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were t h e n  lyophi l i zed  a n d  t he  r e su l t ing  powder s  used in 
t he  a d s o r p t i o n  i s o t h e r m  expe r imen t s .  
W a t e r  b i n d i n g  abi l i t ies  were m e a s u r e d  as descr ibed  b y  
Bul l  s. A 0.1 to  0.5 g sample  of lyophi l ized m a t e r i a l  was  
p laced  in to  a v a c u u m  dess ica to r  a b o v e  a p p r o x i m a t e l y  
100 ml  of a s a t u r a t e d  sa l t  so lu t ion  wh ich  gave  a k n o w n  
re la t ive  h u m i d i t y  a t  t he  equ i l ib ra t ion  t e m p e r a t u r e  (20 ~ 
The  sal ts  (humidi t ies)  were:  Lie1 (12.5%), MgC12 (33.0%),  
K2CO a (44.0%),  Ca (NOa) 2 (50.5%),  N a N O  2 (65.5%),  
N a N O  3 (76.0%),  KCI (85.0%) a n d  Na2CO a (92.0%)7. The  
dess ica tors  were e v a c u a t e d  a n d  held  a t  20 ~ Af te r  3 days  
t h e  v a c u u m  was re leased a n d  t he  samples  qu ick ly  
weighed.  The  samples  were t h e n  dr ied  a t  I05~ d r y  
we igh t s  were measured ,  and  the  e x t e n t  of h y d r a t i o n  
(g H20 /100  g sample)  was o b t a i n e d  b y  s u b s t r a c t i n g  t he  
d r y  f rom the  wet  weight .  
Results. The  adso rp t ion  i so the rms  for severa l  samples  are 
shown  in t he  figure. The  shapes  of all  curves  were s imi la r  
a n d  r e sembled  closely t he  i so the rms  p u b l i s h e d  b y  o t h e r  
workers  on pur i f ied  p ro t e in s  6, s. W a t e r  a d s o r p t i o n  va lues  
for egg a lbumin ,  bov ine  s e rum a l b u m i n  and  b r ine  s h r i m p  
agree v e r y  closely w i t h  pub l i shed  va lues  7,9. Accord ing  
to K u n t z  a n d  K a u z m a n n  s the  region of the  a d s o r p t i o n  
cu rve  be low a p p r o x i m a t e l y  30% re la t ive  h u m i d i t y  is 
due  largely  to the  p e n e t r a t i o n  of w a t e r  in to  the  void spaces  
in  the  p ro t e in  crysta ls ,  and  t h u s  does n o t  r e f l e e t a c c m a t e l y  
p ro t e in  w a t e r  affini t ies.  A t  h igh  h u m i d i t i e s  (above  
a p p r o x i m a t e l y  80%) smal l  changes  in h u m i d i t y  lead 
to large changes  in w a t e r  adsorp t ion ,  m a k i n g  accu ra t e  
compar i sons  in th i s  r ange  difficult .  For  these  reasons  t he  
re la t ive  w a t e r  b ind i ng  abi l i t ies  of the  samples  are b e t t e r  
c o m p a r e d  us ing  d a t a  a t  i n t e r m e d i a t e  re la t ive  humid i t i e s ,  
nea r  50% (table),  where  the  adso rp t ion  i so the rms  are 
para l le l  (figure). These  d a t a  revea l  t h a t  the  w a t e r  b ind ing  
abi l i t ies  of the  samples  co r respond  pos i t ive ly  w i th  t he  
osmolar i t i es  of t he  f luids in which  the  p ro t e in s  occur. B y  
far  the  s t ronges t  w a t e r  b i nd i ng  ab i l i ty  is found  in t he  
case of samples  f rom t he  2 s a l t - t o l e r a n t  bac t e r i a ;  lowest  
w a t e r  b ind ing  ab i l i ty  is b y  the  sample  f rom the  fresh-  
w a t e r  crayf ish .  

