
DRUG DEVELOPMENT AND INDUSTKIAL PHARMACY, 12(11-13), 1795-1811 (19b6)  

FDRMUIATION STUDIES OiN [2-aminc-5-bm6-&enyl-4(3 )-pyrirnidinonel (ABPP), 
AN INTERFERON IMIIJCER, AMI'I-CANCEROGENIC AGENT 

H 0 Alpar, S J Whibmrsh, H Ismail, W J Irwin, J A Slack, I< A &.Laid and 
M F G Stevens. 

mug Bvelopnent Research Group, m a m c e u t i c a l  Sciences 

Ins t i tu te ,  Astan University, Aston Triangle, Birmingham I34 7!iT, 

UK. 

ABSTRACT 

The apparent so lub i l i t y  of ABPP in aqueous solutions su i t ab le  

for  intravenous use was increased by cosolvent systems. 

The so lub i l i t y  of ABPP was determined as a function of pH and 

concentration of &OH, mC1, k 2 C 0 3  and cc-solvents. 

coef f ic ien t  of ABPP in @tanol/water systems =re also determined 

a t  various pH values. 

mnethds were used to determine the pKa values. 

the m p o u d  increased a t  lower and higher pHs w i t h  increasing %OH 

and Na$03 amcentrations and increasing PEG 400, Propylene glycol,,  

dimethylfonmrnide and ~dk thy lace tamide  concentrations but 

decreased w i t h  the intrcxluction of rhc1 to the solution. ?he 

apparent pa r t i t i on  coef f ic ien t  of ABPP showed similar but reversed 
dependence to the pH of the buffer system. 

Par t i t ion  

Solubi l i ty  data and spectrophotcmetric 

?he so lub i l i t y  of 

Frm these resu l t s ,  su i tab le  formulations for  use as parenteral  

solutions are proposed. 

so lub i l i t y  of ABPP i n  :Such formulations m y  increase up to  
fold,  depnding upon the pH and -solvent concentrations. '?he 

caqmund was found to l x  stable fo r  a t  least 6 mnths  (ex,=rimental 

period) under noml shelf  conditions when formulated for i .v .  
administratian. 

intravenously into rabbits, a t  three d i f f e ren t  dose levels,  the 

elimination half l i fe  of ABPP appeared not be be dose dependent 

although data showed a s t r a igh t  l i n e  relationship between the area 

under the curve and dore and CpMX ad dose. 

The increase i n  the apparent aqueous 

800- 

when khe suggested formulation injected 
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1 7 9 6  ALPAR ET AL. 

I " R O D " 1 0 N  

2-Amino-S-brm6-&enyl-4(3)-pyrimidinone (ABPP, I) induces endogenous 
interferon (IEN) in several animal species (1,2) and has preclinical antiviral 
( 3 ) ,  antitumour and hunostimulatory activities (4,s). Initial Rase I 
trials revealed poor bioavailability in man when administered as an oral dose, 
although objective antitLmur respnses occurreit ( 6 ) ,  

Further clinical trials have been hampered by the lack 
of a suitable injectable fonn of the drug due to the 
very low so luhi l  ity ( % 39 micrqram/ml). 'Illis study 
was undertaken to develop a suitable intravenous 
formulation of ABPP and by this means obviate the 
problems associated With the GI absorption of the 
nearly insoluble drug. 

13:: 
H2N 

I 

-- baterials - ABPP and AEhFBP (2-amino-5-brm6-(3-fluorophenyl)-4(311)- 

pyrimidinone) were supplied by the Upjohn Canpany and used as received. 
the solvents used were of spectroscopic grade and other reagents were of 
analytical grade. 

A l l  

Eizpipment - ?he pH values of aqueous buffer solutions wre measured With a 
pH meter With an accuracy of 0.01 pH unit (Radiometer pH M64 Research pEI 

meter). 
coefficients and the pKa detednation of ABPP by the W method were made 
u s i n g  a spectrophotmeter (Cecil CE292 W spectrophotometer series 2). High- 

perfomce liquid chranatcgraphy (HPLC) was undertaken with a Gilson W e 1  
ED2 Ebnometric solvent delivery mxlule equipped With a CFXIL CF 202 variable 
wavelength W detector, operated at 29omn with a sensitivity of 0.2 AUFS and 
a Fhecdyne 7125 injection valve with a 20 ul loop. A reversed-&ase column, 
lorn x 4.6 m, packed with Spherisorb-OE (5  was used. WE was employed 

€or the determination of ABPP in plasma and for stability experiments. 

