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ABSTRACT 

P e n t o x i f y l l i n e  i s  an i nves t i ga t i ona l  drug shown t o  improve 

impaired blood f l ow  i n  diseased microvasculature. 

study ob jec t i ve  was t o  determine the in f luence of a s ing le  t e s t  

meal on the b i o a v a i l a b i l i t y  o f  p e n t o x i f y l l i n e .  Single 490 mg o ra l  

capsule doses o f  p e n t o x i f y l l  i n e  were administered t o  16 heal thy 

a d u l t  male volunteers i n  a complete crossover design i n  which the 

subjects received the drug a f t e r  f a s t i n g  overnight o r  15 minutes 

The present 
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386 WILLS ET AL. 

f o l l ow ing  a standar, j  breakf3st .  

p e n t o x i f y l l i n e  and i t s  major rnetabol i te were determined as a 

func t i on  o f  t ime using a gas chromatographic procedure. 

values f o r  both parent drug and m t a b o l i t e  f o r  0 t o  10 hours showed 

no s i g n i f i c a n t  d i f f e rence  due t o  inges t ion  o f  food. 9 s i g n i f i c a n t  

decrease i n  peak plasma concent ra t ion  (p < .05) was shown f o r  

parent drug and me tabo l i t e  when administered w i t h  food. 

t iine-to-peak concent ra t ion  was s i g n i f i c a n t l y  delayed ( p  < .OU1) 

when the  drug was administered w i t h  food. 

comi tan t ly  w i t h  p e n t o x i f y l l i n e  delays absorp t ion  and lowers peak 

plasma concent ra t ion .  a l though the  ex ten t  o f  absorp t ion  i s  no t  

d i f f e r e n t  than when t h e  drug i s  ddrninistered on  an einpty stomach. 

The plasma concentrat ions of 

The AUC 

The 

Food administered con- 

INTRODUCTION 

P e n t o x i f y l l  i ne  (l-~5-0xohexyl]-3,7-diinrthylxantriine! lid<; beer1 

extens ive ly  used abroad t o  t r e a t  p a t i e n t s  su f  Fcr ing f r o i t i  ct:rl-bri)- 

vascular and per iphera l  vascular disease (1-4). I n  d recent  b l o -  

medical p r o f i l e  ( 5 ) .  e f f i c a c y  was repo r ted  t o  be based on h e w  

orheo log ica l  e f f e c t s  o f  improving l o c a l  hyperv i scos i t y ,  hyper- 

agg regab i l i t y  o f  r e d  b lood c e l l s  and p l a t e l e t s ,  e ry th rocy te  

f l u i d i t y  and hypercoagu lab i l i t y .  

P e n t o x i f y l l i n e  has been shown t o  be r a p i d l y  and completely 

absorbed a f t e r  o r a l  admin i s t ra t i on  i n  r a t s ,  dogs and humans, 96, 

101 and 98% respec t i ve l y  (6). The e l i m i n a t i o n  h a l f - l i f e  f o r  

p e n t o x i f y l l i n e  was repo r ted  t o  be 1.0 hr.  i n  humans (6). Pentoxi-  
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BIOAVAILABILITY OF PENTOXIFYLLINE 38 7 

f y l l i n e  i s  h i g h l y  me tabo l i zed  w i t h  942 o f  t h e  t o t a l  d rug  b e i n g  

e l i m i n a t e d  i n  t h e  u r i n e  (6,7). 

(metabol i t e  I )  i s  l-[S-hydroxyhexy13-3,7-diinethyl xan th ine  (7,8). 

The maJor m e t a b o l i t e  i n  b l o o d  

The o b j e c t i v e  o f  t h e  p resen t  s tudy was t o  determine t h e  

i n f l u e n c e  o f  f ood  on t h e  b i o a v a i l a b i l i t y  o f  p e n t o x i f y l l i n e  f o l l o w -  

i n g  a s i n g l e  o r a l  dose. 

