
15.2. 1978 Specialia 217 

R e s u l t s  f rom u r i n a r y  ba l ance  s tud ie s  are s h o w n  in t he  
f igure.  T h e  t ab le  shows  t he  r e su l t s  of b lood d e t e r m i n a t i o n s  
and  R R C .  P R A  a n d  R R C  decrease  p rog re s s ive ly  a nd  
p l a s m a  c rea t in ine  is modi f ied  accord ing  to  the  w a t e r  re- 
t en t i o n .  
F r o m  these  d a t a  an  ' escape '  p h e n o m e n o n  f rom t h e  sa l t  
a n d  w a t e r  r e t e n t i o n  induced  by  P can  be deduced .  The  
r eabso rp t ion  ab i l i ty  s eems  to be l imi ted  b y  t he  level of 
ex t r ace l lu l a r  v o l u m e  expans ion .  W h e n  a ce r t a in  degree  
is exceeded ,  t h e  k i d n e y  d i scharges  pa r t i a l l y  the  over load ,  
p e r h a p s  t h r o u g h  an  increased  G F R  4. 
N e i t h e r  P R A  nor  R R C  seem to be invo lved  in these  m e c h a -  
n i s m s  because  the i r  va lues  decrease  c o n t i n u o u s l y  w i t h o u t  
re la t ion  to the  s t a t e  of ex t r ace l lu l a r  v o l u m e  e x p a n s i o n  or 
wa t e r  excre t ion .  
P roprano lo l  as b locker  of f l -adrenergic recep to rs  in the  
blood vesse ls  can  m o d i f y  t he  size of t he i r  l u m e n  and  a l te r  
t he  d y n a m i c s  of g lomeru l a r  u l t r a f i l t r a t ion ,  lowering t he  
rena l  p l a s m a  flow w i t h o u t  c h a n g i n g  the  g lomeru l a r  f i l t ra-  
t ion  r a t e  t h r o u g h  a rise in t he  f i l t r a t ion  f rac t ion .  Th i s  
s i t u a t i o n  would  invo lve  an increase  in p r o x i m a l  reab-  
so rp t ion  because  of t he  rise in p e r i t u b u l a r  oncot ic  pressure .  
A l t h o u g h  th i s  h y p o t h e s i s  is c o m p a t i b l e  w i t h  the  obse rved  
c h a n g e s  in s o d i u m  and  wa t e r  excre t ion ,  d i rec t  m e a s u r e -  
m e n t  b y  m i c r o p u n c t u r e  or o the r  t e c h n i q u e  seems  neces-  
s a ry  for ver i f i ca t ion  of th i s  hypo the s i s .  

C h a n g e s  in ha l f  life of p roprano lo l  ch ron ica l ly  a d m i n i s -  
t e red  s could  exp la in  t he  a t t e n u a t i o n  in t he  i n t e n s i t y  of 
t he  ' escape '  m e c h a n i s m .  T h e  ' escape '  i tself  could  be 
m e d i a t e d  b y  t he  d i f fe ren t  ac t ion  of P in b lood vesse ls  
r ecep to rs  a t  d i f fe ren t  dosesg. 

Values of plasma creatinine, plasma renin activity (PRA) and renal 
renin content (RRC) 

Day ARP RRC Creatinine 
(ng AI/ml h) ([zg AI/ml h g.k.w.)* (mg/100 ml) 

0 118 -~ 23 830 + 50 0.63 -4- 0.01 
4 59 :j_ 4 680 • 21 0.55 • 0.02 

p < 0.05 p < 0.01 p < 0.005 
7 57 :t_ 4 626 • 42 0.62 ~_ 0.01 

p < 0.05 p < 0.0l NS 
10 5 4 ~  2 0 .50•  05 

p < 0.05 p < 0.0005 
13 52 :j_ 2 0.61 • 0.001 

p < 0.01 p < 0.05 

Mean :j_ SEM are represented. * g.k.w. = gram of fresh kidneyweight. 

