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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC DETERMINATION OF PENTAM I DI NE 

IN PLASMA 

Jasmine Min-Hwa Lin, Robert J.  Shi, 
and Emil T. Lin* 
School of Pharmacy 

University o f  California 
San Francisco, California 941 43 

A h i g h  performance l i q u i d  chrometogrephic  method f o r  q u e n t i -  
t a t i n g  pentemid ina i n  plasma has been developed. Sample c leen-up 
i n v o l v e d  p r e c i p i t a t i n g  plasma w i th  a c e t o n i t r i  Le c o n t a i n i n g  t h e  
i n t e r n a l  s tenderd,  hexamidine. The superna ten t  we6 passed th rough  
a Cg Bond E l u t  column and e l u t e d  wi th a me thano l i c  s o l u t i o n  o f  
sodium l -hep tenesu l fone te .  The e l u a t e  we6 then  ene lyzed  on an 
A l t e x  CB column w i t h  e m o b i l e  phase c o n s i s t i n g  o f  45% CHaCN, 0.02% 
tetramethylammonium c h l o r i d e  and 0.1% H3PO4. Us ing  f luorescence 
d e t e c t i o n  [EX: 275 nm end EM: 340 nm], t h e  d e t e c t i o n  l i m i t  WE6 

1.25 n g h l  f o r  0.5 m l  o f  plasma. The c o e f f i c i e n t s  o f  v e r i a t i o n  
f o r  i n t e r d a y  and i n t r e d e y  were around 10%. 

Pentemid ine [4,4'-diemidinodiphenoxypantenel [F ig .  11 has been 

e x t e n s i v e l y  used o u t s i d e  t h e  U n i t e d  S t a t e s ,  m a i n l y  f o r  t rea tmen t  

o f  s p e c i f i c  t r o p i c e l  di6eaSeB. I t  i s  t h e  drug o f  cho ice  i n  t h e  

2035 

Copyright 0 1986 by Marcel Dekker, Inc. 0148-391 9/86/0909-2035$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2036 LIN, SHI, AND LIN 

therapy o f  ea r l y  A f r i can  eleeping eickneeel end i s  o f  value i n  the 

treatment o f  leiehmeniel res is tance t o  eodium antimony t a r t r a t e  

end e t h y l e t i  Lbene.2 I n t e r e s t  i n  pentemidine has been st imu le ted  

by i t s  apparent ef fect iveneee i n  the  treatment o f  d i f f u s e d  i n -  

t e r s t i t i a l  pneumonia due t o  pneumocystis c a r i n i i  .3 A pro tozoa l  

i n f e c t i o n  conf ined t o  t h e  lung, pnaumocyetis ce r in f  i pneumonia 

[PCPI 1s one o f  the most common end most l e the1  diseases i n  

pe t i en te  w i th  Acquired Immune Def ic iency  Syndrome [AIDS] end w i th  

disseminated malignant n e ~ p l e e m s . ~  Phermecokinetic s tud ies  o f  

pentemidine i n  enimele end humans have n o t  produced c l e a r  r e s u l t s  

because o f  the  lack  o f  en accurate end s e n s i t i v e  method. Due t o  

the t o x i c i t y  of t he  drug,5 i t  i s  important t o  have a good method 

f o r  monitor ing pentemidine Levels i n  p a t i e n t s  who have received 

the drug. 

Pentemidine concentret ione i n  pleeme have been determined by 

spectrophotof luorometry fo l l ow ing  ex t rac t i on  and d e r i v e t i z a t i o n ,  

w i th  a detec t ion  l i m i t  o f  200 ng/ml6 end by h igh  performance 

l i q u i d  chromatography using U.V. de tec t ion  with one m l  o f  plasma 

Penlamidine 

Hexsmidine 

FIGURE 1 : Pentemidine end the  i n t e r n a l  standard, hexemidine 
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PENTAMIDINE IN PLASMA 2037 

axt rac t ion .7  The HPLC detec t ion  l i m i t  i s  12 ng/ml end a x t r a c t i o n  

