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ABSTRACT 

Papaverine hexametaphosphate and papaverine polymetaphosphate 

s a l t s  were  Prepared and i s o l a t e d .  Experiments were conducted i n  

mongrel dogs t o  compare the b i o a v a i l a b i l i t y  o f  papaverine hydro- 

c h l o r i d e ,  papaverine hexametaphosphate and papaverine polymeta- 

phosphate. The metaphosphates r e s u l t e d  i n  g rea te r  area under the  

curve compared t o  the  hydroch lo r ide  s a l t ,  however, t he re  was no d i f -  

ference observed i n  the l a g  t ime, apparent absorp t ion  r a t e  constant,  

t ime o f  peak o r  maximum plasma concentrat ions obtained by any o f  

the  th ree  s a l t s .  Intravenous doses o f  papaverine hydroch lo r ide  

were given t o  a l l  dogs t o  determine the  absolute b i o a v a i l a b i l i t y .  

The pharmacokinetic parameters and f i r s t  o rder  t r a n s f e r  constants 

f o r  drug d i s p o s i t i o n  were ca l cu la ted  from the  intravenous data;  

whereas, the  apparent absorp t ion  r a t e  constant was est imated from 

percent  unabsorbed versus t ime p l o t s .  

con f i rm a th ree  compartment model f o r  the drug i n  the  mongrel dog. 

The pharmacokinetic ana lys i s  

* 
To whom i n q u i r i e s  should be sent. 
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I N T R O D U C T I O N  

PATEL,  SCHOENWALD, AND LACH 

Papver ine has been used as a p e r i p h e r a l  v a s o d i l a t o r  f o r  many 

y e a r s .  

o f  about  1% i n  c rude  opium, b u t  d i f f e r i n g  f rom t h e  morphine group 

o f  a l k a l o i d s  b o t h  c h e m i c a l l y  and p h a r m a c o l o g i c a l l y  and c o n t r i b u t i n g  

v e r y  l i t t l e  t o  t h e  o v e r a l l  pharmacology o f  opium. Papaver ine i s  

n e i t h e r  a n a r c o t i c  n o r  i s  i t  a d d i c t i v e .  

It i s  a b e n z y l i s o q u i n o l i n e  compound, p r e s e n t  t o  t h e  e x t e n t  

Papaver ine i s  a v a i l a b l e  f o r  o r a l  a d m i n i s t r a t i o n  and f o r  i n j e c t i o n .  

The average dose i s  100 t o  150 mg two o r  t h r e e  t i m e s  d a i l y .  

t h e r a p e u t i c  b l o o d  l e v e l s  o b t a i n e d  a f t e r  a d m i n i s t r a t i o n  o f  h i g h  o r a l  

doses o f  t h i s  d r u g  t o  human v o l u n t e e r s ”  * suggests  t h a t  t h e  d r u g  

e i t h e r  d i s t r i b u t e s  t o  t i s s u e s  e x t e n s i v e l y  o r  may be absorbed t o o  

s l o w l y  o r  i n c o m p l e t l y .  

The low  

Polyphosphates have been known t o  i n t e r a c t  w i t h  v a r i o u s  c a t i o n i c  

5 d rugs  t o  form complexes3’ ‘. 
hexametaphosphate complex and r e p o r t e d  l a t e r  t h a t  t h e  t e t r a c y c l i n e -  

hexametaphosphate complex was absorbed f a s t e r  and gave h i g h e r  b l o o d  

I n  1957, Kaplan p repared  a t e t r a c y c l i n e  

6 l e v e l s  t h a n  compared t o  t e t r a c y c l i n e  

s t a b l e  and n o n - t o x i c .  These obse rva t  

8 s e p a r a t e l y  by P u l a s k i 7  and Welch . 

