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Responses o f Lysosomes in the D igestive Cells 
o f the Common M ussel, M ytilu s  edulis, 
to S ex  Steroids and Cortisol

M ichael N . M o o re , D av id  M. Low e an d  P au line E .M . F ie th *  
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Summary. E strad io l-17/1 an d  p rogeste rone a t physio log ical co n cen tra tio n s in 
vivo induced  a reduction  in  lysosom al stab ility  in  the  d igestive cells o f  M ytilus  
edulis. E stradiol-17/1 (10“ 8 M ) also  reduced lysosom al stab ility  w ith in  15m in  in 
vitro . L ysosom al stability  was determ ined  cy tochem ically  as the lab ilisation  
perio d  for la ten t N -acetyl-/?-hexosam inidase an d  th is  w as show n to  be inversely 
re la ted  to  m icrodensitom etric  m easu rem en ts o f  s ta in in g  in tensity  fo r this 
enzym e. E stradiol-17/? d id  n o t ap p e a r to  induce com plete lab ilisa tion  or 
cytochem ical ac tiva tion  o f  lysosom al hexosam in idase  an d  a  second, m uch 
longer lab ilisa tion  period  cou ld  be determ ined  fo r th is ho rm one. T h e  effects o f 
estradiol-17/? w ere partially  co u n te rac ted  by co rtiso l (IO -2  M ). T h ere  was an 
increase in  PAS sta in ing  o f secondary  lysosom es an d  an  increase in alcian blue 
sta in in g  o f  residual bodies in digestive cells o f  an im als exposed  to  estrad io l-17 ß, 
w hile no  changes could  be observed in  basophil cells. T h e  significance o f  these 
resu lts is d iscussed in  term s o f  th e  physio log ical ro le  o f  digestive cells an d  their 
possib le  fu n ctio n  as ta rg e t cells fo r estradiol-17/? an d  p rogesterone.

Key words: Sex stero ids — L ysosom al stab ility  — D igestive cells — M ytilu s  
edulis — T arg e t Cells.

Szego (1975) has reviewed the  red u c tio n  o f  lysosom al stab ility  and  release o f 
hydro lases by  s te ro id  an d  polypep tide ho rm ones. L ysosom al des tab ilisa tion  has 
also  been im plica ted  in  stress responses in  M ytilu s  edulis (M o o re , 1976; B ayne e t ah, 
1976) w hich ind icate th a t  this type o f  m echanism  is induced  by a  n um ber o f  physical
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stresso rs as well as by polycyclic a ro m a tic  h y d ro ca rb o n s  (M oore and  Lowe, 
unpub lished  results). In  view o f  the  im p o rta n ce  o f  lysosom es in  the  m olluscan 
digestive cell (Sum m er, 1969; O w en, 1970, 1973) an d  the ir function  in  au tophag ic  
u tilisa tion  o f  reserves (M o o re  a n d  H a lto n , 1973,1977; Y osh ino , 1975; Bayne e t al., 
1976; T h o m p so n  et al., 1974), an  investiga tion  h as been in itia ted  to  exam ine steroid  
ac tio n  in re la tio n  to  lysosom al function  in  M ytilus. T h e  d igestive cells o f M ytilu s  are 
know n  to  ac t as a  site fo r the  s to ra g e  o f  reserves fo r use in  gam etogenesis 
(T hom pson  et al., 1974) a n d  e s tra d io l-17/? an d  te sto ste ro n e  have been de
m o n stra ted  a t certain  stages o f  th is p rocess (L ongcam p et al., 1974).

T he p resen t investigation  involved th e  use o f  a cy tochem ical test fo r lysosom al 
stab ility  (M oore , 1976), m ic ro d en sito m etry  an d  ligh t m icroscope cytology to  
exam ine the  responses o f  d igestive cell lysosom es in  M ytilu s  to  a num ber o f  sex 
s te ro ids an d  cortisol.

M aterials and Methods

Mussels (M ytilus edulis) 50-60 mm in length were collected from the River Lynher at Plymouth and 
acclimated for 12 days at 1 6 'C for replicate I and  III, and one day at 16 C for replicate II.