recovery i s  between 20 t o  30%. Howevar, these methods ara  n o t  

vary se lec t ive ,  nor eans i t i va  and era r a l e t i v e l y  tedious. T h i s  

paper describes a simpla, s p e c i f i c  end more s e n s i t i v e  HPLC method 

using solid-phase ion -pa i  r i n g  e x t r a c t i o n  end f Luorescanca datac- 

t i o n  f o r  the quan t i t a t i on  o f  pentemidlne i n  plasma. Th is  method 

i s  s u i t a b l e  f o r  bo th  pharmacokinatic eva lua t ion  and drug l eve l  

moni to r ing  i n  pa t i en ts .  

MATERIALS AND MElHODS 

Pentamidina, 8s the  i sa th ione ta  s t i l t ,  was supp l iad  by Msy & 

Baker Co. [Dagenhem, England], wh i le  hexemidine was e g i f t  from 

O r .  John Conta o f  UCSF. Tatremethylemmonium c h l o r i d e  [Fluke Cham. 

Co., Hauppauge, NY] end sodium l-haptanesul foneta [Sigma Cham. 

Co., S t .  Louis, MO] ware commercially obtained. Methanol and 

e c a t o n i t r i l e  were o f  HPLC grade [J.T. Baker Cham. Co., P h i l l i p s -  

burg, NJ], whi l a  other reagents were o f  e n e l y t l c a l  grade. Water 

was obtained through a nanopura apparatus [Barnstaed Co., Boston, 

MA). 

APPARATUS: 

The HPLC system consisted o f  a so lvent  d e l i v e r y  pump [Model 

I I O A ,  Backmen Inc., Sen Josa, C A I ,  an automatic sempta procassor 

[WISP 7108, Wetars Associates, M i  l f o r d ,  MA], a Shimadzu RF-530 

fluorescence de tec tor  sa t  a t  275 nm f o r  e x c i t a t i o n  and a t  340 nm 

f o r  emission [Shimedzu I n s t r u  Spec, Inc., Concord, C A I ,  en A l tex  

ULtrasphara O c t y l  5p, 4.6 x 250 mm column (Backman Inc., Sen Jose, 
C A I  end en i n t a g r e t o r  [Model 339OA, Hewlatt  Packard, Santa Clare, 
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2038 LIN, SHI, AND LIN 

C A I .  

t i o n e l  [Herbor C i t y ,  C A I .  

The Cg Bond E l u t s  were manufactured by Anelytichem In te rne-  

The mobile phase was prepared by mixing 1800 m l  o f  ecetoni-  

t r i t e ,  2200 m l  o f  water, 8 m l  o f  10% aqueous tetremsthylemmonium 

ch lo r i de  end 4 m l  o f  concentretad phosphoric acid.  The mix tu re  

was degassed end f i  l t e r e d  be fore  use. The mobi l e  pheee we6 pumped 

a t  e r a t e  o f  1.0 ml/min. 

Preperet ion o f  Standards: Pentemidine standard stock 

so lu t i on  was prepared by weighing 10 mg o f  pentemidine i se th ione te  

end d i l u t i n g  i t  with 50% CH3CN and 0.1% Hap04 t o  a volume o f  10 m l  

i n  e volumetr ic f l ask .  Th is  stock eo lu t i on  had 8 concentrat ion o f  

0.574 mg/ml pentemidine f r e e  bsse. A working s o l u t i o n  o f  0.574 

ng /p l  we6 made by e 1OOOx d i l u t i o n  o f  the  stock so lu t i on .  These 

so lu t ions  were s tab le  f o r  th ree  months when s to red  a t  4OC. The 

i n t e r n a l  standard, hexemidlne, was prepared i n  a stock s o l u t i o n  of 
10 mg/ml i n  e method e i m i l e r  t o  t h a t  f o r  t he  prepere t ion  o f  

pentemidine. A working s o l u t i o n  o f  i n t e r n a l  standard was prepared 

by adding 5 mcg o f  t h i s  stock s o l u t i o n  t o  100 m l  o f  e c e t o n i t r i l e .  