T h i s  i n v e s t i g a t i o n  was under taken 

The complex was found t o  be 

ons were l a t e r  c o n f i r m e d  

t o  de te rm ine  i f  such complex 

f o r m a t i o n s  c o u l d  enhance t h e  b i o a v a i l a b i l i t y  o f  papaver ine .  Some 

o f  t h e  pharmacok ine t i c  aspec ts  o f  papaver ine  i n  t h e  dog were a l s o  

s t u d i e d .  
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 3 3 1  

EXPERIMENTAL 

Prepara t ion  o f  Papavereine Metaphosphates 

Papaverine metaphosphates were prepared by an acid-base i n t e r -  
9 a c t i o n  . Papaverine hydroch lo r ide  was d i sso l ved  i n  d i s t i l l e d  

water.  

polymetaphosphate was s l o w l y  added t o  the drug s o l u t i o n  wh i l e  

s t i r r i n g .  The m ix tu re  was then s t i r r e d  i n  a covered, l i g h t - p r o t e c t e d  

beaker f o r  12 hours. 

funnel ,  washed w i t h  water, acetone, and d r i e d  i n  vacuo f o r  24 

hours. a t  4OoC. 

passed through a 80/100 mesh sieve. 

Animals 

An aqueous s o l u t i o n  o f  sodium hexmaetaphosphate o r  potassium 

The p r e c i p i t a t e  was re ta ined  i n  a Buchner 

The d r i e d  res idue was comminuted i n  a mortar and 

Four hea l thy  male mongrel dogs rang ing  from 17.5 t o  27.0 kg i n  

weight were housed i n  s t a i n l e s s  s tee l  cages under c o n t r o l l e d  temper- 

a tu re ,  food inges t i on  and l i g h t i n g .  

Pro toco l  

The dogs were fas ted  a minimum o f  24 hours be fore  and 18 hours 

a f t e r  admin i s t ra t i on  o f  the  drug, w i t h  water al lowed a t  a l l  t imes. 

Each dog was g iven papaverine hydroch lo r ide  (PHCl), papaver ine 

hexametaphosphate (PHMP) o r  papaveri ne polymetaphosphates (PPMP) 

equ iva len t  t o  10 mg o f  papaverine base pe r  kg body we igh t  i n  

accordance w i t h  the  f o l l o w i n g  randomized b lock  design. 

m 
Name Weight (kg) 

A 27.0 
B 22.0 
C 17.4 
D 27.0 

Week 
1 2 3 

PHCl  PHMP PPMP 
PHMP PPMP PHC 1 
PPMP PHCl PHMP 
PHC 1 PHMP PPMP 
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-132 PATEL, SCHOENWALD, AND LACH 

The experiments were repeated three more times using the above 

A period schedule i n  which the last dose was 5 mg/kg body weight. 

of at least one week was allowed between doses. 

mesh, 163 microns) was administered orally in loosely packed gelatin 

capsules. 

The drug (80/100 

Blood samples were taken by venipuncture of the jugular vein 

and collected in 7 ml vacutainers (Benton-Dickinson, EDTA) .  A 

sample was obtained just prior to dosing and 0.5, 1, 1.5, 2, 3, 4, 

6, 8 and 12 hours thereafter. 

Intravenous doses equivalent to 10 mg of papaverine base per 

kg body weight were also given to all dogs. 

tered by intravenous injection into the leg vein over a period o f  

two to three minutes. Blood samples were taken at 0, 5, 10, 15, 

20, 25, 30, 40, 60, 90, 120, 180, 240, 300 and 480 minutes after 

administration. 

The drug was adminis- 

RESULTS AND DISCUSSION 

Figure 1 shows a typical plasma levels-time profile after oral 

administration of papaverine formulations to individual dogs. 

Marked intersubject variation was observed in the profiles; however, 

intrasubject variation was much less (see Tables 1-3). 

showed the highest blood concentrations (Cmax) and Dog C the lowest. 

The extent o f  absorption of oral formulations in comparison to 

intravenous administration of the drug and the relative extent of 

absorption o f  metaphosphates in comparison to the hydrochloride 

salts were calculated using equations 1 and 2. 

