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ABSTRACT: Macrophages with yellow or black deposits of melanin occur singly or in groups in the 
melano-macrophage centres are functionally the primitive analogues of lymph nodes in birds and 
mammals. From 1980 to 1982, turnouts and pretumorous tissue changes in ruffe from the Elbe 
Estuary were studied. Pathological alterations occur mainly in the liver and spleen. In connection 
with both, neoplastic abnormalities in liver and spleen, and fatty degenerative processes in the 
liver, an obvious increase in number and size of the melano-macrophage centres was observed. The 
colour, structure and some histochemical properties of melano-macrophage centres in the liver 
differ somewhat from those in the spleen. The majority of splenic centres were filled with large 
amounts of haemosiderin, whereas many hepatic macrophages contained fatty inclusions. Possible 
differences in the functions of splenic and hepatic melano-macrophage centres are discussed, 

INTRODUCTION 

Since fish do not have  bone  marrow or lymph nodes,  the ma in  sites of haemopoes i s  

are the anter ior  k idney  and the spleen.  Less impor tant  for the product ion  of b lood cel ls  in 

teleosts are special  areas in the liver, the submucosa  of the intest ine,  and the thymus 

(Roberts, 1978). 
A character is t ic  feature  of haemopoe t i c  t issue is the p re sence  of so-ca l led  me lano-  

macrophage  centres. These  are nodules  of mac rophage  cells which  are more or less 
coloured by yel low, brown or b lack  p igments ,  wh ich  are referred to as melanin .  Me la n in  

is a class of insoluble  polycycl ic  polymers  def ined  to inc lude  not only the p igmen t s  in 

melanophores  but  also re la ted  substances,  such as l ipofuscin and ceroids  (Edelstein,  
1971). In contrast to melanocytes ,  m e l a n o - m a c r o p h a g e s  are not able  to synthesize  
me lan in  p igments ,  so the or igin  of this mater ia l  must  still be  d e t e r m i n e d  (Ellis, 1974). 

Groups of p i g m e n t e d  macrophages  in the h a e m o p o e t i c  t issue of teleosts  are  often 
surrounded by a collar of lymphocytes ,  and some of the m e l a n o - m a c r o p h a g e s  contain 

immunoglobu l ins  on their  surface (Ellis, 1980). Because  of these  characterist ics,  it is 

assumed that m e l a n o - m a c r o p h a g e  centres  are the  pr imi t ive  ana logues  of the lymph 

nodes in h igher  ver tebrates .  The  special  function of these  m e l a n o - m a c r o p h a g e s  is 
phagocyt ic  consumpt ion  of ca tabol ic  products  and  fore ign  material ,  inc lud ing  in jec ted  

carbon part icles  (Ellis et al., 1976). Therefore  m e l a n o - m a c r o p h a g e  centres  can be  

considered as metabo l ic  dumps  (Agius, 1980). 

From 1980 to 1982, an inves t iga t ion  was  carr ied out to study tumorous  condit ions in 
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the ruffe Gymnocephalus  cernua L., a perc id  fish, from the pol lu ted  Elbe Estuary (FRG). 
Dur ing  this study, it b e c a m e  increas ing ly  obvious  that m e l a n o -m a c ro p h a g e  centres in 

the sp leen  and l iver  a u g m e n t e d  dur ing  the d e v e l o p m e n t  of severa l  h is topathological  

abnormal i t i es  of these  organs, It is the purpose  of this paper  to report  pre l iminary  

observat ions  on occur rence  rates and specia l  h is to logical  and h is tochemica l  characteris-  
tics of m e l a n o - m a c r o p h a g e  centres in pa tho log ica l ly  a l tered l iver  and spleen of the ruffe 

and to discuss poss ible  di f ferences  in the funct ion of m e l a n o - m a c r o p h a g e s  in both 

organs. 

