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2-bromoethanamine hydrobromide (BEA) has been widely
considered to be a target selective nephrotoxin that causes
necrosis of the medulla in 24± 48 h, but recent reports
suggest that early cortical injury is also associated with this
lesion. In order to assess the cortical effects of BEA (100 mg
kg ± 1 bw single ip injection), several urinary markers of renal
injury were evaluated over a 7-day period in male Wistar
Albino rats. Hexachlorobutadiene (HCBDÐ 150 mg kg ± 1 bw in
peanut oil ip), a renal toxin which targets selectively for the
proximal tubule, was used as a comparison. After BEA
treatment, urinary levels of alanine aminopeptidase, gamma-
glutamyl-transpeptidase, alkaline phosphatase and glucose
increased transiently. Each of the proximal tubule marker
enzymes peaked earlier following HCBD treatment and
elevation of alanine aminopeptidase and gamma-glutamyl-
transpeptidase was sustained for longer periods than for BEA.
Following BEA treatment, lactate dehydrogenase rose
prominently on day 1 followed by a return to control values on
day 2 and a further rise on day 3 and remained high until the
end of the study. BEA also increased the urinary excretion of
total protein and albumin. After HCBD treatment, lactate
dehydrogenase showed a transient elevation and glucose
levels were slightly increased. Based on the present
observations the changes induced by BEA administration on
urinary markers of renal injury are different from those
observed following HCBD treatment. These findings suggest
that BEA toxicity also involves other parts of the kidney
besides the papilla.
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Introduction
Renal papil lary  nec rosi s has been wid ely associated  wi th

analgesic  abuse in  hu mans (G regg et  al. 1989). In  an imals  re n a l

p ap il la ry  nec ro sis has not  been eas i ly  re p ro duced  fol lo win g

analgesic  administ rat ion (Bach  and Br idges 1985) and

th e refore  select ive neph ro to xin s,  su ch as ethy lene im ine

(Davies and Tange 1982) and BE A, have been used to

exper im ental ly  induce the lesion.  BEA  is a  bro m in at e d

alkyl am in e,  wh ich i s read ily  solu ble  in  water  w here  i t

u n d e rgoes r ing closure  to  form  eth yleneimin e (Derm e r  a n d

Ham 196 9). BE A has b ecom e a m odel  nephro tox in in  the r at

because  of  i ts high  se lect iv i ty  for  the ren al  m edulla .  A sin gle

inject ion  can i nduce a re p rod ucibly dose-re lat ed papi l lary

n e c rosis w ithin 24±4 8 h (Murr ay  et al . 1972). Papil la ry

n e c rosis h as  been observed in  kidney sec t ions of  rats that 

ha d b een  a dm in iste red  BE A, however  proxim al tubu le inju ry

was l im ited  to  h ydro pic changes,  w ith no in dicat ion  of  

cel lular  necrosis (Bach  et  al.  1983). Cort ical  degenerat io n has

be en re p o rted at  m uch later  s tag es  as an  event  secondary  

to  the healing an d f ibrosis of  the papil la  (Cuppage and Ta te

1974, Axelsen 1978). The ta rge t sel ect iv i ty  of  BE A has been

qu est ion ed as enz ym e h istoc hem ical  s tud ies sho we d b ru s h

b order loss within 8±12 h o f  dosing,  a l tho ugh no overt

p ro xim al t ubu lar  n ecrosis  w as  ob served  (Gregg et  al. 1990) .

