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SHORT COMMUNICATIONS 

[3H]Gentamicin uptake in brush border and basolateral membrane vesicles from rat 
kidney cortex 

(Recewed 24 May 1985, accepted 29 November  1985) 

Ammoglycos lde  antibiotics are accumulated by the mam-  
malian kidney where they Induce nephrotoxiclty in man  [1] 
and exper imental  ammals  [2, 3] Evidence for renal uptake 
of amlnoglycosldes via tubular  reabsorpnon and pen-  
tubular  (vascular) extraction has been reported [4-7], how- 
ever. the relative cont r lbunon of brush border  (tubular) 
and basolateral (vascular) uptake in the renal accumulat ion 
process has not  been de termined 

Renal  accumulat ion of the amlnoglycosIde gentamIcIn 
has been studied by renal techniques including m vtvo 
clearance [8], cortical slices [9], autoradlography [10, 11], 
mlcroperfusion,  m~cropuncture and incubation of nephron  
segments  [5, 12], isolated brush border membranes  [13] 
and the isolated perfused kidney [4] While the movement  
of gentamlcln mto renal tissue via reabsorptlon from the 
glomerular  filtrate by the brush border surface is evidenced 
by these various techniques,  the ability of  the basolateral 
surface of the proximal tubule to extract gentamicm is also 
clearly demons t ra ted  

The use of isolated membrane  vesicles to study renal 
transport  mechanisms  offers the advantage of being able 
to measure  separately the processes occurring on the two 
tubular  cell surfaces Thus ,  quantitative,  kinetic com- 
parisons can be made  Al though  brush border uptake of 
[~H]gentamlcm has been measured  in rats [13] and rabbits 
[14]. prel iminary comparisons  between brush border and 
basolateral m e m b r a n e  affinity and capacity for this amino- 
glycoside have been reported only recently [15] Purified 
renal membrane  vesicles were utilized in the present  study 
to examine the uptake of [3H]gentamlcm in these ana- 
tomically and functionally distinct surfaces of the kidney in 
order to ascertain by direct measu remen t  any qualitative 
or quant l tanve  differences in their interaction with this 
amlnoglycoslde 

Materials and methods 

Male Sprague-Dawley  rats (200-250 g) were killed by 
cervical dislocation, and the kidneys were immediately 
removed and placed in ice-cold saline Cortical tissue was 
separated from the medulla,  weighed,  and homogenized 
in 10 ~ol (w/v) of 0 25 M sucrose using a Teflon-glass  
homogenizer  In selected exper iments ,  female rats were 
utilized (150-200g)  and kidney tissue was obtained and 
prepared as above 

Brush border  and basolateral membrane  vesicles were 
prepared by a modification of the method  of Klnsella and 
co-workers [16. 17] The modification consisted of col- 
lecting basolateral membranes  on a discontinuous sucrose 
gradmnt  composed  of 8 and 38 7% sucrose Brush border 
and basolateral membranes  were separated by preclpltatmn 
of basolateral membranes  in a buffer containing 1 m M  
CaCI> 1 mM MgCI2 and 1 m M  MnCI 2 m 100 m M  mannltol ,  
25 mM N-2-hydroxyethylplperazlne-N1-2-ethanesulfonlc 
acid (HEPES) ,  pH  7 0 with Tris Purity of  the two mem-  
branes relauve to the starting homogena te  was determined 
by measur ing the enhancemen t  of  marker  enzymes associ- 
ated with the membra nes  Membranes  were suspended in 
a buffer consisting of 300 m M  mannitol  and 10 m M  HEPES,  
pH 7 0 with Trls 

Uptake  assays were performed at 25 ° in the above buffer 
unless specified differently in the text The assays were 
performed by incubating membrane  vesicles with radio- 
labeled gentamicln for various time periods The reaction 
was initiated by the addition of membrane  protein (100 ~g) 
and was s topped by the addition of 40-fold excess (2 ml) of  
cold buffer Following the addition of cold buffer, the 
membranes  were immediate ly  collected on 0 45 micron 
Mllllpore filters under  vacuum,  and uptake was quant l ta ted 
by counting radioactivity by hquld scintillation 
spectroscopy 

Protein was determined by the method  of Lowry et al 
[18], using bovine serum albumin as the standard,  Na*, 
K - - A T P a s e  was measured  by a l inked-enzyme assay in 
which oxidation of N A D H  was moni tored continuously at 
340 nm in the presence and absence of 1 m M  ouabain [19] 
Alkaline phosphatase  was measured  at 420 nm by the p- 
nl trophenyl phosphate  method  [20], and succinxc dehydro- 
genase was moni tored  at 600 nm by a method  described by 
Earl and Korner  [21] 