MATERIAL AND M E T H O D S  

A total of 551 ruffe from the Elbe Estuary b e t w e e n  H a m b u r g  Harbour  and its mouth 
were  e x a m i n e d  for gross abnormal i t ies  of the l iver  and spleen.  The size of the ruffe 

spec imens  taken  r anged  from 10 to 28 cm. Animals  were  k i l led  in MS 222 (1 g/l) and 

dissected.  The l iver  and sp leen  were  removed,  and the macroscopic  appearance  of each 

was noted. The  organs  were  f ixed in 6 % buffered  formal in  or Bouin's  solution. Subsam- 
ples  se lec ted  for semi- th in  Epon sections were  f ixed in 6 % phosphate  buffered glutaral-  
dehyde.  Some l iver  spec imens  taken  to de te rmine  the p resence  of g lycogen  and fats 

were  e i ther  f ixed in Carnoy 's  fluid or deep  frozen for cryostatic sect ioning.  Epon sections 
1 ~m thick were  s ta ined with  to lu id ine  blue, Samples  e m b e d d e d  in paraffin blocks were  

cut into 5 ~tm sections, wh ich  were  s ta ined as follows: hematoxy l in / eos in  as genera l  

stains; azan for ident i f ica t ion of connect ive  t issue e lements ;  Prussian blue for the 

demons t ra t ion  of ferric iron; and Best 's carmine  wi th  Kernechtrot  to de te rmine  the 

g lycogen  content.  Sudan  b lack  was used to detect  fats in the 10 ~tm cryostat sections 

(Romeis, 1948). 
Samples  of l iver  and /or  sp leen  t aken  from a total of 77 fishes with apparent ly  

hea l thy  organs  and d i sp lay ing  various gross lesions were  his tological ly  examined .  From 
35 fishes, m e l a n o - m a c r o p h a g e  centres of both the l iver  and sp leen  were  microscopical ly  

ana lysed  for direct  comparison.  

RESULTS 

Ruffe from the po l lu ted  Elbe  Estuary d i sp layed  three  types of abnormal i t ies  which  

were  r emarkab le  because  of their  h igh  inc idence  rates. The  most f requent  one is the only 

non- tumorous  condit ion.  It occurs in the liver. In 39 % of the ruffe, l ivers display pale  
spots or marb led  pat terns  on the surface, wh ich  w e r e  h i s tochemica l ly  shown to be 

regions  conta in ing  accumula t ions  of l ipoid  compounds  (Fig. 1). Areas  wi th  excess ive  fat 

s torage w e r e  usual ly  a r ranged  around afferent  b lood  vessels.  Liver pa renchyma  sur- 

Fig. 1. Liver tissue with limited region of fatty vacuolation in hepatocytes (paraffin 5.0 ~m; 
hematoxylin-eosin; × 270) 

Fig. 2. Hepatic melano-macrophage centre with homogeneous, vesicular structure of phagocytic 
vacuoles (paraffin 5.0 ~m; hematoxylin; x 680) 

Fig. 3. Initial stage of tumorous growth with megalocytic hepatocytes (paraffin 5.0 ~m; hematoxylin- 
eosin; × 270) 

Fig. 4. Border of neoplastic liver nodule. Melano-macrophage centres in the surrounding tissue, 
which is forced aside, are indicated by arrows (paraffin 5.0 ~tm; hematoxylin-eosin; x 195) 
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Melano-macrophage  centres 419 

rounding  these regions often showed sl ight  s igns of degenera t ion ,  such as dissociat ion of 
the lobular  structure, vascular  congest ion,  and  somet imes also sl ightly necrotic proces- 
ses. Somewhat  l imi ted areas of cells fi l led with fatty subs tances  were  often su r rounded  
by increased numbers  of en la rged  me lano-macrophage  centres (Table 1). The colour of 
the me l an in  was light yel low in  all cases, and  inclus ions  of b lack  m e l a n i n  seldom 
occurred (Fig. 2). The structure of the macrophage  phagocytic  vacuoles  in  the majori ty of 
patchy livers was vesicular  or homogeneous .  His tochemical  inves t igat ions  revealed  that 
lipoids p layed  the same histological  role as in the hepatocytes.  Ferric i ron was only 
demonst ra ted  to occur in me lano-macrophage  centres  of less than  half of these livers. 
The react ion to detect it was weak,  and  it never  accumula ted  in  vacuoles  but  r ema ined  in  
the cytoplasm or sur rounded  the outside of the macrophages.  

