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Rf values and colour reactions of bromazepam and its metaholites in thin-layer chromatography 

EXPERIENTIA 28]4 

Substance Solvent system Color reaction 
I II III Dragendorff Bratton-Marshall Phenol reagent 

Bromazepam 0.05 0.05 0.53 orange purple ~ -- 
2 -Amino-5-bromobenzoylpyridine 0.74 0.60 0.85 orange purple -- 
Unknown metabolite 0.58 0.34 0.84 orange grayish purple blue b bluish gray c 

Adsorbent: Silica Gel G (Merck). Solvent system: I, Chloroform-ether (3:1); II, Chloroform-acetone (9:1); III, Ethyl acetate. �9 Spray with 
the Bratton-Marshall reagent after hydrolysis by 2N H2SO 4. b Potassium ferricyanide-ferric chloride reagent, o Folin-Cioealteu reagent. 

zate  was ad jus ted  to  p H  8.0 and ex t rac ted  wi th  e thy l  ace- 
ta te .  The ex t r ac t  was f irs t  dried over  anhyd ,  sod ium sul- 
fa te  and  then  evapora t ed  in vacuo.  The residue was dissolv- 
ed in a smal l  a m o u n t  of e thy l  ace ta te  and was sub jec ted  to 
th in- layer  ch roma tog raphy .  The Table  shows the  Rf  va- 
lues and  colour reac t ions  of b r o m a z e p a m  and  i ts  me ta -  
bol i tes:  The res idual  p a r t  was c h r o m a t o g r a p h e d  on a 
co lumn of Silica Gel by  successive elut ion wi th  chloroform- 
e ther  (3:1). The eluate  was t h e n  s u b m i t t e d  to  r ech romato -  
g raphy  on a Silica Gel column. E lu t ion  wi th  t he  same sol- 
v e n t  sy s t em  and  recrys ta l l iza t ion  of the  eluate  f rom chlo- 
ro form yielded ca. 20 mg of an unknown  metabol i te .  The 
c o m p o u n d  was ob ta ined  as orange pr i sms of m.p.  204-206 ~ 
(decomp.).  Thin- layer  c h r o m a t o g r a p h y  wi th  the  solvent  
sys t em m e n t i o n e d  in t he  Table revealed a discrete  spot  
w i thou t  tail ing. Anal.  calcd, for CI~HgO2N2Br: C, 49.17; 
H, 3.09; N, 9.56. F o u n d :  C, 49.27; H, 2.95; N, 9.81. 
U V~50~176 aq'EtOH (loge) : 238 (4.24), 280 shoulder  (3.89), --  .. max n m  
410 (3.61). I R  KBr Vma x c m - l :  3450 (OH), 3300 (NH~), 1630 

(C=O) .  N M R  (in DMSO-d~) 6 : 7 . 0 2  (1H, doublet ,  j = 
2Hz, a romat ic  C4-H), 7.17 (1H, doublet ,  J = 2Hz, a romat ic  
C6--H), 8.15 (4H, mul t ip le t ,  py r idy l  C--H, th is  pyr idy l  aro- 
mat ic  p ro tone  signal was no t  changed  f rom the  p ro tone  si- 
gnal of 2-amino-5-bromobenzoylpyr id ine) .  Mass Spec t rum 
m/e: 292 (M+). F r o m  the  spect ra l  and  e lementa l  analysis  
data ,  t he  s t ruc tu re  of the  metabo l i t e  under  inves t iga t ion  
was assumed to be a 3 -hydroxyla ted  der iva t ive  of 2-ami- 
no-5-bromo benzoylpyr id ine .  For  the  purpose  of ident i-  

fying the  posi t ion of the  h y d r o x y  group, the  syn thes i s  of 
the  au then t i c  subs tance  is now under  way. I t  appears  t h a t  
the  ma j o r i t y  of t he  me tabo l i t e  was excre ted  as the  glu- 
curonide  con juga ted  form in the  urine, i t  m a y  be conclud- 
ed t h a t  b r o m a z e p a m  itself, or af ter  opening of the  benzo-  
diazepine  ring, undergoes  a process  of hydroxyla t ion .  De- 
tails will be  publ i shed  in the  near  future.  

