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QUANTIFICATION OF ALPRAZOLAM AND 
a-HYDROXYALPRAZOLAM IN PLASMA 

J. AITA-POLITOU~, M. PARISSI-POULOU~, 
A. DONA1, AND A. KOUTSELINISl 

IDepartment of Forensic Medicine and Taricologv 
School of Medicine 
University of Athens 

M. A s h -  Goudi-Athens 11527, Greece 
2Department of Pharmacy 
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Zografou-Kouponia-Athens 15771, Greece 

ABSTRACT 

A simple and rap id  reversed-phase l i q u i d  chroma- 
tographic method f o r  the  determination o f  alprazolam 
and a-hydroxyalprazolam i n  plasma i s  described. F lun i -  
trazepam was used as i n te rna l  standard. Plasma samples 
were buffered w i th  sodium borate and ext racted w i t h  
dichloromethane /n-pentane 4 :6  v/v f o r  60 sec on a 
vortex apparatus. Ext ract ion solvent was evaporated t o  
dryness and ex t rac t i on  residues were recons t i tu ted  i n  
the mobile phase. Samples were chromatographed on a 5pm 
Lichrospher RP-18 column (25cm x 4mm i . d )  using aceto- 
n i t r i l e / w a t e r  40:60 v/v as the mobile phase. The column 
e f f l u e n t  was monitored a t  230nm. The lower l i m i t  o f  
detect ion was lng/ml f o r  alprazolam and a-hydroxyalpra- 
zolam whi le the lower l i m i t  o f  q u a n t i f i c a t i o n  was 
2ng/ml f o r  both compounds. Peak height  and plasma 
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3532 ATTA-POLITOU ET AL. 

alprazolam or  a-hydroxyalprazolam concentrations were 
l i n e a r l y  re la ted  from 2.5 t o  40ng/ml. No po ten t i a l  
sources o f  in ter ference have been i d e n t i f i e d .  The 
methodology was used t o  monitor plasma alprazolam 
concentrations i n  pa t ien ts  receiv ing two s ing le  doses 
o f  alprazolam ranging from 0.25 t o  l . O m g  each. Plasma 
alprazolam concentrations ranged from 4 t o  27ng/ml a t  
two hours post second dose. 

___ INTRODUCTION 

Alprazolam (8-chloro-1 methyl-6 phenv7-4H-s- t r i a -  
zolo [4,3-al [1,41 benzodiazepine), i s  a r e l a t i v e l y  new 
member o f  a c lass o f  triazolobenzodiazepine compounds 
which i s  a n x i o l y t i c  i n  humans (1,2) and may be e f f e c t i -  
ve i n  the treatment o f  depression (3-5) and panic d i -  
sei-ders ( 6 ) .  The drug i s  rap id l y  absorbed and extensi-  
vely metabolized and d i s t r i b u t e d  ( 1 ) .  Hepatic b io t rans-  
formation produces hydroxylated alprazolam der iva t ives  
and benzophenones, which are rap id l y  excreted i n  u r i ne  
(1,7,8).  

Alprazolam metabol i tes are not  present i n  notable 
concentrations i n  human plasma (1,7,8).  The major 
metabol i te a-hydroxyalprazolam has s i g n i f i c a n t  pharma- 
co log ica l  a c t i v i t y  and i s  present a t  concentrations 
less than 5% o f  the corresponding alprazolam concentra- 
t i ons  (8). Consequently, the measurement o f  the parent 
compound i s  most re levant  t o  drug therapeut ics being 
useful  f o r  c l i n i c a l  and tox i co log i ca l  s tud ies (1,7,8).  

Previously reported ana ly t i ca l  methods f o r  the 
quan t i f i ca t i on  o f  alprazolam i n  plasma have been based 
on gas chromatography ( 9 )  and both normal-phase and re- 
versed-phase high performance l i q u i d  chromatography 
(7,8,10-12). Benzodiazepine immunoassays f o r  analys is  
o f  alprazolam i n  serum have a lso  been reported (13,141. 