Injections of 100pi 5 x lO _ 7 M estradiol-17ß (Sigma), progesterone (Sigma) and testosterone 
(Sigma) respectively in sterilised filtered synthetic seawater (HW marinemix containing 0.005 % ethanol) 
were made into the posterior adductor muscle with a 26 gauge hypodermic. Synthetic seawater 
+  0.005% ethanol was used as the vehicle control. A 100pi suspension of IO-2 M hydrocortisone 
(cortisol) hemisuccinate (Sigma) in synthetic seawater was injected by the same route with a synthetic 
saline cortisol vehicle control. Estradiol-1 Iß  (5 x  IO-7 M) plus cortisol (IO-2 M) was injected in 100 pi 
synthetic seawater containing 0.005 % ethanol. Five mussels per replicate were employed except where 
otherwise stated. Mussels were sacrificed after 2 h  and the digestive glands rapidly excised.

In vitro experiments employed slices of digestive gland (approximately 3-4 mm thick), which were 
subsequently incubated with either vehicle control or estradiol-l l ß  (IO-6 M and IO-8 M) for 15min at 
20 C. This was followed by a rapid rinse in Altered synthetic seawater (4°C) prior to cytochemical 
processing.

Small pieces o f  digestive gland (approximately 5 mm)3 were frozen in hexane at —7 0 ’C and 
sectioned (10 pm) in a Bright Cryostat a t a cabinet temperature of — 26° C using dry ice to cool the knife 
(Bitensky et al., 1973). Labilisation periods o f N-acetyl-/Miexosaminidase were determined in tissue 
sections of digestive gland as previously described (Moore, 1976), with pre-incubation from zero to 
twenty-five minutes at five-minute intervals. Microdensitometric measurements of hexosaminidase 
activity were made in the mid-region o f digestive cells (10 readings/section) with a Vickers M85 scanning 
integrating microdensitometer at a wavelength o f  540 nm with mask size A2, slit-width setting of 60 and a 
x 40 objective. Some measurements were also m ade with a x 100 objective (oil immersion) to check for 
distributional error; however, ratios of relative absorbance for different experimental conditions were 
not significantly different from ratios determined with a x 40 objective.

Pieces of digestive gland were fixed for cytological examination in a modified Baker’s calcium 
formal ( +  2.5 % NaCl) for 24 h a t 4e C, then stored in gum-sucrose until alcoholic dehydration and wax 
embedding. Sections (5 pm) were stained by the Papanicolaou (Culling, 1963) and alcian blue-PAS 
(Pearse, 1968) techniques.

Statistical analyses of the experimental results were made using the parametric F-test (one-way 
analysis o f  variance) and the non-parametric M ann-W hitney U-test. Probability values given in the text 
and in tables are those determined from the parametric F-test. However, where results were not also 
found to be significant (P ̂  0.05) with the non-param etric U-test, the exact probability value obtained is 
quoted. The analyses were performed on untransform ed data (ie. labilisation period in minutes) and not 
on data transformed to percentage of vehicle control, although this latter format is used in two tables and 
the text for comparative purposes.
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Fig. 1. The effects of injections of sex steroids (100 pi 5 x 10 7 M) and cortisol (100 pi 10 2 M) on the 
labilisation period o f lysosomal hexosaminidase after 2 h  in M ytilus edulis (M ean±SE )

Results

C ytochem istry

T here  were sign ifican t reduc tions in  the lab ilisa tion  period  for hexosam in idase  in  
the digestive cells o f  m ussels sam pled  2 h a fte r in jection  w ith 100 pi o f  es trad io l-  \ l ß  
(5 x IO-7  M ; P < 0.001) an d  p ro g este ro n e  (5 x  1 0 " ” M ; P < 0 .0 1 ) respectively (Fig. 
1). R eplicate  experim en ts ind icated  rep roducib ility  o f  th e  lysosom al response to 
b o th  ho rm ones (T ab le  1). T h e  in jection  o f  1 0 0 pi o f  te s to ste ro n e  ( 5 x l O _ 7 M ), 
how ever, d id  n o t have any  sign ifican t effect o n  th e  lab ilisa tion  period  o f 
hexosam inidase (F ig . 1).

T he in jection  o f  100 pi o f  a  suspension  o f  h y d ro co rtiso n e  (cortiso l) hem i- 
succinate (10_ 2 M ) induced  a sign ifican t increase in  lab ilisa tion  period  
(153%  i  8.16, M ean  ±  S .E ., P  =  0.01) (F ig . 1), w hile the  sa line (cortiso l vehicle) 
co n tro l w as n o t significantly  d iffe ren t from  the stero id  vehicle co n tro l (0.005 % 
e thano l in  saline). A  co m b in a tio n  o f  estradiol-1  I ß  (5 x  IO- 7 ) an d  co rtiso l (IO -2  M ) 
gave a  lab ilisa tion  p erio d  o f  73 .4%  i  13.03 (M ean  ±  S .E .; N u m b er o f  an im als =  4) 
w hich was sign ifican tly  h igher th a n  estradiol-17/i a lone (33 .3%  ± 6 .7 3 , 
M ean  ±  S .E., P < 0 .0 1 ) .