A second pathological  condi t ion in the l iver of the ruffe is the deve lopment  of 
tumorous nodules.  Dur ing  their  ini t ia l  stage, they could be d iagnosed  as pale  glassy 
spots on the organ surface that develop into wart- l ike structures, sometimes with a 
papill iform surface. This disease, which  occurred in  8 % of the ent i re  ruffe populat ion,  
was restricted to larger spec imens  which  had l ived in con tamina ted  water  for at least 
four years. Histologically, the l iver nodules  develop from smal l  groups of en la rged  
basophil ic  cells (Fig. 3). Dur ing  process of advanced  proliferation, the su r round ing  l iver 
tissue is forced aside. The cell structure wi th in  the nodule  gives the impress ion  of be i ng  
uniform and  healthy, but  the nuc leus  to cytoplasm ratios are sl ightly increased,  and  
larger blood vessels are absent  from the interior. When  the d iameter  of the growth region 
exceeds about  5 ram, the blood supply becomes  insufficient,  and  necrotic processes 
beg in  in the centre. In the vicini ty of these neoplas t ic  l iver nodules,  me lano-macrophage  
centres were always found to have increased  in n u m b e r  and  size (Fig. 4). The cotour of 
the m e l a n i n  was usua l ly  l ight  yel low (Table 1), bu t  in  some cases, b rown  p i g m e n t e d  
macrophages  also occurred. Simul taneously ,  the percen tage  of l ivers with ves icular  or 
homogeneous  phagosomes in  the centres  decreased.  In comparison to patchy livers 
resul t ing from fat accumulat ion,  the a b u n d a n c e  of organs with iron storage was de- 
creased. 

The third pathological  condi t ion affects the spleen.  In 10 % of the ruffe from the Elbe 
Estuary, opalescent  or whit ish spots and  even  pro t ruding  warts could be ident i f ied on the 
normal ly  dark red organ. Just  as in the case of the l iver nodules ,  these splenic  nodes  
were restricted to fishes in  h igher  length  classes (Table 2). As long  as the spots are still 
relat ively small, several  of them can occur in  the same organ. Ind iv idua l  spots en la rge  
and  merge into each other. Histologically,  these splenic  nodules  proved to be  immense ly  
proliferated fibrous capsules of capillaries,  which in  heal thy sp leen  form the areas called 
ellipsoids (Fig. 5). If this proliferated tissue, the origin of which be longs  to the reticulo- 
endothel ia l  system, might  still be classified as vascular  epi thel ium,  the tumorous 
condit ion can be cal led an  angioma,  Using the l ight  microscope, no phagocytosed 
substances could be observed in the proliferated el l ipsoid cells. In the vicini ty of the 

Table 2 Relationship between splenic nodules and fish length 

Fish length (cm) 10 11 12 13 14 15 16 17 18 19 20 21 22 23 >23 
Frequency of nodules (%) 0 0 0 0 0 0 0 3.2 14.3 8.9 12.5 25.3 20.5 8.3 0 
Number offish examined 5 3 23 29 50 46 28 31 35 56 96 91 44 12 2 
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angioma,  however ,  increased  numbers  of en la rged  m e l a n o - m a c r o p h a g e  centres  were  

found (Table 1). In contrast  to the l iver  centres,  the colour  of mac rophages  in the nodular  
sp leen  was a lways  dark brown, and in some cases, a few inclusions con ta ined  b lack  

melanin.  Thus, the structure of mac rophage  vacuoles  was  neve r  h o m o g e n e o u s  or 

vesicular,  but  ra ther  coarse g ra ined  or fr iable (Fig. 6). The  m e l a n o - m a c r o p h a g e  centres  
of most of the sp leens  showed a strong posi t ive  reac t ion  for ferric iron. In a few cases 
only, the m e l a n o - m a c r o p h a g e  centres  w e r e  sur rounded  by a collar  of lymphocytes ,  but  

almost one third s e e m e d  to be  near ly  encapsu la t ed  by fibrous cells. 

