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DENDRITIC CHANGES IN THE HIPPOCAMPUS 
OF AGED RATS

Ivanka L olova

IN S T IT U T E  OF PHY SIOLOG Y , BULGARIAN ACADEM Y OF SCIENCES, SOFIA , BULGARIA 

(Received 24 M ay  1988)

A ge-related  changes in dendritic  b ra n ch e s  in  s tra tu m  lacunosum -m olecu lare  
o f th e  CA1 h ippocam pal field  were ex am ined  using  q u a n tita tiv e  u ltra s tru c tu ra l m e th ­
ods. A decrease by  3 8 %  was d em o n stra ted  in  th e  n u m b er o f d en d ritic  b ran ch  profiles 
p e r tissu e  square a rea  in  th e  group of aged  (24-m on th -o ld ) ra ts  as com pared to  th a t  
in  th e  group  of young  a d u lt  (3-m onth-old) ra ts .  T he to ta l  vo lum e frac tio n  an d  to ta l  
su rface  of dendrites p e r vo lum e neuropil w ere  decreased  b y  2 3 %  an d  35% , respec tive ly  
in  aged  ra ts . The p e rcen tag e  area of n e u ro p il occupied  b y  d en d ritic  b ran ch  profiles 
w as sm alle r in  aged ra ts  (b y  22% ) th a n  t h a t  in  y o u n g  a d u lt ra ts .  T he w id th  of th e  layers 
in c lu d in g  th e  apical d e n d rite s  of the  CA1 h ip p o ca m p a l p y ra m id a l cells w as unch an g ed  
in  th e  group  of aged ra ts .  T he degree of th e  changes in  d iffe ren t p a ram ete rs  exam ined  
suggests th a t  th e  a tro p h y  and  loss of d e n d r ite s  in  aging h ip p o cam p u s affect p re fe r­
e n tia lly  te rm in al b ran ch es.

Keywords: H ipp o cam p u s, dend rites , u l tra s tru c tu ra l  q u a n tif ica tio n , aging

In tro d u c tio n

I t  is p o s tu la ted  t h a t  a close co rre la tio n  ex ists b e tw een  th e  d e te rio ra tio n  
of the  b ra in  functions an d  th e  changes of th e  p o s tsy n a p tic  surface in  aging [17]. 
C onsidering th e  im p o rta n t role of the  h ip p o c a m p a l fo rm a tio n  in  lea rn ing  an d  
m em ory th e  g rea t in te re s t to  the  ag e-re la ted  a lte ra tio n s  o f th e  dendritic  tree  
of th is  s tru c tu re  is qu ite  conceivable. P ro g ressiv e  changes in  th e  den d rites  of 
the  aged h u m a n  and  an im a l h ippocam pal fo rm atio n s  h av e  been  d e m o n s tra t­
ed in  q u a lita tiv e  and  q u a n tita tiv e  Golgi s tu d ie s  [6, 10, 13, 16, 18]. I t  has 
also been  found  th a t  th e  vu ln erab ility  o f  th e  d en d rite s  u n d e r exp erim en ta l 
cond itions increases w ith  advancing  age [15]. H ow ever, th e  q u a n tita tiv e  
u ltra s tru c tu ra l d a ta  on age-dependen t d e n d ritic  changes in  th e  h ippocam pal 
fo rm atio n  concern  r a t  d e n ta te  gyrus [8] a n d  u ltra s tru c tu ra l  d a ta  on th e  h ip ­
pocam pus are  no t availab le .

T he ob jec tive  of th is  u ltra s tru c tu ra l s tu d y  was to  q u a n tify  th e  den d ritic  
b ranches in  s tra tu m  lacunosum -m olecu lare  (s tr . L-M) o f CA1 h ippocam pal 
field in  y o u n g  ad u lt and  aged  ra ts . The CA1 h ip p o cam p a l fie ld  w as chosen for 
ex am in a tio n  because recen t u ltra s tru c tu ra l an d  im m unocy tochem ical s tud ies

Send o ffp rin t requests to : D r. I. Lolova, I n s t i tu te  o f P hysio logy , B u lgarian  A cadem y 
of Sciences. A kad . G. B onchev S tr ., Bldg. 23, 1113 Sofia , B u lgaria
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4 IVANKA LOLOVA

h av e  d em o n stra ted  th a t  th e  nerve  cells in  th e  ou te r layers o f th e  la te ra l  en- 
to rh in a l co rtex  an d  py ram ida l cells in  CA1 h ippocam pal fie ld  in  h u m an s are  
ea rly  and  s tro n g ly  affected w ith  a d v an c in g  age f l, 23]. T he s tr . L-M w as chosen  
fo r th e  q u a n tita tiv e  analysis because q u a n tita tiv e  Golgi s tu d ies  have rev ea led  
ea rly  im p a irem en t of the  te rm in a l b ran ch es of b o th  apical an d  basal d en d rite s  
in  th e  neocortex  o f aged an im als [2, 20]. The te rm in a l b ranches of th e  ap ica l 
den d rites  of th e  h ippocam pal p y ra m id a l cells are localized in s tr. L-M.

Materials and methods

Seven y oung  a d u lt (3 -m onth-o ld) and  seven aged (24-m onth-old) W ista r ra ts  w ere 
used . The an im als w ere perfused tran sca rd ia lly  w ith  3%  g lu ta ra ld eh y d e  in  0.1 M p h o sp h a te  
b u ffer, p H  7.4, fo r 20 m in. Coronal 2 — 3 m m  th ic k  slices were cu t from  th e  rostra l p o rtio n  of th e  
dorsal h ippocam pal fo rm ation , fixed  in  th e  sam e fix a tiv e  for 40 m in  an d  p o stfix ed  in  1%  
0 s 0 4 for 90 m in . Follow ing d e h y d ra ta tio n  th e  tissue  blocks were em bedded  in D u rc u p an .

T hree  b locks from  each an im al w ere exam ined . The loca lization  of th e  CA1 h ip p o ­
cam pal field was de te rm in ed  in  sem ith in  sec tions sta in ed  w ith  to lu id in e  b lue. Two se ts o f 3 — 4 
sem ith in  sections w ere ob ta ined  from  each  block a t  in te rv a ls  of 200 /an . T he w id th  of th e  s tr . 
ra d ia tu m  and  str . L — M from  th e  ap ical edge of th e  CA1 py ram id al cell bodies to th e  h ip p o ­
cam pal fissure w as e stim a ted  using  a Zeiss lig h t m icroscope. T his w id th  was m easu red  a t  
m edial, c en tra l an d  la te ra l p a r ts  o f one section  from  each set.

U ltra th in  sections (silver-gold) w ere s ta in ed  w ith  u ran y l a ce ta te  an d  lead c itra te  an d  
ex am ined  in  an  O p to n  10 C electron  m icroscope. T he m icrographs w ere tak e n  th ro u g h  th e  
s tr . L —M using o n ly  one section from  each  b lock  in  o rder to  o b ta in  a random  sam ple  o f th e  
d en d ritic  b ran ch es a t  a m agnifica tion  of X l2  500 and  p rin ted  a t  a m agn ifica tion  of X 2.32. 
T he m icrographs did no t con ta in  n o n -p y ram id a l nerve  and glial cell bodies or b lood vessels. 
A t least 30 m icrographs from  each an im al w ere used  for th e  q u a n tita tiv e  analysis. T he fo llow ­
ing pa ram ete rs  w ere calcu la ted : n u m b er of d en d ritic  b ranch  profiles p e r square  a rea  o f a 
m icrograph  (24 sq ./un ), to ta l volum e frac tio n  a n d  to ta l  surface a rea  o f these  profiles p e r u n i t  
tissue  volum e a n d  percen tage  a rea  o f neu ro p il occupied by  d en d ritic  b ran ch  profiles. T hese  
d en d ritic  p a ram e te rs  were de te rm in ed  using  a stereological p o in tco u n tin g  and in te rse c tio n ­
coun ting  p rocedures [3, 22]. M ean va lues for each  an im al were derived  from  analysis o f all 
m icrographs from  th e  anim al. M ean values pe r th e  tw o age groups were derived from  an aly sis  
of all m icrographs ta k e n  from  th e  an im als in th e  respective  group. T he resu lts  w ere a n a ly zed  
s ta tis tica lly  by  S tu d e n t’s-i-test. T he in d iv id u a l differences in each group  were e v a lu a te d  by  
th e  coefficient o f variance-V  — SD /M . 100. S ta n d a rd  dev ia tion  (SD ) and  m ean (M) w ere 
th e  values perage  group  calcu la ted  from  th e  in d iv id u a l m ean va lues in  th e  group.

Results

The s tru c tu re  of th e  n eu rop il o f th e  s tr. L-M in th e  CA1 h ip p o cam p a l 
fie ld  in aged ra ts  was sim ilar to  th a t  in  y o ung  ad u lt ra ts . H ow ever, th e  d e n d ritic  
and  axon profiles in th e  n eu rop il of aged ra ts  were su rro u n d ed  by  m ore an d

F ig. 1. T he d en d ritic  and  axon p rofiles in  24-m onth-o ld  ra ts  were su rro u n d ed  by  en la rg ed  
glial processes rich  in  lipofuscin  granules and fibrilles (arrow s;

F ig. 2. Two b u lb o u s d ila ta tio n s (A) along d en d rite  in  CA1 h ip pocam pal field o f 24 -m o n th -
old ra ts

F ig. 3. M iddle-sized den d rite  co n ta in ing  lipofuscin  and lipid granules (arrow s) in th e  n eu ro p il
o f 24-m onth-o ld  ra ts

F ig. 4. A d en d rite  con tain ing  dense bodies (arrow ) in the  neuropil of 24-m onth-o ld  ra ts

A d a  Morphologica Hungarica 37, 1989
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6 IVANKA LOLOVA

la rg e r  glial processes (Fig. 1). L arge bu lbous d ila ta tio n s  along d en d rite s  oc­
casionally  occurred  in  aged ra ts  (F ig . 2). T hese d ila ta tio n s  co n ta in ed  m ic ro tu ­
bu les, m itoch o n d ria  an d  cisterns o f th e  sm o o th  endop lasm atic  re ticu lu m . 
M any  unchanged  p re sy n ap tic  te rm in a ls  ended  on th e  d ila ta tio n s. M iddle-sized 
d en d rite s  con ta in in g  lipofuscin  g ranu les, lip id  globules an d  dense bodies w ere 
fo u n d  in  th e  n eu rop il o f aged ra ts  (F ig . 3). No d en d ritic  profiles ex h ib itin g  d a rk  
or lig h t ty p e  of d eg en era tio n  described  in  aged h u m an s and  dogs [17, 21] w ere 
found  in  aged ra ts  exam ined .

The q u a n tita tiv e  u ltra s tru c tu ra l analysis show ed a h igh  decrease in  th e  
m ean  num ber o f d en d ritic  b ran ch  profiles p er tissu e  square area (by  38% ) in  
th e  g roup  of aged ra ts  as com pared  to  th a t  in  th e  group of y o u n g  a d u lt ra ts  
(T able I). All in d iv id u a l m ean  va lu es  in  th e  g roup  o f aged ra ts  w ere low er 
(1.20 to  1.93 tim es) th a n  those  in  th e  y o ung  a d u lt group. The to ta l  vo lum e 
fra c tio n  of d en d ritic  b ranches p e r vo lum e neu rop il was also decreased  (b y  
23% ) in  th e  g roup  o f  aged ra ts  as com pared  to  th a t  in  th e  group of young  a d u lt  
ra ts  (Table I). T he in d iv id u a l m ean  values in  th e  group of aged ra ts  w ere low er 
(1.14 to  1.65 tim es) th a n  those  in  th e  y o ung  a d u lt group . The to ta l  surface 
area  o f dendritic  b ra n c h  profiles p e r vo lum e n eu rop il was d im in ished  (by  35% ) 
in  th e  group of aged ra ts  as com pared  to  th a t  in  th e  group of y oung  a d u lt r a ts  
(T able II) . No overlap p in g  of in d iv id u a l m ean values of th e  an im als from  th e  
tw o  age groups w as observed. T he p ercen tage  area  of neurop il occupied b y

Table I

N u m b er and to ta l volum e fraction  of d endritic  branches in  str. L-M of the  CA1 h ippocam pal 
field  in  young a d u lt and  aged ra ts

N um ber 
of profiles

Volume fraction 
of profiles

3 months 24 months 3 months 24 months

M ean di S.E.M. 
pe r anim al

9 .2 9 ± 0 .4 0  
9 .6 6 ± 0 .4 8  

10.50 ± 0 .5 6  
10 .09±0 .44  
9 .7 1 ± 0 .5 2  

11 .07±0.70  
13 .17±0.90

5 .7 8 ± 0 .3 4  
5 .7 4 ± 0 .2 9  
6 .8 5 ± 0 .5 5  
6.63-1-0.38 
6 .1 9 ± 0 .4 4  
7.on ■ 0.15 
6 .8 6 ± 0 .4 8

0 .258±0.015
0 .262±0.011
0 .281±0.015
0.321±0.014
0.264±0.015
0 .243±0.007
0.304±0.016

0 .1 9 7 ± 0 .0 1 3
0 .2 0 8 ± 0 .0 1 2
0 .2 2 4 ± 0 .0 1 5
0 .241± 0 .016
0 .196±0.011
0 .194± 0 .012
0 .227±0.011

M ean di S.E.M. 
pe r group 10.50±0.57 6 .5 2 ± 0 .4 2 0.276±0.013 0 .2 1 2 ± 0 .0 1 3

P e r cen t of 3-m onth-old 
group 62.00 76.81

p <  0.001 <  0.001

V 11.62% 9.47% 9.27% 8.03%

P  significant level. Y coefficient o f variance.
N um ber of co u n ted  m icrographs in  th is  and  n e x t tab les was 224 in th e  group of y o u n g  

a d u lt ra ts  and 230 in th e  group of aged ra ts
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den d ritic  b ra n c h  profiles in  th e  g ro u p  of aged ra ts  was s ign ifican tly  decreased  
(by  22% ) as com pared  to  th a t  in  th e  group  of young  ad u lt ra ts  (Table I I ) . 
H ow ever, tw o  in d iv id u a l m ean  v a lu es  in  th e  y o ung  ad u lt group w ere a lm o st 
equal to  tw o  in d iv id u a l m ean v a lu es  in  th e  aged group. The in d iv id u a l m ean  
values for th e  rem ain in g  five y o u n g  a d u lt ra ts  w ere h igher (1.1 to  1.65 tim es) 
th a n  those  for aged ra ts .

Table II

T o ta l surface a rea  o f dendritic  b ranches a n d  percen tage area  of neuropil occupied by  d en d ritic  
b ranches in  s tr . L-M of th e  CA1 h ippocam pal field  in  young ad u lt and aged ra ts

Surface area 
of profiles

Percentage area 
of neuropil

3 months 24 months 3 months 24 m onths

0 .249± 0 .008
0 .2 5 4 ± 0 .0 1 2

0 .180± 0 .010
0 .161±0 .008

2 2 .5 1 il .2 8
2 6 .2 4 il .1 5

1 6 .6 9 i l .2 8
2 0 . 9 7 i l . l l

M ean ±  S.E.M . 
per anim al

0 .2 8 2 Í0 .0 1 7
0 .3 4 4 Í0 .0 1 8
0 .2 3 7 Í0 .0 0 9
0 .2 6 5 Í0 .0 1 4
0 .3 6 5 Í0 .0 2 3

0 .1 8 8 Í0 .0 1 5
0 .2 1 2 Í0 .0 1 2
0 .1 7 2 Í0 .0 1 0
0 .1 9 1 Í0 .0 1 0
0 .1 8 8 Í0 .0 0 7

2 8 .2 0 i l .5 2
3 2 .0 9 il .3 8
2 6 .3 8 Ï1 .5 3
2 4 .3 9 i0 .7 1
3 0 .6 7 il .6 3

2 2 .3 6 1 1 .5 5
2 4 .0 7 1 1 .5 6  
1 9 .3 5 i l .2 3  
1 9 .3 6 i l .1 9  
2 2 .1 0 i0 .9 8

M ean ±  S.E.M . 
pe r group 0 .2 8 5 Í0 .0 1 4 0 .1 8 5 Í0 .0 1 0 2 7 .1 0 i0 .5 5 2 1 .1 2 i0 .5 1

P e r cen t of 3 -m onth-old  
group 64.90 78.00

p <  0.001 <  0.001

V 16.16% 16.22% 11.50% 9.70%

P sign ifican t level. У  coefficient o f v a rian ce .

Table I I I

W id th  of str . ra d ia tu m  and str. L-M of th e  CA1 h ippocam pal field in young ad u lt and aged ra ts

3 months 24 m onths

440 i  8.00 4 8 1 i  6.80
4 2 9 Í1 4 .1 0 4 2 3 Í1 8 .1 6

M ean dz S.E.M. 462i  9.44 4 2 2 Í1 1 .6 8
per anim al 4 6 3 i  8.80 481 i  11.60

4 5 3 Í1 0 .1 0 4 8 4 i  8.32
4 4 5 i  8.24 4 5 5 i  8.88
4 2 2 i l2 .7 2 4 1 7 Í1 1 .0 0

M ean ^  S.E.M.
per group 4 4 6 Í4 .5 0 4 5 1 Í5 .5 2

p >  0.05

Y 3.28% 6.30%

P significant level. V coefficient o f variance .
N um ber o f counted  slices was 39 fo r th e  group of young ad u lt ra ts  and 4] for the  group 

of aged ra ts
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The coefficients o f variance of th e  in d iv id u a l m ean  values in  th e  tw o 
age groups were co n sid e rab ly  lower as co m p ared  to  th e  age-related  d ifferences 
for all p a ram ete rs  ex am in ed .

No s ign ifican t d ifferences in the  w id th  of the layers including th e  ap ical 
dendrites of th e  CA1 p y ram id a l cells in  th e  tw o age groups were found  (Table
I I I ) .

Discussion

The p resen t q u a n tita tiv e  u ltra s tru c tu ra l  d a ta  show ing a m arked  age-de- 
p e n d e n t decrease in  th e  n u m b er of th e  d en d ritic  b ran ch  profiles in  th e  h ip p o ­
cam pus confirm  th e  q u a lita tiv e  and  q u a n ti ta t iv e  d a ta  of Golgi stud ies on a d en ­
d ritic  loss in  various reg ions of aged h u m a n  and  an im al b ra in : th e  neocortex  
[2, 4, 5, 14, 17, 19, 20], d en ta te  gyrus [6, 16, 18], cerebellum  [13], b ra in  stem  
an d  sp inal cord [11], h y p o th a lam u s [12] an d  o lfac to ry  bulb  [9]. T he decrease 
in  th e  n u m b er of d e n d ritic  b ranches observed  in th e  presen t s tu d y  (by  38% ) 
is considerab ly  h ig h er th a n  the  decrease in  th e  n u m b er of den d ritic  shafts  
found  b y  G ein ism an e t al. [8] in th e  d e n ta te  gyrus of aged ra ts  (by 24% ). T his 
difference m ay  be due  to  th e  s tu d y  of d iffe ren t p a r ts  o f the  h ip p o cam p al fo r­
m ation . O f even g re a te r  significance w ith  resp ec t to  the  d ifferen t re su lts  is 
th e  s tu d y  of d iffe ren t zones of the m o lecu lar lay er in  these tw o p a rts . In  th e  
su p rag ran u la r  zone o f th e  d en ta te  m o lecu la r lay e r m ain  dendritic  sh a fts  are 
p red o m in an tly  localized , w hereas in  th e  s tr . L-M of th e  CA1 h ippocam pal field 
te rm in a l d en d ritic  b ran ch es  are localized . Such an  in te rp re ta tio n  is in  good 
ag reem en t w ith  th e  q u a n tita tiv e  Golgi d a ta  on a p re fe ren tia l loss of te rm in a l 
d en d ritic  b ran ch es in  ag ing  [2, 20]. T he d isp ro p o rtio n  betw een th e  g rea t d e ­
crease in  th e  d en d ritic  num ber and  re la tiv e ly  sm all decrease in th e  dendritic  
volum e frac tio n  o b serv ed  in  the p resen t s tud ies is consisten t w ith  th e  find ing  
of G einism an e t al. [8] on the aged d e n ta te  gyrus and shows th a t  the  
age-re lated  changes a ffec t the  p e rip h era l p o rtio n s ra th e r  th a n  th e  m ain  shafts 
of dendrites.

T h in n in g  of th e  dend rites  in ag ing  has been described in Golgi ob serv a­
tions [5, 14, 17, 18, 20]. The g rea t decrease in  th e  to ta l surface of den d ritic  
profiles as well as in  th e  percentage area  o f neurop il occupied by  these  profiles 
observed in  th e  p re se n t s tu d y  in d ica te  an  a tro p h y  of the  ex isting  den d ritic  
b ranches in  th e  s tr . L-M  of CA1 h ip p o cam p a l field  in aged ra ts .

The m echan ism  underly in g  th e  d e te rio ra tio n  of dendritic  b ran ch es in  
aging is no t y e t c lear. B ased  on the  n eu ro p a th o lo g ica l changes in aged hu m an s 
Scheibel e t al. [17, 18] have suggested  th a t  accum ulation  of n eu ro fib rilla ry  
tang les a t th e  base o f dendrites d is ru p ts  th e  no rm al cy top lasm atic  tra n sp o r t  
along dendrites an d  causes th e ir  d isap p earan ce . No accum ulation  of n eu ro fi­
b rilla ry  tan g les  h as  been  estab lished  in  an y  an im al species [2]. Some
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au th o rs  have  supposed th a t  the  a tro p h y  a n d  loss o f dendrites in  ag ing  m ay  lie 
due to  a p a r tia l d ea ffe ren ta tio n  [5, 9, 20 ]. As su p p o rtiv e  evidence for th is 
suggestion  G einism an e t al. [8] have p o in te d  o u t a loss of synapses on the 
d en d ritic  shafts  [7].

N o tw ith s tan d in g  th e  loss and a tro p h y  o f th e  d en d ritic  b ranches, we failed 
to  f in d  s ign ifican t d ifference in the  w id th  of th e  layers inc lud ing  th e  apical 
d en d rite s  o f th e  CA1 p y ra m id a l cells in  th e  tw o  age groups. N or has difference 
been observed  in the  w id th  of the  d e n ta te  m o lecu lar lay e r of m a tu re  an d  aged 
ra ts  [8]. M ost p ro b ab ly  th e  dendritic  a tro p h y  an d  loss are com p en sa ted  by  
h y p e rtro p h y  of a s tro cy te  processes.
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THREE-DIMENSIONAL RECONSTRUCTION AND 
SYNAPTIC ARCHITECTURE OF CEREBELLAR 

GLOMERULI IN THE RAT
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N EU ROBIO LO G Y  RESEA RCH  LABORATORY O F T H E  HUN G ARIA N  ACADEMY OF SCIENCES AND 
SEM M ELW EIS U N IV ERSITY  M ED ICAL SCHOOL, BUDAPEST, HUNGARY

(R eceived  20 A pril 1988)

Cerebellar glom eruli of sim ple ty p e  w ere stu d ied  by  q u a n tita tiv e  m orpholog ical 
an d  stereological m ethods. I t  h as b een  fo u n d  th a t  in  one g lom erulus th e  c en tra lly  
lo ca ted  m ossy te rm in a l form s sy n a p tic  c o n ta c ts  w ith  ab o u t 50 granu le  cell d en d rite s , 
all deriv ing  from  d istin c t g ranule cells. T h e  th ree-d im ensional reco n stru c tio n  o f th e  
g lom eruli rev ea led  th a t  the  te rm in a l p o r tio n  o f th e  dendrites , th e  so called d ig its , a re  
e longated , th in  processes. S y n ap tic  c o n ta c ts  by  m ossy term in als  a re  estab lish ed  e x ­
clusively  on th e  den d ritic  digits. A lth o u g h  th ese  d ig its  are th e  m ain  p o stsy n a p tic  ta rg e ts  
fo r th e  Golgi axon term inals as well, th e se  in h ib ito ry  endings m ig h t also synapse  w ith  
th e  p ro x im al p o rtio n  of th e  g ran u le  cell d en d rites .

Introduction

T h e cerebellar co rtex  receives i ts  m a jo r in p u t v ia m ossy fibers from  
alm ost all p a r ts  of th e  body. These im p u lse s  are  re layed  to  th e  co rtex  th ro u g h  
the in te rc a la te d  com plex synapses, th e  cerebellar glom eruli. T he cerebellar 
glom eruli a re  com plex assem bles o f g ran u le  cell dendrites closely g rouped  
a ro u n d  th e  e x c ita to ry  m ossy fiber sw ellings. T he granule cell d en d rite s  are  co n ­
ta c te d  also a t  th e  perip h ery  of th e  g lo m eru lus b y  num erous varicosisties o f th e  
in h ib ito ry  Golgi axons [2, 14]. A n o th e r  p o s tsy n a p tic  e lem ent, th e  d en d rite  o f 
Golgi cell is occasionally  present, p a r tic ip a tin g  in abou t 9%  o f all g lom eruli 
[6]. P rev ious stud ies have analyzed  th e  o rg an iza tio n  of th e  cerebellar g lom eruli 
of d iffe ren t species in  d e ta il [3 — 5, 7, 9 — 13, 15]. More recen tly  d irec t m easu re ­
m en t o f g lom eru lar p o ten tia ls  h as  b een  m ad e  b y  T ay lo r e t al. [18]. F u r th e r ­
m ore, C hauve t [1], using  th eo re tica l a rg u m e n ts , suggested th a t  th e  p resu m ed  
m o d ifiab ility  of synapses betw een m o ssy  fib ers  and  g ranule  cell d en d rite s  
w ould  h av e  a crucial role in  cerebellar le a rn in g . A lthough  th e  general p rincip les 
of th e  g lo m eru la r organization  becam e a “ te x tb o o k  d a ta “ , re le v a n t an d  rea lis ­
tic  q u a n ti ta t iv e  and  stereological in fo rm a tio n  a b o u t th e  d is tr ib u tio n  an d  lo ca ­
tio n  o f synapses, an  im p o rta n t p re re q u is ite  for an y  fu n c tio n a l m odel of th is  
s tru c tu re , is s till in  need. A ccordingly, th e  pu rpose  of th is  s tu d y  w as to  o b ta in  
fu r th e r  in fo rm a tio n  on th e  u l tra s tru c tu ra l  o rg an iza tio n  of ce rebe llar g lom eruli 
as in v e s tig a te d  by  th ree-d im en sio n a l re c o n s tru c tio n  of serial th in  sections.

Send o ffp rin t requests to : R . L. J a k a b , N eurobio logy  R es. Lab. o f  th e  H u n g a rian  A c ad ­
e m y  of Sciences and  Sem melweis U n iv e rs ity  M edical School, B u d ap es t, T űzo ltó  S tr . 58, 
H -1094, H u n g a ry
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Materials and methods

A d u lt fem ale a lb ino  ra ts  were an aesth e tized  w ith  eh lo ra lh y d ra te  (350 m g/kg  i.p .) an d  
perfused  tran sca rd ia lly  f ir s t  w ith  a saline so lu tio n  (2 — 3 m in) an d  th en  w ith  a f ix a tiv e  
con ta in ing  1%  p ara fo rm ald eh y d e  and  1%  g lu ta ra ld e h y d e  in  0.1 M p h ospha te  buffer a t  p H  
7.4. The bra ins w ere th e n  rem oved , small b locks fro m  th e  cerebellar hem ispheres w ere excised 
and  refrigerated  o v e rn ig h t in th e  sam e fix a tiv e  so lu tion . T he specim ens were th en  o sm ifica ted , 
d eh y d ra ted , and  em bed d ed  in  D urcupan  ACM re sin  (F lu k a). Serial th in  sections w ere cu t 
w ith  an  L K B  V. u ltra to m e . Section  thickness w as a b o u t 80 nm  as ju d g ed  by th e ir in te rferen ce  
colour [16]. R ibbons of 120 — 200 successive sec tions were p laced  on F orm v ar-co a ted  single­
slot g rids (eight to te n  sec tions per grid) th a t  w ere k e p t in serial o rder so th a t  n eu ronal p ro ­
cesses could be re co n stru c te d  th ro u g h o u t th e  series. All sections w ere sta ined  w ith  lead  c itra te  
[17] an d  u ra n y l a c e ta te . T he sections were v iew ed  and  p h o to g rap h ed  un d er a JE O L  100B 
electron  m icroscope. T he fin a l m agnification  of th e  m icrographs to  be analyzed was X 27 000.

A ltogether five  cerebellar glom eruli w ere analyzed  and  reco n stru c ted  in th e ir  full 
e x te n t .The tran sec te d  p rofiles of neural e lem ents o f th e  glom eruli w ere iden tified  one by  one 
an d  traced  th ro u g h o u t th e  w hole series. W hen possib le, d en d rites  o f granule  cells w ere trac ed  
to  th e ir  p a ren t cell bodies. T he following n u m b er o f consecu tive  sections covered th e  five  fu lly  
reco n stru c ted  g lom eruli:

glom erulus 1 — 131 sections 
glom erulus 2 — 123 sections 
glom erulus 3 — 159 sections 
glom erulus 4 — 170 sections 
glom erulus 5 — 113 sections.

In  o rder to  o b ta in  an d  com pare  th e  sizes o f th e  g lom eru lar com ponents, cross-sectional 
a rea  of all axonal and  d en d ritic  profiles, th e  p e r im e te r  an d  a rea  of m ossy term inals, as well as 
th e  leng th  of p o stsy n a p tic  m em brane  specia lizations facing  th e  m ossy swellings were m easu red  
w ith  a p lan im eter. T he (p a rtia l)  th ree-d im ensional (3D ) re co n stru c tio n  of cerebellar g lom eru li 
was m ade w ith  th e  aid  o f a co m p u te r system  consisting  of: a P D P  11/34 m in icom puter,Q uan- 
t im e t 720 im age an aly zer, M acroview er tab le  an d  C anon cam era  fo r im age in p u t, and  a H aw - 
le t t  — P ack ard  722IB  4-colour p lo tte r  as g rap h ic  o u tp u t  device. T h e  system  was con tro lled  
b y  com puter p ro g ram s A P I a n d  AP3 [19]. T he c o n to u rs  o f processes selected for re co n s tru c ­
tio n  were traced  on to  a c e ta te  sheets by  using in te rn a l reference p o in ts  such as axons or blood 
vessels cu t in cross section . T h en  the  outlines w ere d ig itized  and  fed in to  th e  com puter. T h u s, 
th e  3D m odels w ere b u ilt  from  a series of 2D ou tlin es. In  th e  v isu a liza tio n  phase th e  reco n ­
s tru c te d  objects w ere in v es tig a te d  from  d iffe ren t v iew p o in ts  w ith  th e ir  h idden  lines rem oved . 
D ue to th e  lim ited  cap ac ity  of th e  com puter p ro g ram , th e  3D reco n stru c tio n  was re s tr ic ted  to  
a few rep re sen ta tiv e  g lo m eru lar elem ents u sing  ev ery  th ird  or fo u rth  section in  th e  series. 
T he precise loca tion  of sy n a p tic  con tacts on th e  p o s tsy n a p tic  g ran u le  cell d en d rites  from  
m ossy and  Golgi ax o n  te rm in a ls  were in d ica ted  on th e  co m p u te r draw ings. The vo lum e an d  
surface of th e  re c o n s tru c te d  o b jec ts were co m p u ted  b y  th e  co m p u te r p ro g ram  AP3 and  checked  
by  p lan im etric  m ea su re m e n ts .

The G o lg i-im p reg n atio n  of small b locks ( 3 x 4  m m ) from  cerebellar co rtex  has been  
perform ed, follow ing f ix a tio n  and o sm ifica tio n  as described  before. The b locks w ere 
p laced in 3 .5%  p o tass iu m  d ich rom ate  ov ern ig h t, follow ed by  a tre a tm e n t w ith  silver n i tra te  
(0 .7% ) for 6 — 7 h. T h e re a fte r  th e  blocks w ere covered  w ith  ag ar (8%  solution) a n d  cu t 
in to  fiin  th ick  sections using  a Sorvall TC-2 tissu e  chopper. T he sec tions were th e n  m o u n ted  
on slides in  a drop  of g lycerol, and exam ined  u n d e r th e  lig h t m icroscope. S ections 
con tain ing  w ell-im pregnated  neurons were d e h y d ra te d  and  em bedded .

Results

Since th e  m ax im um  of 200 serial sec tions o b ta in ed  did  no t allow to  a n a ­
lyze and reco n stru c t la rge , so called “ com plex”  g lom eruli (glom eruli w ith  m ore 
th a n  one m ossy te rm in a l) in th e ir  fu ll e x te n t, five g lom eruli of th e  “ sim ple 
ty p e ”  were exam ined  in th is  s tudy .
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T he elec tron  m icrographs show ed th a t  one m ossy fib e r ro se tte , co n ta in in g  
large, sphero id  sy n ap tic  vesicles, is th e  cen tra l com ponent of each five g lom eruli 
(Fig. 1). T he m ossy fiber sw elling is no t necessarily  an  end ing , th e  fib e r m ay  
leave th e  g lom erulus and  form  fu r th e r  ro se tte s . N evertheless, in accordance 
w ith  th e  accep ted  term inology , all five of th em  M ill he called m ossy te rm in a ls  
(MT in  ab b rev ia tio n s) in th is  s tu d y . As seen in Fig. 1, th e  m u ltilo b u la te  co n to u r

F ig. 1. E lec tro n  m icrograph  of a cross-section  from  r a t ’s cerebellar glom erulus (glom . 4). 
T he d ig its (d), processes of g ranule cell d en d rites  (G rd), form  synapses b o th  w ith  th e  c en tra l 
m ossy te rm in a l (MT), w hich co n ta in  large , sphero id  sy n ap tic  vesicles, an d  the  perip h era lly  
lo ca ted  Golgi ax o n  varicosities (Ga) co n ta in in g  sm all, f la tten e d  vesicles. T he “ e x c ita to ry ” 
M T-synapses (of asym m etric  ty p e) a re  in d ica ted  by  arrow s, while th e  “ in h ib ito ry ” G a-synapses 
(of sy m m etric  ty p e) by  open arrow . A rrow heads re fer to  sym m etric  a tta c h m e n t p lagues, 
w hich are desm osom e-like m em brane  specia lizations form ed betw een  d en d rites  a n d /o r  d e n ­

d ritic  d ig its
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of the  m ossy te rm in a l is covered b y  num erous p o stsy n ap tic  profiles of g ranu le  
cell dendrites (G rd), w hich estab lish  w ith  th e  MT asy m m etric  sy nap tic  co n ­
tac ts . The processes o f G rd-s are also p o s tsy n ap tic  to  th e  axonal varicosities 
of Golgi cells w h ich  co n ta in  sm all, p leom orph ic  sy n ap tic  vesicles, an d  give 
rise to  sy m m etrica l sy n ap tic  ju n c tio n s . T he Golgi axon  varicosities (Ga) con­
ta c t  the  g ranu le  cell d en d rite s  a t  th e  p e rip h e ry  of th e  glom eruli. N one of th e  
five  cerebellar g lom eru li w ere found  to  co n ta in  Golgi cell d en d rite .

Fig. 2. C o m p uter-assisted  reco n stru c tio n  of re p re se n ta tiv e  e lem ents from  cerebellar g lom erulus 
o f “ en p a ssa n t”  ty p e  (glom . 4). The draw ings, being  ro ta te d  by  45°, can  be seen from  d iffe ren t 
view points. T he lo ca tio n s  of synapses a re  i llu s tra te d  on th e  processes o f granule  cell d en d rite s  
curving a round  th e  m ossy  fib er swelling (c a n d  g). T he MT- a n d  G a-synapses are in d ica ted  by  
closed and o pened  circles, respectively . On Fig. c. th e  open arrow  show s a Golgi axon sy n ap tic  
site  a t th e  p ro x im a l p a r t  of g ranu le  cell d en d rite  2 (see also F ig . 5b). On these  and su b seq u en t 
drawings th e  re c o n s tru c te d  s tru c tu re s  a re  of equal m agn ifica tio n  an d  angle of inclination  from  

th e  p la in  o f section ing  (40°), w hich  p e rm it to  co m pare  th e ir  sizes

T racing  th e  g ranu le  cell d en d rite s  th ro u g h o u t th e  w hole series to  th e ir  
p a re n t cell bod ies revealed  th a t  no g ranu le  cell send m ore th a n  one den d rite  
to  the  sam e g lo m eru lu s . F u rth e rm o re , all dend rites  te rm in a te d  in the  g lom eru­
lus th ey  en te re d . F in a lly , none of th e  d en d rite s  were seen to  b ifu rca te  or to  give 
side-branches b efo re  en te rin g  th e  g lom erulus. These fea tu re s  ind icate  th a t  each
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dendrite  of a glom erulus derives from  d iffe ren t g ranu le  cells. W ith in  th e  g lo­
m erulus, how ever, th e  G rd-s provide rich  b ran ch in g  p a tte rn s , curving a round  
th e  m ossy te rm in a l, and  giving off sh o rte r  or longer side-branches called “ d en ­
dritic  d ig its”  (Figs 2 — 4). All G rd-s w ere seen to  m ake sy n ap tic  con tac ts  w ith  
m ossy te rm in a l, m oreover, each d en d ritic  d ig it form ed sy n ap tic  ju n c tio n  e ith e r  
w ith  MT, or w ith  Ga, or b o th  (Fig. 5a). E lec tro n  m icroscopic analysis o f th e  
serial sections also revealed  th a t  m ossy te rm in a ls  give rise to  sy nap tic  co n tac ts

Fig. 3. R eco n s tru c tio n  of some com ponents fro m  cerebellar g lom erulus o f “ te rm in a l”  ty p e  
(glom. 1). T he re co n stru c te d  s tru c tu re  (inclined to  40°) is ro ta te d  a ro u n d  by 60°. The loca tions 
o f synapses are  i llu s tra te d  on Fig. b and  e; sym bols as in  F ig . 2. T he granu le  cell d en d rite  1, 
w ithou t sy n ap tic  c o n tac ts  from  Golgi axons, d e m o n s tra te s , as an  exam ple , th a t  n o t all d e n ­

d rite s  estab lish  synapses w ith  Golgi axons

exclusively  w ith  th e  den d ritic  dig its o f G rd-s, an d  avoid  th e  proxim al, “ neck  
p o rtio n ” of th e  den d rites . This fea tu re  is illu s tra te d  on th e  com pu ter-assisted  
draw ings b y  in d ica tin g  th e  precise loca tio n  and  d is tr ib u tio n  of synap tic  m em ­
brane  specializations on th e  processes o f  G rd-s (Figs 2 — 4). The figures 2 an d  4 
d em o n stra te  th a t  th e  th in , varicose Golgi axons m ake sy n ap tic  con tac ts  also 
p red o m in an tly  w ith  th e  den d ritic  d ig its. In  som e ra re  cases, how ever, sy n ap tic  
con tac ts  m ay  be estab lished  w ith  th e  “ n e c k ” o f a den d rite  (F ig. 5b).
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The m ossy f ib e r  ro se tte s  m ay  be d iv ided  according to  th e ir  p o sitio n  in to  
en passant (Figs 2 a n d  4) and term inal (F ig . 3) types. The m ossy  fib e r le ft th e  
glom erulus (belonging  to  en passant ty p e ) in  th ree  cases, w hile in  tw o g lom eruli 
th e y  te rm in a ted  (term ina l type). As c learly  seen on th e  3D re c o n s tru c tio n  
draw ings, th e  term inal ro se tte  is o f m ore irreg u la r shape th a n  those  o f en p a s ­
san t type , w hich are  rou g h ly  sp ind le-shaped .

Fig. 4. R eco n stru c tio n  of a few  re p re se n ta tiv e  com ponents from  th e  “ m in i”  cerebellar glo­
m eru lus (glom. 5). F ig . a. U p p er view  of th e  reco n stru c te d  s tru c tu re  concern ing  th e  p la in  o f 
sectioning. The fo u r su b seq u en t draw ings (b , c, d, e; inclined to  40°) show  d ifferen t sides o f 
th e  glom erular s tru c tu re  being  ro ta te d  by  90°. T he loca tion  of synapses a re  i llu s tra te d  in  F ig . c 
a n d  e; sym bols as in  F ig . 2. As seen on th e  d raw ings in  th is “ m in i”  g lom erulus, th e re  is a 

g rea te r p ro p o rtio n  of G a-synapses to  M T -synapses th a n  in th e  re s t, “ no rm al”  g lom eruli

W hile d a ta  o f four glom eruli (1, 2, 3, and  4) were fa irly  sim ilar to  each 
o th e r as described  in  d e ta il in  a p rev ious p ap e r [8], in te res tin g ly , glom erulus 5 
seem ed to  differ from  th e  four o th e r  b o th  q u a n tita tiv e ly  and  q u a lita tiv e ly . 
T he d a ta  d e m o n s tra te d  in T able I in d ica te  th a t  there  are sign ifican t d ifferences 
in  alm ost all a t tr ib u te s :  includ ing  th e  sm all size, sm all n u m b er of n eu ra l com ­
pon en ts  and  o f synapses. D ue to  th e se  fea tu res , th e  glom erulus 5 w as n am ed  
“ m in i” glom erulus. B eside its m in i c h a ra c te r , w hich is ev id en t, as co m p ared  
its  3D reco n stru c tio n  draw ing  (F ig. 4) w ith  th e  o th e r “ n o rm a l”  g lom eruli (F igs
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2 and  3), how ever, m ore add itiona l fe a tu re s  d istingu ish  th e  m in i g lom erulus 
from  th e  o th e r four g lom eruli. 1) The v o lu m e  d is tr ib u tio n  o f its  neura l com ­
pon en ts  is d ifferen t, h a v in g  m uch g re a te r  p ro p o rtio n  of Golgi axon  varicosities 
th a n  th e  o th e r glom eruli. As a consequence, m ore d en d ritic  d ig its form  synapses 
w ith  Golgi axons th a n  in  th e  o ther fo u r “ n o rm a l” g lom eruli. 2) The sy n ap tic  
p e rim e te r (i.e. per cen t o f m ossy te rm in a l su rface  occupied b y  sy n ap tic  ju n c tio n s) 
is m uch sm aller (4.3% ) th a n  in  the  o th e r g lom eru li (5.4 to  5 .5% ). 3) In  c o n tra s t 
to  th e  fo u r glom eruli, w ith in  th e  m ini g lom eru lus all d en d rite s , w ith o u t excep-

Fig. 5. a. A d en d ritic  d ig it (d ) estab lishes sy n a p tic  c o n ta c ts  b o th  w ith  a m ossy te rm in a l (MT, 
arrow ) an d  Golgi axon  (Ga, o p e n  arrow ), b. A lth o u g h  d en d ritic  d ig its  (d) a re  th e  m ain  ta rg e ts  
for G a-synapses (ind icated  b y  sm all open arrow s), in  som e ra re  cases th e  p rox im al, “ neck”  
p o rtio n  of a  g ran u le  cell d e n d rite  (G rd) form s also syn ap ses w ith  Golgi ax o n  (big open arrow ).

T he sam e synapse is in d ic a te d  also in  F ig . 2c
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F ig . 6. L ig h t m ic ro g rap h s of G olg i-im pregnated  granu le  cells from  th e  g ra n u la r  lay e r o f r a t  
cerebellar co rtex . T he processes a t  th e  d is ta l p a r t  o f th e  granule  cell d en d rite s  are  e lo n g a ted  
an d  d ig itifo rm  side-b ranches (a rrow heads), w hich  are  in co rp o ra ted  in to  th e  c h a ra c te ris tic  
g lom eru lar o rg an iza tio n  (one is in d ic a te d  b y  square), su rround ing  th e  m ossy fib er sw ellings 

(n o t s ta in e d  an d  invisib le here). A rrow s in d ica te  th e  axons of g ran u le  cells

tio n , estab lish  sy n ap tic  co n tac ts  n o t on ly  w ith  m ossy te rm in a ls  h u t  also w ith  
Golgi axons (see also T able I).

Table I

Q u a n tita tiv e  d a ta  of th e  “ m in i”  g lom erulus and  th e  four “ n o rm al”  glom eruli

“ N orm al”
glom eruli

“ Mini”
glomerulus

G lom erular volum e 114— 193 fim 3 41.58 /Ш13
M T-volume 39.4—60.8 fim 3 9.78 /im 3
M T-surface 168— 266 fin i2 40.55 /im 2

H V.O O 
" 33 .9% 23.5%

Volum e d istrib u tio n G rd % 52.8% 52.3%
G a% 13.3% 24.2%

N um ber o f Grd-s 53 ( 4 7 - 5 7 ) 10
N um ber of dig its 208 (1 5 0 -2 8 5 ) 75
N um ber o f d ig its/G rd 3.9 (3.1 —5.0) 5.8
N u m b er o f M T-synapses 113 — 176 31
N um ber o f Ga-synapses 43 — 145 57
N um ber o f G a-varicosities 12— 28 13
%  of Grd-s

synapsing w ith  Ga 
%  of d ig it MT

60.4%  (5 3 .7 % --73.7% ) 100%
67%  (6 3 .6 % -■73.7%) 38%

synapsing w ith  Ga 25%  (2 1 .5 % --26.6% ) 50%
MT +  Ga 8%  (5 .5 % — 9.8% ) 12%

S y nap tic  perim ete r (% ) 5.45%  (5 .4 % —- 5.5% ) 4.3%

MT =  m ossy term inal, G rd =  g ranule  cell dendrite , Ga =  Golgi axon
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Discussion

All f iv e  glom eruli s tu d ied  belonged to  th e  “ sim p le”  ty p e , i.e. th o se  hav ing  
only  one m ossy  term inal. M ore com plex ty p e  g lom eruli, th e  so called cereb e lla r 
“ p ro to p la sm ic  isle ts” [14], w hich in c o rp o ra te  tw o  or m ore in d iv id u a l m ossy 
te rm in a ls , could no t he inv estig a ted  by  th e  m e th o d s used in  th is  s tu d y . N ev ­
ertheless, a few general conclusions on  th e  s tru c tu ra l o rg an iza tion  o f th is  
com plex sy n a p tic  a rra n g e m en t can be d raw n  on th e  basis of s tu d y in g  the  
sim ple ty p e  glom eruli.

1) T h e  reco n stru c tio n  of cerebellar g lom eru li revealed  th a t  th e  d en d ritic  
d ig its, th e  te rm in a l processes of Grd-s, a re  n o t sh o rt, claw -like e lem en ts , as 
i t  was p rev io u sly  described  b y  S zen tág o th a i fo r th e  ca t [2], b u t, in  th e  r a t  
cerebellum  th e y  ap p ear as long s ide-b ranches n o t th ic k e r th a n  th e  p rim a ry  
den d rites . T h is  find ing  is in  accordance w ith  ou r lig h t m icroscopic o b se rva tions 
from  G olg i-sta ined  m a te ria l, in  w hich e lo n g a te d , d ig itifo rm  side-b ranches of 
g ranule cell dend rites, cu rve  around  the m o ssy  te rm in a l (Fig. 6). T he co m p u ter- 
assisted  d raw ings suggest th a t  th e  a r tic u la tio n  b e tw een  th e  g ranule  cell d en ­
drites an d  th e  m ossy fib e r ro se tte s , being s im ila r  to  th e  fingers of a h an d  g rasp ing  
in to  a so ft ob jec t, ap p ea rs  to  be an a d v an tag eo u s  m orphological su b s tra te  for 
fa s t tra n sm iss io n  of ex c ita tio n . Indeed , single g lom eru la r p o ten tia ls  h av e  re ­
cen tly  b e e n  described a n d  th e  synap tic  d e la y  of m ossy te rm in a l-g ran u le  cell 
d en d rite  ju n c tio n  was ca lcu la ted  to  be 0 .17 m s, w hich  is a t  th e  low er lim it 
rep o rted  fo r  chem ical synapses [18 J.

2) T h e  find ing  th a t  each  dendrite  o f  a g lom eru lus o rig inates from  sep a­
ra te  g ran u le  cells, im plies th a t  there  is a h u g e  d ivergence from  m ossy fibers 
to  th e  g ran u le  cells (see also [8]).

3) T h e  dendritic  d ig its are the exclusive  locations for all (ex c ita to ry ) 
m ossy f ib e r  synapses, an d  fo r the  m ost ( in h ib ito ry ) Golgi axon  syn ap ses  as 
well, how ever, a sm all p e r c en t of th e  Golgi a x o n a l synapses are also lo ca ted  a t 
the  p ro x im a l granule cell d end rites. This d ifference  in  location  of th e  “ in h ib i­
to ry ” sy n ap ses  m ay also h av e  functional consequences, as an  in h ib itio n  p ro v id ­
ed a t th e  p ro x im al p a r t  o f a dendrite  m a y  b lock  th e  im p u lse -p ro p ag a tio n  
of th e  d e n d r ite  while th a t  a t  th e  dendritic  d ig its  seem s to  have less in flu en ce  
on th e  a c tiv a tio n  of a g ran u le  cell, as a w hole.

4) T h e  m in i g lom erulus, one of th e  f iv e  g lom eru li, appears to  differ 
s ig n ifican tly  from  the o th e rs  w ith  respect to  th e  size, n u m b er of co m p o n en ts , 
and  of sy n ap ses . I t  is of p a r tic u la r  in te re s t t h a t  in  th is  g lom erulus th e  p ro p o r­
tio n  of in h ib ito ry  axon te rm in a ls  is h igher th a n  in  “ n o rm a l” sim ple g lom eru li, 
w ith  th e  consequence th a t  in  th e  m in i g lo m eru lus a ll g ranu le  cell d en d rite s  
receive sy n a p tic  con tac t from  Golgi axons. O bv io u sly , m ore m in i g lom eru li are 
needed to  be  s tud ied , before assum ing th a t  th is  ty p e  w ould  rep resen t a s e p a ra te  
class of ce reb e lla r glom eruli.
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COMPARISON OF THE EFFECTS OF NaF AND CaF, 
ON RAT GASTRIC MUCOSA 

A LIGHT-, SCANNING- AND TRANSMISSION 
ELECTRON MICROSCOPIC STUDY*

P á lm a  K e r t é s z 1, T. K e r é n y i2, J a n in a  K u l k a2, Jo lán  B á n ó c z y1
D EPARTM ENT OF CONSERVATIVE D EN TISTRY  A N D  'SECOND DEPARTM ENT OF PATHOLOGY, 

SEM M ELW EIS UNIV ERSITY  M EDICAL SCHOOL, BUDAPEST, HUNGARY

(R eceived 21 J u n e  1988)

R a t sto m ach s w ere stud ied  a f te r  in tra g a s tr ic a lly  adm in istered , re p ea te d  doses 
o f 0.1 N  HC1, 100 m mol/1 N aF , 50 m m ol/] C a F , in  0.1 N  HC1, respec tive ly . N a F  p ro d u ced  
ex tensive  d esq u am a tio n  and  cell in ju ry , w hile  C a F , caused som e d e sq u a m a tio n  a n d  
a  sligh t decrease in  secretory  a c tiv ity  as rev ea led  b y  lig h t m icroscopic, SEM  a n d  Т Е М  
exam inations.

Keywords: R a t  gastric  m ucosa, N a F , C a F ,

Introduction

T opical ap p lica tio n  of flu o rid a ted  gels is to d a y  a rou tin e  d en ta l t r e a t ­
m en t, aim ing  a t increasing  th e  resis tan ce  o f d e n ta l enam el. T he fluo ride  con­
c e n tra tio n  of these  gels is 1—2%  (562 — 1052 mmol/1), and  th e y  are app lied  
in  p re v e n tiv e  d e n tis try , generally  1 — 4 tim e s  a yea r. The gel o r paste  (app rox , 
one gram m e) w hich passes in to  the  s to m a c h  d u rin g  tre a tm e n t or a fte rw ard s is 
d ilu ted  50—100 tim es w ith  saliva or g a s tr ic  ju ice , and  its f in a l co n cen tra tio n  
is s till 5 — 20 mmol/1.

A n o th e r area of local fluoride ap p lic a tio n  is th e  follow-up to  ra d io th e ra p y  
t re a tm e n t affecting  th e  m axillo-facial reg io n  perfo rm ed  3 — 7 tim es a w eek fo r 
sev era l (3 — 4) m o n th s. One tre a tm e n t m a y  cause a round  5 —40 m g fluo ride  
load  fo r th e  p a tie n ts  [5, 6, 7, 8]. These q u a n tit ie s  do no t in fluence co n sid e r­
ab ly  th e  fluo ride  ba lance  of the  h u m a n  o rgan ism , b u t  should  be ta k e n  in to  
con sid era tio n  w hen system ic fluoride su p p le m e n ta tio n  is p recalled  to  p re v e n t 
d e n ta l caries. As a side effect of fluoride in ta k e  nausea , vom itus and  ab d o m in a l 
p a in  [2] m ay arise. No d a ta  were found  in  th e  l ite ra tu re  concern ing  th e  effect 
on th e  h u m an  gastric  m ucosa of flu o rid e  sw allow ed to g e th e r w ith  th e  sa liva  
d u rin g  and  a fte r th e  top ica l app lica tion  o f f lu o rid a te d  p rep a ra tio n s . O n r a t  
gastric  m ucosa how ever, a fte r a single dose of 10 rnmol/1 N aF , ligh t- an d  elec­
tro n  m icroscopic lesions and  p e rm eab ility  changes for sm all m olecules could

* T his w ork was su p p o rted  by th e  B orrow  D e n ta l M ilk F o u n d a tio n

Send  o ffp rin t req u ests  to : P . K ertész , D e p t, o f C onservative  D e n tis try , B u d a p es t, 
M ik szá th  sq. 5., 1088-H ungary
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be observed [3, 4, 10]. O ccurrence o f s im ila r changes on the  h u m a n  g as tric  
m ucosa as a re su lt o f  th e  use of ag en ts  w ith  h igh  fluo ride  co n ten t, c a n n o t be 
excluded. N o r w ere re p o rts  in  th e  l i te ra tu re  on th e  effect of C aF 2, w h ich  is 
one of th e  deposit fo rm s of fluoride  in  th e  o ra l c a v ity  [9]. C aF 2has a co n sid e r­
ab ly  sm aller a b so rp tio n  ra te  from  th e  s to m ach  th a n  N a F  [1, 11].

The aim  o f our s tu d y  w as to  in v es tig a te  th e  possible effect o f C a F 2 on th e  
ra t  gastric  m ucosa, an d  to  com pare it  w ith  th a t  of N aF .

Materials and methods

18 fem ale ra ts ,  fro m  in b red  lab o ra to ry  s tra in  w eighing 220 — 400 g w ere assig n ed  to  
th ree  g roups, (co n tro l, N a F  an d  C a F 2) six an im als  to  each  group . T he an im als w ere t r e a te d  
w ith  in tra g as tric a lly  a d m in is te red  so lu tion  of 0.1 N  HC1, 100 m mol/1 N aF  or 50 mmol/1 C a F 2, 
b o th  dissolved in  0.1 N  HC1, one m l/100 g b o d y  w eigh t. S u ffic ien t am o u n t of m an n ito l w as

Fig. 1. H isto log ical e x am in a tio n  of gastric  m ucosa, H E  sta in in g  X  250. A. C on tro l a n im a l 
exposed to  0.1 N HC1: foveolae are lined  w ith  m ucous ep ith e lia l cells B. N aF  t r e a te d  a n im a l 
exposed to  100 m mol/1 N a F  in  0.1 N HC1: gross a p p ea ran ce  of th e  m ucosa seems n o rm al b u t  
th e  foveolar cells c o n ta in  less m ucosal su b stan ces . T he lay e r o f lum inal cells is c o n tin u o u s  
and covered w ith  som e cell debris. C. C a F 2 tre a te d  an im al exposed to  50 m mol/1 C a F 2 in  

0.1 N HC1: norm al foveolae  an d  in ta c t  m ucosa
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F ig. 2. H istochem ica l ex am in atio n  of gastric  m u co sa , A lcian-blue-PA S sta in ing  X 250. A. 
C ontrol an im al exposed to 0.1 N HC1: norm al m u co id  m ate ria l in th e  cells of superficial m ucosa 
B. N a F  t r a te d  an im al exposed to  100 m m ol/ N a F  in  0.1 N HC1: in ten siv e  d esq u am a tio n  on 
the  surface accom panied  w ith  u n ev en  loss of m u co u s  m ateria l from  th e  superficial layers o f 
m ucosa C. C a F 2 tre a te d  anim al exp o sed  to  50 m m ol/1 C a F 2 in 0.1 N HC1: p a r tia l loss o f m ucous 

su bstances from  th e  superfic ia l layers of m ucosa

ad d ed  to  th e  so lu tions to be iso to n ic  to  ra t p lasm a , a n d  to avoid  a n y  osm otic  dam age o f th e  
m ucosa. T he an im als received th e  te s t  solutions th re e  tim es, every  second day .

One h o u r a f te r  the  th ird  tre a tm e n t,  stom achs w ere filled in  s itu  w ith  4 %  g lu ta ra ld eh y d e  
w ith  th e  help o f an  oesophagial sonde, under e th e r  an aesthesia . Follow ing th e  liga tion  of th e  
oesophagus a n d  duodenum , th e  s to m ach  was re m o v e d  and im m ersion  fix ed  w ith  th e  sam e 
g lu ta ra ld eh y d e  solu tion . In  th is  w ay  fixation  d ifferences due to  th e  co n cen tra tio n  a n d  in ­
ap p ro p ria te  p e n e tra tio n  of th e  f ix a tiv e  could be av o ided . A fter 1 h  o f im m ersion  f ix a tio n  
1 x 4  m m  specim ens were cu t and  fix ed  for an o th er h o u r  again, th a n  d e h y d ra ted  and  em bed d ed  
in  D urcupan-A C M  (Fluka). Fo llow ing  th e  d e h y d ra tio n  some specim ens were critica l p o in t 
d ry ed , co a ted  w ith  gold for scan n in g  electron  m icroscopic  investig a tio n .

One m icron  sections from  th e  resin em bed d ed  specim ens w ere s ta in e d  w ith  m eth y len e  
blue and  selected  for electron m icroscopic in v es tig a tio n . U ltra th in  sec tions were m ade b y  a 
R e ich ert O m U -2 u ltram ic ro th o m e, c o n tra s ted  w ith  u ra n y l ace ta te  a n d  lead  c itra te .

T he re s t  o f th e  stom ach w as fixed  in 8%  fo rm ald eh y d e  for 24 — 48 h, and em bed d ed  
in  p a raffin . S ections of paraffin  em bedded  specim ens were s ta ined  w ith  h aem ato x y lin e  eosin, 
alc ian  blue a n d  periodic acid-Schiff (PA S) reac tio n s.

T ransm ission  and scanning e lec tro n  m icroscopic specim ens w ere exam in ed  w ith  a JE O L  
100 В e lectron  m icroscope eq u ip p ed  w ith  a scan n in g  adap ter.
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F ig. 3. Surface s tru c tu re  o f th e  gastric  m ucosa follow ing th e  d iffe ren t trea tm e n ts . S can n in g  
e lectron  m icrograph  revea ls fine  villous su perfic ia l ep ithe lia l cells su rro u n d in g  th e  op en in g s 
o f th e  gastric  g lands. A. C ontro l an im als exposed  to  0.1 N HCl, X 4 5 0 0 B . N a F  trea te d  a n im a l 
exposed to  100 m m ol/1 N a F  in  0.1 N HCl, X 4500. C. N aF  tre a te d  anim al ex p o sed  to 
100 mmol/1 N a F  in  0.1 N  HC1: m ucosal surface  covered  w ith  d e sq u am a ted  cells (l), and  a m o r ­
phous m ate ria l ( |J) , X 2500 D. C a F 2 tre a te d  an im a l exposed to 50 m m ol/1 C aF 2 in  0.1 N  HC1,

X 4500

The th ick n ess o f th e  g astric  m ucosa w as m easu red  m icroscopically  w ith  a PZO  W ar- 
saw a K -15, ocu lar m ic ro m eter. 1 m l blood sam ples were o b ta in ed  from  each a n im a l, b y  
card ia l p u n c tio n  ju s t  befo re  th e  p re p a ra tio n  of th e  stom ach . T he b lood  sam ple  was c en trifu g ed  
w ith  500 g, an d  th e  s u p e rn a ta n t  (th e  p lasm a) w as d ilu ted  tw ice w ith  T IS A B  buffer. T h e n  th e  
fluoride  co n cen tra tio n  w as m easu red  w ith  a flu o rid e  sensitive  e lectrode  (O P 4771, R a d e lk is , 
B u d ap est). N a F  s ta n d a rd s  and  T ISA B  b u ffer w ere ob ta in ed  from  R adelk is, B u d ap es t, N a F  
fro m  R E A N A L , B u d a p es t, a n d  C aF 2 from  R ied el-deH aen , Seelze-H annover.

T he s ta tis t ic a l  ev a lu a tio n  was m ade b y  calcu la tin g  th e  m eans, s ta n d a rd  d ev ia tio n , and  
th e  S tu d e n t’s u n p a ired  t- te s t  w as used.
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Fig. 4. T ransm ission  e lec tro n  m icrographs o f th e  superficial ep ith e liu m  of g a s tr ic  m ucosa. 
A. C o n tro l anim al exposed to  0.1 N HC1: se c re ta tio n  granules an d  in ta c t  o rganelles of th e  
g astric  m ucosa, X 14 400 B. N a F  trea ted  a n im a l exposed to  100 mmol/1 N a F  in  0.1 N HC1: 
decreased  nu m b er of sec re to ry  granules in th e  cells and  necrobiotic  cell deb ris in  th e  lum en, 
X 9000 C. C aF 2 trea ted  an im a l exposed to  50 mmol/1 C aF2in  0.1 N HC1: in ta c t  s tru c tu re  and 

signs o f norm al se c re tio n  ac tiv ity , X 14 400

Results

T h e epithelial th ick n ess  of th e  g a s tric  m ucosa d id  n o t show  sign ifican t 
d ifferences in  the con tro l, N aF , and C a F 2 groups (Fig. IA , B, C).

In  th e  group t re a te d  w ith  N aF  (F ig . 2B) th e  am o u n t of acid ic m ucopoly­
sacch arid es  in  the g astric  m ucosa w as less th a n  in  th e  o th e r tw o groups (Fig. 
2A, C). O n th e  m ucosal surface of th e  N a F  tre a te d  group th e  large  num ber of 
d e sq u am a tin g  cells w as s trik in g  (Figs 2 B ; 3B, D ; 4B), few er d e sq u am a tin g  cells 
were fo u n d  in  the C aF3 t re a te d  group (F ig . 2C) an d  none in  th e  co n tro l anim als 
(F ig. 2A ). The villosity  o f th e  sup erfic ia l cells, th o u g h  chang ing  from  cell to  
cell d id  n o t  show an y  co n sis ten t d ifference  betw een  the th re e  g roups (Fig.
ЗА, В , С).

T h e  secretory a c t iv i ty  of the  g a s tr ic  m ucosa, as seen in  th e  u ltra th in  
sections, w as well p reserv ed  in the  C a F 2 an d  con tro l g roups (F ig . 4A, C) b u t
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F ig. 5. T ransm ission  e lec tro n  m ic ro g rap h s from  N aF  tre a te d  an im a l exposed to  100 m mol/1 
N a F  in  0.1 N HC1. P ro tru s io n  of th e  surface  of a dam aged  cell be tw een  n o rm al secreting  ones,

X 9600

F ig. 6. The p lasm a flu o rid e  c o n cen tra tio n s  of th e  g roups one h o u r a fte r  th e  d ifferen t
trea tm e n ts
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decreased  m o d era te ly  in  th e  N a F  group (F ig . 4B ). I n  th e  la t te r  group oedem - 
a to u s p ro tru sio n s could be observed  on th e  cell surface (F ig. 5). M em ­
b ran e -co a ted  cell debris w ith o u t cell organelles could be also seen in  th e  lum en.

D ifferences betw een  th e  p lasm a fluo ride  co n cen tra tio n  of the th ree  
groups, m easu red  one h our a f te r  th e  la s t t re a tm e n t, were s ig n ifican t (NaC/C: 
p <  0.001, C a F 2/C: p </ 0.001, N aF /C aF 2: p < / 0.01). The p lasm a fluoride 
c o n cen tra tio n  in  th e  N aF  t re a te d  group was n e a rly  th ree  tim es h igher th a n  in  
th e  C aF 2 tre a te d  group (F ig. 6).

Discussion

The lig h t- an d  scann ing  elec tron  m icroscopic a lte ra tio n s  of r a t  gastric  
m ucosa described a fte r  a single dose of fluoride  [3, 4, 10] w ere found  in  our 
experim en ts to  he d im in ished  a fte r  th ree  su b seq u en t doses o f 100 mmol/1 
N aF . The observed  cell d e sq u a m a tio n  seen in  ou r s tu d y  has b een  described  b y  
E asm an n  e t al. [3] a fte r a single 10 mmol/1 N aF  tre a tm e n t. T he p lasm a fluoride 
co n cen tra tio n  in  th e  N aF  t r e a te d  group is in  good accordance w ith  th e  d a ta  
o f th e  above m en tioned  te a m  [12]. This show s th a t  th e  N aF  co n tac ted  th e  
gastric  m usosa a fte r  th e  t re a tm e n t and  has been  abso rbed . T he m ilder ch a rac ­
te r  o f th e  gastric  m ucosal changes observed b y  us, m ay  be exp la ined  b y  th e  use 
o f a la b o ra to ry  in b red  r a t  s tra in , a b red  close to , b u t  n o t ex ac tly  id en tica l w ith  
th e  W ista r s tra in .

C onsiderble changes in  th e  th ickness o f g astric  m ucosa m ay  be expected  
on ly  a fte r longer te s t  period.

The v illo sity  of th e  m ucosal surface, — w hich  is a sensible in d ic a to r  of 
surface dam age — did  n o t show  sign ifican t changes, how ever, th e  p ro tru sions 
observed  in  th e  N a F  tre a te d  g roup , p o in t to  focal dam age of th e  superfic ia l 
m em brane an d  of th e  cells. T he co n tin u ity  of th e  ep ithe lium  on th e  scann ing  
m icrographs m ay  be exp la ined  b y  th e  fac t th a t  a f te r  d eq u am atio n  o f th e  su p e r­
fic ia l cells, th e  low er reg en e ra ted  cells are seen. T he increased  ra tio  of des­
q u am a tin g  cells in  th e  groups tre a te d  w ith  flu o rid e  is an  o b se rv a tio n  m ade one 
h o u r a fte r  th e  la s t t re a tm e n t. A lthough  we did n o t  exam ine th e  dynam ics of 
th e  desq u am atio n  an d  reg en era tio n , the  decreased  secre to ry  a c tiv ity  accom ­
p a n y in g  d esq u am atio n , and  th e  fac t th a t  th e  co n tro l group show ed no signs of 
d esq u am atio n , po in ts  to  th e  to p ica l effect of fluo ride .

C om paring th e  degree o f desq u am atio n  an d  th e  p lasm a fluoride con­
c e n tra tio n  in  th e  tw o fluoride  groups, the  C aF2 g roup  show ed less d esq u am a­
tio n  w ith  low er p lasm a fluo ride  co n cen tra tio n , an d  th e  N aF  group rep resen ted  
m ore pronounced  d esq u am atio n  w ith  s ig n ifican tly  h igher p lasm a fluoride 
co n cen tra tio n . A lthough  an im als in  bo th  groups received stoech iom etrica lly
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ju s t  th e  sam e q u a n ti ty  of fluo ride , C aF , caused less dam age to  gastric  m ucosa. 
T his m igh t be th e  consequence o f a low er ab so rp tio n  ra te  fo r C aF 2 th ro u g h  
th e  gastric  m ucosa, th a n  fo r N aF  [1, 11].

On th e  basis o f our re su lts  i t  seem s th a t  th e  p o te n tia l r isk  of side effects 
on th e  gastric  m ucosa is sm aller a f te r  th e  use of C aF 2, th a n  in  th e  case o f N aF .
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DENDRITIC CELLS OF THE LYMPHOEPITHELIAL
ORGANS

I. T ö r ő , I . O l á h

2ND D EPA RTM EN T OF ANATOMY, SEM M ELW EIS MEDICAL U NIV ERSITY , BU DA PEST, H UN G ARY

(R eceived  11 J u ly  1988)

In tro d u c tio n

A t th e  oral an d  an a l openings o f th e  developing a lim en ta ry  can a l ly m ­
p h o ep ith e lia l rings are  lo ca ted  w hich  suggest th e ir  e ssen tia l role [7, 33]. The 
p a la tin e  to n sil is fo rm ed  in  th e  second  b ran ch ia l pouch . T he th y m ic  anlage 
develops from  th e  ep ith e liu m  o f th e  v e n tra l p a rts  o f th e  th ird  a n d  fo u rth  
pouches. D uring  ontogenesis th e  th y m u s  detaches of th e  b ran ch ia l p o u ch  losing 
its  connec tion  w ith  th e  b o d y  surface (F ig . 1), while th e  tonsils e s tab lish  a p e r­
m a n e n t connection  w ith  th e  surface. T he anatom ical s itu a tio n  of th e se  organs 
is re flec ted  in  th e ir  ro le; nam ely  th e  th y m u s  and  the  tonsils  fu n c tio n  in  an tigen  
poor a n d  an tig en  rich  en v iro n m en t, respective ly .

A m ong th e  ly m p h o ep ith e lia l o rg an s th e  av ian  b u rsa  of F ab ric iu s  seems 
to  rep re sen t a un ique  s itu a tio n . In  th e  early  fifties th is  organ has com e in to  
th e  focus of in te re s t w hich  resu lted  in  an  explosion-like d ev e lopm en t in  m o­
dern  im m unology . T he d iscovery  o f th e  b u rsa ’s fu nc tion  was a m a jo r c o n tr ib u ­
tio n  to  th e  e s tab lish m en t of th e  basic  tw o-cell dogm a (T an d  B) in  im m unology . 
T he b u rsa l lum en  is connec ted  w ith  th e  cloaca b u t its  ly m p h o ep ith e lia l com ­
p a r tm e n t is iso la ted  from  th e  surface.

In  v e rte b ra te s  th e  fu n c tio n  o f ly m phoep ithelia l tissues an d  organs is 
en igm atic . The te rm  ly m p h o ep ith e lia l reflec ts th e ir  com m on h isto log ica l fea­
tu re  n am ely  th a t  th e  ep ithe lia l an lage  o f en toderm al orig in  is in f il tra te d  by  
m esoderm al m obile cells.

