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It was previously observed that the acute or subchronic
administration of some testicular toxicants, caused a
significant raise in urinary creatine in rats. The aim of this
study was to verify whether creatinuria could be detected in
mice (a species with a different excretion profile of creatine)
and whether it could be correlated to the levels of creatine in
testis and to other parameters of testicular toxicity. The well
known testicular toxicant methoxyacetic acid (MAA) was
orally administered as a single dose (400 or 600 mg kg ± 1) to
male adult mice B6C3F1. Twenty-four hours after dosing,
urinary creatine and creatinine showed a significant reduction
with respect to the pre-treatment values. At the following
times post-dosing (48 and 72 h) the creatine exceeded the
control and pre-treatment values, while creatinine had not yet
recovered. The ratio creatine/creatinine was significantly
higher than control and pre-treatment values, at 24 and 48 h
after the treatments. In testis a significant, dose-dependent,
decrease of creatine was observed 24 h after dosing, with a
pattern related to the histopathologic alterations observed at
different times after the treatments. Creatine determination
was the earlier quantitative parameter of testicular toxicity,
since at this time testis weights, sperm head number and
enzyme activities (LDH-C4, SDH) were less affected, their
maximum decrease being reached at 14 days after the
treatments. These data suggest that in mice, 2-MAA could
interfere with the metabolism of creatine, both in testis and
other biosynthetically active tissues.

Keywords: creatine/creatinine, urine, testis, mouse,
methoxyacetic acid.

Introduction
Recently  creat in ur ia  d eterm in atio n  h as b een  p rop osed as a

sensi t ive an d n on- invasive i n  v ivo marker of  acute  and sub-

acu te  test icu lar  dam age in r ats (Rawcl iffe et al. 1989). Marked

c reati nur ia  was o bserv ed i n  th ese  rodents both after  surg ica l

l igat ion of  the test icular  vasculature  and after  exp osure  to

tes ticular  toxicants (2-m ethoxyethanol (2-ME) , cadm ium

chlorid e,  d i-n -pentylphtalate ,  1 ,3 -dinitroben zene, G ray  et  al.

1990, Moore  et  al. 1992, Nahas et  al.  1993, Butterw o rt h et al.

1995). Following treatmen t with 2-m ethox yacetic acid , the

u r in ary  cre at in e/ creat inine rat io  in  rats  appeared to  be m ore

sensit ive than  plasma LD H-C4,  testosterone or  test is w eig ht  in

detecting test icular  dam age (Tim b re ll  et  al.  1994) . I t is no t yet

kn o wn  w hethe r th e creat ine is  s imp ly re leased f ro m  the test is

as  a consequence  of  germ ce ll  dam age or  whether  the tox ic

com pou nd causes a  change in  the syn thesis  or  ut i l izat ion  of

c rea t ine .

To date  the correlat ion between  the crea t inu ria  cau sed  b y

re p roductive toxicants  and the levels of  tes ticular  creat i ne 

has not  yet been inves t igated, a l though i t is  al re ad y  kn o w n  

that  ra t  and m ouse testes  con ta in  large am ounts of  free 

c reat ine  (most  of  the creat ine in  testes,  >90%  of  the total , 

being in the ex trace llular  f lu id)  and have the abili ty  for  d e-

n o v o synthes is  (Lee et al . 1988). Furt h e rm o re  th e ex per im ental

stud ies in  re la t ion to  creat inu ria  caused  by test icular  tox ican ts

have,  to  date , been  conducted only in  rats,  and no info rm a t io n

is  available  on  m ice. T his lat ter  species, for  i ts part icu lar

physiological  charac teris tics , ap peare d in teresting to us for  

the p urpose of  ext endin g w hat i s k now n about  these

biom ar kers.  T he no rm al m o use e xcre tes  in  ur ine

a p p roxim ately eq ual  am ounts  of  creat ine and  creat inin e,  a

cond it ion wh ich is  in stead character ist i c of  an ad vanced

m uscular  wasti ng in  hu m ans an d oth er  anim a ls.  Co nsequ ently

to this physiolo gical  char ac terist ic , the urinary  cre a t i n e /

c reat inine rat io  is considerably higher  in  the norm al  m o u se

(>1) than  in  the normal ra t (<0.05)  (Madison  1952,  Karnofsky 

et  al. 1955).