L um in al  casts,  which stained posi t ively  for  prox im al  tu bu le

marker  enzymes, developed af ter  6  h  of  BE A treatm en t.  In

addit io n,  in  Nud e m ice BE A has also  indu ced necrosis of  the

p roxim al  tubule  (Gregg  and Bach  1990) and  in ICR mice  

acute  tu bula r  n ecrosis h as b een  re p o rted  as  th e m ain lesion

(Wolf  and Car l ton 1990).  These  f ind ings have suggested  that

BE A is less ta rget se lect ive than w as prev io usly  a ssu m ed  

and  i t  has be en n ecessary  to  use  cl inica l  biochem ical  

cr iter ia to  help es tablish  if  the prox imal tubular  ch anges are  

a  pr im ary  or  a  secondary  consequ ence.  T he aim  of th e 

p resent  st udy  was t o  d eterm ine th e effect s of  a sing le  dose 

of  BE A on the excre t ion of  urinary m arkers of ren al  i nju ry  

in  differen t  regions of  the nephro n.  Hex achloro b u ta d ie n e

(HCBD),  a nephro to xin  w hic h t arge ts select ive ly  for  the

p rox im al tubule (Ishm ael et al. 1982),  was used as a

compar ison. The dose  of  HCBD (150 mg kg±1 b w) w as selected  

to  i nd uc e m ild  p roximal tubu le in jury  w ithout  gross 

n e c rosis (L ock  and Ishm ael  1979).

MATERIALS AND METHODS

Chemicals
2-Bromoethanamine hydrobromide was supplied by Aldrich Chemicals (Poole,

Dorset) and hexachlorobutadiene (spectroscopic grade) by British Drug House Ltd

(Poole, Dorset). Alkaline phosphatase, alanine aminopeptidase, gamma-glutamyl-

transpeptidase, lactate dehydrogenase, protein, albumin, glucose, chloride and

calcium were analysed using a Roche Cobas Bio-centrifugal autoanalyser. Reagent

kits were supplied by Roche Diagnostics (Welwyn Garden, Hertfordshire). All the

other chemicals were of the highest commercially available purity.

Treatment
Groups of five male Wistar Albino rats (University of Surrey strain), 5± 6 weeks old

and weighing 170± 190 g, were given a single ip dose of a freshly prepared
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aqueous solution of BEA (100 mg kg ± 1 bw) or HCBD (150 mg kg ± 1 bw in peanut

oil). A control group of age matched animals was also included.

Urine collection
Prior to treatment, the animals were acclimatized for 3 days. Rats were housed

individually, in metal metabolic cages for 18 h per day without food. After this

period they were transferred to plastic cages (Nort Kent Plastic Cages Ltd, GSI),

where food (Laboratory Animal Diet No. 1 pellets, Labsure Laboratory Animal

Diets, Poole, Dorset) was freely available for a 6-h period (10:00± 16:00 h) each

day. Tap water was supplied ad libitum throughout the experiment. Urine was

collected at 0± 5°C and the samples were centrifuged at 3000 rpm for 10 min, to

separate debris and particulate matter, and analysed on the same day.

Biochemical assays
Total protein was measured by the biuret reaction (Kinsley 1939) and albumin by a

modification of the bromocresol green binding assay (Doumas et al. 1971).

Glucose was assayed by the hexokinase method (Bondar and Mead 1974) and

calcium by the method of Gindler and King (1972). These parameters were

expressed as mg/18 h. Chloride was measured according to the method of Zall et

al. (1956) and results expressed as mmol/18 h. Lactate dehydrogenase (LDH),

alanine aminopeptidase (AAP), gamma-glutamyl-transpeptidase (GGT) and alkaline

phosphatase (AP) were assessed kinetically by standard methods (German

Society for Clinical Chemistry, GSCC 1970, 1972, Mondorf et al. 1978) and

expressed as U/18 h (1 U corresponds to a substrate conversion of 1 m mol

min± 1).

Statistical analysis
Results are expressed as means ± SEM and were analysed by two-tail Student’s t-

test. P < 0.05 was considered significant.

Results
Urinary volume
U rina ry  v olum e rose  signif icantly (P < 0.001) on the f irst day

after BEA tre atm e nt  a nd  re m ain ed  h ig h th rou g ho ut  t he

experim en t (Figu re  1) . By con trast,  HCBD only caused  a

tr ansien t  i ncrease i n  u rin ary  v olum e on  days 3 an d 4.

Total urinary protein and albumin
The dose  of  HCBD used  in  th is study did  not  produce changes in

to tal  pro tein or  albumin ,  as shown in Figure  2. On the  con trary,

anim als treated  with  BEA showed a m arked  increase  (P < 0.00 1)

of  tot al ur inary  p ro tein (4- fo ld)  and  albumin (10-fold ) on day 1.