Dog A 
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 333 

TIME ( H O U R S )  

Figure 1. A plasma concentration versus time plot following the oral 
administration of 10 mg/kg of papaverine to Dog A as: 0 PHCL, 

A PHMP and 0 PPMP. 

Area 
Absolute Bioavailability = AA, 

reai. v .  

Area .o .  (Test Formulation) 
( 2 )  Relative Bioavailability = AreaP Standard Formulation) p.0. ( 

These areas (0-infinity) are listed in 

values of absolute and relative bioavailabi 

istered PHMP and PPMP were greater compared 

in all dogs except Dog D where the average 

PHCl. 

able 2 .  The average 

ities of orally admin- 

to the PHCl formulation 

or PHMP was lower than 

The bioavailability parameters derived from plasma levels 

following oral doses are summarized in Table 2. It can be seen 
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334 PATEL, SCHOENWALD, AND LACH 

TABLE 1 

A b s o l u t e  and R e l a t i v e  B i o a v a i l a b i l i t i e s  F o l l o w i n g  
O r a l  A d m i n i s t r a t i o n  o f  Papavere ine S a l t s  t o  Dogs 

Dog HC L HMP PM P 

A b s o l u t e  B i o a v a i l a b i l i t y  

A 55.65% ( 1 4 . 5 )  62.60% ( 1 4 . 4 )  65.36% ( 9 . 2 )  

B 29.56% ( 3 . 9 )  30.75% ( 2 . 4 )  33.44% ( 5 . 0 )  

C 25.74% ( 0 . 9 )  28.79% ( 1 . 0 )  34.57% ( 7 . 0 )  

0 57.04% (12 .4 )  54.84% ( 1 4 . 9 )  77.73% ( 1 7 . 4 )  

R e l a t i v e  B i o a v a i l a b i  1 i t y  

A 100% 112.5% ( 1 3 . 4 )  117.4% ( 2 6 . 3 )  

B 100% 104.0% (26 .8 )  101.0% ( 3 3 . 7 )  

C 100% 110.0% (3 .5 )  134.7% (23.3)  

D 100% 96.1% ( 1 9 . 0 )  136.3% ( 2 . 0 )  

f r o m  t h e  d a t a  t h a t  h i g h e r  a rea  va lues  were observed f o r  PPMP compared 

t o  PHMP. 

p < .l. 

t h e  o r a l  p r e p a r a t i o n s .  

(t ) showed an inc reased  t r e n d  i n  t h e  o r d e r  o f  PHCl (1 .27  hours) ,  

PHMP (1 .30 hours )  and PMP (1.65 hours )  b u t  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  S ince t i s  a f u n c t i o n  o f  e l i m i n a t i o n  and d i s t r i b u t i o n  P 
as w e l l  as a b s o r p t i o n ,  i t  was dec ided  t o  compare t h e  apparen t  

a b s o r p t i o n  r a t e  c o n s t a n t  (k,) wh ich  i s  independent  o f  t hese  f a c t o r s .  

These va lues  were s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l e v e l  o f  

The maximum c o n c e n t r a t i o n  (Cmax) showed no d i f f e r e n c e  for  

The mean observed t i m e  o f  peak c o n c e n t r a t i o n  

P 
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 33s 

TABLE 2 

Average B i o a v a i l a b i l i t y  Parameters Obta ined F o l l o w i n g  
Ora l  A d m i n i s t r a t i o n  of Papavere ine S a l t s  t o  Dogs 

Dog HC 1 HMP PMP 

Parameter : 

A 
B 
C 
D 

Parameters 

A 
B 
C 
0 

Parameter : 

A 
B 
C 
D 

Parameter: 

