in g  
caused a sm all decrease in  te s ticu la r w eigh t.

Sem iniferous d u c t d iam eter w as fo u n d  to  change in  th e  tre a te d  an im als 
w ith  te s ticu la r w eig h t (Table I) i.e. i t  decreased  a fte r  t re a tm e n t as co m p ared  
to  th e  con tro l. A lso in  th is  case, th e  g re a te r  decrease occurred  a fte r D E S  
tre a tm e n t. T here w as no sign ifican t d ifference betw een  th e  contro l an d  th e  
group tre a te d  a t  h a tc h in g , and  betw een  th e  groups t r e a te d  on the  9 th  g e s ta ­
tio n a l day  and  th e  9 th  g esta tional d a y  p lu s  a t  h a tch in g . A  sign ifican t difference 
(p <  0.01) w as how ever, found betw een  th e  con tro l and  th e  em bryonally  t r e a t ­
ed groups.

The cellu lar com position  of sem in iferous du c ts  an d  its  a lte ra tio n s a fte r  
tre a tm e n ts  are  su m m arized  in  Table I I .

H isto logy  of th e  con tro l testes show ed a p a tte rn  corresponding  to  age 
(Fig. 1). T hey w ere fo u n d  to  be su rro u n d ed  by  a w ell-developed tu n ica  a lb u ­
ginea and  to  co n ta in  co n to rted  cords (d u c ts  w ere n o t y e t p resen t) w ith  in te r ­
posed connective tissu e . L um en fo rm a tio n  w as sporad ic . In  the  germ ina l 
ep ithe lium  c o n s titu tin g  th e  cords, m a n y  u n d iffe re n tia ted , so-called p e rito n ea l 
cells were seen w ith  on ly  a few d iffe re n tia ted , id e n tif ia b le  cells. The la t te r  as 
follows were. S p erm ato g o n ia : large, ro u n d  cells w ith  a nucleus con ta in in g  
evenly  d is trib u ted  ch ro m a tin  and  p ro m in e n t nucleo lus. T h ey  occurred close to  
th e  basem ent m em b ran e . P rim ary  sp e rm a to c y te s : those  were sm aller th a n  
th e  sp e rm atogon ia ; th e y  h ad  a sm all, ch ro m a tic  nucleus an d  were found  a t  a 
d istance from  th e  b a se m e n t m em brane. S erto li cells: slender, cylindrical cells 
co n tac tin g  th e  b asem en t m em brane. T h e ir nucleus is euch rom atic , oval, w ith  
a ch a rac te ris tica lly  la rg e  nucleolus. In  fa c t, these  are  p recu rso rs ra th e r  th a n  
fu lly  d iffe ren tia ted  S erto li cells.
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Table II

Cellular composition o f  seminiferous ducts on day 5

No. of 
animals

Cell no. 
counted

Total 
cell no. %

No. of
Spermatogonia %

No of prim ary 
spermatocytes %

No. of 
Sertoli cells % Sg/Sc* SG/pSC**

Cell packing 
density 

no//im X  10-2

9 18 1337 74.3 ±  6.02 100 31.8 ±  1.33 42.8 0 0 42.5 ±  3.93 57.2 0.75 0 10.7

D E S 9 +  1 19 1123 59.1 ±  6.78 100 26.3 ±  2.20 44.5 0 0 32.8 ±  4.31 55.5 0.80 0 10.0

1 15 1419 94.6 ±  7.43 100 38.4 ±  1.08 40.6 4.3 ±  0.86 4.5 51.9 ±  6.30 54.9 0.82 8.93 8.21

Control 23 3606 156.8 ±  9.42 100 54.2 ±  3.46 34.6

OOCO 11.5 84.5 ±  3.76 53.9 0.86 2.99 9.99

9 17 2062 121.3 ±  4.37 100 46.2 ±  2.35 38.1 7.8 ±  0.79 6.4 67.3 ±  0.83 55.5 0.80 5.92 14.0

AE 9 +  1 16 1736 108.5 ±  5.18 100 41.2 ±  0.95 38.0 5.1 ±  1.07 4.7 62.2 ±  2.35 57.3 0.74 8.08 12.8

1 18 2064 114.7 ±  4.05 100 39.4 ±  1.5 34.4 6.8 ±  1.43 6.0 68.5 ±  4.11 59.7 0.67 5.79 9.08

* Sperm atogonium  -f- p rim ary  sperm atocy te/S erto li cell 
** Sperm atogon ium /prim ary  sperm atocy te
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EFFEC T OF D IE T H Y L ST IL B ESTRŐL AND A LLY LESTREN OL ON POSTNATAL D EVELOPM ENT 2 3

Fig. 1. In  th e  testic les o f 5 -day-o ld  cocks, convo lu ted  cords (A) c o n s titu te d  b y  cell ty p es  of 
th e  germ inal ep ithe lium . Sg =  sperm atogon ia , I . Sc =  p r im a ry  sp e rm ato cy te s , S e rt =

Serto li cells (B)
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U pon D ES an d  A E  tre a tm e n t, irre sp ec tiv e  o f its  tim in g , th e  above ligh t 
m icroscopic s tru c tu re  rem ain ed  u n a lte re d . T he n u m b er of id en tif iab le  cells 
show ed how ever, a m arked  red u c tio n  an d  th a t  o f th e  p e rito n ea l m a tr ix  cells 
increased  as com pared  to  th e  con tro l. In  th e  tre a te d  groups lum en  fo rm atio n  
w as n o t encoun tered . T he m ean  cell n u m b e r w ith in  th e  cords (T able II)  changed  
w ith  te s ticu la r w eigh t an d  sem iniferous d u c t d iam eter. R ed u c tio n  in  cell n u m ­
b e r  was g rea te r a f te r  D E S  th a n  a fte r  A E . T he g rea tes t decrease, to  one th ird  
o f  th e  contro l, occurred  w hen tre a tm e n t on th e  9 th  em bryon ic  d ay  was rep ea ted  
a t  h a tch in g , b u t  th e re  w as a sign ifican t (p <  0.01) decrease also in  th e  group 
t re a te d  only a t  h a tch in g . W ith  D E S , th e re  was a s ig n ifican t difference 
(p  <  0 .01) also betw een  th e  ex p erim en ta l groups. In  th e  A E -tre a te d  groups th e  
difference was sig n ifican t (p <  0.01) as co m p ared  to  th e  co n tro l b u t  n o t  b e ­
tw een  th e  tre a te d  groups. The n u m b er o f sperm atogon ia  a n d  S erto li cells de­
creased  like th e  average  cell n u m b er, h u t  th e ir  p ercen tage  d is tr ib u tio n  show ed 
no difference betw een  th e  ex p erim en ta l g roups. N or did th e  ra tio  o f sperina to - 
genic and  Serto li cells change. On th e  o th e r  h a n d , th e re  w as a decrease in  the  
n u m b e r and  percen tag e  o f p rim a ry  sp e rm a to cy te s  an d  in  th e ir  ra tio  versus 
sperm atogon ia . No p r im a ry  sp e rm a to cy te s  w ere found  a f te r  em bryon ic  D ES 
tre a tm e n t, while in  th e  con tro l group th e y  c o n s titu te d  10%  o f th e  whole 
p o p u la tio n . A fter A E  tre a tm e n t too , th e ir  n u m b er decreased  sig n ifican tly  
(p <  0.01); th e ir  p e rcen tag e  decreased to  5 % , h a lf  of th a t  in  th e  con tro l.

Postnatal week 6

The change in  te s tic u la r  w eigh t in  th e  tre a te d  an im als (Table I I I )  cor­
resp o n d ed  to  th a t  o f th e  5-day-o ld  g roup  b u t  in a h igher degree. In  th e  an im als 
tre a te d  w ith  D E S on th e  9 th  em bryon ic  p lu s  h a tch in g  day s th e  le f t te s tis  
decreased  to  its  th ird , th e  r ig h t to  its  q u a r te r , while follow ing A E tre a tm e n t

Table III

Testicular iveight and sem iniferous duct diameter at 6 weeks o f  age

DES
Control

AE

9 9 +  1 1 9 9 +  1 1

T esticu la r weight, mg

left 82 ±  
10.32

54 ±  
8.75

107 ±  
9.81

17 6 ±
14.32

96 ±  
8.34

88 ±  
11.43

137 ±  
10.58

right 58 ±  
8.46

39 ±  
7.06

82 ±  
13.67

151 ±  
12.03

84 ±  
10.38

73 ±  
8.12

121 ±  
9.48

D u c t diam eter, /m i 39.3 
+  5.02

34.1
± 4 .6 7

57.8
± 6 .2 1

68.4
± 5 .6 2

54.3
± 4 .8 8

50.6
± 4 .0 7

62.2
± 5 .3 7

No. of anim als 16 14 17 19 16 19 15
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Tabic IV

Cellular composition o f  seminiferous ducts at 6 weeks o f  age

No. of 
animals

Cell no. 
counted

Total 
cell no. О //о

No. o f
spermatogonia %

No of
spermatocytes О //о

No. of 
Sertoli cells % Sg/Sc* SG/pSC**

Cell packing 
density 

n o /fim  X 10 2

9 16 2204 138.4 ± 4 .1 7 100 34.3 ±  3.03 24.8 8.7 ±  0.97 6.3 95.4 ±  2.57 68.9 0.45 3.94 11.4
D ES 9 +  1 14 1621 115.8 ±  3.47 100 32.8 ±  2.62 28.3 3.6 ±  0.78 3.1 79.4 ±  3.42 68.6 0.46 9.11 12.7

1 17 3634 214.3 ±  6.39 100 41.5 ±  1.34 19.4 17.2 ±  0.93 8.0 155.6 ±  6.30 72.6 0.38 2.41 8.16

Control 19 6083 320.2 ±  9.18 100 56.4 ±  4.28 17.6 31.3 L  1.76 9.8 232.5 ±  5.45 72.6 0.38 1.80 8.71

9 16 3620 226.3 ±  4.08 100 42.7 ±  3.47 18.9 21.4 ; 0.86 9.4 162.2 ±  4.10 71.7 0.40 2.00 9.77
A E 9 +  1 19 3893 204.9 ±  4.70 100 42.6 ±  4.52 20.8 22.1 1.66 10.8 140.2 ±  3.87 68.4 0.46 1.93 10.2

1 15 4395 293 ±  5.36 100 48.7 ±  2.27 16.6 24.8 ±  1.82 8.5 219.5 ±  4.81 74.9 0.33 1.96 9.64

* Sperm atogonium  +  p rim ary  sperm atocy te/S erto li cell 
** S perm atogonium /prim ary  sperm atocy te
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th e  w e ig h t o f bo th  te s te s  w as reduced  to  half. T he degree of decrease was signif­
ic a n t  a t  the  0.01 level.

D ecrease of th e  sem in iferous d u c t d iam e te r a fte r  t r e a tm e n t  (Table I I I )  
w as also sim ilar to  th a t  o b serv ed  a t  p o s tn a ta l d ay  5, b u t  was m ore conspicuous, 
p a r tic u la r ly  a fte r D E S  tr e a tm e n t  w hen th e  d iam e te r decreased  to  h a lf  o f th a t  
o f  th e  con tro l (p <  0.01) in  th e  em bry o n a lly  p lu s  p e r in a ta lly  t r e a te d  anim als.

T he cellular com po sitio n  an d  its  p o s t- tre a tm e n t a lte ra tio n s  were also 
s im ila r (Table IV.) as th o se  observed  on d ay  5. In  th is  age th e  con tro ls  a lready  
show ed  a p ronounced  can a licu liza tio n  of th e  co n to rted  cords as a re su lt of 
w h ich  m ost cross-sections h a d  a lum en . Cells w ere read ily  id en tifiab le  w ith 
o n ly  a few u n d iffe re n tia ted  p e rito n ea l cells. T he average cell n u m b e r  increased 
a long  w ith  the  n u m b er o f  S erto li cells as well as th e  ra tio  o f th e  la t te r  versus 
sperm atogen ic  cells.

In  the  tre a te d  an im a ls  th e  to ta l  cell n u m b er decreased eq u a lly  affecting 
th e  d iffe ren t cell ty p e s , th u s  th e ir  ra tio  rem ain ed  unch an g ed . A n exception 
w as th e  num ber of p r im a ry  sp e rm a to cy te  w hich fell a f te r  D E S  to  10%  of the 
c o n tro l and  its p e rcen tag e  co m p ared  to  th e  to ta l  cell n u m b er decreased  to  the 
th i r d  o f th a t  in  th e  co n tro ls . A E  decreased  th e ir  n u m b er b u t  n o t  th e ir  p e r­
cen tag e .

D iscussion

Several d a ta  are  av a ilab le  concerning th e  effect on gonada l developm ent 
o f  d iffe ren t p re n a ta l e s tro g en  tre a tm e n t. T hese tre a tm e n ts  w ere perform ed 
in  th e  early  gesta tio n a l p e rio d  p rio r to  sexual d iffe ren tia tio n , w h ich  takes place 
in  th e  chick b y  th e  6 th  d a y  o f in cu b a tio n . B etw een  g es ta tio n a l days 5 and  8 
h o w ev er, the  chick u ro g e n ita l sy stem , in  p a r tic u la r  th e  M üller d u c ts  are in a 
re s tin g  phase in b o th  m ale  an d  fem ale em bryos. In  the  m ale em b ry o  b o th  Mül­
le r  d u c ts  s ta r t  to  reg ress on d ay  9 and  th is  p rocess is com plete  b y  em bryonic 
d a y  13. In  fem ale e m b ry o s , in v o lu tio n  of th e  r ig h t M üller d u c t also begins 
on d a y  9 and  is seen a t  h a tc h in g  as a t in y  ru d im e n t. T he le f t d u c t develops 
g ra d u a lly  to  form  th e  o v id u c t [22, 44]. In  th e  m ale em bryo  th e  gonads differ­
e n t ia te  in to  te stes, w hile in  th e  fem ale th e  r ig h t gonad d egenera tes and  the  
le f t  gives rise to  th e  o v a ry  [3, 8]. In  th e  gonads of th e  chick em bryo  th e  synthesis 
a n d  secretion  of sex u a l s te ro id s  s ta r ts  in  th e  early  dev e lo p m en ta l s tage. In  th is 
s ta g e , in  females b o th  gonads are  capable  of p ro d u c in g  estrogens an d  androgens 
u n d e r  gonadotropin  c o n tro l [12, 14, 35, 38]. G onadal secretion  o f  these sexual 
s te ro id s  [39, 49] a n d  som e o th e r h ith e rto  u n id en tified  fac to rs  [21] are held 
re sponsib le  for th e  g ro w th  or degenera tion  o f th e  M üller d u c ts .

T he effects o f  e s tro g en  given p rio r to  th e  d iffe ren tia tio n  o f  g en ita l organs 
a re  w ell estab lished . T h ese  effects are r a th e r  p ro n o u n ced : fo r exam ple , D ES 
tra n sfo rm s  in  m ales th e  le f t te s tis  to  o v o testis , w hile th e  r ig h t one degenerates 
a n d  th e  M üller d u c t p e rs is ts  [44].
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T he m echan ism  by  w hich D E S , an d  estrogens in  general, in h ib it  th e  
in v o lu tio n  of M üller ducts  is u nclear. Follow ing D E S  tre a tm e n t, an  in h ib itio n  
o f ea rly  gonadal secretion  has been  observed  in  cells o f th e  m ed u lla ry  tissue  
[23]. I t  m ay  be assum ed th a t  D E S  in h ib its  th e  d iffe ren tia tio n  o f th ese  cells, 
in a c tiv a tin g  th e re b y  th e ir  sec re to ry  a c tiv ity . I t  is also possible th a t  h ig h  D E S  
levels c o u n te ra c t th e  effect o f te s to s te ro n e  on th e  M üller ducts [24] b u t  an  
effect th ro u g h  th e  hypophysis c a n n o t be ru led  o u t e ith e r [48]. A fu ll p e rsistence  
o f  M üller-ducts has been observed  w hen in  b o th  sexes D E S tre a tm e n t was 
p erfo rm ed  b e tw een  em bryon ic  days 3 an d  5, b u t  w as incom plete  w hen  th e  
ho rm one  was given a fte r d ay  5 [37, 47]. These o b se rv a tio n s suggest th e  o p e ra ­
tio n  of som e gonadal facto r(s) w hich cause degenera tion  of th e  M üller 
d u c ts .

E a rly  D E S tre a tm e n t has been show n to  in h ib it th e  d eve lopm en t of 
gonads. O varian  D N A  syn thesis  w as b locked b y  36 to  4 1 % , R N S sy n th esis  
b y  52 to  53% , p ro te in  syn thesis  b y  45 to  47% . A sim ila r in h ib itio n  (57, 40 
an d  4 5 % , respective ly ) has been observed  in  th e  te s tis , 37%  o f w hich  was 
m an ifest as ea rly  as 3 h a fte r  t re a tm e n t. This ty p e  o f ho rm onal in h ib itio n  of 
g o n ad a l g row th  an d  fu nc tion  has been  verified  in  ro d en ts  a fte r  n eo n a ta l e s tro ­
gen tre a tm e n t [10, 30, 49]. In  b ird  em bryos th e  change o f sex as a re su lt  of 
estrogen  has long been know n [20, 42, 43].

H isto log ically , p ro life ra tio n  o f  co rtica l tissue has been d em o n stra ted  and  
th e  dev e lo p m en t o f ovocytes in  th e  co rtex  o f  in te rsex  m ales has been o bserved  
u p  to  3 m o n ths a f te r  h a tch in g  [15]. Less is know n ab o u t th e  endocrine fu n c tio n s  
o f  th ese  sexually  a lte red  m ales. W ith  D E S  tre a tm e n t, estrogen  secretion  could  
be in d u ced  in th e  left te s tis  w ith  an  in h ib ito n  of te s to s te ro n e  secretion . T he 
decrease  o f te s to s te ro n e  secretion  is p ro p o rtio n a te  to  th e  loss of m e d u lla ry  
su b stan ce , as described  b y  W olff an d  G inglinger [45].

In  th e  p re sen t stud ies, s te ro id  tre a tm e n t was perfo rm ed  on th e  9 th  d a y  
o f in c u b a tio n , i.e. a f te r  sexual d iffe ren tia tio n . These la te  tre a tm e n ts  o b v io u sly  
did n o t p roduce  rough  anom alies, a lth o u g h  some of th e m  were described in  our 
ea rlie r p ap ers  (26,27). Changes seen d u rin g  th is  w ork  w ere less conspicuous an d  
could  be revealed  m ain ly  by  q u a n tita tiv e  m orphom etric  analysis. T he change 
an d  th e ir  irreversib le  n a tu re  p ro v id ed  evidence of th e  effect on te s ticu la r  d e v e l­
o p m en t of la te  em bryon ic  an d  p e r in a ta l stero id  tre a tm e n ts . This effect m a n i­
fested  w ith  changes o f te s tic rd a r w eigh t, d iam ete r o f sem iniferous d u c ts  a n d  
ce llu la r com position . The ro u g h ly  sim ilar decrease in  th e  n u m b er o f S erto li 
an d  sp erm ato g en ic  cells suggested  th a t  D E S  an d  A E  in h ib ited  equ a lly  th e  
g en era tio n  o f b o th  cell ty p es . T he s im ila rity  of changes a t  4 days and  6 w eeks 
p o s tn a ta lly  argued  for th e  la s tin g  effect even of a single em bryon ic  t r e a tm e n t  
to  w hich  n eo n a ta l tre a tm e n ts  m ay  add .

B etw een  D E S  an d  A E  effects th e  differences w ere m ain ly  q u a n tita tiv e , 
b u t  in  q u a lita tiv e  te rm s th e y  w ere sim ilar. A lthough  i t  w ould be p re m a tu re
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to  e x tra p o la te  our re su lts  to  hum an s itu a tio n s , it  is rem ark ab le  th a t  A E  is 
used  to  p ro tec t h u m an  p regnancy .

T he m echanism  b y  w hich these s te ro id s  influence th e  gonads is n o t 
clear. In  ag reem ent w ith  th e  lite ra tu re , we p o s tu la te  an irreversib le  in te rfe r­
ence w ith  the  g o n ad o tro p ic  regu lation  o f th e  h y p o th a lam o -h y p o p h y sea l sys­
te m  w hich , in tu rn , w ould  in h ib it gonada l g row th  and  fu nc tion  [1, 13]. I t  
m ay  also induce som e un k n o w n  a lte ra tio n  in  early  gonadal sec re to ry  a c tiv ity  
w hich  m ay ac t upon  th e  gonads them selves.
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INTERSPECIFIC INTERACTION OF AORTIC 
ENDOTHELIAL AND SMOOTH MUSCLE CELLS

É va  Cs o n k a , A. S. K och , P . I. B a u e r , K. G. B ü k i

SECOND IN STITU TE OF PATHOLOGY AND SECOND IN ST ITU TE OF BIO CHEM ISTRY , 
SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DAPEST, HUNGARY

(R eceived 19 M arch 1986)

The p ro life ra tion  s tim u la tin g  or in h ib ito ry  effect of aortic  en d o th e lia l cells on 
ao rtic  sm oo th  m uscle cells and  v ice v e rsa  was s tu d ied  in  cell cu ltu re  b y  using  a new ly  
developed co -cu ltiva tion  techn ique. T he effect w as reg iste red  as th e  in co rp o ra tio n  of 
labelled  th y m id in e  de tected  b y  liq u id  sc in tilla tio n  counting . T he ex p erim en ts  w ere 
perform ed in  in tr a  and in terspecific  co m b in a tio n s, using  bovine, pig or r a t  ao rtic  cell 
cu ltu res . T he endo the lia l cells s tim u la te d  sm oo th  m uscle cell p ro life ra tio n  in  a species 
specific w ay. In  in terspecies com b in a tio n s e ith e r in h ib itio n  or no effect w as observed. 
T he sm oo th  m uscle cells u su a lly  h ad  an  in h ib ito ry  effect on th e  p ro life ra tio n  of en d o ­
th e lia l cells excep t for th e  pig sm o o th  m uscle cells w hich  h ad  a s tim u la to ry  effect in  
b o th  in te r  and  in traspecies co m binations. C o-cu ltivation  of sm ooth  m uscle or endo­
the lia l cells w ith  cells of th e  sam e ty p e  re su lted  m o stly  in  in h ib itio n  or no effect in  
b o th  in tra  an d  in terspecies com binations. T his phenom enon was p a r ticu la r ly  con­
spicuous w ith  endo the lia l cells .The d iffe ren t s tim u la to ry  and in h ib ito ry  effects p ro d u ced  
b y  these  cells m ay  p lay  an  im p o r ta n t  role in  th e  reg u la tio n  of n eo v ascu lariza tio n  an d  
in  reen d o th e liza tio n  of denuded  in tim a i areas.

Keywords: cu ltu red  ao rtic  cells, co -cu ltiv a tio n , in te r-, and  in tra sp ec ific  in te r ­
actions in  c u ltu re , cell p ro liferation .

Introduction

T he cells o f a m ultice llu lar o rgan ism  m u tu a lly  in fluence  each o th e r’s 
fu n c tio n s in a reg u la ted  m anner. Since th is  is a general rule i t  shou ld  fu n c tio n  
also betw een  endo thelia l and  sm oo th  m uscle cells of th e  vessel w all u n d e r b o th  
n o rm al and  pa tho log ic  conditions.

T here are rep o rts  on the  s tim u la to ry  effect o f endo thelia l cells on th e  
g row th  of sm ooth  m uscle cells [3] b u t  we found on ly  few stud ies on th e  m u tu a l 
effect on each o th e r of endo thelia l an d  sm oo th  m uscle cells in  in tra  an d  in te r ­
species co -cu ltiva tion  experim en ts [5, 9].

In  p rev ious co -cu lturing  ex p erim en ts  we h av e  in v es tig a ted  th e  possible 
ao rtic  en d o th e liu m  — sm ooth  m uscle cell in te ra c tio n , p a r tly  w ith  th e  classical 
m e th o d  of app ly ing  th e  d ifferen t cond itioned  m edia in  various a rran g em en ts  to  
d iffe ren t cu ltu red  cells to  check th e  effects on th e ir  p ro lifera tive  a c tiv ity , p a r tly  
b y  using  a new ly developed co -cu ltiv a tio n  tech n iq u e  [1].
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In  the p re se n t s tu d y  we h av e  exam ined  th e  p ro lifera tion  s tim u la tin g  
e ffec t of endo thelia l cells on th e  sm o o th  m uscle cells an d  vice v ersa  in  in tra  
a n d  in terspecific  co m bina tions, using  bov ine , p ig  or r a t  ao rtic  cell cu ltu res. 
T h e  effect was reg is te red  as th e  in co rp o ra tio n  o f labelled  th y m id in e  de tec ted  
b y  liq u id  sc in tilla tion  coun ting .

Materials and methods
Cell culture

The BAEC (B u d a p es t A ortic  E n d o th e lia l Cell cu ltu re)-806  bovine ao rtic  endo the lia l; 
th e  BASC (B u d ap est A o rtic  Sm ooth  M uscle Cell cu ltu re)-809  bovine  ao rtic  sm oo th  m uscle; th e  
B A E C -812 m ini-pig ao rtic  en do the lium ; th e  BASC-813 m ini-p ig  aortic  sm ooth  m uscle; th e  
2 P E  r a t  aortic  en d o th e liu m  and th e  2PS r a t  ao rtic  sm oo th  m uscle cell cu ltu res  w ere used. 
All cell cu ltures were estab lished  in our lab o ra to ry  and  w ere c u ltu red  in  m odified  Dulbecco 
MEM w ith  10%  fe ta l c a lf serum . The cells u sed  in  th e  ex p erim en ts  w ere in  th e  f ir s t  to  s ix th  
p assages in vitro .

Co-culture experiments

The d ifferen t cell ty p es  were grow n se p a ra te ly  on glass coverslips in L eigh ton  tubes 
(105 cells/ml) and on th e  b o tto m  of th e  co u n tin g  v ials (2 • 105 cells/2ml). A fte r 4 hours of 
in c u b a tio n  the  cells a tta c h e d  to th e  glass. C o-cu ltivation  w as s ta r te d  a t  th is tim e  by p u ttin g  
th e  coverslip cu ltu res d iagonally  in to  th e  v ia ls c arry in g  th e  o th e r  ty p e  of cells. T he original 
a m o u n t (2 ml) of m ed iu m  in  th e  vials was a d ju s te d  w ith  10 m l of fresh  m edium  so as to  cover 
also th e  cells on th e  d iagonally  in serted  coverslip  (F ig. 1). B y th is  m eth o d  an y  p a irs  of cell 
ty p e s  could be co -cu ltiv a ted  in a system  w here  on ly  th e  m edium  was com m on w hile th e  cells 
w ere spa tia lly  sep ara ted .

M easurem ent o f proliferation

P ro lifera tion  of th e  d ifferen t cell ty p es  as con tro ls and  th e  p ro life ra tion  s tim u la tin g  effect 
o f e ith e r endothelia l cells on sm ooth  m uscle cells or v ice v ersa  in in tra , as well in in terspecific  
co m b in a tio n s was assessed  b y  m easuring  3H -th y m id in e  (3H -T d R ) in co rp o ra tio n  a fte r  24 hours 
o f co-cu ltiva tion . T he coverslips w ith  th e  o th e r  cell ty p es  w ere rem oved  and  th e  cells grown 
in  th e  v ials were labe lled  by  2 ml cu ltu re  m ed iu m  co n ta in ing  a final co ncen tra tion  of 3.7 TO-3 
B q /m l (3H -T dR ). F o u r h o u rs  a fte r labelling , th e  cell m onolayers were w ashed as described 
p rev io u s ly  [2] and so lubilized  in 5 ml m ix tu re  of T o luo l-T riton  100 X(3 : 1). R a d io a c tiv ity  
w as de term ined  w ith  a B eckm ann M-25 spec tro m ete r.

Results

The figures rep re sen t labelled  th y m id in e  in co rp o ra tio n  in  th e  2 4 th  hour 
o f  co -cu ltiva tion . T he abso lu te  coun ts w ere v a riab le  because of in d iv id u a l d if­
ferences of the  cu ltu re  used in th e  d iffe ren t ex p erim en ts . Since, how ever, only  
th e  re la tive  effects w ere of in te re s t in th is  s tu d y , th e  d a ta  were norm alized  
to  1 and  rep resen ted  as a p lane sq u are  la ttic e  in  th e  th ree  dim ensional coord i­
n a te . The left side of triangles p e rp en d icu la r to  th e  la ttic e  rep resen ted  th e  
re la tiv e  stim u la tio n  (upw ards) or in h ib itio n  (dow nw ards) as referred  to  th e  
con tro ls .

Figures 2A an d  В show th e  in tra  an d  in te rspec ific  effects o f endo thelia l 
a n d  sm ooth  m uscle cells on sm oo th  m uscle cell cu ltu res  of d ifferen t species.
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As d em o n stra ted  also by  o thers, th e  en do the lia l cells in  lo g arith m ic  phase  
s tim u la ted  th e  grow th  of sm ooth  m uscle  cells o f th e  sam e species. E n d o th e lia l 
cells of d ifferen t species had in h ib ito ry  or no effect (F ig. 2A). T he sam e w as 
fo u n d  on in te rsp ec ific  co -cu ltiva tion  o f sm ooth  m uscle cells (F ig . 2B). I t  a p ­
p ea red  th a t  th e  pro liferation  s tim u la tin g  effect o f endo thelia l cells is species 
specific  and  no “ cross reaction” o ccu rs.

F igure ЗА show s the  results o b ta in e d  w ith  endo thelia l cells. On co -cu ltiv a ­
tio n  o f sm ooth  m uscle and  en d o th e lia l cells th e  effect observed w as in h ib ito ry . 
T h e  ao rtic  sm o o th  muscle cells o f p ig  origin s tim u la ted , how ever, th e  g row th  
o f endo thelia l cells o f the  same a n d  o f th e  o th e r species te s ted .

Medium

Cells grown at the vial's bottom

Fig. 1. Scheme o f  c o -cu ltiv a tio n  m ethod

Aortic smooth muscle ce_is

Fig. 2. L abelled  th y m id in e  incorporation  in  d iffe re n t ao rtic  sm oo th  m uscle cells a f te r  co­
c u ltiv a tio n  w ith  a o rtic  endothelial o r sm o o th  m uscle cells from  d iffe ren t species
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AORTIC ENDOTHELIAL CELLS 
BOVINE RAT PIG

F ig. 3. L abelled th y m id in e  in co rp o ra tio n  in  d iffe ren t ao rtic  en d o the lia l cells a fte r  co -cu ltiv a ­
tio n  w ith  ao rtic  sm o o th  m uscle or en d o th e lia l cells from  d ifferen t species

E ndo thelia l cells o f d ifferen t species h ad  an  in h ib ito ry  effect on each 
o th e r  w hen co -cu ltiv a ted  (Fig. 3B). T h e  on ly  ex cep tion  w as th e  bovine endo­
th e liu m  which s tim u la te d  rem ark ab ly  th e  p ro life ra tio n  o f pig endo thelium .

Discussion

In  v itro  grow n endo thelia l cells in  th e  ex p o n en tia l phase are know n to  
p ro d u ce  a m itogenic  fa c to r  active on sm oo th  m uscle cells [3]. The sam e w as 
observed  in  our co -cu ltiv a tio n  sy stem  (Fig. 2A) con ta in in g  cells o f th e  sam e 
an im al species (in traspec ific). S light in h ib itio n  or no effect was seen if  in te r ­
specific com binations o f  these cell ty p e s  w ere stu d ied .

Sm ooth m uscle cells of d ifferen t an im al species (Fig. 2B) h ad  no effect 
on each  o th e r w hen  co -cu ltiv a ted , ex cep t fo r som e sligh t in h ib ition  in  3 o f  th e  
com binations s tu d ied .

As regard  th e  effect of sm ooth  m uscle cells on endo thelia l cells, few  d a ta  
are  availab le . S ch u m ach er e t al. [6] iso la ted  from  sm oo th  m uscle cells a su b ­
stance  in h ib ito ry  to  endo thelia l cells. T he in h ib ito ry  effect o f sm ooth  m uscle 
cells on th e  p ro life ra tio n  of endo thelia l cells in  in tra sp ec ific  co -cu ltia tion  e x p e r­
im en ts  w ith  r a t  an d  cal cells m ay  be ex p la in ed  on th e  sam e basis. S m oo th
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m uscle cells o f  th e  pig were, h ow ever, fo u n d  to  stim u la te  con sid erab ly  th e  
g row th  of en d o th e lia l cells com ing from  th e  sam e as well as from  th e  o th e r 
species. In  th is  case th e  existence o f  a non-specific  s tim u lan t m ay  be supposed .

C o-cu ltivation  of endo thelia l cells fro m  th e  sam e and  from  d ifferen t 
species resu lted  in  no  effect and in  in h ib itio n  (in all b u t  one case), resp ec tiv e ly . 
T h e  in h ib ito ry  effect of endo thelia l cells on th e  o th e r en do the lia l or sm oo th  
m uscle cells m a y  be rela ted  to  th e  in h ib ito r  described by  S orgen te  [7]. This 
su b stan ce  was iso la te d  from  cu ltu re d  bov ine  endo thelia l cells.

B o th  th e  l i te ra ry  d a ta  and  th e  p re se n t re su lts  suggest t h a t  th e  eq u ilib ­
riu m  reg u la to ry  in te rac tio n s  of s t im u la to ry  an d  in h ib ito ry  substances p roduced  
b y  one and  th e  sam e cells m ay he  o f considerab le  biological im p o rtan ce . The 
en d o the lia l cells p roduce  in th e ir  lo g a rith m ic  p h ase  and in th e  p h ase  of con­
flu en ce  a sm ooth  m uscle cell s tim u la to ry  an d  an  in h ib ito ry  su b stan ce , resp ec­
tiv e ly  [4]. O pinions on th is find ing  a re , how ever, equivocal [8].

The d iffe ren t s tim u la to ry  a n d  in h ib ito ry  substances m ay  p la y  an  im ­
p o r ta n t  role in  th e  regu la tion  of n eo v ascu la riza tio n  and /o r in  th e  reendo the li- 
z a tio n  of denuded  in tim a i areas. T h e  bov ine  endogenic endo thelia l cell g row th  
in h ib ito r  seems to  be involved in reg u la tio n  o f n eovascu lariza tion  [6, 7].

The co -cu ltiv a tio n  procedure p roposed  b y  us appeared  to  he useful in 
th e  s tu d y  of d ire c t s tim u la to ry  a n d /o r  in h ib ito ry  in te rac tio n s o f d iffe ren t 
hom o and /o r h e terospecific  cells in  v a rio u s  com binations.
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FURTHER STUDIES ON THE INTRAVENOUSLY 
ADMINISTERED FAT ARTERIOSCLEROSIS MODEL

É va  T a k á c s , J udit  H á r s i n g , Szláva  F ü z e s i , H. J e l l in e k

SECOND IN ST IT U T E  OF PATHOLOGY, SEM M ELW EIS U N IV ERSITY  MEDICAL SCHOOL, 
B U D A P E S T , HUNGARY

(R ece iv ed  4 M ay 1986)

30 r a ts  were devided in to  3 ex p erim en ta l groups. These included  8 d ay s o f 
L ipofundin  tre a tm e n t +  8 days re co v e ry  period  (G roup I), 16 days of L ip o fu n d in  t r e a t ­
m en t (G roup  I I ) ,  and 16 days o f  L ipofund in  tre a tm e n t -J- 8 days recovery  p e rio d  
(G roup I I I ) .  A fte r  sacrifice se m i-th in  an d  u l tra - th in  sections p rep ared  from  th e  a o rta  
segm ents w ere  exam ined ligh t a n d  e lec tro n  m icroscopically .

In  a d d itio n  to the  d ev e lo p m en t of a lte ra tio n s  ch arac te ris tic  of th e  L ipofund in - 
m odel, th e  accu m u la tio n  of collagen fib res  w as also observed. A fter 16 days of L ip o fu n ­
d in  tre a tm e n t th e  a ltera tions w ere  m u ch  m ore adv an ced  th a n  a fte r  8-day  tre a tm e n t. 
S u bsequen t m ig ra tio n  of sm ooth  m u sc le  cells th ro u g h  th e  new ly form ed in te rn a l e lastic  
lam ina  was a p p a re n t and led to  th ic k e n in g  of th e  sclero tic  p laque . W hen  th e  16-day 
L ipofundin  t re a tm e n t  was fo llow ed b y  a recovery  period  of 8 days p rio r to  sacrifice, 
no signs of regression  were seen. T h e  a lte ra tio n s  w ere p re sen t in  u n ch an g ed  fo rm  and  
th e  only d ifference was in the  e x te n t  o f accu m u la tio n  of collagen fibres.

Keywords: fibrous p laque, p ro life ra tio n , a rte rio sclero tic  regression, sm o o th  m u s­
cle cell, g h o st body .

Introduction

In  p rev ious p ap ers  [8, 14, 16, 17, 23] we rep o rted  th a t  a f te r  8 -day  t r e a t ­
m e n t w ith  L ipo fund in - S 20%  (B ra u n , M elsungen) ao rtic  sm ooth  m uscle p ro ­
life ra tio n  could be observed in r a t s .  S m ooth  m uscle cell m ig ra tion  th ro u g h  
in te rn a l elastic la m in a  resulted in  accu m u la tio n  of b asem en t m em brane-like  
m a te r ia l follow ed b y  th e  appearance  o f  elastic  granules an d  elastic  m em b ran e ­
like s tru c tu res  in  th e  subendo thelia l space.

In  these s tu d ies  i t  was also sh o w n  th a t  th e  p a tte rn  of v ascu la r a lte ra tio n s  
in  th e  m odel was m u ch  closer to  t h a t  seen in  hum an  atherosclerosis th a n  a fte r  
cholesterol feed ing  [1, 2, 6, 7, 13, 15, 25, 26, 30, 31]. The ad v an tag e  and  sign if­
icance  of L ip o fu n d in -trea tm en t lies in  th e  fa c t th a t  responses ap p ea r rap id ly  
a n d  sclerotic changes can be o bserved  as soon as 8 days a fte r  t re a tm e n t.

In  the  p re se n t stu d y  we h a v e  in v es tig a ted  th e  L ipo fund in -induced  
changes a fte r a p ro longed  period o f  tre a tm e n t, an d  fu ith e r , how  th e  well- 
know n  histo log ical p ic tu re  was m o d ified  by  a 8-day  recovery  period  elapsing  
from  th e  end of th e  short-term  o r long -te rm  L ipofund in  tre a tm e n ts  u n til  
sacrifice.

Send o ffp rin t re q u e s ts  to : É va T ak á cs  Ü llő i ú t  93, 1091 B u d ap es t, H u n g a ry
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Materials and methods

L ipofundin-S  (2 0 % ) (B ra u n , M elsungen) is a  soy-bean  oil e x tra c t stab ilized  to  a p a rtic le  
size o f 1 |Um (chylom icron size), used  for p a re n te ra l  n u tr it io n . L ipofundin-S  was ad m in istered  
in tra v en o u s ly  (i.v.) in  a  dose  of 1 ml/100 g b o d y w eigh t/2  m in , tw o tim es da ily  over a period  
o f 8 d ays. Food and w a te r  w ere p rov ided  ad  lib itu m .

30 W ista r m ale r a ts  w ith  180 — 200 g b o d y w eig h t were d iv ided  in to  3 groups:
Group I. L ip o fu n d in  tre a tm e n t for 8 days follow ed by  a recovery  period  of 8 days u n til 

sacrifice  (10 ra ts )
Group I I .  L ip o fu n d in  tre a tm e n t for 16 d ay s a n d  sacrifice (10 ra ts )
Group I I I .  L ip o fu n d in  tre a tm e n t for 16 d ay s follow ed b y  a recovery  period  o f 8 days 

u n til  sacrifice (10 ra ts).
B efore sacrifice th e  an im als were an ae sth e tize d  w ith  p e n to th a l-N a  and  th e  a o rta  was 

p re p are d . Segm ents o f th e  th o rac ic  and ab d o m in a l a o r ta  a b o u t 2 — 3 m m  long w ere f ix ed  in 
4 .5 %  g lu ta ra ld eh y d e  in  0.1 M ph o sp h a te  buffer (p H  7.2) fo r 2 h. A fter w ashing, th e  specim ens 
w ere p o stfix ed  in  1%  O s 0 4 so lu tio n  for 2 h, th e n  follow ing re p ea te d  w ashing th ey  w ere d eh y ­
d ra te d  in  an  ascending a lcohols series and  em bed d ed  in  D u rcu p an  ACM. S em i-th in  sections were 
s ta in e d  w ith  m ethy lene  b lu e -azu re  I I  and  basic  fuchsin . U ltra - th in  sections were c o n tra s ted  
w ith  u ra n y l ace ta te  an d  lead  c itra te  and exam ined  in  a JE M  100 В electron  m icroscope.

Results

In  the  sem i-th in  sections a m u ltilay e r th ick en in g  of th e  in tim a  was oc­
casionally  observed  o v er th e  in te rn a l e lastic  lam in a . In  som e areas over th e  
n ove l cell lay er an d  en d o th e liu m , th in  elastic  fib res appeared  in  foci w hereas in  
o th e r  zones th ey  w ere con fluen t.

Electron microscopic fin d in g s

Group I . A ortic  p rep ara tio n s  of ra ts  su b jec ted  to  8-day  L ipofundin  t r e a t ­
m en t followed b y  8 -d a y  recovery  period  p rio r to  sacrifice, ex h ib ited  a lte ra tio n s  
as pub lished  earlie r [14, 16, 17]. In  th e  o rig inal en larged  su b endo the lia l space 
a ro u n d  the  im m ig ra te d  sm ooth  m uscle cells e lastic  granules an d  developing 
e lastic  fib res a p p ea red . In  the  new  su b en d o th e lia l space fo rm ed  betw een  th e  
p a r ts  o f th e  “ n ew ”  e lastic  lam ina  an d  en d o th e lia l cells, g ran u la r b asem en t 
m em brane-like m a te r ia l  and  details o f fu r th e r  m ig ra ting  sm ooth  m uscle cells 
w ere seen. S m ooth  m uscle  cell processes w ere occasionally  observed even w ith in  
th e  cleft betw een  th e  new  elastic lam in a . T here  was an a p p a re n t accum ula tion  
o f  collagen fib res , a n d  some of th e m  w ere in  close co n ta c t w ith  th e  elastic  
lam in a  (Fig. 1).

Group I I .  A o rtic  specim ens of ra ts  k illed  im m ed ia te ly  a fte r 16-day L ipo ­
fu n d in  tre a tm e n t e x h ib ite d  the  follow ing e lectron  m icroscopic a lte ra tio n s . In  
th e  en larged space b e tw een  the  “ o ld”  in te rn a l elastic  lam in a  an d  th e  e n d o th e ­
lium , num erous sm o o th  muscle cells an d  elastic  granules appeared  w ith  occur­
rence of ligh t, m a tu re  elastic  lam ina . The “ new ”  su b endo the lia l space betw een  
th e  new  elastic la m in a  and  en d o the lium  w as en larged  an d  co n ta ined  g ran u la r 
b asem en t m em brane-like  m ateria l. A few  im m ig ra ted  sm ooth  m uscle cells, or 
sm oo th  m uscle cell processes ju s t  p e n e tra tin g  th e  new  elastic  s tro m a w ere also
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Fig. 1. E lec tro n  m icrograph  p rep ared  from  r a t  su b jec ted  to  8-day L ipofund in  tre a tm e n t and  
8-day  recovery  period  prior to  sacrifice. U nder th e  e n d o th e liu m  (E) in th e  subend o th e lia l space 
th e  accu m u la tio n  of b asem en t m em brane-like  m a te ria l (BM ) and details of sm o o th  m uscle 
cells (SMC) are seen. T he form er in te rn a l e lastic  lam in a  is n o t p resen t. T he e lastic  lam ina  
(E L ) fo rm ed  from  th e  e lastic  g ranules (EG ) seem ed to  be m atu re  on th e  basis o f loss of th e ir  
sta in in g  a ffin ity . W ith in  th e  cleft betw een  th e  e lastic  lam in a  new sm ooth  m uscle cell (SMCj) 
processes p e n e tra te  in to  th e  su b en do thelia l space. N u m ero u s collagen fib res (Co) are p re sen t 
fo rm ing  close c o n ta c t w ith  th e  e lastic  fibres. SMC2 =  p rocess o f an im m ig ra ted  sm o o th  m uscle 
cell resid ing  over th e  elastica. Som e sm ooth  m uscle cells d isp lay  signs o f degeneration . L =

lum en

seen (F ig . 2). T he s tru c tu re  of these  sm oo th  m uscle cells was p reserved , in  th e  
g ra n u la r  su b stan ce  th e re  was a p p a re n t accu m u la tio n  of collagen fib res (F ig. 3), 
m o reo v er u n d er th e  en do the lia l cell lay e r in  close co n tac t w ith  i t ,  pale , n o t 
id en tif iab le  cells w ere p resen t (Fig. 3) w hich  w ere believed to  be y o ung  cells 
on th e  basis o f th e ir  s tru c tu re . Some o f th e  sm o o th  m uscle cells m ig ra tin g  in to  
th e  suben d o th e lia l space show ed signs o f d egenera tion  (Fig. 4) an d  w here an  
a b u n d an ce  of collagen fib res was ap p a re n t. In  th e  subendo thelia l space am ong 
th e  sm oo th  m uscle cells, e lastic  g ranu les an d  m a tu rin g  elastic  fib re s  also a 
m ig ra tio n  o f sm o o th  m uscle cells was read ily  seen (Figs 4 and  5). T h e ir p rocess­
es in  th e  su b en d o th e lia l space estab lished  a close c o n ta c t w ith  th e  en d o th e lia l 
cells (F ig . 6). T he progression  o f even ts w as in d ic a te d  b y  the  ap p earan ce  of 
new ly  fo rm ed  elastic  granules a ro u n d  th e  sm oo th  m uscle cells m ig ra tin g  to w ard  
th e  su rface betw een  th e  elastic  lam ina  fo rm ed  over th e  in te rn a l e lastic  lam in a  
(Figs 5 and  7).
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F ig. 2. E lec tro n  m ic ro g rap h  prepared  from  r a t  k illed  a fte r 16 days of L ipofundin  tre a tm e n t. 
B etw een  th e  en d o th e lia l cells (E ) and th e  in te rn a l e lastic  lam in a  (IE L ) sm ooth  m uscle cells 
(SM C), e lastic  g ranu les (E G ) and new ly fo rm ed , m a tu re  e lastic  lam ina  (E L ) are  p resen t. 
T h ro u g h  these  lam in a  sm o o th  m uscle cell processes p e n e tra te  in to  th e  su b en do thelia l space, 
w hich  shows signs o f s lig h t congestion (G B ). Sm ooth  m uscle cells (OSMC) are also seen in  
th e  su b en d o th eliu m . A m ark ed  accu m u la tio n  of b asem en t m em brane  (BM) an d  fo rm atio n  

o f collagen fib res (Co) a re  ap p a re n t. L =  lum en

Group I I I .  E lec tro n  m icroscopic find ings in  ao rtic  p rep a ra tio n s  of ra ts  
k illed  a fte r  16 day s o f L ipofundin  t r e a tm e n t 8 days of recovery  perio d  were 
as follow. In  th e  en larged  area c o n ta in in g  elastic  lam ina-like s tru c tu re s  over 
th e  elastic  fib res , cells appeared  w ith  accu m u la tio n  of g ran u la r su b stan ce . In  
th e  lay e r betw een  th e  endo thelium  an d  th e  in te rn a l elastic lam ina , th e  h eav y  
s ta in in g  of a few  sm oo th  muscle cells w as p ro m in en t, ind ica tin g  signs o f os- 
m iophilic  d eg en era tio n  and th e  p resence  of num ero u s m atu re  collagen fib res 
w as a p p a re n t (F ig. 8). In  a few specim ens th e  n u m b er of W eibel-P alade  bodies 
an  th e  en do the lia l cells was enhanced .

Discussion

The pu rpose  o f th e  p resen t s tu d y  was to  describe and  ch arac te rize  th e  
a lte ra tio n s  developed  a fte r L ipo fund in  ad m in is tra tio n  to  ra ts  by  v a ry in g  th e  
period  of t re a tm e n t an d  including a reco v ery  period  of 8 days before sacrifice. 
I t  ap p eared  th a t  inclusion of a 8 -d ay  reco v ery  period  following 8 -d ay  L ipo­
fu n d in  tre a tm e n t (G roup I) resu lted  in  a h isto log ical p ic tu re  w hich w as sim ilar 
to  th a t  observed  in  th e  L ipofund in -m odel w ith  s ta n d a rd  protocol ex cep t th a t
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Fig. 3. E lec tro n  m ic ro g rap h  p re p are d  from  r a t  t r e a te d  w ith  L ipofund in  for 16 days. B etw een  
th e  en d o the lia l cell (E ) an d  in te rn a l elastic lam in a  ( IE L )  sm oo th  m uscle cells (SMC) a p p ea r 
w ith  elastic  g ranu les (E G ) a n d  early  elastic fib res  (E L ) a ro u n d  them . T he new ly form ed suben- 
do thelial space is en larged , co n ta in in g  b asem en t m em brane-like  m ate ria l (BM ), processes o f 
two ligh t, u n id en tif ied  cells (C 15 C.,) and num ero u s collagen fib res (Co) w hich are in  close 

c o n ta c t w ith  th e  elastic fib res. L =  lum en of th e  vessel

th e  accu m u la tio n  of collagen  fibres w as m ore enhanced . Once th e  L ipofund in - 
induced  a lte ra tio n s  h a d  developed no signs o f regression w ere seen.

E lec tro n  m icroscopic exam ination  o f a o rtic  specim ens of ra ts  killed a fte r  
16 days of L ipo fund in  tre a tm e n t (G roup I I )  revea led  th a t  th e  elastic  g ranu les 
were in  a m ore m a tu re  s ta te  th a n  in  ra ts  sacrificed  a fte r  8 days tre a tm e n t 
- f  8 days o f recovery  p e rio d  (Group I), as co m p ared  to  find ings in ra ts  tre a te d  
according to  th e  s ta n d a rd  protocol. A ortic  p re p a ra tio n s  o f ra ts  in  G roup I I  
showed an  early  fo rm a tio n  o f elastic lam ellae . In  te rm s o f fu nc tion  and  s tru c ­
tu re  these  lam ellae re sem b led  the  in te rn a l e lastic  lam in a ; th e y  were lig h t in  
colour, th o u g h  th e ir  s to m a ta  sm ooth  m uscle cell processes h a d  p e n e tra te d  from  
the  fo rm er su b en d o th e liu m  in to  the new  su b en d o th e lia l space w here th ey  w ere 
su rrounded  by  a g rea t a m o u n t of g ran u la r, b asem en t m em brane-like m a te ria l.
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F ig . 4. In  th e  su b en d o th e lia l space fo rm ed a fte r  16 d ay s of L ipofundin  tre a tm e n t, am ong  th e  
sm o o th  m uscle cells (SMC) im m ig ra ted  be tw een  th e  endo the lia l cell (E ) and  in te rn a l e lastic  
lam in a  (IE L ), th e  fo rm atio n  of e lastic  g ranu les (E G ) an d  new  e lastic  lam in a  (E L ) is a p p a re n t. 
B etw een  th e  new  e lastic  lam in a  in  th e  su b en d o th e lia l space, processes (P r) o f new  sm o o th  
m uscle cells are seen, som e of th em  being ed em ato u s exh ib iting  ghost-body-like  (G B ) fo rm ­
atio n s. N ote also th e  p resence  of a d eg enerated  sm o o th  m uscle cell (OsMC) in  th e  su b en d o th e lia l

space. In  th e  new enlarged su b en d o th e lia l space basem en t m em brane  (BM) an d  
collagen fib res (Co) are  accum ulated

T he abundace  o f collagen fib res w as n o te w o rth y . Sm ooth  m uscle cell processes 
m ig ra tin g  th ro u g h  th e  new  elastic  lam ellae occasionally  becam e pale an il d e ­
ta c h e d  (ghost body) (F ig. 8). In  som e areas these  processes estab lished  c o n ta c t 
w ith  th e  en d o th e lia l cells as described  b y  Cavallero e t al. [4].

In  the  an im al p rep a ra tio n s  in  G roup  I I  i t  was also a p p a re n t th a t  c e rta in  
sm o o th  m uscle cells w hich m ig ra ted  in to  th e  subendo the lium , d isp layed  signs 
o f  degeneration . T hus, a lte ra tio n s  in d u ced  b y  16-day L ipofund in  t r e a tm e n t  
w ere m ore p ro m in en t th a n  a fte r  8 days o f tre a tm e n t;  th e  fo rm atio n  of th e  new' 
e lastic  lam ina-like  s tru c tu re s  wras m ore ad v an ced , w hereas th e  lam in a  se rv ing  
as harrie rs  to  th e  new  sm ooth  m uscle cell p ro lifera tion  show ed th e  c h a ra c te r is ­
t ic  tran sm ig ra tio n  p a tte rn  o f sm oo th  m uscle cells. The accu m u la tio n  o f  col­
lagen  fib res in  tu rn  appeared  to  in d ica te  th e  progression and  ageing o f  th e  
process.

A lte ra tio n s th a t  developed in  ra ts  tre a te d  w ith  L ipofund in  for 16 d ays 
an d  th en  su b jec ted  to  a 8-day  recovery  period  (G roup I I I )  w ere essen tia lly  
th e  sam e as a fte r  16 days of tre a tm e n t. S m oo th  m uscle cells h ad  m ig ra ted  in to  
th e  suben d o th e lia l space and  w ere su rro u n d ed  by  g ran u la r su b stan ce . The 
accum ulation  o f collagen fib res w as even  m ore a p p a re n t and  th e ir  c o n ta c t
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F ig. 5. In  the  en larged  aortic  subend o th e lia l space of a ra t  su b jec ted  to 16 d ay s o f L ipofundin  
t re a tm e n t, betw een th e  endothelia l cell (E ) and  in te rn a l e lastic  lam in a  (IE L )  th e re  are n u ­
m erous sm ooth  m uscle cells (SMC), e lastic  g ranules (EG ) and new ly form ed e lastic  lam ina 
(E L ). In  th e  new  suben d o th e lia l space b asem en t m em brane-like m ate ria l (BM ) is accum ula ted . 
A d e ta il of an ed em ato u s sm ooth m uscle cell (OSMC) and ghost bod y  (G B ) fo rm atio n  is seen. 
Sm ooth  m uscle cells resid ing  in  th e  suben d o th e lia l space send o u t new processes (P r)  th ro u g h  

th e  new elastic lam inae  tow ard  th e  new su b endo thelium .
L =  lum en

Fig. 6. E n la rg em en t o f th e  fram ed area  in Fig. 5. T he endothelia l cell (E ) and  th e  new ly form ed 
elastic  lam ina  (E L ) can  well be recognized. The m icrofibrils ( —) being in co rp o ra ted  in to  
th e  E L  sta in  read ily . T h ro u g h  the  new e lastic  lam ina  sm ooth  m uscle cells (SMC) send o u t 
processes (P r) in to  th e  su b endo thelia l space, som e of th em  are ed em ato u s w ith  signs of ghost 
ljody (G B ) fo rm ation . T he o th er sm ooth  m uscle cell process form s an  a p p a re n t ju n c tio n  (Ju )  
w ith  th e  endothelia l cell. The presence of num erous collagen fib res (Co) is ev id en t. BM =  

accu m u la ted  basem en t m em brane-like  m ate ria l; L =  lum en
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Fig. 7. Area of Fig. 5 fram e d  by  d o tte d  line. A round  th e  sm o o th  m uscle cell process (SMC) 
se n t o u t th rough  the  old e lastic  granules (E G j) and e lastic  lam ina  (E L ), new ly form ed elastic 
g ran u les  (E G 2) appear. In  a d d itio n  to  th e  accum ula tion  of b asem en t m em brane-like  m ateria l 

(BM) there are n u m ero u s  collagen fib res (Co). E en d o th e lia l cell; L =  lum en

F ig . 8. A ortic p re p a ra tio n  of r a t  su b jected  to  16 days o f L ip ofund in  tre a tm e n t and a recovery  
period  of 8 days p rio r to  sacrifice. A sm oo th  m uscle cell (SM Cj) had  m ig ra ted  in to  th e  new 
subendo thelia l space th ro u g h  th e  new ly form ed m atu re  e lastic  fib res  (E L ) of the  enlarged 
subendo thelial space. U n d e r  the  en d o th e lia l cell (E ) b asem en t m em brane-like  m ateria l (BM) 
h a d  accum ulated . B etw een th e  en d o th e lia l cell and th e  b asem en t m em b ran e  th e  de ta il o f an 
im m ig ra ted  sm ooth m uscle cell appears. F o rm atio n  of new elastic  g ranu les (E G ) is seen. Sm ooth 
m uscle cells (SMC) of p rev ious p ro life ra tions reside on th e  in te rn a l e lastic  lam ina  (IE L ).

T here  is a m arked  accum ula tion  of collagen fib res (Co). L =  
lum en
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w ith  th e  elastic  fib res w as occasionally  m ore in ten se . T hus these find ings in d i­
cate  th a t  th e  process h ad  progressed u n til  a ce rta in  tim e, b u t as soon as th e  
stim ulus for p ro life ra tio n  was w ith d raw n  no fu r th e r  progression occurred . T he 
presence of lip id  d ro p le ts  in  some en d o th e lia l cells also su p p o rted  th e  o ccu r­
rence of d egenera tion  as described in v a rio u s form s of p ro lifera tion  [3, 4, 5, 6, 
8, 9, 10, 11, 12, 13, 14, 16, 18, 19, 20, 21, 22, 27, 28, 29, 30, 31].

On th e  basis o f th e  above find ings, i t  is concluded  th a t  the  v a scu la r a l te r ­
ations in d u ced  by  L ipofundin  t re a tm e n t w ere m ore advanced  an d  severe 
w ith  tim e . T hus th e y  p rov ide  evidence fo r th e  ao rtic  sclerosis and  a rte rio sc le ro ­
sis-inducing p o te n tia l o f the  L ipofundin-m odel. R easons favouring  th e  use of 
th is m odel are its  cheapness and  th e  sh o rt d u ra tio n  o f tre a tm e n t.
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LARGE CELL DYSPLASIA OF HEPATOCYTES, 
IS IT A PREMALIGNANT CONDITION?

L. K ovács , G. E l e k

H UNGARIAN RA ILW A Y  HOSPITAL, BUDAPEST, HUNGARY 

(R eceived  10 D ecem ber 1985)

In c id en ce  and  ch arac te r  o f large  cell dysp lasia  (LC D ) of liver were exam ined  by 
h isto logical, s ta tis t ic a l  and  m o rp h o m etric  m ethods in  an  aged M iddle E u ro p ea n  p o p u ­
la tio n . T he necro p sy  m ate ria l o f 487 p a tie n ts  w ith  m ic ro n o d u lar cirrhosis an d  cirrhosis 
w ith  p r im a ry  liv e r tu m o u r w as stu d ied . In  ad d itio n , 50 p rim a ry  tu m o u rs developed  in 
non-c irrh o tic  livers, 34 m e ta s ta tic  tu m o u rs and 90 no rm al livers were ex am ined . A c­
cording to  th e  find ings, LCD o ften  developed in aged p a tie n ts . The h igh occurrence is 
p re su m ab ly  due  to  th e  h igh  age. T he freq u en cy  of LCD w as s ign ifican tly  h igher in 
active  th a n  in  in ac tiv e  cirrhosis. LCD could m o stly  be  fo u n d  a round  m e ta s ta tic  t u ­
m ours, especially  those  w ith  large , destru c tiv e  foci. Sex differences occurred  in  a  p a r t  of 
cases b u t  an  age dependence cou ld  n o t be d em o n s tra ted , N orm al an d  d y sp lastic  cells 
did n o t d iffer s ign ifican tly  in  m o st m o rphom etric  p a ram e te rs  h u t  th ere  w as a sign ifican t 
difference be tw een  tu m o ro u s an d  n o rm al or d y sp lastic  p a ram ete rs .

