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In earl ier publ ica t ions (1, 3, 4), we h a v e shown 
t h a t gen tamic in induces in cul tured cells a lyso­
somal phosphoUpidosis character ized by (i) t h e 
u p t a k e of t h e d rug in t h e lysosomes; (ii) t h e 
spécifie loss of act ivi ty of lysosomal sphingo­
myel inase a n d phosphohpase A l (unpubl i shed 
data) ; a n d (iii) t h e accumula t ion of phosphol ip ­
ids, b o t h g lycerophosphat ides and sph ingomye­
lin, in lysosomes. W e repor t he r e on simÛar 
findings wi th k idney cortexes of ra ts . D a t a ob­
ta ined wi th h u m a n s will be r epor t ed e l sewhere 
(2). 

Sp rague ­Dawley r a t s were t r ea t ed wi th gen­
tamic in for var ious t imes (0 to 14 days) a t 10 
m g / k g or a t increasing doses (0 to 60 m g / k g , 9 
days) . S a m p l e s of cortex were analyzed for t h e 
following enzyme activities: (i) t h e lysosomal 
phospho l ipases sphingomyel inase (assayed wi th 
N­me^/i;yZ­'''C­labeled bovine sphingomyel in) 
a n d phosphoUpase A l (assayed wi th d ipa lmi toyl 
phospha t idy l choline, labeled wi th e i the r N-
methyl-^*C o r l ­ [ l ­ '^C]palmitoyl , a n d 1­palmit­
oyl 2­[ l­ ' ' 'C]oleoyl phosphat idylchol ine) ; (ii) ly­
sosomal iV­acetyl­)8-D­hexosaminidase, su l fa tase 
B, a -D ­mannos idase , a-L­fucosidase, a-D­galac­
tosidase, ca theps in B ( thèse enzymes a re impor­
t a n t in t h e ca tabol i sm of glycolipids a n d glyco­
prote ins) a n d acid phospha ta se ( this enzjrme 
hydrolyzes water­soluble phosphoes te rs ) ; (iii) 
glucose 6 ­phospha ta se (endoplasmic re t icu lum) , 
phosphory la se (cell sap), alanyl aminopep t idase , 
a n d y­glu tamyl t r anspep t idase (b rush border ) 
( thèse enzymes a re typical of proximal t u b u l a r 
cells); a n d (iv) cy tochrome oxidase (mi tochon­
dria). 

T i s sue was also processed for h i s topa tho logy 
(Formal in fixation, periodic acid­Schiff , or he­
matoxyUn­eosin staining) a n d é lec t ron micros­
copy. Kidney funct ion was m o n i t o r e d by assay 
of s é r u m creat inine and urea . U r i n e was col­
lected f rom animais housed in me tabo l i c cages. 

S é r u m urea and creat inine were e leva ted only 
in those animais t rea ted 8 to 9 d a y s a t 60 m g / 
kg. T u b u l a r nécroses were t h e n ve ry a p p a r e n t . 
T h e osmolar i ty of the ur ine was decreased; ami­
noac idur ia and glucosuria ( the l a t t e r u p t o 100 
m g / d a y ) were detected, in t h e absence of sig­
ni f icant variat ion of s e m m a m i n o ac id or glucose 
concentra t ion . 

Mild histopathological a l t é r a t i ons were de­
t ec ted a t 27 m g / k g for 9 days or 10 m g / k g fo r 14 
days (hyaline globules in cy top lasm, vacuolar 
degenera t ion , loss of b r u s h borde r , focal 
nécroses) . Animais tha t received a lower dose or 
a shor t e r t r e a t m e n t could no t be d i s t inguished 
f r o m controls by his topathological éva lua t ion . 

U n d e r électron microscopy, typ ica l lésions of 
lysosomes were, however, seen as ear ly as d a y 4 
a t 10 m g / k g (Table 1). T h è s e lésions consis ted 
in t h e déposit ion of osmiophilic, d e n s e ma te r i a l 
displaying, on high magnif icat ion, a regular , la­
mel la r aspect (packed " m e m b r a n e s " wi th a pe­
r iodici ty of about 4.5 nm) , cons i s t en t w i th a 
phosphol ipidic na ture . T h e cell f r ac t iona l vol­
u m e occupied by lysosomes increased very sig­
nif icant ly, half of th is volume being con t r i bu t ed 
b y lameUar mater ia l af ter 7 days of t r e a t m e n t a t 
10 m g / k g . No o the r intraceUular lésions were 
observed as long as cell did no t d isp lay signs of 
nécroses. 



TULKENS ET AL. 8 5 1 

TABLE 1. Morphometrical analysis of the cytoplasm of proximal tubular cells" 

Component Con-
trol 

% of cell vol occupied 

Component Con-
trol Gentamicin, 10 mg/kg Amikacin, 30 mg/kg Component Con-
trol 

1' 4 7 14' 1 4 7 14 

A. Lysosomes 3.9 4.0 6.2 10.2 16.2 3.8 4.2 6.1 6.7 
B. Myeloid bodies (dark lamellar) in 0.12 0.21'' 1.18 5.27 7.82 0.22 0.41 0.86 2.1 

lysosomes 
C. B/A X 100 3.1 5.2 19.0 51.7 48.3 5.8 9.8 14.1 31.3 

" Pictures, each covering about 200 fim^, were taken at random, at x5,900 magnification (minimum of 48 
pictures from 2 différent animais per point) and enlarged 2.5-fold for évaluation of lysosomal volume or 6-fold 
for évaluation of the lysosome content. The morphometrical technique used is that of Weibel (Int. Rev. Cytol. 
26:235,1969) and Baudhuin (Methods Enzymol. 32B:3,1974). 

