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extensively .  As discussed above, the  amino acid com- 
posi t ions as well as the  e lec t rophore t ic  behaviour  of bo th  
forms are no t  different ,  indica t ing  t h a t  the  two forms of 
the  enzyme are identical .  However ,  only few- da t a  are 
known  abou t  the  proper t ies  of the  medul la ry  D B H  of 
o ther  species. R o s s  et  al. 3 showed t h a t  D B H  of crude 
homogena te s  of t issues f rom ox, man  and ra t  exh ib i ted  
two e lec t rophoret ica l ly  dis t inguishable  peaks of act ivi ty .  
The s low-moving peak, which has been e l iminated  prior  
to  e lectrophoresis  by  high-speed centr i fugat ion,  could be 
conver ted  into the  fas ter  migra t ing  peak, suggest ing t h a t  
th is  peak  is cor responding  to the  m e m b r a n e - b o u n d  DBH.  
Al though  the  mobi l i ty  of the  main  peaks  f rom human ,  

ra t  and  bovine  adrena l  medul la  differed somewhat ,  t he  
Kin-values for all species were similar.  This  is in agree- 
m e n t  w i th  ou r  results.  We found no s ta t i s t ica l ly  signifi- 
can t  differences be tween  the  K~-va lues  of the  soluble 
and  m e m b r a n e - b o u n d  as well as t he  to ta l  D B H  of t he  
species s tudied.  The Kin-values for t y r a m i n e  are lower 
t h a n  those  for pheny le thy lamine ,  since t y r ami n e  has a 
h igher  af f in i ty  to the  D B H  t h a n  p h en y l e t h y l ami n e  has. 
The p resen t  resul ts  s t rongly  s u p p o r t  t he  view t h a t  soluble 
and m e m b r a n e - b o u n d  D B H  are ident ical  enzymes.  How-  
ever, the  physiological  significance of the  separa t ion  of 
D B H  into  soluble and  m e m b r a n e - b o u n d  form is no t  
known so far. 
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Summary.  Total  and ouabain-sens i t ive  ATPase  act ivi t ies  were de te rmined  in the  sa l ivary  glands  of t icks t h roughou t  
the  feeding cycle. Act ivi t ies  were very  low in unfed specimens.  In  the  glands of feeding females,  the  act ivi t ies  rose 
unt i l  a m a x i m u m  was reached for bo th  ATPase  componen t s  a t  ap p ro x i ma t e l y  200 rag. The act ivi t ies  remain  low 
in males  t h r o u g h o u t  the  feeding period.  These f indings are discussed in re la t ion to the  fluid secre tory  process of the  
sa l ivary  glands. 

A c o m m o n  character is t ic  among  haema tophagous  ar- 
t h ropods  is the  e l iminat ion of excess fluid t aken  in wi th  
the  blood meal. VVhereas in insects  such as the  bug, 
Rhodnius, the  Malpighian tubules  p lay  the  f u n d a m e n t a l  
role in fluid excret ion 2, in female ixodid t icks the  sa l ivary  
glands funct ion  in th is  capac i ty  ~,4. KAU~MAZV and 
PHILLIPS a d e m o n s t r a t e d  t h a t  sa l ivary  secret ion in females 
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ATPase activity ill salivary glands of A. hebraeum plotted against 
logarithm of tick weight. Data for females are depicted in the main 
graph, those for males in the inset. Females: �9 total ATPase; O, 
Na, K-ATPase. Males: 5, total ATPase; A, Na, K-ATPase. Points 
appearing to the left of the arrow in each graph are for unfed speci- 
mens, those appearing to the right are for fed specimens. Horizontal 
and vertical bars denote SE of the mean weight and mean activity 
respectively, when the SE exceeds the dimension of the point. The 
curves have been fitted by eye. Ouabain slightly stimulated ATP 
hydrolysis by holnogenates of unfed female glands and by unfed and 
fed male glands, hence the negative values for Na, K-ATPase ac- 
tivity in these cases. Whereas the female tick may attain a replete: 
unfed weight ratio approaching 100 after a normal 7 to 10 day feed- 
ing period, the male barely doubles its weight over the same time. 