The  fo l lowing s ta tement  can be  m a d e  about  gene ra l  d i f ferences  b e t w e e n  melano-  
macrophage  centres in the l iver  and sp leen  of ruffe showing  no obvious h is topathologi -  

cal al terat ions (Table 1). M e l a n o - m a c r o p h a g e  centres  se ldom occurred in l ivers of small  
fishes be tween  10 and 17 cm, but  they did a lways occur in the spleen.  Without  except ion,  

me lano-macrophage  centres were  more  abundan t  and larger  in the sp leen  than  in the 
liver of the same fish, e v e n  in cases w h e n  the l iver  was pa tho log ica l ly  a l te red  and the 

spleen showed  no sign of a pa tho log ica l  reaction. The  grea tes t  p e r c e n t a g e  of the hepa t ic  
me lano-macrophage  centres  was  s i tuated near  blood vessels,  whe reas  in the spleen,  

me lano-macrophages  a g g r e g a t e d  wi th in  the parenchyma.  The  colour of mac rophages  

was usual ly  ye l low in the l iver  and brown in spleen,  which  corresponds  to their  vacuolar  

structure: often h o m o g e n e o u s  in the l iver  and a lways  coarse -g ra ined  or fr iable in the 

spleen (Figs 7 and 8). Black me lan in  in the m e l a n o - m a c r o p h a g e  centres  and lymphocyte  

collars around them were  not very abundan t  in e i ther  o rgan  of the ruffe, but  they  w e r e  
found somewha t  more often in the sp leen  than in the  liver.  Fur thermore ,  the accumula -  

tion of iron seems to be  a character is t ic  feature  of sp len ic  m e l a n o - m a c r o p h a g e  centres  
but not of those in the liver. 

DISCUSSION 

Melano -mac rophage  centres  are more abundan t  in l ivers and spleens  of ruffe w h e n  
they are afflicted with various pa thologica l  conditions.  They are also rather  abundan t  in 

seemingly  normal  l ivers and spleens  of ruffe from the po l lu ted  Elbe River. The  funct ions 
at t r ibuted to me l ano -mac rophage  centres  based  main ly  on studies of those in the spleen,  

include special  i m m u n e  responses  (Ellis & Sousa, 1974), bac te r ioc ida l  proper t ies  attri- 
buted to b lack me lan in  (Roberts, 1975), t issue catabol ism expe r imen ta l ly  shown dur ing  
comple te  starvation of fishes (Agius & Roberts, 1981), phagocytos is  of fore ign par t ic les  in 

the blood and lymph systems (Ellis et al., 1976), and s torage of iron re leased  by 

destruct ion of exhaus ted  erythrocytes  (Agius, 1979). In the sp leen  of ruffe from the Elbe 

River, black me lan in  se ldom accumula tes  in the m e l a n o - m a c r o p h a g e  centres,  which  are 

Fig~ 5. Enlarged melano-macrophage centres in the vicinity of a splenic nodule. The proliferated 
tissue in the lower part of photography consist of fibrous cells and erythrocytes (paraffin 5,0 ~m; 

hematoxylin-eosin; x 195) 

Fig. 6. Splenic melano-macrophage centre with darker vacuoles in contrast to Figure 2. Ellipsoids in 
this normal splenic tissue are indicated by arrows (paraffin 5.0 ~m; hematoxylin-eosin; x 270) 

Fig. 7. Hepatic melano-macrophage centre. Phagocytosed materials consist of mainly lipoid sub- 
stances displaying a homogeneous structure (Epon 1.0 ~tm; toluidine blue; x 680) 

Fig. 8. Border of splenic melano-macrophage centre. Inclusions of macrophages show granular to 
friable structures (Epon 1.0 p~m; toluidine blue; X 680) 
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only rarely sur rounded  by a collar of lymphocytes.  Because of these observations, it is 
a ssumed  that bacter iocidal  and  other immunolog ica l  processes are not the main  func- 
tions of macrophage  centres  in  ruffe spleen.  On  the other hand,  most of the splenic 
centres  s ta in  posi t ively for iron, which in  this s tudy was his tochemical ly  de te rmined  as 
haemosider in .  This leads to the conclusion that the m a i n  funct ion of splenic  melano-  
macrophage  centres is the decomposi t ion of blood cells. 

