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SUMMARY. The effect of inhibition of polyamine synthesis on cas 
trated male mouse kidney B-glucuronidase induction and secretion 
by testosterone was studied. Inhibition of the activities of 
polyamine synthesis key-enzymes, L-ornithine and S-adenosyl-L- 
methionine decarboxylases, was performed with the combined treat- 
ment of 2-difluoromethylornithine and methylglyoxal biscguanyl- 
hydrazone). Blockage of polyamine synthesis did not affect testo- 
sterone-induced increase in renal 8-glucuronidase but blocked its 
secretion into the urine. After withdrawal of inhibitor-treatment 
B-glucuronidase secretion normalized, and repeated testosterone 
administration produced undisturbed B-glucuronidase secretion 
peak in urine suggesting that blockage of B-glucuronidase se- 
cretion was not due to the tissue damage produced by inhrbitors. 
These results indicate that the stimulation of renal polyamine 
synthesis by testosterone is not necessary for the induction of 
B-glucuronidase but is required for the urinary secretion of this 
protein. 

Testosterone stimulates the proximal convoluted tubules of 

mouse kidney resulting in renal hypertrophy cl), enhanced RNA 

and protein synthesis (2,3), and increased activities of several 

enzymes (4-101, including B-glucuronidase (EC 3.2.1.31)(4) and 

ornithine decarboxylase (EC 4.1.1.17)(5). Both of these enzymes, 

B-glucuronidase which is a secretory protein (11,12), and orni- 

thine decarboxylase, have been proposed to serve a s specific 

markers of anabolic androgen response in mouse kidney (13,14). 

Since ornithine decarboxylase, which is the rate-limiting enzyme 

1 To whom correspondence should be addressed. 

Abbrevia tionsr DFMO, 2-difluoromethylornithine; MGBG, methyl- 
glyoxal bis(guanylhydrazone). 
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i.1 po Lyamine synthesis, is induced faster than B-glucuronidase 

by{ androgens (141, and direct evidence for an essential role of 

pJlyamines in the macromolecular synthesis (15,16) has generally 

been confirmed by results obtained with inhibitors of polyamine 

synthesis, the present study was designed to determine theeffect 

of inhibition of polyamine synthesis on mouse kidney B-glucu- 

ronidase induction and secretion into the urine after testoster- 

cne administration. Inhibition of polyamine synthesis was per- 

formed with the combined use of DFMO, which is known to act as 

a potent irreversible inhibitor of ornithine decarboxylase in - 

live (17). and MGBG, a competitive inhibitor of S-adenosylmethio- -__ 

rine decarboxylase (18,191. 

PIATERIALS AND METHODS 

i,nimals and their treatment. Mature male NMRI mice were used. -- 
"‘he animals were maintained on 12-h liqht. 12-h dark schedule 
and housed in metabolism cages provided with food and water dis 
pensers and capable of housing four mice each. Urine was col- 
:.ectecl daily into flasks containing 1 ml of 0.2 % (w/v) sodium 
‘lzide as preservative, and stored frozen at -2OOC. Castration 
was performed under light ether anesthesia. Testosterone was 
ciisso:Lved in 0.2 ml of'10 % (v/v) ethanol/sesame oilandadminis- 
':ered intraperitoneally at a single dose of 240 mg/kg and MGBG 
<it a daily dose of 70 mg/kg in 0.15 M NaCl. DFMO was given as a 
! % (w/v) solution in the drinking water. The animls were killed 

.3y cervical dislocation between 8 and 10 a.m. to eliminate the 
influence of diurnal variation on the enzyme activities. 

~;~;;;:;:;;-14L-[l-14C)Ornithine (56 mCi/mmol) and S-adenosyl-L- 
C)methionine (54.9 mCi/mmol) were purchased from 

thelgadiochemical Centre (Amersham, Bucks, United Kingdom). L- 
Il- C)Ornithine was treated with 0.1 N HCl before use (20). 
1FMO was a generous gift from the Centre de Recherche Merrell 
Inernational (Strasbourg, France). MGBG was purchased from 
4ldrich-Europe (Beerse, Belgium). Other chemicals were either 
from E. Merck (Darmstadt, West Germany) or Sigma Chemicals Co. 
(Saint Louis, MI, USA) and were of the highest available puri- 
ty grade. 

Analytical methods. B-Glucuronidase activity was assayed by a 
fluorometric method with 4-methylumbelliferyl-8-D-glucuronide as 
the standard (12). One unit of activity is that amount of enzyme 
which will hydrolyze 1 umol of substrate/h at 37OC. The assay 
conditions for ornithine and S-adenosylmethionine decarboxylases 
were essentially as described by Janne and Williams-Ashman (20, 
21). Determination of putrescine, spermidine and spermine was 
conducted as described by Dreyfuss et al. (22). Protein measure- -- 
ments were performed using method of Bradford (23) with bovine 
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serum albumin as the standard. Means of different experlmental 
groups were compared using Student's t test (two tailed, t inde 
pendent). 