T he objec tive of  the  prese nt  st udy  w as t o  e xam in e w he ther

c reat inu ria  in duced by test icular  toxi can ts co uld be detected

in m ice and  w he ther  t he creat in e/ creat in ine excre t io n p attern

could  be co rre lated  to  the leve ls of  creat ine in  tes t is  and to

other  parameter s of  tes ticular  toxicity.  Methoxy acetic  acid

(MAA), the major urinary  m etaboli te  produced fol lowin g oral

ingest ion of e thylene glyco l  m onomethyl e ther  (EGME ) (Miller

et  al. 1983),  was chosen to  induce tes ticular  dam age in  B6C3F 1

m ice.  MA A has been sho wn  to produ ce test icular  dam ag e in

ro dents s imilar  to  th at  o bserv ed wi th  th e parent  glyco l  e ther

(EGME) afte r a  sing le oral  dose  (Miller et al.  1982),  pachytene

an d divid in g spe rmatocytes in stag es XIII , XIV and  I , being  the

ini t ia l ,  pr im ary  sit e of  toxic ity.

METHODS

Reagents
The following compounds were supplied by the Sigma Chemical Company:

triethanolamine-hydrochloride, a -ketovaleric acid-sodium salt, b -nicotinamide

adenine dinucleotide, reduced form from yeast grade III disodium salt (NADH), 

-D(± ) fructose crystalline, total protein kit, protein standard (bovine serum albumin).

Tris (hydroxymethyl) amino methane, sodium chloride (NaCl), sodium

dihydrogen orthophosphate (NaH2PO4.H2O), disodium hydrogen phosphate

dihydrate (Na2HPO4.2H2O), sodium hydroxide pellets (NaOH) and sodium

bicarbonate (NaHCO3), were from Carlo Erba and methoxyacetic acid (MAA) was

supplied by Merck-Schuchardt.

Treatments
Male, B6C3F1 type mice (2 months old, 25± 30 g) from Charles-River, Italy, were

used for both treatment and control groups. The animals were first acclimatized
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for at least 1 week before the treatment under standard laboratory conditions

(20±2°C with 50±10% relative humidity, 12 hrs light/dark cycle).

After the acclimatization period, the animals, randomly assigned to control and

treatment groups (12 mice for control groups, 12 for 400 mg kg± 1 treated and 21

for 600 mg kg ± 1) were placed in metabolic cages (three mice per cage), and 24 h

urine collections were made for 2 days before the treatments. The animals were

then treated orally with sterile water alone or with MAA in single doses of 400 or

600 mg kg± 1 bw (equimolar with 338 and 506 mg 2-methoxyethanol per kg bw,

respectively).

Urine collections were made at 24, 48 and 72 h after the MAA administration,

both for treatment and control metabolic cages.

Testicular evaluation
MAA treated animals and the controls (water alone) were sacrificed by cervical

dislocation at 24, 48 h and at 14, 28 and 35 days after the treatments. In each

animal, testes weight, testicular sperm head number, activity levels of lactate-

dehydrogenase-C4 (LDH-C4), sorbitol-dehydrogenase (SDH), creatine content, and

histopathology were evaluated. In addition in a group of 10 animals, testicular

creatine, sperm head number and histopathology were evaluated at 3, 6, 14 and

24 h after a single dose of MAA (400 mg kg± 1).

Different procedures were used for right and left testes.

Right testes

These were decapsulated from tunica albuginea, placed in 1.2 ml Tris buffer, 

10± 3 M, pH 7, homogenized (20 s with ultra-Turrax T25) and sonicated (2 min with

soniprep). An aliquot (0.2 ml) of the testicular samples was diluted in 1.8 ml

deionized H2O (1:10) and evaluated for testicular head number according to

Meistrich (1989).

The residual sample volumes (1 ml) were centrifuged for 30 min at 17000 ́ g

and divided into aliquots for the determination of protein concentration and activity

levels of LDH, SDH, according to Lowry et al. (1951), Lee et al. (1982) and

Gerlach and Hiby (1983), respectively. The levels of creatine were measured using

the enzymatic assay of Siedel et al. (1984) as described by Rawcliffe et al. (1989)

and Gray et al. (1990).

Left testes

These were used for histopathological evaluation. The examination was performed

on controls (n=12) and on treated mice 400 mg/3 h post-dosing (PD) (n=3), 400

mg/14 h PD (n=3), 400 mg/24 h PD (n=4), 600 mg/24 h PD (n=6), 400 mg/48

h PD (n=3), 600 mg/48 h PD (n=6), 600 mg/14 days PD (n=4), 600 mg/28 days

PD (n=3), 400 mg/35 days PD (n=3). Testes were fixed with Carnoy liquid and

embedded in 2-hydroxy-ethyl methacrylate. The sections (2± 3 m m) were stained

with haematoxylin± eosin.

