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Abst rac t  

 

Indoxy l  su l fate  ( IS)  is  an  o rgan ic  an ion  u rem ic  to x in  wh ich  accumula tes  in  

chron ic  k idney  d isease (C KD)  pa t ien ts .  The  a ims  o f  th is  s tudy  we re  to  

exam ine  the  k ine t ic  p ro f i les  o f  IS  in  humans a t  a  s teady  s ta te  a f te r  

mu l t ip le doses  o f  L - t ryp tophan (Trp ) ,  a  p recu rsor  o f  IS ,  and  the  in  v iv o  

inte ract ion o f  IS w i th  the ang io tens in -conv er t ing  en zyme inh ib i to r  (ACEI )  

qu inap r i l ,  whose  ac t iv e  metabo li te  is  a  subs tra te  o f  o rg an ic  an ion  

t ranspor te r  3  (OAT3) , in  ra ts .  F i rs t,  12-h  k ine t ics  a f te r  th e s ing le  doses  o f  

Trp  (2 ,  4  and  8  g )  were e xam ined  in  two  hea lthy  v o lun tee rs .  S econd,  24 -h  

k ine t ics  a f te r  the s ing le  dose o f  2  g  Trp  was  s tud ied in  6  v o lun te ers . Th i rd ,  

35-h  k ine t ics  a f te r  the  s ing le  an d  m u l t ip le  doses  o f  2  g  Trp  were  exam ined  

in  5  v o lun tee rs .  In  anes the t ized  ra ts ,  qu inapr i l  o r  p robenec id ,  an  inh ib i to r  

of  OATs,  fo l lo win g IS  was  int ra v enous ly  g iv en  and  b lood  and  ur ine  we re  

taken  un t i l  90 m in . Trp  and  IS  concentra t ions  we re  de te rm ined by  h igh  

per fo rmance l iqu id  chromatog raphy  (HPLC ) . U l t ra f i l t ra t ion  was  used  to  

measure serum  unbound IS  concent ra t ions .  Rena l  tubu la r  secre t ion  o f  IS  

accounted  fo r  m ore  than  90% o f  i ts  rena l  c learance  in  the  s teady  s ta te  o f  

serum  IS  lev e ls  a f te r  m u lt ip le  doses in  hum ans .  In  an im a ls ,  the  serum  area  

under  the  cu rv e  (AUC)  o f IS  in creased in con junc t ion  wi th  a decrease  in  

rena l  c lea rances  a f te r  co -adm in is t ra t ion  o f  IS  w ith  qu inap r i l  o r  p robenec id .  

I t  is  conc luded  tha t  qu ina pr i l  m ay inh ib i t  the  u r ine  e xc re t io n  o f  IS  v ia  

OAT3-med ia ted  rena l  tubu la r t ranspor t  in  CKD  pa t ien ts .  
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In t roduc t ion  

 

Many  metabo l ic  p roduc ts  accu mula te  in  pa t ien ts  wi th  C KD an d those  

tha t  a re  harmfu l  to  o rgans  a re  ca l led  u rem ic  tox ins .  U rem ic  to x ins  a re  

c lass i f ied  in to  3  g roups ;  f ree  wate r-so lub le  lo w-mo lecu la r -we igh t  so lu tes ,  

m idd le  mo lecu les ,  and  p ro te in -bound so lu tes  (Vanho lde r  e t  a l . ,  2003 ).  IS ,  

one  o f  the  ma jo r u rem ic  tox ins , is  cha rac te r ized  as a  p ro te in -bo und so lu te  

and  is  a  subs tra te  o f  OAT 1,  3  and  4  (Enomoto  e t  a l . ,  2003) .  IS has  been  

found  to  inh ib i t  the  a lbum in  b in d ing  o f  an ion ic  d rugs  in  v i t ro  (Bowmer and  

L indup ,  1982 ;  Mabuch i  and  Nakahash i,  19 88)  and  i ts  in t race l lu la r  up take  

was  m os t ly  inh ib ited b y o rgan ic  an ion  d rugs  in  the  ra t  k idne y (Deguchi  e t  

a l. ,  2004) .  The re fo re ,  concom itan t  use  of  d rugs  wh ich  have  h igh  p ro te in  

b ind ing  a nd  a re  subs t ra tes  or  inh ib i to rs  o f  OATs  m ay  cause the  

accumula t ion  o f  IS  in  C KD pa t ien ts.  I t  has  been demonstra te d tha t  the  

p lasma pro te in  b ind ing  o f  o rga n ic  an ion  d rugs  was  dec reased ,  inc reas ing  

the  f rac t ion  unbound  (Fu )  o f  o rgan ic  an ion  d rugs ,  in  ch ron ic  rena l fa i lu re  

whe re  GFR is  less than  15  mL /m in /1 .73m 2  (Dre isbach  a nd Ler to ra ,  2003 ) .  

The  a im  o f  th is  s tud y  was  to  inv es t iga te  the  pharmacokin e t ic  

inte ract ions  b etween  IS  and  d rugs  wi th  respec t  to  p ro te in  b ind ing  and  

ur ine  exc re t ion  in  v ivo .  F i rs t ,  the k ine t ic  p ro f i les  o f  IS  we re  exam ined  in  

hea lthy  peop le  to c la r i fy  the  co n tr ibu t ion  o f  rena l  ac t iv e  t ransport  to  u r ine  

exc re t ion .  As  serum  lev els  o f  IS  in  pe op le  w i th  norma l  rena l  f unc t ion  a re  

low,  L -Trp ,  a  p recursor  o f  IS ,  was  adm in is te red  to  hea l thy v o lun tee rs  in  

orde r  to  inc rease  the  se rum  IS  lev els  (N iwa  and  Ise ,  1994 ).  IS  i s  p roduced  

pr ima r i ly  th rough deg radat ion  o f  Trp  to  indo le  b y  en te robac te r ia  and  indo le  

is  subsequent ly  ox id ized  an d then  con juga ted  w ith  su l fa te  in  the  l iv e r  

(Sm ith  and  Macfa r lane , 1996 ).  In th is  s tudy,  we  examine d the  k ine t ics  o f  

IS  unde r a  s tead y  s ta te  a f te r  mu l t ip le  doses  o f  L -Trp .  Second,  

pharmacok ine t ic  in te rac t ions  were  inves t iga ted  in  ra ts  b y in t ravenous  

adm in is t ra t ion  o f  o rgan ic  an io n  d rugs  and  IS .  In  these  exper iments ,  the  

serum  IS  leve ls  were  se t  to  be  s im i la r  to  those  in  the  abov e  hu man s tudy.  

Qu inap r i l ,  a n  ACE I,  whose ac t i ve  metabol i te qu inap r i la t  is  a  s ubs t ra te o f  

OAT3 and  p ro te in  b ind ing  ra te  in  p lasma is  h ig h  a long w i th qu inap r i la t  

(abou t  97 % in  human ),  was  used  as  a  p robe  d rug  (Yu an e t  a l . ,  2009 ).  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on March 2, 2012 as DOI: 10.1124/jpet.111.187732

 at A
SPE

T
 Journals on A

pril 18, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #187732 

5 

 

Probenec id ,  an  in h ib i to r  o f  in t race l lu la r  IS  up take  v ia  OAT1 ,  OAT3  and  

OAT4,  was  chosen as  a  pos i t ive  con tro l (Enomoto  e t  a l . ,  2003) .  

 

ME THODS 

 

Hum an s tudy  

Subjec ts  

The  sub jec ts  we re  6  hea l thy  ma le v o lun tee rs .  Two ,  6  and  5  v o lun tee rs  

par t ic ipa ted  in  the  f i rs t ,  second and  th ird  p ro toco l ,  respec t iv e ly.  Each  

vo lunteer  is  iden t i f ied  b y a  u n ique  num ber in  the  te x t .  The  age ,  bod y 

we ig h t ,  and  body  mass  index  (BMI )  o f  the  sub jec ts a re  p resen ted in  Tab le  

1.  On ly  subjects  whose se rum c rea t in ine  was  w ith in  no rma l ra nges  we re  

inc luded in  the  s tud y.  Sub jec ts  were  exc luded fo r  any  o f  the  fo l lo wing  

reasons :  su ffe r ing  f rom  an ac t ive  d isease requ i r ing t rea tment ,  c l in ica l ly  

abnorma l  labora to ry  tes ts , a  h is to ry o f a l le rgy,  a ps ych ia t r ic  d isease ,  d rug  

abuse  o r  d iges t iv e t rac t  surge ry,  pos it iv e resu l ts  fo r  hum an  

immunodef ic iency  v i rus  an t igen  o r  an t ibod y,  hepa t i t is  B  su r fac e an t igen ,  

hepat i t is  C  an t ibody  o r  se ro log ica l  tes t  fo r  syph i l is ,  a  b lood  d onat ion  of  

200  mL wi th in  4  weeks  o r  400  mL wi th in  12  weeks  be fo re  the  s tudy,  and  

par t ic ipa t ion  in  o th er  c l in ica l  s tud ies  wi th in  3  months  be fo re  the  p resent  

s tudy.  

