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Vbstract. T h e  u l t r a s t r u c tu r e  o f  c lub  cells a n d  n e ig h b o u r 
l y  f i lam en t  cells a n d  leucocy tes  in the  e p id e rm is  o f  ca rp ,  
vas s tu d ie d  u n d e r  n o rm a l  c o n d i t io n s  a n d  af te r  e x p o s u re
o severa l  s t re sso rs :  ac id  w a te r ,  h eav y  m e ta ls ,  o rg a n ic  
n a n u re ,  b ra c k is h  w a te r  a n d  w o u n d in g .  T h e  effects o f  the  

s t re sso rs  w ere  r e m a r k a b ly  s im ilar .  T h e  c lu b  cells in 
c reased  in size a n d  c o n ta in e d  m o re  e n d o p la s m ic  re t icu-  
um  a n d  G o lg i  a reas .  In b o th  c o n t ro l  a n d  s tressed  fish, 

m ost  m i to t ic  figures of the  f i lam en t  cells w ere  fo u n d  ad  ja 
cent to  c lu b  cells, as w as  d e m o n s t r a t e d  a f te r  co lch ic ine  
in jection. W h e re a s  in the  c o n t ro l s  a p o p to s i s  o f  f i lam en t  
cells w as  sca rce  a n d  l im ited  to  the  u p p e r  layer  o f  the 
ep i th e l iu m , in the  s tressed  fish it w as  c o m m o n ly  seen in 
close p ro x im i ty  to  the  c lub  cells b u t  n o t  in o th e r  m id -ep i-  
d e rm a l  p a r t s  o f  the  ep i th e l iu m . T h is  in d ica te s  t h a t  c lub  
cells in fluence the  ce l lu la r  k ine tics  o f  the  f i lam en t  cells. 
U n d e r  s tress  c o n d i t io n s  leucocy tes  in f i l t ra ted  the  e p id e r 
mis. S o m e  w ere  seen inside c lub  cells. A p p a r e n t ly  these  
leucocy tes  w ere  ta k e n  up  in p h a g o s o m e s  a n d  s u b s e q u e n t 
ly they  s h o w e d  signs o f  n e c ro t ic  d e g e n e ra t io n .  L eu c o cy te  
in c o r p o r a t io n  a n d  d e g e n e ra t io n  in c lu b  cells w ere  n o t  
o b se rv e d  in c o n t ro l  fish. C o n t r o l  o f  the  ce l lu la r  t u r n o v e r  
of f i lam en t cells a n d  the  e l im in a t io n  o f  leucocy tes  m a y  
rep re sen t  new  fu n c t io n s  for c lub  cells, w h ich  h av e  m a in ly  
been a s so c ia te d  w ith  the  p r o d u c t io n  o f  p h e ro m o n e s .

Key w ords:  Skin -  C lu b  cells -  A p o p to s i s  -  N e c ro s is  -  
F i la m e n t  cells -  L eu co cy te s  -  C yprinus carp io  (Teleostei)

In troduc t ion

C lu b  cells a re  c h a ra c te r i s t ic  c o m p o n e n t s  o f  the  ep id e rm is  
of several  o rd e r s  o f  te leost  fish (Pfeiffer 1977). T h e y  a re  
g ian t  o v o id  cells lo ca ted  in the  m id -e p id e rm a l  layers  
(W h i te a r  a n d  Z a c c o n e  1984; Iger a n d  A b r a h a m  1990) 
w ith  a p ecu l ia r  c y to p la s m  c o n ta in in g  m a n y  tiny  coiled  
f i lam en ts  (W h i te a r  1986). In eels, th e re  is a lso  a sec re to ry