Urine analysis
Creatine and creatinine levels were determined in the urine samples collected in

the pre-treatment and post-treatment periods. All the samples collected every 24 h

for each metabolic cage (pooled urine of three mice) were measured for volume,

filtered (sepack) and stored (± 80°C) until creatine and creatinine content were

enzymatically determined.
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Body weight

Treatment Sacrifice Testis weight

day day Right Left Ratioa

24 h after dosing

Control (3) 28.2±0.8 27.6±0.9 113.9±5.7 106.8±1.1 3.8

400 mg (3) 28.5±0.6 27.5±0.7 94.6±1.8 92.3±4.1 3.7

600 mg (6) 27.5±0.9 24.6±0.8* 94.1±2.4 88.2±1.6* 3.7

48 h after dosing

Control (3) 28.5±0.1 28.6±0.4 102.8±0.2 100.9±0.5 3.6

400 mg (3) 28.3±0.8 26.7±1.5 92.0±5.1 91.6±4.4 3.4

600 mg (6) 28.1±0.5 23.7±1.0** 87.1±1.8* 83.9±2.6* 3.6

14 days after dosing

Control (3) 28.6±1.3 29.7±1.3 111.7±2.7 110.0±2.9 3.7

400 mg (3) 28.7±0.7 30.5±0.8 89.6±3.3* 89.6±2.7* 2.9

600 mg (6) 28.5±0.4 28.2±0.6 77.1±2.3** 73.2±2.6** 2.6

28 days after dosing

Control (3) 27.9±0.7 30.6±0.3* 111.0±0.6 112.5±0.9 3.6

600 mg (3) 27.7±0.8 27.4±0.9 88.7±2.9* 87.0±3.5* 3.2

35 days after dosing

400 mg (3) 29.0±0.7 32.8±0.5* 112.3±0.6 113.3±2.5 3.4

Table 1. Body weights and testes weights of control and 2-methoxyacetic

acid-treated mice (400 mg kg ± 1 and 600 mg kg ± 1, p.os) at different times after

dosing.

The values are means ± s.e.m. of the data obtained in each group (3 or 6

mice as indicated in brackets.)

Body weight at the sacrifice day significantly different from body weight at the

treatment day (paired t-test).

Testes weight in the treatment groups significantly different from control value

(unpaired t-test, with Bonferroni correction).

*p<0.05 **p<0.01.

Body weight (x±s.e.m.) of control mice (12) at the treatment day: 28.3±0.38.

Body weight (x±s.e.m.) of treated mice (27) at the treatment day: 28.26±0.26.

a Ratio: testis weight (mg) body weight g.

Creatine
Sperm heads (106) (m mol g± 1 LDH-C4 SDH

Per testis Per gram testis) (m mol mg± 1 protein h± 1)

24 h after dosing

Control (3) 21.1±3.1 197±16 21.6±0.5 121±5.4 3.63±0.21

400 mg (3) 17.0±0.4 181±5.2 14.1±0.7** 111±7.4 3.66±0.26

600 mg (6) 15.9±1.1 168±15 12.5±0.4** 119±6.5 3.73±0.26

48 h after dosing

Control (3) 17.1±1.4 166±13 20.4±0.7 92±4.8 3.68±0.24

400 mg (3) 20.3±0.8 222±19 17.4±0.9 92±7.8 3.18±0.14

600 mg (6) 17.2±1.4 197±17 15.6±0.5* 96±4.8 4.33±0.18

14 days after dosing

Control (3) 21.8±0.5 195±2.2 22.0±0.4 113±4.3 3.79±0.48

400 mg (3) 4.5±0.7** 50±6.9** 19.2±0.1 68±5.2** 2.11±0.55*

600 mg (6) 2.2±0.3** 20±3.1** 21.7±1.1 52±2.4** 1.65±0.12*

28 days after dosing

Control (3) 19.8±0.9 178±8.1 19.0±1.1 100±11.5 3.25±0.64

600 mg (3) 10.5±1.5** 117±12* 20.1±0.4 71±5.7* 2.27±0.26

35 days after dosing

400 mg (3) 20.4±0.7 181±5.5 20.2±0.3 119±8.2 3.70±0.70

Table 2. Sperm head number, creatine content and LDH, SDH activity levels

in testicular preparations of control and methoxyacetic acid-treated mice 

(400 mg kg ± 1 and 600 mg kg ± 1, p.os) at different times after dosing.

The values are means±s.e.m. of the data obtained in each group (3 or 6 mice

as indicated in brackets).

*p<0.05, **p<0.01, significantly different from control value (unpaired t-test,

with Bonferroni correction).
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Statistical analysis
All data were subjected to statistical analysis following paired t-tests for body

weight and unpaired-t-tests (with Bonferroni correction) for the other parameters

evaluated in this paper (see Tables 1 and 2).