Treatment o f  Plasma Samples: To 0.5 m l  o f  plasma, 1.0 m l  o f  

i n t e r n e l  standard working s o l u t i o n  we6 added. The mix tu re  was 

vortexed f o r  one minute end cent r i fuged a t  3000 rpm f o r  10 m i -  

nutes. The supernatant was t r sns fe r red  t o  e 200 mg CB Bond E l u t  

end washed w i th  1 m l  o f  water, fo l lowed by 1 m l  o f  methanol t o  

remove indigenoue impur i t iee .  The Bond ELut, which s t i l l  con- 

ta ined the drug end the i n t e r n a l  standard, i s  then placed over e 

s i l en i zed  tube. The drugs ere e lu ted  w i th  1 m l  o f  e eo lu t i on  

cons is t ing  o f  0.6% sodium l-heptenesul fonete,  0.02% tetremethyl-  

ammonium ch lo r i de  and 0.1% H3PO4 i n  97.5% methanol. The e lua te  i s  

al lowed t o  d r i p  through the  Bond ELut w i thout  the  a p p l i c a t i o n  o f  
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PENTAMIDINE IN PLASMA 2039 

pressure. The co l l ec ted  a lua ta  i s  evaporated t o  a volume o f  about 

200 p l  undar n i t rogen  i n  a 30'C water bath and a 40'to 100 p l  

a l i q u o t  o f  t h i s  so lu t i on  i s  than i n j e c t e d  onto the  column. 

RESULTS 

CAUBRATI ON CUIVE : 

A c a l i b r a t i o n  curva using alavan d i f f e r e n t  concentrat ions 

ranging from 1.15 t o  344 ng/ml waa obtained by c a l c u l a t i n g  the  

r a t i o  o f  the  peak he igh t  o f  pantamidina t o  t h a t  o f  the  i n t e r n a l  

standard varsua t h e i r  respec t ive  concentrat ions.  The standard 

curva was l i nea r  w i th  r 2  = 0.9997, the  y- intercept = 0.0218 and 

the  slope = 0.0136 [Tsbla I]. Howavar, t h i s  ca l cu la ted  concantra- 

t i o n  curva shows a s i g n i f i c a n t  dev ia t i on  a t  the  Low and o f  t h e  

curva. When separate standard curvas ware ca l cu la ted  f o r  t h e  

rengas o f  1.15 - 34.4 ng/ml and 34.4 - 344 ng/ml, t he  accuracy f o r  

the lower Concentrat ion wera g r e a t l y  improved, as shown i n  Tabla 

1. F igure  2 i l l u s t r a t a s  t y p i c a l  chromatograms f o r  blank plasma, 

plasma spiked w i th  pantamidina and a c l i n i c a l  plasma sample 

co l l ec ted  a t  24 hours a f t e r  an I . V .  dose o f  4 mg/kg. The raten- 

t i o n  t imes f o r  pantamldine and hexamidina wara 10  and 13 m i n ,  

respect i ve 1 y . 

PRECISION AND AcculAcY: 

Prec i s ion  o f  the  method over the  e n t i r e  working concantre- 

t i o n  range was determined w i t h  the  ana lys ia  o f  epikad samples. I n  

Tables 2 and 3,  the i n t e r -  and intra-day p r e c i s i o n  and c o a f f i -  

c i a n t s  o f  v a r i a t i o n  [CV]  f o r  f i v e  d i f f e r e n t  concentrat ions a ra  

presented. The average CVs f o r  the  method ware around 10%. 
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2040 LIN, SHI, AND LIN 

CALCULATED CONCENTRATION (NG/MLI 

SPIKED CONC. 
(NG/MLl 

PEAK HEIGHT 
RATIO 

0 - 344 
FROM 

0 - 34.4 
FROM 

34.4 - 344 

0 

1 . I5 

2.30 

4.60 

9.20 

17.2 

34.4 

57.4 

86 .I 

115 

172 

344 

0 

0.021 

0.045 

0.080 

0.140 

0.258 

0.500 

0.846 

1 .I85 

1.639 

2.335 
4.681 

0 

-0.404 

1.36 

3.94 

8.37 

17.1 

34.9 

60.4 

85.4 

119 

170 

343 

0 

0.760 

2.44 

4.89 

9.09 

17.4 

34.3 33.4 

59.1 

84.3 

118 

170 

344 

In te rcept :  