A 
B 
C 
D 

Area 

4.095 ( 1 . 0 7 )  4 .606  (1 .06 )  4 .809  ( 0 . 6 8 )  
2 .306  ( 0 . 3 1 )  2 .399  ( 0 . 1 9 )  2 .609  ( 0 . 3 9 )  
1 . 4 7 0  (0 .05 )  1 . 6 4 4  (0 .06 )  1 .974  ( 0 . 4 0 )  
2.257 ( 0 . 4 9 )  2 .170  (0 .59 )  3 .076 (0 .69 )  

‘max 

1 .246  (0.291)  1.450 (0 .071 )  1 .375  (0 .141 )  
0 .956  (0 .215 )  0 . 6 4 0  (0 .075 )  0.780 (0 .322 )  
0 .485  (0 .052 )  0 .635  (0.158)  0 .675  (0 .380 )  
0.822 (0.648)  1 .016  (0 .671 )  0 .866  (0 .163 )  

0 .900  (0.652)  1.000 (0.500) 1.125 (0 .630 )  
1 .000 (0.000)  1 . 3 7 5  (0.479)  1 . 8 0 0  (0 .837 )  
1.250 (0 .289 )  1.625 (0.479)  1.300 (0 .274 )  
1.833 (1.041)  1.667 (0.289)  2.167 (0.764)  

ka 

0 . 6 6 1  (0 .079 )  0.692 (0.199)  1 . 1 3 0  (0.011) 
1.172 (0.238)  0 . 8 2 1  (0.069)  0.850 (0.161) 
0.944 (0.177)  1 .070  (0 .623 )  2 .500  (1 .330 )  
1 . 0 8 1  (0,274)  0 .996  (0.561)  0.754 (0 .244 )  

Note: The number i n  p a r a n t h e s i s  r e p r e s e n t  1 s t a n d a r d  d e v i a t i o n .  

To o b t a i n  t h e  apparen t  a b s o r p t i o n  r a t e  c o n s t a n t s ,  i t  was necessary 

t o  c a l c u l a t e  t h e  va lues  o f  t h e  f r a c t i o n  o f  d r u g  rema in ing  t o  be 

absorbed w i t h  t ime .  

p e r c e n t  o f  d r u g  unabsorbed ve rsus  t i m e  on a semi log  sea le .  

Values o f  ka can be o b t a i n e d  by  p l o t t i n g  t h e  

The 
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3 36 PATEL, SCHOENWALD, AND LACH 

TABLE 3 

Pharmacokinet ic  Parameters F o l l o w i n g  I . V .  A d m i n i s t r a t i o n  
o f  Papaverei ne t o  Dogs 

Parameter Dog A Dog B Dog C Dog D 

Dose, mg. 

Animal w t .  ( kg )  

A ,  mcg/ml 

B ,  mcg/ml 

P,  mcg/ml 

IY ( l / h r . )  

B ( l / h r .  ) 

n ( l / h r . )  

t 4  (hrs . )  

k12 

k21  

k13 

k31  

k10 

Vc, l i t e r s  

C o ,  mcg/ml 

270.00 

27.00 

4 .89  

1. 14 

2 .64  

1.49 

0 .26  

10.95 

2.64 

1 . 8 1  

6 .19  

0.68 

0 .52  

1 .05  

31.34 

8 . 6 6  

220.00 

22.00 

4 .56  

1.60 

5.57 

1 . 4 2  

0 .32  

7 . 7 3  

2.15 

2 .28  

4 . 6 4  

0.65 

0 .58  

1. 32 

18.75 

11.73 

174.00 

17 .40  

2.46 

0 .73  

5 .78  

1 .12  

0 .25  

4.56 

2 .75  

1.27 

2.26 

0 . 5 9  

0 .40  

1 .40  

19.34 

8 .97  

~~ 

230.00 

23.00 

2.82 

0 .12  

1 . 4 5  

0 .24  

2.88 

0 .44  

0 . 2 9  

1 . 2 1  

78. 3 1  

2.94 

p e r c e n t  o f  d r u g  unabsorbed was c a l c u l a t e d  u s i n g  t h e  mass ba lance  

equa t ions  f o r  a t h r e e  compartment model”. 

