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Inhibition of Human Testicular Glucose-6-Phosphate  Dehydrogenase  by Unsaturated C1o-Steroids 

In  previous  publ ica t ions  1, 2, the  inhibi t ion  of h u m a n  red 
blood cell  or  p lacenta l  glucose-6-phosphate  dehydro-  
genase (G-6-PDH) by  var ious  C19- and C2~-steroids has 
been reported.  F r o m  these  inves t iga t ions  a def ini te  re- 
la t ionship  could be established be tween  the  chemica l  
s t ruc ture  of the  par t icu la r  s teroid and its inh ib i to ry  ac- 
t iv i ty .  In  con t inua t ion  of such exper iments  the  effect of 
3fl-substi tuted A 4- or As-C~9-steroids upon h u m a n  testi-  
cular  G - 6 - P D H  was studied. 

Tes t icular  t issue was obta ined  f rom a 69-year-old male  
pa t i en t  undergoing  o rch idec tomy due to cancer  of the  
prosta te .  Af te r  homogeniza t ion  in 5 ml  0.9% sodium 
chlor ide/0.025% E D T A  per  g of we t  t issue and a 20 min 
cent r i fuga t ion  a t  18,000 g, the  supe rna tan t  was submi t t ed  
to an a m m o n i u m  sulfate prec ip i ta t ion  a t  35% saturat ion.  
The  prec ip i ta te  was dissolved in 10 ml  0.05 M t r ie thanol -  
am in e / 0 .005M E D T A  buffer  of pI-I 7.6 and t rea ted  wi th  
140 ml  of a 13.1% suspension of hyd roxy l  apa t i t e  in 
0 .001M phospha te  buffer  of p H  6-8 ( S E R V A  Feinbio-  
chemica,  Heidelberg) .  Fol lowing a cent r i fugat ion  the  ad- 
sorbed enzyme  ac t i v i t y  was e luted f rom the  prec ip i ta te  
by  means  of 200 ml  0.1 M phospha te  buffer  of p H  7.6. To 
the  e luate  sufficient  a m m o n i u m  sulfate  was added to give 
a 50% saturat ion.  Subsequent ly ,  the  suspension was 
centr i fuged for 20 rain at  18,000 g and the  prec ip i ta te  dis- 
solved in 6.0 ml  t r i e t h a n o l a m i n e / E I ) T A  buffer. All assays 
of G - 6 - P D H  ac t iv i ty  were per to rmed  at  25°C in 0.1 ml  of 
the  pur i f ied enzyme  prepara t ion ,  3.0 ml  t r i e thano lamine /  
E D T A  buffer, 0.I ml  0 .03M N A D P ,  0 . 0 2 m l  dioxan,  
even tua l ly  conta in ing  the  steroid and 0.05 ml  glucose-6- 
phospha te  solut ion of va ry ing  concentra t ion.  The  final  
concent ra t ion  of steroid corresponded to a 10-nM solution. 
F r o m  changes in the  absorbance a t  366 nm, regis terd  over  
10 rain, the  enzyme  ac t i v i t y  was es t imated  and the  inhibi-  
t ion cons tan t  K~ de te rmined  by  the  me thod  of HUNTER 
and DOWNS 8. 

Whereas  t he  crude enzyme  prepara t ion  exhib i ted  a 
specific ac t iv i ty  of 2.4 m U / m g  protein,  the  purif ied en- 

Inhibition of human testieular glucose-6-phosphate dehydrogenase 
by 3fl-substituted A 4. or zl 5-Cl~-steroids 

Steroid K~-value (for G-6-P) 

3/~-hydroxy-4-androsten-17-one 6.6 × 10-6M 
3fl-hydroxy-5-androsten- 17-one 7.6 
3fl, 160¢-dihydroxy-5-androsten-17-one 1.3 x 10-5M 
3~-hydroxy-5-androstene- 16,17-dione 1.7 
3fi, 7fl-dihydroxy-5-androsten-17-one 2.9 
3fl, 7~-dihydroxy-5 -androsten- 17-one 4.4 
3~-chloro-5-androsten-17-one 4.6 
3fl-hydroxy-5-androstene-7,17-dione 6.9 
3/8,19-dihydroxy-5-androsten-17-one 8.6 
3/~, 17fl-dihydroxy-5-androsten-16-one 1.4 × 10 *M 
5-andro.atene-3fl, 17fl-diol 2.8 
5-androstene-3fl, 16~, 17~-triol 4.5 