depertded on act ive solute t r a n s p o r t  and t h a t  it  could be 
inhibi ted  by  very  low concen t ra t ions  of ouabain.  I t  was 
also shown t h a t  sodium and po tas s ium were necessary  in 
specific rat ios for fluid secret ion to proceed at  a max imal  
rate,  suggest ing t h a t  an Na, K -A T Pas e  was a~l i m p o r t a n t  
c o m p o n e n t  of the  secre tory  mechanism.  KAUFMAN 6 de- 
m o n s t r a t e d  t h a t  sa l ivary glands f rom unfed female t icks  
could secrete  fluid only a t  a slow rate.  Sal ivat ion augment -  
ed wi th  increased t ick weight ,  bu t  the  e n h a n c e m e n t  was 
no t  a t t r ibu tab le  merely  to h y p e r t r o p h y  of the  glands.  The 
presen t  pape r  confi rms the  exis tence of a Na, K -A T Pase  
in the  sa l ivary  gland of the  female Amblyomma hebraeum 
(Koch) ; ac t iv i ty  of th i s  ATPase  increased wi th  t ime spen t  
by  the  t ick  on its host .  A similar Na, K -A T Pas e  could no t  
be de tec ted  in sa l ivary  glands of males.  

Material and methods. Unfed  adu l t  t icks were placed on 
the  backs of rabb i t s  4 and specimens  were r emoved  at  
var ious stages of the  feeding period.  Sal ivary glands were 
dissected out  under  H a n k ' s  ba lanced  saline (composit ion 
in g/l: 8.0 NaCI; 0.4 KC1; 0.14 CaC12; 0.06 K H @ O 4 ;  
0.98 MgSO4; 0.048 Na2HPO4;  1.6 D-glucose; 0.01 phenol  
red) and non-sa l ivary  t issue including mos t  of the  t ra -  
cheae were carefully dissected away.  P repa ra t ion  of the  
crude enzyme was essential ly according to  t3ONTING 7. 
E a c h  pair  of glands was t r ans fe r red  to a small  glass 
homogenizer  conta in ing  0.1 ml (equivalent  to 4 or 5 
volumes  of tissue) of the  homogeniz ing  med i u m (1 m M  
Tris in disti l led water  ad jus ted  to p H  7.5). The p is ton  
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was ope ra t ed  m a n u a l l y  folIowing a s t a n d a r d  p rocedure  as 
closely as possible (20 passes  of t he  p i s t o n  inc lud ing  a 
tw i s t i ng  mot ion) .  The  h o m o g e n a t e  a long w i th  2 wash ings  
of t he  homogen ize r  were t r a n s f e r r e d  to tubes  and  cent r i -  
fuged for 15 min  a t  1000 g. The  s u p e r n a t a n t  a long w i th  
2 f u r t h e r  wash ings  of the  1000 g pel le t  were t r ans fe r r ed  to 
glass ampoules  and  lyophi l ized.  D u r i n g  the  t o t a l  pro- 
cedure  f rom dissect ion to  lyophi l iza t ion ,  the  t i ssue  was 
kep t  on ice or held  a t  4~ Fo r  e n z y m e  assay, the  lyo- 
ph i l i za te  was r e c o n s t i t u t e d  in dist i l led water ,  be t ween  
0.5 and  3.0 ml  accord ing  to  a n t i c i p a t e d  ac t iv i ty .  Assay  
t u b e s  c o n t a i n i n g  250 ~1 of t h e  i n c u b a t i o n  m e d i u m  (see 
below for compos i t ion)  were b r o u g h t  to  37~ a n d  10 or  
25 ~1 of t i ssue  e x t r a c t  was added  and  i n c u b a t e d  for 60 
min.  U n d e r  these  cond i t ions  s u b s t r a t e  u t i l i za t ion  did  no t  
exceed 20% and  the  r a t e  of inorgan ic  p h o s p h a t e  l ibe ra t ion  
was c o n s t a n t  for a t  leas t  90 min.  Reac t i on  was s topped  b y  
t he  add i t i on  of 2 ml  10% t r i ch lo roace t i c  acid and  the  
t ubes  were t r an s f e r r ed  to ice. N o n - i n c u b a t e d  cont ro l s  
were r u n  in para l le l  for each  expe r imen t .  E a c h  sample  
and  n o n - i n c u b a t e d  con t ro l  cons is ted  of 3 repl icates .  In-  
organic  p h o s p h a t e  was d e t e r m i n e d  accord ing  to BON- 
TI:~G 7 us ing  a Zeiss P M  4 S p e c t r o p h o t o m e t e r .  A T P a s e  
ac t i v i t y  was d e t e r m i n e d  a t  p H  7.4 in a m e d i u m  con ta in ing  
90 m M  Tris, 0.1 m M  E D T A ,  2 m M  Mg 2+, 60 m M  Na +, 
5 m M  K + and  2 m M  N a2A T P.  Chlor ide was t he  pre-  
d o m i n a n t  anion.  A series of p r e l i m i n a r y  e x p e r i m e n t s  h a d  
shown t h a t  e i t he r  t h e  e l i m i n a t i o n  of sodium,  p o t a s s i u m  
or b o t h  f rom the  above  m ed i um ,  or the  add i t i on  of 1 m M  
ouaba in  all resu l ted  in e q u i v a l e n t  degrees of inh ib i t ion .  
Thus  for t he  fol lowing e x p e r i m e n t s  t he  ouaba in - sens i t i ve  
c o m p o n e n t  a lone was used as t he  measu re  of Na, K- 
ATPase .  K n o w n  vo lumes  of e n z y m e  so lu t ion  were p laced  
in pre-weighed  glass tubes ,  t h o r o u g h l y  dr ied a t  100~ 
and  weighed on  a Met t l e r  M5 mic roba l ance  to w i t h i n  
2 ~zg. Af te r  cor rec t ion  was m a d e  for the  smal l  a m o u n t  of 
Tris k n o w n  to be  in solut ion,  t he  d r y  we igh t  of t issue per  
e n z y m e  sample  could be  ca lcu la ted .  E n z y m e  ac t i v i t y  is 
expressed  as m M  A T P  h y d r o l y z e d / h / g  d r y  we igh t  of 
t i ssue  a t  37~ 