T he d a ta  suggested  th a t  LCD is a secondary , re ac tiv e  phenom enon occurring  in  
various p a th o lo g ica l processes.
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Introduction

L arge cell dysp lasia  (LCD) as a p rem alig n an t cond ition  w as described  b y  
A n th o n y  e t al [2] am ong young U g an d an  p a tie n ts  suffering  from  m acro n o d u la r 
c irrhosis and  p r im a ry  liver tu m o u r. T he p resen t w ork  analyses th e  occurrence 
o f LCD in ac tiv e  an d  inac tive  m icronodu lar c irrhosis, cirrhosis and  h e p a to ­
cellu lar carc inom a, p rim a ry  carc inom a of th e  liver as well as m e ta s ta tic  t u ­
m ours.

Materials and methods

H isto log ical sec tio n  ob ta in ed  fro m  au to p sy  of 667 p a tie n ts  a d m itte d  be tw een  1963 — 
1985 to  ou r h o sp ita l w ere exam ined: 487 p a tie n ts  died w ith  m ic ro n o d u la r cirrhosis an d  p rim a ry  
liv e r tu m o u r.

L iv er specim ens w ere fixed  in  4 %  n e u tra l form ol, em bed d ed  in  paraffin . 5 // sections 
w ere c u t and  s ta in e d  w ith  h aem alaun-eosin , P ru ssian  b lue, basic  fuchsin  fo r H B sA g, M as­
son an d  p icrosiriu s-red . T he te rm  m ic ro n o d u lar cirrhosis w as u sed  if  th e  d iam ete r o f nodules 
w as less th a n  3 m m , i t  w as easily  m easu rab le  on p icrosirius s ta in e d  p rep ara tio n s . A s to  th e  
a c t iv ity  o f cirrhosis, th e  presence of p iecem eal necrosis, in te n siv e  ly m p h o tic , p lasm o cy tic  in-
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f i l t r a tio n , w ast connective tis su e  fram ew o rk , bile d u c t p ro litfe ra tio n  were th e  signs of active 
c irrhosis . In  inac tive  cirrhosis th ese  signs were m uch less rem ark ab le .

W e took in to  co n sid e ra tio n  th e  e n tity  of s tea to c irrh o sis  w idely  used  earlie r in G erm an 
l i te ra tu re  [9], which we reg ard  as an early  phasis of alcoholic  cirrhosis, develop ing  in alcoholic 
f a t ty  livers. The num ber o f p r im a ry  tum o u rs developed in  n o n -c irrh o tic  livers was 50. Me­
ta s ta t ic  liv e r tum ours were a n a ly se d  in  34 cases.

In  th is  way the  liver tu m o u rs  w ere subdiv ided  in to  th ree  groups: a) p r im a ry  liver tu ­
m o u r developed on the  g ro u n d  o f m icronodu lar c irrhosis, b) p rim ary  liver tu m o u r w ith o u t 
c irrh o sis , c) m eta sta tic  liver tu m o u r. In  th e  con tro l g roup  90 norm al o rgans w ith o u t liver 
d isease  w ere investigated .

F o r  m orphom etric  a n a ly s is , 30 cases were stu d ied  includ ing  10 cases o f  h epatoce llu lar 
c a rc in o m a  and 10 cases o f liv e r cell dysplasia. Ten h isto log ically  n o rm al livers were used as 
co n tro ls . In  the  H E  sta in ed  sec tio n s 20 to 50 rep re se n ta tiv e  fields were selected  and tw o to 
th re e  p h o to g rap h s were m ade o f th ese  areas (final m ag n ifica tion  a p p ro x im ate ly  X2500). The 
cells, th e ir  nuclei and nucleoli h a v in g  clear con tours on th e  p h o to g rap h s w ere traced . E ach  
g roup  of ch rom atin  exceeding an  a rea  o f 1 //m2 w ith  a hom ogeneous d en sity  and  m ore or less 
re g u la r  co n to u r was considered  to  be a nucleolus. 100 cells from  each  group (no rm al, dysplasia 
an d  carc inom a) were ran d o m ly  se lec ted  and th e ir  co n to u r, nuclei and nucleoli w ere num bered 
to  m ak e  th em  identifiable .

M easurem ents were done  on  a H P  dig itizing  p ad  of a H ew le tt — P a c k a rd  9830 m icro­
c o m p u te r. The pho tographs w ere a ffixed  to the  ta b le t  o f th e  d ig itizing  p ad  an d  boundaries 
o f cross sectioned cy top lasm , nucle i and nucleoli w ere trac ed  by  th e  cu rsor of th e  device. 
T he tw o  dim ensional in fo rm a tio n  e n te red  the  co m p u te r in th e  form  of X  an d  Y coordinates. 
F ro m  th e  coordinates of th e  c o n to u r  th e  com puter ca lcu la ted  and  p rin ted  o u t th e  cytop lasm ic, 
n u c le a r  and  nucleolar area , p e rim e te rs  and  X —Y coo rd in a tes  o f cen tres o f g rav ity . (F o r com ­
p u te r  facilities and program s we are  in d eb ted  to B. T u rcsán y i, C entra l R esearch  In s t i tu te  of 
C h em istry , H ungarian  A cadem y of Sciences, B udapest).

C ytoplasm  to nucleus ra tio ;  nucleolar, nu c lear and  cy top lasm ic  co n to u r index ; the 
re la tiv e  nuclear and nucleo lar e x ce n tr ic ity  and th e ir  s ta n d a rd  dev ia tions w ere calcu la ted  by  
h a n d  m icrocalculator. The c o n to u r  in d ex  is a size in d ep e n d en t shape in d ex  defined  as peri- 
m e te r/sq u a re  roo t of the  area . I t s  m in im um  value is 3.54 an d  is a p e rfec t circle [10]. T he re la tive  
e x c e n tr ic ity  is the  d istance b e tw een  th e  cen tres of g ra v ity  o f a sm all a rea  in  a la rg e r area  d iv id ­
ed  b y  th e  square roo t o f th e  la rg e r a rea  in  o rder to  m ake  i t  a size in d ep e n d en t p a ram ete r 
fo r th e  sm all area [18, 19]. F o r  ex am p le , the  re la tiv e  ex cen tric ity  o f th e  nucleus is th e  d istance 
b e tw een  th e  centres of g ra v ity  o f cy top lasm  and nucleus d iv ided  by  th e  sq u are  ro o t o f the  
cy to p la sm ic  area. A zero e x c e n tr ic ity  denotes a p e rfec tly  c en tra l nucleus o r nucleolus, while 
one o f a lm ost 0.5 denotes a m arg in a l nucleus or nucleolus.

F o r calculation  of sign ificance , S tu d e n t’s t te s t  (a lgo rithm s 11 an d  12) w ere used  [14].

Occurrence
Results

T able I d em o n stra te s  liv e r diseases and  th e  p revalence of LCD found  by  
us. A m ong 369 m ic ro n o d u la r cirrhosis case 152 LCD (41% ) w ere found .

Table I

Large cell dysplasia  (LC D ) in  different changes o f the liver

Diseases No. of cases No. o f dysplasia Per cent

Cirrhosis 369 152 41
Cirrhosis and  p r im a ry  

liver tu m o u r 118 65 55
P rim ary  tu m o u r w ith o u t 

cirrhosis 50 15 30
M etastatic  tu m o u r 34 15 44
Norm al 90 7 8
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Fig. 1. L arge cell d y sp lasia  in  liver 2 5 x 3 .2

118 cirrhosis and  tu m o u rs  w ere found  to g e th e r. In th is group th e  n u m b er 
o f dy sp lastic  cases was 65 (55% ), s ig n ifican tly  h igher th a n  in  th e  prev ious 
group  (p <  0.001, Fig. 1). P rim a ry  tu m o u r  developed  in  50 non-c irrho tic  livers. 
The occurrence o f  LCD was 15 (30% ). A m ong 34 m e ta s ta tic  liver tu m o u rs  
15 w ere asso c ia ted  w ith  LCD (44% ). In  90 livers show ing no signs of p rim a ry  
disease LCD occu rred  in 7 cases (8% ).

Aetiology

H B sA g p o s itiv ity  was found  in  5 %  of cases (24 p a tien ts). I t  ap p eared  
in d ifferen t g roups and  there  was no co rre la tio n  betw een it and th e  m a lig n an t 
tra n sfo rm a tio n . M allory bodies w ere found  in 14%  of c irrho tic  livers. H igh 
alcohol co n su m p tio n  (over 100 g a lcohol/day) was observed in 61%  o f cases. 
In  34%  th e  e x a c t aetio logy  was n o t  d e tec tab le .

A ctiv ity  o f  cirrhosis

T able I I .  show s th e  frequency  o f LCD in  ac tiv e  and  in ac tiv e  m icronodu lar 
cirrhosis.

S ig n ifican tly  m ore LCD occurs in  ac tive  cirrhosis (51% ) th a n  in  th e  
in ac tiv e  form  (31% , p <  0.001). In  s tea to c irrh o sis  the  ac tive  and  in ac tiv e
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Table II

X C D  in  active and inactive cirrhosis

Diseases No. of cases No. of dysplasia P er cent

Active cirrhosis 159 81 51
Inactive  c irrhosis 120 37 31
Steatocirrhosis

active 33 10 30
inactive 57 6 11

Cirrhosis and  tu m o u r
active 66 44 67
inac tive 52 22 42

fo rm s are less d is tin c t en titie s  b u t  d ifferences could be recognized even in  th is  
g roup .

I f  p rim ary  tu m o u rs  developed on th e  g round  of ac tiv e  m icro n o d u lar 
c irrhosis, th e  occu rrence  o f LCD w as th e  h ig h es t (67% ). I f  LCD ap p ea red  on 
th e  basis of in ac tiv e  c irrhosis, LCD was s ig n ifican tly  low er (42% , p <  0.001). 
T he d a ta  on LCD w ere in  increasing  inc idence: n o rm al liver 7 % , in ac tiv e  s tea to - 
cirrhosis 11% , ac tiv e  s tea tocirrhosis  3 0 % , in ac tiv e  cirrhosis 31% , in ac tiv e  
cirrhosis % p rim a ry  tu m o u r  42% , ac tiv e  c irrhosis 5 1 % , ac tive  cirrhosis an d  
p rim a ry  tu m o u r 6 7 % .

Histological type o f  tum ours

Am ong 44 h ep a to ce llu la r  tu m o u rs  observed  in  n on -c irrho tic  livers 15 
LCD were found (3 4 % , Table I I I ) .  T here  w as no LCD around  th e  6 cholan- 
giocellu lar carc inom as. A m ong 34 m e ta s ta tic  tu m o u rs  th e re  were 26 carc ino ­
m as; in th is  g roup  we fo u n d  LCD in 15 cases (58% ).

M alignant H o d g k in  and  non-H odgkin  lym phom as were id en tified  in 8 
cases; a round  th e se  ly m p h o m as th ere  w as no sign o f LCD.

Table III

D istribu tion  o f  LCD among prim a ry  and metastatic liver tumours

Diseases No of cases No of dysplasia Per cent

P rim ary  liv e r  tum ours 
w ith o u t cirrhosis 44 15 34
h ep ato ce llu la r carcinom a 

C holangiocellular 
carc inom a 6 0 0

M etas ta tic  tu m o u rs 
carcinom as 26 15 58

L ym phom as 8 0 0
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Sex d istribu tion

In  o u r  series th ere  w ere 330 m ale an d  137 fem ale p a tie n ts , th e  ra tio  w as 
2.1 : 1. In  th e  subgroups we found  th e  follow ing m ale-fem ale ra tio s : sim ple 
cirrhosis 1.92 : 1, s tea toc irrhosis  1.52 : 1, ac tive  cirrhosis w ith  tu m o u r 4.58 : 1,

Table IV

Sex distribution o f  LCD in pathological conditions o f  liver

Diseases No. Male
Occurrence of 
LCD, per cent Female Occurrence of 

LCD, per cent

Cirrhosis 369 235 134
w ithou t LCD 235 144 91 32
w ith  LCD 134 91 39 43

Cirrhosis -f- p rim a ry  liver cancer 118 95 23
w ith o u t LCD 52 38 14 39
w ith  LCD 6 6 57 60 9

T otal 487 330 157
w ithou t LCD 287 182 105 33
w ith  LCD 200 148 45 52

in ac tiv e  c irrhosis  w ith  tu m o u r  3.63 : 1. The sex d is tr ib u tio n  was sig n ifican tly  
d ifferen t in  th e  above subgroups (p <  0.05).

The occurrence  of LCD in  m ale and  fem ale su b jec ts  w as d ifferen t in  th e  
subgroups. T ak in g  in to  co nsidera tion  all th e  c irrh o tic  as w ell as c irrh o tic  -(- 
p rim ary  tu m o u ro u s  cases i t  ap p eared  th a t  in  m ales LCD ap p ea red  s ig n ifican tly  
m ore often  th a n  in  w om en (p <  0.05). In  th e  cases w ith  cirrhosis b y  i tse lf  
LCD ap p ea red  n ea rly  in  th e  sam e p ercen tage  in  b o th  sexes, th e  difference being  
in sig n ifican t (T able IY). In  th e  group of p rim a ry  liv er tu m o u rs  developed on 
th e  basis o f cirrhosis th e  occurrence of LCD w as s ig n ifican tly  m ore freq u en t 
am ong m ales th a n  in fem ales (p <  0.01).

Age

T able Y  show s th a t  m ean  age for m ales w as 62.5 y ea rs , for fem ales 70.2 
years. W e co m p ared  th e  age o f d y sp lastic  a n d  n o n -d y sp las tic  cases of b o th  
sexes. The s c a tte r  o f ages being  h igh , significance w as ca lcu la ted  in  each group . 
In  th e  g roup  o f m ales a sig n ifican t difference was fo u n d  on ly  fo r sim ple in ac tiv e  
cirrhosis (p <  0.05). In  th e  fem ales a s ign ifican t age d ifference was found  in  
b o th  ac tive  an d  in ac tiv e  m icronodu lar cirrhosis in  reg a rd  of LCD. In  th e  o th e r 
groups w ith  b o th  sexes, th e re  w as no s ign ifican t d ifference betw een  th e  age of 
dysp lastic  a n d  n o n -dysp lastic  cases.
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Tabic V

Age distribution o f  LC D  in  liver diseases

Sex

Male Female

Diseases W ith W ithout W ith W ithout

dyspljisia dyspliasia

Y ear +  SD Y ear + SD Y ear+ S D Y ear +  SD

A ctive  cirrhosis 62 и 62 12 71* 12 62 13
In a c tiv e  cirrhosis 71* 12 65 11 70* 10 66 15
Steatocirrhosis

active 61 11 51 11 75 3 66 12
inac tive 57 19 59 12 76 17 62 11

C irrhosis and tum our, active 64 10 63 9 68 11 69 9
C irrhosis and tum our, inac tive 65 9 68 8 87 1 73 16
P rim ary  liver tum our w ith o u t 

cirrhosis 60 15 68 13 70 6 70 11
M etas ta tic  liver tum our 64 10 55 13 73 10 68 14
N orm al 73 7 64 13 72 11 73 12

* =  sign ifican t

H istochemical observations

The P russian  b lue  m eth o d  rev ea led  th a t  large d y sp la s tic  cells nearly  
a lw ays con ta ined  m ore or less h aem osiderin . H B sA g was observed  only  in  
5 1 %  o f th e  observed  m ic ro n o d u la r cirrhosis cases. M allory bodies occurred  of­
te n , in  14%  of th e  c irrh o tic  cases.

M orphom etry

The m ean area o f tu m o u r cell sec tions was sm aller th a n  th a t  of n o rm al 
h ep a to cy tes  b u t tu m o ro u s  nuclei and  nucleoli were la rg e r th a n  th e  norm al 
ones (Table V I). The cy to p lasm  to  nucleus ra tio  of d y sp las tic  an d  no rm al cell 
w as sign ifican tly  la rg e r (p <  0.001) th a n  th a t  o f tu m o u r cells. T his ra tio  for 
d y sp lastic  cells was even  h igher th a n  fo r n o rm al cells, b u t  th e  s ta n d a rd  dev ia ­
tio n  was considerable. T he la rg e r nucleus o f th e  tu m o u r cell w as p laced  m ore 
cen tra lly  in a sm aller cy to p lasm  an d  its  ex cen tr ic ity  was th e re fo re  sm aller th a n  
th a t  o f norm al nuclei. T he nu c lea r e x c en tr ic ity  of dysp lastic  cells w as betw een 
th e  value for no rm al an d  tu m o ro u s ones. M ean n uc lear e x c e n tr ic ity  fo r norm al- 
d y sp lastic  and  d y sp lastic -tu m o ro u s p a irs  w as s ig n ifican tly  d iffe ren t (p <  0.001 
a n d  p <  0.05). N orm al, dy sp lastic  an d  tu m o ro u s cells an d  nucle i d id  n o t differ 
s ig n ifican tly  in  shape (co n to u r index ) b u t  th is  index  o f th e  nucleoli increased 
in  th e  sam e o rder of sequence. In  th e  m ean  con tou r in d ex  only  no rm al and  
tu m o ro u s nucleoli differed  s ig n ifican tly  (p <  0.001), in d ic a tin g  th a t  th e  shape 
of tum orous nucleoli was m ore irreg u la r th a n  th a t  o f no rm al ones.
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Table VI

M orphom etric data o f  100— 100 normal, dysplastic and tumorous hepatocytes

Normal Dysplastic Tum orous

C ytoplasm ic area  (/an2) 263.54 ±  102.58 1550.89 ±  906.18 223.71 ±  103.78
C ytoplasm ic con to u r index 4.11 ±  0.52 4.28 ±  0.49 4.18 ±  0.48
Average n u m b er of nuclei 

per cy top lasm  cross section 1,02 1.23 1.1
N uclear a rea  (/an 2) 36.95 ±  10.68 157.89 ±  103.13 53.23 ±  23.86
N uclear con tour index 3.83 ±  0.25 3.71 ±  0.23 3.88 ±  0.21
N uclear excen tric ity 0.228 ±  0.148 0.197 ±  0.127 0.156 ±  0.109
N um ber of nucleoli per 

nuclear cross section 0.99 1.23 0.97
C ytoplasm  to  nucleus ra tio 7.24 ±  3.17 9.84 ±  5.06 3.91 ±  1.7
N ucleolar a rea  (/.an2) 3.54 ±  2.28 15.97 ±  10.45 7.38 ±  4.6
N ucleolar con to u r index 3.84 ±  0.26 3.92 ±  0.49 4.03 ±  0.43
N ucleolar excen tric ity 0.329 ±  0.113 0.233 ±  0.128 0.319 ±  0.141

T he m ean  a rea  o f dysp lastic  cells, nuclei an d  nucleoli was n ea rly  fou r- 
-five tim es th e  n o rm a l va lue . The s ta n d a rd  d ev ia tio n  of dysp lastic  ce ll-com ­
p o n en t areas w ere h o w ev er six to  n ine tim es of th e  n o rm al. The h igh s ta n d a rd  
d ev ia tion  of areas a n d  cy top lasm  to  nucleus ra tio  suggested  h e te ro g en e ity , 
th a t  is th e re  w ere d iv e rg en t su bpopu la tions am ong  th e  m u ltitu d e  of d y sp las tic  
cells. T re a tin g  se p a ra te ly  th e  tw o m ost im p o r ta n t subpop u la tio n s o f d y sp la s tic

Table VII

M orphometric data o f  subpopulation o f  normal, dysplastic and tumorous hepatocytes

Normal Large cell dysplasia Tum our

Mono­
nuclear
Mono-

nucleolar

Multi-
nuclear

Mono­
nuclear
Mono-

nucleolar

Multi-
nuclear

Mono­
nuclear
Mono-

nucleolar

Multi-
nuclear

N um ber of cells am ong 
100 h epatocy tes 75 2 6 i 17 63 8

Cytoplasm ic a rea  (pro?) 271.6 9 ±  
110.32

195.86 ±  
7.44

1441.75 ±  
753.0

1 6 0 8 .02±
742.16

213.8 9 ±  
93.95

2 7 0 .0 8 ±
99.96

N uclear a rea  ( /a n 2) 38.28 ±  
10.91

24.53 ±  
9.0

143.88 ±  
89.7

112.7 ±  
74.33

58.37 ±  
20.91

32.56 ±
19.28

N uclear ex cen tric ity 0 .2 2 6 ±
0.134

0.241 ±  
0.117

0 .2 0 4 ±
0.134

0.229 ±  
0.124

0 .138±
0.107

0 .2 2 0 ±
0.110

C ytoplasm  to  nucleus ra tio 7.35 ±  
2.87

4 .0 2 ±
0.58

1 1 .0 4 ±
5.38

6.87 ±  
2.9

3 .8 8 ±
1.77

3.83 ±  
1.22

N ucleolar area  ( /an 2) 3.88 ±  
1.97

3.39* 16.06 ±  
9.91

10.47 ±  
7.33

7.47 ±  
4.51

6.37 ±  
4.72

* single nucleolus
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cells (T able V II), m u ltin u c le a r  and  m o n o n u c lea r (and  nucleolar) su b p o p u la tio n s  
d iffe red  sig n ifican tly  in  cy top lasm  to  nu c leu s ra tio  (p <  0.001). T his ra tio  for 
m o n o n u clear p o p u la tio n s  was h igher, in d ic a tin g  clearly  a h y p erd ip lo id ity . No 
s ig n if ic a n t d ifference ex is ted  in th e  cy to p la sm  to  nucleus ra tio  o f  un i-, an d  
m u ltin u c le a r  tu m o u r  cells. The ra tio  o f  b o th  dysp lastic  su b p o p u la tio n s were 
s ig n if ican tly  d iffe ren t from  the ra tio  o f th e  tu m o u r  cell p o p u la tio n , th e  la t te r  
h a v in g  been hom ogenous. N orm al an d  d y sp la s tic  subpopu la tions d id  n o t differ 
s ig n ifican tly  in  n u c lea r  ex cen tric ity  b u t  th e ir  va lues were sign ifican tly  d iffe ren t 
(p <  0.001) from  th o se  o f  tu m o u r cells. T h e  d y sp las tic  cell p o p u la tio n  th ere fo re  
rem in d s  m ore of n o rm a l th a n  tu m orous cells.

D iscussion

A n th o n y  e t al [2] described th e  LCD as a p rem alig n an t cond itio n  defin ing  
th e  phenom enon  as cellu lar en la rg em en t, n u c lea r  p leom orphism  w ith  hyper- 
ch ro m asia  an d  m u ltin u c lea tio n  inside a focus. The n u clear-cy top lasm ic  ra tio  
is n o rm a l. T he cells occur in  sm aller o r la rg e r groups. T hey  fo u n d  th e  pheno- 
enon  often  in  y o u n g  U gandan  p a tie n ts  w ho suffered  from  p o s th e p a titic  or 
p o s tn ec ro tic  cirrhosis an d  p rim ary  liver tu m o u r. T he im portance  o f th e  phenom - 
m en o n  has been a n a ly se d  w idely [1, 3, 4, 8, 13, 15, 16] and  som e au th o rs  d id  
n o t  consider i t  to  be a p rem alig n an t ch an g e  [1, 4, 8, 12, 16]. A ltm an  [1] for 
ex am p le  p o in ted  o u t t h a t  LCD o ccu rred  to o  o ften , i t  appeared  in  reg en era tiv e  
processes and  th e  m u ltin u c lea r cells are n o t  ten d in g  to  m itose.

A t f irs t we w a n te d  to  know  w h e th e r  th e re  is any  co rre la tion  betw een  
LCD  and  n u tr it io n a l cirrhosis in a M idd le -E uropean  p o p u la tion . A ccord ing  to  
A th o n y  e t al [2] th e  frequency  of LCD  in  no rm al liver is 1%  an d  3 .4 %  in 
n u tr i t io n a l  c irrhosis. In  our series th ese  va lu es  were 8%  and  41 %  resp ec tiv e ly . 
T h e  age of A n th o n y ’s p a tie n ts  w as b e tw een  25 — 41 years, w hile in  our series 
th e  m ean  age o f m ales was 62.5 y ea rs  a n d  th a t  of women 70.25 y ears . This 
m ean s th a t  in o u r cases th e  average  age w as ab o u t 30 years h ig h er th a n  in 
A n th o n y ’s series.

H ere we h av e  to  call a tte n tio n  to  age. As i t  is well know n [6, 7, 20, 21] 
th e  p lo id ity  an d  w ith  th a t  cell size in crease  as a function  of age. W e th in k  th a t  
th e  difference o f LCD frequency  was due  to  th e  differences in  age.

These d a ta  s tro n g ly  suggested a con n ec tio n  betw een LCD and  n u tr it io n a l 
c irrhosis. In  o u r m a te r ia l the  occurrence o f  LCD was m uch h ig h e r in  ac tiv e  
c irrhosis  th a n  in  in a c tiv e  one. S o m ew h at sim ilar observation  w as m ade b y  
U ch ida  [17].

In  th e  e n ti ty  o f  stea tocirrhosis  we fo u n d  LCD in a s ig n ifican tly  h igher 
p e rcen tag e  in  th e  ac tiv e  form  th a n  in  in a c tiv e  cases. The a c tiv ity  o f cirrhosis 
h a d  th e  sam e effect on th e  frequency  o f  LCD if  p rim ary  liver can cer h a d  jo ined
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to  m icro n o d u lar cirrhosis: th e  p e rcen tag e  of LCD was th e  h ighest a ro u n d  
tu m o u rs  associa ted  w ith  ac tiv e  cirrhosis. D oes th is m ean  th a t  LCD is a pre- 
m a lig n a n t co n d itio n ?

In  ou r series its  foci o ccu rred  a ro u n d  m e ta s ta tic  tu m o u rs . The fa c t th a t  
p r im a ry  liver tu m o u rs  develop ex trem ely  ra re ly  around  secondary  (m e ta s ta tic )  
tu m o u rs  show s th a t  LCD found  a ro u n d  m e ta s ta tic  tu m o u r-is le ts  p re su m ab ly  
m a y  n o t be a p rem alig n an t change. N ieburgs e t al [11] also observed  LCD 
beside  m e ta s ta tic  tum ours.

A nalysis of m e ta s ta tic  neop lasm s gave fu rth e r  in fo rm atio n s. In  m e ta s ta ­
tic  carc inom as, w here th e  large tu m o u r  cell islets d estro y ed  th e  ac in ar s tru c ­
tu re , we found  num erous foci o f LCD. A round  lym phom as th e re  was no deep 
s tru c tu ra l  tran sfo rm a tio n  an d  we could  n o t observe LCD e ith e r. These d a ta  
seem ed  to  su p p o rt our a ssum ption  th a t  LCD was induced  b y  s tru c tu ra l changes 
an d  it  was n o t th e  LCD th a t  h ad  led  to  m a lig n an t tu m o u rs .

A ccording A n thony  e t al [2], if  LCD jo ins to  cirrhosis th e  age of p a tie n ts  
is h ig h er th a n  in non -d y sp lastic  cases. T h ey  found the h ig h e s t ages in cirrhosis 
h o rn  liver tu m o u rs . O ur d a ta  d id  n o t seem  to su p p o rt th e  assum ption  th a t  
LCD  an d  tu m o u rs  w ould develop in  h ig h er age th a n  does sim ple liver c irrhosis, 
a n d  as said  above, th e  n u m b er o f m ales was alw ays h igher in  every  subgroup  
o f c irrhosis an d  tu m o u r.

Sum m ariz ing  all c irrho tic  an d  c irrh o tic  tum ourous cases, LCD occurred  
m ore  often  in  m ales th a n  in  fem ales. This w as in  good ag reem en t w ith  th e  
f in d in g s  o f  A n th o n y  e t al [2]. LCD freq u en cy  o f m ales an d  fem ales was how ever 
n o t  d iffe ren t in  sim ple cirrhosis. M oreover, th e  occurrence o f  LCD was m uch  
h ig h e r am ong m en th a n  w om en in  th e  p rim a ry  tu m o u r -f- cirrhosis g roup . 
T hese d a ta  are n o t in  accordance w ith  tho se  of A n thony  e t al [2], suggesting  
t h a t  th e ir  and  our exam ined  p o p u la tio n s  w ere d ifferen t. T he low percen tag e  
a n d  diffuse d is trib u tio n  of H B sA g p o s itiv ity  underlined  th is  difference.

S im ilarly  to  H enm i e t al [7] in th e  d y sp lastic  cells we found  iron th a t  d id  
n o t  p ro v e  th e ir  p ro life ra tive  a c tiv ity  assum ed  b y  o ther a u th o rs  [4].

M orphom etric  d a ta  d id  n o t su p p o rt th e  p rem alig n an t n a tu re  of LCD 
e ith e r . T he h igh  s ta n d a rd  d ev ia tio n  of d y sp las tic  cy top lasm ic , n uclear or n u ­
c leo la r areas w as underlined  also b y  o th e rs  [7, 21]. A lthough  nu c lea r ex cen tri- 
c ity  an d  nucleo lar con tou r in d ex  o f d y sp lastic  cells are be tw een  no rm al an d  
tu m o ro n u s  values, th e  p leom orph ism  o f LCD is caused b y  a h e te ro g en e ity  of 
th e  p o p u la tio n , b y  th e  large n u m b e r o f m u ltin u c lea r cells. H av in g  sep a ra ted  
th e  m o st num erous su b p o p u la tio n s, n o rm a l an d  dysplastic  cells d id  n o t differ 
s ig n if ican tly  e ith e r  in  nu c lea r e x c e n tr ic ity  or nucleo lar co n to u r index . On th e  
o th e r  h a n d , th e  cy top lasm  to  nucleus ra tio  o f b o th  dysp lastic  su b p o p u la tio n s 
w as s ig n ifican tly  d ifferen t from  th a t  o f tu m o u r cells. T he h igh  value of th e  
cy to p la sm  to  nucleus ra tio  o f m on o n u clear dysp lastic  cells p o in te d  to  poly- 
p lo id ity , so m ew hat like in  age re la te d  changes in  th e  Uver [20].

A da  Morphologica Hungarica 3 5 ,  1987



5 6 L . K O V Á C S  a n d  G . E L E K

F inally , is th e  LCD a p rem alig n an t cond ition  ? The fa c t th a t  the a c tiv ity  
o f cirrhosis, th e  e x te n t o f tu m o u r isle ts in m e ta s ta tic  tu m o u rs  deeply influence 
th e  occurrence of LCD suggests th a t  th e  phenom enon  is induced  by o th e r 
pa tho log ica l processes an d  is th u s a seco n d ary  change.

The lack  of age d ifferences observed  b y  o thers suggests th a t  th is cellu lar 
a b n o rm a lity  is n o t p a r t  o f a progressive process lead ing  to  tu m o u r. The h igh 
incidence of LCD in o u r p o pu la tion  an d  th e  cell p leom orph ism  revealed by  
m orphom etric  analysis w as p resum ab ly  due to  th e  re la tiv e ly  high age of th e  
p a tie n ts .

These d a ta  how ever re la te  to  our p o p u la tio n  and  th e y  do no t disclose 
th e  possib ility  th a t  in o th e r coun tries, u n d e r th e  effect o f o th e r hepa to to x ic  
ag en ts  the  biological im p o rtan ce  of th e  phenom enon  is d ifferen t.
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CHANGES IN THE AORTA OF GUINEA PIGS 
EXPOSED TO KEROSENE

Miriam  N o a , J. I llnait

D EPARTM ENT OF PHARMACOLOGY AND TOXICOLOGY,
NATIONAL C EN TRE OF S C IE N T IF IC  RESEARCH, HAVANA, CUBA

(R eceived 10 Ja n u a ry  1986)

G uina pigs were exposed to  kerosene aerosols o r to  sm oke p roduced  from  k ero ­
sene un d er cond itions a p p ro x im atin g  those  in  a k itchen. T h ey  w ere com pared to  con tro ls 
exposed to  sa line  aerosols or to a tm o sp h e ric  air. B o th  ty p es  o f kerosene exposure  e n ­
gendered  ao rtic  p laques, resem bling  th o se  seen in a therosclerosis, and  changes in  levels 
o f blood lipids. T he resu lts  suggest t h a t  chronic exposure to  kerosene, a dom estic  fuel 
w idely  used in  m an y  countries , m ay  hav e  im p o rta n t to x ic  e ffects in  a d d itio n  to  th e  
p u lm o n ary  effects th a t  have  been re p o rte d  by  others.

Keywords: kerosene, a therosclerosis, guinea pigs, a o r ta

Introduction

K erosene is a p e tro leu m  b y p ro d u c t very  m uch u sed  for cooking, illu ­
m in a tio n  and h ea tin g  in  u n derdeve loped  countries. A h igh  correlation  has been 
d e m o n s tra te d  betw een  th e  use o f  kerosene and  th e  freq u en cy  of a s th m a tic  
crises in  housew ives an d  o th e r w orkers who use it  [1]. T h e  m echanism  o f th is  
e ffec t h as  been scarcely  s tu d ied , an d  even less is know n o f o th e r  possible to x ic  
effec ts.

P u lm o n ary  changes h av e  been re p o rte d  in children  w ho ingested  kerosene 
acc id en ta lly  [2, 3] an d  in  ex p e rim en ta l an im als [4, 5, 6, 7]. In  1980, R a i an d  
S ingh  observed  ca rd io v ascu la r changes in  m ongrel dogs exposed  to  kerosene 
sm oke [8].

W e are engaged  in  a sy s tem a tic  s tu d y  of th e  effec ts of kerosene on 
e x p e rim e n ta l an im als, especially  gu inea pigs [9, 10, 11, 12, 13, 14]. In  th e  
course of these s tud ies we have n o ted  a lte ra tio n s  in th e  a o r ta  and  in th e  b lood  
lip ids o f anim als exposed  to  kerosene aerosols or to  kerosene  sm oke a t  levels 
ty p ic a l o f a k itchen . O ur find ings suggest th a t  chronic exposu re  to  kerosene 
m ay  h av e  serious ca rd io v ascu lar consequences th a t  deserve fu r th e r  s tu d y .

Send offp rin t req u ests  to  M iriam  N oa, D e p a rtm en t o f P h a rm aco lo g y  and T oxicology, 
N a tio n a l C entre of Scientific  R esearch , P o s t B o x  6990, H av an a . C uba
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Materials and m ethods

K erosene was o b ta in e d  from  th e  Nico López re fin e ry . I t  is p r in c ip a lly  com posed o f 
s a tu ra te d  and u n sa tu ra te d  a lip h a tic  (s tra ig h t chain) h y d ro carb o n s (a lk an es /p a ra ffin s , alkanes/- 
o le fin s , a lkadienes/diolefins, a lk anes/acety lenes) w ith  sm all am oun ts o f cy c la lk an es (cycloparaf­
f in s )  a n d  arom atic h y d ro c a rb o n s , an d  m inute  q u a n titie s  o f su lphurous a n d  n itrogenous im p u ­
r itie s .

A n im a ls

G roup 1. T w en ty  th re e  m ale  guinea pigs (180 — 200 g) were exposed  to  kerosene aerosol 
fo r 15 m inutes daily  over tw e n ty  one days. The an im als  were p laced in  a closed p lastic  box 
( 1 x 1 x 0 .8 0  m) in  w hich th e y  in h a led  d rop lets o f kerosene n o t m ore th a n  8 m icrom eters in 
d ia m e te r . The in itial c o n ce n tra tio n  during  th e  exposure  was ap p ro x im a te ly  20.4 mg aerosol/L  
a ir , d u rin g  the  exposure th is  in creased  to 34 m g/L . C oncen tra tions w ere  d e term ined  by  gas 
c h ro m a to g ra p h y  (C hrom  IV  S y s tem : L ab o ra to rn i P risro je , P raha). T he aerosol was produced 
w ith  a W righ t nebuliser.

G roup 2. T w en ty  f iv e  m ale guinea pigs (180 — 200 g) were exposed fo r tw o hours daily  
o v e r 21 days, to  kerosene sm oke p roduced  by  a kerosene  stove. The ex p o su re  was in a room  
2 x 2 x 3  1/2 m, w ith  a c h im n ey  and  v e n tila to ry  fan . T he conditions a p p ro x im a te d  those in a 
k i tc h e n  of m any  households.

G roup 3. — T w en ty  an im a ls  w ere k e p t in  a tm o sp h eric  air.
G roup 4. — T en g u in ea  pigs were exposed to  a saline aerosol fo r f if te en  m inutes a day  

u n d e r  conditions sim ilar to  th o se  used  for group 1.

A n a ly s is  and tissue prepara tion

Anim als were sacrificed  b y  cervical d islocation  or by  e th e r an aesth es ia . Blood for serum  
ch o lestero l and h igh d en sity  lip o p ro te in  analyses w as ta k e n  from  th e  v e n a  cav a  (for these lipid 
d e te rm in a tio n s  we used  on ly  an im als sacrificed by  cerv ical d islocation) a n d  th e  de term inations 
w ere  done using B oehringer (M annheim , G F R ) k its .

A t necropsy th e  th o raco -ab d o m in a l cav ity  w as opened and th e  a o r ta  was cu t a t  its  
o rig in  and  rem oved. Several p o rtio n s  of all th e  a o rta s  w ere s tud ied  b y  lig h t m icroscopy. F o r 
p a ra f f in  sections, tissue  w as f ix e d  b y  ro u tin e  p rocedures in  10%  buffered  fo rm alin : th is m ateria l 
w as s ta in ed  w ith h e m a to x y lin  and  eosin, v an  G ieson’s procedure  for e lastic  fib res (orcein), and  
A lc ia n  Blue for m ucopo lysaccharides.

Tissue from  10 a n im a ls  o f each  group w as p rep ared  for e lec tro n  m icroscopy and for 
ex am in a tio n  of p lastic  em b e d d ed  sem i-th in  sections. T hese  ao rtas were f ix ed  by  perfusion w ith  
3 .2 %  g lu tara ldehyde  in  0.1 M p h o sp h a te  buffer and  th en  w ere cut. P a r ts  o f tho rac ic  ao rta  w ith  
a the ro sc le ro tic  p laques w ere p o stfix ed  for one h o u r in  1%  p h o sp h a te-b u ffe red  osm ium  te tro x - 
id e . Follow ing d e h y d ra tio n , th e  tissue w as em bed d ed  in  E pon  812. S em ith in  sections were 
s ta in e d  w ith S tevenel’s B lue [15, 16]. T hin sections w ere s ta ined  w ith  u ra n y l  ace ta te  and lead  
c i t r a te  and exam ined in  a J E O L  100 S electron m icroscope.

Results

In p re lim inary  s tu d ie s , we observed  changes in th e  a o r ta  as early  as 
15 days after in itia tio n  o f  th e  ex p erim en ta l t r e a tm e n t. W e chose 21 days for 
o u r  in itia l detailed  s tu d ie s , because by  th a t  tim e  all the  ex p e rim en ta l anim als 
show ed  well developed  lesions, read ily  d e tec tab le  b y  gross observation . Mac- 
roscopically , ao rta s  o f gu inea  pigs su b m itte d  to  kerosene aeroso l or to  kerosene 
sm oke  were sim ilar in  ap p earan ce , we could  see sm all, d isk -like , gray , ra ised  
p a tc h e s  of in tim ai th ic k e n in g , m ost often  in  th e  tho rac ic  a o r ta  (F ig . 1). Controls 
o f  b o th  types show ed no  such  patches.

M icroscopically (F ig . 2), kerosene-exposed  anim als o f b o th  groups show ed 
changes typ ica l of th o se  associa ted  w ith  a therosc le ro tic  lesions an d  w ith  changes
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Fig. 1. A o rta  of guinea pig exposed to kerosene aerosol. R aised  p laque  as described in te x t. X  3

Fig. 2. A o rta  of guinea pig exposed to kerosene sm oke. Section  th ro u g h  one of the  
p laques. H aem a to x y lin  and eosin. X 225
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Figs 3, 4. A ortas s ta in ed  w ith  v an  G ieson’s O rcein s ta in  for e lastic  fibres. Fig. 3 is from  a con tro l (a ir) F ig. 4 from  an an im al exposed to  k e ro ­
sene sm oke. E x ten siv e  frag m e n ta tio n  of fib res in  th e  ex p erim en ta l p rep ara tio n s  X 140
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F igs  5, 6. P rep a ra tio n s o f ao rta s  s ta in ed  w ith  alcian blue. Fig. 5. is from  a con tro l (a ir) and

Fig . 6 fro m  a p laque of an  an im al exposed to  kerosene sm oke. A lcian b lue  s ta ined  m ate ria l is 
p re su m ab ly  m ucopolysaccharides. N ote accu m u la tio n  of th is m ate ria l in  th e  experim en ta l

p re p a ra tio n . X 140
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t h a t  could be re la ted  to  p e rm eab ility  d is tu rb an ces (Figs 3 — 6). T here was 
th ic k e n in g  of the  in t im a , w ith  fib rous p laques co n ta in in g  e longate  sm ooth  
m u sc le  cells. P a ra ffin  sec tio n s s ta in ed  w ith  v an  G ieson’s O rcein procedure 
show ed  d isorganization  o f  th e  elastic  tissue o f th e  m ed ia ; th is  varied  from  
m in im a l loosening an d  fra g m e n ta tio n  of lam ellae to  ex ten siv e  d isorganization .

F ig . 7. One m icrom eter E p o n  sec tio n  of a o rta  of an im al exposed to  kerosene  sm oke. S tained 
w ith  S tevenel’s Blue, w hich  s ta in s  a n u m b er of tissue com ponents. O edem a of th e  subendothe- 

lia l sp ace , ru p tu re  o f in te rn a l elastic  lam in a. X  140

T h e  m edia exh ib ited  a c c u m u la tio n  of A lcian B lue positive  m a te ria ls , p resum ­
a b ly  acid m ucopo lysaccharides (glycosam inoglycans) of th e  connective tis ­
sues.

In  sem ithin sec tio n s s ta in ed  w ith  S tevene l’s B lue, we found  changes 
such  as subendo thelia l vacuo les and  oedem a, presence o f sm o o th  muscle cells 
in  th e  subendo thelia l sp ace , an d  fra g m e n ta tio n  of th e  in te rn a l elastic  m em ­
b ra n e . There was a c c u m u la tio n  of m a te ria l w ith  th e  s ta in in g  characteristics 
o f  m ucopo lysaccharides in  th e  m edia (Fig. 7).

E lectron  m icroscopic ex am in a tio n  (Figs 8, 9) rev ea led  in  th e  p laques of 
th e  experim en ta l m a te r ia l th e  presence o f m odified  sm oo th  m uscle cells. These 
cells were read ily  d is tin g u ish ed  from  fib ro b la s ts  as th e y  h a d  a cen tra lly  located

A d a  Morphologica Hungarica 35, 1987
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F ig. 8. E lec tro n  m icrograph  of one of the  p rin c ip a l cell ty p es seen in p laques o f an im als exposed to  kerosene aerosol. T he cell shows 
the  m orphological ch arac te ris tics  o f sm ooth  m uscle, such as an  ab udance  of cy top lasm ic  filam en ts. X 20 000
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Fig. 9. E lec tro n  m icrograph  of a n o th e r cell ty p e  freq u e n tly  seen in  p laques. T his one is from  an an im al exposed to  kerosene aerosol. 
F ro m  th e  presence of num ero u s cy top lasm ic  vacuoles, an d  th e  ex ten siv e ly  folded p lasm a  m em b ran e , th is  cell ty p e  seems to  be

active  in  endocytosis. A lip id  d ro p le t is seen. X 16 000

05
05

M
IR

IA
M

 N
O

A
 and J. IL

L
N

A
IT



C H A N G E S  I N  T H E  A O R T A 6 7

Table I

Cholesterol HDL cholesterol
T otal eholesterol

E x p erim en ta l guinea pigs 62.6 ±  7.2» 11.7 ±  3.4» 22.5 ±  6.7
Controls 53.8 ±  9 15.5 ±  3.2 33.6 ±  15.6

V alues are m eans ( : S I )) for 23 kerosene exposed anim als and 11 con tro l anim als. 
b These values differ significantly  from  controls (p <  0.001). S tu d e n t’s t-Test.

n u cleu s; th e  ab u n d an ce  of cy top lasm ic  organelles such  as m ito ch o n d ria , v aried  
from  cell to  cell, b u t  th e  cells show ed num erous filam en ts , p ack in g  th e ir  cy to ­
p lasm . The cells were su rrounded  b y  filam en tous m a te ria l, p ro b ab ly  correspond­
in g  to  fib res o f connective tissue orig in , or to  b asem en t m em b ran e  m ateria l, 
w hich  often  was d iscon tinuous. E lastic  fib res were associa ted  w ith  som e of th e  
cells.

In  n e ith e r o f th e  con tro l g roups were any  of these  changes observed  and  
we could  easily d istingu ish  con tro l an d  experim en ta l m a te r ia l in  b lin d  co m p ar­
isons.

The exp erim en ta l an im als show ed m oderate  b u t  s ig n ifican t increases in  
overall serum  cholesterol, and  decrease in H D L  cholesterol. H D L  Cholesterol/ 
T o ta l cholesterol ra tio  d id  n o t decrease sign ifican tly  (T able I).

Discussion

T he resu lts  in d ica ted  th a t  kerosene and  kerosene sm oke cause changes 
in  th e  o rgan iza tion  o f th e  w all of th e  a o rta  and  in levels of b lood  lip ids, like 
th o se  associated  w ith  atherosclerosis. C ontrols, includ ing  an im als su b jec ted  to  
ex ten siv e  hand ling , m ovem en t in  an d  o u t o f sm all cham bers, an d  o th e r m an ip ­
u la tio n s requ ired  for th e  saline aerosol experim en ts, show ed no such changes, 
in d ica tin g  th a t  th e  observations re flec ted  exposure to  kerosene ra th e r  th a n  
acc id en ta l fac to rs such as possible stresses due to  h an d lin g  or hyp o x ia .

In  th e  experim en ts  w ith  kerosene aerosol, hypox ia  d id  n o t seem  to  have 
p lay ed  an im p o rta n t role in  th e  d ev e lopm en t of lesions, because w hen we 
s tu d ied  th e  group  o f an im als w ith  saline aerosol u n d er th e  sam e exp erim en ta l 
cond itions we did n o t fin d  an y  changes in  th e  ao rtas.

In  th e  ex perim en ts w ith  kerosene sm oke, beside carb o n  m onoxide, th a t  
has an  im p o rta n t role in vascu la r d am age [17], som e o f th e  com ponen ts of 
kerosene p ro p er m ay  have  an effect on atherosclero tic  p laq u e  fo rm atio n . The 
effect o f  kerosene was observed  a t  levels o f exposure to  kerosene sm oke sim ilar 
to  tho se  com m only experienced  in k itch en s where kerosene is used in cooking. 
D irec t ingestion  of u n b u rn t kerosene and  asp ira tion  in to  th e  p u lm o n ary  tra c t
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also  occurs, p a rtic u la rly  am ong  ch ild ren  [2, 3]. More w ork  is n eeded  to  d e te r­
m ine  w hich com ponen ts o f  kerosene are responsible fo r th e  dam age and  to  
e s ta b lish  how th e y  a re  re la te d  to  th e  p u lm o n ary  effects.

W e have m ade a s tu d y  on these  an im als w ith  tw o  d iffe ren t typ es of 
k ero sen e  (chem ically tr e a te d ) ,  one w ith o u t a ro m atic  h y d ro ca rb o n s  and  an o th e r 
w ith o u t com pounds; in  th e se  cases we did n o t f in d  a th ero sc le ro tic  p laques 
[18]. So we suppose t h a t  th ese  com pounds are responsib le  fo r th e  changes 
p re se n te d  in th is p a p e r .

In  general th e  a lte ra tio n s  observed  in  th e  ao rta s  o f gu inea pigs exposed 
to  kerosene, are f irs t  d u e  to  p e rm eab ility  changes of th e  en d o th e liu m  prom oting  
m ig ra tio n  of sm ooth  m uscle  cells, fib rosis , and  so on. W e fo u n d  changes of th e  
p e rm eab ility  of th e  en d o th e lia l cells o f th e  ao rta  dyed  w ith  E v an s  blue and  
s tu d ie d  w ith  X -ray  d iffra c tio n  (u npub lished  resu lts).

The only p rio r  in v e s tig a tio n  in to  th e  p resen t issues w as th a t  of R ai and  
S ingh  [8] who o b serv ed  changes in  h e a r t func tion  an d  v a sc u la r  s tru cu te re  in  
dogs exposed to  h ig h  levels  o f kerosene sm oke fo r th re e  m o n th s . All these 
f in d in g s  suggest th a t ,  in  ad d itio n  to  th e  p u lm o n a ry  effects of exposure to  
kerosene  [9 — 14], th e re  m ay  be o th e r tox ic  effects t h a t  could  pose serious 
h e a lth  hazards on ch ro n ic  exposure. E specially  in  view  o f th e  wide use of 
kerosene  as a dom estic  fu e l in  m an y  coun tries, th is  m a tte r  w ould  seem to m erit 
a d d itio n a l ex p erim en ta l an d  epidem iological stud ies.
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ABDOMINAL MESOTHELIOMA INDUCED BY  
OCCUPATIONAL ASBESTOS EXPOSURE

K in g a  K a r l i n g e r *, J . Ge r e ***, L. N é m e t h ,* G. Galgóczy**

D EPA RTM EN T OF RADIOLOGY* AND PULMONOLOGY** O F T H E  NATIONAL IN ST ITU TE 
OF OCCUPATIONAL H EA LTH , AND DEPARTM ENT OF PATHOLOGY***

OF T É T É N Y I CITY HOSPITAL, BU DA PEST, HUNGARY

(R eceived  6 F e b ru a ry  1986)

A sbestos bodies were d e m o n s tra ted  w ith in  an  ab d o m in a l m esotheliom a, p rov ing  
th e  tu m o u r-in d u c tiv e  role o f asbestos fibres. A sbestos f ib res  w ere also fo u n d  earlie r in  
a  case o f bile d u c t carc inom a (17).

Keywords: asbestos ex posure , asbestos bodies, ab d o m in a l m esotheliom a

Report of a Case

A 63 years o ld  m ale h ad  been exposed to  asbesto s for 26 years  saw ing  
m o stly  d ry  asbestos p la tes. T h ir ty  fou r years a fte r  th e  beg inn ing  o f exposure 
he h a d  developed abdo m in a l com pla in ts  in  N ovem ber, 1984. H e h a d  used  to  
sm oke 8 c ig are ttes  a d ay  from  th e  age of 19 y ea rs  fo r 8 years, b u t  since th e n  
he h a d  n o t sm oked a n y  m ore. X -ra y , screening rev ea led  a sligh t fib rosis in  
th e  low er p a rts  o f th e  lungs an d  p leu ra l th ick en in g  w hich  could well be seen 
in  oblique film s (F ig . lb ) .  X -ra y  film s did n o t show  th e  hyaline  p laq u e  in  th e  
p a r ie ta l  d iap h rag m a tic  p leura  on ly  th e  calcifications in  i t .  On th e  basis o f these  
fin d in g s an d  know ing  his h igh  exposure, th e  asbestosis was considered  an  
occu p a tio n a l disease in  spite  of th e  fa c t th a t  th e  ch est CT did n o t show  p leu ra l 
hyalinosis. An u n ev en , un d efin ab le  tu m o u r of th e  h a rdness of cartilage  w as 
p a lp ab le  in  th e  coecal region, sonography  show ed a solid tu m o u r an d  m oreover 
ascites. A bdom inal ex p lo ra tio n  w as carried  o u t, an d  i t  revealed  a p e rito n ea l 
carcinosis. The ascites an d  m eteorism  increased  an d  he died on 16 th  M ay 
1985.

N ecropsy  rev ea led  in th e  le f t p a rie ta l p leu ra , be tw een  th e  V II I -X  ribs 
60 X 60 m m  an d  on th e  le ft side of th e  d iaph ragm  50 X 50 m m  sized b u lk y , h a rd , 
yellow ish  hyaline  p laq u es an d  th e  d iap h rag m atic  v iscera l an d  p a rie ta l p leu ras  
coalesced (Figs l a  an d  lc ).

T he o m en tu m  m aius was b u lk y  and  rough . N um erous w hite  an d  h a rd  
nodu les were sc a tte re d  on th e  m esen terium . The g u t w as u n o b stru c ted . T here  
w ere no signs o f m é tastasés  in  th e  organs.

Send o ffp rin t re q u ests  to : D r K in g a  K arlinger MD, N a tio n a l In s t i tu te  of O ccu p a tio n a l 
H e a lth , P  О В 22 B u d a p es t 9, H u n g a ry  1450
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F ig . 1. a —b — c —d P leu ra l hya linosis d isp lay ing  a shining yellow ish-w hite e lev atio n  w ith  
sh a rp  borders (Fig. la )  b e s t  show n tan g en tia lly  w ith  oblique X -ray s (Fig. lb ) .  D iap h rag m atic  
su rface  exh ib its bu lk y , c ircu m scrib ed , disklike p laq u es (Fig. lc )  b u t in th e  X -ra y s  irregu lar 
a rea s o f calcification can  o n ly  be  seen (Fig. Id « arrow s). (IL O  1980 G eneva S h o rt C lassification:

s i  a2 — s i  a2)

M icroscopically, (F igs 3a, b) asbestos bodies have been seen to  be su r­
ro u n d e d  and p a r tly  co v ered  w ith  flakes o f soot, w ith in  th e  s lig h t fib ro tica lly  
w idened  alveolar se p ta  (grade 2a, accord ing  to  th e  G rading  Schem e proposed 
b y  AMA 1982). In  th e  p a r ie ta l  d iap h rag m a tic  perito n eu m  fea tu re s  o f a m ixed

A d a  Morphologica Hungarica 35, 1987
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Fig. 2. H igh  m ag n ifica tion  of m eso theliom a (H  an d  E  sta in ). O rig inal m agnification , X 200

cell p e rito n ea l m eso theliom a could be seen consisting  p a r t ly  of clear, po lygonal 
cells w ith  d a rk  nuclei, p a r t ly  d ark er, sm aller f ib ro b a s tic  cells and  sc a tte re d  
psam m ous bodies. In  haem atoxy lin -eosin  s ta in ed  specim ens w ith in  th e  m eso­
the lio m a in f iltra tin g  th e  d iap h rag m , some frag m en ts  of asbestos bodies w ere 
seen. Pieces of th e  tu m o u r tissue w ere d igested  [17] an d  divided in to  tw o 
p a r ts . One of th em  w as filte red  on a W h a tm a n  G F/Y  glass-fibre m em b ran e , 
th e  o th e r  on a S a rto riu s  m em brane  (pore size: 0.45 pm ). The acetone v a p o u r  
cleared  S arto riu s f i l t ra te  an d  th e  dried  glass f i l t ra te  w ere inv estig a ted  b y  lig h t 
m icroscope.

In  th e  fo rm alin  fix ed  tu m o u r tissue (w eight 90 mg) we found 4 — 5 as­
bestos bodies (Figs 3c an d  3d).

Discussion

M esotheliom a arises from  m u lti-p o te n tia l m éso thélia l cells of th e  p leu ra , 
p erito n eu m , p e rica rd iu m  an d  testic les. In  th e  six ties an d  seventies, re tro sp e c ­
tive  s tu d ies  p ro v ed  th a t  in  sub jec ts  w ho h a d  h a d  e ith e r  in d u stria l or re s id en ­
tia l c o n ta c t w ith  asbestos m ore th a n  tw e n ty - th ir ty  years  earlier, m esotheliom as 
occurred . Besides th e  21 %  p revalence of lu n g  tu m o u r  o f asbestos exposed
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Fig. 3. a —b  —c —d P h o to m icro g rap h  of a m ixed ty p e  m esotheliom a (Fig. За, H  and  E  s ta in , X 100). 
E n la rg em en t of fram ed  area  (in Fig. 3a) show s asbestos bodies (Fig. 3b arrow s, X400). 

A sb es to s  body on S arto riu s  m em brane  (F ig . Зс X 400) and  am ong the  fib res  o f th e  glass f iltra te
(F ig . 3d, X 400)
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su b jec ts  th e  occurrence of m esotheliom a was only  5 -  8% , b u t in 10— 1 5 %  of 
th ese  cases no ea rlie r asbestos exposure  could be p ro v ed  [18]. The m o st im p o r­
t a n t  in  asbestos in d u s try  is ch ryso tile  w hich rep re sen ts  some 9 0%  o f th e  
w orld ’s asbestos p rod u c tio n , th e  o th e r ty p es  of a sbesto s share the  re m a in in g  
10% . C rocidolite is p a rticu la ry  assoc ia ted  w ith  th e  developm ent of m a lig n a n t 
m esotheliom a o f th e  p leura and p e rito n eu m  [11], its  s tim u la tin g  effect on th e  
m éso thélia l cells has been proved  ex p erim en ta lly  [14].

In  th e  ex p erim en ts  of L afum a e t al. [8] ch ry so tile  was the  m o st to x ic ; 
i t  e lic ited  as m an y  m esotheliom as as crocidolite . T h ey  supposed a sy n erg is tic  
effect of o th e r  cancerogens besides th e  m inera l fib res . Pooley [12] show ed  
th a t  th e  m ore p re d o m in a n t fib re  ty p e  d e tec ted  in  th e  m esotheliom a cases is 
o f am phibole  asb esto s , th e  n u m b er o f w hich in creased  in  d irect ra tio  to  th e  
in te n s ity  o f exposure . P o t t  e t al. [13] observed  15 m esotheliom as in  r a ts  a f te r  
th e  in tra p e rito n e a l in jec tio n  of asbestos.

Concerning th e  rise of hum an  p e rito n ea l m esotheliom as i t  is im p o r ta n t  
th a t  fed  asbestos fib res  were found  to  cross th e  g u t w all [16] and  to  c irc u la te  
in  th e  abd o m in a l ly m p h  2 — 24 hours a fte r  feed ing  [9]. Godwin an d  J a g a t ic  
[6] show ed some asbesto s bodies in  specim ens of an  abdom inal m eso theliom a. 
I t  is w ell-know n t h a t  th e re  is no s tr ic t  association  betw een  th e  fib ro sis  a n d  
tu m o u r-in d u c tiv e  biological effects o f  asbestos, th e re fo re  an abdom inal m eso ­
theliom a m ay  occur w ith o u t a n y  sign of re sp ira to ry  asbestosis or s lig h t 
asbestosis [1, 2, 3] ju s t  like in th e  case o f our p a t ie n t  w ho suffered o n ly  from  
a s ligh t re sp ira to ry  asbestosis. T his case w as th o u g h t w orth  p u b lish in g  

b y  show ing th e  presence o f asbestos bodies in  th e  peritoneal m e so th e ­
liom a; b y  p ro v in g  th e  close re la tio n  b e tw een  th e  m esotheliom a and  o c c u p a ­
tio n a l asbestos exp o su re , in d ica tin g  th a t  p e rito n ea l m esotheliom a m a y  be  
considered  an  o ccu p a tio n a l disease w ith  a t  le a s t 20 years  la tency  a f te r  th e  
com m encem ent o f exposure, the  tu m o u r, in d u c tiv e  effect of the  asb esto s  is 
p ro b a b ly  in d e p e n d e n t of its  fibrosis, cau sin g  effect in  re sp ira to ry  o rgans, a n d

— we found  th a t  film s were able to  show  w ell th e  gross ap p ea ran ce  o f 
re sp ira to ry  disease caused  b y  asbestos (lung fib rosis , p leu ra l hyalinosis) ev en  
in  early  stages.
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STRIATED MICROFILAMENT BUNDLES (SMF)
IN THE GLOMERULAR CELLS OF HUMAN KIDNEYS

K . S z e p e s h á z i*, K . L apis

1ST IN ST IT U T E  OF PATHOLOGY AND E X P E K IM E N T A L  CANCER RESEA RCH , 
SEM M ELW EIS MEDICAL U N IV E R SIT Y  BU D A PEST, HUNGARY

(R eceived 16 J u ly  1986)

R h izo p la s t o r s tr ia te d  ro o tle t is a ra re ly  described cy top lasm ic  organelle  in  
n o n -c ilia ted  m am m alian  cells. W e observed th e  cen trosom e re la ted  rh izo p las t like  s tru c ­
tu res  re la tiv e ly  o ften  in  th e  h u m an  ren al g lo m eru lar cells. O f 226 k id n ey  biopsies s tr ia te d  
m ic ro filam en t bu n d les (SM F) have been  fo u n d  in  41 cases in  a to ta l  o f 64 cells. More 
th a n  h a lf  o f these  o rganelles were fo u n d  in  p o d o cy tes , ab o u t a  q u a r te r  in en d o th e lia l 
cells, few er in  m esangial cells and  th ey  ra re ly  occu rred  in  th e  p a r ie ta l ep ithelium .