8 G.H.  Evans and D. G. Shand, J. clin. Pharmac. Ther. 74, 487 
(1973). 

9 H . J .  Waal-Manning, Drugs 12, 412 (1976). 
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Summary. R a t  h e p a t o m a  t i s sue  cu l tu re  cells and  m o u s e  l eukemic  cells were found  to me tabo l i ze  EI-aH] m e t h a d o n e  
to a t  leas t  2 un iden t i f i ed  rad ioac t ive  c o m p o u n d s .  These  resu l t s  sugge s t  t h a t  c u l t u r e d  cells m a y  be useful  mode l s  for 
s t u d y i n g  m e t h a d o n e  m e t a b o l i s m  by  specific cell t ypes .  

S tud ies  of d r u g  m e t a b o l i s m  genera l ly  h a v e  been  per-  
f o rm ed  in v ivo  a l t h o u g h  e x p e r i m e n t s  in v i t ro  h a v e  been 
used  to  d e t e r m i n e  me tabo l i c  c o n t r i b u t i o n s  by  specific 
t i ssues .  U n f o r t u n a t e l y  m o s t  t i s sues  are m a d e  up  of m a n y  
cell t y p e s  an d  t h e  c o n t r i b u t i o n  of each  to d r u g  m e t a b o l i s m  
m a y  be di f f icul t  to eva lua te .  Th i s  q u e s t i o n  m a y  be 
a n s w e r e d  b y  e m p l o y i n g  cu l t u r ed  cells where  the  cu l t u r e s  
can  be cloned,  if necessa ry ,  to ach ieve  a h o m o g e n e o u s  cell 
popu la t i on .  
I t  was  t h e  p u rp o se  of th i s  s t u d y  to d e t e r m i n e  if 2 c o m m o n  
cell l ines me tabo l i ze  m e t h a d o n e .  M e t h a d o n e  was  used  
because  the  m e t a b o l i s m  has  been t h o r o u g h l y  cha rac t e r i zed  
in v ivo  a-7 a n d  in v i t ro  8-10. R a t  h e p a t o m a  t i s sue  cu l tu re  
cells (HTC),  de r ived  f rom a m i n i m a l  dev i a t i on  h e p a t o m a  ix, 
were used  for t h e  ini t ia l  e x p e r i m e n t s  since m e t h a d o n e  is 
me tabo l i zed  b y  t h e  l iver 5, 10. The  L5178Y m o u s e  l eukemic  
cells ( l y m p h o m a )  were used  as a c o n t r a s t i n g  cell line 
since o t h e r  t y p e s  of cells m a y  metabo l i ze  op ia tes  12. 
Materials and methods. T h e  H T C  cells were cu l t u r e d  in 
m o n o l a y e r  a t  37 ~ in Swims  S-77 m e d i u m  (Grand I s l a nd  
Biological  Co.) c o n t a i n i n g  10% (v/v) fe ta l  calf s e r u m  a n d  
5% calf  s e r u m  n.  T h e  l y m p h o m a  cells were cu l t u r e d  in 
s u s p e n s i o n  a t  37~ u s ing  F i sche r ' s  m e d i u m  w i t h  10% 
(v/v) horse  se ruml~.  The  cells were c u l t u r e d  us ing  e s t ab -  
l ished t e c h n i q u e s  wi th  periodic e x a m i n a t i o n  to a s su re  
f r e ed o m  f rom c o n t a m i n a t i o n  b y  bac te r ia ,  fungi ,  or  m y -  
c o p l a s m a  14. So lu t ions  of 1- ( - ) -Ela-H]methadone  h y d r o -  
b r o m i d e  (New E n g l a n d  Nuc lea r  Corpora t ion ,  92.3 
Ci /mole  -1) an d  d l - m e t h a d o n e  hyd roch lo r ide  (S.B. Pe n i c k  