   A l l  subjec ts  gav e  wr i t ten  in formed consent  be fo re  the  s tu dy began.  The  

stud ies  we re  ap proved b y  the  Ins t i tu t iona l  Rev iew Board  o f  K i tasa to  

Univ ers i ty  Eas t  Hosp i ta l  and  we re  conduc ted  a t  the  C l in ica l  Tr ia l  Cente r  o f  

K i tasa to  U n iv ers i ty  Eas t  Hosp i ta l.  

 

Trea tment  and  Fo rm u la t ion  

Trp  was  p rov ided  b y  Kyo wa Hak ko Kogyo Co . ,  L td .  (Tokyo )  as  a  po wder 

of  L -Trp ,  wh ich  is  used  as  a  fo od  add i t ive  and  is  l is ted  in  the  Japanese  

Pharmacopoe ia ,  F i f teen th  Ed i t ion .  En te r ic  coa ted  capsu les  f i l l ed  w ith  Trp  

(333 .3  mg L -Trp /capsu le )  we re  ob ta ined f rom Sunsho Pharmaceut ica l  Co . ,  

Ltd .  (Sh izuoka ,  Japan) .  

Sod ium th iosu l fa te (Th io )  and  sod ium pa ra -am inoh ipp urate  (PA H) we re  

purchased  f rom Banyu  Pha rm aceut ica l Co. ,  L td .  (Tok yo)  a nd  Da i ich i  
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Sankyo  Company, L td .  (Tokyo),  respect iv e ly.  

 

Stud y  Des ign  

The  s tudy  cons is ted  o f  3  sepa ra te p ro toco ls  (Tab le  2 ) .  F irs t ,  a  s ing le  

ora l  dose  o f  L -Trp  was  adm in is te red  to  two  fas t ing  vo lun teers  a t  8  AM on  

Day 1  a t  esca la t ing  doses  o f  2 ,  4  and  8  g  w i th  a  2 -week  was hout  per iod  

be tween each  dose .  The  second p ro toco l ,  a  s ing le  o ra l  dose  o f L -Trp  was  

adm in is te red  to  6  v olun teers  a t  8  AM 30  m in  a f te r  b reakfas t  on  Day 1  a t  a  

dose o f 2  g .  The  th i rd  p ro toco l ,  a  sequ ent ia l  2 -phase  s tudy,  co ns is ted  o f  

s ing le  and  mu l t ip le  doses  w i th  a  11-days  washout  pe r io d .  In  the  

s ing le -dose  s tudy,  L -Trp  a t  a  dose o f  2  g  was  adm in is te red  a t  10  P M on  

Day 1 .  In the  mu lt ip le -dose  s tudy,  L -Trp  a t  a  dose  of  2  g  was  ad m in is te red  

at  10  P M da i ly  f rom  Day 1  to  D ay 8 .  A rena l  func t ion  tes t  was  conduc ted  

dur ing  the  washout  pe r iod .  

Low-Trp  d ie ts  we re  consum ed o n  D ay  -1  and  Day  1  in  the  f i rs t  p ro toco l ,  

on  Da y 1  and  Day  2  in  the  second p ro toco l  and  on  Da y 1 ,  Day  2 ,  Day  8  and  

Day 9  in  the  th i rd  p ro toco l  (Tab le  3 ) .  

 B lood  and  u r ine  samp l ing  were per fo rmed a t  0 ,  2 ,  3 ,  4 ,  6 ,  8  and  12  h  

af te r  adm in is t ra t ion  o f L -Trp and  ev ery 2  h  fo r  12  h ,  respect i v ely,  in  the  

f i rs t  p ro toco l .  Those  we re  pe r fo rmed a t 0 ,  4 ,  6,  8 ,  10,  12 ,  14 ,  16 , 2 4  h  a f te r  

adm in is t ra t ion o f  L -Trp  and  ev ery 2  h  fo r  24  h ,  respec t iv e ly,  in  the  second 

pro toco l .  In  the  s in g le  dose s tudy o f  the  th i rd  p ro toco l ,  b lo od was  taken  a t  

0,  8 ,  11 ,  14 ,  15 ,  20 ,  23 ,  26 ,  32  and  35  h  af te r  admin is t ra t ion  o f  L -Trp  and  

ur ine  was  co l lec ted  fo r  0 -8 ,  8-14 ,  14 -20 ,  20 -26  and  26 -35  h .  In  the  

mu l t ip le -dose  s tudy,  b lood  was  taken  in  the  ev ening  on  Day  1,  4  and  6  

be fo re  each  admin is t ra t ion  o f  L -Trp  and  a t  0 ,  8 ,  11 ,  14 ,  15 ,  20 ,  23 ,  2 6,  32  

and  35  h  af te r  the  las t  adm in is t ra t ion  o f  L -Trp .  U r ine  was  co l lec ted  in  a  

manner s im i la r  to  tha t  as  the  s ing le  dose  s tudy.  B lood  was  kep t  a t  room  

tem pera tu re  and  se rum was  s epara ted  f rom  b lood  b y cen tr i fuga t ion  a t  

4,000  g  fo r  15  m in .  Se rum  and  ur ine  sam ples  we re  s to red  a t  -20°C  un t i l  t he  

ana lys is .  

 

Rena l func t ion  tes ts  

Rena l  func t ion  tes ts  we re  per fo rmed 8  days  a f te r  the  s ing le  dose o f  
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L-Trp  in  the  second p ro toco l  where  th e  washou t per iod  was  tho ught to  be  

long e nough fo r  the  e l im ina t ion  o f  IS .  In  b r ief ,  80  mL o f  10 % Th io  so lu t ion  

and  12  m L o f  10% PAH  we re  g iv en fo r  10 m in  b y an  int rav enous d r ip  

in ject ion  30  m in  a f te r  in take  of  500  m L o f  wa te r.  The  sub jects  then  

ur ina ted  25  m in  a f te r  the  in jec t ions and  th is  u r ine  was  d iscarded.  Then,  

ur ine  was  co l lec ted  fo r 30 m in .  B lood  was  co l lec ted a t  10  and 2 0 m in  a f te r  

ur ina t ion .  The  c learances  o f  Th io  and PAH  were  ca lcu la ted  as  eq.  1 :  

 

C T h io  o r  PA H  =  U T h io  o r  PA H  /  P T h io  o r  PA H  ×  V  ×  1 .48  /  A (1 )  

 

Where C T h io  o r  PA H  (mL /min )  is  the  c lea rance  o f  Th io  o r  PAH, U T h io  o r  PA H  

(m g/dL)  is  the  u r in e  concentra t ion  o f  Th io  o r  PAH, P T h io  o r  PA H  (m g/dL )  is  the  

ca lcu la ted  se rum  concent ra t ion  o f  Th io  o r  PAH  a t  the  m idd le  t im e o f  two  

measured  po in ts ,  V  (m L/m in)  is  u r ine  v olum e per  m in ,  1 .48  is  a s tanda rd  

body sur face  a rea  fo r  Japanes e (m 2 ) ,  and  A is  bod y  sur face  area .  A is  

ca lcu la ted  us ing  the  eq .  2 :  

 

A =  body we igh t0 . 4 2 5  
×  he igh t0 . 7 2 5  

×  0 .007271  (2 )  

 

C T h io  a n d  C PA H  refe r  to  g lom eru la r  f i l t ra t ion  ra te  (GFR ) an d  rena l p lasma 

f lo w (RPF ),  respec t iv e ly.  