S lope : 

r2: 

0.0268 0.0102 0.0602 

0.0136 0.0143 0.0134 

0.9997 0.9996 0.9996 

RECOVERY: 

Recovery wes determined by compering the peek he igh t  r a t i o  

o f  the e lua te  peesed through the  Bond E l u t  t o  the  peek he igh t  

r a t i o  o f  the  equeous s o l u t f o n  n o t  peesed through tha Bond ELut. 

Spiked plseme semples were t ree ted  es described prev ious ly  except 

t h a t  the i n t e r n e t  stendard we8 n o t  edded u n t q l  the  evaporation 

step. The recover ies e t  four  d i f f e r e n t  concentrat ions eppeer i n  

Teble 4. The everege recovery wa8 78%. 
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PENTAMIDINE IN PLASMA 204 1 

1 
10 15 5 10 15 5 

A 

r' 
5 10 15 

C 

FIGURE 2: HPLC chromatogreme o f  ( A ]  blank plasma, (81 plasma 
f o r t i f i e d  with 10 ng/ml pentamidina, end (C1 an AIDS 
p a t i e n t ' s  plaema sample col lactad a t  24 hr6,  a f t e r  an 
i . v .  fnfusion dose o f  4 mg/kg [concentration 3.82 
ng/mLl. (a1 pentamidina and [ b l  i n t e r n a l  etendard. 

TABLE 2: INTER-OAY PRECISION MR PBCTAllIDINE I N  PLAsllA 

1 2 3 4 5 6 MEAN SD x c v  
-I-- -- _-I--__ -- 
X+IW CONCENTRATION [SPIKED: 144 n g h l l  

148 146 142 144 146 145 145 

HIW CONCENTRATION [SPIKED: 86.1 n g h l l  

87.8 85.5 85.5 88.4 83.2 83.2 85.6 

M E D I M  COwCENTRATIm [SPIKED: 28.7 n g h l l  

28.6 29.7 30.4 28.6 29.0 27.5 29.0 

U I W  CONCENTRATION (SPIKED: 8.61 nBhL1 

8.78 8.50 8.90 8.03 8.72 8.15 8.51 

X-UIW CoWcENTRATIm [SPIKED: 2.87 n g h l l  

2.51 2.85 3.25 2.74 3.07 3.27 2.95 

2.04 1.40 

2.20 2.57 

1.00 3.45 

0.35 4.2 

0.30 10.2 
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2042 LIN, SHI, AND LIN 

1 2 3 4 5 6 w w ( s D  x c v  

XiiIW cowceclRATIoW [SPIKED: 144 nghL1 

142 139 148 141 139 146 142 3.73 2.63 

HIBH CMENlWTION [SPIKED: 86.1 n g h l l  

86.7 87.2 82.1 86.7 85.5 82.6 85.1 2.23 2.62 

mIUI cowcaclRATION [SPIKB): 28.7 nghL1 

28.9 29.7 27.9 28.4 30.0 29.4 29.0 0.80 2.77 

U l W  C O W C ~ T I O W  [SPIKED: 8.61 n g h l l  

8.67 8.72 8.32 9.01 8.50 8.38 8.60 0.255 2.96 

X-WW M W C ~ T I O W  [SPIKED: 2.87 n g h l l  

2.64 2.57 2.43 2.72 2.92 2.64 2.65 0.163 6.15 

____________________________1______1__1_------------------- 
_________---____-I--_________l_l________--------------------- 

SPIKED m c .  PEAK HEIWT 
[NWMLI RATIO OF 

PLASMA GAIQLE 

2.30 

5.74 

23.0 

57.4 

0.051 

0.110 

0.410 

I . I38 

PEAK HEIGHT 
RATIO OF 

WTER W L E  RECOVERY 

0.069 73.9 

0.141 78 .O 

0.524 78.2 

1.423 80.0 
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PENTAMIDINE IN PLASMA 2043 