A  secondary  increase in  s ta in ing  in tensity  w as observed in  es trad io l- 11 ß  injected 
m ussels w ith longer p re -in cu b a tio n  (lab ilisa tion ) tim es (T able 1). T his effect has also 
been observed  in  som e field sam ples (M oore , unpub lished  results) an d  was fu rth e r 
encoun tered  in a  th ird  vehicle co n tro l replicate, a lth o u g h  here the  secondary
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Table 1. The effects o f  estradiol-17/1 and progesterone on the labilisation period of hexosaminidase in the 
digestive cells o f  M ytilus edulis

Treatment Labilisation period as % o f vehicle control (Mean ±  SE)

Vehicle control I 100 +  5.27
II 100 +  6.65

Estradiol-1 Iß  
(100ul 5 x l ( T 7 M)

I 36.8 +  6.44 (Primary, P <0.001);
II 33.3 +  6.73 (Primary, P<0.001);

131.2+5.32 (Secondary, P<0.01) 
126.7+6.66 (Secondary, P<0.05, 
P =  0.075 Mann-Whitney U-Test)

Progesterone 
(100pi 5 x 1 0 " "  M)

I 73.7 +  5.27 (P <0.01)
II 66.7 +  6.73 (P <0.01)

Table 2. The effects of estradiol-17/? and cortisol on the labilisation period and staining intensity 
(absorbance) o f lysosomal hexosaminidase in th e  digestive cells of M ytilus edulis

Experimental treatment Labilisation period (min) +  SE Absorbance of hexosaminidase 
staining reaction ±  SE

Vehicle control 15.0+1.01 32.2+4.70

Estradiol- \ l ß  ( 5 x l 0 ’ 7M) 5.0 +  1.01 65.3+4.94

Cortisol (IO-2 M) +  
Estradiol-1 Iß  (5 x lO ~ 7 M)

13.8 +  1.25 (4)u 25.5 +  3.15(4)

Cortisol (IO-2 M) 23.0 +  1.22 29.0+4.85

Cortisol saline control 17.5 +  1.44(4) 35.6 +  6.65 (4)

Progesterone (5 x  10_7 M) 11.0 +  1.02 58.0 +  7.19

a Number in parentheses is number o f  animals in experimental condition

increase in  s ta in in g  in tensity  w as less p ronounced  th a n  w ith  estradiol-1 Iß .  The 
lab ilisa tion  p erio d  fo r this secondary  increase in  the co n tro ls  w as 166.7%  ± 6 .7 3  
(M e a n ± S .E .)  o f  th e  p rim a ry  la b ilisa tio n  period.

M icrodensitom etric  d e te rm in a tio n s  o f  sta in ing  reac tio n  fo r hexosam inidase, 
m ade  on  sections a fte r five m inu tes p re-in cu b a tio n  a t p H  4.5, show ed a significant 
increase in ab so rb a n ce  (P c O .O l)  fro m  the con tro l co n d itio n  a fte r trea tm en t w ith 
estradiol-1 I ß  (5 x  IO - " M )(T a b le 2 ; F ig . 2A , B) and  p ro g este ro n e  (5 x 10- 7 )(T ab le  
2; P <  0.001 ). S ta in ing  in tensity  w as significantly  low er (P <  0.001) w hen a com bined 
dose o f  co rtiso l (IO -2  M ) an d  es trad io l-1 7ß (5 x  IO- " M ) w as in jected  in to  m ussels 
(Table 2; F ig. 2 C ) , th a n  w ith  estrad io l-17ß  alone. R egression  analysis o f  
ab so rb an ce  values fo r hexosam in idase  an d  lab ilisation  periods in  five experim ental 
cond itions (T ab le  2) show ed a  sign ifican t inverse linear re la tio n sh ip  betw een these 
tw o p ara m e te rs  ( r =  —0.64; P <  0.001 w ith 25 degrees o f freedom ). T he inference 
from  th is resu lt is th a t a decrease in  lab ilisation  period  is directly  rela ted  to  
increased lysosom al hexosam in idase  activity.