Discussion. These  resu l t s  are cons i s t en t  w i t h  t h e  hypo-  
thes i s  t h a t  d i f ferences  in p r o t e i n - w a t e r  a f f in i ty  are 
cor re la ted  w i t h  differences  in  ce l lu lar  osmola r i ty .  T h u s  
se lect ion m a y  lead to mod i f i ca t ion  of p ro t e in  surfaces  such  
t h a t  t h e i r  w a t e r  b i n d i n g  abi l i t ies  are a lways  a d e q u a t e  to  
p e r m i t  t he  p ro t e in s  to  r e m a i n  a d e q u a t e l y  h y d r a t e d  
wi th in  t he  cell. In  v iew of t he  v e r y  h i g h  osmot ic  concen-  
t r a t i o n s  of ha lophi l i c  b a c t e r i a  th i s  r e q u i r e m e n t  is p e r h a p s  
no t  surpr is ing.  I t  is surpr is ing,  however ,  t h a t  a p p a r e n t  
differences  ex i s t  a m o n g  a n i m a l  species. E v e n  t he  app rox i -  
m a t e l y  8fold differences  in t o t a l  osmot ic  c o n c e n t r a t i o n  
b e t w e e n  t i s sues  of m a r i n e  a n d  f r e shwa te r  c r u s t a c e a n s  5 
a p p e a r  to  be  a d e q u a t e  to  f avor  modi f i ca t ion  in p r o t e i n  
w a t e r  b i n d i n g  abil i t ies.  
Whi le  these  d a t a  are cons i s t en t  w i t h  so lub i l i ty - re la ted  
a d a p t a t i o n s  of soluble  pro te ins ,  t h e y  are c lear ly  b u t  a 
t e n t a t i v e  f i rs t  s tep  in the  ana lys i s  of th i s  ques t ion .  
Di f fe ren t ia l  c o n t r i b u t i o n s  of nucleic  acid w a t e r  a d s o r p t i o n  
and  p ro t e in  d e n a t u r a t i o n  a m o n g  the  samples  m a y  h a v e  
affected our  results .  S tudies  of pur i f ied,  wel l -def ined 
soluble  p ro t e in s  are a n  obv ious  n e x t  s tep  in reso lv ing  t h i s  
ques t ion .  U l t i m a t e  reso lu t ion  of the  ques t ion  m a y  en ta i l  
a ccu ra t e  a m i n o  acid compos i t ion  ana lyses  of soluble  
pro te ins ,  s ince the  wa te r  b ind ing  abi l i t ies  of a m i n o  acids 
differ  m a r k e d l y  10. I n  th i s  r ega rd  i t  is i n t e r e s t i ng  t h a t  
ha loph i l i c  bac t e r i a l  p ro te ins  c o n t a i n  e x t r e m e l y  h i g h  
a m o u n t s  of a s p a r t a i e  and  g l u t a m a t e %  the  2 a m i n o  acids  
h a v i n g  t he  h ighes t  w a t e r  b i n d i n g  abi l i t ies  10. 

6 H.B.  Bull, j'. Am. chem. Soc. 66, 1499 (1944). 
7 P.W. Winston and D. H. Bates, Ecology 47, 232 (1960). 
8 I .D.  Kuntz and W. Kauzmann, Adv. Protein Chem. 28, 239 

(1974). 
9 .l.S. Clegg, J. exp. Biol. 61, 291 (1974). 
10 I.D. Kuntz, J. Am. chem. Soc. 93, 514 (1971). 
11 P.C. Croghan, J. exp. Biol. 35, 213 (1958). 
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Effec t  of  v a s e c t o m y  on  h e p a t i c  d r u g  m e t a b o l i s m  1 

D. E. Cook 
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Summary. 2 m o n t h s  a f te r  b i l a t e ra l  v a s e c t o m y  the  m e t a b o l i s m  of an i l ine  b u t  no t  a m i n o p y r i n e  was increased  in r a t  l iver  
homogena te s ,  whereas  v a s e c t o m y  did no t  affect  the  m e t a b o l i s m  of e i t he r  c o m p o u n d  in gu inea-p ig  l iver  homogena t e s .  

