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A B S T R A C T  

A high-performance liquid chromatographic  (HPLC)  me01od for the :;imultancous determi:.ation o f  
suifadoxine, pyrimelhamine,  mcfloquine and the earboxyli¢ metabolile of  mefloquine in plasmu is de- 
scribed. Alter  the proteins have been precipitated with a combinat ion of  zi~tc sulphate and acet',mitrile 
containing two internal standards,  pyrirnethannine and mcfloquine are extracted as bases and ~tflfi.'doxine 
and the carboxylic metab¢'qte o f  mcfloquinc as ion-pairs with tctrabutylanmlonium. The drugs are separat- 
ed by H P L C  on a 3 ~m~ octadcc~'lsilica column with ultraviolet delection at 229 nm. The method is simple 
and reliable and enables the simult:meous determinat ion of  the drugs in 600-1d plasma samples with a 
sensitivity suitable for s landard drug moni tor ing purposes. 

I N T R O D U C T I O N  

Fans imef  (Hoffrnan-La Roche, Basle, Switzerland) is an antimalari'd ageut 
consisting oS a fixed c o m b i n a t i o n  o f  pyr imethamine  (P) (25 mg),  mef loquine  
( M Q )  (250 rag) and su l fadoxine  (S) (500 mg)  in a weight ratio o f  1"10:20. Fansi-  
m c f  was formulated with the aim o f  delaying the deve lopment  o f  Plasmo¢fium 
.f~dciparum multiresistant  in the mid-1980s  [I]. 

The  mean plasma concentra t ions  in adults  during long-terrn malaria prophy-  
laxis with one  tablet o f  F a n s i m e f  once  weekly were for P 0.4 I~M, for S 190 I~M 
and For M Q  2.3 I~M [2]. In another  prophylac,*ic study with M Q  once every 
second week,  the: mean plasma concentrat ion  o f  the earboxylic  metaboi i te  o f  M Q  
( M M Q )  was 3.5 l tM rxl 

I . ~ l l  • 

To evaluate the possible multidose interactior~ of  S and P on  the bioavailability 
o f  M Q ,  as well as inter-individual  variab-~lity in the concer, trations o f  the drugs,  it 
may be clinically important  to analyse  the concentrat ions  o f  the drugs.  Several 
methods  have been used to determine  these c o m p o u n d s ,  including gas, th in- layer  
and h igh-performance  liquid c h r o m a t o g r a p h y  (HPLC) ,  and some o f  them have 
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been  recen t ly  reviewed e l s ewhe re  [4]. M e t h o d s  for  t he  s i m u l t a n e o u s  d e t e r m i n a -  
t ion  o f d i f f e r e n t  a n t i m a l a r i a l  d r u g s .  S a n d  P [5], M Q  a n d  M M Q  [6], P a n d  M Q  [7], 
M Q  a n d  c h l o r o q u i n e  [8], M Q ,  S a n d  P [9], have  been  p re sen ted .  N o  m e t h o d  t h a t  
e n a b l e s  s i m u l t a n e o u s  d e t c r n a i n a t i o n  o f  S, P, M Q  a n d  M M Q  has  a p p e a r e d  so  far .  

T h i s  p a p e r  descr ibes  a n  H P L C  m e t h o d  for  the  s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  
these  c o m p o u n d s .  O w i n g  to  the  s i m u l t a n e o u s  e x t r a c t i o n  w i th  ion -pa i r  t e c h n i q u e  
a n d  s u b s e q u e n t  s i m u l t a n e o u s  H P L C  sepa ra t ion ,  the t i m e  requ i red  for  each  a n a l y -  
sis is c o m p a r a t i v e l y  shor t .  

E X P E R I M E N T A L  

Chemicals  
P. S. M Q  and  the acid m e t a b o l i t e  o f  mef loqu ine  [2 .8 -b i s ( t r i f l uo rome thy l )qu ino -  

l ine -4-ca rboxyl ic  acid)  were  k i n d l y  suppl ied by  R o c h e - P r o d u k t e r  ( S k a r h o l m e n ,  
Sweden) .  S u t f a d i m e t h o x i n e  (SIS)  f rom S igma  (St.  Louis ,  M O ,  U S A )  a n d  
2,8-bis(t  ri !! uo romet  hyl  1-4-[ 1 - h y d  roxy-  3-( N-ter t . -  bu t y l a m i n o ) p r o p y l ] q u i n o l i n e  
phosphate.: (WR. 184806) ( IS)  f r o m  Wal t e r  Reed  A r m y  Ins t i tu te  o f  R e s e a r c h  
(Wash ing to t~  DC.  U S A )  were  used as in t e rna l  s t a n d a r d s . / V l e t h y l  ter t . -buty l  e t h e r  
( M t B E )  was ob t a ined  f r o m  B u r d i c k  and  J a c k s o n  Labs .  ( M u s k e g o n ,  M I ,  U S A ) .  
T e t r a b u t y l m n m o n i u m  {TBA)  h y d r o g e n s u l p h a t e  f r o m  F l u k a  (Buchs,  S w i t z e r l a n d )  
a n d  all  o the r  chemica l s  used t E. M erck .  D a r m s t a d t ,  G e r m a n y )  were o f  ana ly t i c a l -  
r eagen t  grade.  