v acu o le  (W h i te a r  a n d  Z a c c o n e  1984). T h e  p r im a ry  fu n c 
t ion  of  these  cells has  n o t  been  e s tab l ish ed  (R a lp h s  a n d  
B en jam in  1992). C lu b  cells in fish from  the  s u p e r - o r d e r  
O s ta r io p h y s i ,  to  w h ich  the  C y p r in i fo rm e s  be long ,  have  
been  sugges ted  to  be the  so u rc e  o f  a p h e ro m o n e - l ik e  s u b 
s ta n c e  th a t  elicits a fright re a c t io n  (Pfeiffer 1977). In o th e r  
o rd e rs ,  the  p resen ce  o f  c lub  cells is p r o b a b ly  n o t  a s s o c ia t 
ed w ith  the  p r o d u c t io n  of f r ig h t - in d u c in g  su b s ta n c e s  
(W h i te a r  1986). Z a c c o n e  et al. (1990) d e m o n s t r a t e d  the  
p resence  o f  s e ro to n in  in c lub  cells o f  2 species o f  te leosts  
a n d  a lso  sugges ted  a p h e r o m o n a l  func t ion .  O th e r s  have  
a sc r ib ed  to  these  cells the  fo rm a t io n  of tox ic  o r  an t i -  
p a th o g e n ic  agen ts ,  su b s ta n c e s  th a t  d e te r  p re d a to r s ,  o r  
a g e n ts  a c c e le ra t in g  w o u n d  h ea l in g  (Sm ith  1982; S u zu k i  
a n d  K a n e k o  1986; Al H a s s a n  et al. 1987). W h i te a r  a n d  
M it ta l  (1983) sugges ted  th a t  in o s t a r io p h y s a n  fish the  
re leased  c o n te n t  of the  c lub  cells (kkgel s e c re t io n ” ) has  
p ro te c t iv e  effects on  a d a m a g e d  e p id e rm a l  surface. A 
p h a g o c y t ic  fu nc t io n  has  been  sugges ted  by Lufty  (1964). 
T h e  p re sen t  s tu d y  e x a m in e s  the  c lu b  cells o f  c a rp  e x p o se d  
to  different types  o f  s t re sso rs :  w a te r  p o l lu t io n  (acidified 
w a te r ,  a n d  w a te r  c o n ta in in g  o rg a n ic  m a n u r e  o r  c a d m i 
um , c o p p e r  o r  lead), b ra c k is h  w a te r ,  a n d  sk in  d a m a g e  
c a u se d  by w o u n d in g .  It w as  felt t h a t  an  in v es t ig a t io n  of 
the  im p a c t  o f  all these  s t re sso rs  m ig h t  p ro v id e  an  in d ic a 
t ion  of  the  fu n c t io n a l  ro le  of these  cells.

M a te r ia l s  and  m e th o d s

Juvenile male and female carp, Cyprinus carpio, weighing 3-15 g, 
were used. After an acclimation period of at least 3 weeks, the fish 
were kept for periods up to 30 days either in normal conditions (i.e. 
tap water at 22°C), or experimental conditions. For all control and 
experimental groups, the water was continuously changed (about 
30% per day), well aerated, and filtered. The experimental condi
tions were:

1. A cid ified  w ater

Correspondence to: S.E. Wendelaar Bonga
For 2 carp croups the pH of the water was "radually lowered to 
pH 5 or 6 (over a period of 2.5 h) by slowly adding small amounts
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Tabic 1. Semi-quantitative evaluation of the changes in the carp 
epidermis in response to stressors. + ,  Moderate increase; 4- + ,  
marked increase; =  no change; - moderate reduction: -  marked

reduction; a-e, club cells; a. rER and Golgi membranes; b. cell size; 
c, cell number; d, upward migration; e, leucocyte incorporation; 
f-g, filament cells; f. mitosis; g, apoptosis; h, hours; d, days

a b c d e f g

pH 5 24 h H—h + — + + — +
3 d + + + + + + + +

14 d + + + + + + + +

pH 6 24 h + + — — + — +
3 d + + — + + + +

14 d + + — -f + + + +

M a n u re 24 h + + + + — + + — +
4 d + + + — + + + + +

Cd, low 24 h + + — + + — —
7 d +  + + + + + -- + +

Cd, medium 24 h + + + + +
7 d + + + + + + + + +

Cd, high 24 h + + — + + — +
7 d + + + + - + + + + + + +

Pb 24 h + + — + + — +
7 d + + + + + + + + + +

Seawater 24 h + — — + + — +
6 d + + + - + -f- +  + +  + +  +

Wounding
C

24 h + + — + + — —

8 d + ----- + + +  + +  + +

of a diluted solution of H2S 0 4. The pH of the water was automati
cally adjusted with pH-stat equipment (Consort, Belgium). For 
more details about the procedures, see Iger and Wendelaar Bonga 
(1993).

2. M a n u re  exp o su re

Chicken manure (0.3-0.7% w/w) was added to the water. For details 
offish husbandry, manure composition and bacterial content of the 
water, see Iger et al. (1988).

3. H eavy  m eta l exp o su re

Cadmium nitrate at concentrations of 22. 65 and 500 pg.l 1 Cd, and 
lead acetate at concentrations of 0.5 mg.l 1 Pb, were added to the 
water. For details of the experimental set up, see Iger (1992).

4. B rackish  w ater exp o su re

Commercial sea salt was added to the water at a concentration of
5 gr.l 1 (Iger 1992).