w i t h o u t  t h e  T a y l o r  s e r i e s  app rox ima t ion .  

c o n s t a n t  o b t a i n e d  by such a method can be o v e r e s t i m a t e d  when l a g  

The equa t ions  were used 

The a b s o r p t i o n  r a t e  
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 337 

times, incomplete absorption, g - i  drug degradation or simulatenous 

zero order absorptions 

values are useful for bioavailability comparisons. The mass 

balance equations employ the first order rate constants for the 

transfer of a drug from one compartment to another. 

were calculated in accordance with Scheme I by the pharmacokinetic 

analysis of the intravenous data. 

'* are occurring; nevertheless, these 

These constants 

c e n t  r n l  peripheral 

Scheme I: Distribution of a Drug in a Three Compartment Open 
Sy s tem. 

PHARMACOKINETICS 

Intravenous administration: 

Semilogarithmic plots of the experimental plasma concentrations 

obtained following intravenous administrations and the corresponding 

computer-simulated curves are shown in Figures 2-3. Computer curve 
... 

fitting'' resolved the plasma concentration-time curve into three 

exponential terms for Dogs A-C. 
c = Pe -nt + Ae-'Yt + Be-Bt 
P 

where 

( 3 )  D
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PATEL.  SCHOENWALD, AND LACH 

" 

Figure 2. A semilogarithmic plot of plasma concentration versus time 
following the I.V. administration of 10 mg/kg of papaverine 
(as the hydrochloride) to Dog C. 

Key: The solid line is the theoretically generated curve 
in accordance with a three compartment model for a 
bolus I.V. injection. The (*)  are experimentally 
observed data. 

D represents dose administered, Vc represents the volume of the 

actual compartment, f3 represents the terminal log linear phase and 

n > a > p. The ki j ' s  are defined in Scheme I. 

Figure 3 shows a biphasic curve for Dog D which followed a two 
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 339 

00 L 2 q 6 

T I M E  ( H O U R S )  

Figure 3. A semilogarithmic plot o f  plasma concentration versus 
time following the intravenous administration of 10 mg/kg 
dose of papaverine to Dog D. 

Key: The solid line represents a computer fitting of a 
two compartment model for bolus injection (weighted 
data). The (*) are experimentally observed data. 

compartment model and was therefore described by a two exponential 

equation. 

C P = Ae-at + Be-pt (7) 

where 
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340 PATEL, SCHOENWALD, AND LACH 

For t h i s  p a r t i c u l a r  dog a good b iexponen t ia l  f i t  f o r  5 and 10 

mg/kg cou ld  be obtained o n l y  by we igh t ing  each plasma concen t ra t i on  

by i t s  r e c i p r o c a l .  The e i g h t  hour plasma concent ra t ion  i n  F igu re  3 

represents the  lower l i m i t  o f  assay s e n s i t i v i t y ;  however, removal 

o f  t he  p o i n t  d i d  no t  a l t e r  t h e  f a c t  t h a t  a b e t t e r  f i t  cou ld  be 

ob ta ined w i t h  a weighted b iexponent ia l  equat ion.  

The parameters o f  the  general equat ions f o r  t he  plasma l e v e l  as 

a f u n c t i o n  o f  t ime were i n i t i a l l y  est imated by the  computer program 

C S T R I P I 4  and l a t e r  r e f i n e d  by a non - l i nea r  regress ion  computer 

program BMDP3R . These parameters showed no s i g n i f i c a n t  dose 

dependency f o r  doses o f  5 and 10 mg/kg g iven t o  Dogs A-D. The 

pharmacokinetic constants a re  l i s t e d  i n  Table 3. 

S ing le  Oral  Doses 

13 

Fol lowing  o r a l  a d m i n i s t r a t i o n  a semi - logar i thmic  p l o t  o f  plasma 

concent ra t ion  aga ins t  t ime can be represented by Scheme I b u t  i n -  

c l u d i n g  an o r a l  absorp t ion  step. T h e o r e t i c a l l y ,  t he  o r a l  curve can 

be represented by a f o u r  exponent ia l  equat ion.  