Results. I n  the  p r e sen t  s tudy ,  ouabMn-sens i t i ve  A T P a s e  
of t he  s a l iva ry  g lands  of feeding females  was 34.5 -~2.5% 
(SE of mean ,  n ~ 15) of t h e  t o t a l  A T P a s e  (range = 15 
to 50%).  The  ave rage  Na, K - A T P a s e  a c t i v i t y  for females  
weighing  more  t h a n  170 m g  was 8.3 m M  A T P  .g-~ d ry  
w e i g h t . h - L  The  w a t e r  c o n t e n t  of th i s  t issue is h igh  - 
82 •  (SE of mean ,  n = 14), there fore  the  a c t i v i t y  
pe r  g wet  we igh t  is a b o u t  1.5. E x p e r i m e n t a l  resu l t s  are 
p re sen ted  in t he  Figure.  W e  s u m m a r i z e  as follows: 
Sa l iva ry  g lands  f rom male  t icks,  w h e t h e r  unfed  or fed 

for up  to 12 days,  possess a v e r y  low A T P a s e  ac t iv i ty .  
O u a b a i n  appea red  to s t i m u l a t e  t he  a c t i v i t y  s l ight ly,  and  
t h u s  Na,  K - A T P a s e  could no t  be  iden t i f i ed  in th i s  s tudy .  
Sa l iva ry  g lands  f rom un fed  females  b e h a v e d  in m u c h  the  
same m a n n e r  as those  f rom males.  In  feeding females  the  
A T P a s e  a c t i v i t y  increased  s teadi ly ,  a n d  a ouaba in -  
sens i t ive  c o m p o n e n t  appeared .  B y  t he  t i m e  the  females  
had  a t t a i n e d  200 m g  a p l a t eau  was r eached  for b o t h  
A T P a s e  componen t s .  

Discussion. i n  t he  p r e sen t  work  we d e m o n s t r a t e  a de- 
v e l o p m e n t  of s a l i va ry  g land  Na, K-ATPase ,  t he  specific 
a c t i v i t y  of which  increases  w i th  feeding du ra t ion .  Maxi-  
m u m  a c t i v i t y  of t he  e n z y m e  is ach ieved  w h e n  t he  female  
t i ck ' s  fed:  unfed  we igh t  ra t io  is a p p r o x i m a t e l y  8. As 
would  be  expec ted  for an  ac t ive ly  sec re t ing  tissue, the  
level  of th i s  p l a t eau  is c o m p a r a t i v e l y  high.  Fo r  example ,  
a n  ex tens ive  s t u d y  of t he  q u a n t i t a t i v e  d i s t r i b u t i o n  of 
Na,  K - A T P a s e  in t i ssues  of t he  ca t  s showed  h ighes t  
a c t i v i t y  in b r a i n  g r ay  m a t t e r  a n d  in k i d n e y  medu l l a  
( respect ively  1.52 and  0.44 m M  A T P  spl i t /g  wet  w e i g h t / h  
a t  37~ Our  h i g h  f igure of 1.5 c a n n o t  be  c o m p a r e d  
d i rec t ly  w i th  t he  above  since our  e x t r a c t s  were pa r t i a l l y  
pur i f ied  to the  e x t e n t  of a single cen t r i fuga t ion ,  whereas  
t he i r  f igures were for c rude  homogena te s .  W e  do, how- 
ever,  h a v e  a c o m p a r a t i v e  figure for one crude  homo-  
gena te  of sa l iva ry  g lands  - 0.62 m M  A T P / g  wet  we igh t /h .  