This repor t  describes a r e l a t i v e l y  simple, spec i f i c  
and accurate reversed-phase l i q u i d  chromatographic 
method, which al lows quan t i f i ca t i on  o f  alprazolam and 
a-hydroxyalprazolam i n  plasma. The method developed 
modif ies prev ious ly  described methods (7,8,10) i n  
several aspects o f f e r i n g  convenience and r a p i d i t y  i n  
analysis.  Prel iminary data suggests t h a t  the method i s  
equal ly su i tab le  f o r  quan t i f i ca t i on  o f  t r iazo lam i n  
p 1 asma. 
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MATERIALS AND METHODS 
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Apparatus 

Chromatography was performed w i th  an HPLC system 
consis t ing o f  a JASCO (Japan Spectroscopic Co. L T D )  
Model 880 PU pump f i t t e d  w i th  a model 880-02 Ternary 
Gradient Un i t  which was used under i s o c r a t i c  condi t ions 
on manual mode. The system f i t t e d  w i t h  a Model 7125 
manual i n j e c t o r  (Co ta t i ,  Rheodyne, Ca l i f o rn ia ,  U . S . A . )  
and a 50 p l  sample loop. A Jasco Model 875 UV var iab le  
wavelength U V / V I S  detector was operated a t  230 nm. 
Samples were chromatographed on a 25 cm x 4mm ( i . d . 1  
Lichrospher RP-18 ( M Z  Analysentechnic D-6500 Mainz) 
reversed-phase column conta in ing 5wm octadecyl (CIS 
s i l ane  as the sorbent. A Hewlett Packard HP 3394A 
in tegra tor  was used t o  record chromatograms, a t  peak 
height  mode (char t  speed 0.5 cm/min). 

A M i l l i p o r e  f i l t r a t i o n  system ( M i l  
M . A .  USA) w i th  type HV M i l l i p o r e  f 

0.45 pM) was used, f o r  degassing mob 
vacuum. 

A Fisher isotherm dry bath Model 
the evaporation o f  ex t rac t i on  solvents 

pore, Bedford, 
t e r s  (pore s i ze  
e phase under 

45 was used f o r  

Reagents and chemicals 

Ana ly t i ca l  grade sodium borate was obtained from 
Serva. A c e t o n i t r i l  and water were HPLC grade (L ichro-  
solvR) and were obtained from Merck. Dichloromethane 
and n-pentane were ana ly t i ca l  grade and were obtained 
from Ferak Ber l i n .  Alprazolam and a-hydroxyalprazolam 
were g i f t s  from Upjohn (Kalamazoo M I ,  USA) .  F lun i t ra -  
zepam was g i f t  from Roche Pharmaceuticals (Nut ley,  NJ,  
USA).  

ChromatograDhic Conditions 

The mobile phase consisted o f  ace ton i t r i l e /wa te r  
40:60 v/v. A f low r a t e  o f  1.0 ml/min was used a t  
ambient temperature, r e s u l t i n g  i n  a pressure o f  about 
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3534 ATTA-POLITOU ET AL. 

127 kg/cm2. Mobile phases were degassed by vacuum 
through f i l t r a t i o n ,  a f t e r  mixing. The column e f f l u e n t  
was monitored a t  230 nm w i th  the detector se t  a t  0.004 
absorbance u n i t s  fu l l - sca le .  

____ Standards f o r  c a l i b r a t i o n  graphs 

Stock standard so lu t ions  o f  alprazolam, a-hydroxy- 
alprazolam and f luni t razepam ( i n t e r n a l  standard) were 
prepared i n  methanol t o  give f i n a l  concentrations o f  

l m g / m l .  Standards stored a t  4oC have been s tab le  f o r  8 
months. 

