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TMA also appea r s  to  inhibiL t he  d e v e l o p m e n t  of phys i -  
cal dependence ,  as i nd i ca t ed  by '  na loxone -p rec ip i t a t ed  
j u m p i n g  (Table  I I I ) ,  i.e. more  na loxone  is requi red  to  pro-  
duce  50% j u m p i n g  in T M A - t r e a t e d  d e p e n d e n t  mice (po- 
t e n c y  ra t io  1.54). Cont ro l  na ive  mice did  no t  j u m p  wi th  
doses of na loxone  up  to 100 mg/kg ,  b u t  T M A - t r e a t e d  na ive  
mice j u m p e d  w i t h  75 m g / k g  na loxone  (40%) a n d  100 mg /  
kg (20%). Below 75 m g / k g  a n d  above  100 mg/kg,  j u m p -  
ing was no t  observed .  The  reasons  for t he  a p p a r e n t  sen- 
s i t i za t ion  to large doses of na loxone  in na ive  mice t r e a t e d  
w i t h  TMA are n o t  clear,  b u t  th i s  i nc iden ta l  f ind ing  does 
no t  i n v a l i d a t e  t he  resu l t s  in Tab le  I i I  wh ich  were ob- 
t a i n e d  w i t h  m u c h  lower doses of na loxone  (0.5-5.0 mg/kg) .  

Discussion. TMA, like cyc loheximide ,  can  i nh i b i t  t he  
d e v e l o p m e n t  of m o r p h i n e  to le rance  and  phys ica l  de- 
pendence .  Compar i sons  in our  l a b o r a t o r y  ind ica te  t h a t  
TMA is a b o u t  as p o t e n t ,  we igh t  for weight ,  as cyc lo-  
hex imide  in p r e v e n t i n g  to lerance ,  b u t  on ly  a b o u t  20% as 
effect ive in i n h i b i t i n g  phys ica l  dependence .  I t  can  be 

t e n t a t i v e l y  conc luded  f rom these  resu l t s  t h a t  m o r p h i n e  
to le rance  a n d  phys ica l  d e p e n d e n c e  b o t h  h a v e  u n d e r l y i n g  
m e c h a n i s m s  which  depend  in some way  on the  f o r m a t i o n  
of H m  somewhere  in t he  b ra in .  However ,  TMA in t he  dose 
used in these  e x p e r i m e n t s  (100 mg/kg)  did no t  in fac t  
s ign i f ican t ly  lower whole  b r a i n  H m  levels 72 h a f te r  ad-  
m i n i s t r a t i o n  (Table  II) .  Th i s  is in confl ic t  w i th  t he  f ind-  
ings of MENON et  al. 1~ in rats ,  a n d  m a y  be  due  to species 
difference.  The  absence  of s ign i f ican t  r educ t ion  in whole  
b ra in  H m  a f t e r  100 m g / k g  TMA does not ,  of course, rule  
ou t  localized dep le t ion  in areas  re la ted  more  specif ical ly 
to  t h e  cen t r a l  ac t ions  of morph ine .  F u r t h e r m o r e ,  t he  mea-  
s u r e m e n t s  were m a d e  a t  one po in t  on ly  in t ime  (72 h a f t e r  
TMA inject ion) ,  and  ideal ly  b r a i n  h i s t a m i n e  levels shou ld  
be  d e t e r m i n e d  a t  o the r  t i m e  in terva ls .  H igher  doses of 
T M A ,  e.g. 200 mg/kg,  could n o t  be  used to increase t h e  
chance  of o b t a i n i n g  m e a s u r a b l e  h i s t a m i n e  deple t ion  be-  
cause  of s u b s t a n t i a l  m o r t a l i t y  (40%).  MENON et al. ~~ re- 
p o r t  an  LDa0 of 350 m g / k g  i.p. for t he i r  s t r a in  of mice. 
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Summary. The  ab i l i ty  of r ena l  cor t ica l  slices to  a c c u m u l a t e  P A H  and  N M N  was no t  s ign i f i can t ly  af fected b y  p r e t r ea t -  
m e n t  of a d u l t  r a t s  w i t h  large doses of P A H .  P r e t r e a t m e n t  of adu l t  r a t s  w i t h  T H A M  s ign i f i can t ly  increased P A H  
a c c u m u l a t i o n  b u t  h a d  no effect  on NMN. Inu l in  and  P A H  clearance  and  f i l t r a t ion  f rac t ion  were s igni f icant ly  decreased 
b y  P A H  p r e t r e a t m e n t  b u t  una f fec ted  b y  T H A M  p r e t r e a t m e n t .  The  effects of p r e t r e a t m e n t  on t r a n s p o r t  are p r o b a b l y  
due to non-specif ic  tox ic i ty .  