C o n c o m m i t t e n t  w i t h  t he  increase  of Na,  l i - A T P a s e ,  
t h e r e  is an  e n h a n c e d  ab i l i ty  to  secrete  f luid in  vi t ro% 
also reach ing  a m a x i m u m  a t  a fed : un fed  ra t io  of 8. More- 
over,  c u r r e n t  work  reveals  t h a t  t he  ce l l - type  of t he  sali- 
v a r y  g land  in A. hebraeum, which  is homologous  to t he  
'wa te r  cell '  of Dermacenlor andefsoni9, undergoes  rad ica l  
n l t r a s t r u c t u r a l  changes  du r ing  feeding,  n o t a b l y  an  
e n o r m o u s  d e v e l o p m e n t  in p l a s m a  m e m b r a n e  i n v a g i n a t i o n  
and  m i t o c h o n d r i a l  mu l t i p l i c a t i on  ~~ W e  feel t h a t  these  cor- 
r e la t ions  are r e l a t ed  func t iona l ly .  In  h a r m o n y  w i t h  th i s  
hypo thes i s ,  we no te  t h a t  sa l iva ry  g lands  f rom well-fed 
males  1. possess an  Na,  K - A T P a s e  a c t i v i t y  wh ich  res ts  
a t  a level  below the  s ens i t i v i t y  of t he  p r e sen t  procedure ,  
2. secrete  f luid in  v i t ro  on ly  feebly s a n d  3. undergo  u l t ra -  
s t r u c t u r a l  modi f i ca t ions  in ttre sec re to ry  ce l l - type  which  
are ins ign i f i can t  w h e n  c o m p a r e d  to  those  occur r ing  in 
s a l iva ry  g lands  f rom females  ~~ 
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Summary. Two nove l  m e t a b o l i t e s  a p p e a r i n g  m a i n l y  as c o n j u g a t e d  form in t he  ur ine  of r a b b i t s  fed n i t r a z e p a m  h a v e  
been  isola ted as d e c o n j u g a t e d  form. F r o m  the  d a t a  of e l emen ta l  a n d  spec t ra l  analysis ,  t h e  s t r u c t u r e  was conf i rmed  
as 2 - a m i n o - 3 - h y d r o x y - 5 - n i t r o b e n z o p h e n o n e  (M-I) a n d  2 ' -benzoy l -4" -n i t ro -2 -hydroxyace tan i l ide  (M-II).  

N i t r a z e p a m  is wide ly  used in cl inical  p rac t i ce  as a 
s leep- inducing  agent .  I n  t he  p rev ious  s tud ies  of n i t r a -  
z e p a m  metabo l i sm,  i t  h a s  been  r epo r t ed  t h a t  7 m e t a -  
bol i tes  were ident i f ied  in m a n  1, 7 -amino  n i t r a z e p a m  [I 1, 
7 -ace tamido  n i t r a z e p a m  [II], 3 -hydroxy-7  amino  n i t r a -  
z e p a m  [III] ,  3 - h y d r o x y - 7 - a c e t a m i d o  n i t r a z e p a m  [IV], 2- 
a m i n o - 5 - n i t r o b e n z o p h e n o n e  [V] a n d  2 -amino-3 -hydroxy-  
5 - n i t r o b e n z o p h e n o n e  [VI]. And in r a t s  2, 4 ' - h y d r o x y  n i t ra -  

z e p a m  EVII] a n d  2 - a m i n o - 4 ' - h y d r o x y - 5 - n i t r o b e n z o p h e -  
none  EViII], in r a b b i t s  3, 3 -hyd roxy  n i t r a z e p a m  [IX] were 
iden t i f i ed  in add i t i on  to  [I], [11], [ III]  a n d  [V]. 
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