Standard so lu t ions  o f  f i n a l  concentrat ion o f  
l O M g / r n l  were prepared by d i l u t i n g  the stock standards 
100-fold w i th  d i s t i  1 led  water. 

An aqueous reference so lu t i on  containing both 
alprazolam and a-hydroxyalprazolam t o  f i n a l  
concentration lpg/ml was prepared from a 10ug/ml 
standard so lu t i on  o f  each compound. Working so lu t ions  
were prepared containing 25, 50, 100, 150, 200, 250, 
300, 350, 400ng/ml o f  alprazolam and a-hydroxyalprazo- 
lam by appropr iate d i l u t i o n s  o f  the reference so lu t i on  
w i th  water. Plasma standards f o r  c a l i b r a t i o n  curves 
were prepared by sp ik ing  1.0ml a l i quo ts  o f  pooled drug 
f ree  plasma w i th  1001.11 o f  the above mentioned working 
so lut ions,  t o  make alpratolam and a-hydroxyalprazolam 
plasma standards ranging from 2.5 t o  40ng/ml. 

A working so lu t i on  o f  i n te rna l  standard (200ng/ml) 
was prepared by d isso lv ing  2001.11 o f  a 10vg/ml aqueous 
so lu t i on  i n t o  l O m l  o f  d i s t i l l e d  water, 

Ca l ib ra t ion  graphs o f  the recovered standards were 
prepared f o r  each day o f  analys is  t o  es tab l i sh  l inea-  
r i t y  and r e p r o d u c i b i l i t y  o f  the HPLC system. Graphs 
were constructed o f  the peak-height r a t i o  o f  each 
compound t o  i n te rna l  standard against  drug concen- 
t r a t  i on. 

Ext ract ion DrOCedUre 

I n  10-ml glass conic tube w i t h  glass stopper, 1.0ml 
o f  plasma, 1001.11 o f  i n te rna l  standard aqueous so lu t i on  
200ng/ml (20ng),and 0.5 m l  o f  so lu t i on  o f  sodium borate 
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ALPRAZOLAM A N D  ALPHA-HYDROXYALPRAZOLAM 3535 

buffer (pH 9.3) were added and mixed b r i e f l y .  Each 
sample was ext racted w i th  5.0ml o f  dichloromethane/ 
n-pentane (4:6 v /v)  on vortex f o r  6Osec a t  speed 4 
(Vortex - Genie, Model K-550 GE,Scient i f ic  Ind.  
Sp ing f ie ld  Mass 01103). The sample tube was cent r i fuged 
f o r  5min a t  2000rpm. The upper (o rgan ic )  layer  was 
then t rans fer red  i n t o  a 10-ml conica l  g lass tube and 
evaporated t o  dryness i n  a 50oC dry bath under a gent le  
stream o f  ni t rogen. The residue was reconst i tuded i n  
100 v l  o f  mobile phase, and an a l i q u o t  o f  about 7 0 ~ 1  
was in jec ted  onto the HPLC system. 

Ana ly t i ca l  var iab les 

Recovery was ca lcu lated a t  10,20,35 ng/ml spiked 
plasma samples by comparing the peak heights  from 
ext racted samples w i th  those obtained from a d i r e c t  
i n j e c t i o n  o f  the corresponding unextracted standards 
dissolved i n  mobile phase. 

Within run and between run prec is ion  was determined 
by ex t rac t ing  plasma supplemented w i th  alprazolam and 
a-hydroxyalprazolam t o  20ng/ml. 

Assay v e r s a t i l i t y  

The method was a lso evaluated f o r  another t r i azo -  
lobenzodiazepine, t r iazolam. Quant i f i ca t  i on o f  
t r iazo lam i n  plasma, using f luni t razepam as i n te rna l  
standard, was a lso achieved. 