Co.)were s ter i l ized by  f i l t r a t ion  t h r o u g h  0.22 ~m fi l ters  
(Millipore Corp.) a nd  were a dde d  to l oga r i t hmic  c u l t u r e s  
a t  the  s t a r t  of t he  i n c u b a t i o n  per iod.  C o n c e n t r a t i o n s  

1 This study was supported by United States Public Health Ser- 
vice Research Grant No. MH 15622. The illustrations were pre- 
pared by Diane J. Kastelic. 
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Case Western Reserve University, Cleveland, Ohio 44106, USA. 

3 A.H.  Beekett, J. F. Taylor, A. F. Casy and M. M. A. Hassan, 
J. Pharm. Pharmac. 20, 754 (1968). 

4 A.L. Misra, S. J. Mule, R. Bloch and N. L. Vadlamani, J. Phar- 
mac. exp. Ther. 185, 287 (1973). 

5 D .L .  Roerig, A. T. Hasegawa and R. I. H. Wang, Biochem. 
Pharmac. 24, 355 (1975). 

6 H.R.  Sullivan, S. E. Smits, S. L. Due, R. E. Booher and R. E. 
McMahon, Life Sei. /1, 1093 (1972). 

7 H .R .  Sullivan and S. L. Due, J. reed. Chem. 16, 909 (1973). 
8 N.C. Jain, W. J. Leung, R. D. Budd and T. C. Sneath, J. Chro- 

mat. I03, 85 (1975). 
9 O. Sehaumann, Naunyn-Schmiedebergs Arch. Path. Pharmak. 

239, 311 (1960). 
10 T.C. Spaulding, L. Minium, A. N. Kotake and A. E. Takemori, 

Drug. Metab. Disp. 2, 458 (1974). 
11 E .B .  Thompson, G. M. Tomkins and J. F. Curran, Proc. nat. 

Acad. Sci. USA 56, 296 (1966). 
12 M. Liesse, G. Lhoest, A. Trouet and P. Tulkens, Archs int. 

Physiol. Biochim. 8,t, 638 (1976). 
13 G.A. Fischer, Ann. N. Y. Aead. Sci. 76, 673 (1958). 
14 J. Paul, Cell and Tissue Culture, 5th ed., p. 243. Churchill Living- 

stone, London 1975. 



218 Specialia EXP~RI~N~IA 34/2 

Neutral 
100 

Basic Acidic 

0 

~ 5O 

| 
~ ~ - - 
0 

g 

50 

I _  

- t  

0 

1 

= L  

0.5 

Mean Rf 

B C 

O 

E F 

t o  

o 

H I 

E 

t o  

I_E 

0 0.5 1.0 

Fig. 1.37LC of Swim s medium and HTC cell extracts. The chromato- 
grams depicted in A, D and G were developed with the neutral sol- 
vent system, those in 13, E and H with the basic solvent system, andC, 
F and I using the acidic solvent system. Authentic [l-Sill methadone, 
the HTC cell extract, and the Swim's medium extract were ehroma- 
tographed on A, t3 and C; D, E and F; and G, H and I respectively. 
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Fig. 2. TLC of Fischer's medium and lympholna cell extracts. The 
chromatograms showns in A, D and G were developed with the 
neutral solvent system; those in B, E and H with the basic solvent 
system, and C, F and I using the acidic solvent system. Authentic 
[l-Sill methadone, the lymphoma cell extract and the Fischer's 
medium extract were chromatographed on A, B and C; D, E and F; 
and G, H and I respectively. 