In  add itio n  to  th e  ly m p h o ep ith e lia l organs (th y m u s, tonsils a n d  bursa 
of F ab ric iu s) ly m p h o ep ith e lia l tissues are  also form ed b y  lym pho id  cells e n te r­
ing  th e  in te s tin a l, b ro n ch ia l an d  sk in  ep ithelium  [2, 3, 5, 7, 29, 31]. These

A bbreviations : (1) B , B u rsa  of F a b ric iu s ; (2) BM, B asem ent m em b ran e ; (3) C, C apsule; 
(4) Co, C ortex ; (5) E p , E c to p lasm ; (6) F A E , Fo llicule-associated  ep ith e liu m ; (7) FD C , Fo llic­
u la r  d en d ritic  cell; (8) ID C , In te rd ig ita tin g  d en d ritic  cell; (9) IF E ,  In terfo llicu la r ep ith e liu m ; 
(10) L , L y m p h o cy te ; (11) L E , L y m p h o ep ith e lia l; (12) Ma, M acrophage; (13) M, M edulla; 
(14) T h , T h y m u s; (15) T o, T onsils

Send o ffp rin t re q u ests  to : I. T oro, 2nd  D ep t, of A n a to m y , Sem m elw eis M edical U n i­
v e rsity , B u d ap es t, T űzoltó  S tr. 58, Ii-1094 , H u n g a ry
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F ig . 1. The L E  o rg an s a re  associated  w ith  th e  digestive tu b e . T he s tr ip ed  areas rep resen t th e  
L E  substance of th e  to n sils  th y m u s  a n d  b u rsa  o f F ab ric iu s  [8]. T he T h  is com plete ly  (a n a to ­
m ically  and h isto log ically ) se p a ra ted  fro m  th e  surface. In  th e  b u rsa  th e  F A E  separa tes (h is to ­
logically) th e  L E  c o m p a rtm e n t from  th e  b u rsa l lum en . T h e  to n silla r L E  tissue  form s th e  

surface ep ith e liu m  (n e ith e r an ato m ical no r h isto log ical sep ara tio n )

ly m phoep ithe lia l s tru c tu re s  are b u ilt  in to  o th e r n o n -ly m p h o id  organs form ing  
g u t (GALT), b ro n ch u s  (BA LT) a n d  skin  (SALT) associa ted  lym pho id  tissues. 
T h ey  canno t be rem o v ed  su rg ically .

Meckel’s d iv e rtic u lu m  w hich  is a re m n a n t o f  th e  o m phaloen teric  d u c t 
tu rn s  to  be also ly m p h o ep ith e lia l in  th e  ch icken  a t  th e  beg inn ing  of th e  life 
(betw een  2 —7 w eeks o f age) [20]. T his period  re m a rk a b ly  co rre la tes  w ith  th e  fo r­
m atio n  of ly m p h o p in ca l tissue  w here th e  ly m p h o id  cells are  in  in tim a te  to p o ­
g raph ica l re la tio n sh ip  w ith  th e  p inealocy tes [19]. In  th e  case o f  th e  M eckel’s 
d iverticu lum  an d  p in ea l body , i t  has n o t b een  p roved  th a t  th e  lym phoid  
inv asio n  w ould be a m an ife s ta tio n  o f a ra p id  b u rs t  of lym p h o id  p ro lifera tion  
a ro u n d  day 10— 14 or, i t  w ould  rep resen t som e special d iffe ren tia tio n al or 
fu n c tio n a l s ign ificance a t  th e  end  o f m a tu ra tio n  o f ly m p h o id  system s. The 
appearance  of ly m p h o p in ea l tissue  m ay  re flec t a d is tin c t im m u n m o d u la to ry  
re la tio n sh ip  b e tw een  neu roendocrine  and  ly m p h o id  organs.
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Thymus

T he th y m u s  is th e  larg est ly m p h o ep ith e lia l o rgan  w hich is lo b u la ted  
like th e  g lands. D uring  th e  p a s t c e n tu ry  th e  th y m u s  w as alw ays in  th e  focus 
of in v es tig a tio n s . In  sp ite  of th is  in ten siv e  an d  w ide in te res t of h isto log ists, 
em bryo log ists, endocrinologists and  — fin a lly  — im m unologists, its  fu n c tio n  is 
s till u n c lear. T here w ere several boom s of th e  s tu d y  of th y m u s w hich  are  w o rth  
to  m en tio n  in  a b rie f h isto rica l survey . T he f irs t  one w as a round  th e  tu r n  of th e  
c en tu ry , w hen  th e  h isto log ists an d  em bryo log ists  s tu d ied  th e  s tru c tu re  and  
d ev e lopm en t of th e  th y m u s. O ur basic know ledge concern ing  th e  h is to lo g y  an d  
em bryo logy  of th is  o rgan  o rig inated  from  th a t  tim e . T his period  o f in v e s tig a ­
tio n  p ro v ed  th a t  th e  th y m ic  ep ithe lia l re ticu lu m  is o f en to d erm al orig in , th e  
n e tw o rk  o f w hich is filled w ith  ly m p h o cy tes . T he q u estio n  was ra ised  w h e th e r 
ly m p h o cy tes  are of blood borne or in trin s ic , in tra th y m ic  origin, n am ely  th e y  
are tra n sfo rm e d  ep ithe lia l cells. C u rren tly  th e  la t te r  claim  is on ly  o f h isto rica l 
in te re s t a n d  i t  is convincingly  p roved  th a t  th e  ly m p h o cy te  p recu rso rs  in  
th e  ly m p h o ep ith e lia l organs and  tissues, are  b lood bo rne  [1 1 1. I t  is w o rth  to  
m en tion , th a t  th e  te rm  th y m o cy te  w as orig inally  used  fo r th e  cell p o p u la tio n  
g en era ted  by  tra n sfo rm a tio n  of th y m ic  ep ith e lia l cells.

D u rin g  th e  fo rties and early  fifties w hen  endocrino logy  developed  rap id ly  
a new  era  s ta r te d  in  th e  in v estig a tio n  o f th e  th y m u s . V ery  early , i t  w as realized , 
th a t  th e  th y m u s  is sensitive for co rtico ste ro n  w hich suggested  th e  ex istence  of 
a n eg a tiv e  feedback  m echanism  b e tw een  th e  ad ren a l co rtex  an d  th y m u s. 
F u r th e r  s tud ies revea led  th a t  ac tu a lly  th e  co rtica l th y m o cy tes  w ere sensitive 
to  co rtisone . S im ilar resu lts  w ere o b ta in ed  b y  X -ra y  exam in a tio n s. These 
ex am in a tio n s estab lished  th a t  th e  co rtica l an d  m ed u lla ry  ly m p h o cy tes  are 
d iffe ren t concern ing  th e ir  cortison  an d  ra d ia tio n  sen s itiv ity . T he in te ra c tio n s  
b e tw een  th e  th y m u s  an d  o th e r endocrine o rgans, such  as th y ro id , gonads and  
p itu i ta ry  w ere also in ten siv e ly  s tu d ied  b u t  i t  d id  n o t b ring  a n y  essen tia l 
th e o re tic a l an d /o r p rac tica l resu lts.

H ow ever, th is  e ra  b ro u g h t one o f th e  m ost c ru c ia l discoveries of m odern  
im m uno logy  w hich is re la te d  to  th e  b u rsa  of F ab ric iu s . T he b u rsa  o f F ab ric iu s  
w as th o u g h t to  be an  endocrine o rgan , th e re fo re  b u rsec to m y  m igh t cause some 
endocrine deficiency. A fo rtu n a te  acc id en t revea led  th a t  b irds, b u rsec tom ized  
a t h a tc h  failed  to  produce an tigen  specific IgG  an tib o d ies  ag a in st Salm onella 
b a c te ria  suggesting  th e  essen tia l role o f th e  b u rsa  in  th e  a n tib o d y  response  [6]. 
R ig h t a fte r  th is  d iscovery  th e  th y m ec to m y  in  new b o rn  mice has th ro w n  som e 
lig h t on th e  fu n c tio n  of th e  th y m u s. T h y m ec to m y  in  new born  an im als caused 
w astin g  disease an d  ly m p h o cy te  dep le tio n  in  th e  T  d ep en d en t a reas o f th e  
p e rip h e ra l lym p h o id  organs. T he m a jo r fu n c tio n a l deficiency m an ifested  in  
th e  im p a ire d  cellu lar im m u n ity . [13]. T he clinical im m unology  of th e  D i George 
syn d ro m e su p p o rts  th e  experim en ta l observations.
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F ig . 2. T hym ic d en d ritic  (special) cell. T he b ean -sh ap ed  nucleus is s itu a te d  eccen trica lly  in  
th e  cy top lasm . T he cell g ranu les accu m u la te  in  th e  end o p lasm  a ro u n d  th e  cen trio le . T he ec to ­

p lasm  is m ark ed ly  d en d ritic  su rro u n d in g  th e  lym p h o cy tes

T he fu n c tio n  o f  th e  th y m u s in  th e  T cell d iffe ren tia tio n  is essen tia l b u t  
th e  m echanism  is s till obscure. I t  is genera lly  believed , th a t  th e  ep ith e lia l r e t i ­
cu lum  of en to d e rm a l orig in  plays a sign ifican t role in  th e  T  cell d iffe ren tia tio n  
b y  p roducing  som e h u m o ra l fac to rs  an d /o r b y  d irec t cellu lar co n tac t. A few 
y ea rs  ago W ekerle a n d  his co-w orkers [31] iso la ted  a cell c lu ste r from  th e  th y -
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Fig. 3. B ierbeck granules in a th y m ic  d en d ritic  cell

m us w hich consisted  of m an y  th y m o cy te s  engulfed  by  ep ithe lia l cell. This 
ep ith e lia l cell was called  “ nu rse  cell” w hich  “ feeds”  th e  th y m o cy te s  for a w hile. 
T h is ty p e  of em peripolesis is qu ite  u n u su a l in  v e r te b ra te  tissues, and  its p res­
ence was p o stu la ted  on ly  on th e  hasis o f in  v itro  ex p erim en ts . The in  situ  
e lec tro n  m icroscopic s tud ies never v e rified  c learly  th is  cy top lasm ic  “ b a th ” 
[10]. H ow ever, th e  ex istence  of a nurse cell could he ju s tif ie d  b y  th e  special 
en v iro n m en ta l req u irem en ts  of cytogénie tissues.

T w en ty  years ago we discovered a new  cell ty p e  in  th e  r a t ’s th y m u s w hat 
we called the  special cell [14]. This cell ty p e  locates a t th e  cortico-m edulla 
b o rd e r, possesses a well developed Golgi reg ion  w ith  secre to ry  granules and  
occasionally  B ierheck granu les (Figs 2, 3). T he cell surface is h igh ly  in terd ig i- 
t a te d  and  covered b y  an  elec tron  dense sub stan ce . T hy m o cy tes  during  th e ir  
in tra th y m ic  d iffe ren tia tio n  m igra te  from  th e  co rtex  to  th e  m edulla. Before 
th e y  become fu n c tio n a lly  m a tu re , th e y  h av e  to  com e in to  c o n ta c t w ith  th e  
specia l cells a t  th e  co rtico -m edu lla ry  b o rd e r (Fig. 2). O n th e  basis of th e ir  
cy top lasm ic  s tru c tu re  and  d is tin c t lo ca tion  we suggested  th a t  th is  cell m ay 
be responsib le for p ro duc ing  thym ic  h u m o ra l facto r(s).

A few years la te r  du ring  the  early  seven ties, th e  d en d ritic  cell as an  
accessory  or an tigen  p re sen tin g  cell o f th e  im m u n e  response  has been  described. 
T h e  h istological and  im m unolog ical ex p erim en ts  concern ing  th e  accessory cells 
p ro v ed  th a t  th is  cell p o p u la tio n  is heterogeneous, l a  surface an tig en  positive, 
a n d  is p resen t n o t o n ly  in  th e  lym pho id  b u t  also in  th e  non -lym phoid  organs. 
T h e  d iscovery  of th e  fu n c tio n  of the  sk in ’s L an g erh an s cells d irec ted  th e  a t ­
te n tio n  of th e  researchers to w ard s th e  th y m ic  special cell. Now, th e re  is ev i­
dence  th a t  the  special cell is iden tica l w ith  th e  th y m ic  d en d ritic  cell con trib u t-
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in g  th e  th y m ic  m ic ro en v iro n m en t. Besides th e  th y m ic  ep ith e liu m  th e  
special cell or in  o th e r  w ords, th e  in te rd ig ita tin g  d en d ritic  cell is p a r tic ip a tin g  
in  th e  th y m o c y te ’s d iffe ren tia tio n . R ecen tly , i t  has been  p u b lish ed  th a t  in  
d ifferen t th y m o m as th e  a lte red  th y m ic  ep ithe lium  is n o t follow ed b y  fu n c tio n a l­
ly  an d  im m unh isto ch em ica lly  im p a ire d  th y m o cy te  d iffe ren tia tio n  [3 0 ] .T h e re ­
fore, th e  role o f  th e  den d ritic  cells in  th e  th y m o cy te  m a tu ra tio n  has been  
u p graded . In  th e  fu tu re , th e  re sea rch  concern ing  th e  th y m u s  has to  p a y  m ore 
a tte n tio n  to  th e  d en d ritic  cells an d  its  on togenetic , cell co o p era tio n a l (fu n c tio n ­
al) in v o lu tio n a l an d  pharm aco-tox ico log ica l aspects.

Bursa o f Fabricius

The b u rsa  o f F ab ric iu s  is responsib le  for В cell d iffe ren tia tio n  an d  im m u ­
noglobulin  class sw itch . T he su rface  ep ithe lium  consists of tw o d ifferen t areas 
(Fig. 4). 1) In te rfo llicu la r  ep ith e liu m  (IF E ) w hich covers a b o u t 90 %  of th e  
w hole b u rsa l surface an d  it  p roduces m ucoid  substances. 2) F o llicu la r associa ted  
ep ithe lium  (F A E ) is 10%  of th e  surface and  im m unologically  o rien ted  [16], 
capab le  of b id irec tio n a l t ra n s p o r t  [4, 28]. H ow ever, carefu l ex am in a tio n s m ade 
questionab le  th e  tra n s p o r t  from  th e  follicle tow ard  th e  b u rsa l lu m en  [12]. N ei­
th e r  IF E  no r F A E  are  of ly m p h o ep ith e lia l n a tu re  b u t  in  s ta r lin g ’s b u rsa  th e  
F A E  revealed  a few m obile cells resem bling  to  “ a b o rtiv e ”  sec re to ry  cells [8].

Fig. 4. U n d e rn ea th  th e  F A E  th ere  is an  ep ith e lia l ne tw ork  ru n n in g  p a ra lle l w ith  th e  surface  
(arrow ). No ly m p h o id  cells are in  th e  F A E , b u t  ab o rtiv e  sec re to ry  (d en d ritic ) cells (a rro w ­

h ead ) a re  p resen t
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The re a l ly m p h o ep ith e lia l tissue of th e  b u rsa  of F ab ric iu s  is th e  m edulla 
w hich is iso la ted  from  b o th  th e  vascu larized  fo llicu lar co rtex  b y  a basa l lam ina  
and  from  th e  bursa l lum en  b y  FA E . U n d e rn e a th  th e  F A E  th e re  is an  ep ithe lia l 
ne tw ork  w h ich  is of 2 —4 cell th ickness o rien ted  para lle l w ith  th e  surface (Fig. 4). 
This ep ith e lia l netw ork  “ p re v e n ts”  th e  ly m p h o id  cells to  en te r  th e  F A E . 
This d is lin c t histological fe a tu re  provides fo r th e  b u rsa l ly m p h o ep ith e lia l t is ­
sue an  iso la ted  condition . T h e  existence o f th e  F A E  w hich is capab le  of an tig en  
u p tak e  (F ig . 5) and th e  iso la ted  condition  o f  th e  ly m p h o ep tih e lia l tissue well 
co rre la te  w ith  th e  double b u rsa l functions i.e . c e n tra l and  p e rip h e ra l [28].

The m edu lla  of th e  b u rsa l follicles develops from  th e  en toderm  during  
th e  early  em bryon ic  life w hile th e  cortex  is o f  m esenchym al orig in  and  devel­
ops m ain ly  a fte r  hatch . T herefo re , the m ed u lla  can  be reg a rd ed  as a cen tra l 
lym phoid  o rg an , and th e  c o rte x  as a p e rip h era l lym p h o id  one. T he lum inal ends 
o f th e  F A E  cells con ta in  co a ted  and f la t te n e d  vesicles as w ell as tu b u la r  
s tru c tu re s  (F ig . 6). These s tru c tu re s  resem ble th a t  o f th e  M cells o f th e  to n silla r 
ep ithe lium  [24, 25], fu n c tio n  o f w hich m ay  be  re la ted  to  a n tig e n  u p tak e  from  
th e  bursa l lum en .

Fig. 5. B ac teria  a re  a tta ch ed  an d  in v ad e d  in  the  F A E  show ing th a t  th ese  ep ithe lia l cells are
cap ab le  of an tigen  u p ta k e
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I t  is well e s tab lished , t h a t  th e  fu n c tio n  of th e  th y m ic  in te rd ig ita tin g  
d en d ritic  cell is engaged  in  th e  T  cell edu ca tio n . I t  w as reasonab le  to  assum e, 
th a t  a dendritic -like  cell shou ld  also ex is t in  th e  b u rsa  c o n tr ib u tin g  to  th e  В 
cell m a tu ra tio n  b y  soluble su b stan ces an d /o r cell c o n ta c t. T he sec re to ry  cell 
(F igs 7, 8) w hich we h av e  id en tif ied  in  th e  ly m p h o ep ith e lia l c o m p a rtm e n t of 
th e  b u rsa  of F ab ric iu s  form s a b o u t 0 .5%  o f b u rsa l cell c o n te n t [17, 21]. T h is 
p e rcen tag e  of sec re to ry  cell well co rre la tes w ith  th e  n u m b e r of ly m p h o id  
d en d ritic  cells in  th e  m ouse ly m p h o id  organs. O ur d e ta iled  m orpho log ica l 
s tud ies proved  th a t  th e  sec re to ry  cell is th e  only  cell ty p e  w hich m a y  be a 
can d id a te  for th e  b u rsa l d en d ritic  cell.

Fig. 6. T he cells of th e  F A E , like  th e  to n silla r  M cells, p roduce  p in o cy to tic  vesicles a n d  f la t ­
ten ed  v a cu o la r  s tru c tu re s  a t  th e  apical surface
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Fig. 7. B u rsa l dendritic  (secre to ry ) cells have e lo n g a ted  cy to p lasm . The secretory  g ranu les 
lo ca te  on one side of th e  nucleus (arrow )

Fig. Я. T h e  transm ission  e lec tro n  m icrograph show s t h a t  th e  surface m em brane  o f th e  
sec re to ry  cell is covered b y  sp o tted  electron  den se  su b stan ce  a round  th e  nu c lear a rea
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F ig . 9. T onsillar M cell is exposed b y  b ac te ria . Tw o b a c te r ia  are in  th e  cell (arrow ). U n d e r th e  
ectop lasm ic  area  th e  cy to p lasm  is lo ad ed  w ith  f la tten e d  v acuo lar s tru c tu re s

The b u rsa l d en d ritic  cell is m odified  fo r secre to ry  fu nc tion  c o n tr ib u tin g  
to  th e  b u rsa l m icro en v iro n m en t in  loco, a n d  influences th e  fo rm atio n  an d  fu n c ­
tio n  of the  an tig e n  p resen tin g  cells in  th e  sp leen  [9, 19].

The perie llipso idal w hite  pu lp  (P W P ) is В dependen t a rea  of th e  sp leen . 
A fte r surgical b u rsec to m y  [22] th e  d iffe ren tia tio n  of th e  P W P ’s cells to  e llip ­
soid associated  cells (EAC) — wdiich are  p recu rso rs  of in te rd ig ita tin g  d e n d ritic  
cells — is im p a ired . The EAC are capab le  o f an tigen  u p ta k e  w hich  trig g e rs  
th e ir  m ig ra tion  to  th e  T d ep en d en t areas w here  th e y  m ay fu n c tio n  as in te rd ig i-  
ta t in g  d en d ritic  cells (IDC), a c tiv a tin g  T  cells. T his sequen tia l tra n s fo rm a tio n
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Fig. 10. V acuoles an d  f la tten e d  v a cu o la r  s tru c tu re s  in  th e  tonsilla r M cell

an d  m a tu ra tio n  o f PW P -cells (P W P  cells —* EA C —► ID C  —>- FDC (fo llicu lar 
d en d ritic  cell) are in fluenced  by  the  p ro d u c t  o f b u rsa l secreto ry  cell [18, 22]. 
I n  th e  absence of th e  b u rsa  i.e. bu rsa l sec re to ry  cells, th is  sequence of ev en ts  
is im p a ired  w hich resu lts  in  a greatly  re d u c e d  n u m b e r of germ inal cen ters an d  
th e  lack  of sw itch  from  an tig en  specific IgM  to  IgG .

T he p recurso rs o f b u rsa l sec re to ry  cells d iffe ren tia te  from  th e  b u rsa l 
m esenchym e d u rin g  em bryon ic  days 9 — 11 [23]. T h ey  m ig ra te  in to  th e  surface 
ep ith e liu m  inducing  b u d  fo rm ation  w h ich  is th e  p rim o rd iu m  of fo llicu lar m e­
du lla . T he d iffe ren tia tio n  of the  sec re to ry  cell’s p recu rso r is te s to s te ro n  (TP) 
sensitive  i.e. te s to s te ro n  tre a tm e n t p re v e n ts  th e  m esenchym al cells to  t r a n s ­
fo rm  secre to ry  cell’s p recu rso r [23]. In  consequence  o f th e  T P  tre a tm e n t th e re  
is no b u d  fo rm atio n  an d  as a resu lt o f ch em ica l b u rsec to m y  th e  ep ith e lia l an- 
lage of th e  b u rsa  rap id ly  regresses a fte r  12 — 14 d a y  o f em bryonic  life. T his ex ­
p e rim en ta l o b se rv a tio n  suggests th a t  th e  b u rsa l d ev e lo p m en t — a c tu a lly  th e  
В cell sy stem  — depends upon  the  d iffe re n tia tio n  o f p recu rso r of secre to ry  cells
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F ig. 11. “ Veiled cell”  w ith  irregu lar nuc leu s in  th e  in traep ith e lia l passage of th e  to n sil

from  th e  b u rsa l m esenchym e. I t  m a y  be assum ed  th a t  th e  m a m m a lia n  b u rs a  
e q u iv a len t o rgan  is n o t an  organ  h u t  a c tu a lly  a cell of m esen ch y m al o rig in  
w hich is fu n c tio n a lly  iden tica l w ith  th e  b u rsa l secre to ry  cell. T h is m ay  be 
su p p o rted  b y  th e  fin d in g  of A u d h y a  e t al. [1] w ho s ta te d  th a t  th e  tr ip e p tid e  
b u rs in  is served  d u rin g  the  evo lu tion  an d  fu nc tions no t only  in  b ird s  h u t  also 
“ in  th e  m am m alian  system  includ ing  h u m a n ” .

GALT and tonsils

These ly m p h o ep ith e lia l s tru c tu re s  consist o f tw o p a rts  b o th  in  m am m als  
and  b irds. T he su rface  ep ithe lium  w hich  is ly m phoep ithelia l in  n a tu re  an d  th e  
su b jacen t dense ly m p h o id  tissue. T h e  la t te r  can  be sep ara ted  fu r th e r  fo r fo l­
licles (B d ep en d en t area) and  in te rfo llicu la r su bstance  (T d ep en d en t area).
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F ig . 12. F o llicu lar dendritic  cell in  m onkey  to n s illa r  follicle. A round  th e  d e n d ritic  processes 
electron-dense su b s ta n c e  is deposited

A m ong th e  surface ep ithe lia l cells th e  M cells (m icrofold) are  capable  
of a n tig e n  u p ta k e  [15]. T he ton silla r M cells (Figs 9, 10) e lab o ra te  cy top lasm ic 
tu b u la r  s tru c tu re s  w hich are v e ry  s im ila r to  th a t  o f th e  b u rsa l F A E  (F ig . 6). 
T he M cells w ere firs t described  b y  O w en [26] in  P ey er’s p a tch es.

In  a d d itio n  to  ep ith e lia l an tigen  u p ta k e  b y  M cells, th e  in traep ith e lia l 
passages o f th e  tonsils co n ta in  m an y  m acrophages an d  dend ritic -lik e  cells 
(F ig . 11) w hich  are also capab le  of a n tig e n  u p ta k e . These cells m ig ra te  freely  
in  th e  in traep ith e lia l passages to  tak e  u p  th e  an tig en  an d  c a rry  i t  to  th e  deep
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Fig. 13. FD C  in  a follicle o f ch icken’s caecal tonsil. T hese FD C  re v ea l less developed d e n d r it ic  
processes b u t  th e  cy to p lasm ic  granules are  m ore p ro m in e n t th a n  in  th e  m am m alian  F D C . 
The app earan ce  of th e  electron-dense surface sub stan ce  seem s to  be id en tica l w ith  t h a t  o f

th e  m am m als
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Fig. 14. H ig h er m agn ifica tion  of th e  in tr ic a te  d en d ritic  processes an d  th e  e lectron -dense  
surface  m ate ria l o f h u m an  to n sila r  FDC

ton silla r substance . These m obile d endritic -like  cells ap p ear in  th e  b lood  and  
lym ph  c ircu la tio n  w here th e y  are called  “ veiled-cells”  [27]. T he M cells to ­
gether w ith  th e  m acrophages an d  den d ritic -lik e  cells o f th e  in tra e p ith e lia l 
passages supp ly  th e  im m une  system  w ith  con tinuous an tig en  in fo rm a tio n  
w hich is necessary  for keep ing  th e  ly m p h o id  system  alert.

T he В dependen t areas i.e. th e  follicles revea l an  o th e r d en d ritic  ty p e  cell 
so-called fo llicu lar d en d ritic  cell (Figs 12, 13). The m ost ch a ra c te ris tic  cytologi- 
cal fe a tu re  of these cells is th e  in tr ic a te  m em b ran e  invag in a tio n s th a t  are  filled 
w ith  e lec tro n  dense su b stan ce  (F ig . 14). T hese cells b in d  im m u n e  com plexes 
on th e ir  su rface and  s tim u la te  th e  cen tro b la s ts . T hey  p ro b a b ly  h av e  som e role 
in  th e  fo rm a tio n  of В m em ory  cells. T ab le  I  sum m arizes th e  basic  c h a ra c te r is ­
tics of th e  ly m p h o ep ith e lia l organs.
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Surface epithelium no yes yes
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la  +  dendritic  like cell 
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C onclusion

T he ly m p h o ep ith e lia l o rgans consists o f a t  least th ree  m a jo r cell ty p es. 
The epithelial cells are  of en d o d erm al o rig in  a n d  form  a su p p o rtin g  ne tw o rk  
fo r th e  o th e r cell ty p es  an d  prov ide an  iso la ted  en v iro n m en t for th e  d ifferen­
t ia t io n  of T  and В  cells. The dendritic cells are  of m esenchym al orig in  an d  serve 
th e  m a tu ra tio n  o f T an d  В cells. T he th y m ic  d en d ritic  cells (special cell) locate  
a t  th e  co rtico m ed u lla ry  bo rder, th e re fo re  th e  im m a tu re  T cells m ig ra tin g  from  
th e  c o rtex  to  m edu lla  shou ld  be in  c o n ta c t w ith  these  cells before  en te rin g  
th e  m edu lla . The sec re to ry  cell o f th e  b u rsa  o f F ab ric iu s  is a m odified  den d ritic  
cell. I n  em bryos th e  secre to ry  cell is responsib le  for th e  d ev e lopm en t of th e  
L E  c o m p a rtm e n t — an d  a fte r  h a tch in g  — produces some sec re to ry  substance  
w hich  co n trib u te s  to  th e  В cell m a tu ra tio n . T he F A E  can be reg a rd ed  b o th  
s tru c tu ra lly  and  fu n c tio n a lly  as M cells w hich  are  capable for an tig en  u p tak e . 
T he L E  co m p artm en t of th e  tonsils an d  the  G A LT, h u t n o t of th e  b u rsa , p ro ­
duces in tra e p ith e lia l passages in  w hich  “ veiled  cells”  freely m ig ra te . T he fo l­
licles o f th e  tonsils an d  GALT co n ta in  FD C , specialized for im m une  com plex 
tra p p in g , w hile th e  ID C  cooperates w ith  th e  T  cells a t  th e  in te rfo llicu la r area.
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IMMUNOHISTOLOGICAL DEMONSTRATION 
OF LYMPH NODE RETICULUM CELLS 

IN THE ACQUIRED IMMUNODEFICIENCY 
SYNDROME RELATED COMPLEX 

A STUDY IN ROUIN-FIXED TISSUES

Gy. Sz e k e r e s 1, J . A u d o u i n 2, J .  D ie b o l d 2

^D EPA RTM EN T OF PATHOLOGY, U N IV ERSITY  MEDICAL SCHOOL, PÉCS, HUNGARY AND 
’LABORATORY OF PATHOLOGY, H Ô TEL-D IEU , PA R IS , FRAN CE

(R eceived 29 Ju ly  1988)

T he re su lts  o f an  im m unohistochem ical s tu d y  on p a ra ff in  sections of th e  ly m p h  
nodes from  5 p a tie n ts  w ith  th e  acquired  im m unodefic iency  sy n d ro m e (A ID S) re la ted  
com plex (ARC) are p re sen ted . The d is tr ib u tio n  and  freq u en cy  of fo llicu lar d en d ritic  
cells (FD C ) an d  of in te rd ig ita tin g  cells (ID C ) w ere ex am in ed  w ith  th e  m onoclonal 
an tib o d ies  J3 D 3  (d irec ted  aga in st th e  C3b co m plem en t re ce p to r, CD 35) and IO B la  
(specific for th e  C3D, CD21) as well as w ith  th e  po lyclonal an ti-S -100  p ro te in  an tise ru m  
in  B ouin-fixed , p a raffin -em b ed d ed  sections using  a S trep tav id in -b io tin -p e ro x id ase  
tech n iq u e . D isru p tio n  of th e  follicular FD C n e tw o rk  w as d e m o n s tra ted . No m ajo r a l­
te ra tio n  of th e  ID C  w as n o ted . The im m unom orpholog ical p a tte rn s  observed in  th is  
s tu d y  w ere com parab le  w ith  th e  p rev iously  re p o rte d  ly m p h  node  a lte ra tio n s s tu d ied  
in  frozen  section.

Keywords: A ID S -re la ted  com plex

Introduction

T he acquired  im m unodefic iency  syndrom e- or A ID S -re la ted  com plex 
(ARC) is defined  b y  th e  associa tion  of a t least 2 clinical sy m p to m s (lym phade- 
n o p a th y  in  a t  least 2 ex tra in g u in a l sites, loss of a t  le a s t 7 kg  or 10%  b o d y  
w eight, in te rm itte n t  or con tin u o u s fever at 38 °C or h igher, d ia rrh o ea , a sthen ia , 
an d  n ig h t sw eats) and  2 bio logical signs (reduc tion  in  th e  n u m b er of helper 
cells in  th e  p e rip h era l b lood , a decrease in  th e  h e lp er/su p p resso r ra tio , anaem ia, 
leukopen ia , th ro m b o p en ia , lym phopen ia , po lyclonal serum  h y p erg am m o p a th y , 
reduced  b las to g en  response o f th e  lym phocy tes to  m itogens, cu taneous anergy , 
c ircu la ting  im m une  com plexes) w hich m u st ex is t fo r a t  le a s t 3 m on ths [6, 7].

On th e  basis o f p rev ious h istological, im m unolog ical and  u ltra s tru c tu ra l 
stud ies [1, 4, 5, 6, 7, 10, 11, 16] several ty p es of ly m p h  node lesions m ay  be 
d istingu ished  in  th e  ly m p h a d e n o p a th y  of p a tie n ts  w ith  A R C : p red o m in an t 
fo llicular h y p erp las ia  w ith  a d isru p tio n  of th e  n e tw o rk  o f  fo llicu lar dendritic  
cells (FDC) an d  an  increase in  num ber of cy to to x ic /su p p resso r cells or ty p e  IA

Send o ffp rin t requ ests  to : Gy. Szekeres, D ep t, of P a th o lo g y , U n iv e rs ity  M edical School, 
Pécs, 12 Szigeti S tr ., H -7624 H u n g ary
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in  our c lassification , m u lticen tric  h y p e rv ascu la r, C astlem an-like lym phadeno- 
p a th y  (type  IB ) [6, I I ] ;  an g io -im m u n o b lastic  ly m p h ad en o p a th y -lik e  ly m p h a ­
den itis  (A IL-like) w ith  th e  d isap p earan ce  of follicles, d is ru p tio n  of th e  FDC 
n e tw o rk  an d  m ark ed ly  red u ced  n u m b e r of th e  h e lp e r/in d u cer (CD4) 
cells (type  I I ) ;  ex tensive  ly m p h o id  d ep le tion  (type  I I I ) ;  K ap o si’s sarco­
m a (type  IY A  or B).

A dd itional fea tu res  fav o u rin g  th e  diagnosis of ARC can  be o b ta in ed  by  
fu r th e r  im m unom orpho log ica l te s ts  or b y  e lectron  m icroscopy (im m unoh isto ­
chem ical d em o n stra tio n  o f th e  s tru c tu ra l p ro te in s of th e  h u m a n  im m u n o d e­
fic iency  v iru s (H IV ), th e  p resence o f v ira l partic les a t  th e  u ltra s tru c tu ra l 
level) [4, 6, 10, 11, 13].

To d istingu ish  T  an d  В ly m p h o cy tes  and  th e ir  subse ts  b y  im m unohisto - 
ch cm istry , frozen sections are  needed . H ow ever, FD C can  he selectively  de­
m o n stra ted  in  B ouin-fixed  an d  p a raffin -em b ed d ed  sections w ith  th e  m onoclonal 
an tib o d ies  J3D 3 (d irected  ag a in s t th e  C31) com plem ent recep to r, CD35) and  
IO B la  (d irected  against th e  C3d com plem ent receptor, CD21) [14]. The im m une- 
accessory cell of T -zone, th e  in te rd ig ita tin g  re ticu lum  cell (IDC) is ch a rac ­
terized  b y  a p o sitiv ity  w ith  an tib o d ies  d irec ted  against th e  S-100 p ro te in  [15].

W ith  these  an tib o d ies  we have a tte m p te d  to  d e m o n s tra te  th e  2 ty p es  of 
im m une accessory cells in  th e  ly m p h  nodes of 5 p a tie n ts  w ith  ARC in  B ouin- 
fix ed  and  pa ra ffin -em b ed d ed  sections using  a S trep tav id in -b io tin -p e ro x id ase  
tech n iq u e . The im m unom orpho log ica l fea tu res were co m p ared  w ith  th e  p re ­
v iously  rep o rted  resu lts  o b ta in ed  w ith  frozen section  im m u n o h isto ch em istry

[1. 71-

Materials and methods

L y m p h  node b iopsies w ere o b ta in ed  from  5 p a tie n ts  w ith  A R C  of th e  P aris  a rea  in 
1985 [6] T he sam ples were fix ed  in  B o u in ’s so lu tion  and  em bedded  in  p a raffin . T he sta in ing  
procedure  was described p rev io u sly  [14]. M onoclonal a n tib o d y  J3 D 3  w as k in d ly  prov ided  
b y  Dr. C laude B oucheix  (IN S E R M  U268, H ô p ita l Pau l-B rousse , V illeju if). Two o th e r a n ti­
bodies were used: th e  m onoclonal IO B la  (Im m u n o tech , M arseille) a n d  th e  po lyclonal an ti- 
S-100 p ro te in  (D A K O PA T TS, C openhagen). L abeling  reagen ts w ere: b io tin -co n ju g a ted  ra b b it  
an ti-m ouse IgG  (V epex, B u d ap es t) , g o a t a n ti- ra b b it  IgG  (B iolyon, L yon), th e  S trep tav id in - 
b io tin -perox idase  com plex (V epex, B u d ap es t), as well as p erox idase  ra b b it  an ti-perox idase , 
P A P  com plex (B iolyon, Lyon).

Results

In  th e  ly m p h  node of th e  case w ith  ty p e  IA  lesion th e  FD C ne tw ork  
show ed a “ m o th -e a te n ”  ap p ea ran ce  a t its  p eriphery , w ith  m an tle  zone efface­
m en t (Fig. 1). The n u m b er of S-100 p ro te in  positive ID C  o f th e  p a ra c o rtex  was 
w ith in  no rm al lim its. T h ey  w ere large cells w ith  cy to p lasm ic  ex tensions and  
in tense  sta in ing .
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Fig. 1. AR C  ty p e  I A. A: F o llicu lar hy p erp lasia  w ith  irreg u la r FD C  n etw ork , decreased  th ick n ess of th e  m an tle  zone. 
B: T he ne tw o rk  of FD C show s som e n eg ative  areas. (B o u in -paraffin , an tib o d y  J3 D 3 , CD35, h em ato x y lin  co u n te rsta in ,

A: XlOO, В : X 300)
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The C astlem en’s d isease-like p a tte rn  (type  IB ) w as observed  in  an  o ther 
case. In  th e  germ ina l cen ters sm all vessels w ith in  th e  irreg u la r concentric  p a t ­
te rn  of FDC n e tw o rk  (“ onion  b u lb ”  aspect) were seen (F ig. 2). N um erous p las­
m a cells and S-100 positive 1DC p o p u la ted  th e  ex tra fo llicu la r lym phoid  t is ­
sues. Some ID C w ere seen w ith in  th e  follicles (Fig. 2).

There w ere 2 cases show ing fea tu res of ty p e  I I .  Several follicles in  these 
cases exh ib ited  v a rio u s degrees o f invo lu tion  ch a rac te rized  b y  p a r tia l  d es tru c ­
tio n  of the  FD C n e tw o rk , on ly  its  rem n an ts  being p resen t (F ig . 3). In  one case 
fo llicular h y p erp lasia  an d  A IL -like  p a tte rn  were seen in  th e  sam e lym ph node. 
T he d is trib u tio n  of S-100 p ro te in  positive ID C w as norm al.

In  the  case w ith  ex tensive  lym phoid  dep le tion  (ty p e  I I I )  no germ inal 
cen ters were observed , how ever a case of fo llicular lesion w ith  a ty p ica l m ycobac- 
teriosis was found . The im m unohisto log ical s ta in in g  w as neg a tiv e  for b o th  
FD C  and  IDC.

Discussion

On the  basis o f th e  p re sen t observations o b ta in ed  w ith  im m unom orpholog- 
ical techn iques in  B ou in -fixed , para ffin -em b ed d ed  ly m p h  nodes w hich were 
p rev iously  s tu d ie d  in  frozen sections [1, 6, 7], as w ell as of th e  review ed li te ra ­
tu re  d a ta , our fin d in g s m ay  be sum m arized  as follows:

1) P re d o m in a n t fo llicu lar h y perp lasia  (ty p e  IA ), seen in  one case, is 
h isto logically  an d  im m unom orpho log ica lly  n o t specific fo r A R C , o th e r e tio lo ­
gies, in  p a r tic u la r  v ira l in fec tions should  be considered [2, 6, 9]. T he d isrup tion  
of th e  FDC n e tw o rk  is th e  on ly  im m unohistochem ical fe a tu re  suggesting the  
diagnosis of ARC [8, 12].

2) The p a r tic u la r  form  (ty p e  IB ) s im ula ting  C astlem en’s disease is rare . 
In  our only case a m arked  increase in  blood vessels an d  num ero u s p lasm a cells, 
as well as a S-100 positive ID C  hyperp lasia  in th e  ex tra fo llicu la r lym phoid  
tissue were considered  as an  u n u su a l coexistence. Som e ID C  w ere seen also 
w ith in  the  h y p e rv ascu la r  follicles [3].

3) The ty p e  I I  o f th e  A RC ly m p h  node m o d ifica tion  has an  aspect m ore 
or less close to  th a t  of an  A IL . T he fo llicular re m n a n ts  are m ore num erous 
th a n  in A IL , and  m ore conspicious w hen th e  m onoclonal an tibod ies J3D 3 
an d  lO B la  are used. In  one case an  A IL -like p a tte rn  an d  fo llicu lar hyperp lasia  
w ere seen in  th e  sam e ly m p h  node suggesting a possible tra n sfo rm a tio n  of ty p e  
IA  to  I I  [6].

Im m unoh isto logy  in  B ou in -fixed  and  p araffin -em b ed d ed  sections using 
the  m onoclonal an tibod ies J3 D 3  (C.D35) and  IO B la  (CD21) an d  th e  polyclonal 
anti-S-100 p ro te in  a n tib o d y  are  useful in th e  ty p in g  of ly m p h  node lesions in 
A RC. B y th e ir  use i t  is possib le a t  least to  suspect th e  diagnosis of ARC. The 
find ings in  fix ed -em b ed d ed  tissues and  frozen sections w ere sim ilar [1, 2, 6, 7,
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ungarica 37, 1989 Fig. 2. AR C  ty p e  IB . A: G erm inal cen ter w ith  onion-like aspect, perifo llicu lar v ascu la r hyperp lasia . Irreg u la r  FD C netw ork  

w ith  concen tric  ap p earan ce . B: S-100 p ro te in  p ositive  IDC in  th e  in te rfo llicu lar a reas an d  some ID C  in  th e  follicles. 
(A: B o u in -p ara ffin , a n tib o d y  J3 D 3 , CD35, h em a to x y lin  c o u n te rs ta in , X l5 0 , В : a n ti-S -100 p ro te in  a n tib o d y , h em ato x y lin

co u n te rs ta in , X 100)
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Fig. 3. ARC ty p e  I I .  E ffacem en t o f the  n o rm al ly m p h  node s tru c tu re . Some follicle recognizable w ith  in v o lu tion . D estruc­
tio n  of th e  FD C n e tw o rk , m an y  ro u n d  FD C w ith o u t d en d ritic  processes. (B o u in -paraffin , a n tib o d y  J3 D 3 , CD35, h e m a to x ­

y lin  c o u n te rs ta in , A: X 100, B: X 450)

G
Y

. S
Z

E
K

E
R

E
S

 et. al.



IMMUNOHISTOLOGICAL DEM ONSTRATION OF LYMPH N OD E RETICULUM  CELLS 53

11]. A dd itional d a ta  su p p o rtin g  th e  diagnosis can  be o b ta in ed  by  u ltra s tru c tu ra l 
s tu d ies  and  by  th e  d em o n stra tio n  of the  s tru c tu ra l p ro te in s  o f HIV w ith 
im m u n o h isto ch em istry , as well as b y  the  id en tif ic a tio n  of th e  v irus genom 
w ith  in  situ  h y b rid iza tio n  tech n iq u e  [6, 10].
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I n  situ  h y b rid iza tio n  procedures th a t  have been  used  successfully for th e  local­
iza tio n  of so m a to s ta tin  and  cholecystok in in  m R N A s in  neurons on c ry o s ta t  sections 
o f r a t  b ra in , w ere te s te d  for ap p licab ility  to  v ib ra to m e  sections of r a t  and  gu inea pig b ra in . 
S o m a to s ta tin  and  cholecystok in in  m R N A s were localized  to  neurons in 30 p m  th ick  
v ib ra to m e  sections of b ra in  from  b o th  species b y  use o f 32P  labelled oligodeoxyribo- 
nu c leo tid e  (oligom er) probes. S o m a to s ta tin  m R N A s w as localized to n eu rons in  th e  
p e riv e n tric u la r  region of th e  p reo p tic  a rea  o f r a t ,  and  gu inea  pig b rain . C holecystok in in  
m R N A s w ere localized to neurons of r a t  h ip pocam pus. H y b rid iza tio n  signal, b a ck ­
g ro u n d  a n d  reso lu tion  achieved w ith  v ib ra to m e  sec tions were com parab le  to  those 
o b ta in ed  w ith  th e  m ore com m only  used  c ry o s ta t sections.

Keywords: I n  situ  h y b rid iza tio n  — so m a to s ta tin  — cholecystok in in  — v ib ra ­
to m e  sections
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In tro d u c tio n

In  situ  h y b rid iz a tio n  (ISH ) is now  w idely used  to  d e tec t cells t h a t  co n ­
ta in  specific m R N A s. P a ra ff in  em bedded  or c ry o s ta t sections have been  m ost 
com m only  used for IS H  [for review s see Ref. 3, 5, 8]. V ib ra tom e sections 
have p o te n tia l ad v an tag es  for m app ing  of th e  reg ional d is tr ib u tio n  of 
neurons th a t  express a p a r tic u la r  m R N A  because of th e  g rea te r tissue m ass in  
each section . In  th e  p resen t s tu d y  we describe m eth o d s th a t  allowed successful 
cellu lar loca liza tion  of so m a to s ta tin  an d  cho lecystok in in  (CCK) m R N A s on 
v ib ra to m e  sections p rep ared  from  b ra in  of ra ts  an d  gu inea pigs.
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Materials and methods

Probe preparation and labelling

O ligodeoxyribonucleotide  (oligom er) probes co m p lem en ta ry  to po rtio n s o f th e  inR N A s 
encoding  p ro -so m a to s ta tin  and  pro-C C K  were syn thesized  on an  A pplied B iosystem s DNS 
sy n thesizer. The spec ific ity  o f th ese  p ro b es for th e  loca lization  of p ro -so in a to s ta tin  an d  pro- 
CCK m R N A s on c ry o s ta t  sections o f r a t  an d  guinea pig tissues has been described  prev iously  
[9, 13]. 50 pMol a liq u o ts  o f each  p ro b es w ere 5’-end labe lled  w ith  32P  using T 4 po lynucleo tide  
k in ase  and  100 pM ol gam m a 32P  A T P  (IC N  R adiochem icals, CA, 7000 Ci/m M ol) follow ed by 
p u rif ic a tio n  on 15%  p o ly acry lam id e  gels co n ta in ing  7M u rea  [10]. A fter au to ra d io g ra p h y  
o f gels on X -ray  film  (K o d ak  X A R -5), p o ly acry lam ide  slices 2 X 0.2 cm co n ta in in g  probe  were 
excised . Probe was e lu ted  from  po ly acry lam id e  b y  in cu b a tio n  in 1 ml 10 mM  Tris-H C l 
p H  7.0 overn igh t a t  37 °C. P o ly acry lam id e  was se p a ra ted  from  e lu ted  probe by  cen trifu g a tio n  
fo r 5 m in  a t  room  te m p e ra tu re  in  a m icrofuge. A liquots of p robe  were liophylized  an d  resu sp en d ­
ed in  2X  h y b rid iza tio n  b u ffer for d irec t use in  IS H . P ro b e  specific ac tiv ities  w ere ro u tin e ly  
0.5 — 1 X 106 cpm /pM ol.

Tissue  preparation

In ta c t,  u n tre a te d  ra ts  (150 — 300 g, Sprague —D aw ley stra in ) an d  gu inea  pigs (150 — 
300 g, H a rtley  s tra in )  w ere an aesth e tized  b y  in tra p e rito n ea l in jec tion  of N e m b u ta l (60 m g/kg 
fo r ra ts  and  50 m g/kg  for guinea pigs) an d  perfused  th ro u g h  th e  h e a rt w ith  a so lu tion  c o n ta in ­
ing  4 %  p a rafo rm ald eh y d e  and 0 .2%  g lu ta ra ld eh y d e  in  0.1 M p h ospha te  b u ffe r  (pH  =  7.4). 
T h e  aldehyde perfusion  was p receded  w ith  a b rie f v a scu la r  rinse. The b ra in  was dissected , 
a n d  k e p t in  the  f ix a tiv e  for 24 to  72 h  a f te r  perfusion  a t  4 °C. T h ir ty  /пт th ic k  coronal sections 
were p repared  using a V ib ra to m e  (O xford). Sections w ere colieted in  ice cold p h o sp h a te  b u f­
fered saline (PB S), m o u n te d  on to  chrom e alum  subbed  slides from  w ate r/g e la tin , d ried  over­
n ig h t a t  37 °C and  k e p t a t  4 °C for several days (up to 2 weeks). F o r com parison , tissue blocks 
w ere c ryo p ro tec ted  in  0.1 M p o sp h a te  b u ffer con ta in ing  30%  sucrose th en  te n  /tm  th ic k  frozen 
c ry o s ta t  sections w ere p rep ared , m o u n ted  on to  chrom e a lu m  subbed  slides an d  s to red  a t  4 °C 
fo r several days (up  to  2 weeks).

Prehybridization and hybridization

Sections w ere w ashed in PB S  co n ta in ing  T rito n -X  100 (0 .2% ) for 60 m in . A m ix tu re  
o f 50 //1 of 2X  h y b rid iz a tio n  b u ffer [6] an d  50 /Л of 60%  deionized form am ide  w as sp read  on 
to  each  slide. The b u ffer was boiled fo r 2 m in and chilled on crushed ice before m ixing it  w ith  
th e  form am ide. T he sections w ere covered  w ith  P a ra film  [14] and  k e p t a t  37 °C for 1.5 to 
2 h  in  hum id cham bers . A t th e  end of th e  p re h y b rid iza tio n  period , sections w ere d eh y d ra ted  
in  e th an o l co n ta in ing  0.33 M am m o n iu m  ace ta te , a ir d ried  for 10 m in an d  th e n  100 fil of a 
m ix tu re  of 2X  h y b rid iz a tio n  b u ffer co n ta in in g  th e  labelled  probe and equal volum e of 60%  
deionized form am ide w as sp read  on th e  slide. T he 2X  h y b rid iza tio n  buffer co n ta in in g  labelled 
probe  was boiled for 2 m in  and  q u ick ly  chilled on crushed  ice before m ixing w ith  th e  form am ide. 
P ro b e  con cen tra tio n s used  were id en tica l for c ry o sta t a n d  v ib ra to m e  sections. T he 41 base 
so m a to s ta tin  p robe  as well as b o th  th e  30 base and  26 base  CCK oligom ers w ere used  a t  a 
co n cen tra tio n  of 3 X 10G cpm  in  a vo lum e of 100 /Л ap p lied  to  each slide. U p  to  6 b ra in  cross 
sections were p rocessed  on each slide. D uring  th e  h y b rid iz a tio n  period (48 to  72 h) th e  sections 
w ere covered w ith  coverslips an d  th e  slides were k e p t a t  37 °C in  m oist ch am b er. Follow ing 
h y b rid iza tio n , th e  coverslips were rem oved  by  im m ersion  of th e  glass slides in  4 X  SSC (20X  
SSC — 3 M NaCl, 0.3 M N a c itra te , p H  =  7.0). Sections were th en  w ashed  in  decreasing 
co n cen tra tio n s of sa lt so lu tions (4X , 2X  and 0 .1X  SSC) for 2 to 3 h  a t  room  tem p e ra tu re , 
d e h y d ra ted  th ro u g h  ascending  e th an o l series co n ta in in g  0.33 M am m onium  a ce ta te  and  a ir 
d ried  for 5 —10 m in. Slides were exposed to  X -ray  film  (K o d ak  X A R -5) fo r 24 h  a t  room  
tem p era tu re .

Inclusion  of 1 .0%  T rito n -X  100 an d  0 .1%  sapon in , respec tive ly  in  th e  PB S  w ash solu­
tio n  was com pared  w ith  inclusion  of 0 .2%  T rito n -X  100 for effects on h y b rid iz a tio n  signal 
in te n sity .
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A  utoradiography

Sections w ere d ipped  in K o d ak  N T B -3 pho toem ulsion  d ilu ted  in  0.33 M am m o n iu m  
ace ta te  (2 : 1, v  : v , em ulsion to 1 M am m o n iu m  ace ta te). Slides were d ried  for 1.5 to  2 h  a t  
28 °C and  8 0 %  re la tiv e  h um id ity . A fter d ry in g , slides were exposed a t  4 °C in lig h t t ig h t 
p lastic  boxes fo r 1 to  3 weeks. Sections w ere developed  in  K odak D-19 developer d ilu te d  1 : 1 
w ith  d istilled  w a te r, fixed  in K odafix  an d  coverslipped  w ith o u t coun te rsta in in g .

M icroscopical exam ination

Low pow er d a rk  field m icroscope (L eitz  D ia lux  22) was used to scan  sections a n d  locate  
groups of silver g ra ins th a t  are in d ic a tiv e  of labelled  neu ronal p e rik a ry a. T hose a rea s were 
pho to g rap h ed . A fte r p h o tography , th e  coverslips w ere rem oved and th e  sections w ere s ta in e d  
w ith  0 .5%  th io n in  an d  recoversliped. A reas o f p o te n tia l in te res t as assessed d u rin g  th e  dark  
field  e x am in a tio n  were reexam ined an d  th e  to p o g rap h ica l re la tionsh ip  be tw een  g ro u p s of 
silver grains an d  p e rik a ry a  was verified .

1 mm unohistochem istry

Y ib ra to m e  sections ad jacen t to  th o se  used fo r 1SH were trea ted  w ith  e th an o l [7]. F ree  
floating  sections were in cubated  w ith  so m a to s ta tin  an tise ru m  TG -SO M -R 85/722-11-8 a t  a 
d ilu tion  of 1 : 5000 for 24 h  a t  4 °C. Im m u n o s ta in in g  was de tected  using  a m o d ifica tio n  of 
th e  p e ro x idase-an tiperox idase  (PA P) m eth o d  of S te rn b erg er e t al. [15] as described  b y  Mer- 
chen th a le r e t al. [1 1 1. The so m a to s ta tin  a n tise ru m  was prepared  by  im m u n iza tio n  o f New 
Z ealand w h ite  ra b b its  w ith  so m a to s ta tin  1 —14 (P en in su la  L aboratories) co n ju g a ted  to  bovine  
th y rog lobu lin  (Sigm a) using th e  g lu ta ra ld e h y d e  m eth o d  [2]. T ite r and  specificity  o f th e  a n ti ­
serum  was te s te d  b y  enzym e linked im m u n o assay  (E L IS A ) as described b y  Görcs e t al. [4]. 
No cro ss-reac tiv ity  was de tected  w ith  p ep tid e s  te s te d  in  E LISA . Im m u n o s ta in in g  co n tro ls  
included  e lim in a tio n  of im m unosta in ing  of so m ato sta tin e rg ic  neurons by  p re -a b so rp tio n  w ith  
15 pg  (0.9 nM ol) of so m a to s ta tin  1 —14 an d  no d im in u tio n  of im m unosta in ing  by  p re ab so rp tio n  
w ith  up to  50 pg  o f a wide v a rie ty  o f o th e r  p ep tid e s  including a lpha-m elanocy te  s tim u la tin g  
horm one, g ro w th  horm one releasing h o rm one (ra t) , secretin , ad ren o co rtico tro p ic  ho rm one 
1 — 24, and  22 — 39, d y n orph in  1 —17, cho lecy sto k o n in  su lfa ted  o c tap ep tid e , lu te in iz in g  h o r­
m one-releasing horm one, vasoactive  in te s tin a l p o ly p ep tid e , leucin-enkephalin , su b s ta n c e -P , 
co rtico tro p in  re leasing  horm one (ra t) , P H I ,  n eu ro pep tide-Y , d iazepam  b ind ing  in h ib ito r , 
n eu ro tensin , th y ro tro p in  releasing ho rm one, an d  argin in-vasopressin .

Results

S o m ato sta tin  m R N A  was localized  to  in d iv idua l neurons in  th e  p e r i­
v e n tr ic u la r  reg ion  of ra t  p reop tic  a rea  (F ig . 1). A u to rad iogram s p rep a red  e ith e r  
b y  exposure of th e  sections to  an  X -ra y  film  or photoem ulsion  revealed  h y b r id i­
za tion  signals w ith  the  cha rac teris tic  sy m m etrica l d is trib u tio n  of s o m a to s ta tin ­
ergic neurons along the  walls o f th e  th ird  v en tric le  (F ig 1A ). S o m a to s ta tin  
im m u n o reac tiv e  neurons on a d ja c e n t v ib ra to m e  section show ed a s im ila r 
d is tr ib u tio n  (F ig . IB ). W ith v ib ra to m e  a n d  c ry o s ta t sections, th e  b ack g ro u n d  
h y b rid iza tio n  (defined  as silver g ra in  d en sity  in  non-cellu lar regions) w as 
com parable . T here  was no evidence th a t  use o f 30 pm  th ick  v ib ra to m e  sectio n s 
im peded  probe p en e tra tio n  as h y b rid iz a tio n  signal in ten s ity  an d  reso lu tio n  
w ere com parab le  in  v ib ra tom e an d  c ry o s ta t  sections (Fig. 1A an d  C).

In  th e  gu inea pig, so m a to s ta tin  m R N A  was localized to  cells o f d im e n ­
sions 8 —10 p m  b y  16—20 pm  th a t  w ere d is tr ib u te d  in  several colum s a ro u n d
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Fig. 1. L ocalization  of so m a to s ta tin  m R N A  an d  im m u n o re ac tiv ity  in  neurons of th e  p e r i­
v en tricu la r reg ion  o f r a t  p reo p tic  area. A : Low pow er p h o to g rap h  tak e n  w ith  dark  field  illu ­
m ination , of h y b rid iz a tio n  of th e  32P  labelled so m a to s ta tin  oligom er to  neurons in  a v ib ra to m e  
section. In se rt (b o tto m ) shows th a t  hy b rid iza tio n  of th e  so m a to s ta tin  probe (betw een arrow s) 
on the  same v ib ra to m e  section  is ev iden t on an  a u to ra d io g ra m  p rep ared  by exposure o f th e  
section to X -ray  f ilm  fo r 21 h a t  room  tem p e ra tu re . In  th e  exam ple  show n, probe p e n e tra tio n  
was facilitated  b y  1 .0%  T rito n -X  100, b u t  h y b rid iz a tio n  signal and background  w ere in ­
distinguishable fro m  th o se  on a d jacen t sections tre a te d  w ith  0 .2%  T rito n -X  100 (d a ta  n o t 
shown). B :  Im m u n o s ta in in g  of neurons (arrow s) in  v ib ra to m e  section  w ith  so m a to s ta tin  
antiserum . Im m u n o s ta in in g  of fine varicose fib ers  is also observed  (ringed arrow ). C : Low 
pow er p h o to g rap h  ta k e n  w ith  d a rk  field illu m in a tio n  of so m a to s ta tin  m R N A  co n ta in in g  
an terio r p e r iv e n tr ic u la r  n eu rons on a c ry o sta t sec tion . I I I .  =  th ird  ventricle . Scales: 100 / ш

for A and  C, 50 (im  for В
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th e  th ird  v en tric le  (F ig. 2A) and  th a t  w ere su rro u n d ed  by  a dense popu la tio n  
of non -labelled  n e u ro n s  (Fig. 2B).

U sing v ib ra to m e  sections, CCK m R N A  w as localized to  in d iv id u a l n eu ­
rons in  all layers of th e  CAt region of r a t  h ippocam pus (Fig. 3). O ccasionally , 
w ith  b o th  th e  CCK a n d  so m a to s ta tin  oligom ers th e  density  of silver grains 
observed  over d is tin c t b ra in  regions w as h ig h er th a n  background  h y b rid iza tio n  
(Fig. 3 show s an  exam ple  for CCK oligom er and  th e  py ram idal cell lay er of 
the  h ip p o cam p u s). Such regional h y b rid iza tio n  is no t charac teris tic  o f v ib ra ­
tom e sections as i t  occurs also w ith  c ry o s ta t sections and  w ith a w ide range  of 
oligom ers th a t  are com plem entary  to  rnR N A s o th e r th a n  CCK an d  so m a to ­
s ta tin . C lusters of silver grains over in d iv id u a l neurons can still be de tec ted  
easily, how ever, w ith in  these areas (F ig. 3, n eu ro n  2).

P h o to g ra p h s  ta k e n  w ith  b rig h t fie ld  illu m in a tio n  (Figs 2 an d  3) show 
th a t w ith  v ib ra to m e  sections of b ra in , tissue p reserv a tio n  is com parab le  if 
n o t su p e rio r to  c ry o s ta t sections. In creasin g  th e  co n cen tra tio n  of T rito n -X  100 
in  th e  P B S  w ash so lu tion  or s u b s ti tu t io n  w ith  an o th e r d e te rg en t, saponin  
resu lted  in  no obvious differences in  h y b r id iz a tio n  signal in tensity .

Discussion

In  th e  p resen t s tu d y  so m a to s ta tin  m R N A  w as localized to  n e u ro n s  of 
the  p e r iv e n tr ic u la r  reg ion  of ra t  and  gu inea pig p reo p tic  area by  use of a 41 
base 32P  labelled  oligom er as probe on v ib ra to m e  sections. H y b rid iza tio n  
signals an d  b ack g ro u n d  observed in  neu rons on v ib ra to m e sections of the  
r a t  p e riv e n tr ic u la r  reg ion  using e ith e r X -ra y  film  a u to rad io g rap h y  or p h o to ­
em ulsion, w ere co m p arab le  to  those rep o rted  p rev iously  on c ry o s ta t sections 
[1, 9, 12, 16].

CCK m R N A  w as localized to  in d iv id u a l n eu rons of the CAX reg ion  of ra t  
h ippo cam p u s b y  use o f a 32P labelled  oligom er on v ib ra tom e sections. Siegel 
and  Y oung  [14] re p o rte d  a sim ilar loca liza tio n  of CCK m R N A  in h ip pocam pal 
neurons u sing  an  35S labelled  cR N A  probe on c ry o s ta t sections. As in  our s tu d y , 
th ey  also found  a diffuse regional accu m u la tio n  of silver grains over th e  p y ra ­
m idal cell la y e r  of th e  hppocam pus. I t  seem s un like ly  th a t  th is  rep resen ts  
specific h y b rid iz a tio n  to  CCK m R N A  in  all cells in  th e  p y ram id a l layer, b e ­
cause in  c o n tra s t  to  th e  h y b rid iza tio n  signals localized  to  in d iv idua l neu ronal 
p e rik a ry a , th e  diffuse accum ulations of silver g ra ins were no t e lim in a ted  by  
p re tre a tm e n t of sections w ith ribonucléase p rio r to  h y b rid iza tio n  (d a ta  no t 
shown) a n d  occur w ith  a wide range o f oligom er probes com p lem en tary  to  
rnR N A s o th e r  th a n  CCK (e.g. oligom ers to  so m a to s ta tin , glucagon, an d  sub ­
stance К  rnR N A s). F u r th e r  stud ies are req u ired  to  e s tab lish  the  origin of such 
regional an d  p ro b ab ly  non-specific  h y b rid iza tio n .
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Fig. 2. L ocalization  of so m a to s ta tin  inR N A  to neurons in  th e  periv en tricu la r region of guinea 
pig preoptic  area . A  : Low power d a rk  field  p h o to m o n tag e  of h y b rid izatio n  to  n eu rons in a 
v ib ratom e section. B :  H igh power b rig h t field  p h o to m o n tag e  of the  rectang le  ou tlin ed  in  A 
to  show th a t  c lu s te rs o f silver gra ins overly  in d iv id u a l neurons (cells num b ered  1 - 7  in  A 
and  В 4-  inserts). I I I .  th ird  ven tric le . Scales: 100 for A, 50 f i i n  fo r В and 10 f i m  for

th e  tw o inserts
Fig. 3. L ocalization  o f CCK m R N A  to  neurons in th e  r a t  h ippocam pus (CAL region). T op 
panel: Low pow er d a rk  field p h o to g rap h  of h y b rid iza tio n  of th e  CCK oligom er to  neu ro n al 
p e rik a ry a  in a v ib ra to m e  section. N u m b ered  arrow s 1 - 7  p o in t to  c lusters o f silver grains.
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T h e  sam e areas are  show n in n u m b ered  h igh  power, b rig h t field  p h o to g rap h s in  th e  b o tto m  
panels. N euron  1 is in  th e  s tra tu m  oriens, n eu ro n  2 in th e  s tra tu m  p y ram id a le  w hereas neurons 
3 — 7 are  in s tra tu m  ra d ia tu m  an d  lacunosum -m olecu lare. A b an d  of silver g ra ins (betw een 
c o n to u r arrow s) follows th e  n eu rons of th e  s tra tu m  p y ram idale . Scales: 100 fa n  for top  panel

an d  10 /im  for o thers
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O ur localization  o f so m a to s ta tin  an d  CCK inR N A s to  in d iv id u a l neurons 
on v ib ra to m e sections o f r a t  an d  guinea p ig  b ra in  suggests th a t  for IS H  in 
th e  cen tra l nervous sy s tem  (CNS), v ib ra to m e  sections are  a va lid  a lte rn a tiv e  
to  th e  m ore com m only  used  c ry o s ta t and  p a ra ff in  sections. C om parable 
h y b rid iza tio n  signals w ith  v ib ra to m e  an d  c ry o s ta t sections suggest no losses of 
m R N A  during  p re p a ra tio n  o f v ib ra to m e  sections an d  flo a tin g  of th e  sections 
in  PR S. C onventional p rocedures to  fac ilita te  probe p e n e tra tio n  as described 
p rev iously  for c ry o s ta t sec tions [6, 12] are suffic ien t to  allow  probe p e n e tra tio n  
in to  th e  th ick er v ib ra to m e  sections. V ib ratom e sections h ad  no g re a te r  ten d en cy  
to  d issociate from  th e  glass slides th a n  c ry o s ta t sections. T he know n  advan tages 
of v ib ra to m e sections o v er c ry o s ta t sections for h isto log ical analyses of the  
CNS include m ore easily  a tta in e d  p rese rv a tio n  of ce llu la r s tru c tu re  an d  clearer 
boundaries for defined  nuclei and  h isto logical s tru c tu re s . These ad v an tages, 
to g e th e r w ith  our success in localization  of CCK an d  so m a to s ta tin  m R N A s 
on v ib ra to m e  sections b y  IS H , suggest th a t  com bined  IS H  an d  iinm unoliisto- 
chem istry  on v ib ra to m e  sections will be of value in  m app ing  and  analyses of 
th e  expression of specific  genes encoding neuropep tides.
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RELATIVE GROWTH OF THE HUMAN 
TEMPORAL RONE IN THE PRENATAL PERIOD

Carlos  A. Ma n d a r i m -d e -La c e r d a

D EPA RTM EN T OF ANATOMY, STATE U N IV E R SIT Y  OF R IO  D E JA N EIR O  (U ER J),
AV. PR O F. M ANUEL D E A BREU  48 —  B R  20550 —  R IO  D E JA N E IR O , R J  — BRA ZIL

(R eceived 19 S ep tem b er 1988)

T h ir ty  r ig h t tem p o ra l hones o f B raz ilian  fe tuses (ranging fro m  14 th  to  36 th  
w eeks) w ere s tu d ied  b y  th e  a llom etric  m eth o d  in  o rder to  define th e  p a t te rn  o f th e  
w hole tem p o ra l bone  w eigh t g ro w th  and  th e  w eigh t g row th  of th e  te m p o ra l bone 
p o rtio n s : squam ous, p e tro u s an d  ty m p an ic . T hese  d a ta  w ere com pared  to  fe ta l w eigh t. 
T he increase  of th e  d a ta  o f th e  tem p o ra l bone show s a positive  a llo m etry  ex cep t fo r th e  
ty m p a n ic  p o rtio n  (isom etry). T he squam ous p o rtio n  show s th e  h ighest a llo m etric  coef­
fic ien t. T hese  d a ta  a re  im p o r ta n t to  th e  know ledge of th e  h u m an  skull g row th .

Keywords: T em poral bone g row th , a llom etry , an a to m y

Introduction

T he fe ta l  tem p o ra l bone has th ree  m a jo r po rtio n s w ith  orig in  in  severa l 
s tru c tu re s . M ultip le cen te rs  of ossification  in  th e  cartilage of th e  otic  capsule 
produce  a com posite, b o n y  shell a ro u n d  th e  in n e r ear, th e  p e tro u s p o rtio n  of 
th e  te m p o ra l bone. T he o th e r po rtio n s of th is  hone, th e  squam ous and  
ty m p a n ic  p o rtio n s, are of in tram em b ran o u s  origin [1]. A de fin ite  m asto id  
process f ir s t  develops a fte r  b ir th  b y  an  o u tw ard  bulg ing  of th e  p e tro u s  p o r­
tio n , w hile th e  sty lo id  process o rig inates from  th e  dorsal end  of th e  second b ra n ­
ch ial a rch  [14].

E n d o ch o n d ra l hone is th ree-d im ensiona l in its  g row th  p a tte rn , ossifying 
from  one or m ore deeply  s itu a te d  an d  slow ly ex p an d in g  cen ters. M em braneous 
bone is tw o-d im ensional an d  is la id  dow n in  b ro ad  sheets w ith  ex trem e speed, 
especially  over rap id ly  grow ing areas [19].

M orphological aspects on g row th  an d  m odelling  of th e  h u m an  tem p o ra l 
bone as a com ponen t of th e  b asic ran iu m  h av e  been  sub jec t of m an y  p rev ious 
stud ies [2, 4, 5, 6, 8, 12, 14, 15 an d  25]. M oreover, q u a n tita tiv e  d e te rm in a tio n s  
on g row th  of th e  te m p o ra l bone du ring  h u m a n  fe ta l life are scarce in  th e  l i te ra ­
tu re . These d e te rm in a tio n s  m ay  be useful to  ap p rec ia te  th e  no rm al g ro w th  of

Send o ffp rin t req u ests  to :  C. A. M an d arim -de-L acerda, M D, S ta te  U n iv . o f R io  De 
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th e  h u m an  b a s ic ra n iu m  as well as its  anom alies in  fe ta l life. T hus, num erica l 
app roach  of th e  re la tiv e  g row th  of th e  te m p o ra l bone w ould be an  accessory 
index  for c lass ifica tio n  of cephalic anom alies.

In d iv id u a l bones can  show  considerab le v a r ia tio n s  from  th e  overall ra te  
of grow th. T hese v a ria tio n s  are  only  exam ples of th e  d ifferen tia l g row th  th a t  
has been found  to  ex is t be tw een  various p a r ts  o f th e  developing organism  [17].

The a im  o f th e  p resen t s tu d y  is to  consider th e  g row th  of th e  tem p o ra l 
bone in h u m a n  fe ta l period  b y  m eans of th e  a llom etric  m ethod .

Materials and methods

The su b jec ts  w ere  30 n o rm al h u m an  B razilian  fe tu ses ran g in g  in age from  weeks 14 to 
36 from  th e  co llection  o f th e  D e p a rtm en t o f A n a to m y , a t  th e  S ta te  U n iv ersity  o f R io de J a ­
neiro (Table I). T h ey  h a d  been p reserv ed  in  a  10%  fo rm alin  so lu tion  for a t  least one m o n th . 
R ig h t tem p o ra l bones w ere carefu lly  d issected  u n d e r a low  pow er stereom icroscope. A u d ito ry  
ossicles and  all tissu es w ere rem oved. W eights of th e  d ry e d  bones were reco rded  from  w hole 
tem p o ra l bone, p e tro u s  p o rtio n , squam ous p o rtio n  a n d  ty m p a n ic  po rtio n . Male an d  fem ale  
bones were com bined  in to  one group.