R e n a l  organic  a n i o n  t r a n s p o r t  c apac i t y  is less in  t he  
n e w b o r n  t h a t  in t he  a d u l t  4 6. A m a j o r  s t imulus  to  devel-  
o p m e n t  of t r a n s p o r t  is s u b s t r a t e  avai labi l i ty~,  8. E x p o -  
sure  of n e w b o r n  a n i m a l s  to  increased  s u b s t r a t e  load a l t e r s  
the  r a t e  of t r a n s p o r t  deve lopmen t .  HIRSCH and  
HOOK6,9,1~ obse rved  t h a t  p - a m i n o h i p p u r i c  acid (PAH)  
a c c u m u l a t i o n  in to  r ena l  cor t ica l  slices f rom n e o n a t a l  r a t s  
and  r a b b i t s  was s ign i f i can t ly  increased  b y  p r e t r e a t m e n t  
wi th  penicil l in.  The re  was, however ,  no  effect  on t r ans -  
por t  c a p a c i t y  in a d u l t  animalsg.  I t  was conc luded  t h a t  a 
f ini te  n u m b e r  of t r a n s p o r t  s i tes exis ted  i.n the  k i d n e y  a n d  
t h a t  a f te r  full  d e v e l o p m e n t  f u r t h e r  s t i m u l a t i o n  could n o t  
be produced% BRXUNLICH et  al. 11 and  BERNHARD et  al. 1~ 
r ecen t l y  r epo r t ed  t h a t  p r e t r e a t m e n t  of adu l t  r a t s  w i t h  
large doses of P A H  or tris-hydroxymethylaminomethane 
(THAM) e n h a n c e d  t h e  u r i n a r y  excre t ion  of P A H  a n d  
T H A M ,  respec t ive ly .  The  purpose  of th i s  s t u d y  was to  
specif ical ly d e t e r m i n e  t he  effect  of P A H  and  T H A M  pre-  
t r e a t m e n t  on  rena l  t r a n s p o r t  of organic  ions. T r a n s p o r t  of 
P A H  and  t he  organic  base  N - m e t h y l n i c o t i n a m i d e  (NMN) 
was quan t i f i ed  in v i t ro  a t  s t e a d y  s t a t e  us ing  rena l  cor t ica l  
slices. T r a n s p o r t  of P A H  was also quan t i f i ed  in v ivo  in 
c l ea rance  expe r imen t s .  

Methods. Adul t ,  ma le  Sprague  Dawley  ~ats approx i -  
m a t e l y  50 days  of age were pu rchased .  On d a y  55 t r e a t -  
m e n t  was  begun.  One group  of an ima l s  received 300 m g  
P A H / 1 0 0  g b o d y  weight .  T he  second group  received 9 4 m g  
T H A M / 1 0 0  g b o d y  weight .  B o t h  c o m p o u n d s  were ad-  
min i s t e red  i.p. in a t o t a l  v o l u m e  of 5 ml. Controls  rece ived  
saline.  All  so lu t ions  were a d j u s t e d  to p H  7.4 i m m e d i a t e l y  
p r io r  to  in jec t ion .  An i m a l s  were t r e a t e d  twice  da i ly  for  
4 days.  T r a n s p o r t  was  m e a s u r e d  on t he  5th  day.  