were chosen to  avoid cytotoxic i ty l~,  ze. A p p ro x i ma te ly  
1 • 10 s HTC cells were incuba ted  wi th  4 t~M m e t h a d o n e  
for 24 h and abou t  3 • 10 s lyrnphorna cells were i ncuba ted  
wi th  6.6 t~M m e t h a d o n e  for 29 h. At  the  end of the  in- 
cuba t ion  period,  the  HTC cells were de tached  z7 and  
collected by  centr i fugat ion.  The lyrnphorna cells were 
ha rves t ed  by  cen t r i fuga t ion  and  washed  once wi th  10 ml 
physiological  saline. The washed cels were lysed wi th  
30 ml  of dist i l led water .  The media  samples  mixed  wi th  
the  wash  solut ions were lyophil ized and  the  resul t ing 
mater ia l  was suspended  in 100 ml of 10 rnM HC1. The 
cell lysates  and  the  media  solut ions were ad jus ted  to  
p H  10 wi th  Na~CO s and  ex t r ac t ed  wi th  10% m e t h a n o l  
in chloroform (CM). The aqueous  phases,  which con ta ined  
less t h a n  6% of the  to ta l  rad ioac t iv i ty ,  were d iscarded  
and  the  organic phases  were filtered th rough  W h a t m a n  
No. 1, f l ash-evapora ted  and  suspended  in a small  vo lume 
of CM. The CM ex t rac t s  were ana lyzed  by  TLC using 
silica gel s t r ips  (Eas tman  K o d a k  Co., n u m b e r  6061) w i th  
the  following solvent  sys tems :  neutral, t -arnyl  alcohol-n-  
bu ty l  e the r -wa te r  (14: 7: 1) is; basic, e thyl  ace ta te -n-  
bu t ano l - e thano l - concen t r a t ed  ammo n i a  (70:10:15:1) ;  and 
acidic, pe t ro leum e the r -d ie thy l  ether-glacial  acetic acid 
(90 : 10: 1) ~. Af ter  d e v e l o p m e n t  the  s t r ips  were cu t  into 
small  segments  and the  rad ioac t iv i ty  was measured  wi th  
a scinti l lat ion spec t rome te r  (Packard  I n s t r u m e n t  Co., 
Model 3310) using a to luene-based  coun t ing  solutio~l ~0. 
The c h r o m a t o g r a p h y  of [1-a l l ]methadone  was pe r fo rmed  
in the  same man n e r  as w i th  the  ex t rac ts .  No s ignif icant  
effect  on the  mobi l i ty  of m e t h a d o n e  in any  of the  solvent  
sys tems  was observed when  the  drug was spo t t ed  wi th  
e i ther  purif ied lipids or an ex t r ac t  of un t r ea t ed  cells. 
The ch roma tograph ic  behav io r  of m e t h a d o n e  was also 
unaf fec ted  by  p r e t r ea t rnen t  wi th  cul ture  medium.  
Results and discussion. Figure  1 i l lustrates  the  resul ts  
ob ta ined  wi th  the  HTC cells. I t  can be seen by  compar ing  
the  chrorna tograms  of the  cell and media  ex t rac t s  w i th  
those  of m e t h a d o n e  t h a t  a subs tan t i a l  a m o u n t  of the  
r ad ioac t iv i ty  does no t  migra te  the  same as a u t h e n t i c .  
me thadone .  The pe rcen tage  of m e t h a d o n e  metabo l ized  
was e s t ima ted  f rom the  to ta l  a m o u n t  of r ad ioac t iv i ty  
p re sen t  a t  grea ter  t h a n  Rf 0.1 in figure 1I. This e s t ima t ion  
is based upon the  obse rva t ion  in figure 1C t h a t  m e t h a d o n e  
does no t  migra te  in th is  sys tem.  I t  was found t h a t  
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Fig. 3. Neutral TLC of Fischer's medium extracts previously chro- 
matographed with the basic solvent system. Peak A from figure 2H 
(R~ < 0.4) contained ~ 1200 dpm and Peak B (Rf > 0.4) contained 
,-, 14,000 dpm. 
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app rox ima te ly  9.3% of the  m e t h a d o n e  was metabo l i zed  
in 24 h to a t  least  2 compounds .  These resul ts  sugges t  
t h a t  HTC cells, even t hough  t rans formed ,  have  re ta ined  
the  enzymes  requi red  to metabol ize  opiates.  
The resul ts  ob ta ined  wi th  the  l y m p h o m a  cells are shown 
in figure 2. As w i t h  t he  HTC cells t he  c h r o m a t o g r a m s  
indicate  t h a t  a subs tan t i a l  a m o u n t  of the  r ad ioac t iv i ty  
does no t  have  the  same Rt as me thadone .  W h e n  the  
a m o u n t  of me tabo l i sm was e s t ima ted  as descr ibed above,  
it  was found t h a t  26% of the  to ta l  r ad ioac t iv i ty  migra ted  
in the  acidic so lven t  sys t em af ter  a 29-h incubat ion .  
To examine  fu r the r  the  radioact ive  mate r ia l  p ro d u ced  
by the  l y m p h o m a  cells, a q u a n t i t y  of the  med ium ex t r ac t  
was c h r o m a t o g r a p h e d  wi th  the  basic so lvent  sys tem.  
The c h r o m a t o g r a m  (similar to figure 2H) was b i sec ted  
at  !R, 0.4, the  mate r ia l  f rom each piece eluted wi th  CM, 
and r e c h r o m a t o g r a p h e d  using the  neut ra l  so lvent  sys tem.  
The mater ia l  which migra ted  in the  basic so lvent  sy s t em 
wi th  an Rf of less t h a n  0.4 was labeled Peak  A and the  ma-  
terial  w i th  an Rf grea te r  t h a n  0.4 was labeled Peak  B. The 
results  ob ta ined  af ter  c h r o m a t o g r a p h y  wi th  the  neu t ra l  
so lvent  sys tem are shown in figure 3. Peaks  A and  B 
were b o t h  found to be composed  of a t  least  2 r ad ioac t i tve  
substances .  Una l t e r ed  m e t h a d o n e  was found  in Peak  B 
and had  an Rf in the  neu t ra l  solvent  sys tem of 0.1. The 
results  in figure 3 therefore  indicate  t h a t  l y m p h o m a  cells 
p roduce  at  least  3 radioact ive  compounds  f rom [1-all] 
m e t h a d o n e  
Both  HTC and l y m p h o m a  ceils appear  to p roduce  2- 
e thyl -5-methyl -3 ,3-d iphenyl -1  pyrrol ine  as shown by  
ch roma tograph ic  mobi l i ty  ~s. However ,  the  metabo l i t es  
could no t  be def in i te ly  ident i f ied due to the  minu te  