____ I n  v ivo  study. 

Eighteen female pa t ien ts  aged 35-50 years o l d  were 
included i n  the study. A l l  pa t ien ts  were programmed f o r  
surg ica l  procedures due t o  benign gynecological disea- 
ses and were under good physical  cond i t ion  (sca le  ASA 
1,111. None o f  them appeared any h i s t o r y  o f  psych ia t r i c  
o r  other organic diseases and they were no t  rece iv ing  
any other  medication. Two s ing le  o r a l  doses o f  XanaxR 
brand o f  alprazolam (Upjohn) were administered t o  the 
pa t ien ts  l a t e  a t  n igh t  the day before operat ion and 
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3536 ATTA-POLITOU ET AL. 

ear ly  i n  the morning, before en ter ing  the  surgery. From 
a l l  pa t ien ts  blood samples were co l lec ted  p r i o r  t o  
f i r s t  dose t o  serve as blank samples ( a t  1la.m.). The 
f i r s t  dose of alprazolam was administered a t  10p.m.: 
next morning a t  6 a.m pat ien ts  received the second dose 
o f  alprazolam. Blood samples were drawn two hours a f t e r  
the second dose (8a.m) by venipuncture o f  an antecubi- 
ca l  vein, i n  a fas t i ng  s t a t e  and were co l lec ted  i n  
unstoppered tubes containing sodium heparin as anticoa- 
gulant. Samples were centr i fuged immediately a f t e r  
c o l l e c t i o n  and plasma stored a t  -2OoC u n t i l  analysis.  
Pat ients  included i n  the study were d iv ided i n  4 groups 
according t o  the dosage regimens administered: 

1st  Group ( 2  pa t ien ts ) :  Two s ing le  doses o f  0.25mg 
alprazolam. 

2nd Group (6 pa t ien ts ) :  Two s ing le  doses o f  0.5mg 
a1 prazol  am. 

3rd Group ( 5  pat ien ts ) :  Two s ing le  doses o f  0.75mg 
a1 prazol  am. 

4th Group ( 5  pa t ien ts ) :  Two s ing le  doses o f  0.5mg 
and l.Omg alprazolam 
respect i ve 1 y . 

RESULTS 

Retention times f o r  a-hydroxyalprazolam, alprazolam 
and flunitrazepam ( i n t e r n a l  standard) were 5.4, 7.8, 
and 10.1 minutes, respect ive ly .  Figure 1 shows a 
chromatogram obtained from a d i r e c t  i n j e c t i o n  o f  an 
aqueous t e s t  so lu t i on  containing 200ng/ml o f  each o f  
the above mentioned compounds ( i n j e c t e d  volume 5 0 ~ 1  
corresponding t o  long o f  each compound). Figure 2 shows 
chromatograms obtained from an ext racted drug f ree  
plasma ( a )  and an ext racted drug f ree  plasma supple- 
mented w i th  a-hydroxyalprazolam, alprazolam and 
in te rna l  standard t o  20ng/ml each ( b ) .  Figure 3 shows 
chromatograms obtained from ext racted plasma o f  pa- 
t i e n t s  receiv ing two s ing le  doses o f  alprazolam. 

No i n t e r f e r i n g  peaks were observed i n  several 
samples o f  drug f ree  plasma. 
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-- 
0 3 6 9 1 2  

T I M E  (minutes) 

Figuro 1:Chromatogram Obtained from a direct 1nJectlon of an 
~ Q U ~ O U ~  tost solution containing 200ng/ml o f  alprazolam(A). 
a-hydroxyalprazolam (aW)  and tho intornal standard- flunitra- 
zepam (I.S).(Injoctod volumo 5 0 ~ 1 ,  corrosponding to long o f  
each compound 1.  