V a s e c t o m y  is a widely used p rocedure  for fe r t i l i ty  con t ro l  
in man .  The re  is, however ,  a pauc i t y  of i n f o r m a t i o n  con-  
cern ing  possible  me tabo l i c  consequences  of va sec tomy .  
In  one r ecen t  s tudy ,  increased  d rug  m e t a b o l i s m  was ob- 
se rved  in l iver  h o m o g e n a t e s  p r e p a r e d  f rom vasec tomized  
c o m p a r e d  to con t ro l  rats~. I n  v iew of the  i m p o r t a n c e  of 
an  effect  of v a s e c t o m y  on hepa t i c  d rug  me tabo l i sm,  t he  
p r e s e n t  s t u d y  was c o n d u c t e d  in order  to  i n d e p e n d e n t l y  
examine  t h i s  p h e n o m e n o n .  
Materials and methods. A d u l t  r a t s  ( a p p r o x i m a t e l y  350 g) ob- 
t a i n e d  f rom SASCO, O m a h a  (NE) and  a d u l t  Eng l i sh  S h o r t  
H a i r  guinea-pigs  ( a p p r o x i m a t e l y  600 g) o b t a i n e d  f rom 
CAMM Resea rch  I n s t i t u t e ,  W a y n e  (N J) were housed  indi-  
v idua l ly  and  m a i n t a i n e d  on commerc ia l  l a b o r a t o r y  die ts  ad 
l i b i t u m  e x c e p t  t h a t  the  an i m a l s  were fas ted  24 h pr ior  to  
surgery .  U n d e r  p e n t o b a r b i t a l  (Nembuta l )  anes thes i a  r a t s  

were b i l a t e r a l l y  vasec tomized  b y  l iga t ion  a n d  r e m o v a l  of 
a po r t i on  of each  vas  deferens  essen t i a l ly  as p r ev ious ly  
descr ibed  2. Guinea-p igs  were s imi la r ly  vasec tomized  ex- 
cep t  t h a t  the  va sa  de fe ren t i a  were exposed  v ia  a lower  
a b d o m i n a l  incision. Cont ro l  an ima l s  of b o t h  species were 
t r e a t e d  t he  same as t he  vasec tomized  a n i m a l s  e x c e p t  t h a t  
the  v a s a  de fe ren t i a  were n e i t h e r  l iga ted  no r  cut .  2 m o n t h s  
a f te r  v a s e c t o m y  the  an ima l s  were weighed,  i m m e d i a t e l y  
sacrif iced b y  d e c a p i t a t i o n  and  the  l ivers  r e m o v e d  for 
o rgan  we igh t  d e t e r m i n a t i o n  and  ana lys i s  of in v i t ro  d rug  
me tabo l i sm.  A m i n o p y r i n e  a n d  an i l ine  were used as sub-  

1 Supported by a grartt from the University of Nebraska Medical 
Center. 

2 J. L. Esterday, M. D. NiekelI, Z. Fahim and M. S. Fahim, Res. 
Commun. Chem. Path. Pharmae. 6, 301 (1973). 
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Table 1. Effect of vasectomy on hepatic drug metabolism in rats* 

Drug substrate Control Vasectomized Change (%) 
(nmoles/min (nmoles/min 
g liver) g liver) 

Aniline 7.52:k 0.55 (5) 10.364-0.57 (5)** + 38 
Aminopyrine 104.9 =[=12.83 (5) 131.164-4.51 (5)*** + 25 

* The results are expressed in terms of the metabolic product formed 
(see Materials and methods) and the numbers given are the mean 4- 
SEM (number of animals). **p < 0.01 versus control. ***p ~ 0.07 
versus control. 

Table 2. Effect of vasectomy on hepatic drug metabolism in guinea- 
pigs* 

Drug substrate Control Vaseetomized Change (%) 
(nmoles/min (nmoles/min 
g liver) g liver) 

Aniline 6.554-0.67 (6) 6.854-0.34 (7) + 5 
Aminopyrine 43.054-2.25 (6) 47.07J_1.75 (7) + 9 

* The results are expressed the same as in table 1. 

3 P. Mazel, in: Fundamentals of Drug Metabolism and Drug Dis- 
position, p. 546. Ed. B. N. LaDu, H. G. Mandel and E. L. Way. 
Williams and Wilkins, Baltimore 1973. 