W absorption measurements relevant to the determination of partition 

Solubility &terminations - ?he solubility of ABPP in different buffers as 
a function of PH, in mmt m2 C03 and mC1 solutions concentration and in 
different co-solvent systems was determined in the following manner. An exact 
quantity of ABPP (ca 2-3g)  was added into a flask and 10 m l  of the appropriate 
m d i m  was added. m e  flasks were mechanically shaken and then suspended in a 
constant terriprature bath maintained at 2SOc k0.1) for several hys. 
The attainment of equilibrium was verified by repetitive Rleasurements after 
several additional days. 
through a 0.2 

Aliquots of saturated ABPP solutions were filtered 
m cellulose nitrate micropore filter and diluted quantitatively 
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FORMULATION STUDIES ON ABPP 1797 

to give an absorbance reading within the spectrcphotcmetric range.. 
car r ied  out a t  310m in triplicates and the re su l t s  averaged. 

Analysis 

rSta obtained fran the so lub i l i t y  determinations were used to estimate pEh 

values. 

Par t i t ion  coef f ic ien t  &terminations - Five m i l l i l i t e r s  of 7.5 x 10% ABPP 

in buffer-saturated Cktml was individually added onto 25 millili-ter of 

Cctanol saturated buffer (pH 2-12) in a screw-capped v i a l .  

The mixtures were t h e n  incubated for 48hr in a temperature-controlled water- 

bath (* 0.lP) w i t h  crcasional vigorous ag i ta t ion  w i t h  a wfurlmimr. 

equilibriun was reachted the flasks were allowid to stand to allow the layers  

to separate. 

analysis u s i q  saturated octanol as reference. 

was measured imnediately. 

After 

Aliquots of the organic phase wre withdrawn subjected to the 

The pH of the  aqueous phase 

Preparation of Buffer Solutions 

Britton-Robinson (pH 1.81-11.98) buffer solutions (7) here prelmred by 

mixing su i tab le  m u n t  of s d m  hydroxide, acetic acid, phosphoric acid and 
boric ac id  in water and the ionic strengths bere adjusted to 0. PI using 

p t a s s i u n  chloride. 

kept constant throughout. 

w i t h  a pH meter which had been calibrated at the same temperature using 

standard buffers. Blory-King Buffer (pH 9.8 - 10.60) (8) was a l s o  prepared 

fran the 0.2 mlar adhydrous scdiun carbonate and 0.2 mlar sodim? carbonate 

stock solutions.  

The ion ic  strength of the Britton-Robinson buffers were 
The pH values of the solutions were checked a t  22OC 

PKa I.kterminatio-SpectrophotoM3tric Wthcd 

The Spectrophotmwtric methcd (9)  was used to measure the pKa of ABPP at 3 

independent analytical wavelengths: 210, 270 and 310 nm. Fourteen di f fe ren t  

ABPP solutions (O.o011mg/d) were prepared w i t h  pH values ranging f r a n  2-11. 

These solutions w e r e  adjusted to the d e s i r d  pH by adding IM HCl cr IM NaoH. 

The pH of each solution was measured prior to the absorbance reading. 

blank was the solvent without the sample. 

thus obtained and the pIh was calculated using the expression: 

The 

The spectra of 14 so1ui:ions were 

Where dm = absorbance of the unionized species, di = absorbance of? the ionized 
species and d = absorbance a t  that pH. 
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1798 ALPAR ET A L .  

Stabi l i ty  Tests - 

a) 2Omg ABPP was dissolved in  25oml 10% CMF in Britton-Robinson buffer. 

The f inal  pH was 10.34. 

for  a pricd of 2 months, during which time samples were withdrawn a t  
intervals and analysed by HPLC. 

The solution was maintained a t  37OC in  a water-bath 

b) 

pH 10.4. 

Slmples wre Withdrawn a t  intervals and c2-u-amtographed. 

1- ABPP was dissolved in lOOml 10% IMA in 0.24 s c d i u m  carlmnate with 

The solution was left to stand at  rcun tenperature for  8 mnths.  

Pharmacokinetic Studies - 

W t e  Ww Zealand Bbbits (3-4kg) were used for in vivo studies together 

With a formulation of ABPP suitable for intravenous injection containing 

(2Omg/ml) i n  10% "/v IMA solution a t  10.4 pH prepared and s ter i l ized by 

autoclaving a t  121OC 15 lbs-2 for  20 minutes. Four rabbits w e r e  weighed and 

the close for  each rabbit was calculated on the w i g h t  basis (5.10 & 25m~/kg) 
and slowly injected into the marginal ear vein. 

collected fran the n-arginal vein of the other ear a t  the time intervals up to 

24 hrs. 