5. W ounding

With a razor blade a small incision was made in a scaleless area of 
the dorsal body wall. Details of the healing process have been re
ported by Iger and Abraham 1990.

The duration of exposure to the stressors is listed in Table 1. For 
the detection of mitotic figures, 6 fish from each group were intra
muscularly injected with colchicine (Sigma; 2 mg/100 g body 
weight) dissolved in saline (0.6 g NaCI per 100 ml). Controls were 
injected with saline only. These fish were sampled 20-22 h after 
injection.

Six fish per group were examined. For electron microscopy 
pieces of skin (3 x 3 mm) were taken from the dorsal part of the 
head of fish anaesthetized with Hypnocalmer (Jungle, Texas) and 
prefixed in 3% glutaraldehyde buffered in 0.09 M sodium cacody- 
late, pH 7.4. Fixation was carried out in 1% osmium tetroxide in 
the same buffer. The tissues were dehydrated in ethanol and embed
ded either in LX-112 or in Spurr’s resin. Ultrathin sections were 
stained with lead citrate and uranvl acetate and were examined in 
a Jeol 100 CX electron microscope.

Fig. 1. Control. A typical club cell with a polymorphic nucleus (//) 
surrounded by central cytoplasm (arrow), and an electron transpar
ent periphery (p). n f Nucleus of a filament cell, x 3400

Fig. 2. Acid water (pH 5; 14 days). A mitotic filament cell [[) adja
cent to club cell (c). x 8200

Fig. 3. Acid water (pH 5; 3 days). An early stage of apoptosis of 
filament cell (flrrouj adjacent to club cell (c). The nucleus of the 
filament cell (/?) is still visible, x 4000

Fig. 4. Cadmium contaminated water (22 j.ig-1 '; 7 days). Part of an 
apoptotic filament cell. The apoptotic material (arrow) fills the inter
cellular spaces between club cells, x 14500

Fig. 5. Brackish water (sea salt, 5 gr • 1 '; 24 h). Necrotic processes 
(arrows) probably originating from filament cells (f) are seen in club 
cell cytoplasm (c). x 3400

Fig. 6. Cadmium contaminated water (22 j.ig-1 ’; 24 h). A 
macrophage (m) containing phagosomes and lysosomes between 
club cells, x 2750

Fig. 7. Lead contaminated water (0.5 m g• 1 1; 24 h). The epidermis is 
highly infiltrated by leucocytes. An eosinophilic granulocyte (t'), 
indented in or inside a club cell, h Basophilic granulocyte; I 
lymphocyte, x 1200

Fig. 8. Brackish water (sea salt. 5 gr -1 ',6  days). A partially necrotic 
leucocyte, probably a plasma cell (/?/) adjacent to a club cell (c). 
x 4200
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Results

Club cells in con tro l f ish

C lu b  cells a re  c o m m o n  in the m id d le  layers  o f  the  e p id e r 
mis (Fig. 1). A b o u t  2 0 -4 0  cells a re  p re sen t  per  1 m m  of  
leng th  o f  c ro ss -sec t io n ed  ep iderm is .  D if fe ren t ia t ing  a n d  
m a t u r e  c lu b  cells a re  found . T h e  n u c leu s  o f  the  fo rm e r  is 
r o u n d ,  a n d  s u r r o u n d e d  by c y to p la sm  c o n ta in in g  well d e 
v e lo p ed  e n d o p la s m ic  re t icu lum , G o lg i  a reas ,  m i t o c h o n 
d r ia ,  p o ly r ib o s o m e s  a n d  sm all  vesicles o f  1 0 0 -1 3 0  nm. 
T h e  p e r ip h e ry  of the  cell, a n a r r o w  belt o f  1-2 jam w id th ,  
c o n ta in s  fine co iled  f i lam ents .  O ccas io n a l ly ,  p o ly r ib o 
som es ,  in te rm e d ia te  f i lam en ts  o f  8 -9  n m  w id th ,  a n d  
d e s m o s o m e s  c o n n e c t in g  the  c lub  cells w ith  a d ja c e n t  fila
m e n t  cells, a re  p resent.