 

K ine t ic  parame te rs 

Mean  C m a x ,  Tm a x ,  and  AUC 0 - 3 5  we re  ob ta ined  f rom  the  serum  

concent ra t ion - t ime  cu rv es  o f  IS  fo r  ind iv idua ls  in  the  s ing le -  and  

mu l t ip le -dose  s tud ies  in  the  se cond p ro toco l .  U r inary  e xc re t ion  ra tes  o f  

Trp  and  IS  we re  ca lcu la ted  as  a  percen t  o f  u r ine  e xcre t ion  to  the  

adm in is te red  dose  o f  L -Trp .  Percen t  o f  Fu  o f  IS  in  the  serum  was  

ca lcu la ted  as  the  ra t io  o f  AUC 0 - 3 5  fo r  unbou nd IS  to  tha t  fo r  to ta l  IS . Rena l  

c lea rance  o f  IS  (CLR )  was  ob ta ined  f rom  the  u r ine  e xc re t ion  o f  IS  fo r  35  h  

d iv ided  by  AUC 0 -3 5  o f  IS .  The  c learances  o f  rena l  tubu la r  secre t io n  (CL T S )  

and  ext rac t ion rate  o f  IS  by  the  rena l  tubu les  (ET S )  we re  ca lcu la ted  as  eqs .  

3 and  4 :  
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CL T S  =  CLR  -  GFR *Fu  (3 )  

E T S  = CL T S  /  RP F (4 )  

 

The  ra t io  o f  CL R  to  Fu *GFR, a  measure exp ress ing  the  rena l  e l im ina t ion  

pa t te rn  o f  a  d rug ,  was  a lso  ca lc u la ted .  W hen the  v a lue  is  m ore  than  1 ,  i t  is  

in fe r red  tha t  ac t iv e sec re t ion  is  apparen t  in  the  rena l e l im ina t io n o f  a  d rug .  

 

An im a l  s tudy  

An im a ls  

Sev en week -o ld  ma le  LEW /Cr lC r l j  rats  (O r ien ta l  Yeas t  Co . ,  L td .,  

Tokyo )  we re housed in  ou r a n im a l ca re  fac i l i ty  under the  cons ta n t hum id i ty  

and  tempera tu re  and 12  h  l igh t-da rk  cyc le .  The  an ima ls  were  main ta ined  

on  a  cer t i f ied  d ie t  o f  MF pe l le ts  (O r ien ta l  Yeas t )  and  tap  wa ter  ad l ib i tum .  

The  e xper iments  were  approved by  the  An ima l  Expe r imenta t ion  and  E th ics  

Comm ittee o f  K i tasa to  Un iv ers i ty  Schoo l  o f  Me d ic ine .  

 

Reagents  

IS  po tass ium sa l t ,  qu inapr i l ,  and p robenec id  we re  pu rchas ed f rom 

S igm a-A ld r ich  Co rp .  (S t .  Lou is ,  MO,  U SA) .  IS  was  d isso lv ed  in sa l ine  a t  

concent ra t ions  o f  0 .5 % and  0 .05%.  Qu inap r i l  was  d isso lv ed  in  sa l ine  a t  

0.2%.  P robenec id  was  f i rs t  d i sso lv ed  in  1M N aOH  so lu t ion  and  then  

d i lu ted  w i th  sa l ine  and  t i t ra te d  a t  pH  7 .9  to  pH  8 .1  b y  a  d i lu ted  HCL 

so lu t ion a t  a concent ra t ion  o f  5 %.  Sa lin e  was  a lso  p repa red  a t  a pH s im i la r  

to  the  abov e  range as the  veh ic le  con tro l fo r  p robenec id  t rea tment .  

 

Stud y  des ign  

Rats we re  in it ia l ly  anes the t ized  w ith  pen toba rb i ta l  sod ium  (N em buta l :  

Abbo t t  Labora to r ies,  Nor th  C h icago , IL ,  USA) a t  a  dose  o f  65  mg kg - 1  by  

i .p . .  Fo r  b lood  sampl ing  wi th t ime,  an  in t ramed ic p o lye thy lene  tu be (PE50,  

N ipp on Bec ton  D ick inson  Co. ,  Japan)  was  inser ted  in to  the  le f t  femora l  

ve in  to ward  the  in fe r io r  v ena cav a . A tube  inser ted  in to  th e  b lood  v essels  

was  f i l led  w ith  sa l ine  so lu t io n  conta in ing  hepar in.  B lood  was  taken  v ia  a  

tube  be fo re  adm in is t ra t ion  o f  the  co-adm in is te red  d rugs  and  a t  5 ,  15 ,  30 ,  
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45,  60  and 9 0 m in  a f te r  adm in is t ra t ion  o f  IS .  To ta l b lood  samp l ing  vo lume  

was  about  2  mL.  A co-adm in is tered  d rug  such  as  qu inap r i l  o r  p robenec id  

was  g iv en  2  m in be fo re  adm in is t ra t ion  o f  IS .  A l l  d rugs  were  g iv en  

int rav enous ly.  The  u r ina ry  b ladder  was  cannu lated  th ro ug h a  sm al l  

abdom ina l  sk in  inc is ion  us ing  a  po ly te t ra f luoro ethy lene  tub e (Feed ing  

need les ,  Fuch igam i L td . ,  Kyo to ,  Japan) . U r ine  was  co l lec ted  fo r  90  m in .  

Doses  o f  qu inapr i l  fo l low in g  IS were  se t  a t  2  m g/kg  and  0 .5  m g/kg ,  

respec t iv e ly, mo la r  doses  o f  wh ich  we re  comparab le (4 .2 and  2 .3   μm ol/kg ,  

respec t iv e ly) .  Those  o f  p robenec id  fo l lo wing  IS we re  se t  at  50 m g/kg  and  5  

mg/kg ,  respec t ive ly,  by  re fe rr ing  to  the  p rev ious  s tud y  where ra ts  we re  

co-adm in is t ra ted  wi th  IS  and  p robenec id  a t  10  mg/kg  (46 .9   μmo l/kg )  and  

50  mg/kg  (175  μm ol/kg) , respec t ive ly ,  to  inv est iga te  the  ph armacokine t ic  

inte ract ion  (Deguch i  e t  a l . ,  2003) .  

The re  were  14  rats  in  the  adm in is t ra t ion  o f  IS  g roups  wi th  and  wi thou t  

qu inap r i l ,  respec t iv e ly,  and  4  and  5  ra ts  in  the  adm in is t ra t ion  o f  IS  g roups  

wi th  and  wi thou t  p robenec id ,  re spec t iv e ly.  

 

K ine t ic  parame te rs 

Mean  AUC 0 - 9 0  va lues  we re  ob ta ined  f rom the  serum  concent ra t ion- t ime 

curves  o f  IS  and  unbound  IS .  Rena l c learance  o f  IS  (CL R ) was  ob ta ined  

f rom  the  to ta l  IS  amount  in  u r ine  fo r  90  min  d iv ided  b y  the  AU C 0 - 9 0  o f  IS.  

 

High -pe rfo rmance l iqu id ch romatog raphy  (HPLC )  

Reagents  

Ace ton i t r i le  and  me thano l  we re  pu rchased f rom  Kan to  Chem ic a l  Co . ,  

Inc . (Tok yo) ,  and  indo xy l  su lfa te  po tass ium  sa l t  was  purchased f rom  

S igm a-A ld r ich  Co rp .  (S t .  Lou is ,  MO,  USA) .  

 

Sample  p re pa ra t ion  

A l iquo ts  of  serum we re  d iv ide d in to  two  po rt ions ,  one  o f  wh ich  was  

used to  dete rm ine  the  to ta l  concentra t ions  of  Trp  and  IS,  and  the o the r  to  

measure Fu  of  IS .  The sample s  we re  p repa red  as  p rev ious ly  descr ibed  

(Lagana  e t  a l. ,  1986 ).  Fo r  de te rm ina t ion  o f  the  fo rmer,  200  μL o f  methano l  

was  add ed to  100  μL o f  se rum . A f te r  v ortex -m ix in g,  the  mix tu re  was  kep t  
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fo r  1  h  a t  4°C  fo l lo wed b y  cen t r i fugat ion  a t  6000  g  fo r  20  m in .  The  resu l t ing  

superna tan ts  we re  f i l te red  th rough  a  0 .45  μm  ce l lu lose  ace ta te  f i l t e r  

(ADVAN TEC D IS MIC -13cp ,  Advantec  To yo  Ka isha ,  L td . ,  Tokyo )  to  rem ov e 

la rge  inso lub le  pa rt ic les .  For  th e lat te r,  500  μL o f  se rum  was  u l t ra f i l te red  

th rough  a  MICROCON YM-10 m em brane (Mi l l ipo re  C orp. ,  MA , U SA)  and  

lef t  fo r 30  m in  a t  room tempera ture  fo l lo we d b y cen tr i fu gat ion  a t 6000  g  fo r  

20  m in.  In bo th  cases ,  20 and  10  μL samples  we re  in jec ted .  Ur ine  was  

f i l t e red  th rough a  0 .45 μm f i l te r to  rem ov e la rg e inso lub le  pa r t ic les  and  a  5  

μL sample  was  in jec ted .  