quan t i t i e s  produced.  Af ter  metabol i sm,  the  rad ioac t iv i ty  
is p ro b ab l y  still associa ted wi th  the  bulk  of the  m e t h a d o n e  
molecule because t r i t i um p resen t  in a m e t h y l  group does 
no t  readi ly  exchange  and because mos t  me tabo l i t e s  still 
possess the  n u m b e r  one m e t h y l  group a-~0, 21, 2~. 
I t  was  n o t  the  ob jec t ive  of th is  s t u d y  to  examine  the  ra te  
of m e t h a d o n e  me tabo l i sm by  cul tured  cells, and the  
es t imates  of the  e x t e n t  of me tabo l i sm given above  can 
only  be considered first  approx imat ions .  I t  is likely t h a t  
these  figures are too low as some metabol i t es  m a y  no t  
migra te  in the  acidic so lvent  sys tem.  However ,  the, ra tes  
ob ta ined  (9.3% per  day  by  HTC cells and 22% per  day  
by  l y m p h o m a  cells) are similar  to  the  20-30% per  day  
e s t ima ted  in vivo wi th  non to le ran t  ra ts  and men  4,23 
Cul tured cells m a y  therefore  serve as useful models  for 
s tudy ing  the  metabo l i sm of opiates  by  specific cell types .  