M a tu r e  c lu b  cells a re  ovo id .  T h e  n u c leu s  is p o l y m o r 
ph ic  a n d  s u r r o u n d e d  by a th in  rim o f  m o d e r a t e  e lec tro n -  
dense  c y to p la s m  c o n ta in in g  m a in ly  m i to c h o n d r ia ,  G o lg i  
e lem en ts  a n d  e n d o p la s m ic  re t icu lum . M o s t  o f  the c y to 
p lasm  is e lec t ro n  lucent,  a n d  o c c u p ie d  by fine coiled  fila
m ents .  T h e  cell p e r ip h e ry  sh o w s  very few d e s m o s o m e s  
a n d  a s so c ia te d  in te rm e d ia te  f i lam ents .  T h e  cells s h a re  in 
te rd ig i ta t io n s ,  15-25 per  cell in c ross  sec t ion ,  w ith  the  
s u r r o u n d in g  f i lam en t cells. Sm all  p e r ip h e ra l  vesicles 
(W h i te a r  et al. 1991 a) w ere  n o t  o bse rv ed .

A fter  co lch ic ine  in jec t ion  o f  c o n t ro l  fish, the  inc idence  
o f  m i to t ic  figures, se ld o m  o b se rv e d  in s h a m  in jec ted  fish, 
inc reases  m a rk e d ly  in the  ep id e rm is ,  in p a r t i c u la r  in the 
m id -e p id e rm a l  reg ion . M o s t  o f  the  m i to t ic  figures are  
fo un d  in f i lam en t  cells a d ja c e n t  to  c lub  cells (Fig. 2). In 
a re a s  w i th o u t  c lub  cells, o r  a r o u n d  im m a tu r e  c lu b  cells, 
m i to t ic  f i lam ent cells a re  very scarce.

Club cells in fish under experim ented  cond itions

T h e  o b s e rv a t io n s  re p o r te d  be low  w ere  m a d e  u n d e r  a l 
m o s t  all e x p e r im e n ta l  c o n d i t io n s ,  a l t h o u g h  to  a deg ree  
d e p e n d in g  on  the  leng th  o f  e x p o s u re  to  the  s t re s so r  o r  the  
type  o f  s tresso r .  A s e m iq u a n t i t a t iv e  e v a lu a t io n  of  the  re
sults  is p re sen ted  in T ab le  1. O n ly  differences w ith  the 
c o n t ro l s  a re  re p o r te d .  A l re a d y  a f te r  a few days ,  the c lu b  
cells o f  these  fish, b o th  m a tu r e  a n d  d if fe ren t ia t in g  cells, 
a re  lo c a te d  c lose r  to  the  skin  su rface  th a n  in the  co n tro ls .  
D u r in g  the  w h o le  p e r io d  o f  e x p o s u re  the  m a tu r e  c lub  
cells a re  e n la rg ed ,  f rom  a b o u t  40 x 60 jam in the  c o n t ro l s  
to  a b o u t  50 x 80 | im  in the s t re s so r -e x p o se d  fish. M ito s is  
o f  f i lam en t  cells, as o b se rv e d  af te r  co lch ic ine  in jec t ion ,  is 
m o re  f req u en t  a n d  m a in ly  res tr ic ted  to  the  cells a d ja c e n t  
to  m a tu r e  c lu b  cells. It is h a rd ly  fo u n d  in f i lam en t  cells 
n o t  in d irec t  c o n ta c t  w ith  the  c lu b  cells. A n o t h e r  p h e 
n o m e n o n  o b se rv e d  a r o u n d  the  m a tu r e  c lub  cells is the  
p resence  of  a p o p t o t i c  f i lam en t  cells (Figs 3,4). T h ese  cells 
lose th e ir  d e s m o s o m e s  a n d  sh o w  c o n d e n s a t io n  a n d  e n 
h a n c e d  e le c t ro n -d e n s i ty  o f  th e i r  nuclei a n d  c y to p la s m ic  
o rgane lles .  R e m n a n t s  o f  a p o p to t i c  f i lam en t cells a re  
fo u n d  as a p o p to t i c  b od ies  inside m a c ro p h a g e s .  N e ig h 
b o u r in g  f i lam en t  cells a re  ac t ive  in e n d o c y to s is  o f  vesicles 
o f  high e le c t ro n -d e n s i ty  o r ig in a t in g  from  the  a p o p to t i c  
f i lam en t  cells. C lu b  cells a d ja c e n t  to  m i to t ic  o r  a p o p to t i c

f i lam en t  cells c o n ta in  well d ev e lo p ed  e n d o p la s m ic  re t icu 
lum , ex tens ive  G olg i  a re a s  a n d  m a n y  p o ly r ib o so m e s .  O c 
cas io n a l ly  n e c ro t ic  e x te n s io n s  o f  f i lam en t  cells a re  found  
w ith in  c lub  cells (Fig. 5). In c o n t ro l s  a p o p t o t i c  f i lam ent 
cells a re  on ly  ra re ly  fo u n d  a n d  re s t r ic ted  to the  to p  layer 
o f  f i lam en t  cells, the  p a v e m e n t  cells. N o  co n s is ten t  
c h a n g e s  a re  o b se rv e d  in the  n u m b e r s  o f  c lu b  cells (Table
U