zyme  possessed a specific ac t iv i ty  of 126 m U / m g  protein,  
indica t ing  a 53-told purification.  The  KM-value of the  
purif ied enzyme  was found to be 9.8 × 10-SM tor glucose- 
6-phosphate  as substrate .  The  inhibi t ion  of the  enzyme 
by di f ferent  steroids is demons t ra ted  by the i r  K, -va lues  
in the  Table .  As can be seen 3fl-hydroxy-4-androsten-17- 
one tu rned  out  to be the  most  effect ive inhib i tor  of the  
var ious  steroids tested.  This  steroid wi th  its equator ia l  
hyd roxy  group and a p lanar  half-chair  conf igura t ion  of 
rings A and I3 even surpassed 3f l -hydroxy-5-androsten-  
17-one (dehydroepian-drosterone) .  The  reduct ion  of the  
17-oxo group in the  l a t t e r  steroid, y ie ld ing 5-androstene- 
3fl, 17fl-diol (androstenediol),  led to an a lmos t  comple te  
loss of inh ib i to ry  ac t iv i ty .  Addi t iona l  funct ional  groups, 
such as h y d r o x y  groups a t  C-7, C-16 or C-19, reduced the  
biological  a c t i v i t y  of dehydroepiandros te rone  as the  pa- 
rent  compound  to a considerable  degree. Likewise, the 
rep lacement  of the  3fl-hydroxy group by a 3fl-chloro group 
resulted in a r emarkab le  decrease of ac t iv i ty .  At  the  same 
t ime  it  can be s ta ted  t h a t  the  17-oxo group is required for 
inhibi tory  a c t i v i t y  of C19-streoids. as evidenced by  the 
ra ther  high K , -va lue  of 3fl, 17fl-dihydroxy-5-androsten-  
16-one. I n  eve ry  respect  such findings agree wi th  former  
results1 and suppor t  the  assumpt ion  t h a t  the  presence of 
a 17-oxo-group, an equa tor ia l  h y d r o x y  group at  C-3 in the  
p lanar  r ing A / B  conf igura t ion  of 5a-, A 4- or  As-C19-steroids, 
as well  as the  lack of addi t iona l  funct ional  groups near  
C-5 provide  the  op t ima l  s t ruc ture  for steroid inhibi tors  of 
G-6 -PDH in the  human  organism. Since under  physiolo- 
gical condit ions,  however ,  the  levels  of the  more ac t ive  
steroids hard ly  reach a 10-eM concent ra t ion  - excep t  per- 
haps in p lacenta l  t issue - the  par t ic ipa t ion  of free C19- 
steroids in the  regula t ion of h u m a n  G - 6 - P D H  ac t iv i ty  
seems unlikely.  

Zusammen[assung. Die Bebr i i tung  einer gereinigten G-6- 
P D H  aus menschl ichem Test isgewebe mi t  3fl-substituier- 
ten  A4_ oder  A~-C19-Steroiden zeigte, dass 3fl-Hydroxy- 
A 4- oder  dS-androsten-17-on auch wirksame Inhib i toren  
der testikulS.ren G - 6 - P D H  darstel len.  Zur gleichen Zeit  
konnten  die fri iher gefundenen Zusammenh~inge zwischen 
chemischer  S t ruk tu r  eines Steroids und seiner biologi- 
schen Akt iv i tXt  im G - 6 - P D H - H e m m t e s t  uneingeschr~inkt 
best / i t igt  werden.  
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Determination of Methylguanidine in Serum and Urine f r o m  N o r m a l  and Uremic  Subjects 

The ac t iva t ed  charcoal  employed  in the  method  of 
YATZIDIS et al. 1 for measur ing  monosubs t i tu ted  guani-  
dines in serum, cata lyzes  the  ox ida t ion  of creat inine (CR) 
and creat ine to me thy lguan id ine  (MG) 2. Our prev ious  
observat ions  on the  MG contents  in serum and urine ob- 
ta ined  wi th  a modi f ica t ion  of this  procedure  3, 4, are falsely 
high and we re t r ac t  them.  

In  the  present  paper  a me thod  is described to measure  
MG in body fluids, and the  serum concentrat ions,  as well  
as the  dai ly  u r ina ry  ou tpu t s  found wi th  it  in normal  sub- 
jects  and in u remic  pat ients ,  are reported.  

Such procedure  is based on the  use of a s t rong cat ion-  
exchange  resin to separa te  MG from creat ine and CR, f rom 
the  o ther  Sakaguchi - reae t ing  mater ia ls  (arginine, guani-  