Results

Body weights and water consumption
C ontro l  anim a ls  sho we d an increase  in  b ody weight  o ver the

course of  the experim ent.  T he administ rat ion of  M AA (40 0 and

600 mg kg±1 b w, single dose)  resu lted in  a  sl ight  body w eight

d e c re ase  with respect  to  p re- treatment values,  du ring the f ir st

2  days  after  the treatm ents .  T h is decrem e nt (±1 0%  and  ±1 6%

at 24 and 48 h PD, respectively)  w as  stat ist ically  signif icant

only for  the highes t  dose ,  while a s low-dow n in gro w th  w a s

o bserved on the fol lowing days (Table 1) . Water  co nsu m p tio n

w as also red uced  in  th e g rou p s  receiving MAA, during the f irst

2  days fol lowing the tre atm en ts .  T he  m ax im u m  d ecline

o bserved (about 35%  o f the pre- treatment v alu es)  w as  at  48 h

for  both the doses  of  MAA  adm inistered  (data  not  show n).

Changes in testis
A s sh ow n  in Tables 1  and  2 and F igure  1,  a t the two  doses

a d m ini st ered MA A cau sed dose-re lated  variat ions in  tes tes

w eigh t  a nd  sp erm  hea d co un ts  w i th respect  to  con tro l  values;

t he se we re  pa rt icu lar ly  enhanced  at  1 4 days af ter  the

t reatm en ts.  A   concurren t  redu ctio n w as ob serve d wi th  regard

to the  act ivi ty  levels of  lactate-dehydrogenase-C4 and sorb itol -

d e h y d rogenase :  at  14 days PD , these  tw o enzymes,  associated

w i th m ore  m atu re  germ  cells ,  were  bo th  d epressed to  abo ut

4 0%  and 50%  of  th e con tro l values (at  400  and  600 m g kg±1,

respect ively) . T he levels of  these  param eters tended to  recover

on th e fol lo wing days.

A signif icant  dose-re lated  red uct io n (3 5 %  and  45 % ,

respect ively)  of  the creat ine co ncentrat ion  in  test is,  w as

eviden t  24 h after  the treatm ents .  T he levels  were  p art ia l ly

recov ered at  4 8 h and re tu rn ed t o  t he co ntro l  values at  14 days

after  the treatm en ts .

In  the group sacrif iced at  3 , 6  and 14 h post -dosing (P D 

400 mg kg±1) , sperm  hea d n um b er  wa s red uc ed to  abo ut 30 %  

of the contro l values, in  one animal at 6  h  PD and in  two at 14 h.

Creatin e con centrat i on was lo wered (±15 % ) o nly in  one mo use

at  14  h PD  (data not  shown).

Histopathology
T he types  of  histologica l  a lterations in  the testes  and the 

t ime  cou rse w ere as fol lows:  sl ight ( iso la ted cel ls  or  small

clusters)  d egenerat ion  and n ecro sis of  prim ary  p ach y te ne

s p e rm atocytes  3  and 6 h PD ; m arked  to  severe  i ncre ase in

p r im ary,  pac hy tene sperm atocy te d eg enerat ion and necro si s

14 and 24 h PD; m arked  dep let ion of  sperm a to cyt es and

m oderate dep le t ion of  ea rly  ro u n d  sp e rm at ids 48 h PD;

in c reased vacuo la t ion of  S ertoli  cel ls  a t  600 mg, 48 h and 

14 days P D; marked disorgan izat ion  of  the layers of

sem in iferou s epith el ium  w ith slo ugh ing and elong ating

s p e rm at id dep let ion at  600 m g, 14 days  PD; rep o p u lat e d

sem in ifero us t ub ules wi th residu al  presence  of  s light to

moderate  al terat ions (e .g .  prese nce  of  giant,  degenerating or

n e c ro tic cel ls)  at  600 mg, 28 days PD. T he  sever ity of  the

lesio ns was dose-re lated.  T he re l at io nsh ip b etw een  th e m ain

kinds of  a l ter at ions ob served and  test icu lar  p aram eters  are

sho wn  in F igu re 1.

Urinary creatine and creatinine levels
The leve ls  of  cre at in e an d creat inine in  the urine of  anim als

t reated w ith MA A are  sh ow n in  Tab le  3  and F igure  2.

In the co ntrol  gro ups the levels of  creat i ne and  cre at in in e

ex cre ted in  2 4 h  w ere comp arable  to  tho se  prev iously re p o rt e d

by F itch et  al. (1961 ) (aro und 0 .5  m g per 2 4 h and 0.31 m g per

24 h,  respec tively) .  F ollow ing  MAA adm inis tration,  a

signif icant  decrease  in  the co ntent  of  creat ine and  cre at i nin e

w as ob se rv ed  in  the samples collected 24 h af ter  dosing,

independent of  the do se . At the fol low in g collec t ions (48 h and

72 h),  the leve ls of  cre at in e had  i ncrea sed  c om pa red  w i th

co n t ro l s  an d  p re- treatmen t v alues,  an d re tu rn ed to  con tro l

values thereaf ter.