T he m a jo rity  o f SM F are connected  w ith  th e  cen trosom e, b u t  n o t in  d irec t con­
n ectio n  w ith  th e  centrio le . T he longer b u nd les h av e  often  been loca ted  n ea r th e  Golgi 
com plex. T he th ickness o f th e  SM F v aries, th e ir  cross s tr ia tio n  has a p e rio d ic ity  of 
88 i t  13,4 nm .

T he occurrence of SM F does n o t show  a n y  connection  w ith  th e  age of th e  p a tie n ts , 
th e  ty p e  of disease, th e  m orphological changes o r th e ra p y . I t  is d ifficu lt to say  w he th er 
th e y  are no rm al or p a tho log ica l organelles. T h eir p resence can  be reg ard ed  as a m eta p la s­
tic  process in  func tio n ally  overloaded cells.

K eyw ords: k id n ey  u ltra s tru c tu re , g lo m eru lar cells, s tr ia te d  m icrofilam ents, 
rh izo p las t, ro o tle t

Introduction

M icro tubu les an d  m icro filam ents are  fo u n d  in  a lm ost every  cell, b u t  th e ir  
a m o u n t an d  d is tr ib u tio n  v a ry  [7]. The m ic ro tu b u les  are a t tr ib u te d  a role in  
the  fo rm atio n  of th e  cysto skele ton , th e  o rg an isa tio n  of organelles, th e  in t r a ­
cellu lar tr a n s p o r t  processes as well as in  th e  m o v em en t of cell surface recep to rs. 
The m icro filam en ts  have  a role in  b o th  th e  e x te rn a l an d  in te rn a l m ovem en t 
of the  cell [3, 8, 16, 23, 25].

Less know ledge has been  gained on th e  s tr ia te d  m icro filam ents re la te d  
to  th e  cen trosom e. The cen trosom e consists o f cen trio le  p a irs  and  su rround ing  
p e ricen trio lar m a te ria l. D uring  th e  in te rp h a se  i t  is s itu a te d  n ea r th e  nucleus. 
In  th e  d iv id ing  cell i t  p lays a role in the  fo rm a tio n  of th e  m ito tic  a p p a ra tu s  [14].

T he p e ricen trio la r m a te ria l consists o f fo u r com ponen ts: dense am orphous 
m ate ria l, p e ricen trio la r sa te llites , centrio le fee t and  striated rootlets [34]. S tru c ­
tu res  co rrespond ing  to  th e  la t te r  have  on ly  ra re ly  been observed  in  an im al 
cells [4, 6, 22, 34]. In  p ro tozoa  an d  in v e rte b ra te s  th e  s tru c tu re  th a t  has analo-

* Send o ffp rin t req u ests  to : K . Szepesházi D e p a rtm e n t o f P a th o lo g y , J a h n  H o sp ita l 
B u d ap es t, K öves ú t  2 —4, 1204 H u n g a ry
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gous m orphology to  th e  cen trio le  is th e  b a sa l b o d y  o f cilia and  flagella . As 
th e ir  accessory, th e  s tr ia te d  ro o tle t (rh izop last) is a w ell-know n s tru c tu re , and  
beside  its  m otive or an ch o rin g  fu n c tio n  i t  m ay  be th e  o rgan izer of th e  m icro ­
tu b u le s  [30]. F u rth e rm o re  in  ce rta in  p ro to zo a , in s tead  of th e  cen trio le , th e  
rh iz o p la s t serves as th e  p lace of adhesion  for th e  m ito tic  sp indle [5].

In ciliates th e  s tr ia te d  m ic ro filam en t bundles are s itu a te d  betw een  tw o 
ne ig h b o u rin g  k inetosom es, as w ell as be tw een  th e  k inetosom es an d  th e  n u ­
cleus, w ith  one side fac ing  th e  Golgi, an d  th e  o th e r ad h ered  by  th e  m ic ro ­
tu b u le s  [5]. A sim ilar s tru c tu re  in  an im als is th e  p a r t  of th e  basa l a p p a ra tu s  
o f  th e  cilia ted  cells, th e  ro o tle t anchoring  th e  b asa l bo d y  [12].

W e observed  rh izo p last-lik e  s tru c tu re s  occurring  a ro u n d  th e  cen trio le  
re la tiv e ly  often  in  v a rio u s cell ty p es  o f th e  g lom eruli in  h u m an  k id n ey  biopsies. 
In  th is  p ap er we p resen t an  analysis of th e ir  m orphology.

Materials and Methods

226 specim ens from  v a rio u s  k id n ey  b iopsy  cases (122 ch ild ren) w ere stu d ied  b y  e lectron  
m icroscopy . Beside th e  u su a l lig h t m icroscopic and  im m unoh istochem ical in v es tig a tio n s  0,5 — 
1 m m 3 p a rts  o f th e  fresh  b iopsy  m ate ria l w ere fix ed  in  2 %  osm ium  te tro x id e  so lu tion  (P a lad e  
b u ffe r  0.1 m , p H  7.4) fo r 1 h  a t  4 °C, and  follow ing alcoholic d e h y d ra tio n  th e  sam ples were 
em b ed d ed  in  D u rcu p an  ACM (F lu k a ). T he u l tr a th in  sections were c o n tra s ted  w ith  u ran y l 
a c e ta te  and lead  h y d ro x id e  acco rd ing  to  K arnow sky  and  exam ined  u n d e r JE M  100 В electron  
m icroscope. G lu tara ld eh y d e  (in  2 .5%  p H  7.4 caco d y la te  buffer) fix a tio n  was carried  o u t in  one 
case. In  average, 10 p h o to g rap h s  w ere p rep ared  in  each  case from  th e  glom eruli.

Results

Occurrence, localisation

S tria ted  m icro filam en t bund les w ere found  in  th e  g lom erular cells in  th e  
k id n ey s of 41 p a tie n ts  (18%  o f th e  cases). 21 were a d u lts , 20 w ere ch ild ren . 
I n  10 cases SM F w ere found  in m ore th a n  one cell o f th e  glom eruli, th u s  occu r­
rin g  in  a to ta l o f 64 cells.

The occurrence accord ing  to  diagnosis of th e  k id n ey  disease in  w hich 
s tr ia te d  m icro filam en t bund les w ere fo u n d  is show n in  T ab le  I  (see No of 
cases, child cases are  in  p a ren th eses). T he incidence of SM F was d iverse acco rd ­
in g  to  th e  d ifferen t cell ty p es . The follow ing connections could be fo u n d  b e ­
tw een  th e  ty p e  o f th e  64 cells co n ta in in g  th is  s tru c tu re  an d  th e  n a tu re  o f th e  
disease.

The localisa tion  o f th e  SM F occurring  in  several cells of one case w as th e  
follow ing: podocy te  -|- en d o th e lia l cell in  3 cases, several podocy tes in  2 cases, 
endo thelia l -|- m esang ia l cell in  2 cases, an d  in  single cases podo cy te  % m es­
ang ia l cell, podo cy te  -f- p a r ie ta l ep ithe lia l cell, and  podocy te  en d o th e lia l 
-f- p e ritu b u la r  cap illa ry  en d o th e lia l cell.
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Table I

Occurrence o f  S M F  according to diagnosis o f  the kidney disease

No of cases 8(6) 3(1) 18 (10) 2 (0) 2(0) 1(0) 7 (3 ) 41 (20)

Disease m.ch. m.gn. m es.gn. m p.gn. f. s. s.gn. else to ta l
Podocyte 8 1 i6 4 2 6 37
E ndothel 3 2 4 1 1 4 15
M esangial cell 2 2 3 1 1 9
P a rie ta l epithel 1 1
P eritu b u la r  capillary

endothel 2 2

T o ta l 14 5 25 5 3 1 11 64

(A bbrev ia tions: m in im al changes: m .ch., m em b ran o u s g lom erulonephritis: m .gn., m esangial 
p ro liferative  glom erulonephritis: m es.gn., m em branopro lifera tive  glom erulonephritis: m p.gn ., 
focal-segm ental g lom erular lesions: f.s., sclerosing glom erulonephritis: s.gn.)

The morphology and relationship to other organelles o f  the S M F

The m a jo rity  of th e  m icro filam en t bundles was connected  w ith  th e  
cen trosom e. A m ong th e  64 s tru c tu re s  o n ly  8 w ere such th a t  th e  cen trio le  w as 
n o t visible on th e  sam e p h o to g rap h  (F ig . 1). D esp ite  th is , d irec t connection  w as 
n o t dem o n strab le  w ith  th e  centrio le itse lf. No connection  or c o n tin u a tio n  could  
be seen w ith  th e  cen trio le  fee t e ith e r , th o u g h  i t  is ra re ly  observab le  t h a t  th e  
m icro tubu les o rig ina te  from  these  (F ig . 2). T he SM F are m ostly  fo llow able to  
th e  p e ricen trio la r dense m ateria l (Figs 3, 4, 7, 8), som etim es i t  seem s as th o u g h  
th e y  p ro jec t from  sa tellite-like s tru c tu re s  (F ig . 5).

The bund les s itu a te d  in  th e  n e ig h b o u rh o o d  of the  cen trio le  v a ry  in  n u m ­
ber. Som etim es on ly  1 can be seen, o th e r  tim es even several can  be observed , 
sp read ing  ra d ia lly  tow ards th e  su rro u n d in g s  (Figs 7, 8, 9). In  som e cases 
s tr ia te d  fib re  bund les can be found  b e tw een  th e  centriole pa irs (Figs 3, 10), or 
th e  bundles are  seen passing by  th e  cen trio le  (Figs 11, 12).

The cen trosom e itse lf  is genera lly  lo c a te d  in  th e  fie ld  o f th e  Golgi com ­
plex , often  in  th e  neigbourhood o f th e  n ucleus. The bundles f re q u e n tly  ex ten d  
betw een  th e  Golgi vesicles (Fig. 1), or seem  to  encircle th e  Golgi (Figs 7, 13, 
15). T heir d is ta l ends are n o t connected  to  a n y  k ind  of organelles, som etim es, 
how ever, th e ir  ram ifica tio n  in to  un ique  m icro filam en ts an d  sp read ing  in to  th e  
cy to p lasm  can be observed  (Fig. 14).

G enerally  5 — 6 lo n g itud ina l f ila m e n ts  can  be well recognized in  th e  s tru c ­
tu re  itse lf  (Fig. 14). In  some cases, how ever, on ly  fewer lo n g itu d in a l filam en ts  
are  observab le , an d  the  s tru c tu re  m ore lik e ly  resem bles s tr ia te d  tu b u les  (Figs 
1, 11, 13). T he s tr ia tio n  p e riod ic ity  w ith in  th e  fibers is re la tiv e ly  c o n s ta n t, 
b u t  m ay  be so m ew hat d ifferen t in  v a rio u s  bund les. M easuring an average  o f
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Fig. 1. E ndothe lia l cell. SM F am ong th e  Golgi 
vesicles 33 000 X (105 198)

Fig. 2. M esangial cell. Som e m icro tubules o rig in a te  from  th e  cen trio le  foot. 33 000 X (144 948) 
F ig. 3. Podocyte. C entrio le  p a ir near the nucleus, sh o rt SM F in various directions. 50 000 X

(136 361)
F is . 4. M essangial cell. SM F-s s ta rtin g  from  th e  p e ricen trio la r dense m ateria l. 55 000 X

X(116 347)
Fig. 5. Podocyte. SM F re la te d  to  the  pericen trio la r sa te llite . G lu tara ld eh y d e  fixation . 88 000 X

X (145 662)
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Fig . 6. P o d o cy te . Several SMF of v a rio u s  d irec tions. 33 000 X (140 629)
Fig. 7. P o d o cy te . SM F ra d ia tin g  in  a horn-like m an n e r from  th e  p e ricen trio la r dense m a te ria l.

17 000 X (109 050)
Fig. 8. SM F-s ex ten d in g  ra d ia lly  from  the  cen trio le  in a pod o cy te . Som e of them  are w iden ing  

b e n e a th  th e  p e ricen trio la r dense m ate ria l. 33 000 X (84 435)
Fig. 9. P o d o cy te . SM F s ta r tin g  from  th e  p e ric en trio la r  dense m a te ria l, w idening in  th e  b e g in ­

ning. 30 000 X (84 431)
Fig. 10. d o th e lia l cell. S h o rt SM F-s (sh o r  t  a rrow s) b e tw een  th e  cen trio le  (c) pair. T he longer 

ones (long arrow s) e x te n d  to w ards th e  cell p e rip h e ry . 74 000 X (140 625)
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F ig. 11. P odocy te . SM F ex te n d in g  beside the  centrio le.
66 0 0 0 x (1 0 2  505)

Fig. 12. E n d o th e lia l  cell. SM F-s ru n n in g  beside the  centrio le. 99 000 X
X(131 053)

Fig. 13. E n d o th e lia l cell. SM F-s su rro u n d  th e  Golgi. 31 0 0 0 x (8 4  165)
F ig . 14. Podocyte. A b u n d le  consisting  of 5 — 6 m ic ro filam en ts can  be  seen am ong  th e  Golgi 

vesicles. I t s  en d  shows sp read in g  like  a  broom . 62 000 X (82 569)
Fig. 15. E n d o th e lia l cell. SM F ru n n in g  b y  th e  m argin  of th e  Golgi.

20 000X(102 500)
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Fig. 16. P odocyte. A r a th e r  wide SMF. T he cross s tria tio n s  hav e  denser in n er an d  lig h te r
o u ter bands. 99 000 X (139 679)

Fig. 17. P odocy te . SM F seem ing to  ram ify . 22 000 X (4661)
Fig. 18. M esangial cell. In trac y to p la sm ic  ab o rtiv e  c ilium -form ation .

25 0 0 0 x (1 1 6  226)
Fig. 19. Cilium  on th e  surface  of a p a rie ta l ep ith e lia l cell.

22 0 0 0 x (1 1 6  330)
Fig. 20. Several cilia on p a r ie ta l  ep ith e lia l cell. 12 000 X (103 557)

A b b rev ia tio n s in  th e  figures: arrow s show  SM F, BM —b ase m e n t m em brane, C — cen- 
trio le , C l — cilium , G — Golgi, MT — m icro tu b u le , N  — nucleus, P  — podocyte , P E  — p a rie ta l  

ep ith e lia l cell, PM — p e ricen trio la r dense m ate ria l, S — sa tellite



8 4 К .  S Z E P E S H Á Z I  a n d  К .  L A P I S

6 p e rio d s  on 20 SM F we fo u n d  p e riod ic ity  o f 88 ^  13.4 nm . T h e  cross s tria tio n s  
a re  n o t  hom ogeneous, b u t  consists of a c e n tra l dense s trip  w ith  less sh a rp ly  
o u tlin in g  ligh te r b an d s  on th e  tw o sides (F igs 14, 16). T he th ick n ess  o f th e  
f i la m e n t bundles v aries . Som etim es i t  is observab le  th a t  th e y  w iden in  th e  
n e ig h b o u rh o o d  of th e  cen trio le  (Figs 8, 9). T h e ir average th ick n ess  in  th e  m ore 
ev en  p a r ts  fu rth e r  from  th e  cen trio le  is ap p . 4 0 —60 nm .

T he leng th  o f th e  SM F can n o t he d e te rm in ed , th e y  are o f v a rio u s len g th s , 
a n d  generally  only  a sh o rte r  p a r t  o f th e m  is observable  on th e  p ic tu res . A t 
t im e s  only 2 3 cross s tr ia tio n s  con ta in in g  sh o r t s tru c tu re  is v isib le  n ea r th e
cen trio le . The longest one found  was 2.0 pm . In  som e cases th e  bund les show  
b ra n c h in g  (Figs 6, 17). A fte r  g lu ta ra ld eh y d e  f ix a tio n  th e ir  s tru c tu re  is s im ilar 
to  t h a t  observed w ith  osm ium  te tro x id e  f ix a tio n  (Fig. 5).

Other alterations concerning the centrosome

In  th e  m a jo rity  o f th e  g lom erular cells th e  centrioles h a v e  no rm al s tru c ­
tu r e .  H y p ertro p h ic , la rg e r th a n  usual cen trio les were only  ra re ly  observable. 
I n  th e  k idneys o f tw o  p a tie n ts  tr ip le  cen trio les could be seen, 1 in  a podocy te  
a n d  1 in  a m esangial cell.

In  a few cases, a n d  m ain ly  in  th e  m esang ia l cells, th e  cen trio le  was encir­
cled  in  a cilium -like m a n n e r b y  an arched  U -shaped  vesicle (F ig . 18). In  tw o  
cases a cilium , an d  th e  d evelopm en t o f cilia, respective ly , cou ld  be observed  
on th e  surface of th e  p a r ie ta l  ep ithe lia l cells (F igs 19, 20).

D iscussion

There is a re la tiv e ly  rich  m icro filam en t n e tw o rk  in th e  k id n ey  g lom eru lar 
cells, an d  actin-like p ro te in s  are  also d em o n strab le  in  th e  p o d o cy tes  an d  m es­
an g ia l cells [1]. S tru c tu re s  sim ilar to  s tr ia te d  m icro filam en t bund les, con­
n e c te d  to  th e  cen trosom e occur in  3 form s in  o th e r cell ty p e s : 1. k inetosom e- 
re la te d  rh izo p last (ro o tle t)  in  p ro tozoa  (c ilia ta , flag e lla ta ), 2. k in e to so m e-re la ted  
rh iz o p la s t (roo tle t in  th e  ciliary  cells o f an im als [12, 31], 3. cen trio le -re la ted  
s t r ia te d  m icro filam en t bun d les  in d ep en d en t o f cilium  or flagellum .

The la t te r  has been  observed in  th e  ly m p h a tic  en d o th e lia l cells o f ra b b it  
lu n g  [22], h u m an  an d  ch icken  liver tu m o rs  [4], H eL a an d  L 2 tu m o r cells [6], 
b u t  in  th e  la t te r  i t  w as only  observab le  a f te r  p rec ip ita tio n  a n d  iso la tion  of 
th e  m icro tubules.

A ccording to  Zeligs e t al [34] th e  s tr ia te d  roo tle ts  are one o f th e  com po­
n e n ts  o f the  p e ric e n tr io la r  m ateria l, w hich  is on ly  d e tec tab le  in  th e  in te rp h ase  
a n d  disappears u n d e r  m itosis. M orphologically  th e  ro o tle t belonging  to  th e  
b a sa l body  and  th e  s tr ia te d  m icro filam en t bund les belonging  to  th e  cen trio le
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h av e  a sim ilar s tru c tu re . The cross s tr ia tio n  p eriod ic ity  is 70 n m  (12), 6 0 —90 
n m  (22), an d  8 8 ^ 1 3 .4  nm  in our cases. T he th ickness o f  th e  SM F is m in u te  
re la te d  to  th e  size of th e  cell, th e ir  le n g th  was 0.2 — 2.0 /im  in  ou r fig u res . 
D ingle [9] rep o rts  tw o sh o rt (0.5 /im ) a n d  tw o  long (1.3. pm ) ro o tle ts  in  X eno- 
pus, an d  th e  form ers are  n early  tw ice as w ide as th e  longer ones. F rom  its  size 
i t  is n o t v e ry  p robab le  th a t  i t  can  be visib le on th e  sec tion  o f a cell. As i t  
ex p an d s rad ia lly  from  th e  cen trio le  in to  th e  cy top lasm , w ith  all p ro b a b ility  
i t  can  be found  in  th e  neighbourhood  o f th e  centrio le. I t s  recogn ition  is h a m ­
pered  b y  th e  fac t th a t  i t  can on ly  be  id en tified  in  lo n g itu d in a l sec tions; in  
cross sections i t  is n o t recognizable.

In  a b o u t h a lf  o f our k id n ey  b iopsies th e  SM F w ere searched  for r e tro ­
spective ly  on th e  p ic tu res tak en  earlie r, w hile in  th e  o th e r h a lf  o f th e  cases we 
a tte m p te d  to  d iscover th em  sy s te m a tic a lly  a lready  d u rin g  th e  m icroscopic 
ex am in a tio n . O f course th e  bund les w ere m ore freq u en tly  fo u n d  in  th e  la t te r  
cases. In  th e  f irs t  group o f 124 cases th e y  occurred  in  16 (12 .9%  of th e  cases), 
an d  in  th e  second h a lf  o f th e  cases th e y  w ere found  in  25 o f  102 (24.5% ).

W hen ju d g in g  th e  frequency  o f occurrence th e  fo llow ing po in ts  shou ld  
he  considered. The m icroscopic e x a m in a tio n  h ad  f irs t  of all d iagnostic  aim s. 
A b o u t 5 — 6 u ltra th in  sections w ere p re p a re d  from  each tissu e  b lock  u su a lly  
con ta in in g  1 — 3 glom eruli. The size o f  th e  bundles co m p ared  to  th e  cell shou ld  
also be ta k e n  in to  consideration . To an a ly se  th e  freq u en cy  o f occurrence in  
th e  d iffe ren t cell ty p es we m u st know  th e  incidence ra te  o f th e  cell ty p es  on 
th e  p ic tu re s . T hus 103 podocy te  n ucle i an d  95 m esangial cell nucle i p e r 100 
en d o th e lia l cell nuclei were co u n ted  on th e  pho to g rap h s o f 30 d iffe ren t cases, 
w ith o u t selection . I t  can  be said th e re fo re , th a t  in  th e  s tu d ie d  p ic tu res  th e  cell 
ty p es  occur a t  n ea rly  th e  sam e freq u en cy . On th is  base th e  conclusion is rea so n ­
able th a t  m ore th a n  h a lf  of the  s tr ia te d  m ic ro filam en t b u n d les  occur in  th e  
p o d ocy tes; a lm o st a q u a rte r  in  th e  en d o th e lia l cells an d  a b o u t 1/7 in  th e  m e­
sangial cells.

To a certa in  e x te n t th e  s tru c tu re  m ay  resem ble long  spacing  collagen, 
w hich  ra re ly  occurs in  th e  k idney  [27], how ever on th e  basis  o f its  localisa tion  
an d  m orphology  i t  can be d istingu ished  from  it.

D esp ite  th e  re la tiv e ly  freq u en t occurrence i t  c a n n o t be s ta te d  th a t  th e  
SM F are n o rm al organelles in  every  g lo m eru la r cell. This is also in fe rred  b y  
th e  fa c t th a t  its  incidence in  th e  th re e  cell ty p es  varies s ig n ifican tly . In  severa l 
cases th e y  could n o t be discovered even  w ith  th o ro u g h  search ing , desp ite  th e  
fa c t th a t  th e  centrio les were visible.

Some au th o rs  ra ise  th e  p o ssib ility  t h a t  th e  ap p earan ce  o f th e  SM F m ay  
be a sign o f th e  d is tu rb an ce  in  th e  h isto lo g ica l d iffe ren tia tio n  [4], or th e y  m ay  
be th e  ro o tle ts  o f ru d im e n ta ry  cilia [22].

The occurrence of oligocilia in  th e  vario u s tissues has been  rev iew ed  in  
d e ta il b y  G had ia lly  [12]. W e ourselves observed  th e  d ev e lo p m en t o f cilia in
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th e  glom eruli in  2 cases an d  only on th e  p a r ie ta l  ep ith e lia l cells. The b asa l 
bodies of these d id  n o t  h a v e  an y  re la tio n sh ip  w ith  th e  ro o tle t. In  a few cases 
vacuo le-fo rm ation  a n d  cell m em brane in v ag in a tio n  a ro u n d  th e  centriole was 
observab le  m ain ly  in  th e  m esangial cells; th e se  p h en o m en a  m a y  refe r to  differ- 
e n ta tio n  tow ards cilium .

Several a u th o rs  h a v e  observed th e  a lte ra tio n s  an d  c ilia-form ation  of 
cen trio les of various cells in  d ifferent p a th o lo g ica l s ta te s :  e .g  in  hypophysis 
an terio r-lobe  ad en o m a [18], hypophysis posterio r-lobe  s tim u la tio n  [15] an d  
in  certa in , m ain ly  en d o crin e  tum ours th e  increase  in  cen trio les [17]. These a lte ­
ra tio n s  m ay be c o n n e c te d  to  each o th e r, since th e  fo rm a tio n  of cilium  an d  
b a sa l body, re sp ec tiv e ly , m ay  also be o f cen trio la r origin [2, 10].

In  p ro tozoa th e  k in e to so m e-re la ted  ro o tle t is genera lly  a s tr ia te d  s tru c ­
tu r e  [5, 28], b u t  m a y  also  be an  o ther ty p e  [30]. In  an im als th e  s tr ia te d  ro o tle t 
c an  be found in  m o s t o f  th e  cilia [12]. In  o th e r  cases, how ever, th ere  is no 
ro o tle t  system : e.g. in  m am m a ry  m yoep ith e lia l cells [32], m ouse ov iduct [10]. 
In  o th e r cases i t  m a y  b e  fo und , b u t  i t  is n o t  o f s tr ia te d  s tru c tu re : e.g. rhesus 
m o n k ey  ov iduct [2], h u m a n  adenocarcinom a [24].

F rom  our re su lts  i t  m ay  be concluded  th a t  th e  occurrence of centrio le- 
re la te d  SMF is n o t  co n n ec ted  to  cilium  fo rm atio n  in  h u m a n  g lom erular cells. 
T h o u g h  the  rh iz o p la s t connected  to  th e  b a sa l b o d y  co rresponds m orphologi­
ca lly  to  the  cen tr io le -re la ted  sim ilar s tru c tu re , th e y  c a n n o t be regarded  as 
id en tica l, and  th e  d esig n a tio n  roo tle t or rh izo p la s t is n o t co rrec t for labelling  
th e  la tte r . In  c o n tra s t  to  th e  opinion o f Zeligs e t  al [34] th e  cen trio le -rela ted  
SM F canno t be co n sid e red  as th e  co m p o n en t of th e  p e ricen tr io la r  m a te ria l. 
A lthough  i t  arises fro m  th e  p e ricen trio lar a rea , i t  sp reads fa r  from  it ,  even to  
a d istance  of severa l /im  — and  on th is  basis  th e  m ic ro tu b u les  should also be 
classed am ong th e  p e ric e n tr io la r  m ateria l.

There w as no  re la tio n sh ip  in  th e  occurrence o f th e  SM F w ith  th e  age o f 
th e  p a tie n t, th e  n a tu re  o f th e  k idney  disease, th e  clin ical sym ptom s or th e  
ch a ra c te r  of th e  m orpho log ica l p ic tu re . Som e of th e  p a tie n ts  received co rtico ­
s te ro id  and  c y to s ta tic  im m unosuppressive  t re a tm e n t, resp ec tiv e ly , a t  v a rio u s 
in te rv a ls  before b io p sy . There also seem ed to  be no re la tio n sh ip  betw een  th e  
occurrence of th e  SM F an d  th e rap y . H ow ever, i t  seem s t h a t  th e ir  ap p earan ce  
w as accom panied b y  o th e r  signs of an  increase  in  th e  a c tiv ity  of th e  cell, th e  
increase of o th e r cell organelles — f ir s t  o f  all th e  h y p e r tro p h y  of th e  Golgi. 
T he fo rm ation  of th e se  stru c tu res  c an n o t be observed  b e tte r  in  the  g lu ta ra l-  
dehyd-fixed  m a te r ia l th a n  in  th a t  fix ed  in  osm ium  te tro x id e .

We have no know ledge a t  p resen t reg a rd in g  th e  fu n c tio n  of th e  s tr ia te d  
m icro filam ent b u n d le s . In  the  case o f th e  cilia, th e  rh iz o p la s t and  th e  ra re ly  
occurring  sim ilar f ib e rs  o f finer p erio d ic ity  are  p resu m ed  to  p la y  m echanore- 
cep to r, m ovem ent, a n d  m o v em en t-coo rd inating  ro les, resp ec tiv e ly  [13]. A c­
cord ing  to  o thers th e  rh izo p last has a fu n c tio n  o f m ech an ica l sup p o rtin g  [11]
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or anchoring  fu n c tio n  w ith  th e  cen trio le  [34] a n d  in  connection  w ith  th e  b a sa l 
body  [31]. T he b e a t  of th e  flagellum  in flag e lla ta  can  on ly  be effective in  th e  
m otion  of th e  cell, i f  th e  ro o tle t system  is anchored  to  an  organelle large enough  
(to the  nucleus) [29]. The d irec tion  of th e  ciliary  b e a tin g  appears to  be co n tro lled  
th ro u g h  th e  o r ie n ta tio n  of th e  stab le  anchoring  s tr ia te d  ro o tle t system  [9].

The c o n tra c tile  n a tu re  o f o th e r m icro filam en ts, th e  s tria tio n  p e rio d ic ity  
resem bling  th e  s tru c tu re  o f th e  skeleton  m uscle f ib e rs , a certa in  v a r ia b ili ty  
in  p e riod ic ity  in d ica te  a fu n c tio n  o f c o n tra c tility  or e la s tic ity  [28]. T he ac tiv e  
m otile  fu n c tio n  o f these  organelles in  p ro tozoa  has b een  accep ted  in  th e  la s t  
years, th e ir  ion -sensitive  co n trac tile  n a tu re  h av in g  been  d e tec ted  [26]. T he 
ac tin  [21] as well as A T P-ase a c tiv ity  [33] d em o n strab le  in  th e  ro o tle t p roves 
th e  co n trac tile , locom otive ch a ra c te r  o f th is  s tru c tu re . H yam s and K in g  [19] 
have iso la ted  an d  iden tified  th e  rh izo p las t f ib re  p ro te in  as a 47 kD a m olecule.

The v a rio u s  cell typ es of th e  k id n ey  g lom eru li a re  cells of co m plica ted  
function  w ith  ch a rac te ris tic  s tru c tu re , hav in g  a ro le in  th e  f iltra tio n  process, 
th e  p ro d u c tio n  o f  th e  b asem en t m em brane , th e  p rocessing  of ce rta in  e lem ents 
o f  blood etc. T h e ir com plex m etabo lic  and  m o v em en t processes are in  connec­
tio n  w ith  th ese  ta sk s . The occurrence o f th e  SM F in  th e  g lom erular cells m ay  
be  regarded  as an  ad ap tiv e  m e tap la s tic  process. T h ey  m ay  p lay  a role in  th e  
m ovem ent processes of these  cells and  in  th e  in tra c e llu la r  m a te r ia l- tran sp o rt. 
H ow ever, fu r th e r  stud ies are  necessary  for th e  e lu c id a tio n  of th e ir  fu n c tio n .
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Book Review

M ich a el  R ick m a n n  and  J oachim  R. W o lff : Prenatal Gliogenesis in  the N eopallium  o f  the R at.

A dvances in  A n a to m y , E m b ry o lo g y  and Cell B iology, Yol. 93. — Springer-V erlag , B erlin , 
H eidelberg , New Y ork, T okyo (1985). P rice: DM 5 8 ,—

T his m onograph  deals w ith  th e  m orphological ch arac te ris tics  and  early  d iffe ren tia tio n  
of non -rad ia l glial cells in th e  p re n a ta l cerebral co rtex . T he book w hich has 104 pages is d iv ided 
in to  4 m ain  ch ap ters  (In tro d u c tio n , an  in fo rm a tiv e  M aterial an d  M ethods, a m ost d e ta iled , 
and rich ly  illu s tra te d  R esu lts , an d  th e  follow ing, D iscussion -f- conclud ing  b rie f S u m m ary). 
A com prehensive  lis t of R eferences concludes th e  m onograph .

T he m ethods u tilized  include s ta n d a rd  lig h t- and  e lectron  m icroscopy, 3H -th y m id in e  
and  3H -G A B A  au to rad io g rap h y , Golgi im p reg n atio n  3-d reco n stru c tio n  of E M -graphes and 
la s t, b u t  n o t least, G F A P and  C, im m u n o cy to ch em istry .

T he m ain  m essage of th e  m o nograph  is, th a t  em bryon ic  glial cells ex h ib it a v e ry  specific 
p o la rity  estab lished  th ro u g h  c o n tac ts  w ith  (1) m esenchym al surfaces and  (2) by  a sy s tem  of 
in te rg lia l co n tac ts . In te rg lia l c o n tac ts  and  co m m unica tion  s tru c tu re s  fo rm  a spongious fram e­
w ork, in to  w hich d iffe ren tia tin g  nerve  cells are layed  dow n d u rin g  co rtica l develo p m en t. In  
ad d itio n , th e  au th o rs  prov ide evidence, th a t  glial cells of various positions and of v a rio u s shape 
are p resen t a t  v e ry  early  develo p m en ta l stages, coex isting  w ith  p reneurons, and o th e r, ra d ia l 
glial cells.

T he m o nograph  is recom ended  to  those  in te re s ted  in  develo p m en ta l neurob io logy , and 
in cellu lar d iffe ren tia tio n  problem s.

J .  H Á M O R I
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EXPERIMENTAL INVESTIGATION OF THE EFFECT OF 
CARDIAC GLYCOSIDES ON THE ISCHEMIC 

CORONARY CIRCULATION

P . Só to ny i , Y. K é k e s i , E . S omogyi

D EPA RTM EN T OF FORENSIC M ED ICINE AND RESEA RCH  U N IT  OF D EPARTM ENT OF 
CARDIOVASCULAR SURGERY, SEM M ELW EIS U N IV ER SITY  OF M ED ICIN E, BUDAPEST

(R eceived 21 F e b ru a ry  1986)

The p a p e r  p resen ts new  ev idence of th e  v a so a c tiv ity  of card iac  glycosides in  
th e  m y ocard ium . E x p erim en ts  w ere perfo rm ed  on th e  in  s itu  dog h eart. The p re sen t 
s tu d y  p rim a rily  focuses on the  analysis o f K -s tro p h an to sid e  induced  topo-optical and  
th erm o g rap h ic  a lte ra tio n s  in  acu te  m y ocard ia l ischem ia. The s trong  b ind ing  of K - 
stro p h an to s id e  to  th e  coronary vessel w all and  th e  en d o th e lia l cells was found to  be 
accom panied  b y  v aso constric tion  in  th e  reg ionally  ischem ic h e a r t  m uscle. T he p o ten tia l 
clinical im p a c t o f these  findings on  th e ra p y  is b riefly  ev a lu a ted .

Keywords: C ardiac glycosides, ischem ia, co ronary  c ircu la tio n  th e rm o g rap h ia

Introduction

S uffic ien t m orpho log ical evidence ex ists to  d o cu m en t th e  a ffin ity  of 
card iac  glycosides to  th e  co ronary  vessels: D e te rm in ed  w ith  R o m h án y i’s 
a ld eh y d e-b isu lp h ite -to lu id in e  b lue (ABT) tech n iq u e  (22) th e  in te n s ity  of b ire ­
fringence in  th e  v a sc u la r  wall in d ica tin g  th e  s tre n g th t of b ind ing  was found  to  
be sim ilar to  th a t  o f th e  m yocardial sarco lem m al re a c tio n  [26, 27]. This h is to ­
logical p a t te rn  has i ts  fu n c tiona l eq u iv a len t: a lth o u g h  a secondary  m etabo lic  
v aso d ila to r response  resu ltin g  from  c a rd io s tim u la tio n  w ould  be expected  to  
follow card iac  glycoside ad m in is tra tio n , in  earlie r ex p erim en ts  a p rim ary  
d irec t v a so c o n s tr ic to r  effect has been found  in th e  co ro n ary  bed of th e  in ta c t  
dog h e a r t [26]. T hese find ings s tro n g ly  suggest th a t  th e  d irec t co ronary  action  
of card iac  glycosides also com petes w ith  hypox ic  v a scu la r  a d a p ta tio n  (v aso ­
d ila tion) d u rin g  m yo card ia l ischaem ia. H ow ever, in  the  p a s t, i t  was d ifficu lt 
to  exam ine th is  p o ss ib ility  w ith  co n v en tio n a l tech n iq u es . W ith  th e  a d v e n t 
of th e  fu n c tiona l m orphologic m ethod  of card iac  th e rm o g rap h y , th e  d e ­
ta iled  in q u iry  in to  th e  problem  seem s conven ien t. P a p p  and his co-w orkers 
have p roved  th a t  th e  pow er by th e rm o g ra p h y  of re so lu tin g  co ronary  v ascu la r 
changes in  th e  d im ensions of b o th  space and  tim e  fa r exceeds th e  pow er

Send o ffp rin t re q u ests  to  P . Sótonyi, D ep t, of Forensic M edicine, Sem melweis U n iv ersity  
of M edicine, 1091 B u d ap es t, Ü llői ú t  39, H u n g a ry
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possessed  by a lte rn a tiv e  m ethodologies a im ed a t  sim ilar pu rposes [17, 18, 19, 
21 ]. Since th e rm o g rap h ic  m app ing  freezes rap id ly  chang ing  physio logical 
a c t iv i ty  to  well d e fin ed  m orphologic p a tte rn s , th e  te ch n iq u e  is su itab le  to  
ex am in e  rap id ly  a c tin g  drugs such as s tro p h an tin e . T hese p a tte rn s  can be 
co m p ared  w ith  th e  b in d in g  of th e  d ru g  as de te rm ined  w ith  th e  aid of th e  
p o la riza tio n  m icroscope. The p re sen t s tu d y  therefo re  focuses on th e  analysis 
o f  K -stro p h an to sid e -in d u ced  to p o -o p tica l and th e rm o g rap h ic  a lte ra tio n s  in 
a c u te  m yocard ial isch aem ia  by  u tiliz in g  th e  m ethods described b y  R om hány i 
e t al. [22] and  P a p p  e t  al. [19, 21], resp ec tiv e ly .

Materials and methods

E x p erim en ts w ere done using  15 m ongrel dogs of e ither sex, w eighing betw een  9.5 and 
27 kg, and an aesth e tised  w ith  p e n to b a rb ita l  sod ium , 30 — 35 m g/kg, given in trav en o u sly . 
S upp lem en ta l doses (30 — 60 m g) were in je c te d  as needed. The anim als were in cu b a ted  in tra -  
trac h ea lly  and v e n tila te d  w ith  room  a ir b y  m ean s of a volum e-cycled re sp ira to r  (RO -5). T he 
h e a r t  was exposed th ro u g h  a b ila te ra l t ra n s s te rn a l  th o raco to m y  in  th e  4 th  in te rco s ta l space 
a n d  th e  pericard ium  w as incised . The h e a r t  w as firm ly  suspended in  a pericard iac  cradle. 
T h e  le f t an terio r d e scen d in g  (LA D ) co ro n ary  a r te ry  w as p repared  free d is ta l to  the  sep ta l 
b ra n ch , usually  in  an  u p p e r  m id-position  an d  a th re a d  was p laced loosely a ro u n d  it. A rteria l 
b lo o d  pressure w as m easu red  w ith  a P  23 B d S ta th a m  tran sd u cer th ro u g h  a heparine-filled  
p o ly ethy lene  cannu la  in se r te d  in to  a fem ora l a rte ry . P ressure trac in g s were con tinuously  d is­
p lay e d  on a Heilige reco rd er. A fter th e  su rg ery  h a d  been com pleted  a 25 — 30 m in  period was 
allow ed for the  s ta b iliz a tio n  of th e  p re p ara tio n . N ine dogs (G roup I)  were u sed  only for s tu d y ­
in g  b y  the  ABT tec h n iq u e  of the  b in d in g  an d  d is tr ib u tio n  of glycosides in  acu te  m yocard ia l 
ischaem ia . In  six dogs (G roup  I I )  th e rm o g rap h ic  analysis was also perfo rm ed . T he ex p eri­
m en ta l protocol was s im ila r in b o th  groups: w hen the  blood pressure an d /o r th e  th e rm o ­
g rap h ic  image o f th e  h e a r t  (v .i.) appeared  to  be  stab ilized , th e  LAD a rte ry  ag a in st th e  flanged  
en d  of a rigid p o ly e th y len e  tub e , and m a in ta in ed  for th e  rem ain ing  p a r t  o f  th e  ex p erim en t. 
A fte r  60 m in th e  dogs w ere given 50 /ig /kg  K -s tro p h an to sid e  in  slow in tra v en o u s  in jec tion . 
T h e  d rug  was ad m in iste red  e ith e r as a single dose (G roup I), or in  th e  fo rm  of tw o equal su b ­
se q u e n t doses (G roup I I ) .  The haem odynam ic  effec t of th e  glycoside was ch arac te rized  by  th e  
ch an g e  of the  m ean  a r té r ia  pressure, a n d  th e  change in  th e  n u m b er o f ectop ic  b eats. A t th e  
te rm in a tio n  of th e  e x p erim e n t th e  b e a tin g  h e a r t  was rem oved rap id ly  and  p laced  on crushed  
ice for histochem ical analysis. C om para tive  in v es tig a tio n  of card iac  glycoside b ind ing  to th e  
co ro n ary  vessels w as s tu d ied  w ith  th e  A B T  (a ld eh y d e-b isu lph ite -to lu id ine  b lu e) to p o-op tical 
s ta in in g  reaction . T he tissues were cu t for th ic k  sections (C ryo-C at-M icrotom e. A m erican O pt. 
Co.). The slices were tre a te d  w ith  1.0 period ic  acid  for 30 m in  th en  w ith  sa tu ra te d  so lu tions 
o f  sodium  b isu lphate  also for 30 m in. A fte r sh o rt rinsing  w ith  w ater, th e  slices were s ta in ed  
fo r 5 m in w ith  to lu id in e  blue (Sigm a) a t  p H  0.1 to lu id ine  blue in  0.1N  HC1). A fter s ta in ­
in g , th e  dye so lu tion  w as b lo tte d  w ith  a good q u a lity  o f f ilte r paper. T h en  1 .0%  p o tassium  
ferry cy an id e  so lu tion  w as d ropped  on to  th e  slides. W ith o u t being  rinsed  in  w a te r th e  slices 
w ere m ounted  on g um  a rab ic  co n ta in ing  1 .0%  po tassium  ferrycyan ide . P o la riza tio n  op tica l 
ex am inations were ca rried  o u t w ith  a L eitz  O rth o lu x  m icroscope. Q u a n tita tiv e  m easu rem en ts 
w ere m ade w ith  ro ta t in g  com pensators. F o r m ore details on to p o -o p tica l reac tio n s see 
R o m h án y i e t al [22J. A m in im um  of th ree  sections from  each h e a r t was cu t h av in g  a th ickness 
o f  5 to  10 fim  and  s ta in e d  w ith  h aem o toxy lin -eosin  (H E ) or phosp h o tu n stic -ac id -h aem o to x y - 
lin  (PTA H ).

The in v es tig a te d  ischem ic te r r i to ry  w as alw ays d is ta l from  th e  L A D  lig a tu re . T he 
co n tro l was th e  a rea  supp lied  by  the  c ircu m flex  arte ry .

Cardiac th e rm o g ram s, as described fo rm erly  [21, 19] were reco rded  w ith  an  AGA 750 
T herm ovision  cam era  w hich  senses the  in fra red  w aves in  the 2.0 to 5.6 /tin  w aveleng th  range. 
T h e  m ethod is based  on th e  principle th a t  these  ray s, p ro jec ted  by  ro ta t in g  prism  on an  in- 
d ium -an tim on ide  c ry s ta l cooled w ith  liqu id  N 2 to  —196 °C, are co nverted  in to  electric  signals: 
Colour-coded th e rm o g rap h ic  im ages are d isp lay ed  by  a u n it of th e  e q u ip m en t w orking on  th e
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princip le  o f a closed television  chain. In  th e  false-coloured im ages th e  w arm  an d  cold ranges 
are rep resen ted  by  w hite-red  and b lue-green colours, respectively . T he sen sitiv ity  of th e  eq u ip ­
m en t was se t to  cover a 5 °C te m p e ra tu re  ran g e : accordingly, each  colour of scale, w hich  is 
d iv ided  in to  10 bands, rep resen ted  a 0.5 °C s tep  in tem p era tu re . W ith  th e  aid  of a s ta n d a rd  
reference h e a t source the  tem p e ra tu re  p e rta in in g  to  a given colour could be d e tec ted  and  
ca lib ra ted  a t regu lar in te rv a ls . P ic tu res  were ta k e n  from  the  ap p ro p ria te  m o n ito ring  u n it of 
th e  device w ith  a Canon AT-1 ph o to g rap h ic  cam era.

Results

/ .  Polarization microscopic investigations

In  one of n ine dogs, occlusion o f th e  LAD a r te ry  caused irreversib le  
v e n tr ic u la r  fib rilla tio n . Seven of th e  su rv ivers received 50 /tg/kg of K -stro - 
p h an to s id e , in  a single dose, w hile th e  rem ain ing  an im al served  as h istologic 
con tro l. T he haem odynam ic  s ta b ility  o f th e  exp erim en ta l subgroup  is show n 
in th e  T ab le  I. The effect of LA D  occlusion failed to  e lic it a s ta tis tic a lly  sign if­
ic a n t d rop  in  blood pressure, and  th e  increase of the  n u m b er of ex trasy sto les  
w as also sligh t. C ardiac glycoside ad m in is tra tio n  elicited  s ign ifican t h y p e r­
ten sio n  and  a m o d era te ly  au g m en ted  frequency  of ectopic b ea ts .

A fte r th e  occlusion of th e  LA D  a r te ry  th e  signs o f acu te  m yocard ia l 
ischem ia  were show n in th e  effected  m yocard ial cells w ith  P T A H  sta in in g

Table I

H aem odynam ic consequence of experim ental in terven tions*

Control Myocardial ischaemia (LAD) occlusion

(ш'") 0 5 00 70 (strophantoside**)

M ean a rte ria l blood 
pressure (m m H g) 

Incidence of a rrhy thm ias 
(ES/m in)

124.6 +  9.8 

0 .4 ± 0 .4

113 .7±10 .6  

3 .1 ±  2.2

1 2 3 .4± 11 .3  

b 3.1 ±  1.8»

142.3 zt 11.8“ 

7.0 ±  3.4b

* M ean va lu esT S E M , n 7
** 10 m in  afte r th e  i.v. adm in istra tio n  of 50 //g/kg K -strophantoside  

a S ignificant change (p <  0.01) from  th e  preceeding phase (60 m in) 
b S ignificant change (p <  0.05) from  contro l

m ethod . T he ABT reac tio n  w as p rac tica lly  negative : on ly  som e sections 
show ed sm all basoph ilia  and b irefringence of th e  sm all vessels and  sarco lem m a 
m em b ran e . The re ta rd a tio n  of b irefringence  was 5— 10 nm . In  th e  non -dam aged  
m yocard ia l area th e  to p o -o p tica l reac tio n  induced a v e ry  in ten siv e  effect of 
the  sarco lem m a m em brane and  cap illaries. N egative b irefringence to  th e  su r­
face was found . The s tro n g  b ind ing  o f ca rd iac  glycoside w as in d ica ted  b y  th e  
ap p earan ce  of d ichroism  and  th e  ch a rac te ris tic  green colour of p o la riza tio n

Acta Morphologica Hungarica 35 1987
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Fig. 1. D em onstra tion  of K -s tro p h an to sid e  ad m in iste red  in trav en o u s ly  in  doses of 50 ,«g/kg. 
L ig h t m icroscopic (A) a n d  po lariza tio n  m icroscopic (B ) p ic tu res  o f th e  sam e p repara tio n s. 
T he arrow s show lo ca liza tio n  of th e  strong  b ind ing  of card iac  glycoside in  th e  wall of sm all 

co ro n ary  a rte ry . A BT reac tio n . (240 X , 240 x )

(F ig . 1). N egative b ire fringence  o f th e  surface of th e  sarco lem m a m em brane an d  
capillaries, p o in ted  to  p erp en d icu la rly  o rien ted  dye m olecules and to  lin ear 
po lysaccharide  ch a in s . T he re ta rd a tio n  of b irefringence  w as 20— 30 nm . T he 
b o rd e r of dam aged  and  non-dam aged  region p resen ted  an  increased top o - 
o p tica l reac tion  (F ig . 2). T h e  re ta rd a tio n  o f th e  b irefringence was 30— 40 n m . 
T he polariza tion  co lou r was green. The glycogen h ad  g ra n u la te d  birefringence 
w ith  red  p o la riza tio n  colour. G lycogen granu les w ere ren d e red  s trong ly  b a so ­
ph ilic  and s ligh tly  m e th a c h ro m a tic  due to  th e  A BT reac tio n . The re ta rd a tio n  
of birefringence w as 5— 10 nm .

Acta Morphologien Hungarica 35, 1987
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11. Thermographie investigations

H aem odynam ic  b e h av io u r of these  p re p a ra tio n s  w as sim ilar to  th a t  of 
th e  fo rm er group. T he m o st ty p ica l th e rm o g rap h ic  p a tte rn  in d u ced  by  tw o  
su b seq u en t in tra v e n o u s  doses of K -s tro p h an to s id e  in  th e  ischaem ic h e a r t is 
show n in  Fig. 3. B efore co ro n ary  occlusion, h e a t em ission from  th e  ep icard ial 
su rface  d isplayed a re m a rk a b le  hom ogeneity  (A). O cclusion o f th e  LAD a rte ry  
w ith  a snare p ro d u ced  a ra p id  local te m p e ra tu re  decrease w hich  appeared  
to  be fa irly  stab le  a f te r  5 m in  (B). H ow ever, a lth o u g h  a t a m uch  slower ra te , 
h e a t  irrad ia tio n  from  th e  ischaem ic area co n tin u ed  to  fall for th e  whole 60 m in 
o b se rv a tio n  period (C). T h is ty p e  of reac tio n  of th e  th e rm o g rap h ic  d em arca ­
tio n  of the  ischaem ic  dam age w as n o ted  b y  P a p p  et al. [19], and  will be 
re fe rred  to  as such in  th is  p ap er. K -stro p h an to s id e  given in tra v e n o u s ly  in  tw o 
su b seq u en t doses (D , E ) e lic ited  considerab le do se-d ep en d en t decreases o f 
su b ep icard ia l te m p e ra tu re , a sp read ing  im age o f th e  localized  cooling in  
th e  ischaem ic reg ion , and  an  appreciab le  sh a rp en in g  o f te m p e ra tu re -  
g ra d ie n t betw een th e  in ta c t  and  affected  a reas , i.e. a fu r th e r  dem arca tio n  
o f th e  ischaem ic d am ag e . M oreover, a fte r th e  la rg e r glycoside dose (50 <ug/kg) 
th e re  appeared a s till cooler cen tre  inside th e  in ju red  zone. This p h en o ­
m enon  was coupled  w ith  th e  generalized sh ift to  th e  cooler range of th e  
w hole card iac im age, i.e . a re s tric ted  h e a t em ission from  th e  unaffec ted  
p a r t ,  too .

In  some re sp ec t th is  d ram a tic  d em arca tio n  is in  c o n tra s t to  w h a t h as  
been  observed in  ex p e rim en ts  illu s tra tin g  th e rm o g rap h ic  signs of flow com ­
p en sa tio n  (Fig. 4). T he la t te r  ty p e  of reac tio n  is ch a rac te ris tic  o f th e  abundance  
o f th e  perform ed co lla te ra l co ronary  n e tw o rk  possessing a good flu id -ca rry in g  
cap ac ity . A ccording to  th e  observations of P a p p  e t al. [19], in  th e  co m pensa to ry  
ty p e s  of ischaem ic e v e n ts  th e  th erm o g rap h ic  im age of th e  dam aged  zone is 
m u ch  sm aller th e n  th e  size o f th e  vascu lar area  th a t  th e  h e a r t  is deprived  o f 
b y  occlusion (com pare  В — E and  F  in Fig. 4). As show n in  F ig . 4, the  ho m o ­
geneous th e rm o g rap h ic  p a t te rn  of th e  le ft v en tric le  supp lied  b y  th e  LA D  
a r te ry  (A) ten d s to  e x h ib it a ch a rac te ris tic  m ixed p a tte rn  of cool and w arm  
is le ts  after LAD occlusion  (B). The effective, averaged  cooling is m uch sm a l­
le r th a n  in Fig. 3. E v e n  a fte r a 60 m in o b se rv a tio n  th e  affec ted  m yocard ia l 
tissu e  appears to  be d iv ided  in to  d is tin c t w arm er and  cooler sub-areas w ith in  
th e  jeopard ized  zone (C) an d  did no t ex h ib it a n y  sign of th e  dem arca tio n  o f  
th e  im m inen t „ in f a r c t” . T hus, th e  h is to ry  o f ischaem ic ev en ts  w as d issim ilar 
to  th a t  of the  p reced in g  h ea rt. N evertheless, K -s tro p h an to s id e  evoked an  
appreciab le  cooling n o t  only  in  m ajo r segm ents of th e  affec ted  area, too  (E ). 
A t th e  sam e tim e , th e  size of th e  coolest sp o ts  inside th e  ischaem ic zones 
d im in ished , i.e. in h o m o g en e ity  of the  affec ted  p a rts  becam e less a p p a re n t. 
T h is ind icated  th e  p a r t ia l  cessation  of th e  co m p en sa to ry  ten d e n c y  of th e  v a so ­
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d ila tio n  w ith in  th e  ischaem ic zone a n d  of th e  a d a p tiv e  reactions w ith in  th e  
in ta c t  zone supp ly ing  th e  co lla tera ls.

F igure 5 dep ic ts th e  ch a rac te ris tic  th erm o g rap h ic  im age p roduced  by  
close a rte ria l in jec tion  of K -s tro p h an to s id e . S udden , d irec t c o n ta c t o f the 
co ro n ary  vessel wall w ith  th e  glycoside resu lted  in  a su b s ta n tia l cooling in th e

Fig. 3. A ccen tu a ted  therm o g rap h ic  d em arca tio n  of ischaem ic cooling a fte r  K -s tro p h an to sid e . 
O rig inal therm o g ram s. T he colour-scale in  each  therm ogram  (left) show s 0.5 °C te m p e ra tu re  
steps (from  above dow nw ards: cooling). B orders of the  m y ocard ia l a rea  supplied  by  th e  
occluded LAD a rte ry  are in d ica ted  by arrow -heads (upper r ig h t therm o g ram ) as com pared  
to  no rm al ph o to  (lower r ig h t insert). The la rg e s t arrow -head deno tes th e  p o in t o f occlusion. 
N ote  th e  m irro r im age of th e  h e a r t  in  th e  therm o g ram s (left a n d  r ig h t sides are reversed). 
C h arac teristic  phases o f th e  exp erim en t (m ean  a rte ria l p ressure , m m H g, in  p a ren th eses): 
(A) con tro l (95), (B) 5 m in  a fte r LAD occlusion (90), (C) 60 m in a fte r  LAD occlusion (86), (D) 
a fte r th e  f irs t  dose o f 25 /ig/kg K -s tro p h an to sid e  (97), (E ) a fte r th e  second dose of 25 /tg /kg

K -stro p h an to sid e  (100)
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a ffec ted  area, b u t n o t in  th e  h ea rt m uscle supp lied  b y  o th e r co ro n ary  branches. 
S ince th is  form  of se lec tive  th erm o g rap h ic  re a c tio n  was q u a lita tiv e ly  sim ilar 
to  reac tio n s elicited b y  in trav en o u s  in jec tio n s  o f th e  d ru g  in  th e  no rm al hea rt, 
th e  observations in d ic a te d  th e  d irec t v a scu la r  ch a rac te r o f therm ograph ic  
a c tio n s  ob tained  w ith  la t te r  w ay  of d ru g  ad m in is tra tio n .

F ig. 4. T herm ographic fe a tu re s  of K -s tro p h an to sid e  ad m in istra tio n  in  m odera te  ischaem ic 
cooling. Note the effec tive  cooling is m uch sm alle r th a n  size of th e  affec ted  area, and th a t  
cooling is no t progressive (com pare  (B) and (C). Sam e a rran g em en t as in Fig. 3. (A) (12), (B )

(116), (C) (122), (D) (132), (E ) (135)
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F ig. 5. E ffec t of in tra co ro n a ry  K -s trophan toside  (20 fig) in  th e  non-ischaem ic h eart. (A) con tro l 
(95 m m H g), (В) g lycoside-induced rap id  cooling  of th e  le ft ven tricle  (20 s), (€ ) th erm o g ram  
ta k e n  a fte r  in jec tion  of ice-cool m ethy lene-b lue  in to  th e  LA D  (w hite a rrow -head  in d ica tes  
th e  p o in t of the “ w inged”  needles in serted  in to  th e  a rte ry ), (D) norm al ph o to  of th e  in te r ­

ven tion  d ep ic ted  in (C). Note th e  sh a rp  b o u n daries o f the  s ta in ed  area

D iscussion

T he d irect co ro n a ry  v aso co n stric to r effect of card iac glycosides w as 
p o s tu la te d  as ea rly  as 1913 by  Y oeg tlin  an d  M ach t who rep o rted  v igorous 
sm o o th  m uscle co n trac tio n s  when sev era l d ig ita lis  p rep a ra tio n s  w ere ad d ed  
to  th e  b a th in g  m ed iu m  of isolated co ro n a ry  s trip s . Since th a t  tim e, th e  possible 
a u g m e n ta tio n  by  d ig ita lis  and o u ab a in  o f th e  co ro n ary  vascu la r to n e  has been  
th e  su b je c t of n u m ero u s  in v estiga tions on th e  in  situ  coronaries. [3, 4, 5, 6, 
7, 8, 15, 25, 26, 32, 33, 36]. In  sp ite  o f  th e  fa c t th a t  m ost stud ies im p lica ted  
an  (un favourab le) red u c tio n  in th e  m y o card ia l blood flow a tfe r  th e  ad m in is­
t r a t io n  o f card iac glycosides, especially  w hen  these  drugs were app lied  a t 
h ig h er doses, th e  d ire c t coronary  ac tio n  has o ften  been neglected  as com pared  
to  th e  well know n arrh y th m o g en ic  effec t. Since m an y  card iac disease p a tie n ts , 
in c lu d in g  those su ffe ring  from  co ro n ary  h e a r t  disease, receive an overdosed  
ca rd iac  glycoside th e ra p y , th e  tox ico log ica l aspects  of th e  d rug  ac tions on 
m y o card ia l blood su p p ly  also have a p o te n tia l clinical significance. W hen
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s tu d y in g  po st-m o rtem  signs of d ig italis to x ic ity  in h u m an s, a su rp rising  degree 
of d ig ita lis  b ind ing  to  th e  co ronary  vessel w all has been d ocum en ted  [29, 30 J. 
This m orphological ob serv a tio n , w hich becam e availab le  w ith  th e  a d a p ta tio n  
of R o m h á n y i’s to p o -o p tica l m ethod  fo r d e tec tin g  card iac  glycosides [27], 
s tim u la te d  research  aim ed a t e lu c id a tin g  re la te d  physiological p h en o m en a  
su p p o sed  to  be invo lved  in  co ronary  re a c tiv ity  [26]. The resu lts  suggested  a 
s tro n g  fu n c tio n a l an tag o n ism  betw een  th e  vasom oto r actions induced  by  
ca rd iac  glycosides an d  tra n sm itte rs  o f m etabo lic  a d a p ta tio n  (adenine n u c leo ­
sides) u n d e r in  vivo cond itions, th u s  in d ic a tin g  p robab le  co rre la tions betw een  
glycoside up tak e  an d  a u to re g u la to ry  im p a irm e n t of th e  co ronary  sm oo th  
m uscle on one h an d , an d  c o n tr ib u tio n  of b lood  flow  red u c tio n  to  th e  to x i ­
cological m an ifesta tio n s in  m yocard ia l ischaem ia , on th e  o th er.

