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Abstract :  The present  s tudy was undertaken in order to invest igate the
influence of gentamicin on plasma testosterone levels of healthy and with
Freund’s  ad juvan t  a r th r i t i s  r a t s .  Gen tamic in  (40  mg/day  fo r  4  days )
induced significant decrease of testosterone levels in comparison with the
control  group (P<0.025) .  In t raper i toneal  ca lc ium adminis t ra t ion  (30 mg/
kg bw) prevented gentamicin effect  and maintained testosterone levels to
that  of  the  control .  Decreased tes tosterone levels  were a lso observed in
gentamic in  rece ived  Freund’s  ad juvant  a r thr i t ic  ra t s ,  in  the  acute  s tage
of the inflammatory disease (P<0.025), and in the acute stage of Freund’s
ad juvant  a r th r i t i s  (P<0 .001) .  I t  i s  conc luded  tha t  the  adminis t ra t ion  of
gen tamic in  dec reases  p lasma  t es tos te rone  l eve l s  wi thou t  any  e f fec t  on
body and seminal vesicles weight. Calcium loading counteracts gentamicin
reducing effect  on plasma testosterone levels .  Freund’s adjuvant  ar thri t is
influences the function of body and seminal vesicles as i t  was shown by
the  reduc t ion  o f  t e s tos te rone  l eve l s ,  body  and  semina l  ves ic les  we igh t
dur ing  the  acu te  phase  o f  the  in f l ammatory  d i sease .  In  any  case  the
effect  was  revers ible .
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s te ro idogenic  enzymes  in  ra t  t e s t i s ,  a
dec l ine  in  the  sperm count  o f  Wis ta r  ra t s
(1)  and  the  ac t iv i ty  o f  ca lc ium dependent
phosphat idyl inosi tol  phospho-diesterase (2) .
Gentamic in  as  a  ca t ion ic  subs tance  seems
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INTRODUCTION

Gentamic in  (G) ,  an  aminoglycos ide
an t ib io t ic ,  bes ides  i t s  we l l -known s ide
effects, has been implicated in inhibition of
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to  in te rac t  wi th  Ca ++ b ind ing  to  l ip id
monolayers  and  to  b iomembranes  (3 ,  4 ) .
Several  in  v i tro  and in  v ivo  wi th  different
experimental models studies show the capacity
of gentamicin and other aminoglycosides to
block various calcium channels (5–7) and the
reversal of the aminoglycosides toxic effects
by calcium coadministrat ion (8,  9).

On the  o ther  hand  Freund’s  ad juvant
a r th r i t i s  (FAA)  has  been  connec ted  wi th
reduced testosterone levels  in rats  (10–12).
Reduced  tes tos te rone  leve l s  were  a l so
reported in males with rheumatoid ar thri t is
(13–14).

The target  of  our  s tudy was  f i rs t ly ,  to
detect and evaluate any possible interaction
of gentamicin on plasma testosterone levels
of  heal thy and with FAA rats ,  secondly to
inves t iga te  the  ro le  o f  ca lc ium ions  in
simultaneous with gentamicin adminis t ra t ion
on ra t  tes tos terone levels .

M E T H O D S

Adult  male Wistar  rats  (300–350, bw/g)
were used. Animals were maintained in well
venti lated room (12 h l ight/dark cycle-food
and  water  ad  l ib i tum) ,  and  acc l imated  for
one week before use. (Guide to the Care and
Use  of  exper imenta l  Animals )  (15) .  Two
ser ies  of  exper iments  were  taken place.  In
the first series rats into groups of 10 animals
were  t rea ted  as  fo l lows :  Group  ( I )  the
control one received 0.1 ml intradermally of
the  Comple te  Freund’s  Adjuvant  veh ic le
(paraff in oi l )  in  the paw of  the r ight  back
foot  (day 0) .  The  same group rece ived on
the 20th day of the experiment till the 24th
an injection/12 h of 0.5 ml of sterile water
i .m.  (veh ic le  o f  gen tamic in) .  Group  ( I I )

