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d 5 3 f l - H y d r o x y s t e r o i d  D e h y d r o g e n a s e  A c t i v i t i e s  i n  

Monopterus  albus ( Z u i e w ) l  

I t  has  been  previous ly  r epor ted  t h a t  the  ovary  of t he  
p r o t o g y n o u s  he rmaphrod i t e ,  Monopterus albus, is capable  
of p roduc ing  b o t h  oest rogens and androgens  in v i t ro  
(CHAN and  PHILLIPS2). However ,  t he  site of s teroid 
p roduc t ion  has no t  been  located.  Since 3f l -hydroxysteroid  
dehydrogenase  (3 fl-HSD) is f u n d a m e n t a l  in s teroido- 
genesis (SAMUELS et al.a; SAMUELS and HELMREICHa), 
locat ion of th is  enzyme would p in -po in t  t he  s teroidogenic  
t i ssue  in t he  ovary  before sex reversal  f rom female to  
male. 

Month ly  samples  of Monopterus ovaries were frozen on 
solid carbon dioxide, sect ioned at  20 b~m th ickness  in a 
Slee c ryos ta t  (London) ma in t a ined  a t  - -20 ~ and di rec t ly  
placed on cover-slips. The h is tochemica l  m e t h o d  is a 
modi f ica t ion  of the  t echn ique  af ter  WATTENBERa 5. The 
sect ions were incuba ted  for 3 h a t  37 ~ in t he  following 
media  : 

t h e  O v a r y  o f  t h e  R i c e - F i e l d  E e l ,  

pos i t ive  react ions  for 3fl-HSD act ivi t ies  and the  reac t ion  
was confined to the  granulosa  cells of large m a t u r i n g  
follicles (Figures 2 and 3) ; t he  small  follicles and p r i ma ry  
follicles showed no observable  react ion.  Pos i t ive  react ions  
for 3fl-HSD were also observed in some ceils in the  
in t e r s t i t i um of some ovaries (Figure 2) bu t  were no t  
confined to fish in t he  b reed ing  season. In  mos t  ovaries 
t h a t  showed a posi t ive  reac t ion  in t he  granulosa cells, 
in ters t i t ia l  cell ac t ivi t ies  for t he  same enzyme were also 
observed.  No pos i t ive  reac t ion  for 17fl-HSD act ivi t ies  
was observect in any  of the  ovar ian  samples  inves t iga ted .  

3fl-HSD act ivi t ies  were found  in t he  granulosa  ceils, 
as in t he  ovary  of Poecilia reticulala (LAMBERT% 7) and  

Test Control 

Sodium phosphate buffer pH 7.5 4.2 mi 5.0 ml 

Nitro-blue tetrazolium (NBT) 2.0 ml 2.0 ml 
(1 mg/ml in distilled water) 

Nicotinamide adenosine dinunleotide (NAD) 1.0 ml 1.0 ml 
(6 mg/ml in distilled water) 

Steroid substrate (DHEA) 0.8 ml 0 ml 
(1 mg/ml in dimethyI-formamide) 

Af ter  incubat ion ,  the  sect ions were f ixed in 10% 
formal in  for  10 rain, d e h y d r a t e d  t h rough  the  usual series 
of ethanol ,  cleared in xylene and moun ted  in Canada  
Balsam or D P X .  Some sect ions were no t  d e h y d r a t e d  and 
m o u n t e d  di rec t ly  using aquemount .  The t issues were 
also inves t iga ted  for 17fl-hydroxysteroid dehydrogenase  
act ivi t ies  using 17fl-oestradiol as the  subs t ra te .  

The follicle in t he  Mosopterus ovary,  as in m a n y  fish 
species, consists  of an oocyte  su r rounded  by  an outer  
layer  of e longated  theca l  cells and an inner  layer  of 
cuboidal  granulosa  cells (Figure 1). Only ovaries f rom eels 
sampled  in the  breeding season (May to July) showed 

Fig. 1. Part of a large follicle in the Monopterus ovary, showing the 
follicular epithelium with the outer layer of elongated theeal cells 
and the inner layer of cuboidal granulosa cells. 8 tim, haematoxylin 
and eosin. • 320. 
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3fl-hydroxysteroid dehydrogenase activities in the ovary of Monopterus albus 

Month Total No. of fish Reaction in the granulosa cells �9 Reaction in the interstitial ceils 

January 2 
February 3 
March 
April 9 
May 6 

June 7 
July 6 
August 5 
September 
October 3 
November 4 
December 

- (2)  

- -  (3)  

+ + (2) 
+ + (3) 

- -  (8 )  + (1)  - -  (9)  

- -  (3)  + + (3)  (2 )  + - t -  (4)  

(4) + +  (3) -- (4) + +  (3) 

- -  (5)  4 -  (11 (3 )  4 - +  (3 )  

(5) -- (5) 

- (3)  - (3)  

(4) + + (4) 