T h e  blood flow  red u c tio n  in  th e  m y o card iu m  a fte r  occlusion of a m a jo r 
c o ro n a ry  b ran ch  is nev er com plete because subep icard ia l co lla tera l connec­
tio n s , w hich  are p a r tic u la r ly  a b u n d a n t in  th e  dog h e a r t, ensure ab o u t o n e-th ird  
to  o n e -h a lf of th e  average  level of re s tin g  b lood  supp ly  to  th e  o u te r and  m iddle 
lay e rs  o f th e  h e a r t m uscle [10, 23]. In  th e  suben d o card iu m  th e  s itu a tio n  is 
less fav o u rab le  [24], b u t even in th is  la y e r  th e  co lla te ra l flow  fa r exceeds zero. 
T h ro u g h  th e  co lla te ra l ne tw ork  p ra c tic a lly  an y  regional pharm aco log ical in ­
fluence  b y  system ic d ru g  ad m in is tra tio n  is possible, a lthough  a t  a reduced  
local d e livery . A t th e  sam e tim e, b o th  th e  b in d in g  to  and  th e  e lim in a tio n  from  
m em b ran e  recep to rs of th e  card iac glycosides are m odified  b y  m yocard ia l 
isch aem ia  [1, 9, 11, 12]. The eq u ilib ru m  of all these  fac to rs : reduced  d ru g  
d e liv ery , m odified u p ta k e , and h in d ered  w ash o u t ch a rac teris tic s  is re flec ted  
e v id e n tly  b y  th e  p resen t find ings o b ta in ed  w ith  th e  A BT tech n iq u e  w hich 
show ed ch a rac te ris tic  change in  glycoside b ind ing  induced  b y  m yo card ia l 
isch aem ia . The A B T to po-op tica l reac tio n  e lab o ra ted  by  R om hány i et al. [22] 
an d  w idely  app lied  in  po la riza tion  m icroscopy  has opened new scopes in  p o ly ­
sacch arid e  research . The reac tion  m echan ism  is well know n. D urin g  ABT- 
re a c tio n  th e  v icinal O H  groups are tra n sfo rm e d  in to  d ia ldehydes by  period ic  
acid th e n  tran sfo rm ed  in to  n eg a tiv e ly  charged  groups by  th e  b isu lp h ite  ad d i­
tio n  reac tio n . In  th is  w ay  th e y  are ren d e red  capab le  of b ind ing  to lu id in e  b lue 
a t  p H  1.0. w hich resu lts  in  s trong  m e tach ro m a tic  basoph ilia  and  b irefringence. 
T he reac tio n  offer in fo rm a tio n  a b o u t th e ir  o rd er in  d iffe ren t b io logical s tru c ­
tu re s . T he ABT to p o -o p tica l reac tio n  [22] is su itab le  fo r m olecular analysis  
an d  localiza tion  of card iac  glycoside [14, 28, 29, 30]. The sugar com po­
n e n t of card iac glycoside has an  expressed  basoph ilia  and  m eth ach ro m asia . 
T he b irefringence was strong . T he n eg a tiv e  b irefringence p o in ts  to  v e rtic a l 
o rien ted  to lu id ine  b lue and to  lin ear p o ly sacch arid e  chains. The green colour 
of p o la riza tio n  p o in ts  to  a high o r ie n ta tio n  of dye m olecules. M yocard ial 
ischem ia  produced  b y  th e  liga tion  o f b ra n c h  of th e  co ronary  a r te ry  caused  a 
s ig n ifican t decrease of the  card iac glycoside b ind ing . The A B T -reaction  was
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n e g a tiv e  or s tro n g ly  reduced in  b a so p h ilia  and  b irefringence on th e  o th e r 
h a n d . The b in d ing  of cardiac glycoside increased  on th e  b o rd er of no rm al and  
h y p o x ic  dam aged  cells. The ABT re a c tio n  p resen ted  a h igher b irefringence 
an d  basophilia  o f th e  sarcolem m a m em b ran e  and  sm all vessels th a n  th e  co n ­
tro l te rr ito ry .

In  th e  p re se n t s tu d y  th e  fu n c tio n a l significance of ih e  card iac glycoside 
b in d in g  to  th e  co ro n ary  wall was assessed by  in frared  th e rm o g rap h y . The 
re su lts  confirm  earlier in v estig a tio n s w hich  have in d ica ted  th e  sen s itiv ity  
an d  re liab ility  o f th is  m ethod for s tu d y in g  no t only gross anatom ical defects 
in  m yocard ia l b lood supply , b u t m uch  su b tle r fu n c tiona l a lte ra tio n s, such as 
d ru g  actions, to o . [18, 19, 20]. C hanges of h e a t ra d ia tio n  from  th e  surface 
o f th e  exposed h e a r t  reflect essen tia lly  changes in blood flow . The efforts of 
P a p p  and  his co-w orkers in te rp re tin g  card iac  th erm o g rap h ic  a lte ra tio n s  in  th e  
te rm s  of blood su p p ly  proved to  be ex trem ely  successful [17, 20]. T hey  have 
show n th a t  rap id  w arm ing  and  cooling on th e  h e a r t surface are q u a n tita tiv e ly  
co rre la ted  w ith  increased  and  decreased  blood flow  ra te s , respective ly . T he 
ca rd iac  calorigenic ac tion  of in te rv e n tio n s  were found  to  be only secondary  
an d  p ro tra c te d  in  th is  respect. T his exp la in s th e  seem ingly  p a rad o x ia l s i tu ­
a tio n  th a t  increased h e a r t ac tiv ity  a f te r  s tro p h a n tin e  ad m in is tra tio n  was found  
to  be associated  w ith  th e  decrease o f h e a t  irra d ia tio n  of th e  ep icard ial surface. 
E v id e n tly , the  red u ced  blood flow an d  n o t th e  enhanced  m etabolic ra te  was 
th e  p re d o m in a n t fa c to r  in  th e  th e rm o g rap h ic  response. C onsidering th e  v a sc u ­
la r  reg u la to ry  aspec ts  of the p h en o m en o n , i t  seem s likely  th a t  secondary  
m etab o lic  stim uli affecting  the  c o ro n a ry  vessels m ay  n o t have been g rea t 
en o u g h  to  m ask  th e  glycoside-induced d ire c t sm ooth  m uscle co n trac tio n . Since 
th e rm o g rap h ic  signs of coronary  v aso co n stric tio n  occurred  in spite  of a co n ­
c o m ita n t h y p e rten s io n  w hich, o th erw ise , w ould te n d  to  increase flow  b o th  
b y  th e  increased  d riv in g  pressure across th e  co ronary  bed and th e  aug m en ted  
0 2 d em an d  of th e  h e a r t  muscle, th e  re su lts  are likely  to  u n d e re s tim a te  th e  
a c tu a l v a so co n s tr ic to r  po tency  of ca rd iac  glycosides. I t  is assum ed th a t  th is  
p o te n c y  serves as a basis for the  ac tio n s  seen in m yocard ial zones su b jec ted  
to  ischaem ia .

In  acu te  regional m yocardial ischaem ia  a m ax im ally  or nearly  m ax im ally  
d ila te d  (low -resistance) vascu lar bed  is know n to  be connected  d is ta l to  th e  
occluded  branch  w ith  in ta c t (thus ischaem ica lly  unaffected) rem ote  co ro n ary  
seg m en ts  via re la tiv e ly  h igh-resistance  co lla tera ls w hich preserve possib ly  
th e ir  vasom otor a c tiv ity . These la t te r  channels bo rdering  upon  a rte ria l seg­
m en ts , ischaem ic in  th e  proper sense, m ay  r ig h tly  be considered, therefo re , 
th e  s tra te g ic  place o f d rug  actions. T h e  h igh  a ff in ity  of stro p h an to sid e  to  th e  
b o rd e r zones supp ly ing  these channels as show n by  th e  to po -op tica l reac tio n , 
exp la in s th e  u nequ ivocal flow  decrease, in  general, w ith in  th e  ischaem ic area 
itself. Since s tro p h an to s id e  b inding to  th e  core of th e  ischaem ic area was found
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to  be g rea tly  reduced  (or even negligable) in  our s tu d y , th e  d irec t vasocon­
s tr ic to r  action  of g lycosides inside th e  c e n tra l in fa rc t seem s less p robab le . 
H  ow ever, even th e  la t te r  possib ility  c a n n o t be a p rio ri excluded  because 
ischaem ically  a lte red  vessels also m ay  e x h ib it reverse ly  a lte red  fu n c tio n a l 
se n s itiv ity  parallel w ith  th e ir  d im in ished  b in d in g  capac ity .

A ccording to  th e  differing  course o f th e  ischaem ic even ts th e rm o g rap h ic  
responses of a sim ilar g enera l ch a rac te r b u t  differing  q u a lita tiv e ly  from  each 
o th e r  w ere found in  th e se  exp erim en ts . F o r exp la in ing  d ifferen t th e rm o ­
g rap h ic  features, im p o r ta n t  co rro b o ra tio n  com es from  th e  p ioneer w ork  of 
P a p p  an d  his co -w orkers w ho described , in  te rm s of q u a n tita tiv e  th e rm o ­
g ra p h y , tw o basic ty p e s  of acu te  reg iona l m yocard ia l ischaem ia  in  th e  dog 
h e a r t  [19]. In  one o f th e se  ty p es, c h a rac te rized  by  an  early  dem arca tio n , th e  
co m b in a tio n  of an  und erd ev e lo p ed  co lla te ra l ne tw ork  w ith  an  aug m en ted  
se n s itiv ity  to  (unknow n) “ n a tu ra l” v a so co n s tr ic to r  s tim u li can  be p o stu la ted  
—  a lb e it even th is  u n fav o u rab le  s itu a tio n  can  be in fluenced  fav o u rab ly  b y  
ex p e rim en ta l in te rv e n tio n s  [18]. I t  wras th is  ty p e  of th e  ex p erim en ta l in fa rc t 
w here  th e  m ost p ro n o u n ced  and uniform  vaso co n stric to r effect o f s tro p h an to - 
side w as observed (F ig . 2). In  th e  o th e r  ty p e  of Fig. 1, com pensa to ry  te n ­
dencies th a t  d im in ish  th e  ischaem ic dam ag e  are rep o rted ly  p revailing  [19]. 
C ard iac  glycoside ac tio n s  w hich seem  less sp ec tacu la r in  th e  la t te r  ty p e  of 
ischaem ia  are ex p la in ed  possib ly  b y  th e  sam e c ircum stances w hich d e te rm in e  
flo w  inhom ogein ity  in  th is  p a rticu la r  s itu a tio n . Since th e  d is tr ib u tio n  of isch ­
aem ic (collateral) b lood  supp ly  depends u p o n  th e  ac tu a l v ascu la r res is tan ce  
changes very  close to  th e  ischaem ic core itse lf  an d  th e  steepness of th e  in t r a ­
co ro n a ry  pressure d ro p  occurring  from  th e  in ta c t  p a r ts  of th e  m yo card ia l 
c ircu la tio n  to  th e  c e n tre  of th e  ischaem ic  area, m o d era te  v aso co n stric to r 
effects th a t  in fluence  b o th  factors sim u ltan eo u sly , m ay  decrease (a), equalize  
(b), o r increase (c) th e  h e a t  em ission from  a given sm aller spo t subserv ing  to  
th e  affected  area as a w hole. In  o th e r w ords, th e  relation , of th e  effective local 
d riv in g  pressure to  th e  localized v a so c o n s tr ic to r  effect and  n o t sim ply  th e  
d ev e lopm en t of th e  la t te r  phenom enon  is th e  dete rm in in g  fac to r concern ing  
su b tle  elem ents o f th e  th erm o g rap h ic  p a tte rn .  A t th e  sam e tim e , a lb e it th e  
s itu a tio n  necessita tes  an  ap p ro p ria te  cau tio n  in  ev a lu a tin g  so p h is tica ted  
d e ta ils , the  m ain  f in d in g  (i.e. th e  genera lized  cooling) v a lid ita te d  th e  in h e ren t 
v a so co n stric to r p o te n c y  of card iac g lycosides.

O ur p resen t f in d in g s  m ay have  som e possible clinical im p o rtan ce : I t  is 
obv io u sly  h azard o u s to  ad m in is te r d ig ita lis  p rep a ra tio n s  to  seriously  ill co ro ­
n a ry  disease p a tie n ts , a lthough  as show n b y  th e  above considera tions w hen  
th e se  drugs are g iven  in  m odera te  doses, consequen t to  a m ilder degree of 
v aso constric tion  th e  ap p earan ce  or th e  d isap p earan ce  of co ro n ary  steal p h e n o m ­
en a  m ay  occur w ith  eq u a l possib ility . N evertheless, flowr red u c tio n s, how ever 
s lig h t, m ay p re c ip ita te  ischaem ic dam ag e  lead ing  to  th e  d ea th  of cells w ith  a
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delicate  m etab o lic  balance as well as to  ectop ic  b ea ts  and /o r in tra c ta b le  
a rrh y th m ia s  in  h igh ligh t zones. T hese effects m ay  co n tr ib u te  to  an  increased  
d ig ita lis-induced  m o rta lity  am ong in fa rc te d  p a tie n ts  —  a con troversia l su b jec t 
of v io len t discussions in th e  recen t card io log ical lite ra tu re  [2, 13, 32, 35].
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LOCALIZATION OF AMINO ACID HORMONES 
(ADRENALIN, SEROTONIN, HISTAMINE AND 

A HORMONE PRECURSOR 
(5-HYDROXYTRYPTOPHANE) IN ASCIDIA CELLS

F. S u d á r , G. C s a b a

D EPARTM ENT OF BIOLOGY, SEMMELWEIS U N IV E R S IT Y  OF M ED ICINE, BU DA PEST, HUNGARY

(R eceived 22 M ay 1986)

All t r i t ia te d  am ino acid h o rm ones ad d ed  to th e  m ain tenance m ed ium  of A scid ia  
m entulosa  e n te red  th e  cells of the c o a t  a n d  g u t, an d  all appeared  in  in tra n u c le a r  loca l­
izations. The q u a n ti ta t iv e  differences in  in co rp o ra tio n  did no t in d ica te  a specific a ffin ­
i ty  for any ho rm one tested .

Keywords: Ascidia. amino acid  h o rm o n es , in te rn a liza tio n , n u c lear localization

A lthough  fo rm erly  only th e  s te ro id  horm ones had  been  believed to  
p e n e tra te  across th e  cell m em brane, re c e n tly  evidence has been  p resen ted  
on th e  in te rn a liza tio n  of po lypep tide h o rm o n es, and even on th e ir  b in d in g  
to  th e  n uclear m em b ran e  [7, 8, 10— 13]. A m ino acid horm ones h av e  also been 
show n to  en ter n o t  on ly  the  cy to p lasm , b u t  also th e  nucleus of th e  cells of 
h ig h er v e rteb ra tes  [1, 2, 3, 14] an d  o f th e  un ice llu lar T e tra h y m e n a  as well 
[4, 5, 6]. Since p rev io u s studies in to  th e  in te rn a liz a tio n  of am ino  acid h o r­
m ones h ad  been perfo rm ed  m ainly on in d e p e n d e n t cells or u n ice llu la r organism s 
(T e trah y m en a), we in v estig a ted  th e  in tra c e llu la r  localization  o f such  horm ones 
inside cells belonging to  coherent p o p u la tio n s  a t  a low level of phylogenesis, 
to  o b ta in  in fo rm atio n  on possible q u a n t i ta t iv e  differences b e tw een  th e  in ­
co rp o ra tio n  of d iffe ren t am ino acid h o rm o n es , or of a single ho rm one an d  its  
p recu rso r.

Materials and m ethods

E x p erim en ts w ere perform ed on A sc id ia  m entulosa  (U rochordata , T u n ic a ta ) . F rom  the  
m ed iu m  region of th e  b o d y  of Ascidia an a b o u t  1 cm  w ide segm ent was excised; th is  t r a n s ­
v ersal section  con ta ined  d e ta ils  of the gu t, c o a t  an d  tu n ic a . The excised specim en  was p laced 
in  5 m l seaw ater, to w hich  20 /iCi/ml 3H -ad ren a]in  (10.8 Ci/m m ol). 3H -h istam in e  (8.0 C i/m m ol), 
3H -se ro to n in  (8.2 C i/m m ol) or 3H -5 -h y d ro x y try p to p h a n e  (9.0 Ci/mmol) was added . All radio- 
labeled  horm ones were p ro d u c ts  of the A m ersh am  L td . (E ngland). In c u b a tio n  in  presence of 
th e  h o rm ones lasted  30 m in , and was fo llow ed b y  th re e  washes in  seaw ater. T he specim ens 
were f ix ed  in  K a rn o v sk y ’s solution for 2 h , p o s t-f ix ed  in  1 pe r cen t O s 0 4-so lu tion  fo r 1 h , and

Send offprin t re q u e s ts  to G. Csaba, D e p t, o f B iology, Sem melweis U n iv e rs ity  of M edi­
cine, 1445 B udapest, P .O .B . 370, H ungary

2
A d a  Morphologica Hungarica 35, 1987 

Akadémiai Kiadó, Budapest



106 S U D Á R  a n d  C S A B A

w ere em bedded  in S p u rr ’s resin . The sections w ere co a ted  w ith  Ilfo rd  L4 em ulsion, a n d  w ere 
developed  in  M icrodol X  a f te r  an  exposure tim e  of 12 — 16 w eeks. F ina lly , p re p a ra tio n s  w ere 
co u n te r-s ta in ed  w ith  u ra n y l  ace ta te  and lead  c itra te  and  exam in ed  u n d e r a Philips 300 e lec tro n  
m icroscope. G rain c o u n tin g  was perform ed in  e lec tro n  m icrographs.

Results and discussion

All am ino ac id  horm ones te s te d  en te red  th e  cells o f th e  coat and  th e  g u t. 
G rains also ap p eared  above th e  ce llu lar nuclei, a lth o u g h  in  d ifferen t n u m b e rs  
d epend ing  on th e  h o rm o n e  used (F igs 1— 4).

The h ighest a m o u n t was in co rp o ra ted  of h is tam in e  (Fig. 2a, b). T he 
g ra in s were read ily  observed  over th e  m icrovilli of th e  lin ing  cells of th e  g u t, 
in side th e  cells, an d  above the  nuclei of th e  cells fo rm ing  th e  gu t w all. M any 
gra ins could also be seen over th e  cells of th e  coa t an d  th e ir  nuclei.О

G rain coun ts w ere considerab ly  low er over th e  cells exposed to  a d re n a ­
lin , h u t  the  label ap p ea red  above b o th  cy to p lasm  and  nucleus of th e  c o a t an d  
g u t cells.

F ig. 1. L ocalization  of 3H -ad ren a lin  in d u ced  silver g ra ins over th e  cell m em brane, in side  th e  
cy top lasm  (a), above th e  nuclear m em brane and inside th e  nucleus (b), (a) X 12 900; (b) X 19000
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Fig. 2. 3H -h istam ine  in co rp o ra tio n  is in d ica ted  b y  presence of m an y  grains on th e  m em b ran e  
process (a) and  over the nucleus (b), (a) X 12 900; (b) X 10 000
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Fig. 3. The grains in d ic a tin g  in co rp o ra tio n  o f 3H -sero to n in  can  be seen over th e  m em branes 
o f  vesicles and inside th e  cellu lar nuclei (a), as well as over th e  nuclear m em b ran e  and  th e  

eu ch ro m atic  regions (b), (a) X 12 900; (b) X 16 300

The grains in d ic a tin g  in c o rp o ra tio n  of sero ton in  ap p eared  above th e  
m icrovilli and cilia  o f th e  coat, and  above th e  cells o f th e  coat an d  gu t (F ig . 
3a, b). A sim ilar p a t te rn  of labeling  w as observed  w ith  5 -H T P  (F ig . 4a, b).

G rain coun ts fo u n d  in th e  specim ens exposed to  th e  d iffe ren t labeled  
horm ones are show n in  Fig. 5.

R esults suggest th a t ,  a lth o u g h  in  d iffe ren t q u a n titie s , all ho rm ones 
en te re d  the  cells an d  th e  cell nuclei. T he h ig h est a ff in ity  to  th e  nucleus w as 
show n b y  h is tam in e . I t  is know n th a t  a t th e  low levels of ev o lu tio n , th e  cells 
possess am ino acid  recep to rs w hich serve  accord ing  to  th e  o b se rv a tio n s  of 
L en h o ff [9], as p recu rso rs  of the  fu tu re  ho rm one recep to rs. T his m ay  ex p la in  
th e  e n try  of th e  ho rm ones te s ted  in to  th e  cells, for am ino acid horm ones are 
ab le  to  b ind  to  am ino  acid recep to rs. T h e  e n try  of the  horm ones in to  th e  nucleus 
s tro n g ly  suggests a gene level ac tion , as has a lread y  been su b s ta n tia te d  for th e  
am ino  acid ty p e  v e r te b ra te  ho rm one th y ro x in e . The fa c t th a t  also th e  p re ­
cu rso rs are able to  e n te r  th e  cell to  th e  sam e e x te n t as th e  fin ish ed  horm one 
(5-H T P -5-H T ) also suggests th e  in v o lv e m e n t of am ino acid recep to rs .
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Fig. 4. In tra -cy to p la sm ic  and in tra -n u c le a r loca lization  of 3H -5-H TP. G rains are also p re sen t 
over th e  cytoplasm ic and vesicu lar m em b ran es (b). (a) X 10 050; (b) X 16 350

grains
° /o

Fig. 5. N um ber and  d is tr ib u tio n  of grains over cells
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T h e  grain  counts e s ta b lish e d  above th e  c o a t and  g u t cells did no t app rec iab ly  
d iffer during  th e  p e rio d  o f s tu d y . I t  th e re fo re  seem s h ig h ly  possible th a t  th e  
cells of b o th  tissues a re  capab le  of a d ire c t in co rp o ra tio n  o f  am ino acid h o r ­
m ones, w ithou t m e d ia tio n  of th e  ad jo in in g  tissue.
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MORPHOLOGICAL STUDIES ON THE ARTICULAR 
CARTILAGE OF OLD RATS

J. Gy a r m a t i ,** I. F ö l d e s ,** Má ria  K e r n ,*** I. K iss*

* RADIOLOGICAL CLINIC, **DEPARTMENT O F ANATOMY, HISTOLOGY AND EMBRYOLOGY AND 
♦♦♦ORTHOPEDIC CLINIC, U N IV ERSITY  M ED ICAL SCHOOL, D EB R EC E N , HUNGARY

(R eceived 18 J u ly  1986)

A ge-dependen t m orphological a lte ra tio n s  of th e  tib ia l a rticu la r  cartilage  were 
s tu d ied  in 26-m onth-o ld  W istar ra ts  o f  b o th  sexes. Y oung and  a d u lt ra ts  (6 a n d  10 
m o n th s  of age, respectively) served as a  basis for com parison. L ig h t m icroscopic h isto l- 
ogy, po lariza tio n  o p tica l analysis (to lu id in e-b lu e  sta in in g  w ith  or w ith o u t th e  ad d itio n  
o f 0.2, 0.4 or 0.8 M MgCL, as well as a f te r  phenol reac tio n ) as well as tran sm iss io n  
e lectron  m icroscopy were applied. T h e  m ain  o bservations are : (1) A ccording to  th e  
h istological fin d in g s , th e  p roportion  o f  th e  zones changes w ith  age; the  su b ch o n d ra l 
bone layer becom es w ider and se p a ra te d  to  a certa in  e x te n t, w hile th e  fibres becom e 
dem asked . (2) P o la riza tio n  m icroscopy rev ea led  a d iso rien ta tio n  of b o th  th e  p ro teo - 
g lycane (PG ) and  collagen m olecules; considering  th e  availab le  b iochem ical d a ta , th is  
phenom enon involves b o th  q u a n tita tiv e  an d  s tru c tu ra l changes, as well as differences 
in  th e  localization  of the  PG and co llagen  m olecules. (3) E lec tro n  m icroscopy also su p ­
p o rts  the  s tru c tu ra l a lte ra tions of th e  co llagen  ( th in  and  th ick , as well as n o n -s tr ia ted , 
frag m en ted  fibres). Cellular a lte ra tio n s  a re  also observed paralle l w ith  the  changes of 
th e  m atrix  (cell organelles occur less f re q u e n tly , signs of d eg eneration  and d is in te g ra ­
tio n , ru p tu re  o f th e  p lasm a m em b ran e , as well as accu m u la tio n  of lipid-bodies can  be 
seen [4]. On th e  basis of the  fin d in g s , one can  consider the  a rticu la r  cartilage in  the  
old ra ts  as a tissue w hich is still in  eq u ilib riu m , how ever, aged chondrocy tes w ith  
decreased fu n c tio n  becom e p re d o m in an t in  it. This s ta te  can  be m odified in to  a p a th o ­
logical one b y  various m echanical, endocrinological, iatrogen ic , p o st- trau m atic , e tc ., 
influences th ro u g h  the  a ltera tions o f th e  cell-m atrix  in te rac tions.

Keywords: G lycosam inoglycan, collagen, polarizing  an d  e lectron  m icroscope

Introduction

T he age-dependen t a lte ra tio n s o f th e  a r tic u la r  ca rtilag e  have been  in  
th e  focus of in te re s t since long tim e. A  deep er know ledge in  th is  resp ec t w ould  
allow  us to  d istin g u ish  betw een th e  physio log ica l or bio logical ag e-d ep en d en t 
a lte ra tio n s  and  th e  pathological, d eg en e ra tiv e  ones, i.e ., a m ore safe fu n c tio n ­
al basis  w ould be availab le  for a b e t te r  u n d e rs ta n d in g  o f th e  p a th o lo g ica l 
processses of th e  a r tic u la r  cartilage [8]. S tud ies have  been co n cen tra ted  m o s tly  
to  one o f th e  m ain  m acrom olecular co m p o n en ts  of th e  cartilag e  m a trix , th e  
p ro teo g ly can e  (PG ), and  i t  has b een  e s tab lish ed  f irs t o f all b y  b iochem ical 
m e th o d s  th a t  th e  co n cen tra tio n  and  ch em ica l s tru c tu re  of P G  and  g lycosam ino-
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glycane (GAG) m olecu les becom es a lte red  w ith  ad v an c in g  age [2, 7, 12, 23, 
24, 30, 32, 36, 38, 43 , 53]

T he w ater c o n te n t  an d  th e  sy n th esis  of collagen [53] as well as o f D N A  
[4] also decrease w ith  age. R e la tiv e ly  spo rad ic  d a ta  are availab le  as reg ard s  
th e  age-dependen t m orphological a lte ra tio n s , and  even th e  availab le  ones 
describe  only m inor lesions [9, 54]. I t  is a v a luab le  h istochem ical o b se rv a tio n  
t h a t  th e  k e ra ta n -su lfa te  (K S) co n ten t increases w ith  age; i t  is localized m ain ly  
in  th e  te rr ito ria l a rea  above th e  4 th  decade of age, w hereas in  th e  younger 
ages i t  is found m a in ly  in  th e  in te r - te r r i to r ia l  area  [50]. Scanning  elec tron  
m icroscopic stud ies a lso  ind ica ted  changes in  th e  cell to  m a tr ix  and  in  th e  
in tra -m a tr ix  p ro p o rtio n s  [19, 29]. E le c tro n  m icroscopic d a ta  m ay  serve fo r 
th e  cellu lar e x p la n a tio n  of th e  observed  a lte ra tio n s  [5, 20, 41, 42].

S ta rtin g  from  th e  above s itu a tio n , th e  p resen t p ap e r describes som e 
m icroscopic m orpho log ica l observations o b ta in ed  in old ra ts  b y  co m p ara tiv e  
s tu d ies . The p o la riza tio n  optical in v es tig a tio n s  allow us to  reveal th e  s tru c tu ra l 
a lte ra tio n s  of th e  G A G  an d  collagen m olecules and to  com pare  th e  la t te r  w ith  
th e  EM  resu lts. W e describe  some recen t m orphological observa tions re g a rd ­
in g  th e  ag e-dependen t cellu lar and  m a trix -a lte ra tio n s  an d  th e ir  in te r re la ­
tio n sh ip s .

Materials and methods

The studies w ere p e rfo rm ed  on 3 age groups of W ista r ra ts  of b o th  sexes: Y oung (10 
ra ts ) ,  a d u lt (7 ra ts) a n d  o ld  (10 anim als) ones, 6, 10 and 26 m onths of age, respectively . A ll 
th e  ra ts  were fed ad  l ib i tu m  w ith  an  id en tica l s ta n d a rd  food. T hey  were k illed  b y  b leed ing  
o u t. T he tib ia  was re m o v e d  from  b o th  sides fo r h isto logical purposes. The bones were c u t 
in  p ro x im al and d is ta l h a lv es , and  th en  cu t ag a in  in  tw o p a rts  along th e ir  lon g itu d in a l axis.

F o r ligh t m icroscopic  stud ies one h a lf  o f th e  p rox im al t ib ia -p a r t  was fix ed  (and  d eca l­
c ified) in Susa so lu tion , a n d  em bedded in  p a ra ffin . Sections of 5 — 7 ,«m were cu t, s ta in ed  
w ith  h aem ato x y lin -ch ro m o tro p e , A zan and G oldner m ethods.

F or po larization  o p tic a l studies the  o th e r h a lf  of the  p rox im al tib ia  was fixed  in a 
1 : 4 m ix tu re  of fo rm ald eh y d e  and absolute e th an o l, decalcified in a 1 : 1 m ix tu re  of form ic 
acid  and  70%  e th an o l, a n d  em bedded  in  p a ra ffin . T he following sta in ings were perform ed:

(a) 0 .1%  to lu id in e-b lu e  a t  p H  3.5 accord ing  to  R o m hány i [37].
(b) 0 .1%  to lu id in e-b lu e  a t  p H  3.5 in  th e  p resence of 0.2, 0.4 or 0.8 M M gCl,, re sp ec­

tiv e ly , according to  S c o tt  a n d  D orling [39] an d  M ódis [34], in  o rder to  reveal the  su lfa ted  
GAG m olecules.

(c) Phenol reac tio n  according to E b n er [15] in order to reveal th e  collagen.
A n ex ternal an d  in te rn a l  zone can be d istin g u ish ed  in  th e  a rticu la r  cartilag e  according 

to th e  op tical ch arac te ris tics . T he op tical reac tio n s  were eva lu a ted  sep a ra te ly  in  these zones; 
o p tica l p a th  differences w ere m easured by m eans of a B race-K ühler com pensa to r, i.e., th e  
a lte ra tio n s  could be d esc rib ed  in  q u a n tita tiv e  term s. The d a ta  o b ta in ed  are sum m arized  in  
T ab les  I —III .

F o r electron m icroscopy , the  a rticu la r  cartilag e  of several t ib ia s  were excised, fix ed  
in  K arn o v sk y -fix a tiv e  a n d  em bedded  in  D u rcu p an  ACM. Sections were cu t by  using a  d ia ­
m ond knife on a R e ic h e rt O m U  2 u ltram ic ro to m e , co n trasted  by  u ran y l-ace ta te  and  lead  
c itra te . M icrographs w ere ta k e n  by  a JE O L  JE M  100B electron  m icroscope.

I t  should be n o te d  h e re  th a t  the  young  a n d  a d u lt anim als served  as contro ls; no d if­
ferences were observed in  th ese  two age groups b y  e ith e r of th e  m ethods used.
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Results

Light microscopy. The h isto logical s tru c tu re  of th e  a rticu la r  ca rtilag e  of 
th e  2 6 -m on th -o ld  ra ts  (F ig. 1) d iffers considerab ly  from  th a t  of th e  y o u n g e r 
an im als (F ig . 2). The th ickness of th e  ca rtilag e  did n o t decrease (or d id  on ly  
sligh tly ), how ever, its  s tru c tu re  changed . O ne can see fissu res a t  th e  ca rtilag e - 
bone b o rd e r, a lm ost para lle l to  th e  su rface . The w idened  subchondral b o n e  
d isp lays som e tra b e c u la r  m icro frac tu res (F ig . 1). The p ro p o rtio n  of th e  zones 
of th e  ca rtilag e  surface changes, to o : th e  superficial cellu lar lay er becam e 
th in n e r  considerab ly , and  as a consequence, one enco u n ters  rounded , h y p e r ­
tro p h ic  cells im m ed ia te ly  below th e  su rface . The cell sizes do no t in crease  
from  th e  su rface  to w ard  th e  su b ch o n d ra l zone, b u t are p rac tica lly  th e  sam e 
everyw here. O ne can n o t see a tru e  h y p e rtro p h ic  cell zone, and  th e  cell to  m a tr ix  
p ro p o rtio n  is sh ifted  ch a rac te ris tica lly  in fav o u r of th e  la t te r .  The fib res o f th e  
m a tr ix  becam e freq u en tly  v isib le, i.e ., th e y  are dem asked .

Polarization  microscopy. A ging causes a decrease in  th e  p a th -d iffe ren ce  
a fte r  pheno l reac tio n  in th e  in te rn a l zone o f th e  a rticu la r  cartilage , w hereas in  
th e  e x te rn a l zone these  values are id en tica l wdth those of th e  contro ls (T able I).

Table I

O ptical p a th  differences m easured in  polarizing  microscope a fte r phenol reaction  in 
th e  zones of th e  a rticu la r cartilage of th e  tib ia  in W ista r ra ts

Group External zone Internal zone

26-m onth-old 27.50 ± 3 .3 4 26.51 ± 7 .5 7
Control 2 5 .2 5 ± 4 .5 4 3 8 .62± 4 .69

W hen ap p ly in g  to lu id ine-b lue s ta in in g  a t  p H  3.5, th e  p a th  d ifferences 
p roved  to  be sm aller in  b o th  layers of th e  cartilage , how ever, th e  e x te n t of 
th is  decrease wras larger in  th e  e x te rn a l zone (Table I I ) .  I f  0.2 M MgCl2 w as 
added  to  th e  to lu id in e  b lue, th e  p a th  d ifferences were equal in b o th  la y e rs  
to  th e  co n tro l va lu es; 0.4 M of th is  sa lt rev ea led  id en tica l p a th  differences in  th e  
e x te rn a l la y e r  of b o th  young and  old ra ts , an d  sm aller ones in th e  in te rn a l

Table II

O ptical p a th  differences m easured  in  polarizing microscope 
afte r toluidine-blue sta in ing  a t p H  3.5 in the zones of 

th e  a rticu la r cartilage of th e  tib ia  in  W ista r ra ts

Group E xternal zone In ternal zone

26-m onth-old 2 5 .6 8 ± 3 .2 8  32 .14± 2 .27
Control 3 9 .4 0 ± 2 .5 0  39.72 ± 3 .4 0
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Fig. 1. A rticu lar cartilage  o f tib ia  from a 2 6 -m on th -o ld  ra t. One can  see the a lte red  p ro ­
portio n s o f the  zones, th e  absence of h y p e rtro p h ic  cells and a well defined fissure be tw een  

th e  cartilage and  th e  subch o n d ra l hone. H aem a to x y lin -ch ro m o tro p e  stain ing . X220 
Fig. 2. A rticu lar cartilag e  of tib ia  from a 10-m on th -o ld  ra t  show ing th e  regu lar p a tte rn .  

H aem ato x y lin -ch ro m o tro p e  sta in ing , x 2 2 0
Fig. 3. EM  m icrograph  of a cell near to the  su rface  w hich  is poor in  cell organelles. X 10 000
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la y e r  of th e  old an im als. In  case o f th e  ad d itio n  o f 0.8 M MgCE, we observed 
la rg e r  p a th  d ifferences in  th e  e x te rn a l la y e r  o f th e  old an im als, w hereas 
th e se  values were considerab ly  sm a lle r  in  th e  in te rn a l lay e r as com pared  to  
th e  younger ages (T able  I I I ) . T hese d a ta  in d ica te  a low er degree of o r ien ta tio n  
of th e  collagen in  th e  in te rn a l la y e r  o f th e  o ld  cartilag e , w hereas th is  o rien ta -

Talile III

O ptical p a th  differences m easured in po larizing  m icroscope a fte r to lu id ine-blue sta in ing  
a t  p H  3.5 in the  presence of various M gCl2 co n cen tra tions in th e  zones o f th e  a rticu la r  

cartilage of th e  tib ia  in W is ta r  ra ts

Group
0.2 M MgCL 0.4 M MgCl2 0.8 M MgCl,

Ext. In t. E xt. In t. E xt. In t.

26-m onth-
old

31.53 +  2.23 31 .64±2.67 2 5 .9 6 ± 4 .0 5 2 3 .6 6 ± 2 .4 4 16 .80±2.84 12 .74± 1 .46

Control 30.17 ± 2 .0 8 35.74 +  2.91 25.61 ± 3 .0 8 32.22 ± 2 .8 8 1 4 .4 8± 1 .16 2 3 .7 2 ± 2 .4 9

tio n  is m ain ta in ed  in  th e  ex te rna l la y e r  (T able I). In  th e  e x te rn a l zone o f th e  
ca rtilag e , aging causes a decrease o f  th e  o r ie n ta tio n  of th e  GAG an d  a sligh t 
in crease  of th e  o r ie n ta tio n  of th e  k e ra ta n -su lfa te  m olecules.

Electron microscopy. The e lec tro n  m icroscopic s tru c tu re  of b o th  th e  
cells and  the  m a tr ix  o f th e  old an im als  differs considerab ly  in  all zones from  
th a t  o f  th e  younger ra ts . In  th e  old ra ts , th e  cy to p lasm  of th e  cells hav in g  
p rocesses and  lay ing  n e a r to  th e  su rface  d isp lays a h ig h er d en sity  an d  is poorer 
in  organelles; occasionally  one can  see som e ro u n d -sh ap ed , c ry s ta - ty p e  m ito ­
ch o n d ria , th e  accu m u la tio n  of a f ib ro u s  su b stan ce  as well as tu b u la r  en d o ­
p lasm ic  re ticu lum  (E R ) (Fig. 3).

M ore deeply below  the  surface one en co u n te rs  ro u n d ed  cells; th e ir  c y to ­
p lasm  con ta ins G olgi com plex o f lam e lla r  s tru c tu re , E R  tu b u li and lip id  
d ro p le ts  (F ig. 4). In  som e cells lysosom es can  be observed  fre q u e n tly  (F ig. 
5). O n ly  few m ito ch o n d ria  w ith  ra re  c ry s tae  can  be observed.

T he m atrix  is co m p act u n d e r th e  su rface , rich  in  fib res. A t several 
p laces one can see an  am orphous su b s ta n c e  o f h igh  e lec tron  d en sity  in  th e  
cell la cu n ae , w hich m a y  rep resen t th e  re s t o f a ce llu lar necrobiosis (F ig . 6). 
I n  th e  cen tra l ce llu lar zone one can en c o u n te r  also a p p a re n tly  in ta c t  ca rtilag e  
cells o f m edium  sec re to ry  ac tiv ity . T hese cells d isp lay  an  u n d u la te d  nu c lea r 
m em b ran e  surface, th e  nuclei are rich  in  ch ro m a tin , th e ir  cy to p lasm  co n ta in s , 
a p a r t  from  th e  E R  tu b u le s  also cy s te rn a e  of th e  ro u g h  su rfaced  E R  (F ig . 7). 
T he m itoch o n d ria  are  la rger and o f  low er d e n s ity  in  these  cells, as well as 
poor in  crystae.

T he fib res of th e  m a trix  are o f v a rio u s d iam e te rs ; a p a r t  from  th e  th ic k , 
m a tu re  collagen fib re s  d isp lay ing  th e  ty p ic a l s tr ia te d  p a tte rn , one can  observe
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F ig . 4. EM m icrograph  of a cell co n ta in ing  large  lip id  d rop lets and f la tte n e d , lam ella r form
of th e  Golgi com plex. X 10 000

Fig. 5. A  cell w hich is m ore rich  in lysosom es th a n  usual. X 17 000 
Fig. 6. A necro tic  ch o ndrocy te . X 6700
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Fig. 7. E R  cy ste rn a e  and  enlarged m ito c h o n d ria  in  a cell o f th e  m iddle zone.
Fig. 8a. C ollagen fibres of v a rio u s  d iam e te r and s tria tio n . x 5 0  000 

Fig. 8b. B onucci-granules (a rro w ) be tw een  collagen fib res, x  100 000

X 6700
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Figs. 9a and 9b. D eg en era ted  cells in th e  in te rn a l zone w ith  irreg u larly  hom ogeneous cell 
nuclei, w idened  E R  cysternae w ith  a g ran u la r substance. XÓ700 

F ig. 10. Glycogen accu m u la tio n  in  th e  cell. X 20 000
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Fig. 11. A  d isin teg ra ted , necro tic  cell w ith  sm all m ito ch o n d ria  and  large  lip id  droplets.
X 6700

Fig. 12. Some cell debris in  an  em p ty  lacuna. X 3300 
F ig. 13. Fissure a t th e  cartilage-bone b o rd e r w ith  several connecting  fibrils. X 10 000
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n u m e ro u s  th in n e r  fib res , too  (F ig . 8a). T he s tr ia te d  p a tte rn  d isap p eared  a t 
f re q u e n tly  occurring  places, an d  one en co u n ters  also fra g m e n ta tio n  of th e  
f ib re s . W hen using  h ig h er m ag n ifica tio n s , one can observe dense s tru c tu re  
su rro u n d e d  b y  a sm o o th  m em b ran e ; th ese  are  th e  so-called B onucci g ranu les 
(F ig . 8b). T ow ard  th e  su b ch o n d ra l zone, a sig n ifican t p o rtio n  of th e  h y p e r ­
tro p h ic  chondrocy tes d isp lay  d eg en e ra tiv e  a lte ra tio n s ; th ese  occur also in  th e  
y o u n g e r  an im als, how ever, th e  s tru c tu ra l  a lte ra tio n s  are  m ore fre q u e n t and  
m o re  ex tensive  in  th e  old age. In  som e cells th e  nucleus becom es hom ogeneous, 
th e  d en sity  of th e  cy to p lasm  co n sid e rab ly  increases, large vesicles a p p e a r 
w h ich  are filled in  w ith  a g ra n u la r  a n d /o r fib rilla r sub stan ce , and  th e  E R  
c y s te rn a e  are w idened . T he c o n te n t of th e  la t te r  is of low er d en sity  th a n  th e  
h y a lo p lasm  itse lf  (F igs. 9a and  9b).

One can observe  even g lycogen accu m u la tio n  (F ig . 10). In  a d d itio n , in  
th e  calcification  zone som e fu r th e r  d is in teg ra tin g  cells can  be seen, w hich 
d e riv e  from  th e  n o rm a l cells o f th e  u p p e r  lay e r: th e  cell m em brane  is d is ru p ted , 
th e  cy to p lasm  looses its  c h a ra c te ris tic  s tru c tu re , sm all, ro u n d  m itochondria  
o ccu r w ith  E R  tu b u li  an d  c y s te rn ae  as w ell as w ith  lip id  d ro p le ts  (F ig . 11).

N um erous lacu n ae  co n ta in  a lre a d y  only  cell debris (F ig. 12). T he f is ­
su res  a t  th e  ca rtilage-bone  b o rd e r w h ich  w ere observed  h isto log ically , can  be 
seen  also b y  EM ; a t  ce rta in  places one can  see a fib ro u s system  connecting  th e  
c a r tila g e  to  th e  b o n e ; th is  does n o t seem  to  be an  a r tifa c t (F ig. 13).

Discussion

The lig h t, p o la riza tio n  an d  e lec tro n  m icroscopic re su lts  com plete  each  
o th e r  in to  a well defined  m orpho log ica l p ic tu re  reg ard in g  th e  ag e-d ep en d en t 
a lte ra tio n s  o f th e  a r tic u la r  ca rtilage . T he resu lts  o b ta in ed  are co n sis ten t w ith  
th e  fa c t (estab lished  m ain ly  b y  usin g  b iochem ical m ethods) th a t  ag ing  in ­
fluences considerab ly  the  tw o m ain  com ponen ts of th e  m a trix , th e  PG  an d  th e  
collagen.

The a lte ra tio n s  o f the  PG  m olecules are in  p a r t  s tru c tu ra l, in  p a r t  q u a n ­
t i ta t iv e  and q u a lita tiv e . O ur p o la riza tio n  op tica l s tud ies w ith  to lu id ine  b lue 
s ta in in g  a t p H  3.5 revealed  a decrease of th e  o p tica l p a th  differences in  b o th  
la y e rs  of th e  a r tic u la r  ca rtilag e ; th is  ind ica tes a decrease of th e  o r ie n ta tio n  
o f  th e  GAG m olecules, i.e., a q u a lita tiv e , s tru c tu ra l a lte ra tio n . T his m ay  
correspond  to  th e  b iochem ical d a ta , accord ing  to  w hich aging causes a d e ­
crease of th e  P G  and  GAG [2, 37, 53], th e  ChS ch a in -leng th  [18, 23, 52], an d  
o f  th e  aggregation  cap ac ity  of th e  P G  m olecules [7]. This is accom panied  by  
an  increase of th e  p ro te in  c o n te n t, th e  Ch6S co n ten t in  th e  GAG [12, 25, 36, 
43, 51], th e  su lfa tio n  level of th e  ChS [30] and  th e  tu rn o v e r tim e  [32]. C ham ­
p io n  e t al [11] suggested  th e  sy n th es is  of an  “ accessory” P G  species d u rin g
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aging on th e  basis  of im m unological s tud ies. The increased  dem asking  o f th e  
fib res  observed  h isto logically  and th e  decrease of th e  in te rfih rilla r m a tr ix  area 
seen in  th e  e lec tro n  microscope in d ica te  a q u a n tita tiv e  decrease of th e  P G  
m olecules. T he effect of 0.8 M MgCl3 revea led  an increase of th e  o p tica l p a th  
difference in  th e  ex te rn a l zone of th e  cartilag e , i.e., th e  o rien ta tio n  of th e  KS 
m olecules in creased . Sim ilar o b se rva tions w ere p u b lished  on th e  basis o f lig h t 
m icroscopic a lc ian  blue sta in ing  [50]. T his fin d in g  su p p o rts  th e  b iochem ical 
re su lts  of severa l au th o rs  [26, 28] in d ica tin g  a re la tiv e  increase of th e  p ro ­
p o rtio n  of K S -co n ten t in the GAG m olecules.

The p o la riza tio n  optical s tud ies perfo rm ed  a fte r  phenol reac tio n  show ed 
a decreased p a th  difference (i.e., collagen o rien ta tio n ) in th e  in te rn a l la y e r  of 
th e  a rticu la r  ca rtilag e  of th e  old ra ts , w hereas th is  p a ra m e te r  in th e  e x te rn a l 
zone rem ained  unchanged . The EM  observ a tio n s revealed  th e  presence of 
fib res w ith  v a rio u s  thicknesses and  fre q u e n tly  occurring  th in  as well as non- 
s tr ia te d , frag m en ted  fibres in  th e  ce n tra l zone. A ccording to  Miller an d  L u st 
[33], the  p rocollagen  con ten t is considerab ly  h igher in th e  e x tra c t of d eg en er­
a ted  cartilage , th a n  of the  no rm al one, w hich  was a t tr ib u te d  to  a fa ilu re  of 
th e  tra n sfo rm a tio n . The collagen h e a t-so lu b ility  decreases w ith  age [44]. O ur 
EM  and  p o la riza tio n  optical resu lts  su p p o rt each o ther, since b o th  of th e m  
in d ica te  th e  decrease of the  regu la r, m a tu re  collagen fib res in th e  old c a r t i ­
lage. This agrees w ith  the  find ings of V enn [53] show ing a decrease of th e  
collagen c o n te n t w ith  aging, how ever, it is q u ite  d ifficu lt to  judge th is  p a ra m ­
e te r, since th e  m olecular a lte ra tio n s  of th e  collagen are qu ite  slow [45, 
46].

O ur fin d in g s ind icate  th a t  th e  P G  an d  collagen a lte ra tio n s are of d iffe r­
en t localiza tion : in  th e  ex ternal zone of th e  a r tic u la r  cartilage  only th e  changes 
o f PG  and GAG m olecules were observed  (in q u a n tita tiv e , com positional an d  
s tru c tu ra l sense), w hereas in th e  in te rn a l zone m ain ly  th e  collagen d isp lay ed  
q u a n tita tiv e  an d  qua lita tiv e  (th ick er and  th in n e r  fibres) a lte ra tio n s as well 
as a changed  o rien ta tio n . This o b se rv a tio n  m eans th a t  th e  p ro p o rtio n  of 
various PG  m olecules and PG  to  collagen is a lte red  by  aging; th e  in te r re la ­
tio nsh ips and  in te g r ity  of these tw o ty p es  of m olecules are also sh ifted  [3, 27], 
an d  as a consequence, the a rch itec tu re  an d  th e  m echan ical resistance o f  th e  
m a tr ix  becom es a lte red  [17] in  th e  superfic ia l zone. I t  is well estab lished  th a t  
th e  tensile  s tre n g h t of th is  tissue is due to  th e  collagen, w hereas th e  m ore 
labile  PG  m olecules are responsible for th e  elastic  p roperties of it. I t  shou ld  be 
n o ted  also th a t  th e  w ate r co n ten t a ssu ring  th e  p la s tic ity  of th e  cartilag e  [10] 
decreases w ith  th e  advancing age. T hese a lte ra tio n s  can be considered as 
regressive signs w hich  were observed also in  th e  old costal cartilage  [21] losing 
its  ab ility  to  s u p p o r t the  pressive load . On th e  o th e r h an d , these  a lte ra tio n s  
can  exp la in  th e  age-dependen t d ifferences in  th e  m echanical p roperties w hich  
m ay  be qu ite  n e a r  to  th e  pathological lim its .

3 Acta Morphologica Hungarica 35, 1987



122 G Y A R M A T I  e t  a l.

T he m atrix  a lte ra tio n s  reflec t obv io u sly  changes of th e  cellu lar com po­
n e n ts . O ur EM o b se rv a tio n s  on th e  ch o n d ro cy tes  agree in  m any  aspects w ith  
th o se  of others o b ta in e d  in  th e  a rticu la r c a rtila g e  [5, 20, 41, 42]. The decreased 
freq u en cy  of th e  cell o rganelles, degenera tive  phenom ena, ru p tu re s  of th e  cell 
m em b ran e  and th e  accu m u la tio n  of glycogen an d  m ain ly  of lip ids in d ica te  an 
a lte re d  s tru c tu re  a n d  fu n c tio n  of th e  ch o n d ro cy tes . A ccording to  S tockw ell 
[48], th e  phospho lip id  c o n te n t of th e  c e n tra l zone increases w ith  advanc ing  
age, an d  th is  is a cco m p an ied  by  a lip id  in f iltra tio n . These s tru c tu ra l a lte ra ­
tio n s  m ay  explain  w h y  the  chondrocy tes are  u n ab le  to  perform  th e  5 steps 
o f  th e  PG  syn thesis  [51], or th e  collagen sy n th esis . D a ta  show ing decreased 
enzym e activ ities o f  th e  old cells [6, 51] a re  in  ag reem ent w ith  th ese  find ings. 
A t th e  same tim e , i t  h a s  been shown th a t  som e pro teases, f ir s t  of all m é ta llo ­
p ro téases  can get o u t in to  th e  ex trace llu lar space and  m ay decom pose th e  PG  
m olecules [1, 14, 35, 47] and  also th e  co llagen  [40]. This process s tim u la tes  
th e  P G  synthesis o f th e  cells, due to  th e  m a trix -ce ll in te rac tio n s  [22, 31]. 
H ow ever, because o f  th e  increased need an d  th e  low er n um ber of cell organelles, 
n o t com pletely  m a tu re  P G  molecules w ill be secreted  b y  th ese  cells (th is  is 
in d ic a te d  by  th e  dec reased  su b un it size, 38). T h is is, how ever, s till a biological 
ag ing  process [9] w ith o u t pa thological a lte ra tio n s , i.e., i t  is a self-contro lled  
p rocess, w hich is ab le  to  produce new  cells, being  able to  syn thesize new , 
p e rfe c t m acrom olecules an d  to  m a in ta in  a c e r ta in  equ ilib rium , too . N ev e rth e ­
less, th is  rep resen ts a special s ta te  of p red isp o sitio n , in  w hich ce rta in  m ech an i­
cal, endocrine, ia tro g en ic  or p o s t- tra u m a tic  in fluences m ay  re su lt in  th e  acceler­
a tio n  of the  d eg en e ra tiv e  process, i.e. a r th ro s is . F o r exam ple, synov itis  p ro ­
d u c in g  certa in  fa c to rs  w hich  stim u la te  th e  m a tr ix  deg rad a tio n  in  th e  condro- 
cy te s  [16] or in a c tiv a te  th e  p ro tease  in h ib ito rs  [13], e tc ., m ay  c o n tr ib u te  
v e ry  seriously to  th is  process.
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SUBPOPULATIONS OF T-LYMPHOCYTES IN 
IgA GLOMERULONEPHRITIS

T. Ma g y a r l a k i , J u d i t  N a g y

D EPA RTM EN T OF PATHOLOGY AND 2nd CLIN IC FOR IN T E R N A L  M ED ICINE, 
UNIV ERSITY  MEDICAL SCHOOL, PÉCS, HUNGARY
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P eriphera l subpopulations o f T -ly m p h o cy tes  were s tu d ied  m orpholog ically , 
cy tochem ically  a n d  w ith  m onoclonal an tib o d ies  (L eu 1, L eu 2a, Leu 3a) in  27 IgA  
g lom eru lonephritis  cases and in 15 h e a lth y  con tro ls. T he n u m b er of helper T -ly m p h o ­
cy tes was found  sign ifican tly  increased p a r tic u la r ly  in  th e  ac tive  phase of IgA  g lo m er­
u lonephritis , w hile th a t  of suppressor ly m p h o cy tes  decreased . T hus he lper/suppresso r 
ra tio  increased  sign ifican tly . In  th e  in a c tiv e  phase  th is  ra tio  was also seen to  increase  
b u t  n o t in a s ig n ifican t m anner. C om paring  d iffe ren t m eth o d s used it  is concluded  
t h a t  all of th em  p ro v ed  to  be su itab le  fo r th e  d e m o n s tra tio n  of a ltered  su b p o p u la tio n  
ra tios.

Keywords: T -lym phocytes, IgA  g lo m eru lo n ep h ritis , increased  h e lp e r/su p p resso r 
ra tio s

Introduction

S u b p o p u la tio n s of hum an T -ly m p h o cy te s  p la y  an  im p o rta n t ro le in 
re g u la tin g  im m une responses. A n u m b e r o f tech n iq u es are  availab le to  id e n tify  
ly m p h o c y te  su n p o p u la tio n s such as IgG -, IgM  or occasionally  Ig A — Fc 
frag m en t-b in d in g  recep to rs , m orphology , enzym e reac tio n s and m onoclonal 
an tib o d ies . H u m an  T -lym phocytes fo rm  E -ro se tte s  and  reac t w ith  O K T  3 
and  L eu  1 m onoclonal antibodies. T h e  su p p resso r-cy to to x ic  T-cells posses 
an Ig G — Fc recep to r, th e y  are O K T 8 (Leu 2a)-positive, yield a m u ltifo ca l 
acid p h o sp h a tase  re a c tio n  and co n ta in  a ty p ic a l azuroph ilic  g ran u la tio n  in 
th e ir  cy top lasm  (large, granular ly m p h o c y te s , LGL). Ind u cer-h e lp er T-cells 
have IgM — Fc recep to rs , react w ith  O K T  4 (Leu 3a) m onoclonal an tib o d ie s  
and  give unifocal acid  phosphatase re a c tio n .

Ig A  g lo ineridonephritis  (IgA G N , 2) belongs to  th e  chronic im m une- 
com plex  GNs. I ts  pathogenesis is s till obscure b u t d a ta  suggest th a t  th e re  
ex ists a d is tu rb an ce  in  th e  regu la to ry  fu n c tio n  of T -ly m p h o cy te  su b p o p u la tio n s 
w ith  a con co m itan t rise  in  serum IgA  levels an d  an  ap p earan ce  of c ircu la tin g , 
p a r tly  IgA -co n ta in in g  IC s. [7, 8, 9, 10, 17, 18, 21, 22, 25]
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The p resen t p a p e r  is an  accoun t o f o u r observations on th e  T -lym pho- 
c y te  subpopu la tio n s o f IgA  GN p a tie n ts . W e w ere in te res ted  in th e  follow ing 
q u estio n s:

1. Are th e  m orphological, cy to ch em ical an d  m onoclonal m ark e r te c h ­
n iq u es  su itab le  to  d iffe ren tia te  betw een  v a rio u s  T -lym phocy te  su b p o p u la tio n s 
in  clin ical p rac tice  ? A re th e  resu lts d iv e rg e n t w ith  d ifferen t m ethods ?

2. Is th ere  a d ifference in  IgA  GN p a tie n ts  as com pared  to  th e  co n tro ls  
b e tw een  T -lym phocy te  subpopu la tio n s d e m o n s tra te d  w ith  d iffe ren t m e th o d s?  
(D ifference in  p e rcen tag e , and in  th e  h e lp e r/su p p resso r ra tio ).

Materials and methods

W e have s tu d ied  27 IgA  GN  p a tien ts  (8 fem ale , 19 m ale, age: 18 to 51) and  15 h e a lth y  
co n tro ls  (6 fem ale, 9 m ale , m ean  age: 26). D iagnosis w as in  all cases estab lished  by k id n ey  
b io p sy  [16]. On th e  basis o f clinical sym ptom s obse rv ed  a t  the  tim e of e x am in a tio n  p a tie n ts  
w ere d iv ided  in to  tw o groups. In  the  active  s ta te  o f th e  disease were p a tie n ts  w ith  p ro te in u ria  
h ig h er th a n  700 m g /d ay  a n d  h aem atu ria  h igher th a n  10 m illion as d e te rm in ed  accord ing  to  
A dd is. P a tien ts  w ith  low er values or w ith o u t p ro te in u ria  or h a em atu ria  were considered  as 
be ing  in  the inac tive  phase . On th e  basis of these  c r ite r ia  11 of our p a tie n ts  were in th e  ac tiv e , 
w hile  16 in  the  in ac tiv e  phase  a t the  tim e of ex am in a tio n .

To determ ine th e  percen tag e  d is trib u tio n  o f T -ly m p h o cy te  sub p o p u la tio n s ly m p h o cy tes  
w ere iso lated  from  p e rip h e ra l blood as described by  B o y u m  [6].

M onoclonal antibodies

To d em o n stra te  the  surface-an tigens of T -ly m p h o cy tes  Leu 1, Leu 2a and  L eu  3a 
m onoclonal an tibodies (B eckton-D ick inson) were used . F o r in d irect im m unofluorescence, 
F IT C -labelled  he tero logous an ti-m ouse serum  (G R U B  FM o-1) was used as second an tib o d y . 
To 100 /Л 4 x l 0 <i/m l ly m p h o cy tes  5 {A Leu a n tib o d y  w as applied in cu b a ted  a t  + 4  °C fo r 
30 m in . N on-binding an tib o d ies  were rem oved b y  r in sin g  th ree  tim es.

The second phase  consisted  of a 30 m in in c u b a tio n  a t  4 °C w ith  100 /Л a t  1 : 20 d ilu tio n  
o f a second an tib o d y  ad d ed  to  the  same a m o u n t o f  cell suspension. A fter th ree  rinses cells 
w ere d ropped onto a glass slide. In  each case 200 cells were evaluated  d e term in ing  th e  %  of 
flu o rescen t cells, i.e. how  m an y  of th em  belong to  th e  lym phocyte  su b p o p u la tio n  stu d ied .