D u r in g  all e x p e r im e n ta l  t r e a tm e n t s  the  e p id e rm is  be
co m e s  heavily  in f i l t ra ted  by leucocy tes  (Fig. 7); 
ly m p h o c y te s  as well as g ra n u lo c y te s  a n d  m a c ro p h a g e s .  
L e u c o c y te s  a re  often  seen a d ja c e n t  to  c lub  cells (Figs. 6, 
8 ), a n d  so m e  leucocy tes  a re  seen ins ide  c lu b  cells (Figs. 7, 
9 - 1 1). T h is  p h e n o m e n o n  is c o m m o n ly  o b se rv e d  in fish of 
all e x p e r im e n ta l  g ro u p s .  U p  to  3 leucocy tes  pe r  c lub  cell 
m a y  o c c u r  (Fig. 10). A t h ig h e r  m ag n if ic a t io n ,  so m e  of 
these leucocy tes  a re  s u r r o u n d e d  by 2 m e m b ra n e s ,  ind i
c a t in g  th a t  they  a re  lo ca ted  in p h a g o s o m e s  (Fig. 12). O t h 
er leucocy tes  a re  s u r r o u n d e d  by 1 m e m b ra n e .  T h ese  often 
exh ib i t  s igns o f  n ec ros is  (Fig. 8, 11 ) i.e., sw ell ing  of  the  cell 
a n d  its m i to c h o n d r i a  a n d  g ran u le s ,  a n d  d i s r u p t io n  of 
m e m b ra n e s .  T h is  in d ica te s  th a t  the  m e m b r a n e  of the  leu
cocy tes  d i s a p p e a r s  w h e n  lysis o f  these  cells ad v an c es .  O r 
ganelles  lo ca ted  in the  p e r in u c le a r  c y to p la s m  of  the  club 
cells - G o lg i  sys tem s, g r a n u l a r  e n d o p la s m ic  re t icu lum , 
p o ly r ib o so m e s ,  a n d  m i to c h o n d r i a  - a re  o r ie n te d  in the 
d i re c t io n  of  the  i n c o r p o r a t e d  cells (Fig. 11 ). S o m e  of  these 
c lub  cells a re  in a s ta te  o f  d e g e n e r a t io n ;  th e ir  nuc lea r  
m e m b r a n e  is d i s ru p te d  a n d  the  c o n to r t e d  f i lam en ts  a g 
g reg a ted ,  while  the  c y to p la s m  sh o w s  p a tc h e s  o f  h igh elec
t ro n  d en s i ty  (Fig. 14). In o th e r  c lu b  cells, as  well as in the 
f i lam en t cells lo ca ted  ap ica l ly  from  le u c o c y te -c o n ta in in g  
c lub  cells, sm all  vesicles a p p e a r  (Fig. 13). T h e  in te rce l lu la r  
space  be tw een  these  f i lam en t  cells b e c o m e s  w id en ed ,  and  
c y to p la s m ic  e x te n s io n s  o f  c lub  cells p e n e t r a te  in these

Fig. 9. Cadmium contaminated water (22 jig-1 \  7 days). A 
lymphocyte (/) inside a club cell, x 4200

Fig. 10. Manured water (4 days). Leucocytes (le) and necrotic pro
cesses of filament cells (ƒ) inside club a cell, x 4200

Fig. 11. Lead contaminated water (0.5 mg 1 7 days). A slightly 
necrotic lymphocyte (/) inside a club cell, x 6400

Fig. 12. Cadmium contaminated water (22 (.ig-l ’, 24 h). Detail of a 
necrotic lymphocyte (/) inside a club cell (<•). The 2 membranes 
(arrows) indicate that the lymphocyte is located in a phagosome ol 
the club cell, x 58000

Fig. 13. Cadmium contaminated water (22 j.ig-1 ', 24 h). Granular 
(arrows) and vesicular remnants (r) located at the apical area of a 
club cell, close to the cell membrane, x 10500

Fig. 14. Cadmium contaminated water (0.5 mg l 24 h). Degener
ated club cell with dense aggregates of helical filaments (hf). n Nucle
us. x 8200

Fig. 15. Acid water (pH 5, 24 h). Cytoplasmic process (cp) of a club 
cell seems to penetrate between filament cells (arrow, direction ol 
skin surface), x 14450

Fig. 16. Cadmium contaminated water (22 |.igl ', 24 h). Process of 
a club cell (arrow) invaginates another club cell, x 6400