rece ived  an  i .m.  in jec t ion  of  gen tamic in
sulfate (20 mg/12 h) for 4 consecutive days
be tween  20th–24th  day  of  the  exper iment .
Group (III)  received an injection of 0.1 ml
Comple te  Freund’s  Adjuvant  (CFA)  (M.
butyr icum in paraff in  oi l ,  5  mg/ml)  in  the
paw of  the  r igh t  back  foo t  and  the  same
treatment of gentamicin as group (II). Group
(IV) received only the  CFA on the  day 0 .
Group (V) received 20 mg/12 h of gentamicin
i.m. only on the 34th day of the experiment,
and Group (VI)  was  t rea ted as  group ( IV)
but was sacrificed on the same day as Group
(V), on the 35th day of the experiment.

Freund’s  ad juvant  a r th r i t i s  (FAA)  was
provoked by the injection of CFA in the paw
of  the  r igh t  back  foo t  o f  the  ra t s .  The
immune response  (c l in ica l  eva lua t ion)  was
star ted to  manifes t  24–48 h af ter  the  CFA
in jec t ion  (day  0)  reach ing  i t s  peak  a t  the
end of the 3rd week (acute phase of FAA)
where  s igns  of  in f lammat ion  of  a l l  the
extremities, testes tail,  hyperalgesia, lack of
mobi l i ty  and  decreased  body  weigh t  were
observed .  Thymus  and  sp leen  were  a l so
affected.  The inf lammatory react ion s tar ted
to  fade away (or  progress ively  decreasing)
in  the  mid  of  the  4 th  week  ( regress ion
phase ) .

In the second ser ies  of  the experiment ,
30  ra t s  in  3  g roups  (10  ra t s /g roup)  were
treated as follows: Group A received an i.m.
injection of NaCl 0.9% for 7 days (control
group), group B an i.m. injection of 80 mg/
kg  of  gen tamic in  su lpha te  fo r  the  same
period and group C an intraperi toneal  ( i .p)
injection of calcium chloride (30 mg/kg) just
before the i.m. injection of gentamicin for 7
days  as  wel l .  For  the  op t imum dose  of
ca lc ium ch lor ide  a  p re l iminary  s tudy  was
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performed.  According to  Niemczyk S et  a l
(1991) the i.p. administration of 45 mg/kg of
ca lc ium prevented  the  nephro tox ic i ty  o f
gentamicin in the rat (16). We observed that
45 mg/ kg was toxic for our strain and 15
mg/kg too low to counteract the gentamicin
effect.  The dose of 30 mg/kg was the right
one .

Animals  were  weighed the  f i r s t  day  of
the  exper iment ,  dur ing  the  p rocedure  and
few minutes before sacrifice. Sacrifice of the
ra ts  was  taken p lace  by  decapi ta t ion  12  h
after the last injection from 8 am – 11 am to
avoid  any  poss ib le  d iurna l  var ia t ion  (12) .
Blood was collected and the seminal vesicle
weight was also measured. Testosterone (T,
whole  p lasma T)  de te rmina t ions  were
performed by specif ic  radioimmunassay ki t
of Serono Diagnostics SA. The results of the
f i rs t  ser ies  were  expressed  as  means±SEM
and were  s ta t i s t i ca l ly  ana lysed  us ing
s tudent ’ s  t -Tes t ,  where  P<0 .05  was
considered to be statistically significant. The
results  of the second series were expressed
by  the  s ta t i s t i ca l  method  ana lys i s  o f
va r i ance .

R E S U L T S

Firs t  ser ies  o f  exper iments :

Gentamic in  admin is t ra t ion  for  4  days
(20–24th ,  group I I )  induced  a  s ta t i s t ica l ly
s ignif icant  decrease  of  p lasma tes tos terone
levels in comparison with the control (group
I )  (P<0 .025) ,  whi le  the  admin is t ra t ion  of
gen tamic in  in  2  doses  one  day  before
sacr i f i ce  does  no t  seem to  change
subs tan t ia l ly  p lasma tes tos te rone  leve l s
(P>0.1)  a l though  there  i s  a  t endency  to
decrease (group V) (Table I).