A special  re la t ionship  seems to exist b e t w e e n  tumorous nodules  of ruffe spleen and 
an  increase  in n u m b e r  and  size of sp lenic  me lano-macrophage  centres. The invest iga-  
t ions of Ellis (1974) and  Ferguson  (1976) on the re t iculo-endothel ia l  system of flatfish 
showed that me lano-macrophage  centres in  the sp leen  or iginate  from cells of the 
ellipsoids. Macrophages  filled with inges ted  subs tances  from the blood circulation 
migrate  from the area a round  the arterial  capi l lar ies  to the white  or red pulp of the 
spleen,  where  they form aggrega tes  of melano-macrophages .  That  means  that the 
splenic  ang iomas  of ruffe, which  consist  of h ighly  proliferated el l ipsoid ceils, might  be a 
tumor consis t ing of precursor ceils of melano-macrophages .  In most tumorous spleens, 
me lano-macrophage  centres conta in  haemosider in .  Only  those in the immedia te  vicinity 
of the nodu les  somet imes  lack t r ivalent  iron, even  if they conta in  dark brown pigment .  
Thei r  phagocyt ic  activities could be directed aga ins t  the tumor cells. 

Melano-macrophage  centres in  the l iver of the ruffe have different characteristics. 
They are genera l ly  less a b u n d a n t  and  smaller  than  in  the spleen,  even  when  their 
n u m b e r  and  size have b e e n  increased  due  to patchy pathological  fat accumula t ion  and  
dur ing  deve lopmen t  of neoplas t ic  hepat ic  nodules .  Increased a b u n d a n c e  of melano-  
macrophage  centres  in  fish l iver  has b e e n  reported to be  a symptom of several  diseases. 
Elarifi (1982) s tudied the deve lopmen t  of hepat ic  me lano-macrophage  centres after 
nematodes  had infested the organ. Smith (1979) me n t i one d  an  increase of melano-  
macrophages  in  sa lmon suffering from l ipoid liver degenera t ion ,  a nd  Pierce et al. (1978) 
stated that  me lano-macrophage  centres  increased  in  a b u n d a n c e  w h e n  hepatomas  occur- 
red in  the livers of Parophrys vetulus. 

An increase  in  the a b u n d a n c e  of hepat ic  me lano-macrophage  centres has also been  
recorded w h e n  the water  was polluted.  Aga in  Pierce et al. (1980) reported that the starry 
f lounder  (Platichthys stellatus) from the po l lu ted  Duwamish  River had  more hepatic 
me lano-macrophage  centres  than  those from unpo l lu t ed  reference areas. Haens ly  et al. 
(1982) found that one long- te rm effect of the "Amoco Cadiz" crude oil spill was an  
increase  in  the n u m b e r  of me lano-macrophage  centres in livers of plaice from highly 
con tamina ted  areas. 

The differences in  structure and  colour of me lano-macrophage  centres indicate  
dissimilar i t ies  in  their  funct ions in  sp leen  and  l iver of ruffe. As in  the splenic centres, 
b lack  m e l a n i n  and  lymphocytes  are only occasional ly accumula ted  in and around 
hepat ic  me lano-macrophage  centres. This is ev idence  agains t  a bacter iocidal  function. If 
hepat ic  centres  stain posi t ively for iron, which  occurred in  a minor i ty  of the organs 
examined,  the react ion is very weak,  and  somet imes only s ingle  macrophages  contain 
trace amounts  of iron. Therefore, it is a ssumed  that decomposi t ion of blood cells is not 
the m a i n  funct ion of hepat ic  me lano-macrophage  centres. Most of the macrophage 
centres  in both d iseased and  normal  livers are pale  yellow. In m a n y  cases, the phagocy- 
tic vacuoles  show a vesicular  or homogeneous  structure in  l ight  microscope prepara-  
tions. Histochemically,  they were  shown to conta in  fatty substances.  Such lipoid-fil led 
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m a c r o p h a g e s  do  no t  a p p e a r  o n l y  in  l i v e r s  w h i c h  s h o w  s i g n s  of f a t t y  d e g e n e r a t i o n  i n  