STAB1 UTY: 

Pooled plasma eamplas spiked with var ious concentret ione o f  

pentemidine were d iv ided i n t o  0.5 m l  a l i q u o t 6  and s to red  i n  -2OOC 

end -8OOC f reezers u n t i  1 assayed. No appreciable degradation o f  

pentamidine I n  frozen plasma was seen a t  -8OOC dur ing  the  two 

months o f  study [Tabla 61. When s to red  a t  -2OoC, samples remained 

s tab le  f o r  the  f i r s t  two weeks. Fo l low ing  th is  per iod ,  t he ra  wee 

e degradation o f  epproximataly 10% over a two month per iod ,  as 

shown i n  Table 5. 

Pantamidine e x h i b i t s  e h igh  a f f i n i t y  f o r  t he  s t a t i o n a r y  

phase o f  the CB Bond E lu t .  I t  can no t  be e lu ted  by pure water o r  

by water conta in ing  va r iab le  f r a c t i o n s  o f  organic solvante such ee 

t a t  rehydrofuren, metheno 1 o r  acetoni  t r i  la. I t  can, however, be 

e a s i l y  e lu ted  i n  the  presence o f  ion-pa i r ing  reagents [such as, 1- 

heptaneeulfonatel.  Th is  c h a r a c t e r i s t i c  may be due t o  i t s  unique, 

s t rong ly  bas ic  diamidine group which i s  t i g h t l y  bound t o  the  

res idua l  s i  l a n o l  group i n  the  s ta t i one ry  phase. A s t r u c t u r a l l y  

s im i  tar  compound, diminazena, a l so  shows t h i s  A 

methano t i c  s o l u t i o n  conta in ing  haptsnasu l f ona te  and tetremethylem- 

monium ch lo r i de  e lu ted  pentamidine w i t h  a racovery o f  78%. 

Organic solvents,  such as a c e t o n i t r i  l a  o r  te t rahydro furan ,  and 

o ther  types o f  Bond E l u t  columns ( C 2  end C l B ]  were e l so  tes ted  i n  

o rder  t o  achieve higher racovery, b u t  no improvement was obtained. 

By making use the  unique .property o f  pantemidine i n  t h i s  eo l i d -  

phase ion-pa i  r i n g  ex t rac t ion ,  the  plssme can be thoroughly clesned 

up. The endogenous compounds i n  the  plasma can be s e l e c t i v e l y  

washed out from the Bond E l u t  by the  organic solvente and the  drug 

L e f t  i n  the ca r t r i dge .  The drugs can Later be s e l a c t i v e t y  e l u t e d  

ou t  from the Bond E lu t .  Since f luoreecance de tec t ion  i s  q u i t e  

s p e c i f i c  and the de tec t ion  w i l l  take edventaga o f  the  n a t i v e  
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2044 LIN, SHI, AND LIN 

CONCENTRATIONS AT -2OOC “ G A L )  

TABLE 6: STABIUTY OF PENTMDINE I~IONATE IN PLAGIU AT -80°C 

CONCENTRATIONS AT -8OOC [NG/ML I 
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PENTAMIDINE IN PLASMA 2045 

FIGURE 3: Pentamid ine plasma c o n c e n t r a t i o n  - t i m e  p r o f i l e  of an 
AIDS p a t i e n t  a f t e r  en IV dose o f  4 mg/kg. 

f luorascence o f  pantemid ine,  t h e  essay desc r ibed  h e r e  i s  s u f f i -  

c i e n t l y  s p e c i f i c  and e a n e i t i v e .  

Drugs which m igh t  be taken  i n  c o n j u n c t i o n  with pentamid ina 

by p a t i e n t s  i n f e c t e d  wi th PCP wera checked f o r  i n t e r f e r e n c e .  