The d a ta  w ere an alyzed  b y  th e  a llom etric  m eth o d  [9 a n d  10] considering  th e  loga­
rith m ic  from

(lo g y  =  fe(log.r) +  log ft]
fo r b iv aria te  n o rm a l cases [20].

In  th e  e q u a tio n  к  is th e  a llom etric  coefficient a n d  log b is th e  in itia l g ro w th  coeffici­
en t [10].

The d a ta  w ere  f i t te d  according to  m odel I I  reg ression  (because b o th  va riab les  are 
su b jec t to  e rro r m easu rem en t)  [18], b y  th e  reduced  m ajo r ax is m eth o d  [7, 16 an d  21]. F o r  th e  
analyses of th e  re la tiv e  g ro w th  of th e  tem p o ra l bone, w eigh ts of tem p o ra l bone is th e  o rd in a te  
(y) while w eigh ts o f fe tuses is th e  abscissa (x ).

Table I

D istribu tion  of th e  fetuses according to  th e  age

Fetal age (weeks) Number %

1 4 - 2 0 9 30.0
2 1 - 2 6 11 36.7
2 7 - 3 2 7 23.3
3 3 - 3 6 3 10.0

T otal 30 100.0

Results and discussion

R esu lts  are  show n in  T ab le  I I  an d  G rap h  I . Sex differences w ere n o t 
considered in  th e  analysis o f th e  d a ta  because  th e y  are n o t s ta tis tic a lly  sign if­
ican t [22 an d  24].
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Fig. 1. S ch em atic  d raw ing  o f th e  tem p era ! bone  an d  i ts  th re e  p o rtio n s a t  b ir th

Table II

R egressions o f tem p o ra l bone w eigh t against fe ta l w eigh t [log y  =  fc(log x)  +  log 6]

L o g  (*) tog (r) L o g  (b) к 9 5 %  C I(/c )a Г Р г о Ь (г )Ь

T em poral w eigh t - 3 .0 3 1.10 0 .8 9 -1 .3 0 0.88 0.01
B odys’ weight Squam ous w eigh t - 3 .9 9 1.16 1 .0 0 -1 .3 1 0.94 0.01

P e tro u s  w eigh t - 3 .2 2 1.13 0 .8 9 -1 .3 6 0.85 0.01
T y m pan ic  w eigh t - 4 .5 3 1.01 0 .7 8 -1 .2 4 0.81 0.01

a 95%  confidence in te rv a l fo r th e  slope estim ate  k. 
b P rob(r) is th e  p ro b ab ility  t h a t  r is d ifferent from  zero

D uring  fe ta l perio d  th e  average  of th e  re la tiv e  g ro w th  shows, except fo r 
ty m p an ic  p o rtio n  o f th e  te m p o ra l bone w hich grow s isom etrica lly  (fc 1), 
t h a t  squam ous a n d  p e tro u s  p o rtio n s of th e  te m p o ra l bone p resen t positive  
a llom etry  (k 1). T he average  of th e  re la tiv e  g ro w th  of th e  whole tem p o ra l 
hone is a llom etrica lly  positive .
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These d e te rm in a tio n s  agree w ith  m orphological evidence on developm ent 
o f  th e  tem p o ra l hone. Before b ir th  th e  bone consists o f th re e  p o rtio n s  th e  
ty m p a n ic  p o rtio n  being  in  th e  fo rm  o f a r in g  (F igure 1). A t b ir th  th e  ty m p a n ic  
rin g  has u n ited  w ith  th e  squam ous p o rtio n  an d  subseq u en tly  grow s in  d e p th  to  
becom e th e  ty m p a n ic  p a r t  w hich fo rm s th e  an te rio r w all an d  th e  floo r of the  
e x te rn a l a u d ito ry  m ea tu s  [11].

portion

petrous
portion

portion

Graph. I .  R egression of tem p o ra l bone  w e ig h t ag a in s t fe ta l w eigh t acco rd ing  to  th e  d a ta  
in d ica ted  in  T ab le  I I .  T h e  lines were f i t te d  b y  red u ced  m ajo r axis m eth o d . P lo ts  a re  in d iv id u a l 

d a ta  from  fetuses to  w hole tem p o ra l bone w eigh t

The p resen t find ings are sim ilar to  those  of m e taca rp a ls ’ an d  m e ta ta rsa ls ’ 
w eights versus fe ta l bo d y  w eigh t th a t  p re se n t a positive a llo m e try  [3 an d  23]. 
S tu d y in g  th e  g row th  of th e  ske le ton  in  h u m a n  fetuses T ro tte r  an d  H ixon  (22) 
also found positive a llo m etry  for th e  w eigh t increase.

C alcu lations of th e  m ean  g ro w th  p a tte rn s  for large p o p u la tio n s  estab lish  
s ta n d a rd s  w ith  w hich an  in d iv id u a l child  m ight be com pared , an d  offers an 
o p p o rtu n ity  to  s ta tis tic a lly  p re d ic t th e  g row th  p a tte rn  th a t  a ch ild  m ig h t fol­
low  [13].

This w ork  stud ies th e  g ro w th  o f te m p o ra l bones in  S ou th -A m erican  fe­
tu ses  (Brazil) for th e  f irs t tim e.
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MYENTERIC PLEXUS OF FROG LARGE INTESTINE: 
LIGHT AND ELECTRON MICROSCOPY 

OF FIBER SYSTEM AND NEURONS

R. Gá b r i e l 1, I . B e n e d e c z k y 1, Má ria  Cs o k n y a 2

D E P A R T M E N T  OF ZOOLOGY, JÓ Z S E F  ATTILA U N IV ERSITY , SZEGED, HUNGARY 
D E P A R T M E N T  OF ZOOLOGY, JA N U S PANNONIUS U N IV ER SITY , PÉCS, H UN G ARY

(R eceived  28 N ovem ber 1988)

T he m yen teric  p lexus o f th e  frog  large  in testin e  w as s tu d ied  b y  m ean s of silver 
im p reg n atio n , N A D H -d iap h o rase  h is to ch em is try  an d  e lectron  m icroscopy. T he m ain 
f ib e r bund les of th e  m y en te ric  p lex u s  are  s itu a ted  be tw een  th e  lo n g itu d in a l a n d  c ircular 
sm o o th  m uscle layers. M ost o f th e  b ra n ch e s  of th is m ain  p lex u s could  be  follow ed in to  
th e  c ircu lar m uscle lay e r. T he d ia m e te r  of th e  large n e rv e  bu n d les w as d e m o n s tra ted  
b y  im p reg n atio n  to  be  7 — 8 /im . N A D H -d iap h o rase  h is to ch em is try  rev ea led  a ran d o m  
d is tr ib u tio n  of th e  nerve  cells; th e  n e rv e  cells did n o t fo rm  ganglia . T he m ax im al profile 
o f these  m ostly  m u ltip o la r cells w as 75 —100 /n if . T he p ack in g  d en sity  o f ne rv e  cells 
w as 710 23 per cm 2. A t th e  e le c tro n  m icroscopic level, th e  p lexus consisted  of a
n u m b er of u n m y elin a ted  n e rv e  p ro file s, a few m y elin a ted  axons, S chw an n  cells and 
neurons. T he p ro p o rtio n  of m y e lin a te d  fibers did n o t exceed 1% . T he n e rv e  profiles 
co n ta in ed  vesicles, sm all a g ra n u la r  vesicles or m ixed vesicle p o p u la tio n s. Synapses 
w ere ex trem ely  ra re  in  th e  n eu ro p il. T he possib ility  an d  im p o rtan ce  of n o n -sy n ap tic  
tra n s m itte r  release an d  p re su m ed  t r a n s m itte r  substances are discussed.

Keywords: Frog , large  in te s tin e , m yenteric  p lexus, silver im p reg n atio n ,
N A D H d , u ltra s tru c tu re

Introduction

T he large in testin e  of th e  frog  is d ifferent in a n a to m y  from  th a t  of m am ­
m als. I t  is re la tiv e ly  sh o rt, b u t  h as  a huge d iam eter com pared  w ith  th a t  of 
th e  sm all in testin e , and  can  be localized  in  the low er p a r t  of th e  b o d y  cav ity . 
O nly a few  stud ies have been  p e rfo rm ed  on its  in n e rv a tio n  [8, 39, 41, 47, 54, 55]. 
G unn described  th e  gu t p lexuses a n d  th e ir  cell types in  th e  frog [41]. She p o in t­
ed ou t th a t  th e  sm all an d  la rg e  in te s tin e s  con ta in  Dogiel ty p e  I I  an d  I I I  
cells, w hich are p ro b ab ly  in te rc o n n e c ted  w ith  each o th e r. N erve fib ers  p resu m ­
ab ly  con ta in in g  catecho lam ines w ere iden tified  b y  m eans of fluorescence  in 
whole m ou n ts  of the  to a d  g u t; th e y  w ere  num erous in  th e  c ircu la r m uscle lay e r 
of th e  large in testin e  [62, 63]. N e ith e r  p e rik ary a  nor perice llu la r b a sk e ts  were 
seen [76]. h u t  th e  in n e rv a tio n  p ro p e r o f th e  sm ooth m uscle seem ed to  be richer 
th a n  in  m am m als. O ther d a ta  on th e  o rgan iza tion  of th e  large in te s tin e  plexuses 
are  n o t availab le  in  th e  l i te ra tu re ; th e  lack  of studies on th e  size an d  n u m b e r of 
neurons an d  on th e  u ltra s tru c tu re  o f n eu ra l elem ents of th e  m yen teric  p lexus is
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conspicuous. O ur aim  w as to  o b ta in  these m issing d a ta  b y  m eans of light- and 
e lec tro n  m icroscopic m eth o d s.

Materials and methods

A d u lt specim ens o f frog  (m ales an d  fem ales: a to ta l  o f 17) w ere used  fo r th e  experim ents.
Silver im p reg n a tio n  w as carried  o u t on 15 — 30 p m  th ic k  frozen  sec tions w ith  th e  Biel- 

sch o w sk y —Gros —C auna m e th o d  [19].
N A D H -d iaphorase  h is to ch e m is try  follow ed th e  p ro ced u re  o f G abella  [31]. B riefly, th e  

a p p ro p ria te  segm ent o f th e  g u t w as rem oved , im m ersed in to  K rebs so lu tion , d istended  w ith  
i t  a n d  in cu b a ted  (for 30 — 50 m in ) in  a  m edium  co n ta in ing  2.5 m g n itro b lu e  té trazo liu m  (NBT) 
a n d  10 mg n ico tinam ide  ad en in e  d inucleo tide  (reduced fro m ; N A D H ) in  20 m l 0.1 M phosphate  
b u ffer, th en  fix ed  in  10%  n e u tra l  fo rm alin . “ W hole m o u n ts”  w ere p rep ared  b y  cu ttin g  1 cm 
w ide rings of large in te s tin e , from  w hich  th e  m ucosal an d  subm ucosal lay e rs  w ere rem oved. 
Specim ens were th en  s tre tc h ed  on slides, m oun ted  w ith  glycerine and  covered w ith  glass cover 
slips. P h o to g rap h s w ere ta k e n  in  a  Zeiss lig h t m icroscope .

T he pack ing  d e n s ity  o f labe led  cells was co u n ted  d irec tly  from  th e  w hole m ounts and 
th e  s ta n d a rd  d ev ia tio n  w as ca lcu la ted . A p p ro x im ately  120 cells w ere m easu red  on th e  ph o to ­
g rap h s for calcu la tion  of th e  m ax im al profiles according to  G abella  [32].

F o r electron  m icroscopic ex am in atio n s , an im als w ere p e rfused  tran sca rd ia lly  f irs t w ith  
frog  R inger solu tion , follow ed b y  a  f ix a tiv e  con ta ined  2 %  p a ra fo rm ald eh y d e  (fresh ly  p repared) 
an d  2%  g lu ta ra ld eh y d e  in  0.1 M p h o sp h a te  buffer (pH  7.4). Sm all tissue  b locks were th en  
c u t from  th e  m uscular la y e r  an d  k e p t in  th e  sam e fix a tiv e  fo r 4 h. A fter a sh o rt rinse in  phos­
p h a te  buffer, blocks w ere p o stf ix ed  in  ph o sp h a te-b u ffe red  2 %  O s0 4 an d  d e h y d ra ted  in  ascend­
in g  series of ethanol. S am ples w ere s ta in ed  “ en bloc”  in  7 5 %  e th an o l sa tu ra te d  w ith  u ran y l 
a ce ta te . A fter em bedd ing  in  D u rc u p an  ACM resin, u l tr a th in  sections w ere m ade  on a R eichert 
OM U2 u ltram ic ro to m e, s ta in ed  w ith  lead  c itra te  [64], v iew ed  an d  p h o to g rap h ed  in a JE O L  
100B or Tesla BS 540 e lec tro n  m icroscope.

F o r q u a n tita tiv e  ana ly sis  of th e  vesicle p o p u la tio n  of th e  axon  profiles, 165 of th em  
w ere chosen (all w ere la rg e r th a n  4 p m 1) random ly  from  15 d ifferen t areas o f th e  plexus.

Results
a) Light microscopy

The w all of th e  la rg e  in te s tin e , sim ilarly  to  th a t  in  m am m als consisted 
of 4 layers, as w as rev ea led  in  a cross-section s ta in e d  w ith  hem atoxylin-eosin  
(Fig. la ) . The m ucosal an d  subm ucosal layers w ere re la tiv e ly  th in , and the  
m uscu lar lay er w as b u ilt  up  from  a w ell-developed in n e r c ircu la r an d  an  ou ter 
lo n g itu d in a l m uscle co a t. B etw een  th e  m uscle layers, n eu ro n s and  nerve 
bund les were rev ea led  b y  m eans of silver im p reg n a tio n  (Fig. lb ) . These bundles 
w ere re la tiv e ly  th in :  7 — 8 p m  in  d iam eter. N erve cells could h a rd ly  be recog­
n ized  in  these p re p a ra tio n s . T he d is trib u tio n  o f th e  fibers in  th e  long itud inal 
d irec tion  was observed  in  th e  sections of m uscle coat d irec ted  tan g en tia lly  in 
th e  gu t wall. A loose n e tw o rk  of re la tiv e ly  th in  nerv e  bund les (Fig. lc ) was 
seen; neurons w ere observed  on ly  in low num bers.

Fig. la .  Cross-section of th e  large  in te s tin e  o f frog, s ta in e d  w ith  hem atoxy lin -eosin . The m ain  
h isto logical layers are  s im ilar to  those  of m am m als, m uc: tu n ic a  m ucosa, sm : te la  subm ucosa, 
tm : tu n ica  m uscularis, ser: tu n ic a  serosa. Original m agn ifica tio n : X  100 lb . T he sam e section­
ing  p lane as in  a. F ro zen  section  s ta in ed  by  silver im p reg n a tio n . N erve bu n d les (open arrow ) 
a n d  th e  sections of n e rv e  cells (arrow s) a re  visible, sm : te la  subm ucosa ; tm l: tu n ica  m uscularis 
lo n g itu d in a l layer, tm c : tu n ic a  m uscularis c ircular lay e r, subs: connective  tissue  of subserosa, 
b v : blood vessel. O rig inal m agn ifica tio n : XlOO l c :  T an g en tia l frozen sec tion  of th e  m uscular
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lay e r, s ta in e d  w ith  silver. R e la tiv e ly  th in  nerve bu n d les (arrow s) of m y en te ric  p lexus are 
lo ca ted  m o stly  betw een  th e  c ircu lar a n d  long itu d in a l m uscle cells. O rig inal m agn ifica tion : 
X 100 Id :  M y en teric  neurons (arrow s) s ta in ed  w ith  fo rm azan , th e  e n d -p ro d u c t of th e  N A D H - 
d iap h o rase  re ac tio n . These cells a re  m u ltip o la r, w ith  sh o rt d endrites . N o te  th e  nerve  bund les 
(a rrow -heads) w hich  are slightly  labe lled  b y  th is  techn ique. O riginal m agn ifica tion : X 100
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N erve cells w ere also d em o n stra ted  w ith  th e  N A D H -d iaphorase  m eth o d  
(F ig . Id ) . T he neu rons d id  n o t form  ganglia  in  th is  p o rtio n  of th e  g u t, b u t  ra th e r  
h a d  a so lita ry  a rran g em en t. These cells w ere m u ltip o la r, genera lly  w ith  sh o rt 
den d rites . The m ax im al profile  of th e  nerve  cells was 75 — 100 pm 2. The d ensity  
o f th e  neurons reached  710 +  23 cells/cm 2 in  th is  region of th e  a lim en ta ry  canal.

b)  Electron microscopy

The genera l view  of th e  m yen teric  p lexus a t  th e  e lec tron  m icroscopic 
level was ch a rac te ris tic , because of th e  presence of large g ra n u la te d  vesicles 
(LGVs) in  m an y  profiles. Schw ann  cellsw ere em bedded  in  th e  plexus. The m ain  
s tra n d s  of th e  p lexus w ere covered w ith  a glial sh ea th  and  w ere s itu a ted  betw een  
th e  circu lar an d  lo n g itu d in a l m uscle layers. Sm all b ranches consisting  of 10— 15 
fib ers  ra n  to  th e  m uscle cells (Fig. 2a). O ccasionally , m y e lin a ted  axons were 
also revealed . N eurons w ere n o t con ta ined  b y  th e  m ain  bund les of th e  plexus. 
A low n u m b er of u n m y e lin a ted  axons could  be seen in  close p ro x im ity  to  th e  
nerve  cells (F ig. 2b). S chw ann  sheaths w ere som etim es in se rted  betw een  th e  
axon  profiles an d  th e  nerve  cells. These p ro files con ta ined  m ain ly  sm all a g ra n ­
u la r  vesicles (AGVs) an d /o r LGYs. S y n ap tic  co n tac ts  be tw een  th e  above- 
m en tioned  e lem ents w ere n o t observed. T he p erik a ry o n  of these  cells alw ays 
con ta ined  a sm all n u m b er of n eu rosecre to ry  granules (F igs 2b, 3a). G enerally , 
th e  p rox im al segm ents of d en d rite s  could also be seen (F ig . 3a). The processes 
of th e  Schw ann cells covered  only  a p a r t  of th e  p e rik a ry a ; o th e r de ta ils of them  
were free of b o th  Schw ann sh ea th  and  axon  profiles (Fig. 3a).

M yelinated  fibers w ere s itu a te d  b e tw een  S chw ann cells an d  w ere su rro u n d ­
ed b y  a narrow  connective  tissue lay e r w hich  sep ara ted  th em  from  th e  u n ­
m y elina ted  profiles (F ig. 3b). The p ro p o rtio n  of m yelina ted  axons did n o t ex ­
ceed 1% . F o u r or fiv e  m y e lin a ted  fibers ra n  occasionally  in  groups, w hile in 
o ther cases th e y  h ad  a so lita ry  course.

S y nap tic  co n tac ts  b e tw een  th e  n eu ra l elem ents w ere ex trem ely  ra re  (Fig. 
4a). M ost of these  c o n tac ts  w ere estab lish ed  betw een  an  axon  te rm in a l and  
th e  in itia l segm en t of a n o th e r axon  in  th e  m yen teric  neurop il. The synapsing  
profile  (Fig. 4a) co n ta in ed  a m ixed  vesicle p o p u la tio n  of AGVs and  LGVs. 
Synapses be tw een  th e  axons an d  th e  p e r ik a ry a  have n o t been  observed so far, 
and  synapses w ere also lack ing  in  th e  nerve  bundles ru n n in g  betw een  the  
m uscles (Fig. 4b). As reg ard s th e  vesicle p o p u la tio n  of th e  m y en teric  axons, 
165 of th em  w ere ex am in ed ; all w ere la rg e r th a n  4 /лп2. 65 of th em  co n ta in ed  
LGVs. A n o th e r 12 co n ta in ed  AGVs only. T he rem ain ing  88 h ad  m ixed profiles; 
18 of th em  consisted  of f la tte n e d  vesicles (FVs) an d  LGVs or dense-core vesicles 
(DCVs), w hile 44 co n ta in ed  DCVs an d  FV s or AGVs. FV s w ere p re sen t in  
th e  m ixed profiles only. T he m ost f req u en t m ixed profiles w ere AGVs -f- LGVs 
[44]; a few AGVs -f- DCVs [12] were also observed. These axons w ere some-
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Fig. 2a. B ranch ing  nerve b u nd le  in  th e  m yenteric  p lexus. N o te  th e  large  a m o u n t of LGV 
profiles (arrow s, in sert). SC: Schw ann cell, lc: leukocyte, sm c: sm oo th  m uscle  cell, c ts: con­
nec tiv e  tissue  sh e a th , m f: m y elin a ted  fiber, p lt and  p l2: b ran ch es of th e  p lex u s . Original 
m ag n ifica tion : X 5000. In  fram e: th e  sam e as in in se rt. 2b. N erve  cell (NC) fro m  th e  p lexus 
a d ja ce n t to  th e  sm oo th  m uscle. T he nucleus (N) of th e  cell is poor in c h ro m a tin ; organelles 
(m : m ito chondrion , G: Golgi a p p a ra tu s ;  LY: lysosom e) can  be recognized in  th e  cy top lasm . 
A xon profiles (A i an d  A 2) are s itu a te d  in  close p ro x im ity  to  th e  neuron . T he S ch w an n  sh ea th  
c an n o t be seen everyw here be tw een  th e  axons and  th e  p e rik a ry o n  (arrow s). O rig inal m ag n i­

f ica tio n : X 12 000
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Fig. 3a. M yenteric  n e u ro n  (NC) su rro u n d ed  by axon  profiles. In i tia l  p o rtio n  of i ts  d endrites 
(d j an d  d 2) are covered  b y  ax o n s or glial sh ea th , m: m ito ch o n d rio n , N : nucleus, a rrow -heads: 
neurosecre to ry  g ran u les; open  arro w : coa ted  vesicle, LGY: pro file  w ith  LGYs, asterisks: 
axons w ith  m ixed vesicle p o p u la tio n , SCP: Schw ann cell p rocess. O riginal m agn ifica tion : 
X 17 000. 3b. M yelinated  f ib e r (m f) surrounded  by a connective  tissue sh e a th  (asterisks) and 
Schw ann cells (SCj, SC2 a n d  SC3). N o te  th a t  SC2 gives th e  sh e a th  o f th is  axon  in  th is  sectioning

p lane . O rig inal m agn ifica tion : X 12 000
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Fig. 4a. S y n ap tic  c o n ta c t in  th e  neuroph il be tw een  tw o ax o n s (A! and A 2). arrow : p o stsy n a p tic  
th ick en in g , a rro w h ead : neurosecre to ry  g ranu les in  th e  p o stsy n ap tic  axon , sm c: sm o o th  
m uscle process. O rig inal m agnification : X 7000 4b. N e rv e  bundle  be tw een  sm o o th  m uscle 
cells (sm c). A rrow s in d ica te  uncovered  fibers. O pen  a rro w  shows a coa ted  vesicle. O rig inal

m agn ifica tion : X 15 000
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Fig. 5a. A xon  p rofiles (A x and  A 2) opposed to  th e  sm oo th  m uscle cells (smc). T h ey  co n ta in  
m ain ly  LGVs a n d  are  free o f glial cover (arrow s). O rig inal m ag n ifica tion : X 17 000 56. S ch w an n  
cell covers 3 axons (A 1? A 2 an d  A 3) in  th e  n e ighbourhood  of a sm o o th  m uscle cell (sm c). P ro file  
A x co n ta in s LGVs an d  approaches th e  m uscle cell to  8 0 — 100 n m  a t  th e  site of th e  d o u b le  

arrow . O riginal m agn ifica tio n : X 40 000
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tim es free o f glial sh ea th  (Fig. 4b). Sm all b ran ch es o f axons ra n  to  th e  m uscle 
cells. T he d istance  betw een  th em  an d  th e  m uscle cells was u su a lly  less th a n  
500 n m  (F ig . 5a). Some of these  profiles w ere free  o f glial sh ea th  an d  co n ta in ed  
m ain ly  LGVs, or ra re ly  th e y  h ad  a m ixed AGV -f- LGY vesicle p o p u la tio n . 
These axons (w ith o u t glial cover) occasionally  ra n  as close as 80—100 n m  to  th e  
m uscle cells (F ig. 5b).

Discussion

T h e m yen teric  p lexus of th e  frog large in te s tin e , in  c o n tra s t w ith  th a t  
o f th e  sto m ach , is lo ca ted  in  a connective tissue  la y e r  betw een  th e  c ircu la r 
an d  lo n g itu d in a l sm ooth  m uscles. S ilver im p reg n a tio n  w as used  to  m ap  th e  
nerve  bund les, and  th e  N A D H -diaphorase  re a c tio n  to  observe th e  site , size 
and  q u a n ti ty  of neurons.

As rep o rted  fo rm erly , th e  loca tio n  of th e  p lexus changes th ro u g h o u t th e  
len g th  of th e  a lim en ta ry  canal [36]. T he p lexus o f th e  stom ach  is s itu a te d  
ou tside th e  m uscu la r layers, in  th e  connective tissue  of subserosa. T h is k ind  
of loca liza tio n  of th e  m yen teric  p lexus is also kn o w n  in  th e  case of th e  av ian  
g izzard  [35, 51]. In  fu r th e r  p a r ts  o f th e  frog a lim e n ta ry  canal, th e  m y en te ric  
p lexus is localized in  b e tw een  th e  lo n g itu d in a l m uscle cells or, as in  th e  case 
of th e  la rg e  in tes tin e , b e tw een  th e  c ircu lar an d  lo n g itu d in a l m uscle layers.

T he nerve  cells o f th e  p lexus have a ran d o m , so lita ry  a rran g em en t in  th is  
p a r t  of th e  g u t plexus. G unn described th a t  th e  m y en te ric  neurons o f th e  frog 
sm all an d  large in testin es  d id  n o t form  ganglia  [41], in  co n tra s t w ith  th e  fo regu t 
region, w hich  has a g ang lionated  a rran g em en t [18, 21, 26]. The reason  for th is  
difference m ay  be th e  d ifferen t origin of th e  m y en te ric  neurons. A ndrew  re ­
p o rted  (4) th a t  th e  possible sources of th e  en te ric  neurons are th e  co lony  of 
th e  v agus in  th e  m edu lla  or th e  v e n tra l h a lf  of th e  n eu ra l tu b e  in  th e  reg ion  of 
th e  tru n k . S tro n g  evidence |3 , 38, 61, 76] ind ica tes  th a t  the  neurochem ical 
n a tu re s  of th e  frog fo regu t an d  m id /h in d g u t n eu ro n s are v e ry  d iffe ren t in  
connection  w ith  th e  d ifferen t m orphology of th e  m y en teric  p lexus. The m yen teric  
neurons s itu a te d  in  th e  d ifferen t p a rts  of th e  a lim e n ta ry  canal m ay be d iffe ren t 
in origin: fo regu t nerve cells from  th e  vagus co lony  a n d  m id /h indgu t n e rv e  cells 
from  th e  n eu ra l tube .

T he n u m b er of m yen teric  nerve cells per cm 2 in  th e  d ifferen t p a r ts  of th e  
gu t o f d iffe ren t species v aried  from  1100 (m onkey  fo reg u t (58)) to  20 000 
(guinea-pig  sm all in te s tin e  (50)). In  low er v e r te b ra te s , B urn sto ck  described  
[10] th e  n eu ro n  d en sity  of th e  tro u t  g u t: he found  n e a rly  2000 neu rons/cm 2. All 
th e  p rev io u sly  m en tioned  d a ta  w ere o b ta in ed  v ia  m ethy lene  b lue sta in in g . 
A co m p ara tiv e  s tu d y  w as perform ed on som e in v e rte b ra te  an d  v e r te b ra te  
species [37], w here th e  average n eu rona l p ack in g  d e n s ity  of th e  low er ver-
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te b ra te  a lim en ta ry  canal w as fo u n d  w ith  th e  N A D H -d iaphorase  tech n iq u e  
to  range betw een  500 and  1200/cm 2. T he pack ing  d en sity  of nerve cells th ro u g h ­
o u t th e  len g th  of th e  frog a lim e n ta ry  canal w as earlier observed  [36] to  
v a ry  from  th e  s to m ach  card ia  (619 ±  80) to  th e  d is ta l p a r t  of th e  sm all in te s ­
tin e  (1004 J ;  55). T he n eu rona l p ack in g  d en sity  found  in  th e  large  in te s tin e  
in  th e  p resen t s tu d y  (710 ^  23) w as n ea rly  th e  sam e as described  p rev iously  
[36] in  th e  duod en u m  (772 ±  105). T his re la tiv e ly  high n eu ro n a l pack ing  
d en sity  m ight be connected  w ith  th e  large in n e r vo lum e of th is  o rgan .

O nly m u ltip o la r  neurons w ere seen in  th e  large  in testin e . T his d escrip tion  
corresponds to  th e  classifica tion  o f G unn, w ho charac terized  th ese  n e rv e  cells 
as Dogiel ty p e  I I  an d  I I I  neurons [41]. T ype I I  an d  I I I  cells are n o t p re sen t in 
th e  foregut an d  are  ra re  in  th e  p ro x im al p a r t  o f th e  duodenum , b u t  becom e 
p red o m in an t in  th e  re s t of th e  in te s tin e  [36,40, 7 3 ] .T ype I neurons are p red o m ­
in a n t  in  th e  fo reg u t [41], b u t  ra re  in  th e  m id g u t [36] and , as described  in  th e  
p resen t p ap er, ab se n t from  th e  la rg e  in tes tin e . These large neurons are p ro b ­
ab ly  connected  w ith  vagus fib ers , w hich  is w h y  th e y  are no t p re sen t in  the  
h in d g u t.

N erve cells w ere n o t b u ilt  in to  th e  m ain  s tran d s  of th e  p lexus, as is 
u su a l in  th e  case of g an g lio n a ted  m y en te ric  sy stem s [2, 6, 24, 28, 33, 34, 42, 56, 
65, 66]. O nly a few  in d iv id u a l fib e rs  ra n  to  th e  neu rons. Synapses on th e  som ata  
an d  dendrites of nerve  cells have  n o t been observed  so far, while sy n ap tic  con­
ta c ts  have been seen occasionally  on fish  g u t s ilita ry  neurons [45]. T he reason  
fo r th is  difference is unknow n a t  p resen t.

The presence of m y elina ted  axons is ch a rac te ris tic  in  th e  oesophagus and  
large in testin e  o n ly  in  th e  frog g u t. These fib ers  m ight be la rge ly  ex trin sic  in  
origin [20, 57]. T h is suggestion  is su p p o rted  by  th e  fact th a t  a n a rro w  connec­
tiv e  tissue sh e a th  su rrounds th e  m y e lin a ted  axons. In  th e  d iffe ren t regions 
of th e  ca t colon, 2 .71%  to  4 .41%  o f th e  axons w ere m y elin a ted  [20]. In  the  
case of th e  frog, th e  p ro p o rtio n  of m yelina ted  axons did n o t exceed  1% . As 
concerns th is  difference, tw o possib ilities should be discussed:

i) The ex trin sic  in n e rv a tio n  of th e  frog large in testin e  is n o t so well 
developed as t h a t  in  m am m als. A t th e  sam e tim e , th e  sacral p lexus of th e  frog 
has been described  to  have a v e ry  s trong  influence  on th e  frog viscera  in  th e  low ­
er p a r t  of th e  b o d y  cav ity  th ro u g h  spinal nerves V I I I  — I X —X . [8, 11, 71, 73].

ii) The g rea t p redom inance  of u n m y e lin a ted  fibers over m y e lin a ted  ones 
suggests th a t  th e  com position  o f th e  ex trinsic  nerves to  the  large  in te s tin e  of 
th e  frog is n o t s im ilar to  th a t  o f m am m als.

In  th e  neu rop il reg ion , synapses w ere observed  v e ry  ra re ly ; in  o ther 
v e r te b ra te  species, sy n ap tic  co n ta c ts  are r a th e r  num erous [22, 28, 33, 34, 35, 
40, 53, 65, 66, 68].

M orphological evidence h as  been  found  [7, 9, 74, 77] th a t  n o n -sy n ap tic  
release m ay  p la y  an  im p o r ta n t role in  th e  in te g ra tiv e  processes of c e r ta in  peri-
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p lie ra i and  cen tra l nervous system  s tru c tu re s  (PN S an d  CNS). T he sources of 
th e  n o n -sy n ap tica lly  released tra n sm itte rs  are th e  LGYs an d  DCYs. Because of 
th e  large n u m b er of LGVs an d  th e  ex trem ely  low n u m b er of synapses in  the  
fro g  large in te s tin e , th e  possib ility  o f th is  m ode of tra n s m itte r  release canno t 
be excluded.

The m ain  vesicle ty p e  of th e  p lexus is th e  L G V s.T he LGVs are  know n to 
co n ta in  p ep tides an d /o r purines [11, 14, 15, 16, 22, 28, 33, 43, 46, 68]. In  the  
frog, th e re  is no evidence so fa r o f th e  presence of pep tid e rg ic  in n e rv a tio n , 
w hereas th e  ex istence of purinerg ic  n e rv es  has been d em o n stra ted  [11, 71].

The o th e r im p o r ta n t vesicle ty p e  is th e  AGVs. The AGVs m a y  con ta in  
acety lcho line (ACh) [17], w hich has been  show n to  collocalize w ith  d ifferen t 
p ep tid e s  in  th e  profiles w ith  a m ixed  vesicle p o p u la tio n  [28, 30, 34, 75]. 
N o th in g  is know n of th e  possible pep tides collocalizing w ith  ACh in  the  
frog  gu t.

DCVs an d  FV s occurred in  m ixed  profiles only. P ro files w ith  a m ixed 
vesicle co n ten t suggest co transm ission  [12, 13, 48, 49, 59, 69]. DCYs usually  
co n ta n in g  m onoam ines, are p re sen t in  th e  to a d  large in tes tin e  [ 62, 63]. The 
co llocaliza tion  of m onoam ines w ith  d ifferen t pep tides has been  p ro v ed  in the  
case of m am m als [23, 27, 48, 49, 69]. Since th e  f irs t d e tec tio n  of y -am inobu ty ric  
ac id  (GABA) in  th e  v e r te b ra te  CNS [67] it  has been  suspected  th a t  th e  FVs 
m a y  co n ta in  G A BA  in  th e  G ray  ty p e  I I  in h ib ito ry  synapses [25, 60]. Jessen  
e t al. [52] p rov ided  th e  f irs t ev idence of th e  presence of th is  su b stan ce  in  the 
P N S  o f m am m als. As concerns th e  low er v e rteb ra tes , a p a p e r has been  p u b ­
lished  on GABA in  th e  av ian  e n te r ic  nervous system  (E N S), [5]. O ur s tu d y  
on th e  occurrence of GABA in th e  frog appeared  recen tly  [36a]. I t  can be 
concluded  th a t  th e  FV s in  th e  frog large  in testin e  m ay  co n ta in  G A BA . B e­
cause of th e  m ixed  FV  profiles, p ep tid e  co tran sm itte rs  are p re su m ab ly  to  be 
fo u n d  in  these axon  te rm ina ls, as rev ea led  in  the  m am m alian  CNS [70]. GABA 
is p ro b a b ly  n o t invo lved  d irec tly  in  th e  reg u la tio n  o f sm ooth  m uscle m ove­
m e n t, b u t  ra th e r  th ro u g h  its  ac tio n  on th e  release of o th e r tr a n s m it te r  su b ­
s tan ces  [72].

N eurom uscu lar ju n c tio n s are  sim ilar to  those described  in  th e  g u t of 
o th e r  v e r te b ra te  species [22, 28, 29, 33, 34, 44, 46, 65, 66, 68]. A la rg e  num ber 
o f LGV profiles in  close p ro x im ity  to  sm oo th  m uscle cells is also ch a rac te ris tic  
fo r th e  to a d  large in te s tin e  [8, 68] a n d  th e  neu rom uscu la r ju n c tio n s  of the  
snail a lim en ta ry  can a l [1, 7, 46]. T h u s th e  m ain  tra n s m itte r  su b stan ces in  th e  
n eu ro m u scu la r co n tac ts  in  these species m ay  he pep tides and /o r purines.
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COMPARATIVE STUDY OF GLIAL FIBRILLARY 
ACIDIC PROTEIN (GFAP) — IMMUNOREACTIVITY 

IN THE RAT AND MONKEY CEREBELLUM*

I . KÓTAi1, F . H a j ó s 1, L. Se r e ss2

■DEPARTMENT OF ANATOMY AND HISTOLOGY, U N IV ER SITY  OF V ET E R IN A R Y  SCIENCE, 
■DEPARTMENT OF PHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS, HUNGARY

(R eceived 28 N o v em b er 1988)

Y ib ra to m e  sections of perfusion -fixed  r a t  and  m o n k ey  cerebella  were in cu b a ted  
w ith  an  a n tise ru m  to  glial fib rilla ry  acid ic  p ro te in  (G F A P ). Im m uno labelled  e lem en ts 
show ed in  b o th  species a  p rin cip ally  s im ilar d is tr ib u tio n  b u t  th e  presence o f long, 
tran sv erse  b ran ch es o f B ergm ann  fib res w as fo u n d  to  be  ch ara c te ris tic  to  th e  m o n k ey  
cerebellum . I t  is concluded  th a t  cu rre n t m e th o d s  enable fin e  in te rspecies differences o f 
G F A P -localiza tion  to  be d em o n stra ted . T h is b ears a re levance  to  th e  use of G F A P -im - 
m u n o sta in in g  as a  d iagnostic  too l in  neu ro p ath o lo g y .

Keywords: Glia, G FA P, cerebellum

Introduction

T he im m unoh istochem ical d em o n stra tio n  of glial f ib rilla ry  acidic p ro te in  
(G F A P ), an  in teg ra l p ro te in  of glial in te rm ed ia te  f ilam en ts , shed new  lig h t 
on glial cell popu la tio n s of th e  cen tra l nervous system  [7]. A ntibodies to  G F A P  
w ere show n to  deco ra te , in  add itio n  to  classical a strog lia  [2, 4], cell ty p es such  
as h y p o th a lam ic  ta n y c y te s , re tin a l M üller cells, em bryon ic  rad ia l glia an d  its  
d eriv a tiv es , e tc . [1, 3, 5, 12]. In  view  of these  find ings a b ro ad e r class of cells 
has been  proposed  to  be regarded  as a strog lia l hav ing  in  com m on G FA P-im - 
m u n o reac tiv ity  as a m ark er.

C erebellar B erg m an n  fibres w ere am ong th e  f irs t  described to  show  
G F A P -im m u n o reac tiv ity  [2]. There is am ple evidence fo r reg a rd in g  th is  loca l­
iza tion  of im m u n o sta in in g  as one of th e  m ost co nsisten t fea tu res  of the  m am ­
m alian  cerebellum . A ccordingly , m an y  o f its  aspects h av e  ex tensively  been  
in v es tig a ted  [6, 10, 15]. C om parative s tu d ies  are, how ever, scarce in  sp ite  o f 
th e  fac t th a t  recen t advance  in  im m unoh istochem ical m ethodo logy  enables 
b o th  q u a lita tiv e  an d  q u a n tita tiv e  analyses to  be perfo rm ed  a t  a fin er m icro ­
scopic reso lu tio n  th a n  w ith  earlier tech n iq u es.

* S u p p o rted  b y  th e  O T K A  F o u n d a tio n  (g ra n t  N o. 1221) o f th e  H u n g a rian  A cadem y 
of Sciences

Send o ffp rin t req u est to : I . K ó ta i, D ep t, o f A n a to m y  an d  H isto lo g y , U n iversity  of V e t­
e r in a ry  Science, B u d a p es t P O B  2, H-1400, H u n g a ry
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In  th is  w ork  we to o k  th e  a d v a n ta g e  of an u p -to -d a te  m ethod  to  de­
m o n s tra te  G F A P -im m u n o reac tiv ity  an d  to  com pare its  loca liza tio n  in  th e  
r a t  an d  m onkey  cerebellum  w ith  special re g a rd  to  th e  d iagnostic  value of th is  
s ta in in g  in  n eu ro p a th o lo g y  [9].

Materials and methods

A d u lt albino ra ts  o f e ith e r sex an d  a R hesus m onkey  M acaca m ula tta  w eighing 5 kg  
w ere u sed  in  th is  s tu d y .

A nim als w ere tran sca rd ia lly  pe rfu sed  u n d e r N e m b u ta l an aesth es ia  w ith  4 %  p a ra fo rm ­
ald eh y d e  so lu tion  in  0.1 M p h o sp h a te  b u ffer (P B , P h  7.4). Cerebella w ere rem oved  from  th e  
sku ll, and  a fte r a n  o v e rn ig h t f ix a tio n  in  th e  sam e fix a tiv e  and  a su b seq u en t 24 h  w ash in  
sev e ra l changes o f P B , th e y  w ere tran s fe rre d  to  a  v ib ra to m e  (C am pden  In s tru m en ts ) . F ro m  
th e  u p p e r verm is 50 /nil sections w ere c u t a n d  processed  for im m u n o h isto ch em istry .

As a f irs t step  o f th e  im m u n oh istochem ical p rocedure , sections w ere tre a te d  w ith  3 %  
H 20 2 for 5 m in to  e x h a u s t endogenous p erox idase  ac tiv ity . Im m u n o s ta in in g  was carried  o u t 
w ith  an tise ru m  to  G F A P  k in d ly  p ro v id ed  b y  D r. R ebecca P russ (L ab o ra to ry  of Cell B iology, 
N IM H  B ethesda) a n d  was used  in  a  d ilu tio n  of 1 : 1500. As second a n tib o d y  b io tin y la te d  
a n ti- ra b b it  IgG  an d  perox id ase -co n ju g a ted  a v id in -b io tin  com plex (Y ectasta in ) w ere used . T he 
im m une-com plex  m olecule was v isua lized  b y  th e  D A B -reaction .

F o r con tro l, th e  p rocedure  w as pe rfo rm ed  w ith  p reabso rbed  a n tise ru m  an d  w ith  th e  
om ission  of th e  p r im a ry  an tise ru m .

Some im m u n o sta in ed  sections w ere co u n te rs ta in e d  w ith  h a em a to x y lin  to  give a n  o ri­
e n ta t io n  of cellu lar a rch itec tu re .

Results

In  th e  r a t  cerebellum , G F A P -im m unoreac tive  B erg m an n  fib res were seen 
to  span  v e rtic a lly  th e  m olecular lay e r (Fig. 1). Im m u n o sta in ed  fib res w ere 
a rran g ed  in  a rra y s  w ith  ro u g h ly  eq u a lly  w ide te rrito rie s  in te rp o sed  be tw een  
th e  arrays. T his reg u la r a rra n g e m en t resu lted  in a rad ia lly  s trip ed  overall p a t ­
te rn  of th e  r a t  m olecular lay e r if  looked a t  w ith  lower m ag n ifica tion . U nder 
th e  p iai surface im m u n o sta in ed  fib res h ad  a brush-like te rm in a l p o rtion  w ith  
secondary  b ran ch es end ing  w ith  end -fee t u n d er th e  p ia  (F ig . 2). In d iv id u a l 
fib res  h ad  a s tra ig h t course an d  a p a r t  from  th e ir  te rm in a l tu f ts , no m a jo r 
side-branches w ere en co u n tered  (F ig. 3). T he num ber of im m u n o reac tiv e  B erg ­
m an n  fibres w as ap p ro x im a te ly  th e  sam e a t  th e  convex an d  concave po rtio n s 
of cerebellar folia.

The cell bodies from  w here B erg m an n  fibres o rig ina te  (Golgi ep ithe lia l 
cells) rem ained  u n sta in ed . T he su rro u n d in g  of P u rk in je  cells w as enm eshed  b y  
sh o rt G F A P -im m unoreac tive  processes (F ig. 3).

In  th e  g ra n u la r  lay e r (Figs 1, 4), as tro cy tes  show ed a m ark ed  G FA P- 
reac tio n . T hey  ap p eared  to  be s te lla te  w ith  several processes an d  were even ly  
d is trib u ted . T heir processes w ere ru n n in g  w ith o u t fu r th e r  b ran ch in g  to  form  a 
n e tw o rk  th ro u g h o u t th e  g ran u la r  lay e r. T he w hite  m a tte r  of th e  folia co n ta in ed  
irreg u la rly  d is tr ib u te d  G F A P -sta in ed  astro cy tes . M any of th e m  were e longated  
para lle l to  th e  course of neighbouring  fib re  trac ts .
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F ig . 1. G F A P -sta in in g  of th e  r a t  cerebellum . N ote  th e  ra d ia lly  s trip ed  p a tte rn  o f im m uno- 
re ac tiv e  B ergm ann-fib res of th e  m olecu lar lay e r (m) and  th e  even ly  sc a tte re d  a s tro cy te s  of 

th e  g ra n u la r  la y e r  (g). B a r scale =  100 fim
F ig . 2. Im m u n o s ta in ed  te rm in a l tu f ts  o f B erg m an n -fib res of th e  p ia i surfaces (arrow ) of two 

ne ighbouring  cereb ella r folia. B ar scale =  20 /a n  
F ig. 3. P e rice llu lar n e t  (arrow head) a ro u n d  th e  u n sta in ed  P u rk in je-ce ll bodies. B a r scale =

100 fim
F ig . 4. S te lla te  a stro cy tes  in  th e  g ran u la r  lay e r. F ine  G F A P -positive  fib res  fo rm  a  loose n e t­

w ork . B a r  scale =  50 /im
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E v en ly  d is tr ib u te d  s te lla te  a strocy tes were seen w ith  th e  G F A P -reaction  
in  th e  deep cerebellar nuclei.

The m olecular la y e r  of th e  m onkey  cerebellum  (F ig . 5) show ed a less reg u ­
la r  G F A P -p a tte rn  th a n  th a t  of th e  r a t  cerebellum . T h is w as m ain ly  due to  the  
increased  and  u n ev en  d istances betw een  im m u n o reac tiv e  B erg m an n  fibres 
ru n n in g  in d iv id u a lly  an d  n o t in  a rray s . A re m ark ab le  fea tu re  of th e  m onkey 
cerebellum  was th e  a b u n d a n t b ran ch in g  of B erg m an n  fib res in  th e  low er and  
m iddle zone of th e  m olecu lar la y e r  (Fig. 6). Side b ran ch es o rig in a ted  often  in a 
r ig h t angle from  th e  m ain  fib re  an d  were ru n n in g  tran sv e rse ly  w ith in  th e  layer 
for considerable d istances. T e r tia ry  b ranches w ere n o t observed . T he course of 
th e  m ain  B erg m an n  fib res w as rad ia l and  p a r tic u la r ly  a t  th e  end -po rtions 
s ligh tly  u n d u la ted . T erm in a l tu f ts  were sim ilar to  those  observed  in  th e  ra t  
m olecidar layer. I t  is also n o te w o rth y  th a t  some B erg m an n  fib res  d id  n o t ru n  
up  to  th e  piai surface b u t  b en d ed  to  transverse  a t  v a rio u s d ep th s  of th e  m olecu­
la r  lay er (Fig. 7). T he n u m b er an d  packing  d e n s ity  of B erg m an n  fib res was 
found  u n a lte red  w hen  ap ical a n d  basa l p o rtions o f fo lia w ere com pared . Cells 
of origin of B erg m an n  fib res w ere unsta ined .

The G F A P -positive  fib re-m eshw ork  a round  P u rk in je  cells w as p ronounced  
(Fig. 8). A strocy tes of th e  m on k ey  g ranu la r lay e r w ere m o d era te ly  im m unore­
active . Cells ap p ea red  to  be s te lla te  b u t h av in g  on ly  a few  processes. The 
glial fib re  ne tw o rk  o f th e  g ran u la r  lay e r was less a b u n d a n t th a n  in  th e  ra t.

G F A P -sta in in g  in  th e  w h ite  m a tte r  did n o t d iffer from  th a t  observed in  
th e  ra t.

Deep cerebellar nuclei w ere no t included  in  th e  tissue  sam ple of the 
m onkey cerebellum  we could get hold of.

Sections c o u n te rs ta in ed  w ith  h aem ato x y lin  (F igs 9, 10) revealed  th e  
re la tionsh ip  of im m u n o sta in ed  elem ents to  cell ty p e s  an d  lay e rs . F rom  th is  
respect th e  tran sv e rse  b ran ch es of B ergm ann  glia w ere p a r tic u la r ly  tho ro u g h ly  
stud ied . Some w ere seen to  be re la te d  to  blood vessels, w hile m ost o f th e m  h ad  
no special associa tion  w ith  ce llu la r elem ents. T h ey  ap p eared  to  form  club- 
shaped  te rm in a ls  end ing  free ly  in  th e  neuropil o f th e  m olecu lar lay er.

N either th e  r a t  no r th e  m on k ey  cerebellar sections show ed an y  G FA P- 
s ta in in g  if  in c u b a te d  w ith  p re -abso rbed  an tise ru m  or w ith  perox idase  conjugates 
alone.

Discussion

Studies of G F A P -d is tr ib u tio n  in  the  m am m alian  CNS [11] have  show n 
reg ional d ifferences n o t acco u n ted  for by  th e  d is tr ib u tio n  of a s tro cy tes . This 
im plies a selective expression  of G FA P im m u n o re a c tiv ity  b y  ce rta in  astrog lia l 
popu la tions. As G F A P  m ay  be p resen t in glial cells b o th  in  soluble and  f ila ­
m en t-b o u n d  fo rm s [14] th e  localization  of im m u n o p rec ip ita te  does n o t neces-
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F ig. 5. G F A P -sta in in g  in  th e  m onkey  cerebellum . Im m u n o reac tiv e  B ergm ann-fibers are  m ore 
densely  p ack ed  a t  th e  d e p th  of folia th a n  to w ard s  i ts  c u rv a tu re . B a r scale =  100 /лт  

Fig. 6. In  th e  m onkey  cerebellum  n um erous ob lique  an d  tran sv erse  side-branches o f B ergm ann- 
fib res are  to  be  observed  (arrow heads). B a r scale =  100 fim  

F ig. 7. M olecular lay e r of th e  m onkey  cerebellar co rtex  im m u n o sta in ed  for G F A P  an d  coun- 
te rs ta in e d  w ith  haem ato x y lin . Som e B erg m an n -fib res  are seen to  b en d  tran sv erse ly  (arrow ), 

w hile m ost of th em  h av e  a p e rp en d icu la r  course. B a r scale =  20 fim  
Fig. 8. P erice llu la r nests of G F A P -positive  f ib res  a round  th e  u n s ta in e d  Purk in je-cells  (P) 

of m onkey  cerebellum . B ar scale =  50 f u n
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sa rily  d istingu ish  glia cells accord ing  to  th e  s ta te  of th e ir  G F A P . O n th e  o th e r 
h a n d , glial tu m o u rs  a n d  sites of reac tiv e  gliosis [9] are know n  to  co n ta in  in ­
creased  am o u n ts  of in te rm e d ia te  filam en ts  ow ing to  w hich th e y  show  a m arked  
G F A P -im m u n o reac tiv ity . T h is argues for th e  p rim ary  role o f filam en t-b o u n d  
G F A P  in  th e  im m u n o s ta in in g  o b ta in ed  an d  exp la ins w hy  glial cell bodies of 
th e  in ta c t b ra in  c o n ta in in g  m uch less in te rm e d ia te  filam en ts  th a n  processes, 
u su a lly  do no t s ta in  in  a well appreciab le  m an n er.

The ad o p tio n  o f G F A P  im m u n o sta in in g  as a d iagnostic  too l in  n eu ro p a­
th o lo g y  requires a precise  know ledge of reac tio n  p a tte rn s  in  th e  n o rm al CNS. 
D a ta  concerning th is  issue are  fra g m e n ta ry  because m ost s tud ies w ere carried

10
F ig . 9. S urvey  m ic ro g rap h  of th e  G F A P -reacted  m onkey  cerebellum  co u n te rs ta in ed  w ith  

h aem ato x y lin . B ar scale =  100 /an
Fig. 10. Im m u n o s ta in ed  B ergm ann-fib res of th e  m onkey  cerebellum  o ften  te rm in a te  w ith  

club-shaped e n d -p o rtio n s (a rrow heads) in th e  m olecu lar layer. B a r scale =  20 /on
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ou t in  la b o ra to ry  ro d en ts , while th o se  p e rfo rm ed  in  th e  h u m an  b ra in  h ad  to  
re ly  largely  on b iopsy  and /o r au to p sy  m ate ria l. H ow ever, perfusion  f ix a tio n  
appears to  be one of th e  necessary  p re req u is ite s  of o b ta in in g  a specific reac tio n  
in a w ell-preserved  s tru c tu re .

O ur p resen t s tu d y  was in ten d ed  to  p rov ide  in fo rm a tio n  as to  in terspecies 
d ifferences of G F A P  reac tio n  in  an  a rea  in v e s tig a te d  ex tensive ly  in  th e  ra t ,  
i.e. th e  cerebellum . O bservations in  th e  m onkey  cerebellum  suggest th a t  a l­
th o u g h  th e  basic p a t te rn  of im m u n o reac tiv ity  is s im ila r, th ere  are d ifferences 
w o rth  o f no tion . F irs t  am ong th em  th e  presence o f tra n sv e rse  B erg m an n  glial 
e lem ents in  th e  m o n k ey  b u t no t in  th e  r a t  has to  be m en tioned . W hile v e rtic a l 
B ergm ann  fibres h av e  been show n to  p a rtic ip a te  in  position ing  m ig ra tin g  g ra n ­
ule cells d u ring  cerebe llar m a tu ra tio n , th e  role of tra n sv e rse  e lem ents is u n ­
clear. A fu tu re  b e t te r  u n d ers ta in in g  o f glial fu n c tio n s in  re la tio n  to  n eu ro n a l 
tran sm issio n  an d  m etabo lism  [8, 13, 16] will p e rh ap s  help to  in te rp re t our 
im m unohistochem ical findings.

A n o th er d ifference betw een  G F A P -d is tr ib u tio n s  in  th e  r a t  an d  m onkey  
cerebellum  is th e  less coheren t glial n e tw o rk  in  th e  m onkey  th a n  in  th e  r a t  
g ran u la r layer. T his can  be exp la ined  b y  th e  la rg e r cerebellar g lom eruli of 
th e  m onkey  th a n  o f  th e  r a t  since astro g lia  of th e  g ran u la r  lay e r is m ain ly  
c o n s titu te d  by  processes su rround ing  these  com plex  sy n ap tic  s tru c tu re s . All 
o th e r  differences observed  appear to  be due to  d iffe ren t geom etries of cerebella 
in  th e  tw o  species.

I t  is th u s  concluded  th a t  c u rre n t m ethods fo r s ta in in g  im m unoreactive  
G F A P  are sensitive enough  to  disclose d ifferences in  g lioarch itec ton ics of the  
CNS in d ifferen t species. W ith  its re levance  to  th e  h u m a n  s itu a tio n  th e  m on­
key  b ra in  is w o rth  o f special a tte n tio n . T herefo re , co m p ara tiv e  G F A P  stud ies 
in  th e  r a t  and  m on k ey  b ra in  concern ing  fu r th e r  areas such  as th e  cereb ral co r­
te x  an d  h ippocam pus are  in  progress in  ou r la b o ra to ry .
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EXPERIMENTALLY INDUCED ACUTE CHANGES 
IN VEINS STUDIED BY SCANNING MICROSCOPY

U. F u c h s1, H . J e l ű n e k 2, A n n a  K a d a r 3

'IN S T IT U T E  OF PATHOLOGIC ANATOMY, KARL M ARX U N IV E R S IT Y  LE IPZ IG , GDR,
'2ND PATHOLOGIC IN ST ITU TE SEM M ELW EIS MEDICAL ACADEMY, BU D A PEST, HUNGARY AND 

32ND CENTRAL D EPA RTM EN T FOR ELECTRO N  MICROSCOPY, SEM M ELW EIS MEDICAL ACADEMY
BU DAPEST, HUNGARY

(R eceived  8 F eb ru ary  1988)

E n d o th e lia l dam age caused  by  hypox ia  a n d  th e  local a d m in is tra tio n  of 
Y aricocid® , o r b y  using  v a sc u la r  clam ps on th e  ju g u la r  ve in  o f ra b b its , was s tu d ied  
un d er a  scanning  electron  m icroscope.

A d h ering  p la te le ts  a n d  f ib r in  were found  on ly  in  th e  acu te ly  dam aged  veins 
w ith  en d o th e lia l defects. Sw elling a n d  vacuolization  of en d o th e lia l cells did n o t induce  
in tra v ascu la r  coagulation .

A d hering  th ro m b o cy te  aggregates and fib rin  s tra n d s  can  be  found  on th e  venous 
wall a f te r  a cu te  changes u n d e r  a scanning m icroscope o n ly  if  p a r t  or all of th e  en d o ­
thelial lin ing  h as been lost. In tra v a sc u la r  coagu lation  is n o t  in d u ced  by  swelling or 
vacuoliza tion . T he ju g u la r  ve in  o f ra b b its  was s tu d ied  a f te r  h y p o x ia , th e  a d m in is tra ­
tion  of Y aricocid®  an d  th e  use  o f vascu la r clam ps.

Keywords: Y enous w all, a cu te  change, p h leb o th ro m b o sis , hy p o x ia , V aricocid® , 
vascu la r c lam p , scanning e lec tro n  m icroscope

Introduction

U nder n o rm al conditions, th e  veins rem ain  free from  th ro m b o tic  deposits 
for decades. D iffe ren t ex p lan a tio n s have been g iven  of how  ph lebo th rom boses 
orig inate (for a su rv ey  see F u ch s  [5]) e ith er b y  in tra v a sc u la r  or p a rie ta l 
in itia tio n  The fo rm er case is p r im a rily  assum led if  th e  b lood  is hypercoagulab le  
or A D P is re leased  from  a slow or tu rb u le n t b lo o d stream . D am age to  the  vessel 
w all caused b y  hypox ia , tra u m a , in flam m atio n , an d  im m unological or tox ic  
factors m ay  a c tiv a te  th e  p a r ie ta l coagulation  sy stem  in th e  veins. F ina lly , 
local in trav ascu la r  coagu la tion  m a y  spread  to  th e  veins from  m icrocircu lation . 
C onsequently , th e  en do the lia l lesions observed are  in te rp re te d  e ither as th e  
cause or the  effect o f a th rom bosis. T he p resen t s tu d y  concerns itse lf  w ith  acu te  
dam age to  th e  vessel w all as seen u n d e r the  scann ing  e lec tro n  m icroscope, and  
w ith  beginning  coagu la tion  an d  th e  endo thelia l dam age observed.

Send o ffp rin t req u ests  to : Doz. D r. U . Fuchs, In s t i tu te  o f P a th o lo g ic  A natom y, K arl 
M arx  U niversity , L ieb igstr. 26, D D R  7010 Leipzig
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Materials and methods

B ila tera l ju g u la r  veins w ere exposed in  9 ra b b its  and  given d iffe ren t tre a tm e n ts . One 
seg m en t was cu t off from  c ircu la tio n  fo r one h o u r b y  prox im al and  d is ta l l ig a tu re . T his tem ­
p o ra ry  hypox ia  was follow ed b y  one h o u r of recircu la tio n  (group A). In  g roup  В , 1 ml of 
V aricocid®  m ade by  A W D  D resd en  w as in jec ted  in to  th e  vein  w hich rem a in ed  c lam ped  off 
fo r th e  tim e being.

In  group  C th e  vessels w ere squeezed w ith  th e  aid of a  v a scu la r c lam p , a n d  th e  tes t 
d u ra tio n  was 2 h  for all g roups. Tw o u n tre a te d  con tro ls were also exam in ed . T h e  vessels were 
double  fixed  in  g lu ta ra ld e h y d e  a n d  0 s 0 4, su b jec ted  to  critica l p o in t d ry in g  a n d  exam ined 
w ith  a  scanning a tta c h m e n t fo r th e  JE M  100 e lec tro n  m icroscope.

Results

The no rm al fu rrow ed  re lie f of th e  venous wall (Fig. 1 — con tro l) appear 
less reg u la r a f te r  all ty p e s  of lesions. In  a focal p a tte rn , th e  ridges becom e wider 
an d  h igher (F ig . 2a — h y p o x ia ) an d  show  severe local sw elling (F ig. 2b — 
h y p o x ia). The surface loses its  fin e  m ark ings (Fig. 1) an d  d isp lays a large 
n u m b er of c ra te r- ty p e  cav ities from  th e  ru p tu re  of in trace llu la r vacuoles during 
d issec tion  (F ig. 3a — h y p o x ia ). A p a rt from  these  sm aller p h en o m en a  th e re  are 
also p ro tru sions w ith  large c ra te rs  (F igs 2b — hypox ia , 3b — V aricocid®  adm in ­
is tra tio n ) a p p a re n tly  due to  d iffe ren t degrees of swelling, th e  ru p tu re  of big

Fig. 1. T he n o rm al in te rio  re lief o f th e  venous w all ( x 4 4  500)
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Fig. 2 . T he upfo lded  in te rio r  relief seen as a  to p  view  an d  in  cross section  (a) w ith  va rio u s 
degrees o f oedem atous sw elling lead ing  to  “ ballooning  d eg eneration”  of th e  end o th e liu m  (b). 
D : en d o th e lia l defects; E ry : e ry th ro cy te s ; F : en d o th e lia l appendices; a, b: hyp o x ia  (a: X 300,

b: X 3  200)
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vacuoles and  even  th e  loss o f nucle i or p a r ts  o f  cells. [3] O ver sh o rte r  or longer 
s tre tch es , th e  en d o th e lia  h av e  been  lost a lto g e th e r (Figs 2b — hypox ia . 4a, b — 
vessel clam ping). T he rem a in in g  en do the lia l cells e x ten d  long appendices (F ig . 
2h — hypoxia), w h ich  in itia te  cell m ig ra tio n  as th e  f irs t s tep  in  covering  th e  
en d o the lia l cell defects. T h rom b o cy tes  (F ig. 4b — vessel clam ping) an d  m a ­
crophages from  th e  b lood  becom e a tta c h e d  to  th e  exposed subendo tlie lium . 
F in a lly , fib rin  s tra n d s  (F ig. 4c — vessel c lam ping , 4d — v arix ) can  be d e te c t­
ed betw een th e  th ro m b o cy te s  and  o ther b lood  cells. Severe endo thelia l sw ell­
in g  and  m an y  c ra te rs  are reg u la rly  found  a fte r  V aricocid®  a d m in is tra tio n  
an d  hypoxia , en d o th e lia l defects occur in  all exam ina tions, an d  la rger p a r ie ta l 
coagu la tions are com m on a fte r  clam ping an d  V aricocid®  ad m in is tra tio n .

Fig. 3. Sm all c ra te rs  (K , F ig . a) a n d  p ro trusions w ith  large  c ra te rs  (F ig. b). H y p o x ia  (F ig . a). 
V aricocid®  ad m in is tra tio n  (F ig . b), (a, b : X 10 000)
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Fig. 4. E n d o th e lia l defec ts (a, b). A ttac h ed  m acrophages (M) a n d  th ro m b o cy tes  (T hr, F ig . b). 
F ib rin  n e tw o rk  w ith  th ro m b o cy tes  an d  m acrophages (c). F o r  com parison  s triped  f ib rin  fro m  
a h u m an  v a rix  (d). E ry : e ry th ro cy te ; vessel w all c lam ping  (a , b , c). H u m an  v a rix  (d) (a: 

X 3 200; b: X 250; c: x 3 0 0 ; d :  X 30 000)
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Discussion

The relief on th e  in n e r surface of a rte rie s  [4, 8] and  veins, an d  th e ir  
pa tho log ic  reac tio n  a re  com parab le  in  v iew  o f th e  sim ilar ex p erim en ta l set-ups 
o u tlin ed  in th e  fo llow ing. E lem ér, K e rén y i an d  Je lű n ek  [1, 2] h av e  all found 
c ra te rs  and  en d o th e lia l losses a fte r  o ne-hour lig a tu re  of th e  a b d o m in a l ao rta , 
follow ed by  rec ircu la tio n  over periods from  1 h to  2 days. T he su rv iv ing  
en d o th e lia l cells a t te m p t  to  abridge th e  en d o th e lia l defects w ith  append ices. 
R egenera tion  sets in  a fte r  2 h an d , a f te r  a severe tra u m a , m ay  ta k e  more 
th a n  2 weeks [3]. W h ere  en do the lium  has been  lost, th ro m b o cy tes , leucocytes, 
m onocy tes an d  ly m p h o cy te s  accu m u la te , b u t  no o b stru c tin g  th ro m b i have 
b een  rep o rted  [2] in v o lv in g  th e  venous w all.

In  our ow n ex p erim en ts , an d  in  th o se  con d u c ted  on th e  a rte rie s  b y  E lem ér, 
K erén y i and  Je lű n e k  [1, 2], th ro m b o cy te s  cover th e  exposed g ro u n d  substance  
b u t  n o t th e  sw ollen vacuolized  en d o th e lia . K je ldsen , A stru p  a n d  W an stru p  
[10], b y  co n tra s t, h a v e  found  th ro m b o c y te s  also on top  of d am ag ed  cells, as 
w ell as a rranged  in  row s an d , th ere fo re , p ro b a b ly  s itu a ted  in  ex ten d ed  in te rce l­
lu la r  jo in ts . W hile o b s tru c tin g  th ro m b i a re  n o t rep o rted  for a rte rie s  [1, 2], 
la rg e r p a rie ta l coagu la tio n s occur in  veins a f te r  ex trem ely  serious lesions. W hile 
th e  endo thelium  is s till th e re , c lo ttin g  is in h ib ited  by  th e  h igh  fib rin o ly tic  
a c tiv ity  of th e  v en o u s Avail [6] and  th e  p ro d u c tio n  of agg regation  inh ib itin g

P g l2-
The co m p arab le  re a c tiv ity  of ve ins an d  arteries is n o t lim ited  to  th e  

acu te  exp erim en t described  here. A rte rio sc le ro tic  v en o p a th y  occurs in  places 
w here  th e  vein  is in im m ed ia te  c o n ta c t w ith  an  affected a r te ry  [7, 9], or if  it 
is tra n sp la n te d  b y  w ay  of opera tio n  in to  th e  a rte ria l b lo o d stream  su b jec t to  
arteriosclerosis. D u rin g  th e  f irs t 5 y ea rs , th e  cum ulative occlusion ra te  in  
ao rto co ro n ary  v en o u s  bypass vessels is b e tw een  20 and  2 5 % . O cclusion a t a 
v e ry  early  d a te  is b lam ed  on in tra v a sc u la r  c lo tting , a fte r a b o u t a y ea r i t  is 
caused  b y  in tim a i h y p erp las ia  [11]. T he fa c t th a t  veins are less d isposed to  
develop arteriosc lerosis th a n  a rte rie s  is a t tr ib u te d  to  th e ir  p o sitio n  in  th e  low- 
pressure  system , th e  g rea te r  c learance p ro v id ed  b y  th in n e r  vessel Avails, and  
th e ir  high f ib rin o ly tic  and  ag g reg a tio n -in h ib itin g  capacity .

In  th e  p re se n t stud ies th ro m b o sis  is caused b y  coagu la tion  w hich in  
tu rn  orig inates fro m  th e  exposed su b en d o th e liu m  w hen defects h a v e  occurred  
in  th e  en do the lia l com plex . The en d o th e lia l lesion, th en , is th e  p rim a ry  even t 
follow ed b y  coag u la tio n .
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IMMUNE COMPLEX NEPHROPATHIES 
IN PATIENTS WITH MALIGNANT TUMOURS

L. K u n , J u d it  N a g y , M. S ch m elczer , C. T r in n , T . B urg er

2nd D EPA RTM EN T OF M ED ICINE, U N IV E R SIT Y  M EDICAL SCHOOL, PÉCS, HUNGARY 

(R eceived  23 M arch  1988)

T h e  a u th o rs  have  stu d ied  th e  incidence  of changes re la te d  to  im m u n e  com plex  
g lo m eru lonephritis  in  p o stm o rtem  k id n ey  specim ens from  23 p a tie n ts  w ith  m alig n an t 
tu m o u rs  (18 solid tu m o u rs and  5 leuk aem ias), using  lig h t m icroscopy  an d  im m u n o ­
fluorescence. As revea led  by  lig h t m icroscopy , 4 k idneys h ad  diffuse, 2 focal m esangial 
p ro life ra tiv e  g lom erulonephritis a n d  1 Ig A  g lom eru lonephritis.

G ran u la r  deposition  of im m u n o g lo b u lin  in  th e  m esangium  w as observed in  5 
k id neys, on  3 occasions to g e th e r w ith  In  on ly  2 p a tie n ts  w ere, in  a d d itio n  to  glo­
m eru la r dam age, clinical sy m p to m s observed . No CEA and a lp h a  F P  w ere fo u n d  in  
th e  d iseased  k idneys. T he resu lts  suggest t h a t  glom erular d am age w ith  no or on ly  
occasional clinical sym ptom s is n o t  ra re  in  p a tie n ts  w ith  m alig n an t tu m o u rs .

Introduction

I t  has been  know n for m ore th a n  f if ty  years  th a t  m a lig n an t tu m o u rs  can  
lead  to  ren a l diseases, m ost com m only  to  t h a t  know n as th e  p a ran eo p las tic  
n ep h ro tic  syndrom e observed in  5 —11%  of p a tie n ts  w ith  n ep h ro tic  syndrom e 
[3, 7, 10, 11, 12, 19, 27, 35]. H a e m a tu ria , as a clinical m an ifes ta tio n , can  also 
he found  occasionally ; how ever, i t  is g enera lly  associated w ith  p ro te in u ria  or 
th e  n ep h ro tic  syndrom e.

R eg ard in g  th e  h isto logical ch a rac te ris tic s  of th e  ren a l changes, in  a d d i­
tio n  to  carc inom as, m em branous g lom eru lonephritis  (GN) belonging  to  th e  
GNs of im m une  com plex origin, has m ost freq u en tly  been re p o rte d  [5, 7, 8, 9, 
11, 14, 16]. M inim al changes have been  fo u n d  m ain ly  in  p a tie n ts  w ith  H odg­
k in ’s disease, non -H o d g k in  ly m p h o m as an d  leukaem ias [8, 9, 17, 21, 22, 29, 
34]. IgA  GN w as observed by  S inn iah  [30] in  m ucus-p roducing  adenocarci­
nom a, an d  b y  M ustonen  e t al [23] in  carc inom as of th e  b ro n ch i, tongue an d  
p ancreas as w ell as in  re tro p e rito n ea l liposarcom a and  n aso p h ary n g ea l p ap il­
lom a.

