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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  ~~ 

7 S. L. BONTING, in Membranes and Ion Transport (Ed. E. E. BIT- 
TAR; Wiley lnterscience, New York 1970), vol. 1, chapt. 8, p, 257. 
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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]. 

1 J. RIEDER and G. WENDT, The benzodiazepines (Eds. S. GARAT- 
TINI, ]:~. MUSSIN[ and L. 0. RANDALL, Raven Press, New York 
1973), p. 99. 
J. RIEDER and G. WENDT, it1 preparation. 

8 H, SAWADA alld K. SKINOHARA, Arch. Toxik. 28, 214 (1971). 
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Table I. Rf values and colour reactions of some metabolites of nitrazepam in thin-layer chromatography 

]~XPERIENTIA 32/8 

Compound Occurrence of metabolites in urine SoIvent system Colour reaction 

Free Conjugated I II Bratton-Marshall~ Phenol b 

Metabolite I (M-I) q- -~ q- q- 0.35 0.30 brown greyish blue 
Metabolite II (M-II) abse~lt q- 0.50 0.66 pink-red -- 

Adsorbent : Silica gel G (Merck). Solvent system: I -- benzene-chloroform-methanol-28 % ammonia (50 : 50 : 15 : 1) ; II = chloroform-methanol- 
28% ammonia (90:10:1). Detection reagent: ~sprayed with the Bratton-Marshall reagent after hydrolysis by 2N sulfuric acid. bFolin- 
Ciocalteu reagent. The number of (+) signs in this table is based on the relative colour intensity of the metabolites on the thin-layer chro- 
matograms. 

Table II. Physical properties of metabolites of nitrazepam 

Compound Formula and mp (~ Analysis found (%) UV-speetrum IR-spectrum Mass spectrum 
(~50% EtOH) ('l . . . . . .  enl 1) (/~41g) 
--mgx C H N 

(in Nujol) 
M-I CI.~H10N204 59.57 3.99 10.35 255 3500 (OH) 258 (M +) 

208-210 381 3420, 3295 (NH) 241 ( O H )  
1570, 1343 (NO2) 

(in KBr) 
M-II C1sH12N205 59.87 4.16 9.14 220 3530 (OH) 300 (M +) 

171 172 267 3275 (NH) 269 (-CH~OH) 
315 1708 (CO) 

1637 (aromatic CO) 
1518, 1346 (NO2) 

Elemental analysis: Calcd. for ClaH10N204: C, 60.48; H, 3.87; N, 10.85 a~ld for ClaHx2NaOs: C, 60.00; H, 4.03; N, 9.33. 