Organic  ion t r a n s p o r t  c a p a c i t y  was d e t e r m i n e d  us ing  
rena l  cor t ica l  slices. T h i n  slices of rena l  cor tex  were pre-  
pa red  f r eehand  and  i n c u b a t e d  in 2.7 m l  of t h e  p h o s p h a t e  
buf fe red  m e d i u m  descr ibed  b y  CROSS a n d  TAGGART 1~ 
wh ich  c o n t a i n e d  7.4 • 10 ~5 M P A I I  a n d  6.0 x 1 0  -6 14C- 
NMN. I n c u b a t i o n s  were car r ied  ou t  in  a Dubnof f  m e t a -  
bolic s h a k e r  a t  25 ~ u n d e r  100% O= for 90 min.  Af te r  in- 
cuba t ion ,  slices were qu ick ly  r e m o v e d  f rom the  med ium,  
b lo t t ed  d r y  and  weighed.  Tissue and  a 2 ml  a l iquo t  of 
m e d i u m  were homogen ized  w i t h  3 Hfl 10% TCA a n d  
b r o u g h t  to  a f inal  vo lume  of 10 ml  w i t h  dist i l led water .  
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P A H  in t issue and  med ium s u p e r n a t a n t s  was de te rmined  
by  the  m e t h o d  of SMITI~ et  al. 14. NMN concen t ra t ion  in 
the  s u p e r n a t a n t  was de t e rmined  by  count ing  al iquots  in 
modified Bray ' s  solut ion using a Beckman  LS100 liquid 
scint i l la t ion spec t ropho tome te r .  Da ta  were p resen ted  as a 
slice to  med ium (S/M) concen t ra t ion  rat io where S equals  
mg/g t issue (wet weight)  and  IVf equals  rag/rot medium.  

Renal  func t ion  was de t e rmined  in vivo using ra ts  
anes the t ized  wi th  60 mg/kg  sodium pen tobarb i t a l .  Body  
t e m p e r a t u r e  was ma in t a ined  at  33-38 ~ using hea t  lamps.  
A P E  50 cannula  was inser ted  into the  b ladder  and  urine 
was collected unde r  mineral  oil in preweighed vials. Bo th  
femoral  ar ter ies  were cannu la t ed  to moni to r  blood pres-  
sure ( S t a t h a m  ar ter ia l  pressure  t ransducer)  and  to ob ta in  
blood samples.  The left  femoral  vein was cannn la t ed  for 
infusion of a solut ion conta in ing  1% inulin and 0.5% 

Effec t  of P A H  a n d  T H A M  p r e t r e a t n l e n t  on c l ea rance  of inul in  a n d  
PAH and filtration fraction in adult rats 

Control PAH THAM 

Inulin clearance 1.48~ 0.13(5) 0.99~0.09(4) ~ 1,3510.14(4) 
(ml/min) 
PAH clearance 4.47-~0.30(5) 3.52J @.28(4) ~, 4.28• 
(ml/min) 
Filtration fraction 0.33~0.01(5) 0.28• ~ 0.31• 

Beginning at 55 days of age rats were treated with either 300 mg 
PAH or 94 mg THAM per 100 g body weight twice daily for 4 days 
and sacrificed 24 h after the final injection. Filtration fraction was 
calculated as the ratio of inulin to PAH clearance. Values represent 
mean • SE. Numbers in parenthesis designate number of animals 
tested. 

Significantly different from control (p < 0.05). 

20 

15 
_o 
ro 

10 

5 

0 

" [ ]  PAH 
DNMN 

Control PAH 

Fig. 1. Effect of PAH prctreatment on the accumulation of PAH 
and NMN by renal cortical slices. Bars represents mean ~ SE of 5 
determinations. 
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Fig. 2. Effect of THAN pretreatment on the accumulation of PAH 
and NMN by renal corticai slices. Bars represent mean 7Jz SE of 9 
determinations. 

P A H  in normal  saline. 3H inulin (0.5 ~xCi/ml) and  t4C 
P A I l  (0.5 ~Ci/ml) were added  to the  solut ion and i t  was 
infused at  0.018 ml /min  using a H a r v a r d  infusion pump.  
A m i n i m u m  of 1.5 h elapsed f rom the  beginning of the  in- 
fusion to  in i t ia t ion  of urine collection. Three,  30-minute  
urine samples  were taken.  Blood (300 [xl) was sampled  a t  
t he  middle  of each ur ine  collection, t~C-PAH and  ~H- 
inulin in p l a sma  and  urine were de t e rmined  using a 
Packa rd  Tri-Carb Liquid  Scint i l la t ion Spec t rometer .  

Da ta  were analyzed s ta t i s t ica l ly  by  ei ther  S t u d e n t ' s  
t t e s t  or r andomized  comple te  block analysis  of var iance  15. 
The 0.05 ievel of p robab i l i ty  was used as the  cr i ter ion of 
significance. 