METHODS 

S ix teen  h e a l t h y  males, 21 t o  30 yea rs  o f  age (mean 25) 

weighing between 65 and 85 kg (mean 77),  who were i n  good phys i ca l  

c o n d i t i o n  as determined by p h y s i c a l  examination, medical h i s t o r y  

and c l i n i c a l  l a b o r a t o r y  s tud ies ,  vo lun tee red  t o  p a r t i c i p a t e  i n  t h e  

study. In formed consent was ob ta ined  f rom each subject .  The 

p r o t o c o l  had approval o f  t h e  U n i v e r s i t y  Human I n v e s t i g a t i o n s  Review 

Committee. 

Study Design 

Sub jec ts  were i n s t r u c t e d  t o  take  no o t h e r  drugs o r  c a f f e i n e  

p roduc ts  f o r  one week p r i o r  t o  and throughout  t h e  study. The sub- 

j e c t s  f a s t e d  o v e r n i g h t  be fo re  each t rea tmen t  and were p e r m i t t e d  t o  

e a t  no food, a p a r t  frorn.the t e s t  ,neal, u n t i l  f o u r  hours a f t e r  

dosing. 

o f  water  on a r i s i n g ,  a t  l e a s t  one hour b e f o r e  dosing. 5 i n g l e  o r a l  

doses o f  400 mg of p e n t o x i f y l l i n e  (Trentalm, supp l i ed  by hoeschst- 

Roussel Pharnaceut ica ls ,  Inc.) were g i ven  as two 203 mg capsules on 

On t h e  morning of a t rea tmen t ,  each sub jec t  drank e i g h t  oz. 
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388 WILLS ET AL. 

two separate study days i n  a complete crossover design. 

f i r s t  day, e igh t  subjects received the drug on an empty stomach, 

and e igh t  subjects received drug 15 minutes a f t e r  ea t i ng  a standard 

breakfast .  The breakfast  consisted o f  150 m l  o f  low- fa t  mi lk ,  

100 m l  o f  orange ju i ce ,  one egg, two s l i c e s  o f  toast ,  20 gm o f  

margarine, 20 gm o f  marmalade and 20 gm o f  cheese. On the  second 

study day, the treatments tiere reversed. The study days were one 

week apart. Blood samples (10 m l )  were co l l ec ted  froin a forearm 

vein i n t o  hepar in ized vacuum tubes immediately be fore  and a t  9.17, 

0.33, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8 and 10 hours a f t e r  dosing. 

Plasma was separated and frozen a t  -20°C u n t i l  assayed. 

On the 

Assay 

The plasma samples were assayed by a modif ied gas chromato- 

graphic procedure u t i l i z i n g  a n i t rogen  s p e c i f i c  de tec tor  (9). 

F i f t e e n  p1 o f  the  i n te rna l  standard s o l u t i o n  (10 pg/rnl o f  1-[6- 

hydroxyhexyl]-3-methyl-7-propyl axanthine i n  3.01 M hydroch lo r ic  

ac id )  was added t o  1 m l  o f  plasma. R e d i s t i l l e d  dichloromethane 

( 5  ml)  and 1 H sodium hydroxide (0.5 inl) were added and the  plasma 

shaken on a mechanical r o t a r y  i nve rs ion  mixer f o r  15 minutes a t  20 

r.p.m. 

f i v e  minutes, and the upper l aye r  c a r e f u l l y  asp i ra ted  and discarded. 

The remaining dichloromethane phase was t rans fe r red  t o  a tapered 

tube and evaporated t o  dryness i n  a water bath a t  40" C under a 

gen t le  stream o f  nitrogen. A f r e s h l y  prepared s o l u t i o n  o f  5% v/v 

The phases were separated by c e n t r i f u g a t i o n  a t  2000 g f o r  
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BIOAVAILABILITY OF PENTOXIFYLLINE 389 

t r i f luoracet ic  anhydride in hexane (1 ml.) was added and the residue 

dissolved with the aid of a vortex mixer. The tube was stoppered 

and heated in a water bath for f ive minutes a t  60" C. Excess 

reagent was removed i n  a gentle stream of nitrogen a t  40" C and 

the residue taken up in HPLC grade toluene (50 ul] ,  aliquots 

( 5  pl) of which were analyzed by GLC. 