In  v itro  in c u b a tio n  o f  tissue slices o f  digestive g land fo r 15m in  w ith IO -6  M 
es trad io l- \ l ß  induced  a sign ifican t reduction  in the lab ilisa tion  period  o f
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Table 3. The in vitro effects of estradiol-17/? on the labilisation period o f lysosomal hexosaminidase on 
tissue slices of digestive gland of Mytilus edulis

In vitro incubation condition (15min) Labilisation period as % o f vehicle control ±  SE

Vehicle control I 100±5.76
II 100±7.19
III 100±5.76

Estradiol-17/? IO- 6 M I 60.0 +  11.56, P< 0.05
II 58.5zb 8.37, P< 0.05
III 66 .8±  6.68, P <0.05

Estradiol-17/? IO“ 8 M III 53 .2±  6.68, P<0.01

hexosam in idase  (T able 3) from  th e  vehicle co n tro l. In c u b a tio n  w ith  I O- 8 M  
estradiol-17/5 also  induced a significant red u c tio n  in  lysosom al stab ility  (T able 3).

T h ere  w as no  observable hexosam in idase  sta in ing  reac tio n  in  basophil cells in 
any  o f  th e  experim ental conditions. T h e  sex o f  only  a  sm all n u m b e r o f  the  m ussels 
used cou ld  b e  accurately  determ ined ; how ever, th e  low  variab ility  o f  the  results 
ind icates th a t th e re  was no  m a jo r sexual d ifference in response to  the  horm ones.

C yto logy

D igestive cells from  three o f  the  experim en tal cond itions w ere exam ined 
cytologically . A  m arked  feature o f  an im als in  each  o f  these cond itions was the 
stru c tu ra l a n d  sta in ing  consistency o f  the  d igestive cells. D igestive cells from  vehicle 
co n tro l an im als generally  h ad  ap ical vacuoles (3 .0 -3 .5  pm  d iam eter) a lth o u g h  som e 
cells w ere devoid  o f  these s tructu res a n d  c o n ta in e d  sm all g ranu les (3.0 pm  d iam eter) 
w hich usually  s ta in ed  green w ith  th e  P ap an ico lao u  techn ique , an d  w ere PAS 
positive w ith  a lc ian  blue-PAS. T hree  types o f  granules cou ld  be d istinguished  w ith 
the  a lc ian  blue-PA S m ethod : 1. PAS positive granules (2 -3  pm  d iam eter), 2. 
granules w ith  an  am b er rim  w hich w ere slightly  PAS positive (2 pm  d iam eter), 3. 
alcian  b lue positive granules som e o f  w hich show ed  a  halo  s ta in in g  effect (1 .5 -2  pm 
d iam eter) (F ig . 2 D ). T he alcian  blue positive granules ten d ed  to  be associa ted  w ith 
digestive cells w hich h ad  a PAS positive n e tw o rk , w hile the  am b er granules were 
usually  fo und  in  th e  highly v acuo la ted  digestiye cells. PAS positive granules were 
generally  associa ted  w ith  the alcian  blue positive form s a lth o u g h  they  cou ld  also  be 
found  w ith  th e  am b er form .

M ussels in jected  w ith es trad io l- 11 ß  show ed increased  v acuo la tion  o f  the 
d igestive cells w ith  slight d isru p tio n  o f  the  lum inal b o rd er a n d  red u c tio n  in  heigh t o f 
the  tu b u le  ep ithe lium  (Fig. 2E). T h ere  w as an  increase in the  n u m b e r o f  g ranules 
w hich sta in ed  positively w ith alcian  blue a n d  PAS in the digestive cells (Fig. 2E). 
PAS sta in in g  o f  the  tu b u le  epithelium  ten d ed  to  be very reg u la r a n d  a p a r t from  the 
presence o f  g ranu les  it w as d ifficult to  define the  bo rd ers  betw een  py ram id al and  
digestive cells. A ll th ree types o f  g ranu les w ere p resen t; how ever, a  fo u rth  type 
in te rm ed ia te  betw een PAS positive a n d  alcian  blue positive fo rm s w as ap p a ren t 
(3 pm  d iam eter). M any  o f the alcian  blue positive granules w ere la rger th a n  those  in 
the c o n tro ls  an d  w ere o f  the sam e size o rd e r  as the in te rm ed ia te  type.
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T h e digestive cells o f  an im als in jected  w ith co rtiso l co n ta in ed  num erous sm all 
vacuoles (1 -2  pm  d iam eter) (F ig . 2 F ), a lthough  th e re  was an  overall reduc tion  in 
num bers o f  the  la rg e  vacuoles w hich w ere p resen t in the  con tro ls (Fig. 2D ). T he 
lum inal b o rd er show ed  a n  increase in  PAS sta in ing  in tensity . T here  was an  overall 
increase in  the size an d  num bers o f  the th ree  types o f  g ranu le  (Fig. 2 F ); how ever, 
th is increase in  n u m b ers  was n o t as p ro n o u n ced  as w ith  estrad io l-17ß (Fig. 2E ) an d  
the digestive cells w ere still sim ilar in  general ap p earan ce  to  the  co n tro l cond ition  
(Fig. 2D ).