Zusammenfassung .  Es  wird tiber Versuche  zur Isolie- 
rung yon  Metabol i ten  im H a r n  des IZaninchens und  des 
H u n d e s  nach  e inmal iger  oraler Gabe yon  B r o m a z e p a m  in 
hohen  Dosen  ber ichte t .  Die Ergebnisse  der E l emen ta r -  
analyse  und  des UV-, IR- ,  NMR-  und  Massenspek t ren  
deu ten  darauf ,  dass  es sich um das 3 -H y d ro x y -D er i v a t  des 
2-Amino- 5 -brombenzo lypyr id in  handel t .  
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The Penetrat ion  of the M e m b r a n e  of Mitochondria ,  obtained f r o m  Livers  of Adult  or Old Rats ,  by  
Different Anions  

The anion pe rmeab i l i t y  of mi tochondr i a l  m e m b r a n e s  
has  been  widely  inves t iga ted .  I t  was shown,  in experi-  
m e n t s  pe r fo rmed  by  measur ing  mi tochondr ia l  swelling, 
t h a t  chloride and  fumara t e  p e n e t r a t e d  mi tochondr i a  
poorly,  b u t  ci t rate ,  malate ,  phospha te ,  and  succinate  
p e n e t r a t e d  well w i th  t he  aid of specific t ranslocases .  The 
pe rmeab i l i t y  of c i t ra te ,  ma la te  and  succinate  also required 
a smal l  a m o u n t  of phospha te ,  in add i t ion  to  which  the  
c i t ra te  p e n e t r a t i o n  requi red  a smal l  a m o u n t  of ma la te  1, 3. 

SPENCER and  L~WENSTEIN 3 s t ressed the  impor t ance  of 
c i t ra te  ion t r ans loca t ion  f rom the  mi tochondr ion  in to  the  
cy top l a sm to insure the  normal  f a t t y  acid synthesis .  
ABRAHAM et  al. a and  o thers  s found  a decreased f a t t y  acid 
syn thes i s  in t he  l iver cells of adul t  ra ts  which  developed 
hyper l ipaemia .  In  t he  case of old animals,  however ,  an 
increase ins tead  of th is  decrease was observed ~. For  these  
reasons i t  seemed w o r t h  inves t iga t ing  the  swelling of liver 
mi tochondr i a  ob ta ined  f rom norma l  a n d  hyper l ipaemic  
ra ts  of d i f fe rent  ages in the  presence  of d i f fe rent  anions. 

Methods.  E x p e r i m e n t s  were made  on 44 adul t  (4-6- 
month-o ld)  and 28 old (24-26-month-old)  W i s t a r  inbred  
male  ra t s  kep t  on 15 g semisyn the t i c  diet  daily.  One half  
of all age-groups were neuro t ized  according to  a f ixed 
scheduled  p r o g r a m L  Af te r  the  comple t ion  of the  pro-  

1 J.  B. CHAPPELL and A. R. CROFTS, in Regulation of Metabolic Pro- 
cesses in Mitochondria (Eds. J. M. TAGER, S. PAPA, E. QUAGLIA- 
RIELLO and E. C. SLATER; Elsevier, Amsterdam 1966), vo]. 7, p. 293. 

2 J .  B. CHAPPELL and K. N. HAARHOFF in The Biochemistry o] Mito- 
chondria (Eds. E. C. SLATER, Z. KANIUGA and L. WOJTCZAK; Aca- 
demic Press, London, New York 1967),p. 75. 

3 A. F. SPENCER and J. M. L6WENSTEIN, Biochem. J. 99, 760 (1966). 
4 S. K. ABRAHAM, K. J.  MATTHES and I. L. CHAIKOFF, J.  biol. Chem. 

235, 2551 (1960). 
5 ~r M. BORTZ, S. ABRAHAM and I. L. CHAIKOFF, J.  biol. Chem. 238, 

1266 (1963). 
T. SZAMOSI, Biol. K6zl. 78, 91 (1970). 
T. SZAMOSI, Experientia 27, 268 (1971). 
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g r a m ,  t h e  t e s t  a n d  c o n t r o l  a n i m a l s  w e r e  b l e d  t o  d e a t h .  T h e  
t o t a l  l i p o i d  l e v e l  of t h e  b l o o d  s e r u m  w a s  m e a s u r e d  b y  t h e  
m e t h o d  of Z6LLNER a n d  KIRSCH s T h e  l i v e r s  w e r e  h o m o -  
g e n i z e d  a n d  m i t o c h o n d r i a  w e r e  p r e p a r e d  a c c o r d i n g  to  t h e  
m e t h o d  of ERNST~R a n d  L 6 w 9  a t  O ~ b y  t h e  a i d  of a 
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Fig. 1. The swelling of mitochondria prepared from old (dotted line) 
and adult (continous line) control  rats in the presence of 150 mM 
chloride (a), 100 mM fumarate (b), or 125 mM phosphate (c). Anions 
were given at the time-point indicated by the arrow. 