4 D. Kupfer and S. Orrenius, Molec. Pharmac. 6, 221 (1970). 
5 G.J. Mannering, in: Fundamentals of Drug Metabolism and Drug 

Disposition, p. 206. Ed. B. N. LaDu , H. G. Mandel and E. L. Way. 
Williams and Wilkins, Baltimore 1973. 

s t r a t e s  for d rug  m e t a b o l i s m  reac t ions  in  10,000 • g - 10 
min  l iver  s u p e r n a t a n t  p r e p a r a t i o n s  as descr ibed  b y  
Mazel  3. M e t a b o l i s m  of a m i n o p y r i n e  a n d  ani l ine  were de- 
t e r m i n e d  b y  as say ing  t he  f o r m a t i o n  of f o r m a l d e h y d e  and  
p - aminopheno l ,  respec t ive ly ,  as p rev ious ly  descr ibed  a 
excep t  t h a t  20% t r i ch lo roace t i c  acid was used to s top  the  
reac t ions .  The  s ignif icance of di f ference be tween  means  
was e s t ab l i shed  b y  t he  S t u d e n t ' s  t - tes t .  
Results and discussion. V a s e c t o m y  s ign i f i can t ly  increased 
t he  in v i t ro  m e t a b o l i s m  of an i l ine  b y  r a t  l iver  h o m o g e n a t e s  
( table  1). This  increase  is s imi lar  to  a n d  conf i rms  the  
o b s e r v a t i o n  of E s t e r d a y  e t  al. ~ who  found  t h a t  v a s e c t o m y  
of r a t s  increased  the  in v i t ro  m e t a b o l i s m  of p -ch loro-N-  
me thy lan i l i ne .  B o t h  an i l ine  and  p - ch lo ro -N-me thy l an i l i ne  
e x h i b i t  t y p e  I I  b ind ing  spec t ra  w i t h  hepa t i c  c y t o c h r o m e  4 

e v e n  t h o u g h  t h e y  unde rgo  d i f fe ren t  t ypes  of m e t a b o l i s m  
(a romat i c  h y d r o x y l a t i o n  a n d  N - d e m e t h y l a t i o n ,  respec-  
t ively) .  B y  con t ras t ,  t h e  m e t a b o l i s m  (N-deme thy la t i on )  
of a m i n o p y r i n e  (a t y p e  I compound)  5 a l t h o u g h  a p p e a r i n g  
to  be  increased,  was n o t  s ign i f i can t ly  af fected b y  v a s e c t o m y  
( table  1). These  resu l t s  sugges t  t h a t  v a s e c t o m y  m a y  affec t  
d rug  m e t a b o l i s m  t h r o u g h  a m e c h a n i s m  t h a t  a l te rs  specific 
s u b s t r a t e - c y t o c h r o m e  in te rac t ions .  
T h e  resu l t s  in  t ab l e  2 show t h a t  v a s e c t o m y  of t he  guinea-  
p ig  h a d  no  effect  on  t he  hepa t i c  m e t a b o l i s m  of e i t he r  
an i l ine  or aminopyr i l l e .  These  f ind ings  sugges t  t h a t  t he  
effects  of v a s e c t o m y  on h e p a t i c  d rug  m e t a b o l i s m  are species 
specific and  raise  t he  ques t i on  of wh ich  l a b o r a t o r y  species 
is a n  a p p r o p r i a t e  mode l  for  i nd ica t ing  possible  me tabo l i c  
consequences  of v a s e c t o m y  in man .  The  resu l t s  of the  
p r e s e n t  s t u d y  e m p h a s i z e  the  need  for  more  ex t ens ive  
s tud ies  on  t he  r e l a t ionsh i  p be tween  v a s e c t o m y  and  he-  
pa t i c  d rug  m e t a b o l i s m  in b o t h  a n i m a l  model  sys t ems  a n d  
m a n .  

I R a d i o i m m u n o a s s a y  of p o l y a c r y l a m i d e  1 f 

P a t r i c i a  A. Drewes,  A. O. K a m p  a n d  J.  W. W i n k e l m a n  

Bio-Science Laboratories, 7600 Tyrone A venue, Van Nuys  (Cali/ornia 91d05), and A nalytical Laboratories, Dow Chemical 
Company, Midland (Michigan 48640 USA),  5 Ju ly  1977 

Summary. A n t i s e r u m  to p o l y a c r y l a m i d e  has  been  p roduced  in r abb i t s .  I t  can  be  used in a sens i t ive  r a d i o i m m u n o a s s a y  
for  q u a n t i t a t i o n  of po l yac r y l am i de  a t  v e r y  low concen t r a t i ons .  This  nove l  a p p r o a c h  to  t he  ana lys i s  of a syn the t i c ,  
b iological ly  inac t ive ,  h y d r o c a r b o n  p o l y m e r  ha s  p o t e n t i a l l y  widesp read  impl ica t ions ,  for example ,  in the  d o w n s t r e a m  
m e a s u r e m e n t  of f loccu la t ing  agen ts  used in w a t e r  pu r i f i ca t ion  t r e a t m e n t s .  