V arious m a lig n an t tu m o u rs  an d  assoc ia ted  n ep h ro p a th ies  h av e  genera lly  
p roduced  sy m p to m s s im ultaneously ; how ever, i t  was som etim es found  th a t  
th e  sy m p to m s of th e  nephro tic  syndrom e preceded  those of tu m o u rs .

Send o ffp rin t requ ests  to : D r. L. K u n , 2nd D ep t, o f M edicine, U n iv e rs ity  M edical 
School, Pécs, H -7621, H u n g ary
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O nly few  d a ta  are  availab le  concern ing  th e  incidence of g lom erular lesions 
w ith  no clin ical sy m p to m s in  m alignancies. The sam e p a u c ity  of d a ta  c h a ra c ­
terizes th e  freq u en cy  o f th e  clinical p ic tu re  of o ligosym ptom s, w hich can  be 
detec ted  only  b y  special ex am in a tio n s [23, 27, 31, 33].

F o r th e  p re se n t w ork  p o stm o rtem  k id n ey  specim ens from  23 p a tie n ts  
w ith  m a lig n an t tu m o u rs  (18 w ith  solid tu m o u rs  an d  5 w ith  leukaem ias) w ere 
used. In  a d d itio n  to  ro u tin e  lig h t m icroscopic ex am in a tio n , an  im m u n o flu o res­
cence m eth o d  w as u sed  to  d e tec t changes re la te d  to  G N  of m ain ly  im m u n e  
com plex orig in . B esides an tibod ies of d iffe ren t subclasses, C3 and  fib rinogen , 
th e  presence o f carc ino -em bryon ic  a n tig e n  (CEA) an d  th a t  of a lpha foetopro- 
te in  (a lpha F P ) in  th e  g lom eruli w ere also exam ined .

Materials and methods

K id n ey  specim ens ta k e n  from  th e  au to p sies  o f 18 p a tie n ts  w ith  solid tu m o u rs  a n d  5 
p a tie n ts  w ith  leu k aem ias w ere stud ied  using  lig h t m icroscopy a n d  an  im m unofluorescence 
m eth o d  to  sea rch  fo r changes re la te d  to  th e  p resence  of im m une com plexes and o th e r g lom e­
ru la r  ab n o rm alitie s. T h e  ages of th e  12 m ale  a n d  11 fem ale p a tie n ts  ranged  from  6 to  76 
years. A m ong th e  18 solid  tu m o u rs  th ere  w ere  6 g a s tro in te s tin a l carcinom as, 4 u ro g en ita l 
carcinom as, 2 lu n g  carc inom as, 1 th y ro id  tu m o u r, 1 gall b lad d e r tu m o u r, 1 cerebral tu m o u r, 
1 h y p o p h ary n g ea l tu m o u r, 1 m alig n an t m elanom a, a n d  1 h ep a to m a. O u t of 5 p a tie n ts  w ith  
leukaem ias, 3 su ffe red  fro m  a cu te  m yeloid leu k aem ia , 1 from  a c u te  lym phoid , an d  1 from  
chronic m yeloid  leu k aem ia . To e lim inate  fa lse-negative  an d  fa lse-positive  changes re su ltin g  
from  a u to ly tic  p rocesses, on ly  th e  cases w herein  au to p sy  h a d  b een  perform ed w ith in  24 h  
a fte r d e a th  w ere se lected .

The m e th o d  of e x am in a tio n  of th e  m a te ria l was th e  sam e as th a t  used fo r k id n ey  
biopsies an d  d escribed  in  d e ta il elsewhere [24]. In  brief: for light microscopy, sections w ere 
c u t from  k id n ey  p ieces, fix ed  in  form alin , em b ed d ed  in  p a ra ff in , an d  s ta ined  w ith  haem a- 
toxylin-eosin , Jo n e s ’s silver s ta in ing  an d  PA S reac tion . F o r  immunofluorescence, c ry o s ta t  
sections o f 4 —5 I« th ick n ess  w ere cu t from  u n fix ed  k id n ey  pieces. A fte r  w ashing in  p h o sp h a te  
buffered  salive (P B S ), th e y  w ere tre a te d  w ith  F IT C -labe lled  a n ti-h u m a n  IgG-, IgA , IgM , Ig E , 
C3, fib rin o g en /fib rin  a n tise ra  (Cappel U SA; D a k o p a tts , D en m ark ; B ehring , FR G ). I n  a d d i­
tio n , to  id en tify  th e  assu m ed  an tig en  co m p o n en t o f th e  im m u n e  com plex GN, sections w ere 
exam ined w ith  ra b b it  a n ti-h u m a n  CEA an tib o d y  (B ehring , F R G ) an d , in  a  second s tep , w ith  
a n tira b b it  im m u n o g lo b u lin  labe lled  w ith  F IT C  (C appel, U SA) an d  o th e r  sections w ere s tu d ied  
for a n ti-h u m an  a lp h a  F P  (B ehring , F R G ) using  a d irec t m ethod . In te n s ity  o f th e  f lu o rescen t 
sta in ings w as expressed  accord ing  to  a se m iq u a n tita tiv e  scale as follow s: 0 =  negativ , + / — =  
traces , +  =  sm all am o u n t, + +  =  m o d era te  am o u n t, +  +  +  =  larg e  am o u n t. O w ing to  th e  
increased b a ck g ro u n d  s ta in in g  observed in  th e  p o stm o rtem  m a te ria l exam ined, only th e  re ac ­
tions ra te d  as +  — +  +  +  w ere included.

K id n ey s fro m  25 p a tie n ts  who h ad  no tu m o u rs  an d  d ied  o f diseases o th er th a n  renal 
served as con tro ls.

Results

Clinical symptoms and laboratory results

The case h is to ries  w ere s tud ied  w ith  th e  aim  of fin d in g  d a ta  on p re  vious 
ren a l diseases. O f th e  la b o ra to ry  fin d in g s, serum  CN, c rea tin ine , u r in a ry  p ro ­
te in , pus an d  sed im en t w ere ev a lu a ted . No c ircu la tin g  im m une com plex ex ­
am inations w ere m ade.
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In  7 cases ou t o f 23, g lom eru lar ab n o rm alitie s  w ere observed b y  lig h t 
m icroscopy.

A m ong th e  ab n o rm alitie s  involv ing  th e  m esang ium  in all cases, a h is to lo g ­
ical p ic tu re  ch a rac te ris tic  of diffuse m esangial p ro life ra tiv e  GN was d em o n ­
s tra te d  b y  light microscopy in  4 k idneys, an d  in  2 th a t  o f th e  focal form  o f G N . 
P ro life ra tio n  of th e  m esang ial cells and  th e  m a tr ix  w as generally  m o d era te . 
In  th e  sev en th  k id n ey  th e  diffuse m esang ia l cell p ro life ra tio n  was accom pan ied  
b y  crescen t fo rm atio n  on 47 per c en t o f th e  g lom eruli. In  some of the  g lom eru li 
the  m esang ia l p ro life ra tio n  had  sp read  to  th e  p o rtio n s  o f th e  g lom erular b a se ­
m en t m em b ran e  im m ed ia te ly  a d jacen t to  th e  m esang ium . H ow ever, no tra m - 
track  a lte ra tio n s  or th ick en in g  of th e  w all was observed  in  th e  peripheral b a se ­
m ent m em branes (Figs 1, 2).

Im m unofluorescent s ta in in g  revealed  g ran u la r  d ep osition  of im m u n o g lo b ­
ulins in  5 p a tie n ts ; th e  sam e p ic tu re  w as associa ted  w ith  th e  presence o f  C3 
in  3 p a tie n ts , an d  in  1 w ith  th a t  of fib rin o g en . F ib rin o g en  alone was fo u n d  in  
th e  g lom eruli of 2 k idneys. These a lte ra tio n s  developed  in  th e  m esangium  in  
all cases b u t  one. T he re la tio n sh ip  b e tw een  th e  ty p e  o f m alignancy  an d  th e  
positive im m unohisto log ica l find ings is p resen ted  in  T ab le  I. Figs 3 a n d  4 
illu s tra te  th e  im m unofluo rescen t find ings.

Fig. 1. V arious degrees o f p ro life ra tio n  of th e  m esangial m a tr ix  a n d  m o d era te  p ro life ra tio n  
of th e  m esangial cells, sp read ing  over a lm o st all segm en ts o f glom eruli 

(PA S, X 250)
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F ig . 2. Focal p ro life ra tio n  of m esangial cells an d  m a tr ix  in  glom erulus. T h ickness of p e rip h eral 
g lom eru lar b a se m e n t m em branes is n o rm al (Jones, X 250)

In  no single case could CEA and  a lp h a  F P  be d e m o n s tra te d  in th e  glo­
m eruli.

Table I

T ypes o f m alignancy and  im m unofluorescent find ings

Types of malignancy
Immunofluorescent findings

IgG IgM IgA C3 Fibrinogen/fibrin

Ca of kidney +  + _ +  + + + + + +  +
Ca of colon — +  + — + + —
Ca of rectum — — — — _h ~b
Ca of hypopharynx + — + — —
Ca of cholecyst — — — — - f  +
Ca of thyroid +  + — — — —
AML — +  + — + + —
T o ta l 3 2 2 3 3

AML: acu te  m yeloid  leukaem ia
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Fig. 3. L arge  am o u n t o f g ra n u la r  deposition  o f IgA  in  glom erulus, exclusively  in  m esangium  
excep t for som e sh o rt po rtions o f g lom eru lar b asem en t m em b ran e  (X  500)

Fig. 4. G ran u lar, p a r tly  coalescen t deposition  o f IgM  no t un iform ly  d is tr ib u te d  in  m esangium
of g lom eru lus ( X 500)



106 L. KUN e t al.

A s tu d y  o f  th e  p a tie n ts ’ case h istories d id  n o t rev ea l d a ta  re lev an t to  
a n y  previous re n a l lesions. T he la b o ra to ry  find ings o f f iv e  p a tien ts  p rov ided  
evidence of re n a l in v o lv em en t. A p a rt from  th e  ab n o rm alitie s  observed in  urine, 
h isto logical ex a m in a tio n s  show ed g lom eru lar dam age re la te d  to  th e  presence 
o f im m une com plexes in  2 p a tie n ts  only  (Table IL ). In  1 of th e  3 o th e r p a tien ts ,

Table II

R elationship betw een  h istological and  clinical findings in  g lom eru lar dam age re la ted  to
presence of im m une com plexes

Im m une com plex related 
glom erular dam age, 
histologically:

Clinical manifestation

PP P P  +  PH A cute renal 
failure

Positive  (2 p a tien ts) 1 0 l
N egative  (3 p a tien ts ) 2 l 0
T otal 3 l l

P P : p e rsisten t p ro te in u ria  
PH : persisten t haem atu ria

im m unofluorescence d em o n stra ted  no im m unoglobu lins, only  fibrinogen in  
add itio n  to  focal m esang ia l p ro life ra tion . Chronic p y e lo n ep h ritis  was d iagnosed 
histo logically  as th e  cause of th e  clinical sym ptom s in  th e  o th e r 2 p a tien ts . 
R esection of a re c ta l  tu m o u r  in  one p a tie n t resu lted  in  th e  d isappearance of 
h is p ro te inu ria , w h ich  d id  n o t recu r even w hen a second m alignan t tu m o u r 
lead ing  to  d e a th  developed . H isto log ical changes w ere n o t accom panied b y  
increased serum  CN an d  crea tin in e  excep t in  th e  p a tie n t  dying  from  acu te  
ren a l failure.

In  the  p a t ie n t  w ith  ren a l carcinom a, IgA  GN w as diagnosed on the  basis 
o f the m orphological ap p earan ce  (light m icroscopy show ed m esangial p ro lifera­
tio n  of GN w ith  4 7 %  crescen t fo rm atio n ; b y  im m unofluorescence, a large 
am o u n t of C3 an d  fib rinogen , and  a m odera te  a m o u n t of IgA  and  IgG deposits 
in  the  g lom eruli w ere found).

In  none of th e  25 co n tro l k idneys were changes re la te d  to  im m une com ­
plex  GN found.

Discussion

Im m u n o p ro te in  deposition  in th e  glom eruli w as observed in 20%  of 
p a tien ts  w ith  solid  tu m o u rs  b y  S inniah  [30], an d  in  1 .6%  by  S u th erlan d  e t al 
[33]; th e  sam e a u th o rs  [33] found  im m u n o p ro te in  deposition  in  14.1%  of 
p a tie n ts  w ith  leu k aem ias, w hile D avies e t al [6] observed  no p rec ip ita tio n  a t  
all. H ow ever, w h en  im m unohisto log ical ex am in a tio n  w as com bined w ith  elec-
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tró n  m icroscopy, in v o lv em en t of th e  k id n ey s w as d e tec ted  in  55%  of p a tie n ts  
w ith  m a lig n an t disease by  Pascal e t al [27], and  in  30%  by  H elin  e t al [13].

N o e lec tron  m icroscopic ex am in a tio n s  w ere perfo rm ed  in  th e  p re sen t 
s tu d y . Im m unofluo rescence  revealed  s ta in in g  of a g ran u la r  ch a rac te r, re la te d  
to  the presence of im m u n e  com plexes in  5 ou t of th e  23 k idneys s tu d ied . No 
such s ta in in g  w as fo u n d  in  th e  25 con tro ls . L igh t m icroscopy prov ided  evidence 
of g lom eru la r ab n o rm alitie s  in  th e  k id n ey s of 7 tu m o u r p a tie n ts ; th e  histo logical 
changes c h a ra c te ris tic  o f m esangial p ro life ra tiv e  GN w ere diffuse in  4 of th em  
and focal in  2. One m ore p a tie n t suffered  from  IgA  GN.

T here  w as no m em branous GN am ong  our cases. T his fac t is n o t su rp ris ­
ing, since in  th e  references m en tioned  in  th e  in tro d u c tio n  [5, 7, 8, 9, 11, 14, 
16] m em b ran o u s GN w as clinically  associa ted  w ith  e ith e r  nephro tic  syndrom e 
or considerab ly  severe p ro te in u ria  n o t y e t  re su ltin g  in  nephro tic  syndrom e, 
w hich h a d  g enera lly  been  recognized d u rin g  th e  p a t ie n t’s lifetim e. All of ou r 
p a tie n ts  b u t  one show ed only sligh t u r in a ry  a lte ra tio n s , as in  th e  re tro sp ec tiv e  
s tu d y  b y  P asca l e t al. [27]. A ccording to  th e  d a ta  availab le  to  th em , th e  p a ­
tie n ts  o f S u th e rlan d  e t al. [31, 33] w ere clin ically  free from  sym ptom s. In  a 
s tu d y  of a sim ilar c h a ra c te r  S inniah  [30] d id  n o t p u b lish  lab o ra to ry  d a ta .

B ased  up o n  our stud ies and  th e  references d e ta iled  above i t  is doub tless 
th a t  ch iefly  in  associa tion  w ith  solid tu m o u rs  g lo m eru lo p a th y  accom pan ied  
by  no or on ly  m ild  clin ical sym ptom s is n o t rare .

T he depositions w h ich  were in  all ou r cases o f th e  g ran u la r ty p e , are 
suggestive o f a causal role of an tig en -an tib o d y  im m u n e  com plexes. T he possible 
an tigens are m ain ly  tu m o u r-asso c ia ted  an tigens, re-expressed  oncofoetal a n t i ­
gens (e.g. CEA, a lp h a -F P ), oncogenic or o th e r v ira l an tigens and  au to logous 
n o n -tu m o u r an tig en s (e.g. renal tu b u la r  ep ith e lia l an tigen ). A p a rt from  d a ta  
from  an im al ex p erim en ts , few cases are  know n w here th e  an tigen  of im m une 
com plexes deposited  in  th e  k idney  w as id en tified  in  h u m an s. U sing an tibod ies 
p roduced  ag a in s t th e  hom ogenate  o f  th e  tu m o u r tissu e , Lewis e t  al. [20] 
found  a tu m o u r  assoc ia ted  an tigen  in  th e  ren a l glom eruli of p a tie n ts  w ith  
bronchogenic  carc inom a. C onstanza e t al. [4] an d  Couser e t al. [5] found  CEA 
in th e  g lom eru la r im m u n e  com plexes of m em branous G N  p a tien ts  w ith  colonic 
tu m o u r. O zaw a e t al [26] iden tified  re n a l tu b u la r  ep ith e lia l a n tig e n -a n tib o d y  
im m une com plexes in  th e  glom eruli of p a tie n ts  w ith  ren a l tum ours. R egard ing  
th e  role of v iru s  an tig en s in  hum ans, th e re  are  also o n ly  sporad ic  d a ta  availab le . 
The v iru s-asso c ia ted  an tig en s  form ing  im m u n e  com plexes m u st have o rig ina ted  
from  viruses w hich  p re su m ab ly  h ad  e ith e r  p lay ed  a role in  tu m o u r fo rm atio n  
[25] or caused  in te rc u rre n t in fection  [15]. The p re se n t s tu d y  exam ined  th e  
g lom eru lar incidence o f C EA  and  a lp h a  F P  in  im m une  com plexes assum ed in  
the  g lom eruli; how ever, in  no case could th e ir  presence he d em o n stra ted .

Im m u n e  com plexes in  th e  c ircu la tio n  w ere also found  in  a v a riab le  p ro ­
p o rtion  of p a tie n ts  w ith  solid tu m o u rs  an d  lym phom as/leukaem ias, a t th e  m ost
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in  82 %  [1]. H ow ever, i t  is unknow n in  w hich  of these  p a tien ts  w ere th e  im m une 
com plexes deposited  in  th e  g lom eruli. I t  also requ ires fu r th e r  c la rifica tion  
w h ich  s ta te  causes ren a l deposition  o f im m u n e  com plexes clinical sym ptom s.

Some au th o rs  also raise th e  q u es tio n  of w h e th e r au to p sy  m a te ria l m ay  
he su itab le  for im m unoh isto log ica l ex am in a tio n . S u th erlan d  e t al [32] em ­
phasize th e ir  o b se rv a tio n  th a t  in  k id n ey s exam ined  2 — 3 h  a fte r  d ea th , b a c k ­
g ro u n d  s ta in ing  can  be so p ronounced  th a t  it  h inders ob jec tive  ev a lu a tio n  
o f a specific s ta in in g  if  th is  is fa in t. O n th e  o th e r han d , f re q u e n t IgA  GN 
h a v e  been described  [2] in  k idneys o f p a tie n ts  who died of cirrhosis. These 
a u th o rs  consider p o s tm o rtem  m a te ria l su itab le  fo r im m unohisto log ica l ex am i­
n a tio n . W e and  o th e rs  [18, 28] did n o t experience an y  d ifficu lty  in  d iffe re n tia t­
in g  betw een  specific an d  b ack g ro u n d  s ta in in g ; how ever, considering  th e  issues 
m en tio n ed  above, we re jec ted  all m a te r ia l show ing only  m in im al p o sitive  s ta in ­
ing . As contro ls, p o s tm o rtem  tissue specim ens from  p a tie n ts  w ith o u t tu m o u rs  
w ere also chosen, so th a t  we m ig h t assess th e  “ subclin ical”  im m u n e  com plex 
G N s occurring in  p a tie n ts  w ith o u t tu m o u rs  or clinical renal disease. No such  
cases were found  in  our contro ls com prising  a re la tiv e ly  sm all n u m b er of 
p a tie n ts .

The re la tio n sh ip  betw een  tu m o u rs  an d  IgA  GN will be d ea lt w ith  in  
d e ta il in  a sep a ra te  p ap er.
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CHRONOMORPHOLOGY OF THE DUODENUM
IN MAN
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K ATOW ICE, POLAND

(R eceived  19 M ay 1988)

T h e  aim  of th e  p resen t s tu d y  w as to  in v es tig a te  th e  possible ex is tence o f rh y th -  
m ic ity  o f som e m orphological s tru c tu re s  o f th e  je ju n u m  in m an. T he he igh t o f in te s tin a l 
villi w as fo u n d  to  v a ry  s ig n ifican tly  du rin g  th e  24 h  tim e span , being h igher d u rin g  
th e  d a y  th a n  during  th e  n ig h t, w hen  th e  p ro p o rtio n  be tw een  sm all an d  m ed iu m  size 
villi ch an g ed  (p <  0.05). T he h ig h est m ito tic  a c t iv ity  was fo u n d  a t  200 an d  a t  6 00, a n d  
th e  low est a t  1000 and 1400 (p <  0.01). B o th  h e ig h t an d  w id th  of m icrovilli d id  n o t  change 
du ring  th e  24 h  span, while th ick n ess o f th e  g lycocalyx  was sligh tly  h igher d u rin g  th e  
d ay  w hen  com pared  to th e  n ig h t. T here  w ere no  s ig n ifican t c ircad ian  changes o f  P a n e th  
cell g ra n u la r ity . We conclude t h a t  c ircad ian  rh y th m ic ity  of je ju n u m  m o rpho logy  in  
m an  is less d is tin c t th a n  in  an im als , b u t  t h a t  s ig n ifican t c ircad ian  changes in  som e 
p a ram e te rs  do exist.

Introduction

T he a c tiv itie s  of d ifferen t d igestive  enzym es, inc lud ing  those h o u n d  to  
th e  in te s tin a l b ru sh  border, show  clear c ircad ian  v a ria tio n s , being  h ig h  a t  
n ig h t an d  low  in  th e  day tim e in  ra ts  fed  ad  lib itu m . The c ircad ian  rh y th m  of 
je ju n a l fu n c tio n  in  m an and  ra ts  m ig h t be ex p ec ted  to  be ou t o f phase b y  a b o u t 
h a lf  a d ay  because  of th e  n o c tu rn a l feed ing  h a b its  o f ra ts . In  p rev ious s tu d ies  
[4, 5] we co n firm ed  th is supposition . In  ad d itio n , a c ircad ian  rh y th m  in  th e  
a c tiv ity  of fo u r m ark er enzym es w ere found  in  th e  low er duodenum  in  m an . 
All enzym es te s te d  (acid and  a lkaline  p h o sp h a ta se , 5 nucleo tidase, an d  N A D P H ) 
w ere m ore ac tiv e  during  th e  w ak ing  th a n  re s tin g  span .

No s tru c tu ra l  change in  th e  sm all bow el m orphology  was observed  in  r a ts  
sacrificed  a t  d iffe ren t tim es of th e  d ay  [1]. O n th e  co n tra ry , S tevenson , e t al. 
[12] rep o rted  on  th e  m easu rem en t o f v illous h e ig h t an d  th e  n u m b er of co lu m ­
n a r  cells lin in g  th e  villus in  th e  je ju n u m  of ra ts  over a 24 h  span . T h ey  fo u n d  
th a t  b o th  v illus he igh t and  cell n u m b e r w ere 50 to  65%  g rea te r ju s t  before 
feeding w hen  com pared  to  th e ir  s ta te  12 h la te r . T he au th o rs  concluded  th a t  
these  f lu c tu a tio n s  m ight be re la te d  to  th e  p rev io u sly  rep o rted  peak  in  je ju n a l 
d igestive enzym e a c tiv ity  a t th e  feed ing  tim e .

Send o ffp rin t requests to : Dr. A. M arkiew icz, D is tr ic t R ailw ay  H o sp ita l, P an ew n ick a  65, 
40-760 K atow ice, P o lan d
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The above m en tio n ed  d a ta  led us to  in v es tig a te  w h e th e r th e  v illi, m i­
crovilli an d  g lycocalyx  of h u m an  en te ro cy te s  ex h ib it v a r ia b ility  of th e ir  m o r­
phological s tru c tu re  over th e  c ircad ian  tim e  fram e. In  ad d itio n , th e  m ito tic  
a c tiv ity  and  an  e s tim a te  of P a n e th  cell sec re to ry  a c tiv ity  were m easu red  in  
th e  b iopsy  specim ens.

Materials and methods

i ) Retrospective a n a lys is:  O ur earlier re p o rte d  s tu d ies  [4, 5] w ere carried  o u t on  11 
h e a lth y  m en, aged  20 — 22. W e took  lower d u o d en a l b io p sy  specim ens w ith  a C rosby—E v an s  
capsule [3] fo r th e  m easu rem en t o f a c tiv ity  o f fo u r m ark e r enzym es a t  8 h  in te rv a ls  fo r 2.5 
consecu tive  d ay s , s ta r tin g  a t  1800 in  4 su b jects, a t  2200 in  5, an d  a t  200 in  th e  la s t  2. T h e  d if­
fe ren t s ta rtin g  tim es fo r th e  sub jec ts  in  th e  g roup  re su lte d  in  d a ta  accu m u la ted  a t  ev e ry  4 h  
in te rv a l, i.e. e ach  p a tie n t  w as sam pled 6 tim es d u rin g  th e  24 h  span . D uring  th e  sam pling  
period  a s ta n d a rd  m eal w as served 7 and  a  h a lf  h  before  each  b iopsy . A t lea s t 2 sec tions of 
each  specim en w ere ex am in ed  for enzym e a c t iv ity  a n d  p h o to g rap h s  o f th e  in te s tin a l villi 
w ere tak en .

In  a  re tro sp ec tiv e  analysis only 154 o u t o f 1300 ph o to s w ere selected. T hese p h o to s 
d e m o n s tra ted  258 lo n g itu d in a lly  sectioned villi, in  w h ich  th e  lam ina  p ro p ria  w ere seen reach ing  
th e  m uscularis m ucosae a n d  could be m easured  fo r v illous h e ig h t (orig inal m ag n ifica tio n  X 150, 
Q u an tim e t 700, C am bridge  In s tru m en ts ; [11]. A t th e  sam e tim e  th e  m ito tic  a c tiv ity  in  th e  
je ju n a l c ry p ts  w as e s tim a te d  (x 4 0 0 ) .

ii) Prospective s tu d y :  W e rep ea ted  th e  s tu d y  on a n o th e r group of 8 h e a lth y  m en , aged 
20 — 22. T he p u rp o se  a n d  n a tu re  of th e  s tu d y  w as ex p la in ed  to  all p a r tic ip a tin g  su b jec ts  and  
all freely  gave th e ir  co n sen t. B iopsy specim ens fro m  low er d uodenum  w ere ta k e n  accord ing  
to  th e  above m en tio n ed  schedule , i.e. a t  600, 1000, 1400, 1800, 2200, and  200. A t each  tim in g  
in te rv a l a t  le a s t 2 v illi w ere exam ined  b y  e lec tro n  m icroscopy  an d  p h o to g rap h s of m icrovilli 
of en terocy tes lo ca ted  on  th e  tip s  and  sides (a t  1/2 o f th e  villi) w ere tak e n  for m o rp h o m e tric  
analysis (orig inal m ag n ifica tio n  X 15 000; [11]. W e also m easu red  th e  area  occupied b y  P a n e th  
cell granules in  20 c ry p ts  in  each  biopsy specim en  (orig inal m ag n ifica tion  x 4 0 0 , Q u a n tim e t 
700; [9, 11]).

Results and discussion

As ev idenced  from  th e  re tro sp ec tiv e  s tu d y  (Fig. 1), th e  h e ig h t of th e  v illi 
in  m an  s ig n ifican tly  v a ried  during  th e  d ay , be ing  h igher in  th e  d ay  th a n  in  
th e  n ig h t. T his w as due p rim arily  to  a change in  th e  p ro p o rtio n  b e tw een  th e  
sm all and  m edium  size v illi. H ow ever, th e  d ay -n ig h t d ifferences w ere n o t as 
large as observed  in  ra ts  [12].

A co rre la tion  b e tw een  enzym e a c tiv i ty  an d  m ito tic  a c tiv ity  in  th e  h u ­
m an  in te s tin a l ep ith e liu m  was n o t fo u n d . T he n u m b e r of villus cells is th e  
re su lt of cell g en e ra tio n , m ig ra tion  an d  ex tru s io n . I f  c ircad ian  rh y th m ic ity  in  
b o th  cell g en e ra tio n  an d  rem oval ex ists , th e n  th e  tw o rh y th m s  shou ld  be  o u t 
of phase w ith  one a n o th e r. These fin d in g s, th ere fo re , are in  ag reem en t w ith  
those  au th o rs  w ho fo u n d  th a t  m ito tic  a c t iv i ty  of th e  in te s tin a l ep ith e liu m  was 
h ighest a t  tim e s  o f m in im um  feeding a c tiv ity . H ow ever, th e  l i te ra tu re  is con­
tro v ersia l on th is  issue. Some prev ious s tu d ies  [7] have in d ica ted  th a t  th e re  is 
no c ircad ian  v a r ia tio n  of m ito tic  a c tiv ity  in  th e  g as tro in te s tin a l ep ithe lium . 
More recen t ones [10] d em o n stra ted  th e  p resence of a c ircad ian  rh y th m  in  b o th
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№ of villi 

M 111

1 <0.3mm

23 2 0 7 %

Щ о . З т т -
Q45mm

76 68 .5

> 0.45mm 

12 10.8
A 71 1 0  141 52 7 3 .2 9 12.7

N 76 27 35.5 41 5 3 .9 8 10.6

F ig. 1. P e rcen tag e  d is tr ib u tio n  o f villi sizes (sm all <  0.3 m m , m ed ium , a n d  h igh  >  0.45 m m ) 
in  M (m orning), À (afte rnoon), a n d  N  (night) g ro u p  te s te d . A re tro sp ec tiv e  analysis o f 154 
pho tos w hich rep re sen ted  258 lo n g itu d in a lly  sec tio n ed  v illi, X  150, an d  could be m easu red  
for villous h e ig h t [5]. B iopsy specim ens were ta k e n  from  th e  low er duo d en u m  in 11 m en

m ito tic  anti D N A  syn thesiz ing  activ ities o f  th e  ro d en t g u t w ith  peak a c tiv ity  
docum ented  a t  th e  tra n s itio n  from  the d a rk  (active) to  th e  lig h t (rest) phase.

In  our m a te ria l o f 11 m en. the  h ig h es t m ito tic  a c tiv ity  was observed 
a t 200 and  600, an d  th e  low est a t  Ю00 and  1400 (t-paired  te s t , p < ' 0.01; Fig. 2).

The resu lts  o f e lec tron  m icroscopic s tu d ie s  are p resen ted  in  F igs 3 — 4. 
B oth  heigh t and  w id th  of m icrovilli (Fig. 3) d id  n o t sig n ifican tly  change over a 
24 h tim e fram e. As expec ted , th e  only differences were betw een  th e  heigh t in  th e  
t ip  and  side of m icrovilli, w h ich  are usually  sh o rt and  th ick  or h igh and slim, re- 
spectiv ily . T he g lycocalyx th ickness was s lig h tly  b u t n o t s ig n ifican tly  h igher 
during  th e  doy th a n  d u ring  th e  n igh t (F ig. 4). These fin d in g s seem to  be in  
ag reem en t w ith  th e  o b se rva tions of ho t h ig h e r b ru sh  b o rd e r enzym e a c tiv ity  
[5] an d  enhanced  ab so rp tio n  in  m an [6, 8] a t  those c ircad ian  tim e  stages.

F igure  5 show s th a t  th e re  w ere no m a rk e d  changes in  P a n e th  cell secre to ry  
g ran u la r area  d u ring  th e  24 h tim e span. I t  is n o tew o rth y , how erer, th a t  a
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_NT_______P______ M±SE A±SE 0

47 <0.07 15.9 ±1 3.4 ±1.4 33° 215

F ig. 2. C hronogram  an d  single cosinor [2] su m m ary  of m itosis rh y th m  in  th e  d u o d en u m  of 
11 m en. M, m esor =  co m p u te r d e te rm in ed  m ean  v a lu e  of the  rh y th m  defined by  a  cosine 
cu rv e ; A, am p litu d e  — one h a lf of th e  d ifference be tw een  th e  h ighest an d  low est p o in t in  th e  
rh y th m  defined b y  a cosine curve, expressed  in  th e  sam e u n its  as th e  v a riab le  an a ly ze d ; 0, 
acrophase  =  tim in g  of th e  h ighest p o in t in  th e  rh y th m , hence th e  p eak  of th e  cosine cu rv e

expressed  in degrees and  clock hours

Microvilli width
Microvilli height

6 Ю1418 22 2 

SIDE

I ,i .1 ,i—
6 10 V. 18 22 2 hours „1 —  I. .1. .1. .1

6 10 V, 18 22 2 6 10 1A 16 22 2 hours
I I TIP

Fig. 3. The 24-h v a rian ce  of m icrovilli h e igh t and  w id th . E lec tro n  m icrographs of m icrovilli 
of en terocy tes lo ca ted  on the  tip s  and  sides (a t 1/2 of th e  villi) w ere ta k e n  for m o rp h o m e tric  

analysis, X 15 000. B iopsy specim ens from  th e  lower d u o d en u m  in 8 n o rm als
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- Glycocalyx thickness

Fig. 4. T he 24-h variance of g ly co ca ly x  th ick n ess (see Fig. 3)

Paneth cell granule area in pm2 per crypt

o L  L _ L  I , I , I , I , 1
6 10 14 18 22 2 hours

Fig. 5. T he 24-h variance of P a n e th  cell g ra n u la r ity  in  th e  low er duodenum  of 8 no rm als. 
The area  occupied  by  the  sec re to ry  granules in 20 c ry p ts  in  each b iopsy  specim en w as m easu red

by  a q u a n tim ete r , X 400
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s lig th tly  g rea te r area  w as found a t  6 00 th a n  a t  10°° and  a t 1400. T he in te rp re ta ­
tio n  of increased  or decreased P a n e th  cell fu n c tio n  based on e s tim a tio n  o f th e  
g ra n u la r  area m u st be cau tiously  in te rp re te d  because each b iopsy  specim en  
w as ta k e n  7 an d  a 1/2 h a fte r a s ta n d a rd  m eal. T h is schedule e lim in a tes  th e  
p o ssib ility  of d irec t es tim atio n  of th e  in fluence  o f a meal on P a n e th  cell g ra n ­
u la r ity . F u r th e r  s tu d ies  will be necessary  to  c larify  th is  point.
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S-100 PROTEIN IMMUNOREACTIVITY 
IN HUMAN ISLETS OF LANGERHANS

Z . L a szik ,1 T .  K r e n á c s1, E .  D o b ó 2

D E P A R T M E N T  O F  P A T H O L O G Y , « C E N T R A L  R E S E A R C H  L A B O R A T O R Y , A L B E R T  S Z E N T - G Y Ö R G Y I  

M E D I C A L  U N I V E R S I T Y ,  S Z E G E D ,  H U N G A R Y

(R eceived 20 O c to b er 1988)

S-100 p ro te in -co n ta in in g  cells w ere d e m o n s tra ted  by im m unogold  silver sta in in g  
in h u m an  islets of L angerhans from  p a tie n ts  w ith  chronic p a n cre a titis  (CP) w ith  (n =  
— 6) (G roup I) or w ith o u t (n = 6) (G ro u p  II )  d iab e tes  m ellitus, (DM ) and  from  n o n ­
d iabe tic , n o n -p an crea tic  controls (n =  6) (G roup I I I ) .  In  all th ree  groups S-100 p ro te in  
co n ta in in g  cells were observed in a ll is le ts of L ang erh an s th ro u g h o u t th e  p an creas. 
Q u a n tita tiv e  analysis o f cell com position  of islets d id  n o t reveal s ig n ifican t differences 
in  S-100 p ro te in  cell c o n te n t be tw een  th e  th ree  g roups. W hen  double  im m u n o h isto ­
chem ical s ta in ing  w as used to d e m o n s tra te  d iffe ren t endocrine cell ty p es (insulin , 
g lucagon and  p an crea tic  p o lypep tide) a n d  S-100 p ro te in  im m u n o reac tiv e  cells, th e  
la t te r  p roved  to  be a d is tin c t cell ty p e . S o m a to s ta tin -p ro d u c in g  cells an d  S-100 p ro te in - 
co n ta in in g  cells w ere u sua lly  also p re sen t as tw o d is tin c t cell p o p u latio n s, b u t p o sitive  
sta in in g  for b o th  S-100 p ro te in  and  so m a to s ta tin  w as occasionally  observed w ith in  
th e  sam e cells.

K eyw ords: S-100 p ro tein , endocrine pancreas

Introduction

D u rin g  the  p a s t decade, a w ealth  o f im m unohistochem ical d a ta  has heen 
rep o rted  on th e  cell com position  of h u m a n  isle ts o f L angerhans, re la tin g  to  
b o th  norm al an d  patho log ica l cond itions [1, 14, 16, 20, 25, 27]. Besides th e  
four m ain  endocrine cell ty p es (B, A, D , an d  P P  cells), D t [2, 4], C [13] an d  P  
cells [2] have  been  described  as occurring  ra re ly  in  h u m an  islets. A lthough  ce r­
ta in  in v es tig a to rs  h av e  p o stu la ted  th e  p resence of gastrin  cells in  h u m an  islets 
[8, 12], i t  is generally  agreed  th a t  th e y  do n o t co n ta in  gastrin  cells [20]. In  th is  
s tu d y , we have  d em o n stra ted  th e  p resence of S-100 p ro te in  in  some h u m an  
p an c rea tic  is le t cells, b y  app ly ing  im m unogo ld  silver sta in in g  (IGSS) [15]. 
A dd itio n a lly , th e  n a tu re  of th is  cell ty p e  w as ch arac terized  by  double labelling , 
using IG SS for S-100 p ro te in  and  im m unoperox idase  techn iques for various is­
le t cell horm ones.

Send o ffp rin t req u ests  to : D r. Z. Lászik, D e p artm . o f P a tho logy , A lb e rt Szen t-G yörgyi 
M edical U n iv e rsity , H -6701, PO B  401, Szeged, H u n g a ry
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Materials and methods

T issues preparation

Surgical specim ens of th e  pancreases rem o v ed  from  12 p a tie n ts  w ith  CP and  6 p ancreases 
from  au to p sy  cases w ere in v es tig a ted . Six of th e  12 chronic p a n c re a titic  p a tie n ts  (G roup I) 
h a d  subclinical DM, w hile a n o th e r  6 p a tie n ts  (G roup  II )  had  m an ifes t DM. A u to p sy  cases 
(G roup  I I I )  h ad  suffered  n e ith e r  from  CP n o r fro m  DM. P a n c rea tic  tissue pieces o f 1 cm 3 
w ere  e ith e r frozen in  liq u id  n itro g en  and cu t by  c ry o s ta t ,  or were f ix ed  in 4%  n e u tra l bu ffered  
fo rm alin  and  p a ra ffin -em b ed d ed  according to  ro u tin e  h isto logical procedures. F ro m  b o th  
frozen  and  p a raffin -em b ed d ed  m ate ria l, consecu tive  sections of 5 fim  th ickness w ere c u t for 
im m u n o h isto ch em istry . B efore im m u n o sta in in g , som e of th e  frozen  sections w ere tre a te d  
w ith  100%  am m onium  su lp h a te  a t  37 °C fo r 2 h , a f te r  4 %  b u ffered  n eu tra l fo rm alin  f ix a ­
tio n  fo r 15 m in to  rem ove S-100 p ro te in  se lectively .

Im m unohistochem ical reagents

R a b b it  an tisera  ag a in s t glucagon, so m a to s ta tin , bovine S-100 p ro te in , as well as guinea- 
p ig  an ti-in su lin , sw ine a n ti- ra b b it  im m unog lobu lin , and p e ro x id ase -rab b it-an tip e ro x id ase  
(P A P ) com plex were o b ta in e d  from  D a k o p a tts  (G lostrup , D en m ark ), and  ra b b it  a n ti-p a n ­
c rea tic  p o ly pep tide  from  B ioG enex L ab o ra to ries  (D ub lin , CA, USA). Im m unogo ld  co n ju g a te  
fo r th e  de tection  of ra b b it  im m unoglobulin  w as p re p are d  as follow s: R a b b it im m unog lobu lin  
G (IgG ) was purified  b y  c h ro m a to g rap h y  on a D E A E -S ep h ad ex  A-50 (P h arm ac ia , U p p sala , 
Sw eden) colum n accord ing  to  th e  m ethod of L ev y  an d  Sober [21]. P u rified  an tib o d ies  m ixed 
w ith  F re u n d ’s com plete a d ju v a n t  was a d m in is te re d  to  m ale W is ta r  ra ts  every  second w eek 
for tw o m onths. Specific a n ti- ra b b it  IgG  was o b ta in e d  from  sera of r a ts  by  p u rific a tio n  th ro u g h  
a n  AcA-22 g e l-g lu ta ra ld eh y d e-rab b it IgG  co lum n, follow ed by frac tio n a ted  e lu tion  w ith  0.1 M 
g lycine-hydrochloric  acid  b u ffe r  (pH  2.3), an d  a g lycine-hydroch loric  acid and d ioxanes (9 : 1) 
so lu tion , respectively . T h e  m o st av id  an ti-im m u n o g lo b u lin  frac tio n s collected in  th e  second 
s tag e  of th e  elu tion  w ere co n ju g a ted  w ith  co llo idal gold by th e  m eth o d  of De Mey e t al. [6]. 
5 fim  d iam ete r gold p a r tic le s  were p rep ared  b y  red u ctio n  w ith  phosphorus acco rd ing  to  
Z sig m o n d y  [32].

Im m unohistochem istry

T he sections w ere s ta in ed  w ith  th e  im m unogold-silver sta in in g  (IGSS) m eth o d  of Hol- 
g e ta  e t al. [15] for S-100 p ro te in , w ith  th e  u n lab e lled  P A P  m eth o d  of S ternberger e t  al. [29] 
fo r g lucagon, so m a to s ta tin  an d  p an creatic  p o ly p ep tid e , and  w ith  th e  in d irect im m u n o p e ro x i­
dase (IP O ) m ethod  for in su lin . Double im m uno labelling  procedures were carried  o u t w ith  
seq u en tia l use for IG SS m eth o d  for S-100 p ro te in , an d  th e  P A P  or IP O  m eth o d  fo r one of 
th e  o th e r antigens. In  IG S S , th e  physical silver d ev elopm en t was perform ed accord ing  to  th e  
o rig inal paper of D an sch er [3], except th a t  silver n itra te  was used  in stead  of silver la c ta te  
an d  gum  arab ic  w as o m itte d . Peroxidase w as v isua lized  w ith  3 -am ino-9-ethy lcarbazo le  (AEC) 
acco rd in g  to th e  p re sc rip tio n  of G raham  et al. [11]: 0 .02%  A EC w ith  0.015%  H 20 2 in  ace ta te  
b u ffe r  (50 mM) p H  5.0.

Controls

N egative  con tro l sections were tre a te d  w ith  non-im m une ra b b it  serum  in s tea d  of 
specific  an tib o d y  in  each  im m unosta in ing  p rocedure . P hysical silver developm ent w as carried  
o u t on  u n tre a te d  p an creas  sections as well.

Q uantifica tion

Q u an tita tiv e  d e te rm in a tio n  of the  S-100 p ro te in  positive  cell co n ten t w as pe rfo rm ed  
th ro u g h  coun ting  of th e  nucle i of th e  S-100 p ro te in  positive  a n d  negative  cells in  10 is le ts  
in  each  p a tien ts . T he m ean  num ber of S-100 p ro te in  positive  cells in the  th re e  g roups w as 
th e n  used  to  calcu la te  th e  percen tage  occupied  b y  S-100 p ro te in  positive  cells. Q u a n tita tiv e  
m easu rem en ts were com p ared  v ia  analysis o f v a rian ce  (ANOYA).
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R esu lts

f  igure 1 illu stra tes  S-100 p ro te in -p o s itiv ity  in p an crea tic  nerves and  also 
in  isle ts of L angerhans. T he ovoid or po ly g lo n a l S-100 p ro te in -p o sitiv e  cells 
are sc a tte re d  th ro u g h o u t th e  islets. T h e  iinm u n o reac tiv e  p ro d u c t is lo ca ted  in 
b o th  th e  cy top lasm  and  th e  nucleus. T h e  S-100 p ro te in -co n ta in in g  cells are 
found  in  m o st of the  isle ts in  d ifferen t p a r ts  of the  p a n c rea ta . The n u m b e r of 
S-100 p ro te in  im m unoreactive  cells varied  from  one islet to  a n o th e r (0 —14.5% ); 
its  m ean  p ercen tage  lay  in  th e  range 3 .0 1 —9.59%  in th e  in d iv id u a l cases. 
S ign ifican t differences w ere no t o bserved  betw een  th e  th ree  groups (T able I).

Fig. 1. S-100 p ro te in  sta in ing  in  nerves (a rro w h ead s) an d  in  some cells o f L an g e rh an s is le ts 
(arrow s). Im m unogold-silver sta in in g  tec h n iq u e . Original m ag n ifica tio n  X 220

D ouble im m unohistochem ical s ta in in g  w ith  an tibod ies to  S-100 p ro te in  
an d  vario u s isle t cell horm ones (insxdin, g lucagon  and p an crea tic  po lypep tide) 
show ed d is tin c t positiv ities (F ig. 2a-c). T h e re  was no cross-reaction  betw een  
d iffe ren t endocrine and  S-100 p ro te in -c o n ta in in g  cells. The so m a to s ta tin -p ro ­
ducing  cells an d  S-100 p ro te in -positive  cells usually  com prised  tw o d is tin c t 
cell p o p u la tio n s, b u t in some cells positive  s ta in in g  for b o th  S-100 p ro te in  and  
so m a to s ta tin  could he seen. I f  one of the  fro zen  sections was tre a te d  w ith  100%  
am m o n iu m  su lp h a te  before im m u n o sta in in g , only so m a to s ta tin -p o sitiv ity  
could  be d e tec ted , w hereas s ta in in g  for b o th  so m ato sta tin  and  S-100 p ro te in

Acta Morphologica Hungarica 37? 1989



1 2 0 Z. LÁSZIK e t al.

delà Morphologien Hungarica 37, 1989



S-100 PR O T EIN  IM M UNOREACTIVITY IN  HUMAN ISLETS OF LANGERHANS 121

Fig. 2. Sections of pan creas double sta in ed  w ith  an tib o d ies (a) to  insu lin  and  S-100 p ro te in , 
(b) to  g lucagon and  S-100 p ro te in , and  (c) to  so m a to s ta tin  an d  S-100 p ro te in . A rrow  in d ica tes 
double sta in in g  in  one cell. In d ire c t pero x id ase  or p e ro x idase -an tiperox idase  a n d  im m uno- 
gold-silver s ta in ing  techn ique. B lack colour in d ica tes  S-100 p ro te in  positiv ities. O rig inal m agni­

fica tio n s (a — b) X 560; (c) X720

Table I

D ata  of q u a n tita tiv e  analysis. N um ber of S-100 p ro tein  positive cells (%  of to ta l) in  islets of
L angerhans

Case No. Controls Chronic pancreatitic 
diabetic patients

Chronic pancreatitic 
non-diabetic patients

l. 4 .4 1 ± 2 .7 8 7 .3 0 ± 2 .8 5 5 .0 8 ± 3 .8 3
2. 4 .3 5 ± 2 .5 5 6 .9 6 ± 5 .3 6 6 .61± 5 .30
3. 5 .19± 3 .71 9 .3 1 ± 4 .7 4 5 .6 5 ^4 .5 3
4. 3.81 ± 2 .6 1 4 .8 4 ± 2 .8 2 8 .2 6 ± 2 .6 3
5. 4 .1 4 ± 2 .0 6 9 .5 9 ± 4 .0 4 5 .9 4 ± 3 .1 9
6. 4 .3 7 ± 3 .3 1 3.01 ± 2 .6 3 3 .13± 2 .29

Average 4 .3 7 ± 2 .8 3 a 6 .8 3 ± 3 .7 4 b 5 .77±2.94°

a' b> 'T h e re  is no significant difference (P  >  0.05) using analysis of variance

in th e  sam e cell was found in  an  a d ja c e n t section  th a t  h ad  no t been tre a te d  for 
S-100 p ro te in  rem oval. This selective rem oval of S-100 p ro te in  from  th e  sections 
w as possib le only in frozen m ate ria l. A few of th e  nerves also ex h ib ited  double 
s ta in in g  (w eak so m a to s ta tin  an d  s tro n g e r S-100 p ro te in -p o sitiv ity ).
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Discussion

The cell com positions of h u m a n  pan crea tic  isle ts in  norm al an d  p a th o lo g i­
cal conditions h av e  been rep o rted  p rev iously  |1 , 14, 16, 19, 25, 27] an d  will 
m erely be rev iew ed b riefly  here. In  h u m an  islets, th e re  are four m ain  endocrine 
cells (insulin, g lucagon , so m a to s ta tin  and  p an c rea tic  po ly p ep tid e), w ith  m ore 
ra re ly  occurring  D ,, C and P  cells. To our know ledge, occurrence of S-100 p ro ­
te in -con ta in ing  cells in h u m an  p an crea tic  islets h as  n o t been m en tio n ed  in th e  
lite ra tu re , w ith  th e  exception  of a b rie f re p o rt b y  V an stap e l e t al. [31], who 
described sc a tte re d  S-100 p ro te in -p o sitiv ity  w ith o u t an y  co m m en t. H ow ever, 
G irod et al. [10] h av e  recen tly  d e tec ted  S-100 p ro te in -co n ta in in g  cells in  th e  
islets of M acaca iru s  m onkeys. In  our p resen t s tu d y , by  m eans o f lig h t m icro­
scopic im m u n o cy to ch em istry  we have  d e m o n s tra te d  th e  occurrence of S-100 
p ro te in -co n ta in in g  cells in h u m a n  islets of L an g erh an s. O ur resu lts  ind ica te  th a t  
S-100 p ro te in -co n ta in in g  cells rep resen t a d is tin c t cell ty p e  in  h u m a n  islets of 
L angerhans. S-100 p ro te in  is n o t an  an tigen  specific  for a p a r tic u la r  tissue, since 
i t  has been d e m o n s tra te d  in  a v a rie ty  of n o rm al an d  patho log ica l conditions 
[7, 9, 17, 18, 22, 23, 24, 26, 28, 30, 31]. The fu n c tio n  o f S-100 p ro te in -co n ta in in g  
cells in the  isle ts o f L an g erh an s is unclear. T heir n u m b e r in  th e  isle ts of d iabetic  
an d  n o n -d iabe tic  ch ron ic  p a n c re a titic  p a tie n ts  w as th e  sam e as in  h ea lth y  
p an crea ta  (n o n -d iab e tic  n o n -p an c rea titic  p a tie n ts ) . A ccordingly, it seem s th a t  
th e y  do no t p la y  a role in th e  pa thogenesis  o f d iab e tes  m ellitus in  chronic p a n ­
crea titis .

Girod e t al. [10] have  suggested  th a t  S-100 p ro te in -p o sitiv e  cells in 
m onkeys m igh t be id en tica l w ith  th e  C cells o b served  by  G rube an d  B ohn 
[13] in guinea p ig, r a t  and  m an . In  th e  la t te r  s tu d y  C cells did n o t show  im m u- 
nosta in ing  w ith  a n y  of th e  p an c rea tic  horm ones. H ow ever, our resu lts  also 
ind icate  th a t  th e re  is a „ su b p o p u la tio n ” of so m a to s ta tin -p ro d u c in g  cells w hich 
also contain  S-100 p ro te in . T he sim ultaneous occurrence of so m a to s ta tin  and  
S-100 p ro te in  has never been m entioned  w ith in  so m a to s ta tin -p ro d u c in g  cells. 
T he functional sisgnificance of th is  s itu a tio n  is un k n o w n ; it  is also an  open 
question  as to  w h e th e r the  occurrence of S-100 p ro te in  w ith in  some of th e  
so m ato s ta tin -p ro d u c in g  cells is p e rm a n e n t or tra n s itio n a l. In  th e  la t te r  case 
i t  m ight re flec t a fu n c tio n a l s ta te , while in  th e  fo rm er i t  could ind ica te  a real 
su b popu la tion  o f  so m ato s ta tin -p ro d u c in g  cells.
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ENDOCERVICAL CYTOLOGY: CHARACTERIZATION OF 
THE CELLS BY IMAGE ANALYZER

V e r o n i k a  T ó t h 1, M . B o d ó 1, G y . L e h o c z k y 2, B. M o l n á r 3, J .  S u g á r 3

’D E P A R T M E N T  O F  C Y T O P A T I I O L O G Y ,  D E P A R T M E N T  O F  G Y N E C O L O G Y ,«  D E P A R T M E N T  O F  P A T H O L O G Y  
N A T IO N A L  O N C O L O G IC A L  I N S T I T U T E ,  B U D A P E S T ,  H U N G A R Y

(R eceived  20 O ctober 1988)

A u th o rs  rep o rt on  359 p a tie n t’s endocerv ical sm ears ta k e n  b y  c y to b ru sh . 
S to rm b y ’s endocervical b ru sh  d id  n o t cause b leed ing  d is tu rb an c e  or p re v en tin g  col- 
poscopic exam ination . T he sm ears  co n ta ined  n u m erous, well ev aluab le  squam ous an d  
endocerv ical cells. O ut o f seven cyto log ically  p o sitive  cases th re e  p ro v ed  to  be n e g a tiv e  
b y  colposcopy. H istology, how ever, confirm ed th e  cy to logical d iagnosis. C ytology w as 
follow ed by  h istology in 42 cases. Cytological an d  h isto log ical d iagnoses w ere com p ared , 
th e re  w as one false negative.

F o r th e  m ore precise ch a ra c te riz a tio n  o f endocerv ica l cells 13 fea tu res  w ere  
m easu red  b y  a R o bo tron  ty p e  im age an a ly ze r and  th e  re su lts  w ere s ta tis t ic a lly  
analyzed . T he respective cell g ro u p s can  be se p a ra ted  from  each  o th e r  by  m o rp h o m e tric  
an d  d en sito m é trie  p a ram ete rs .

R esu lts  of th is s tu d y  h a v e  p roduced  a d a ta  base  th a t  can  be e x ten d ed  fu r th e r  on. 
I t  m ay  give help in case o f  d iffe ren tia l d iagnostic  prob lem s since i t  is capab le  o f  d is­
tin g u ish in g  certa in  cell g ro u p s, co n sequen tly  th ese  d a ta  can  be in co rp o ra ted  in to  a 
d iagnostic  program .

K eyw ords: C ytobrush , reserve  cell h y p e rp la sia , im age analysis

In tro d u c tio n

R ecen tly  th e  incidence o f  cervical squam ous cancer is decreasing  in  
c o n tra s t to  adenocarcinom as th a t  show re la tiv e ly  increasing  te n d e n c y  [7]. 
C olposcopy, in  com bination  w ith  cytology, p lay s an  im p o r ta n t role in  th e  
d e tec tio n  of p rem alig n an t an d  m alig n an t ectocerv ica l lesions b u t  i t  c a n n o t 
y ield  su ffic ien t in fo rm ation  a b o u t processes localized to  th e  endocerv ical 
region [9]. I t  has been p roved  th a t  ad eq u a te  sam pling  tech n iq u e  is o f cruc ia l 
im p o rtan ce  in  th e  de tec tion  o f endocerv ical dysp lasias, in  s itu  ad en o carc i­
nom as and  ea rly  m icro invasive an d  invasive carcinom as o f th e  cerv ix  u te r i 
[4, 11].

In  th is  p ap e r we re p o rt o u r resu lts  o b ta in ed  w ith  th e  cy to b ru sh . W ith  
th e  aim  to  get m ore and ob jec tiv e  in fo rm atio n  a b o u t endocerv ical cell g roups 
a fte r  lig h t m icroscopic ch a rac te riza tio n , these  clusters w ere ev a lu a ted  b y  a 
d ig ita l an a ly zer. I t  is, how ever, n o t clear, w h e th e r th e re  is a tra n s itio n  reg ion  
betw een  th e  ben ign  and th e  susp icious cell lines [4].

Send o ffp rin t requests to : D r. V eron ika  T ó th , R es. In s t i tu te  o f O ncopatho logy , N a tl. 
O ncological In s t . ,  D ep t, of C y to p ath o lo g y , R á th  Gy. 7 — 9, B u d a p es t, H -1122, H u n g a ry
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126 V ERO NIK A  TÓ TH  e t al.

The goal w as th e  d e tec tio n  of th e  su b v isu a l onset o f th e  cellu lar t r a n s ­
fo rm atio n  of m e tap las tic  squam ous an d  co lu m n ar cells. I t  has been supposed  
th a t  th is  sy stem , a fte r th e  e s tab lish m en t o f a d a ta  base, m ay  be help fu l in 
so lving som e d iffe ren tia l d iagnostic  p rob lem s in  endocerv ical and  b ronch ia l 
cy to logy.

Materials and methods

F rom  1 A pril 1986 to  30 S ep tem b er 1987 we exam ined  cyto logical p re p a ra tio n  from  359 
p a tie n ts . Sam ples w ere ran d o m ly  tak e n  and  in  th e  f i r s t  period of th e  ex am in atio n s (6 m onths, 
100 cases) th e  c y to b ru sh  (M edscand AB, M alm ö, Sw eden) and  c o tto n  sw ab tech n iq u es ran  
paralle l. T he sm ears w ere p rep ared  using  th e  co n v en tio n al P apan ico laou  m ethod . In  42 cases 
cy to logy  was follow ed by h isto logy . B iopsy specim ens w ere ro u tin e ly  fixed , em bedded  and 
sta in ed  w ith  H E .

G roups of endocerv ical cells w ere stu d ied  w ith  a R o b o tro n  A 6471 ty p e  d ig ita l TV im age 
analyzer. T he o b jec ts were m easu red  w ith  a green  f i lte r  u n d e r X 500 m agnifica tion . T he tra n s ­
form ed lig h t in ten sitie s  w ere d ig ita lized  in to  64 g ra y  levels an d  s to red  on 5 1 2 x 7 1 2  im age 
p o in ts  in  th e  m em ory  of P D P  11 co m p u te r by  a SZ K -40 ty p e  v ideo cam era .

W e selected  13 o b jec t fea tu res . F u r th e r  on  th e y  will be a b b rev ia te d  as in  T ab le  I I . 
In  fac t, our o b jec ts were g roups of cells. T he m easu red  p a ram ete rs , how ever, re la te  alw ays 
to  a single cell. We have  exam ined  five  codes:

Code 1: co lum nar endocerv ical cells
Code 2: reserve  cells
Code 3: h y p e rp la sia  o f reserve cells
Code 4: squam ous m etap lasia
Code 5: a ty p ic a l squam ous m etap lasia

134 groups 
142 groups 
169 groups 
155 groups 
122 groups

R esu lts w ere s ta tis tica lly  analyzed  by  m eth o d s  supplied  in th e  softw are  AM BA/R 
(R o b o tro n  Co) [1]. W e applied  b iv a ria te  te s ts  such  as S tu d e n t’s F- an d  f-test and  m u ltiv a ria te  
m ethods for sim plify ing  th e  s tru c tu re  of th e  d a ta  i.e. h ierarch ic  c lassifica tion  a n d  p rincipal 
com ponents analysis.

Results

W ith  S to rm b y ’s endocerv ical cy to b ru sh  we o b ta in ed  p len tifu l sam ples 
of good q u a lity  (F igs 1, 2). B leeding d is tu rb in g  colposcopic ex am in a tio n s were 
n o t observed.

D is trib u tio n  of cyto logical d iagnoses (Table I) c learly  d em o n stra te s  th a t 
85.38%  of th e  cases w ere P x—P 2, i. e. neg a tiv e , 11 .6%  suspect (P 3) and  7 
(1.94% ) positive . T here w ere a lto g e th e r th re e  sm ears (0 .83% ) w hich  d id  no t 
con ta in  endocerv ical cells due to  tech n ica l error.

O ut of th e  seven cy to logically  p ositive  cases th ree  tu rn e d  to  be negative  
by  colposcopy. H isto log ical ex am in a tio n , how ever, confirm ed th e  cytological 
diagnosis. T here w as one false nega tive  (underd iagnosed) case ( P a) th a t  p roved  
to  be severe dysp lasia  by  h isto logy.

D uring  th e  ev a lu a tio n  of our re su lts  th e  prob lem  o f reserve cell processes 
go t in to  th e  focus of our in te re s t. In  c e r ta in  cases i t  m ay  be d ifficu lt to  sep ara te
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ENDOCERVICAL CYTOLOGY 127

Fig. 1. G roup of ty p ic a l endocervical cells. P ap an ico lao u  sta in ing , X350

F ig. 2. Cytological p ic tu re  o f re serv e  cell h y p erp lasia . P ap an ico lao u  sta in ing , X 350
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128 V ER O N IK A  TÓTH et al.

Table I

Distribution o f cytological diagnoses

Diagnoses Case Number /О

p, 2 0.55
p 2 301 84.0
p 3 42 11.6
P4 3 0.83
p 5 4 1.11

A fter irrad ia tio n : negative 3 0.83
Suspect tu m o u r cells v isible 1 0.25
E ndocerv ical cells ab sen t 3 0.83

T otal 359 100.00

Table II

Object features

1. Level —
2. L ength —
3. Areag —
4. Convg —
5. Form g —
6. Contg —
7. N um bc —
8. A real —
9. Mgv —

10. Sgrv —
11. M axgv —
12. Holeg —
13. Comp —

T hreshold 
L eng th  of contour 
A rea w ith in  contour 
Shape facto r 
F orm  facto r
G ray value g rad ien t a t  co n to u r 
Cell num ber of th e  group 
A rea of one cell 
M ean g ray  value 
Sum  of g ray  values 
R ange of gray  values 
R e la tiv e  hole area 
C om pactness

b y  lig h t m icroscopy th e  d iffe ren t endocerv ical cells ap p earin g  in  c lu ste rs  or 
sheets. The q u estio n  arose w h e th e r th e  co lum nar, basal, or reserve  cells could 
be d istingu ished  and  w h a t p a ra m e te rs  w ere d isc rim ina ting  w h en  an  im age 
an a ly zer w as used.

The seven positive cases w ere n o t e v a lu a ted  because th e  sq u am o u s like 
tu m o u r cells d id  n o t form  g roups and  th e  sm ear from  th e  single one case 
o f ad en o acan th o m a did n o t co n ta in  su ffic ien t n u m b er of cells fo r s ta tis tic a l 
eva lu a tio n .

A ccording to  our p ro g ram  13 ob jec t fea tu res  were se lec ted  (T able II) . 
Som e of th e m  w ere m o rp h o m etric , th e  o thers den sito m étrie  fea tu re s . The 
m easured  v alues were an a ly zed  by  s ta tis tic a l te s ts . (Table I I I  show s the
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ENDOCERVICAL CYTOLOGY 129

resu lts  o f th e  principal co m p o n en ts  analysis. B ased  on th e  h ighest e igenvalues 
th ere  w ere chosen tw o p r in c ip a l com ponen ts w hich  c o n ta in  eigenvalues e igen ­
vectors o f th e  co rresponding  variance  co -variance  m a trix . T he values of e igen­
vecto rs show  re la tionsh ips am ong va riab les , fea tu res . W e can  d em o n stra te  
closed connections betw een  L en g h t, A reag i. e. m o rp h o m etric , and  Sgrv i.e. 
den sito m étrie  fea tu res, w hereas th e  second co m p o n en t co n ta in s only  g ray  
level p a ra m e te rs  (Mgv, M axgv , Comp).

Table III

P rin c ip a l Components A n a ly s is

Feature No. 13
Object No. 722

Eigenvalues

4.179
0.284
0.004

3.451
0.209

1.649
0.155

1.244
0.067

0.949
0.028

0.771
0.011

Eigenvectors

0.061 0.448 0.433 0.329 0.314 0.173
1. 0.300 0.080 0.170 0.443 0.214 0.056

0.025

0.212 0.197 0.088 0.272 0.268 0.344
2. 0.181 0.306 0.480 0.061 0.392 0.058

0.357

1. P rinc ipa l Com ponent
2 — Length
3 — Areag 

10 — Sgrv

2. P rin c ip a l C om ponent 
9 — Mgv 

11 — M axgv 
13 — Comp

Table IV

Results o f  Hierarchic Classification

Code Groups Features
Ratio of cells 
discriminated 
correctly (%)

1 — 2 Contg
A real

80.2

1 - 3 A real
Contg

73.0

2 - 3 A real
Sgrv

89.0

4 - 5 N um bc
Areag

73.2
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130 V ER O N IK A  TÓ TH  et a l.

These d iffe ren t codes can be se p a ra te d  also by  h ie ra rch ic  classifier. F o r 
th e  d istinc tion  o f our ob jec ts , th e  co m p u te r  selected th e  op tim a l m ain  p a ra m ­
e te rs : th e  area of one cell (A rea 1), th e  n um ber of th e  cells (N um bc), 
th e  area of cell g roup  (A reag), th e  g ray  value g rad ien t (C ontg), an d  th e  
su m  of th e  g ray  values (Sgrv) (Table IV ).

A r e a  of  r e s e r v e  c e l l s

A r e a  o f  h y p e r p l a s t i c  r e s e r v e  c e l l s

Fig. 3. H isto g ram s of reserve  cells an d  reserve  cell hy p erp lasia  g roups, (-tes t p <  0.05

Acta Morphologica Hungarica 37, 1989
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EN D OCERVICA L CYTOLOGY 131

A r e a  o f  m e t a p l a s t i c  s q u a m o u s  c e l l s

A r e a  of  a t i p i c a l  m e t a p l a s t i c  s q u a m o u s  c e l l s

Fig. 4. H isto g ram s o f squam ous m etap lasia  a n d  a ty p ic a l m etap lasia  cell g roups, t- te s t p  < 0 .0 5

Acta Morphologica Hungarica 37, 1989



132 V ERO N IK A  TÓ TH  et al.

B y th e  use o f  th e  b iv a ria te  te s ts , cells o f codes 1, 2, codes 2, 3 a n d  
codes 4, 5 can be se p a ra te d  a t  s ign ifican t level i f  th e  a rea  o f one cell is con­
sidered  (Figs 3, 4,).

Discussion

S to rm b y ’s endocerv ical b rush  is especially  designed to  o b ta in  w ith  its  
sm all nylon b ru sh es  su ffic ien t endocerv ical m a te ria l for cytological ex a m in a ­
tio n s. U sing th is  cy to b ru sh  we o b ta in ed  sm ears con ta in ing  num erous ecto- 
an d  endocervical cells su itab le  for ev a lu a tio n .

S im ilarly fav o u rab le  resu lts  w ere rep o rted  b y  Ros e t al. [11] an d  T rim bos 
an d  A rentz [12]. B oon and  Yooijs s tress th e  im p o rtan ce  of th e  sam pling  
techn ique  in  th e  e stab lish m en t of m ore precise diagnosis [3, 13].

E ndocerv ical cells are know n to  ap p ea r in  clusters [5]. O ur sm ears co n ­
ta in e d  sim u ltan eo u sly  qu ite  a n u m b er of m ucin  producing  co lum nar, reserve 
cells, h y p erp lastic  reserve cells and  squam ous m etap lastic  cells in  c lusters or 
sheets. The ap p ea ran ce  of fine m orphological changes (slight n uclear en la rge­
m en t, m ild h y p erch ro m asia  and  m in im al anisokaryosis) m ay  in d ica te  d y s­
plasia  or well d iffe ren tia ted  adenocarcinom a [8].

F eatu res p re sen ted  in th is  p ap e r m ay  p lay  an d  im p o rta n t role in  d e te c t­
ing  the  reserve cell processes because of th e ir  fine m orphological differences.

This sy stem  m ay  serve fu r th e r  on as a d a ta  base. I t  m ay  be helpfu l in 
differential d iag n o stic  problem s. W ith  su ffic ien t n u m b er of positive cases th e  
system  m ay be ex ten d ed  th e n  it  will p ro b ab ly  be su itab le  for th e  b e tte r  
ch a rac te riza tio n  o f reserve cell processes.
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ALTERATION OF THE SUBMANDIBULAR GLANDS OF 
FEMALE MICE DURING PREGNANCY AND LACTATION 

A HISTOLOGICAL, HISTOMETRIC AND 
HISTOCHEMICAL STUDY*

J .  A. R o ss i, L. C. B r u s c h i

D EPA RTM EN T OF HISTOLOGY, STATE U N IV E R SIT Y  OF LON DRIN A , PARANA STATE, BRA ZIL 

(R eceived 23 N o vem ber 1988)

T he su b m an d ib u la r g lands o f m ice show  “ m ascu lin ization”  d u rin g  p regnancy  
an d  lac ta tio n . In  th is  w ork invo lv ing  m orpholog ical, m o rp h o m etric  an d  h istochem ical 
analyses we observed an  increase in  th e  vo lum e frac tio n  and  a rea  of th e  g ra n u la r  du c ts 
a n d  th e  ap ical g ran u la tio n  of th e ir  cells. T he m ax im u m  response to  th e  m ascu lin ization  
occurred  on  th e  15th day  of p reg n an cy . F ro m  th is  d ay  on a decrease in  th e  volum e 
fra c tio n  of th e  g ran u la r d u c ts  s ta r ts ,  ev en  th o u g h  th e  g land  keeps th e  “ m ascu line  p a t ­
te rn ”  th ro u g h o u t th e  end of th e  la c ta tio n  phase. O ur observations su p p o r t th e  in te r ­
m o d u la tio n  be tw een  s tr ia te d  an d  g ra n u la r  d u c ts . In  ou r opinion, th e  “ m ascu lin iza tio n ” 
process o f th e  su b m an d ib u la r g land  is re la te d  to  th e  p rogesterone  increase  w hich  tak es 
p lace  d u rin g  p reg n an cy ; its m a in ten an ce  d u rin g  lac ta tio n  is also con n ec ted  to  p ro lac tin .

K eyw ords: S alivary  g land, su b m a n d ib u la r  g land , p reg n an cy  a n d  lac ta tio n

Introduction

T he su b m an d ib u la r g land  of m ice consist of m o rp h o fu n c tio n a l u n its  
com posed b y  acin i, in te rca la ted  d u c ts , g ran u la r ducts , s tr ia te d  d u c ts  an d  ex ­
c re to ry  ducts.

i n  a d u lt m ice th is  g land show s a sexual d im orphism  w hich  is m o rp h o ­
logically  ev id en t in  its  segm ents called  g ran u la r  ducts  (GD) w hich  are m ore 
num erous an d  th ic k e r in th e  m ale th a n  in  th e  fem ale [26, 28, 46].

T his d im orph ism  is and ro g en -d ep en d en t, since ca s tra tio n  of these  anim als 
changes th ese  d u c ts  in to  s tr ia te d  d u c ts  [9, 17, 25] and  a fte r th e  rep lacem en t 
of exogenous te s to s te ro n e  th e  g ra n u la r  d u c ts  recover th e ir  s ta n d a rd  p a tte rn
[5, 8, 27, 29].