Z u g l d i  r e f r i g e r a t e d  c e n t r i f u g e .  T h e  m i t o c h o n d r i a  w e r e  
i n c u b a t e d  in  a s o l u t i o n  c o n t a i n i n g  6 m2Vf T r i s - H C 1  
( p H  7.4) ;  0.33 m M  E D T A ;  1 ~zg r o t e n o n e ;  7.5 m g  m i t o -  
c h o n d r i a l  p r o t e i n  a n d  a n t i m y c i n e ,  c h l o r i d e ,  c i t r a t e ,  
f u m a r a t e ,  L - m a l a t e ,  p h o s p h a t e ,  o r  s u c c i n a t e  as  is i n d i c a t e d  
i n  t h e  l e g e n d  of f igu res .  A l l  of t h e  a n i o n s  w e r e  u s e d  as  
a m m o n i u m  sa l t s .  

T h e  s w e l l i n g  of t h e  m i t o c h o n d r i a  i n d i c a t e d  t h e  a n i o n  
p e n e t r a t i o n .  T h i s  w a s  m e a s u r e d  b y  r e c o r d i n g  t h e  a b s o r b -  
a n c e  a t  a w a v e l e n g t h  0f 520 n m  in  a S p e k t r o m o m - 3 6 0  
s p e c t r o p h o t o m e t e r  e v e r y  20 sec. T h e  a b s o r b a n c e  w a s  
i n d i v i d u a l l y  n o r m a l i z e d  b y  r e g u l a t i n g  t h e  d i a p h r a g m .  
C u r v e s  w e r e  f i t t e d  t o  t h e  e x p e r i m e n t a l  d a t a  b y  t h e  m e t h o d  
of l e a s t  s q u a r e s  t o  c h a r a c t e r i z e  t h e  d e g r e e  of t h e  m i t o -  

Table I. Effect of excitation on total serum lipoid level of rats  

Rat-groups Total serum Statistical probability 
lipoid le vel (p) 
(mg/100 ml) 

Adult control 270 ~= 14 > 0.001 
Adult neurotized 400 :t_ 66 
Old control 270 ~ 21 > 0.001 
Old neurotized 390 • 24 

8 N. ZOLLNER and K. KIRSCH, Z. ges. exp. Med. 135, 545 (1962). 
9 L. ERNSTER and H. L6w, Expl. Cell Res., Suppl. 3, 133 (1955). 

"Fable II. Parameters of straight lines transformed from swelling curves of mitochondria prepared from various animals in the presence of 
different substrates 

Substrate Rat-groups Regression coefficient Constant regression line Relative error Statistical probability 
of the differences 

Chloride adult 0.088 + 1.792 0.00887 P > 0.9 
old 0.085 -- 1.794 0.00488 

Fumarate adult 0.050 -- 1.797 0.00559 0.9 > P > 0.8 
old 0.053 n- 1..797 0.00416 

Phosphate adult  1.485 0,143 0.11249 P > 0.9 
old 1.491 0.145 0.10483 

Succinate adult neurotized 0.266 0.863 0.13229 0.9 > P 0.8 
adult control 0.275 0.855 0.13238 0.02 > P > 0.01 
old control 0.101 1.226 0.06306 0.9 > P > 0.8 
old neurotized 0.105 1.223 0.06746 

L-malate adult neurotized 0.356 0.522 0.18661 0.8 > P > 0.7 
adult control 0.351 0.522 0.18350 0.001 > P 
old control 0.102 1.226 0.06581 0.8 > P > 0.7 
old neurotized 0.101 -- 1.227 0.06842 

Citrate adult neurotized 0.044 -- 1.519 0.00871 t -- 0.00 
(upper descent~ adult control 0.044 0.359 0.00628 0.2 > P > 0.1 

old control 0.029 - 1.431 0.01080 0.4 > P > 0.3 
old neurotized 0.043 1.367 0.00341 

(lower deseent~ adult neurotized 1.661 0.361 0.12055 0.2 > P > 0.1 
adult control 1.933 0.439 0.13890 0.001 > P 
old control 0.570 1.082 0.04505 0.001 > P 
old neurotized 1.625 0.565 0.17278 0.3 > P > 0.2 ~ 

a The probability data compare the swelling of the old hyperlipaemic rats '  mitochondria with that  of the adult normal rats. 
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EXPERIENTIA 28/4 