The analyses were performed on a Varian 3700 gas chromato- 

g raph  equipped with a nitrogen specific detector. A silanized gas 

column (2% x 1.75 mn i.d.) packed w i t h  3% OV-?5 on Chromosorb W-HP 

100/120 mesh) was used for the separation. 

meters were as follows: oven temperature was set a t  250" C for six 

ininutes then raised 50" Chin t o  a final temperature of 270" C ;  

detector temperature was 300" C,  carrier gas (He) flow rate was 30 

ml/min, hydrogen flow rate was 3.3 ml/min and a i r  flow rate was 

100 ml/min. 

tor was set  by means of a potentiometer of the control box, the 

actual sett ing being dependent upon the age of the bead. Under 

these conditions, retention times for pentoxifylline, metabolite I 

and internal s tandard  are 3.2 min., 4.4 min. and 7.24 min., respec- 

tively. The concentrations o f  pentoxifyll ine and metabolite I were 

determined by comparison t o  daily calibration curves obtained by 

assaying plasma standards in the range of 20 t o  100 ng/ml for each 

compound. Linear calibration curves were obtained by plotting the 

ra t io  of the peak area of each compound to  the peak area o f  the 

internal standard versus concentration of pentoxifyll ine or mta- 

Other operating para- 

The current t o  the ceramic bead o f  the nitrogen detec- 
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390 WILLS ET AL. 

b o l i t e  i n  t h e  plasma standard. T y p i c a l  curves analyzed by l i n e a r  

l e a s t  squares r e g r e s s i o n  show c o r r e l a t i o n  c o e f f i c i e n t s  o f  0.98 o r  

g rea te r .  

Us ing t h e  mcthodology a5ovc t o  assay seven s e t s  of s tandards 

i n  t h e  range of 20 t o  100 ng/ml , t h e  recove ry  f o r  p e n t o x i f y l l i n e  

ranged from 97.8 t o  104% w i t h  a r e l a t i v e  s tandard d e v i a t i o n  o f  

18.8% a t  29 ngfml t o  1.4% a t  100 ng/ml; t h e  recovery f o r  m e t a b o l i t e  

I ranged from 96.6 t o  104% w i t h  a r e l a t i v e  s tandard d e v i a t i o n  rany- 

i n g  f rom 3.5 t o  10%. 

was approx imate ly  1 ng/lnl, a l t hough  t h e  l i m i t  o f  assay s e n s i t i v i t y  

was s e l e c t e d  as 15 ng/ml. 

The l i m i t  o f  d e t e c t i o n  f o r  e i t h e r  compound 

Data Ana lys i s  

Area under t h e  plasma c o n c e n t r a t i o n - t i m e  cu rve  (AUC) was 

c a l c u l a t e d  f o r  b o t h  zero t o  t e n  hours and zero t o  i n f i n i t y  u s i n g  

t h e  t r a p e z o i d a l  r u l e .  The AUC, i n c l u d e d  a t e r m i n a l  s lope 

c o r r e c t i o n  f a c t o r ,  Cp/ke, where Cp i s  t h e  l a s t  : w a s i r e d  concen- 

t r a t i o n - t i m e  p o i n t  and ke i n  t h e  s lope  o f  t h e  t e r m i n a l  l o g - l i n e a r  

phase o f  t h e  semi log p l o t  o f  c o n c e n t r a t i o n  versus t ime. 

n n 

The maximum plasma c o n c e n t r a t i o n  achieved (Cpmax) and t ime  

t o  maximum plasma c o n c e n t r a t i o n  (tpmax) were observed f rom t h e  

measured plasma concen t ra t i ons  f o l l  owing drug adini n i s t r a t i o n .  

A l l  s t a t i s t i c a l  e v a l u a t i o n s  were performed u s i n g  S tuden t ' s  

t - t e s t  f o r  p a i r e d  data. 

as ev idence o f  s t a t i s t i c a l  s i g n i f i c a n c e .  

A e va lue  o f  l e s s  than  0.05 was accepted 
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BIOAVAILABILITY OF PENTOXIFYLLINE 39 1 

RESULTS AND D I S C U S S I O N  

Mean plasma concentrations for pentoxifyll ine and metabolite 

I are given in Table 1 and the data depicted graphically in 

Figures 1 and 2. 

curves in Figures 1 and 2 reveals a slower rate of absorption of 

pentoxifylline, reduced peak plasma concentrations of both the 

drug and metabolite I, and delayed times-to-peak of both the drug 

and ,netabolite I when pentoxifylline is administered with food. 