H ow ever, n o t only and rogens, b u t  also o th e r stero id  or an ah o lizan t 
drugs e x e rt a s tim u la tio n  on th is  cell sy stem  [13, 22, 23, 31, 35].

T he ho rm one flu c tu a tio n s  d u rin g  p reg n an cy  and la c ta tio n  b rin g  ab o u t 
a m ale p a t te rn  o f th e  g lands, i.e ., p re g n a n t or la c ta tin g  fem ales h av e  bigger 
g ran u la r d u c ts  th a n  virg in , n o n -p reg n an t or n o n -lac ta tin g  fem ales [11, 46].

Send o ffp rin t req u ests  to : J .  A. R ossi, D ep t, o f H isto logy , S ta te  U n iv e rs ity  o f L on d rin a , 
P a ra n á  S ta te , PO B  6001-86051, B razil

* T his w o rk  w as su p p o rted  b y  g ra n ts  fro m  CPG — U E L  (124.875)
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The p resen t s tu d y  describes th e  q u a n tita tiv e  an d  m orphological v a r ia ­
tio n s  of the  su b m a n d ib u la r  g land  p a ren ch y m a  due to  th e  m ascu lin ization  
d u rin g  pregnancy  a n d  lac ta tio n . To assess changes h isto logical, m orphom etric  
a n d  histochem ical an a ly ses  of th e  g ra n u la r  d u c ts  w ere carried  ou t.

Materials and methods

F orty-five  a d u lt  fem ale  m ice of th e  Swiss s tra in  w ere ra n d o m ly  assigned in n ine  groups 
o f five  anim als each  a n d  classified as follow s:

PO =  con tro l g ro u p s, n o n -p reg n an t an im als 
P5 =  5-day- p re g n a n t fem ales 
P10 =  10-day- p re g n a n t fem ales 
P15 =  15-day- p re g n a n t fem ales
N =  21-day- p re g n a n t fem ales (b ir th d a y  of offspring)
L5 =  5-day- la c ta tin g  fem ales
L10 =  10-day- la c ta tin g  fem ales
L15 =  15-day- la c ta tin g  fem ales
L21 =  21-day- la c ta tin g  fem ales (d a te  o f w eaning)

Body w eigh t w as tak e n  a t  th e  end  of each  ex p erim en ta l period. All anim al? were 
sacrificed  by  cerv ical d isloca tion , th e  p a irs  o f th e  sa liv a ry  g lands were d issected , cleaned 
an d  weighed. T he le f t  g lan d s w ere fix ed  in  H e lly ’s f lu id , em b ed d ed  in p a raffin  and  s ta in ed  
w ith  hem atoxy lin -eosin  a n d  M allory trich ro m e.

The r ig h t g lan d s w ere fixed  in form olsaline  (0.1 M) an d  used fo r try p to p h a n  am inoacid  
d e te rm in a tio n  by  th e  m eth o d  described b y  A dam s [ l j .  T he co n tro l of th e  reac tio n  w as m ade  
b y  perform ic acid , in  acco rdance  w ith  T oennies [45].

The h is to m etric  analysis was m ade follow ing H enn ing  [20], using  an  eyepiece in te g ra tin g  
Zeiss I Kpl, 8 x ,  ty p e  I I  w ith  100 h its . T h e  m in im um  n u m b er o f p o in ts  (P ) coun ted  for each 
an im al groups [7600] in  o rder to  reach  a 5%  precision, w as e s tim a ted  according to  Schaefer 
[4 i j  by

1. a p revious c o u n tin g  of 200 p o in ts  (N ) w ith  th e  inside  n u m b er o f p o in ts  (P N ) falling  
on  g ran u la r d uc ts;

2. the  d e te rm in a tio n  of th e  a p p ro x im ate  p o in ts  f ra c tio n  (P F  =  PN );
3. the  calcu lus o f  P  from  th e  fo rm ula :

1 — P F
P  =  — -—p p — ? w here  ед is th e  desired  re la tiv e  e rro r (0.05).

D iam eter d e te rm in a tio n s  of s tr ia te d  an d  g ra n u la r  d u c ts  w ere m ade using a PZ O -K  15 X 
eyepiece. For each  d u c t  w hich was c u t tran sv ersa lly , tw o m easu res of th e  o rthogonal d iam ete rs  
w ere taken , acco rd ing  to  Piza [37]. T h is a u th o r  proposes t h a t  th e  d iam e te r m easures should , 
n o t be tak en  th ro u g h  th e  in te rsec tio n  lines o f th e  eyepiece m ic ro m eter b u t using  ju s t  th e  base 
lines, in order to  assu re  th e  o rth o g o n ality  betw een  b o th  d iam ete rs .

The area w as o b ta in ed  using th e  fo rm ula :

The d a ta  w ere tre a te d  s ta tis tic a lly  b y  th e  analysis o f v a rian ce , follow ed, w hen  needed , 
b y  T ukey  m u ltip le -ran g e  te s t  [42]. T he ra tio s  w ere tran sfo rm e d  in  degrees b y  m eans o f a  tab le  
o f angular arco-seno tran s fo rm a tio n  [16] before th e  analysis o f va rian ce  w ith in  P  <  0.05.
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Results

T ab le  I  shows th e  d a ta  o b ta in ed  concern ing  body  w eigh t, ab so lu te  and  
re la tiv e  g land  w eights.

T he s ta tis tic a l analysis enables u s  to  in fer th a t  fem ale mice show  an  
increase in  th e ir  body  w eight during  p reg n an cy , m ost s ign ifican t from  th e ir

Table I

Average and standard deviation o f  the body, absolute and relative glandular weights o f  the fem ale  mice
in  several groups

Body
Groups weights (G)

*D- 4.896

A bsolute gland Relative
weights (G) gland weights

D- 0.02 D- 0.439

P0 30.45 ± 1.11 0.091 ± 0.013 0.301 ± 0.049
P5 32.63 ± 1.22 0.089 ± 0.002 0.274 ± 0.022
P10 36.50 ± 1.13 0.102 ± 0.013 0.280 ± 0.037
P15 41.58 + 3.72 0.118 ± 0.015 0.290 ± 0.057
N 41.00 ± 3.81 0.110 ± 0.006 0.271 ± 0.024
L5 39.26 + 2.45 0.102 ± 0.008 0.261 ± 0.028
L10 39.75 ± 1.71 0.092 ± 0.011 0.232 + 0.022
L15 39.77 ± 2.80 0.092 ± 0.006 0.231 ± 0.022
L21 39.90 ± 1.73 0.092 ± 0.008 0.231 ± 0.024

* D o f T u k ey  [42] (M inim al difference significance among th e  averages)

15th  d a y  o f p regnancy  u n til  the d ay  o f  b ir th  of th e ir  offspring. T here is no 
s ig n ifican t decrease d u rin g  the  la c ta tio n  period. The su b m an d ib u la r g lands 
also show  an  increase o f abso lu te w e igh t, m ore s ign ifican t on th e  15th  d a y  of 
p reg n an cy . H ow ever, from  th is  day  on , th e re  is a red u c tio n  o f w eight w hich  
b y  th e  tim e  of b ir th  eq u a ls  th a t  of th e  an im als in  th e  co n tro l g roup  (P0). 
T here is no sign ifican t change in the  re la tiv e  w eight of g lands, once th e re  is 
an  analogy  betw een th e  phases of fu r th e r  increase of g lan d u la r w eight an d  
th e  increase of body w eight.

Histological data

S ta r tin g  on the  1 0 th  d ay  of p reg n an cy , th e re  is an  increase in  th e  q u a n ­
t i ty  an d  in  th e  d iam eter of the g ra n u la r  ducts. There is also a s ign ifican t 
increase o f ap ical g ran u la tio n  in th e ir  cells. T his is m ore p ronounced  on th e  
15 th  d ay  o f pregnancy . T he developm ent of g ran u la r d u c ts  is accom plished  
w ith  th e  decrease of s tr ia te d  ducts. D u rin g  th e  in tense  developm ent of g ran u la r  
d u c ts , we could  see clear signs of tra n s fo rm a tio n  of s tr ia te d  duc ts  in to  g ran u la r
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Figs. 1 — 6. M allo ry’s trich ro m e  sta in  o f th e  su b m an d ib u la r  g lands o f fem ale m ouse ( X 500) 
in  th e  contro l g ro u p  (F ig . 1), on the  10th d ay  of p reg n an cy  (F ig. 2), on th e  day  of b ir th  o f th e  
offspring (Fig. 3), on th e  5 th , 10 th  and 21st d ay s o f la c ta tio n  (F igs 4, 5, 6). G ranu lar d u c t (g),

s tria ted  d u c t (e) a n d  acini (a)

ducts, i.e., loss o f  b asa l s tria tio n , d isp lacem en t from  th e  nucleus to  th e  b ase  
of the cell, as well as apical vacuo liza tion .

From  th e  1 0 th  d ay  of la c ta tio n , we observed  a red u c tio n  of g ra n u la r  
ducts and  a t  th e  sam e tim e  an increase o f s tr ia te d  ducts. T he o th e r p a re n c h y m a l 
com ponents do n o t  a lte r  th e ir  form s (F igs 1 — 6).

Histochemical data

The re su lt o b ta in ed  from  th e  re a c tio n  of try p to p h a n  is show n in T ab le  
I I .  The re a c tio n  of g ran u la r d u c t cells is h igher in  re la tio n  to  th e  c o n tro l
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Figs. 7 — 11. T ry p to p h an  in th e  g ran u la r  ducts (a rrow s) of th e  su b m an d ib u la r g land  of fem ale 
m ouse ( x l 3 0 ) ,  in control g ro u p s  (F ig . 7) on th e  10 th  and 15th d a y  of p reg n an cy  (F igs 8, 9) 

on th e  10 th  a n d  21st day  o f  la c ta tio n  (F igs 10, 11)

group  (P 0 ), even since th e  10th day  o f p regnancy  and  reaches its  p eak  on 
th e  15th  d ay  of p regnancy . E ven  in  th e  period  of cessation  of la c ta tio n , the  
reac tio n  is re la tive ly  h ig h e r th a n  in th e  con tro l anim als (Figs 7 — 11).

H istom etric data

T he volum e frac tio n  of SMG com ponen ts of several g roups is show n in 
T ab le  I I I .  The d is tr ib u tio n  o f volum e frac tio n  occupied b y  g ran u la r and 
s tr ia te d  d u c ts  in the g roups is show n in F ig . 12.

F ro m  th e  da ta  analysis , we m ay consider th e  following re g a rd in g  the  
con tro l g roup  (P0):
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Table II

Results from  the reaction to the tryptophan in  submandibular gland o f  fem ale  mice in  several groups

Groups Acini Intercalated
ducts

Granular
ducts

Striated
ducts

Excretory
ducts Stroma

P0 _ _ + _ — —
P5 — — + — — —
P10 — — + + — — —
P15 — — + + +  + — — —
N
L5
L10

— — +  +  + — — —

— — + + + _ — —
L15 — — +  + — — -
L21 — — +  + — — —

a) The vo lum e frac tio n  o f acini is reduced  from  th e  10th  d ay  of p reg n an cy  
to  th e  21st d ay  of la c ta tio n , reach in g  a low er p e rcen tag e  betw een  th e  15 th  
d ay  of p regnancy  and  th e  5 th  d ay  of lac ta tio n .

h) The vo lum e frac tio n  o f g ran u la r duc ts  increases sig n ifican tly  since 
th e  10th day  of p reg n an cy  u n til  th e  21st d ay  of la c ta tio n , reach ing  its  h ig h est 
percen tage b e tw een  th e  15th d ay  o f p regnancy  an d  5 th  d ay  of la c ta tio n .

2 0 -

15-

10-

o — о  G r a n u l a r  d u c t  

S t r i a t e d  d u c t

P 0 P 5 P 1 0  P15 L5 L10 L15 L21

G r o u p

Fig. 12. T h e  volum e frac tio n  of g ra n u la r  an d  s tr ia te d  d u c ts  in  several groups
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Table I I I

Average and standard deviation o f  the volume fraction  o f  SM G  components in  several groups

Groups Acini 

*D- 5.652

In tercalated
ducts

Granular
ducts

Striated
ducts

Excretory
ducts Stroma 

D- 1.411

PO 76.89 ± 1.62 0.41 + 0.06 5.46 ± 0.91 13.95 ± 1.18 0.56 ± 0.55 2.68 ± 0.62
P5 75.16 ± 1.78 0.29 ± 0.20 5.98 ± 1.33 15.65 ± 0.71 0.35 ± 0.22 2.53 ± 0.55
P10 72.69 ± 2.23 0.49 ± 0.06 13.58 ± 2.49 9.03 ± 0.57 0.35 ± 0.42 3.81 ± 0.55
P15 66.84 ± 4.88 0.54 + 0.15 19.01 ± 4.12 8.36 ± 1.67 0.34 ± 0.42 4.88 ± 0.91
N 65.23 ± 2.02 0.63 + 0.06 19.46 ± 2.07 9.91 + 1.33 0.61 ± 0.82 4.10 ± 0.49
L5 65.78 ± 3.23 0.69 ± 0.15 20.11 ± 3.12 8.75 ± 1.15 0.65 ± 0.64 3.96 ± 0.71
L10 71.08 ± 1.62 0.69 ± 0.11 15.05 ± 2.78 9.15 ± 1.13 0.24 ± 0.33 3.71 ± 0.66
L15 68.08 ± 1.82 0.62 + 0.11 16.01 ± 2.58 11.05 ± 3.07 0.45 ± 0.49 3.55 ± 0.95
L21 67.42 ± 3.21 0.69 ± 0.08 15.98 ± 2.43 11.99 + 1.42 0.63 ± 0.55 3.24 ± 0.24

* D o f T ukey  [42] (M inim al difference significance am ong th e  averages)

c) T here  is a red u c tio u  of the  n u m b e r of th e  s tr ia te d  du c ts  from  the  
10th d a y  o f pregnancy  u n til  th e  10th d a y  o f la c ta tio n , how ever, th e  re tu rn  
to  th e  s ta n d a rd  p a tte rn  o f con tro l group occurs on th e  15th  d ay  of la c ta tio n .

2 5

20

p M 2X I 0 2

15

o — o  G r a n u l a r  d u c t  

• - - ■ • S t r i a t e d  d u c t

10

X

0  - - - - - - - - - - - - - 1- - - - - - - - - - - - - !- - - - - - - - - - - - - - !- - - - - - - - - - - - - - 1- - - - - - - - - - - - T- - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1- - - - - - - - - - - - - - I- - - - - - - - - - - - - - 1- - - - - -
PO P 5  P 1 0  P15 N L 5  no L15 L21

F ig. 13. The g ra n u la r  and  s tr ia te d  d u c ts  area in  several groups
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Ductometric data

The m easu ring  o f th e  g ran u la r  ducts  p re sen ts  a sign ifican t increase  
w hich  s ta rts  on th e  10th  d ay  of p regnancy  an d  rem ains u n til th e  21st d a y  
of lac ta tio n . T he s tr ia te d  duc ts  do no t show  a n y  re lev an t change in area  
du ring  the  an a ly zed  periods (F ig . 13).

Discussion

The su b m a n d ib u la r  g lands of mice (SMG) have a sexual d im orph ism  
w hich begins a t p u b e r ty  w hen  a d iffe ren tia tio n  of g ran u la r duc ts  from  s tr ia te d  
duc ts  occurs [9, 17, 25]. M ale an im als will have  m ore g ra n u la r  duc ts  th a n  
th e  females as soon as th e  level of te s ticu la r and rogen  rises [4, 14]. In  m ice, 
th is  s ta rts  on th e  21st d ay  of life [24].

The SMG are ty p ic a l an d ro g en -ta rg e t o rgans, following a general m e c h a ­
nism  of androgen ic  a c tiv ity . T he SMG p resen ts  recep to rs for th e  an d ro g en s 
w hich  are ch a rac te rized  an d  q u an tif ied  [15, 43, 48].

A lthough  D esclin  [12] re p o rts  th a t  p rogesterone  does n o t have  a n y  
m ascu lin ization  effect on SMG of fem ale mice e ith e r  w ith  or w ith o u t an  o v a ry  
o th e r au tho rs h av e  show n th a t  p rogesterone is also s tim u la tin g  th e  SMG. 
R aynau ld  [38] o b ta in ed  a p a r tia l regression of th e  SMG w ith  p ro geste rone  
in  castra ted  an im als and  T rav ill [46] believes th a t  m ascu lin iza tion  effect of 
th e  glands of p re g n a n t an im als is due to  h igh  levels o f p rogesterone w h ich  
occur during  th is  period.

S tudies in m ice T fm /y  also show th a t  th e  SMG of these  an im als is in ­
sensitive to  p rogestagens [6, 33] w hich suggest th a t  p rogesterone  a c ts  v ia  
androgenic recep to rs .

The p rogeste rone  could in te ra c t d irec tly  w ith  th e  recep to rs for and rogens 
or a fte r b io tra n sfo rm a tio n  in to  stero ids C 19. In  fac t, p rogesterone  can  be 
converted  in  5 -a -d ih y d ro tes to s te ro n e  in  som e an d ro g en -ta rg e t organs such 
as the p re -p u b e rta l g lands of mice, show ing th a t  th e  m ascu lin iza tion  effects 
of progesterone can  tak e  place a fte r conversion in to  androgens [33].

In  v itro , th e  SMG can  tak e  up  cholesterol and  m ake i t  in to  d ih y d ro - 
ep iand rosterone , it  can  also convert p regnenolone in to  progesterone a n d  di- 
h y d ro ep ian d ro ste ro n e  and  co n v ert p rogesterone in to  an d rostened ione  [39, 40]. 
T hus, the  su p p o sitio n  th a t  progesterone m ay  be b io tran sfo rm ed  in to  SMG 
before its b in d in g  to  recep to rs of androgens is reasonable .

We can also say  th a t  th e  oestrogens have  som e effect on th e  SM G in 
a sim ilar w ay  as th a t  of th e  androgens. N evertheless, th e  response to  th em  
is m odera te  w hen  com pared  to  th a t  of th e  m ale horm ones [19]. M oreover, 
th e  prolonged tre a tm e n t w ith  oestrogen m im icks c a s tra tio n  [9]. This m u s t be
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due to  th e  L H  in h ib itio n  p rom oted  b y  oestrogen . Once L H  secretion  becom es 
reduced , th e  androgen  p ro duc tion  is also reduced  [32].

O ur resu lts  have show n th a t  m ascu lin iza tio n  du ring  p regnancy  and 
lac ta tio n , a lthough  e v id en t, does no t reach  th e  sam e level observed  in  the  
g land of a no rm al a d u lt m ale anim al.

The segm ents a lte red  during  those phases are  th e  g ran u la r ducts. Since 
th e  10th d ay  of p regnancy  of the  an im al th e y  show  an  increase in q u a n tity  
an d  d iam eter and  an  increm en t of th is ce llu la r g ranu les co n ten t.

This in itia l h y p e rtro p h y , is co m p atib le  w ith  th e  p ro g esta tio n a l peak  
w hich occurs on th e  6 th  d ay  of p regnancy  [30], an d  these  a lte ra tio n s  becom e 
m ore sign ifican t on th e  15 th  day  of p reg n an cy . T he SMG shows th en  a slight 
redu c tio n  of th e  g ran u la r d u c t volum e fra c tio n  an d  of reac tio n  tow ards t ry p to ­
p h an , no t reducing  how ever, th e  area of th e  rem ain in g  ducts. U p to  th e  end 
o f th e  lac ta tio n , th e  SMG keeps a m asculin ized  p a tte rn . This m ascu lin ization  
is u n d ers tan d ab le  since even  th ough  th e  levels on th e  progesterone  s ta r t  
decreasing on th e  17 th  d ay  of p regnancy , th e  co n cen tra tio n  of p rogestin  is 
v e ry  high in th e  SMG betw een  the  15th  d a y  an d  22nd d ay  of p regnancy  in 
th e  ra t ,  being h igher th a t  in  th e  co n cen tra tio n  in  th e  o v arian  blood [36].

T ak ing  in to  accoun t th e  period of 10 day s to  o b ta in  a full p o s t-ca s tra tio n  
g land  a tro p h y  [44], i t  ap p eared  th a t  th e  ho rm o n e  re te n tio n  in  th e  g lan d u la r 
tissue  w ould enable th e  m ascu lin iza tion  m a in ten an ce  in  th e  phase of th e  
p lasm atic  p rogesterone red u c tio n .

We also have  to  consider th e  m a in ten an ce  of th e  re la tiv e  m ascu lin iza tion  
o f th e  g land during  la c ta tio n  w hich m ay be  p ro lac tin -d ep en d en t.

In  fac t, in  th e  young  ra t ,  th e  w eight o f  sexual accessory  organs increases 
w hen  th e  levels o f p ro lac tin  becom es h ig h er [34]. T he tre a tm e n t w ith  a n t i ­
p ro lac tin  from  b ir th , causes a w eight decrease o f th e  p ro s ta te  an d  sem inal 
vesicle of ra ts  [21]. B a ran ao  e t al. [3] claim  th a t ,  a t  le a s t in  th e  p ro s ta te , th e  
p ro lac tin  increases th e  te s to s te ro n e  m etabo lism , besides increasing  th e  an d ro ­
genic receptors. A n o th e r p o in t to  tak e  in to  co n sid e ra tio n  is th a t  th e  p ro lac tin  
s tim u la tes  th e  g lucocorticoid and  d ih y d ro ep ian d ro ste ro n e  p ro d u c tio n  in th e  
co rtex  of th e  ad ren a l [10, 47]. C onsidering th a t  d u rin g  th e  la c ta tio n  period 
th e  p ro lac tin  level is h igh a hyperfu n c tio n  o f th e  ad ren a l is likely  to  help 
m a in ta in  th e  m asculine p a t te rn  of SMG. M oreover, h igh  doses of p ro lac tin  
m ay  s tim u la te  th e  p rogesterone  synthesis b y  th e  ovaries [18], an d  th e  
presence of p ro lac tin  m ay  in h ib it in  the  fem ale  r a t  th e  in d u c tio n  o f enzym es 
w hich  d eg rada te  th e  p rogeste rone  in to  3 ß  a n d  20 oc-hydroxysteroid d eh y d ro ­
genase and  5 a -red u c tase  [2].

B ased on our resu lts  and  on lite ra tu re  review s th e  m ascu lin iza tion  of 
SMG w hich took  place in  p reg n an t and  la c ta tin g  fem ale mice seems to  be due 
to  th e  v a ria tio n  of progesterone  co n cen tra tio n  d u rin g  p regnancy . I t  is also 
like ly  th a t  during  la c ta tio n , th e  progesterone re te n tio n  w ith in  th e  SMG, its
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slow m etabo lism  an d  p ro lac tin  ac tio n  th ro u g h  e ith e r  ad ren a l s tim u la tio n  or 
o ther a lread y  considered  actions are enough  for th e  m ain ten an ce  o f a g la n d u la r  
m ascu lin ization .
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GAP JUNCTIONS BETWEEN HUMAN T-COEONY CELLS

T. N e u m a r k , D. C. H u y n h

NATIONAL IN ST ITU TE OF RHEUM ATOLOGY AND PH Y SIO TH ERA PY , BU D A PEST, HUNGARY 

(R eceived  6 D ecem ber 1988)

T-cell colonies form ed in liqu id  or sem isolid cu ltu res of s tim u la te d  h u m an  blood 
m ononuclear cells were in v es tig a ted  u n d e r e lec tro n  m icroscope. T y p ica l gap  ju n ctio n s 
w ith  fiv e-layered  s tru c tu re  w ere d e m o n s tra ted  be tw een  colony cells em b ed d ed  in w a ter 
m iscible resin . T he overall th ick n ess o f th e  ju n c tio n a l zones was less th a n  25 nm . T he in ­
te rce llu la r gap  was d e m o n s tra ted  b y  la n th a n u m  n itra te  sta in ing . Close m em brane  a s­
sociations w ere observed a f te r  no rm al em bedd ing  w ith  a ju n c tio n a l w id th  of 20 — 35 nm  
correspond ing  to  gap ju n c tio n s.

The fu n c tio n al im p o rtan ce  of free com m unica tion  betw een colony cells is d is­
cussed.

Keywords: Gap ju n c tio n , T -co lony  cells

Introduction

L y m p h o cy tes  undergo  b lastic  tra n sfo rm a tio n  and  d iv ide in tensively  
a fte r  p ro p er s tim u la tio n . P h y to h aem ag g lu tin in  (PH A ) is a w ell-know n s tim u ­
la n t  for T-cells, resu ltin g  in cell d iv ision  associated  w ith  tra n s fo rm a tio n  and 
colony fo rm atio n . The in te rac tio n  of cells and  th e  appearance  o f c lusters of 
tran sfo rm ed  T-cells suggest th a t  in te rce llu la r com m unications m ay  be invo lved  
in  th e  process o f cell division an d  d iffe ren tia tio n . T he exchange of biologically 
ac tiv e  substances th ro u g h  in te rce llu la r ju n c tio n s  is a possible m echanism  
invo lved  in  cellu lar im m une ac tions [1].

T he gap ju n c tio n  rep resen ts  a close m em brane in te rac tio n  a t  d is tinc t 
sites o f p lasm a m em branes fa c ilita tin g  th e  tra n sp o r t  of h o th  ions an d  larger 
m olecules [2, 3, 4, 5]. This ty p e  of cell coopera tion  is believed  to  p lay  an  
im p o r ta n t role in  m an y  biological processes invo lved  in  the co n tro l of on togeny  
o f th e  im m une  responses as w ell [6]. M orphological evidence h as  been  p re ­
sen ted  on close co n tac ts  betw een  ra b b it  sp leen lym phocy tes in  cu ltu re  [7].

T he p resen t s tu d y  describes th e  occurrence of gap ju n c tio n a l s tru c tu re s  
b e tw een  P H A -stim u la ted  h u m an  T -colony cells.

Send o ffp rin t req u ests  to : D r. T . N eu m ark , D ep t, o f E lectro n  M icroscopy, N a tio n a l 
In s t ,  o f  R h eu m a to lo g y  an d  P h y s io th e rap y , B u d a p es t 114, PO B  54, H -1525, H u n g a ry
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Materials and methods

1. Peripheral blood mononuclear cells ( P B M C )

M ononuclear cells w ere iso lated  from  p erip h era l h ep arin ized  blood of h ea lth y  persons 
on a F ico ll-H ypaque g ra d ie n t. The PBM  cells consisted  of b o th  ly m p h o cy tes  (8 5 —90% ) and  
m onocytes (ab o u t 10% ). T he v iab ility  of cells as te s te d  by  try p a n  b lue  exclusion, was g rea te r 
th a n  95% .

2. P H  A  colony fo rm a tio n  in  liquid  culture

105 PBMC w ere su spended  in 1 ml o f R PM I-1640 m ed ium  co n ta in ing  20%  h e a t  in ac ­
tiv a te d  foetal ca lf se ru m  (FC S, H u m an , H u n g ary ) an d  5 x l 0 -5 M 2 -m ercap toe thano l (Serva, 
G erm any). The su spension  was incu b a ted  w ith  5 /Л o f P H A -P  (1 m g/m l) (Difco, USA) a t  37 °C 
in  hum idified a ir w ith  5 %  C 0 2 for 18 h. T he sed im en ted  P H A -tre a te d  cells were resuspended  
an d  cell aggregates d ispersed  gen tly . T he suspension was th en  p la te d , in f la t b o tto m  96 well 
m icrocu ltu re  p la tes  (100 /Л per well). C ultures w ere in cu b a ted  fo r 6 days in A ssab in cu b a to r 
con tain ing  5%  C 0 2.

3. Lymphocyte s tim u la tion  w ith P H A  in agar culture

PBMCs w ere susp en d ed  a t  a co n cen tra tio n  of 106 per ml in  R PM I-1640 co n ta in in g  10%  
FCS and were in c u b a te d  w ith  0 .5%  P H A  a t  37 °C in  h u m id ified  a ir  w ith 5%  C 0 2 for 18 h. 
T he P H A -p re trea ted  cells w ere w ashed tw ice and  resu spended . V iable cells w ere coun ted . 
One m illion of P H A  stim u la te d  PBMC were added  to  1 ml o f m ix tu re  of double s tre n g th  
R PM I-1640 and  0 .6 %  a g a r (D ifco, USA) in double d istilled  w a te r  p rev iously  boiled fo r 2 m in, 
an d  held a t  37 °C. I t  w as p oured  in to  a 10 X 35 m m  sterile  P e tr i d ish  and  allowed to gel. T he cul­
tu re  was k ep t a t  37 °C in  5 %  C 0 2 hum id ified  a ir fo r 6 days.

In  b o th  ag ar a n d  liq u id  m edium  cu ltu res , ro u n d  shape aggregates con tain ing  m ore th a n  
50 cells were co u n ted  as colonies u n d e r an  in v erted  m icroscope.

4. Electron microscopy

On th e  s ix th  d a y  of cu ltu re , colonies were h a rv este d  an d  w ashed twice in R PM I-1640 
an d  fixed as follow s:

a) The la rg e s t colonies were picked o u t fro m  th e  liq u id  m ed ium  and fix ed  in a 1 .5%  
p arafo rm ald eh y d e-g lu ta ra ld eh y d e  m ix tu re  in 0.1 M sodium  caco d y la te  buffer a t  p H  7.2 fo r l h  
a t  room  tem p e ra tu re . A fte r  f ix a tio n  th e  colonies were p re-em bedded  in  2.5%  ag ar in d istilled  
w ater.

b) The la rg e s t colonies grow n in  th e  agar m edium  w ere c u t ou t of th e  gel, d issected  
in  abou t 2 x 2  m m  size and  fixed  as m en tioned  above.

In  b o th  cases lan th a n u m -c o n ta in in g  f ix a tiv es  were also used  according to  N eaves [8]. 
A fter fix a tio n , colonies were w ashed th ree  tim es in  0.1 M sodium  cacodylate  b u ffer a t  p H  7.2 
and  d eh y d ra ted  p a r t ly  w ith  graded  series o f w a te r  m iscible D u rcu p an  in d istilled  w a te r  and  
in graded series o f e th a n o l and  propylene oxide.

F inally , all th e  colonies were em bedded  in S p u rr’s m edium . U ltra th in  sections were 
sta ined w ith  u ra n y l a c e ta te  and  lead c itra te  and  in v es tig a ted  u n d e r a JE M  100 CX electron  
m icroscope eq u ip p ed  w ith  a side e n try  goniom eter w ith  a specim en tilt  angle ^ 6 0 ° .

Results

The colonies grow n e ith er in agar or in liq u id  m ed ium  show ed th e  sam e 
m orphological fea tu re s . The m a jo rity  of co lony-form ing  cells w ere ly m p h o ­
blasts.

The low -pow er exam in a tio n  of colonies has show n close m em brane 
associations or sim ple ju n c tio n a l areas betw een  cells (F ig. 1). B y using  w ater 
miscible em b ed d in g  substance  i t  w as clearly  seen th a t  th e  ex trace llu la r space
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Fig. 1. E x te n d e d  gap ju n c tio n  be tw een  tw o ly m p h o b la s ts  (Arrow ). 
W ater-m iscib le  em bedding . X 50 000

Fig. 2. A t h igh  m ag n ifica tio n  th e  tw o m em branes a p p ea r to fuse. X l6 5  000
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Fig. 3. A t h igh  m agn ifica tio n  th e  five  layers o f th e  ju n c tio n a l zone ch a ra c te ris tic  for gap 
ju n c tio n  is well visible. W ater-m iscib le  em bedding. X 165 000

betw een  th e  o u te r  layers o f a d ja c e n t cy top lasm ic  m em branes was g rea tly  
reduced  or ap p ea red  to  fuse. T he overall w id th  of th e  ju n c tio n a l zone w as 
ab o u t 25 nm  (F ig . 2). B y m eans of th e  goniom eter, its fiv e -lay e red  s tru c tu re  
w as also p ro v ed  (F ig . 3). The ce n tra l e lec tron  dense th ick  la y e r  w as com posed 
of the  tw o o u te r  lea fle ts  o f cy top lasm ic  m em branes w ith  a n a rro w  gap w hich  
was proven  w ith  la n th a n u m  n itra te  s ta in in g  (Fig. 4). The th ick n ess  of th e  
in te rce llu la r space w as ab o u t 2 — 3 nm .

In  colonies d eh y d ra ted  in  organic so lven t, ju n c tio n a l a reas  sim ilar to  
gap ju n c tio n s  w ith o u t cen tra l e lec tron  dense th ick  lay er w ere also observed  
betw een  ly m p h o b la s ts  (Fig. 5). I t  was c learly  seen th a t  th e  opposing cell 
m em branes w ere sep a ra ted  by  a ra th e r  c o n s ta n t gap w hich w as less th a n  8 nm  
wide. Along gap  ju n c tio n s  m o stly  ribosom es an d  arrays of m icro filam en ts  w ere 
observed. T he colonies d id  n o t reveal o th e r ty p es of cell ju n c tio n s  e ith e r  in  
w ater-so luble  or in  S p u rr’s m ed ium .
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F ig . 4. A fter lan th a n iu m  fix a tio n  th e  se p ta te  in te rce llu la r gap  be tw een  opposed  cell m em branes
is c learly  v isible (Arrow ). X 150 000

Fig. 5. Cell-cell c o n ta c t be tw een  ly m p h o b lasts  in colonies d e h y d ra te d  in o rgan ic  solvent. 
N ote  th e  close m em b ran e  assoc ia tion  betw een tw o p lasm a  m em branes. X 100 000

Acta Morphologica Hungarica 37, 1989



152 T. NEU M A RK  and D. C. HUYNH

Discussion

The occurrence o f gap ju n c tio n s  betw een  T -colony  cells s tim u la ted  by 
P H A  b o th  in  ag ar an d  in  liqu id  m ed iu m  is described in  th is  p ap er. T he charac­
te r  o f gap ju n c tio n  in  colonies fo rm ed  in  tw o ty p es of cu ltu re  m ed ium  seems 
to  be identical.

The exposure o f cells to  e th a n o l p ro b ab ly  causes som e changes in  the  
cha rac teris tic  fiv e -lay e red  com position  of gap ju n c tio n . The in te rce llu la r gap 
betw een  ou te r lea fle ts  of p lasm a m em b ran e  becom es w ider as com pared  to  
gap  ju n c tio n s  in  sections p rep a red  av o id in g  e th an o l tre a tm e n t. T he cause of 
th is  can  be th e  sh rinkage  of th e  cell by  ethano l or som e a lte ra tio n s  of the  
physicochem ical p ro p ertie s  of p lasm a m em brane du ring  d eh y d ra tio n . F u rth e r  
s tud ies are needed to  c larify  th is  p rob lem .

C oncerning th e  fu nc tion  of gap ju n c tio n s , th e re  is a g rea t deal o f in ­
fo rm atio n  in d ica tin g  th a t  gap ju n c tio n s  are involved  in  in te rce llu la r com ­
m un ication . Ion ic  flow  betw een  e lec tro to n ica lly  coupled  cells is believed to  
occur a t  gap ju n c tio n s  [9]. F u rth e rm o re , in  m any  ce llu lar system s, gap  ju n c ­
tio n s allow th e  in te rce llu la r  exchange of partic les la rg e r th a n  ions such  as dye 
m olecules and  labelled  nucleo tides [2, 4, 10].

The m ax im um  m olecular w e ig h t for substances freely  passing  th e  gap 
ju n c tio n s  is ab o u t 1000 daltons (1200 according to  S im pson e t al.) [11]. These 
include b io logically  ac tiv e  su b stan ces as stero ids v itam in s  an d  nucleo tides [5]. 
R ecen t stud ies have  im p lica ted  gap  ju n c tio n s  in  th e  d iffe ren tia tio n  of cells in  
severa l system s inc lu d in g  m esoderm  of chick lim b b u d  [12], sebaceous gland 
[13], w ound healing  [14], oocyte m a tu ra tio n  [15], liv er gen era tio n  [16], and 
P H A -stim u la ted  r a b b it  spleen cells [7]. The gap ju n c tio n s  b e tw een  T-colony 
cells observed in  th is  s tu d y  seem  to  be re la ted  to  th e  fu n c tio n  of these  cells. 
W e suggest th a t  th e  m u tu a l exchange of nucleo tides th ro u g h  gap junctio n s 
w ould be a sim ple co o rd in a tin g  co n tro l over th e  d iffe ren tia tio n  o f lym phocy tes 
an d  th e  g row th  of colonies. I t  w ould  be in te restin g  if  gap  ju n c tio n s  w ere re la ted  
som ehow  to  th e  responsiveness of T -co lony  cells for th e  colony s tim u la tin g  
fac to rs. H ow ever, th e  m olecular w eigh t of these fac to rs  seem s to  co n trad ic t 
to  a passive cell-to-cell tran sm issio n  v ia  gap ju n c tio n s .
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ANALYSES OF THE TIDEMARK ON HUMAN FEMORAL
HEADS

1. H IS T O C IIE M IC A L , U L T R A S T R U C T U R A L  A N D  M IC R O A N A LY TIC  
C H A R A C T E R IZ A T IO N  O F T H E  N O R M A L ST R U C T U R E  O F T H E  

IN T E R C A R T IL A G IN O U S  JU N C T IO N

R . O e t t m e ie r 1, K . A b e n d r o t h 2, S a b i n e  O e t t m e ie r3

'O R T H O P E D IC  C LIN IC  AND 'C L IN IC  OF IN T E R N A L  M E D IC IN E , D E P A R T M E N T  OF RHEUMATOLOGY 
AND OSTEOLOGY F R IE D R IC H  S C H IL LER  U N IV E R S IT Y  O F JE N A ,
'D IS T R IC T  D EN TA L D E PA R T M E N T , E IS E N B E R G , EA ST-G ERM AN Y

(R eceived  7 D ecem ber 1988)

T he tid e m ark  as a b o u n d a ry  be tw een  non-calcified  a n d  calcified a rticu la r  c a r t i­
lage h as a  co m plica ted  s tru c tu re  an d  fu lfils various physio log ical functions. 25 h u m an  
fem ora l h ead s from  h e a lth y  jo in ts  w ere exam ined . In  non-decalc ified  p rep ara tio n s th ree  
s tru c tu ra l com ponents of th e  tid e m ark  w ere d em a rca ted : (1) th e  PA S-positive, p ro ­
teo g ly can -co n ta in in g  tid e m a rk  line  a d ja ce n t to  th e  b asa l cartilag e , (2) th e  su b lin ea r 
lig h t-co lo u red  zone and  (3) th e  d e m arca tio n  line to  th e  calcified  cartilage. U sing scan ­
ning e lec tro n  m icroscopy, th e  tid e m ark  w as ch arac te rized  as an  electron-dense im p res­
sion b e tw een  hyaline  an d  calcified  cartilage. The presence  of specific a rch itec tu re  an d  
o rien ta tio n  o f collagenous fib res  could n o t be show n.

C o n cen tra tio n s of calcium , phosphorus an d  su lp h u r could  n o t be de tected  in  th e  
tid e m ark  b y  m eans of an  X -ra y  m icroanalyzer. A m orpho log ical m odel of th e  tid e m ark  
reg ion  w as estab lished , w hich  rep resen ts  th e  in te rca rtila g in o u s  ju n c tio n  as a double 
lay e r o f su b s ta n tia lly  and  fu n c tio n ally  d ifferen t surfaces.

Keywords: T id em ark , a r tic u la r  cartilag e, e lec tro n  m icroscopy , jo in t,  X -ra y  
m ieroanalysis

Introduction

The ju n c tio n  betw een  hya lin e  a rticu la r  ca rtilag e  an d  th e  ad jacen t ca lci­
fied  cartilage is know n as th e  tid e m a rk  (TM) or line of dem arca tion  [9, 11]. 
O n dem inera lized  slices s ta in ed  w ith  h aem ato x y lin  an d  eosin (H E ), th e  TM 
appears as a th in ,  basophilic , u n d u la te d  line, w hich  sep ara tes  calcified an d  
non-calcified  a r tic u la r  cartilage . T he TM was found  to  co n ta in  calcium , p h o s­
p h a te , collagenous fib res, n e u tra l and  acidic phospho lip id s an d  u n sa tu ra te d  
f a t ty  acids [10]. The region w as show n to  be free of low- an d  high-m olecular 
m ucopo lysaccharides. The con tin u o u s crossing of collagen fib res from  th e  
hyaline to  th e  calcified  cartilage  w as dete rm in ed  b y  fib re  sta in ings, po larized  
op tica l m eth o d s and  fina lly  by  using scanning  e lec tron  m icroscopy (SEM) [12].
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A p a rt from  these  fib res, i t  w as h a rd ly  possible to  fin d  th e  subm icroscopical 
corre la te  of h istochem ical fea tu res. T he fu n c tio n a l significance o f th e  TM as 
b a rrie r  of m in era liza tio n  an d  anchor o f th e  h igh ly  com plian t hya lin e  cartilage 
to  its  rigid base is genera lly  accep ted  [6].

H isto logical ex am in a tio n s o f th e  TM region using  p araffin -em b ed d ed  
specim ens have  th e  d raw b ack  th a t  on acco u n t of dem in era liza tio n , some in ­
fo rm atio n  ab o u t m in era liza tio n , com position  and  m orphology o f th e  TM  seem 
to  be lost.

In  th is  s tu d y  we have  an a ly zed  th e  norm al s tru c tu re  o f th e  TM on 
h u m an  fem oral heads. A fter processing  w ith o u t décalc ifica tion , m a n y  h is to ­
chem ical m ethods, SEM  an d  X -ra y  m icroanalysis were used. D raw ing  con­
clusions from  our ow n find ings an d  som e references of th e  lite ra tu re , a s tru c ­
tu ra l  m odel of th e  TM w as developed  an d  discussed.

Materials and methods

A lto g eth e r 50 bone  specim ens from  25 h u m an  fem oral heads w ere ex am ined . 13 jo in t 
head s were resec ted  in  th e  course o f to ta l  h ip  a r th ro p la s ty  from  p a tie n ts  w ith  m ed ia l fem oral 
neck  frac tu re  w ith  an  average  age of 74.4 y ea rs  (range 66 — 84 years). 12 fem ora l heads were 
o b ta in ed  a t  necro p sy  show ing no m acroscopic signs o f osteoarth rosis. T he av erag e  age of th e  
deceased persons w as 59.3 y ears (range 36 — 72 years). A fter m ed ia l-sag itta l b isection  of th e  
fem oral head  we to o k  bone specim ens o f th e  load  a n d  non-load pressu re  a rea . T hese  w ere fixed  
fo r a t  least 36 h  in  C arnoy’s so lu tion , d e h y d ra te d  in  e thano l a n d  em b ed d ed  in  m eth y l 
m e th acry la te  b y  m ean s of u n d erp ressu re  (in  a n  exsiccator) and  u ltra so u n d  ( 3 x 1  m in). W ith  
a h a rd  c u t m icro tom e (F i. Ju n g , H e id e lb erg /F R G  fo u r m icron th ic k  slices w ere o b ta ined , 
d ep lastified  in  to lu o l a n d  sta in ed  by  th e  follow ing m ethods: H E , tr ic h ro m e  s ta in in g  m eth o d  
of Ladew ig (m odified  G oldner reac tion ), G öm öri’s silver stain ing , P A S -reac tio n , gallam ine-b lue 
Giem sa s ta in ing , von  K ossá, sa fran in  О m eth o d  a n d  finally  th e  collagen re ac tio n  according to 
Crossmon.

Six p las tic -em b ed d ed , 7 m icron  th ic k  sections o f norm al cartilag e-b o n e  tissue  were 
allow ed to  a ir  d ry  a n d  th e n  coated  w ith  carb o n . T he d e te rm in a tio n  o f co n cen tra tio n  and  
d is tr ib u tio n  of m in e ra l com pounds w as c a rried  o u t  on th e  sam e sections w ith  th e  help  o f an  
X -ra y  m icroanalyzer. I t  w as possible to  couple pho to g rap h ica lly  th e  SEM  m icrographs w ith  
th e  ap p ro p ria te  d is tr ib u tio n  p a tte rn  o f calcium , phosphorus and  su lphur.

Results
a) Histology

The tr ich ro m e  sta in in g  m e th o d  of Ladew ig w as v e ry  usefu l for TM 
analyses in  non-decalc ified  p rep a ra tio n s . O n in ta c t a r tic u la r  ca rtilag e  th e  TM 
was show n as a con tinuous d em arca tio n  betw een  hyaline an d  calcified  cartilage 
(Fig. 1). A fte r h ig h er m agn ifica tion  i t  w as possible to  su b d iv id e  th e  TM in to  
th ree  p a rts  (i) th e  g ran u la r, u n d u la te d  line of the TM  a d ja c e n t to  b asa l hyaline 
cartilage, (ii) th e  sublinear light-coloured line below th e  TM line an d  (iii) th e  
demarcation line to the calcified cartilage. The colouring of th e  T M  line was 
sim ilar to  th e  osteo id  in  th is  s ta in in g . In  82%  of p re p a ra tio n s  exam ined  the
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Fig. 1. P h o to m ic ro g rap h  d em o n s tra tin g  th e  tw o m ain  com ponents of th e  t id e m a rk  (TM): 
(1) th e  red -s ta in ed  T M  line  ad jacen t to  basal hyaline  cartilage  (hyc) and (2) th e  sublinear light- 
coloured line  a d ja ce n t to  th e  calcified cartilage  (cc.). S u b chondra l bone (sb) an d  f a t ty  bone 
m arro w  (bm ) are v isib le (m eth y l m e th acry la te , L adew ig’s trich ro m e sta in ing , X l2 0 , inse t

X 280)
Fig. 2. P h o to m icro g rap h  of th e  TM region s ta in ed  w ith  G öm öri’s silver techn ique. B eside the  
TM  line and  su b lin ea r ligh t-co loured  line appears th e  d em arca tio n  line to th e  calcified cartilage  
(single arrow ). N ote th e  sim ila rity  be tw een  sub linear ligh t-co lou red  zone an d  th e  a p p a re n t 

cem en t line (double arrow s), (ab b rev ia tio n s see Fig. 1, m e th y l m e th acry la te , X l2 0 )
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Fig. 3. In ten siv e  collagen reac tio n  of th e  T M  line  (a b b rev ia tio n s  see Fig. 1, m eth y l m e th acry la te ,
C rossm on’s sta in in g  m eth o d , X l2 0 )

F ig . 4. TM reg ion  s ta in e d  w ith  H E  on non-decalc ified  p re p a ra tio n . T he TM is on ly  v aguely  seen. 
W eak  “ secondary  lin es”  (si) in  th e  calcified  cartilage  are  visible, b u t  d e m o n s tra tin g  no tru e  

m u ltip lica tio n s o f  th e  TM (a b b rev ia tio n s  see Fig. 1, X 120)
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Fig. 5. P h o to m ic ro g rap h  of th e  b asa l p a r t  o f norm al a r tic u la r  cartilage  from  th e  fem oral head  
sta ined  w ith  gallam ine-b lue G iem sa. N ote th e  positive  m a tr ix  co louring  of th e  T M  line  (arrow ) 
and th e  a p p ea ran ce  of “ seco n d ary  lines”  (si) in  th e  calcified  lay e r (ab b rev ia tio n s see F ig . 1,

m eth y l m e th acry la te , X 120)
Fig. 6. P o sitiv e  PA S reac tio n  o f th e  TM and  of hyaline an d  calcified  cartilage (ab b rev ia tio n  

see F ig. 1, m eth y l m e th acry la te , X 120)
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F ig . 7. P h o to m ic ro g rap h  of th e  TM  reg ion  sta in ed  w ith  safran in  О. N ote  th e  pericellu la r 
p ro teog lycan  sta in in g  s to p s a b ru p tly  a t  th e  sublinear light-coloured line. A d d itio n a ly , th e  
d em arca tio n  line to  th e  calcified cartilage  (arrow ) and  a large  vascu lar channel (vc) a re  visible 

(a b b rev ia tio n s  see F ig . 1, m e th y l m e th acry la te , X l2 0 )

TM  could be su b d iv id ed  in to  th e  above m en tioned  th ree  com ponen ts, show ing 
no signs of d u p lica tio n s  an d  o th e r TM  changes. These p a rts  could also be shotvn 
b y  silver s ta in in g  a fte r  G öm üri (F ig . 2) and  collagen reaction  a f te r  Crossm on 
(F ig . 3). N ote  th a t  th e  light-coloured line w as sim ilar to  th e  cem en t line b e ­
tw een  calcified cartilage  and  su b ch o n d ra l hone p la te . The re p re se n ta tio n  of 
th e  TM in  th e  H E  s ta in in g  was poor (F ig. 4). In  th e  gallam ine-b lue an d  H E  
sta in in g  we often  found  w eak lines in  th e  calcified  cartilage (F igs 4, 5). We 
called th em  “ seco n d ary  lines” , because th e y  w ere no t m u ltip lica tio n s of the  
TM . E specially  in  th e  non-loaded  zone of th e  jo in t heads these  “ secondary  
lines” were fre q u e n tly  observed. T oge ther w ith  the  hyaline an d  calcified 
cartilage , th e  TM  w as m ostly  PA S -positive (F ig . 6). In  th e  T M  line we could 
c learly  show p ro teo g ly can , using  th e  sa fran in  О reaction  (F ig. 7). In  th e  von 
K ossá s ta in ing , calcified  cartilage  an d  su b ch o n d ra l bone p la te  appeared  
hom ogeneously  b lack . P h o sp h a te -co n ta in in g  granules could be d em o n stra ted  
in  th e  in te rca rtilag in o u s  ju n c tio n  (F ig . 8). A dd itionally , th is  s ta in in g  allow ed 
to  see argy roph ilic  sta r-like  pa rtic le s  in  th e  hyaline  cartilage d e m a rc a ted  from  
th e  TM. T hese pa rtic le s  w ere co n c e n tra ted  a ro u n d  chondrons, seem ed to  be 
fib re -o rien ted  an d  th e ir  size decreased  to w ard s th e  surface (F ig . 8).
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Fig. 8. P h o to m ic ro g rap h  o f a p las tic -em b ed d ed  section  sta in ed  w ith  th e  von K ossá m ethod . 
A. The red  T M  line  w ith  som e p h o sp h a te  g ran u les (arrow s) is v isib le . S tarlike  a rgy roph ilic  
p a rtic les are  co n ce n tra ted  a rro u n d  chondrons an d  are  d em arca ted  fro m  th e  TM (co u n te rsta in ed  
w ith  M asson’s tr ich ro m e  m eth o d , X 120). B. A rgyrophilic  p a rtic les  su rro u n d in g  th e  ch o n d ro ­
cy tes (ch) in th e  in te rm ed ia te  zone of h y a lin e  cartilage  ( X 200). C. A n o th e r p o rtio n  show ing 
d e a r ly  th e  a rgy roph ilic  p a rtic les and  th e ir  d e m arca tio n  from  th e  TM  (ab b rev ia tio n s see Fig. 1,

X 200)

b)  S E M  observations

In  non-decalcified  slices th e  TM  could be clearly  id en tified  w ith  SEM  
(F ig . 9). T he e lectron-dense depression  a d jacen t to  basa l ca rtilage  was a t t r ib u t ­
ed  to  th e  T M  line. Some differences w ere observed in  th e  s tru c tu ra l fea tu res  
o f h y d ro x y l a p a tite  in  calcified  cartilage  and  su b ch o n d ra l bone. B ecause of 
th e  em bedd ing  of m inerals an d  m a tr ix  com pounds no conclusions could be 
d raw n  concern ing  th e  specific o rien ta tio n  of collagenous fib res in  th e  TM 
region.
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Fig. 9. SEM m ic ro g rap h  of th e  TM region on non-decalc ified  cartilage-bone  tissue show ing 
th e  TM as a d a rk  d ep ression  (arrow ) be tw een  th e  non-calcified  (hyc) and  calcified  cartilage (cc).

N ote th e  h y d ro x y l a p a tite  c ry sta ls  in  th e  calcified lay er (A X 300, В X 3000)

c )  X - r a y  m i c r o a n a l y s i s

The m ost im p o r ta n t chem ical e lem ents in th e  TM reg ion  w ere calcium  
(380 counts/100 s), p h o sphorus (315 counts/100 s) and  su lp h u r (425 counts per 
100 s). Low co n cen tra tio n s  of silicon (235 counts/100 s), iron  (220 counts/100 s), 
chlorine (215 coun ts/100  s) an d  m agnesium  (205 coun ts p e r 100 s) were also 
de tec ted . The d is tr ib u tio n  p a tte rn  of these  m ain  elem ents could be dem on­
s tra te d  in  Fig. 10 in  com parison  to  th e  a p p ro p ria te  SEM  m icrograph . The 
co n cen tra tion  o f ca lc ium  and  phosphorus w as no t d iffe ren t in  th e  calcified 
cartilage and  su b ch o n d ra l bone p la te . B ecause of th e  su lp h a ted  m a trix  com ­
pounds, su lp h u r w as especially  co n cen tra ted  in  th e  hyaline  cartilage. A t 
h igher m agn ifica tion  no con cen tra tio n s of calcium , p h o sp h o ru s or su lphur 
dem o n stra ted  specific for th e  TM (Fig. 11).

Discussion

A ccording to  ü m itro v sk y  e t al. [10] the TM was fo u n d  to  have tw o 
h isto logically  d is tin c t com ponen ts: (i) an  in d is tin c t an d  w ider g ran u la r zone 
ad jacen t to  th e  non-calc ified  cartilage , an d  (ii) a con tin u o u s sm ooth  line 
ap p ro x im ate ly  5 m icrons w ide a d jacen t to  th e  calcified  lay e r. A dd itionally
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Fig. 10. SEM  m icro g rap h  an d  th e  a p p ro p ria te  X -ra y  m icroanalysis o f th is  region show ing 
th e  d is trib u tio n  p a tte rn  of calcium  (Ca), phosphorus (P ) an d  su lp h u r (S). N ote  th e  c o n cen tra tio n  
of su lphur in  th e  hy a lin e  cartilag e  (hyc). T he co n cen tra tio n  of calcium  and  phosphorus in  th e  
calcified cartilage  (cc) and  su b ch o n d ra l bone (sb) is fa irly  sim ilar (p lastic -em bedded  section ,

X 60)

we have d e te rm in ed  th e  d em arca tio n  line to  the  calcified  cartilage , w hich is 
m ostly  visible as a sep a ra te  s tru c tu re  in  various h isto log ical sta in ings. P o larized  
optical observ a tio n s have co rro b o ra ted  th e  con tinuous crossing of collagenous 
fib res th ro u g h  th e  TM reg ion  [12, 15, 16]. R edler e t al. [21] have observed  
b y  SEM th ree  d is tin c t m orphological o rien ta tio n s  of collagenous fib rils in 
th e  TM.

In  accordance w ith  H o u g h  e t al. [16], we d em arca ted  subm icroscopically  
th e  TM only as an  e lectron-dense depression betw een  th e  calcified an d  non- 
calcified a rticu la r  cartilage . T he em bedd ing  of m a trix  an d  m inera l com ponen ts 
is th e  reason for th e  poor re p re sen ta tio n  of fib re  a rch itec tu re  in non-decalcified  
p rep ara tio n s. O n th e  o th e r h a n d , th e  clear d e te rm in a tio n  of th e  TM can n o t 
he reliab ly  m ade w ith  SEM  a fte r  d em inera lization  [14].
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Fig. 11. T he TM reg ion  of th e  sam e sam ple  as show n in  Fig. 10 a f te r  h ig h er m agn ifica tion . 
No sep ara te  c o n cen tra tio n s  of d e te rm in ed  e lem en ts in  th e  TM are  v isib le  (SEM  an d  X -ray  

m icroanalysis, p las tic -em b ed d ed  section, X 1000)

H isto logically , th e  en rich m en t of collagen in  th e  T M  line was obvious 
(see Fig. 3). A lth o u g h  s tru c tu re  an d  com position  of collagen in  th e  TM show  
according to  B oskey  e t al. [4] no s ig n ifican t differences in  com parison  to  th e  
a rticu la r ca rtilage , th e  re a c tiv ity  w ith  collagen dyes is increased . P a r tia lly  
unm asked  collagenous fib rils  are p e rh ap s responsib le for th is  phenom enon. 
C on trary  to  th e  re su lts  of D m itro v sk y  e t al. [10], th e  TM , especially  th e  T M  
line, shows a p ositive  P A S -reac tion  in  ou r exam in a tio n s. W e suppose th a t  
th e  T M  line co n ta in s p ro teo g ly can  c o n tra ry  to  th e  sublinear light-coloured 
line. These h igh  m olecular substances are  often  m asked  b y  o th e r com pounds, 
like p y ro p h o sp h a te , h y d ro x y l a p a tite  an d  phospho lip id -calcium  com plexes.

U sing 2 %  osm ium  te tro x id e  and  N ile-blue su lp h a te  on fresh frozen 
specim ens, th e  TM  sta in ed  s tro n g ly  for n e u tra l an d  acidic lipids an d  u n ­
sa tu ra te d  f a t ty  acids [10]. L ip ids an d  especially  ca lcium -phospholip id-phos-
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p h a te  com plexes could  also lie show n in o th e r m inera liza tio n  fro n ts . These 
com plexes are cla im ed to  p lay  an  im p o rta n t role as p rom oto rs of calcification  
[3, 5]. Indeed , th e  to ta l  lip id  am o u n t shows no differences b e tw een  a rticu la r 
cartilage  and  TM [4]. A fter no rm al fix a tio n  th e  lip ids are rem oved  from  the  
tissue [12]. H ow ever, phospho lip id -calcium  com plexes are able to  s ta y  p a r t i­
ally  in  th e  TM reg ion  w hich  exp la ins some o f th e  observed  s ta in in g  pheno­
m ena [2]. I t  is our op in ion  th a t  in  u n fix ed  n a tiv e  p rep a ra tio n s  th e  lipids and  
lip id  com plexes are  c o n cen tra ted  in  th e  described light-coloured line. This view 
is su p p o rted  b y  th e  o b se rv a tio n  of som e au th o rs  th a t  m an ip u la tio n s on bone- 
cartilage  slices lead  to  lacera tions in  th e  TM reg ion  [6, 14]. T he TM seems 
to  be a h igh ly  v u ln e rab le  zone.

As rep o rted  b y  D m itro v sk y  e t al., th e  TM did  n o t s ta in  for p ro teog lycan  
and  th e  pericellu lar and  in te rce llu la r m a trix  s ta in in g  failed  to  a p p e a r a t the 
TM. W e suppose th a t  th is  a rre s t o f g lycosam inoglycan  dyes ta k e s  place on 
th e  sublinear light-coloured line. I t  is necessary  to  stress our o b se rv a tio n  th a t  
th e  colouring of th e  T M  line  in  L adew ig’s trich ro m e sta in in g  is s im ilar to  the  
osteoid  con ta in ing  g lycosam inoglycans and  collagen fibrils.

M atrix  vesicles could  be show n only near th e  TM [4, 10]. As rep o rted  
b y  W u th ie r e t al. [23] an d  B oskey e t al. [3], th e  com plex lip id  com pounds 
can  suggest th e  ex istence  of m a tr ix  vesicles or som e p a r ts  o f th em . The TM 
has also h igh a lkaline p h o sp h a tase  an d  A TPase ac tiv ities  [8, 10]. A ccording 
to  th e  hypo thesis  o f A nderson  [1], it  is possible th a t  th e  TM possesses p roducts 
of m a tr ix  vesicles.

A fter dem in era liza tio n  th e  co n ten t of calcium  in  th e  TM seem s to  be 
increased  [16]. U sing X -ra y  m icroanalysis, on non-decalcified  sections we 
found  no d is tin c t co n cen tra tio n s  of calcium , phosphorus and  su lp h u r specific 
for th e  TM region. W e agree w ith  H aynes [15] th a t  th e  m inera l con ten ts 
in  th e  calcified cartilag e  an d  m ineralized  subchondral bone p la te  are  sim ilar. 
H ough  e t al. [16] have  n o t described  sign ifican t differences in  th e  su lphur 
co n ten ts  in calcified an d  non-calcified  cartilage. O ur d is tr ib u tio n  analyses of 
su lp h u r clearly  show  th e  increased  co n cen tra tion  in the hyaline  cartilage 
especially  in  th e  in te rm e d ia te  zone (see Fig. 10). T he su lp h a ted  m a tr ix  com ­
p o n en ts  of in ta c t h y a line  cartilage  are responsible fo r th is  resu lt.

The silver m eth o d  o f von  K ossá sta in s  P 0 4 specifically  [10]. P hos­
p h a te  granules were found  in  th e  T M  line  as well as in  th e  hyaline  cartilage 
a ro u n d  th e  chondrons (argyroph ilic  partic les). These partic les  could  m ain ly  
be p y ro p h o sp h a te , w hich  is know n as an  in h ib ito r  of m inera liza tion  [4]. I t  v  as 
su rp rising  th a t  th e  H E  sta in in g  of non-decalcified  p rep a ra tio n s  show ed only 
vague T M  lines. T he  dem in era liza tio n  seem s to  p ro m o te  th e  reac tio n  of the  
dye w ith  acidic an d  basic  m olecule g roups in  th e  TM . F u rth e rm o re , re s ts  of 
ca lc ium -phospho lip id -phospha te  com plexes are also able to  re a c t w ith  hae- 
in a to x y lin  [4].
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T he described  “ secondary  lines”  in th e  calcified  cartilage seem  to  re ­
p resen t m ark ers  of physio logical su b chondra l rem odelling  and enchondral 
ossification . Som e stud ies w ith  te tracyc lin -labe lling  show ed a life-long tu r n ­
over in  th e  calcified  cartilage  an d  subchondral hone p la te  [15, 17, 18]. I t  is 
im p o rta n t for th e  n o m en c la tu re  of th e  TM region th a t  th e  “ secondary  lines” 
are e ith e r d u p lica tions or m u ltip lica tio n s of the  TM.

S um m ariz ing  our re su lts  an d  th e  find ings from  th e  lite ra tu re  we can 
estab lish  th e  m orphological m odel of th e  TM region show n in Fig. 12. The 
TM is n o t a sep a ra te  m em brane  as rep o rted  by  H av e lk a  e t al. in 1982 [13]. 
In  ag reem en t w ith  Spinelli [22] we share  th e  opinion th a t  th e  TM rep resen ts  
a double lay e r of tw o  m orphologically  an d  fun c tio n a lly  com plem en tary  su r­
faces. The connection  is ensu red  b y  crossing collagen fib res. Spinelli [22] has 
d em o n stra ted  g ran u la r an d  gelatinous substances on th e  surface of th e  calci­
fied  cartilage  b y  SEM  o b serva tions, w hich are p ro b ab ly  calcium -phospholip id- 
p h o sp h a te  com plexes an d  h y d ro x y l a p a tite . These substances rep resen t th e  
sublinear light-coloured line  ligh t m icroscopically . In  conclusion, we su p p o rt 
th e  h y po thesis  by  B oskey  e t al. [4] an d  B ullough e t al. [7] th a t  in  th e  TM 
th e re  ex ists a ba lanced  system  of fac to rs p rom oting  calcification  (m a trix  
vesicles, g lycopro te ins, ca lc ium -phospho lip id -phosphate  com plexes, a lkaline 
p h o sp h a tase , p h o sp h opro té ine , p ro teo lip id s and o thers) an d  of ca lc ification  
inh ib ito rs  (p ro teog lycan , A T Pase, p y ro p h o sp h a te , n ucleo tide  tr ip h o sp h a te  an d  
others). T he cells on b o th  sides of th e  m inera liza tion  b a rr ie r  are capable  to  
produce these  a n tag o n is tic  fac to rs an d  are responsib le for th e  physiological 
dynam ic s te a d y  s ta te . E xcessive progression of the  ca lc ification  fron t p ro b ab ly  
resu lts  from  d is tu rb an ces  in  th is  equ ilib rium , as is show n in our follow ing 
s tu d y  on TM  changes in  o steo a rth ro sis  [20].
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ANALYSES OF THE TIDEMARK ON HUMAN FEMORAL
HEADS

I I .  T ID E M A R K  C H A N G ES IN  O S T E O A R T H R O SIS  — A H IST O L O G IC A L  AND 
H IS T O M O R P H O M E T R IC  ST U D Y  IN  N O N -D E C A L C IF IE D  P R E P A R A T IO N S

R. Oe t t m e ie r 1, K . A b e n d r o t h 2, Sa b i n e  O e t t m e ie r3

■ORTHOPAEDIC CLINIC AND 'C LIN IC  OF IN TER N A L M EDICINE, D EPA R T M E N T OF RHEUMATOLOGY AND
OSTEOLOGY, F R IED R IC H  SCH ILLER U N IV E R SIT Y  OF JEN A , »DISTRICT D EN TA L D EPARTM ENT, EISEN BERG ,

GDR

(R eceived  7 D ecem ber 1988)

H isto logical and  h is to m o rp h o m e tric  ex am in atio n s w ere carried  o u t on 88 hu m an  
fem ora l heads, 63 from  p a tie n ts  w ith  o steoarth rosis a n d  25 contro ls. T he changes of 
th e  tid e m ark  were found  to  be m u ltifo rm  in th e  o s te o a rth ro tic  process an d  could be 
classified in to  th ree  degrees o f sev erity . Low -grade tid e m a rk  changes were ch arac te rized  
b y  red u p lica tio n s of th e  tid e m ark  an d  d iscon tinu ities o f th e  tid e m ark  line, occurring  
also in ab o u t one th ird  o f th e  con tro ls. V ascular in v asio n  in to  th e  tid e m ark  as well as 
in c ip ien t calcification  of basal hy a lin e  cartilage were obse rv ed  in m iddle-grade tid em ark  
a lte ra tio n s . H igh-grade changes w ere d istingu ished  by  th e  d isap p earan ce  of th e  tide- 
m ark , advanced  m in era liza tio n  and  ossification  of b asa l hy a lin e  and calcified cartilage 
an d  fin ally  by  th e  “ tid em ark  an d  bone b a ld” . M easuring  th e  th ickness o f in ta c t  and 
o steo arth ro tic  hyaline  cartilag e , calcified layer and  su b ch o n d ra l bone p la te , i t  was p o s­
sible to  de te rm in e  som e co rre la tio n s betw een  the  t id e m a rk  s ta te  and th e  s tru c tu re s  
m easured . V aria tions in su b ch o n d ra l bone volum e could also influence th e  tid e m ark  and 
cartilag e  changes. T he im p o r ta n t  role o f the  in te rca rtila g in o u s  ju n c tio n  in th e  p a th o ­
genesis and  progress of o s teo arth ro s is  is stressed.

K eyw ords: T id em ark , a r tic u la r  cartilage, o s te o a rth r it is ,  h is to m o rp h o m e try , 
p a th o lo g y  of cartilage, calcified  cartilage

Acta Morphologica Hungarica 37 (3  —  4)., pp. 169 — 180 (1989)

Introduction

The tid e m a rk  (TM) is early  involved  in th e  process of cartilage  d e s tru c ­
tio n  in in fla m m a to ry  and  deg en era tiv e  jo in t diseases. F ib rilla tio n  of cartilage , 
increased  rem odelling  of calcified  cartilage and  su b ch o n d ra l bone are im ­
p o r ta n t  fac to rs  w hich in itia te  such  pathologic  changes. I t  is discussed in  the  
l i te ra tu re  th a t  in  some cases th e  TM changes occur p rim arily  an d  subse­
q u en tly , cause th e  d es tru c tio n  o f a r tic u la r  cartilage  [5, 12, 14, 15, 28]. R e­
dup lica tions of th e  TM w ere described  a lread y  in  1942 b y  B en n e tt e t al. [3]. 
TM m u ltip lica tions were often  found  in  o steoarth rosis  (OA) [9, 12, 19, 25], 
rh eu m a to id  a r th r itis  [1, 11] an d  P ie rre-M arie-S triim pell-B ech terew ’s disease 
[2]. T heir freq u en t occurrence w as seen in  b o th  y o u n g  an d  elderly  ad u lts  [3, 
18, 19].

Send o ffp rin t requests to : D r. R . O e ttm eie r, F ried rich  Sch iller U n iv ersity  O rthopaed ic  
Clinic, R u d o lf Elle H osp ita l, E isenberg  (T hüring ia) 6520, D D R
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S ta rtin g  from  th e  no rm al s tru c tu re  of th e  TM in fem oral heads [27], 
TM  changes in  OA w ill he described  an d  g ra d u a te d  in  th is  s tu d y . T he depen ­
dence of TM s tru c tu re  on th e  th ickness of in ta c t  and  d eg en era ted  hyaline 
cartilage , calcified ca rtilag e  an d  su b chondra l bone p la te  and , fin a lly , on the  
su b chondra l tra b e c u la r  bone volum e will be d e te rm in ed  using  h istom orpho- 
m e try .

Materials and methods

A ltogether 88 h u m a n  fem oral heads w ere exam ined . T he jo in t  head s w ere resec ted  in 
th e  course of to ta l h ip  jo in t  rep lacem en t fro m  63 p a tie n ts  w ith  p rim ary  co x arth ro s is  (average 
age 65.3 years) and  fro m  13 p a tie n ts  a f te r  m edial fem oral neck frac tu re  (m ean  age 74.4 years). 
A p p ro x im ately  1 cm  th ic k  bone-cartilage  specim ens of th e  m ed ia l-sag itta lly  b isec ted  jo in t  heads 
fro m  th e  loaded an d  non -lo ad ed  zone w ere fixed  in  C arnoy’s so lu tion , d e h y d ra te d  in  e th an o l 
a n d  em bedded  in  m e th y l m e th a c ry la te . F o u r m icron th ic k  sections w ere o b ta in e d , dep lastified  
in to luo l and  s ta in ed  b y  th e  m eth o d  of L adew ig, gallam ine-b lue G iem sa, G öm öri, PA S, safran in  
О a n d  von Kossá.

Using an eyepiece g rad icu le  (F i. Zeiss, Jen a /G D R ), we hav e  d e te rm in ed  th e  th ickness of 
o s teo arth ro tic  and n o rm al cartilag e , calcified cartilage  a n d  subch o n d ra l bone  p la te . In  an  area 
o f a b o u t 2.5 m m 2 below  th e  subch o n d ra l bone p la te , th e  trab e cu la r  bone vo lum e (TBV) was 
de te rm in ed  by  m eans o f th e  eyepiece grad icu le  of M erz [22]. T he resu lts  w ere com pared  w ith  
th e  TM s ta te  in th e  reg io n  m easured .