Testicular and urinary creatine-creatinine profiles in mice 105

Post-treatment

Pre-treatment 24 h 48 h 72 h

Creatine

(micromoles per 24 h)

Control 11.6±1.2 10.8±1.7 11.2±1.9 10.6±0.05

(8)[4] (4)[4] (3)[3] (2)[2]

400 mg kg± 1 11.1±1.1 6.8±1.1* 13.9±2.9 17.0±2.1*

(8)[4] (4)[4] (3)[3] (2)[2]

600 mg kg± 1 13.6±0.9 7.6±1.3* 19.7±2.9* 15.8±3.2

(14)[7] (7)[7] (5)[5] (3)[3]

Creatinine

(micromoles per 24 h)

Control 8.2±1.1 7.5±1.3 8.9±0.9 7.4±0.5

(8)[4] (4)[4] (3)[3] (2)[2]

400 mg kg± 1 7.8±1.0 0.6±0.2** 4.4±1* 9.8±4.1

(8)[4] (4)[4] (3)[3] (2)[2]

600 mg kg± 1 7.2±0.7 1.2±0.3** 3.3±0.6* 8.6±1.9

(14)[7] (7)[7] (5)[5] (4)[4]

Creatine/

creatinine ratio

Control 1.4±0.1 1.4±0.2 1.3±0.2 1.4±0.07

400mg kg ± 1 1.4±0.2 10.9±2.7** 3.2±0.4* 1.7±0.56

600mg kg ± 1 1.8±0.1 6.5±2.1** 5.9±3.0* 1.8±0.15

Table 3. Urinary creatine and creatinine levels measured before and after the

oral administration of methoxyacetic acid (single dose 400 mg kg ± 1 and 

600 mg kg ± 1 bw, p.os).

The values are means±s.e.m. of all samples collected for each group and at

the different times (each sample corresponds to the urine collected in 24 h

from each metabolic cage=3 mice urine pooled). They are expressed as

micromoles of creatine or creatinine per 24 h.

*p<0.05, **p<0.01 significantly different from pre-treatment value (unpaired

t-test, with Bonferroni correction).

( ): Total number of urine samples analysed. Two samples were collected for

each metabolic cage in the pre-treatment period, while in the post-treatment

period only one sample for each cage.

[ ]: Number of metabolic cages (each containing three mice).
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Figure 1. Percentage variation, respect to control values, of (a) testis weight, (b) testicular creatine, (c) sperm head number, (d) LDH-C4 activity, and (e) SDH activity, as a

function of the 2-methoxyacetic acid treatment and the day of sacrifice. Results are means while in the interest of clarity s.e. are shown in Tables 1 and 2. 

± ± ± , 400 mg kg ± 1; Ð Ð , 600 mg kg ± 1. *p<0.05, **p<0.01, significantly different from control value (unpaired t-test with Bonferroni correction). Concurrent main

histological alterations: (I) primary spermatocyte degeneration and necrosis; (II) depletion of spermatocytes and early round spermatids; (III) Sertoli cell vacuolation, only at 

600 mg kg ± 1; (IV) disorganization of seminiferous epithelium and depletion of elongating spermatids; (V) isolated, residual alterations in repopulated tubules.
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T he ex cret ion of  creatinine, af ter  the init ia l  decrea se ,  ten de d

to recover at  48 h af ter  dosing  and re tu rne d to  pre-t rea tm e n t

values in  the 24 h period fol lowing.  W hen  the ex cre t ion of

c reat in e w as ex pres sed  as  a  rat io  to that  of  creat inin e,  MA A

c ause d an  in crea se  in  the  rat io  that  was  signif icantly  differe n t

fro m  co nt ro l  values, a t 24 and  48 h af ter  the tre atm e nt s .

T he volum e of ur in e excre ted by the trea te d an im als  sh ow ed

a sl ight  increa se (around 25% ) in  the f irst  24 h after

ad m in istr at io n wi th resp ec t  to  th e pre-t reatm ent v alues.  T hi s

change was stat ist ica lly  signif icant (p <0.05) only  for the gro u p

receiving the MAA dose  of  600 m g kg±1 (data  n ot  shown ).