For extraction, the samples wre centrifuged to separate the serum, a quantity 

of w h i c h  was transferred to another centrifuge tube. 

internal standard (ABmFpP) solution ( l O u q / m l )  was added and the pH was 
adjusted to 3 w i t h  MI HC1. 

added. 

an3 ethyl acetate layer separated. me ethyl acetate containing the ABPP and 
internal standard was evaporated to dryness, the residue was dissolved i n  M 

metharm1 a d  chrcxnxtographed. 

B l d  samples (3 ml) were 

A f t e r  the ex t r ac t im  procedure the samples ana lysd  by HPLC methcd. 

100 microliters of 

'pne samples w e r e  mixed and 2.5rnl ethylacetate were 
After mixing the tubes wre then centrifuged at 3500 rpn for 20 min, 

FESULTS & DISCUSSION 

a )  Solubili ty i n  aqueus systers: 

The Solubili ty of ABPP i n  different systems a t  25OC is shown in Figs 
1,2,3. 

1). it was shown that the solubility profile of ABPP goes through a minimm as 
the solution pH increases fran 2 to 12. 

When the effect  of pH on the solubi l i ty  of ABPP was investigated (Fig 

Although the ABPP mlecule  possesses p l a r  groups it is poorly soluble in 

I1 water presmably due to the formation of dimers (7) a t  pH between 4 and 7.5 
(XI). mwever, by increasing or decreasing pH ionisation occurs which resul ts  
i n  increasing solubi l i ty  due to reduced mlecular  interactions and better 

solvation of the charged species. ?his behaviour confirm the m o t e r i c  
nature of ABPP. 
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FORMULATION STUDIES ON ABPI’ 1 7 9 9  

1.25 

0.25 

-4 

2 3 4 5 6 7 8 !I 1D 11 

PH 

FIGURE 1 

SOLUBILITY OF ABPP IN BRITTON-ROBINSON BUFFERS 
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1800 ALPAR ET AL. 

0 to1 .a 2 .D3 .M 

CONCENTRATION of NaOH (Moles) 

FIGURE 2 

SOLUBILITY of ABPP in DIFFERENT CWCENTRATIOSJS of 
NaOH SOLUTIONS 

In order to extend the mlubilities in base, the effects of sodium 
'Ihe solubility of ABPP as a hydroxide solutions on ABPP were also studied. 

function of d i m  hydroxide concentration is &am i n  fig 2. 
that th? apparent solubility of ABPP is greatly enhances by the presence of 
added base. 

It is obvious 

Since higher @ mdia gave pranising solubility results, the solubility 
chararteristics of A8pP at pH >7 were further studied using carbonate buffers 
( p H  9.87 and 10.58). 
than those obtained at the caparable pH values w i t h  either Britton-hbinson 
buffer or aqueous sodim hyroxide %ble 1. 

&re, the solubility of ABPP was 5 to 10 times higher 

.06 

M S  behaviour m y  be due to canplexaticm involving carbonate - bicarbonate 
ions M c h  reduces the htermolecular attraction of ABPP mlecules. 
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FORMULATION STUDIES ON ABPP 1801 

TABLE 1. Solubility of ABPP in Different Pque~us System. 

PH Solubility (microgram/ml) 

J& lory -King Britton-Robinson s o d i u m  

Buffer Wlffer yldroxide 

9.9 1580 423 

10.6 4492 1284 

74.2 

300.5 

Althoucjh the solubili ty could be increased with sodiun hydroxide to about 200 

mg/ml a t  pH 13.0 thils pH is too high to be of use as  an intravenous vehicle. 

In contrast the solubili ty in scdiun hydroxide at pH 10.72 m s  a l l y  0.3 n-g/ml 

and rather low for adequate delivery. In an attempt to improve tJGs behaviour 

the effect  of scdiun carkonate on the solubili ty of ABF'P was also studied (Fig 

3). 

Sodim carbonate inciceased the pH further than was possible with 

carbnateSzhcarkonate buffer and also increased the solubili ty to about 10 

ing/ml a t  p~ 11.49 ( 0 . B  &903) .  

solubili ty and pH. 

available appears to be that of phenytoin which is pH 12. 

inadvisable to exceed t h i s  l i m i t .  

mis appeared a f a i r  mprcmise between 

'fie highest pH of any intravenous injection cxxrmercially 

It wu ld  be highly 

Since m y  products for intravenous use are aChinistere3. as infusions and 

are routinely diluted w i t h  p r e n t e r a l  vehicles, the addition of s c f i i u m  

chloride solutions to the ABPP solutions i n  Jklory-King buffer w s  examined 

a d  surmarised in Table 2. 