P rotein  excre t ion increased  further  on  day  3 (10 -fold, P < 0.001)

and after  day 5 both  parameters re tu rned to  control  leve ls.

Urinary enzymes
Bo th co m po und s al tered  t he u rinary  excre tion of  brush  b o rd e r

enzymes. BEA treatm ent caused a  signif icant  r ise  of  the

u r in ary  enzym e AP from  day 1 (P < 0.001) to  day 3 (P < 0.01) , as

sho wn  in F igu re 3(A). On the other  hand ,  HCBD signif icant ly

in c reased (P < 0.05)  AP act iv ity  on  days 1 and 2 (Figure 3(A )).

Following BEA treatm ent,  G GT levels were s ignif ican tly

in c reased (P < 0.001) only on  day  2 (3- fold) , re tu rn ing  to

co n t rol  values on day  3.  After  HCBD treatment,  GGT act iv i ty

rose  signif icantly (P < 0.001)  on day  1, to  2.5- fold  of  the cont ro l

va lue s an d rem ain ed elev ated  t hrou gh ou t the ex per im en t

(Figure 3(B)). After BEA treatm ent,  A AP, like GGT,  w as

signif ican tly  increased (P < 0.05) on day 2 only  (3-fold).  On the

L. Delacruz et al.170

Figure 1.  Changes in urinary volume in rats, before (day 0) and after a single ip

dose of 100 mg BEA/kg bw (dashed line), 150 mg HCBD/kg bw (dotted line) and

control group (continuous line). Each point is the mean ± SEM for n = 5 and those

marked with asterisks differ significantly from the corresponding control value: 

* P < 0.05, ** P < 0.01, *** P < 0.001.

Figure 2. Excretion of total urinary protein (A) and albumin (B) in rats, before (day 0) and after a single ip dose of 100 mg BEA/kg bw (dashed line), 150 mg HCBD/kg bw

(dotted line) and control group (continuous line). Each point is the mean±SEM for n = 5 and those marked with asterisks differ significantly from the corresponding control

value: * P < 0.05, ** P < 0.01, *** P < 0.001.
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other h and,  H CBD induced a  signif icant  increase of  AAP on

days 1 (2.5- fo ld , P < 0.05 ) and 3 (2-fold, P < 0.01) as is  sho wn in

F igure  3(C),  and the enzyme levels rem ained hig h ( al th oug h

not stat isti cal ly  s ignif icant)  throu gho ut the  exp erim ent.

BEA caused a  signif icant  (P < 0.001) increase  in  LDH

e xcre tion on day 1 (6- fold) . Values re tu rn ed to  con tro l  levels

o n d ay 2  and  started to  r ise again  on day 3. T here  was a  r ise  of

at least 10-fo ld  (P < 0.01) on day  5 (Figure 3(D))  and values

rem ained  h igh unt i l  th e en d o f  the s tu dy. Fol lowing  HCBD

t reatment,  LDH excre t ion  sh ow ed  a n inc rease  of  a t lea st 5- fold

o n d ay 1 ,  com pare d w ith  c on tro l  levels .  However this  was not

sta tist ica l ly  signif ican t .

Glucose and electrolytes
U r in ary  glucose  showed a 13-fold increase (P < 0.001) on day  1

in the BE A-treated gro u p  an d  remained elevated on  days 2 (3-

fold,  P < 0.001)  and  3 (2-fold  P < 0.05) and re tu rned  to  co ntro l

levels by day 4 (Figure 4(C)). Follo wing  HCBD tre atm en t,

u r in a ry  glucose  excre t ion  sh ow ed  a n in crease of  2- fo ld, fro m

day 1 to  3 .  However  this was not s ta t is tical ly  signi f ican t .

BEA-tre ated anim als  show ed  a 2-fold s ignif icant  increase 

(P < 0.01)  in  ur inary  ca lcium  on day 4 (Figure 4(A)) . Following

HCBD treatm ent,  calcium  levels  w ere  i ncreased o n d ay  3.