Fig. 17. Cadmium contaminated water (0.5 mgT ', 7 days). Bi-nu- 
cleated club cell. The 2 nuclei have different electron density and are 
both surrounded by central cytoplasm. x5100
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spaces  (Fig. 15). T h e  in te rd ig i ta t io n s  o f  these  cells w ith  
f i lam en t  cells d i s a p p e a r ,  a n d  the  cells a p p a r e n t ly  m ig ra te  
in to  the d i re c t io n  o f  the  sk in  surface. P h e n o m e n a  in d ic a t 
ing fusion o f  c lub  cells a re  o c c a s io n a l ly  o b se rv e d  
(Fig. 16). C lu b  cells w ith  2 nuclei (Fig. 17), w h ich  a re  o c 
cas io n a l ly  fo u n d ,  m a y  arise  by th is  p rocess .  F inally ,  the 
c lub  cells a re  seen close  to  o r  a t the  surface , a n d  a p p a r 
en t ly  th ey  leave the ep iderm is .  O n ly  a c t iv a te d  c lub  cells 
a re  seen at th is  pos i t ion .

D iscuss ion

T h re e  new  o b s e rv a t io n s  a re  r e p o r te d  in this s tudy .  First ,  
the  c a rp  c lub  cells r e s p o n d  to  s t re s so rs  w ith  inc reased  
ac tiv ity ,  as c o n c lu d e d  from  the  inc rease  in cell size a n d  
the  e x ten s io n  of  e n d o p la s m ic  re t ic u lu m  a n d  G olg i  areas .  
S eco n d ,  m i to t ic  a n d  a p o p t o t i c  ac t iv i ty  o f  the  f i lam ent 
cells is m a in ly  re s t r ic ted  to  cells in the  p ro x im i ty  to  the 
c lu b  cells a n d ,  th ird ,  the  c lub  cells a re  invo lved  in the  lysis
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of leucocytes ,  p r o b a b ly  a f te r  p h a g o c y to s i s  o f  these  cells.
T h e  high m i to t ic  ac t iv i ty  o f  f i lam ent cells o f  s tressed  

fish has  been r e p o r te d  ea r l ie r  (Iger 1992; Iger a n d  W ende-  
l a a r  B o n g a  1993). T h e  high inc idence  o f  a p o p to s i s  o f  fila
m e n t  cells in close p ro x im i ty  of the  c lu b  cells is r e m a r k 
able. b ecau se  in c o n t ro l  fish a p o p to s i s  is l im ited  to  the 
u p p e r  layer  o f  f i lam ent cells, the  p a v e m e n t  cells. O n e  
cou ld  a rg u e  th a t  the  p resence  o f  m i to t ic  a n d  a p o p to t i c  
cells a d ja c e n t  to  c lu b  cells is a co in c id en ce  b e cau se  these  
cells a re  all lo ca ted  in the  s a m e  ep i the l ia l  layers. H o w ev -  
er, a l th o u g h  the  den s i ty  o f  c lu b  cells is high, th e ir  uneven  
d i s t r ib u t io n  o v e r  the  e p i th e l iu m  a l low s  us to  c o n c lu d e  
th a t  the re  is a specific r e la t io n s h ip  b e tw een  c lu b  cells a n d  
f i lam en t  cells. A n o th e r  a r g u m e n t  in f a v o u r  o f  th is  c o n c lu 
s ion  is the  o b s e rv a t io n  th a t  m i to t ic  a n d  a p o p to t i c  fila
m e n t  cells a re  n o t  fo un d  n e a r  im m a tu r e  c lu b  cells. T h u s ,  
o u r  o b s e rv a t io n s  in d ica te  th a t  c lu b  cells a re  ab le  to  influ
ence the  t u r n o v e r  ra te  o f  the f i lam en t cells, p oss ib ly  via 
p a ra c r in e  in te ra c t io n s .  T h a t  the  effect is re s tr ic ted  to  the 
m a tu r e  c lub  cells is c o n s is te n t  w ith  the  c o n c lu s io n  of 
W h i te a r  (1986) th a t  the sec re to ry  p r o d u c t  o f  c lu b  cells 
c h a n g e s  as the  cells m a tu re .  T h e  p a ra c r in e  fac to r  in
volved  in the  effect o n  f i lam ent cell t u r n o v e r  m ig h t  be 
s e ro to n in .  T h is  b io a m in e  has  been localised  in the  c lub  
cells of so m e  te leost  fishes (Z a c c o n e  et al. 1990). In the 
te leost ep id e rm is ,  s e ro to n in  is a lso  p re sen t  in different 
types  o f  p a r a n e u r o n s ,  o n e  of w h ich  is the  M erke l  cell 
(F u j i ta  et al. 1988). In te res t ing ly ,  B u d tz  a n d  Spies (1989) 
n o t iced  th a t  a p o p to t i c  cells in the e p id e rm is  of a t o a d  a re  
often  c losely  a s so c ia te d  w ith  M erk e l  cells. G o u ld  et al. 
(1985) c o n c lu d e d  th a t  M erke l  cells c o n t r ib u te  to  e p id e r 
m al g ro w th  a n d  d if fe ren t ia t io n  bv fu n c t io n in g  as a p a c e 
m a k e r  o f  this tissue. O u r  results  suggest  th a t  c lu b  cells 
r a th e r  th a n  M erke l  cells, w h ich  a lso  o c c u r  in c a r p  e p id e r 
mis (Iger 1992), have  such  an  effect in the  c a rp  ep ide rm is .  
H o w e v e r ,  m o re  th a n  o n e  fac to r  m a y  be im p l ic a te d  in the 
c o n t ro l  o f  the  f i lam en t cell cycle in carp .  Iger a n d  A b r a 
h a m  (1990) sh o w e d  th a t  c lub  cells a re  the  last o f  the  e p i 
thelia l  cells to  d if fe ren t ia te  af ter  w o u n d in g ,  in d ic a t in g  
th a t  the f i lam en t  cell cycle is u n d e r  c o n t ro l  o f  m o re  fac
to rs  th a n  the  p re s u m p t iv e  fa c to r  o f  the  c lub  cells.