Results

a) Histology-

According  to  th e  in d ica tio n  for h ip  jo in t  rep lacem en t, in  th e  osteo­
a r th ro tic  fem oral h ead , all degrees of ca rtilage  d es tru c tio n  h av e  been found. 
M ostly, the  TM w as invo lv ed  in  th is  process. I t  w as useful to  classify  th e  TM 
changes in to  th re e  degrees of sev erity  (Table I). F re q u e n t low-grade TM 
changes were d u p lica tio n s  an d  m u ltip lica tio n s of TM co m p o n en ts , b u t  we 
have  seldom  seen a tru e  TM  dup lica tio n  (F ig . 1). The d u p lica ted  lines were

Table 1

Classification o f T M  changes into three degrees o f severity

Degree I Degree 2 Degree 3

low-grade changes middle-grade changes high-grade changes

-j- reduplication  and  m ulti- -f- loss o f TM com ponents -(- to ta l  loss o f th e  TM
plication of TM com-
ponents p a rtia l m ineralization  of -f- advanced  m ineralization

-f- dim m ed TM lines hyaline cartilage of hyaline  cartilage

! TM splitting  and  floe- -j- vascular invasion in  th e -j- ossification  of calcified
culation TM and basal hyaline cartilage

- f  different w idth  of TM cartilage
-f- TM an d  bone “ b a ld ”

components

A cta  M orpliologica H u n g a r ic a  37 , 1989



TID EM A R K  CHANGES IN  OSTEO ARTHRO SIS 171

Fig. 1. L ow -grade TM change show ing a true  d u p lica tio n  of all TM  com ponents (hyc — hy a lin e  
cartilage, cc — calcified cartilag e , sb — su b ch o n d ra l bone, b m  — bone m arrow ), (m eth y l 

m e th acry la te , gallam ine-blue G iem sa, X l2 0 )
Fig. 2. L ow -grade TM change. T h e  dup lica ted  TM lines are  PA S n eg a tiv e  (arrow s), (a b b re v ia ­

tio n s see Fig. 1, m e th y l m e th acry la te , PA S re ac tio n , X 120)
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F ig . 3. T he in te rface  be tw een  th e  d u p lica ted  TM is m ineralized  (arrow s), (a b b re v ia tio n s  see 
Fig. 1, m e th y l m e th a c ry la te , von  K ossá, X 120)

F ig . 4. M iddle-grade TM change. T he TM line is d isap p eared  and an en to m b ed  ch o n d ro n  in to  
th e  m ineralized  b asa l cartilage  is v isible (arrow ). N ote  th e  av ascu lar, f ib rin o id  “ p lu g ”  (p) 
a d jacen t to  su b ch o n d ra l bone (sb) and  calcified  cartilage  (cc), (m ethy l m e th a c ry la te , L adew ig ,

X 120)
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Fig. 5. Sam e sam ple  as show n in  F ig . 4 sta ined  w ith  g a llam ine-b lue  G iem sa d e m o n s tra tin g  th e  
re la tiv e  in ta c t  lim it o f th e  low -grade a lte ra ted  TM  fo r  m in era liza tio n  (arrow s). T he “ p lugs”  (p) 

are also v isible (ab b rev ia tio n s see Fig. 4 , X 120)
Fig. 6. L ow -grade  TM changes (left p a r t)  and m id d le -g rad e  TM  a lte ra tio n s  (rig h t p a r t) . N ote  
th e  v ascu la r in v asio n  (v) in  th e  TM an d  basal h y a lin e  cartilag e  (hyc) beh in d  th e  progression  of 

m in era liza tio n  fro n t (m f), (m ethy l m e th a c ry la te , L adew ig, X l2 0 )
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Table II

Frequency o f  T M  changes in  normal and osteoarthrotic fem oral heads

Diagnosis
Number Degree of TM alteration % TM

(■») I I I I I I changes

Control persons

—  lo a d  a re a 12 3 l — 33
—  n o n - lo a d  a re a 12 5 — — 42

Femoral neck fracture

—  lo a d  a re a 13 5 2 — 53
—  n o n - lo a d  a re a 13 6 2 — 61

Coxarthrosis

—  lo a d  a re a 63 1 1 58 95
—  n o n - lo a d  a re a 63 22 18 2 66

P A S -negative  (F ig . 2) and  th e  in te rface  b e tw een  th e  lines w as a lread y  m in e r­
alized  as show n b y  th e  von  K ossá s ta in in g  (Fig. 3). O th er low -grade TM  
a lte ra tio n s  were d im m ed , floccu len t an d  sp litted  TM lines (Table I). T hese 
changes were also fo u n d  in  ab o u t one th ird  o f con tro l persons, b u t  in  2 5 %  of 
o s teo a rth ro tic  fem o ra l heads in  th e  non -loaded  zone (Table I I ) . In  th e  m iddle- 
grade stage of TM  changes th ere  w ere o n ly  p a r ts  of TM com ponen ts v isib le . 
A reas of calcified  basa l cartilage occu rred  w ith  en tom bed  chondrons an d  
la rg e r p e n e tra tin g  vessels appeared  in  th e  calcified cartilage  and  TM (F igs 
4 and  6).

F o r d em arca tio n  from  high-grade TM  a lte ra tio n s , it  was im p o r ta n t th a t  
th is  stage still show ed a re la tiv e ly  in ta c t  lim it of th e  TM for m in era liza tio n  
(F ig . 5). E specia lly  in  th e  load  area of th e  degenera tive  fem oral h ead  all k in d s 
of high-grade TM d estru c tio n s  were p resen t (Table I). These were ch a rac te rized  
b y  frag m en ta tio n  or to ta l  loss of th e  TM , adv an ced  m inera liza tion  an d  ossi­
f ica tio n  of basa l h y a lin e  and  calcified cartilag e , and , fina lly , a fte r to ta l  ab ras io n  
of cartilage, we could  see th e  so-called “ TM and  bone b a ld ”  acco rd ing  to  
F ran z  [7] (F ig. 7).

h) H istom orphom etry

The resu lts  o f  m easurem ents are sum m arized  in  T able I I I .  M ost im ­
p o r ta n t for in ta c t  TM  w as especially  on ly  low -grade fib rilla ted  cartilag e , i.e. 
fib ro cartilag in o u s covering. W ith  decreasing  hyaline cartilage  an d  increasin g  
fib ro cartilag in o u s tissue  th e  TM d e s tru c tio n  advanced . V aria tions in to ta l  
th ickness of a r tic u la r  cartilage w ere w ide an d  therefo re  th e  s ta n d a rd  d e v ia tio n  
re la tiv e ly  h igh. F o r th is  reason  i t  w as useful to  ev a lu a te  th e  p ercen tag e  of

Ada Morphologica Hangar lea 37, 1989
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F ig. 7. H ig h -g rad e  TM a lte ra tio n . N o te  th e  to ta l loss o f th e  TM, th e  ad v an ced  m in era liza tio n  
(1) and  o ss ificatio n  (2) of basal h y a lin e  cartilage. R e s ts  o f hyaline  cartilag e  in th e  m in era liza tio n  
fro n t (m f) a re  v isib le  (arrow s) (a b b re v ia tio n s  see F ig . 1, m ethy l m e th a c ry la te , Ladew ig, X 120)

Table III

Influence o f  thickness o f fibrocartilaginous tissue ( osteoarthrotic cartilage) ,  intact hyaline cartilage, 
calcified cartilage and subchondral bone plate as well as subchondral trabecular bone volume ( T B V )

on the T M  state

TM norm al Degree of tidem ark alteration

P aram eter I II III
(5 1 )“ (4 2 ) (21) (60)

Fibrocartilag inous
tissue (/tin) 70 ±  40b 202 ±  142 380 ±  230 605 ±  310

H yaline cartilagew 1020 +  170 714 +  295 320 ±  212 70 +  49

Calcified cartilage
(/<m) 161 ±  9 141 ±  15 132 ±  24 112 ±  46

Subchondral bone p late
( /m ) 140 +  24 86 +  17 54 +  21 281 ±  68

Subchondral TB V -
(m m 3/cm 3) 20 ±  4.4 12.4 ±  3.1 13.6 +  4.8 49.1 ±  11.2

a n u m b er o f m easured slices; bm ean  +  SD

Acta Morphologica Hungarica 37, 1989
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Percentage of intact hyaline cartilage from total thickness of 
articular covering

%

Low-grade Middle-grade High-grade 
Normal Changes

Tidemark

F ig . 8. P e rcen tage  of in ta c t  hya line  cartilag e  fro m  to ta l  th ick n ess o f  a r tic u la r  covering  in
com parison  to  th e  TM s ta te

in ta c t  from  th e  to ta l  th ickness of ca rtilag e  (F ig. 8). T he d ifferences be tw een  
all groups were notv s ign ifican t. The th ick n ess  o f calcified cartilage  rem ain ed  
fa irly  c o n s tan t desp ite  of low- an d  m idd le-g rade  TM changes (Table I I I ) .

O nly n o rm al T B V  in  th e  su b ch o n d ra l spongy area  w as accom pan ied  b y  
in ta c t  TM s tru c tu re . O steopenia, b o th  in  fem oral neck frac tu re  an d  th e  n o n ­
load  area of fem oral heads in OA, as well as in  osteosclerosis (in th e  load  a rea  
of o steo a rth ro tic  jo in t  heads) were accom pan ied  by  TM a lte ra tio n s  (Table I I I ) .

Discussion

W e confirm  th a t  th e  red up lica tion  o fT M  com ponen ts is the m ost co m ­
m on TM change a t  th e  early  stage o f OA. I ts  occurrence in  h ea lth y  jo in ts  is 
focally  possible. As rep o rted  by  G reen e t al. [9] in  th e  h u m an  p a te lla  th e re  
are, on average, 1 .1 3 ^ 0 .0 6  TM lines. In  f ib rilla ted  a rtic u la r  cartilage th e ir  
num ber increased  to  1 .5 8 ^ 0 .0 9 .

The d is tan ce  betw een  th e  d u p lica ted  lines ranges from  2 /иm to  150 /um 
[9]. TM re d u p lica tio n s  occur often  in  y o ung  ad u lts , as w as s ta te d  by H ay n es  
[13] and  L ane e t al. [18]. Some a u th o rs  describe an  increase in  TM m u lt i ­
p lications w ith  ageing  (3.11, 13.18). A ll p a tie n ts  exam ined  in  th is  s tu d y  w ere 
older th a n  50 y ea rs . In  ab o u t one th ird  th e y  have show n low -grade TM a l te r ­
ations inc lud ing  TM  red u p lica tio n  desp ite  of in ta c t  ca rtilag inous su rface . 
N evertheless, t ru e  dup lica tions of all TM  com ponen ts w ere ra re ly  observed .

Acta Morphologica Hungarica 37, 1989
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W e can also con firm  th e  opinion th a t  d is tin c t TM m ultip lica tio n s are 
o ften  accom panied b y  f ib rilla tio n  of a r tic u la r  cartilage [9, 13]. Low -grade 
TM changes m ust be in te rp re te d  as early  signs of th e  d is tu rb ed  b a rrie r  function  
a t th e  m ineralization  fro n t. The acce lera ted  m inera liza tio n  an d  ossification  of 
basa l a r tic u la r  cartilage  to w ard s its  su rface  have  been  d e m o n s tra te d  b y  
H aynes [13] using trip le  labelling . On th e  basis o f our prev ious s tu d y  [27], 
we em phasize th e  m orphological and  fu n c tio n a l concept of th e  TM  as th e  lim it 
of p ro m o to rs  and  in h ib ito rs  of m in era liza tio n . U nder pa tho log ica l conditions 
th e  a r tic u la r  cartilage is on ly  p a r tly  able to  ensure th is  dynam ic  equilib rium . 
By developing  new s tru c tu re s , sim ilar to  th e  orig inal TM, th e  a rtic u la r  c a r ti­
lage can  stop  or delay  th e  m inera liza tio n  o f basa l hyaline  ca rtilage . This 
process re flec ts  the  re p a ra tiv e  m echanism s on th e  cartilage-bone b o u n d ary  
in  OA. A fter the  b reakdow n  of th is  s tag e , th e  basa l cartilage  is n o t able to  
lim it pa tho log ica l m inera liza tion . M arked v ascu la r  invasion  an d  d istu rbances 
of m inera liza tio n  in  calcified  cartilage a n d  su b ch o n d ra l bone as well as accel­
e ra te d  enchondral ossifica tion  and  su b ch o n d ra l osteosclerosis can  prom ote  
these  ev en ts  decisively.

TM  sp littin g  and d im m ed  TM lines a re  o th e r TM changes described  in 
the  l i te ra tu re  [12, 21] in  analogy  to  th e  low -grade TM a lte ra tio n s  rep o rted  
in  th is  s tu d y . In  H eb erd en ’s arth rosis, Irlen b u sch  [15] and  D om inick  [5] 
observed  some cases w ith  TM  “ flak ing” . I t  is a fu r th e r  h in t to  th e  generally  
accep ted  v u ln e rab ility  o f th e  TM  zone [4, 27, 31].

In  5 of 63 p a tie n ts  w ith  coxarth rosis  we observed  only  low -grade TM 
a lte ra tio n s  in  th e  load a rea  o f th e  fem oral h ead  desp ite  of nearly  to ta l  abrasion  
of ca rtilag in o u s covering. In  these  cases th e  cartilage  d es tru c tio n  seem s to  be 
a p u re ly  m echanical one. O n th e  o th e r h a n d , th is  phenom enon  m ay  p o in t 
to  in d iv id u a l differences in  re a c tiv ity  an d  re p a ra tiv e  p o ten cy  of th e  TM  region, 
as w as show n in osteological exam in a tio n s o f  su b ch o n d ra l bone in  OA [26].

TM  changes seem to  be th e  secondary  effect of cartilage  fib rilla tio n  and 
e lev a ted  subchondral bone tu rn o v e r  [9, 12, 32]. B u t Jo h n so n  [16] supposes 
th e  d is tu rb e d  rem odelling  of th e  bone-cartilage  b o u n d a ry  to  be th e  causal 
fac to r o f OA. P red o m in an tly  s tru c tu ra l a n d  b iochem ical TM changes can 
ex ert p rim a ry  influence on th e  pathogenesis o f OA [5, 15, 28, 32]. As show n 
by  h is to m o rp h o m etry  in th is  s tu d y , it  is h a rd ly  possible to  d e te rm in e  w hich  
of th e  phenom ena is th e  p rim ary . We suppose  a com plex an d  m u tu a lly  in ­
ductive  beh av io u r of th e  neighbouring  m orpho log ical s tru c tu re s . In d e p e n ­
d en tly  of th e  place of p r im a ry  lesion, be i t  in  th e  subchondra l bone, calcified 
ca rtilage , TM  or hyaline cartilag e , th e  d is tu rb a n c e  gains g rea te r significance 
only a f te r  including  ne ighbouring  s tru c tu re s .

In  th e  calcified lay e r of a rticu la r ca rtilag e , blood vessels are p resen t 
ex ten d in g  in close p ro x im ity  to  chondrocy tes [8]. U nder physio logical condi­
tions L an e  e t al. [17] h av e  found  on an  av e rag e  300—400 sm all vessels per
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64 m m 2 in th e  calcified  cartilage  o f fem oral heads. In  OA h y p e rv a sc u la rity  
o f  th e  subchondral bone and  m ark ed  v ascu la r in v asio n  in th e  cartilage  w ere 
n o ted  by  some a u th o rs  [10, 20, 30, 33]. N ot on ly  th e  p e n e tra tio n  of la rg e r 
vessels in to  th e  calcified  cartilage  rep resen ts a sensitive  s ta n d a rd  of th e  h is to ­
logical stage of OA, as rep o rted  b y  P om m er [29], b u t  also all o th e r described  
TM  changes. T he role of th e  TM  in  th e  progress of th e  o s teo a rth ro tic  disease 
seem s to  be m ore im p o rta n t. A fte r th e  b reakdow n  of th e  in h ib ito ry  fu n c tio n  
o f th e  TM for m in era liza tio n , th e  cartilage  will be m ore rig id  and  d irec ts  th e  
jo in t  finally  on a p a th w a y  of m echan ical se lf-destruc tion  [13].

Green e t al. [9] have re p o rte d  th e  norm al th ick n ess  of th e  calcified  lay e r 
o f  a rticu la r ca rtilag e  to  be 134 +  7 m icrons as m easu red  in  p a ra ffin  sec tions. 
T h ey  could n o t see s ign ifican t d ifferences w ith  ageing, c o n tra ry  to  L ane an d  
co-w orkers [18]. M iiller-G erbl e t al. [23] have  estab lished  th a t  th e  th ick n ess  
o f th e  calcified la y e r  corresponds closely to  th a t  of th e  to ta l  cartilage . T he 
v a lu e  of the  calcified  lay er expressed  as a p ercen tage  of th e  to ta l  ca rtilag e  
vo lum e varied  in  h u m a n  fem oral heads b y  as m uch  as 5 .08%  (range: 3 .72%  — 
8 .8 % ).

The volum e of th e  calcified  zone was n o t on ly  c o n s tan t for one jo in t ,  
b u t  also in  all th e  jo in ts  of a single in d iv idua l [23, 24]. Also a fte r  life-long 
m ig ra tion  of th e  TM  region in  d irec tion  to  th e  surface, th e  th ick n ess  o f c a l­
cified  cartilage seem s to  rem ain  fa irly  c o n s tan t [13]. W e agree w ith  G reen 
e t al. [9] th a t  th is  phenom enon  is func tio n a lly  contro lled . The re la tiv e ly  
co n stan t th ick n ess  of th e  calcified  cartilage  desp ite  of low- and  m idd le-g rade  
TM  a lte ra tio n s w as a lread y  observed  in th e  early  stage  of OA by  G reen  e t 
al. [9]. The th ick n ess  of th e  calcified  cartilag inous lay er depends u p o n  m e c h a n ­
ica l factors [26, 27, 34]. O nly in  an im al ex perim en ts could be a selective in ­
crease induced  in  th e  th ick n ess  o f calcified cartilage  [6].

In  h igh -g rade  osteopenia , th e  bone-m arrow  space ab u ts  d irec tly  on th e  
calcified layer of a r ticu la r  ca rtilag e  w ith o u t an y  sign of frac tu res  (see F ig . 4). 
T h is phenom enon  was only observed  in fem oral sam ples, m ost often  in  th e  
non -w eigh t-bearing  areas, in  ag reem en t w ith  th e  observations of S to u g a rd  
[4] m ostly  accom pan ied  b y  m iddle-grade TM changes. We observed  th e  so- 
called “ p lugs”  in  the  non-load  area  of o s teo a rth ro tic  fem oral heads (see 
Figs 4 and  5). A ccording to  G reen e t al. [9] these  “ plugs”  are av ascu la r, 
necro tic  tissue com ponen ts w hich  ad jo in  th e  su b ch o n d ra l bone p la te  or d ire c tly  
th e  calcified cartilag e . F ib rin o id  “ plugs”  w ere described  b y  A b e n d ro th  [1] 
also in rh e u m a to id  a rth ritis .

S um m ariz ing  our ex am in a tio n s we show ed th a t ,  u n d er pa th o lo g ica l 
conditions, th e  m in era liza tio n  of a rticu la r ca rtilage  progressed to w ard s th e  
jo in t surface. I t  w ould be v e ry  in te restin g  to  s tu d y  w eth er th is  m echan ism  
in  osteom alacia, for exam ple, will proceed th e  opposite-d irec tion  b y  hypo- 
m ineralization  o f calcified cartilag e  and  bone.
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MORPHOLOGY OF SUPRAVITAL BRAIN SLICES 
PRE-INCUBATED IN A PHYSIOLOGICAL SOLUTION 

PRIOR TO FIXATION

F . H a jó s1, J . Ga r t h w a it e2, G. Ga r t h w a it e2, A. Cs il l a g 1

HST D EPA RTM EN T OF ANATOMY, SEM MELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DAPEST, HUNGARY. 
D E P A R T M E N T  OF V ETERIN A RY  PHYSIOLOGY AND PHARMACOLOGY, U NIV ERSITY  OF LIV ER PO O L , UNITED

KINGDOM

(R eceived 6 F e b ru a ry  1989)

Slices of 400 th ickness w ere p rep ared  from  v arious regions o f  th e  a d u lt ra t  
b ra in  using a v ib ra to m e , and in cu b a ted  in o x ygenated  K reb s-H en se le it m ed ium  fo r 3 h 
p rio r  to  processing for lig h t and  e lec tro n  m icroscopy. P rev ious fin d in g s in  cerebellar 
slices suggest th a t  th e  s tru c tu ra l recovery  requ ires a t  lea s t a 1 h  period  of incubation . 
In  th e  p resen t s tu d y , v ib ra to in e -cu t slices of o th e r b ra in  areas such as th e  h ippocam pus, 
p a r ie ta l  cortex , s tr ia tu m  and  m edian  em inence w ere show n to  d isp lay  a f te r  th is period 
a gross and  fine  s tru c tu re  com parab le  to  in  s itu  fixed  tissues, a n d  to  re ta in  i t  fo r a t least 
3 h  o f incubation . T hese areas are th o u g h t to be p rom ising  fo r fu r th e r  in  v itro  fu n c tio n al 
m orphological ex p erim en ta tio n .

K eyw ords; B ra in , tissue slices, u l tra s tru c tu re

Introduction

T he p o ten tia litie s  o f w orking w ith  in cu b a ted  b ra in  slices have  am ply  
been  ex p lo ited  in  neu rophysio logy  an d  n eu ro ch em istry  [see fo r R eferences 3] 
h u t  n o t  in  neurom orpho logy . T he d e lay ed  recognition  of th e  usefulness of 
these  p rep a ra tio n s  follows from  the genera l a tt i tu d e  of m orpho log ists tow ards 
th e  w ay  of p rese rv a tio n  of s tru c tu re  a t  th e  EM level. T he m ain  goal of EM 
fix a tio n  procedures is to  p rev en t s tru c tu ra l  d is in teg ra tio n  b y  m in im izing  th e  
tim e  elapsing  betw een  cessation  o f b lood  supp ly  and  exposure  to  f ix a tiv e . 
To ach ieve  th is , in itia lly , sm all tissue sam ples were excised from  an aes th e tized  
an im als  and  im m ersed  im m ed ia te ly  in to  th e  f ix a tiv e . B y  th e  m id  70s it 
w as, how ever, realized  th a t  in  sp ite  o f all efforts to  h u rry  w ith  sam pling  th e  
slow p e n e tra tio n  of f ix a tiv e s  th ro u g h  cell m em branes leaves tim e  fo r hypoxic 
an d  o th e r  post m o rtem  a lte ra tio n s  [9, 17, 21]. As an  a lte rn a tiv e , th e  vascu la r 
perfusion  of the  fix a tiv e  (usually  an a ldehyde  or a m ix tu re  o f a ldehydes) under 
an aes th es ia , follow ed b y  th e  im m ersion  of excised tissue  b locks in to  osmic 
acid so lu tio n  has been proposed [18]. T h is procedure has w idely  been  accep ted  
an d  is to  da te  th e  m e th o d  of choice in  m ost m orphological lab o ra to rie s .

S en d  o ffp rin t req u ests  to : Dr. F . H ajós, D ep t, o f A n a to m y  and  H isto logy , V e te rin a ry  
U n iv e rsity , B udapest, P .O . B ox 2, H-1400, H u n g a ry
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In  prev ious stud ies we h av e  d em o n stra ted  [6, 8] th a t  r a t  cerebellar 
slices m ain ta in ed  in  v itro  need  a recovery  period before  th e y  show a reasonable 
fu n c tiona l perfo rm ance  as ju d g e d  b y  record ing  e lec trical a c tiv ity  and  m easu r­
ing  nucleotide sy n th esis . P a ra lle l lig h t- and  e lec tron  m icroscopic stud ies have 
revealed  a process of s tru c tu ra l re s titu tio n  ta k in g  as a reference th e  a p p ea r­
ance of in  s itu  a ldeh y d e-p erfu sed , osm ium -postfixed  nervous tissue. This 
observation  en ab led  us to  s tu d y  th e  m orphological effects of agents applied  
to  th e  in cu b a tio n  m edium  in  cerebellar slices m a in ta in e d  in  v itro  [4, 5, 6, 14].

C onditions o f  p ro duc ing  v iab le  slices of th e  r a t  cerebellum  w ere discussed 
in  an  earlier w ork  b y  G arth w a ite  e t al. [8]. F rom  these  s tu d ies  i t  em erged th a t  
c u ttin g  by  h an d , v ib ra to m e  or chopper m akes a difference to  v iab ility , to  an  
e x te n t w hich depended  on th e  age o f th e  an im al. W hile 8-day-o ld  cerebella 
could read ily  he sliced b y  a m echan ical chopper, a t  an  o lder age th is  m ethod  
y ielded  no v iab le  slices. O n th e  o th e r h an d , v ib ra to m e  slices of th e  cerebellum  
show ed a s tru c tu ra l an d  fu n c tio n a l recovery  even  in  th e  a d u lt.

E ncouraged  b y  th e  re su lts  o b ta in ed  in  th e  cerebellum , we a tte m p te d  
to  cu t v ib ra to m e  slices from  v arious b ra in  areas an d  in c u b a te d  th em  to  see 
i f  th e y  w ere capab le  of s tru c tu ra l  recovery . B y  th is  we in ten d ed  to  explore 
new  CNS regions su itab le  fo r in  \ i t r o  fu n c tiona l m orphological studies.

Materials and methods

B rains o f a d u lt  a lb ino  ra ts  (250 g b o d y  w eight, e ith e r  sex) w ere rem oved  from  th e  skull 
an d  d issected in to  th e  follow ing p a r ts :  cerebellum , h ip p o cam p u s, p a r ie ta l  cortex , s tr ia tu m , 
hy p o th a lam u s, m esencephalon-pons an d  m edulla. T he tissue  w as fix ed  b y  cyan o acry la te  glue 
to  a specim en stage  a n d  in som e cases covered  w ith  3%  a g a r in  saline k e p t liqu id  a t  37 °C b y  
continuous s tirrin g . V ib ra to m e  sec tions of 400 fim  th ick n ess w ere cu t in  various p lanes using  
a V ibroslice (C am pden  In s tru m e n ts ) , an d  in cu b a ted  for 3 h  in  a K rebs-H en se le it so lu tion  in 
a 37 °C shak ing  w a te r  b a th . T he in cu b a tio n  m edium  co n ta in ed  (m M ): NaCl (118), KC1 (4.7), 
CaCl2 (2.5), N a H C 0 3 (25), K H 2PO  , (1.19), M g S 0 4 (1.18) an d  glucose (11) an d  teas eq u ilib ra ted  
w ith  5%  CO2 in  О 2. Slices w ere fix ed  b y  a m ix tu re  of 4 %  p a ra fo rm ald eh y d e  and  2 .5%  g lu ta r- 
aldehyde in 0.1 M p h o sp h a te  b u ffer (p H  7.4). A fter an  o v e rn ig h t w ash in ph o sp h a te  b u ffer th e y  
w ere im m ersed fo r 1 h  in to  1%  osm ic acid , d eh y d ra ted  w ith  g rad ed  e th an o l and  p ropylene  
oxide and em bedded  f la t  in  D u rc u p an  (F lu k a). U ltrah in  an d  0 .5 - -1  fin i  sem ith in  sections w ere 
cu t w ith  a Tesla u ltra m ic ro to m e  an d  sta in ed  w ith  u ra n y l a c e ta te  — lead  c itra te  and  1%  
to lu id ine  blue, re sp ec tive ly . E le c tro n  m icrographs were m ad e  w ith  a Tesla BS 500 electron  
m icroscope.

Results

In  all slices th e  c u t surfaces show ed considerab le  s tru c tu ra l dam ages 
dow n to a 5 —15 pm  d e p th  an d  w ere n o t ev a lu a ted . T he re s t of th e  tissue w as 
of even q u a lity .
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F ig . 1. Cerebellar slice (sag itta l) , 3 h  incu b a tio n . In se t shows the ligh t m icroscopic a p p e a r­
an ce  ( x  1.100) of a P u rk in je-cell in  a to lu id in e  b lu e-sta ined  sem ith in  section . A p o rtio n  of 
th is  cell can be seen in a low -pow er e lec tron -m icrograph . Cell m em brane  is in ta c t, th e  n u ­
cleus is in d en ted  p a rticu la rly  a t  its  asp ec t facing  th e  orig in  of th e  m ain  d en d ritic  shaft, 
th e  nucleolus is p ro m inen t. M itochondria  (M) ap p ear as d a rk  oval or bacillifo rm  profiles. 
C isternae of th e  rough  endoplasm ic re ticu lu m  (R E R ) are sc a tte re d  th ro u g h o u t th e  cytop lasm  
o ften  su rro u n d ed  b y  clouds of free ribosom es. T he Golgi a p p a ra tu s  (Go) consists o f parallel 
e lo n g a ted  sacs and num erous vesicles, lysosom es (ly) are d ark . T he P u rk in je-cell is su rrounded  
b y  a glial envelope (gl) leav ing  room  only  fo r a few p re sy n ap tic  te rm in als  (arrow s) to  co n tac t 
th e  cell body . A t top  an  a rea  of th e  low er m olecu lar lay e r is v isible w ith  cross-sectioned b u n ­
dles o f paralle l fib res (pf). D ouble  a rrow  p o in ts  a t  a ty p ica l axon-sp ine synapse  be tw een  paralle l 
f ib re  an d  Purk in je-cell d en d ritic  spine. R e cu rre n t co lla terals o f th e  P u rk in je -ax o n  (rc) are th e  
on ly  m y elin a ted  e lem ents o f th is  neu rop il region. A t ex trem e  rig h t a p o rtio n  of th e  g ran u la r 

lay e r is to  be  seen w ith  ch ara c te ris tic  g ran u le  cells (g). X 9.000
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Cerebellum

C erebellar slices were cu t in e ith e r  the  sa g itta l p lane or long itud ina lly  
from  the  piai su rface  o f th e  verm is an d  y ielded  sim ilar resu lts  upon  in cu b a tio n . 
In  sem ith in  sec tions (F ig. 1, inset) all cell ty p es  o f th e  cerebellar co rtex  were 
recognized b y  th e ir  ty p ica l ap p earan ce . Purk in je-ce lls had  a p ro m in en t 
nucleolus and  a cy to p lasm  pack ed  w ith  organelles up  to  th e  m ain  dendritic  
sh a ft. The nu c lea r s tru c tu re  of m icroneurons and glial cells was ch a rac te ris tic . 
G ranule cells h ad  ro u n d , sm all nuclei w ith  d a rk ly  s ta in in g  clum ps of ch ro m atin . 
T he ligh t, in d e n te d  nucleus of m olecular layer in te rn eu ro n s w as c learly  visible. 
A stroglial cells in c lu d in g  th e  B ergm ann  glia w ere conspicuous b y  th e ir  pale 
nuclei, w ith  w ell-ou tlined  n uc lear envelope and  ex cen trica lly  lo ca ted  nucleolus. 
T he ligh t, “ w a te ry ”  cy top lasm  of a strog lia  was also ev iden t.

The e lec tro n  m icroscopic s tru c tu re  of in c u b a te d  cerebellar slices (Figs 
1, 2) ap p a ren tly  d id  n o t differ from  th a t  o f the  in  s itu  fixed  cerebellum . P u rk in je - 
cells were load ed  w ith  aggregations of free ribosom es and  condensed m ito ­
chondria , n u c lea r folds were facing th e  origin of th e  d en d ritic  sh aft. The 
P urk in je-cell b o d y  w as su rro u n d ed  b y  a glial sh ea th . In  th e  m olecular lay er 
P u rk in je  d en d rite s  an d  cross sections of para lle l fib res w ere seen, a few of 
th em  synapsing  w ith  den d ritic  spines. T he g ran u la r lay e r (Fig. 2) con ta ined , 
in  ad d itio n  to  no rm al-look ing  g ranu le  cells, large m ossy te rm in a ls  synapsing  
w ith  several d e n d ritic  appendages in  th e  ty p ica l g lom eru lar fo rm atio n . M yelin 
sh ea ths were w ell p reserved  even a t  th e ir  te rm in a l sites and  R anv ier-nodes. 
A n e labora te  as tro g lia l system  enm eshed  th e  g ran u la r  layer. No swelling of 
glial cells or processes was enco u n tered . G lycogen granules occurred  sca tte red  
in  glial processes.

Hippocampus and dentate gyrus

Slices w ere c u t tran sv e rse ly  to  th e  long itu d in a l axis of th e  h ippocam pal 
fo rm ation . B o th  su rv ey  and  oil im m ersion  ligh t m icroscopy revealed  a good 
overall and  ce llu la r p rese rv a tio n  o f th e  h ippocam pus. P y ram id a l cells o f CA1 
(F ig. 3 A) s ta in e d  lig h tly , th e ir  la rge , round  nuclei w ith  one or m ore nucleoli 
were p ro m in en t. U n d er oil im m ersion  m itochondria  and  lysosom es could be 
perceived. A stro cy tes  in  th e  p y ram id a l layer, h u t n o t elsew here in th e  h ip p o ­
cam pus an d  d e n ta te  gyrus, were d a rk , granule cells an d  th e  neu rop il o f th e  
d e n ta te  gyrus show ed no p a tho log ica l a lte ra tio n  (F ig . 3 B).

E lec tron  m icroscopy co rro b o ra ted  th e  im pression  of good p reserv a tio n . 
P y ram id a l cells (F ig . 4) h ad  a sm o o th -con tou red  nucleus w ith  even ly  d is­
tr ib u te d  c h ro m a tin  an d  p ro m in en t nucleoli, sc a tte re d  R E R , m ito ch o n d ria  and  
lysosom es lo ca ted  m ain ly  a t  th e  orig in  of th e  apical d en d rite . On th e  cell b o d y  
an d  dendritic  sh a fts  num erous synapses were observed . T he neu rop il of th e

Acta Morphologica Hungarica 37, 1989



M ORPHOLOGY O F T H E  ADULT RAT BRAIN 185

Fig. 2. C erebellar slice (sag itta l) , 3 h  in cu b a tio n . T he neuropil of th e  g ra n u la r  lay e r co n ta in s 
profiles of g ia n t te rm in als o f m ossy fib res (Mo) su rro u n d ed  by  th e  p o stsy n ap tic  p ro tru sio n s of 
g ranu le  cell d e n d rite s  (Gd). T he m ossy te rm in a l a t  th e  b o tto m  is seen to em erge from  th e  
m y elin a ted  m ossy  fib re . T he end ing  of th e  m yelin  sh ea th  (arrow ) is fu lly  p reserved  show ing 
th e  in d iv id u a l lam ellae  to  tu rn  back  so as to  enclose a sm all a m o u n t o f o ligodendroglial c y to ­
plasm . M ossy te rm in a ls  co n ta in  n um erous ro u n d  sy n ap tic  vesicles an d  e longated  m ito ch o n d ria . 
Golgi te rm in a ls  (Go) can be recognized by  co n tac tin g  th e  p e rip h era l side of th e  g ran u le  cell 
d en d rites  a n d  b y  con ta in ing  p leom orphic  sy n ap tic  vesicles. G lial processes (gl) are  fo u n d  
th ro u g h o u t th e  neurop il con ta in ing  glycogen g ranules. A t b o tto m  a p o rtio n  of a g ranu le  cell is

visible. X 20.000
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Figs 3 A , B. H ip p o c am p al slice (tran sv erse ), 3 h  in cu b a tio n . O il-im m ersion p ic tu re  of th e  CA1 
area in to lu id ine  b lu e -s ta in ed  sem ith in  sections. A: P y ram id a l cells (P ) look norm al, p e rik a ry a l 
and  dendritic  m ito c h o n d ria  a p p ea r as d a rk  d o ts ( x  1.100). B: G ranule  cells from  th e  u p p e r

lim b of th e  d e n ta te  g y ru s  (X  1.100)
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F ig . 4. E le c tro n  m ic ro g rap h  of a p y ra m id a l cell fro m  th e  h ip pocam pal slice ( tran sv erse ) in ­
cu b a ted  for 3 h . T h e  cy top lasm  co n ta in s sc a tte re d  c is te rnae  of R E R , Golgi vesicles (Go), 
m ito ch o n d ria  (m ) a n d  lipofuscin  g ranules (If). T he nucleus is ovoid w ith  sparse ly  d is tr ib u te d  

c h ro m a tin  and  eccen trica lly  lo ca ted  nucleolus. X 16.000
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pyram ida l lay e r a n d  o f th e  s tra tu m  ra d ia tu m  an d  oriens looked u ltra s tru c -  
tu ra lly  in ta c t ex cep t for some cross-sectioned m y elin a ted  fib res w hich were 
lacking axonal cy to p lasm . S im ilarly  w ell-preserved  w as th e  fine s tru c tu re  of 
th e  d en ta te  gy ru s. T he m olecular lay e r (F ig . 5) w here a p a rticu la rly  h igh 
num ber of n eu ro n a l processes and  synapses are densely  packed , show ed no 
obvious sign of dam age.

Cerebral cortex

In  th e  p re se n t s tu d y  fro n ta l slices of th e  p a rie ta l co rtex  were in cu b a ted . 
In  th is b ra in  a rea  in cu b a tio n  resu lted  in  a sw elling o f dendrites in  lay e r I, 
while th e  overall s tru c tu re  of deeper layers ap p eared  in ta c t  bo th  ligh t- and  
electron m icroscopically  (F ig. 6). In  sem ith in  sections (F ig . 6, inset) n e ith e r  
cellular nor n eu ro p il d is in teg ra tio n  w ere seen. U nder th e  electron m icroscope 
th e  cell bodies ap p e a re d  w ell-preserved. P e rik a ry a l m itochondria  were som e­
w hat less condensed  th a n  m itochondria  in  th e  neurop il. P y ram id a l d en d rite s  
were followed fo r considerab le d istances from  th e ir  cells of origin (F ig . 7). 
T heir synapses a n d  su rro u n d in g  looked norm al.

Striatum

S tr ia ta l slices c u t in  b o th  fro n ta l an d  h o rizo n ta l p lanes showed no gross 
s tru c tu ra l d am ag e  a fte r  incu b a tio n . U pon lig h t m icroscopic ex am in a tio n  
(Fig. 8, inset) th e  neurons and  th e ir  su rro u n d in g  n eu rop il were found  in  good 
condition. T h is f in d in g  w as su p p o rted  b y  e lec tron  m icroscopy (Fig. 8). N ev er­
theless, in  th e  b u n d les  of m y elin a ted  fib res of th e  pericellu lar areas w ere 
in ta c t. In  th e  u n m y e lin a ted  neurop il of s tr ia tu m  (Fig. 9) all fine s tru c tu ra l 
details were fo u n d  preserved .

Hypothalamus

F rom  th e  h y p o th a lam u s p roper no slices were o b ta in ed  w ith  an  ac c e p t­
able gross or fin e  s tru c tu re . In  sh a rp  c o n tra s t to  th is , th e  m edian em inence, 
a region n o to rio u s for its  poor f ix a tio n  b y  perfusion , d isp layed  in  v itro  a 
rem arkab le  degree of fine  s tru c tu ra l p rese rv a tio n . T his applied  n o t on ly  for 
slices of e ith e r  p lan e  h u t also for th e  excised w hole m ed ian  em inence in d i­
cating  th e  e x tra o rd in a ry  in  v itro  v ia b ility  of th is  b ra in  area. In  sem ith in  
sections cu t in  th e  fro n ta l p lane (F ig . 10, inse t) all lay ers  of th e  in cu b a ted  
m edian em inence could be su rveyed , from  th e  ep en d y m al lining of th e  in ­
fu nd ibu la r recess dow n to  the  zone of p o rta l capillaries n ear th e  basa l surface. 
E lec tron  m icroscop ica lly  th e  in te rn a l an d  m iddle zones w ere seen to  co n ta in  
m icrovillous ep en d y m a l cells and sec tioned  profiles of nerve fibres, respec tive ly
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Fig. 5. M olecular lay e r o f th e  u p p e r lim b of d e n ta te  gyrus in  th e  h ip pocam pal slice ( tran sv e rse )  
in cu b a ted  fo r 3 h. L arge d en d rite s  (D) can  b e  recognized on th e  basis o f th e ir  p e rp en d icu la r 
course, e longated  m ito ch o n d ria , a rray s o f m ic ro tu b u le s  and occasional R E R  (arrow s). N u m e r­
ous ах о -d en d ritic  spine synapses (double a rro w ) can  be observed. P re sy n ap tic  ax o n  te rm in a ls  

c o n ta in  sy n ap tic  vesicles an d  often  a m o d e ra te ly  swollen m ito chondrion . X 16.000

5* Acta Morphologica Hungarica 37, 1989



190 F. HAJÓS et al.

F ig. 6. Sm all p y ra m id a l cell from  lam ina  I I I  o f a slice (fro n ta l) from  th e  p a rie ta l cortex  in ­
cu b a ted  for 3 h. In se t  show s th e  overall s tru c tu re  o f th e  cell and its  su rro u n d in g  neuropil 
in  a to lu id ine b lu e-s ta in ed  sem ith in  section  (X  1.100), w hile th e  electron  m icrograph  enlarges 
on  a po rtion  of th is  cell. T he cy to p lasm  contains f la tte n e d  c is te rnae  of R E R , lysosom es (ly) 
and  aggregations o f free  ribosom es. The ribosom e-free a reas are p e rm eated  b y  neuro filam en ts 
a n d  neu ro tu b u les (a rro w s) a rran g ed  in paralle l bundles a t  th e  origin o f a d e n d rite  (D). The n u ­
cleus is oval w ith  ev en ly  d is tr ib u te d , sparse ch ro m a tin  an d  a p ro m in en t nucleolus. The neurop il 
a d jacen t to  th e  cell b o d y  show s a good p reserva tion  on ly  som e d endrites look sligh tly  ̂ swollen.

X 16.000
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Fig. 7. P a rie ta l cortical slice (fro n ta l) in cu b a ted  fo r 3 h. The neurop il is to be seen a ro u n d  th e  
p y ra m id a l basal d e n d rite  (D ) in lam ina  Y. T he d en d rite  co n ta in s num erous m icro tubules 
an d  som e R E R  (arrow s). T he sh a ft of th e  d e n d rite  is co n tac ted  by  several p re sy n ap tic  boutons 
(sy) one of w hich form s a sy n ap se  (double arrow ). In  th e  v ic in ity  o f th e  d en d rite , p re sy n ap tic  

b ou tons fo rm  synapses w ith  d en d ritic  spines (sp) X 32.000
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F ig. 8. S tr ia ta l slice (fro n ta l) in cu b a ted  fo r 3 h. In se t: lig h t m icroscopic view  (x 4 2 0 )  o f a 
s tr ia ta l  region in to lu id in e  b lue-sta ined  sem ith in  section. T he cell in d ica ted  b y  arrow  is show n 
in  th e  e lectron  m icrograph . The cy top lasm ic  area w here a d e n trite  (D) o rig inates from  can  be 
seen to  co n ta in  e lo n g a ted  c isternae of R E R , m ito ch o n d ria , lysosom e (ly) an d  an  accum ula tion  
of sm ooth  endop lasm ic  re ticu lum  (S E R ) vesicles. The cell body  and  th e  d en d ritic  sh a ft is rich ly  
supplied  w ith  sy n a p tic  axon te rm in als (arrow s), th e  d en d rite  con ta ins bund les of m icro tubules.

T he su rrounding  neurop il appears to be norm al. X 16.000
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Fig. 9. N europil of th e  s tr ia ta l  slice (fro n ta l) in cu b a ted  for 3 h. T he large den d rite  c u t long i­
tu d in a lly  (D j) co n ta in s an  e longated  m itochondrion  (m ) a n d  m icro tubules (m t). Several 
p re sy n ap tic  bo u to n s (sy) a re  v isible synapsing  w ith  d en d ritic  appendages. In  th e  m iddle, a largi- 

d en d rite  is in  cross section  (D 2). X 40.000
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Fig. 10. In se t show s th e  m edian  em inence slice (fro n ta l) in cu b a ted  for 3 h as seen in  a to lu id ine  
b lue  sta in ed  sem ith in  section. The in fu n d ib u la r  recess ( IR )  of the  I l l r d  v en tric le  is bordered  
from  below  by th e  m ed ian  em inence consisting  of in te rn a l (I), m iddle (M) an d  e x te rn a l (E ) 
zones. T he ep en d y m al lining of th e  v e n tricu la r  floor and th e  capillary  loops of th e  ex te rn a l 
zone can  well be seen (X 9 0 ). In  th e  e lec tro n  m ic ro g rap h  th e  in te rn a l zone is show n a d jacen t 
to  th e  floor o f th e  in fu n d ib u la r recess (IR ). T he ependym al lining form ed b y  m icrovillous 
ependym al cells (EC ) is well p reserved . U n d e rn ea th  th e  ependym a a v a rie ty  o f profiles can  be 
seen som e co n ta in in g  g ran u la ted  vesicles. A rrow  p o in ts  a t  a synapse ra th e r  in freq u en t in th is 

region. A t r ig h t a d ila ted  cap illa ry  lum en  (C) is to be observed (X  16.000)
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Fig. 11. M edian em inence slice (fro n ta l) in cu b a ted  for 3 h. E lectro n  m icrograph  of th e  ex te rn a l 
zone. T he cap illa ry  loops (C) are su rro u n d ed  b y  a large ex trace llu la r space in te rw o v en  b y  col­
lagenous fib res  (cf). N ote th e  tw o b a se m e n t m em branes (b in) d em arca tin g  th e  e x trace llu la r  
space from  th e  cap illary  and nervous tis su e , respec tive ly . In  th e  u p p e r p a r t  o f th e  p ic tu re  
vesicle-contain ing  profiles are fo u n d  in  g re a t  abu n d an ce . Vesicles a re  of th e  c lear (cl), sm all 
dense-core (sdc) an d  large dense-core (ldc) ty p e . F ib res face th e  b asem en t m em b ran e  o n ly  a t  
c e rta in  p o in ts (arrow s) as tan y c y te  processes (tc) iso late th em  alm ost com ple te ly  from  th e

e x tra ce llu la r  space. X 40.000
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(F ig . 10). F ib res w ere o f vario u s d iam eter, som e o f th em  were filled w ith  
n eu ro sec re to ry  g ranu les an d /o r o th e r types of c lear and  dense-cored vesicles. 
A round  capillaries of th e  in te rn a l and m iddle  zones a narrow  ex trace llu lar 
space w as found  c o n ta c te d  b y  end-feet o f ta n y c y te s . T he ex te rn a l (palisadic) 
zone of th e  in c u b a te d  m ed ian  em inence (F ig . 11) was of p a r tic u la r  in te res t 
due to  th e  high degree o f p re se rv a tio n  of u ltra s tru c tu ra l  details. The collagen­
ous pericap illa ry  space w as cha rac teris tica lly  b o rd ered  by  tw o basem en t 
lam inae , one su rro u n d in g  th e  p o rta l cap illa ry  th e  o th e r s itu a te d  a t  th e  border 
of th e  nervous tissue . T he fen es tra tio n  of th e  cap illa ry  endo thelium  was 
ev id en t. The neu rop il o f th is  zone consisted o f densely  packed  varicose nerve 
fib res  and  ta n y c y te  processes. W ith in  th e  nerve  fib re  varicosities, aggregations 
o f clear, dense-cored an d  neu ro secre to ry  vesicles w ere seen. A t th e  surfaces 
of varicosities c o n ta c tin g  th e  basem en t lam in a , m em brane invag in a tio n s 
occurred  ind ica tiv e  of exo- or endocytosis.

Mesenceplialon-pons and medulla

Slices from  these  areas were cu t exclusively  in  th e  fro n ta l p lane. A fter 
in cu b a tio n  th e y  w ere fo u n d  to ta lly  d is in teg ra ted  w ith  swollen ex trace llu la r 
spaces, d ark , sh ru n k en  neu rons an d  em p ty  m yelin  rings. Glial cells h ad  pyk- 
no tic  nuclei and  severe ly  sw ollen, ‘blow n-up’ p e rik a ry a .

Discussion

Slices of v a rio u s  b ra in  areas cu t and  in c u b a te d  u n d er iden tica l cond i­
tions proved  to  he of d iffe ren t v iab ility  as ju d g ed  b y  th e ir  s tru c tu ra l p re ­
serv a tio n  a fte r  3 h of in cu b a tio n .

W hile in cu b a ted  slices of the  cerebellum , h ippocam pus — d e n ta te  gyrus, 
co rtex , s tr ia tu m  and  m ed ian  em inence d isp layed  a s tru c tu re  com parab le  to  
in  situ  fixed  p re p a ra tio n s  of these areas, those  of th e  h y p o th a lam u s, m esence- 
phalon-pons and  m edu lla  w ere found severely  dam aged .

S tru c tu ra l p re se rv a tio n  w as assessed re ly ing  on crite ria  such as the  
basophilia  an d  e lec tro n -d en s ity  of cell bodies, sw elling of glial and  den d ritic  
elem ents, w id th  of ex tra c e llu la r  spaces, n uc lear fine s tru c tu re  an d  con figu ra tion  
of m itochondria . A ccord ing  to  th e  findings of C am m erm eyer [2] and  of B rierley  
et al. J1 ] d a rk  an d  e lec tron-dense  cells a t the1 ligh t an d  e lec tron  m icroscopic 
levels, re spec tive ly , rep re sen t cellular in ju ry  due to  hypox ia , o ligaem ia and  
hypog lycaem ia . S im ilar a lte ra tio n s  were fo u n d  to  be b ro u g h t ab o u t b y  tox ic  
depo lariza tion  b y  g lu ta m a te  analogues [5, 6, 14] suggesting  an ionic im balance  
underly ing  a lte red  cy top lasm ic  sta in ing . Sw elling of glial elem ents is also p a rt 
of CNS tissue reac tio n  to  d ifferen t ty p es of dam ag in g  effects [15, 19]. M ito­
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chon d ria l con fig u ra tio n  [10] is a m ost sensitive in d ic a to r  of local oxygen  
su p p ly , th e  condensed from  b e ing  th e  s tru c tu ra l co rre la te  of u n im p a ired  
fu n c tio n  [13]. A ccordingly, slices considered  as s tru c tu ra lly  recovered  w ere 
devoid  of popu la tio n s of d a rk  cells, sw ollen glial or d en d ritic  elem ents an d  
co n ta in ed  condensed  m itochondria  th ro u g h o u t.

A m ong th e  possible reasons of in  v itro  s tru c tu ra l recovery  of som e b u t 
n o t all b ra in  areas s tud ied , th e  d iffe ren t a m o u n t and  o rien ta tio n  of m y elin a ted  
fib res  seem s to  be a decisive fac to r . R egions such as cereb ral and  cerebellar 
cortices do n o t co n ta in  bundles o f m y e lin a ted  axons. A fferen t fib res  are 
m y e lin a ted  b u t  once th e y  have le ft th e  w h ite  m a tte r  th e y  ta k e  an  in d iv id u a l 
course to  reach  th e ir  ta rg e ts . M yelinated  efferents have u n m y elin a ted  in itia l 
segm ents and  th e ir  m yelina ted  p o rtio n s g a th e r in th e  w hite  m a tte r . B y co n ­
t r a s t ,  in  th e  m esencephalon, pons an d  m edu lla , an  ab u n d an ce  of m y e lin a ted  
f ib re  tra c ts  is p resen t w hich a p p e a r n o t to  slice easily  an d  th e ir  com pression  
or d ragging  by  th e  v ib ra tin g  b lade  dam ages th e  in te rp o sed  grey m a tte r  t e r ­
rito ries . E v en  w ith in  slices capab le  of s tru c tu ra l recovery , th e re  ap p ears  to  
he a g rad ien t of sen sitiv ity  of s tru c tu re s  to  dam aging  effects. N euronal and  
glial cell bodies are  th e  m ost sensitive follow ed by  dendrites and  glial processes. 
In te re s tin g ly , u n m y e lin a ted  axons an d  sy n ap tic  te rm in a ls  seem  to  be th e  m ost 
re s is ten t to  slicing and  in v itro  cond itio n s. This observ a tio n  is in  ag reem en t 
w ith  earlier find ings in  in c u b a te d  synap to so m es [12] an d  exp la in s w hy  th e  
m ed ian  em inence consisting  a lm ost exclusively  of axons surv ives even in  to to  
a fte r  excision.

In  earlier s tud ies aim ed a t th e  o b se rv a tio n  of cond itions of recovery  of 
cerebellar slices [11, 14] we were en la rg ing  on th e  e x te n t an d  n a tu re  of s tru c ­
tu ra l  a lte ra tio n s w hich could be reg a rd ed  as th e  “ p o in t of no re tu rn ” . D a rk  
cy to p lasm  an d  m itochondria l sw elling occurring  a fte r 1 h of in cu b a tio n  e ith e r  
u n d e r hypoxic cond itions or in  th e  p resence of neu ro tox ic  agen ts were fo u n d  
to  be rem ark ab ly  reversib le, while th e  d ila ta tio n  of Golgi c isterns and  c lum ping  
o f nuclear ch ro m atin  m arked  th e  beg in n in g  of irreversib le  s tru c tu ra l d e te rio ­
ra tio n . This seem s to  he a t  v ariance  w ith  th e  conclusion of B rierley  e t al. [1], 
w ho claim  th a t  m itochondria l sw elling is th e  lead ing  phenom enon  in  ir re v e r­
sible nerve cell in ju ry . H ow ever, th e  ex trem e swelling th e y  d ocum en t is fa r  
b ey o n d  th e  degree of m ito ch o n d ria l changes we m ean  u n d er “ sw elling” . 
T ran sfo rm atio n s of m itochondria  in  our system  correspond  to  the  fun c tio n - 
d ep en d en t reversib le  sw elling-con trac tion  cycles observed in  v itro  b y  H ac k e n ­
b ro ck  e t al. [10]. I t  is also w orth  of n o tio n  th a t  in h ib ito ry  in te rn eu ro n s such  
as cerebellar Golgi-cells, were alw ays th e  f irs t to  be affected  irreversib ly  b y  
non-physio logical conditions [14].

As fa r as th e  tim e  fac to r is concerned , our prev ious observations h av e  
show n th a t  th e  s tru c tu re  of fresh ly  c u t slices was in ferior to  th a t  of in c u b a te d  
slices (unpub lished  d a ta ). This suggests th a t  th e  s tru c tu re  seen a fte r in cu b a tio n
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is a resu lt of reco v ery  from  th e  tra u m a  o f slicing or excision and  n o t, as could 
be argued, a fo r tu n a te  p reserv a tio n  a t th e  beg inn ing  of th e  process.

D ata  suggest [3] th a t  over a 12 h period  of tim e recovered  slices can be 
m ain ta in ed  w ith o u t decay  of s tru c tu re  anti functional perform ance. This 
should  obviously  v a ry  w ith  regions b u t  a 2 h  period  a fte r  th e  1 h recovery  
tim e  was found  in  all v iab le  p rep a ra tio n s  to  pass w ith o u t m a jo r a lte ra tio n s  
in  s tru c tu re . T h is seem s to  be su ffic ien t fo r ex p erim en ta tio n .

A lthough in c u b a te d  slices have fo r long  been used in  CNS research  [for 
References see 3, rev iew ed  also b y  16] — th e  h ippocam pal slice is a ro u tin e  
p rep a ra tio n  in  e lec trophysio logy  [20], s tr ia ta l  and  h y p o th a lam ic  slices are 
freq u en tly  used  in  n eu ropharm aco logy  — i t  is d ifficu lt to  e x trap o la te  from  
our studies as to  th e  exp erim en ta l m orphological value of these  p rep ara tio n s. 
U n d oub ted ly , fo r th e  e lec trophysio logist one single cell from  w hich p roper 
electrical a c tiv ity  can  be recorded is enough . T his, how ever, is n o t th e  case 
in  neurochem ical a n d  neu ropharm aco log ica l ex perim en ts w here values m ea­
sured  refer to  th e  w hole tissue and  s tru c tu ra lly  dam aged  slices are likely  to  p ro ­
duce a rtifac ts . O ur fin d in g s suggest th a t  all k inds of fu n c tio n a l experim en ts 
and  m easu rem en ts are  m ore re lev an t if  perfo rm ed  a fte r a period  of s tru c tu ra l 
recovery . C oncern ing  b ra in  areas w hich in  our h an d s failed  to  recover, d a ta  
in  the  lite ra tu re  m u s t be in te rp re te d  w ith  cau tion  unless investig a to rs  can  
prove a reasonab le  s tru c tu ra l p reserv a tio n  of th e ir  p rep ara tio n s .

For th e  p u rp o se  of functional m orphology  th e  usefulness of the  cerebellar 
slice p rep ara tio n s  seem s to  be well e s tab lish ed  [7]. Some p ioneering  w ork has 
been perform ed on th e  in to to  excised m ed ian  em inence by  Z am ora et al. [22]. 
Less convincing  are  th e  sporadic re p o rts  on th e  ex p erim en ta l m orphology  
of h an d -cu t o r m ech an ica lly  chopped  h ip p o cam p a l an d  co rtica l slices. The 
app lica tion  of a v ib ra to m e  and  th e  recogn ition  of th e  significance of th e  
recovery  period  ad d e d  to  the num ber of b ra in  areas from  w hich s tru c tu ra lly  
w ell-preserved slices can be p rep ared . H ow ever, there  still rem ained  some 
regions of in te re s t w here in v itro  s tu d ies  requ ire  fu r th e r  m ethodological 
soph istica tion .
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CADMIUM INFLUENCE ON THE RAT LIVER

M. V o j t í s e k , D. H  ULÍNSK Á, D. B lT T N E R O V A , M. C lK R T , V .  H ü LÍN SK Y

IN STITU TE OF H Y G IEN E AND EPID EM IOLOG Y , PRAG U E V§CHT, LABORATORY OF 
ELECTRON MICROANALYSIS, PR A G U E, CZECHOSLOVAKIA

(R eceived 4 O ctober 1988)

Influence of cadm ium  on th e  in te s tin a l and  h e p a tic  tissue of r a t  w as s tu d ied  
in acu te  in jec tion  an d  oral as well as subchronic  and  chronic oral ex p erim en ts  w ith  
th e  purpose of b e tte r  u n d e rstan d in g  o f th e  p e n e tra tio n  m echanism s of cadm ium  in to  
these  tissues.

A cute single oral dose of CdCl2 32.5 m g - k g -1 in h ib ited  in  v itro  th e  re sp ira tio n  
of in te stin a l scrap ings (44% ) and in  liver slices (25.7% ). In  com bined oral doses o f 32.5 
m g - k g -1 -f- 162.5 m g • k g -1 in h ib itio n  in  th e  in te stin e  increased  w ith  exposure  tim e, 
while in th e  liver i t  decreased. A m o u n t o f p resum ab le  m eta llo th io n e in  in th e  liv e r  was 
ap p ro x im ate ly  te n  tim es h igher th a n  t h a t  in  th e  in testin e . R esp ira tio n  w as m easu red  
b y  a Clark e lectrode. B ind ing  of cadm ium  to  m eta llo th io n e in  was de te rm in ed  b y  colum n 
ch ro m ato g rap h y  an d  sp ec tro p h o to m etry .

Physiological find ings are in  ag reem en t w ith  m orphological ones. In  cases w hen, 
follow ing an acu te  single oral dose, a 50%  change was d e tec ted  in th e  a b so rp tiv e  je ju n a l 
zone, a 10%  change was observed in  th e  liv e r  paren ch y m a. In  th e  case o f com bined  oral 
dose of 60 — 70%  of ab so rp tive  villi zone is dam aged  by  cadm ium , w hich  p e n e tra te s  
b y  passive diffusion in to  lam ina p ro p ria  an d  by  blood to th e  liver, w here i t  a c ts  to x ica lly  
in  30% . A ctive tra n s p o r t  of cadm ium  a f te r  chronic  ap p lica tio n  is p reserved . C orre la tion  
of physiological an d  m orphological fin d in g s w as evident.

Keywords: C lark e lectrode, m e ta llo th io n e in  ,m ito ch o n d ria l sw elling, X -ra y
m icroanalysis

Introduction

Toxicological im p o rtan ce  of cadm ium  is now adays fu lly  recognized [5]. 
The liver belongs to  th e  tissues, w hich  has a long biological half-life: 10 — 
20 years  [15]. Some in  v itro  stud ies are  dealing  w ith  cadm ium  influence on 
ox id a tiv e  and  energy m etabo lism  in liv e r m ito ch o n d ria  [9, 18]. C adm ium  also 
decreases cellular oxygen  consum ption  in  iso la ted  h ep a to cy tes  [14].

D iam ond  and  K ench  [2] observed  re sp ira tio n  of liver m ito ch o n d ria  w ith  
succ ina te  under th e  in fluence of cadm ium . In  oxygen consum ption  th e re  is 
a g rea t increase for low cadm ium  co n cen tra tio n  b u t in  ra ts  ch ronically  po isoned  
w ith  cadm ium  th ere  is no ap p a ren t s tim u la tio n . S abbioni e t al. [17] conclude 
from  resu lts  of chronic cadm ium  exposure  te s ts  th a t  cadm ium  associates w ith  
cellu lar organelles.

Send offp rin t req u est to : M. V ojtísek , In s t ,  o f H ygiene an d  E pidem io logy , C H P N P , 
100 42 P rag u e , é ro b áro v a  48, C zechoslovakia
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The aim  o f th is  w ork  is to  c o n tr ib u te  to  th e  know ledge of m echanism  
o f absorp tion  and  ce llu la r localiza tion  of cad m iu m  in the  liv er u n d er various 
exp erim en ta l co n d itions.

In  the  focus o f in te re s t th e re  w as also th e  com parison  of th e  cadm ium  
influence  on th e  liv e r as com pared  to  th e  in te s tin e  [8].

Materials and methods

E xp erim en ts  w ere perfo rm ed  on fem ale W is ta r  ra ts ,  average  w e igh t 200 — 250 g. R a ts  
w ere m ain ta in ed  on s ta n d a rd  pelle t d ie t, w a te r  ad  lib .

In  acu te  oral te s t  w ith  a single dose, r a ts  w ere g iven  in  e th e r narcosis 32.5 m g • k g -1 
CdCl2 on th e  f irs t  d a y  b y  gavage. T his dose w as effective  fo r 24 h. In  acu te  te s t  w ith  com bined 
doses, ra ts  w ere p re m e d ic a te d  w ith  an  oral dose of 32.5 m g • k g -1 CdCl2 24 h before th e  a p ­
p lica tio n  of second o ra l dose of 162.5 m g • k g -1 b y  gavage. Second cadm ium  dose was effective  
fo r 1, 3, 24 h  or 5 days.

In  acu te  in je c tio n  te s t,  dose o f 0.5 m g of CdCl2 in  0.5 m l o f saline was in jec ted  in to  lig a ted  
je ju n a l segm ent u n d e r  e th e r  narcosis. C ontrol ra ts  w ere in je c te d  w ith  saline only.

In  subchronic  te s ts  ra ts  w ere given ora lly  b y  gavage 0.5 m g of CdCl2 in  0.5 m l of saline 
fo r 3 weeks, con tro l r a ts  w ere given saline only.

In  chronic te s ts  r a ts  w ere d rin k in g  10 m l on  average  of a so lu tion  w ith  250 m g • l -1 
CdCl2 for 3 m on ths. C ontro l ra ts  w ere d rin k in g  d is tilled  w a te r  only.

T here w ere six  r a ts  in  each  e x p erim en ta l a n d  co n tro l group.
Oxygen c o n su m p tio n  w as m easu red  b y  a C lark e lectrode  on a scrap ing  of je ju n a l m ucosa 

o r sections of m edia l liv e r  lobe m ain ta in ed  in K reb s-R in g er b u ffer p H  7.4 a t  37 °C. D e te r ­
m in a tio n  of m e ta llo th io n e in  w as p e rfo rm ed  accord ing  to  S qu ibb  e t  al. [19].

Cytosol fro m  th e  liver o r in te s tin a l tissue w as se p a ra ted  b y  m eans of colum n ch ro m ato g ­
ra p h y  (Sephadex  G-75). All frac tio n s were analyzed  b y  sp e c tro p h o to m etry  (U n icam  SP-1800) 
a t  250 and 280 n m  a n d  th e n  b y  a tom ic  ab so rp tio n  sp e c tro p h o to m e try  (V arian  T ech tro n  AA 175) 
fo r th e ir  cadm ium  c o n te n t. R esu lts  from  these  m easu rem en ts  enable ev a lu a tio n  of m e ta llo ­
th io n e in  co n ten t, w h ich  is deduced fro m  cadm ium  a m o u n t in  frac tions.

F or h is tochem ical s tu d y  je ju n u m  and  liver w ere frozen  in  liqu id  n itro g en  and  c u t w ith  
a  R e ich ert c ryocu t. S ucc in a te  dehydrogenase  (S D H ) a c tiv ity , Mg2+ adenosine  tr ip h o sp h a ta se  
(A T Pase) a c tiv ity , ac id ic  (A cP) an d  alcalic (A1P) p h o sp h a tase  ac tiv itie s  w ere d e te rm in ed  
according to  L o jd a  a n d  P ap o u sek  [11] in th e  in te s tin e  an d  liver.

E nergy  d ispersive  sp ec tro m ete r (E D S) to g e th e r w ith  Jeo l L C X  I I  m icroscope w ere used  
fo r th e  s tu d y  of u l tr a th in  sections of liver in  tran sm iss io n  (ТЕМ ), scann ing  (SEM ) an d  scanning  
tran sm iss io n  (STEM ) m ode like in  our p rev ious s tu d y  [8].

L iver an d  in te s t in a l  tissues w ere p rep ared  fo r e lec tro n  m icroscopy in  th e  sam e w ay  as 
in  an  earlier X -ra y  m ic ro an a ly tica l s tu d y  [7].

Results

T able I  enab les com parison  of changes of o x ida tive  m etabo lism  of 
in te s tin a l and  liv e r  tissues u n d er vario u s ex p e rim en ta l conditions — ex ­
posures to  cad m iu m . I t  seem s, th a t  in  v itro  in te s tin a l tissue  reac ted  a fte r  
acu te  exposure to  cad m iu m  m ore m ark ed ly  th a n  liv er tissue. In  chronic te s ts  
th e  physio logical re a c tio n  to  cadm ium  w as com parab le  in  b o th  tissues s tu d ied .

F igure 2 is d ep ic ting  d e te rm in a tio n  of cadm ium  b ind ing  low m olecular 
p ro te in s, p re su m ab ly  m eta llo th ioneins, in  in te s tin a l and  liver cytosol. A n 
ap p ro x im ate ly  te n  tim es h igher am o u n t of these  p ro te in s  was found  in  liv er 
th a n  in  in tes tin e  fo r acu te  com bined an d  chronic  te s ts .
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Table I

Inh ib ition  o f respiration by cadmium, comparison in  sm all intestine and liver

Application CdCL. Exposure period Inhibition

Acute single In tes tin e Liver

Controls 0 0 0

E x p erim en t 32.5 24 h 44.03 25.71

Acute combined

Controls 0 0 0

E x p erim en t 32.5 +  162.5 24 +  1 50.35 43.21

E x p erim en t 32.5 +  162.5 24 +  3 56.28 27.38

E x p erim en t 32.5 +  162.5 24 +  24 70.84 4.0

CdCl2 doses in acute experim ents are re la ted  to: m g • kg -1

Chronic

Controls 0 0 0

E x p erim en t 250 3 m on ths 38.43 39.5

CdCL dose in drinking w a ter re la te d  to : mg • 1— 1, average consum ption: 10 m l/d ay /ra t

All inh ib ition  values a re  re la te d  to  100% value  of contro ls. S ta tis tica l significance: t-te st 
values: P  <  0.01

Microscopical changes 
villi and crypta

hépatocytes

10% 30 % mit

F ig . 1. D iag ram , dep ic ting  m icroscopical changes o f  villi a n d  c ry p ts  o f in te s tin e  an d  changes 
in  liv e r  hep ato cy tes . A cute  single (S), com bined (C), ch ro n ic  (C H R ) cad m iu m  doses, m ito ­

chondria  (m it.)
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M e t a l l o t h i o n e i n  : l i v e r , i n t e s t i n e

F ig. 2. D iag ram , show ing cadm ium  b in d in g  low m olecular p ro te in , p re su m ab ly  m e ta llo th io n e in
in  th e  in te s tin e  an d  th e  liver

T here is a co rre la tio n  o f physio logical and  m orphological find ings for 
b o th  tissues. H isto log ical an d  h istochcm ical changes in  th e  liver a fte r  o ra l 
an d  in jec tion  ap p lica tio n  o f cadm ium  in to  the  in te s tin e  are in flu en ced  by  
ac tive  or passive p e n e tra tio n  th ro u g h o u t th e  tissues.

In  acu te  in jec tio n  te s t cad m iu m  w as dete rm in ed  in  th e  liver d u rin g  h a lf

X -  r a y  m i c r o a n a l y s i s  o f  C d

Acta Morphologica Hungarica 37, 1989
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an ho u r [7]. H y p e rtro p h y  of the  o bserved  m edial liver lobe w as m acroscopi- 
cally  obvious. T his h y p e rtro p h y  was caused  b y  p a ren ch y m a v acuo liza tion , 
d ila ta tio n  of in te rlo b u la r  an d  cen troacinous veins and  in  p e riphera l lobes also 
d ila ta tio n  of bile canalicu li, filled w ith  b ile.

In  th e  case of passive p en e tra tio n  o f  acu te  oral single dose, m icroscopic 
find ings, e.g. v acuo liza tion  of some h e p a to c y te s  are sim ilar to  find ings in 
in te s tin a l v illi w here a sim ilar v acu o liza tio n  of en te ro cy tes  occurs.

C om bined oral dose of cadm ium  a f te r  24 h causes focal changes in  th e  
liver p a ren ch y m a resu ltin g  a fte r 5 d ay s  in  necroses, especially  in  th e  reg ion  
of changed  bile canalicu li. In  cen tro ac in o u s and  in te rlo b u la r  regions u n d e r 
th e  in fluence  of venous changes focal fib ro ses  appear. P a tho log ica l changes in  
th e  p a ren ch y m a  of m edial lobe were n o t d e tec ted  a fte r subchron ic  or chronic 
cadm ium  ap p lica tio n s w ith  th e  excep tion  of m icroscopical changes of cellu lar 
organelles. T hese ch ron ic  changes in  th e  liv e r  correlate  w ith  changes in  in te s ­
tin a l tissue , w here only  in d iv idua l en te ro c y te s  on th e  tip  of villi are d am aged .

C hanges a fte r  ap p lica tio n  of acu te  single, com bined an d  chronic doses 
of cadm ium , concern ing  villi, c ryp ts an d  liv e r  lobules are d ep ic ted  on a d iag ram  
(Fig. 1). W e p resum e, th a t  in  the  case o f  an  50%  change in ab so rp tiv e  je ju n a l 
zone a fte r  acu te  single cadm ium  dose th e re  are 10%  changes in  liver p a re n ­
chym a, m an ifesting  as a lte ra tio n s  of in d iv id u a l cells only.