Decreased tes tosterone levels  were a lso
observed  in  the  case  o f  gen tamic in
administration (20–24th day) in healthy rats
and in rats with FAA in the acute stage of
the  inf lammatory  disease  (P<0.025)  (group
I I I ) .  The  lower  p lasma tes tos te rone  leve l s
were observed in the group of  FAA in the
acu te  s tage  of  the  in f lammatory  d i sease
(group IV)  in  comparison wi th  the  control
(g roup  I )  (P<0 .001) .  Tes tos te rone  leve l s
reached  aga in  normal  va lues  in  the
regress ion phase  of  FAA (35th  day of  the
experiment)  in  group VI.

Reduced  body  and  semina l  ves ic les
weight was observed only in the groups with
FAA (III, IV & VI) in comparison with the
controls (Table I,  figure 1) (P<0.0001).

T A B L E I

B o d y Tes tos terone S V W
G r o u p w e i g h t levels ( m g )

( n g / m l )

I (control) 364± 3.1 4.50± 0.75 1445.7± 78.3
I I 364.5± 5.3 1.42± 0.42* 1450± 81.0
I I I 283± 5.3 1.51± 0.26* 728.2± 67.9**
IV 271.2± 10.8 1.22± 0.31* 713.7± 91.0**
V 328.9± 7.9 2.86± 1.07 1400.1± 85.6
VI 243 .0± 6 . 9 4 .14± 1 .42 1360 .0± 95 .0

*P<0.05;  **P<0.001.

Fig.  1 : The  e f fec t s  o f  gen tamic in  admin is t ra t ion  on
the body weight of control and FAA Wistar rats.
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Second ser ies  o f  the  exper iments :

In  th i s  case  gen tamic in  (g roup  B)
significantly reduced rat  testosterone levels
in  compar i son  wi th  the  con t ro l  (g roup  A)
P<0.001.  The i .p .  calc ium coadminis t ra t ion
prevented gentamicin lowering effect on rat
t es tos te rone  leve l s  (g roup  C)  P<0 .002
(compar i son  be tween  group  B and  C)
(Table II) .

role  in  the exci tat ion-secret ion coupling of
neurot ransmit ters  and hormones  (18) .  I t  i s
possible that gentamicin blocks testosterone
synthesis either interfering with the activity
of the relative steroidogenic enzymes (1), or
inh ib i t ing  tes tos te rone  re lease  in  the
blood as  i t  happens with  the  acetylchol ine
re lease ,  v ia  ca lc ium an tagonism in  the
aminoglycos ides  induced  neuromuscula r
blochade (19, 20,  21).  The impregnation of
gentamic in  in  tes tos terone  pe l le t  implants ,
in humans, although not significant resulted
in  20% reduc t ion  of  the  t es tos te rone
extrusion rate  (Kel leher  S et  a l )  (22) .  The
chronic  use  o f  ca lc ium channe l  b lockers
(diltiazem and cinnarizine) caused a marked
decrease  in  c i rcu la t ing  b lood  leve l s  o f
testosterone in male rats (23).  Furthermore,
ca lc ium in  s imul taneous  wi th  gen tamic in
adminis t ra t ion  reduces  aminoglycos ides
nephrotoxicity (9, 16) or ototoxicity (8, 24),
whi le  ca lc ium channe l  an tagonis t s
exacerbate  gentamicin nephrotoxici ty  (25) .

We proved  tha t  ca lc ium load ing  a l so
prevented  gen tamic in  reduc ing  e f fec t  and
le f t  unaf fec ted  tes tos te rone  syn thes i s  o r
release as i t  was manifested by the normal
tes tos te rone  leve l s  in  the  g roup  of  the
combined  t rea tment  (ca lc ium ch lor ide+
gentamicin)  (Table II) .