' Days of treatment. 
"Necrotic cells were excluded from the score. Other intracellular structures did not show signifîcant 

altérations, except at day 14 with gentamicin, when extralysosomal lamellar material was observed and necrotic 
cells became fréquent. 

With large variations from profile to profile. . 

A t low doses (<27 m g / k g ) or a f t e r 9 days or 
less a t 10 mg/kg , t h e only enzymat ic a l té ra t ion 
observed was a decrease of t h e act ivi t ies of b o t h 
phosphol ipase A l a n d sphingomyelin£ise (Fig. 
1). Kinet ic s tudies showed a r éduc t i on of t h e 
maximal velocity ( V̂ max), w i t h o u t change in ap­
p a r e n t aff ini ty (KM) of t h e enzymes for the i r 
subs t ra te . T o t a l phosphol ip ids were increased to 
109.1 ± 2.3% (SD, n = 3) a f t e r 7 d a y s a t 10 m g / 
kg. Signifîcant decrease in t h e ac t iv i ty of o the r 
enzymes occurred only a t day 14 or above 27 
mg /kg , except for a lanyl aminopep t idase ; t h e 
var ia t ions of activity of a lanyl aminopep t i da se 
were, however , no t dose re la ted . 

Homogena tes of k idney cor texes f r o m r a t s 
t r ea t ed wi th gentamicin a t 10 m g / k g for 1, 4, 9, 
or 14 days were f r ac t iona t ed b y isopycnic cen-
t r i fugat ion in sucrose gradients . U p to day 9, 
gentamicin (we used ^H-labeled gentamicin) 
showed a buoyEint dens i ty (abou t 1.20 g/cm^) 
a n d a dis t r ibut ion p a t t e m similar t o t h a t of N-
acetyl-;8-D-hexosaminidase, suggest ing an asso­
ciat ion with t h e lysosomes. A t day 14, t h e lyso­
somal enzymes were found pa r t ly soluble, and 
gentamicin was pa r t ly dissociated f r o m t h e m . 
T h i s could resui t e i the r f r o m an in vivo labili-
zat ion of lysosomes or f r o m an increased fragil i ty 
of t h e enlarged lysosomes (conta in ing lameUsir 
mater ia l ) upon homogeniza t ion . 

Compara t ive s tudies were u n d e r t a k e n wi th 
amikacin and tob ramyc in (at t h r e e t imes and 
t h e same dose as gentamicin , respect ively) . De-
spi te a h igher dosage, accumula t ion of amikac in 
was similar to t h a t of gentamicin . B y ail cr i ter ia 
shown above, amikac in induced less severe ef-
fects (Table 1 and Fig. 1). T o b r a m y c i n accumu-
la ted less t h a n gentamicin . I t s in f luence on ly­
sosomal phosphol ipases a n d u l t r a s t r u c t u r e was 
in te rmed ia te be tween t h a t of gen tamic in and 
amikacin . 

I 0 0 

5 0 

ikacin 
f l 3 0 m g / k g 

gentamicin 
I Omg/kg 

phospholipase A I 

sphingomyelinase 

I 4 7 9 14 
DAYS OF T R E A T M E N T 

1 0 0 

5 0 

amikacin 

gentamicin 

10 2 0 3 0 4 0 5 0 6 0 GENTAMICIN 
3 0 6 0 9 0 1 2 0 1 5 0 1 8 0 AMIKACINE 

DOSE ( 9 days) 

FIG. 1. Activity of the lysosomal sphingomyelinase 
and acid phospholipase Al of kidney cortexes from 
aminoglycoside-treated rats. The animais received 
the antibiotic through intraperitoneal injection once 
a day. Values of control (set at 100 fSD ± 5 for 
sphingomyelinase, ± 6 for phospholipase Al]) were 
obtained from a total of 10 animais. Each value is 
the mean (± SD) offive expérimental animais. 

In conclusion, o u r s tudies show t h a t aminogly-
cosides induce a lysosomal phosphol ip idos is in 
kidney tubu la r cells, even a t low doses and a f t e r 
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s h o r t - t e r m a d m i n i s t r a t i o n . D i f f é r e n c e s a m o n g 
a m i n o g l y c o s i d e s c a n b e e v i d e n c e d i n a n i m a i s 
( g e n t a m i c i n > t o b r a m y c i n > a m i k a c i n ) , i n a c -
c o r d a n c e w i t h o u r p r e v i o u s o b s e r v a t i o n s o n c u l -
t u r e d ceUs (4) . T h e l e v e l of a c c u m u l a t i o n of t h e 
d r u g is, h o w e v e r , a n i m p o r t a n t p a r a m e t e r t o 
t a k e i n t o a c c o u n t . T h i s m a y b e aU t h e m o r e 
e s s e n t i a l if a n i m a l s t u d i e s a r e t o b e e x t e n d e d t o 
h u m a n s . 
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