U r in ary  chlor ide w as  tr ansi en tly  d ecreased following BE A 

on  days 2 and  3 (P < 0 .0 5) an d then increa sed sig nif icantly  

(P < 0.05) on day 4, as show n in  F igure 4(B).  On the other  hand,

HCBD cau sed  a 2 .2- fold ri se (P < 0.0 5) in  urinary  ch lor ide on

day  3 on ly.

Discussion
T h e results  of  this  s tudy sh ow that  ur inary  markers of  re n a l

co rt ical  injury  are aff ect ed  by BE A. T he  bru sh b o rde r  e n zy m es

GGT, AP and AAP  were  tr an sientl y  increased,  dem o nstr at ing

p ro xim al tu bular  invo lvem ent in  the lesio n,  wh ich is

con sisten t  w ith the bru sh  b o rder exfoliat ion seen as  ea rly  as 

8  h  af ter  BEA administ rat ion at  100 m g kg±1 bw (Gregg et  al .

1990) . Moreo ver,  in  the sam e invest igat ion tubular  casts  that

stained  for  the brush  b o rder enzymes GG T and  AP  were  fo un d

in the loops of  Henle.  T hese  f indings also  highlig ht how  a

b ru sh  b ord er en zy m uria  can  take place in  the p resence of

h y d ro pic ch an ges wi thout  cel l  necro sis.  In  other  species, such

as  the Nude m ouse,  BE A at  100 m g kg±1 b w  in d u c ed  a

p ro n o u nc ed  co rt ical  necrosis of  the P
2

a n d  P
3

segm en ts  of  the

p roxim al  tubule pr ior  to  the onse t of  renal  p api l lary  n ecro sis .

L um inal casts w hich stained p osi t ive fo r  AP  were  also

ob served (Gregg and Bach  1990). In  addit ion ,  in  the S wiss ICR

mouse, dose s of  BE A above 200  mg kg±1 b w m ainly p ro d u c e d

ac ute pro xim al tu bular  n ecros is (Wolf  and Car lton 1990) with a

less consist ent  an d severe  pap il la ry  lesio n.

T he pattern  of  excret ion of  AP af ter  HCBD administ rat ion, is

con sistent  wi th th e ob serv at ion s by Stonard  et  al. (1987)  on the

Proximal tubule changes following 2-bromoethanamine hydrobromide 171

Figure 3. Excretion of urinary enzymes, alkaline phosphatase (AP) (A), gamma-glutamyl-transpeptidase (GGT) (B), alanine aminopeptidase (AAP) (C) and lactate dehydrogenase

(LDH) (D) in rats, before (day 0) and after a single ip dose of 100 mg BEA/kg bw (dashed line), 150 mg HCB/kg bw (dotted line) and control group (continuous line). Each point

is the mean±SEM for n = 5 and those marked with asterisks differ significantly from the corresponding control value: * P < 0.05, ** P < 0.01, *** P < 0.001.
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elevation of  this enzym e within 24 h of  dosing w ith HCBD.

T he early  increase  in  GGT  ac tivi ty, and the fact  th at  this  was

su sta in ed  th ro ug ho ut  t he s tu dy,  confi rm  i ts value as a  sen si t ive

m arker of  prox im al tub ule in jury.

T he m ar ked gluco sur ia  observed  in the  BE A-tre ated  anim al s

with in  24 h of  do sing co uld have been ind uced  by the loss of

b rush  b o rder at  the p rox im al con vo lutio n w hich  is  th e p rim ary

si te of  glucose reabsorption. T he 13-fold elevat ion in  urinary

glucose  observed in  our  study on day 1 after  t rea tm en t w i th

BEA at 100  mg kg±1 bw is con siderably  higher  than the levels

re p o rted by Ston ard  et  al.  (1987) who observ e d a  tran sient

glucosuria af ter  200 mg kg±1 b w, w ith a  m aximu m elevation of

3.5-fold  on day  2, and by Gart la n d  et al . (1988) who  re p o rt e d

an  in crease of  only 2-fold,  24  h af ter  adm inist rat ion of a  dose  as

high as 250 m g kg±1 b w. I t is possible  that  the Wistar  Albino rat

s train  em ploy ed in  o ur stu dies,  w as m ore  sen si t ive than

Fischer  344 (Gart l a n d  et  al.  1988) or  Alder ley  Park  (Stonard  e t

al . 1987) rats.