T h e  inc reased  inc idence  o f  m ito s is  a n d  a p o p to s i s  in 
f i lam ent cells o f  fish e x p o se d  to  s t resso rs ,  reflects a h igher  
t u r n o v e r  ra te  o f  the cells u n d e r  these  c o n d i t io n s .  P a rso n s  
et al. (1983) c o n s id e re d  in c reased  a p o p to s i s  in the  h y p e r 
p las t ic  m o u s e  e p id e rm is  as an  effect o f  c ro w d in g  of the 
e p id e rm a l  cells by s t im u la te d  basa l  cell p ro l i fe ra t ion .  
C r o w d in g  of  e p id e rm a l  cells m ay  hav e  ta k e n  p lace  in the 
c a rp  e p id e rm is  o f  s tressed  fish by in c reased  m itos is ,  the 
m ass ive  in f i l t ra t io n  o f  leucocy tes ,  a n d  the  inc rease  in size 
o f  the  c lu b  cells. P ro g ress ive  a p o p to s i s  u su a l ly  resu lts  in 
the  fo rm a t io n  o f  o n e  o r  m o re  la rge  a p o p t o t i c  b od ies  th a t  
a re  p h a g o c y to s e d  by m a c r o p h a g e s  o r  n e ig h b o u r in g  e p 
ithelial cells (Wyllie 1981). M a n y  o f  the  a p o p to t i c  fila
m e n t  cells a r o u n d  the  c lu b  cells a re  n o t  p h a g o c y to s e d  by 
m a c ro p h a g e s .  T h e i r  a p o p t o t i c  r e m n a n t s  m a y  be rem o v ed  
by n e ig h b o u r in g  f i lam en t  cells, as we o b se rv e d  p h a g o 
so m es  in s o m e  o f  these  cells. T h is  is in c o n t r a s t  w ith  the 
e l im in a t io n  o f  a p o p t o t i c  p a v e m e n t  cells, w h ich  a re  shed 
in to  the  w a te r  (W e n d e la a r  B o n g a  a n d  Van d e r  Meij 1989; 
Iger 1992). It is poss ib le  th a t  the  r e m n a n t s  o f  f i lam ent 
cells have  n u t r i t io n a l  va lue  for the  a d ja c e n t  cells. Bowen 
( 1981 ) has  sugges ted  th a t  a p o p to t i c  r e m n a n t s  m a y  be u t i 
lized by n e ig h b o u r in g  cells.

