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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 .  
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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,  
b lo t t ed  on fil ter paper  weighed and immed ia t e ly  pro-  
cessed for chemical  d e t e rmi n a t i o n s  (left kidney) or p u t  
in an oven at  105~ (r ight  kidney)  for 48 h and  then  
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Table 1. Changes in rat kidney weights following a single i.e. dose (20 mg/100 g) of suramin 

EXPER1ENTIA 34/2 

Days after 
treatment 

Wet kidney weight (mg/lO0 g b.wt) 
Control Suramin 

Dry kidney weight (mg/100 g b.wt) 
Control Suramin 

Percentage dry weight 
Control Suramin 

1 404.2 4- 29.9 (8) 428.4 4- 51.0 (8) 93.0 • 6.7 99.6 4- 7.1 23.0 4- 0.94 23.4 + 2.2 
2 - 427.7 4- 23.6 (8) 97.7 =L 5.1 - 22.9 q- 0.54 
3 424.4 • 21.2 (8) 466.7 -4- 34.7* (8) 101.5 -/- 4.6 107.4 4- 7.7 23.9 -t- 0.64 23.0 4- 0.50 
6 408.0 4- 25.4 (8) 542.1 =L 66.6** (8) 94.4 -4- 6.7 112.1 :k 7.1"* 23,1 • 0.62 20.8 -4- 1.35 
9 386.2 4- 31.0 (8) 544.1 -4- 45.6** (7) 92.4 q- 9.2 117.0 ~ 3.8** 24.0 4- 0.51 21.5 + 0.92 

* Significantly different from control p < 0.02; **p < 0.001. Student's t-test was used for calculating statistical significance. In parentheses 
No. of rats. Values represent means j= SD 

Table 2. Number of mitoses in rat kidney after a single i.v. dose (20 mg/100 g) of suramin 

Days after treatment 

Cortex Medulla 
Number of mitotic figures per I0' cells Number of mitotic figures per 104 cells 
Control Suramin Control Suramin 

3 4.5 i 3.2 (6) 3.3 4- 3.5 (6) 1.8 4- 1.3 4.5 4- 3.1 
6 4.5 • 3.7 (6) 14.3 ~ 6.1" (6) 2.2 + 2.4 6.0 + 4.5 
9 6.8 ~: 4.5 (6) 19.5 4- 7.5** (4) 6.0 4- 2.5 5.7 -4- 4.3 

12 5.3 -b 3.4 (5) 3.3 -t- 3.0 (3) 5.0 :h 1.2 6.3 4- 4.9 

* Statistically different from controls p < 0.01 ; **p < 0.001. Student's t-test was used for calculating statistical significance. In parentheses 
No. of rats, Values represent means ! SD. 

reweighed.  D a t a  are compared  wi th  those  of saline- 
t r e a t ed  cont ro ls  killed on the  same day,  excep t  on  the  
2nd day  when  no contro l  group was killed and  the  values  
of su ramin - t r ea t ed  ra ts  were compared  wi th  controls  
killed on the  1st day.  
For  his tological  s t u d y  the  k idney  was cu t  into ha lves  
lengthwise  across the  papil la  and  fixed in formal in  (10% 
w/v) neut ra l ized  wi th  calcium carbonate ,  e m b e d d e d  in 
paraff in,  sec t ioned at  a th ickness  of 2 tam. Sect ions  were 
s ta ined  e i ther  w i th  h e m a t o x i t y n  and eosin or PAS.  
Histological  slides were careful ly examined  by  l ight  
microscopy,  and  mi to t ic  figures counted  b o t h  in cor tex  
and medulla .  Rena l  R N A  7 and  D N A  s con t en t s  were 
de t e rmined  a f te r  7 days  of t r e a t m e n t .  
Results .  Suramin  given in a single i.e. dose cons iderab ly  
increased b o t h  we t  and  d ry  k idney  weights .  H ighes t  
values  were reached  on 6 and  9 days.  The pe rcen tage  
d ry  weigh t  values  remained  fairly c o n s t a n t  ( table 1). 
A t  6 and  9 days  of t r e a t m e n t ,  mi to t ic  figure exh ib i t ed  
a sha rp  increase in the  cor tex  bu t  no t  in the  medulla ,  
and b y  12 days  i t  decl ined to normal  (table 2). A t  7 
days ,  b o t h  renal  R N A  and  D N A  con ten t s  (mg per  k idney /  
100 g b .wt )  were  s ignif icant ly  e leva ted  compared  to  
values  of sa l ine- t rea ted  control .  RNAcontrol : 1.780 :t: 0.234, 
RNAsur~min : 2.866 4- 0.497 (p < 0.001), DNAeontrol: 1.609 
:h 0.183, DNAsuramin 2.461 + 0.203 (p < 0.001). 
Discussion.  Suramin  has  been  d e m o n s t r a t e d  to  inh ib i t  
some enzymes  such  as urease, hexokinase ,  succinic 
oxydase  9, lysozymel0,  acid phospha tase ,  be ta -g lucuroni -  
dase n ,  lysosomal  p ro teo ly t ic  ac t iv i ty  of r a t  l iver lL the  
c o m p l e m e n t  sys t ems  1~, C 1 esterase,  t h rombin ,  p l a sma  
kall ikrein 14 and  m e m b r a n e  ATPase  15 
Suramin  also inh ib i t s  the  fusion of phagosomes  and  
lysosomes of mouse  per i tonea l  macrophages  1~. However ,  
i t  s t imula tes  B - l y m p h o c y t e  prol i fera t ion  in t he  mouse  
in v i t ro  lL The resul ts  of th is  s t u d y  appear  to indica te  

t h a t  a single h igh  dose of su ramin  can induce renal  g rowth  
in t he  rat ,  and  m a x i m u m  changes  are  t ak ing  place a t  
6-9 days  of t r e a t m e n t .  This  t ime course seems to be 
d i f ferent  f rom t h a t  descr ibed af ter  folate admin i s t r a t ion  
when  m a x i m u m  values  are reached a t  4 days  a. However ,  
changes  induced  by  su ramin  in k idney  are less p ronouced  
t h a n  af ter  folic acid b u t  are still  considerable.  The con- 
s t ancy  of percen tage  dry  we igh t  values  observed in th is  
s t u d y  indica te  t h a t  edema  does no t  essent ia l ly  con t r ibu te  
to the  weigh t  increase p roduced  by  suramin.  We also 
failed to de t ec t  any  p rec ip i t a t ed  subs tances  in the  k idney  
tubules  which  are t h o u g h t  to  be responsible  for folic 
ac id- induced renal  h y p e r t r o p h y  via a par t ia l  tubu la r  
blockage is. Histological  f indings suggest  t h a t  regenera t ive  
processes are involved in su ramin- induced  renal  hype r -  
t r o p h y  which  p r e d o m i n a n t l y  localized in the  p rox imal  
tubules ,  whereas  no changes  were seen in the  glomeruli  
or medulla .  The model  descr ibed  in th i s  paper  seems to 
be a simple one, easily reproducible ,  t h a t  migh t  be sui table  
for s tudy ing  induced  cell prol i fera t ion in the  kidney.  
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