. Recovery . _-. - - 

Extract ion recovery data  from plasma samples 
supplemented wi th  alprazolam and a-hydroxyalprazolam t o  
1 0 , 2 0 , 3 5  ng/ml a r e  r e f e r r e d  i n  Table 1 (means o f  f i v e  
experiments). The metabol i te  a-hydroxyalprazolam was 
extracted i n  less ex tent  (about 70%)  i n  r e l a t i o n  wi th  
alprazolam and the i n t e r n a l  standard. Since alprazolam 
metabol i tes a r e  not  Dresent i n  notable  concentrat ions 
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r 

a 

I 1 I 1 I 1 I I I I 
0 3 6 9 1 2 0 3 6 9 1 2  

T I M E  (minutes) 

F igure  2:Chromatograma obtained from an ex t rac ted  drug f ree  
plasma (a) and an ex t rac ted  drug f r e e  plaema supplemented w i t h  
alprazolam (A),a-hydroxyalprazolam(aOH) and i n t e r n a l  standard- 
f lunitrazepam(1.S)  t o  20ng/ml each ( b ) .  

i n  human plasma, the lower recovery o f  a-hydroxyalpra- 
zolam cannot be considered as a disadvantage o f  the 
method. 

L i near iu 

The peak height  r a t i o s  f o r  alprazolam / i n t e r n a l  
standard and a-hydroxyalprazolam / i n t e r n a l  standard 
were l i n e a r l y  r e l a t e d  t o  plasma concentrat ions o f  
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1 I I I J I I I I I 
0 3 6 9 1 2  0 3 6 9 1 2  

T I ME (minutes) 

Figure 3:Chromatograms obtained from extracted plasma samples 
of patients receiving two Single doses of alprazolam. 
collected 2 hrs post second dose.Alprazolam(A), internal 
standard- flunitrazeparn ( 1 . S ) .  
( a )  First dose: 0.5 mg alprazolam 

Second dose: 0.5 mg alprazolam 
Plasma alprazolarn concontration: 7.0 ng/ml (Patient 0,Table 3 )  
( b )  First dose: 0.5 mg alprazolam 

Second dose: 1.0 mg alprazolam 
Plasma alprazolam concentration: 20.8 ng/ml(Patient P,Table 3 )  

alprazolam and a-hydroxyalprazolam, respectively, from 
2.5 to at least 40ng/ml. 

The slopes of 75 calibration curves of alprazolam 
in plasma, prepared over a period of two months, had a 
CV of 5.98%. The average regression equation was: 
y = 0.053 x + 0.027, where y = peak height ratio o f  
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TABLE 1. 

ATTA-POLITOU ET AL. 

alprazolam / i n te rna l  standard and x = plasma con- 
cent ra t ion  o f  alprazolam (ng/ml) .  The c o r r e l a t i o n  
c o e f f i c i e n t s  f o r  each standard curve constructed 
i nvar i abl y exceeded 0.998. 

The slopes o f  15 c a l i b r a t i o n  curves f o r  a-hydro- 
xyalprazolam i n  plasma over a per iod of  two months had 
a CV o f  6.5%. The average regression equation was: 
y 0.039 x + 0.04 where y = peak height  r a t i o  o f  
a-hydroxyalprazolam / in te rna l  scandard and x = plasma 
concentrat ion o f  a-hydroxyalprazolam (ng/ml) .  Corre- 
l a t i o n  c o e f f i c i e n t s  f o r  each standard curve exceeded 
0.994. 

The lower l i m i t  o f  de tec t ion  was lng/ml f o r  a lpra-  
zolam and a-hydroxyalprazolam wh i le  the  lower l i m i t  o f  
quan t i f i ca t i on  was 2ng/ml f o r  both compounds. 

- Reproduci b i  1 i t y  and A c c u m  

Within-run CV was 4.8% a t  20ng/ml spiked plasma 
(n=lO) w i t h  a mean concentrat ion +, SD (ng/ml) o f  
18.8420.90 (Re la t i ve  Error ,  E r  = - 0.058 and Re la t i ve  
Range R r  = 0.127). 

Between-run CV was 5 . 2 %  f o r  20ng/ml spiked plasma 
(n=17) w i t h  a mean concentrat ion k SD (ng/ml)  o f  
19.04 2 1.0, over a per iod o f  2 months. 
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TABLE 2. 