Following BEA treatm en t,  t here  w as a  transient  incre ase in

total  p ro tein a nd alb um in  ex cret ion .  Elec tro p h o res is  of  urinary

p ro te ins (data n ot  show n) confirm e d  th e p resence o f  a lbum in

at  days 1 and 2. T his is  consistent  w ith data  pre sen t ed  in

Fig ure 2. T he high levels  of  a lbum in  f i ltere d cou ld  h ave  b een

du e to  a  di rect  eff ect  of  BEA on  the charge sel ec tivity of  the

glom erular  capil lary  wall . Perfusion of  rats  with ca t ionic

c o m p o u n d s  p roduces  fusion of  the foot  processes (Mad dox

an d Brenner  1996 ) and scanning  elect ro n  m ic ro sco p y h as

revea led  loss of  the foot  pro cesses in  t he ju xtam edull ary

glom erul i af ter  BEA treatment (Sabatini  et al . 1982).  T his  could

be the resu lt  of  a redu ct io n in  the num ber  of  glom eru l a r

negative charges (Maddox and Brenner 1996).  T he charges of

the glo merular  po lyanion m ay be re flected by the negative

c h a rges of  the m em brane of  the red blood ce lls (Bern a rd  et  al.

1989),  as determ ined b y the bind in g of  the cat io nic dye Alcian

blu e.  F urth er  st udi es wi th this  m etho d could help  estab lish

w heth er  th e album inu ria  ob served  af ter  BEA is caused  by

changes in  glom eru lar  p erm -select iv i ty  as a resu lt of  a

red uctio n o f  th e po lyanion charges.

F u rt h e rm o re, BEA is readily  so lu ble  in  water,  w h ere  i t

u n d e rgoes rapid cycl izat ion to  ethyleneim ine (Derm e r  an d

Ham 1969) , and i t  has  been suggested that  ren al  pap il l ary

n e c rosis  could  be m ediated  by ethyleneim ine (Mu rray et al.

1972,  Bach et al . 1980).  How ever this has  not  been  prov en  so

far, since  very  l i t t le  w ork  has been publi shed  on the

metabo lism  of BE A. I t has nevertheless been suggested  that

because of  the com po und’ s  ch emical  reactiv i ty,  a  larg e range of

p ro ducts  can be form e d, inc lud in g eth yle neim ine  an d po ly m er

spec ies (Bach  and  Bridges 1985). Furth er  s tud ies w il l  h elp

elucidate  w hich of  th ese  are  th e responsib le  spec ies for  BE A

n e p h ro toxici ty.

Following  HCBD tre atm en t th ere  was no  eff ec t  on pro t ein

ex cret ion .  By contrast,  Lock  and Ishmael (1979) observ ed  a 6 .5-

fold increase  in  ur inary  p ro tein w ithin 24  h o f  do sing with

HCBD at 100 mg kg±1 b w. S to nard  et  al. (1987)  re p o rted  sm all er

i n c rea ses (2-fold) in pro tein excre t io n o n d ays 1 an d 4

fol lowing  a dose of  HCBD as high  as 200  mg kg±1. T he fac t  that

our  dose  of  150  mg kg±1 d id n ot  sh ow  an y eff ec t  on pro t ein

ex cre t ion cou ld be du e to  differences in  sensi t ivi ty  b y the two

d ifferent st rain s of  r ats  used.

O u r results show that fol lowing BE A tre atm en t,  en zym u r ia

(excep t L DH) and glucosuria are  transient  and values re tu rn  t o

co n t ro l levels,  indicating a  prox imal tubular  recov ery fro m

BEA effects.  This suggests  a primary effe ct of  BEA on  the

p ro xim al tu bules w hich is different fro m  the  sec on dary

co rt ical effects  such as tubular  a trop hy  (Mu rray et al. 197 2)

tha t  occur late af te r  rena l  p ap il la ry  necro sis  is w ell  es tablished.

I t  is a lso poss ib le that the high levels of  albumin f il tere d  c o u ld

contr ibute  to  the pro xim al tu bule injury.