Gentamicln  sulfate was obtained from the Schermg Corp 
(Kenilworth,  NJ) [3H]Gentamlcln was obtained from 
A m e r s h a m  Radlochemlcals  (Des Plalnes, IL) ( 86mCi /  
mmole)  

Data  are presented with s tandard errors Statistical sig- 
nificance was determined by Dunn ' s  multiple comparison 
method  [22] Kinetic plots were prepared by linear 
regression analyses 

Results" and discussion 

Brush border and basolateral renal membrane  vesicles 
were isolated and purified as indicated by enhancement  of 
marker  enzyme activities relaUve to the starting material 
Alkaline phosphatase ,  the brush border membrane  marker ,  
and Na ÷, K- -ATPase ,  the basolateral membrane  marker .  
showed greater  than 10-fold enr ichment  in the respective 
membrane  fractions Cross-contaminat ion of the mem-  
brane fractions was not  evident since neither membrane  
showed enhancement  relative to the starting material  of 
the enzyme marker  associated with the opposing 
membrane  Both membranes  showed a lack of enr ichment  
of the mltochondrial  enzyme marker ,  succlmc dehydro- 
genase,  indicating that the membrane  fractions were free 
of mltochondrlal  contaminat ion 

The time courses of  [-~H]gentamicln uptake in brush 
border and basolateral membrane  vesicles are shown in 
Fig. 1 As evidenced by these data, uptake in both mem-  
branes was quite rapid and saturable It was also noted 
that basolateral uptake of /~H]gentamlcin was significantly 
hlgber than brush border uptake To further examine this 
difference, the uptake of /~H]gentamlcin was measured  as 
a funcnon of concentrat ion Figure 2 displays the satu- 
rabllIty of  both concentrat ion curves and confirms the quan- 
titative differences in their uptake The data were further 
examined by Scatchard analysis as shown in Fig 3 A 
single populat ion of binding sites was observed in both 
membranes  However .  the basolateral membrane  exhibited 
a 2-fold greater  capacity (Nma0 for /3H]gentamicin  uptake 
than the brush border membrane  Brush border kinetic 
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Fig 1 Time course of [3H]gentamlcm uptake in rat brush 
border (Q) and basolateral (A)  membranes The uptake of 
0 4 mM [3H]gentamicin was measured by a rapid filtration 
assay following Incubation with membrane vesicles for the 
time period m&cated The data represent mean values of 

three experiments ± standard errors 

parameters ,ire in relatlVel} good agreement \~lth those 
p rev ious ly  repor ted  in the rat b\  %astrasmh el a[ (,k _ 
25 #M, Nm,.x = 2 1 nmole',,,'mg protem~ II~l BasolalcraI 
binding parameters were slmdar Io ',aluc,~ pre,,umsl'~ 
observed [15] and conlirm the quantltaW, c dlltclenec 
between brush border and basolatcral binding (q gcnta- 
mlcln Similar data ha~e been reported Ior [ 'Hlnctdmlcm 
binding to rat renal brush border and ba~olateral membrane 
vesicles [231 

To dlstmgmsh whether the uptake ot [ ' l[Igcntamlcm 
observed m these experiments represented binding to or 
transport across the membrane ~eSlClCS the effects ol mc&a 
osmolant', and temperature on [ ~H ]genta)mcm uptake u ere 
examined (Table 1) h 1.~ clear lrom these experiments thai 
the uptake observed m this stud) largely represents binding 
as evidenced by the relam e lack ol sensm~ )Ix to allel at ions 
m lntravesleular space and temperature A shght cHect ot 
osmolanty was observed m basolateral membranes u htch 
was statlsncally slgmficant Uptake was onl~ sllghtlx alice- 
ted by temperature in both mcmbrane~ ahhoueh the 
changes were stanstlcall_~ slgnlhcant 