- - 

RESULTS AND DISCUSSION 

All the mice used in the experiments were castrated three 

weeks before use to minimize circulating androgen level.As previ- 

ously described (241, castration results within a few days in a 

marked decrease in nuclear androgen receptor content, and con- 

comitantly with the changes in nuclear androgen receptor concen- 

tration in the kidney, renal ornithine decarboxylase and &glucu- 

ronidase activities decline to the low level of temales (14). A 

single dose of testosterone stimulates dramatically ornrthine de- 

carboxylase activity in castrated mouse kidney (14). This stimu- 

lation, however, was totally blocked by the combined treatment 

with DFMO and MGBG (Fig.1). Renal S-adenosylmethionine decarboxyl 

TIME AFTER TESTOSTERONE INJECTION (DAYS) 

Flg.1. The effect of the combined treatment with DFMO and MGBG 
on testosterone-induced stlmulatlon of ODC activity In 
mouse kidney. Inhlbltor-treatment was started two days 
before testosterone ln]ectlon. Testosterone and inhl- 
bitors were given as described In Materials and Methods. 
Testosterone ( 0 1; testosterone with inhlbltors ( 0 ). 
Each symbol with a vertical bar shows the mean? S.E. for 
a given experlmental group comprising at least 4 animals. 
Asterisks lndlcate slgniflcantly different values from 
the control ODC &eve1 whl$Q was 
protein/30 min. P<O.Ol. 

0.762 0.25 nmol CO*/mg 
P<O.OOl. 
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Taole 1. The effect of the combined use with DFMO and MGBG 
on ~~ad~nosylmethl~onlne decarboxylase activity in 
mouse kidney after testosterone lnjectlon. 

Time after 
testosterone 
lnlectlon 
(days) 

S-adenosylmethlonlneadecarboxylase 
activity 

Tb T + 1' 

0.5 0.15 t 0.03 
1 0.15 + 0.02, 
2 0.09 f 0.02 
3 0.20 t 0.02 
4 0.13 2 0.02, 
5 0.11 ? 0.01 
6 0.15 t 0.02 
8 0.16 k 0.02 

0.11 + 0.02; 
0.11 ? 0.02 
0.19 * 0.07, 
0.08 t O.OZ,, 
0.08 _+ O.Ol,, 
0.09 ? 0.01, 
0.08 t 0.02 
0.09 2 0.03 

Ccntrol 0.22 f 0.02 

tnmol C02/mg protein/30 mln 
testosterone alone 

Ctestosterone with lnhlbltors 
Xalues are,means + S.E. for 4-6 animals 

F'<O.Ol; ';iP<O.OO1 (as compared to the control) 

ase activity, which IS not affected markedly by testosterone (14, 

25). decreased in inhibitor-treated animals to about one half of 

that in control mice (Table l),and even testosterone alone tended 

to decrease slightly enzyme activity in mouse kidney during the 

first five days post-InJection (Table 1). This can be explained 

l?y the accumulation of putrescine (Table 2) and the finding that 

putrescine acts as a negative regulator in S-adenosylmethionine 

synthesis (26). In concert with the changes in ornithine and S- 

;denosylmethionine decarboxylase activities, there was only 

:;light., if any, accumulation of polyamines after testosterone 

rN.n]ect.ion in the kidneys of inhibitor-treated animals (Table 2). 

?'he blockage of polyamine synthesis, however, did not abolish 

.:he Induction of renal &glucuronidase but moved the peak value 

of the activity one day later (Fig.2). This can be explained by 

I:he blockage of urinary secretion of &glucuronidaseininhibitor- 

Treated animals (Fig.X,B). The blockage appears to be not due to 

the tissue damage by inhibitors, since the withdrawal of inhi- 

SItor-treatment restored the secretion of f3-glucuronldase (Fig. 
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I I t 1 I I 1 1 I 

1 2 3 4 5 6 7 a 
TIME AFTER TESTOSTERONE INJECTION (DAYS) 

Fig.2. The effect of the combined treatment with DFMO and MGBG 
on testosterone-induced stimulation of B-glucuronldase 
activity in mouse kidney. Treatment of animals as de- 
scribed for Fig.1. Testosterone ( n 1; testosteronewith 
lnhibltors ( 0 I. Each symbol with a vertical bar shows 
the mean? S.E. for a given experrmental group comprlsrng 
at least 4 animals. Asterisks Indicate signlflcantly 
different values from the control &glucuronl&se level 
which was 14.2? 0.8 units/g wet wt. P<O.Ol; P<O.OOl. 

-2-101 2345678 -2-l 0 1 2 3 4 5 6 7 8 

TIME AFTER TESTOSTERONE INJECTION (DAYS) 

F1g.3. Urinary secretlon of &glucuronldase after testosterone 
ln]ectlon. A. Without inhibitors. B. With DFMO and MGBG. 
C. After withdrawal of inhibitor-treatment. D. After 
wIthdrawa of Inhibitor-treatment and repeated testo- 
sterone ln]ectlon. Testosterone ln]ection point is lndl- 
cated by the arrow and inhlbltor-treatment period by the 
black horizontal bar. Doses of testosterone and lnhi- 
bltors as descrrbed for Fig.1 and 2. 

775 
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3-C). and repeated testosterone administration produced secretion 

peak (Fig.3,D) comparable to that achieved in mice which were 

not treated with inhibitors (Fig.3,A). These results indicate 

that polyamines are involved in the process of extruding lyso- 

somal S-glucuronidase (27) through the plasma membrane of the 

kidney tubule cells. This is also supported by the similar 

cellular localization of t?-glucuronidase (28) and ornithine de- 

carboxylase (29). the rate-limiting enzyme of polyamine synthe- 

sis. 
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