Discussion
T h is stu dy h as sho wn  that  in  th e m ouse test is , crea t i n e

d e te rm inat io n  resu lted as the earl ies t  quantita t ive indica tor  of

test icular  dam age caused b y MA A ex posure.  Twenty -fo ur

hours af ter  the treatm en t the content  of  creat in e per  gram test is

had signif icantly  decreased in  the two treatmen t gro up s i n  a

m o re  extensiv e mann er  than for  test is w eights an d sperm  h e a d

nu m b er s.  T he m ax im um  de crease  in  these lat ter  param eters

w as reached 14 days after  the trea tm ent,  as did the act ivi ty

level s of  L DH-C4 and SDH. This decrease in  th e crea t i n e

content  in  the test is  could  have been caused by  a  re lease  fro m

the test is  or  by an al terat ion in  creatine synthes is.  T he f irst

h yp o th esi s  w as sup p o rted by Rawcli ffe et al. (1989) and Moore

et  al . (1992):  the creat inur ia  ob served in  rat  ur ines,  24 and 48 h

after  dosing w ith 2-M E could be the consequence of  the

n e c rosis of  p ach ytene sp ermatocytes.  Ho wever,  besides the

well  know n cel l-speci f ic i ty  fo r  pachyten e spermatocy tes,  2-ME

and MA A at  high dose levels o r  pro lon ged  ex po su re,  are  also

seen  to  affect a wide range of  germ  cell  typ es inclu ding

s p e rm atogonia (L ee  and Kinney, 1989).  In  this referen c e,

p ach y te ne  sp erm atocyt es were  the only cells affect ed w hen  a  

Testicular and urinary creatine-creatinine profiles in mice 107

Figure 2. Percentage variation of the creatine and creatinine levels in mice urine with respect to pre-treatment values, at different times after the 2-methoxyacetic acid

treatments. Results are means, s.e. are shown in Table 2. Creatine: lÐ l control, nÐ n 400 mg kg ± 1, sÐ s 600 mg kg ± 1.

Creatinine: l± ± ± l control, n± ± ± n 400 mg kg ± 1, s± ± ± s 600 mg kg ± 1.

*p<0.05 **p<0.01 significantly different from control value (unpaired t-test with Bonferroni correction).
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3 day  ́ 6  h  inh alat ion  ex po su re w as  given.  Other  cell  types 

w e re only aff ected  wh en  ex po sure  went on for  2  weeks ́

6  h /d ay.  Sertoli  cel l  al terations,  both  in  v i vo a n d  in  v itro h av e  

been  ob served (Beat t ie  et  al. 1984 , Creasy  et  al.  1986 , Wil l ia m s

and Foster  19 88);  the m ost  imp ortant  ul trastru c tu r al

al ter ation s observed in  S ertol i  cel ls  inclu de cyto plasm ic

vacuo lizat io n,  di la ted interce l lular  space ,  ramified or

fr agm ented cyto plasm ic p ro cesses,  an d d isrup ted  t ig ht

ju nc tio ns.

Th e ligh t microscopic his to logical a l terat ions observ e d  in

o ur  st ud y  w ere  com par ab le  to  those al rea dy  re p o rted  i n  th e

l i ter ature  sho wing a  dose-re la ted severi ty  and a t im e-re l at ed

t ren d .  C on cu rre n tly,  wh en  the histological  a l ter at ions were

c orrelated to  th e creatine levels in  the tes t is  of  each m ouse ,  a

t im e- re lated  d ecrease  in  creat ine levels w as observed  u p to  

24 h,  with a  c lear  re la t ionship to  the occurrence of  degeneration

a n d  n ec rosis  in  pr im ary  p achy ten e sperm atocytes, poss ibly

ref lecting a  steep  deplet ion of  the in tracel lular  metabolic cycle

in the targe t cel ls. T his might rece ive furth e r  su p p o rt  by the

findings at  48 h PD (400 and 600 m g kg±1) ,  w here  a  re la t i o nsh ip

w as ob served  b etw een ro u n d  s p e rm atid dep let io n and  low er

c reatine levels.  At 48 h PD a generally  increased S ertol i cell

vacuolat ion  after  600 m g kg±1 but no t  af ter  400  mg kg±1 w a s th e

m ain di ffe rence betw een  the tw o d ose levels with regard  to

histological  lesions . S ertol i cel l vacuola t ion is  a non-spec if ic

f inding likely to  re f lec t  phagocytosis of  degenerating and

n e c ro tic  cel ls and structural  derangem ent of  sem inifero u s

epithel ium . At 14 days P D the crea t ine levels  in  test is were  no t

signif ican tly  different  fro m  con tro ls; a t  this  sam e t im e PD,

m ark ed d isorganizat ion of  the layers of  sem inifero u s

epi theliu m, possibly  re la ted  to  a  rep op ulat io n  at tem p t,

elongating spermatid  deplet io n and vacuolat ion  of  Sertol i  cel ls

w e re  observed at  400 and 600 mg kg±1. T he residu al  le si on s

o bserved  in  the repo pu lat ed sem in if erous tub ules at  28  days

PD (600 mg kg±1)  w ere  asso ciated  with  creat ine levels

com parab le  to  con tro ls .