Discussion

L ongcam p et al. (1974) a n d  S alio t & B arb ier (1971) have d em o n stra ted  the  presence 
o f  te s to ste rone  (5 x I O- 9  —10""  M ) an d  estrad io l-17ß (2 x  IO- 8 M ) in  the gonad  o f 
M . edulis and  p ro g este ro n e  in  the  fem ale gonad  o f  Pecten m a x im u s  respectively. 
T h e  results show  th a t  estradiol-17/5 an d  p rogeste rone in jected  a t physiological 
concen tra tions (L o n g cam p  e t al., 1974) specifically induce des tab ilisa tion  o f  the 
lysosom es o f the d igestive cells o f  M ytilu s  edulis. T h is  destab ilising  effect w as also 
show n to  be d irectly  rela ted  to  an  increase in  sta in ing  in tensity  fo r lysosom al 
hexosam inidase. T esto ste ro n e  d id  n o t have any  effect on  lysosom al stab ility  while 
cortiso l, an  estab lished  stab iliser o f  lysosom al m em branes (W eissm ann, 1969), 
induced  a  sign ifican t increase in lysosom al stab ility  and  p artia lly  co u n te rac ted  the 
destabilising  effect o f  estradiol-1  Iß .  T he m ussels used  in th is investigation  were 
approx im ate ly  tw o  m o n th s  post-spaw ned , the m an tle  tissue consisting  m ain ly  of 
som atic  cells, a co n d itio n  in  w hich endogenous h o rm o n e  levels w ou ld  be expected 
to  be m inim al.

A  considerab le b o d y  o f  evidence h as been accum ulated  to  show  th a t high levels 
o f  sex steroids ca n  m o d u la te  lysosom al stab ility  in  v itro  (W eissm ann, 1969). 
H ow ever, Szego (1975) has review ed the effects o f  a  num ber o f  po lypep tide  and  
stero id  ho rm ones o n  the  lysosom es o f  ta rg e t cells in  m am m als, an d  concluded  th a t 
in  ce rta in  tissues th e  h o rm o n e-rece p to r com plex w as transfe rred  to  the nucleus by 
the  endocytic-lysosom al system . T h is m ed ia tion  a lso  involved des tab ilisa tion  o f 
lysosom es and  lim ited  release o f  lysosom al h ydro lases in ra t p rep u tia l g land  (Szego 
et ah, 1976) an d  in  am p h ib ia n  u rin a ry  epithelial cells (P ie tras e t al., 1975). The 
release o f  lysosom al p ro te in s in to  the  cy toplasm  an d  nucleoplasm  afte r trea tm en t 
w ith estrad io l-17ß h as  been d em o n stra ted  in  ra t p rep u tia l g land  cells by 
im m unofluorescence (Szego e t ah , 1977).

Fig. 2. A A digestive tubule from a vehicle control condition stained to show hexosaminidase after 5 min 
labilisation (pH 4.5), showing staining reaction in lysosomes (arrowed). B A digestive tubule from a 
mussel injected with 100 pi 5 x IO-7 M estradiol-17/1 showing an increase in the staining intensity of the 
lysosomes. C A digestive tubule from a mussel injected with 1 0 0 p l5 x l0 “ "M  estradiol-1 Iß  plus IO-2 M 
cortisol showing a decrease in staining intensity from that induced by estradiol-17ß  alone. D A digestive 
tubule from a vehicle control condition showing PAS positive phagolysosomes (PL) and alcian blue 
positive residual bodies (RB). Alcian blue -  PAS method. E  A digestive tubule from a mussel injected 
with 100 pi 5 x  IO“ 7 estradiol-11 ß  showing increased staining o f PAS positive phagolysosomes (PL) and 
alcian blue positive residual bodies (RB). Alcian blue -  PAS method. F A digestive tubule from a mussel 
injected with 100 pi IO-2  M cortisol showing numerous small vacuoles (V) and a slight increase in size 
and numbers o f  granules from the vehicle control condition. Alcian blue -  PAS method. Scale 
bar =  10 pm
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T h e cy to log ical changes observed in  response to  in jections o f  estradiol-1 I ß  in 
m ussels fu rth e r  su b stan tia te  the ev idence for a lte ra tio n s induced  in  lysosom es. 
These changes involved the increased s ta in in g  in tensity  o f  PAS positive lysosom es 
an d  a lc ian  blue positive g ranules w hich w ere  p ro b ab ly  residual bodies (Owen, 1973; 
W igham , 1976).