-nt + A e-a t  + Aqe-Bt  
3 = Ale-kat + A2e 

cP 
where 
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BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 34 I 

and F represents the  f r a c t i o n  o f  the  admin is te red  dose absorbed; 

o t h e r  terms are  as p rev ious l y  described. 

The apparent absorp t ion  r a t e  cons tan t  f o r  each o r a l  dose was 

c a l c u l a t e d  from percent  unabsorbed versus t ime p l o t s  (F igu re  4). 

The t rans fe r  r a t e  constants,  o ther  than absorp t ion ,  were ob ta ined 

from the intravenous data and the  values s u b s t i t u t e d  i n t o  equat ion  10 

a long w i t h  ka t o  ob ta in  t h e o r e t i c a l  values o f  plasma concent ra t ion  

versus t ime. From the l o g  percent  unabsorbed versus t i m e  p l o t s ,  i t  

was observed t h a t  a s i g n i f i c a n t  l a g  t ime was present before absorp t ion  

occured (0.52 2 .8  h rs ,  N = 48).  The l a g  t ime was c a l c u l a t e d  from 

the slope i n t e r c e p t  o f  the  l i n e  o f  bes t  f i t  according t o  equat ion  15.  

8 . 8 8  i z 3 r s  

TIME (HOUR5) 

F igu re  4. Semilogar i thmic p l o t  o f  percent  of drug unabsorbed versus 
t ime f o l l o w i n g  t h e  o r a l  a d m i n i s t r a t i o n  o f  10 mg/kg o f  
papaverine polymetaphosphate t o  Dog A .  
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3 4 2  

l o g  i n t e r c e p t  - l o g  100) 
apparent  ka Lag t i m e  (t,) = 

A l l o w i n g  f o r  t h e  l a g  t i m e  e q u a t i o n  15 becomes 

C P = Ale-ka(t-t l) + A2e-n( t - t l )  + A3e -w(t-tl) + A 4 e - P ( t - t l )  (16)  

Us ing  t h e  l a g  t i m e s  and ka va lues  o b t a i n e d  f rom t h e  p e r c e n t  unabsorbed 

t i m e  p l o t s  a l o n g  w i t h  t h e  pharmacok ine t i c  parameters c a l c u l a t e d  

f rom t h e  i . v .  d a t a ,  t h e  t h e o r e t i c a l  va lues  o f  plasma c o n c e n t r a t i o n s  

versus t i m e  f o r  t h e  o r a l  doses were c a l c u l a t e d  u s i n g  e q u a t i o n  16 

and p l o t t e d .  F i g u r e  5 shows such a p l o t  on a s e m i l o g a r i t h m i c  

? 

F i g u r e  5. A s e m i l o g a r i t h m i c  p l o t  o f  plasma c o n c e n t r a t i o n  versus 
t i m e  f o l l o w i n g  t h e  o r a l  a d m i n i s t r a t i o n  o f  10 mg/kg o f  
papaver ine  polymetaphosphate t o  Dog A. 

Key: The s o l i d  l i n e  i s  t h e  t h e o r e t i c a l l y  genera ted  c u r v e  
i n  accordance w i t h  a t h r e e  compartment model i n c l u d i n g  
an o r a l  a b s o r p t i o n  s tep .  
observed da ta .  

The ( *>  a r e  e x p e r i m e n t a l l y  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOAVAILABILITY OF PAPAVERINE COMPOUNDS 3 4  3 

s c a l e .  A reasonab ly  good f i t  was o b t a i n e d  between t h e  t h e o r e t i c a l l y  

genera ted  c u r v e  ( s o l i d  l i n e )  and t h e  e x p e r i m e n t a l l y  observed d a t a  

p o i n t s  l e n d i n g  credence t o  t h e  t h r e e  compartment model proposed f o r  

t h e  dog i n  Scheme I .  