H P L C  s l'stt,m 
T h e  H P L C  sys tem c o n t a i n e d  a p u m p ,  M o d e l  2150 ( L K B - P h a r m a c i a ,  U p p s a l a ,  

S w e d e n L  and the s a m p l e  was  in jec ted  by use o f  a W a t e r s  W I S P  710B in jec tor ,  
de tec ted  by a Wa te r s  U V  440  detec tor ,  wi th  an  e x t e n d e d - w a v e l e n g t h  m o d u l e  
m o n i t o r e d  tit "~'~ . . ,9 nm ( W a t e r s  Assoc. .  Mi l lo rd .  M A .  U S A ) .  F o r  c a l c u l a t i o n  o f  
pc,lk heights ,  a Mode l  4270 inte~ratc~r from S p e c t r a - P h y s i c s  tSan  Jose,  CA,  U S A )  
was  used. The  s e p a r a t i o n  c o l u n m  was / 150 m m  x .4.0 m m  I .D. .  packed  wi th  3-lira 
par t ic les  o f  Sphe r i so rb  S 3 - O D S - I  t l - l ichmm, R e a d i n g .  U K',. The  mobi l e  p h a s e  
was  acc toni t r i le -0 .1  M p h o s p h a t e  buffer (48:52, v/v) .  ad ju s t ed  to pH 3.5. A f low- 
ra te  o1" 0.5 ml /min  was  used,  g iv ing  a total  r e t e n t i o n  t ime  o f  ca. 20 rain.  

Comptn'ison with prt, vi¢ms l t P L C  methods 
T h e  m e t h o d  was  v a l i d a t e d  by c o m p a r i s o n  wi th  re,~ults o f  o lasma d r a w n  I¥om 

i n d i v i d u a l s  t , tking S. P o r  M Q  for makir ia  p r ~ p h y ! a x i s  :md av, a lysed by d i f fe ren t  
H P L C  methods  [5.61. 

Spik  ¢'d ld..,,m,; .stund~ard.v 
S tock  solu t ions  were p r e p a r e d  at c o n c e n t r a l i o n s  o f  ~ Q and  M M Q  at !00 I tM,  

o f  P a t  ': l IM and  o f  S at 1 0 m M i n d e i o n i z e d  wate r ,  t~nd kept  i n p o l y p r o p y l e n e  
,ube.:. Stu~ldard samples  were  p repared  by a d d i n g  k n , . w n  a m o u n t s  o f  the s tock  
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solutions to plasma from healthy donors. The cont:entration ranges were: for S 
1000-50 ltM; for P 1-0.05 itM; for M Q  5-0.25 tiM; ',aiid for M M Q  5-0.25 llM. A 
standard curve with five different concentrations was included in every assay run 
far calibration. 

Irtternal standards 
The internal s tandards (IS at~d SIS) were prepared at concentrations of  4 and 

75 !tM, respectively, in acetonitrile, used for protein precipitation. 

Quality control 
Quality control (QC) samples in spiked plast,:~q ~'t,i:taining S at 300 ,~M. P at 

0.25 ItM and M Q  and M M Q  at 3 ltM were prepared and ~*.9red at - 20°C for use 
in determining intra- and inter-assay precision and for the accuracy control dur- 
ing a study over a long period of  time. The QC samples were analysed twice, at 
the beginninb and at the end of  each assay run. 

Precision 
The intra- and inter-assay precision of  the method was deternfined by analys- 

ing twelve portions of  three ~,piI,,ed plasma pools containing the drugs. The inter- 
assay precision was assessed by analysing one port ion of  each of three plasma 
pools on s~,x different working d-~ys. 

Re, co very 

The total extraction recovery of S, P, MQ, M M Q ,  SIS and IS was determined 
by comparing the peak heights of  each component  extracted from spiked samples 
with the peak heights obtained by direct injection of an aqueous solution contain- 
ing the same concentrat ions of  the drugs dissolved in the mobile phase. 