These i n c l u d e  t r ima thopr im ,  eulfamethoxazole, eminoglycoeidee, 

cephelospor ine,  a c y c l o v i r ,  empho te r i c in ,  f l u c y t o e i n ,  i e o n i a z i d ,  

diphenhydramine, a s p i r i n  and acetaminophen. None o f  t h e  drugs 

t e s t e d  were found t o  i n t e r f e r e  w i t h  pentamid ine o r  t h e  i n t e r n a l  

e tanda rd  . 
The method deecr ibad he re  we6 compared wi th t h e  UV assay 

p u b l i s h e d  by  t h e  Canter Fo r  Disease C o n t r o l  [CDC] on pentamid ine 

pleeme l e v e l s  i n  en AIDS p a t i e n t  f o l l o w i n g  a one hour  I.V. infu- 

s i o n  doee o f  4 mg/kg [Fig.  31. I n  t h a t  s tudy ,  t h e  c o n c e n t r a t i o n  

o f  pentemid ine i n  t h e  p a t i e n t ' s  plasma was measured f o r  24 hours. 
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The peek concentrat ion wee 383 n g h l  and the  trough l e v e l  was 4.80 
ng/ml. The c o e f f i c i e n t  o f  c o r r e l a t i o n  was 0.9983, w i t h  a s lope o f  

1.020 and a y- intercept o f  1.410. Thus, t he  present assay has 

both a higher s e n s i t i v i t y  end a b e t t e r  c o r r e l a t i o n  than the 

previoue publ ished essay. 

I n  conclusion, the  sample clean-up procedure described here 

involves on ly  a p r o t e i n  p r e c i p i t a t i o n  end a column e l u t i o n  step 

p r i o r  t o  esparet ion by HPLC. A r a l e t i v a l y  smel l  amount [0 .5 m l l  

o f  sample i e  needed f o r  t h i e  method, which has a s e n s i t i v e  detec- 

t i o n  l i m i t  o f  1.15 n g h l  i n  plasma. The method i s  c u r r e n t l y  being 

used i n  the  phermacokinetic s tud ies  o f  pentamidine i n  AIDS pa- 

t i  ants. 

REFERENCES 

1. Lourie, E.M. Treatment o f  Sleeping Sicknees i n  S i e r r a  
Leone. Ann. Trop. Mad. Peres i to l . ,  36, 113-130 (19421. 

2. Manson-Bahr, P.E., Heieh, R.B., Studies i n  Leishmaniasia i n  
East A f r i c a  [3] .  C l i n i c a l  Features end Treatment. Trans. 
A .  SOC. Trop. Mad. Hyg., 50, 465-471 [19561. 

3. Hughes, W.T., Feldmen, S. , Chaudhary, S.C., Ossi , M.J., Cox, 
F. , Sunyal, S.K. Comparison o f  Pentamidine I se th ione te  end 
Tr imsthopr imSu Lfamethoxezo Le i n  the  Treatment o f  Pnaumo- 
c y s t i s  C a r i n i i  Pneumonia. J. Pedietr. ,  92, 285-291 [19781. 

4. Burke, B.A., Good, R.A. Pneumocystis C e r i n i i  I n f e c t i o n .  
Medicine, 52, 23-51 (19731. 

5. Western, R.K.A., Perare, D.R., Schulez, M.G.  Pentemidine 
Isa th ioneta  i n  Treatment o f  Pneumocyetie C a r i n i i  Pneumonia. 
Ann. In te rn .  Mad., 73, 695-702 [19701. 

6. Waalkee, T.P., OaVite, V.T. The Determination o f  Pentemidine 
[4,4'-Diamidinodiphenoxypentanel i n  Plasma, Ur ine and T is -  
sues. J. Lab. Cl in. Hsd., 75, 871-878 [18701. 

7. Dickenson, C., personal  communication, P a r a s i t i c  Disease 
Drug Service (PDDS) o f  the  Centers f o r  Oisesee Cont ro l  
[COCI. 

8. A l i u  Yo Odegaard, S., Paired-ion Ex t rac t i on  and High Per fo r -  
mance L i q u i d  Chromatographic Determination o f  Oiminezene i n  
Plasma. J. Chrometogr., 276, 218-223 119831. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