Compounds studied for interference. 

LorazePam( 1 Di azepamt c ) 
Oxazepamc 1 ) Desmethyldiazepam(c) 
Bromazepam( 1 Ni trazepam(C 
Chlorthiazidec.) Imipramine(c) 
Hydrochlorthiazide(1) Haloperidol(c) 
Perphenazine(*) Chlorpheni ramine(c) 
Chlorpromazine(*) Hexobarbital(c) 
Thiori dazinec 1 ) Amobarbital(c) 
Triazolam(b) Pentobarbital(') 
Chlordiazepoxide(b) Diphenylhydantoin(c) 
Carbamazepine(b) Amitriptyline(c) 
Caffeine( c ) Nortriptylinecc) 

(a) = Not detected 
(b) Interfered, see text. 
(c) = Detected but not interfered. 

...................................................... 
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-__._____ Interferences 

Twenty four  compounds were studied f o r  possible 
interference, inc lud ing several drugs t h a t  might be 
administered t o  anxious or  depressed pa t ien ts  (Table 
2 ) .  Chlordiazepoxide produced peak between the peaks o f  
alprazolam and in te rna l  standard; reso lu t ion  was 
i n s u f f i c i e n t  f o r  quan t i f i ca t i on  o f  alprazolam. Carbama- 
zepine peak was overlapping w i t h  t h a t  o f  a-hydroxy- 
alprazolam. Triazolam, another triazolobenzodiazepine, 
can not be separated from alprazolam by the described 
method but i n  c l i n i c a l  pract ice,  i t  i s  not  administered 
w i th  alprazolam. 

- I n  - v ivo  s t u d  

Table 3 shows alprazolam plasma concentrations i n  
18 pa t ien ts  tak ing two s ing le  doses o f  alprazolam 
ranging from 0.25 t o  l . O m g  each. The plasma concen- 
t r a t i o n s  o f  alprazolam were ranging from 4.0 t o  
26.9 ng/ml, a t  two hours post second dose. 

DISCUSSION 

A number o f  ana ly t i ca l  methods, using h igh per fo r -  
mance l i q u i d  chromatography, have been reported f o r  
quan t i f i ca t i on  o f  alprazolam i n  plasma (7,8,10-12). 
Although these methods are sens i t i ve  and accurate, they 
are time consuming dur ing the ex t rac t i on  procedure. 

I n  t h i s  study several solvent mixtures were tested 
f o r  the ex t rac t ion  o f  alprazolam, a-hydroxyalprazolam 
and flunitrazepam ( i n t e r n a l  standard) from plasma 
samples. Dichloromethane/n-pentane ( 4 : 6  v/v)  was found 
su i tab le  f o r  the ex t rac t ion ;  it appeared sa t i s fac to ry  
ex t rac t ion  recovery (Table 1 )  and was rap id l y  evapora- 
ted  a t  5 0 o C  s ince both solvents o f  the mixture have 
very low b o i l i n g  points .  I n  previously reported methods 
(7,8,10) ethylacetate/heptane (101, toluene/isoamyl- 
alcohol (7 )  o r  toluene ( 8 )  have been used f o r  the 
ex t rac t ion ,  which requ i re  much longer time f o r  the 
evaporation step. Furthermore, i n  the present study, 
plasma samples were ext racted on a vortex apparatus f o r  
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only 60 sec, whi le  prev ious ly  reported methods (7,8,10) 
suggest ex t rac t ion  f o r  10-15 minutes on a r o t a t o r  ( 7 )  
o r  a rec ip toca t ing  shaker (8,lO). Therefore, i t  can be 
concluded tha t  the method developed i s  more rap id  and 
convenient i n  comparison w i th  prev ious ly  reported ones. 