Freund’s  ad juvant  a r th r i t i s  p rovoked  a
more significant decrease of rat testosterone
leve l s  in  the  acu te  phase  o f  th i s
inflammatory disease (14–24 days from day
0) .  S imi la r  observa t ions  a re  repor ted  by
Barbier et  al  (1985) and Bruot & Clements
(1987)  (10 ,  11)  a l though  there  a re  some
differences in the time of major testosterone
reduction, possibly due to different rat strain
and  methodolog ica l  p rocedures .  Reduced

T A B L E I I

B o d y Tes tos terone S V W
G r o u p w e i g h t levels ( m g )

( n g / m l )

1 (control) 350± 39 3.23± 0.814 1400±58.4
2 353± 37 1.33± 0.57** 1410±45.3
3 3 5 1±4 5 3 .09± 0.13** 1395±48 .5

**P<0.001;  **P<0.002.

D I S C U S S I O N

We have  examined  the  e f fec t  o f
gen tamic in  on  tes tos te rone  leve l s  in :
hea l thy ,  wi th  FAA ra t s  and  the  ro le  o f
ca lc ium as  an  an tagonis t i c  agen t  on
tes tos terone reducing effect  of  gentamicin .
The  overa l l  ana lys i s  o f  our  da ta  revea led
tha t  gen tamic in  s ign i f ican t ly  reduces  ra t
testosterone levels. In addition, the effect of
gen tamic in  on  p lasma tes tos te rone  leve l s
also appears  dose-dependent  and revers ible
as  i t  was  shown by  the  lower  gen tamic in
administration (in dose and duration) in our
study (group V) (Table I) .  Gentamicin as a
ca t ion ic  subs tance  seems  to  in te rac t  wi th
Ca ++ b ind ing  to  l ip id  monolayers  and  to
biomembranes (3). A number of studies show
the  capac i ty  o f  gen tamic in  and  o ther
aminoglycos ides  to  b lock  var ious  ca lc ium
channels (6,  7,  17).  Calcium plays a major
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serum testosterone levels were also reported
by  some inves t iga tors  in  pa t ien t s  wi th
rheumato id  a r th r i t i s  (26 ,  13 ,  14 ,  27) .
According to  Gordon et  a l  (1986)  data  ( in
man) ,  Bruot  and  Clemens  (1987)  (FAA in
ra t s )  an  impai red  hypotha lamic-p i tu i ta ry
ax is  i s  no t  respons ib le  fo r  the  reduced
testosterone levels found in the FA arthritic
ra ts .  Freund’s  ad juvant  a r thr i t i s  i s  a  good
model  of  exper imenta l  a r thr i t i s  in  the  ra t .
The fact that there is a parallel reduction of
tes tos te rone  leve l s  and  semina l  ves ic les
weigh t  on ly  in  the  FAA ra t s  in  the  acu te
phase of the inflammation, suggests that the
inflammatory process is responsible for both
reduct ions .  The  above i s  suppor ted  by the
recovery  of  t es tos te rone  leve l s  in  the
regression phase of the FAA by an increase
of the seminal vesicles weight.

In conclusion, gentamicin induces a dose

dependent  reduct ion of  plasma tes tosterone
leve l s  in  hea l thy  ra t s .  Th is  reduc t ion  i s
revers ib le  and  cou ld  be  p reven ted  by
s imul taneous  ca lc ium adminis t ra t ion ,
prov ing  tha t  gen tamic in  e f fec t  on  ra t
t es tos te rone  leve l s  i s  due  to  ca lc ium
antagonism.  Our  s tudy  a l so  ind ica tes  tha t
FAA (dur ing  the  acu te  phase)  in  the  ra t
provokes a parallel and reversible reduction
of  p lasma tes tos te rone  leve l s ,  body  and
semina l  ves ic les  weigh t .  Gentamic in
administration does not seem to additionally
inf luence  any  of  the  above  examined
parameters  in  ra ts  wi th  FAA.
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