R a d i o i m m u n o a s s a y  (RIA) was deve loped  for de t ec t i on  of 
b iochemica l s  a t  ve ry  tow c o n c e n t r a t i o n s  in  biological  
f lu ids  ~. Pep t ide ,  p ro t e i n  a n d  s tero id  ho rmones ,  d igi ta l is  
a lkaloids ,  m o r p h i n e ,  L S D  and  o t h e r  d rugs  h a v e  been  
m e a s u r e d  b y  RIA .  Th i s  r e p o r t  i l lus t ra tes  t he  a d a p t a b i l i t y  
of t h e  t echn ic  to  a d i f fe ren t  class of subs tances .  W e  h a v e  
deve loped  an  R I A  for po lyac ry l amide ,  a nonbio logica l ,  
n o n n a t u r a l l y  occur r ing  c o m p o u n d ,  one use of w h i c h  is as 
a w a t e r  pu r i fy ing  a g e n t  (Dowfloc ~M) on  t he  bas i s  of i t s  
f loccu lan t  proper t ies .  The re  is a need  to  d e t e r m i n e  t he  
d o w n s t r e a m  c o n c e n t r a t i o n  of po Iyac ry l amide  in t he  r ange  
of p a r t s  pe r  mi l l ion  to p a r t s  per  bil l ion.  C o n v e n t i o n a l  ana -  
ly t ic  m e t h o d s  for po lymer s  in  aqueous  so lu t ion  are  no t  
suf f ic ien t ly  sens i t ive  or se lect ive  to  m e e t  t h i s  r equ i r emen t .  
P o l y a c r y l a m i d e  res in  164 (Dow Chemica l  Company)  of 
tool. w t  of a p p r o x i m a t e l y  200,000, w i t h  3 .4% of t he  
amide  g roups  h y d r o l y z e d  to ca rboxy l i c  acid,  was  ex- 
h a u s t i v e l y  d ia lyzed  to r e m o v e  low molecu la r  we igh t  ma-  
te r ia l s  (PAA). P o l y a c r y l a m i d e - b o v i n e  s e rum a l b u m i n  con-  

j u g a t e  ( P A A - B S A  con juga te )  was p r e p a r e d  b y  r eac t ing  
t h e  ca rboxyl ic  acid g roups  on  t h e  p o l y m e r  w i t h  t he  a m i n e  
g roups  on  t he  B S A  (Miles Labora to r ies )  v ia  t he  carbo-  
d i imide  m e t h o d  a, as fol lows:  A p p r o x i m a t e l y  e q u i m o l a r  
a m o u n t s  (2.0 g PAA,  0.7 g BSA) were dissolved in 50 ml  
of w a t e r  a n d  t he  p H  a d j u s t e d  to 4.7 w i t h  HC1. Approx i -  
m a t e l y  150 m g  of 1 - e t h y l - 3 - d i m e t h y l a m i n o p r 0 p y l  carbo-  
d i imide  (Aldr ich Chemica l  Co.) was  added,  a n d  t he  re- 
ac t ion  m i x t u r e  was  s t i r red  for  48 h, t h e n  e x h a u s t i v e l y  
d ia lyzed  aga ins t  de ionized  wa te r  a n d  lyophi l ized.  Ap-  
p r o x i m a t e l y  2 g of t he  r eac t i on  p r o d u c t  was recovered.  
Samples  t a k e n  f rom the  r eac t ion  m i x t u r e  a t  0, 4, 8, 24 
a n d  48 h were ana lyzed  v ia  aqueous  gel p e r m e a t i o n  chro-  
m a t o g r a p h y  on  S e p h a d e x  G-150, e lu t ing  wi th  0.2 N NaC1 
a n d  de t ec t i ng  w i t h  a W a t e r s  R-400 r e f r ac tome te r .  B o t h  
t h e  P A A  a n d  t h e  P A A - B S A  complex  were c o m p l e t e l y  
exc luded  f rom the  gel a n d  e lu ted  a t  Vo; however ,  B S A  
was  resolved  a n d  e lu ted  a t  Vo + 0.4 Vi. The  f o r m a t i o n  
of the  p r o d u c t  was  in fe r red  f rom the  d i s appea rance  of the  