Resu l t s .  P r e t r e a t m e n t  of adul t  ra ts  wi th  P A H  had  no 
s i g n i f i c a n t  effect  on the  abi l i ty  of renal  cort ical  slices to 
accumula te  e i ther  P A H  or NMN (Figure 1). T I l A M  pre- 
t r e a t m e n t  had  no effect  on the  accumula t ion  of NMN but  
s ignif icant ly  increased P A H  (Figure 2). In  in tac t  animals  
P A I l  p r e t r e a t m e n t  s ignif icant ly  decreased b o t h  P A H  
(effective renal  p lasma flow) and inulin (glomerular  fil- 
t r a t i on  rate) clearance.  T H A M  p r e t r e a t m e n t  had  no ef- 
fec t  on these measu remen t s  (Table). 

D i s c u s s i o n .  BRAUNLICH et al. 11 observed t h a t  p re t r ea t -  
m e n t  of 55-day-old ra t s  w i th  94 mg T H A M  per 100 g body  
weight  increased the  ra te  of T H A M  excre t ion  approxi -  
ma t e l y  50%. Similarly,  in ra t s  p r e t r e a t e d  wi th  300 nag 
P A H  per  100 g b o d y  weight  P A H  excre t ion  was  in- 
creased ap p ro x i ma t e l y  45% 12 . In  b o t h  studies,  renal  
t r a n s p o r t  was e s t ima ted  as to ta l  u r inary  excret ion.  These 
me t h o d s  failed to t ake  into account  a l te ra t ions  in blood 
flow to the  kidney,  vo lumes  of d i s t r ibu t ion  or changes  in 
general  hea l th  of the  animal.  In  addi t ion ,  large doses of 
organic acids and bases could resul t  in osmot ic  diuresis 
which  migh t  influence ra tes  of excre t ion  of these  com- 
pounds .  Therefore,  the  expe r imen t s  in th is  s t u d y  were 
unde r t aken  to more  carefully evaluate  t r a n s p o r t  capac i ty  
in p re t r ea t ed  animals.  

The age and t r e a t m e n t  schedule were chosen f rom the  
c i ted studies to  provide  o p t i m u m  s t imula t ion  11,~2. Ad- 
min i s t ra t ion  of P A H  produced  severe, ou tward  signs of 
dis t ress  in the  animal.  Violent  abdomina l  con t rac t ions  
were observed.  Animals  immed ia t e ly  began  to dr ink  fol- 
lowing injection,  p r e sumab ly  because of the  osmot ic  ef- 
fect  of this  large a m o u n t  of P A H .  The reac t ion  to T I lAM 
p r e t r e a t m e n t  was less severe. The only  effect  of p re t r ea t -  
m e n t  observed in v i t ro  was an increased accumula t ion  of 
P A H  following THAI~C This is obvious ly  no t  a case of 
subs t r a t e  s t imula t ion  and  m a y  be due to a nonspecif ic  
toxic  act ion of T H A M  on renal  t issue comparab le  to the  
s t imula t ion  of P A H  t r a n s p o r t  following low doses of 
gen tamic in  1G or po tas s ium d ich romate  17. 

In  the  in tac t  an imal  the  clearances of P A H  and  inulin 
were de t e rmined  to fu r ther  inves t iga te  the  increased in 
Vitro accumula t ion  of P A H  following T H A N  and  to 
evalua te  toxic i ty .  The only effect  observed  was a general  
d iminu t ion  of func t ion  following P A I l  t r e a t m e n t ,  sec- 
o n d a r y  to toxicosis.  

In  conclusion, these  da t a  suggest  t h a t  large doses of 
P A H  and T I l A M  have  no di rect  effect  on renal  organic 
ion t r a n s p o r t  capaci ty .  A n y  differences in t r a n s p o r t  
m e a s u r e m e n t  following p r e t r e a t m e n t  in this  s t u d y  were 
mos t  likely due to  non-specif ic  toxic i ty .  

14 H.  W. SMITH, N. FINKELSTEIN, L. ALIMINOSA, B. CRAV~WOR1) a n d  
M. GRABER, J. clin. Invest. 2J, 388 (1945). 

~ R. G. D. STEELE and J. H. TORRIE, Principles and Procedures o] 
Statistics (r~r New York 1960). 

16 L. COHEN, R. LAPKIN and G. •. I~ALOYANIDES, J .  Pharmac. exp. 
Ther. 793, 264 (1975). 

x7 W. O. BERNDT, Toxic. appl. Pharmac. 32, 40 (1975}. 