s u r r o u n d i n g  h e p a t o c y t e s  a n d  m a n y  of t h o s e  w i t h  t u m o r o u s  g r o w t h ,  b u t  a l so  i n  t h o s e  

w i t h o u t  a n y  s i g n s  of p a t h o l o g y .  P i e r c e  e t  al.  (1978) r e p o r t e d  s i m i l a r  v a c u o l a t i o n  to  o c c u r  

i n  r n e l a n o - m a c r o p h a g e  c e n t r e s  of o r g a n s  w i t h  h e p a t o c e l l u l a r  fa t  a c c u m u l a t i o n  i n  f i s h e s  

f rom t h e  p o l l u t e d  D u w a m i s h  River .  L i p o i d  d e g e n e r a t i o n  is  a h i s t o c h e m i c a l  r e s p o n s e  to  

s p e c i a l  t o x i c a n t s ,  a n d  fa t  s o l u b l e  t o x i c a n t s  a r e  o f t e n  d e m o n s t r a t e d  to b e  p a r t i c u l a r l y  

a b u n d a n t  in  t h e  l iver .  T o x i c  c h e m i c a l s  c a n  t h e r e f o r e  b e  s u s p e c t e d  to c o n c e n t r a t e  i n  t h e  

m e l a n o - m a c r o p h a g e  c e n t r e s  a n d  t h u s  b e  e l i m i n a t e d  f r o m  m e t a b o l i c  s y s t e m s .  

In  1980,  A g i u s  s h o w e d  t h a t  a t  d i f f e r e n t  p h y l o g e n e t i c  l eve l s ,  t h e  l i v e r  a n d  s p l e e n  

c h a n g e  t h e i r  r e l a t i v e  i m p o r t a n c e  in  d e v e l o p i n g  m e l a n o - m a c r o p h a g e  c e n t r e s .  In  t h e  

e v o l u t i o n  f rom A g n a t h a  to C h o n d r i c h t h y e s  a n d  o n  to a d v a n c e d  T e l e o s t e i ,  t h e  l i v e r  l o se s  

a n d  t h e  k i d n e y  a n d  s p l e e n  g a i n  i m p o r t a n c e  as  s i t e s  of m a c r o p h a g e  c e n t r e s .  T h i s  

d e v e l o p m e n t  p r o c e e d s  p a r a l l e l  to  t h e  e v o l u t i o n  of t h e  l y m p h o i d  a n d  r e t i c u l o - e n d o t h e l i a l  

s y s t e m s  in  f i shes .  

In  t h i s  i n v e s t i g a t i o n ,  i t  w a s  c o n f i r m e d  t h a t  t h e  s p l e e n  is  t h e  m a i n  o r g a n  for  

p r o d u c i n g  m e l a n o - m a c r o p h a g e  c e n t r e s .  U n d e r  c o n d i t i o n s  of p o l l u t i o n ,  f o l l o w e d  b y  

c e r t a i n  h i s t o p a t h o l o g i c a l  r e a c t i o n s ,  f a m i l i a r  i m m u n o l o g i c a l  f u n c t i o n s  i n  t h e s e  c e n t r e s  

a re  c o m p l e t e d  in  t h e  s p l e e n ,  a n d  s e e m  to b e  c o n v e r t e d  i n  t h e  l iver :  w h i l e  s p l e n i c  m a -  

c r o p h a g e  c e n t r e s  a re  s p e c i a l i z e d  for  d e c o m p o s i t i o n  of p o s s i b l y  i n c r e a s e d  r a t e s  of e f f e t e  

b l o o d  cells ,  t h o s e  in  t h e  l i v e r  s e e m  to h a v e  t a k e n  o n  i m p o r t a n c e  for  s t o r i n g  a n d  

e v e n t u a l l y  e l i m i n a t i n g  tox ic  s u b s t a n c e s .  
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