In  th e  case of com bined  dose, w h en  60 — 70%  of th e  ab so rp tive  villi 
zone is d am aged , cadm ium  p en e tra tes  b y  passive diffusion in to  lam ina p ro p ria  
and by  blood to  liver, w here it  acts to x ic a lly  in  30% . L onger period (5 days) 
of exposure to  cadm ium  resu lts  in th e  o rig in  of focal necroses in  places o f bile 
canaliculi and  venous changes.

A ctive tra n sp o r t  of cadm ium  is p rese rv ed  a fte r chronic ap p lica tio n , 
w hen villi are a lm ost in ta c t. The p a r t o f cad m iu m , w hich is b o und  to  m etallo - 
th io n e in  (MT) a t  th e  base  of m ucosa d ecreases passive cadm ium  p e n e tra tio n  
th ro u g h  th e  je ju n a l villi an d  by  blood to  th e  liver. A fter rep ea ted  cadm ium  
exposures th e  liver syn thesizes MT (F ig . 2). T his m ay  be th e  reason  of on ly  
sm all a lte ra tio n  of th e  liv er p a renchym a.

M orphological changes are accom pan ied  by  h istochem ical ones. In  acu te  
ap p lica tio n  o f cadm ium  focal increase of a c tiv ity  of alcalic p h o sp h a tase  (A1P) 
in  th e  reg ion  of bile canalicu li d ila ta tio n  in  p e riphera l lobules was observed . 
In  cen tra l lobules A1P a c tiv ity  rem ains p o sitiv e  a t th e  b ilia ry  pole of h ep a tic  
cells in  th e  v ic in ity  of H errin g  channels a n d  in th e  en do the lium  of capillaries 
as in  con tro ls.

O nly  in  th e  case o f in jec tion  of cad m iu m  in to  lig a ted  in tes tin e  is A1P 
a c tiv ity  in  all regions observed  decreased as com pared  to  th e  contro ls.

S uccinate  dehydrogenase  a c tiv ity  (S D H ) is decreased in  acu te  ex p e ri­
m en ts  (F ig . 5) in  cen troac inous h ep a to cy te s  an d  is neg a tiv e  in  h ep a to cy te s  
of p erip h era l lobules.
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F igs 4 — 5. In c reased  a c t iv ity  o f acid p h o sp h a tase  (A cP) in  K u p ffe r cells or in  in f la m m a to ry  
in filtra tio n  (arrow ) a n d  decreased  a c tiv ity  of succ in a te  dehydrogenase  (SD H ) in  a lte red  h é p a to ­

cy te s  (arrow ) a fte r  acu te  com bined  cadm ium  dose ( X 250)
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Figs 6 —7. A cute single an d  com bined cadm ium  dose: in fla m m a to ry  in filtra tio n  of th e  cen- 
troac inous zone, co n ta in in g  lym p h o cy tes , h is tio cy tes  (he), f ib ro b la s ts  (fc) and increased  

fibrosis (fi) in  th e  v ic in ity  o f blood vessels (b d ) an d  bile cap illaries (bl) ( X 2 400)
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In  th e  case o f acu te  in jection , S D H  a c tiv ity  is nega tive  in  th e  p a ren ch y m a  
of cen tra l an d  p e rip h e ra l p a r t of th e  m ed ia l liver lobe.

A ctiv ities o f b o th  enzym es are  in  ag reem en t w ith  th e  degree of m o rp h o ­
logical changes o f hepa tic  cells in  acu te  te s ts  a fte r oral an d  in jec tio n  a p p li­
cations.

In  th e  case of com bined cad m iu m  dose, a fte r a period  of 1 — 3 h, 
a c tiv ity  of A1P a n d  SD H  are decreased  b u t  a c tiv ity  of A cP in  th e  p o rto b ilia r  
spaces and  c a p illa ry  endo thelium  is h ig h e r (F ig. 4) as com pared  to  th e  con tro l. 
W ith  more p ro longed  com bined t r e a tm e n t  (5 days), in  th e  path o lo g ica lly  
changed  regions th e re  is a h igh ly  po sitiv e  in flam m ato ry  in filtra tio n  (F ig . 6) 
an d  fibrosis (F ig . 7). L ipid d rop le ts  accu m u la te  in h ep a to cy tes . In  d am aged  
h epa tocy tes th e re  is no SD H  a c tiv ity  (F ig . 5).

In  ch ron ic  te s ts  A1P a c tiv ity  is increased  as com pared  to  con tro ls in  
endo thelia l cells on ly , in o ther e x p e rim e n ta l conditions i t  is u n a lte red . SD H  
a c tiv ity  is h ig h er in  cen troacinal zone th a n  in  th e  p e rip h era l zone, w hich  is 
in  agreem ent w ith  changes of m ito ch o n d ria  in peripheral h ep a to cy tes . In  all 
ex perim en ts h e p a tic  foci were seen to  be dam aged  to  various degree b u t  also 
in ta c t  lobules o ccu rred  w ith u n ch an g ed  enzym e a c tiv ity  in  th e  h ep a to cy tes . 
I t  is d ifficu lt to  de term ine  w h e th e r a reg en era tio n  process ta k e s  place or i t  is 
a spot, w here cadm ium  had  no t p e n e tra te d .

E lec tro n o p tica l studies o f m ed ia l liv er lobe dep ic t h y p e rtro p h y  o f 
h ep a to cy tes  in  a c u te  in jection  cad m iu m  tre a tm e n t (Fig. 8) as well as in  o ra lly  
app lied  com bined  cadm ium  tre a tm e n t (F ig . 9) com bined w ith  d ila ta tio n  an d  
h y p e rtro p h y  o f cell organelles. T he ce llu lar in teg rity  is u n d am ag ed , th o u g h . 
O nly  a fte r c ad m iu m  in jection  ap p ea rs  a th in n in g  of th e  cell m em brane. T he 
d ila ta tio n  of sm o o th  (SER ) an d  ro u g h  (R E R ) endoplasm ic re ticu lu m  an d  
m u ltip lica tion  o f p rom inen tly  dense m itochondrial m a trix  w ith  d ila tin g  
cristae  w ere obv ious in  th e  case o f com bined  (Fig. 12) as w ell as in jec tio n  
trea tm en ts  (F ig . 13).

In  th e  case o f  oral ap p lica tion  o f th e  acu te  dose, sw elling of m ito ch o n d ria  
w as observed b u t  th e re  was one change of cristae  or m a trix  den sity . The R E R  
in the v ic in ity  o f nuclei is d ila ted  in to  a vacuolar s tru c tu re  (F ig. 10).

In  th e  case o f com bined cad m iu m  dose only changes we found n o t on ly  
in  th e  d eg en era tin g  organellae s tru c tu re s  (F ig. 11) b u t also in  th e  in te g r ity  
o f  cells in  foci o f necroses and  in creased  fibroses (Fig. 7).

In  ch ron ic  cadm ium  te s ts , h e p a to c y te  h y p e rtro p h y  w as n o t observed  
(F ig. 16). T h e ir cellu lar m em brane is unchanged , b u t  in  th e  p e rip h era l c y to ­
p lasm  of th e se  hep a to cy tes  m ito ch o n d ria  are swollen (F ig . 15). The sam e 
find ing  w as o bserved  w ith  th e  su b ch ro n ic  dose (Fig. 14). A fte r th e  change of 
cristae m ito ch o n d ria  are being re leased  in to  th e  Disse spaces th ro u g h  th e  
cellu lar w all, c rea tin g  bleb-like ex tru s io n s . R ough endo p lasm atic  re ticu lu m  
in  the  v ic in ity  o f  nuclei is u n ch an g ed  (F ig . 17). C entroacinous h e p a to c y te s
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F igs 8 — 9. A lte ra tio n  o f m ito ch o n d ria  (a rrow ) a n d  endop lasm atic  re ticu lu m  (er) in  h y p e r­
tro p h ic  h e p a to cy te s  o f cen troac inous zone a f te r  in je c tio n  dose an d  a f te r  o ra l com bined dose of

cadm ium  ( X 3 600)

A cta  Morphologica Hungarica 37, 1989



210 M. V O JTÍSEK  e t a l.

F igs 10 —11. A cute  single cad m iu m  dose: d ila ta tio n  of th e  c is te rnae  of en d o p lasm atic  re ticu lu m  
(X 4  200). In  com bined cad m iu m  dose v acu o la r s tru c tu re s  (va) a p p ea r a ro u n d  th e  nucleus (n) 
arising  from  m ito c h o n d ria  an d  fo rm atio n  of m yelin -like  bodies (m b) in  h ep ato cy te s  (X  13 000)
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F igs 12 —15. T he changed , swollen m ito ch o n d ria  w ith  increased  d e n s ity  o f th e ir  m a tr ix  
(arrow ) in  th e  case o f  in jeca tio n  and  com bined  doses an d  unch an g ed  d en sity  o f m ito ch o n d ria l 
m a tr ix  an d  c ris tae  o f sw elling m ito ch o n d ria  in  subchron ic  a n d  chronic cadm ium  doses ( X 29 000)
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Figs 16 — 17. Chronic cadm ium  dose: U nchanged  h ép a to cy te s  o f cen troac inous zone ( x 2  2 0 0 ) .  
H igher m ag n ifica tions of h é p a to cy te s  show  m icroscopical changes concerning som e m ito ­

chondria  (m i) an d  nucleus h e te ro ch ro m a tin  (n h ) ( X l 7  0 0 0 )
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Fig. 18. C hronic cadm ium  dose: X -ra y  m icroanalysis E D A X  system , peak  show ing L -lines of
cadm ium  in m itochondria

con ta in  m ore in ta c t  m ito ch o n d ria  and m o dera te ly  d ila te d  E R  th en  p erip h era l 
ones.

In  th e  m a jo rity  of te s ts , nuclei of h ep a to cy te s  w ith  m ultip lied  g ra n u la r  
com ponent of n uc lear su b stan ce  were observed  an d  in  chronic te s ts  peri- 
chrom atic  g ranu les were condensed un d er th e  nu c lea r m em brane in a h ig h er 
degree. C hanges of m ito ch o n d ria  and R E R  are  co n n ec ted  w ith degree of 
cadm ium  re te n tio n  an d  w ere verified  b y  X -ra y  analysis  (F ig . 19).

On a d iag ram  (Fig. 3) i t  is d em o n stra ted  th a t  a f te r  single and  com bined  
cadm ium  dose th is  m eta l is d ispersed  in  liver h ep a to cy te s , because it  p e n e tra te d  
by  diffusion th ro u g h  dam aged  spots of villi.

In  acu te  in jec tion  te s t  h igh am o u n ts  of cad m iu m  w ere proved  by  X -ra y  
m icroanalysis a f te r  h a lf  an  h o u r f irs t of all in  nuclei o f u n d am ag ed  h ep a to cy tes .

In  ch ron ic  te s t  cadm ium  is re ta in ed  in  th e  in te s tin a l m ucosa, especially  
a t the  base of L ieb erk ü h n  c ry p ts  as well as in  th e  liver. X -ra y  analysis w ith  
an E d ax  sy stem  d em o n stra ted  h igher cadm ium  a m o u n t in  m itoch o n d ria  
(Fig. 18) th a n  in  o th e r organellae.

Discussion

F ind ings on in h ib itio n  of oxygen co n sum ption  are  in  accordance w ith  
m icroscopical changes in  acu te  te s ts  for th e  liv e r an d  in tes tin e . In  th e  case
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F ig . 19. C hronic cad m iu m  dose: P o in t X -ra y  m icroanalysis of cadm ium  show ing dispersive 
w h ite  bodies (cadm ium ) in  th e  m ito ch o n d ria  (arrow ) ( X l 5  000)

of in te s tin e  in flu en ced  w ith  single cad m iu m  dose alm ost double  in h ib itio n  was 
observed  w hen  com pared  th e  liver, w h ich  is su p p o rted  b y  th e  f in d in g  of m ore 
m icroscopic d am ages to  v illi s tru c tu re s  [8]. W ith  acu te  com bined  cadm ium  
dose th e re  is increasing  in h ib itio n  o f re sp ira tio n  of h ep a tic  slices, an d  in ju ry  
to  liv er tissue  is m ore p rom inen t.
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W ith  pro longed exposure o f tissue to  cadm ium  w ith  com bined doses 
th e re  w as no inh ib itio n  of re sp ira tio n  in  th e  liver, while in  th e  in testin e  resp i­
ra tio n  in h ib itio n  w as increasing  w ith  exposure tim e . In  chronic  te s ts  in  th e  
in tes tin e  th e re  are certa in  focal changes [8], w hich  in  th e  liv er involve m ain ly  
m ito ch o n d ria  o f some b u t n o t a ll h ep a to cy tes . T he noxious effect of cadm ium  
in  th e  in te s tin e  or liver depends on the  e x te n t of in trace llu la r syn thesis  o f 
cadm ium  b in d in g  p ro te in  — m eta llo th io n e in s  (MT). H igher accu m u la tio n  of 
cad m iu m  in  th e  liver is p ro b ab ly  th e  re su lt of th e  h igher b in d in g  of cadm ium  
to  liv er MT [3]. M uch h igher MT syn th esis  in  th e  liver, com pared  to  in testin e  
have been  show n b y  O nosaka and  C herian [16]. P rev en tiv e  effect of p re tre a t­
m en t w ith  a sm all cadm ium  dose before ap p lica tio n  of a h ig h er one on th e  
physio logical s ta te  of th e  liver has been  show n b y  M orita e t al. [12], assum ing  
MT sy n th esis  b y  th is  rep ea ted  exposure .

M ajor pa tho log ica l changes o f th e  liver, m an ifesting  as dam age to  cell 
m em branes w ith  concom itan t re lease of nuclei an d  cellu lar organelles, espe­
c ially  m ito ch o n d ria , in to  sinuso idal spaces were d e tec ted  b y  M orselt e t al. [13] 
in  a ch ron ic  te s t  w ith  in jec tio n  exposure  to  CdCl2. This is a t  variance  w ith  
ou r find ings w ith  a sim ilar dose b u t  o rally  app lied . In  our ex p erim en t release 
o f d am aged  m itoch o n d ria  b y  cy top lasm ic  b lebs in to  Disse spaces and  to  
sinusoids occurs in  spite of co n se rv a tio n  of s tru c tu ra l in te g rity  o f cells. O bser­
v a tio n  of b lebs is n o t a specific p h enom enon  on ly  a fte r exposure to  cadm ium , 
b u t  in c u b a tio n  of h ep a to cy tes  w ith  a series of to x ic  noxae re su lts  in  an  a lte ra ­
tio n  o f surface m orphology, m an ifestin g  as th e  loss of m icrovilli and  a p p e a r­
ance of m u ltip le  blebs on h e p a to c y te  surface [10].

O ur f in d in g s m ay be ex p la in ed  b y  th e  fa c t th a t  th e y  re flec t a beginning  
of in to x ic a tio n  process of h ep a tic  cells, w hich b y  m eans of cy top lasm ic  blebs 
rem ove th e ir  dam aged  cadm ium  co n ta in in g  organellae. R esults of our chronic 
te s ts  do n o t su p p o rt the  hyp o th esis  of M orselt e t al. [13] on th e  sudden  d isru p ­
tio n  of liv er cells. L iver fibrosis w as observed  on ly  in  an acu te  com bined  te s t  
a f te r  5 days, w hen  th e  larger dose caused m ore ex tensive  dam age to  cells.

W hen  com m en ting  th e  c o m p ara tiv e  d iag ram  of th e  in te s tin e  and  liver 
(Fig. 1) w ith  m icroscopic changes in  acu te  te s ts  an d  inc lud ing  physiological 
evidence, we presum e ra th e r  passive cadm ium  tra n sp o r t  th ro u g h  in ju red  
je ju n a l villi b y  m eans of blood tra n s p o r t  to  th e  h ep a tic  tissue . B y  co n tra s t, in 
chronic te s ts  w ith  re la tive ly  low er cadm ium  doses b o th  m ethod ica l approaches 
seem  to  in d ica te  th e  presence of in ta c t  fa c ilita ted  diffusion or ac tiv e  tra n sp o rt.

F ou lkes [4] arrives a t a s im ila r conclusion on th e  basis of his perfusion  
ex p erim en ts  w ith  r a t  in testin e  (cadm ium  tra n sp o r t  — sa tu ra b le  process).

Also th e  re su lts  of T aguch i a n d  Suzuki [20] from  in v itro  te s ts  provide 
evidence fo r a special m echan ism  o f cadm ium  tra n sp o rt, w hich  is un likely  
to  be a sim ple diffusion. A b so rp tio n  and  tra n sp o r t  of cadm ium  by  hepa tic  
m ito ch o n d ria  w as p roved  b y  X -ra y  m icroanalysis.
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T ogether w ith  A ndersen  e t al. [1] we presum e th a t  presence o f non-M T 
cad m iu m  in th e  cell (even for a sh o rt tim e) can be h arm fu l. T his is in  ag ree­
m e n t w ith  the  s ta te m e n t o f H am m o n d  and  Foulkes [6], th a t  th e re  is evidence 
in  several system s fo r th e  d is tr ib u tio n  of cellu lar cadm ium  betw een  m ore th a n  
one pool and th a t  co n cen tra tio n s  o f non-M T cadm ium  an d  o f n uclear cadm ium  
m ay  be d e te rm in an ts  o f cadm ium  to x ic ity .

O ur re su lts  are con sis ten t w ith  th e  h y po thesis  o f W oods and Fow ler [21] 
th a t  to x ic ity  of m eta ls  in  general, is of progressive ch a ra c te r , w hich includes 
d isru p tiv e  u ltra s tru c tu ra l  changes w ith  consequen t im p a irm en t of s tru c tu ra lly  
an d  fu nc tiona lly  assoc ia ted  biological processes.

C orrelation  b e tw een  m icroscopic an d  physiological find ings in  acu te  and  
chronic  experim en ts w as ev id en t fo r b o th  tissues s tu d ied .
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ULTRASTRUCTURE OF THE ITO CELLS IN LIVER 
DISEASE ASSOCIATED WITH FIRROSIS

I . B artók1, S z . V irágh2, C s . H e g e d ű s 1, K at a l in  B art ó k1

■DEPARTMENT OF PATHOLOGY, P É T E R F Y  H O SPITA L, 'IN S T IT U T E  OF PATHOLOGY AND 
HISTOPATHOLOGY, POSTGRADUATE M EDICAL SCHOOL, BU DA PEST, HUNGARY

(R eceived 3 N o v em b er 1988)

The u l tra s tru c tu re  of I to  cells w as ex am in ed  in  p e rcu tan eo u s  needle liver biopsies 
o f 36 p a tien ts . I n  th re e  cases th e  liv e r w as norm al. F o u r specim ens show ed m ild  or 
m o d era te  f a t ty  d eg eneration . In  th e  re s t  o f th e  liv e r sam ples va rio u s ty p es o f fib rosis 
w ere seen: in  fo u r cases p o rta l, in te n  c en trilo b u la r , in  e ig h t p e rip o rta l fib rosis an d  in 
fiv e  cases c irrhosis. In  th e  norm al liv e r I to  cells o ccu rred  n o t on ly  in  th e  D isse spaces 
b u t  also in  th e  walls o f th e  te rm in a l h e p a tic  venules. In  livers show ing p o rta l fib rosis 
th e  u ltra s tru c tu re  o f I to  cells was sim ilar to  th a t  seen in  th e  n o rm al liver. In  th e  fib ro tic  
a reas o f liver sam ples show ing c en trilo b u la r  o r p e rip o rta l fib rosis or cirrhosis I to  cells 
localized inside th e  f ib ro tic  tissue  a n d  along th e  b o rd e r be tw een  th e  connective  tissue  
a n d  hep ato cy tes . T hese  in te rs ti tia l  I to  cells co n ta in ed  few  lip id , a b u n d a n t ro u g h  en d o ­
p lasm ic  re ticu lu m  w ith  d ila ted  tu b u les  filled  b y  a f lo ccu lan t m a te ria l, well developed  
Golgi com plexes and  o ften  bundles o f 5 n m  th ic k  filam en ts  w ith  densities. T hese cells 
also know n as a c tiv a te d  I to  cells w ere in  p laces su rro u n d ed  b y  im m a tu re  collagen fib rils  
a n d  b asem en t m em b ran e  frag m en ts . T h ere  w as a close c o n ta c t be tw een  a c tiv a te d  I to  
cells and  lym p h o cy tes . T he u l tra s tru c tu re  o f I to  cells localizing in  n o n -fib ro tic  a reas 
d id  n o t d iffer fro m  th a t  seen in no rm al liv e r  lobules. T hese obse rv a tio n s suggest th a t  
I to  cells are re la ted  to  f ib ro b la s ts  an d  m y o fib ro b la sts  and  p lay  an  im p o r ta n t ro le in  th e  
pa thogenesis of liv e r fib rosis in  h u m ans.

K eywords: L iver, liver disease, liver fib rosis, I to  cells

Introduction

U ltra s tru c tu ra l s tu d ies  have show n th a t  no f ib ro b las ts  are p resen t w ith in  
th e  liv er lobules of h e a lth y  ad u lt m am m als , includ ing  h u m an s [3, 33]. B ron- 
fen m aje r e t al. [7] an d  Schnack  e t al. [31] assum ed  for th e  f irs t  tim e  th a t  
th e  lip id -co n ta in in g , v ita m in  А -sto ring  I to  cells (ICs) p ro b a b ly  rep re sen ted  
restin g  p a ren ch y m a l f ib ro b la s ts . This h y p o th es is  w as su p p o rted  b y  ev idence 
of I to  cell p ro life ra tion  an d  of fine s tru c tu ra l tra n s itio n s  b e tw een  cells w ith  
m orphological ch a rac te ris tic s  of ICs an d  f ib ro b la s ts  in  CCl4-induced  ex p e ri­
m en ta l liv er fib rosis [11, 12, 17, 24, 34]. R ecen t b iochem ical in v estig a tio n s 
in d ica ted  collagen b io sy n th esis  in  IC s o f m ouse an d  r a t  liver b o th  in  cu l­
tu re  [13, 16, 34, 36] a n d  in  s itu  [11, 12], an d  th e  presence of collagen w as 
d em o n stra ted  b y  im m unoh istochem ica l m e th o d s in  r a t  ICs [9, 13, 20, 36].
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By th e  e lec tro n  m icroscope th in  bund les of 5 nm  th ic k  para lle l m icro ­
filam en ts  w ere d e tec ted  in  th e  cy top lasm  of ICs u n d e r d ifferen t cond itions [4, 
6, 15, 23, 35, 38], an d  im m unoh istochem ica l s tud ies h av e  d e m o n s tra te d  th a t  
r a t  ICs co n ta in  th e  in te rm ed ia te  f ilam en t p ro te in  desm in  [8, 38, 41] w hich  is 
c h a rac te ris tic a lly  found  in  m uscle cells [19]. These observ a tio n s s tro n g ly  
suggest th a t  IC s m ay  also be capable  o f a co n trac tile  fu n c tion .

A lthough  ex p erim en ta l in te re s t in ICs has been g rea t, re la tiv e ly  little  
is know n a b o u t th e ir  role in  h u m an  liver p a th o lo g y . O nly  a few  a u th o rs  [10, 
14, 25, 27, 29, 31] s tu d ied  th e ir  m orphological changes in  la rger g roups of 
p a tien ts , m a in ly  in  alcohol ad d ic ts  [10, 25, 27, 29].

In  th e  p re sen t p ap er we rep o rt e lec tron  m icroscopic s tud ies of ICs in 
biopsy specim ens o b ta in ed  from  h u m an  livers affected  by  fib rosis o f various 
etiology and  ty p e . T he m orphological ch a rac te ris tic s  of th e  ICs of th e  f ib ro tic  
liver strong ly  suggest th a t  these  cells are fu n c tio n in g  as f ib ro b la s ts  an d  m y o ­
fib ro b lasts  in  h u m a n  liv er disease.

Patients and methods

T h irty  six  p e rcu tan eo u s  needle liv e r b iopsies ta k e n  fo r d iagnostic  p u rp o se  w ere ex ­
am ined.

For ro u tin e  h isto log ical ex am in atio n , liv e r tissu e  was fix ed  in  10 pe r cen t b u ffered  
form alin  and  em b ed d ed  in  pa raffin . Sections w ere s ta in ed  w ith  h aem ato x y lin  a n d  eosin, M as­
son’s trich ro m e, G öm öri’s a ldehyde-fuchsin , G öm öri’s silver im p reg n a tio n  tech n iq u e , P ru ssian  
b lue  and PA S w ith  a n d  w ith o u t digestion  w ith  am ylase.

F or u l tr a s t ru c tu ra l  ex am in atio n , tissue w as fix ed  in  5%  g lu ta ra ld eh y d e  d ilu ted  w ith  
equal p a rts  o f M illonig b u ffer a t  p H  7.2 an d  d istilled  w a te r, p o st-fix ed  in  1 pe r cen t b u ffered  
osm ium  te tro x id e  so lu tio n , d e h y d ra ted  an d  em bed d ed  in  A ra ld ite . One /m i th ic k  sections w ere

Table I

Types o f  liver fib ro sis and histological diagnoses o f  the liver biopsy specimens

T y p e  o f  f ib r o s is n H is to lo g ic a l  d ia g n o s is  (n )

1. No fibrosis

2. Porta l fibrosis

3. Centrilobular fibrosis

4. P eriporta l fibrosis

5. Cirrhosis

8 norm al liver (3); m ild steatosis (4, including 3 alcohol 
add ic ts); m oderate  steatosis (1 alcohol add ict)

5 chronic p e rsis ten t h ep a titis  (3); p o rta l lesion consisten t 
w ith  chronic alcoholic p an crea titis  (2)

10 alcoholic h ep a titis  (7); pericellu lar fibrosis w ith o u t 
alcoholic h ep a titis  in th e  liver o f add ic ts (3)

8 chronic active  h ep atitis  (5); b iliary  piecem eal necrosis 
due to  lasting  biliary  d u c t o b struc tion  (1); p o rta l and 
p e ripo rta l lesion consisten t w ith  chronic alcoholic 
p an crea titis  (2)

4 a lp h a-1-a n titry p sin  im m unoreactive  and H B sA g sero­
positive w ith  m ild a c tiv ity  (1); cryptogenic w ith  m ild 
(2) or m odera te  (1) a c tiv ity
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s ta in e d  w ith  to lu id ine  b lu e  to  determ ine th e  e x te n t  and  loca lization  of fib rosis. T h in  sections 
w ere doub le-s ta in ed  w ith  u ran y l ace ta te  a n d  lead  c itra te  for e lectron  m icroscopic ex am ination .

T h e  lig h t m icroscopic findings are  su m m arized  in  T ab le  I. F a t ty  change  was regarded  
as m ild w hen  cy top lasm ic  lipid vacuoles w ere  p re sen t in  u p  to  50 pe r cen t o f  th e  hep ato cy tes , 
an d  as m o d era te  or severe , if  such vacuoles w ere  seen in  50 — 75 or m ore th a n  75 pe r cen t of 
th em  [30] respectively . T h e  diagnosis o f c h ro n ic  p e rs is ten t an d  chronic ac tiv e  h ep a titis  (5), 
a lcoholic  h e p a titis  (1) a n d  b ilia ry  p iecem eal necrosis (2) w as based on c rite ria  defined b y  an  
in te rn a tio n a l  group, p e r ip o rta l changes in d ic a tin g  chronic alcoholic p a n c re a titis  were id en tified  
b y  th e  c rite ria  proposed  b y  M organ e t al [26] a n d  cirrhosis w as d iagnosed b y  th e  c riteria  a p ­
p ro v ed  a t  th e  F o g a rty  conference [21].

T h e  biopsy specim ens were assigned to  fiv e  groups (T able I), as follow s: 1. n o n -fib ro tic  
liv e r  tis su e ; 2. p o rta l fib ro sis  ind icated  b y  w id en in g  and  in fla m m a to ry  cell in filtra tio n  of th e  
p o rta l fie ld , w ith o u t d e s tru c tio n  of th e  p e r ip o r ta l  lim iting  p la te ; 3. c en trib lo b u la r  fib rosis 
w ith  o r w ith o u t alcoholic h ep a titis , in  th e  fo rm er case n o t in freq u en tly  w ith  in v o lv em en t o f 
th e  in te rm ed ia te  zone; 4. p e rip o rta l fib ro sis , in  w hich th e  in flam m ed  p e rip o rta l  connective  
tissue  destro y ed  th e  lim itin g  p la te  and e n te re d  th e  p e rip o rta l p a ren c h y m a ; 5. liver cirrhosis. 
E le c tro n  m icroscopic ex am in atio n  covered th e  cen trilo b u lar, in te rm ed ia te  an d  p e rip o rta l a reas 
o f th e  liv e r  lobule in  g ro u p s 1 — 4, and th e  c en tra l and  p e rip h e ra l regions o f th e  nodules in  
g ro u p  5.

Results

1. Non-fibrotic liver and portal fibrosis

T h e specim ens assigned to  th e se  g roups differed  from  each  o ther only 
w ith  resp ec t to  th e  e x te n t of p o rta l co n n ec tiv e  tissue . O nly p a r t  o f th e  h e p a to ­
cy tes show ed m ild changes, such as th e  presence of lip id  vacuoles and in th e  
alcoholics, th e  p resence of lo n g itu d in a l cristae  an d  c ry sta llo id  m a trix  in ­
clusions in  some m ito ch o n d ria  in  b o th  th e  cen trilo b u la r an d  p e rip o rta l areas 
and in  th e  cases o f p o rta l fibrosis a n  occasional occurrence of au to p h ag ic  
v acuo les in  p e rip o rta l hepa tocy tes. T h e re  w as no change in  th e  sinusoids an d  
D isse spaces.

In s id e  th e  liv er lobules the  ICs localized  in  th e  Disse spaces (perisinuso idal 
ICs). T h e ir nuclei w ere oval an d  occasionally  in d en ted . B en ea th  th e  cell 
m em b ran e  m any  superfic ia l vesicles w ere seen. T he cy to p lasm  of m ost ICs 
w as h eav ily  loaded  w ith  large pa le  a n d  sm all d a rk  lip id  d ro p le ts  (Fig. 1). 
T he re s t  o f th e  cy to p lasm  com prised s h o r t  tu b u les  o f rough  endop lasm ic  re tic u ­
lu m  (R E R ), small Golgi com plex, cen trio le  or ciliary  ro o tle t, an d  a few sm all 
m ito ch o n d ria . The R E R  and Golgi com plex  w ere m ore developed  and  a few  
in te rm e d ia te  f ilam en ts  could also be  seen in  ICs con ta in in g  less lipid. T he 
cy to p la sm  ex ten d ed  slender e longated  processes of w hich only a few' con ta ined  
lip id  d ro p le ts . A t som e places several m a tu re  or th in  im m atu re  collagen fibrils 
could  be  seen betw een  ICs and h e p a to c y te s , and  occasionally  a d iscon tinuous, 
th in , b asem en t-m em brane-like  m a te r ia l occurred  betw een  ICs an d  endo thelia l 
cells.

T h e  space b e tw een  the  en d o th e lia l lin ing  cells o f th e  te rm in a l h ep a tic  
venu le  a n d  th e  p e riv en u la r  h e p a to c y te s  w as filled  b y  an  am orphous substance  
an d  b y  m a tu re  collagen fibrils, b e tw een  w hich ICs (p eriv en u la r ICs) could be
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seen along with fibroblasts and myofibroblasts. The perivenular ICs contained 
fewer and lesser lipid droplets, better developed RER and larger Golgi complex 
than most perisinusoidal ICs and at the cell periphery there were thin bundles 
of 5 nm thick filaments with densities which were arranged parallelly with 
the cell membrane (Figs 2 and 3).

The perivenular myofibroblasts did not contain lipid, and the bundles 
of microfilaments occupied a greater part of the cytoplasm than in ICs.

2. Centrilobular fibrosis, periportal fibrosis and cirrhosis

a) General characteristics

Biopsy specimens with centrilobular pericellular fibrosis but without 
signs of alcoholic hepatitis showed an increase in collagen fibrils and, occasion­
ally, the presence of an amorphous osmiophilic substance in the widened Disse 
space and in the intercellular space between hepatocytes. The hepatocytes 
themselves showed no appreciable change. In the cases of alcoholic hepatitis, 
large areas of the centrilobular and intermediate zones were occupied by con­
nective tissue, which comprised bundles of collagen fibrils, fibroblasts, ICs, 
and at some places neutrophilic granulocytes, lymphocytes and macrophages 
(Figs 4 and 6). The hepatocytes contained giant mitochondria, crystalloid 
inclusions in the mitochondrial matrix, increase, crowding, and swelling of 
the mitochondria, dilatation of the RER, increase in number of autophagic 
vacuoles, presence of Mallory’s hyaline and lytic or coagulation necrosis of 
single hepatocytes.

In the cases of periportal fibrosis, extensions of the portal connective 
tissue encircled single or several hepatocytes. Between the collagen bundles 
ductular cells, fibroblasts, ICs, lymphocytes, macrophages, and in part of the 
biopsies also neutrophilic granulocytes could be seen. In the cytoplasm of 
the hepatocytes trapped in or adjoining the fibrotic tissue a lamellar osmio­
philic material, occasionally limited by a membrane, and many lipofuscin 
granules could be seen the mitochondria were swollen, the RER was dilated, 
and increase of the tonofilaments was also noted at some places.

The cirrhotic livers showed similar changes to periportal fibrosis along 
the border between the connective tissue septa and hepatocytes. Apart from 
the cell types observed in centrilobular and periportal fibrosis, myofibroblasts 
made appearance in the connective tissue septa (Fig. 16).

The fibrotic areas contained small capillary vessels at the borderline 
between hepatocytes and connective tissue, and also in more distant localiza­
tions. The hepatocellular surfaces facing the connective tissue were frequently 
bordered by continuous basement membrane (Figs 5 and 10).
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Fig. 1. N orm al liver. P erisinuso idal I to  cell. T he c y to p la sm  is occupied b y  lip id  d rop lets. X 4000 
Fig. 2. W all of te rm in a l hepatic  venule (TV) in n o rm a l liver. N ote th e  lip id -co n ta in in g  I to  cell 
process b e n ea th  th e  en d o the lia l cell. Several s lig h tly  d ila te d  R E R  tu b u les  an d  free p o ly rib o ­
som es can  be seen in  th e  cytoplasm . A b an d  of 5 n m  th ic k  filam en ts (arrow ) ex ten d s b e n ea th

the  cell m em b ran e . X 12 000
Fig. 3. N orm al liver. N o te  processes of a m y o fib ro b la s t (arrow ) and f ib ro b la sts , and  an  I to  cell 
w ith  d ila ted  R E R  tu b u le s  and an Ito  cell process b e n e a th  th e  endothelia l lin ing  of th e  te rm in a l

hepatic  venule  (TV). X 8000
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b) I t o  ce l ls

In the cases of centrilobular pericellular fibrosis the ICs localized in the 
widened Disse spaces, which contained numerous collagen fibrils (Figs 7 and 8).

In the large fibrotic areas, in which the sinusoids were destroyed, some 
of the ICs localized near to hepatocytes (Fig. 9), occasionally between a capil­
lary vessel and the hepatocyte (Fig. 10), others occurred deeper in the con­
nective tissue between collagen fibrils and inflammatory cells (Figs 4 and 6), 
and around capillary vessels and bile ductules (interstitial ICs). The ICs 
abutting on hepatocytes had a narrow cytoplasm with long processes which

Fig. 4. C en trilo b u la r fib ro sis in alcoholic h e p a titis . Collagen fib rils , a lym phocy te  (L y), n e u tro ­
philic g ran u lo cy tes  (G) and  a long b ranch ing  process o f an  I to  cell (arrow s) w ith  lip id  d ro p le ts  
and d ila ted  R E R  can  be seen n e x t to  a h e p a to cy te  (H ). A djo in ing  th e  liver cell are long , n a rro w  
cell processes, w h ich  e x te n d  paralle l to th e  h ep ato ce llu la r b o rd e r, a n d  th ick  cell p rocesses w ith

sh o rt, d ila ted  R E R  tu b u le s . X 4000
Fig. 5. C en trilo b u la r fib rosis in alcoholic h e p a titis . T he h e p a to cy te  (H ) is su rro u n d e d  b y  
continuous b a se m e n t m em b ran e  (arrow s), an d  a ro u n d  it  cell processes sim ilar to  th o se  show n

in Fig. 4 are  to  be  seen. X8000
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Fig. 6. C en trilo b u la r fibrosis in  alcoholic  h ep a titis . L y m p h o cy tes  (L y), f ib ro b lasts  (F ), I to  
cells (IC), a n d  a process of an  I to  cell (arrow ) can be seen  be tw een  collagen fibrils. T he I to  cells 
have  u n d u la te d  or indented  n u c lea r surfaces, and d ila te d  R E R  tu b u le s  are  a b u n d an tly  p re sen t

in  th e ir  cy toplasm . X 4000
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F ig. 7. C entrilob iilar pericellu la r fibrosis. In  th e  d ila ted  peris inuso ida l recess b e tw een  th e  
h ep ato cy tes  m an y  collagen fib rils  an d  a long process of an  I to  cell can  be seen, th e  la t te r  
co n ta in s lig h t and  som e d a rk  (arrow s) lipid d ro p le ts  and  a b u n d a n t R E R . H : h e p a to cy te .

X 12 000
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extended parallel to the hepatocellular surface. At some sites the surfaces of 
ICs and hepatocytes contacted each, whereas in others they were separated 
by collagen fibrils (Fig. 9). Long cell processes similar to those of the ICs 
could be frequently seen along the surface of hepatocytes (Figs 4 and 5).

Fig. 8. C en trilobu lar pericellu la r fibrosis. In  th e  w idened Disse space an  I to  cell process is 
visible w h ich  contains d ila ted  R E R  tu b u les  and num erous free ribosom es b u t  no lipid. N ex t to 
th e  I to  cell process th ere  a re  m a n y  m atu re  and  im m atu re  (a rrow ) collagen fib rils. S: sinusoid; 

E : en d o th e lia l cell; H: h ép a to cy te . X 20 000
Fig. 9. P e r ip o rta l fibrosis in  chron ic  active  h ep a titis . B orderline  be tw een  h ep a to cy te s  and 
connective  tissue. A long process o f an  I to  cell, w hich co n ta in s a lip id  d ro p le t an d  ab u n d an t, 
d ila ted  R E R , ex tends paralle l to  th e  h epatoce llu lar bo rd er. T he surfaces o f th e  I to  cell process 
and th e  h e p a to cy te  (H) are se p a ra ted  by  collagen fib rils  (arrow ) a t  one p lace, an d  co n tac t one

a n o th e r  elsew here. X 4000
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Fig. 12. C en trilo b u la r fibrosis in  alcoholic h ep a titis . D e ta il o f a n  I to  cell. N ote a b u n d a n t R E R  
and  well dev elo p ed  Golgi com plex (Go). A few sm all m ito ch o n d ria  can  also be seen. N o te  b a se ­

m e n t m em brane  (arrow ) a long  a po rtion  o f  th e  Ito  cell m em brane . X 15 000 
Fig. 13. C en trilo b u la r fibrosis. P rocess of an I to  cell. M any caveoles an d  vesicles can  be  seen 
on th e  cell su rface , and th ere  a re  a  few in te rm ed ia te  filam en ts  in  th e  cy top lasm . X 28 000

Both the perisinusoidal and the interstitial ICs had an abundant elon­
gated or star-shaped, branching cytoplasm (Figs 4, 6, 7, 8, 9, 10 and 11). 
Adjoining their cell membranes mature and young collagen fibrils (Figs 8, 
10 and 11), and at some places thick basement membrane fragments (Figs 10, 
12 and 14) were seen. Where ICs and hepatocytes were adjacent to each other, 
the basement membrane fragments localized between them (Fig. 10). The 
nuclei of the ICs had undulated or indented contours (Figs 6, 11 and 12). 
Some ICs had many surface vesicles and caveoles (Fig. 13). The cytoplasm 
contained few to many intermediate filaments (Fig. 13), and bundles of 5 nm 
thick parallel filaments with dense areas could be frequently seen at the cell 
periphery (Fig. 14). Such bundles of filaments filled — like in myofibroblasts

Fig. 10. C en trilo b u la r  fibrosis in  alcoholic  h ep a titis . N o te  cap illa ry  vessel (C) in  th e  m arg in a l 
p a r t  of th e  f ib ro tic  a rea  near to  h ep a to cy te s  (H ). B e tw een  th ic k  bu n d les of m a tu re  a n d  im m a ­
tu re  ( th in  a rro w ) collagen fibrils a n d  hep ato cy tes (H ) th e re  is an  I to  cell process w hich co n ta in s  
no lip id ; d ila ted  R E R  tubules filled  b y  a floccu len t m a te ria l  an d  a sm all m itch o n d riu m  can  be 
seen in  it. N o te  frag m en ts  of b a se m e n t m em brane  ( th ic k  arrow s) a ro u n d  th e  h ep a to cy te s .

X l3  000
Fig. 11. P e r ip o r ta l  fibrosis in ch ro n ic  active  h e p a titis . N o te  in tim a te  association  of th e  I to  cell 
w ith  ly m p h o cy tes . T he spaces b e tw een  th e  processes o f  th e  I to  cell a re  occupied by  im m a tu re

collagen fibrils. X 9000
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(Fig. 16) — the greater part of the cytoplasm of ICs which localized in the 
connective tissue septa of the cirrhotic liver (Fig. 15). The cell bodies and/or 
processes contained one or a few lipid droplets (Figs 4, 6, 7, 9, 11, 14 and 15), 
which occupied only a minor part of the cytoplasm. RER was abundant and 
its dilated tubules were filled by a flocculent material (Figs 4, 6, 7, 8, 9, 10, 
12 and 14). The Golgi complex was well developed, the mitochondria were 
small and sparse (Figs 10, 12 and 14).

The fine structure of fibroblasts resembled that of ICs except that 
neither lipid droplets, nor 5 nm thick cytoplasmic filaments could be seen 
within them. Myofibroblasts occurred exclusively in the connective tissue 
septa of the cirrhotic liver (Fig. 16), and differed from the fibroblasts by the 
presence of numerous bands of 5 nm thick filaments with densities.

In parenchymal parts not affected by fibrosis the ICs showed ultra- 
structural characteristics similar to those of the normal liver lobule.

Discussion

The ICs have been synonymously termed as perisinusoidal cells referring 
to the fact that they localize in the Disse spaces of the intact liver lobule. 
Nakano et al. [27] observed in normal human liver only the presence of 
fibroblasts and myofibroblasts in the adventitia of the terminal hepatic venule. 
We detected, in addition to these ICs in the walls of terminal hepatic 
venules in human liver samples which were normal or showed mild or moder­
ate fatty change. These perivenular ICs contained less lipid, more abundant 
RER and a more developed Golgi complex than the perisinusoidal ones, and 
beneath their cell membranes bands of 5 nm thick filaments with densities 
could be seen, similar to those seen inside the adjoining myofibroblasts. It 
appears that the environmental factors have an influence on the structure 
of ICs in the intact human liver.

Biochemical examinations have shown that cultured ICs of rat liver 
produced types I, III and IV collagen [13, 16, 34, 36]. The same types of col­
lagen were demonstrated intracellularly in the ICs of rat liver [9, 13, 20, 32] 
and in those of healthy and alcoholic human livers as well [10]. As compared 
with ICs cultured from untreated rats in ICs cultured from CCl4-treated rats

Fig. 14. L iv e r cirrhosis, connective  tissue  sep tum . D e ta il o f  an  I to  cell w ith  well developed  
R E R  an d  sm all m ito ch o n d ria . N ote  frag m en ts  o f th ic k  b a se m e n t m em brane along p o rtio n s  o f 
the  cell m em b ran e  an d  a b an d  of 5 n m  th ic k  cy to p la sm ic  fila m en ts  w ith  densities a t  th e  cell

p e riphery . X 28 000
Fig. 15. L iv e r cirrhosis, connective  tissue  sep tum . T he g re a te r  p a r t  of th e  process o f an  I to  cell 

is occupied  b y  5 nm  th ic k  p a ralle l f ila m en ts  w ith  densities. X 28 000 
Fig. 16. C irrhosis, connective  tissue sep tum . D etail o f a  m y o fib ro b la st. M any 5 n m  th ic k  c y to ­
plasm ic f i la m e n ts  w ith  densities, well developed R E R , a n d  m a n y  free polyribosom es can  be

seen in  th e  cy top lasm . X 20 000
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collagen synthesis increased 4—6-fold [34]. In cultured ICs the lipid content 
tended to decrease, the RER became more abundant and the Golgi complex 
more developed with the increase of collagen synthesis [16, 34]. Enzan [11] 
and Enzan and Нага [12] demonstrated by electron microscopic autoradio­
graphy an incorporation of 3H-proline into ICs of CCl4-treated mice; the silver 
grains appeared first over the RER and Golgi complex, later over the collagen 
accumulated along the cell borders. The ICs of baboons fed on alcohol chroni­
cally showed increase of RER area and diminution of intracellular lipid 
parallel to the progression of liver fibrosis [23]. ICs in this state were termed 
by Kent et al. [17] as transitional cells, and by Okanoue et al. [29] as acti­
vated ICs.

In the liver samples with fibrosis examined by us, the ultrastructure of 
ICs localizing in non-fibrotic areas was similar to that seen in intact liver 
lobules, whereas the ICs localizing in the fibrotic areas contained many RER 
tubules filled by a flocculent material, a well developed Golgi complex, few 
small lipid droplets, and were at some places surrounded by immature collagen 
fibrils. Consequently, the ultrastructural transformation taking place in ICs 
of humans suffering from liver fibrosis is analogous to those shown by ICs 
involved in experimentally induced collagen production. Minato et al. [25] 
have found a significant correlation between the morphological changes of 
ICs, similar to those seen by us, and the rate of in vitro collagen biosynthesis 
in liver biopsy specimens taken from alcohol addicts. In accordance with 
earlier observations [4, 6, 18, 35] we detected basement membrane fragments 
underlying the activated ICs which is consistent with the production of type 
IY collagen by these cells [9, 10, 13, 20, 34, 36]. In view of this it appears 
that the ICs play an important role in collagen synthesis and in the patho­
genesis of human liver fibrosis.

It is known that the proliferation of fibroblasts is stimulated by a macro- 
phage-dependent factor [22] and by lymphokine produced by activated T- 
lymphocytes, as well [28, 39]. It is possible that similar factors are responsible 
for the activation of ICs. The proliferation of ICs isolated from CCl4-treated 
rats was enhanced by a non-dialysable, soluble growth factor secreted by 
Kupffer cells of CCl4-treated rats [34]. In the livers of patients who had died 
at different times after the onset of fulminant hepatitis, Tanaka and Ishi- 
kawa [37] using enzyme- and immuno-histochemical methods observed pro­
liferation of ICs, activated macrophages, and activated T-lymphocytes to­
gether with the development of fibrosis in the necrotic areas. This accords 
well with our observation that macrophages frequently appeared in the sur­
roundings of activated ICs, and the latter were intimately associated with 
lymphocytes in the fibrotic liver tissue.

Our earlier studies demonstrated the presence of 5 nm thick filaments, 
which formed thin fascicles with densities, in the surface cytoplasmic matrix

Acta Morphologica Hungarica 37, 1989



ULTRASTRUCTURE O F  T H E  ГГО CELLS 233

of ICs in fetal human and mouse liver [4]. Similar fascicles were found in ICs 
of adult humans in the present study. The 5 nm thick filaments localized 
inside perivenular ICs in the non-fibrotic liver, whereas in conditions of 
fibrosis they could be seen inside many activated ICs. These filaments were 
most abundant in ICs localizing inside the fibrous septa of the cirrhotic liver, 
i.e. in places where also myofibroblasts occurred. It appears that the fibroblast­
like transformation of ICs is frequently associated with a quantitative increase 
of 5 nm thick filaments. Myofibroblast-like ICs were also found in human 
hepatocellular carcinoma [35], hepatocellular adenoma [6], perisinusoidal 
fibrosis associated with diabetes [18], liver fibrosis due to A-hypervitamino- 
sis [15] and in the liver of baboons fed on alcohol [23]. Consistently with these 
observations, immunohistochemical methods detected the presence of desmin 
within ICs [8, 38]. On the other hand, the myofibroblasts which surround 
the terminal hepatic venule take up and store retinol after treatment with 
vitamin A [40]. These observations support the claim that the ICs are related 
to myofibroblasts.
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RENAL COMPLICATIONS IN MULTIPLE MYELOMA

B. IV A N Y I

D EPA RTM EN T OF PATHOLOGY, A LB ER T SZENT-GYÖRGYI U N IV ERSITY  OF M ED ICINE, SZEG ED , HUNGARY

(R eceived  21 N ovem ber 1988)

R enal com plications w ere s tu d ied  in 81 au topsied  p a tie n ts  su ffering  from  m ul­
tip le  m yelom a (47 m ale, 34 fem ale , m ean  age 66.3 years). K id n ey  sam ples w ere exam ined 
fo r th e  presence of B ence Jo n es  c a s t n ep h ro p a th y , lig h t chain  d eposition  disease, 
am yloidosis, nephrocalc inosis, ch ron ic  u ra te  n e p h ro p a th y , acu te  ren a l fa ilu re , renal 
v e in  th rom bosis , a cu te  a n d  chron ic  pyelonephritis , and  tu m o ro u s in fil tra tio n  of the  
k id n ey  tissue. Lesions w ere g rad ed  u n d e r  th e  lig h t m icroscope as m in im al, m ild , m oder­
a te  o r severe. This g rad in g  a n d  th e  corresponding  serum  crea tin in e  levels w ere used to 
d is tin g u ish  four groups: 1. m orpho log ically  and  fu n c tio n ally  in ta c t  k id n ey  (40 cases); 
2. k id n ey  invo lvem en t w ith  good re n a l fu n c tio n  (10 cases); 3. k id n ey  in v o lv em en t w ith  
m o d era te  chronic ren al in su ffic ien cy  (16 cases); 4. k id n ey  in v o lv em en t w ith  chronic 
u raem ia  (15 cases). In  p a tie n ts  w ith  a n  im paired  ren al fu n c tio n  (groups 3 a n d  4), Bence 
Jo n es  cas t n ep h ro p ath y  occurred  m o st freq u en tly  (27 cases, 33% ); all o th e r  com plications 
w ere seen m uch less freq u e n tly . A m ong th e  81 p a tie n ts , tw o cases of k a p p a  lig h t chain 
d ep osition  disease and  th re e  cases o f am yloidosis w ere found . A lthough  th e  sem iq u an ­
t i ta t iv e  m orphology an d  serum  c rea tin in e  levels d isp layed  a good co rre la tio n , there  
w ere cases w ith  m arked  h isto log ical changes b u t only a m o d era te  im p a irm e n t in  renal 
fu n c tio n , suggesting th a t  th e  d raw in g  of fu n c tio n al conclusions from  m orphological 
changes o f th e  k id n ey  requ ires cau tio n .

Keywords: M ultip le m yelom a, ren a l com plications, Bence Jo n es  cas t n ep h ro ­
p a th y , lig h t chain n ep h ro p a th y

Introduction

A serum creatinine level above 177 //mol/1 is an unfavourable prognostic 
sign in the clinical course of multiple myeloma [2, 12]. Bence Jones cast 
nephropathy, AL-amyloidosis, light chain deposition disease, pyelonephritis, 
etc. may occur in the background [6, 19, 29, 32, 34]. Our retrospective study 
analyzes the frequency of renal complications in myeloma in autopsy material, 
their combinations with each other and the correlation between the serum 
creatinine level and the degree of morphological changes.

Bence Jones cast nephropathy is a common complication of myeloma. 
Clinically, patients generally have light chain proteinuria and renal insuf­
ficiency. In the pathogenesis, a role is played by tubulotoxic free light chain 
proteins that filter in large quantities through the glomerular capillary base-
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ment membrane [13, 17, 20]. Histologically, many of the distal and collecting 
tubules are completely obstructed by eosinophilic, refractile casts. Around 
them, the tubuli are dilated, atrophic, and occasionally necrotic. The casts 
are usually surrounded by multinucleated giant cells of macrophage origin 
[33]. In the adjacent peritubular interstitium, an inflammatory infiltrate 
composed of lymphocytes, macrophages and some neutrophilic granulocytes 
is present. A variable degree of interstitial fibrosis and pronounced hyaline 
arteriolosclerosis accompany the lesion [6, 8, 22].

Another, less frequently encountered complication is the deposition of 
serum paraproteins in the form of either light chain fragments or amyloid 
fibrils along the renal basement membranes (paraproteinaemic kidney). In 
light chain nephropathy, atrophic tubules with intensely PAS-positive base­
ment membranes, interstitial fibrosis and nodular glomerulosclerosis can be 
seen light microscopically [1, 15, 36]. The diagnosis is established by the detec­
tion of monotypic, usually kappa light chain fragments deposited linearly 
along the tubular and glomerular basement membranes [4, 6, 25]. Patients 
suffering from light chain nephropathy present with renal failure and non- 
selective proteinuria [13]. Amyloidosis occurs in 5 —15 per cent of all patients 
with myeloma [5, 16]. Massive proteinuria with or without the nephrotic 
syndrome is a common finding. It is important to mention that Bence Jones 
cast nephropathy and paraproteinaemic kidney generally exclude each other
[9, 18].

In 7 — 9 per cent of patients with light chain proteinuria and a normal 
renal function, acute renal failure may develop [30]. Infections, dehydration, 
hypercalcaemia, hyperuricaemia, intravenous pyelography, thrombosis of 
intrarenal veins, tumorous infiltration of renal parenchyma and nephrotoxic 
antibiotics are the main predisposing factors [10, 34].

Materials and methods

B etw een 1st J a n u a ry  1967 an d  30 th  Sep tem ber 1988, 32378 au topsies were carried  ou t 
in  our d e p a rtm e n t. A m ong th em  81 h isto logically  p ro v en  cases o f m u ltip le  m yelom a were 
found. The form alin -fixed  and  p a raffin -em b ed d ed  k id n ey  b locks o f these  cases were recu t and  
th e  slides were s ta in ed  w ith  H and  E , PA S, K ossa’s silver im p reg n atio n  and  Congo red . The l a t ­
te r  were exam ined  u n d e r po larized  lig h t for green b irefringence. L igh t chain  n ep h ro p a th y  was 
ro u tin e ly  screened from  1982 on frozen sections of k idney  sam ples by  using  th e  d irec t im m uno­
fluorescence (D IF )  m eth o d  w ith  F IT C -con jugated  an tise ra  ag a in st an tih u m an  IgG , IgA, IgM, 
k ap p a  and lam b d a  (D a k o p a tts ) . On th e  basis of th e  lig h t m icroscopic ap p earan ce , 5 cases were 
found  to  be suspicious o f lig h t chain  d ep osition  in the  period  1967 — 1981. T hese k idney  sections 
were exam ined w ith  th e  a v id in -b io tin  m ethod  using  a n ti-k a p p a  and a n ti- lam b d a  an tisera  
(D ak o p atts) as p r im a ry  an tibod ies . T he diagnosis of lig h t chain  n ep h ro p a th y  was established 
by  the  d e m o n s tra tio n  of the  d iffuse sta in in g  of tu b u la r  b a se m e n t m em branes for a single lig h t 
chain  iso type. Im m u n o h isto lo g ica l p o sitiv ity  was con tro lled  e lectron  m icroscopically  by  proving 
th e  g ran u la r n a tu re  o f th e  deposits . L ig h t m icroscopically , th e  follow ing lesions were graded  as 
m inim al, m ild, m o d era te  or severe in  all k idneys: Bence Jo n es  cas t n e p h ro p a th y , light chain 
n ep h ro p a th y , am yloidosis, ev idences o f acu te  renal fa ilu re , nephrocalc inosis, chronic u ra te  
n ep h ro p a th y , a cu te  and  chronic  py e lo n ep h ritis  [6J, th ro m b o sis  o f in tra ren a l veins, and tu -
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m orous in filtra tio n  of k id n ey  tissue. A fte r g rad in g , all cases were g rouped  on th e  basis o f th e  
se ru m  crea tin ine  levels. I f  th e  serum  c rea tin in e  level was h igher th a n  177 ^tmol/1 a t  le a s t 3 
m o n th s  before d e a th  an d  show ed progression , chron ic  ren a l insufficiency  was diagnosed [7]. 
I f  u raem ic  sy m p to m s w ere also observed  in  such p a tie n ts , th e  d iagnosis w as chronic u raem ia . 
On th e  basis o f  th e  m orpholog ical s tu d y  and  th e  co rresponding  clinical d a ta , four groups w ere 
d istingu ished : 1 ) m orpho log ically  an d  fu n c tio n ally  in ta c t  k idney , 2 ) k id n ey  invo lvem en t w ith  
good ren al fu n c tio n  (serum  c rea tin in e  level below  177 ,umol/l), 3) k id n ey  invo lvem en t w ith  
m o d era te  chronic re n a l in sufficiency  (serum  c rea tin in e  level be tw een  177 /m m l/l and  500 /m m l/l), 
4) k id n ey  in v o lv em en t w ith  chronic  u raem ia  (u raem ic  sy m p to m s an d  serum  crea tin ine  level 
ab o v e  500 /imol/1).

Results

The m a te ria l consisted  of 81 m yelom a cases (47 m ale, 34 fem ale, m ean  
age 66.3 years). Im m unoh isto log ica l an d  elec tron  m icroscopic ex am in a tio n  
(F igs 1 and  4) revealed  2 cases of k ap p a  lig h t chain  n e p h ro p a th y  w ith  in tense  
im m u n o sta in in g  a long  th e  tu b u la r  b asem en t m em branes. L ig h t m icroscopic 
changes were as follow s: Case 1. Severe in te rs ti t ia l  fib rosis an d  tu b u la r  a tro p h y  
w ith  foci of m o d era te  in te rs ti t ia l  ly m p h o cy tic  in f iltra tio n . T he tu b u la r  b a se ­
m e n t m em branes w ere th ick en ed  and  gave an  in tense  P A S -reaction  (Fig. 2). 
T he glom eruli ex h ib ited  focal m esangial w idening. The v asa  afferen tes show ed 
m o d e ra te  hyaline  arterio losclerosis. In  som e arterio les am ylo id  deposition

Table I

K id n ey  involvement with moderate chronic renal insu ffic iency

Light Evl- .  Acute Chronic Throm- Mye]o.
Cast chain Amyloid- fences Nephro- U rate lo_ lo_ hosis of ma

Age and sex nephro- nepllro- osis of aoute c“ - nephro- h . ne. m tra- infil_
Pathy pathy „renal cinosis РаЛУ ritis phritis renal tratesfailure veins

1. M. J . 62, f + + + + +  +
2. P . K. 63, f -L + +
3. Sz. P. 62, f +  +
4. Sz. H. 80, f +  + !_
5. J .  N. 67, f +  +
6 . Gy. K. 66 , f +  +  +  +
7. M. B. 55, m +  + —|__̂ - 4 -,

8 . T. L. 54, m +  +
9. Sz. J . 56, m 4 .

10. J .  I. 76, m + +  +  +  +
11. R . F. 72, m +  + 4-
12. Zs. I. 52, m +  +  +
13. Sz. J . 63, m +  +
14. K . A. 73, m +  +
15. G. M. 55, m + +  +
16. K . A. 68 , m +  +

- f :m i ld ,  +  - f  : m odera te , +  +  +  ! severe
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Fig. 1. K ap p a  lig h t chain  n e p h ro p a th y . L in ear s ta in ing  along th e  tu b u la r  and  g lom eru lar (g) 
b asem en t m em b ran es and  in te r tu b u la r  capillaries. A t th e  lower r ig h t, a cast is to  be seen

in a tu b u le . D IF , a n ti-k ap p a , X 560
Fig. 2. K ap p a  lig h t chain  n e p h ro p a th y . In te rs ti t ia l  fibrosis and focal tu b u la r  a tro p h y . T u b u la r  

b a sem en t m em branes show  an in tense  PA S-reaction . PA S, X 140
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F ig . 3. Bence Jo n es cas t n e p h ro p a th y . M yelom a cylinders (aste risk s) are su rro u n d ed  b y  g ian t 
cells (arrow heads). T u b u la r  a tro p h y  is p re sen t. In  th e  in te rs t i tiu m  (a t m iddle) ly m phocy tes , 

p lasm a cells a n d  m acrophages can  be seen. H E , X560 
Fig. 4. L igh t chain  n e p h ro p a th y . A long th e  o u ter a spect o f th e  tu b u la r  b asem en t m em brane , 

finely  g ra n u la r  e lec tro n -d en se  deposit is p resen t. P o s t m o rtem  EM , X 6200
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Table II

Kidney involvement with chronic uraemia

_ Light ,t v | - . Chronic 1 hrom-
Cast chain Amyloid- fences Nephro- U rate A cute pvelo- bosts of Myelo-

Age and sex nephro- nephro. ,,s',s of ocute « M -  nephro- pyelo- n ' hri.  in tra- ma in-
pathy  path y  renal nosis pa thy  nephritis t js renal filtrates

failure veins

1. B. M. 81, f + + + +
2 . H . F. 68 , f +  +  + +
3. B. 1. 80, f +  +  +  +
4. H. J . 53, f +
5. Sz. L. 56, f +  + + +
6 . Cs.Gy. 74, f +  +  +
7. K . S. 70, f +  +  + +  +
8 . Sz. F. 74, m +  +
9. D. J . 67, m +  + +  +

10 . D. M. 64, m +  4-
11 . Sz. P. 70, m +  + +  +
12 . Cz. 1. 64, m +  +  + +  +
13. D. K. 65, m + +  + +
14. T. S. 49, m +
15. P. Gy. 73, m +  +

+  : m ild, +  - f  : m odera te , +  +  +  : severe

could be d em o n stra ted . Case 2. L arge foci o f in te rs titia l fib rosis an d  tu b u la r  
a tro p h y . T he tu b u la r  lu n iin a  co n ta in ed  several m yelom a casts su rro u n d ed  by 
m u ltin u c lea ted  g ian t cells. T he a d ja c e n t p e r itu b u la r  in te rs ti t iu m  w as m arked ly  
in f iltra te d  by  lym phocy tes an d  m acrophages. The p ic tu re  was id en tica l to  th a t  
seen in Bence Jones cast n e p h ro p a th y  (F ig . 3). T he glom eruli w ere norm al. 
A m odera te  hyaline  arterio losclerosis could be seen in  th e  arterio les.

C om parison of the  se m iq u a n tita tiv e  m orphological and  fu n c tio n a l da ta  
revealed  40 cases th e  “ m orpho log ica lly  and  fu n c tio n a lly  in ta c t  k id n e y ”  group. 
T en  cases w ere classified as “ k id n ey  in v o lv em en t w ith  good ren a l fu n c tio n ” . 
In  these , Bence Jon es c a s t n e p h ro p a th y , signs o f acu te  ren a l fa ilu re  and 
nephrocalcinosis of m in im al or m ild degree were p resen t e ith e r  alone or to ­
gether. F u rth e rm o re , one case of m ild and  one case of m odera te  ren a l am y­
loidosis occurred . The la t te r  caused  th e  n ep h ro tic  syndrom e clin ically . In 
16 cases, “ k idney  in v o lv em en t w ith  m odera te  chronic renal insu ffic iency” 
was diagnosed (Table I). “ K id n ey  in v o lv em en t w ith  chronic u ra e m ia ” was 
id en tified  on 15 occasions (T able I I ) .  In  groups 3 an d  4, Bence Jo n es cast 
n ep h ro p a th y  occurred on 27 occasions, k ap p a  ligh t chain  n e p h ro p a th y  on 
2 occasions, and am yloidosis on 1 occasion. As concerns T ables I  an d  II , it 
m u st be em phasized  th a t  cases 1, 6 an d  12 in  th e  g roup  “ k id n ey  invo lvem ent 
w ith  m odera te  chronic ren a l in su ffic iency”  d isp layed  m ore severe inorpho-
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logical changes than would be expected from the functional values, whereas 
cases 4 and 14 in the group “kidney involvement with chronic uraemia” 
showed morphological changes less moderate than expected from the severity 
of the functional impairment.

D iscussion

All known complications of myeloma were encountered in our material. 
For a correct morphological diagnosis, routine immunohistochemical investi­
gation of the kidney with light chain specific antibodies is essential. In our 
experience, the DIF examination of frozen kidney sections is the procedure 
of choice because of its rapidness, simplicity, reliability and low cost [23].

The semiquantitative morphology and renal functional data generally 
showed a good correlation. Normal serum creatinine levels were accompanied 
by no or only slight pathohistological changes (groups 1 and 2, altogether 
50 patients). “ Kidney involvement with moderate chronic renal insufficiency” 
or “with chronic uraemia” (groups 3 and 4, altogether 31 patients) were 
coupled with moderate or severe structural alterations. However, 2 uraemic 
cases exhibited mild histological changes, and in 3 cases with a moderate 
deterioration of the renal functions severe morphological abnormalities were 
observed. These findings suggest that the morphologic changes of the kidney 
in myeloma do not always run parallel with the function: severe lesions can 
be accompanied by a relatively preserved renal function, and vice versa.

Chronic renal insufficiency was recorded in 31 patients (38%); it was 
mostly due to Bence Jones cast nephropathy (27 patients, 33%). A similar 
incidence was found by Schubert et al. [32]. These data suggest that roughly 
every third patient in unselected myeloma series will have cast nephropathy. 
Bohle et al. [3] have shown that the deterioration in renal function is directly 
correlated with the number of casts and the amount of interstitial tissue. 
The number of casts is of prognostic significance: survival can be prolonged 
in patients whose tubules are not obstructed by casts [30].

The two forms of paraproteinaemic kidney, amyloidosis and light chain 
nephropathy, were observed rarely in our material (3 and 2 occasions). The 
frequency of myeloma-associated light chain deposition disease is not yet 
known. Our results tentatively indicate that it is approximately the same as 
that of myeloma-associated amyloidosis. It is worth mentioning that one of 
our two light chain nephropathy cases was associated with amyloidosis. The 
simultaneous deposition of fibrillary (amyloid) and finely granulated (light 
chain fragment) forms of myeloma paraprotein in the same tissue localization 
has also been observed by other authors [14, 18, 19, 21, 25]. However, the 
pathomechanism of this phenomenon is still obscure. The other case was
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associated with Bence Jones cast nephropathy. This may he of particular 
interest because the kidney is usually damaged either by cast formation or 
paraprotein deposition [9, 18]. Unfortunately chemical analysis studies were 
not carried out in this case; thus, data relevant to the pathogenesis of kidney 
damage are missing.

Other complications were also rare, probably due to the fact that chronic 
urate nephropathy, nephrocalcinosis, intrarenal venous thrombosis, acute 
renal failure and acute pyelonephritis can be controlled therapeutically. 
In 6 cases, we verified tumorous infiltration of the kidney tissue, mostly in 
mild form. As invasion of the kidney by tumorous plasma cells occurs in the 
terminal phase of the disease, this change has no clinico-pathologic implications.

Relatively little is known about the dynamics of development of Bence 
Jones cast nephropathy and paraproteinaemic kidney, or the excent to which 
they can he influenced therapeutically. Progress can be expected only if 
a renal biopsy is made in parallel with the physicochemical analysis of the 
light chain proteinuria and investigation of the tubular function at the very 
beginning of the functional decline. Although haematologists in Hungary often 
do not agree to kidney biopsy, there appears to be no other way to clarify 
the nature of the kidney damage.
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ANTIFREEZE (ETHYLENE GLYCOL) INTOXICATIONS IN 
BALTIMORE. REPORT OF SIX CASES

F. I n t r o n a , Jr, J. E. S mialek

O F F I C E  O F  T H E  C H I E F  M E D IC A L  E X A M I N E R ,  D E P A R T M E N T  O F  P A T H O L O G Y , U N I V E R S I T Y  O F  M A R Y L A N D ,

U S A

(R eceived  14 M arch 1989)

R ecords o f th e  Office o f th e  Chief M edical E x am in er (OCM E) fo r th e  S ta te  o f 
M ary lan d  were review ed for all d e a th s  re la ted  to  acu te  ingestion  of an tifreeze  (e th y len e  
glycol [E G ]) occurring  betw een D ecem ber 1985 an d  D ecem ber 1987.

Six cases were identified . In  th ree  cases, th e  m an n er of d e a th  w as classified as 
u n d e te rm in e d , in  two suicide, and  in  one case th e  in to x ica tio n  w as considered  to  have  
c o n tr ib u ted  to  d ea th , b u t was no t th e  m ain  cause.

C linically , th e  hospitalized  su b jec ts  ex h ib ited  p rim ary  m etabo lic  acidosis w ith  
hypocalcem ia , hyperg lycem ia, and  an  e lev a ted  an ion  and  osm olar gap.

A t a u to p sy , the  find ings re la te d  to  E G  ingestion  were ty p ica l o f a non-specific  
d ru g  in to x ica tio n .

H isto log ical exam inations in  fiv e  cases d e m o n s tra ted  th e  p resence o f calcium  
o x a la te  c ry s ta ls  in  th e  renal tu b u le s ; in  th ree  cases ex tensive  ren a l tu b u la r  necrosis 
ap p ea red  re la te d  to  th e  su rv iva l tim e.

T he toxicological analysis in  th ree  cases rev ea led  le th a l E G  levels in  th e  b lood

Introduction

Ethylene glycol (EG) is a relatively non-volatile, colourless, odorless, 
hygroscopic, water soluble solvent with a boiling point of 197 °C and a specific 
gravity of 1.12. Its structural formula is [(CH2)2(OH)2] and it is commercially 
prepared by hydration of ethylene oxide. Because of its physical proprieties, 
it is widely used as the principal component of many gasoline engine anti­
freeze solutions. In the past it has also been used in detergents, lacquers, 
pharmaceuticals, polishes and cosmetics, as a preservative in juices and as 
a substitute for glycerine in enemas. Recently, it was the coolant of the lunar 
module [I]. It is also used as a solvent for paints and plastics and as a com­
ponent of various inks and synthetic fibers and as a softening agent for cello­
phane. Because of its ready availability and inexpensive cost it is a significant 
means of poisoning [2].

When orally ingested, EG is rapidly absorbed from the gastrointestinal 
tract and transported to the liver where it is metabolized by alcohol dehydro-
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E t h y l e n e  g l y c o l
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Fig. 1. V ario u s m etabo lic  ro u tes . D iag ram  of m etab o lism  of e thy lene glycol

genäse to glycolaldéhyde [3]. Further metabolites are glyoxylic acid, glycoxale, 
glycolic and oxalic acid. The irreversible change to oxalic acid involves approx­
imately 2.3% of the ingested dose [4]. The various metabolic routes are pre­
sented in Figure 1. Glomerular filtration and passive re-absorption are the 
main mechanisms involved in the renal excretion of EG and its metabolites.