%en the effect  of a concentration range of (0 - 6% w/v) NsCl in 13210ry-King 

buffer was investigated it was foUna that the solubili ty of ABPP was 

decreasing as the concentration of &C1 was increasing. 

due to the sal t ing out effect of scdiun chloride. 

mis effect  m l d  ke 

b) Solubility of ABPP i n  Bsolvent Systems. 

'Ihe wsolvents used were prapylme glycol (FG), p o l y t h y l e  q i lycol  .600 

(PEG 4001, N, N - Dimethylacetamide (CMA) and N,N-Dimethyl€ormide (DMF) . The 
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1802 ALPAR ET A L .  

11 11.1 11.e 11.3 11.4 11.5 

PH 

FXGURE 3 

SOLUBILITY of ABPP in SODIUM CARBONATE SOLUTIONS 

T h e  Effect of Sodiun Chloride ancent la t ion on the Solubility of ABPP in 

Delory-King Wlffer a t  pH 10.46, a t  25OC 

ancentrat ion of &C1 Solubility 

( %  w/v) (microqram/rrd) 

0 
0.6 

1.2 

3 

6 

4492.0 

4080. o 
3774.4 

3179.7 

2464.9 
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FORMULATION STUDIES O N  ABPP 1803 

5 10 15 10 e5 30 35 480 45 50 
PG 

FIGURE 4 

SOLUIBILITY OF ABPP IN COSOLVENTS 

ef fec t s  of concentrations of these cosolvents on the so lub i l i t y  of ABPP are 

i l l u s t r a t ed  i n  Fig 4. 

m v e r ,  CMF and CMA, w e r e  similar in e f fec t  and were far superior to PEG 400 

and H;, so lubi l iz ing  (approximately 25mg/ml of drug a t  a 50% (v/v) msolvent 

cunposition. 

Each cosolvent increased the so lub i l i t y  of .ABPP. 

?he plots of log so lub i l i t y  of ABPP against  d i f f e ren t  coso1vent.s in water 

shoved s t r a igh t  l i n e  relationships over the range 0-50% ("/v) cosolvent (Table 

3 ) .  

so lub i l i t y  equation (8) is shown 

log %l = log 9nr + Ufc 

Since % cosolvent is proportional to volune f rac t ion  ompliance w i t h  the 

(2 1 

where 9.n = molar  concentration of so lu te  i n  solvent mixture. 

% = mlar so lub i l i t y  of so lu te  i n  vater 
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1804 ALPAR ET AL. 

TABLE 3 

Effect of Different Qsolvents on the Solubility of ABPP in hBte.r at 25OC 

Qsolvent log sw r 
fl 

- 3.945 

- 3.945 

- 3.672 

- 3.743 

0.02591 0.997 

0.0316 0.999 

0.03369 0.997 

0.0342 0.999 

man calculated water solubility = 39.9 n q / d  

Mean value for water solubility fran direct measurmt = 40 mcg/ml 

0 = solubility pwer of the cosolvent 
fc = volune fraction of cosolvent 

Wnce W can be found by extrapolation of the curve to 0% cosolvent and 
be calculatd (Table 3) for each cosolventby the least squares method of 
linear regression fran the slope. 
solubility in water was calculated and fourd as 1.500 x 10% (SD O f  1214) = 

39.9 q/d. &perhentally the water solubility of ABPP was found to be 40 

mcg/d which is in agreement with the above result. 
log solubility or log f 
or sm 

can 

Through these calculations the mean 

Graphical presentation of 
of ABPP against either dielectric constant ( € 1  

rssi-1 dieletric amstant plots also produced linear relationships (r = 

0.997 and r = 0.99% respectively). 

Although 100% tWS0 also shrwed hi+ saturated solubility levels, precipitation 
occurred both on standing, after 4 hrs, and also *n was added to mrmal 

salim, 5% Dextrose or plasrna substitute. 
solution did not precipitate at any dilution or on standing. 

ch the other hand the DMA based 

khen both d 
solubility of FBW was increased considerably to 22 mg/ml and 14 mg/ml 

respectively at (v/v) axolvent. mis result is presunably a d i n e d  
effect of solvents ard pH. 
a) by adjusting the polarity of the solvent t~ a mre favourable value 

(400) were tried in conjunction w i t h  0.m &so3, the 

Ebssibly; 
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FORMULATION STUDIES O N  ABPI' 

TABLE 4 

1805 

Effect of PEG 400 and DlA Bncent ra t ion  on the Solubi l i ty  of .PBPP i n  0.24 

sodim Carbonate. 