 

Trp  and  IS  assay  

   Trp  and  IS  concen tra t ions  in serum  and u r ine  were  quan t i f ied  b y H PLC.  

The  ch rom atograph  assem b ly (Wate rs T M  600  con t ro l le r )  c on s is ted  o f  a  

Waters T M  600  pum p, Waters T M  717  p lus  au tosamp ler,  JASCO FP -920 

In te l l igen t F luo rescence De tec to r, and  a  rev erse -phase  co lumn (Dev e los i l  

Colum n, Nom ura  Chem ica l  C o. ,  L td ,  Japan)  wi th a gua rd  co lum n. Mob ile  

phase  cons is t ing  o f  so lut ion  A (d is t i l led  wa te r /ace t ic  ac id ,  100 :0 .08 ,  v /v )  

and  so lu t ion  B  (ace ton i t r i le /ace t ic  ac id ,  100 :0 .08 ,  v /v )  was  de l i ve red  a t  a  

f lo w ra te  o f  1  mL/m in  a t  amb ien t  tempera tu re .  The  mob i le  phase  was  

l inear ly  p rogramm ed f rom 100% o f  so lu t ion  A to  100 % o f so lu t ion  B  w ith in  

20  m in ,  and  then  to  100% o f  so lu t ion  A w i th in  1  m in  and  be ing  main ta in e d  

fo r  9  m in  be fo re  the  ne xt  in jec t ion .  The  e luate  was  mon i to re d  by  de tec t ion  

of  f luo rescence  a t  an  e xc i ta t ion  wav e leng th  o f  295 nm  and a n  emiss ion  

wav e leng th  o f  390  nm . Ca lib ra t ion  was  ob ta ined  us ing  s tandards  o f  10 .2  

and  10 .7  μg /mL o f  Trp  and  IS ,  respec t iv e ly. The  in t ra -assay and  

inte r -assay  coe f f ic ien ts o f  var ia t ion  we re  0 .9  a nd  4 .3% fo r  Trp a t  a  

concent ra t ion  o f  3 .4  μg /m L,  0 .7  and  1 .9% fo r  IS  a t  a  concent ra t io n  o f  3 .6  

μg/mL,  a nd  8 .9  and  9 .8% fo r  IS  a t  a  concent ra t ion  of  0 .036  μg/m L, 

respec t iv e ly.  R egard ing  the  unbound f rac t ion  o f  IS ,  the  in t ra -assay  and  

inte r -assay  coe ff ic ien ts  o f  v ar ia t ion  were  0 .8  and  2 .1 % fo r  IS  a t  a  

concent ra t ion  o f 11  μg /mL and 4.3  and  8 .3% fo r  IS  a t  a  conce ntra t io n o f  

0.11  μg/mL IS.  L inear i ty  o f  the  s tandard curves  was  ob ta ined  a t  ranges  

f rom  0 .16  to  10 μg /mL fo r  Trp  and  0 .0083  to  11 μg/mL fo r  IS .  
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Data  Ana lys is  

The  resu l t s  a re  e xpressed as  th e  mean ± SD in  the  human s tud y  and  as  

the  mean ± SE in  the  an ima l  s tudy.  Stat is t ica l  compar isons  o f  the  k ine t ic  

var iab les  were  pe r fo rmed us ing  the  pa i red - t  tes t  in  the  human s tudy  and  

the  unpa i red - t  tes t  in  the  a n ima l  s tudy.  D i ffe rences  in  the  serum 

concent ra t ions o f  IS  w i th t ime due  to  adm in is t ra t ion  o f  IS a lo ne  and wi th  

co-adm in is t ra t ion of  qu inapr i l  o r  p robenec id  were  assessed us ing  

repea ted -measu res  ANOVA wi th  the  pos t -h oc  F isher  PLSD tes t  o r  Schef fé  

tes t,  respec t iv e ly.  The  lev e l o f  s ta t is t ica l  s ign i f ica nce  was  P <  0 .05  

(2 -s ided ) .  

 

RESULTS 

 

Changes  in  to ta l  concen tra t ions  o f Trp  and  IS in  serum and  excre t ion  ra tes  

of  Trp  and  IS  in  u r ine  a f te r  s ing le,  ascend ing  doses  o f  L -Trp  a f ter  lo w-Trp  

d ie ts .  

 

F igure  1  p resen ts  ind iv idua l  da ta  fo r  the  chang es  in  to ta l  conce nt ra t ions  of  

Trp  (A ,  B ,  C )  and  IS  (D ,  E ,  F )  in  serum fo r 12 h  a f te r  L -Trp  ad min is t ra t ion  

at  doses  o f  2 ,  4 ,  and  8  g .  Trp  inc reased in  the  b lood  e ar ly  a f te r  

adm in is t ra t ion .  A t  the  lo we r 2  doses ,  Trp  reached  a  m ax im um  2  h  a f te r  

adm in is t ra t ion  and  the  inc reas es  we re  dose -dependen t  in  bo th  sub jec ts .  

Trp  lev e ls  had  dec reased  to  base l ine  b y  12  h .  The  inc reases  in  Trp  we re  

b iphas ic  fo r  the  h ighes t  dose  o f  L -Trp .  IS  lev e ls  inc reased  g radua l ly  in  

bo th  sub jec ts  a fte r  adm in is t ra t ion o f  2  and  4  g  L -Trp .  No  inc re ases  in  IS  

were  obse rved  wi th  8  g L -Trp  in  e ither  sub jec t .  F igu re  2  sho ws  the  u r ina ry  

exc re t ion  ra te  o f  Trp  (A)  and  IS  (B)  fo r  12  h  a f te r  adm in is t ra t ion  o f  L -Trp .  

The  u r ina ry e xc re t ion  ra te o f  Trp  inc reased  wi th  doses up  to  4 g L -Trp .  

Those  o f  IS  a t  d oses  o f  2 and  4  g  d id  no t  sho w dose -dependent  inc reases  

wi th in  the  observ at ion  pe r io d .  

 

Changes  in  to ta l  concen tra t ions  of  IS  in  se rum  and exc re t ion  ra tes  o f  Trp  

and  IS  in  u r ine  a f te r  s ing le  dos e o f  L -Trp  a f te r u ncont ro l led  d ie ts .  
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F igu re  3A and  3B  show the  ind iv idua l  da ta  fo r changes  in  serum 

concent ra t ions  o f IS  and  those for  u r ina ry  e xc ret ion  ra tes  o f  Trp  and  IS fo r  

24  h a f te r  s ing le  dose  o f  L -Trp ,  respec t iv e ly.  The base l in e  concentra t ions  

of  to ta l  IS  in  se rum were  h igher  in  a l l  sub jec ts  tha t  those in  the  f i r s t  

pro toco l  (F igure 1D,  1E  and  1F ).  An  apparen t  inc rease in  IS  

concent ra t ions  in  se rum  were  no t  obse rv ed in  the  subjec ts  e xcep t  fo r  

sub jec t  2 . As  shown  in  F igu re  3B,  a  la rge  in te r- ind iv idua l  d i f fe rences  in  

ur ina ry e xc re t io n ra tes  o f  IS  was  demons tra ted  a f te r a dmin is t ra t ion  of  

L-Trp .  Th e  u r inary e xc re t ion  ra tes  o f  Trp  and  IS  ranged  f rom  1 .1  to  2 .5% 

and  1 .8  to  8.1 %,  respec t iv e ly.  

 

Com par ison  o f  chang es in  to ta l concent ra t ions  o f  IS  in  serum and u r ina ry  

exc re t ion  ra tes  o f  Trp  and  IS  b etween  s ing le  and  m u l t ip le  doses  o f  L -Trp  

af te r  lo w-Trp  d ie ts .  

 

F igu re  4  sho ws  the  ind iv idua l  da ta  fo r  changes  in  to ta l  se rum 

concent ra t ions  o f  IS  in  the  s ing le -  and  m u l t ip le -dose s tud ies .  Subjec t  8  

was  w ithdrawn  f rom  the  m u lt ip le -dose  s tud y because  o f  t rea tment fo r a  

moderate  headache accompanying nausea  dur ing  the s ing le  d ose  s tudy.  