The purpose  of these  s tudies  was to de te rmine  the  
s t ruc tu re  of new ur ina ry  metabo l i t es  isolated f rom rabb i t  
urine. The r abb i t  urine collected dur ing 48 h periods af ter  
a single dosage (100 mg/kg,  p.o.) was ex t rac ted  a t  p H  9.0 
wi th  e thy l  ace ta te  (1.5 volume of the  urine) before and  
af ter  the  t r e a t m e n t  of fl-glucuronidase. The ex t r ac t  was 
dried over  a n h y d r a t e d  sodium sulfate and evapora t ed  to 
dryness .  The residue was s u b m i t t e d  to th in- layer  ch roma-  
t o g r a p h y  and  each metabo l i t e  of free and  con juga ted  
form was de tec ted .  As shown in Table I, M-I was ex- 
cre ted b o t h  as free and  con juga ted  form, b u t  M-II  
exis ted only- as con juga ted  form. A sample  of the  urine 
(3.5 1) was collected for 48 h f rom 5 male animals  af ter  
each had  recieved a single oral dose of 100 mg/kg  of n i t ra-  
zepam. Urine was ex t r ac t ed  twice wi th  a 1.5 volume of 
e thy l  ace ta te  to remove  free metabol i tes .  The aqueous  
solut ion was passed  t h rough  Amber l i te  XAD-2  resin 
column, and  then  the  adsorbed  metabo l i t es  were eluted 
wi th  m e thano l  af ter  washing  wi th  water ,  and  gel-f i l t rated 
t h rough  the  co lumn of Sephadex  G-10. As the  conjugates  
of M-II  were eluted wi th  wa te r  fas ter  t h a n  t h a t  of M-I, 
t h e y  were f rac t iona ted  separate ly .  Each  eluted f rac t ion 
was c o n c e n t r a t e d  by  t h e  use of XAD-2  ch roma tog rap h y ,  
as descr ibed above,  and  the  conjugates  were dissolved in 
0.2 M ace ta te  buffer  (pH 5.0). Then  the  incuba t ion  wi th  
fi-glucuronidase a t  37 ~ for 18 h was followed by  the  ex- 
t r ac t ion  wi th  an equal  volume of e thyl  ether.  The e therea l  
ex t r ac t  of M-I was washed  wi th  0.1 N hydrochlor ic  acid 
and M-I was back -ex t r ac t ed  wi th  0.1 N sodium hydroxide ,  
and then  ex t r ac t ed  wi th  e thyl  e the r  af ter  neu t ra l i za t ion  
wi th  2 N hydrochlor ic  acid. The ex t rac t  of M-I was dried 
over  a n h y d r a t e d  sodium sulfate and  evapora t ed  to dry-  
ness, and t h e n  recrysta l l ized f rom e thanol /ch loroform,  
38 mg of M-I was ob ta ined  as orange needles.  O~l the  
o the r  hand ,  the  e therea l  ex t r ac t  of M-II  was washed  
twice wi th  0.2 N hydrochlor ic  acid mid washed  wi th  0.1 N 
sodium hydroxide ,  and  t h e n  concen t r a t ed  to a small  

volume and s u b m i t t e d  to the  p repa ra t ive  th in- layer  
c h r o m a t o g r a p h y  wi th  solvent  sys t em [I_~ in Table I. The 
zone of M-II  was sc rapped  off the  p la te  and  eluted f rom 
silica gel wi th  acetone,  12 mg of M-II  was  ob ta ined  as 
colourless needles af ter  recrys ta l l iza t ion f rom chloro- 
fo rm/hexane .  

The Rf  values and  colour react ions  on th in - l ayer  
c h r o m a t o g r a p h y  and  the  analy t ica l  da t a  w i t h  e lementa l  
analysis  and UV-, IR-  and mass  spec t ra  and  mel t ing  
po in t  of isolated metabol i tes  are p resen ted  in Tables  I 
and  II .  F r o m  these  data ,  i t  was conf i rmed t h a t  M-I was 
the  metabol i t e  [VIJ and  M-II  was 2 ' -benzoyl-4 ' -n i t ro-2-  
hydroxyace tan i l ide .  

M-I was the  ma jo r  metabol i t e  excre ted  main ly  as the  
con juga ted  form in r abb i t  urine, s imilar ly  as in m a n ;  it  is 
formed p robab ly  by  the  fu r ther  h y d r o x y l a t i o n  of me ta -  
boli te  [VJ as similar b io t rans fo rmat ion  had  been repor ted  
wi th  me tabo l i sm of m e d a z e p a m  a and  b r o m a z e p a m  ~, 6. A 
subs t i t u t ed  benzophenone ,  analogous to  M-II ,  has  been  
de tec ted  among  the  t r ans fo rma t ion  p roduc t s  of oxa- 
zepam. SINSENWlNE et ald have  repor ted  t h a t  2 ' -benzoyl-  
4'-chloro-2, 2 ' -d ihydroxyace tan i l ide  have  been isolated 
as t he  u r ina ry  metabo l i t e  of oxazepam in m a n  and 
min ia tu re  swine. I t  is considered to be a p r i m a r y  meta -  
boli te p robab ly  leading to 2-amino-5-chloro-benzophe-  
none. The metabol i t e  is a novel  t ype  of benzodiazepine  
b io t r ans fo rma t ion  product .  M-II  was assumed to  be 
formed af ter  r ing cleavage of the  diazepine of n i t r azepam,  
and to  be a precusor  of me tabo l i t e  [VJ. 

4 M. A. SCHWARTZ and J. J. CARBONE, Biochem. Pharmac. 79,, 343 
(197o). 
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