Based upon biochemical p,irametcr~ ot renal tuncmm ~, 
has been obser,,ed that temale rat', arc les~ ,,en,,ltl,,~ to 
nephrotoxlclty, due to ainmoglycoslde antibiotics ~han 
male rats [24] Since renal cortical Levels ol gentaml~m were 
reported to be lower m lemalcs than m males [24] the 
comparative binding o[ gentamlcln to renal membranes was 
investigated Scatchard analyses (Fig 4) )cxcalcd ha,o- 
lateral binding parameters m females xer~ s~mflar to thow 
of males Female brush border membranes on the other 
hand, exhibited a lower alfinlty (Kj) ol binding than males 
It is possible that the decreased afhmt~ lor brush border 
uptake in females compared to malc~ ma~ explain the h)a k i 
renal accumulation observed Ill I '[l~() ~hlch In I t n n  n ld '~  

relate to less pathogemc mlurs 
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Fig 2 [~H]Gentamlcln uptake in rat brush border (O) and basolateral (&) membrane ,,eSlClCS a,, a 
funcnon of concentration Equilibrium uptake was measured after a 15-ram mcubatum of membrane 
vesicles with various concentranons of gentamlcm Data d~splayed represent specdic uptake Non 
specific uptake was determined by the addition of 10-fold excess cold gentanucm to the uptake 
assay (specific uptake = total uptake - non-specific uptake) The data are mean values ot thEce 

experiments _+ standard errors 
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Fig 3 Scatchard plots of  specific [3H]gentamlcin uptake in rat brush border ( 0 )  and basolateral (A)  
membranes  Equil ibrium uptake was measured  after a 15-mm incubation of membrane  vesicles with 

various concentrat ions of gentamlcln B /F  = bound/ f ree  
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Fig 4 Scatchard plots of  specific [~Hlgentamlcm uptake in female brush border (A)  and basolateral 
(A)  membranes  Equil ibrium uptake was measured  after a 15-mln incubation of membrane  vesicles 

with various concentrat ions of gentamlcln B/F  = bound/f ree  

These data provide ewdence at the cellular membrane  
level that renal accumulat ion of gentamlcln from the baso- 
lateral as well as the brush border surface of the kidney 
may be a significant process Fur thermore .  since con- 
centrat~ons of gentamlcln in the glomerular  filtrate and 
pen tubula r  vasculature can be considered approximately 
equal (assuming httle or no protein binding) [25], our data 
indicate that more basolateral than brush border binding 
of gentamlcm may occur m vn~o In fact, higher levels of 

gentamicln were found bound to basolateral compared to 
brush border membranes  following m l~lVo inJection of 
[3Hlgentamlcln [17] However ,  the quantitative relation- 
ship between the degree of binding observed in these studies 
and the extent  of  renal transport  or internalization via 
these membrane  surfaces is unknown Collier et a l  [4] 
quant l ta ted differences in the renal accumulat ion of genta- 
mlcln via luminal and vascular exposure utilizing the iso- 
lated perfused kldne) in filtering and nonfiltermg modes  
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Table 1 Effects of osmolanty and temperature on gentam~cln uptake m rat renal 
brush border and basolateral membrane vesicles 

Gentamacln uptake* (nmoles/mg protem) 

Membrane fracuon 
Brush border Basolateral 

Osmolarlty¢ 
50 228-+015 621-+009 

100 2 58-+ 0 09 5 96 +- 0 07 
200 256-+012  561+-039 
400 2 2 9 + 0 0 2  553 +0  13 
800 237-+009 554-+008 

A Uptake+ - 0  09 +0 67§ 

Temperature 
4 ° 2 13+0044  5 12-+0 167 

25 ° 2 44 _+ 0.152 5 22 + 0 338 
37 ° 2 91 -+ 0 321 6 09 -+ 0 262 

A Uptakell +0 78§ +0 97§ 

* Fifteen-second uptakes as described m text 
t Osmolanty = mM sucrose 
~: A Uptake = uptake at 50 mM sucrose - uptake at 800 mM sucrose 
§P < 0 05, Dunn's test for multiple comparisons 
I1 A Uptake = uptake at 37 ° - uptake at 4 ° 

They found that renal accumulatmn of the drug m the 
filtering kidney was four times that of a non-filtering kidney 
Based upon these hmlted data, brush border transport may 
contribute more on a quantitative bas~s to renal accumu- 
latmn than basolateral uptake Quahtatlvely, however, 
basolateral membrane binding may be more important m 
the pathogenic process since functional changes m baso- 
lateral membranes have been reported following genta- 
mxcln exposure [17] 

In summary, this study prowdes a comparatwe analysis 
of renal brush border and basolateral membrane uptake of 
[3H]gentamlcln which demonstrates a slgmficantly greater 
capacity of the basolateral membrane to brad gentam~cm 
These data support the hypothesis that the basolateral as 
well as the brush border surface of the proximal tubular 
cell may contribute sxgnificantly to the renal accumulatmn 
of amlnoglycosldes 
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