There fo re ,  on ly  da ta  f rom the  s ing le  dose  s tud y  we re  d isp layed  fo r  th is  

sub jec t  (F igure  4E) .  Se rum  concent ra t ions  o f  IS  inc reased  in  4  subjec ts  

af te r  m u lt ip le  doses  com pared  wi th  a  s ing le  dose ,  wh i le  the  in c rease  was  

sm a l l  in  sub jec t  4  (F ig u re  4D ).  In  bo th  the  s ing le -  and  m ul t ip le -dose  

stud ies ,  the  e lev a t ion  o f  se ru m  IS  concentra t ions  g radua lly  dec reased  

to wa rd  the  basa l  lev e ls  w i th in  each  observa t ion  pe r iod.  Large  

int ra - ind iv idua l  d i f fe rences  in  s erum IS  concent ra t ions  we re  d ispla yed  in  

sub jec t  3  and  7 du r ing  the  m u l t ip le  doses  (F igu re  4C a nd 4D ) .  As  i t  was  

sho wn in  F igure  3B,  a  la rg e  in te r - ind iv idua l  d i f fe rences  in  u r ina ry  

exc re t ion  ra tes  o f  IS  was  a lso d em ons tra ted  a f te r  th e s ing le  (2 .1 to  6 .6%)  

and  m u lt ip le  doses (2 .8  to  8 .4%) ,  respec t iv e ly  (F igure  5 ) .  

 

K ine t ic  parame te rs o f  IS  a f te r  s ing le  and  mu l t ip le  doses  o f  L -Trp .  

 

Tab le  4  sum m ar izes  the  k ine t ic  param e te rs  o f  IS  a f te r  s ing le  and  
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mult ip le doses o f  L -Trp  and  th e resu l t s  o f  rena l func t ion  tes ts .  Da ta  fo r  

sub jec t  5  who  was  wi thd ra wn  a f te r  the  s ing le  dose  s tud y  were  n o t  inc luded  

in the  ana lys is .  Bo th  mean C m a x  and  AUC 0 - 3 5  increased by  1 .4 - fo ld  a f te r  

mu l t ip le  doses  compared  wi th  those a f te r a  s ing le  dose ,  a l though the  

changes  were no t  s ign i f ican t .  The  Fu  o f  IS  in  serum a f te r  s ing le  and  

mu l t ip le  doses  were  b oth  sm all .  CLR  s ign i f ican t ly  dec reased  a f te r  the  

mu l t ip le  doses  com pared  w ith  a f te r the  s ing le  dose .  More  than  90% o f  the  

to ta l  rena l  c lea rance  unde rgoes  tubu la r  secre t ion  as  ind ica ted  by  the  ra tes  

of  CLT S  to  CL R  fo r  IS .  The  ne t  rena l tubu la r  secre t ion  o f  IS  wa s  shown to  

be  about  ha l f  o f  the  GFR . The  ra t ios  o f  CL R  to  Fu *GFR  g rea t ly  exceeded 1  

and  the  E T S  v alues we re  lo w.  

 

Sa fe ty o f  L -Trp  in  the  hum an s tudy.  

 

No  adv erse ev en ts  were  obse rved  w ith  a s ing le dose  o f  2  g L -Trp  in the  

f i rs t  and  second  p ro toco ls .  Mi ld  fu zzy  head ache and  s leep iness  dev eloped  

in subjec t  1  f rom  2  h  to  10  h  a f te r  admin is t ra t ion  o f  4  g  L -Trp .  A f te r  

adm in is t ra t ion o f  8  g  L -Trp  in  subjec t 1 ,  du l l  headache and  s lee p iness ,  

d ia rrhea ,  and  nausea  occur red  a t  20  m in ,  1  h ,  an d 2 .5  h  a f te r  

adm in is t ra t ion ,  respec t iv e ly,  and a l l  o f  these  symptom s excep t  the  

d ia rrhea  d isappea red  by  5 h  a f te r  admin is t ra t ion .  The  d ia r rhea  im p rov ed 

the  nex t  morn ing .  These  a dv erse  ev ents  we re  m i ld .  In  sub jec t  2 ,  mudd le ,  

s lee p iness ,  and  nausea  occurred  20  m in  a fte r  adm in is t ra t io n .  Pos tu ra l  

d iscomfor t  and  pa le  occu rred  f rom 4  h  to  6  h  a f te r  adm in is t ra t ion.  The  

sub jec t  had  been res ted  a t  a  sup ine pos i t ion  due to  these  adv erse ev ents .  

Mudd le ,  s leep iness ,  and  nau sea d isappeared  7 ,  6 ,  and  8  h  a f te r  

adm in is t ra t ion ,  respect iv e ly.  D ia rrhea  appeared  4  h  and  1  da y a f te r  

adm in is t ra t ion and  reso lv ed by  the  morn ing  2  days  a f te r  adm in is t ra t ion .  

The  ev en ts  o f  nausea  and  pos tu ra l  d iscomfo r t  and  pa le  we re  modera te  and  

others  we re  m i ld .  In  the  s ing le  and  mu lt ip le -dose  s tud y a  headache  

accompanying nausea was  repo r ted  in  sub jec t  5  a f te r  the  s ing le  dose  and  

the  sub jec t  took  ibup ro fen  a t  21.5  h .  S ince  the  sub jec t  e xp er ienced  a  

headache and  nausea be fo re  p ar t ic ipa t ion  in  the  s tud y,  i t  is  un l ike ly  they  

were  re la ted  to  s tudy  d rug  admin is t ra t ion .  
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Pharmacokine t ic  in te rac t ions  o f  IS  wi th  qu inap r i l  in  ra ts .  

 

As  sho wn in  F igure  6 ,  the  s erum  concent ra t ions  o f  IS  g radua l ly  

decreased  wi th  t ime a f te r in t ravenous  adm in is t ra t ion  o f  IS .  The  

concent ra t ions  a t  t ime  -2  m in  we re  base l ine  v a lues  o f  endogenous  IS  

be fo re  adm in is t ra t ion  o f  qu in apr i l  o r  i ts  v eh ic le .  The  decrease  was  

suppressed  b y co-a dm in is t ra t io n o f  qu inap r i l .  W i th  respec t  to  the  k ine t ic  

paramete rs  o f  IS ,  the  AUC 0 - 9 0  inc reased and  CL R  dec reas ed in  the  

qu inap r i l  co -adm in is te red  g rou p com pared  w ith  the  IS  a lone  g roup  (Tab le  

5) .  The  Fu  o f  IS  was  a lso  low in  ra ts ,  bu t  the  p ro te in  b ind ing  ra tes  d id  no t  

d if fe r  b e tween the  IS  a lon e  g ro up  and  q u inapr i l  co -adm in is te red  g roup  as  

represen ted  b y  the AU C 0 - 9 0  o f  f ree  IS  and  Fu  ra tes .  

 

Pharmacokine t ic  in te rac t ions  o f  IS  wi th  p robenec id  in  ra ts .  

 

   F igu re  7  shows  the  change s  in  se rum  concent ra t ions  o f  IS  wi th  t ime  

af te r  adm in is t ra t ion  o f  IS  w i th  and  w i thou t  p robenec id .  The  decreases  in  

serum IS  concentra t ions  we re  suppressed b y  p robenec id .  S imi la r  to  the  

above  resu l ts ,  AUC 0 - 9 0  in c reased and  CL R  dec reased a f te r  

co -adm in is t ra t ion  o f  p robe nec id w i th  IS  (Ta b le  6 ).  The  AUC 0 -9 0  o f  f ree  IS  

inc reased  in  the  p robenec id  co -adm in is te red  g roup  compared  wi th  the  IS  

a lone  g roup ,  wh i le  Fu  of  IS was  no t  s ign i f ican t ly  d i f fe ren t .  

 

D ISCUSSION  

 

The  a im s o f  the  p resen t  s tudy  were  to  exam ine  the  k ine t ics  o f  IS ,  

focus ing  on  th e p ro te in  b ind ing  ra te  and  rena l  e l im ina t ion  pa th way,  in  a  

stead y s ta te o f  se rum concent ra t ions  o f  IS  a fte r  m u l t ip le  doses  o f L -Trp  in  

hum ans , and  the  pha rmacok in et ic  in te rac t ions  be tween  IS  a nd o rgan ic  

an ion  d rugs  in  ra ts .  The  percen tage  o f  conv ers ion  o f  L -Trp  to  IS  cou ld  be  

less  than  10% as  ind ica ted  by  the  35 -h  u r ina ry  e xc re t ion  ra te  o f  IS  a f te r  

mu l t ip le  doses  o f  L -Trp  (F igure  5B),  when assum ing  indo le  was  absorbed  

into the  b lood  b y 100%.  A  h igher  conv ers ion  ra te  was demonstra ted  in  
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hea lthy  v o lun tee rs  when L -Tr p was  adm in is te red  by  in jec t ion  in to  the  

d is ta l  i leum  and cecum  th rou gh in tes t ina l  in tuba t ion  whe re  the  24 -h  

ur ina ry exc re t ion  ra te  o f  IS  was  near ly  14% (Bryan ,  1966 ) .  