In a p re v io u s  s tu d y  on  the skin  o f  c a rp  (Iger a n d  A b r a 
h a m  1990), we sh o w e d  th a t  b o th  f i lam en t  cells a n d  m u 
co u s  cells a re  c a p a b le  o f  p h a g o c y to s is .  In the  p resen t  
s tu d y  we n o t  on ly  co n f i rm  the  p h a g o c y t ic  ac t iv i ty  o f  fila
m e n t  cells, bu t  we a lso  p re se n t  in d ic a t io n s  th a t  the  c lub  
cells have  the  c a p a c i ty  to  ta k e  u p  a n d  d e s t ro y  leucocytes. 
To o u r  k n o w le d g e ,  p h a g o c y t ic  ac t iv i ty  o f  c lu b  cells has 
on ly  been a sc r ib ed  to  the  c lub  cells o f  catf ish  (Lufty, 
1966). In o u r  fish, lysis of leucocy tes  w as  n o t  o b se rv ed  
u n d e r  c o n t ro l  c o n d i t io n s ,  bu t  w as  res tr ic ted  to  fish ex 
posed  to  the  different s t resso rs .  T h u s ,  o u r  o b s e rv a t io n s  
in d ica te  th a t  c lu b  cells a re  e n g a g e d  in the  s tress  re sp o n se  
o f  fishes, in a d d i t io n  to  the  p r o d u c t io n  o f  p h e r o m o n e s  
r e p o r te d  in the  l i te ra tu re .  W h e th e r  the  leucocy tes  p e n e 
t ra te  in to  the c lub  cells o r  the  c lub  cells ac tive ly  p h a g o c y 
tose these  cells r e m a in s  unc lear .  P h a g o c y to s i s  is in d ica ted  
by the  p resen ce  o f  2 m e m b r a n e s  a r o u n d  s o m e  o f  the leu
cocy tes  inside c lub  cells. A l th o u g h  f i lam en t  cells a n d  leu
cocy tes  b o th  s h o w  an  in c reased  deg ree  o f  d e g e n e ra t io n  in 
the vicinity  o f  c lu b  cells, they  s h o w  a s t r ik in g  difference. 
W hile  the fo rm e r  m o s t ly  d isp lay  a p o p to s i s ,  the leu co 
cytes b e c o m e  n ec ro t ic  a f te r  they  a p p e a r  inside  the  c lub  
cells. T h e  n ec ro t ic  lysis of leucocy tes  th a t  seem s to  be 
in d u ced  by the  c lu b  cells re sem bles  the  a c t io n  o f  killer
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cells ( H e n k a r t  1985): the  ce l lu la r  o rg a n e l le s  o f  these  cells 
a re  o r ie n te d  to w a r d s  the  ta rg e t  cell, a n d  lysis is a s s o c ia t 
ed w ith  r u p tu r e  o f  the  o u te r  cell m e m b r a n e  of  the  latter. 
T h e  “a m o r p h o u s  m a te r ia l "  o b se rv e d  by W h i te a r  et al 
(1991 b) in the p e r ip h e ry  o f  the  c lu b  cells o f  catf ish  m igh t  
a lso  rep resen t  r e m n a n t s  o f  n ec ro t ic  leucocytes .  W h e th e r  
the  in te ra c t io n  of  the c lu b  cells w ith  the  leucocy tes  is 
l im ited  to  the  d e s t ru c t io n  of  the  la t te r  o r  a lso  involves  
re g u la t io n  of  c lub  cell func t ion ,  for in s tan ce  by cy to k in e s  
(W h i te a r  a n d  M it ta l  1983), r e m a in s  to be e s tab l ish ed .  O c 
cas io n a l ly  necros is  o f  p h a g o c y to s e d  leucocy tes  is fol
low ed by d e g e n e ra t io n  o f  the  c lub  cells, poss ib ly  as  a 
result  o f  the  release o f  p ro te o ly t ic  fac to rs  f rom  the  lytic 
leucocy tes  (Suzuk i  1986). In n o rm a l  c o n d i t io n s  c lub  cells
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how  n o  d e g e n e ra t io n  o f  o rg a n e l le s  (W h i te a r  a n d  M it ta l  
983). M o s t  p h a g o s o m e - c o n ta in in g  c lu b  cells finally m i

grate ,  ac t ive ly  o r  th r o u g h  the p re s su re  o f  n e ig h b o u r in g  
cells, to  the  su rface  a n d  a p p a r e n t ly  leave the  ep ide rm is .

In c o n c lu s io n  then ,  the  p re se n t  resu lts  in d ica te  th a t  
c lub  cells have  i m p o r t a n t  fu n c t io n s  in a d d i t io n  to the 
p ro d u c t io n  a n d  release o f  a la rm  s u b s ta n c e s :  they  influ
ence o r  re g u la te  the  cell k ine t ics  o f  f i lam en t cells a n d  are  
en g ag ed  in the e l im in a t io n  o f  leucocytes .  T h ese  fu n c t ion s

km* • /

b ecom e  n o t ic e a b le  u n d e r  the influence o f  d ifferent types  
of s t resso rs .
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