Cytomorphological and cytochemical studies

M orphological p ro p erties  and cytochem ical reac tio n s  of IgG  GN p a tie n ts  and  con tro ls 
w ere stud ied  in p e rip h era l b lood-sm ears and in  pelle ts o f peripheral ly m p h o cy tes  iso la ted  on  
a F ico ll-g rad ien t using  a cy tocen trifuge (S handon  S o u th ern ). Cell m orphology was e v a lu a te d  
in  M ay-G rünw ald-G iem sa p rep ara tio n s searching for th e  “ large g ran u la r ly m p h o cy tes”  (L G L ) 
described  by T im onem  e t al [23]. Acid p h o sp h a tase  reac tio n  was carried  o u t according to  
S avage  e t al [22]. Acid esterase  reac tion  was m ade u sing  th e  m ethod of R an k i and  H ä y ri [18], 
s lig h tly  m odified as described  earlier [14].

Statistica l methods

The m eans of T -ly m p h o cy te  subgroups in  co n tro l, active and  in ac tiv e  groups w ere 
d e te rm in ed  w ith  d iffe ren t m ethods. The m ean  s c a tte r  (s) was calcu la ted  and  th e  tw o-sam pled  
s tu d e n t ’s i-te st was em ployed. This m ethod  was also used  when ev alu a tin g  s ta tis tic a lly  th e  
helper/suppressor ra tios.
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Results

In  Fig. 1. T -ly m p h o cy te  su b p o p u la tio n  d e te rm in ed  by  m onoclonal 
an tib o d ie s  are show n in  active and in a c tiv e  IgA  GN p a tie n ts  as com pared  
to  th e  contro ls. T -ly m p h o cy te  n u m b er increased  in th e  IgA  GN p a tie n ts  
o n ly  m odera te ly , w hile th e  helper T -ly m p h o cy tes  w ere found  in  sign ifican tly

Fig. 1. S ubpopulations o f T -lym phocytes d e te c te d  b y  m onoclonal an tib o d ies in IgA -glom erulo- 
n e p h ritis . Leu 1 reac tio n  w ith  peripheral T -ly m p h o cy te s ; Leu 3a p o sitiv ity  w ith  helper and  
L eu 2a w ith  suppressor T  cells are d em o n s tra ted  in  colum ns. E m p ty  colum ns are con tro ls, 
c ro ss-s tria ted  and b lack  ones are IgA -glom eru lonephritis p a tie n ts  in  a n  “ in ac tiv e”  or “ a c tiv e ” 

clinical stages. S ta n d a rd  deviations a n d  sign ifican t levels are also shown

(p <  0.001) h igher n u m b ers  in bo th  a c tiv e  and  in ac tiv e  IgA  GN groups th a n  
in th e  controls. T he n u m b er of sup p resso r T -lym p h o cy tes  increased slig h tly  
(p <  0.05) in  th e  in a c tiv e  group and  decreased  s ig n ifican tly  (p <  0.001) in 
th e  ac tiv e  group.

In  Fig. 2. ly m p h o c y te  su b p o p u la tio n s d isting u ish ed  on th e  basis of th e ir  
m orpho logy  and  cy tochem ical reac tio n s are show n. T he num ber of he lper 
T -ly m p h o cy tes  w as fo u n d  to  be s ig n ifican tly  higher th a n  in th e  contro l group 
(p <  0.001) while t h a t  o f suppressor T -cells varied  in  th e  inac tive  group w ith  
th e  m ethod  app lied : th e  num ber of cells d isp lay ing  cy top lasm ic m ultifocal 
acid  p h o spha tase  re a c tio n  decreased on ly  m o d era te ly , w hile th a t  of LG L 
cells decreased s ig n ifican tly  (p <  0.01). In  th e  ac tiv e  g roup  th e  n u m b er of 
m u ltifo ca l acid p h o sp h a ta se  positive cells decreased s ig n ifican tly  (p <  0.05) 
w ith  an  even m ore p ronounced  decrease (p <  0.001) of LG L cells.

F igure  3. com pares th e  h e lper/suppresso r T-cell ra tio s  as de term ined  b y  
d iffe ren t m ethods. H elper/supressor ra tio  de te rm in ed  b y  m onoclonal an tibod ies 
w as s ign ifican tly  h ig h e r (p <  0.01) in  th e  active g roup . In th e  ra tio s de te r-
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Fig. 2. M orphological an d  cytochem ical m ark e rs  of T -lym phocyte  su b popu la tions. H e lp er 
T -lym phocy tes show a un ifocal p a tte rn  o f acid  esterase  reac tion  (A cesty); suppressor T  cells 
a re  large  g ranular ly m p h o cy tes  (LG L) an d  hav e  m ultifocal p o sitiv ity  of acid p h o sp h a tase  
en zy m e reaction  in th e ir  cy toplasm s (A cp h M). O therw ise th e  signals are  th e  sim ilar to  t h a t

of Fig. 1

Examined
^ \ a r o u p s

s u p p r e s s o r \

Control „Inactive" , .Active"

Leu

Leu 2 a
1.43 ± 1.2 1.63*1.56 2.99* 1.15

A c e s tu

A c p h M
1.96± 4.7 5 2.13 ±5.65 2.33* 4.1

A c e s tu
2.00*3.95 2.21 * 4 .45 2.55 * 3.45

** * p<0.01

F ig . 3. H elper/suppresso r ra tio s in con tro l, “ in ac tiv e ”  and  “ active”  clinical groups of IgA - 
g lom eru lonephritis d e te c te d  by  d ifferen t m eth o d s. Significant e levation  of ra tio s  b y  using  
m onoclonal an tibodies in  th e  “ active”  g ro u p  of IgA -g lom eru lonephritis is show n f ir s t  line  
( i— (- +  )- The second an d  th e  th ird  lines show  th e  ten d en cy  sim ilar to th a t  o f the  f irs t, b u t  i t

is n o t sign ifican t

m ined  on m orphological or cy tochem ical hases a sim ilar tre n d  could he o b ­
se rv ed  h u t w ith o u t sign ifican t a lte ra tio n s .

F igure 4a. is a p h o to m ic ro g rap h  o f an  LGL; 4b. d em o n stra te s  un ifocal 
ac id  p hosphatase  p o s itiv ity  in th e  cy to p la sm  of periphera l ly m p h o cy tes; 4c.
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illu s tra te s  m ultifocal acid p h o sp h a tase  re a c tio n  in peripheral ly m p h o cy tes; In  
4d. im m u n o reac tiv e  cells are show n re a c te d  w ith  Leu 2a m onoclonal a n t i ­
bodies.

D iscussion

O n th e  basis o f experim en ta l a n d  clin ical d a ta  m ost GNs can  be consi­
dered  as being of IC origin. T e m p o ra ry  or p e rm an en t d is tu rb an ces  of th e  
im m u n e  system  m ay  be held responsib le  fo r th e  developm ent o f chronic IC 
diseases such as th e  IgA  GN. In c rea sed  Ig A  p ro duc tion  and  th e  appearance  
o f IgA  ICs and  IgA  aggregates in  Ig A  G N  are  m ost likely  due to  a functional 
im p a irm e n t of suppressor T-cells and  a h y p e rre a c tiv ity  of В -cells. T he decrease 
in  a c tiv ity  of IgA -specific T  suppresso r cells [21], th e  increase in  n u m b er of 
T a lpha-cells [20] and  of IgA -p roduc ing  p erip h era l B -lym phocy tes [18] has 
also been po in ted  o u t. E n d o h  et al [10] claim  th a t  T alpha-cells are IgA- 
specific  helper T-cells an d  p robab ly  th e i r  increased  n um ber an d  a c tiv ity  is 
responsib le  for th e  enhanced  IgA  p ro d u c tio n  o f  B-cells [9].

T here  are several m ethods used c u rre n tly  to  s tu d y  T -ly m p h o cy te  su b ­
p o p u la tio n s . In v es tig a tio n s  w ith  m o n o clo n a l an tibodies are ga in ing  wide 
ap p lica tio n  b u t enzym e reactions a n d  m orpho logy  m ay  also be used for 
id en tifica tio n . H ow ever, d a ta  are sca rce ly  availab le  concerning th e  com pari­
son o f th e  d ifferen t m ethods. M atu tes an d  C atovsky[15] have  described  th e  
large  cy top lasm  and  coarse azurophilic  g ran u la tio n  of O K T 8 (L eu 2a) and  
T G ro se tte  positive (suppressor) cells (L G L ). On th e  o th e r h an d  O K T  4 (Leu 
3a) an d  T M ro se tte  positive  (helper T) cells w ere found  to  h av e  a th in , c y to ­
p lasm ic  rim  poor in  organelles. T im onem  e t al [23] and  Van der Loo an d  Meier 
[13] ad o p ted  th e  ta r ta ra te -se n s itiv e  ac id  p h o sp h a ta se  reac tio n  to  charac terize  
su p p resso r and  LG L cells. B ernard  a n d  D ufer [3] found an  80%  acid  phos­
p h a ta se  p o sitiv ity  in  th e  O K T 8 (L eu 2a) p o sitive  subpo p u la tio n  an d  also in 
o th e r  cell pop u la tio n  a lthough  d isreg a rd in g  th e  localization  p a t te rn  (uni- 
or m ultifocal) of th e  reac tio n . B odo lay  e t  al [5] applied th e  m u ltifo ca l acid 
e ste rase  reac tio n  para lle l to  T G ro se tte  fo r th e  d e te rm in a tio n  of supressor 
p o p u la tio n  and found  com parable  re su lts  w ith  the  tw o m eth o d s in SLE 
p a tie n ts . R ecen tly , th e  ch lo roacetate  e s te ra se  reac tio n  has been  described  in 
su p p resso r T-cells [3, 12].

T he unifocal acid esterase re a c tio n  has been  described as ch a rac te ris tic  
for h e lper T -lym phocy tes by  Grossi e t a l [11] an d  H eum an  et al [12]. A lthough 
th is  v iew  has been challenged [1, 4], B e rn a rd  an d  D ufer [3] an d  V an der Loo 
an d  M eier [13] su p p o rt i t  b y  d e m o n s tra tin g  a sign ifican tly  h igher occurrence 
o f un ifocal p o s itiv ity  in helper p o p u la tio n s  th a n  in  o ther cells.

In  our IgA  GN p a tie n ts  the  p e rcen tag e  o f helper T-cells w as found  to  be 
s ig n if ican tly  e levated  w ith  b o th  Leu 3 a n tib o d ie s  and  unifocal acid  esterase
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Figs 4a. P e rip h era l lym phocytes. G iem sa. A zurophilic  g ra n u la tio n  in  th e  cy top lasm  of th ree  
peripheral ly m p h o cy tes  (x 2 0 0 0 ); b. P e rip h era l lym p h o cy tes , acid esterase  reaction . U n i­
focal positiv ity  in  th e  cy top lasm  of lym p h o cy tes ( X 1000); c. P erip h era l lym phocy tes , acid  
phosphatase  reac tio n . M ultifocal p o sitiv ity  in  th e  cy to p lasm  of n um erous lym p h o cy tes 
(XlOOO); d. P e rip h era l lym phocytes s ta in ed  by  th e  in d ire c t im m unoperoxidase  m ethod  using  

Leu 2a m onoclonal antibodies. F o u r positive  an d  four negative  cells are show n ( X 2000)
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reac tio n . On th e  o th e r  h an d , th e  p e rcen tag e  of suppressor T-cells decreased , 
observed  e ith e r b y  L eu  2a an tibodies, or b y  m ultifocal acid p h o sp h a tase  reac ­
tio n  or b y  m orpho log ica l exam ination  (L G L ). A n excep tion  was th e  in ac tiv e  
group w here th e  n u m b e r of T -suppressor cells was found  s ligh tly  increased  
w ith  Leu 2a an tib o d ies . H ow ever, h e lp e r/su p p resso r ra tio  w as found  to  be 
increased  in  b o th  p a tien t-g ro u p s  regard less to  th e  m eth o d  em ployed. S im ilar 
conclusions were a rr iv e d  a t b y  C h a ten au d  an d  B ach [7] and E gido  e t al [9] 
h u t  th e y  did n o t d iffe ren tia te  betw een p a tie n ts  accord ing  to  clinical sy m p to m s. 
O ur resu lts  suggest t h a t  th e  rise in  he lper/su p p resso r ra tio  is ty p ic a l m ain ly  
for p a tie n ts  in  th e  ac tiv e  phase of th e  d isease. W e th in k  therefo re , th a t  th is  
change observed  in th e  T-cell su b p o p u la tio n s , i.e. th e  re la tiv e  dom inance  of 
he lper T-cells, m ay  be responsible for h ig h  serum  IgA  levels [17, 20, 24] and  
for th e  freq u en tly  seen im m une com plex  p o s itiv ity  in th e  c ircu la tin g  blood 
[8, 24].

The com parison  o f d ifferent m e th o d s in d ica ted  th a t  th e y  y ielded  p rin c i­
pa lly  sim ilar re su lts . N evertheless, cy to m o rp h o lo g y  an d  cy to ch em is try  ap p eared  
to  he less accu ra te  (h igher sca tte r, low er sign ificance, no difference betw een  
ac tiv e  an d  in ac tiv e  phases) as com pared  to  detec tio n  w ith  m onoclonal a n t i ­
bodies. In  sp ite  of th is , th e  analysis o f LG L  cells and  of acid p h o sp h a ta se  
an d  esterase reac tio n s in  peripheral b lood -sm ear p rep a ra tio n s  m ay  be useful 
as sim ple, rap id  m eans to  have a genera l assessm ent o f T -ly m p h o cy te  su b ­
popu la tio n s n ecessary  for m onitoring  th e  s ta te  of th e  im m une system  in  IgA  
GN p a tien ts .
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EFFECT OF HISTAMINE 
ON THE ULTRASTRUCTURE OF MUCOSAL 

CIRCULATORY VESSELS IN RAT 
LARGE INTESTINE

K . D ik r a n i a n

D EPARTM ENT OF ANATOMY AND HISTOLOGY, IN ST ITU TE OF M ED ICINE, VARNA, BULGARIA 

(R eceived  29 A u g u st 1986)

H istam ine , applied in tra v en o u s ly  a t  various co n cen tra tio n s (3 fig, 125 fig, 
250 fig/100 g body  w eight) caused  90 and  210 s a fte r th e  in jec tio n  u l tra s tru c tu ra l  
a lte ra tio n s in  the endothelia l cells o f ra t colonic m ucosal m icrovessels. The m ost p ro m ­
in en t changes occurred w ith  th e  250 fig/100  g/90 s co m b in a tio n , including an  in ­
crease o f vesicu lar p o p u la tio n , fo rm atio n  of vacuole-like spaces, increase in  th e  lu m inal 
év ag in a tio n s of th e  fe n estra te d  capillaries, as well as an  increase  in  size of th e  Golgi 
com plex. Only few gaps w ere d istin g u ish ed  in  some venules a f te r  th e  ad m in istra tio n  
of 250 ,1/g/lOO g h istam ine  and  a c ircu la tio n  tim e  of 210 s. I n ta c t  vessels were d e tec ted  
a t  all concen tra tions. R esu lts  in d ica te , th a t  h istam ine  affects s tru c tu re s  invo lved  in  
tran sv ascu la r tran sp o rt, m ain ly  b y  increasing  th e  n u m b er o f p in ocy to tic  vesicles. 
T hey  also suggest a possible d iffe ren tia l response w ith in  the  en d o th e lia l cell p o p u la tio n  
tow ards h istam ine  action.

K eywords: H istam ine , cap illa ries, p in o cy to tic  vesicles

Introduction

H istam in e  affects a n u m b e r o f physio logic processes. In  m ost v ascu la r 
beds i t  has been  show n to  be a v a so d ila to r  o f th e  a rte ries an d  a co n stric to r 
o f som e venules and  sm all veins [15, 16]. In  th e  m esen te ry , cu taneous and  
m uscle tissue  [9, 18, 13] increase  v ascu la r  perm eab ility . U ltra s tru c tu ra l 
s tu d ies  have clearly  show n th a t  th e  enh an ced  tran sce llu la r tra n sp o r t  of 
m acrom olecules, like serum  a lb u m in  occurs v ia  gaps in  le ak y  en do the lia  of 
p o s tcap illa ry  vessels [10, 15, 16]. In  an  e legan t com p u ter reco n stru c tio n  of 
serial e lectron  m icrographs, i t  w as d em o n stra ted  th a t  h is tam in e  p rom otes 
th e  w idening  of th e  gaps betw een  v en u la r endo thelia l cells [10]. M any o th e r 
s tu d ies  have clarified  the  n a tu re  of h is tam in e  recep to rs, associa ted  b o th  w ith  
v a so d ila tio n  an d  p e rm eab ility  in  v a rious vessels [3, 6, 11, 15, 17]. A p art from  
th ese  th e re  have  been rep o rts  of increased  vésicu lation  and o th e r endo thelia l
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changes [1, 8, 14]. I t  h a s  been p o s tu la te d , t h a t  an  increase of in te rn a l rad iu s  
o f  p inocy to tic  vesicles w ould  lead  to  a m anyfo ld  increase  in  th e ir  vo lum e 
tu rn o v e r  [19]. I t  is w ell know n th a t  th e  en do the lium  of m esenteric  vessels 
is th e  site of s to rag e  o f la rge  am o u n ts  o f endogenous h is tam in e  [12]. On th e  
o th e r  h an d , h is ta m in e , as a pow erful a u to re g u la to ry  to o l o f th e  m esenteric  
c ircu la tion , in te ra c tin g  w ith  H j recep to rs , m ay  m ed ia te  pressu re-induced  
a n d  in  p a r t, p ro s tag lan d in e -in d u ced  haem o d y n am ic  changes [2], th u s  ac tin g  
on th e  regional hom eo stasis . D a ta  from  b o th  physio logical an d  m orphological 
s tu d ies  have show n t h a t  i t  is d ifficu lt to  d e te rm in e  th e  c o n cen tra tio n  of h is ta ­
m ine a t  th e  a c tu a l s ite  o f p e rm eab ility  change. M ost m orphological s tud ies 
a re  m ade w ith  c o n c e n tra tio n s  co nsiderab ly  g rea te r th a n  th o se  used in  p h y sio ­
log ical studies. P e rh a p s  th e  m ost w idely  used  ro u te  of h is tam in e  in tro d u c tio n  
is th e  top ica l ap p lic a tio n , w here doses u p  to  100 pg/m l/m in  are  repo rted  [10]. 
O thers[17] in a physio log ica l s tu d y  used in tra a r te r ia l  (superior m esenteric 
a r te ry )  dose of 10 p g /m l base 0.5 m l/m in  fo r stud ies in  c a t ileum  p rep ara tio n s . 
D oses per body  w eig h t a re  rep o rted  b y  B h a rg av a  e t al. [3 ]— in tra p e rito n e a l a p ­
p lica tio n  of h is tam in e  base  up  to  5 pg/m ouse (20 g). Sparrow  e t al. [22] found  th a t  
in  o rder to  produce  e q u iv a len t e x tra v a sa tio n , 25 tim es th e  co n cen tra tio n  w as 
needed , com pared  to  guinea-pigs. T his show s a re la tiv e  in sen sitiv ity  of th e  
r a t  m odel to  th is  am ine . F rom  o th e r  experim en ts i t  is ev iden t th a t  
fo r th e  re g is tra tio n  o f  co n stric to r response , ra ts  req u ire  m uch  larger doses 
th a n  cats, fe rre ts  a n d  o th e r species. E v en  th e  le th a l doses range betw een  
500— 700 m g/kg w h ich  p red ic ts  th e  h igh  degres of h is tam in e  to lerance in  ra ts . 
T im e course of tr a c e r  e x tra v a sa tio n  in  m esen teric  vessels is betw een 2 to  15 
m in. T h a t is w hy  in  our experim en ts  we applied  doses o f h istam ine , co m ­
p a rab le  to  those  m en tio n ed  above, b ea rin g  in  m ind also its  high d iffusib ility , 
m etabolism  and  d ilu tio n  in blood. The p rob lem  requ ires carefu l re -ex am in a ­
tio n  in  d ifferen t o rg an s in  m orphological as well as physio logical te rm s. The 
p resen t s tu d y  is an  a t te m p t  to  asce rta in  th e  effect of th e  am ine on th e  u l t r a ­
s tru c tu re  of th e  en d o th e lia l cells of te rm in a l vessels in  r a t  colonic m ucosa a t 
various co n cen tra tio n  and  tim e.

Materials and methods

E xperim en ts w ere carried  ou t on a d u lt m ale W ista r ra ts . T he an im als were anaesthesized  
w ith  T iopental in tra p e rito n ea lly . H istam ine d ihydroch lo ride  (B uchs, Sw itzerland) was a d m in ­
istered  th rough  th e  fem ora l vein  as a single dose a t  th ree  co n cen tra tio n s — 3 ^ g /100 g (equal 
to  1.8 /fg/100 g base), 125 ^g/100 g (75 /ig/100 g base) and 250 ^ug/100 g (150 //g/100 g base) 
and  th e  anim als were sacrificed  afte r 90 and  210 s in te rvals . Sam ples were tak en  from  the  
colon of the  con tro l and  ex p erim en tal anim als, according to th e  experim en ta l p rocedure  of 
Sim ionescu e t al. (1972) [20]. F ixa tion  was m ade in  5%  g lu ta ra ld eh y d e  a t 4 °C (in 0.2 mol 
p h ospha te  buffer) fo r tw o  hours. P o st-fix a tio n  was perform ed w ith  2%  osm ium  te tro x id e  in 
0.2 mol phosphate  b u ffe r  (p H  7.4) for two hours a t  4 °C. A fter d e h y d ra tio n  in  graded e th an o ls, 
sam ples were em bedded  in D urcupan  ACM (F lu k a ). Sections were double  sta ined  w ith  u ran y l

Acta Morphologien Hungarica 35, 1987



E F F E C T  O F  H I S T A M IN E  O N  M U C O S A L  M IC R O C I R C U L A T O R Y  V E S S E L S 1 3 7

a ce ta te  an d  lead c itra te . O bservation  was m ade  b y  JE M  7A electron  m icroscope. M easurem en ts 
w ere m ade on selected m icrographs of cap illa ry  profiles, p e rp end icu lar to the  plane of sec tio n , 
b y  M aho-N : 60 p lan im eter. They were p e rfo rm ed  on th e  pe rip h eral zone of th e  en d o th e lia l 
cell w hich  accounts ap p ro x im ate ly  for 40%  o f th e  cell cy top lasm  [21] and appears to be fu n c ­
tio n a lly  th e  m ost im p o r ta n t  in the cu rren t tran sce llu la r  tra n sp o rt of solutes and also of th e  
p a ra ju n c tio n a l zone h a v in g  few tran sp o rt vesicles o r none a t  all.

R esu lts

In  th e  follow ing survey we focussed  on th e  effect o f h istam ine  on th e  
u ltra s tru c tu re  of th e  endothelial cells o f th e  m icro c ircu la to ry  vessels, o th e r  
th a n  arterio les and jtrecapillary  vessels. O nly tru e  capillaries and venous lim b  
capilla ries were considered.

T he m in im al dose (3 pg/100 g) caused  no u ltra s tru c tu ra l changes in  th e  
vessels. The m orphological p icture resem b led  th e  cap illa ry  wall of th e  co n tro l 
an im als  (Fig. 1).

Fig. 1. N o n -fen estra ted  cap illa ry  fro m  th e  co n tro l anim al. X 2 0  000
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Table I

Control 125 /ig/100g/90s 250 /ig/100 g/90 s

M ean values (vesicles/m 2) 11.31 23.99 29.82
N um ber of cap illa ry  profiles 38 24 27
S tan d ard  dev ia tion 3.12 4.80 10.87

Rise in m icrop inocy to tic  vésiculation s ig n ifican t a fte r the  application  of his­
tam ine  (p < 0 .0 0 5 ) S tu d e n t’s f tes t

A t th e  125 pg/100 g/90 s range th e re  w as an  e levation  of th e  p in o cy to t- 
ic vesicle p o p u la tio n  in  tru e  capillaries (T able I), as well as an  increase of 
th e  n u m b er of lu m in a l évaginations w h ich  w ere re la tiv e ly  sh o rt (F ig . 2). 
T here  was no change in  th e  in te ren d o th e lia l ju n c tio n  in all m icrovessels. The 
b a sa l m em brane show ed  a norm al ap p ea ran ce .

F ig. 2. N o n-fenestra ted  c ap illa ry  (h istam ine 125 ,ug/100 g/90 s). The en d o th e lia l cell (E ) 
con tains n um erous vesicles, as well as sh o rt lu m in a l évaginations. X 20 000

A fter the  a d m in is tra tio n  of 250 pg/1.00 g a t  th e  90 s in te re v a l, th e  in ­
crease of the  vesicu lar pop u la tio n  was m uch  m ore ev iden t (Table I.). Vesicles 
w ere d is trib u ted  all o v e r th e  cy top lasm  (F ig . 3), including th e  p a ra ju n c tio n a l 
zone, w here th e y  are n o rm ally  very  s c a n ty  [21]. Besides th is  enhanced  vésicu la ­
tio n , num erous vacuo le-like spaces w^ere d e tec tab le . Some of th em  were form ed 
b y  fused p in o cy to tic  vesicles, o thers w ere non-uniform  — p ro b a b ly  deep

Acta Morphologica Hungarica 35, 1987
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Fig. 3. N o n-fenestra ted  cap illary  (h is tam in e  250 /íg/ЮО g/90 s). X 20 000

in v a g in a tio n s  of th e  lu m in a l surface. T h is p ic tu re  was m ore p ronounced  in  n o n ­
fe n e s tra te d  capillaries (Fig. 4),while in  th e  fe n e s tra te d  and  p o st-cap illa ry  vessels 
th e  lu m in a l flaps were longer and  m ore n u m ero u s  (Fig. 5). T o g e th e r w ith  th is , a t 
th e  sam e p lane of section  we observed  vessels w ith  norm al a p p ea rin g  en do the lia l 
lin ing . A lm ost in all p a ran u c lea r  regions p ro m in en t Golgi com plex  associated  
w ith  coa ted  vesicles was p re sen t (Fig. 4). T h e re  was no change in th e  in te re n d o ­
th e lia l  ju n c tio n  and  b asem en t m em brane. N o gaps were d is tingu ished . O ccasion­
a lly  th e re  were local w idenings of th e  in te rc e llu la r  cleft. M ostly  in  fe n e s tra te d  
vessels th e re  were closing folds and  occasiona l pinches of th e  nu c lear envelope 
(F igs 5, 6).

A t longer c ircu la tion  tim es (210 s), a t  b o th  co n cen tra tio n s, th e  above 
changes persisted . W eibel-P alade bod ies co n cen tra ted  in  groups in  som e 
en d o th e lia l cells were en co u n tered  a t  th e  125 /ug/100 g g roup . G aps in  venu les 
w ere d e tec ted  on ly  tw ice, to g e th e r w ith  in ta c t  ju n c tio n s  along th e  c ircu m ­
ference  of th e  sam e vessels.

4 ; Acta Morphologica Hungarica 35, 1987



F ig. 4. N on-fenestra ted  cap illa ry  (h istam ine 250 //g/100 g/90 s). N ote  th e  vacuole-like spaces 
(V) or deep in v ag in a tio n s (arrow s) and coa ted  vesicles (a rrow heads). Golgi com plex (G ).

X 17 000
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Fig. 6. D eep n u c lear fold (h istam ine 250 /tg/100 g/SO s). X 20 COO

Discussion

O ur d a ta  d e m o n s tra te  th a t  h is tam in e  affects th e  s tru c tu re s  concerned  
w ith  th e  p erm eab ility  p ro p ertie s  of th e  colonic m ucosal m icrovessels, m a in ly  
b y  increasing th e  n u m b e r  of p inocy to tic  vesicles (Table I). O ur resu lts  co rre ­
la te  w ith  o ther m orpho log ica l and physio logical stud ies [1, 4]. A p art from  th is , 
th e  increase in  th e  n u m b e r  of vacuoles a fte r  th e  ad m in is tra tio n  of 250 pg of 
h is tam in e , would o b v io u sly  d im inish th e  m olecular se lec tiv ity  and  raise th e  
tu rn o v e r  capac ity  of th e  vessel. In  th is  resp ec t th e  response m igh t be considered  
as a dose-dependen t one. The fac t, th a t  n o t all endo thelia l cells respond in  
th e  sam e m anner an d  ou r failu re to  re g is tra te  gaps in  po st-cap illa ry  vessels 
a t th e  90 s in te rv a l, — an d  only few in th e  210 s range — is sub jec t to  sp ecu la ­
tio n , considering th e  n a tu re  of recep to rs, concerned  w ith  h istam ine  ac tio n , 
o n se t and d u ra tio n  o f th e  effect and  th e  local cond itions. I t  m ay be so t h a t  
n o t all endothelial cells re a c t in  th e  sam e w ay  even  if  th e y  are located  side b y  
side. E lec tron-m icroscopic  c rite ria  are n o t su ffic ien t to  fu lly  clarify  th e se  
changes. F u rth e r  s tu d ie s , using h istam ine  recep to r an tag o n is ts , need to  be 
app lied  too.

M oreover, if  we assum e, th a t  h istam ine  d ila tes  th e  arterio les w ith in  th e  
experim en ta l period , i t  could prom ote th e  open ing  of large n u m b er of c a p il­
la ries and th is  re la tiv e  increase of perm eab le  surface could lead  per sec to  an

A da Morphologica Hungarica 35, 1987



en h an ced  passage of so lu tes , w ith o u t invo lv in g  m ajo r changes in  en d o th e lia l 
u ltra s tru c tu re , w hich is th e  a lte rn a tiv e  possib ility . A n o th e r th in g  th a t  comes 
in to  consideration  is th a t  au to re g u la to ry  processes in  th e  m esen teric  c ircu la ­
tio n  m ay  alter the response  to  the  exogenously  ad m in is te red  d ru g  an d /o r a 
sort o f “ au to reg u la to ry  escap e’4 is inv o lv ed . I t  shou ld  be n o ted , th a t  so fa r 
we c an n o t ascerta in  an  endo thelia l co n tra c tio n , only h av in g  th e  nu c lea r folds 
and  p inches as th e  sole signs, w ith o u t m eeting  th e  o th e r  c rite ria , p o s tu la te d  
b y  M ajno e t al. [16], or find ings have to  be a t tr ib u te d  to  vessels w ith  la rger 
d iam e te r. H ow ever, th e  expression o f th e  Golgi com plex  a t  th e  h ig h er con­
c e n tra tio n , which show s som e en d o th e lia l a c tiv a tio n , su p p o rts  our im pression  
th a t  th e  response in th is  case is dose-dependen t.

F in a lly , if we consider th a t  th e  described  changes p ro v id e  s tru c tu ra l 
ev idence for a sh o rt-te rm  au to re g u la to ry  response to  th e  in tra v e n o u s ly  app lied  
am ine, fu r th e r  stud ies a re  needed to  c la rify  th e  lim its  o f th is  a c tio n  an d  the  
chronom orphologic  h e te ro g en e ity  of th e  endo thelium  in th e  m ucosal m icro- 
c ircu la to ry  vessels.
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PROTEINASE INHIBITORS WHILE  
INFLUENCING HORMONE RELEASE DO NOT 

AFFECT CELL MORPHOLOGY OF 
HYPOPHYSEAL CULTURES*

Gy . R a p p a y 1, I lona F a z e k a s1, E. B á c sy 1, Gy ö n g y i  Ga á l1,
Ma r ie  E l isa b e t h  S toeckel2, I . N a g y3, A ng éla  Gy é v a i1, G. B . Ma k a r a1

IN S T IT U T E  OF EX PERIM EN TA L M ED ICIN E, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, 
’LABORATOIRE D E PH Y SIOLOG IE, U NIV ERSITÉ LOUIS P A STE U R , STRASBOURG,

3H EIM  PÄL PED IA TR IC  HOSPITA L, BUDAPEST, H UN G ARY

(R eceived  18 F eb ru a ry  1987)

C ultu red  cells from  a d u lt r a t  an te rio r p itu ita rie s  and  in te rm ed ia te  lobes were 
trea te d  w ith  p ro teinase  in h ib ito r  su b s tra te  analogues (B oc-D P he-P ro -A rg ina l [BOC- 
D P P A ], D P he-P ro -A rg in a l [D P P A ], B O C -D Phe-L eu-L ysinal [B O C -D PLL], BOC- 
D P h e-P h e-L y sin al [B O C -D PPL ]) to  e lucidate  th e ir  effect on cell m orphology. I t  was 
estab lished  th a t  B O C -D PPA  an d  D P P A  (w hich in  p rev ious s tu d ies  s tim u la ted  a lpha- 
M SH release [6]) caused a slig h t decrease in  th e  nu m b er o f im m u n o reac tiv e  secre to ry  
granules inm elano trophs. B O C -D PL L , w hich inh ib ited  g ro w th  horm one and p ro lac tin  
release, did no t a lte r the fine s tru c tu ra l featu res of cu ltu red  cells. No difference w as 
observed in  th e  m em brane tu rn o v e r  traced  by cation ic  fe rr i t in  w hen  cells were tre a te d  
w ith  B O C -D PPL.W e suggest th a t  su b s tra te  analogues used  are  harm less to  p itu ita ry  
cells.

Keywords: P itu ita ry  cells in  cu ltu re , p ro te inase  in h ib ito r , horm one re lease  
m em brane  tu rn o v e r, e lectron  m icroscopy

Introduction

The recogn ition  of the lim ited  proteolysis as a w idely  occurring  cellu lar 
m ach inery  in fo rm atio n  of biologically  active p ep tides an d  p ro te in s  lead to  
search ing  e ith e r  for enzym es ca ta ly z in g  p a rtia l h y d ro lysis  o f p ro teinaceous 
su b s tra te s  or for inh b ito rs  w hich m ay  in terfere  w ith  the  c a ta ly tic  processes. 
U p to  now  m ost enzym es are  u n c h a rte d  w hereas enzym e in h ib ito rs  are  in ­
creasing ly  av ailab le .

One of th e  best exam ples of lim ited  pro teo lysis is th e  a c tiv a tio n  and  th e  
su b seq u en t release of pep tide  an d  p ro te in  horm ones p ro d u ced  b y  th e  h y p o ­
p hysea l cells [3, 10]. C hertow  [3] has em phasized th e  use o f p ro te inase  inh ib i-

* D edica ted  to  Professor Z. L o jd a  on his 60 th  b ir th d a y
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to rs  w hich m ay fa c ilita te  th e  u n m ask in g  of the  n a tu re  o f  th e  ac tiv a tio n  p ro ­
c e s se s )  and/or its loca liza tion  w ith in  th e  p aren ch y m al cells of th e  adeno- 
hy p o p h y sis .

In  earlier ex p erim en ts  we found  th a t  a class of p ro te in ase  in h ib ito rs  m ay 
in flu en ce  horm one release b y  c u ltu red  p itu i ta ry  cells. Some tr ip e p tid e  aldehydes 
w h ich  inh ib it the c a ta ly tic  a c tiv ity  o f serine and  th io l end o p ep tid ases  in te r ­
fere w ith  ad renocortico trop ic  horm one (ACTH) release b y  a n te rio r  p itu ita ry  
cells [1], while some tr ip e p tid e  aldehydes m ay s tim u la te  A C TH  and  m elanocyte 
s tim u la tin g  horm one (alpha-M SH ) release by  m onolayer cu ltu res  derived  from  
r a t  p itu ita ry  in te rm e d ia te  lobes [7]. P ro lac tin  (P R L ) a n d  g row th  horm one 
(G H ) release by a n te r io r  p itu i ta ry  cells in cu ltu re  are in h ib ite d  w ith  BOC- 
D P he-P ro -A rg inal (B O C -D PPA ) an d  B O C -D P he-P he-L ysinal (B O C -D PPL) 
u n d e r  bo th  basal an d  s tim u la ted  cond itions [17, 18, 19], w h ilst horm one 
sy n th es is  rem ains u n ch an g ed  d u rin g  an  8 h tre a tm e n t [13, 14].

In  the  p resen t s tu d y  we re p o rt on th e  in n o cu ity  o f tr ip e p tid e  aldehydes 
to  cell m orphology of a n te rio r  an d  in te rm ed ia te  lobe cu ltu res  of th e  ra t 
p i tu i ta ry .

Materials and methods

Cell cultures

In  each ex p erim en t u su a lly  25 a n te rio r and /o r in te rm ed ia te  lobes were collected under 
s te rile  conditions a fte r d e ca p ita tio n  of fem ale ra ts  w eighing 200 g. T he a n te rio r p itu ita ries  
w ere dispersed w ith try p s in  [16] and 5 —8 x l0 5 cells/ml were e x p la in ed  in to  m ultiw ell dis- 
p o so tra y s  (24/16 L IN B R O ). T hey  were m a in ta in ed  in an ASSAB C 0 2 in cu b a to r for 7 or 
8 d ays. The in te rm ed ia te  lobes were m echan ically  d isin teg ra ted  and  cu ltu red  as o rganotyp ic  
suspensions [6]. B oth  ty p es  o f cu ltu re  were fed  every  o th er day.

Incubations

C ultured cells w ere w ashed tw ice w ith  tissue cu ltu re  m ed ium  199 (P199) con tain ing  
2.5 m g/m l bovine serum  a lb u m in  (BSA) and  su b sequen tly  in cu b a ted  in  th e  sam e m edium  or 
a m ed ium  contain ing  one of the  te s t  su bstances for 2 h or for a longer period according to 
th e  protocol described in  th e  R esu lts. T h e re a fte r  control and  te s t  m ed ia  were collected for 
la te r  horm one rad io im m unoassays. T he cells were e ither hom ogenized for p ro te in  and/or 
h o rm o n e  assays or fixed  fo r electron  m icroscopic exam inations.

Electron microscopy

Control and tre a te d  cells were f ir s t  fix ed  in 2 .5%  g lu ta ra ld eh y d e  buffered  a t pH  7.4 
w ith  cacodylate a t room  tem p e ra tu re  for 2 h . T hey  were th en  w ashed  o v ern igh t in the 
sam e buffer, post-fixed  in 1%  osm ium  te tro x id e , and em bedded in  D u rcu p an  ACM. For im- 
m u n o cy to ch em istry , th e  cells of m onolayer cu ltu res were fixed  in  a m ix tu re  of 4 %  p a ra ­
fo rm ald eh y d e , 1%  g lu ta ra ld eh y d e  in 0.1 M p h o sp h a te  buffer of p H  7.4. o r in  some cases 2%  
p a rafo rm ald eh y d e , 1%  g lu ta ra ld eh y d e  in 0.1 M sodium  cacodylate  b u ffer (p H  7.4) con tain ing  
5 %  sucrose a t 4 °C for 3 h. Some cu ltu res were postfixed  w ith  1%  osm ium  te tro x id e  and 
e m b ed d ed  in Epon.
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U ltra th in  sec tions were m ounted on  b a re  copper or nickel grids, s ta in ed  w ith  R eyno lds 
lead  c itra te  and ex am in ed  in a JE O L  T em scan  100C electron  m icroscope.

Radioim m unoassay and  immunocytochem istry

G H  and P R L  in  th e  m edia were a ssay ed  em ploying an tibod ies and  protocols from  the  
R a t  P itu ita ry  D is tr ib u tio n  Program  of th e  N a tio n a l In s ti tu te  o f A rth ritis , D iabetes and 
D igestive  and K idney  D iseases (N IA D D K ).

A lpha-M SH  im m u n o reac tiv ity  w as d e m o n s tra ted  using a p ro te in  A-colloidal gold 
tech n iq u eas  described b y  Stoeckel e t al. [22].

R esults

In  e igh t-day -o ld  suspension c u ltu re s , tissue  spherules consist of t ig h tly  
p ack ed  m elan o tro p h s w ith  p leom orph ic  secre to ry  granules sca tte red  even ly  
in  th e ir  cy top lasm  (F ig . 1). In  som e cells, th e  cy top lasm  contains large m ito ­
ch o n d ria , more or less sm ooth and  ro u g h  su rfaced  endoplasm ic re ticu lu m  as 
well as seem ingly e m p ty  vacuoles. T h e  in te rce llu la r space is scarce w ith  lin y  
cy to p lasm ic  processes. Here and th e re  cells are in te rco n n ec ted  w ith  s to ck y  
ju n c tio n s .

T he fine s tru c tu re  of cells in c u b a te d  for 2 h in  th e  presence o f p ro ­
te in a se  inh ib ito rs show s sim ilar fe a tu re s  to  th e  contro l cells. B O C -D PPA , 
w hile causing an enhanced  horm one release in to  th e  m edium  [7] does not 
e ssen tia lly  a lter ce llu la r s truc tu res. D P he-P ro -A rg in a l (D P P A ), a less p ro ­
te c te d  v a r ia n t of th e  trip ep tid e  a ld eh y d es used, dep letes sligh tly  th e  sec re to ry  
g ran u les  of the m e lano trophs (Fig. 2), w hereas w ell-developed Golgi reg ions 
show  signs of u n d is tu rb e d  secreto ry  g ran u le  fo rm atio n  (F ig. 3).

A lpha-M SH  im m u n o reac tiv ity  w as found  over m ost secre to ry  g ranu les 
an d  in  some endop lasm ic  reticu lum  c is te rn a e  in  m elano trophs from  th e  in ta c t  
in te rm e d ia te  lobe (F ig . 4). In  u n tre a te d  eigh t-day -o ld  suspension cu ltu res , 
m e lan o tro p h s co n ta in  a large n u m b e r of p leom orphic secreto ry  granu les 
w hich are highly re a c tiv e  to  alpha-M S H  a n tib o d y  (Fig. 5). Cells tre a te d  w ith  
p ro te in ase  in h ib ito rs  show' fine s tru c tu ra l  fea tu res  sim ilar to  th e ir  u n tre a te d  
c o u n te rp a r ts . The n u m b e r of im m u n o reac tiv e  secre to ry  granules seems to  be 
low er, especially in  cells trea ted  w ith  D P P A  (Figs 6 and  7). These find ings 
are in  good ag reem en t w ith previous d a ta  on m onolayer cu ltu res of th e  in te r ­
m ed ia te  lobe w hich released a high a m o u n t of alpha-M SH  w hen the  cells were 
in c u b a te d  w ith  th e se  trip ep tid e  a ld eh y d es for 24 h [7].

In  an terio r p i tu i ta ry  cell c u ltu re s  n e ith e r  th e  p arenchym al nor th e  
n o n -p aren ch y m al cells showed any  sign  o f loss of th e ir  m orphological in te g rity  
a fte r  h av in g  been exposed  to  tr ip e p tid e  aldehydes for 2 or 4 h. In  c o n tra s t, 
th e ir  horm one release in to  the m edium  w as m ore th a n  50%  less in com parison  
w ith  con tro l cu ltu res as described p rev io u sly  [18, 19). The sam e holds tru e
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F ig . 1. Portion  of u n tre a te d  inelano trophs from  an  e igh t-day-o ld  suspension cu ltu re . N o te  
t ig h tly  packed cells w ith  pleom orphic sec re to ry  granules. Arch, no.: 22 417. X 15 000 

F ig . 2. C ytoplasm ic d e ta ils  of two m elan o tro p h s from  an e igh t-day-o ld  in te rm ed ia te  lobe 
cu ltu re  trea te d  w ith  B O C -D Phe-Pro-A rginal (1 0 -3 M) for 2 h. Arch, no.: 22 422.

X 15 000
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F igs 4  — 7. A lpha-M SH  im m u n o reac tiv ity  in in te rm ed ia te  lobe cells. Fig. 4: u n trea te d  co n tro l 
cells before c u ltiv a tio n . Arch, no.: J-95  43 237/18. X 10 000. Fig. 5: p o rtio n  of m elanotrophic  
cells cu ltu red  in  suspension for e ight days. N ote gold partic les over m ost of the  secretory  
g ranules. Arch, no .: J-95  32 235/7. X 14 000. Fig. 6: C ytoplasm ic de ta il of a m elan o tro p h  
from  an  e igh t-day-o ld  cu ltu re  trea te d  w ith  D P he-P ro-A rg inal (1 0 -3 M) for 2 h. M oderate  
n u m b er of gold p a rtic les are seen over m an y  secre to ry  granules. A rch, no.: J-95  10 237/5. 
X 14 000. F ig. 7: P o rtio n  of a m elano troph  from  an e igh t-day-o ld  cu ltu re  trea te d  w ith  BOC- 
D P h e-P ro -A rg inal (10 ~3 M) for 2 h. T he n u m b er of gold partic les over the  secre to ry  

granules is sim ilar to  those of contro ls. Arch, no.: J-95  19 236/10. X 14 000

Fig. 3. P o rtio n  of cells from  an e igh t-day-o ld  suspension cu ltu re  trea te d  w ith D P he-P ro - 
A rginal (1 0 ~ 3 |M) for 2 h. N ote a w ell-developed Golgi region w ith  form ing secre to ry

granules. A rch, no.: 22 362. X l5  000
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for cu ltu re s  tre a te d  fo r 24 h w ith  a p o te n t enzym e in h ib ito r  B O C -D Phe- 
L eu -L y sin a l (Tab. I). T h e  u ltra s tru c tu ra l  fea tu re s  a fte r 24 h tre a tm e n t w ith  
th e  enzym e in h ib ito r rem ain ed  u n ch an g ed  as d em o n stra ted  in  Figs 8 and  9.

Table I

In h ib itio n  of P R L  an d  GH release in to  
the  m edium  by  an te rio r p i tu i ta ry  cell cultures 

trea te d  w ith  B O C -D Phe-Leu-Lysinal for 24 h (n =  4)

Control
T rea ted

P R L  GH

in /fg/culture

3.51 ± 0 .3 3 *  2 0 .6 ± 1 .6
I .4 8 ± 0 .1 2  9.0 ± 0 .7

* m ean  ± S E M

In  earlier ex p e rim en ts  we su sp ec ted  th a t  th e  su b s tra te  analogue t r i ­
p e p tid e  aldehydes e x e rt th e ir  horm one release in h ib ito ry  action  on th e  cell 
m em b ran e . T herefore we s tud ied  th e  m em brane tu rn o v e r  of P R L  and  G H  
p ro d u c in g  cells in  a n te r io r  p i tu i ta ry  cell cu ltu res  in  th e  presence of B O C -D P P L  
(one o f th e  m ost p o te n t in h ib ito r  of P R L  and  G H  release) [5] it  b inds to  th e  
p la sm a  m em brane of p i tu i ta ry  cells. T he tra c e r  (0.1— 1.0 m g/m l) was applied  
alone or to g e th er w ith  B O C -D P P L  for u p  to  2 h.

In  contro l cu ltu re s , cation ic  fe rr itin  (irrespective of its  concen tra tio n ) 
labelled  alm ost in s ta n ta n e o u s ly  th e  cell surface (Fig. 10) and  was rap id ly  
in te rn a lized  in  qu ick ly  form ed en docy tic  vesicles. W ith in  5 m in and  la te r  
th e  endocytozed  tra c e r  was p resen t in  a v a r ie ty  of m em brane-bound  s tru c ­
tu re s :  in  m u ltivesicu la r bodies, lysosom es, tu b u les  and  Golgi saccules. C ationic 
fe rr itin  was no t p re se n t w ith in  th e  rough  su rfaced  endoplasm ic re ticu lu m  and  
i t  w as no t found in  m a tu re  secre to ry  granules of e ith e r  m am m o tro p h s or 
so m ato tro p h s.

T h irty  m inu tes (an d  la te r) a f te r  tre a tm e n t w ith  10 ~4 M B O C -D P P L  
th e  secre to ry  granu les w ere num erous an d  some of th em  becam e h ighly  am o r­
phous in  b o th  m am m o tro p h s  (F ig. 11) and  so m ato tro p h s (Fig. 12). T racer 
accu m u la tio n  in  vesicles could be found  in betw een  secre to ry  granules in the  
p a ren ch y m al cells (F ig . 13). W ith in  th e  Golgi com plex sm all num bers of 
ca tio n ic  ferritin  m olecules was fre q u e n tly  seen in m ultip le  c isternae  in a given 
s ta c k  and  th e  la rg e s t co n cen tra tio n s w ere found  in  th e  tra n sm o s t c isternae  
w ith  condensing sec re to ry  granules (F igs 14 and  15).
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Fig. 8. Low -pow er e lectron  m icrograph  of a m ono layer cu ltu re  derived  from  an u n tre a te d  
e igh t-day-o ld  an te rio r lobe culture. A rch, no .: 16 949. X 5000 

Fig. 9. L ow -pow er e lectron  m icrograph  of a m onolayer cu ltu re  derived  from  an e igh t-day-o ld  
an terio r lobe cu ltu re  tre a te d  w ith  B O C -D Phe-L eu-L ysinal (1 0 -3 M) for 24 h. Arch, n o .:

16 958. X 5000

A da  Morphologica Hungarica 35, 1987
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F igs 10 — 15. E lectron  m icrographs tak e n  from  m ono layer cu ltu res of th e  a n te r io r  p itu i ta ry  
and  labelled  w ith ca tion ic  fe rr itin  (CF). F ig . 10: CF (0.2 m g/m l) m olecules line u p  on the 
cell surface (a rrow heads) a lread y  a fte r 20 s. N ote  (arrow ) a coated  p it  w ith o u t trace r. 
C ontro l culture. A rch, no .: 20 685. X 30 000. Fig. 11: P ro lac tin  secretory  g ran u les  a f te r  t r e a t ­
m e n t w ith  B O C -D Phe-Phe-L ysinal (1 0 ~4 M) for 30 m in. CF (0.5 m g/m l) is seen  a t  th e  cell 
su rface  (arrow head) an d  in  sm all vesicles (arrow s). A rch, no .: 26 919. X 24 000. F ig . 12: G row th  
ho rm o n e  secretory  g ran u les a fte r t r e a tm e n t  w ith  B O C -D Phe-Phe-L ysinal (10 _4 M) for 30 m in 
CF (0.5 m g/m l) m olecules are a t  th e  cell su rface  (a rrow heads). Arch, no .: 26 712. X 24 000.
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Fig . 13 P o rtio n  of the  Golgi region of a p i tu i ta ry  cell trea ted  w ith  B O C -D Phe-Phe-L ysinal 
(10 - 4 M) for 30 min. N ote u n d is tu rb ed  granu le  fo rm ation . Arch, no .: 26 723. X 16 000.

Fig. 14: A po rtio n  of the  Golgi region show n in  th e  previous figure. N ote  CF around  form ing  
secretory  granuless (a rrow heads). Arch, no.: 26 722. X 49 600.

Fig. 15: T he sam e s tru c tu res  in a section  a d ja c e n t to  th a t  d isp layed  on  the  previous figu re . 
CF is seen a round  (arrow s) an d  w ith in  (a rrow head) secre to ry  granules. Arch, no .:

26 721. X 49 600
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Discussion

A few d a ta  p re se n te d  above and  a la rge  body  of ev idence  described 
ea rlie r [18, 19] fa v o u r  th e  view  th a t  su b s tra te  analogue tr ip e p tid e  aldehydes 
m a y  influence th e  re lease  of a t  le a s t fo u r horm ones p ro d u ced  by  cu ltu red  
h y p o p h y sea l cells. I n  th e  p resen t s tu d y  we d em o n stra ted  t h a t  some of th e  
p o te n t  aldehydes are  harm less  to  cells, i.e. th e y  do n o t affect ce llu lar m orpho l­
ogy and  m em brane tu rn o v e r . On th e  o th e r  h an d , su b stan ces w hich had  a 
s tim u la to ry  effect on A C T H  and  alpha-M S H  release b y  in te rm e d ia te  lobe cells 
s lig h tly  dim inish th e  n u m b e r of a lpha-M S H  im m u n o reac tiv e  secreto ry  g ra ­
nu les.

P ro teinase in h ib ito rs  or su b s tra te  analogues were fre q u e n tly  used in  
cell biology. A ccord ing  to  Couch and  S tr i t tm a t te r  [4] r a t  m yob last fusion 
req u ires  m eta llo en d o p ro tease  a c tiv ity . E x p e rim e n ts  w ith  p ro te in ase  inh ib ito rs 
im p lica te  m e ta llo en d o p ep tid ase  in  sy n ap tic  transm ission  a t  th e  m am m alian  
neu rom uscu la r ju n c tio n  [2]. M eta lloendopep tidase  in h ib ito rs  p rev en t th e  
re lease  of h istam ine  fro m  m ast cells as w ell as of ca techo lam ines from  adrenal 
ch ro m affin  cells in d ic a tin g  th a t  exocytosis m ay  require  endop ro te in ase  a c tiv ity  
[12]. A num ber o f low  m olecular w eigh t serine p ro te inase  inh ib ito rs , w ith  
d iffering  specificities a n d  m odes of ac tion , decrease h u m an  chorionic gonado­
t ro p in  stim u la tio n  o f o v a ria n  ad en y la te  cyclase [11, 20]. C h y m o try p sin  su b ­
s tr a te  analogues in h ib it  endocytosis o f in su lin  and  insu lin  recep to rs  in  ad i­
p o cy tes  while causing  a m arked  increase in  su rface-hound  in su lin  by  trap p in g  
in su lin -recep to r com plexes on th e  cell su rface  [8]. In  all th e se  experim ents 
th e  au th o rs  em p h asized  th e  non-tox ic  n a tu re  of th e  su b stan ces since cell v ia ­
b ili ty  te s ts  were u n a lte re d  in th e ir  p resence. To our know ledge, u ltra s tru c tu ra l 
s tu d ie s  have no t b een  pub lished  so far.

The possible ta rg e ts  o f these  su b stan ces  are enzym es m ost p ro b ab ly  
localized  in  th e  cell m em b ran e . H ow ever, u n til  th e ir  e x a c t d em o n stra tio n  
th e  ac tion  of in h ib ito rs  and  su b s tra te  analogues can n o t be p roperly  in te r ­
p re te d . A lthough ta r g e t  enzym es are m a in ly  u n ch a rted , p ro m ising  experim en ts 
h av e  been p erfo rm ed  to  show th e ir  p resence in  th e  cell m em b ran e  [9, 15]. 
P lasm inogen  a c tiv a to rs  and num erous p lasm in o g en -in d ep en d en t p ro teases 
are  p resen t in o v a rian  m em branes w hich m a y  p lay  a role in o v u la tio n , lu teo ly- 
sis an d  m ed ia tion  o f  h o rm o n a l s tim u la tio n  [21].

The reason  w h y  re la tiv e ly  h igh  co n cen tra tio n s  of su b s tra te  analogues 
m u s t be used to  ach iev e  p roper effects on liv in g  cells rem ains to  be e lucidated . 
N evertheless th e  m e m b ra n e  tu rn o v e r  u sing  ca tion ic  fe rr itin  as a tra c e r  was 
u n d is tu rb ed  w hen B O C -D P P L  was used  in  a co n cen tra tio n  of 10~4 M. I ts  
p resence in  th e  G olgi region, especially  in  th e  closed v ic in ity  of the  form ing 
sec re to ry  granules, in d ic a te s  th a t  th e  tr ip e p tid e  aldehyde t re a tm e n t does n o t 
obv iously  in te rfe re  w ith  horm one sy n th esis  an d  packaging . I n  earlier stud ies
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we h av e  also d em o n stra ted  th a t  th e  to ta l  b io syn thesis  of GH and  P R L  is 
slig h tly  reduced  only in  th e  presence o f th e  h ighest 10 - 3 M tr ip e p tid e  a lde­
hyde co n cen tra tio n , w hile th e  overall p ro te in  b io syn thesis  is to ta lly  u n a f­
fec ted  [13, 14].
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MORPHOLOGY OF THE HUMAN SEPTAL AREA: 
A TOPOGRAPHIC ATLAS

S. H o r v á t h , M. P a l k o v it s1
DEPARTM ENT OF NEUROLOGY A N D 1 F IR S T  DEPARTM ENT OF ANATOMY, 

SEM MELW EIS U NIV ERSITY  M ED ICAL SCHOOL, BUDAPEST, H UN G ARY

(R eceived  13 M arch  1987)

The cell-groups of th e  h u m an  se p tu m  pellucidum  are d e m o n s tra ted  in  a series 
o f 27 fro n ta l sections. The basal p a r t  o f the  sep tu m  w hich co n ta in s m ain ly  nerve cells 
ex ten d s 14 —16 m m  in  the  o ro-caudal d irec tion . W ith in  th is reg ion  two m edial nuclei 
w ith  6 subdivisions and tw o la te ra l nuclei w ith  3 subdivisions were d istinguished. 
The defin ition  of oro-caudal co o rd in a tes  an d  th e  to p o graph ica l descrip tion  of nuclei 
m ay  be of help in localizing w ith  su ffic ien t accu racy  clin ico-pathological a lte ra tio n s  
o f th e  septum .

Keywords: S ep tu m  pelluc idum , se p tu m  veru m

Introduction

U n til recen tly  a general v iew  sh a red  b y  neurologists and n e u ro p a th o ­
log ists w as th a t  th e  sep tum , an  im p o r ta n t  e lem ent in  th e  lim bic system  of 
th e  m am m alian  CNS, has regressed in  th e  h u m an  b ra in  to  an  insign ifican t 
s tru c tu re , hence its  clinical role is also negligible. As com pared  to  th e  to ta l 
líra in  vo lum e th e  vo lum e of the  se p tu m  is indeed  th e  sm allest in  m an  am ong 
all v e r te b ra te s , still d a ta  are av a ilab le  [2, 3] suggesting  th a t  i t  is n o t fu lly  
ju s tif ie d  to  suppose a m orphological re d u c tio n  in th e  h u m an  sep tum .

T he hum an  patho log ica l role of th e  sep tu m  has been u n d erlin ed  by  recen t 
observ a tio n s. U nusually  large sep ta l nucle i w ere found in  th e  N ew -G uinea 
fo re -tribesm en  died in  k u ru  [3]. T he sign ificance of th is fin d in g  is still unclear 
[15]. S ep ta l m alfo rm ations re su lt in  w ell-defined  clinical sym p to m s [11, 17]. 
T um ours and  aneurysm s causing sep ta l lesions lead to  m em ory  d is tu rb an ces 
m ain ly  am nestic  syndrom e and  p e rso n a lity  changes [1, 9, 18, 20, 24, 25, 27]. 
In  A lzheim er’s disease th e  early  lesion of th e  cholinergic sep to -h ip p o cam p al 
t r a c t  has been observed  [4, 12, 26]. S ep ta l diseases were so fa r  re la ted  to  th e  
sep tu m  as a whole. L ack ing  deta iled  in fo rm a tio n  on sep ta l cy to a rch itec to n ies  
no a t te m p ts  were m ade to  localize se p ta l a lte ra tio n s  to  in d iv id u a l cell groups.

Send o ffp rin t requ ests  to  Dr. M. P a lk o v its , F irs t D ep artm en t o f A n a to m y , Sem m elweis 
U n iv ersity  M edical School, B udapest, T ű zo ltó  u. 58. H-1450, H u n g ary
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In  th e  r a t ,  th e  sep tu m  is one of th e  s tru c tu re s  r ich es t in  n e u ro tra n s ­
m itte rs :  a t a b o u t 40 n e u ro tra n sm itte rs  h av e  been d e tec ted  in  sep ta l neurons 
a n d  nerve endings [21]. C u rren tly  th e  to p o g rap h ica l m ap p in g  of n e u ro tra n s ­
m itte rs  in  h u m a n  b ra in s  is a rap id ly  ex p an d in g  field  of research . C orrelation  
o f  resu lts  w ith  e x p e rim e n ta l d a ta  ob ta in ed  in anim als is possible only if  d e ta iled  
a n d  accura te  m orpho log ica l d a ta  are av ailab le . H ow ever, little  is know n 
concern ing  th e  c y to a rch itec to n ie s  an d  to p o g ra p h y  o f th e  h u m an  sep tu m  
[2, 6, 10]. To o u r know ledge, a to p o g rap h ica l a tlas  describ ing  nuclei o f th e  
h u m a n  sep tum  in  a co o rd in a te  system  being  th u s  usefu l also in  p rac tica l 
n eu ro p a th o lo g y  h as  n o t y e t been p u b lished . T he p re se n t w ork is a im ed  to  
ab rid g e  th is gap.