A na(vsis of  biological samples 
To 600 ~,1 o f p l a s m a  or plasma standard in a 1.5-ml polypropylene tube, 150 ~tl 

of 0.1 M zinc sulphate were a~ded during vortex-mixing for 15 s. Then 700/d of  
acetonitrile with 4 / , M  IS and ~5 !~M SiS were added during vortex-mixing for ! 5 
s. After 15 rain the tubes were centrifuged at I0 000 g for 10 rnin. The supernatant  
was transferred to a new polypropylene tube. Then 2 ml of  phosphate buffer (pH 
9.0), 2 ml of 0.06 M TBA hydroxide and 5 ml of  MtBE were added. The tube was 
shaken for 10 rain and then centrifuged at 1200 g for 5 rain. The upper organic 
layer was tra~,.sferred to a conical polypropylene tube and evaporated to dryness 
at 50"C. The residue was reconstituted in 200 ~d of mobile  phase, arid iu~ ~,.~ -,'e. z~ 
injected into the H P L C  system. 
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I tPLC ,;eparatio, 
We tested several CtH brtulds o f  coli.lmn suppor t  (itBondapak, Waters ;  UI- 

trasl-~here O D S ,  Beckmun~ L i C h r o s o r b  RP-8,  Merck) ,  in o rde r  to tlchieve a sep- 
ar~ttion oi" the compt~tii~dS. The  best s epa ra t ion  results were achieved with 3 im-r 
p!~riich.'s !i[" ,41~[i~i !.~qorb S3-ODS-I (Fig. 1). Other antimalarial drugs (proguanil, 
cl![t~rt~qtiltie, Litlinlt~c, prim:tquine) have retention times different from S, P, MQ, 
M M Q  and  the inlcrn:d s t a n d a r d s  did not  interfere.  The  chosen mobi le  phase  was  
acetonitrilc~ 0, I A I l~hosphate buflizr (48:52, v/v) adjus ted  to pH 3.5. The  Spheri-  
sorb  $3-O13S-1 co lumn was remarkt lb ly  rugged and  stable.  D u r i n g  the devel- 
opmen t  of  the ~ssay more  than  I0',~,0 p l a sma  ext rac ts  were injected on to  a single 
co lumn.  No  signil icant de te r io ra t ion  o1" peak  slmpe was  noted over  this period.  
The  retent ion t ime vari~ttions ob ta ined  with different  p ropo r t i ons  o f  acetoni t r i le  
ztnd phosl3lmle buffer and  tit dilt'crellt pH values in 50% acetoni t r i le  are sl?,own in 
~-i S. 2. The propo: ' t ion  o f  ~cetonitri le and ,  to a g rea te r  extent ,  the pH of  the 
mobile !'~htise. imve a natlrked influence on the sep,'~ration, 
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Fig. 1. Chrumatograms of (a) human blank pla-mrs, (b) plttsma spiked with sulfadoxlne (500 ItM), pyri- 
methamine (0.50 Ith'l), meflotluinc (4.O ltM) and ~ tefloqt,ine ts~c~-:bolite (4.0 l:~il), (c) p;.ltictlt sample wilh 
mefloquine (4.8 llM) and n.'afloquine metabolite (5.5 ttM), and (d) patient sample with sulfildoxine (650 
lib'l), and pyrimethamine, (0.21 ItM). 

E,\'tractiolt 
Different. extraction systems were evaluated in order to accomplish the simulta- 

neous extraction of  the drugs from biological material. MQ and P are basic 
compounds ,  and S a n d M M Q  are acid compounds .  Protein precipitation and 
subsequent ion-pair extraction has been used previously for simultaneous deter- 
mination of  M Q  and M M Q  in plasma and whole  blood [6]. 

The highest recovery with a minimum o1" interference from endogenous  com- 
pounds was achieved with ~ combination o f  protein precipitation and ion-pair 
extraction at pH 9.0 with 0.06 M TBA as the counter-ion and MtBE as the 
organic solvent. Higher concentratio.ns of  TBA did not improve the extraction 
efficiency for M M Q .  

After protein precipitation, the basic compounds  (MQ, P and IS) are extracted 
at pH 9.0 in uncharged form, by normal l iquid-l iquid extraction, and the acid 
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Fig. 2. (a) Effect ofaeetoni t r i le  content  of  the mobile phase on the rete,ltion t ime in 0~ ! M phosphate  buffer 
(pH 3.5). (b) Effect o f  pH of  the mobile phase on  the retention time in 45% (v/v) acctonilrile. 

compound (MMQ, S and SIS) in charged form as ion pairs with TBA. The 
extraction recoveries are presented in Table I. MtBE is a very good extraction 
solvent for MQ and M M Q  and it gives a low endogenous background [6]. 
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T A B L E  I 

R E C O V E R Y  D A T A  

The to ta l  recovery f rom the ext rac t ion  was tested by compar i son  with the peak  heights ob ta ined  by direct 
injection o f  known a m o u n t s  o f  the subs tances  into the column.  