(), No. of fish that showed the reaction; - - ,  No investigation undertaken; --, negative reaction. ~Intensity of positive reaction 
graded subjectively as 4- or +4-. 
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Acanthobrama terraesanctae (YARON s) and no t  in the  
thecal  cells, as repor ted  by BARA 9 in the  ova ry  of Scomber 
scornber. In  Monopterus albus, the  presence of 3~-HSD 
act ivi t ies  in the  granulosa cells of the  ovar ian  follicles 
albeit  only  in the  ac t ive  period of the  sexual  cycle provides  
s trong evidence tha t  these cells are capable  of producing 
sex steroids. This, toge ther  wi th  the  previous  findings 

tha t  oestrogens were produced  by the  Mo~opterus ovary  
in v i t ro  (CI~AN and PHILLIPS 2), indicates  t h a t  the  granu- 
losa cells are the  sites of oestrogen product ion.  Nega t ive  
react ions for 3/3-ttSD in ovaries dur ing other  par ts  of the 
sexual  cycle and for 17/~-HSD th roughou t  the  whole 
year  m a y  possibly be due to the  l imi ta t ion  in the  sensit ivi-  
t y  of the  his tochemical  technique  employed.  The  demon-  
s t ra t ion  of 3/%HSD in the  breeding season is perhaps  
associated wi th  the  increase in the  product ion  of oestro- 
gen, required for vitellogenesis.  

3/%HSD act ivi t ies  were also found in the  inters t i t ia l  
cells of some Monopterus ovaries where these cells were 
present.  In te rs t i t i a l  cell act ivi t ies  for 3r in o ther  
te leostean ovaries seem to have  only been repor ted  in 
Cymatogaster aggregata (WI~IBE10). W h e t h e r  these cells 
secrete oestrogens or androgens remains  unknown.  So far 
no work  has been done on the  s teroid enzyme histo- 
chemis t ry  in any fish t h a t  undergoes na tura l  sex reversal.  
The present  s tudy  indica ted  t h a t  the  Monopterus ovary  
possesses the  enzymes  essential  for steroidogenesis.  The  
significance of this is at  present  under  invest igat ion.  

Fig. 2. Part  of the ovary showing 3/~-hydroxysteroid dehydrogenase 
activities in the granulosa cells and in the interst i t ial  cells. May 
sample. 20 [zm. x 28. 

Rdsumd. L'h i s toch imie  des enzymes  de l 'ova i re  de 
21/Ionopterus r6v+le la pr6sence d 'ac t iv i t6s  deshydrog6nase 
hydroxyst6roide-3/~ dans les cellules granuleuses des 
grands follicules pendan t  la saison de la reproduct ion.  
Cela indique  que les cellules granuleuses de ces follicules 
peuven t  produire  des steroides, peut-6tre  des oestrog~nes. 
Des cellules interst i t iel les  de l 'ova i re  de Monopterus 
pr6sentent  aussi des r6actions de deshydrog6nase hydro-  
xysteroide-3/3 positives,  mais il est impossible de d6cider 
si ces cellules produisent  des androgbnes ou des oestro- 
g6nes. 

F. TANG ~1, ]3. LOFTS and S . T . H .  CHAN 

Department o/ Zoology, 
University o/Hong Kong, 
75 August 1973. 

Fig. 3. Detail of the follicular epithelium of a mature follicle showing 
3]~-hydroxysteroid dehydrogenase activities in the granulosa ceils. 
20 ~zm. • 80. 
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P R O  E X P E R I M E N T I S  

A New Colorimetric Method for the Assay of the Serum Glyoxalase System 

The glyoxalase  sys tem consists of 2 enzymes : g lyoxalase  
I (S- lac toylglu ta th ione  methy lg lyoxa l - lyase  E.C. 4.4.1.5) 
which produces lac toylg lu ta th ione ,  and glyoxalase I I  
(S-2-hydroxyacylg lu ta th ione  hydrolase  E.C. 3.l.2.6) 
which splits off free gluta thione.  The react ions ca ta lyzed  
by  the  2 enzymes  can be wr i t t en :  

CH3C OCHOHS G ~ CHaCHOHC OSG 
(I) 

CH3CHOHCOSG + H20 , ~ CHaCHOHCOOH + GSH 
(II) 

G u m :  
CH, COCHOHSG + H20 , �9 CHaCHOHCOOH + GSH 

The first  subs t ra te  is formed spontaneous ly  f rom 
methy lg lyoxa l  and g lu ta th ione  (GSH) in a react ion wi th  a 
Ks va lue  of 2 • 10 .8 M. The react ion (I), ca ta lyzed  by  
glyoxalase  I, has a Km value  of 0 .19 •  .3 M for the  
hemimercapta l ,  as shown wi th  porcine e ry th rocy tes  

enzyme by ]V[ANNERVIK et al. 1. The impor tance  of the  
g lyoxala te  sys tem in cell g rowth  regula t ion has beeI1 
discussed ex tens ive ly  by FRENCH and FREEDLANDER 2 and 
by  EYGUD and SZENT-GYORGYI 3. The  assays, used and 
described by  RACKER 4, include a spec t rophotomet r ic  
t echnique  at  240 nm, a manomet r i c  me thod  and a 
color imetr ic  me thod  based on hyd roxamic  acid format ion.  

Using the  - S H  group reagent  of ]~LLMAN 5 we have  
developed a cont inuous  spec t rophotomet r ic  t echnique  
the  ra te  of change of absorbance (A~A/min) again recorded. 
The difference (A2A/min -- A1A/min = AA/min)  re- 
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