CONCLUSION 

The compara t i ve  b i o a v a i l a b i l i t y  o f  papaver ine  h y d r o c h l o r i d e ,  

papaver ine  hexametaphosphate and papaver ine  polymetaphophate was 

s t u d i e d .  

i n t e r s u b j e c t  v a r i a t i o n  b u t  much l e s s  i n t r a s u b j e c t  v a r i a t i o n  i n  

papaver ine  b i o a v a i l a b i l i t y  f o r  t h e  t h r e e  f o r m u l a t i o n s .  The peak 

plasma c o n c e n t r a t i o n  ranged f rom 1.499 t o  0.485 mcg/ml and t h e  

h a l f - l i v e s  f rom 1.155 t o  3.26 hours .  O v e r a l l  PHMP showed an 8.0% 

i n c r e a s e  and PPMP a 26% i n c r e a s e  i n  area under  t h e  c u r v e  compared 

t o  PHC1. The two f a c t o r  a n a l y s i s  o f  v a r i a n c e  d a t a  a r e  shown i n  

Table 4.  The r e s u l t s  show a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  

i n  a r e a  under t h e  cu rve  o f  metaphosphates a t  a p l e v e l  o f  < 0 . 1 .  

Since t h e  number o f  s u b j e c t s  were l i m i t e d ,  f u r t h e r  s t u d i e s  i n  

l a r g e r  p o p u l a t i o n s  a r e  necessary i n  o r d e r  t o  d e t e c t  s t a t i s t i c a l  

I t  was observed t h a t  t h e r e  was a c o n s i d e r a b l e  degree o f  

s i g n i f i c a n c e  a t  a l ower  p va lue .  

The pharmacok ine t i c  a n a l y s i s  suggests  a t h r e e  

f o r  papaver ine  i n  t h e  mongrel dog. The model was 

compar ing t h e  e x p e r i m e n t a l l y  observed plasma l e v e  

dose d a t a  t o  t h e  t h e o r e t i c a l l y  genera ted  c u r v e  us 

compartment model 

c o n f i r m e d  by 

s f o r  s i n g l e  o r a  

ng t r a n s f e r  r a t e  

c o n s t a n t s  o b t a i n e d  f rom t h e  i . v .  da ta .  A l a g  t i m e  was needed t o  

d e s c r i b e  t h e  o r a l  da ta .  The i n t r a v e n o u s  d a t a  showed a c l o s e r  f i t  

between t h e  p r e d i c t e d  and e x p e r i m e n t a l l y  observed c u r v e  t h a n  t h e  

f i t  o b t a i n e d  t o  t h e  o r a l  da ta .  
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344  PATEL, SCHOENWALD, AND LACH 

TABLE 4 

Analysis of Variance Data 

Source Degrees o f  Sum o f  F Ratio' 
Freedom Squares 

Dependent Variable (AUC) 
Formulation 2 
Dog 3 
F ormul ati on*Dog 6 

Dependent Variable (C ) 
Formulation yax 
Dog 3 
Formul ati on*Dog 6 

Dependent Variable (t ) 
Formulation B 
Dog 3 
Formulation*Oog 6 

Dependent Variable (ka) 
Formulation 2 
Dog 3 
Formul ati on*Dog 6 

0.8769 - 
0.617 
31.8760 4.250 

0.009 
2.255 
0.130 

0.929 
3.696 
1.867 

0.933 
0.693 
1.040 

Dependent Variable (t ) 
0.513 
0.486 

F ormu 1 at i on 
Dog 3 
Formulati on*Dog 6 0.726 

> 

0.208 

1.492 

1.773 

1.12 

S. S .  Formulation/df 1. The F Ratio is obtained by: s . s .  Formu,ation~Dog ,df 

For statistical significance, the F Ratio should be higher than: 

3.46 at an LY level of 0.10 
5.14 at an CY level of 0.05 D
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