15 W. D. Noteboom and G. C. Mueller, Molec. Pharmac. 5, 38 
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17 S. H. Madin and N. B. Darby, Proe. Soc. exp. Biol. Med. 98, 
574 (1958). 

18 A.L. Misra, N. L. Vadlamani and S. J. Mule, J. Chromat. 67, 
379 (1972). 

19 K. Randerath, Thin Layer Chromatography, p. 177. Academic 
Press, New York 1968. 

20 G.W. Carter and K. Van Dyke, Clin. Chem. 17, 576 {1971). 
2I W.J.  George and T. R. Tephly, Molec. Pharmac. 4, 502 (1968). 
22 A. Pohland, H. E. Boaz and H. R. Sullivan, J. reed. Chem. ld, 

194 (1971). 
23 R.C. Baselt and L. J. Casarett, Clin. Pharmac. Ther. 13, 64 
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S u r a m i n  s t i m u l a t e s  r e n a l  g r o w t h  in  t h e  ra t  1 

L. Selmeci, K. Szepesh~zi,  E. P6sch and L. Hdrsing~ 

Institute o/ Pathophysiology and 1st Institute o/Pathology, Semmelweis University Medical School, 
Budapest (Hungary), 11 July 1977 

Summary. Suramin  given to  ra ts  in a single high dose (20 mg/100 g i.v.) s t imula ted  renal  growth.  Max i mu m changes  
are t ak ing  place af ter  6-9 days  of t r e a t m e n t .  

A single high dose of folic acid has  been shown to induce 
a marked  increase in k idney  weight ,  DNA- and R N A -  
synthes is ,  followed by an in tens ive  mitosis  ra te  t h r o u g h o u t  
the  k idney 3-5, This  p h e n o m e n o n  has been called ' chemi-  
ca l ly- induced '  h y p e r t r o p h y  and  used as a model  for 
s tudy ing  induced  cell prol iferat ion.  Here  we p re sen t  
evidence of induced  renal  g rowth  in the  ra t  by  a single 
i.v. dose of su ramin  (sodium salt  of 8-[3-benzamido-4-  
me thy lbenzamido] -naph ta l ene -1 ,  3, 5,- tr isulphonic acid, 
mol .wt  1492). Suramin  is a t rypanoc ida l  drug used in the  
h u m a n  t h e r a p y  and p rophy lax i s  of sleeping sickness.  
Fol lowing its i.v. admin is t ra t ion ,  a h igh concen t ra t ion  
is achieved in t he  plasma.  This falls fairly rap id ly  for a 
few h, t h e n  more  slowly for a few days,  a f ter  which  a low 
concen t ra t ion  is ma in t a ined  for as long as 3 months .  
The pers is tence  of suramin  in the  circulat ion is due to 
its f i rm b inding  to  p lasma proteins .  The c o m p o u n d  
a p p a r e n t l y  does no t  en te r  cells readily,  since none  is 
p re sen t  in e ry th rocy tes ,  and t issue concen t ra t ions  are 
un i formly  lower t h a n  those  in the  plasma.  I t  is of par t icu-  
lar in te res t  t ha t ,  in expe r imen ta l  animals,  the  k idneys  
have  been found to conta in  cons iderably  more su ramin  
t h a n  o the r  organs  ~. 

Materials and methods. Suramin  (Bayer 205) was dissolved 
in physiological  saline in a concen t ra t ion  of 10% (w/v) 
and  in jec ted  i.v. in a single dose (20 rag/100 g) to male 
albino ra ts  of inbred  s t ra in  (CFY) weighing 130-160 g. 
At  various days  af ter  t r e a t m e n t ,  ra ts  were anes the t ized  
wi th  e the r  a t  the  same per iod of the  day  (between 9 and 
10 a.m.), the i r  k idneys  removed,  s t r ipped  of the i r  capsules,  
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