Th e synthesis of  creat in e h as been  d em onstr ated  in  th e

epithel ia  of  sem inifero u s tu bu les and  c apu t  epidy dim is:

guanidoacetate  methyltransferase  (GAM T), an enzym e

cata lysing the last  step of  the biosynthetic pathway to  crea t i n e

and GA MT m RNA  (the messenger RNA encoding GAMT ), w as

exten siv el y exp ressed in  Sertol i cel ls  of  the testes  and in

m ic rovil li  of  the ep ithel ia l cells of  the ep idydim is  (Lee et  al.

1994) . G uan id inoacetate ,  th e precursor of  cre at i ne ,  wo u ld

in ste ad b e tr ansp orted into  the semin iferou s tub ules b y the

blood (Lee and Gerton 1995).

T h e refore  M AA  could  interfere  w ith  th e m etab olic  path way s

of creat ine b iosynth esis  an d th is hypo thesis is re inforce d b y

th e resu lts ob ta ined in  m ice  ur ine:  a t  the two do ses of  MAA

a dm in i ste red,  th e ur in ary leve ls of crea t ine  an d crea t i n in e

w e re  drast ica l ly  d ecrea se d wi th  respect  to  pre-t rea tm e n t

values and  to  contro l group values , 24 h after  the treatm en ts .

T h e creat ine  an d c reat inin e ex cre t ed in  u rin e are  t he

e x p ression of  the m etabolism  of creat ine in  th e various org an s

w h e re  this  com pon ent is  synthesized ( l iv er,  p an creas,  k idn ey,

epididy mis,  t est is)  and  used ( app roxim ately 95%  of the tota l

c reat ine p ool  in  h um ans is  fo und  in  sk eletal  m uscles, wh ile

th e rem ainin g 5 %  i s fou nd in  the heart , b rain and testes;

Balso m et al. 1994).  Furt h erm o re ,  w hen  th e re lat iv e

dis tr ibution of  EG ME and i ts metabolite  MAA were

d et e rmined  in  m ice B6C3F 1, fol lowing oral  and i .p .

adm ini st r at ion,  by who le bo dy autor adio grap hic tech niqu es

(A hm ed  et  al. 1994),  the highest levels of  rad ioac tivity  were

detected i n  the l iver,  kid ney an d epid idym is,  a l l  org an s wh ere

c reati ne is  syn thesized.

A  reduction  of  th e creat inin e con tent  bu t  in crease in  th e

c reatine content  in  the urine of  rats,  24 h af te r  the

administr at ion of  2-ME  and MA A was also  ev ident ,  in  the data

re p o rted by Rawcliffe et  al. (1989 ), Moore  et al. (1992) and

N ah as et al. (199 3). To explain th is decrem ent i t  w as sug gested

that 2-ME  could disturb  th e interrelat io nship betw een  cre at in e

an d  c reat inine at  the bioch em ical  level . M ore  recently  Draper

a n d  Tim b re ll  (1996)  found that  both plasm a and tes t icu lar

c rea t in e w ere  signif ican tly  decreased  in  rat ,  48 h after  dosing

wi th 2-m eth ox yeth anol.

T h e data  o btained in  ou r s tud y show ed that  af ter  the inten se

d e c rease  at  24 h of  both  creat in e a nd creat in ine,  in  the

following period the levels of  creat ine t ended  to  exceed  th e

p re-treatm ent valu es ,  w hile  this  w as n ot  t rue for  cre at in in e

w hich  h ad  no t  com p lete ly recov ered at  this tim e.  T his

d ifferent  behaviour  of  the two co mpo nents led to  a  drast ic

inversion of  the rat io  creat in e/ creat in ine,  as  pre viou sly

ob served  in  rats  af ter  adm inis tr at ion of  different  ce l l-spec if ic

test icu lar  toxicants  (Rawcli ffe et  al. 1989 , Moore  et  al. 1 992,

Tim b re ll  et al. 1994) .

T he in crease  of  urinary  creat ine co uld be exp lai ned b y a

`reb ou nd  effect ’  in  the synthesis of  this  component.  An ini tia l

bu t  reversible  inhib it ion occurr ing in  the f irst  24 h at  any step

of the crea t ine biosynthetic  pathw ay  (for  exam ple o f  any

enzym e in volved) ,  could  cause an accum ulatio n of  the

p re cur so r and  co nsequ ent ly  m ore  creat i ne co uld  b e

syn th esized  a nd  ex cre ted in  ur ine, af ter  the inhibit ion

re covery.  S uch  an hy po thesis  co uld  in  p art  ex plain the

in c rease of  urinary  creat ine ob served  by Rawcl iffe et al. 