Fig. 2. The swellirig of mitochondria prepared from 
adult control (AI and hyperlipaemic (B), or old control 
(C) and hyperlipaemic (D) rats in the presence of 100 
mM suecinate, 3 mM phosphate and 4 ~g antilnycme 
(a), or 100 mM malate and 3 nlM phosphate (b). 
The phosphate was given at the timepoint indicated 
by the arrow. 
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Fig. 3. The swelling of mitochondria obtained from 
normal and hyperlipaemic adult or old rats in the 
presence of 80 mM citrate. 2 mM malate and 3 mM 
phosphate. The indexes of the curves are the same as 
in the Figure 2. The phosphate was given at the 
timepoint indicated by the arrow. 

chondr ia l  swelling (Figures 1. 2 and 31. The rel iabi l i ty  of 
the  f i t t ings  was control led by  s ta t is t ica l  methods .  The 
curves  were t r ans fo rmed  into  s t ra igh t  lines, the  para-  
mete rs  of which  are d e m o n s t r a t e d  in Table  II, in order  to  
be t t e r  compare  the  ob ta ined  results.  The probabi l i t ies  
were examined  by  the  S tuden t ' s  t-test .  The calculat ions 
were m a d e  by  the  aid of a Minsk-22 compute r .  

Results and discussion. The ex i ta t ion  caused  a . h y p e r -  
l ipaemia  in the  ra ts  to  a degree which  was similar  in b o t h  
age groups  (Table I). F u m a r a t e  and  chloride pene t r a t ed -  
poorly,  p h o s p h a t e  p e n e t r a t e d  well in to  mi tochondr i a  
ob ta ined  f rom old, or adul t  animals  w i t h o u t  any  age 
differences (Figure 1, Table II). In  the  presence  of ma la t e  
and  succinate,  the  swelling of mi tochondr i a  ob ta ined  f rom 
b o t h  no rma l  and hyper l ipaemic  old ra t s  was smaller  t h a n  
t h a t  of mi tochondr i a  p repa red  f rom adul t  groups w i t h o u t  
any  influence to the  hyper l ipaemic  condi t ion  (Figure 2, 
Table II). 

In  the  presence  of ci t rate ,  the  curves ind ica t ing  the  
swelling of mi tochondr i a  p repa red  f rom adul t  ra t s  showed 
a s imilar  p a t t e r n  to  t h a t  found  by  CHAPPELL and HAAR- 
HOF~2. The upper  descent  of the  swelling curves of each 
mi tochondr i a  indica ted  no s ignif icant  difference.  The 
lower descen t  of the  swelling curves of samples  ob ta ined  
f rom norma l  and hyper l ipaemic  adul t  ra t s  also showed no 
s ignif icant  difference, b u t  these  lower descents  dev ia ted  
f rom those  of samples  p repa red  f rom norma l  and hype r -  
l ipaemic  old ra t s :  the  curves indica ted  t h a t  t he  no rma l  
old ra t s '  m i tochondr i a  ha rd ly  cont inued  swelling, whereas  
the  swelling of mi tochondr i a  ob ta ined  f rom hyper l ipaemic  
old ra t s  con t inued  bu t  to a smaller  ex t en t  t h a n  t h a t  of the  
adul t  ones (Figure 3, Table II). 

In  regard to the difference in the  swelling of mi to-  
chondr ia  ob ta ined  f rom old or adul t  ra t s  in the  presence of 
di- and t r i ca rboxyla tes ,  and to the  lack of the  difference 
in the  presence of o ther  anions, it  seemed possible to as- 
sume t h a t  the  ac t iv i ty  of specific t ranslocases  is a l tered ill 
the  l iver mi tochondr i a  of old rats .  

In  hyper l ipaemic  condi t ions ,  the  f a t t y  acid synthes is  in 
l iver cells d imin ished  in the  adu l t  ra t s  4, ~, bu t  increased in 
t h a t  of old ones 6. The increase of the  poor pene t r a t i on  of 
c i t ra te  into the  mi tochondr i a  of old ra ts  m a y  p lay  a role in 
the  la t t e r  phenomenon .  

Zusammen/assung. Alter  und  F e t t z u s t a n d  yon  R a t t e n  
wurden  var i ie r t  und  die Pe rmeab i l i t g t  yon  Ra t t en lebe r -  
Mi tochondr ien  ffir einige Anionen  untersucht ,  wobei  zum 
Teil s ignif ikante  Un te r sch iede  festgestel l t  wurden .  
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