The  b iph as ic  inc reases  in  Trp  a t  the  h ighes t s ing le  dose  may b e due  to  

suppress ion  o f  in tes t ina l  abso rp t ion ,  as  nausea  appea red  in  bo th sub jec ts  

dur ing  the  t im es  wh ich  co rresponded to  the  phase o f  the  dec reased  

concent ra t ions  o f  Trp  (F igure  1 C).  The se rum IS  concentra t ions  gra dua l l y  

inc reased,  fo l lo we d b y  an  inc rease  in  Trp  up  to  the  s ing le  adm in is t ra t ion  o f  

4 g  L -Trp ,  howev er dose -p ropo r t io na l i ty  was  no t  descr ibed  because of  an  

insu ff ic ien t  obse rv a t ion  pe r iod .  Thus ,  i t  was  ex tended  to  24  h  in  the  

second p ro toco l .  Howev er,  the  concentra t ion- t im e cu rves  o f  IS  in  serum  

were  n ot  rep roduced  as  i t  was dem ons tra ted  in  the  f i rs t  p ro to co l (F igu re  

3A ).  A reason  fo r  th is  fa i lu re  was  p robab ly  due  to  an  insu f f ic ient  d ie ta ry  

con tro l of  Trp  in take .  Indeed ,  the  base l ine  concen t ra t ions  o f  IS  in  serum  

were  h ighe r  in  the  second p ro to col  than  the  f ir s t  one  (F igu re  1D to  1F  and  

F igure  3A ).  The  sub jec ts  s ta r ted the  low-Trp  d ie t 24  h  be fo re  and  we re  

fas ted  fo r  12 .5  h  be fo re  adm in is t ra t ion  o f  L -Trp  in  th e  f i rs t  p ro toco l ,  wh i le  

the  sub jec ts  s ta r ted  the  low-Trp  d ie t  jus t  be fo re  adm in is t ra t io n  of  L -Trp  

and  we re no t  fas ted  be fo re  adm in is t ra t ion  o f  L -Trp  in  the  secon d p ro toco l .     

We a lso  measured  the  concen tra t ions  o f indo le in  se rum an d u r ine  to  

inv est iga te  poss ib le  mechan isms fo r  the  de lay  in  the  appearance  o f  IS  in  

serum  an d no  peaks  we re  de tec ted  a t  the  re ten t ion  t im e fo r  in do le  (16 .71  

min ,  da ta  not  sho wn) .  These  re sul ts  sugges t indo le  is  rap id ly  conjuga ted  

wi th  su l fu r ic  ac id  in  the  l iv e r  and  a  de la y in  the  appea rance  o f  IS  in  serum 

may re f lec t  the  t ime requ i red  to  reach  L -Trp  a t  th e  end  o f  th e  in tes t ine .  

Tak ing  in to  cons ide ra t ion  tha t  a  d ie ta ry  Trp  a ffec ts  on  the  base l ine  

concent ra t ions  o f  IS  and  se ru m  IS  appeared  la te  a f te r  adm in is t ra t ion  o f  

L-Trp ,  des igns  o f  the  th i rd  p ro toco l  we re  mod i f ied .  The  lo w-Trp  d ie t  was  

sta r ted  14 .5 h  be fo re  adm in is t ra t ion  o f  L -Trp ,  the  t im e  fo r  ad min is t ra t ion  

of  L -Trp  was  mov ed fo rward  f rom  in  the  mo rn ing  to  a t  n igh t ,  and  the  

observ at ion  per iod  was  ex tended f rom  24  h  to 35  h .  

Se rum  IS  inc reased in  each  subjec t a f te r  mu l t ip le  doses  o f  L -Trp  

com pared  wi th  those  a f te r  s ing le dose,  howev er the  inc reas es  in  m ean 

C m a x and  AUC 0 - 3 5  we re  no t  s ign i f ican t ly  d i f fe ren t .  Th is  was  p rob ab ly  due  to  
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a smal l  number o f the  sub jec ts  and  s t i l l  h ighe r b ase l ine  conce ntra t ions  o f  

IS  compared  w ith  those  in  the  f i rs t  p ro toco l .  Thus ,  a  des i rab le  wash  ou t  

t rea tment  be fo re  adm in is t ra t ion  o f  L -Trp  m ay be  the  24-h  lo w-T rp  d ie t a nd  

12 .5 -h  fas t ing  wh ich  we re  adop ted  in  the  f i rs t  p ro toco l .  

A resu l t  of  the  dec rease  in  CL R  a f te r m u lt ip le  doses o f  L -Trp  sugges ts  tha t  

the  rena l  ac t iv e  t ransport  o f  IS  was  sa tu ra ted  a t  a  h ighe r  conc ent ra t ion  o f  

IS  in  the  b lood . W hen com par ing  the  s ta rt ing  po in ts o f  the  inc rease in  

serum IS  lev e ls  focus ing  on  s ubjec t  1  and  2 ,  the y we re  de layed  a f te r  

adm in is t ra t ion  a t n igh t  com pared  wi th  those  in  the  m orn ing  (F igure  4  and  

F igure  1 ) .  These  resu lts  m ay  be  due  to  a  c i rcad ian  rhy thm  o f  intes t ina l  

mot i l i t y,  wh ich  dec reases  a t  n igh t  and  inc reases wh ile  awake (Rao e t  a l . ,  

2001) .  M i ld  inc reases  in  se rum  IS  co ncentra t ions  a t  35  h  m ay  hav e  been  

due  to  d ie ta ry  Trp .  

As  i t  was rep resented  b y the h igh  va lues  o f  CL R /Fu*GFR,  a  ma jo r pa thwa y  

of  rena l  e l im ina t ion  o f  IS  was  tubu la r  secret ion  (Tab le  4 ).  The  e l im ina t ion  

ra tes  o f  IS  b y  rena l  tubu les  we re  found  to  be  lo w as  exp ressed  by  the  lo w 

va lues  o f  ETS . Acco rd ing  to  the  concept  o f  d rug  c le arance ,  the  c lea rance  

of  a  d rug  wi th  a  lo w e xtrac t ion  ra te  is  in f luenced b y  the  p ro te in  b ind ing  

ra te  and  in t r ins ic  c lea rance  (Ro wland  and  Tozer,  1995) .  The  in t r ins ic  

c lea rance  of  a  d ru g  is  genera l ly  de f ined  by  metabo lism  and  t ranspo rt  

ac t iv i t ies  in  the  o rgan  o f  e l im ina t ion .  These  resu l ts  sugges t  tha t  IS  may  

inte ract  wi th  o rgan ic  an ion  d rugs ,  wh ich  a re  h igh ly  p ro te in  bound and  

undergo  rena l  tubu la r t ranspor t  in  v iv o.  

An im a l e xpe r im en ts  we re  conduc ted to e xam ine  the  abov e hypo theses .  

The  resu l ts  ind ica te  tha t  the  k in et ic  in te rac t ion  o f  IS  wi t h qu inap r i l  

resu l ted  f rom  the  inh ib i t ion  o f  rena l  e l im ina t ion  o f  IS ,  n ot  f rom  the  

inh ib i t ion  o f  p ro te in  b ind ing  (F igu re  6 ,  Ta b le  5 ) .  The  reason why  

probenec id in te rac ted  wi th  IS  a t  the p ro te in  b ind ing  m ay b e  due  to  re la t ive  

d if fe rences  in d oses  o f  the  com bined  d rugs ,  i . e .  IS  and  p roben ecid  were  5  

mg/kg  and  50  mg/kg ,  and  IS  a nd qu inap r i l  we re  0 .5  mg/kg  an d 2  mg/kg,  

respec t iv e ly, so  tha t  p robenec id  m igh t  eas i ly  d isp lace  the  p ro te in b ind ing  

of  IS .  B ased on the  Tab le 6  and  7,  the inh ib i to ry e f fec t o f  p robenec id  on  

CLr  of  IS  seems to  be  more  po ten t  (abou t 85 %) than  tha t  o f  qu inap r i l  

(abou t  50 %).  G iv en  tha t  p robenecid  is  a  gene ra l  inh ib i to r  no t  on ly fo r  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on March 2, 2012 as DOI: 10.1124/jpet.111.187732

 at A
SPE

T
 Journals on A

pril 18, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #187732 

17 

 

OAT1 , OA T3 , and  OAT4;  bu t  a lso  fo r o the r  o rgan ic  an ion  t ranspor te rs ,  

wh i le  the  ac t iv e  metabo l i te  of  qu inap r i l  is  an  inh ib i to r  fo r  OA T3,  the  resu lts  

ind ica te  tha t  the  c lea rance  of  IS  may  inv o lve  such  o rg an ic  an ion  

t ranspor te rs .  I t  was  sugges ted  tha t  OAT3 may con t r ibu te to  the  ov era l l  

ur ine  exc re t ion  o f  IS  by nea r ly  50 /85 *1 00=59 % in  ra ts .  