(1989) and Moore  et  al . (1992) in  rat  t reated with  test icular

toxican ts . T he reduction of  creat ine in  urin e mig ht  occur  in  

rat a t  an  earlier  t im e than in  m ouse , so at  24 and 48 h after  

the adm inistr at ion of  2-ME  only the increa se of  creat in e d ue to

the `reb ou n d effect ’  was de tected. Gray et al. (1990) found that

in  the high  d ose cadm iu m -treated r ats ,  the ur inary  crea t in e

firs t  sho wed a decline at 6  h  after  d osing and  then was

signif ican tly  increased at  4 8 h.  H owever  our  hyp othesis

suggest ing an interf erence of  MAA  with crea t ine sy nth esis,

does n ot  ex clude t hat  creat ine could  also  b e direct ly  re l e ase d

by test is into  blood  f low  and then into ur ine as a  con sequence

of the tes ticular  necrosis,  as large ly  corro borated by the re su l ts

in  rat,  af ter  cadmium -chlor ide  administ rat ion or  af te r  

s u rg ica l  ligat ion of  the test icu lar  vascula ture (cre at in e

con centr at io n was l ow ered in  testis ,  while  a t  th e sam e t ime

af ter  the  treatm ent is  ra ised in  serum  and in  ur ine) .  

F u th e rm o re  i t  is app arent  from  our data  that MAA (especia l ly

at the highest  dose)  caused in  m ice ,  at  24 and 48 h PD, a

signi f icant body weigh t  loss . Gray  et al. (1990)  show ed that

rest r ict ing the food to  cause  a  sign if icant  body weight 

d e c rease result ed in  an in crease in  ur in ary  an d  pl asm a

c reatine,  w hich was not  asso ciated  with  test icu lar  dam age.

M. E. Traina et al.108
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T h e refore  w e canno t ex clude that  th e in crease  of  crea t in e in

u rin e o bserved  in  m ice cou ld b e part ial ly  caused by loss of

w eigh t ,  secon dary  to  the general  m alaise of  an im als and

redu ced food  intak e.

Co ncern in g sperm  h ea d  n u m b e r, the evaluation of  this

param eter  affec ted  at  differen t  t rea tm ent t im es , is  a useful  tool

for  both  detect ing the germ  cel l `kill ing  effect’  of an agen t and

for  identifying the eventual  target  cel l  in  the sperm atog enic

p rocess (Meist r ich  1989). T he maxim um redu ction  of  th e

elo nga ted sperm at ids o bserved 14  days afte r  the tre atm e n ts

w ith MA A and  the tend ency to  reco ver th ereaf ter,  re f lects  the

earlier  damage to  the m ost  vulnerable test icular  ce l l type, i .e.

m eio tic  sp ermatocytes.  At the sam e t ime, act ivity  levels of

L DH-C4 and  SDH were  m ore  than  50 %  low er with  respec t  to

c o n tro l  values accord ing  to  th e decrease in  sperm  h e a d

n um bers. I t  is  kn own that  these two  enzym es are  asso ciated

w i th m ore  m atu re  germ  cells  since,  during the gro w th  p ro cess,

their  speci f ic  act ivi ties progressiv ely increase  fro m  lat e

p rem eiotic   sperm atocytes to  sperm atids a nd fro m  th ere  to

s p e rm atozoa (Gom es  and Van Demak 19 74, Shen and L ee

1976) .  F urt h e rm o re ,  im m un oh istoch em ical  st udi es (H in tz  a nd

G oldberg  1977) and studies on the syn thesi s of  LD H-C4 in

various test icular  ce l ls  (Meis tr ich et  al. 1977) have

d em on st r ated  the f irst  appearance o f  this  enzym e d uring  the

m id -pa chitene stage an d i n  sperm at id s.

Some considerat ions may be drawn from  the result s

p resented in  this pap er. In  mice, the in itial stages  of germ  cell

dam age caused  by MAA, is associated  with a  m arked  decreas e of

c rea tine in  testi s and with  a st il l more evident decrement of

c reat ine and crea tinine in  urine. T he  crea t inuria observ ed  co uld

be, in  part, due to a di ffere nt pat tern of recovery for urinary

c reat ine and crea t inine. F urther work  is re qui red  to  clarif y

whether :  (1) this testi cu lar  toxican t could  directly aff ect creat ine

m etabol ism  in other  biosynthe tica lly ac tive  tissu es, espec ial ly

th rough alte ration  of  the enz ym es invo lved  in the synthesis, (2)

the  effects  induced by MAA on creatine and creatinine in  the

testis and  urine  of B6C3F1 m ice, could  be also  observ e d wi th

other  glycol -e ther der iva tives. Fina lly  this investig ation  may

p rovide  a  basis for  study ing the possi ble ut ili zat ion of the ur ine

c reatine/creat in ine ra tio  as a biomarker, in  the monitor ing of

w orker s professio nal ly exposed  to  glyco l ethers.
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