T he im plica tions o f  horm onally  in d u c ed  changes in  lysosom al stab ility  in  the 
digestive cells o f  m ussels a re  m anifo ld . T h e  p resen t results ind icate  th a t  the  digestive 
cells a re  a  ta rg e t tissue for estradiol-17/? w hich is k n o w n  to  be p resen t in M ytilu s  
(L ongcam p  e t al., 1974) a n d  m ay be a  ta rg e t tissue fo r p rogeste rone , the  presence o f 
w hich has n o t been confirm ed  in M ytilu s , a lth o u g h  it  can  be synthesised  in  v itro  by 
b o th  m ale a n d  fem ale g o n ad  (L o n g cam p  e t al., 1974). A n  a lte rn a tiv e  p ro p o sa l cou ld  
be th a t estradiol-17/? and  p rogeste rone  trigger the release o f  a n o th e r  endogenous 
ho rm o n e, p e rh ap s  neurosecreto ry , a n d  th a t the  digestive cells are the  ta rg e t tissue 
fo r th is second  h o rm o n e  ra th e r  th a n  th e  steroids. H ow ever, the sh o r t tim e course 
fo r  the  ac tio n  o f  th e  stero ids (2 h ) in  vivo together w ith  the results o f  in  vitro  
in cu b a tio n  w ith  es trad io l-17/?, w hich show ed  a  significant des tab ilisa tion  afte r 15 
m in  w hile e lim inating  the  possib ility  o f  a  secondary  h o rm o n a l ac tio n , w ould  tend  to  
su p p o rt the  hypo thesis  th a t estradiol-17/? induces a  p rim ary  effect in  the  digestive 
cells. S tab ilising  effects o f  cortiso l o n  lysosom es, described p rev iously  in  M ytilu s  by 
M o o re  (1976), h av e  been confirm ed a n d  the coun terac tive  effects o f  cortisol and 
estradiol-1  I ß  d em o n stra ted . T he p o te n tia l fo r lim ited cytolysis by the  release o f  
hydro lases from  destab ilised  lysosom es could  ind icate a  h o rm o n ally  con tro lled  
m echan ism  fo r lim ited  cellu lar ca tabo lism . O ther consequences such  as changes in 
m em b ran e  flu id ity  an d  perm eability  in d u ced  by lim ited  p ro teo lysis  m ay also be 
involved (B arn e tt e t al., 1974; P ietras e t  al., 1975).

S easonal changes in  endogenous levels o f  es trad io l-17/? an d  possibly o ther 
ho rm o n es m ay  be im p lica ted  in triggering  ca tabo lic  p rocesses involv ing  lysosom al 
fu n ctio n  in  the  digestive cells o f  M ytilu s . These processes, a lth o u g h  undoub ted ly  
com plex, m ay  be a t  least partia lly  elucidated  by  co n tin u in g  cytochem ical 
investiga tions o f  th e  ty p e  described.

T his com plex ity  is p erhaps exem plified  in  the d u a lity  o f  the response to  
e s tra d io l-17/? w here tw o  distinct lab ilisa tio n  periods could  be d istinguished. 
In te rp re ta tio n  o f  th is effect is difficult. H ow ever, if  th e  cytochem ical technique is 
m easu ring  a  genuine functional p a ra m e te r  then  it m ay  ind icate  p a rtia l de- 
stab ilisa tion , an d  suggests a  fu rth e r m echan ism  in the  co n tro l o f  estradiol-17/? 
function  in  the  digestive cells. T he occurrence o f  this p a rticu la r  p hen o m en o n  in  one 
o f  th e  c o n tro l replicates, an d  in  som e field sam ples o f  M ytilu s  an d  the clam  
Scrobicularia p lana  (M o o re , unpub lished  results) w ou ld  fu rth e r  su p p o rt the 
h ypo thesis  th a t  th is  type o f  cy tochem ically  determ ined  response m ay be related  to  
n o rm al fu n ctio n  o f  the  bivalve digestive gland.
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