In  bo th  the  human  and  an ima l  s tud ies ,  the  serum IS  concen tra t ions  

were  comparab le  to  those  in  p at ien ts  w ith  low CL c r  (1 .2±1 .1  μg/mL,  mean ± 

SE;  30  to  80  m L/m in ,  n=27 ) (N iwa and  Ise ,  1 994 ) .  Such  pa t ien ts  a re  

usua l ly  re fe r red to  as  m ild  and  moderate  CKD  wh ere the  dec reases  in  GFR  

are  de f ined  as  60 -89  an d 30-59  mL/m in /1 .73m 2,  respec t iv e ly.  

F ina l ly,  rega rd ing  the  sa fe ty o f  L -Trp ,  s leep iness ,  headache ,  nausea,  

pos tu ra l  d iscomfor t ,  and  pa le  and  d ia r rhea  we re  obse rved  in  the subjec ts  

adm in is te red  L -Trp  at  doses  ov er  4 g  accompany ing  the  inc re ases  in  Trp  

lev e ls  in  se rum . S im i la r  adv erse  reac t ions  to  L -Trp  hav e  been a lso  

repo r ted  (L iebe rm an e t  a l . ,  198 4;  Yu wi le r  e t  a l . ,  1981 ;  Green wood e t  a l . ,  

1975) .  I t  was  conc luded  tha t  a  s ing le  adm in is t rat ion  o f  L -Trp  was  to le ra ted  

up  to  4  g.   

In summary,  the  resu lts  o f  th is  s tud y hav e  demons t ra ted  tha t  IS was  

h igh ly  bound to  serum  pro te in  a nd  the  m a jor  rena l  e l im ina t ion rou te  fo r  IS  

was  rena l tubu la r  sec re t ion  in  humans .  K ine t ic  in te ra c t ion  was  

demonstra ted  be tween IS  and  qu inap r i l  in  rats  whe re  serum IS lev e ls  we re  

com parab le  to  those  in  the  abo ve  hum an s tudy.  

I t  is  conc luded tha t u r ine  exc re t ion o f  IS ,  a  m ajo r o rgan ic  an ion  u remic  

to x in ,  m ay  be  inh ib ited  by  co -admin is te red  o rgan ic  an ion  d ru g  qu inap r i l  

via  rena l  tubu la r t ranspor t  in  C KD pa t ien ts  w i th  a  less  p rog res siv e  s tage .  
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Tab les  

Tab le 1 .  Ag e ,  bod y  we igh t ,  and  BMI o f  the  human sub jec ts .   

P rotoco l   

number 

Subjec t  

num ber 

Age 

(yea rs )  

Body we igh t  

(kg )  

Body  mass  

inde x (kg /m 2 )  

1  
1 25  70 .4 ,   23 .8  

2 31  65 .1  24 .4  

2  

1 25  75 .4  25 .5  

2 31  68 .2  25 .7  

3 24  82 .3  24 .1  

4 27  63  20 .8  

5 32  57 .6  20 .1  

6 24  67 .1  22 .5  

3  

1 26  71 .9  24 .1  

2 32  65 .7  24 .6  

3 24  85 .4  25 .0  

7 29  62 .1  22 .2  

8 38  63 .1  22 .8  
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Tab le 2 .  Schedu les  fo r  p ro toco l  3 .  

 S ing le  

dose 

Washout 

per iod  

Mu l t ip le  doses  

Days  a f te r  

Trp  dose  
1 2  3   1  2  3  4  5  6  7 8  9 1 0  

Lo w-Trp  

d ie t  

●  ●           ●  ●   

Doses  o f  

Trp  

●     ●  ●  ●  ●  ●  ●  ●  ●    

K ine t ics  

(B lood  and  

ur ine )  

●  ●  ●   ●    ●   ●   ●  ●  ●  

Rena l 

func t ion  

tes t  

   ●            

C losed  c i r c les  ind ica te  the  da y  on  wh ich  an  i tem  l is ted  a t  the le f t  was  

per fo rm ed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on March 2, 2012 as DOI: 10.1124/jpet.111.187732

 at A
SPE

T
 Journals on A

pril 18, 2024
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #187732 

21 

 

Tab le 3 .  Energ y and  am ounts o f  Trp  in  lo w-Trp  d ie ts .  

Protoco l  

S ing le  o r  

mul t ip le  doses  

of  L -Trp  

Days  a f te r  

dose  o f  L -Trp  
Ene rg y (kca l )  Trp  (m g) 

1  S ing le  dose  
Day -1  2400 484  

Day 1  1590 354  

2  S ing le  dose  
Day 1  1705 296  

Day 2  898 .0  178  

3  

S ing le  dose  
Day 1  2402 460  

Day 2  1652 399  

Mu lt ip le  doses  
Day 8  2310 460  

Day 9  1669 367  
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Tab le 4 . K ine t ic  pa rameters  o f  IS and  rena l  func t ion  tes t resu lt s  in  human 

stud ies .  

  
A f te r  s ing le  

dose  
Washout  

per iod  
A f te r  mu l t ip le  

doses  
P  

C m a x (μg /mL) 0 .9  ±  0 .3  
   

1 .2  ±  0 .4  0 .06  

Tm a x (h )  19  ±  6  
   

17 ±  3  0 .35  

AUC 0 - 3 5  (μg *h /m L) 21  ±  8  
   

31 ±  13  0 .06  

Fu (%) 6 .3  ±  3 .7  
   

4 .0  ±  1 .3  0 .20  

Ur ine  exc re t ion  
ra te  (%)  

4 .9  ±  2 .2  
   

5 .4  ±  2 .9  0 .52  

CL R  (m L/m in)  74  ±  9  
   

57 ±  8  0 .04  

CL c r  (m L/m in)  158  ±  17 
   

156  ±  21  0 .57  

GFR (mL/m in )  
   

111  ±  13  
    

RPF (m L/m in)  
   

418  ±  100  
    

CL T S  (m L/m in)  68  ±  12 
   

52 ±  9  0 .08  

E T S  0 .17  ±  0 .06  
   

0 .13  ±  0 .03  0 .11  

CL R  /  Fu *GFR  13  ±  6  
   

14 ±  5  0 .68  

Fu ,  f rac t ion  o f  unbo und o f  se rum IS;  CL T S ,  c lea rances  o f  rena l tubu la r  

secre t ion ,  CLR -GFR *Fu;  ET S ,  e xt rac t ion  ra te  o f  IS  by the  ren a l tubu les ,  

CLT S /RPF.  Da ta  we re  exp resse d as  the  mean  ±  SD.  Pa ired - t  tes ts  we re  

per fo rm ed.  P<0 .05  was  s ign i f ic an t ly  d i f fe rent .  
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Tab le 5 . K ine t ic  param ete rs  o f  IS co-adm in is te red  wi th  o r  wi tho ut  qu inap r i l  

in  an im a l  s tud ies .  

 IS  Qu inap r i l  +  IS  P 

AUC 0 - 9 0  o f  IS  

(μg*m in /mL )  
236 ± 18  374 ± 59  <0 .05  

AUC 0 - 9 0  o f  f ree  

IS  

(μg*m in /mL ) 

28 .7  ±  4 .7  34 .3  ± 5 .2  0.43  

Fu  (%)  13 .3  ±  2 .9  11 .3  ± 2 .2  0.58  

CLR  (m L/m in /kg )  1.2  ± 0 .2  0 .6  ± 0 .2  <0 .05  

Data  were  e xpressed as  the  mean ± SE.  Unpa ired- t  tes ts  we re  per fo rm ed.  

P<0.05  was  s ign i f ican t ly  d i f fe re nt .  
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Tab le 6 .  K ine t ic  param ete rs  o f IS co-adm in is te red  wi th  o r w i thou t  

probenec id  in  an ima l s tud ies .  