Materials and methods

The b ra in  o f  a 40-year-o ld  m ale killed in  a  tra ff ic  acc iden t w as fixed  in 4 %  fo rm ald e­
h y d e  for 2 m onths, th e n  sliced in  th e  fro n ta l p lane. T he sep ta l reg ion  w as excised in  tw o blocks 
a n d  em bedded in  p a ra ff in . Serial sections o f 10 fim  th ick n ess were cu t in  th e  fro n ta l p lan e  an d  
each  40 th  and 41st sec tions were a lte rn a tin g ly  s ta in ed  w ith  luxol fa st-b lu e  cresyl v io le t acco rd ­
in g  to  K lüver an d  B a rre ra  [14] and  w ith  cresyl-v io let. L inear shrinkage  caused b y  th e  histo- 
chem ical procedure  w as regarded  as 30%  [22]. T h u s d istance be tw een  tw o consecu tive  sec­
tio n s  stained w ith  th e  sam e m eth o d  was estim a ted  to  520 /пи .

The sections w ere p h o to g rap h ed  and  th e  sep ta l nuclei were de lin eated  and  subdivisions 
defined  on the  basis o f cell pack ing  densisy; sta in in g  in te n s ity , size o f cells and cell nuclei. The 
topograph ica l d iv is ion  o b ta in ed  was co rre la ted  w ith  th e  c y to a rch itec to n ie  a tla s  o f th e  r a t  
se p tu m  [13] p re p are d  b y  q u a n tita tiv e  histo logical analysis, to  id e n tify  nuclei and  nu c lear 
g roups. The a tla s  w as also com pared  w ith  th e  h u m an  histo logical p re p ara tio n s  o f th e  L ab o ra ­
to ry  of N europatho logy  of th e  N eurological Clinic, Sem m elweis U n iv e rsity  M edical School. 
Id en tif ica tio n  of se p ta l nuclei was carried  o u t in  dozens o f d iffe ren tly  s ta ined  p rep ara tio n s  
derived  from  in d iv id u a ls  o f d ifferen t sex and  age.

Results

The h u m a n  se p tu m  is found  in  th e  m idline of th e  ro s tra l te lencephalon  
w ith  some p a r ts  e x ten d in g  slig h tly  la te ra lly  to  th e  m id line. I ts  bo rders are: 
from  above, th e  co rpus callosum , from  la te ra l th e  la te ra l ven tric les, from  oral, 
th e  subcallosal g y ru s, from  v e n tro la te ra l, th e  nucleus accum bens an d  th e  
in te rs titia l nu c leu s of th e  s tria  te rm in á lis , v e n tra lly  th e  p reop tic  region, 
an te rio r  h y p o th a la m u s  and  th e  a n te rio r com m issure. I t  can  be d iv ided  in to  
tw o  p a rts : th e  d o rsa lly  loca ted  sep tu m  pelluc idum  co n ta in in g  in  i ts  cau d a l 
p a r t  a few n eu ro n s in  add itio n  to  m y e lin a ted  fib res an d  glial cells, an d  th e  
v e n tra l area te rm e d  by  A ndy and  S tep h en  as “ sep tum  v e ru m ” [2] c o n ta in in g  
p red o m in an tly  n e rv e  cells. As com pared  to  o th e r species, th e  h u m an  se p tu m  
is m arkedly  e lo n g a ted  in th e  d o rso v en tra l d irection .

For o r ie n ta tio n  we have used th e  fro n ta l p lane o f th e  sep tum  an d  th e  
oro -caudal co o rd in a tes  as re la ted  to  th e  p lane of th e  b regm a, a reference-line
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used  often  in  r a t  and  in a num ber o f  o th e r  m am m als. T h is p lane is d efin ed  b y  
th e  level of e n co u n te r of fornical f ib re s  an d  th e  crossing a n te r io r  com m issu ra l 
fib res . B oth  s tru c tu re s  are easy to  recognize even in  u n s ta in e d  sections. In  
o u r coord inate  system  th is p lan e  w as regarded  as “ О-p lan e” , s tru c tu re s  
loca ted  o rally  to  i t  w ere designated  w ith  A (an terio r), th e  caudal ones w ith  P  
(posterio r).

The so-called „sep tu m  v e ru m ”  con ta in in g  m ain ly  n e rv e  cells beg ins 
7800 pm  orally  to  th e  0-plane (A 7800) an d  w ith som e in d iv id u a l v a r ia tio n s  
ex te n d s  to  6 to  8000 pm  caudally  to  i t .  T h u s its  to ta l  le n g th  is 14 to  16 m m . 
I ts  la rg est d o rso v en tra l d iam eter is 12 m m , its  th ick es t p a r t  is ab o u t 8.2 m m  
w ide.

The pelluc idal p a r t has a m uch la rg e r oro-caudal sp a n : i t  can  be follow ed 
from  th e  genu o f th e  corpus callosum  to  th e  m eeting  o f th e  fornical b u n d le s  
w ith  th e  corpus callosum . I ts  d o rso -v e n tra l span is cau d a lw ard s g ra d u a lly  
decreasing . C audally , along th e  m y e lin a te d  fib res m ore an d  m ore n e u ro n s  
a p p e a r sc a tte re d  betw een  th e  glial cells. D orsally  th e y  reach  th e  low er level 
of th e  corpus callosum .

In  th e  h u m a n  sep tum  all fo u r nuc le i de term ined  b y  th e  q u a n ti ta t iv e  
s tu d y  of th e  r a t  sep tu m  [13] as w ell as th e  nucleus of th e  d iagonal b a n d  (of 
B roca) are to  be fo u n d  and  d e lin ea ted  (F igs 1— 7). G roup ing  of nuclei o f  th e  
h u m a n  sep tum  is sum m arized in  T a b le  I , th e ir  o ro -caudal ex tension  is show n 
in  F ig . 8.

T ab le  I

N uclei and subdiv isions o f th e  hum an  septum

Nuclei and subdivisions o f  the medial area

Medial se p ta l  nucleus 
p a rs  dorsalis 
p a rs  v en tra lis  
p a rs  fim bria lis  
p a rs  in te rm ed ia  
p a rs  p osterio r 

T riangu lar nuc leus 
Nucleus o f  th e  d iagonal band 

(of B roca), v e rtica l 
p a r t

Nuclei and subdivisions o f  the lateral area

Dorsal se p ta l nucleus 
Lateral se p ta l nucleus 

p a rs  an te rio r  
p a rs  dorsalis 
p a rs  v en tra lis
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F ig s  1 —7. Topography of nuclei and subdivisions of the hum an septum  as seen in photographs of frontal serial sections from 
8320 /on oral to the 0-plane (A =  anterior) to 5200 //m caudal to the 0-plane (P  posterior). 0-plane - the frontal plane a t  the level 
of the encounter of anterior commissure fibre-crossing and the diverging fornix-stems. Klüver — Barrera staining [14]. (a) Borders of 
nuclei and subdivisions. Bar scale: 1 mm. For abbreviations see list, (b e) Photographs of frontal serial sections. Square shows the

position of (a). B ar scale: 1 mm
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Fig. 8. O ro-caudal co o rd in a tes  of nuclei and subdiv isions o f th e  h u m an  sep tum . C oord inates: 
see Figs 1 — 7; for ab b rev ia tio n s see list

1. M edial cell group

The m edial cell g roup  of th e  sep tu m  com prises th e  m edial and  tr ia n g u la r  
sep ta l nuclei and  th e  nucleus of th e  d iagonal b an d .

(1) W ith in  th e  m edial sep tal nucleus (m ), sim ilar to  th e  ra t  sep tum , five  
subdivisions are to  be d iscerned:

Pars dorsalis o f  medial septal n u c leu s(m d ). This cell group is lo ca ted  
in th e  oral and m iddle th ird s  of the  so-called “ sep tu m  v e ru m ” (Fig. 8). In  th e  
oro-caudal d irection  its  cells are f irs t  a p p a re n t a t A7280 pm , dorsally  in  th e  
m idline, v e n tra lly  a long  th e  diagonal b a n d  (of Broca) an d  th e  la te ra l edge of 
subcallosal gyrus (F igs 2, 3). To cauda l i t  can  be follow ed to  A2080 pm . 
F rom  la te ra l it  is b o rd e red  in  oro-caudal o rd e r b y  th e  la te ra l  sep ta l nucleus, 
th e  p a rs  in te rm ed ia  of th e  m edial nucleus an d  th e  dorsal nucleus (Figs 2, 3). 
I ts  cells are large, s lig h tly  elongated  or m u ltip o la r  w ith  m ed ium  lig h t s ta in ing . 
A t som e places th e y  fo rm  groups of h igher pack ing  d en sity  (F ig. 9). F ro m  th e  
nuclei of th e  la te ra l sep tu m  and th e  v e n tra l cell group o f th e  m edial nucleus, 
it  can  be d istingu ished  b y  its  larger cells, w hile from  th e  dorsa l sep ta l nucleus 
i t  differs in  th e  h igher p ack ing  d ensity  o f its  cells. On th e  o th e r h an d , its  cells 
are n o t as densely p ack ed  as those of its  c au d a l ne ighbour, th e  pars in te rm ed ia , 
and does no t co n ta in  g ian t cells ty p ica l fo r its  m edial ne ighbour, th e  nucleus 
of th e  d iagonal b an d . To caudal th e  vo lum e o f th is  subd iv ision  increases b u t  
i t  is th e re  rep laced  b y  th e  pars fim brialis.

T he pars ventralis o f  medial septal nucleus ( m v )  is an  o ra lly  bigger, 
cau d a lly  th in n in g  cell g roup . I t  is s itu a te d  b e tw een  A7800 and  A3640, la te r ­
ally to  th e  nucleus of th e  d iagonal b an d  an d  th e  subcallosal gyrus (F ig . 8). 
F rom  la te ra l, i t  is b o rd e red  by  th e  pars dorsalis of th e  m edial nucleus (Figs
2, 3) of w hich i t  is well d em arca ted  b y  its  sm aller and  irreg u la rly  shaped  cells.

Acta Morpliologica Hungarica 35, 1987



• •

1 6 8 H O R V Á T H  a n d  P A L K O V I T S

Fig. 9. C haracteristic  cell-types o f nuclei an d  subdiv isions of th e  h u m an  sep tum . K lü v e r — 
B arrera  sta in in g  [14]. B ar scale: 50 / ш ;  for abbrev ia tions see list
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T hese cells s ta in  m edium  ligh t (F ig . 9). I ts  h ind  border is vague h y  th e  m ix ing  
of its  cells w ith  tho se  of the d o rsa l subd iv ision  of th e  nucleus.

Pars f im b r ia lis  o f  medial sep ta l nucleus ( f ) .  The beg inn ing  of th is  su b d i­
v ision  is m arked  b y  the  ap p ea ran ce  of fib res of th e  fim b ria  sep ti, a t  A1560 
(F ig . 4). I ts  cells are  sca ttered  b e tw een  fim b ria l fib res. T hey  resem ble th e  d o r­
sal subdiv ision  cells bu t a few so lita ry  large cells and  som e groups of sm all 
cells betw een th e  fib res are also to  be observed  (Fig. 9). This subd iv ision  ex ­
te n d s  caudally  to  P1040 pm  (F ig . 8).

Pars interm edia o f  medial septal nucleus ( i ) .  This is a d o rso v en tra lly  
ex ten d ed  narro w  cell-colum n b e tw een  A2600 an d  P520 pm  (Figs 4, 5). I ts  
cells are e longated  and  re la tiv e ly  d a rk ly  s ta in ed  (Fig. 9). I t  appears to  be  th e  
cell group of th e  hum an  sep tu m  h av in g  th e  h ighest pack ing  d ensity . F ro m  
la te ra l, the  la te ra l and  dorsal s e p ta l  nuclei, from  m edial and  v en tra l, th e  do rsa l 
and  fim brial p a r ts  of medial n u c leu s form  its  borders.

Pars posterior o f medial septal n ucleus ( m p ). I t  is found in  th e  h in d  p o rtio n  
o f  th e  sep tum , d o rso la tera lly  from  th e  tr ia n g u la r  nucleus and  from  th e  fib res  
o f th e  form ix and  fim bria  sep ti, b e tw een  P2080 and  P5200 pm  (Figs 6— 8). 
T he caudal ex ten s io n  of this cell g ro u p  shows su b s ta n tia l in d iv id u a l v a ria tio n s , 
in  som e cases i t  reaches to  P6000— 8000 pm . C oncerning its  position  an d  cell 
ty p e s  i t  co rresponds to  the  p a rs  in te rs titia lis  com m issurae fornicis o f th e  ra t  
m ed ia l sep ta l nucleus.

(2) T riangular nucleus ( t ) .  T h is  nucleus is found d o rso la te ra lly  to  th e  
fib res  of the  fo rn ix  and  fim bria  s e p ti, betw een P520 -P 4680  pm  (Figs 6, 8). 
A cell group of re la tiv e ly  high p a c k in g  d en sity  w ith  m edium  d a rk ly  s ta in in g , 
u su a lly  small an d  irregu lar cells (F ig . 9). U pon inspection  it  appears to  be 
sm aller re la tive  to  th e  whole se p tu m  in m an th a n  in  ra t.

(3) N ucleus o f  diagonal band ( o f  Broca ;fd ^ .T h is  nucleus does n o t belong  
to  th e  sep ta l nucle i, no t even in  species w here b o th  th e  sep tu m  an d  th is  
n u c leus are p a r tic u la r ly  w ell-developed. H ow ever, a p a r t  of th e  nucleus, 
th e  ve rtica lly  s itu a te d  cells e x te n d  to  th e  te r r i to ry  of th e  sep tu m  th e re fo re , 
it  is generally  m en tio n ed  when su rv ey in g  th e  to p o g ra p h y  of th e  sep tu m . T he 
v e r tic a l cell g roup  en tering  from  below  th e  sep tu m , ap p ears  f irs t o ra lly  a t 
A7800 pm , above th e  subcallosal g y ru s. C audally  i t  can  be follow ed for A520 pm  
(F igs 2— 4, 8). T h is m idline nu c leu s co n ta in s  b o th  sm all and  g ian t cells 
(F ig . 9). Due to  th e  la t te r  its id e n tif ic a tio n  an d  dem arca tio n  is ra th e r  o b v i­
ous. F rom  la te ra l i t  is bordered b y  th e  dorsal and  v e n tra l subdiv isions o f th e  
m ed ia l nucleus.

I I .  The lateral cell group

In  the  la te ra l  p a r t  of the  se p tu m , th e  dorsal and  la te ra l nuclei an d  th e  
3 subdiv isions of th e  la tte r  can be d is tingu ished .
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(1) Dorsal septal nucleus ( d ) .As i t  is in d ica ted  b y  its  nam e, th is  n u ­
cleus occupies th e  d o rsa l, d o rso la te ra l edge o f th e  sep tu m  betw een  A4680 
an d  P1040 pm  (F igs 3— 6, 8). I ts  cells an d  cell nuclei are m ostly  large, 
pa le  and  sligh tly  m ore  e longated  th a n  th e  cells o f th e  a d ja c e n t do rsa l su b ­
d iv ision  of m edial nu c leu s (F ig. 9). S p o rad ic  g ian t cells are to  be observed . 
H ow ever, th e  d e lin ea tio n  of a m agno-cellu lar subd iv ision , un like to  th a t  in  
th e  r a t  sep tum , is n o t  possible.

(2) Lateral septal nucleus ( l ) .  S im ila rly  to  th e  la te ra l sep ta l nucleus 
o f th e  ra t ,  its  h u m a n  analogue co n ta in s  also th ree  nu c lear groups:

Pars anterior o f  lateral septal nucleus ( la )  occupies th e  oral p a r t  o f la te ra l 
co rn er of “ sep tu m  v e ru m ” , betw een  A 6240 an d  A3120 pm  (Figs 2— 3, 8). 
I t s  re la tiv e ly  sm all, p a le  cells h av in g  lig h tly  sta in ed  nuclei can  read ily  be 
d istingu ished  from  th e  dorsa l subdiv ision  o f th e  m edial nucleus ly ing  m edially  
to  i t  (Fig. 9).

The pars dorsalis o f  lateral septal nucleus ( Id)  is found  cauda lly  to  th e  pars 
a n te rio r, betw een  A 2600 an d  P520 pm , a t  th e  u p p e r reg ion  of th e  la te ra l  area 
(F igs 4, 5, 8). I t  d iffers from  the  o th e r tw  o subdiv isions of th e  la te ra l nucleus 
b y  its  cells la rg e r th a n  th o se  of th e  v e n tra l  subdiv ision  an d  m ore d a rk ly  
s ta in ed  th a n  tho se  o f th e  an te rio r su b d iv ision  (F ig. 9).

Pars ventralis o f  lateral septal nucleus (Iv)  is d istingu ished  from  its  su r­
ro u n d in g  b y  its  close topog rap h ic  re la tio n sh ip  to  th e  v e n tra l edge o f th e  
v en tric le  ra th e r  th a n  b y  its  cellular p ack in g  d en sity  (Figs 2— 6). I t  reaches 
over a long d is tan ce  b e tw een  A520 an d  P2080 pm  (Fig. 8), its  cells are m ost 
com pact betw een  A 1560 and  A1040 p m ; w hile its  o ral segm ent is ra th e r  
poor in  cells.

Discussion

The sep ta l a rea  in  m an  consists o f tw o  p a r ts , from  th e  do rsa lly  lo ca ted  
so-called “ sep tum  p e llu c id u m ” an d  th e  v e n tra lly  loca ted  so-called “ sep tu m  
v e ru m ”  (2]. The se p tu m  pelluc idum  is a phy logene tica lly  new  p la te-like  
s tru c tu re  ex ten d in g  fro m  th e  v e n tra l a sp ec t o f th e  corpus callosum . I t  sepa­
ra te s  th e  la te ra l v e n tr ic le s  and  co n ta in s m a in ly  fib res and  glial cells. I ts  posi­
tio n  is defined b y  th e  corpus callosum  grow ing  rap id ly  due to  th e  ex tensive  
developm ent of th e  c o rte x  and  b y  th e  re la tiv e ly  lesser vo lum e-increase of th e  
v e n tra l  sep tu m  [2, 16]. U nder th e  se p tu m  pelluc idum  is found  th e  “ sep tu m  
v e ru m “ w hich co rresp o n d s to  th e  se p tu m  in  anim als.

P revious s tu d ie s  an d  defin itions of sep ta l nuclei b o th  in  m an  an d  in 
an im als, involved  a g re a t deal of su b jec tiv e  assessm ent. As a re su lt, a d iv e rs ity  
ex ists in te rm in o lo g y  an d  th e  d e linea tion  o f nuclear borders is o ften  som ew hat 
a rb itra ry . In  ra ts  we w ere able to  in tro d u c e  a com pu ter-analys is  tech n iq u e
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[13] b y  w hich 4 sep ta l nuclei w ith  10 subdiv isions could ob jec tiv e ly  be d i­
s tin g u ish ed  and  b o rd e rs  safely be d e te rm in e d . A sim ilar s tu d y  of th e  h u m an  
se p tu m  revealed  also 4 nuclei w ith  9 subd iv isions, all well recognizable an d  
c y to a rch itec to n ica lly  discernible. N ev erth e less , o rien ta tio n  in  te rm in o lo g y , 
id e n tif ic a tio n  of synonym ous te rm s p re se n te d  a considerab le d ifficu lty . T he 
v a lu e  of a n u m b er of re lev an t o b se rv a tio n s  and  descrip tions w as reduced  b y  
th e  d ifficu lty  of co rre la tion  due to  th e  lack  of th e  use of a coo rd in a te  sy stem  
and  to  th e  d iv e rs ity  of term inology .

M edia l septal nuclei and their subdivisions

T he dorsal, f im b ria l and p o ste rio r subd iv isions show a cy tom orpho log ica l 
s im ila rity : cells are m ain ly  m edium -sized  an d  s ta in  m ed ium  lig h t; th e y  are 
ro u n d  or sligh tly  e longated . T heir d iffe re n tia tio n  is p rim arily  top o g rap h ica l. 
B y c o n tra s t, th e  m edial subdivision c o n ta in s  sm aller cells, while those  of th e  
p a rs  in te rm ed ia  are m ore elongated , m o re  densely  packed  and  d a rk ly  s ta in ed  
as com pared  to  th e  o th e r subdivisions o f  th is  nucleus. The dorsal subd iv ision  
co rresponds to  th e  p a rs  posterior o f m ed ia l sep ta l nucleus of A ndy  an d  S te ­
p h a n  [2], and  to  th e  pars in te rm ed io -la te ra lis  o f G aspar e t al. [10].

W ith  th e  ap p earan ce  of f im b ria l f ib res  caudally  from  th e  o ro -caudal 
p lane  equal to  A1560 p m , the  dorsa l su b d iv ision  of m edial nucleus con tinues 
in to  th e  cell group o f th e  pars f im b ria lis . T h e ir cellular p a tte rn s  differ b y  th e  
h e te ro g en e ity  of th e  cell popu la tion  o f  p a rs  fim bria lis . This la t te r  co n ta in s a 
m ixed  p o p u la tio n  o f sm all and large cells w ith  a few g ian t cells. Sm all cells are  
a rran g ed  in  groups betw een  fim b ria l f ib re s . This subdiv ision  corresponds to  
th e  sep to -fim b ria l nucleus of A ndy a n d  S te p h a n  [2] and  G aspar e t al. [10].

T he pars in te rm ed ia  is a com pact cell co lum n m ostly  com posed of e lo n g a t­
ed cells s itu a ted  la te ra lly  to  the  pars  d o rsa lis  an d  pars fim bria lis  of th e  nucleus. 
In  th e  r a t  th is  subd iv ision  shows th e  h ig h est cell nucleus/neu roph il ra tio  
[13]; also in  m an th is  is th e  s tru c tu re  o f  th e  sep tu m  richest in cells. A ndy  an d  
S te p h a n  [2] te rm ed  i t  as th e  dorsal s e p ta l  nucleus, while G aspar e t al [10] 
called  i t  th e  pars in te rn a  of the d o rso la te ra l nucleus.

T he v en tra l subd iv ision  of th e  m ed ia l nucleus is ra th e r  d ifficu lt to  de li­
n ea te  e ith e r  in  th e  r a t  or in  m an. I t  c a n  b e  id en tified  w ith  th e  m edial p a r t  of 
th e  p a rs  an te rio r o f m edial sep tal n u c leu s  o f A ndy  and  S tep h an  [2].G asp ar 
e t al 110] m ake no m en tio n  of th is cell g roup .

As to  its  positio n , th e  pars p o s te rio r  o f th e  m edial nucleus corresponds 
to  th e  p a rs  (nucleus) in te rs titia lis  o f th e  com m issure of th e  fo rn ix . D ue to  its  
la rg e r cells it  can be d istinguished  fro m  th e  tr ia n g u la r  nucleus, while th e  
d a rk ly  sta in in g  cy to p lasm  and  nucleus o f  its  cells i t  d iffer m ark ed ly  from  th e  
do rsa l nucleus. A n d y  an d  S tephan  [2] do n o t describe th is  as a d is tin c t cell 
group . In  th e ir  w ork  qu o ted  th is area is called  th e  dorsal nucleus b u t  th e y  do
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n o t id en tify  i t  w ith  a n y  of our four subd iv isions. N or do C aspar e t al [10] 
describe  th is  cell g roup . A lthough  from  th e  c y to a rch itec to n ica l p o in t o f view  
th e y  are id en tica l th e  u se  of the  m am m alian  te rm  in te rs titia l nucleus o f th e  
com m issure of th e  fo rn ix  is th o u g h t to  he n o t q u ite  ap p ro p ria te  for th e  h u m an  
se p tu m  as th e  h ip p o cam p a l (fornical) com m issure is fa r  to  v e n tra l from  th e  
cell group p roper, hence  th e  te rm  “ in te rs ti t ia l  n uc leus”  m akes no to p o g ra p h i­
ca l sense.

T he sep ta l tr ia n g u la r  nucleus is fo u n d  d o rso la te ra lly  to  th e  f im b ria  
sep ti and th e  forn ix . A long these  s tru c tu re s  i t  can read ily  be d istingu ished  as a 
cau d a lly  ex tend ing  cell group co n ta in in g  sm all, d a rk ly  s ta in ing  cells w hich 
re n d e r i t  d ifferen t from  th e  overly ing  p a rs  poste rio r o f m edial nucleus. C on­
cern ing  the  to p o g ra p h y  of th is  nucleus view s are d iv erg en t b o th  for th e  ra t  
an d  m an. A ndy and  S tep h an  [2] describe as tr ia n g u la r  nucleus a cell g roup  
ab o v e  th e  h ip p o cam p al com m issure and  u n d e rn e a th  th e  fibres of th e  fo rn ix  
co n ta in in g  a few ro u n d  cells. T hey  no te  t h a t  i t  is a cell group d ifficu lt to  define 
an d  its  volum e is sm a ll as com pared  to  o th e r  sep ta l nuclei. C rosby e t al [8], 
N a u ta  and  H a y m ak e r [19] and  B row n [7] use th e  te rm  “ tr ia n g u la r  n u c leu s” 
to  den o te  a cell g roup  above th e  fo rn ix , i.e. m uch  m ore ro s tra l th a n  in  our 
in te rp re ta tio n . T h is cell popu la tion , accord ing  to  Sw anson and  Cowan [23] 
co rresponds in  th e  r a t  to  th e  m edian  cell g roup  of th e  p reo p tic  nucleus. T h is is 
suggested  for th e  h u m a n  sep tum  b y  th e  d o cu m en ta tio n  of A ndy and  S tep h an  
[2] an d  th is  view  is sh a red  b y  C asp ar e t  al [10].

The nucleus o f th e  diagonal b an d  (of B roca) can  be divided also in to  
a v en trica l and  a h o rizo n ta l cell g roup  ex ten d in g  in to  th e  sep tum  and  th e  
p reo p tic  area, re sp ec tiv e ly . The ty p ica l g ian t cells are o f help  in d is tingu ish ing  
th is  nucleus from  its  su rround ing . I t  co rresponds to  th e  sim ilarly  te rm ed  cell 
g roup  of A ndy and  S te p h a n  [2], w hile G aspar e t al [10] call i t  m edial sep ta l 
nucleus.

Lateral septal nuclei and  their subdivision

The la te ra l p a r t  of “ sep tum  v e ru m ” is occupied dorsally  b y  la rg e r, in  
th e  cen tre  and  v e n tra lly  by  sm aller cells.

In  term s o f c y to a rch itec to n ica l d iv ision  of th e  r a t  sep ta l region, th e  
d o rso la te ra l a rea o f th e  h u m an  sep tu m  co n ta in in g  m ain ly  large cells is co n ­
sidered  as th e  do rsa l sep ta l nucleus. T he u p p e r p a r t  of th e  v e n tro la te ra l reg ion  
co n ta in in g  sm all an d  m edium -sized cells is considered  b y  A ndy and  S te p h a n  
[2] an d  by  G asp ar e t al. [10] as be longing  to  th e  dorsa l nucleus. A n d y  an d  
S te p h a n  [2] d is tin g u ish  four subd iv ision  w ith in  th e  dorsal nucleus o f w hich  
o n ly  th e  pars e x te rn a  con ta in ing  re la tiv e ly  large cells corresponds to  o u r 
dorsa l nucleus. On th e  o th e r h an d , th e  p a rs  in te rm ed ia  of dorsal sep ta l nucleus 
is in  our te rm in o lo g y  id en tica l w ith  th e  p a rs  dorsalis of th e  la te ra l n ucleus.
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W ith in  th e  hum an  dorsa l sep ta l nucleus we failed to  delineate  th e  m agno- 
an d  p a rv o ce llu la r subdivisions described fo r th e  r a t  [13].

S im ilarly  to  the  r a t  sep tu m  [13], th re e  subdivisions were d isting u ish ed  
in th e  h u m a n  sep tum . Cell nuclei of th e  p a rs  an te rio r are pa ler th a n  th o se  of 
th e  p a rs  dorsalis, while its  cells are la rg e r th a n  those of th e  v e n tra l su b d iv i­
sion. T h i s la tte r  is sep a ra ted  b y  a cell-poor zone from  th e  nucleus accum bens 
and  th e  bed  nucleus of th e  s tr ia  te rm iná lis .

A ndy  and  S tephan  [2] have  d iv ided  th e  la te ra l nucleus in to  tw o  su b ­
divisions. T h e ir pars ex te rn a  corresponds to  our pars  v en tra lis  w hereas th e ir  
pars  in te rn a , as suggested b y  th e ir  descrip tion , m igh t be id en tica l w ith  a 
p o rtio n  of th e  pars dorsalis o f th e  la te ra l nucleus. O ur th ird  subd iv ision , th e  
pars  a n te rio r  is analogous to  th e  la te ra l p a r t  of th e  pars an te rio r of m edial 
nucleus of A nd y  and S tep h an  [2].

List of abbreviations

ap — a rea  paro lfactoria
CA — an te rio r  comm issure
CC — corpus callosum
ChO — o p tic  chiasm a
d — dorsal sep tal nucleus
dm  — d orsa l sep tal nucleus, m agnocellu lar p a r t
dp  — dorsal sep tal nucleus, parvocellu lar part,
f  — m edial sep tal nucleus, f im b ria l p a r t
F X  -  fornix
GS — subcallosal gyrus
i — m edia l sep tal nucleus, p a rs in te rm ed ia
iC — in su la  m agna (of Calle ja)
la  — la te ra l sep tal nucleus, p a rs a n te rio r
Id — la te ra l sep tal nucleus, p a rs dorsalis
lv  — la te ra l sep tal nucleus, p a rs  v en tra lis
m d — m edia l sep tal nucleus, p a rs dorsalis
m p — m edia l sep tal nucleus, p a rs posterio r
m v — m edia l sep tal nucleus, p a rs  v e n tra lis
n is t — bed  nucleus of the  s tr ia  te rm in á lis
t  — sep ta l trian g u lar nucleus
td  — nucleus of the  d iagonal b an d  (of B roca)
V L — la te ra l  ventricle
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REED-STERNBERG LIKE CELLS IN CULTURES OF 
MONONUCLEAR BLOOD CELLS INFECTED BY 

EPSTEIN-BARR VIRUS

P . B u c s k y 1, 3, W . H a m pl 1, N. F r ic k h o fe n2, G. Ga e d ic k e 3
■DEPT- OF VIROLOGY (M ICROBIO LO G Y) I , ‘CEN TER OF M E D IC IN E  I I I  

“U N IV E R S IT Y  C LIN IC  OF P A E D IA T R IC S , D EPT. P A E D IA T R IC S  I I ,  
U N IV E R S IT Y  OF ULM, FRG

(R eceived  27 M ay 1986)

T he orig in  of R eed -S te rn b erg  cell is still unresolved. I t  is know n th a t  in  th e  
cu ltu res o f m ononuclear blood cells s t im u la te d  by  pokew eed m itogen , R eed-S ternberg  
like cells occur. M ost of these  cells h av e  th e  p h en o ty p e  of T lym p h o cy tes . To in v es tig a te  
the  fusion th eo ry , as one of th e  possib ilities fo r the  orig in  o f R eed-S ternberg  cells, we 
have in fec ted  m ononuclear b lood  cells from  norm al donors b y  E p ste in -B a rr  v iru s as 
a T cell indep en d en t В ly m p h o cy te  s tim u la to r. In  these cell cu ltu res , large  m u lti-  
nuc leated  cells resem bling R eed -S te rn b erg  cells were found . T hese cells u su a lly  have  
the  p h en o ty p e  of В lym phocy tes , som e of th em , how ever, also have  m arkers o f m ono- 
cytes/inacrophages. The possib ility  o f an  in  v itro  fusion be tw een  В lym p h o cy tes and  
m onocytes induced  by  E p s te in -B a rr  v iru s m ay  be assum ed. As to  th e  origin o f R eed- 
S ternberg  cells, an  in  vivo fusion  be tw een  B -lym phocyte  and  m onocyte /m acrophage  
is proposed.

Introduction

The origin of H odgkin cells an d  R eed-S te rnberg  cells in H odgk in ’s disease 
rem ains obscure in  spite of in ten s iv e  in v estig a tio n s. T here are  d ifferen t th e o ­
ries favouring  th e ir  origin from  m acrophages/h istiocy tes [15, 19, 37], В ly m ­
phocy tes [2, 17, 24, 39], T  ly m p h o cy te s  [3], p lasm acy tes [40], den d ritic  r e t i ­
cu lum  cells [10] or from  in te rd ig ita tin g  re ticu lu m  cells [16]. T hey  are also 
suggested to  be th e  tum orous c o u n te rp a r t  o f a new ly discovered cell ty p e , 
found  in no rm al ly m p h  nodes [36]. In  a d d itio n , th e  p o ssib ility  of cell fusion  
is also m en tioned  [5, 35 ,41]. T he presence o f R eed -S te rnberg  like cells have  
been  described in  sh o rt te rm  cu ltu re s  of no rm al donors, s tim u la te d  re p e a te d ly  
w ith  pokew eed m itogen (PM W ) [38].

To in v es tig a te  th e  fusion h y p o th es is  fo r th e  in  vivo orig in  o f R eed -S te rn ­
berg  cells —  rep o rted  prev iously  [5] -— we in fec ted  m ononuclear blood cells 
b y  E p ste in -B a rr  v irus (EBV) to  ind u ce  fusion  [1] b e tw een  В lym p h o cy tes  
an d  m onocytes, in  long-term  cu ltu re s  of m ononuclear blood cells from  n o rm al 
donors, s tim u la ted  by  EBV.

Send o ffp rin t requests to  D r. P é te r  B ucsk y , M edizinische H ochschule H an n o v er, 
A bteilung  K inderheilkunde  IV, P ä d ia tr isc h e  H äm atologie /O nkologie , K o n stan ty -G u tsch o w  
S tr. 8. D-3000 H an n o v er 61, FR G

Acta Morphologica Hungarica 35, 1987 
Akadémiai Kiadó, Budapest



176 B U C S K Y  e t  a l.

Materials and methods

M ononuclear blood cells from  six norm al donors o b ta ined  b y  F ico ll-Paque (R ) (P h a r ­
m acia  Fine Chemicals A B , U ppsala , Sweden) cen trifu g a tio n  (400 g for 30’ a t 20 °C were 
cu ltu red  in R PM I 1640 m ed iu m  supp lem en ted  w ith  10%  h e a t-in a c tiv a te d  fe ta l calf serum , 
2 mM glutam ine, s tre p to m y c in  (100 /tg/m l) and  penicillin  (100 U /m l) a t  37 °C) in an  air 
a tm osphere  con ta in ing  5 %  C 0 2.

S tarting  cell d en sity  was 2.6 — 5 .7 x 1 0 °  cell/m l, s ta r tin g  volum e was 2.5 m l/cu ltu re  in  
Falcon  tubes. A t th e  beg inn ing  of cu ltu ring  th e  cells were infected  w ith  E B V , w hich h ad  been  
h a rv ested  from  su p e rn a ta n ts  o f B95 — 8 m arm o se t cell cu ltu res a t  g ro w th  sa tu ra tio n  [28]. 
T he cells were re-fed  tw ice  weekly.

The cultures w ere in v estig a ted  two to  th ree  tim es weekly u n d e r phase co n tra st m icro ­
scope. A fter th ree  m o n th s  o f cu ltu re, some cells w ere rem oved , m o u n ted  on bio-M erieux slides 
an d  were sta ined b y  M ay-G rünw ald-G iem sa (M GG) for ligh t m icroscopic m orphology. Cell 
surface m arkers were d e te rm in ed  w ith  a panel o f th e  follow ing m onoclonal an tibodies: a cock­
ta il of Leu 4 and L eu  9, w hich  is specific for T  cells [23, 25], R F B  4 an d  R F B  6 (k ind ly  p ro ­
v id ed  by  G. Jan o ssy  to  N. F .), w hich are b o th  specific  for В cells, V IM -2, w hich is specific 
fo r g ranulocy tes/m onocytes [27], KI-M 6 (k ind ly  p ro v id ed  by  H. J . R ad zu n  to  N. F .), w hich  
is specific for m acrophages, OKM-1, V IM -D 5, S-H C L-3, w hich all are specific for g ranulo- 
poesis/m onocytes [4, 21, 34] and a n ti- la  [32]. T he a lkaline  p h o sp h a tase -an ti alkaline p h o s­
p h a ta se  m ethod w as perfo rm ed  [12]. Cell suspensions from  the  cell cu ltu res of three  donors 
w ere also analyzed fo r esterase  isoenzym es as described  [7]. B riefly , enzym es were e x tra c te d  
a n d  analysis was done by  analy tical isoelectric focusing  on th in  lay e r po lyacry lam ide gels 
an d  subsequent s ta in in g  using  a lp h a -n ap h th y le -ace ta te  as a su b s tra te  and  F a s t Blue R R  as 
a coupling salt.

For cytochem ical analysis th e  n ap h to l-A S -ace ta te  esterase reac tio n  was done [26].
The de tection  of E B V -associated  nuclear an tig en  (E B N A ) was perform ed according 

to  R eedm an and K le in  [31] using controls for b o th  positive and  neg ativ e  reactions.

Results

All of th e  in fec ted  cell cu ltu res b egan  to  grow and  a fte r som e days 
ty p ic a l cell ag g reg a tes  appeared . In  c o n tra s t , non-in fected  cell cu ltu res from  
th e  sam e donors d ied  w ith in  th ree  w eeks.

Using p h ase  c o n tra s t m icroscopy we observed  am ong th e  cell aggregates 
an d  ly m p h o b lasto id  cells also large m u ltin u c lea ted  cells occurring  w ith  a fre ­
quency  of less th a n  1% . To ch arac te rize  these  cells, a f te r  th ree  m o n ths of 
cu ltu re  some cells w ere rem oved for lig h t m icroscopic m orphology, su rface 
m ark er analysis an d  cy tochem ical and  b iochem ical ch a rac te riza tio n . B y 
lig h t m icroscopy th e y  had  a d iam e te r o f 40— 60 /a n  an d  con ta ined  2— 3 
nuclei. Some o f th e  m u ltin u c lea ted  cells resem bled  th e  ty p ic a l R eed -S te rnberg  
cells w ith  th e ir  la rg e  —  som etim es m irro r im age — nuclei, hav ing  a re ticu la r  
ch rom atin  p a t te rn  as well as p ro m in en t nucleo li (F ig. 1).

C ytochem ically  som e of th e  large m u ltin u c lea ted  cells reac ted  positiv e ly  
w ith  th e  n ap h to l-A S -ace ta te  esterase.

The b iochem ical ch a rac te riza tio n  o f cells in  suspension p rovided  evidence 
th a t  m onocytes w ere p resen t in  th e  cell cu ltu res since m onocyte specific 
isoenzym es w ere c learly  seen (Fig. 2).

The resu lts  o f reac tions perfo rm ed  w ith  a panel of m onoclonal an tib o d ies  
w ere as follows: w ith  pan-B  n early  ev e ry  cell s ta in ed  p ositive ly ; w ith  p an -T
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2

Fig. 1. B inucleated  R eed -S te rn b erg  like cell (MGG, XlOOO)
2. E sterase  isoenzym e p a tte rn . 1, 2, 3: cu ltu res  inv estig a ted ; 4: m onocyte specific iso­

enzym es; 0: contro l cell suspension from  tonsilla
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th e  n u m b er of po sitiv e  cells was less th a n  1 % ; w ith  VIM -2 an d  K I-M 6 som e o f 
th e  large m u ltin u c le a te d  cells s ta in ed  p o sitiv e ly , V IM -D 5, OKM -1, S-H CL-3 
w ere all negative , w h ereas  a n ti- la  w as s tro n g ly  positive .

N early  all o f th e  m o nonuclea ted  cells w ere E B N A  positive . A lso, th e  
n ucle i in  th e  m u ltin u c le a te d  cells w ere E B N A  positive . W e have only ra re ly  
seen EB N A  neg a tiv e  cells, and  w hen m u ltin u c lea ted , all nuclei were neg a tiv e .

A ccording to  th e se  resu lts , th e  cell cu ltu re s  rep resen ted  В ly m p h o cy te  
p o p u la tions, som e o f th e  large m u ltin u c lea ted  cells, how ever, also h ad  m arkers 
o f  m onocy tes/m acrophages.

Discussion

The question  concern ing  th e  orig in  of R eed -S te rn b erg  cells is n o t y e t 
reso lved . S im ilarly , th e  ae tio logy  and  p a th o m ech an ism  o f th e  disease are  also 
p o o rly  understood  a n d  in fectious agent(s) causing  th e  disease has n o t been  
ru led  ou t [13, 14]. T h e  connection  b e tw een  H o d g k in ’s disease and  E B V  in ­
fec tion  is d iscussed, to o  [8, 9, 22, 29]. To an sw er th e  question  as to  th e  orig in  
o f th e  neoplastic  cells rem ains d ifficu lt because  a t  p resen t no cell cu ltu res  
ex is t o rig inating  u n d o u b te d ly  from  R eed -S te rn b erg  cells. The resu lts  of in ­
vestig a tio n s done on cells from  cu ltu res  derived  p resu m ab ly  from  th e  n eo ­
p las tic  cells are  in c o n s is te n t [6, 18, 30].

T heir origin fro m  В lym p h o cy tes  [2, 17, 24, 39], T lym phocy tes [3], 
m acroph ag es/h is tio cy tes  [15, 19, 37], d e n d ritic  cells [10], p lasm ocy te  d é ri­
v â te s  [40], in te rd ig ita tin g  re ticu lu m  cells [16] is d iscussed. Some au th o rs  
fav o u r th e  h y p o th es is , th a t  these  cells m ig h t be th e  n eop lastic  v a r ia n ts  o f a 
cell ty p e  new ly d iscovered  in no rm al ly m p  nodes [36]. Theories have  also 
been  m entioned, lin k in g  th e  origin of R eed -S te rn b erg  cells to  cell fusion, e.g. 
fusion  betw een В ly m p h o cy te s  and  “ re tic u lu m  cells”  [41], betw een В an d  T 
lym phocy tes [35] or betw een  В im m u n o b la s ts  and  m onocy tes/m acrophages 
induced  by  a (p a th o g en ic? ) v irus [5]. I t  is also assum ed, th a t  th e  orig in  o f 
H odgkin  cells and  R eed -S te rn b erg  cells is no t qu ite  iden tica l [5]. S tim u la tin g  
rep ea ted ly  m o n o n u clear blood cells of n o rm a l donors in  sh o rt-te rm  cu ltu re s  
b y  PW M  as a T  cell dep en d en t В ly m p h o cy te  s tim u la to r , cells resem bling  
R eed-S ternberg  cells can  be found . A fte r exposure to  H odgkin  tissue , th e  
frequency  of th e se  cells is increased . T he m a jo rity  of la rge , b izarre  cells d is­
closed th e  p h en o ty p e  o f T ly m p h o cy tes , w hile som e show ed a c h a ra c te r  fo r 
В cells and  on ly  a few  h ad  m ark er fo r m onocy tes/m acrophages [38].

In v es tig a tin g  th e  possib ility  o f an  in v itro  fusion betw een  В ly m p h o ­
cy tes and m onocy tes caused  by a v iru s  as a possible in  v ivo origin fo r R eed- 
S ternberg  cells, we h a v e  infected  m ononuclear blood cells b y  EBV. A t p resen t 
EBV  is th e  on ly  T  cell in d ep en d en t В ly m p h o cy te  s tim u la to r. T his close
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re s tr ic tio n  is d e te rm in ed  a t th e  recep to r level. The recep to r of В cells fo r E B V  
is re la te d  to  [20] an d  perhaps id en tica l [11] w ith th e  C3d recep to r, w hich  is 
specific for В ly m p h o cy tes . Several day s a fte r in fec tion , th e  ty p ic a l cell 
aggregates appeared . A m ong th e  ly m p h o b lasto id  cells we have observed  large 
m u ltin u c lea ted  cells, som e of th em  s tro n g ly  resem bling R eed-S te rnberg  cells. 
In  c o n tra s t to  th e  re su lts  o b ta in ed  in  cu ltu res  of lym p h o cy tes  s tim u la ted  b y  
PW M , th e  R eed -S te rnberg  like cells in  ou r cu ltu res s tim u la ted  b y  E B V  h av e  
a p h en o ty p e  of В ly m p h o cy tes , e.g. th e y  are  E B N A  positive . In v e s tig a tin g  
th em  by  m onoclonal an tibod ies, som e o f th e  large m u ltin u c lea ted  cells, how e­
ver, also had  m ark ers  for m onocy tes/m acrophages. The esterase isoenzym e 
analysis m ade from  suspension of cu ltu re d  cells show ed th e  presence of m o n o ­
cy tes in  th e  cu ltu res , too. P o s itiv ity  of n ap h to l-A S -ace ta te  esterase reac tio n  
in  few m u ltin u c lea ted  cells was also observed .

T ak ing  in to  considera tion  th e  p o ssib ility  of cell fusion betw een  В cells 
an d  m onocytes in  our cell cu ltu res, i t  can  be assum ed th a t  a t least one o f th e  
nuclei of a fused cell (o rig inating  from  a m onocyte) should  be neg a tiv e  for 
E B N A . B u t all of th e  nuclei of th e  m u ltin u c lea ted  cells in v estig a ted  w ere 
E B N A  positive.

We th in k  th a t  th e  nuclei of m onocy tes becom e E B N A  positive follow ing 
fusion w ith  В cells w hich have recep to rs  for EBV. This p resum ab ly  is also 
th e  case in  n aso p h ary n g ea l carcinom a. These neop lastic  ep ithe lia l cells are 
also positive for E B N A , a lthough  th e y  do n o t have recep to rs  for EBV . I t  is 
assum ed th a t  th e se  cells o b ta in  th e ir  E B N A  p o sitiv ity  b y  in vivo fusion w ith  
E B N A  positive В lym p h o cy tes  in  th e  p h a ry n x  [33].

On th e  basis o f m ark er s tud ies m o st of th e  theo ries favour th e  orig in  
of th e  R eed -S te rn b erg  cells as e ith e r  from  m acrophages/h istiocy tes/m onocy tes 
or from  В ly m p h o cy tes . An in  vivo fusion  betw een  th ese  tw o cell ty p e s  (in ­
duced  b y  a v iru s? ) could  well ex p la in  th e  “ doub le”  p h en o ty p e , th e  r a r i ty  and  
th e  lack  o f m ito tic  fo rm s of R eed -S te rn b erg  cells in  H odgk in  tissue . T he 
p re lim in ary  in v estig a tio n s rep o rted  here m igh t also suggest such a m echanism .
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EFFECT OF CADMIUM ON THE SPERMATOGENESIS 
OF R A N  A  H E X A D A C T  Y L A  LESSON

S. K a s in a t h a n , K . V e e r a h a g h a v a n , S. R a m a k r ish n a n

D EPA RTM EN T OF BIOLOGY AND BIO CHEM ISTRY , JA W AH A RLA L IN ST ITU TE OF POSTGRADUATE 
MEDICAL EDUCATION AND RESEA RCH , PO N D IC H ER R Y , IN D IA

(R eceived  26 Ju n e  1986)

A  single subcutaneous in jec tio n  of 0.5 m g cadm ium  chloride in  A m phib ian  
R inger so lu tion  caused a s ig n ifican t decrease in  secondary  sperm atogon ial and p rim a ry  
sp e rm ato cy tic  stages in  th e  sem ineferous tu b u les  o f frogs in  7 days. B3 cells of ad en o ­
h y pophysis and  the activ ities o f . !5-.‘i/l-hydroxy  stero id  dehydrogenase  and 17/J-de- 
h ydrogenase  in  the  Leydig cells were s ign ifican tly  increased  in  th e  sam e period. T here  
were no sign ifican t changes in  3 days.

I t  has b een  repo rted  t h a t  a single su b cu tan eo u s in jec tio n  of cadm ium  
chloride a t  su b to x ic  level p ro d u ced  a rap id  and  irreversib le  degeneration  of 
germ inal ep ith e liu m  associated  w ith  te m p o ra ry  dam age to  in te rs titia l L eydig  
tissue in r a ts  [14]. Cadm ium  p ro d u ced  deleterious effects also in  b irds [12, 19] 
and to ad s  [3]. H ow ever, h isto log ica l s tud ies on th e  abdom inal te s te s  on 
Suncus [6] an d  frog  [4] d id  n o t  su p p o rt th e  above observa tions as th e re  w as 
no te s tic u la r  degenera tion  . I n  view  of th e  conflic ting  rep o rts , th e  p re sen t 
s tu d y  was u n d e rta k e n  in  S ou th  In d ia n  green frog Rana hexadactyla  Lesson to  
find  out th e  effect of cadm ium  chloride on th e  tes tes .

M aterials and methods

A d u lt m ale frogs, Rana hexadactyla  Lesson, w eighing 50 — 65 g and 70 — 90 m m  
snout to v e n t len g th  were selected fo r th e  s tu d y . T h ey  were k e p t in  th e  lab o ra to ry  for a few 
days prior to  ex p erim en ta tio n . The frogs were d iv ided  in to  follow ing groups (1) contro l groups 
receiving 0.2 ml o f A m phibian  R inger in jec tion , (2) tw o groups received 0.5 mg of cadm ium  
chloride d issolved in  A m phibian  R in g er so lu tion . All an im als were fed w ith  earthw orm s ad  
libitum. The an im als  were sacrificed 3 d ay s and 7 days a fte r  cadm ium  in jec tion  w ith an equal 
num ber of P lacebo  contro l frogs. T he tes tes  o f all an im als were rem oved , fixed in  B ouin  
sectioned a t  7 //m and  stained w ith  H aem ato x y lin  an d  Eosin. Q u a n tita tiv e  assessm ent of 
sperm atogenetic  stages was done a d o p tin g  V an O o rd t’s c lassifica tion  [20]. P itu ita rie s  were 
fixed in B ouin, em bed d ed  in p a ra ffin , sectioned  in 3 p  and  s ta ined  w ith  Clevel and W olfe’s 
trichrom e sta in . F o r h istochem ical loca lization  of the  3/LH SD  enzym e, fresh frozen c ry o s ta t 
sections of th e  te s tis  (20 pm )  were in cu b a ted  in an a p p ro p ria te  m ed ium  for 30 m in by  
the  m ethod of D eane e t al [5]. The enzym e 17/5-HSD was d e m o n s tra ted  in  the  sam e way using

Send o ffp r in t requests to S. K a s in a th a n , D e p a rtm en t of B iology and B iochem istry ; 
Jaw ah arla l In s t i tu te  of P o stg rad u a te  M edical E d u ca tio n  and R esearch , Pond icherry  60 5006, 
India
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te s to s te ro n e  as th e  su b s tra te  in a d ifferen t in cu b a tio n  m edium  according to  P earson  and 
G rose [17]. Parallel sections w ere in cu b a ted  in  su b s tra te -free  m edium  for each  ty p e  of enzym e 
a n d  th e  sections a fte r in cu b a tio n  were fix ed  and m o u n ted  in glycerine jelly .

These enzym es were e s tim a ted  q u a n tita tiv e ly  b y  biochem ical m ethods [2, 13]. The 
q u a n tita tiv e  estim ation  of tes to s te ro n e  was done b y  th e  m ethod  of R om ulo  G arza  [18 |.

Testes (100 m g) were hom ogenized in K reb s-R in g er b iocarbonate  buffer, p H  7.4. The 
h o m ogenate  was m ixed w ith  1.0 ml of m eth an o l an d  m ixed in a v o rtex  for 30 s. 5 ml 
o f d ie th y l e ther was added  an d  again  m ixed  in  a v o rtex  for 2 min. T he so lu tion  was allowed 
to  se ttle  in ice and th e  e th e r  lay e r was se p a ra ted . T he aqueous so lu tion  was w ashed tw ice 
w ith  e th e r and th e  e th e r  e x tra c t  was pooled. T he e th e r e x tra c t was e v ap o ra ted  to dryness 
a t  45 °C in a w ater b a th . T he dried  e th e r e x tra c t w as reco n stitu ted  w ith  G PB S (0.15 m olar) 
(G elatin  0 .4%  p h o sp h a te , 10 m m  buffer pH  7.2) bu ffered  saline and a liq u o ts  were tak e n  for 
te s to s te ro n e  assay.

T estosterone w as assayed  by  R IA  using  (3H ) testoste rone  (6000 cpm ) and  an tise ru m  
(1 : 5000). The bound  serum  was sep a ra ted  by  D ex tran -co ated  charcoal an d  the  coun ts were 
m easu red  in an a u to m a tic  liq u id  sc in tilla tio n  sy s tem . (E lectron ic  C orpora tion  of In d ia )  w ith  
a  co un ting  efficiency of a b o u t 50% . The specific b in d in g  was 26%  and  non-specific b ind ing  
w as 1.5% .

R esults

The testis  o f P lacebo  con tro ls show ed norm al sperm atogenesis. No sign if­
ic a n t  changes w ere observed  in th e  te s tis  of frogs tre a te d  w ith  cadm ium  
ch lo ride in  3 days. B u t in  7 days, th e re  w as a m arked  decrease in p rim a ry  and  
seco n d ary  sp e rm ato g o n ia l stages O, I  an d  I I  and p rim a ry  sp e rm ato cy tic  
s ta g e  I I I  (Table I). T he decrease o f stage  IV  was also s ta tis tic a lly  sign ifican t

Table I

E ffect o f cadm ium  chloride on the  sperm atogenetic  stages and  B ;{ cells of 
Папа hexadactyla  Lesson 

(N um ber of frogs pe r group: 10)

Spermatogenetic stages Percentage

0 I II I I I IV pitu itary

C ontrol - 1.98
± 0 .0 3

1.82
± 0 .0 4

2.44
± 0 .0 2

3.69
± 0 .0 8

1.84
± 0 .0 5

7.2

A fte r 3 days 0.5 m g/day 2.01
± 0 .0 9

1.75
± 0 .2 2

2.19
±0 .84

3.59
± 0 .0 2

1.78
± 0 .0 4

6.8

7 days 0.5 m g/day 1.62
± 0 .2 0

0.86
± 0 .0 2

0.92
±0 .05

1.12
± 0 .0 9

1.29
± 0 .1 6

13.3

P  value cont vs 
P  value  cont vs

3 days 
7 days

NS NS NS NS NS NS

M e a n iS .D . 0.01 0.001 0.01 0.001 0.001 0.001

(T able I). In  ad d itio n , i t  w as observed  th a t  in  the  co n tro l an im als sperm s 
rem ained  sc a tte re d  in  th e  tu b u la r  lu m en  aggregated  n e a r th e  S erto li cells. 
B u t in  th e  cadm ium  tre a te d  an im als, b o th  free and  agg rega ted  sperm s were 
found  to  be m ark ed ly  reduced  in  7 days.
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H istological s tud ies on th e  an te rio r p i tu i ta ry  show ed p ro lifera tion  of 
B3 cells in  7 days a fte r  t re a tm e n t w ith cadm ium .

H istochem ical and  b iochem ical stud ies rev ea led  a m ark ed  increase in 
th e  activ ities of enzym es zl5-3 ß h y d ro x y  stero id  dehydrogenase  (Л5-3 /S-HSD) 
and  17/3 h y d ro x y  ste ro id  dehydrogenase (17/3-HSD) in  th e  L eydig  cells of 
cad m iu m -trea ted  an im als a fte r  7 days com pared  to  con tro ls (Table I I ) . Cor­
respondingly , th e  c o n cen tra tio n  of te s to ste ro n e  w as found to  he g rea te r in  th e  
te s te s  of th e  ex p erim en ta l g roup  a t the  sam e perio d  (Table I I I ) .

Table II

3 jÖ-IISD and  17 /S-HSD in control and  cadm ium  
chloride trea ted  frogs

Enzymes Control Experim ental

3 jS-HSI) 24 X 10 _s 12.6 X  10-4
U nits/gm

17 /S-HSD 4.1 X 10~4 1 7 .2 X 1 0 -4
U n its/gm

3 ß-H SD  =  1 U n it =  1 m icrom ole of progesterone form ed per m in  a t  37°C under 
lab o ra to ry  condition.

17 ß-H SD  =  1 U n it =  1 m icrom ole of testoste rone  form ed per m in a t 37 °C under 
lab o ra to ry  condition.

Table III

E ffect of cadm ium  chloride on th e  concen tra tion  of 
te s to s te ro n e  in the  tes tis  o f frog

Control Cd treated

2 4 ± 1 .2  fig  5 5 ± 1 .7 *  fig

* P 0.001

Discussion

The p resen t s tu d y  d e m o n s tra te d  th a t  te s te s  do no t show  an y  h isto logical 
changes in 3 days a fte r  cad m iu m  ad m in is tra tio n . T his confirm s th e  w ork  of 
C hiquoine [4] and  Biswas e t  al [3].

S perm atogenesis is re p o rte d  to  decrease in  to a d  [3] ringdove [12], 
pigeon [19] and  tra n sp la n te d  te s tis  of ra t  [11].

Evidence is s tro n g  th a t  p itu ita ry  B3 cells are  concerned  w ith  th e  elabo­
ra tio n  of IC SH . H om o p lastic  tran sfo rm a tio n  of aden o h y p o p h y ses  leads to  
a regression of B ,, B.> an d  B 3 cells in  th e  p itu ita ry  an d  also affects th e  in te r ­
s titia l tissue of th e  te s te s  an d  th e  secondary  sexual ch a rac te rs  of th e  rec ip ien t 
frogs. V an O ord t [21] suggested  a co rrelation  be tw een  B 3 cells and  th e  cycle
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o f in te r s t i t ia l  cells in  th e  te s tis  o f com m on frog. On th is  basis, V an O o rd t and 
L ofts [22] and  in d ep en d en tly  P as tee ls  [15, 16] concluded  th a t  B :i cells were 
th e  source of IC SH  in b o th  n o rm al and  ex p erim en ta l cond itions. P ro life ra tion  
of B 3 cells is therefo re  suggestive of increased  IC SH  a c tiv ity .

H yp erp lasia  and  tu m o u r fo rm a tio n  in th e  L eydig  cells have  been  show n 
by  G unn e t al. [7, 8] in  mice an d  ra ts  tre a te d  w ith  cadm ium  for one year. 
S a rk a r and  M ondai [19] have  observed  Leydig  cell h y p e rtro p h y  in cadm ium - 
tre a te d  pigeon while Biswas e t al. [3] m ade a sim ilar o b se rv a tio n  in  B ufo  mela- 
nostictus. The la t te r  w orkers rep o rted  an  increased  / l5-3 ß  H SD  also in the  
sam e organism . In  our w ork b o th  sl5-3 Д-H SD  and  17/1-HSD were found  to  be 
e lev a ted  in  th e  te s te s , in  7 d ay s, a f te r  Cd tre a tm e n t, suggesting  augm en ted  
te s to s te ro n e  syn thesis. The increased  levels of te s to s te ro n e  in  te s te s  co rrobo­
ra te  th is  conclusion.

The sequence of even ts in  7 days a fte r Cd tre a tm e n t in R ana  hexadactyla 
L esson appears to b e  as follows: T here  is an  increase in  th e  p i tu i ta ry  B 3 cells. 
This leads to  an  increase of IC SH . T he tro p h ic  horm one s tim u la te s  th e  Leydig 
cell a c tiv ity  and  p a rtic u la r ly  th e  enzym es Zl5-3 Д-H SD  an d  17/J-HSD. I n ­
creased  enzym e levels cause au g m en ted  syn thesis  of te s to s te ro n e  (Table II). 
O nce th e  androgen  is in  excess, i t  exercises a n egative  feed -back  on th e  p i tu i t ­
a ry  an d  in h ib its  sperm atogenesis (F ig . 1). I t  is w ell-docum ented  th a t  while 
o p tim u m  levels of te s to s te ro n e  are  needed  for p roper sperm atogenesis , increased 
p ro d u c tio n  of te s to s te ro n e  has a c tu a lly  an opposite  effect. In  fac t, exogenous 
a d m in is tra tio n  of te s to s te ro n e  in h ib its  sperm atogenesis in  in ta c t  b u t  hypo- 
physectom ized  frogs [1, 10]. In  ou r w ork, p rofound  increase in  B :i cells due to  
Cd a fte r 7 days has ac tu a lly  d is tu rb ed  th e  no rm al biological fu n c tio n  of the 
sam e and  led to  a m ark ed  decrease in  sp e rm atogene tic  stages O, I , I I ,  III 
and  IV.