These observations are supported by the bioavailability parameters 

Inspection of the plasma concentration-time 

determined for both pentox 

Table 2. Oepending on the 

plasma concentrations, the 

may he of n o  clinical cons 

time-t3-peak when the drug 

fylline and metabolite I as displayed in 

therapeutic range of pentoxifyll ine 

reduction in peak plasma concentration 

quence. The delay of 1.7 hours in the 

is given with food may also be of little 

clinical significance hecause of the chronic conditions for which 

pentoxifyll ine is given. 

time curves were not significantly different when pentoxifyll ine 

was given with food. 

indicating almost complete disappearance of the drug within the 

duration of the study sampling time. 

slowed the rate of absorption of pentoxifylline, the lack of 

statistical significance between AUC values indicates food did not 

change the extent of absorption. 

The areas under the plasma concentration- 

10 The AUCo and AUCZ were nearly equal, 

While food significantly 

Eight of the 16 subjects experienced side effects. Headache, 

dizziness and nausea were the most common side effects and occurred 

more frequently in suhjects taking the drug while fasting. Most 
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BIOAVAILABILITY OF PENTOXIFYLLINE 393 

TABLE 2 

Mean R i o a v a i l a b i l i t y  Parameters f o r  P e n t o x i f y l l i n e  and 

Metabo l i te  I A f t e r  P e n t o x i f y l l i n e  400 mg PO i n  Sixteen 

Healthy Males (Mean f S.D.) 

Pentoxi fy l  1 i ne 

Sta t  i s t i  ca l  
Parameter Without Food With Food S ign i f i cance 

Peak Plasma 
Concentrat ion (ng/rnl) 1289.4 f 1234 433.4 t 212 p < 0.05 

10 

AUC; 

AUCo 

Tine-to-Peak (hours) 0.84 r .52 2.55 t .95 p < 0.001 

ng/ml- h r )  1365 f 784 1340 f 595 NS 

ng/ml h r )  1366 f 793 1351 f 638 NS 

Metabo l i te  I 

S t a t i s t i c a l  
Parameter Without Food With Food S ign i f i cance 

Peak Plasma 
Concentrat ion (ng/ml) 1841.3 f 1183 980.0 f 610 p < 0.05 

Time-to-Peak (hours) 1.28 f .53 2.88 f -79 p < 0.001 

AUCo (ng/ml * h r )  3760 f 2079 3177 f 1716 NS 10 

AUC; (ng/ml - h r )  3762 f 2082 3215 f 1727 NS 

s ide  e f f e c t s  occurr ing when the drug was given without food pre- 

sented w i t h i n  45 minutes o f  drug ingest ion.  The t ime o f  presenta- 

t i o n  o f  s ide e f f e c t s  cor re la ted  we l l  w i th  the  i nd i v idua l  peak con- 

cent ra t ions  of p e n t o x i f y l l i n e  i n  s i x  subjects. 

I n  summary, the absorpt ion o f  p e n t o x i f y l l i n e  i s  delayed when 

given w i th  food, although the  extent o f  absorpt ion i s  not al tered. 
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FIGURE 1 

Mean Plasma Concentrations of Pentoxifylline Following a 400 mg. 

Oral Dose of Pentoxifylline with Food ( x )  and w i t h o u t  Food (*) 

to 16 Healthy Male Volunteers. D
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FIGURE 2 

Mean Plasma Concentrations o f  Metabolite I Following a 400 mg. 

Oral Dose o f  Pentoxifylline with Food (x) and without Food (*) 

to 16 Healthy Male Volunteers. D
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Mean peak plasma concentrations are lowered when the drug i s  in- 

gested with food. Side effects occur more commonly when pentoxi- 

fylline is administered under fasting conditions. If therapeutic 
efficacy can be maintained with pentoxifylline given with food, an 

administration schedule with food should be recommended t o  avoid 

minor side effects. 
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