L. Delacruz et al.172

Figure 4. Excretion of urinary calcium (A), chloride (B) and glucose (C) in rats

before (day 0) and after a single ip dose of 100 mg BEA/kg bw (dashed line), 

150 mg HCBD/kg bw (dotted line) and control group (continuous line). Each point

is the mean±SEM for n = 5 and those marked with asterisks differ significantly

from the corresponding control value: * P < 0.05, ** P < 0.01, *** P < 0.001.
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LD H is a  cy toso lic  enzyme pre sent  i n  pro xim al  an d d istal

tu bules in  th e kidn ey (Piperno 1981).  However,  e levat ion of

th is enzym e in u rine has been  ascribed  m ore  speci f ica lly  to

distal  tubular  damage (Price 1982, Viau  et  al. 1984).  T he

p at te rn of LDH excre t ion is  essential ly  similar  to  the results  of

B o m h ard  et  al. (1994) where  BE A doses of 125 mg kg±1 b w

in duced  a  sustained  elevatio n o f  t he enzy m e thro ug ho ut the ir

s tu d y. Our  f indings suggest  tha t L DH re lease on day 1  fol lowed

by a re tu rn  to  contro l  values on day  2 and i ts furth er  r ise

afterw a rds could or iginate  in  diffe re n t  p arts  of  the n ep hro n .

T h e observation o f  a  sustained increase  of  urinary  L DH in the  

BEA-tre ated  group,  af ter  bru sh  b ord er enzym es have re tu rn e d

to  contro l  values,  suggests  a cascade of  degener at ive changes

affec ting other  regions of  th e nephron.  Th e rel ease  of  the 

distal  tubu lar  ant igen  (RUA1) ,  after  a single ip dose  of  BE A 

at ei ther  50  or 125  mg kg±1 bw  (Bo mh ard  et al . 1994)  suggest s 

that the papillotoxic  BEA  also  has an effect on the distal  

p a rt  of  the n ep hron .  F u rther  studies  of  LDH  isoenzyme 

p rofiles are  n eeded to  h elp el ucidate  i ts prox im al or  distal

tubular  origin.

Ou r data  sh ow  cha nges in  calcium  an d ch lor ide ur inary

e xcre t ion af ter  BEA. Acute papi l la ry  ne crosis  in du ced ei the r

by BE A (Sabat ini  et al . 1981, Jaeg er et  al. 1982)  or  N -

p heny lanth ran il ic  ac id (Hard y an d B ach  19 84)  has b een show n

to b e associated w ith loss  of  calcium  and a  decrease in  u rin ary

ch lorid e.  Ho wever,  in  th is study HCBD as well as BE A induced

ion alterations,  suggest ing that  these  are  fu nction al  chang es

th at  cannot be re la ted to  a speci f ic  type of  renal  in jury.  T he

su sta in ed  in crease i n  u rin ary  v olum e ob served  fo l lowing BE A

ad m inistr at ion  is  c onsistent  w ith previo us observat ion s o n

p olyur ia  and  the concentr at ion defect  associated with

p ap i l l ary  n ecrosis  (F uw a and  Waugh 196 8, S himam ura 1975).

H CBD  only caused  a transient  increase in  ur in ary  vo lum e o n

d ays 3 a nd 4 wh ich  o ccurred earl ier  than that  ob serve d by

S ton ard  et  al. (1987 ) from day 4 to  day 8 fol lowing  HCBD at

200 mg kg±1 b w. T he lower dose  of  HCBD and the st ra in  of  rats

u sed in  our  exper im en ts co uld accou nt fo r  th e differen t  p at tern

of  urinary  vo lum e.

In  conclu sion ,  BE A adm inistrat ion  ind uced chan ges on

u r in a ry  m arkers of  ren al  inju ry  w hich  are  different fro m  tho se

o bserved  following  HCBD treatment.  T hese  f indings co nfirm

that  while  HCBD  exerts a se lect ive effect  on the pro xim al

tubule, the toxic i ty  of  BEA  app ears to  extend beyond the

p ap il la  to  o ther  p arts of  th e neph ro n .
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