Drug  Concen t ra t ion  Recovery n 
(#M) (mean 4- S . D . ) ( % )  

Sulfadoxine 
Pyr imethamine  
Mefloquine 

Mefloquine metabol i te  

In terna l  s t anda rd  (SIS) 
In ternal  s t andard  (IS) 

500 1.92 4- 0.21 5 
0.5 74.6 4- i.8 7 
5 76.5 4- 8.0 5 
1.25 84.9 + 8.6 5 
5 63.4 4- 4.8 8 
1 . 2 5  73.1 4- 3 .2  5 

75 6.28 4- 0.56 6 
4 86.4 4- 4.9 5 

Lhnit of  determination 
The limit o f  de t e rmina t ion  o f  the drugs  was defined as the m i n i m u m  concent ra -  

t ion tha t  gave an  in terassay  coefficient o f  var ia t ion  (C.V.)  o f  less than  t 5%.  By 
this definition, and  using 600 pl o f  p lasma ,  the limits were es t imated  to 75, 0.050, 
0.25 and  0 . 2 5 / z M  for  S, P, M Q  and  M M Q ,  respectively. 

Comparison with previmis HPLC methods 
The  results f rom the c o m p a r i s o n  are shown in Table  II.  

Recovery and precision 
The total  recovery  f rom p l a sma  for  S was  only 2%,  which is similar to tha t  o f  

the internal  s t a n d a r d  (SIS). However ,  there is sufficient S in p l a sma  dur ing  mala r -  
ia p rophylax i s  for  reliable quan t i t a t i on  in the c h r o m a t o g r a p h i c  system. The addi-  
t ion o f  the ext ra  in ternal  s t a n d a r d  (SIS) specially for S yielded an improvemen t  in 
the precision for  S, as is shown  in Table  III .  The  low recovery depended  on the 

T A B L E  n 

C O M P A R I S O N  W I T H  O T H E R  H P L C  M E T H O D S  

Drug  and ref. N u m b e r  o f  Cor re la t ion  Regression 
samples  coefficient equa t ion  

MQ [5l 18 0.99 
MMQ [5] 18 0.98 
S [6] 18 0.95 
P [6] 15 0.98 

y = 1.034x - 0 . 0 4 0  
y = 0.965x +0 .026  
y = 1.029x - 9.47 
y = 0.911x --0 .024 
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T A B L E  I!1 

P R E C I S I O N  D A T A  

Spiked plasma sample; n = 6. 

D r u g  Conccntratiorl 
(JIM) 

Relative stundard deviation (?4)  

I nt  r a - a s s a y  I nter-assay 

Sulfadoxine 

P y d m e t h a m i n e  

Mefloquine 

Mefloquinc mctabolite 

1000 1.96 3.93 
500 2.31 6.12 
250 2.22 5.28 
125 11.3 13.3 
63 I 1.9 15.6 

1.0 3.40 3.50 
0.25 4.77 7.25 
0.060 5.71 7.79 
5.0 2.32 8.55 
1.25 2.70 4.63 
0.32 6.44 9.02 
5.0 2.78 4 .24 
1.25 1.39 9.10 
0.32 3.76 9.29 

fact that 0.06 M TBA forms an ion pair with S and SIS with very low extraction 
at pH 9.0 in MtBE. Decreasing the pH of  the buffer during the extraction results 
in a significant improvement of  the extraction efficiency for S and SIS. In addi- 
tion, it resulted in a very large chromatographic peak for S with low separation 
efficiency between S and SIS. The recovery of  P, M Q  and M M Q  from the same 
spiked plasma samples ranged from 63 to 85%. The reproducibilities within and 
between days arc shown in Table III, and demonstrate a good precision o f  the 
method over the therapeutic concentration range. 

C O N C L U S I O N  

The therapeutic plasma concentration o f  P is much lower than those of  the 
other drugs, therefore the chromatographic and extraction procedures were opti- 
mized For P, under acceptable recovery and precision conditions for the other 
drugs. A high concentration of  S in plasma in relation to the other drugs, in 
combination with a low recovery and a detection wavelength with a low absorp' 
tivity for S, results in similar peak heights in the liquid chromatogram for S as for 
the other compounds  in p lasma samples obtained during malaria prophylaxis. 

The limits o f  determination and the precisions of  the present method are ade- 
quate for monitoring the drug concentrations in human plasma during regular 
propylaxis with Fansimef, and the method is comparatively rapid, simple, reliable 
and sensitive. 
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