 IS  Probenec id  +  IS  P  

AUC 0 - 9 0  o f  IS  

(μg*m in /mL ) 
1630 ±  135  3553 ±  197  <0 .01  

AUC 0 - 9 0  o f  f ree  

IS  

(μg*m in /mL ) 

225  ±  28  577  ± 60  <0 .01  

Fu  (%)  14 .0  ± 1 .8  16 .5  ± 2 .3  0.41  

CLR  (mL/m in /kg )  1.4  ± 0 .1  0 .2  ± 0 .1  <0 .01  

Data  were  e xpressed as  the  mean ± SE.  Unpa ired- t  tes ts  we re  per fo rm ed.  

P<0.05  was  s ign i f ican t ly  d i f fe re nt .  
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Legends fo r  f igu res  

 

F igure  1 .  Concent ra t ion - t ime  curves  o f  to ta l  concen tra t ions  o f  Trp  and  IS  

in serum af te r  s ing le  esca la t ing  doses  o f  L -Trp .  

 

Two subjec ts  we re  admin is te red  L -Trp a t  doses  o f  2 , 4 ,  and  8  g  (A and  D,  B  

and  E,  C  and  F )  in  a  fas t ing  s ta te  in  the  m orn ing.  B lood  sa m pl in g  was  

conduc ted  un t i l  1 2  h  a f te r  adm in is t ra t ion .  To ta l concen tra t ions  of  Trp  (A ,  B  

and  C ) and  IS  (D,  E  and  F)  in  serum we re  de te rm ined  b y  HPLC. The  

sub jec ts  s ta rte d to  consume a  lo w-Trp  d ie t  on  the  day  be fo re  

adm in is t ra t ion .   

 

F igure  2 .  U r inary e xc re t ion  ra tes  o f  Trp  (A)  and  IS  (B)  a f te r s ing le  

esca la t ing  doses  o f  L -Trp .  

 

Two  sub jects  we re  admin is te red  L -Trp  a t  doses  o f  2 ,  4 ,  and  8  g  in  a  fas t ing  

sta te  in  the mo rn ing .  U r ine  sampl ing  was  conduc ted un t i l  12h  a f te r  

adm in is t ra t ion .  The  amounts o f  Trp (A)  and  IS (B ) in  12 -h  u r in e samples  

were  de te rm ined  by  HPLC. The  u r ina ry exc re t ion  ra tes  o f  Trp  a nd  IS  we re  

ca lcu la ted  as  a  pe rcen tage  o f  the amounts  o f  Trp  and  IS  in  the  co l lec ted  

ur ine  re la t ive  to  L -Trp  adm in is tered .  

 

F igure  3 .  Concen trat ion- t im e cu rv es o f  to ta l  concen tra t ions  o f  IS  in  serum  

and u r ina ry exc re t ion  ra tes  o f  Trp  and  IS  a f te r  s ing le  adm in is t rat ion  o f  2  g  

L-Trp .  

 

S ix  sub jec ts  we re  adm in is te red  L -Trp  a t  a  dose  o f  2  g  in  a  non- fas t ing  
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sta te  in  the  m orn ing .  B lood  a n d u r ine  sam pl ing  were  conduc ted un t i l  24h  

af te r  adm in is t ra t ion .  To ta l  concentra t ions  o f  IS  in  serum (A)  and  the  

amounts o f  Trp  and  IS  in  12-h  u r ine  samples  (B)  were  de te rm ine d  by  HPLC . 

The  subjec ts  s ta r ted  to  consum e a  low-Trp  d ie t  jus t  be fo re  ad min is t ra t ion  

of  L -Trp .  The  u r inary  e xcre t ion  ra tes  o f  Trp  and  IS  were  ca lc u la ted  as  a  

percen tage  o f  th e  amounts  o f  Trp  and  IS  in  the  co l lec ted  u r ine  re la t ive  to  

L-Trp  adm in is te re d.  

 

F igure  4 .  Concen tra t ion - t im e changes  in  to ta l  concen t ra t ions  o f  IS  in  

serum  a f te r  s ing le  (open  c i rc les )  and  m u l t ip le  (c losed  c i rc les )  doses  o f  

L-Trp .  

 

Subjec ts  we re  adm in is te red  L -Trp  a t  a  s ing le  dose  o f 2  g  fo l lo w ing m ul t ip le  

doses  o f  2  g  da i ly  fo r  8  da ys ,  respec t iv e ly,  in  a  non -fas t ing  s ta te  a t  n igh t ,  

wi th  an  11 -day  in te rv al  between the  s ing le  and  mu lt ip le  doses .  S ub jec t  8  

was  wi thd ra wn a f te r  the s ing le -dose  study due  to  an  acc iden ta l  headache,  

the re fo re ,  on ly  the  s ing le -dose  da ta  is  shown  fo r  sub jec t  8  (E) .  B lood  

sampl ing  was  conduc ted  un t i l  3 5  h  a f te r  the  s ing le  dose  (o pen c i rc les ) and  

af te r  the  las t  dose  in  the  mu l t ip le -dose  s tudy  (c losed  c i rc les ) .  I t  was  a lso  

conduc ted  on  Day  1 ,  4  and  6  be fo re  each  dose  in  the  mu l t ip le -dose  s tudy  

(c losed  c i rc les ) .  The  to ta l  concentra t ions  o f  IS  in  se rum we re  de te rm ined  

by H PLC . The  sub jec ts  s ta r ted  to  consum e a  lo w-Trp  d ie t  on  the  day o f  

s ing le  adm in is t ra t ion  o f  L -Trp  and  on  the  las t  adm in is t rat ion  o f  the  

mu l t ip le  doses .   

 

F igure  5 .  U r ina ry  exc re t ion  rates o f  Trp  and  IS  a f te r  s ing le  a nd  m u lt ip le  

doses  o f  L -Trp .  

 

F iv e and  four  sub jec ts we re  ad min is te red  L -Trp  a t  doses  o f  2  g  as  s ing le  

and  mu lt ip le  doses  o f  L -Trp ,  respec t ive ly.  U r ine  sampl ing  was  conduc ted  

un t i l  35 h  a f te r  s ing le  (A) and  m u lt ip le  doses  (B)  o f  L -Trp .  The  amounts  of  

Trp  and  IS  in  35 -h  u r ine  samp les  were  de te rm ined  by  HPLC .  The  u r ina ry 

exc re t ion  ra tes  o f  Trp  and  IS  we re  ca lcu la ted  as  a  pe rcen tage  o f  the  

am ounts o f  Trp  and  IS  in  the  co l lec ted  u r ine  re lat iv e  to  L -Trp  adm in is te red .  
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F igure  6 .  Concen trat ion- t im e cu rv es o f  to ta l  concen tra t ions  o f  IS  in  serum  

af te r  in t rav enous  admin is t ra t ion  o f  IS  fo l lo wed b y qu inap r i l  (c losed  

c i rc les ) o r v eh ic le  (open  c i rc les )  in anes the t ized ra ts .  

 

B lood  was  taken  be fo re  qu inap r i l  (a t  -2  m in )  and  a t  5 ,  15 ,  30 ,  45 ,  60  and  

90  m in  a f te r  adm in is t ra t io n  o f  IS.  Qu inap r i l  was  ad m in is te red  

int rav enous ly  a t  a  dose  o f  2  m g/kg  2  m in  b e fo re  admin is t ra t ion  o f  IS .  IS  

was  adm in is te red a t  a  dose o f  0 .5  m g/kg .  The re  we re  14  ra ts  in the  g roups  

wi th  and  wi thou t  qu inap r i l ,  resp ect iv e ly.  Da ta  a re  e xpressed  as  the  mean ± 

SE.  

 

F igure  7 .  Concen trat ion- t im e cu rv es o f  to ta l  concen tra t ions  o f  IS  in  serum  

af te r  in t ravenous  adm in is t rat ion  o f  IS  fo l lo wed  by  p robenec id  (c losed  

c i rc les ) o r v eh ic le  (open  c i rc les )  in anes the t ized ra ts .  

 

B lood  was  taken  be fo re  qu inap r i l  (a t  -2  m in )  and  a t  5 ,  15 ,  30 ,  45 ,  60  and  

90  m in  a f te r  adm in is t ra t ion  o f  IS .  Probenec id  was  adm in is te red  

int rav enous ly  a t  a  dose o f  50  mg/kg  2  m in  be fo re adm in is t ra t io n  o f  IS .  IS  

was  adm in is te red  a t  a  dose  o f  5  mg/kg.  The re  we re  4  and  5  ra ts  in  the  

groups  wi th  and  w i thou t  p ro ben ec id ,  respec t iv e ly.  Da ta  a re  expressed  as  

the  mean ± SE.  
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