According t o  the published l i t e r a t u r e ,  alprazolam 
and a-hydroxyalprazolam can undergo r i n g  opening under 
ac id i c  condi t ions (10,15).Sodium borate bu f fe r  (pH 9 . 3 )  
was used i n  the ex t rac t i on  procedure t o  ad jus t  pH t o  
maintain the closed r i n g  s t ruc tu re  (10 ) .  Ex t rac t ion  
performed without pH adjustement, f o l l ow ing  a 
Previously reported method ( 7 ) ,  resu l ted  i n  lower 
ex t rac t i on  recoveries. 

I n  the method developed i n  t h i s  study l a t e  e l u t i n g  
peaks were not observed. Therefore a wash-out phase o f  
the column between in jec t i ons  was not  needed. I n  a 
Previously described method (101, the column was washed 
between in jec t i ons  w i th  l O m l  o f  70% a c e t o n i t r i l e  i n  
water t o  minimize the p o s s i b i l i t y  o f  l a t e  e l u t i n g  peaks 
and l O m l  of mobile phase (acetonitrile/SOmM potassium 
phosphate bu f fe r  pH 6 ,  30:70 v /v )  were then pumped t o  
re -equ i l ib ra te  the column before next i n j e c t i o n .  This 
procedure prolongs time o f  analys is  and i t  i s  not  
encountered i n  the present methodology. 

Good chromatography ( i . e  peak shape, re ten t i on  
t ime) was achieved w i th  ace ton i t r i le /water  40:60 v/v 
mobile phase. The presence o f  phosphate bu f fe r  i n  the 
mobile phase, used i n  other methods (7,101 has been 
avoided. Thus,pH adjustement o f  the mobile phase as 
wel l  as wash out  o f  the column wi th  water a t  the end o f  
the day are no t  needed.Additionaly, analys is  was 
performed a t  ambient temperature whi le  o ther  methods 
( 7 )  include higher column temperature which i s  hazar- 
dous f o r  the column. 

Although the method has not  been extens ive ly  used 
f o r  t h e  quan t i t a t i on  o f  t r iazolam, it appears t o  have 
s u f f i c i e n t  s p e c i f i c i t y ,  s e n s i t i v i t y  and prec is ion  f o r  
the quan t i t a t i on  of t h i s  triazolobenzodiazepine over a 
concentrat ion range s i m i l a r  t o  t h a t  o f  alprazolam, 
using f luni t razepam as i n te rna l  standard. 

Alprazolam plasma concentrations i n  18 pa t ien ts  
included i n  t h i s  study, who received two s ing le  doses 
o f  alprazolam ranging from 0 . 2 5  t o  l.Omg, were found t o  
be between 4 . 0  t o  2 6 . 9  ng/ml, a t  two hours post second 
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dose. These plasma levels are in accord with alprazolam 
plasma concentrations reported in relevant studies 
(7,9,10,16,17,18). 

The metabolite a-hydroxyalprazolam was not detected 
in plasma samples of the patients included in the pre- 
sent study. This is consistent with previously publi- 
shed data ( 7 ) ,  since monohydroxylated metabolites were 
not detected in a patient with plasma alprazolam 
concentration of 26.4ng/ml. Furthermore, a fatal 
poisoning from alprazolam overdose showed plasma 
alprazolam levels of 177ng/ml while the presence of 
alprazolam metabolites was not mentioned (19). More- 
over, serum from a patient with alprazolam exceeding 
300ng/ml (acute overdosage) demonstrated only trace 
amounts (less than 2.5ng/ml) of hydroxylated metaboli- 
tes (7). Previous studies in healthy volunteers have 
not detected alprazolam metabolites in significant 
concentrations in serum after 1 or 2mg oral doses 
(9,17,18). 

In conclusion, the analytical methodology developed 
in this report is simple, rapid, accurate, sensitive 
and specific. It can be used for monitoring plasma 
alprazolam concentrations in clinical studies. The 
present methodology provides also the possibility for 
quantification of a-hydroxyalprazolam in plasma: this 
is certainly of value for studies in other species. 
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