ADENOHYPOPHYSIS

Fig. 1. Schem atic  re p re sen ta tio n  of th e  m ode of action  of cadm ium  chloride
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ATHEROSCLEROTIC LESION OF THE AORTA:
ITS STUDY APPLYING A RIOMETRIC SYSTEM 

USING MULTIVARIATE STATISTICAL TECHNIQUES

J . E . F e r n a n d e z - B ritto1, J . B a ca ll ao1, P . V. Carlevaro2,
A. S. K o c h *, H . Gu s k i4

•H IG H ER  IN ST ITU TE OF MEDICAL SCIENCE OF HABANA, C U B A ,гFACULTY OF M ED ICIN E, U N IV ERSITY  
OF R EPU B LIC , M ONTEVIDEO, URUGUAY, ’SECOND D EPA RTM EN T OF PATHOLOGY, SEM M ELW EIS M EDICAL 

U N IV ER SITY , BUDAPEST, HUNGARY, «INSTITUTE OF PATHOLOGY, HUMBOLDT U NIV ERSITY  OF B ER L IN
(CH ARITÉ), GDR

(R eceived 25 A ugust 1986)

To s tu d y  th e  atherosclero tic  lesion (a .l.) in  th e  two ao rta  segm ents (tho rac ic  
and  ab d om inal) in  a given se t of au topsies ( to ta l  2043) perform ed during  five years 
(1981 — 85) in  one of th e  p rincipal general hosp ita ls  in  the  c ity  of H a v an a , a se t of 
five  variab les was used as p a r t  of a new  b io m etric  system  (BS), to  characterize  th e  
a.l. in  any  v ascu la r  sector. T hree of these  v a riab les  rep resen t the  m ain  ty p es of a .l., 
f a t ty  s treak s (X ), fib rous p laques (Y) and  severe (com plicated  and calcified) p laques 
(Z), while th e  o th ers  were indices of stenosis (P ) and  ben ign ity  (B). Classical d issection 
and  p a tho log ica l lab o ra to ry  procedures were perform ed. Q ualita tive  and  q u a n tita tiv e  
gross m o rp h o m etric  analyses were done by  a d ig itilizer jo ined to a N EC (9801) personal 
m icro co m p u ter (Ja p an ) . These d a ta  were processed in  a m edium  size co m p u te r EC- 
1040 (G D R ). T he m u ltiv a ria te  s ta tis tica l tech n iq u es, th e  principal com ponen t analysis 
(PC A ) and th e  d isc rim in an t analysis (D A ), w ere used  applying th e  “ SPSS” p ro ­
gram m e. Conclusions: (1) PCA revealed  in  th e  tw o ao rta  segm ents stu d ied  a f irs t 
co m p o n en t o f b en ign ity , fa tty  streaks (X ) and  b en ig n ity  index (B) and a second 
co m p o n en t of severity , severe plaques (Z) and stenosis num ber (P). Because of the  d i­
m ensions of th e  tw o ao rta  segm ents (w id th  and len g th ) the  dom inant, f irs t com ponent, 
is b en ign ity . So th e  BS is useful in ch aracte riz in g  and  describing th e  lesional s ta te  of 
any  ao rta  segm en ts; (2) DA and BS p roved  to  be useful to  d istingu ish  betw een  the  
h igh a th e ro sc le ro tic  group  (H AG) and th e  low a th e ro sc le ro tic  group (LAG). The correct 
c lassification  ra te  exceed in all cases 70% . T he th ree  com ponents o f th e  lesional s ta te  
vec to r (X , Y, Z) d istingu ish  the groups. The stenosis (P ) and  benignity  (B) indices p roved  
to  be m ost re le v an t. The sign of ben ign ity  in d ex  is alw ays the  sam e as th a t  of the LiVG. 
T hus th is v a riab le  tru ly  represen ts ben ig n ity . T he coherence and consistency  of the  
BS was also p roved  by DA.

Introduction

T he a o r ta ’s a therosclero tic  lesions have  been in the  focus of research  
since m an y  years [20, 30]. E a rly  in  1908 th e  archeologist D r. C. E llio t Sm ith  
u n w rapped  th e  m u m m y  of P h arao h  M en ep h tah  (P h arao h  o f th e  H ebrew  
E xodus) and  sen t a specim en of the  a o rta  to  D r. S. C. S h a tto k  (L ondon) [20],

Send o ffp rin t req u ests  to  J . E . F e rn an d ez -B ritto , H igher In s ti tu te  of M edical Science 
of H a b an a , Cuba

Acta Morphologica Hungarica 35, 1987 
Akadémiai Kiadó, Budapest



190 F E R N A N D E Z - B R I T T O  e t  a l.

w hose conclusion a f te r  m icroscopical s tu d y  w as: “ advanced  a therosclerosis  
o f a o rta  w ith  ex ten s iv e  deposition  o f calcium  p h o sp h a te” . D u rin g  th e  
period  1910— 1911, Sir Marc A rm and  R u ffe r [19], a t th e  Cairo M edical School 
(E g y p t)  did an  ex ten s iv e  s tu d y  on th e  fie ld  of a therosclerosis in  severa l E g y p ­
t ia n  m um m ies, o f a period  of ab o u t 2000 years  (1580 B. C.— 525 A. D .). H is 
m o s t re lev an t f in d in g  was, am ong o th e rs , th e  presence of calcified p laques 
in  th e  ao rta .

Since th a t  tim e  ex tensive w ork  has been done in  th is  field , a p p ly in g  v a ­
rious d ifferen t te c h n iq u e s  from  th e  s im p lest [21] to  th e  m ost so p h is tica ted  ones 
[ 12].

In  an im als [14] th e  ao rta  was th e  su b jec t to  s tu d y  the  induced  a th e ­
rosc lero tic  lesions, m a in ly  because its  be ing  a ta rg e t  organ  and  because  its 
conven ien t size (len g th  and  w id th). C om parison of and  corre la tions betw een  
th e  a thero sc le ro tic  lesions of a o r ta  an d  m an y  o th e r a rteries (co ronaries, ce­
reb ra l, iliac, fem oral renal, etc  . . .) h av e  been recen tly  th e  top ic  of num erous 
pu b lica tio n s [5— 8, 17, 23— 25].

The p resen t p a p e r is a re p o rt on th e  s tu d y  of th e  a therosclero tic  lesions 
o f th e  ao rta  a p p ly in g  a BS (developed  to  charac terize  th is lesion in  any  
v ascu la r sector in  a su itab le  m anner) using  tw o  h igh ly  soph istica ted  m u ltiv a ­
r ia te  s ta tis tic a l te ch n iq u es: the PCA [16] and  th e  DA [15].

Materials and methods

In  the  p re sen t s tu d y  a to ta l  of 2043 au topsies were included , th a t  were p e rfo rm ed  a t 
th e  P a tho logy  D e p a rtm e n t of Dr. C. J . F in la y , M ilitary  C entra l Teaching H o sp ita l, H a v an a , 
be tw een  1981 — 85. Som e essentia l facts h ad  to  be considered  to include a case in  th is  s tu d y , 
viz. m ore th a n  15 y e a rs  o f age and n a tu ra l d ea th . The p a tie n ts  were classified acco rd ing  to 
th e  p rim ary  cause of d e a th ,  as belonging to H A G  or LAG, com prizing  1171 and 872 cases res­
p ectiv ely  [4, 29]. T he a rte rie s  were processed accord ing  to th e  trad itio n a l m ethods estab lished  
b y  W H O  in 1958 [28]. T he following tech n iq u es were app lied : the  H olm an s ta in in g  tec h n i­
ques [13], S udan  IV , th e  q u a lita tiv e  analysis o f each lesion ty p e , fa tty  streak , fib ro u s p laque , 
an d  sever (com plica ted  and  calcified) p laques, and  th e  q u a n tita tiv e  gross m o rp h o m etric  a n a ­
lysis (m easure in  m m 2) th e  to ta l end a r te r ia l  su rface  of each  e n d arte ria l lesion.

A BS for c h a ra c te riz a tio n  of the  a.l. in an y  vascu la r sector in troduced  by C arlevaro  
an d  F e rn a n d ez -B ritto  in  1982 [2, 3] was ap p lied  to  all a rte rie s , and the d a ta  were collected 
accord ing  to a spec ia lly  designed protocol. T h e  a.l. of the  a rte rie s  were reg istered  b y  a digiti- 
lizer joined to a N E C  9801 m icrocom puter (Ja p a n ) . D a ta  were processed in a m ed iu m  size 
co m p u te r EC-1040 (G D R ) of 1024 К  b y te  in te rn a l m em ory. For the s ta tis tic a l analysis, 
th e  com m ercial pack ag e  “ SPSS” [22], w as u tilized . In  th is BS, the  a.l. was specified  on  the 
basis of the  th ree  m ain  ty p es of lesions, f a t ty  s treak , fib rous p laques, and severe (com plica ted- 
and calcified) p laq u es, as a th ree  d im ensional v ecto r. T he “ lesional s ta te ”  was defined  by 
coord ina tes rep re sen tin g  th e  three  kinds o f lesions. The to ta l en d arteria l surface an d  the  areas 
occupied by  the  d iffe re n t ty p es of lesions, w ere m easured  in m m 2. The v ariab les o f BS used 
here are defined as follow s: X  =  fa tty  s tre ak ; Y =  fib rous p laque; Z =  severe (co m p lica t­
ed  and calcified) p laq u es, and the to ta l a rea  of e n d arte ria l surface — (S). N orm alized  su r­
face were o b ta in ed  as: (X ) =  X /S; (Y) =  Y /S; (Z) =  Z/S. T hen  H =  (X j-Y -f-Z ) , is th e  to ta l 
re la tiv e  surface of atherosclerosis p resen t in a g iven a rte ry . To conserve the  to ta l  in fo rm atio n  
c o n te n t of each v a riab le , a vector rep re se n ta tio n  w as in tro d u ced  as follows: (V) =  v ecto r 
“ lesional s ta te ”  has th e  (X , Y, Z) co ord ina tes as its  com ponents (V X , Y , Z).
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A n o th e r an d  very  useful form  of re p re sen ta tio n  is th ro u g h  the  m odule and the  cosines 
of slopes o f th e  lesional s ta te  co o rd in a to r. The |V| m odule was ob ta in ed  as follow s: 
|V| =  |"'X2-r Y 2-  Z2 and th e  cos a =  X /|V |; cos ß  = Y / |V ;  cos y  =  Z/|Y |. O ther fu r th e r  in d i­
ces w ere also u sed : (Й). O bstruction  in d ex , (P ) stenosis n u m b er (index) an d  (B ) b en ig n ity  in d ex . 
T he (Ű ) is th e  m easure  o f red uction  of th e  v ascu la r lum en due to  th e  p ro tru sio n  of e n d a rte r ia l 
fib rous and  severe  plaques. This is o b ta in ed  as (Q  =  2Y +  3Z). I f  th e  o b s tru c tio n  were re fe rred  
to  th e  a r te r ia l  rad iu s , we o b ta ined  th e  stenosis n u m b er (P  =  4i?/r). T his v a riab le  is also 
a m easure  o f th e  re la tiv e  increase o f re sistan ce  to  blood flow : P  =  ZlR/R, w here ( IR) =  in ­
creased of resistence  to  blood flow , an d  (R ) =  resistence to  blood flow. Since f a t ty  s tre a k  is 
considered  as innocuous a.l. never p ro tru d in g  in to  the  vascu la r lum en, an  in d ex  of b e n ig n ity  
can be defined  as (B =  X /Z ).

T he follow ing conclusions were o b ta in e d  from  th e  “ SP SS” : (I) [16]: “ T he DA  b eg in ­
ning  w ith  th e  desire to  s ta tis tica lly  d is tin g u ish  be tw een  tw o or m ore groups of cases. 
These groups are  defined by th e  p a r tic u la r  research  situ a tio n . To d istingu ish  b e tw een  
th e  groups th e  researchers select a collection  of “ d isc rim in atin g  v a ria b le s”  th a t  m easu re  
ch arac te ris tic s  in  w hich the groups are  expected  to  d iffer. The m a th e m a tic a l ob jec tiv e  of 
DA  is to  w eigh and linearly  com bine th e  d iscrim inating  v ariab les in  som e fash ion  so t h a t  
th e  groups are forced  to be as s ta tis tic a lly  d is tin c t as possible. B y tak in g  several issues an d  
m a th e m a tic a l com bining them ; we w ould  hope to fin d  a single d im ension  on w hich th e  m em ­
bers of one g ro u p  are clustered  a t  one end  an d  th e  m em bers o f th e  o th e r  in  th e  opposite  end . 
Once th e  d isc rim in an t function  has been  derived , we are able to pursue  th e  tw o re sea rch  
ob jectives o f th is  technique, nam ely  analysis and  c lassification . ( I I )  [15]: “ T he PC A  is a 
re la tiv e ly  s tra ig h tfo rw ard  m ethod  of tran sfo rm in g  a given se t of va riab les  in to  a  new  se t of 
com posite  v a riab le s  of principal co m p o n en t th a t  are o rthogonal (u n co rre la ted ) to each  o th er. 
No p a r tic u la r  a ssum ptions ab o u t th e  u n d erly in g  s tru c tu re  of th e  va riab les  is req u ie red . 
One sim ply  asks w h a t the best lin ea r com binations of variab les, w ould be best in  th e  sense 
howr th e  p a r tic u la r  com bination of v a riab les  would accoun t for m ore of th e  va rian ce  in  a 
se t of d a ta  as a whole th an  any  o th e r lin ea r com bination  of variab les. T he f irs t  p rin c ip a l 
com ponent, th ere fo re  m ay be view ed as th e  single b e s t su m m ary  of linear re la tio n sh ip s 
ex h ib ited  in  th e  d a ta . The second co m p o n en t is defined as th e  second b est lin ea r 
co m b in a tio n  of v a riab les, under the  co n d itio n  th a t  the  second co m ponen t is o rth o g o n al to  
the  f irs t. To be o rthogonal to  the  f ir s t  com ponent the  second one m ust accoun t for th e  p ro ­
p o rtio n  of th e  v a rian ce  no t accounted  for by  the  f ir s t  one. T h u s th e  second com ponent m ay  
be defined  as th e  linear com bination  of v a riab les  th a t  acco u n t for th e  m ost residual v a rian ce  
affec t th e  effec t o f the  first com ponen t is rem oved  for th e  d a ta . S ubseq u en tly  com ponen ts 
are defined  s im ilarly  u n til all va rian ce  in  th e  d a ta  is exhausted .

Results and discussion

A) The p r in c ip a l components analysis

A pply in g  th e  PCA to  th e  ao rtic  sector (thoracic  and  abdom inal) th e  
follow ing re su lts  were o b ta ined : th e  f irs t  com ponen t is a benign  one, and  th ere  
is a s tro n g  association  betw een th e  re la tiv e  area  of f a t ty  s treak s (X  =  — 
— 0.351) an d  th e  index  of b e n ig n ity  (B =  0.381) for th e  th o rac ic  segm ents 
and  (X  =  0.391) and  (B =  0.431) in  th e  abdom inal segm ent (Table I  and  F ig . 1). 
M eanw hile th e  second is a severe one, th e  re la tiv e  area  of severe p laque (Z =  
0.619) an d  th e  stenosis n um ber (P  =  0.421) in  th e  th o rac ic  segm ent and  (Z =  
0.528) an d  (P  =  0.269) in th e  ab d o m in a l sector, in  b o th  cases th e re  are in  a 
v e ry  s tro n g  co rre la tion  and d o m in a te  th is  second co m ponen t. This po in ts  
o u t th e  rea l v a lu e  of (X) f a t ty  s treak s  and  (B) b en ig n ity  in d ex  (alw ays a s ­
sociated) to  charac terize  th e  ex is tin g  v a ria b ility  betw een  th e  in d iv idua ls of 
th e  d a ta  se t o f au topsies stud ied . In  these  a o rta  segm ents th e  f ir s t  com ponen t
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Table I

P rin c ip a l com ponents analysis of the  thoracic  and 
abdom inal a o r ta  segm ents

Thor, aorta Abd. aorta

1 2 1 2

X — 0.351 .042 .391 .053
Y .157 -0 .2 7 1 - 0 .2 9 5 -0 .2 5 1
7, .198 .619 - 0 .0 7 3 .528
P - 0 .0 5 3 .421 .228 .269
В .381 - 0 .0 6 7 .431 .050

51.9% 26.7% 48.4% 29.7%
78.6% 78.1%

exp la ined  the  51.9%  in th e  tho racic  an d  48 .4%  in th e  ab d o m in a l while the  
second explained th e  26 .7%  and th e  29 .7%  in  th e  th o rac ic  and  abdom inal 
secto rs respective ly  (T able I). In  th e  co ro n a ry  secto r [11] in  th e  tw o p rincipal 
a rte rie s  responsible fo r m iocardial in fa rc tio n , rig h t co ro n ary  and  left a n te ­
rio r descending, th e  f ir s t  com ponen t w as sev erity  (severe p laque Z and  
stenosis num ber P ), w hile the  second co m p o n en t was b en ig n ity  ( fa tty  s treaks 
X  and  ben ig n ity  in d e x  B).

In  our opin ion , these  results h av e  m ade ev id en t th e  ana litica l p o ten tia l 
th e  so lid ity  and  coherence of th is  m u ltiv a r ia te  te ch n iq u e  in  charac teriz ing  
th e  lesional profile th ro u g h  the system  o f variab les defined  in  th is  w ork.

The PCA revea led  th a t  th e  co m p o n en t of sev e rity  and  stenosis (in 
th e  graphs rep re sen ta tio n ) to g e th e r w ith  th e  com ponen t of b en ig n ity  re p re ­
se n t in  m ost cases a sa tisfac to ry  e x p la n a tio n  of th e  d iv e rs ity  ex isting  b e ­
tw een  th e  ind iv iduals s tu d ied . The PCA  h ad  also show n th e  an a litica l effici­
ency  coherence an d  consistence of th e  BS used in th e  q u a n tita tiv e  descrip ­
tio n  and  c h a ra c te riz a tio n  of the a th e ro sc le ro tic  lesions.

The five d iffe ren t variab les u sed , (X , Y, Z, P , B) rep re sen t th e  th ree  
coord inates of th e  a therosc le ro tic  lesional s ta te  v ec to r ( fa tty  s treak s, fib rous 
p laques and severe p laques) and th e  tw o  ex trem e w eigh ting  indices, (B) 
b en ig n ity  and  (P) stenosis (Table I  an d  F ig . 1). In  th e  ao rtic  sectors th e  d is­
tr ib u tio n  of co m p o n en ts  is in full acco rdance  w ith  th e  d iam e te r of these tw o 
a o rta  segm ents [9, 18]. T he resu lts p re sen ted , show th e  m etric  consistency  and  
th e  use of th e  BS in ch arac teriz in g  th e  a th ero sc le ro tic  lesions, and  in asses­
sing th e  differences b e tw een  in d iv id u a ls  and  betw een  d iffe ren t sectors of the  
v e s s e ls .l t  is a good exam ple  for th e  use o f m a th em a tica l and  s ta tis tic a l m e th ­
ods to  discover h id d en  fac to rs p resen t in  th e  basic se t of d a ta .

This is a new  ap p ro ach , m ak in g  use of an d  ex ten d in g  th e  availab le  
m ethodology  for th e  s tu d y  of th e  m orpho logy  and  m o rp h o m etry  of a th e ro ­
sclerosis, by  ap p ly in g  m u ltiv a ria te  s ta tis t ic a l  techn iques.
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(a) T h o ra c ic  A o r t a .

Fig. 1. P rinc ipa l com ponents analysis, a) T horacic  ao rta : b) A bdom inal a o rta

B) The d iscrim inant analysis

T he clinical diagnosis and  th e  an a to m ico -pa tho log ica l find ings a t au to p sy , 
were used  to  classify th e  p a tie n ts  in to  tw o  groups, high and  low a th e ro sc le ro ­
sis [4, 29]. To exam ine th e  v a lid ity  o f such  a classification  on an  ex ac t 
basis f iv e  v ariab les, (X , Y , Z, P , B) of th e  BS [2, 3] w ere used in  th is  r e ­
search , to  classify th e  tw o  segm ents of a o r ta  (TA, A A ).T h is is show n in  T ab les 
I I  and  I I I  and  Figs 2 — 5.

To b o th  ao rta  segm ents, th e  p ercen tag e  of co rrect c lassifica tion  (H A G  
or LAG) is h igher th a n  70% . Also th e  W ilks crite rio n  used to  d iffe ren tia te  th e  
tw o g roups is alw ays sign ifican t (p <  0.001). The average incidence o f e rro r 
in  co rrec t c lassifica tion  is v e ry  sm all for b o th  segm ents of th e  a o rta  (T ables
I I  and I I I ) .  The best re su lts  w ere o b ta in ed  in  these  a o rta  sectors (T ables I I ,
I I I  and  Figs 3, 5) w hen  th e  indices (P) stenosis n u m b er and  (B) b en ig n ity  in d e x  
were also considered, th is  resu lted  in  a h igh  efficiency of d iscrim ination  b e tw een  
th e  tw o groups (Tables I I ,  I I I  and  Figs 3, 5). T he (P) stenosis num ber, p re sen ted  
itse lf  as one of th e  b e s t v ariab les in  th e  tw o  ao rta  segm ents and  i t  w as u lti-
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Table II

T horacic  ao rta . R esults of the d isc rim in an t analysis (DA)

X , Y, Z X, Y, Z, P, в

X. Y, Z V ariables used X . Y, Z. F•. в
3 No. of variables in  th e 2

DA
X. Y. Z V ariables included in  th e P. В

DA
— V ariables non-included X . Y, Z

in  the  DA
a x— 0.1583 
a y=  —0.6700 
a z=  —0.7901

Coefficients of th e  v a r i­
ables

“ P =
“ в =

-0 .7 1 2 3
0.4235

H A G -  -  0.3792 G roups’ position HAG -0 .3 6 0 5
L A G =  0.5502 LAG = 0.5787

Z, Y B est variables P. B. Z
A =  0.8012 W ilks criterion A= 0.7893

( p < 0 . 0 0 1 ) ( p < 0 . 0 0 1 )
H A G = 8 1 .8 % %  of correct c lassification HAG = 92.1%
L A G = 5 5 .2 % LAG 50.3°,,

Average = 7 2 .1 % Average = 76.1%

a =  d iscrim inan t coefficients

Table III

A bdom inal ao rta . R esults of the  d isc rim in an t analysis (DA)

X , Y, Z X , Y, Z, P , В

X . Y. Z V ariables used X . Y, Z. P. В
3 No. of variables in  the  

DA
4

X , Y , Z Variables included in  the  
DA

Y. Z. P. B

— Variables non-included 
in the DA

X

<xx=  0.1902 a  = - 0 .4 5 9 3
a y =  — 0.5212 Coefficients of th e  vari- a z =  —1.0051
otz=  — 1.0023 ables a p=  — 0.1172 

a B=  0.2901
H A G =  —0.3843 Groups’ position HAG = -0 .3 7 2 4
LAG= 0.5693 LAG 0.5911

Z. Y Best variables P. B. Z
y =  0.7931 W ilks criterion y =  0.7876

(pCO.OOl) Л p O
.

O

H A G =  84.1% %  of correct classification HAG 85.7%
L A G = 4 9 .9 % LAG =  48.1%

Average^ 71.2% Average =  71.3%

a = d isc r im in a n t coefficients
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I
I

-0 .790

I
I

-0 .670  !

I
1 0.158
X__
I
i

- 0 .3 7 9  !  -0 .512
_____________ I_____________U_______________ I__________
-1 HAG LAG +1

Fig. 2. T horacic a o r ta . R esu lts of th e  d isc rim in an t analysis (X , Y , Z). W ilks criterion  
A =  0.8012 (p < 0 .0 0 1 ). P e r cen t o f correct c lassification  =  72.1%  b est v ariab les =  Z, Y

0.A23e ----------

-  0712

0 3 6 0
__I_____
HAG

P

A 0.578
__I________________
LAG +1

Fig. 3. T horac ic  a o rta . R esu lts  of th e  d isc rim in an t analysis (X , Y, Z, P , B). W ilks c rite rio n  
A =  0.7693 (p < 0 .0 0 1 ) . P e r cen t o f co rrec t c lass ifica tio n  =  76 .1%  b e s t v a riab les  =  P , B , Z

-1002

-0  521

0 .560

- 0  38A 

HAG

0 .5 6 0----1____
LAG *1

Fig. 4. A bdom inal a o rta . R esults of th e  d isc rim in an t analysis (X , Y, Z). W ilks c rite rio n  
Я =  0.7931 (p-<Uh001). Per cent of correc t c lassification  =  72.1%  best variab les =  Z
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- 1 0 0 6

-O.A59

0 .2 9 0

0.117 
P  —

-0 .3 7 2 0.579

-1 HAG LAG +1

Fig. 5. A bdom inal ao rta . R esu lts  o f the  d isc rim in an t analysis (X , Y , Z, P , B). W ilks criterion  
X =  0.8213 (p < 0 .0 0 1 ). P e r cen t o f correct c lassification  =  71.3% , b est v ariab les =  P , Z, В

m a te ly  th e  v e ry  b es t one, here. (ТА, я р =  — 0.7123 and  AA, я р =  — 0.1172). 
B o th  in  th e  th o rac ic  an d  abdom inal segm ents o f th e  ao rta  th e  index  of b en ig n ity  
(B) appeared  as one o f th e  b est v ariab les (ТА, яв  =  0.4235; AA, яв  =  0.2901). 
I t  should  he observed  th a t  th e  sign of th e  b en ig n ity  index  (B) is alw ays posi­
tiv e  like i t  is in  th e  LA G , th is  m eans th a t  (B) does in  fac t rep re sen t b en ig n ity . 
S im ilar resu lts w ere re p o rte d  for th e  co ro n ary  secto r [10]. This confirm s th a t  
(B) is a tru e  m easure  of ben ig n ity , as b e s t observed  in  these  a o rta  segm ents. 
H ere  its  high values m ean  a favourab le  prognosis for th e  p a tie n ts . C onsidering 
th e  resu lts  show n in  T ables I I  and  I I I  an d  g rap h s 3 —5 th e  m a jo r errors of 
c lassification  are p re sen t in  th e  LAG. As a lread y  repo rted  [10] th is  suggests 
th e  possib ility  th a t  th e  DA classified p a tie n ts  in to  th e  w rong groups 
in  th ese  cases. W hy  does th is  h ap p en  in  th e  LA G ? A p p a ren tly  because 
som e p a tien ts  w ith  a therosclero tic  lesions sufficient to  classify th e m  as 
belonging  to  H A G  do ac tu a lly  die of som e o th e r disease (e.g. cancer) in ­
d ep en d en t of th e  g rade  of th e ir  ac tu a l a therosclerosis. Such p a tie n ts  are 
classified  clinically  as belonging  to  LAG since th e ir  im m edia te  cause of d ea th  
w as n o t atherosclerosis. In  b o th  a o rta  segm ents th e  (X) fa t ty  s treak  is a sso c ia t­
ed w ith  LAG w hich  show s th e  b en ig n ity  of th is  a therosclero tic  lesion. The 
h ig h est c o n trib u tio n  to  d iscrim in a tin g  b e tw een  HAG and LAG comes from  th e  
re la tiv e  surface o f th e  severe p laques (Z) in  b o th  ao rta  sectors, as it  is in  th e  
co ro n ary  sector [10]. A co m p ara tiv e  s tu d y  w as done to  estab lish , th e  d isc rim i­
n a tin g  co n trib u tio n s of each lesional s ta te  v ec to r coo rd ina te  (X , Y , Z) in 
classify ing a p a tie n t in to  H A G  and  LAG, th e  resu lts  are p resen ted  as follows: 
In  b o th  ao rta  segm ents th e  d iscrim in a tin g  va lu es  of fa t ty  s treak s  is less th a n  
th a t  o f fib rous p laq u es, and  th is  is alw ays less th a n  th a t  o f severe p la q u e s .
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These fac ts  are in accordance w ith  th e  v e ry  s trong  co rre la tio n  a lread y  re p o rte d  
in  som e earlie r p ap ers  [1, 5— 8, 23, 24, 26, 27].

F in a lly  th e  use of th e  m u ltiv a r ia te  techn iques (DA) should  be em ­
phasized , app lied  in th is  s tu d y  to  e s tab lish  th e  v a lid ity  consistency  and  co h e r­
ence of th e  BS. T he resu lts p re sen ted  have  show n th a t  th e  use of th e  a n a to m - 
ico patho lo g ica l classification  in to  H A G  and  LAG, accord ing  th e  basic  
cause of d e a th  is correct.

Conclusions

The v a riab les  (X , Y, Z, P , B) of th e  BS used in th is  w ork are useful 
in ch a rac teriz in g  and  describ ing th e  lesional s ta te  o f th e  tw o a o rta  segm en ts 
s tud ied  (th o rac ic  and  abdom inal), an d  in  d istingu ish ing  betw een  th e  H A G  
and  th e  LAG groups. T hey  are also consisten t w ith  th e  crite rion  used  to  
d ifferenciáié  th ese  groups on th e  basis o f th e  d irec t cause o f dea th .

In  th e  tw o  ao rta  segm ents s tu d ie d , the  follow ing fac to rs were id en tif ied  
a) a f irs t co m ponen t, b en ign ity  ( fa t ty  s treaks (X) an d  b en ig n ity  index  (B) 
and  b) a second com ponen t, sev e rity  (severe p laques (Z) and  stenosis n u m ­
ber (P)).

The v a riab les (X , Y, Z), as com ponen ts of th e  lesional s ta te  v ec to r  are 
suffic ien t to  d istingu ish  betw een  th e  H A G  and  th e  LAG, w hile th e  stenosis 
num ber (P) and  th e  ben ign ity  in d ex  (B) ap p ear freq u en tly  as th e  m ost im ­
p o rta n t v a riab les  in  the  d isc rim in a tin g  functions.

The sign o f th e  ben ig n ity  in d ex  (B) is alw ays th e  sam e as th a t  o f th e  
LAG in th e  fac to ria l axis of th e  d isc rim in an t analysis. T hus (B) is a tru e  
ben ig n ity  v ariab le .

The tw o m u ltiv a ria te  s ta tis tic a l techn iques PCA and  DA have show n 
the  scien tific  value, consistency  and  coherence of th e  BS developed to  c h a ra c te r ­
ize th e  a . l .  o f th e  tw o ao rta  segm ents s tu d ied  (TA and  AA) The PCA rev ea led  
some im p o r ta n t h idden  com ponen ts or fac to rs ch a rac teriz in g  th is  a r te r ia l 
region w ith  only  an  “ a p oste rio ri”  log ically  and very  useful red u c tio n  o f the  
p rim ary  d a ta . T he DA has show n th a t  th e  crite rion  based  on th e  d irec t 
cause of d e a th  to  classify th e  p a tie n ts  (a t au topsy) in to  H A G  and  LAG is 
co rrect and  useful.
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EFFECTS OF QUANTITATIVE 
UNDERNOURISHMENT, ETHANOL AND 

XYLENE ON CORONARY MICROVESSELS OF RATS

V e ro nik a  Mo r v á i1, G y . U n g v á r y2, H . -J . H e r r m a n n 3, C h . K ü h n e 4
»2ND DEPARTM ENT OF M ED IC IN E , SEM MELW EIS U N IV ERSITY  OF M ED ICIN E, 2NATIONAL 

IN STITU TE OF OCCUPATIONAL H EA LTH , BUDAPEST, 'CENTRAL IN ST IT U T E  FOR H EA RT AND 
CIRCULATION RESEA RCH , B E R L IN , «CENTRAL IN STITU TE OF MICROBIOLOGY AND EX PERIM EN TA L 

TH E R A P Y , JE N A , ACADEMY OF SCIENCES, GDR

(R eceived  27 O ctober 1986)

T he effect of a lim en ta ry  deficiency, e thano l in ta k e  an d  exposure to  xylene on 
the  coronary  m icrovessels a n d  h e a r t w eight were in v es tig a te d  in  ra ts .

T he co ronary  m icrovessels of ra ts , w hich were u n d ern o u rish ed  for 5 weeks and 
w hich were fed ad l ib itu m  w ere stud ied  w ith  th e  h is to m o rp h o m etric  m ethod of H e rr­
m ann  et al [19].

In  an o th er ex p erim en t a group of ra ts  was fed a con tro l liqu id  d ie t while ano th er 
group was fed a liqu id  d ie t  co n ta in ing  e thanol up  to  36%  of th e  to ta l Jou le  in tak e . 
O ne-half o f b o th  groups w ere p laced in  an exposure ch am b er supplied  w ith  pure air; 
the o ther tw o ha lf-g roups w ere m ade to inhale air co n ta in in g  1000 mg xy lene/m 3 for 
6 h daily , 5 d a^s a week, fo r a period of 4 weeks.

I t  was found  th a t  u n d e rn o u rish m en t did n o t cause any  m orphological reactions 
in th e  m icrovessels and  d id  n o t affect the  re la tive  h e a r t w eight. E th an o l increased  th e  
con trac tile  a c tiv ity  of th e  w all cells of coronary  m icrovessels, and  also th e  re la tive  
h e a rt w eight. T he effect o f xy lene was sim ilar to th a t  of th e  e thano l. The effect of 
xylene in co m bination  w ith  e th an o l was add itiv e  on the  one h an d  (in some p aram eters), 
on th e  o th er h an d  th ere  w as an  in h ib ition  betw een th e  effects of the  two chem icals 
(in th e  case of th e  n u m b er o f m v.* 10.5 ju m < d < 2 1  /dm).

I t  is concluded th a t  b o th  e thanol and  xylene increase  th e  vascu lar tone of 
coronary  m icrovessels and  th is  a lte ra tio n  causes a decrease in th e  n u tr itiv e  m yocard ia l 
blood flow. U n d e rn o u rish m en t does no t p lay  any role in  th e  increase  of vascu lar tone.

Keywords: E th a n o l, x y len e , u n d ernourishm en t, co ro n ary  m icrovessels

Introduction

The association  betw een  chronic alcoholism  and  clin ical card iac dysfunc­
tio n  is well know n, b u t  th e  m echan ism  of eth an o l to x ic ity  is poorly  understood . 
I t  is unclear w h e th e r alcohol itse lf  [31], or its  p rim ary  m etabolic  p roduc t 
ace ta ldehyde[23 ] m ay  he held  responsible for a d irec t tox ic  effect on the  
h e a r t.

Abbr.: m v. =  m icrovessels; m .ch .l. =  m axim al chord  leng th

Send o ffp rin t req u ests  to  V eron ika  M orvái, 2nd D ept, o f In te rn a l  M edicine, Sem m el­
weis M edical U n iv ersity  1088 B u d a p es t, S zen tk irály i u . 46. H u n g ary

Acta Morphologica Hungarica 35, 1987 
Akadémiai Kiadó, Budapest



2 0 0 M O R V Á I  e t  a l.

T he pathological changes in  chronic alcoholic h e a r t  disease are not 
specific  for alcohol to x ic ity , b u t  m ay  re flec t th e  effect o f chronic  ischem ia 
[7]. I t  is likely  th a t  th e se  changes are m ed ia ted  by  a lte ra tio n s  in  th e  sm all 
co ro n a ry  vessels as la rge  co ro n ary  vessel disease is u sua lly  ab sen t [6].

A fter long-term  alcohol in ta k e  in  ra ts  th e  n u tr itiv e  blood-flow  of the  
m y o card iu m  decreases, while m y ocard ia l v ascu la r re s is tan ce  increases [26, 
27]. In  th e  e leva tion  of c o io n a ry  resis tan ce  due to  chronic alcohol ingestion  
th e  increase of w all th ick n ess  of co ro n ary  m icrovessels m ay  p lay  a role [18]. 
H ow ever, th e  cause fo r th e  a p p a re n t lo n g -te rm  increase in  c o n trac tile  vascu lar 
to n e  rem ains unclear.

A fte r 16 weeks e th an o l a d m in is tra tio n  to  ra ts  in  a d ie t in  w hich 40%  of 
th e  to ta l  caloric in ta k e  o rig in a ted  from  eth an o l, Rossi [34] d e tec ted  patho- 
m orphological changes and  an  increase  in  th e  ca techo lam ine  co n cen tra tio n  
of th e  h e a r t only in th o se  e th a n o l- tre a te d  anim als w hich h ad  been k ep t on a ca- 
lo rica lly  in ad eq u a te  d ie t, w hereas no such  changes developed in  th e  ad lib itu m  
fed  e th a n o l-tre a te d  ra ts . N um erous s tud ies su p p o rt th e  hyp o th esis  th a t  th e  asso­
c ia tio n  betw een chronic e th an o l co n sum ption  and  card io m y o p ath ies  is a conse­
quence  of a p rim ary  m u ltifac to ria l n u tr itio n a l deficiency [5, 22]. The d iscus­
sion o f th e  pros [12, 22] and  cons [32, 33] of th is  a ssu m p tio n  is o f p rac tica l 
re levance , for e th an o l induces d is tu rb an ces  in th e  in te s tin a l re so rp tion  of 
n u tr ie n ts  [14, 20]. A ccord ing  to  H epp  and K ochsiek [15], it is obvious th a t  
th e  low er body w eights of ra ts  observed  by  m ost au th o rs  a fte r  long-term  
e th a n o l in tak e , is an  ou tcom e o f these  re so rp tion  d is tu rb an ces . T herefore, 
i t  w as th e  firs t aim  of th e  p re sen t s tu d y  to  answ er th e  question  w hether 
q u a n tita tiv e  u n d e rn o u rish m en t is able to  induce the  ab ove-m en tioned  m orpho­
logical reac tion  as seen in th e  m icrovessels o f ethanol-fed  ra ts .

X vlene is a w idely  used in d u s tr ia l chem ical, w hich can induce card io ­
v ascu la r d iso rders[25]. The effect o f xy lene poisoning on m yocard ia l c ircu la­
tio n  is no t know n. T he second aim  of th e  p resen t w ork w as to  in v estig a te  th e  
effect of xylene on co ro n ary  m icrovessels.

The tox ic  effect of a n u m b er of env iro n m en ta l an d  occu p a tio n a l chem ­
icals is s tim u la ted  b y  alcohol. T he questio n  arises w h e th e r th e  tw o  substances 
g iven  to g e th e r have  an y  effect on th e  co ronary  m icrovessels. The th ird  aim 
o f th e  p resen t w ork  w as to  o b ta in  d a ta  bearing  on th is  possible in te rac tio n .

Materials and methods

Six of tw elve 11-w eek-old m ale W is ta r  ra ts  were fed a no rm al lab o ra to ry  d ie t ad  lib i­
tu m , th e  o th er 6 ra ts  received only 10 g o f th e  d ie t per an im al per d ay  for 5 weeks.

T h irty  CFY m ale ra ts  w eighing 250 — 280 g were k ep t on th e  liq u id  d ie t of DeCarli 
an d  L ieber [11] m odified  by  U n g v á ry  and  H u d ák  [37]. A fter a period  of a d a p ta tio n  to this 
d ie t, 15 of these an im als were fed a con tro l d ie t, while the  o th er 15 ra ts  were given a d iet 
o f  a sim ilar Jou les va lue  for 4 w eeks w hich , how ever, con ta ined  e th an o l in stead  of some of
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th e  ca rb o h y d ra te s  and fa t  (36%  of the  to ta l Jou les). The an im als on th e  alcoholic d ie t  received  
11.5 — 12.5 g e thano l/kg  b.w. daily . To ensure th e  sam e caloric v a lu e  in b o th  groups, th e  an i­
m als w ere pa ir-fed  according to  D eCarli and  L ieber [11].

T w en ty -fo u r fu rth e r C FY  ra ts  weiging 250 — 280 g were fed in  the  sam e m an n er. In  
12 of these an im als, the  above-m en tioned  e th an o l feeding was app lied . Six ra ts  of b o th  groups 
w ere tre a te d  daily  by  xylene in h a la tio n  in  an  exposure  ch am b er: 1000 m g/m 3 o v er 6 h  
each  d ay , 5 days a week. T he o th e r group of these  ra ts  were m ade to inhale pure  a ir.

All th e  anim als were killed  by  in tra ca rd iac  KC1. F or th e  h istom orphom etric  an d  h isto - 
patho log ica l in v estiga tion  of th e  left v e n tricu la r w all, the  h e a r ts  were cu t v e rtica lly  in  the  
m iddle  so th a t  in  each h e a rt specim ens could be p rep ared  from  th e  sam e defin ite  m iddle  zone 
com prising  th e  left and r ig h t v e n tricu la r  wall as well as th e  sep tu m . For fu r th e r  m eth o d o ­
logical de ta ils  (specim en p rep ara tio n , th e  selective v isu a lizatio n  of m icrovessels by  m eans 
of a special A T P-ase reac tion  d e tec tin g  the  A T P-hydro lysis of only th e  endothelia l an d  m uscle 
cells of p recap illa ry  mv. and  of special endothelia l cells of some capillaries, th e  co un ting , c las­
sifica tion  an d  m easurem ent of th e  surface of these  m v. by  m eans of the  a u to m a tic  im age 
an a ly zer Q U A N T IM E T , for th e  in te rp re ta tio n  and  sta tis tica l te s tin g  of the  h is to m o rp h o ­
m etric  d a ta  an d  for discussion on th e  re liab ility  of th is  m ethod  see [16, 19].

E x p erim en ts  to con tro l va lue  ra tio s  (R ) were calcu la ted  by  d iv id ing  the  p a ram e te rs  
o f th e  specim ens of th e  ex p erim en ta l an im al b y  th e  corresponding  values of th e  s im u lta n e ­
ously  sectioned  and prepared  specim ens of th e  con tro l anim als m easu red  in th e  sam e m an n er. 
U sing  a 2-w ay analysis of va rian ce , th e  m ean va lues of these ra tio s  an d  th e ir dev ia tio n s were 
te s te d  ag a in st th e  dev ia tions occurring  betw een a t  lea s t 20, b u t  m ostly  40 to  50, of th e  cor­
resp o n d in g  m easu rem en t va lues of h e a r t specim ens of u n tre a te d  ra ts  p repared  and  m easu red  
in  th e  sam e m anner. The m v. w ere classified by  th e  Q U A N T IM E T  according to  th e ir  m ax im al 
chord  len g th  (m .ch .l.) in to  3 classes (class I: 6.5 /a n  <  m .ch .l.< 1 0 .5  /an , class I I : 10.5 / o n <  
C m .c h .l. < 2 1  /an , class I I I :  m .ch .l. > 2 1  /an ). T hus each  class co n ta in s a num ber of m v. w ith  an 
e x te rn a l tran sv ersa l d iam eter (d) sm aller th a n  th e  low er class lim it ( N f<i). The e x p erim en ta l 
to  con tro l va lue  ra tio s  (R ) of m v .lll 5 f i m < t j < 2 1 f i n ]  (R ») and  of m v .d>21iUni (Rju) were a p p ro x i­
m ate ly  calcu la ted  as follows:

Riu

H R lI  — R l  • m il
í v  I I  = - - - - - - - - ; - - - - - - - - - - - - - - - - - - - - - -1 — m  II

R lll — R 1 ' т щ  ~  R II ’ min 
1 —  m , , ,  —  т щ

( 1 )

( 2 )

I, I I ,  I I I :  Q U A N TIM ET classes
m : m ean  percentage of N j d  ' in class i/100 for m v.d<;10. m; in  class II : 0.29, in  class 

I I I :  0.054. "  " ^
m ’ : th e  sam e for m v .lo5jLini<(j< 2 i/iniî in class I I I :  0.484; (for d e ta ils  see [37]).
M oreover, th e  Q U A N T IM E T  procedure  w as ex ten d ed  by m easu rem en ts of th e  p ro ­

jec ted  w all a rea  of all the m v. (A £mv.) and  th e  m v. of each class (A c) j ) .  By div id ing  th e  a rea  
o f class (i) a n d  th e  m v. n u m b er (N ) of the  sam e class, th e  m ean  m v. wall area of th is  class 
(A mv ci j ) was calcula ted . T he s ta te m e n t of an  increase  of wall th ick n ess of m v .d < 10-5iam or 
of m v .10.5/itm< d < 2 ]|um is based  on a sign ifican t a u g m en ta tio n  of th e  m v. num ber of th e  n e x t 
h igher class. A  th icken ing  of walls of *s recognizable if  AmVi Cjщ  is sig n ifican tly
increased  or if  i t  rem ains in  th e  norm al range, a lth o u g h  th e  n u m b er of m v. of class I I I  is 
u n ch an g ed  or increased , for th e  m ean  area  of m v. jo in ing  class I I I  from  class I I  by  th ic k e n ­
ing  of th e ir  walls lies d is tin c tly  below  th e  n o rm al m ean  Amv C| j ц -value. T herefore, th e  
A mv. c U ir v a lue w ould have been  lower if only th e  “ border crossers”  m entioned  h a d  in ­
creased  th e  n u m b er and to ta l a rea  of th e  mv. of class I I I  and  th e  walls of th e  p re-ex isting  m v. 
of th is  class h a d  no t thickened.

A sign ifican t elevation  of inv.d-oo.ô^m (-^i) d em o n s tra tes  an  increase in the  n u m b er 
of m v. capab le  o f hydrolyzing A T P; a p ro life ration  of capillaries m ay  co n trib u te  to  such 
a resu lt.

Serially  sectioned specim ens were sta ined  w ith  hem atoxylin -eosin , G om ori-silver and  
S u d an  I I I .  S tu d e n t’s i-te st was used  to  analyze th e  m ean  values o f th e  absolu te and  re la tiv e  
w eigh ts o f th e  left and rig h t v e n tricu la r  wall (w eight of v e n tricu la r  walls X 1000/body w eigh t) 
as well as o f bod y  weights.
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R esults

Q u a n tita tiv e ly  u n d ern o u rish ed  ra ts  do n o t show an y  k ind  of m o rp h o ­
logical m v. reac tions (T able I). E th a n o l feed ing  in  anim als k e p t  likew ise only 
in  th e ir  cages, re su lts  in  s ign ifican t a u g m e n ta tio n  of all th e  p a ram e te rs  m ea­
su red , vfrith th e  ex cep tio n  of th e  m ean  a rea  o f m v. m easured  in  th e  3 classes 
(A mv >ci I и in). T h is m eans th a t  th e  w all th ick n ess  of all m icro c ircu la to ry  
a reas and  th e  n u m b e r of m v .d<i05/(lr] w hich  are  able to  h yd ro lyze  A TP are 
s ig n ifican tly  increased . A lm ost th e  sam e m v . reac tio n s are seen in  solely e th a- 
nol-fed  “ ch am b er” -ra ts , a lthough  th e  a u g m e n ta tio n  of m v .j> 2i,um in d ica tin g  
a th ick en in g  of w alls o f m v .10.5/jm<(| <21^111 is not p resen t. T he level of sign if­
icance  of th e  in c reased  values is less fre q u e n tly  reached  in  e thano l-fed  “ ch am ­
b e r”  an im als, due m o stly  to  th e  low er n u m b e r of ra ts  in  each group.

Table I

E xperim en ts to  contro l value ra tio s o f w all a rea  (A) and num ber (N ) of m v. as well as

A

Experimental influence
JL mv. cl. I l l cl. II cl. I

mv.
cl. I l l

mv.
cl. I I

mv. 
cl. I

Q u an tita tiv e  u n d ern o u rish ­
m en t 
(n = 6 )

1.06
± 0 .3 2 - - - - - —

E thanol-feed ing
(n = 1 5 )

1.33*
± 0 .2 8

1.36*
± 0 .3 4

1.28*
± 0 .2 7

1.35*
± 0 .38

1.03
± 0 .1 3

0 . 9 9

± 0 . 1 0

0.98
± 0 .0 4

C ham ber experim ents:

controls 
(n =  6)

E thanol-feeding and air 
inhala tion  
(n =  6)

1.21
± 0 .2 3

1.22*
± 0 .1 6

1.24
± 0 .4 4

1.20
±0 .37

1.09
± 0 .2 0

0.96
± 0 .0 7

0.98
± 0 .0 4

Control d ie t and xylene 
inhala tion  
( n = 6 )

1.19
± 0 .2 6

1.24
± 0 .2 9

1.17
± 0 .3 6

1.13
±0.45

1.10
± 0 .3 3

0.94
± 0 .0 6

0.99
± 0 .0 6

E thanol-feed ing  and xylene 
inhala tion  
(u = 6 )

1.27*
± 0 .3 5

1.34*
± 0 .2 0

1.18
± 0 .7 2

1.19
±0 .88

1.17
±0 .31

1.03
± 0 .0 9

1.01
± 0 .0 2

* significant d ifferen t from  controls
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X ylene  in h a la tio n  induces n ea rly  th e  sam e rav, reac tio n  as e th a n o l 
feeding. T he com bination  of b o th  is in  p a r t  follow ed b y  a som ew hat s tro n g e r 

-A-cl.IIb Amv.,cl.IIb N d> 2i/,m) or lesser (N10.5;im<d<2i/„m) in crease  in  
th e  values m easu red . B u t th e se  are  n o t sig n ifican t differences. In  m v. an d  
h e a r t m uscle cells o f all ex p erim en ta l g roups th e re  were no q u a lita tiv e  p a th o ­
logical changes. E thano l-fed  ra ts  show ed an  increase in  th e  n u m b er o f in te r ­
s titia l cells o f th e  h ea rt. The b o d y  w eigh ts w ere reduced  in  all ex p e rim en ta l 
an im als. T he sam e was tru e  fo r th e  ab so lu te  h e a r t  w eights w ith  th e  ex cep tio n  
of so lely e th an o l-fed  “ ch am b er”  ra ts . B u t th e  h e a r t to  bo d y  w eigh t ra tio s  
w ere e lev a ted , ex cep t for th e  q u a n tita tiv e ly  u n d ern o u rish ed  ra ts  w hich show ed 
a sligh t decrease  (Table I).

body  w eights (b .w .), h e a r t weights (h.w .) an d  re la tiv e  h e a r t  weights (rel.h .w .)

N b.w. h.w. (rel. h.w .)

mv.
d > 21

m v. mv.
1 0 .5 < d < 2 1  d< 10.5

m v.
d < 2 1 (g) (mg)

(  h.w. X 1000 ^  
V b.w. )

1.01
± 0 .2 5 — -

1.08
± 0 .2 6

342
± 4 7  (c) 
230* 

± 4 6  (e)

84
± 1 0 8  (c) 

548*
± 1 0 3  (e)

2.49
± 0 .1  (c) 

2.39
± 0 .1  (e)

1.38*
± 0 .4 7

1.26* 1.38* 
± 0 .2 8  ±0 .39

293
± 0 .2 3  (c) 
265*

± 2 2  (e)

700
± 7 5  (c) 
655

± 6 8  (e)

2.39
± 0 .1 7  (c) 

2.51* 
± 0 .1 5  (e)

283 690 2.45
± 1 9 ± 5 8 ±0.11

0.97 1.32* 1.24 255 6.87 2.73
± 0 .21 ± 0 .5 4 ±0 .42 ± 3 8 ± 0 .6 2 ± 0 .3 5

0.99 1.30* 1.15 253 649 2.59
± 0 .1 0 ± 0 .4 5 ± 0 .4 7 ± 2 6 ± 2 6 ± 0 .2 3

1.28 1.15 1.16 256 664 2.60*
± 0 .5 0 ± 0 .6 9 ± 0 .8 5 ± 2 5 ± 5 9 ± 0 .0 8

c: control 
e: e thanol-feed ing

8* Acta Morphologica Hungarica 35, 1987
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D iscussion

The u n d e rn o u rish m e n t of ra ts  failed to  induce an y  m orphological reac ­
tio n s  in  coronary  m icrovessels. T hus, th is  fa c to r  can  be excluded as th e  sole 
cause for th e  genera l increase  in wall th ick n ess  of co ronary  m icro v ascu la tu re  
an d  th e  augm ented  A T P -hydro lysis  of m v d io.5,,tn w hich are  de tec ted  w ith o u t 
a n y  q u a lita tiv e  v a sc u la r  changes in  e th an o l-fed  an im als. The reason for these  
m orphological co rre la tes  o f p red o m in an tly  vaso to n ic  influences ac ting  beyond  
th e  period of sh o r t- te rm  reg u la tion  has to  be searched  for in  o th e r  fac to rs , 
especially  in th e  in creases  observed in th e  syn thesis , release an d /o r blood 
levels of ca techo lam ines [4, 10, 28, 29, 30, 35], a ldosterone  [24], ren in  [21,24] 
an d  corticosterone [8, 9] as well as th e  e ffec t of ace ta ld eh y d e  and  a c e ta te , 
th e  m etabolites o f e th a n o l [1]. I t  is w o rth  m en tio n in g  th a t  th e  abso lu te  w eight 
o f th e  v en tricu la r w alls w as d is tin c tly  less red u ced  in  e thano l-fed  ra ts  th a n  
in  q u a n tita tiv e ly  u n d e rn o u rish ed  anim als. W hile th e  la tte r  show ed a ten d en cy  
o f decreasing re la tiv e  h e a r t  w eights, th is  p a ra m e te r  Mas s ig n ifican tly  e lev a ted  
in  e thano l-fed  ra ts . T herefo re , th e  increase o f th e  h e a rt-to -b o d y -w eig h t ra tio  
is a ttr ib u ta b le  n o t on ly  to  th e  loss of bo d y  m ass, b u t  also in  all likelihood , to  
anabo lic  effects on h e a r t  m uscle cells c o u n te ra c tin g  th e  p red o m in a tin g  c a ta ­
bolic processes, th u s  h am p erin g  an equal loss o f bo d y  and  h e a r t m ass.

I t is in te re s tin g  to  n o te  th a t  in all o u r ex p erim en ts  [26, 27] th e  systo lic  
b lood  pressure an d  th e  card iac index  decreased . T hus, an  increase in  th e  
functional a c tiv ity  o f h e a r t  muscle cells cau sin g  a hoem odinam ically  d e te c ta b le  
e levation  of th e  p e rfo rm an ce  of th e  h e a r t  can  be excluded . T herefo re, th e  
reaso n  for th e  in c rea sed  h eart-to -b o d y -w eig h t ra tio  need to  be exp lained .

E thano l-fed  “ c h a in b e r” -ra ts did n o t show  th e  increase in  м ай  th ick n ess  
o f  m v .i0i5(rttl d < 21/ЛП recognizable  in a s ig n ifican t au g m en ta tio n  of th e  n u m b e r 
o f m v .d 2i/(m as seen in  e thanol-fed  an im als rem ain ing  in th e ir  cages. P ossib ly  
th is  difference is a t t r ib u ta b le  to  th e  special cond itions and  influences of th e  
ch am b er ex p erim en t, fo r repeated  h a n d lin g  o f an im als only  for the  p rocedures 
o f  blood pressure m easu rem en ts  was su ffic ien t for a decrease in wall th ick n ess  
o f  m icrovessels b o th  in  W ista r ra ts  [19] an d  in  sp o n tan eo u sly  h y p e rten s iv e  
ra ts  [17].

X ylene in h a la tio n  is followed by  a lm o s t th e  sam e m v. reactions as e th a ­
no l in tak e . T he in c rea sed  wall area of all m v . (Aim v.) an d  of m v. w ith  m ax im al 
chord  leng ths (m ore th a n  21 /mi, Aci n i) d is tin c tly  exceeded th e  m eth o d o lo g ­
ica l error.

X ylene is a m ix tu re  of alkyl d e riv a tiv e s  of benzene (o rth o -, m eta -, 
p ara -xy lene  an d  e th y lb en zen e). I t  is f re q u e n tly  used as organic so lv en t and  
m ay  have b io logical effects. I t  has been  show n th a t  benzene an d  its  a lky l 
d e riva tives, in  sp ite  o f  th e ir  sim ilar chem ical s tru c tu re s , act d iffe ren tly  on the  
dopam ine  and  n o rad ren a lin e  levels and  tu rn o v e r  in  th e  h y p o th a lam u s, m ed ian
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em inence, s tr ia tu m  and subco rtica l lim bic regions as well as on th e  secretion  
o f p ro lac tin , T S H  an d  co rticosterone  from  th e  p itu i ta ry  and  adrenals [2, 3]. 
B enzene and  its  a lk y l-d eriv a tiv es  cause a sign ifican t change in  th e  d en sity  of 
m onoam inergic n e rv e  fibers of th e  iris, liver, o v arium , u te ru s , etc . as v i ­
sualized b y  F alck  an d  H illa rp ’s [13] catecho lam ine  h istofluorescence te c h ­
n ique [36]. These d a ta  and  th e  resu lts  of th e  p resen t s tu d y  suggest th a t  
xy lene affects th e  co n trac tile  v a scu la r tone  of th e  m yocard ia l m icrovascu ­
la tu re  th ro u g h  a change in  th e  local co n cen tra tio n  of vaso ac tiv e  substances. 
These a lte ra tio n s  in  co ronary  m icrovessels m ay exp la in  th e  card iac  dysfu n c tio n  
d isorders of v e n tr ic u la r  rep o la riza tio n , a rrh y th m ia s  caused b y  su b acu te  
poisoning  w ith  xy lene  [25].

C om bined exposu re  to  xy lene  and  e th an o l increased  th e  ex p erim en ta l 
to  con tro l value ra tio s  of all w all a reas as well as th e  n u m b er of m v.,j> 2i/(m- 
These effects w ere add itiv e . T he n u m b er of m v .|0 j(,m  ̂<21,,m did n o t 
change s ig n ifican tly  u n d e r th e  s im ultaneous effect of xy lene  and  e th an o l, 
and  th e  effect did n o t differ from  th e  contro ls.

C onsequen tly , in  th is  case th e re  is an in h ib itin g  in te ra c tio n  betw een  th e  
effect of xy lene and  th a t  of e th an o l.

I t  is concluded th a t  b o th  e th an o l and xy lene increase th e  vascu lar to n e  
of co ro n ary  m icrovessels and  th e re b y  th e y  decrease th e  n u tr itiv e  blood flow  
w hich can  elicit h y poxaem ic  a lte ra tio n s . I t  is h igh ly  in te re s tin g  th a t  th e re  is 
no a d d itio n  or p o te n tia tin g  in te ra c tio n  betw een th e  sim ilar effect of tw o 
chem icals on th e  v ascu la r tone. T he m ain  effects o f th e  tw o chem icals on th e  
card io v ascu lar system  are in d ep en d en t of each o th e r.
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THE CHRONICALLY FUROSEMIDE-TREATED 
MOUSE AS A POSSIBLE ULTRASTRUCTURAL 

MODEL FOR CYSTIC FIBROSIS

G . T. S z e i f e r t , É v a  V a r g a , L. D a m j a n o v i c h  S z . G o m b a

D EPA RTM EN T O F PATHOLOGY, U N IV ER SITY  MEDICAL SCHOOL OF D EB R EC E N , HUNGARY 

(R eceived  4 N ovem ber 1986)

T h e  effect o f chronic fu rosem ide tre a tm e n t on  th e  s tru c tu re  o f th e  secretory  
cells in  th e  m ouse pancreas was s tu d ied  using  e lectron  m icroscopy. T he nu m b er of th e  
zym ogen granu les increased  in  th e  cy to p lasm  of ac inar cells; th e y  w ere m ore densely 
p acked  an d  h a d  a less electron-dense appearance th a n  th e  con tro ls. Because these 
u l tra s tru c tu ra l  find ings resem ble th e  changes observed in  exocrine g lands of p a tie n ts  
w ith  cy stic  fib rosis, th e  chronic fu ro sem ide-trea ted  m ouse is p roposed  as an  ex p eri­
m en ta l m odel fo r th is  disease.