Clinical pictures

The clinical course of EG intoxication may be divided into acute and 
subacute pictures. Berman [5] divided the acute intoxication into three 
stages:

The first stage has its onset from 30 min to 24 h following ingesting 
and is manifested primarily by central nervous system effects. The patient 
may appear “drunk” hut without the characteristic breath odor of alcohol 
consumption. Nausea and vomiting commonly occur. In the early stages 
mild hypertension, altered ocular reflex with nystagmus and generalized 
depressed reflexes are often present. Crystalluria caused by calcium oxalate 
and hippuric acid crystals has been reported [6]. When large amounts of EG 
are ingested, the picture is mainly one of depression, stupor, coma, metabolic 
acidosis with an increased anion and osmolar gap. Proteinuria and crystalluria 
are also often noted. The plasma bicarbonate concentration falls to less than 
10 mEq/1 and concentrations less than 5 mEq/1 are common. Hyperkalemia
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with hypocalcemia can be frequently demonstrated [7]. The hypocalcemia is 
usually related to the chelation of the calcium ions by oxalate to form the 
relatively insoluble calcium oxalate crystals. Hypocalcemia can be so severe 
as to cause tetany and cardiac malfunction [1].

The corresponding microscopic pathology includes brain damage with 
oedema, congestion, capillary engorgement and petechial haemorrhages in the 
white matter, Betz cell and Purkinje cell chromatolysis, and perivascular and 
meningeal deposition of crystals. In the kidneys it is possible to only find the 
oxalate crystals in the tubular lumina without any destruction of the tubular 
epithelium.

After survival beyond the first 12 to 24 h the patient passes into 
the second stage where cardiopulmonary symptoms became prominent. 
Progressive tachypnea often associated with cyanosis, and metabolic acidosis 
with anion and osmolar gaps are also characteristic. Pulmonary oedema leading 
to death frequently occurs one to two days post-ingestion.

Cardiac pathology includes petechial haemorrhages and myocardial dila­
tation. The kidneys are grossly pale and swollen. The microscopic findings 
at this stage are characterized by pulmonary oedema, sometimes complicated 
by bronchopneumonia, with a very rare deposition of crystals in the lung 
tissue. Numerous large, sheaf-like, brilliant, doubly refractile, polarizable 
crystals of calcium oxalate can be found in the tubules of the kidneys usually 
without damage to the tubular epithelium.

The third stage is a rare event in fatal cases. It can be observed after 
the second or third day and is characterized by terminal renal failure with 
flank pain. The functional impairment progresses from proteinuria and oliguria, 
and then to anuria and uremic death.

The microscopic pathology consists of oxalate crystal deposition with 
either normal epithelium or slight epithelial degeneration depending on the 
interval from ingestion to death. Parry [1] affirmed that, after EG ingestion, 
microscopic renal damage is prominent within 72 h.

The subacute pattern for survival beyond the fourth day has been 
described by Smith [8]. The clinical features consist of a permanent lethargic 
state associated with continuous acidosis and uremia. Death results from 
terminal pulmonary oedema with respiratory failure. The microscopic findings 
are hydropic changes in the central portions of the hepatic lobules and hydrop­
ic and degenerative lesions of the kidneys associated with crystals in the 
tubules sometimes surrounded by a wall of large multi-nucleated cells. Crystals 
have been also observed in the leptomeningeal blood vessels, in the liver and 
in the spleen.

Smith [8] also observed that crystals are mainly found in the proximal 
convoluted tubules, but in cases with a long survival time, they can be equally 
distributed in the proximal, convoluted, distal and collecting tubules. If the
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subject survives the acute EG intoxication, normal kidney function may be 
restored when tubular regeneration occurs [9, 10]. Crystals may persist in the 
kidneys for months [10, 11] or for years [12]; they represent relatively stable 
evidence of acute or chronic EG or oxalate poisoning. Conversely, Fried­
mann [13] did not observe any crystals 17 days after ingestion in a patient 
who survived and was vigorously haemo-dialyzed.

Pathophysiology

EG, itself has a low toxicity; however, its metabolites are more toxic 
than their precursor. Cerebral damage may be attributable to the direct 
toxicity of EG metabolites, especially glycolic and oxalic acid [1, 6]. The 
glycolaldéhyde and the other aldehyde products of EG metabolism inhibit 
oxidative phosphorylation, glucose metabolism, protein synthesis, DNA 
replication and ribosomal RNA formation [14] as well as other metabolic 
processes, and can considered responsible for the early CNS dysfunction. 
However, except for small calcium oxalate crystals noted in the wall of the 
meningeal vessels, the anatomic alterations are not specific and may be ob­
served in other metabolic disturbances, such as anoxia, uraemia and hypo­
glycemia [13]. A mild meningoencephalitis has also been reported as the direct 
irritant action of EG or its metabolites [1].

Even the clinical manifestation of cardiac and pulmonary involvement 
may be explained by a direct effect of EG and its metabolites [13].

The tubular necrosis must be also related to direct toxicity of the EG 
metabolites [15]. Indeed, the tubular pathology may not be associated with 
the presence of crystals, since there is usually good preservation of the epithe­
lium at points of contact with the crystals. The tubular damage is more wide­
spread than the presence of the crystals, and normally, the basement membrane 
is well preserved [16].

Berman [16] considers the crystals to he an interesting hut incidental 
finding related to the production of oxalic acid. However, they can be useful 
in the differential diagnosis of poisoning from other substances responsible 
for similar clinical pictures. They have not been observed in poisoning by 
propylene glycol, diethylene glycol, dioxane, glycol ethers and any of the 
common alcohols. On the other hand, similar crystals have been noted in 
poisoning by oxalic acid, ethanol amine, glyoxal and glycolic acid [8].

The metabolic acidosis in the first state has been related to the accumu­
lation of glycolic and oxalic acids [17] associated with intratuhular precipita­
tion of calcium oxalate crystals in the tubules [14] and then with renal failure 
and increase of lactic acid [1, 14]; indeed, the amount of EG metabolites is 
insufficient to account entirely for the profound metabolic acidosis with such 
high anion and osmolar gaps [18].
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Toxicity

Acute toxicity has been described from ingestion of greater than 50 g of 
EG. The lethal oral dose varies considerably: 1.4 mg/kg is considered to be the 
lethal dose for man; this would be equivalent to ingestion of approximately 
100 ml by a 70 kg man.

Baselt [19, 20] reported the average EG concentration noted in different 
tissues in 9 persons who died within 6 to 48 h of ingesting unknown 
amounts of EG as follows: blood 2.8 g/1 (range 0.3 — 4.3 g/1); urine 5.7 g/1 
(range 0.6—10.8 g/1); liver 6.7 g/kg (range 0.2 —15.1 g/kg); and kidney 
4.6 g/kg (range 0.2 —11.3 g/kg). However, larger doses have been reported. 
Serum EG concentrations ranging between 0.980 and 7.750 g/1 have been 
observed 6 — 24 h after acute massive ingestion [6, 21, 22].

Kaye [23] considers the usual blood level in fatal cases to be 2 g/1.
Casarett [24] observed, experimentally, that oxalate crystallization in 

kidneys and urine did not occur following doses less than 15 ml/kg.
The half-life of EG is 4—6 h. Experimentally, acute ingestion of the 

poison produced a maximal blood concentration of EG in the first three 
hours [4]. Figure 2 demonstrates the dissipation curve after experimental 
ingestion of 6 mg/kg and 9 mg/kg in rates [4]. Detectable concentrations 
of EG have been found up to 24 h after ingestion [6, 21, 22]. The half-life 
time is 60 h [19]. Concentrations of oxalic acid can also be found at this 
time in the liver [25].

Fig. 2. D iss ip a tio n  curve a f te r  ex p erim en ta l ingestion  of 6 m l/k g  an d  9 m l/kg doses os EG
in  ra tes
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M aterials and m ethod s

A n u m b er o f tech n iq u es hav e  been  used  to  d e te rm in e  EG co n cen tra tio n s  in  biological 
flu id s , includ ing , ca lo rim etric  p ro ced u res a f te r  o x id a tio n  of E G  to fo rm ald eh y d e  [26]. R ou tine  
gas ch ro m a to g rap h y  fo r screening of v o la tile  alcohols does n o t d e tec t e th y le n e  glycol. L ight, 
e t  al [27] rep o rted  a m o d ifica tio n  of th e  gas ch ro m a to g rap h ic  p rocedure t h a t  allow s fo r de tec­
tio n  of EG. F lam e io n iza tio n  can  also be used  to  d e te c t E G  or its  de riv a tiv es [28, 29]. E n zy m atic  
sp ec tro p h o to m etric  m eth o d s, f lu o ro m e tric  m eth o d s a n d  liq u id  c h ro m a to g rap h y  h av e  also been 
described  [30, 31, 32].

I t  is im p o r ta n t  to  n o te  t h a t  EG  co n cen tra tio n s  decline rap id ly  in p o st m o rte m  specim ens 
a f te r  storage in  th e  re fr ig e ra to r if  th e  calo rim etric  m e th o d  is used. C onversely , no  decline has 
b een  observed using  gas c h ro m a to g ra p h y  p ro ced u res [26, 33].

The records o f th e  OCM E o f th e  S ta te  o f M ary lan d  were exam ined fo r a tw o -y ear period 
fro m  D ecem ber 1, 1985 th ro u g h  D ecem ber 1, 1987. T h e  OCME has ju r isd ic tio n  over th e  en tire  
S ta te , whose c u rre n t p o p u la tio n  is e s tim a te d  a t  4.2 m illion  people (1980 U .S. C ensus). All deaths 
re la te d  to  E G  in g estio n  fo r e ith e r recrea tio n al, su ic ida l, acc iden tal or u n d e te rm in e d  purposes 
h av e  been considered.

Six cases w ere iden tified  an d  all six  h ad  com ple te  autopsies.

Case 1 R esu lts

A 19-year-old white male, was found semi-eomatose in his room by his 
mother. Because of a history of insulin dependent diabetes, a diabetic coma 
was suspected. The subject also had a history of mental disease and depression 
with three previous suicide attempts. While home on leave from a psychiatric 
hospital, he had medications with him consisting of one container of Tegretol 
200 mg, 150 tablets and one container of Norpramine 50 mg, 90 tablets.

СРВ was begun at home and he was transported to a nearby hospital 
where he was pronounced dead two hours later.

An autopsy was performed at the OCME. External examination was 
negative for recent injuries. On internal examination, the brain weighed 
1400 g and was grossly unremarkable. The heart weighed 350 g and was of 
the usual size and configuration, and the coronaries were patent. The lungs 
together weighed 1520 g and, on sectioning, marked congestion and oedema 
were noted; the liver weighed 1800 g and was grossly unremarkable; the 
kidneys together weighed 280 g and on sectioning a mild congestion was 
noted. Two hundred cc. of green granular fluid with food particles was pre­
sent in the stomach.

Microscopy revealed biréfringent calcium oxalate crystals (20 — 30 per 
lOOx) in the proximal, distal and collecting tubules. The tubular epithelium 
did not show evidence of damage even at contact points with the crystals, 
and the basement membranes were intact. A few biréfringent crystals were 
also observed in the thyroid. The lungs were markedly congested and oedema- 
tous and exhibited multi-focal intra-alveolar haemorrhage.

Toxicology revealed the following EG concentrations: blood 3.6 g/1, 
bile 4.8 g/1, urine 3.3 g/1, liver 2.0 g/kg, kidneys 1.98 g/kg and gastric con­
tent 2.8 g/1. Carbamazepine and desipramine were also found in lethal quant­
ities [34].
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Further investigation of the scene, uncovered two personal journals 
hidden by the decedent, clearly expressing his intention to commit suicide 
by ingestion of antifreeze. In these journals he documented the lethal dose 
of EG, the exact amount of antifreeze necessary for a fatal intoxication and 
the way to conceal the liquid from the attention of relatives. A green soda 
bottle containing approximately six ounces of antifreeze and two empty 
hospital prescription vials were also found hidden in his room.

The cause of death was ethylene glycol and drug intoxication and the 
manner of death was suicide.

Case 2

An unidentified black male was found fully dressed lying on the ground 
of a federal reservation in winter time.

The autopsy findings were unremarkable except for post mortem animal 
activity. The scalp and the calvarium were intact, the brain was slightly 
decomposed; on sectioning no haemorrhages were noted. The neck did not show 
evidence of injury. The lungs together weighed 670 g and on sectioning a 
reddish fluid was noted on the cut surface. The 350 g heart was unremark­
able and the coronary arteries were patent. The liver weighed 1400 g and was 
unremarkable. The stomach was empty. The kidneys together weighed 360 g 
and were without note.

Microscopic examination revealed oedema and congestion with sickling 
of red cells in the lungs, as well as biréfringent oxalate crystals in the proximal 
and distal tubules of the kidneys (30—50 per lOOx), also with sickling of red 
cells. The tubular epithelium was necrotic with extensive intracellular balloon­
ing even in the absence of crystals; the basement membrane was intact; no 
cellular wall was observed around the crystals. Some crystals were also ob­
served in the cerebellum. The liver was unremarkable.

Toxicological analysis was negative for alcohol and drugs in heart blood, 
bile and urine. An EG assay was not performed.

Further investigation of the scene identified an empty bottle of anti­
freeze near the site where the body had been found.

In view of the history, terminal circumstances and the findings at 
autopsy, the death was attributed to hypothermia complicating sickle cell 
trait with contributory ingestion of antifreeze. The manner of death was 
classified as accident.

Case 3

Police, responding to a call of a suicide attempt, found a 29-year-old 
white male locked in his apartment, lying on the floor of a hall, in a pool 
of blood. Found near the subject was a shotgun and a half-full gallon container 
of antifreeze.
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The subject had a history of paranoid schizophrenia. A note found on 
the scene indicated the subject was depressed over poor working conditions. 
He described in the note his ingestion of antifreeze stating it had a “sweet 
taste”. The subject was hospitalized where he arrived awake and able to 
follow simple commands. A shotgun wound of entrance was observed in the 
upper abdomen. The blood chemical values in the ER revealed a metabolic 
acidosis with hypercalcemia, namely: P a 0 2 77, pH 6.99, PaC 0242, S a /02 81, 
Base Ecc. —22, St.Bic 10, Na 141 mEq/1, К 5.6 mEq/1, CO., 7.8 mEq/1, 
creatinine 6.9, Ca 30.2 mEq/1, lactate 96.4. His blood pressure fluctuated 
between 50 and 80 mmHg systolic. The drug screen was negative for methyl 
alcohol and ASA.

At laparatomy findings consisted of an intense haemoperitoneum with 
devitalization of the left lobe of the liver and multiple lacerations of the 
stomach, transverse colon and mesocolon, duodenum, small bowel, left kid­
neys, spleen and pancreas. Pellets and a plastic wad were recovered in the 
retrohepatic fossae. The subject died of exsanguination 1 —1/2 h after 
admission.

On external examination, in addition to evidence of recent surgical 
therapy, a shotgun entrance wound was present in the epigastrium. The brain 
weighed 1300 g and was unremarkable; the heart weighed 400 g and 
with the exception of apical injuries due to pellets, no other lesions were 
noted; the coronary arteries were patent and without atherosclerotic changes. 
The lungs together weighed 1450 g and showed pellet injuries in both 
diaphragmatic surfaces; on sectioning, localized haemorrhagic areas were noted. 
The liver weighed 1500 g and showed recent surgical sutures in the left 
lobe. The kidneys together weighed 350 g and several pellet lacerations were 
noted in the left kidney.

Microscopic examination revealed congestion and haemorrhagic areas in 
the lungs. The kidneys did not show any pathologic changes and crystals were 
not present in the tubules.

The toxicological analysis performed on the post mortem blood revealed 
the presence of EG at a level of 680 mg/1. The urine was positive for EG.

The manner of death was suicide and the cause of death was a shotgun 
wound of the abdomen with the ingestion of antifreeze being a contributory 
factor.

Case 4

A 61-year-old black male said to be in fair health, was found comatose 
by two friends at home. He was brought to the emergency room of a hospital 
in severe metabolic acidosis (pH 7.07, PaC02 11) responding only to painful 
stimuli. The BP was 210/110 mmHg. A subarachnoid haemorrhage was suspect­
ed. He v as intubated and a CT scan of the head Mras performed with negative
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results. He was transferred to the ICU where he remained comatose in spite 
of daily dialyses, assisted ventilation and rehydration therapy. Blood tests 
in the ER were Na 159, C 02 8, Cl 101, lactate 15.1, anion gap 50. After the 
negative results of the hrain scan, a possible ingestion of a toxic substance 
such as methyl alcohol or ASA was considered. The toxicological screening on 
blood and urine was negative for the common abuse substances (ethanol, 
methanol, isopropanol, acetone, carbontetrachloride and non-chlorinated 
hydrocarbons). The arterial blood gases (ABG) showed a persistent metabolic 
acidosis, the creatinine values increased (17 mg%) and the patient remained 
unresponsive. On the second hospital day he developed a seizure; his condition 
slowly deteriorated despite haemodialysis, and he died of cardiac arrest on the 
fourth hospital day.

An autopsy was performed at the hospital. The external examination 
was negative; the internal findings were those of pulmonary and renal insuf­
ficiency with terminal heart failure. The brain weighed 1380 g and was 
swollen and oedematous, with flattening of the sulci. The heart weighed 750 g 
and was substantially unremarkable, the coronary arteries revealed mild 
atherosclerosis with widely patent lumina. The lungs together weighed 2025 g 
and, on sectioning, oedema and congestion were noted. The liver weighed 
2300 g and had a mottled tan-yellowish surface with a soft consistency. 
The kidneys weighed 400 g each and were considered substantially unre­
markable. The provisional anatomical diagnosis was: “acute renal failure, 
hepatic necrosis” .

Because no clear cause of death was found, the fixed brain, tissues and 
specimens of the hospital blood were submitted to the Office of the Chief 
Medical Examiner of Baltimore.

The microscopic examination revealed hypoxic-ischemic changes of the 
neurons of the cortex cerebri, cerebellum and brainstem, areas of myocardial 
fibrosis, massive centrilobular steatosis of the liver with relative sparing of 
the periportal areas, adenocarcinoma of the prostate and tubular necrosis 
with biréfringent intra-tubular crystals in the kidneys (50 — 70 per lOOx) with 
a peculiar accumulation in the calyces.

Blood collected on admission revealed an EG concentration of 190 mg/1. 
The diagnosis was EG intoxication and the manner of death was undetermined 
because of the unclear circumstances of ingestion.

C a se  5

A 55-year-old black male was admitted to hospital after having been 
found unconscious, in respiratory distress, at home by his exwife. At first it 
was believed to be a case of alcohol ingestion because of a vague history of 
alcohol abuse. At the ER the BP was 120/70 mmHg, the ABG’s was pH 6.99 
PaCO., 7.3, P 0 2 147.1, 0 2S 95.6. The serum glucose was 248 mg/dl. Thelabora-
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tory tests show Na 144 mEq/I, K 5 mEq/), C 02 3 mEq/1, Cl 98 mEq/l, 
creatinine 2.4 mg%, anion gap 43 mEq/1, osmolar gap 38, SGOT 3232 mU/ml, 
SGPT 671 mU/ml, LDH 4279 mU/ml, Tot. bil. 4.3 mg/dl. The patient was 
lethargic with Kussmaul respiration and icteric sclerae. The blood alcohol was 
0.03 g/dl. The next day, the patient had seizure activity with meningeal 
signs and became unresponsive. Despite intensive therapy the patient devel­
oped respiratory failure and was intubated. The LDH was 8650 mU/ml and 
the SGOT 10 690 mU/ml. In the meanwhile, the toxicological analysis of the 
admission urine showed a level of EG of 5.9 mg/ml. The blood serum EG was 
not detectable. On day three, the patient developed renal failure and became 
anuric; the creatinine was 4.9 mg%. Haemodialysis was then performed but 
the patient continued to deteriorate. On day four, the haemodialysis had to be 
stopped because of hypotension (50/40), and the patient expired.

An autopsy was performed at the OCME. The external examination 
was normal. The brain weighed 1410 g and was grossly unremarkable; the 
heart weighed 300 g and some petechial haemorrhages were noted on the 
epicardial surface. The coronary arteries and the aorta exhibited mild 
atherosclerotic changes. The lungs together weighed 1980 g and on sectioning 
severe congestion and oedema with focal haemorrhages were noted. The liver 
weighed 3020 g and on sectioning the surfaces was yellow and moderately 
firm and greasy. The kidneys together weighed 300 g and were grossly 
unremarkable. The microscopic examination revealed a chronic pericarditis 
of the heart, focal bronchopneumonia and tubular necrosis with intra-tubular 
biréfringent crystals in the kidneys (15 — 20/100x). The tubular epithelium 
showed intracellular ballooning and nuclear absence. The basement mem­
brane was unremarkable, the liver showed an intense steatosis with lo­
calized areas of LFN infiltration.

The toxicological anaysis performed on the autopsy blood and bile was 
negative for EG.

The diagnosis was EG intoxication complicated by chronic alcoholism; 
the manner of death was undetermined.

Case 6

A 28-year-old black male, a known drug abuser, returned home stag­
gering, appearing intoxicated; he fell several times and was helped to bed. 
He was incontinent of urine. Shortly afterward he fell from the bed and deep 
respirations were noted; he was brought to a hospital where he arrived com­
bative, disoriented, conscious but responsive only to painful stimuli, agitated, 
moving head and extremities violently, with Kussmaul respiration.

Examination in the ER revealed the following: temperature 98 °F, 
blood pressure 150/85, pulse 96/m, respiration 18/m. The serum glucose was 
199 mg/dl. In the urine, a few calcium oxalate crystals were seen. The labora-
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tory tests showed Na 150 mEq/1, К 4.0 mEq/1, Cl 124 mEq/1, C 02 1 mEq/1, 
chol 206 mg%, creatinine 1.7 nig%, Ca 10.9 mEq/1, anion gap 29 mEq/1. 
The ABG’s revealed pH 7.04; P 0 2 154, PC 02 7.0, H2C03 1.8, BE —27.3. Toxico­
logical analysis of urine was positive for cocaine, phencyclidine (PCP) sali­
cylates, caffeine and nicotine. A severe metabolic acidosis was noted. Ingestion 
of EG was suspected. A gastric lavage was performed, the patient was in­
tubated and vigorous rehydration therapy was instituted. The ABG’s then 
changed to 7.21/103/17/6.5/18.9. Haemodialysis was performed. The patient 
became more responsive and was extubated. He followed verbal commands 
intermittently and was able to answer questions. When asked what he took 
the night before he said “antifreeze” . The serum lactate was 150 mg% (N.V =  
2 —18); the following night the patient had seizures and remained extremely 
agitated. He was re-intubated and an increase of serum osmolarity and lactate 
values were noted. The patient became progressively unresponsive and anuric. 
On the second day he was dialyzed hut remained profoundly acidotic. He was 
pronounced dead that afternoon. The diagnosis at death was “multiple drug 
ingestion” (cocaine, PCP, ethylene glycol, ASA).

An autopsy was performed at the OCME. External examination of the 
body showed no evidence of recent injuries. On internal examination, the gross 
findings were minimal; the brain weighed 1600 g and on sectioning showed 
diffuse congestion and oedema. The heart weighed 400 g and was unremark­
able. The lungs together weighed 1600 g; on sectioning, the parenchyma was 
congested and oedematous. The liver weighed 1600 g and was without note, the 
kidneys together weighed 260 g and were unremarkable.

The microscopic examination revealed oedema and ischemic change of 
neurons of the cortex. Some biréfringent crystals were observed around the 
meningeal vessels (Fig. 3). Massive intra-tubular necrosis in the kidney weigh 
high concentration of biréfringent crystals (30—60 X100) was also noted 
(Fig. 4). Small biréfringent crystals were also observed in the spleen.

The toxological analysis performed on the specimen of the blood taken 
at the hospital admission revealed the present of EG in a concentration of
4170 mg/1.

The diagnosis was cocaine, phencyclidine and ethylene glycol intoxica­
tion and the manner of death was undetermined.

D iscu ssion

EG was synthetized about one hundred years ago and was not con­
sidered commercially valuable until the First World War when it was used 
as a substitute'for glycerine. To promote the non-toxicity of EG, Bachem [35] 
in 1917, and later Page [36] in 1927, ingested various amounts of EG without
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F ig . 3. B iréfrin g en t c ry s ta ls  a ro u n d  th e  m eningeal vessels
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a p p a re n t effect. B ased  on these  re su lts , H an z lik  e t al. [37] in  1931 affirm ed 
th a t  EG  was inno cu o u s as a so lven t for m édicinale a p p a re n tly  ignoring  th e ir  
ow n previous e x p e rim e n ta l d a ta  th a t  suggested  an  in tra v e n o u s  m in im al fa ta l 
dose of 2.2 g/kg.

In  the  1930’s th e  f irs t  tw o  le th a l cases of “ P re s to n e ”  ingestion  were 
described  [38] b u t  is w as in  1937 th a t  th e  “ M assengill d isa s te r”  estab lished  
th e  to x ic ity  of th e  glycol com pounds. G eiling an d  Canon [39] n o ted  th a t  the  
cause of d eath  o f a t  le a s t 76 persons tre a te d  w ith  th e  “ E lix ir  o f su lfan ilam ide 
M assengill” (72%  d ie th y len e  glycol) w as th e  un labeled  so lv en t an d  n o t, as 
o rig inally  susp ec ted , th e  new  d ru g  su lfan ilam ide , w hich  also can produce 
k id n ey  dam age. D u rin g  an d  a fte r  th e  Second W orld W ar rep o rts  of d eaths 
am ong  m ilita ry  p e rsonne l w ar an d  prisoners were fre q u e n t. Boem ke [40] 
described a le th a l ep idem ic w hich occurred  in  a G erm an  m ilita ry  cam p w here 
E G  was su b s titu te d  fo r th e  coffee w a te r.

R ecently  d ie th y len e  glycol has been used as an  illegal ad d itiv e  in certa in  
A u strian  w ines [41]. A c tu a lly  an  increase in  cases of in to x ic a tio n  has been 
rep o rted  am ong th e  m ilita ry  personnel especially  in  th e  M iddle E a s t w here 
i t  is su b s titu ted  fo r alcohol [42, 43].

Because o f i ts  b itte r-sw ee t ta s te , its  ex o therm ic  effect and  its  physical 
p rop rie ties (clear, odorless, colourless an d  easy  m iscible w ith  w ate r) EG  could 
be ingested acc id en ta lly  b y  ch ild ren  or by  an y  person  u n fam ilia r w ith  its 
to x ic ity . As a sy ru p  fo r sed a tiv e  p re p a ra tio n s  i t  re su lted  in  th e  d ea th s  of seven 
ch ild ren  in S o u th  A frica  in  1964 [44]. Jo lly  [45] also re p o rte d  a child  in to x i­
ca ted  by  EG  re c e n tly . I t s  use as a su b s titu te  for alcohol could  be re la ted  to  
m iserable co n d itio n  in  slum p periods since i t  is re la tiv e ly  inexpensive and  
p lea san t. A p p ro x im a te ly  40 —60 d ea th s  from  E G  ingestio n  are believed to  
occur each y ea r in  th e  U.S. [2].

The six  cases described  above occurred  in  th e  la s t  tw o  years in  th e  
M etropo litan  B a ltim o re  area  w hich could re flec t an  in c reased  p o p u la rity  for 
th is  substance.

From  th e  ana lyses of th e  cases rep o rted , sum m arized  in  T ab les I and I I ,  
it is evident th a t  c e rta in  ty p ic a l fea tu res  can help to  e s tab lish  a clinical d iag ­
noses or in itia te  an  in v es tig a tio n  in to  a suspicious d ea th . E G  poisoning could 
be m istaken  fo r an  in to x ica tio n  b y  o th e r com m only  ab u sed  substances since 
E G  levels are n o t genera lly  inc luded  as p a r t  of ro u tin e  analyses of blood and  
urine  [7]. U sually  a t  th e  ho sp ita l a d m itta n c e  if  th e re  is no clear suspicions 
o f EG  in to x ica tio n  an d /o r th e re  is a p rev ious h is to ry  o f e th a n o l abuse, th e  
possib ility  of an  a c u te  ingestion  of E G  is n o t considered. F o r m edical personnel 
th e  possib ility  o f a m assive ingestion  of an tifreeze  should  be considered clin i­
cally  in the  p resence  of an  acu te  p ic tu re  of m etabo lic  acidosis n o t associated  
w ith  cereb rovascu lar disease, ketoacidosis, lac tac idosis , a cu te  loss of alkali or 
p rim itive  ren a l fa ilu re . The co n co m itan t presence of a la rge  an ion  and  osm olar
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Table I

Blood chemical study in  the emergency room

Case # 1 2 3 4 5 6

H ospitalized no no yes yes yes yes
Surv iva l tim e — — 1 h 5 days 4 days 36 h
D ialysis

P o s t Ingestion _ _ no
yes/ 
24 h

yes/ 
72 h

yes/ 
9 h

C reatinine — — 6.9 4.5 2.4 1.7
U ric acid — — — — 12.3 5.8
L ac ta te — — 94.6 15.1 28 73
A nion gap — — — 50 43 29
O sm olar gap — — — 32 38 26
Calcium — — 30.2 5.4 7.4 10.9
Sodium — — 141 159 144 150
P o tassium — — 5.6 13 5 4
Glucose — — — 120 248 199

gaps w ith  m etabo lic  acidosis and  secondary  ren a l failure m u st be considered  
in  th e  face of an  acu te  ingestion  o f drugs, poisons or add ic tiv e  substances 
as v o la tile  alcohols, p a ra ld eh y d e , cyan ide , ASA an d  EG . O th er clues p o in tin g  
to  th e  specific d iagnosis of E G  poisoning  inc lude: i) s tu p o r, in to x ica tio n  w ith  
th e  absence of alcohol on one’s b re a th  an d  in  p lasm a; ii) a m assive o x a la te  
c ry s ta llu ria ; iii) a d iscrepancy  betw een  th e  estim a ted  and  th e  m easured  
values for p lasm a osm olarity .

F o u r o f th e  six  cases exam ined  w ere hosp ita lized  and  in  one, th e  p o s­
s ib ility  of an  E G  poisoning  was n o t suspected  because th e  v ic tim  gave a h is to ry  
o f e th y l alcohol abuse . In  th e  o th e r th ree  cases th e  diagnosis or th e  suspicions 
o f an  acu te  EG  ingestio n  was d irec tly  con firm ed  b y  th e  p a tie n ts . In  th e  th ree  
cases hosp ita lized  w here th e  su rv iv a l tim e  w as longer th a n  a few hours, a 
severe m etabo lic  acidosis w ith  a large an ion  an d  osm olar gaps w ere observed . 
In  cases # 4 ,  # 5  an d  # 6 ,  th e  classical p ic tu re  of E G  poisoning described b y  
B erm an  [16] w as n o ted . T hey  were hosp ita lized  w ith  re sp ira to ry  d istress (tw o 
o f th e m  w ith  K u ssm au l resp ira tion ), w ith  sign o f CNS in vo lvem en t th a t  cu l­
m in a te d  in  g ran d  m al seizure a c tiv ity . T hey  p rogressed  to  card io v ascu lar col­
lapse  an d  renal fa ilu re  from  w hich th e y  could no t be re su sc ita ted . T he sh o rt 
in te rv a l be tw een  th e  ingestion  an d  the  neuro logical sym ptom s confirm s th e  
d irec t to x ic ity  of E G  an d  its  m e tabo lites on th e  CNS. R em arkab le  in  
cases # 4 ,  # 5  an d  # 6  was th e  c o n s ta n t h igh  values of serum  glucose th a t  
could  be re la ted  w ith  th e  a ltered  liver m etabo lism . H ypocalcem ia w as con­
s ta n tly  observed  an d  i t  could be re la te d  w ith  th e  presence of calcium  o x a la te  
c ry s ta ls . P ecu lia rly  in  case # 6 ,  n o rm al serum  calcium  w as p resen t a t  th e  
h o sp ita l adm ission 9 h a fte r th e  ingestion  b u t  in  th e  second d ay  th e  calci-
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Table II

Principal features o f  six  cases o f  ethylene glycol poisoning reported

Case ft 1 2 3 4 5 6

Age 19 31 29 6i 55 28
Sex Male Male Male Male Male Male

R ace W hite B lack W hite Black Black B lack

Q u an tity  of EG ingested  
(approxim ately) 300 cc n/a 1500 cc n /a n/a n /a

Survival tim e 3 - 5  h n/a 3 h 120 h 96 h 44 h

Tim e betw een ingestion  collection 15 h n /a 26 h 17 h 12 h 9 h

C oncentration  of EG  in blood mg/1 3600 n/a 680 190 no t detected 4170

C oncentration  of EG in u rine  mg/1 330 n/a positive n /a 5.9 n /a

C oncentration  of c rystals in 
k idneys X 100 2 0 - 3 0 3 0 - 5 0 A bsent 5 0 - 7 0 1 0 - 1 5 3 0 - 6 0

A ssociation of o th er drugs C arbam azine
D esipram ine N egative N egative N egative

E th y l
Alcohol

Cocaine PC P 
ASA Caffeine 

N icotine

M anner of d ea th Suicide A ccident Suicide U ndeterm ined U ndeterm ined U ndeterm ined

260 
F. IN

T
R

O
N

A
 and J. E

. SM
IA

LEK



A N T IFR E E Z E  INTOXICATIONS 261

u m  d ropped  to  7.3 m Eq/1 because o f th e  developm ent o f c ry s ta l fo rm ation - 
in  th e  k idneys an d  u rine . In  th e  case #  3 w here th e  d e a th  occurred  3 h 
a f te r  th e  ingestion , hypercalcem ia  w as n o ted  an d  no c ry s ta ls  were found  
in  th e  urine or in  th e  renal tu b u les .

The post m o rtem  ex am in a tio n  d id  n o t show  rem ark ab le  find ings in  all 
six  cases. In  one case a f a t ty  liv er re la ted  to  an  old h is to ry  o f alcohol abuse 
w as no ted .

The m icroscopic ex am in a tio n  in  five  cases rev ea led  b iré frin g en t, irregu la r 
c ry s ta ls  in th e  ren a l tu b u les . The c ry sta ls  were n o ted  b o th  in to  th e  prox im al 
th e n  in the d is ta l an d  collecting tu b u le s . In  one case th e y  w ere also observed 
in  th e  calyces. T his fin d in g  did no t seem  re la ted  e ith e r  to  th e  am o u n t of EG  
in gested  nor th e  su rv iv a l tim e. In  case #  1 w here th e  su b jec t in gested  ap p ro x i­
m a te ly  10 oz. of an tifreeze  and  th e  su rv iv a l tim e  w as 3 — 5 h th e  crysta ls  
w ere observed in th e  collecting tu b u le s , otherw ise in  case #  3 w here a large 
a m o u n t of EG  w as ingested  and  th e  su rv ival tim e  w as 3 h  no crysta ls  were 
observed  a t all in  th e  tubu les.

The co n cen tra tio n  of the  c ry sta ls  in the  k idneys c an n o t be re la ted  w ith  
th e  am o u n t of E G  in gested  because i t  could be th e  re su lt o f m u ltip le  su b le tha l 
ingestions (crysta ls have  been observed  years a fte r  th e  ingestion). O nly th e  
absence of an y  ce llu lar reac tio n  a ro u n d  th e  c ry sta ls  can  be in d ica tiv e  of an  
acu te  m assive ingestio n  of EG . In  all six cases re p o rte d  th e  ingestio n  of a n ti­
freeze could be considered  acu te , an d  no cellu lar reac tio n  w as n o ted  a round  
th e  crysta ls . In  our cases th e  d egenera tion  of th e  tu b u la r  ep ith e liu m  did n o t 
seem  re la ted  to  th e  presence or to  th e  co n cen tra tio n  o f th e  c ry s ta ls . I t  could 
be re la te d  to  th e  su rv iv a l tim e an d  i t  seem s due on ly  to  th e  d irec t effect o f 
th e  E G  m etabo lites. In  case # 1  w here th e  su rv iv a l tim e  w as 3 —5 h, c ry s­
ta ls  w ere observed w ith o u t an y  re la te d  tu b u la r  ep ith e liu m  dam age, while in  
cases # 4 ,  # 5  and  #  6 w here th e  su rv iv a l tim e  wras longer, c ry sta ls  were 
n o te d  h u t th e  tu b u la r  necrosis observed  w as m assive, w idesp read , n o t re la ted  
w ith  th e  presence o f th e  crysta ls.

In  case #  6 few  c ry s ta ls  were also observed  in  th e  w all o f th e  m eningeal 
a rte rie s  and  in  th e  spleen.

In  ju s t  one case ( # 4 )  a cen trilo b u la r s tea to sis , s im ilar to  tho se  described 
b y  S m ith  in  th e  su b acu te  poisoning  a fte r  a su rv iv a l of 12 d ay s  w as n o ted ; 
in  our cases, how ever, th e  su rv ival tim e  was only  five  days an d  th e  ingestion  
of E G  could be considered  p rim itiv e  s ta te d  th e  observed  absence of any  cel­
lu la r  reac tio n  a ro u n d  th e  crysta ls  in  th e  k idney  tu b u le s . In  th is  case ( # 4 )  
w here a long h is to ry  o f h eav y  alcoholism  w as p resen t, th e  severe liver steatosis 
w ith  parce llar in filtra tio n  of th e  p e rip o rta l spaces should  be re la te d  w ith  the  
c lin ically  high valves o f SG PT, SG O T, L D H  an d  b iliru b in . T he profile of 
h e p a titis  an tibod ies show ed a p rev ious h e p a titis  “ A ”  w ith o u t a n y  cu rren t or 
re c e n t in fection  an d  a p o sitive  im m u n ity  fo r h e p a titis  “ B ”  v iru s .
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The tox ico logical re su lts  show ed h igh values o f E G  in th e  biological 
flu id s  in  four to  th e  six  cases observ ed . In  cases #  1 a n d  #  3 th e  analysis 
w as perform ed on th e  b lood co llec ted  a t  th e  a u to p sy . In  b o th  cases th e  su r­
v iv a l tim e  w as sh o rte r  th a n  5 h  an d  th e  serum  E G  co n cen tra tio n s  w ere 
co n sis ten t w ith  d e a th . In  cases # 4 ,  # 5  and  # 6  th e  analy sis  w as perfo rm ed  
on th e  h o sp ita l specim ens co llected  in  th e  E R . In  case # 4  th e  tim e  betw een 
ingestion  of an  un k n o w n  a m o u n t o f E G  was 17 h. H ow ever, a h igh  concen­
tr a t io n  of E G  in  th e  serum  in d ic a te d  a m assive a b so rp tio n  o f th is  poison. In  
case # 5  th e  gap b e tw een  th e  in g estio n  and  th e  b lood  co llection  w as 12 h 
a n d  th ere  w as no ev idence of EG . In  th e  u rine, how ever, a co n cen tra tio n  of 
5.9 mg/1 was fo und . In  case # 6  th e  tim e  betw een  th e  ingestion  and  the  
collection  of th e  b lood  was 9 h an d  th e  serum  co n c e n tra tio n  of EG  was 
4170 mg/1. In  case # 2  th e  tox ico log ical analysis for E G  w as n o t perform ed 
an d  the  diagnosis o f an  acu te  in g estio n  of EG  ( th a t h ad  a c o n tr ib u to ry  rule 
on th e  cause o f d ea th )  was based  on th e  occasional fin d in g  of b iréfringen t 
calcium  o x a la te  c ry s ta ls  in  th e  re n a l tu b u le s  n o t su rro u n d ed  b y  an y  cellu lar 
reac tio n  and  on th e  scene in v e s tig a tio n  w here an  e m p ty  b o ttle  o f an tifreeze 
w as found.

F u rth e rm o re  th e  tox ico log ical analyses revea led  in  th re e  cases (cases 
# 1 ,  # 5  an d  # 6 )  th e  associa tion  w ith  o th e r d rug  as show n in  T ab le  I.
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HAEMOPHAGOCYTIC SINUS HISTIOCYTOSIS WITH 
MASSIVE LYMPHADENOPATHY: EARLY LESIONS.

PROGRESSION AND INVOLUTION

G. K e l é n y i , L. O lasz

DEPARTMENT OF PATHOLOGY, STOMATOLOGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL OF PÉCS, PÉCS
HUNGARY

(R eceived  30 M arch 1989)

I n  a 26-year-o ld  m ale suffering  from  haem o p h ag o cy tic  sinus h istiocy tosis w ith  
m assive ly m p h a d e n o p a th y  (SH M L ) five biopsies were p e rfo rm ed  d u rin g  a period  of 
60 m o n th s . I t  seem ed th a t  th e  f ir s t  change in  SH M L is th e  ap p ea ran ce  of foam y h is tio ­
cy tes in  th e  su b cap su la r sinuses a t  a tim e w hen accu m u la tio n  of an d  haem ophagocy tosis 
by  th e  h is tio cy tes  in  th e  in te rm ed ia ry  an d  m ed u lla ry  sinuses a re  n o t  conspicuous. 
Progression  o f th e  lesions is in d ic a te d  by  th e  accu m u la tio n  of haem o p h ag o cy tic  h is tio ­
cy tes in  all sinuses an d  by  th e  d ev elopm en t o f su b cap su lar x a n th o fib ro u s  tissue  areas, 
f irs t  focal, la te r  confluen t. R egression  of th e  ly m p h adenom egaly  m ay  be due to g rad u al 
o b lite ra tio n  of th e  lym ph  node p a ren ch y m a by  th e  su b cap su lar x a n th o fib ro u s  tissue  
and  b y  scarring . E v en  in th e  early  phases o f th e  disease th e  p a rac o rtic a l a reas w ere 
underdeveloped . T he im m u n o p h én o ty p e  of th e  fo am y  h istio cy tes  p o p u la tin g  th e  sinuses 
an d  th e  x a n th o fib ro u s  a reas is S-100+, Leu-M 3 + , V IM -13+ (CD 14), MAC 387 + 
N -P N A + , O K Ia + , L e u -M l-  (CD 15) and  O K M 1 - (CD 11).

K eyw ords: H aem o p h ag o cy tic  sinus h istiocy tosis, ev o lu tion , im m unoh istochem -
istry

In tro d u c tio n

H aem ophagocy tic  sinus h istiocy tosis w ith  m assive ly m p h a d e n o p a th y  
(SH M L ), a ra re , benign and  usually  self-lim ited  disease, tvas f irs t  described 
as a clin icopathologic  e n tity  b y  Rosai and  D orfm an  [18, 19]. Single cases 
w ith  some special fea tu res  an d  s tud ies dealing  w ith  severa l cases have  been  
p u b lish ed , th e  larg est series being th a t  of F o u car e t al. [220 cases, 8]. In  m ost 
o f these  th e  diagnosis was u su a lly  m ade on th e  basis o f th e  ch a rac te ris tic  
fe a tu re s  of SH M L as seen in  one biopsy sam ple.

In  th e  p re se n t s tu d y  of a 26-year-old  m ale, five biopsies w ere perfo rm ed  
d u rin g  a period  of 60 m onths. O n th e  basis of these  biopsies th e  evo lu tion  
(ea rly  lesions, p rogression , in v o lu tion ) of th e  disease is described . In  ad d itio n , 
th e  p a th o m ech an ism  of the  disease is discussed in  th e  ligh t of an  im m uno­
h istochem ical analysis of th e  biopsies.

Send o ffp rin t req u ests  to : G. K elényi, D ept, o f P a th o lo g y , U n iv e rs ity  M edical School o f 
Pécs, Szigeti ú t  12., H -7643 Pécs, H u n g a ry
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Case report

A 26-year-old m ale p lu m b er w as f irs t seen in  M ay 1983 w hen he h ad  an 
e lev a ted  te m p e ra tu re , pain less b ila te ra l en la rg em en t of th e  cerv ical ly m p h  
nodes, and  a slig h tly  enhanced  red  blood cell sed im en ta tio n  ra te  (12 m m /h). 
In fec tio u s m ononucleosis w as excluded . A fter th e  f irs t ly m p h  node b iopsy  
(rig h t su b m an d ib u la r, M ay 1983) th e  p a tie n t was n o t seen u n til  J u n e  1984 
w hen he was re -a d m itte d  w ith  g re a tly  en larged  cervical ly m p h  nodes. D uring  
th e  six weeks of h o sp ita liza tio n  he w as afebrile. T ests  for toxop lasm osis were 
neg a tiv e ; We 56 m m /h , 85%  g ranu locy tosis . A second b iopsy  w as perfo rm ed  
(sup rahyo id  block d issection). S even teen  m on ths la te r , th e  p a tie n t w as re-ad- 
m itte d , his only co m p la in t being  g rea tly  en larged  cerv ical ly m p h  nodes. He 
w as afehrile, W e 41 to  60 m m /h . On p a lp a tio n  no en larged  ly m p h  nodes were 
found  in  o ther reg ions, a chest X -ra y  was no rm al. B lood p ic tu re : slight 
lym phocy tosis . A th ird  b iopsy  w as p erfo rm ed  in  D ecem ber 1985. Six weeks 
la te r , in  J a n u a ry  1986, th e  p a tie n t  com plained  of la ry n g ea l d iscom fort: slight 
dyspnoe and  hoarseness due to  m o d era te  la ryngea l d islocation  caused b y  the  
en larged  in frah y o id  ly m p h  nodes, w hich were excised.

E leven  m o n th s la te r , in  D ecem ber 1986, th e  la s t rem ain ing  group of 
en larged  cervical ly m p h  nodes causing  som e com p la in ts  to  th e  p a tie n t w hen 
m oving  his head  w ere rem oved . One nu t-sized , re la tiv e ly  soft ly m p h  node, 
and  th ree  bean-sized , firm  ly m p h  nodes were o b ta in ed . In  th e  course of his 
disease, the  p a tie n t received no co rticostero ids or cy to s ta tic s .

Two m o n th s  follow ing th e  la s t b iopsy , a C oom bs-positive h aem oly tic  
anaem ia  developed, w hich resp o n d ed  well to  co rtico ste ro id  th e ra p y . A t p resen t 
he is sym ptom -free and  has no en la rged  ly m p h  nodes ( J a n u a ry , 1990).

M ateria ls an d  m ethods

L ym ph  node sam ples w ere f ix ed  in  10%  n e u tra l  fo rm alin , B o u in -so lu tion  or form alin- 
su b lim ate  and  em b ed d ed  in  P a ra p la s t . I n  a d d itio n  to  ro u tin e  p rocedures (H E , G iem sa, periodic 
acid-Schiff-reaction , re ticu lin ) , n ap h th o l-A S -D -ch lo ro ace ta te  e sterase  reac tio n  w as perform ed. 
T he b ind ing  of U lex eu ropaeus I  an d  of p e a n u t lec tin  (a fte r  n eu ram in id ase , N -P N A ) was dem on­
s tra te d  according to  F isch er e t al. [6]. C ry o sta t sections were s ta in ed  b y  oil red  O.

Im m unohistochem istry

Polyclonal an tib o d ies  to  im m unog lobu lins (IgM , IgD , IgG , IgA , Ig E , k a p p a , lam b d a , 
D ako), J  chain  (N ord ic), lysozym e, a lp h a - l-a n tit ry p s in ,  a lp h a -I-a n tic h y m o try p s in  (D ako) and 
S-100 (D ako and  B ioG enex) w ere app lied  to  fo rm a lin -P a ra p la s t sections. Follow ing th e  app lica­
tio n  of ra b b it  an tib o d ies , b io tin y la te d  g o a t a n tira b b it  a n tib o d y  was em ployed  w ith  alkaline 
p h o sp h a tase  c o n ju g a ted  s tre p ta v id in  (B ioG enex). A 1 : 400 —1000 d ilu tio n  of th e  a n tib o d y  
MAC 387, k ind ly  p ro v id ed  b y  Prof. D r. D. W rig h t and  D r. D. B . Jo n es, U n iv e rs ity  o f S o u th ­
a m p to n , was app lied  a fte r  15 m in  o f try p s in isa tio n  also on  fo rm a lin -P a ra p la s t sections. 
A 1 : 100 d ilu tion  of U C H L  1, a g ift fro m  P .C .L . B everley , Im p eria l C ancer R esearch  F u n d , 
L ondon , was used.

The fo u rth  an d  f if th  b iopsy  sam ples w ere stu d ied  in  im p rin ts  and  c ry o s ta t  sections. 
Sm all pieces o f tissue  w ere snap-frozen  in  iso p en tan e  b y  liq u id  n itro g en , an d  4 — 8 /(m -th ick
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sections w ere c u t w ith  a c ry o sta t. The follow ing m onoclonal a n tib o d ies  were used: B ecton  — 
D ickinson: Leu 1 (pan  T an d  B-CLL cells, CD5), Leu 2a (cy to to x ic-su p p resso r, CD8), Leu 3a 
(he lp e r-in d u cer, CD4), L eu  7 (N K  cells), L eu  M l (m onocytes, m yelo id  cells, h istiocy tes , m acro ­
phages, CD 15) and Leu М3 (m onocytes , m acrophages). O rth o : O K T  3 (T-cells, CD3), O K T  6 
(co rtica l th y m o cy tes , L ang erh an s cells, in te rd ig ita tin g  re ticu lu m  cells, CD 1), O K T  11 (E - 
ro se tte  po sitiv e  cells, CD2), O K Ia  (H L A -D R ), O K T  9 ( tran s fe rrin  recep to r), O K B  7 (fo llicu lar 
d en d ritic  re ticu lu m  cells, OKM  1 (m onocy tes , m yeloid cells, CD l ib ) .  C oulter: B1 (p an  B , 
CD 20), R  4/23 (follicular d en d ritic  re ticu lu m  cells). The a n tib o d ies  V IM -D 5 (m yeloid  cells, 
lac to -N -p en tao se  I I I ,  CD 15), VIM  13 (m onocy tes , CD 14), V IM  12 (OK M  1-like, CD 11) w ere  
d o n a ted  b y  Professor D r. W . K n ap p , I n s t i tu te  o f Im m uno logy , U n iv e rs ity  o f V ienna. M ono­
clonal a n tib o d ies  were used  in  a th ree  step  im m unoperox idase  (P A P ) p rocedure  or in a b io tin - 
s tre p tav id in -a lk a lin e  ph o sp h a tase  (B ioG enex) system .

R esu lts

F irst biopsy  (M ay 1983, Fig. 1)

L ig h t m icroscopically , su b cap su la r sinuses w ere g rea tly  d ila ted , while 
in te rm e d ia ry  and  m ed u lla ry  sinuses only  m odera te ly . T he su bcapsu la r sinuses 
were filled  w ith  h istiocy tes whose cy to p lasm  was b ro ad  an d  foam y or g ran u la r. 
T h e  cells inside th e  o th e r sinuses w ere sm aller th e ir  cy to p lasm  show ing acido- 
p hilic s ta in in g  and  focal U lex eu ropeus I p o s itiv ity  (p red o m in an tly  sinus 
en do the lia l cells). A very  few fo am y  h istiocy tes, conspicuous in  sections 

s ta in e d  fo r th e  p ro te in  S-100, w ere p re se n t in th e  in te rm e d ia ry  and  m ed u lla ry  
sinuses. P hagocy tosis  of lym p h o cy tes  or g ranu locy tes b y  th e  foam  cells was 
m in im al. B etw een  th e  w all of th e  su b cap su la r sinuses an d  th e  fib rous capsu le 
sm all focal accum ulations of m a tu re  p lasm a cells w ere seen. T here w as a s ligh t 
increase in  n u m b er of re ticu lu m  fib res  in  these  lo ca tio n s. The p a ra c o rtica l 
areas w ere n o t conspicuous. The n u m b er of p lasm a cells in  th e  m ed u lla ry  
cords as com pared  w ith  those  in  th e  la te r  biopsies w as re la tiv e ly  sm all. T his 
b iopsy  w as n o t d iagnostic  of SH M L.

Second biopsy  (Ju n e  1984, Fig. 2)

T he appearance  of th e  ly m p h  nodes was as w ith  th e  f irs t b iopsy . H ow ­
ever, th e re  w ere a m ore or less un ifo rm  fib rous th ick en in g  of th e  capsule and  
a focal b ro ad en in g  of th e  connective tissue  space b e tw een  th e  fib rous capsule 
and  th e  w all o f th e  su b cap su la r sinuses (a lay er of re ticu lin  fib res w as o b ­
served). In  th is  location , n ea r to  th e  su bcapsu la r sinus, th e re  w ere, besides 
loose in f iltra te s  of ly m p h o cy tes , som e secondary  follicles, groups of p lasm a 
cells an d  a few  foam y h istiocy tes. I n  ad d itio n , th e re  w ere a few ro u n d  or oval 
sinuso idal lum ina  p resen t filled w ith  foam  cells, g iv ing  th e  im pression  th a t  
sm all segm ents of th e  su b cap su la r sinus h ad  been “ p in ch ed  o ff”  b y  or h ad  
“ h e rn ia te d ”  in to  th e  ex trasin u so id a l la y e r. The foam  cells inside these  segm ents 
of th e  su b cap su la r sinuses co n ta in ed  a la rge  n u m b er of ly m phocy tes, in  con-
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F ig . 1. ( A )  L y m p h  n o d e , f i r s t  b iopsy . ( B )  S u b cap su la r  sinuses g re a tly  d ila ted , in te rm ed ia ry  
a n d  m edullary  sinuses m o d e ra te ly  d ila ted  (H E , Xl55). (C )  A  few  S-100 positive  h is tio ­

cy tes in  a m ed u lla ry  sinus (x 2 5 0 )

t r a s t  to  th e  fo am y  o r g ran u la r h is tio cy tes  in  th e  o th e r sinuses, w hich h ad  
p hagocy ted  only  a few  cells. The m ed u lla ry  co rd  p lasm a cells w ere m ore n u m er­
ous th a n  in  th e  f i r s t  b iopsy .
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Fig.  2. L y m p h  no d e , second biopsy. ( A )  O utside  th e  d ila ted  su b c a p su la r  sinus (SS) a n d  b e tw een  
th is  sinus and  th e  f ib ro u s capsule tis su e  r ich  in  re ticu lu m  fib e rs  in  seen (re ticu lin , X 26). 
( B )  S ubcap su lar sinus (SS) filled w ith  foam y h istiocy tes , o u tsid e  (r ig h t side) segm en ts of 
“ pinched  off”  lu m in a  w ith  foam y h istio cy tes  (H E , X 155). ( C )  F o am y  h istio cy tes  in  th e  
segm ents o f s in uso ida l lum ina  w ith  m an y  phag o cy ted  ly m p h o cy tes  (d e ta il o f F ig . 2b, H E ,

X 250)
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T hird  and fo u rth  biopsies (D ecem ber 1985 an d  Ja n u a ry  1986, F ig . 3)

In  m icroscopic ap p earan ce  th e  tw o  biopsies w ere id e n tic a l; how ever, 
th e y  differed from  th e  f irs t  an d  second biopsies in (a) th e  su b cap su la r  tissues 
an d  (b) th e  in te rm e d ia ry  and  m edu lla ry  sinuses.

The ly m p h a tic  tissue  o f th ese  ly m p h  nodes was re la tiv e ly  decreased  in 
e x te n t due to  a g rad u a l th ick en in g  o f th e  su b cap su la r (ex trasin u so id a l) layer, 
consisting  o f a tissue  rich  in  re ticu lu m  and  collagenous fibers. T h is lay e r, more 
or less focal in  th e  2nd b iopsy , now  su rro u n d ed  th e  ly m p h  node as a co n tin u ­
ous layer. In  som e areas th e  su b cap su la r lay e r resem bled  x a n th o m a to u s  or 
x a n th o fib ro u s  tissue . S c a tte re d  inside i t  a few  islands of ly m p h o cy tes  and 
secondary  follicles, a m odera te  n u m b er o f p lasm a cells an d  la rg e r segm ents 
of d ila ted  sinuses were seen, (b) All th e  sinuses of the  ly m p h  node p aren ch y m a 
were g rea tly  d ila ted  and  densely  p o p u la ted  b y  h istiocy tes w ith  a pale or foam y 
cy top lasm , th e ir  vesicu lar nuclei som etim es being  u n u su a lly  large  an d  irregu la r 
in  shape. P h agocy tosis  b y  th ese  cells o f lym p h o cy tes  an d  g ran u lo cy tes  was 
freq u en tly  seen. I n  c ry o s ta t sections th e  h istiocy tes w ith in  th e  sinuses were 
w eakly  s ta in ed  b y  oil red  0 ;  in  th e  x a n th o fib ro u s  area s tro n g  s ta in in g  was 
seen. The m ed u lla ry  cords w ere densely  pack ed  w ith  m a tu re  p lasm a cells. 
T he p a raco rtica l areas w ere inconsp icuous.

F ifth  biopsy  (D ecem ber 1986)

The la rg es t o f th e  rem oved  ly m p h  nodes show ed fea tu re s  sim ilar to  the  
th ird  and  fo u r th  biopsies. In  sp ite  of th e  re la tiv e ly  large x a n th o fib ro u s  fields, 
th is  lym ph nodes was n o t yellow , b u t th e  th ree  sm aller nodes w ere.

The s tru c tu re  of these  sm aller ly m p h  nodes was d ifficu lt to  recognize. 
A few sc a tte re d  follicles, dense g roups of p la sm a  cells and  a few d ila ted  sinuses 
were seen; how ever, m ost o f th e  ly m p h  nodes consisted  o f x a n th o fib ro u s  
tissue. In  th e  sinuses th e  n u m b e r of foam y  h istiocy tes was m u ch  sm aller th a n  
in  th e  prev ious biopsies.

Im m unohistochem istry

In  all b iopsies, th e  p lasm a cells w ere po lyclonal w ith  a p redom inance  
o f IgG  positive  cells. Follicles w ere R  4/23 or 0 K B  7 (fo llicular d en d ritic  cells) 
an d  B1 positive . In  th e  sm all p a ra c o rtica l areas p redom inance  of L eu  3a to . 
Leu 2a p o sitive  cells w as seen (ra tio  a b o u t 10 : 1). Large h is tio cy tes  in  the  
sinuses w ere lysozym e n eg a tiv e  an d  show ed sligh t a lp h a -l-a n tic h y m o try p s in  
p o sitiv ity . A fte r neu ram in id ase  p re tre a tm e n t th e y  were s tro n g ly  p ositive  for 
p e a n u t lec tin  an d  S-100 p ro te in , th e  re a c tio n  o f th e  fo am y  h is tio cy tes  in  the  
x an th o fib ro u s  areas was w eaker (in fo rm a lin -P a ra p las t sections). MAC 387
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sta in ed  th e  foam y  h is tio cy tes  (sinuses, x a n th o fib ro u s  areas) w eakly  a n d  th e  
ro u n d  m ononuclear cells (possibly m onocytes) in  b o th  locations s tro n g ly . 
O K T  6 did  n o t re a c t w ith  the  h is tio cy tes  (c ry o s ta t sections).

Fig.  3. L y m p h  node, th ird  a n d  fo u rth  b iopsy . ( A )  G rea tly  b ro ad en ed  lay e r rich  in  re ticu lu m  
fibers be tw een  fib ro u s capsu le  an d  su b cap su lar sinus (SS) (re ticu lin , X l8 ) .  ( B )  D ila ted  sub- 
cap su la r sinus (SS), d is tin c tly  se p a ra ted  from  th e  su b cap su lar lay e r b y  th ic k  re ticu lu m  fib e rs  
(arrow s). O utside  th ese  s tru c tu re s , segm ents o f d ila ted  sinusoids a n d  x an th o fib ro u s  tis su e  a re  
seen (re ticu b n , X 56). ( C)  X an th o fib ro u s  area , foam  cells an d  ly m p h o cy tes  a t  to p  capsu le

(H E X  155)
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F oam y h is tio cy tes  in  th e  sinuses w ere in ten siv e ly  Leu М3 and  VIM -13 
p o sitiv e , bu t th e ir  re a c tio n  in  the  su b cap su la r  x a n th o fib ro u s  tissue of th e  
h is tio cy tes  was w eaker. H istiocy tes (sinuso idal, subcapsu lar) w ere neg a tiv e  
or w eak ly  positive w ith  th e  a n tib o d y  O K Ia  (H L A -D R ) a n d  neg a tiv e  w ith  
V IM -D 5 and OKM  1. O n ly  a very  few w ere p o sitive  w ith  L eu  M l an d  a w eak  
re a c tio n  was seen w ith  VIM -12 and Leu 3a. T he sm all vessels of th e  ly m p h  
nodes were filled w ith  cells s trong ly  po sitiv e  w ith  V IM -D 5, L eu M l, OKM  1, 
V IM -12 and w ith  th e  n ap h th o l-A S -D -ch lo ro ace ta te  esterase reac tio n  (g ran u lo ­
cy tes).

The num erous m ononuclear cells w ith in  th e  sinuses and  in  th e  x a n th o ­
f ib ro u s  areas were O K M  1, O K Ia  (H L A -D R ) an d  MAC 387 positive (VIM -D5 
a n d  L eu  M l n eg a tiv e). In  th e  m edu lla ry  cords of th e  ly m p h  nodes such cells 
w ere in freq u en t. A b o u t one th ird  of th e  ly m p h o cy tes  phag o cy tes  b y  fo am y  
h is tio cy tes  were U C H L  1 positive (T cells).

D iscu ssion

H aem ophagocy tic  sinus h istiocy tosis  w ith  m assive ly m p h a d e n o p a th y  
(SH M L ) is a se lf-lim ited  disease, i.e. ex cep t fo r a few u n u su a l cases [3, 5, 7, 
8, 13, 25], i t  is kn o w n  to  regress sp o n tan eo u sly . I ts  ae tio logy  is unknow n , as 
is its  p a th o m ech an ism , th e  developm ent o f th e  ly m p h  node lesions an d  th e ir  
in v o lu tio n . On th e  basis  of a p a th o m o rp h o lo g ica l s tu d y  of fiv e  consecutive 
ly m p h  node biopsies d u rin g  a period of 60 m on th s in  a p a tie n t  w ith  SH M L 
th e  n a tu re  of th e  e a r ly  lesions, th e  p rog ression  and in v o lu tio n  of th e  ly m p h  
n ode  lesions m ay  be assessed.

The early lym ph  node lesions seem  to  be d ila tion  of th e  su b cap su la r 
sinuses and  th e  ap p ea ran ce  of foam y h is tio cy tes  w ith in  th e m . T his h ap p en s 
a t  a tim e w hen hae inophagocy tosis  is n o t y e t ap p a ren t and  th e  lesions are 
n o t  diagnostic  of SH M L . T he in te rm e d ia ry  an d  m ed u lla ry  sinuses do n o t 
c o n ta in  foam y h is tio cy te s . E ven  a t  th e  ea rly  stages (1st an d  2nd  biopsies) 
an  accum ulation  o f p lasm a  cells and  a s ligh t degree of re tic u la r  fib rosis w ere 
p re se n t in th e  su b cap su la r-ex tras in u so id a l layer. The a ffe ren t ly m p h a tic  
vessels open in to  th e  su b cap su la r sinuses w here th e  in itia l lesions w ere seen. 
T herefo re, by  w h a te v e r effect the  fo rm a tio n  of foam y h is tio cy tes  is induced  

it  m ay be assum ed  to  reach  th e  ly m p h  nodes th ro u g h  th e  a ffe ren t ly m p h a tic  
vessels. I t  should  be m en tio n ed  th a t  th e re  w ere no d ila ted  ly m p h a tic s  in  or 
o u ts id e  the  capsule.

The progression  o f th e  disease is ch a rac te rized  by  tw o  ev en ts : (a) all 
th e  sinuses are d ila te d  and  filled w ith  foam y  h istiocy tes p h ag o cy tin g  leu k o ­
cy te s . This p a tte rn  is  d iagnostic  of SH M L . (b) U nder a m o d era te ly  th ic k  
capsu le  [“ capsu la r fib ro s is” , 21], th e  su b cap su la r tissue is b ro ad en ed  w ith
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the  ap p earan ce  of a x a n th o fib ro u s  tissue. T h is develops in  p a r t  from  re m n a n ts  
of th e  seq u este red  segm ents of the  su b cap su la r sinuses.

The involution or regression o f the typ ica l lesion occurs as a g radual in ­
crease of th e  su b cap su la r x an th o fib ro u s an d  fib ro u s tissues an d  a decrease 
in  th e  a m o u n t o f th e  ly m p h  node p a ren ch y m a . The earliest o f these  lesions 
develops a t  th e  site o f accu m u la tio n  of th e  su b cap su la r focal p lasm a cells.

A com parison  of th e  five  biopsies seem s to  show  th a t  a f te r  th e  f irs t  
lesions, progression  an d  regression  m ay p roceed  s im u ltaneously , and  in  d if­
fe ren t ly m p h  nodes th e  p a t te rn  of th e  lesions varies g rea tly . X an th o fib ro u s  
and  fib rous tissue reac tions in  SHM L have been  described  before [14, 21, 25]. 
On the basis o f ex tra n o d a l lesions in a fa ta l m u ltifoca l form  of SH M L, B uchino  
e t al. [3] d istingu ished  a s tab le , a p ro life ra tiv e  an d  an  in v o lu tio n a l phase of 
th e  disease.

T he origin o f  phagocyting histiocytes on SH M L  is n o t clear. In  m ost cases, 
as in  th e  p resen t one, th e y  w ere found  to  be S-100 positive [1, 2, 4, 22], b u t  
B irbeck’s g ranu les were n o t seen in these  cells [12, 15, 20]. In  ad d itio n , we 
found th a t  th e y  were OK la  (H L A -D R ) and  O K T  6 (CD 1) negative . The 
S-100+, O K T  6~ p h en o ty p e  has been described  in  in te rd ig ita tin g  re ticu lu m  
cells, L an g erh an s cells are said  to  be S-100 an d  u sua lly  O K T  6 positive [24]. 
The foam y h istiocy tes of th e  p resen t case w ere in ten se ly  positive w ith  Leu-M 3, 
b u t nega tive  w ith  L eu -M l. L angerhans cells an d  sinus h istiocy tes on th e  o th e r 
hand , are rep o rted  to  be b o th  Leu-M 3 an d  L eu -M l positive [9, 11, 17]. I t  is 
no t clear w h e th e r these an tib o d ies , w hich re a c t w ith  th e  cells of th e  m ono­
nuclear p h ag o cy te  system  (M PS), define v a rio u s su b p o p u la tio n s or ra th e r  
d iffe ren tia tio n , a c tiv a tio n  or fu n c tio n -re la ted  an tigens. I t  is know n  of S-100 
p ro te in  th a t  i t  m ay have  a role d u ring  lipolysis in  ad ipocy tes, a c tin g  as a ca rrie r 
p ro te in  o f free f a t ty  acids [10]. In  foam y h is tio cy tes  of SH M L, w hich are 
oil red  O, positive th e  presence of the  p ro te in  S-100 m ay  be th u s  function- 
re la ted .

The large n u m b er of O K M  1 an d  MAC 387 positive ro u n d  m ononuclear 
cells inside th e  sinuses m ay  rep resen t a p recu rso r p o p u la tio n  o f foam y  (phago- 
cyting) h istiocy tes. This a ssu m p tio n  is in  ag reem en t w ith  th e  elec tron  m icro­
scopic find ings of L en n ert e t al. [12], who have seen m any  im m ig ra tin g  m ono­
nuclear cells in  th e  sinuses in  SH M L. The n u m ero u s sinuso idal m ononuclear 
cells du ring  th e  progression  o f th e  disease m a y  be considered  as b loodborn  
cells a t  th e  site  o f accu m u la tio n  of su sta in ed  h is tio cy tis . N evertheless, th e  
im m u n o p h én o ty p e  of fo am y  h istiocy tes and  th a t  o f m ononuclear sinusoidal 
cells were found  to  differ, ju s t  like those of sp lenic cord p h ag o cy tin g  m acro ­
phages an d  sinuso idal m ononuclear cells, possib ly  c ircu la tin g  m onocy tes [9]. 
In  ad d ition , m a tu re  h is tio cy tes , which n o rm a lly  p o p u la te  th e  sinuses, were 
found  to  be L eu-M l positive [23] w hereas th e  fo am y  h istiocy tes of th e  p resen t 
case were n eg a tiv e . The s tro n g  b ind ing  b y  sinuso idal m ononuclear cells of
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OKM  1 (CD l i b )  an d  th e ir  n eg a tiv e  reac tio n  w ith  VIM -12 (CD 11) m ay  
in d ica te  th a t  these  an tibod ies are b o u n d  by  d ifferen t ep itopes [16].

On th e  basis o f d a ta  in  th e  l i te ra tu re  and  th e  p re sen t ob se rv a tio n s, th e  
p a th o m ech an ism  of SH M L m ay be re la te d  to  an  u n d efin ed  local a b n o rm a lity  
in  an tigen  processing an d  p re sen ta tio n  by  h istiocy tes re su ltin g  in  th e ir  “ fo am y  
tra n sfo rm a tio n ”  an d  early  accu m u la tio n  in  th e  su b cap su la r sinus. T he u n u su a l 
im m u n o p h én o ty p e  of sinus h is tio cy tes  m ay  be ascribed  to  th e ir  fo am y  t r a n s ­
fo rm atio n  an d /o r ac tiv a tio n . I t  is k n o w n  th a t  m ononuclear phagocy te  a c tiv a ­
tio n  is ch a rac te rized  b y  an  a lte ra tio n  in  p lasm a m em b ran e  com position , e.g. 
increased  H L A -D R  expression [26]. H ow ever, th e  a b se n t or w eak H L A -D R  
expression of fo am y  h istiocy tes argues ag a in st th e ir  a c tiv a te d  s ta te . I f  foam y  
h istiocy tes are m odified  L angerhans cells, th e ir  m ig ra tio n  to  th e  p a raco rtica l 
areas is b locked. T he a tro p h y  or h y p o p lasia  of th e  p a ra c o rtex  m ay  be th e  
re su lt of th e  absence of these cells from  th e  T-zones. T he re la tiv e  p red o m in an ce  
of CD 4 positive  h e lper T  cells coidd be one of th e  reasons for th e  en h an ced  
p lasm a cell reac tio n . E ven  in th e  e a rly  phase , p lasm a cells densely  p o p u la te  
th e  ly m p h  node pu lp  and  are p re sen t in  th e  v ic in ity  of th e  su b cap su la r sinus 
w here focal re tic u la r  fibrosis was f ir s t  seen. A su s ta in ed  p lasm a cell reac tio n  
to g e th e r w ith  th e  foam y  h istiocy tes leads to  th e  su b cap su la r x a n th o fib ro u s  
reac tio n  an d  fin a lly  to  th e  fib ro u s o b lite ra tio n  of th e  ly m p h  nodes, i.e. to  
regression of th e  lesions.
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