Keywords: C ystic fibrosis, fu rosem ide, chloride tra n sp o r t

In tro d u c tio n

Cystic fib rosis  (CF) is th e  m o st com m on le th a l genetic  d iso rd er affecting 
C aucasians, ch a rac te rized  by  o b stru c tiv e  lesions th ro u g h o u t m u ltip le  organ- 
sy stem s and  d is tu rb an ces  of m ucus an d  e lec tro ly te  secretion  [2, 9]. The p rim ary  
cause  of th e  d isease rem ains u n k now n , b u t i t  is genera lly  accep ted  th a t  it  
re su lts  from  a single gene defect [8]. A lthough  th e  gene rem ains to  be id e n ti­
fied , a t  leas t i t  is now  ce rta in  th a t  it resides in  th e  m iddle of th e  long arm  of 
chrom osom e 7 [5]. R ecen tly , how ever, som e in v es tig a to rs  suggested  th a t  it  
m ig h t be a gene w hich  affects ch lo ride ion  tra n sp o r t  in  cell m em b ran es [1, 7]. 
M artinez  and  C assity  have  d e m o n s tra te d  th a t  furosem ide reduces saliva and  
Cl secre tion  in  th e  iso la ted , perfused  r a t  su b m an d ib u la r g land  b y  effecting 
ac in a r cells [3]. W e have s tud ied  th e  u ltra s tru c tu ra l changes o f sec re to ry  cells 
in d u ced  by  chron ic  furosem ide t r e a tm e n t  in  th e  m ouse pan creas . These 
a lte ra tio n s  resem bled  th e  lesions observed  in  exocrine g lands o f p a tie n ts  w ith  
CF, a n d  th e re fo re  th e  chron ica lly  fu ro sem id e-trea ted  m ouse is p roposed  as an 
ex p e rim en ta l m odel fo r th is  disease.

Send o ffp rin t req u ests  to  L. D am jan o v ich , D ep artm en t of P a th o lo g y , U n iversity  
M edical School of D ebrecen , H-4012, P .O .B . 23., H u n g ary
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Materials and methods

A d u lt m ale C FL P m ice (30 g) were used  in  these experim en ts. F urosem ide (330 m g/kg 
bo d y  w eight) was ad m in istered  daily  for 50 days by  in tra p erito n ea l in jections. N on-trea ted  
m ice served  as controls. All an im als  were supplied  w ith  food and  w a te r  ad  lib itum . A lthough 
th e  d a ily  dose adm in istered  i.p . b y  u s corresponded  to  th e  i.v . D L 50 for m ouse, th e  t r e a t ­
m e n t w as well to le ra ted  b y  th e  anim als, no signs of sickness or decreased  physical a c tiv ity  
w ere d e tectab le . The pan creas w as rem oved  a fte r  ae ther anaesth es ia  and  processed im m edi­
a te ly . A p o rtio n  of each p a n c re as  was fix ed  in  8 %  form aldehyde an d  processed in th e  rou tine  
m a n n e r  for ligh t m icroscopy. T issue sam ples w ere cu t in to  cubes of 1 m m 3, fixed  in 3%  glu- 
ta ra ld e h y d e , postfixed  w ith  1 %  osm ium  te tro x id e , deh y d ra ted  in g rad ed  e th an o l and em bedded 
in  A ra ld ite . T hin sections w ere sta in ed  w ith  u ra n y l ace ta te  and  lead  c itra te  and  ev a lu a ted  by  
a T esla  BS 513A tran sm iss io n  e lectron  m icroscope.

Results and discussion

L ight m icroscopic ex am in a tio n  has n o t revealed  an y  rem ark ab le  changes 
in  th e  fu ro sem id e-trea ted  anim als.

U ltra s tru c tu ra lly  th e  sec re to ry  cells of th e  p an creas  in th e  u n tre a te d  
co n tro l anim als c o n ta in e d  conspicuous, e lectron-dense, single m em brane- 
b o u n d  zym ogen g ran u les  (F ig. 1). C hronic tre a tm e n t w ith  furosem ide m ode­
ra te ly  enlarged th e  size and  d iam e te r of th e  ac inar cells. T he n um ber of th e  
zym ogen granules in c reased  re m ark ab ly ; th ey  were m ore densely  packed and 
h a d  a less e lec tron-dense  ap p earan ce  com pared  to  th e  con tro ls. P lications of 
th e  la te ra l cell m em b ran e  o f th e  ac in ar cells occurred  in  th e  fu rosem ide-treated  
an im als (Fig. 2). T hese could n o t be observed in  th e  con tro l pancreas.

The tra n se p ith e lia l m ovem en t of Cl in  sa liv a ry  ac in ar cells is necessary  
fo r sa livary  flu id  secre tio n . This im plies en try  of Cl, w hich occurs in  p a r t  b y  
m eans of a fu rosem ide-sensitive  co -tran sp o rt sy stem , and  also an efflux of 
Cl [4]. P a tien ts  w ith  CF have  reduced  sa liv ary  secre tion . I t  m ay be th e  
re su lt of a defective tra n se p ith e lia l tra n sp o r t  of Cl in  secre to ry  cells affecting  
e ith e r  the d iu re tic -sensitive  Cl u p ta k e  or th e  Cl efflux . Q u in ton  dem o n stra ted  
th a t  the ab n o rm a lity  in  CF is a lm o st ce rta in ly  due to  an  im p a irm en t of Cl 
perm eab ility  of th e  cell m em brane  [7]. Salivary  flu id  volum e and Cl t r a n s ­
p o r t  in acinar cells w ere g rea tly  decreased  b y  furosem ide in  iso lated , perfused 
r a t  su b m an d ib u la r g lands [3]. T he resu lts  of ou r ex p erim en ts  in d ica te  th a t  th e  
m orphological chan g es in  th e  m ouse pancreas a fte r  chronic tre a tm e n t w ith  
furosem ide are co m p a tib le  w ith  those seen in o th e r  experim en ta l m odels 
for CF [5]. The in creased  n u m b er of th e  zym ogen g ranu les in  th e  secre to ry  
cells suggests an  accu m u la tio n  of secre to ry  m ate ria l in  th e  cells, and conse­
q u en tly  a reduced  sa liv a tio n . These u ltra s tru c tu ra l find ings could su p p o rt 
th e  previous th eo rie s  th a t  th e  a b n o rm a lity  of Cl tra n s p o r t  m ight p lay  an 
im p o rta n t role in  th e  pathogenesis of cystic fibrosis.
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Fig. 1. Secreto ry  cell of the  p ancreas in  an  u n tre a te d  m ouse. X 5600 
Fig. 2. A cinar cells of th e  pancreas in  a chron ically  fu ro sem id e-trea ted  m ouse. X 5600
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DIETHYL-NITROSAMINE HEPATOCARCINOGENESIS 
IN CIRRHOTIC RATS

A. Za l a t n a i, K . L a pis

F IR S T  IN ST ITU TE OF PATHOLOGY AND EX PER IM EN TA L CANCER RESEA RCH , SEM M ELW EIS M EDICAL
U N IV E R S IT Y , BU D A PEST, H UNCARY

(R eceived 19 M arch 1987)

The aim  of th is  s tu d y  was to  clarify  how  th e  CCl4-induced cirrhosis m odifies 
th e  process of d ie th y lin -n itro sam in e  hepatocarcinogenesis. Tw o stra in s  of ra ts  (C FY  and 
F-344) were used . CFY ra ts  p roved  to  he re s is ta n t to w ard  b o th  th e  cirrhogenic effect 
o f CC14 and carcinogenic effect of D E N . In  th e  F-344 ra ts , on th e  o th er h an d , a large 
n u m b er of foci, neop lastic  nodules and  h ep ato ce llu la r carcinom as occurred  follow ing 
D E N  tre a tm e n t on ly  and  fullb low n liver cirrhosis d id  develop in  th e  CCI,- trea te d  
group . In  F-344 ra ts  w ith  c irrho tic  liver, foci an d  neoplastic  nodules appeared  in  th e  
u su a l nu m b er an d  a t  th e  usua l tim e follow ing D E N  tre a tm e n t, b u t  — opposite  to  the  
ex p ec ta tio n s — m u ch  less carc inom as developed  th a n  in  th e  ra ts  receiving D E N  only. 
W hen , how ever th e  CCl4-tre a tm e n t was app lied  follow ing th e  D E N  ad m in istra tio n , 
a p rom oting  effect was seen. T he m echanism  o f th e  in h ib ito ry  effect of the  CCl4-induced 
liver cirrhosis u p o n  hepatocarcinogenesis is n o t  c larified , sim ilarly  to  th e  m echanism  of 
o f th e  p ro m o tin g  effect o f th e  CCl4-tre a tm e n t app lied  follow ing th e  D E N  a d m in is tra ­
tion.

Keywords: D ie th y l-n itro sam in e , hepatocarc inogenesis , CCl4-induced cirrhosis

Introduction

In  E urope an d  N o rth  A m erica th e  m a jo r ity  of th e  h u m an  h epa toce llu la r 
carc inom as (HCCs) develop in  c irrh o tic  livers [1, 2], b u t th e  m echanism  of th e  
m a lig n an t tra n sfo rm a tio n  in  c irrho tic  liv er is s till unclear [3].

In  th e  know n ro d e n t hepatocarcinogenesis  m odels used all over th e  w orld
[4] th e  HCCs genera lly  develop in  n o n -c irrh o tic  liver, and  th e  p reneop lastic  
lesions occur a t  th e  ea rly  stage  of th e  ex p erim en t [5, 6]. These pro tocols th e re ­
fore are  n o t su itab le  for m odeling th e  liv er carcinogenesis tak in g  place in  
c irrh o tic  hum an  liver.

O ur purpose th ere fo re  was to  estab lish  an  ex p erim en ta l m odel for s tu d y ­
ing th e  role of th e  liv er cirrhosis in  th e  process o f hepatocarcinogenesis induced  
b y  d ie th y ln itro sam in e  (D E N ). T he fu n d a m e n ta l question  was w heth er th e  
ch ron ic  carbon  te tra c h lo rid e  (CCl4)-p re tre a tm e n t or ra th e r  th e  CCl4-induced  
liver c irrhosis is enh an c in g  or d im in ish ing  th e  hepatocarcinogen ic  effect of 
D E N . W e have also s tu d ied  th e  effect on hepatocarcinogenesis  of CC14 a d ­
m in is te red  follow ing th e  tre a tm e n t w ith  h ep a tocarc inogen .

Send offprin t req u ests  to  A. Z ala tn a i, 1st In s t i tu 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 M edical U n iversity , B u d ap es t, Üllői ú t  26, H-1085, H u n g a ry
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M aterials and  m ethods

A to ta l  of 88 m ale F ischer-344 in b red  a n d  66 m ale CFY o u tb red  ra ts  (o b ta in ed  from  
L A T I, H u n g ary ), w eighing ab o u t 130 g w ere u sed  in  the  experim ents. The ex p erim en ta l 
schedu le  and th e  g roups are seen in  F ig . 1.

H ep a tic  cirrhosis w as induced  b y  re p ea te d  doses of CCI,, because th e  hepatocarc ino - 
genic p o te n tia l  of th is  com pound  is know n to  be v e ry  low [7]. CCI., was adm in istered  a t  a dose 
of 0.5 m l/kg  b.w . d issolved in  corn oil (0.5 m l b y  gavage), 3 tim es a w eek for th ree  m o n th s . 
A t th e  en d  of the  th ird  m o n th  C C l,-trea ted  ra ts  w ere killed  in  b o th  s tra in s  to  see w h e th er 
l iv e r  c irrhosis has developed  or no t. Two w eeks a f te r  th e  la s t CCI, dose, D E N  was adm in iste red  
(p u rch a se d  from  SE R V A , H eidelberg, F R G ) in tra p e rito n ea lly  d issolved in  0 .9%  of sterile  
sa line . T he single dose of D E N  was 200 m g/kg  b .w ., while th e  rep ea ted  doses were 10 m g/kg 
b.w . 3 tim es a week to  reach  a to ta l dose o f 200 m g/kg b.w.
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F ig. 1. T he ex p erim en ta l schedule and  th e  g roups. CCI, =  carbon  te trach lo rid e , D E N : di-
e th y l-n itro sam in e
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E x p erim en ts  w ere en d ed  8 m onths a fte r s ta r tin g  th e  carcinogenic tre a tm e n t and 
11 m onths a fte r  beg inn ing  o f CC14 adm in istra tio n , w hen all an im als were killed b y  ex san g u in a­
tion  un d er a ligh t a e th e r an aesth es ia . The rem oved livers were fix ed  in  8%  buffered form alin , 
sam ples were em bedded  in  p a ra ff in  and section of 5 /ig th ick n ess w ere cut. In  ad d itio n  to  th e  
rou tine  H E  sta in in g  and  PA S (periodic acid-Schiff) reac tio n , a  P icrosy rius red sta in in g  was 
also perform ed for th e  d em o n s tra tio n  of the  collagen [8]. Foci, n eop lastic  nodules and  h e p a to ­
cellular carc inom as were classified  according to  th e  reco m m en d a tio n  of th e  in te rn a tio n a l 
w orkshop [9].

Results

As i t  is seen in  F ig . 2, the  sen sitiv ity  o f th e  F-344 and  CFY s tra in s  
was to ta lly  d ifferen t to  th e  carcinogenic p o te n tia l of D E N .

C i r r h o s i s F o c u s
N e o p l .

n o d u l u s H C C

1* - /1 2 5/12 2 / 2 - /1 2

2* - / 1 3 2 /1 3 - /1 3 - /1 3

3 + - /2 1 12/21 8 /2 1 1 8 /2 1

4 + 1 7 /2 2 9 /2 2 10 /22 3 /2 2

5* 7 / 8 1/8 - / 8 - / 8

8* 7 /1 2 5 / 2 5 /1 2 3 /1 2

7 + - / 1 7 3/17 - /1 7 - /1 7

8 + - /1 0 -/1 0 - /1 0 - / 1 0

« * - / 2 2 4 /2 2 1 /22 - / 2 2 *

10 + -A 1 /7 -A -A
11* - /1 0 -/10 -/1 0 - /1 0

★
1 a n g io s a rc o m a

F ig. 2. The lesions in  th e  ex p erim en ta l groups. N um bers w ith  arrow s in d ica te  the  nu m b er of
th e  corresponding groups

Histopathological bindings in  C F Y  rats

The CFY  s tra in  p ro v ed  to  be m uch less sen sitiv e : a p a r t  from  a single 
case of a h ep a tic  ang iosarcom a (group 9) no HCCs developed  e ither w ith  or 
w ith o u t CCI, p re tre a tm e n t. O nly  a small n u m b er of foci an d  neoplastic  nodules
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ap p ea red  in  th e  an im als tre a te d  w ith  D E N  (groups 7 and  9). I t  is also n o te ­
w o rth y , th a t  th e  chronic CC14 t r e a tm e n t  fa iled  to  produce liv er c irrhosis by  
3 m o n th s , on ly  hepa tic  fib rosis  an d  f a t ty  d egenera tion  developed  (group  11). 
S im ilarly , no c irrho tic  changes occurred  up o n  th e  com bined effect o f CC14 -f- 
D E N  a d m in is tra tio n .

H istopathological fin d in g s  in  F -344 rats

F-344 m ale ra ts  p ro v ed  to  be sensitive  b o th  to  th e  c irrhogen ic  effect 
o f th e  CCI I and to  th e  carcinogenic  effect o f D E N . Seven o u t of 8 an im als 
show ed h ep a tic  cirrhosis in  th e  CCl4-tre a te d  group and in  one on ly  fib ro tic  
changes w ere seen (group 5). T he hepa tocarcinogen ic  p o ten tia l of th e  chronic 
CCI, t r e a tm e n t proved  to  be neglig ib le: only  in one ou t o f th e  8 r a ts  w ith  
liv er cirrhosis was a single basoph ilic  cell-focus observable . T here  w ere no 
p ren eo p las tic  lesions in  th e  ra ts  w ith  h ep a tic  fibrosis e ither.

T h e  single necrogenic dose o f D E N  induced  m any  foci an d  som e neo­
p las tic  nodules b u t no HCCs (group  1). W hen rep ea ted  doses o f D E N  were 
a d m in is te red  (group 3), th e  freq u en cy  o f HCCS was v e ry  h igh  (18 o u t 21). 
M oreover, th e  liver of a g rea t n u m b e r of an im als con ta ined  foci an d  neop lastic  
nodu les.

A s th e  resu lts  o f th e  g roup  2 show , th e  chronic CC14 p re tre a tm e n t did 
n o t in crease  th e  incidence of th e  p ren eo p lastic  and n eop lastic  liver lesions, 
ev en  som e “ p ro te c tiv e ”  effect could  be observed: a lte red  cell foci an d  neo­
p la s tic  nodules occurred  in  few er an im als th a n  in  th e  re spec tive  co n tro l group 
(g roup  1). M oreover, as th e  re su lts  o b ta in ed  in th e  g roup  4 are  show ing, 
w hen  chron ic  CCl4- tre a tm e n t preceded  th e  rep ea ted  doses o f D E N , th ere  
w as a h igh  red u c tio n  in  th e  n u m b e r o f th e  HCCs: cancer developed  on ly  in 3 
o u t o f th e  22 an im als w hile 18 o u t o f 21 ra ts  were observed  in  th e  respective 
co n tro l g roup  (group 3). T here  w as no m eaningful change how ever in the 
n u m b e r o f th e  p u ta tiv e  p ren eo p lastic  lesions.

I t  is a very  in te res tin g  fin d in g , th a t  in  group 2, in  w hich  a h igh necro ­
genic dose of D E N  was applied  a t  th e  end of the  ex p erim en ts  no signs of c ir­
rhosis w ere found , only  fib rosis w ere seen. In  group 4, on th e  o th e r  h an d , where 
sev era l sm all doses of D E N  follow ed th e  chronic CCl4- tre a tm e n t, liv er cirrhosis 
w as s till p resen t in  th e  m a jo rity  o f th e  anim als.

In  group 6 a single necrogenic  dose of D E N  was ap p lied  f ir s t ,  w hich was 
follow ed by  chronic CCl4- tre a tm e n t. In  th is  experim en ta l g roup  o n ly  5 m onths 
h a v e  passed  betw een  th e  sto p p in g  of th e  CCl4-ad m in is tra tio n  an d  th e  end of 
th e  ex p erim en t. T he h ep a tocarc inogen ic  process, how ever, seem ed to  be 
s ig n ifican tly  enhanced . More n eop lastic  nodules and  HCCs occurred  in  th is  
g roup  an d  th e y  ap p eared  earlie r th a n  in  th e  group receiv ing  a single D E N  
dose n o t followed b y  CCI, p o s t- tre a tm e n t (group 1) (T able I).
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Table I

Groups
Mean body weight 

a t start, 
g

Mean body weight 
a t  the  end, 

g

Mean liver weight 
a t  the end of 

experiments, 
g

l . 176 360.4 8.46

2. 183 418 10.14

3. 178 367.6 10.52

4. 174 354.4 11.72

5. 178 381.2 11.5

6. 165 303 9.41

7. 135 552.8 16.6

8. 130 532 15.3

9. 135 563 14.5

10. 145 613 13.7

11. 148 650 15.3

Discussion

In  E urope and  N o rth  A m erica m ost liver cancers develop in  c irrh o tic  
livers [1]. This is w hy  th e  liv er cirrhosis is reg ard ed  as a p reneo p lastic  a l te ra ­
tio n  in  h u m an  p a th o lo g y  [10]. K ew  an  P o p p er s tu d y in g  th e  re la tio n sh ip  
be tw een  hep a to ce llu la r carcinom as an d  cirrhosis s ta te d  th a t  th e  h ep a to cy te s  
in  c irrh o tic  liver m ay  becom e m ore sen sitive  to  th e  env iro n m en ta l c a rc in o ­
genic effects or com pounds [11].

T he CCl4-induced  cirrhosis as a m orphological m odel of th e  h u m an  
cirrhosis h as  alw ays been  a m a tte r  of d e b a te . A p a rt from  a n u m b er o f d iffe r­
ences i t  p roved  to  be a useful ex p erim en ta l ap p ro ach  [12] b u t th e  tru e  re la tio n ­
ship  b e tw een  these co n d itions is s till n o t  clear.

In  m ost ro d en t hepatocarcinogenesis  m odels th e  HCCs develop in  n o n ­
c irrh o tic  livers. B an n asch  [14] and  W illiam s [15] concluded th a t  in  th e  ex ­
p e rim e n ta l m odels of hepatocarcinogenesis  th e  liver cirrhosis and  HCCs w ere 
n o t cau sa lly  re la ted  lesions. B annasch  even  w en t fu th e r  [14] say ing  th a t  th e  
“ in d u c tio n  of h ep a to ce llu la r tu m o u rs  b y  chem ical carcinogens is in d e p e n d e n t 
of liv e r c irrhosis”  [14]. W illiam s on th e  o th e r h an d , a d m itte d  [15] th a t  th e  
m echan ism  by  w hich cirrhosis m igh t p red ispose for th e  developm ent o f c a r ­
cinom a, is r a th e r  obscure.
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In  our view , th e  p rob lem  of th e  re la tio n sh ip  betw een  liver c irrhosis an d  
liver cancer can n o t be reg a rd ed  as se ttled . W e can n o t d isregard  th e  fac t th a t  
we see th e  m a jo rity  o f liv e r  cancer cases in  c irrh o tic  livers. T his is w h y  we 
tr ie d  to  s tu d y  th is  p ro b lem  in an im al ex p erim en ts . A lthough  it is still c o n tro ­
versia l w heth er th e  CCl4-induced  cirrhosis is th e  p ro p er m odel of h u m an  liver 
cirrhosis or n o t, we h av e  chosen th is  ro u te  because a t le a s t th e  h epa tocarc ino - 
genic p o te n tia l of th e  CCI,, itse lf is know n to  be v e ry  low in ra ts  w ith  th e  ex cep ­
tio n  o f  th e  B uffalo in b re d  s tra in s  [16].

D E N  ad m in is te red  in tra p e rito n e a lly  causes no liver cirrhosis, th is  
com pound  proved  to  be cirrhogenic b y  g avage [17]. So in our exp erim en ta l 
reg im en  w here CC14 w as ad m in iste red  b y  gavage and  th e  D E N  b y  ip ., th e  
pu re  cirrhogenic effect o f  th e  CC14 an d  th e  pu re  carcinogenic effect o f D E N  
m ay  p rev a il sep a ra te ly .

O ur re su lts  show ed, th a t  th e  CC14 p re tre a tm en t-in d u c e d  liver c irrhosis 
had  no enhancing  effect on th e  D E N  h epatocarcinogenesis , b u t th e re  w as a 
m ark ed  in h ib ito ry  e ffec t on th e  fo rm a tio n  o f HCCs. F o r th e  m om ent be ing  
it  is d ifficu lt to  ex p la in  these  find ings, as th e  m echanism  m ay  be ra th e r  com ­
plex . I t  seems like ly  t h a t  in ad d itio n  to  th e  patho log ica l a lte ra tio n s  (for in ­
stan ce  a lte ra tio n s  in  th e  hepa tic  c ircu la tio n ), biochem ical even ts (e.g. a lte red  
m etabo lism  of carc inogen  in th e  c irrh o tic  liver) m ay have an  im p o rta n t role.

T he b iochem ical ev en ts  and  th e  m etab o lism  of th e  CC14 and  D E N  have 
been  in v es tig a ted  ex ten siv e ly  [18]. I t  is genera lly  accep ted  th a t  these  com ­
p ounds requ ire  m e tab o lic  ac tiv a tio n  for e x e rtin g  th e ir  necrogenic, c irrh o ­
genic and  carcinogenic effects. The c o n v e rtin g  enzym es involved  are  m ain ly  
located  in th e  m icrosom al frac tio n  of th e  h ep a to cy te s , so th e  cy toch rom e 
P-450 —  m onooxygenase system  serves as a com m on ta rg e t b o th  for D E N  an d  
CC14. In  acute ex p erim en ts  th e  am o u n t an d  th e  a c tiv ity  of th e  cy toch rom e 
P-450 decreased ra p id ly  follow ing a d m in is tra tio n  of CCI, [18, 19, 20] or D E N  
[21]. The ac tiv a tio n  or in h ib ition  of th e  cy toch rom e-system  is know n to  lead  
to  m odifica tion  o f th e  effects o f th e  com pound  involved  v ia  a lte red  m e ta b o ­
lites [22].

T he effect o f CCI, p re tre a tm e n t on th e  carc inogen icity  of n itro sam in es 
has been s tud ied  m o stly  in  acute cond itio n s. In  th e  ca ta ly tic  a c tiv ity  of th e  
low  K m N -n itro so -d im eth y lam in  d em eth y lase  a 50%  loss w as observed  3 h 
a fte r  giving 10 p i CCI , [23]. S im ilarly , CCI ,- tre a tm e n t before d im ethy l- 
n itro sam in e  a d m in is tra tio n  resu lted  in  a com plete  in h ib itio n  of th e  e lec tro ­
philic  in te rm e d ia te  capab le  of m e th y la tin g  D N A , and 7 -m ethy lguan in  and  
Oe-m eth y lg u an in  w ere no t d e tec tab le  [24]. H ow ever, in  sp ite  of th ese  b io ­
chem ical re su lts , th e  CC14 ad m in is te red  24— 28 h p rio r to  D E N  enhanced  
th e  fo rm atio n  of liv er and  k idney  tu m o u rs  in  mice [25]. S im ilarly , ra ts  given 
d im eth y l-n itro sam in e  42 or 60 h a fte r  a single necrogenic dose of CC14, an 
increased n u m b er of liv e r tu m o u rs  has been  observed  [26]. A ccording to  T ay lo r
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e t al [27] in chronic experim en ts th e  com bined  CC14 -f- sodium  n it r i te  -f- am ino- 
p y rin e  t re a tm e n t resu lted  also m uch m ore hepatocellu lar tu m o u rs  th a n  the  
am in o p y rin e  -f- sodium  n itr ite  co m b in a tio n  or th e  d im eth y l-n itro sam in e  
alone. T hus, in  th e  experim en ts of T ay lo r e t al [27] the chronic CCI ,- tre a tm e n t 
has increased  th e  tu m o u r fo rm atio n . In  one of our an im al g roups (group  6) 
w here  CC14 w as adm in iste red  a fte r  D E N  trea tm en t-s im ila rly  an  enhanc ing  
effect w as seen.

In  our m ain  experim en ta l g roups (groups 2 and  4), how ever, th e  chronic 
CCl4- tre a tm e n t d id  n o t enhance b u t  on th e  c o n tra ry  decreased  th e  r a te  of 
cancer fo rm atio n .

A lthough  chronic CCl4- tre a tm e n t w as applied  b y  T ay lo r e t al. [27] as 
well as b y  us, th e re  are s trik in g  differences betw een th e  tw o t r e a tm e n t sched ­
ules. In  th e  w ork  of T ay lo r e t al. [27] th e  in it ia to r  and  p ro m o ter i.e. th e  ca rc in o ­
gen and  CCI, w as adm in istered  s im u lta n e o u s ly  and  no cirrhosis d id  develop 
in  th e ir  an im als, not even in th e  ones tre a te d  w ith  CCI, alone. In  o u r m ain 
ex p e rim en ta l groups on th e  o th e r h an d , an im als w ith  fu llb low n c irrh o tic  liver 
w ere tre a te d  w ith  carcinogen i.e. in itia tio n  should have tak en  place in  c irrho tic  
livers. T he precise m echanism  of th e  in h ib ito ry  effect of th e  CCl4-induced  
liv e r c irrhosis on th e  D E N -hepatocarc inogenesis  is n o t know n. I t  m ay  be th a t  
th e  m o d u la tio n  of th e  m icrosom al co n v ertin g  enzym e system  is responsib le  
fo r th e  decreased  tu m o u r incidence. A ccord ing  to  the  few d a ta  av a ilab le  in  th e  
li te ra tu re  [28, 29, 30] th e  m icrosom al cy toch rom e P-450 co n ten t o f th e  c ir rh o t­
ic liver in  ra ts  is sign ifican tly  low er th a n  th a t  of the  con tro l an im als. In  ad d i­
tio n  no signs o f recovery  w ere seen d u rin g  8 weeks a fte r cessa tion  o f  CC14- 
tre a tm e n t [28]. So it  is possible t h a t  th e  decreased h ep a to carc in o g en e tic  
effect o f D E N  cirrho tic  ra ts  is re la te d  w ith  th is  p e rm an en tly  low  cy to ch ro m e 
c o n te n t o f th e  liver, i.e. w ith  th e  red u ced  m etabo lism  of th e  carc inogen  w hich  
resu lts  in a decreased in itia tio n . T he suggested  role of the  CCI ,-induced  m od i­
f ic a tio n  o f th e  cytochrom e P-450 sy s tem  in  hepatocarcinogenesis is u n d er 
fu r th e r  in v es tig a tio n  a t  our In s ti tu te .
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COMPARATIVE MORPHOLOGICAL STUDY OL 
AGE RELATED MITOCHONDRIAL CHANGES OF 

THE LYMPHOCYTES AND SKELETAL MUSCLE CELLS

E d i t  B e r e g i , О. R e g i u s

GERONTOLOGY C EN TER OF TH E SEM M ELW EIS MEDICAL U NIV ERSITY , BU DA PEST, HUNGARY

(R eceived 18 M arch 1987)

The age dep en d en t electron  m icroscopic changes of th e  m ito ch o n d ria  in  a m ito tic  
cell (ly m p h o cy te) were com pared w ith  those  of a p o s tm ito tic  cell (sk e la ta l m uscle cell) 
in  hum ans and  in  CBA/Ca mice. Tw o ty p es  of age re la ted  changes could be observed in  
the  m ito ch o n d ria  of lym phocy tes and  ske le ta l m uscle cells: (i) degenerative  changes; 
(ii) g ian t m ito ch o n d ria . The freq u en cy  of th e  m ito ch o n d ria l changes increased  w ith  
age and  w ere m ore freq u en t in  th e  ske le ta l m uscle cells th a n  in  th e  lym phocytes.

K eyw ords: A ging in ly m phocy tes , ag ing in  ske le ta l m uscle cells, age changes in 
m itochondria

Introduction

In  m ost co u n trie s  th e  n u m b er of aged in d iv idua ls in  th e  to ta l  p o pu la tion  
increases. A ging is one of th e  m ost c ritica l issue facing  m an k in d  in  th e  20 th  
c en tu ry , e ith er in  m edical and  social, or in  econom ical aspects. E nh an ced  in te r ­
e s t in  diseases an d  d isab ilities associa ted  w ith  aging has led  to  careful in v e s ti­
ga tion  of m an y  biological system s w ith  th e  hope th a t  m eth o d s will he found  
fo r delaying th e  o n se t of aging, lessening its  severity , or p e rh ap s p rev en tin g  
som e of th e  ag e -d ep en d en t pa tho log ic  changes.

Aging is ch a rac te rized  b y  a d im in ished  ab ility  to  a d a p t to  en v iro n m en ta l 
changes. The im m u n e  system  has an  im p o r ta n t role in  a d a p ta tio n .

Several d a ta  in d ica te  th a t  ag ing  is associa ted  w ith  im m u n e  d y sfunc tion  
b o th  in  hum ans an d  in  experim en ta l an im als [13]. W e w ere in te re s te d  w ea th e r 
th e  fu n c tiona l changes have a m orphological basis or n o t. In  our p rev ious 
w ork , th erefo re  we exam ined  th e  m orphological changes in  th e  m itoch o n d ria  
o f  pop litea l ly m p h  node and  spleen ly m p h o cy tes  o f CBA/Ca m ice, W is ta r  
r a ts  and in  th e  p erip h era l ly m p h o cy tes  of hum ans [2]. I t  is also well know n 
th a t  m uscu lar s tre n g th  is decreasing w ith  aging, fo r th a t  reaso n  m itoch o n d ria  
o f  skeletal m uscle cells w ere exam ined  in  CBA/Ca m ice an d  in  h u m an s [4]. In  
th e  p resen t w ork  we h av e  com pared  th e  age d ep en d en t changes o f m itochondria  
b y  e lectron  m icroscopy in  a m ito tic  cell (lym phocy te) w ith  th o se  of a p o s t­
m ito tic  cell (skele ta l m uscle cell).

Send o ffp rin t req u ests  to  E d it  B eregi, G erontology C enter of The Sem m elweis M edical 
U n iv ersity , B u d ap es t, Som ogyi B. u . 33. 1085 H u n g a ry
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Materials and methods

H um ans p e rip h e ra l ly m p h o cy tes  and  ske le ta l m uscle cells of b o th  sexes were exam ined. 
T he lym phocy tes were se p a ra ted  by  B öyum ’s m eth o d  [5] from  h e a lth y  ind iv iduals . 57 su b ­
jec ts  were 36 — 50 y ears  o f age (con tro l g roup) and  364 sub jects over 71 years of age.

B iopsy m ate ria l o f m uscu lus (m) rec tu s abdom inis was o b ta in ed  from  a surgical d e p a rt­
m en t. 5 p a tie n ts  were 36 — 50 y ears  o f age an d  15 w ere 71 years and  over. O u t of th e  20 p a tie n ts  
13 w ere operated  on h e rn ia , 6 on cholelith iasis an d  1 on duodenal u lcer [4].

Spleen ly m p h o cy tes  fro m  51 CBA/Ca m ice, m m . gastrocnem ius and  rec tu s abdom inis 
from  62 mice were exam in ed . 17 m ice were be tw een  th e  age of 301 — 600 days and th e  rem a in ­
in g  over 601 days of age.

Periphera l ly m p h o cy tes , sm all p a rts  o f th e  spleen and skeletal m uscle were freshly 
fix ed  in  cold g lu ta ra ld e h y d e , th en  in osm ium  te tro x id e  and em bedded  in  A ra ld ite . U ltra th in  
sections were p rep ared  using  an  L K B  U ltra to m e  I I I . ,  co n trasted  w ith  lead  c itra te , and  stud ied  
in  a JE M  100 C e lectron  m icroscope.

Results

Two ty p es of age re la ted  changes could  be observed  in th e  m itochondria  
o f lym phocy tes an d  sk e le ta l m uscle cells, as well: (i) D egenera tive  changes, 
th e  d en sity  of c ris tae  increased  (F ig . 1) an d  in  som e cells th e  cristae  of the  
m itoch o n d ria  d isap p eared  and  were rep laced  by  a lam ellar s tru c tu re  resem bling  
m yelin  (Fig. 2), som etim es elec tron-dense  or e lec tro n -tran s lu cen t substance  
w as visible. T he s tru c tu re  of th is  m a te r ia l is com parab le  to  lipofuscin . (ii) 
T he size of m ito ch o n d ria  proved  to  be changed , g ian t m itoch o n d ria  could be 
observed  (Fig. 3).

Fig. 1. In  old h u m an  th e  d en sity  of m itochondria l cristae of th e  ske le ta l m uscle cells increased  
(X  16 000) (A b b rev ia tio n s: Mf = m yofib rils; Mi =  m itochondria ; ^  =  dense cristae)
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F ig. 2. M yelin-like lam ella r s tru c tu re  and  electron  dense m ate ria l in  th e  m itochondria  of 
p e rip h era l ly m p hocy te  o f old hum an. L ipofuscin g ranule  n ea r th e  m itochondria . ( X 30 000) 
(A b b rev ia tio n s: D e lectron  dense m ateria l; L — =  lipofuscin;[_Mi =  m itochondria ; My =

m yelin-like m ate ria l; N =  nucleus)

Fig. 3. G ian t m ito ch o n d ria  in  the  gastrocnem ius m uscle cell of CBA m ice ( X 50 000). (A bbre­
v ia tio n s: Mf =  m yofibrils: GMi =  g ian t m ito ch o n d ria )
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F ig . 4. G ian t m ito ch o n d ria  in  the  p e rip h e ra l ly m p h o cy te  of old h u m an . D isru p tio n  of m ito ­
ch ondria l cristae an d  e lectron  tra n s lu c e n t m a te ria l ( X 20 000). (A b b rev ia tio n s: GMi =  g ian t 
m ito ch o n d ria ; L i =  lip id  drop; Mi =  m ito ch o n d ria ; N =  nucleus; T  =  e lectron  tran s lu c en t

m ate ria l)

In  some cases degenera tive  changes were observed in  th e  g ian t m ito ­
chondria , too  (F ig . 4).

The freq u en cy  of these m ito ch o n d ria l changes increased  s ig n ifican tly  
w ith  age. We h av e  com pared  th e  freq u en cy  of th e  m ito ch o n d ria l changes of 
h u m a n  ly m p h o cy tes  w ith  th o se  o f ske le ta l m uscle cells.

In  th e  p e rip h e ra l ly m p h o cy tes  o f hu m an s betw een  36— 50 y ears  of age 
o n ly  5%  while in  th o se  over 71 y ea rs  of age 60%  of th e  su b jec ts  exam ined  
p ro v ed  to  have  th e se  m itochondria l changes.

We have fo u n d  no m ito ch o n d ria l changes in  th e  m uscle cells of th e  
su b jec ts  be tw een  36— 50 years  o f  age, b u t  th e y  could be  d e m o n s tra te d  in  
73%  of p a tie n ts  over 71 years o f age (Table I).

The presence of g ian t m ito ch o n d ria  p roved  to  be s ig n ifican tly  m ore fre ­
q u e n t in  h u m an  ske le ta l m uscle cells (47% ) th a n  in  ly m p h o cy tes  (17% ). The 
d e n s ity  of m ito ch o n d ria l c ristae  in c reased  only in  th e  m uscle cells.

C om paring th e  frequency  o f m ito ch o n d ria l changes in  th e  ly m p h o cy tes  
an d  skeletal m uscle cells of CBA/Ca m ice, we h av e  found  an  increase  in  fre ­
q u en cy  of th ese  changes w ith  age in  b o th  cell ty p es , b u t  th e y  w ere m ore fre ­
q u e n t in th e  m uscle cells -—• s im ila rly  w ith  th e  find ings in  hu m an s —  th a n  
in  th e  lym p h o cy tes  (Table I I ) .  T h e  a lte ra tio n s  w ere m o stly  of d egenera tive  
ch a ra c te r  an d  g ia n t m itoch o n d ria  could  be found  only  in  a few m ice. The 
changes in m. re c tu s  abdom inis an d  m. gastrocnem ius p roved  to  he id en tica l.
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D iscussion

Age re la ted  m ito ch o n d ria l a lte ra tio n s  w ere com pared  in  m ito tic  (lym pho­
cy tes) and  p o s tm ito tic  cells (skeletal m uscle cells) o f hum an s and  CBA/Ca 
m ice. I t  could he s ta te d  th a t  th e  m ito ch o n d ria l changes increased  w ith  age 
in  b o th  cell ty p es a n d  th e y  w ere seen m ore fre q u e n tly  in  sk e le ta l m uscle cells 
th a n  in  lym phocy tes.

D egenerative ch an g es  in  th e  m ito ch o n d ria  of f lig h t m uscle cells of aged 
in sec ts  [9, 11] and  in  th e  ske le ta l m uscle cells o f m ice an d  ra ts  h av e  been d e ­
scrib ed  [8], and  we h a v e  p u b lished  d a ta  o f age re la te d  a lte ra tio n  in  th e  m ito ­
ch o n d ria  of ly m p h o cy te s  [2]. An increased  size of h ep a tic  cell m itochondria  
wrere also described b y  m o rp h o m etric  s tu d ies  [10, 12] b u t  n o t in  lym phocy tes 
and  skeletal m uscle cells.

The role of m ito c h o n d ria  in  th e  ag ing  p rocess has been w idely discussed. 
Som e of th e  a u th o rs  con sid er aging of m ito ch o n d ria  as a possible causa tive  
fa c to r  in  cell aging [6, 7 ]. I t  is well know n t h a t  m itoch o n d ria l D N A  syn thesis  
ta k e s  place on th e  in n e r  m em brane of th e  m ito ch o n d ria , and  th e  inner m em ­
b ra n e  is th e  m ain  s ite  o f free rad ical p ro d u c tio n . As free rad ica ls m ay  have 
serious dam aging  e ffec t on biological m em b ran es, i t  is possible th a t  th e  dege­
n e ra tiv e  changes o b se rv ed  develop as a consequence of th is  effect [1, 6].

As m ito ch o n d ria  a re  energy-cen ters o f cells, i t  can  be h ypo thesized  th a t  
th e  m orphological chan g es described re su lt in  a d im in ished  functional cap ac ity  
o f  lym phocy tes an d  sk e le ta l m uscle cells lead ing  to  insufficiency of im m une 
fu n c tio n s and dec lin in g  o f m uscular s tre n g th .
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G. B e k é n y : K lin ik  der M uskelkrankheiten  

A kadém iai K iadó , B u d a p es t, 1987. (422 pages, 29 figures.)

T he a u th o r o f th is book spen t decades on clinical s tu d ies  in m uscle diseases.
T his book sum m arizes his rich  experience  in  th is field . T he s tru c tu re  of the  book  is 

clear and  v e ry  d id ac tic . E ach  ch ap te r  co n ta in s a b rief su m m ary  of pathom orpho log ical 
changes, d esc rip tion  of clinical sym ptom s, d iagnostic  possib ilities and  th erap y . A sep a ra te  
c h ap te r  deals w ith  th e  u p -to -d a te  concep ts o f th e  s tru c tu re  o f th e  m oto ric  u n it, the  d iag n o stic  
m ethods and  th e  d is tin c tio n  betw een th e  neurogenic and  m yogenic disorders. A n em phasis 
is given to  th e  d iagnostic  value of m uscle b iopsy . A good su rv ey  is given ab o u t th e  c lassifica­
tio n  of neu ro m u scu lar diseases. C h ap ters are dealing w ith  th e  va rio u s form s of m u scu la r 
d y stro p h ies , w ith  th e  ocular m y o p ath ies , w ith  th e  congenital an d  childhood m y o p ath ies , 
w ith  th e  m etabolic  m y opath ies , w ith  th e  fam ily  periodic p aralysis an d  w ith  m yotonia. The c h ap ­
ters on m y as th e n ia  g rav is and on in f la m m a to ry  m uscle d iseases are th e  m ost e laborate  ones. 
V ery  useful know ledge is sum m arized  in  th e  ch ap te r  “ N eu rom uscu lar disorders connected  
w ith  m a lig n an t tu m o rs” . N eu ropath ies of genetic  origin, progressive sp inal and bu lb ar m u scu la r 
a tro p h ies  and  am y o tro p h ic  la te ra l sclerosis are also described in  deta il.

The illu s tra tio n s  are in fo rm a tiv e  in  general, b u t  som e of th e  histological p ic tu res are 
of low technical value .

The lite ra tu re  is com prehensive till th e  early  80s, a n d  covers 82 pages.
T he book p ro v ides m ost u p -to -d a te  in fo rm a tio n  and  in s tru c tio n s  for neurologists b u t 

i t  is also useful for in te rn is ts  and  p a th o lo g ists  too.
B . S z e n d e

J .  G. Si n k o v i c s : M edical Oncology

An ad v an ced  course. A self-assessm ent guide for su b sp ec ia lty  b o a rd  exam inations and  
practice . 2nd ed. B evised  and ex p an d ed  M arcel D ekker Inc. N ew Y ork and  Basel. Two v o lu ­

m es, 2062 pages.

The tw o m ain  purposes of th is  single  au th o red  tex tb o o k  are: to  help residents in  p re ­
p a rin g  for su b sp ec ia lty  board  exam in atio n s an d  to  serve as a guide for all the physicians dealing  
w ith  cancer p a tien ts .

T he au th o r — th an k s  to  his com prehensive  experience — succeeded in fulfilling these  
goals. A lm ost all fields o f clinical oncology are  d ea lt w ith  and th e  various types of m alignom as 
are discussed accord ing  to  th e ir im p o rtan ce , b u t  generally  in  details.

Since th e  book is in ten d ed  for p h y sic ians, th e  a u th o r does n o t deal w ith the  defin ition  
of in d iv id u a l fo rm s o f diseases. These d e fin itio n s are easily availab le  from  tex tbooks. In s te ad  
of th is  th e  m ost recen t in fo rm atio n  on p a th o lo g y , etiology, im m unology  of m alignom as are 
w idely discussed, an d  the  recen t d ev elopm en ts in th e ir  d iagnostics and  tre a tm e n t are p re sen t­
ed. A large a m o u n t o f in fo rm atio n  is p resen ted  on th e  basis of m ore th an  8000 original 
pub lica tions.

T he book is d iv id ed  in to  six m ain  p a rts . In  the  f irs t p a r t  th e  haem atologic  m alignancies 
are discussed. T his p a r t  in troduces th e  new  concepts of c lassification  and  th erap y  of m alig n an t 
lym phom as. T he new' ach ievem ents in  th e  fie ld  of leukem ia and  A ID S-research , includ ing  
in fo rm atio n  ab o u t th e  role of oncogens in  h u m an  tum o u rs can  also be found  in  th is p a r t.
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T he second p a r t  is dealing  w ith  the  tu m o u rs  o f m esenchym al origin, while in  th e  th ird  
one th e  neu roec toderm al a n d  neurogenic tu m o u rs  a re  discussed. The discussion of th e  classi­
f ic a tio n  of th e  p igm en t cell tu m o u rs  and  A P U D -o m as in  th is  chap ter is re flecting  th e  a u th o r’s 
m o d ern  concepts.

C arcinom as are described  in  p a r t  four. O bv iously , th e  largest scope is d ev o ted  to th is  
m o st f re q u e n t and  m o st s ig n ifican t group of m alignom as. In  connection  w ith  th e  ep ithelial 
tu m o u rs  of d ifferen t o rgans th e ir  incidence and  th e  re ce n t know ledge re la ted  to  th e ir  etiology 
are  co n sis ten tly  discussed. D e ta iled  in fo rm a tio n  is g iven  concerning th e ir  m o st sign ifican t 
h isto log ical form s, clinical signs and  stag ing  th e  new  d iagnostic  and  th e ra p eu tic  p rocedures are 
d iscussed  critically .

T he f if th  p a r t  is a k in d  of su m m ary  on  th e  p rincip le  and p rac tice  of m o d ern  cancer 
th e ra p y . P a rticu la rly  th e  ch em o th erap y  an d  th e  im m u n o th era p y  are th o ro u g h ly  review ed. 
T he successes achieved in  tre a tm e n t of m a lig n a n t m elanom as, b reast, lung  cancers, g a stro ­
in te s t in a l  tum ours and  gynecological m alignancies are em phasized  b y  presen ting  th e  in te rn a tio n ­
ally  accep ted  and used  protocols. The in fec tious com plications and th e ir  tre a tm e n t p o ssib ili­
tie s  a re  also ex h au stiv ely  discussed in  th is  p a r t.

C hap ter six is a u n iq u e  p a r t  of th e  book. T h e  au th o r has reached his goal indeed. This 
p a r t  w ill provide in es tim ab le  help to residen ts p rep arin g  them selves for bo ard  exam ination . 
T h is  p a r t  conta ins carefu lly  selected self-assessing tests . T he r ig h t answ ers to  questions are 
also in c lu d ed  giving even references in  som e instan ces .

T he te x t is well w r it te n  and  clear, th e  c h ap te rs  a re  well s tru c tu red . T he sty le  o f the book  
i s  concise, for the  sake of b re v ity  — according to  th e  a u th o r’s words — i t  is a lm o st telegraphic. 
C oncerning m any  diseases, en titie s , tab les show ing th e  m ost im p o rta n t ch ara c te ris tic s  of the  
disease  are also included . T he well com posed tab le s  help the  quick  and  y e t  th o ro u g h  
o rien ta tio n  of th e  re ad e r so th e  book can easily  b e  used  in  every -day  practice .

F ro m  ed ito ria l asp ec ts  th e  c lassifica tion  of som e of the  diseases could be debated . 
E .g . m ononucleosis in fec tio sa  does n o t seem  to  belong to  th e  category  of m a lig n an t ly m p h o ­
m as. A lthough  th is E B  v iru s induced  disease is p ro d u c in g  lym phopro liféra tion , th is  has how ­
ev er reac tiv e  ch arac te ris tic s  — according even  to  th e  a u th o r’s opinion, and  p a tie n ts  are 
g en era lly  recovering w ith o u t any tre a tm e n t. I t  w ould have been m ore su itab le  to  discuss 
th is  co n d ition  un d er th e  p rev ious su b ch ap te r  (re la te d  conditions). A m yloidosis, w hich — as 
th e  a u th o r  describes — m ay  be a consequence of ce rta in  m alignom as b u t is n o t a tu m o u r, itse lf 
is  d e a lt  w ith  in a su b c h a p te r  on p lasm a cell neoplasias. I t  would have been b e tte r  to discuss 
i t  to g e th e r w ith  o th er gam m o p ath ies as possible consequence of plasm a cell tum ours.

T ak ing  in to  co n sid era tio n  th a t  th e  a u th o r  w ro te  his book for resid en ts  w ho are aw are 
o f th e  basic n a tu re  of th e  various d isease-en tities, th e  above m entioned  an d  some o th er 
d isp u tab le  classification  how ever c an n o t cause  s ig n ifican t m isunderstand ings.

These bu lky  b u t  well ed ited  volum es c o n ta in  an  enorm ous a m o u n t of in fo rm a tio n  c riti­
cally  selected and p re sen ted  by  an  a u th o r w ith  g re a t experience b o th  in th e  fields of theo re tica l 
an d  clinical oncology. T he book is going to be an  excellent m anual fo r do c to rs  specializing 
in  c lin ical oncology an d  tra in in g  for tak in g  ex am in a tio n , b u t i t  is p rom ising  fo r p ractic ians 
g iv ing  a versatile  rev iew  a b o u t various ty p es  of m alignancies. I t  can also be a useful reference 
boo k  for theo re tical ex p erts .

K. L apis  an d  K. S imon

[.1. H. L a n g d o n : Functional M orphology o f  the Miocene H om inoid  Foot 

K arger, Basel, 1986, 225 pages w ith  69 fig u res an d  22 tables. P rice: S F r 9 8 .—,

This book is th e  22nd volum e of th e  series o f K arger “ C on tribu tions to  P ro m a to lo g y ” 
ed ite d  by  F. S. Szalay  (N ew  Y ork). I t  is d iv id ed  in to  4 chap ters: th e  in tro d u c tio n  gives a 
su rv e y  of lite ra tu re  on  th e  stud ies of a n tro p o id  fo o t bones available in  m useum s and  of fossile 
sk e le to n  findings. T he second ch ap ter describes m orphological m ethods b y  w hich  Langdon 
co m p ared  the  foot bones o f 19 recen t species a n d  fossile findings. The th ird  c h ap te r  con tains 
th e  d e ta iled  m o rp h o m etric  d a ta  and  fu n c tio n a l an ato m ical conclusions. In  ad d itio n  to  body 
s tru c tu re  the  a u th o r  stresses th e  fea tu res , s im ilarities and differences in  postu re  and  loco­
m otion . U n d e rstan d ab ly , th e  longest c h ap te r  o f all is th e  fo u rth , a descrip tive  an a to m ica l one, 
am o u n tin g  to m ore th a n  100 pages. The conclusions also p o in t o u t th e  role of en v ironm en ta l 
facto rs.

The descrip tion  follow s th e  princip les of classical com parative  an a to m y , i.e. i t  operates 
w ith  uniform  n o m en c la tu re , order, ty p in g  e tc. I t  is of g rea t help to  th e  in te res ted  reader 
to  f in d  th is w ealth  of m etric  and  descrip tive  d a ta  collected in  one vo lum e, ev ery th in g  th a t
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has been published  in th is  fie ld  till 1985. The a u th o r is a co-w orker of the  A nthropology  
D ep artm en t of Y ale U n iv e rsity  an d  collected his m ate ria l from  d iffe ren t p a rts  of th e  w orld. 
All who prov ided  help or d a ta  a re  m entioned in  acknow ledgem ents, am ong  th em  the  H u n g arian  
Miklós K re tzo i m ak ing  his o b se rv a tio n s on the find ing  of R u d a b á n y a  accessible for L angdon.

T here are reg re tfu lly  few  p h o tograph ic  illu s tra tio n s  in  th e  book and even these are 
fa r from  being flaw less. T h is is due to the  fac t th a t  th e  a u th o r  d id  n o t use his own m ate ria l 
b u t second copies. T he reference lis t is com prehensive co n ta in in g  m ore th a n  350 item s. T his 
volum e fits  in  well w ith  th e  series and can be used as an  ex ce llen t sourcebook.

L. H a r s á n y i

Lehrbuch der allgemeinen Pathologie und der pathologischen A natom ie. E ds: M. E d er  und P. Ge d ic k  

Springer, B erlin , H eidelberg , New Y ork, L ondon , P a ris , T okyo  1986.

This bu lk y  volum e of 937 large-fo rm ate  pages con ta ins th e  princip les of general and  
special patho log ical a n a to m y  th a t  s tu d en ts  are supposed to  learn  a t  least in the  FR G . T he 
tex tbook  reached  now its  3 2 th  ed itio n  w hich is 26 pages longer th a n  th e  previous one. T he 
stru c tu re  of th e  book follows th e  classical p a tte rn  of ed u ca tio n  in  p a tho log ica l an atom y, i.e. 
i t  contains ch ap ters  of general as well as of special patho logy .

A p a rt from  the  ex tension  of th e  tex t, some c h ap te rs  show  considerable a lte ra tio n s  
com pared to  th e  previous ed itio n . For instance the  c h a p te r  on im m un o p a th o lo g y  describes 
now the  m ost u p -to -d a te  know ledge ab o u t the  p ro d u c tio n  and  d iag n o stic  value  of m onoclonal 
antibodies. T he c h ap te r  “ P a th o lo g y  of G row th and  D iffe re n tia tio n ”  con tains in th is  new  
ed ition  a sep ara te  subdiv ision  fo r Invasion  and for M etastasis, allow ing the au th o r to  give 
m ore details ab o u t the  m echan ism  and  significance of m e ta s tas is  o f m alig n an t tum ours.

The sam e c h ap te r  is now  com pleted  w ith the  basic know ledge ab o u t oncogens. T his 
enables s tu d e n ts  to  app ly  th e  ra p id ly  increasing d a ta  ab o u t th e  role o f oncogens in oncoge­
nesis and p ro b ab ly  th e  diagnosis o f cancer in th e ir fu tu re  p ractice .

In  special pa tho logy  th e  c h ap te r  “ Patho logy  of the  S k e le ta l-sy stem ” is ex tended  by  
8 pages and  th e  sub jects considered  in the  previous ed ition  are d e a lt  w ith  in g reater deta il. 
P a rticu larly  in  th is  ch ap ter, b u t  also in  the whole tex tb o o k , th e  p ro p o rtio n  of h igh  q u a lity  
colour illu stra tio n s are increased  in  nu m b er as com pared to  th e  p rev ious edition.

The tex tb o o k  gives a clear an d  com prehensive as well as a m o st d id ac tic  descrip tion  of 
th e  m odern know ledge in  p a tho log ica l anatom y. The in fo rm a tio n  m eets th e  req u irem en ts of 
th e  m edical curricu lum  and  i t  m ay  well serve as a basis of clinical stud ies.

The book is also useful fo r m edical doctors who are p rep arin g  them selves for spec ia l­
iza tion  in  patho logy .

K . L a p is , and B. Sz e n d e

Die Stellung des M akrophagen im  Im m unsystem . E d .: J .  H . S charf

N ova A cta L eopoldina, No. 263, B a n d  59, J .  A. B a rth  V erlag u n d  D eu tsche  A kadem ie der N a ­
turforscher L eopoldina, H alle (Saale), 1986. (80 pages, 28 figures, 13 tab le s . Price: 45 .— DM 

(A vailable fro m  J .  A. B a rth , D D R  7010 L eipzig, Pf. 109.)

This issue con ta ins th e  P roceed ings of a L eopold ina-m eeting  ho ld  in  Halle, 3. 12. 1983. 
The scientific ed ito r is G. Geiler (Leipzig).

The following lectures are pub lished : Phylogenesis of th e  im m u n e  system  w iih special 
a tte n tio n  to  m acrophages (H . A m brosius, Leipzig); T he m o n onuclear phagocyte sy s te m  
(J . W. M. V an  der Meer and  R . V an  F u rth , Leiden); M orphology of m acrophages and th e  
stages of th e ir d iffe ren tia tio n  (H . K . M üller-H erm elink, M. R. P a rw aresch  and  H. J . R adzun , 
W ürzburg , Kiel); F u n c tio n  of m acrophages w ith  special re sp ec t on  im inunoregu la tion  (R . 
K ra f t  and H. C ottier, B ern); T he m acrophage as cy to to x ic  effec to r cell (M. L. L ohm ann- 
M atthes, F re ibu rg  i. B r.).

A basic know ledge a b o u t m acrophages can be o b ta in ed  from  th is  issue. The lite ra tu re  
is covered up to 1983.

The booklet can  be useful fo r patho log ists, im m unolog ists and  histologists.

K . L apis  and  B. Sz e n d e

Acta Morphologica Hungarica 35, 1987



ERRATA

T he correct o rder o f figures to  M.A. D oro sh en k o  and P .A . M o tav k in ’s a rtic le  en titled  
“ O lfacto ry  ep ithe lium  of m arine  fishes in scan n in g  electron m icroscopy” , an d  published  in 
A c ta  M orphologica (34/3, pp . 143 — 155, 1986) sh o u ld  be read  as follows:



F ig . 1. S tru c tu re  of th e  o lfac to ry  surface in Oncorhynchus keta a n d  0 . gorbuscha. (a) G eneral 
view  of o lfac to ry  lam ella in 0 . gorbuscha, X300. (b) Secondary  folding on surface of th e  
o lfactory  lam ella  in 0 . gorbuscha, X 1500. (c) IE  a t  m argin  of o lfac to ry  lam ella in 0 . gorbuscha,

X2500. (d) SE  in 0 . keta , X 3000



F ig . 2. Surface o f o lfac to ry  lam ella  in L im anda  yokohamae. (a) Isle ts o f of IE  located  on 
o lfac tory  lam ella, X 300. (b) An islet of IE  su rro u n d ed  by  sensory ep ith e liu m , X 1000. (c) 
C iliated  and sec re to ry  cells in in te rm ed ia te  ep ith e lia l b e lt, X6000. (d) F lagella  and  cilia in SE ,

X 6000



F ig . 3. S tru c tu re  of surface  of o lfac to ry  lam ella  in  Pleurogrammus azonus. (a) G eneral view of 
lam ella  in  olfactory- ro se tte , X 200. (b) IE  on to p  o f o lfac to ry  lam ella, X5000. (c) S E , bordering  

a  knoll o f IE , X4000. (d) SE , X 10 000



F ig . 4. S tru c tu re  o f su rface  of o lfactory  lam ella in Teleostomi. (a) IE  and SE on lam ella of 
o lfac to ry  organ in sea b u llh ead , X 300. (b) IE  on m arg in  of o lfac to ry  lam ella in sea bullhead. 
X 2500. ^c) SE on o lfac to ry  lam ella  in flounder, X 6000. (d) SE  and  IE  on o lfactory  lam ella in

filefish, X 500



F ig . 5. Schem e of a rran g em en ts  of lam ellae in  o lfac to ry  ro se tte  of m arine fish  species. (I) 
R ad ia l a rran g em en t of lam ellae a round  cen tra l rap h e , com plica ted  by  secondary  fo ld ing  
(salm ons), (I I )  S im ple ra d ia l a rran g em en t o f lam ellae  a ro u n d  c en tra l raphe  w ith o u t seco n d ary  
folding. ( I l l )  T ransverse  an d  longitudinal a rran g em en t o f o lfac to ry  lam ellae a ro u n d  e longated  
rap h e  (greenling). (IV ) P a ra lle l a rran g em en t of lam ellae  w ith o u t c en tra l rap h e  (flounder). (V) 

L o n g itu d in a lly  o rien ted  o lfac to ry  lam ella (filefish)

F ig . 6. Schem e of a rran g em en ts  of SE over o lfac to ry  lam ella, (a) S E , (b) IE . (I) SE  se p a ra ted  
by  secondary  folds in to  large  con tinuous areas (salm ons). ( I I )  SE  w ith  irregu lar islets o f IE  
(greenling). ( I l l )  SE  and IE  irregu larly  m ixed (flonder). (IV ) C ontinuous SE  no t reach ing  th e  

m arg in s o f th e  o lfac to ry  lam ella  (see bu llhead , filefish)
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