% (V/V) Qsolvent 

i n  0 . B  & S O 3  

Concentration of PBPP 

( m g / d )  

Polyethylene Gly-01 (400) 

0 10.4 

5 11.453 

10 14.682 

15 19.250 

Dinethylacetamidle 

0 

5 

10 

20 

30 

10.4 

14.053 

21.621 

25.212 

28.438 

b) by changing the PI&. 

'Ihe r e su l t  of this experiment is shown in Table 4. 

pIh Determinations: 

a)  Solubi l i ty  meithod - the re su l t s  obtained f r a n  so lub i l i t y  of ABPP a t  

d i f f e ren t  pH values were used to ca lcu la te  the pKa values of ABPP by enploying 

the equations: 

where So = so lub i l i t y  of neutral  m l e c u l a r  species. 

S = Solubi l i ty  O f  canpourd at  that pH. 
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1806 ALPAR ET AL.  

Ey rearranging equation 3; 

s = so + ka-e (5) 
H+ 

For acid substances So is found by plotting S against 1 and m 
extrapolating the straight line to 1 = 0. Using this 

mthcd pKa values were calculated to fi 2.85 (* 0.1168) and 8.27 (It 0.2275). 

cH+7 

b) 

analysis of ABFT in different pH media and the pKa values calculated frcm two 
analytical wavelengths. 

Spectroscopic Method - Table 5 shows the data obtained f r a n  the spectrm 

Partition Qefficient 

Fig 5 shows the partition mefficient/pH profile of ABPP at 25Oc. ?he 
shap is approximately the inverse of the solubility/pH curve, as expected. 
The unionised, insoluble, m n  polar f o r m  of ABPP has a higher partition 
coefficient indicating a greater affinity for cktanol whereas the ionised 
forms at either end of the pH spectrm favoured aqueous phases. 

Stability 

The developed HPLC method was used for monitoring both ABPP and ABPP 

products. 
sterilisation and shelf life stability under conditions of noml stress. 
drug was f o d  to be stable to autoclave sterilisatim (15 lbs-2 for 30 min) 
and for mre than 8 mths (experimental period) under m m l  shelf conditions 
(Fig 6). 
risk of a decrease in the labelled potency. 

'Ihe stability studies were mainly concerned with autoclave 
The 

This enabled the solutions to be prepared in advance without any 

In view of the above solubility data and stability and sterilisation 
results a prototype formulation containing 20 m g / d  of A B ~ P  in a 0. 
solution containing 10% IMA m s  chosen and subsequent pharmamkinetic mrk in 
animals was carried out using this formulatian. 

m2- 

Precipitation in vim is a function of the drug omcentration of the 
administered solution, the rate of administration ancl the effect of other 

constituents of the blood, e.g. proteins vhich may retard or prevent 
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TABLE5 

Determination of plk Values of ABPP by Spectrophotometric Wthcrd 

11.11 

10.73 

9.97 

9.36 

9.15 

8.59 

7.41 

6.52 

5.96 

5.01 

4.66 

4.26 

3.06 

2.15 

0. L10 (d ) 

0. L13 

0.112 

0.113 

0. 116 

0. L49 

0. 153 

0. 156 

0. L58 

0.157 (d ) 

O . l %  (dm) 

0. :L90 

0.211 

0.237 (d  ) 

PI6. 
Averaqe 

= 3.18 

- 

8.56 

8.62 

8.20 

8.32 

9.28 

8.45 

8.18 

8.60 

pKa Average 

= 8.53 f 0.272 

- 

3.37 

2.82 

0.163 (d ) 

0.165 

0.165 

0.1710 

0.177 

0.254 

0.262 

0.273 

0.277 

0.279 (d ) 

0.285 (dm) 

0.283 

0.26'3 

0.226 ( d  ) 

P h  
Avera~ge 

= 2.73 

- 

8.97 

8.21 

8.17 

8.29 

9.15 

8.18 

7.78 

7.74 

PIG-i 
Average 

a. 3 i f  

0.474 
- 

2.81 

2.63 

d i  = absorbance of ionised drug 

ch, = absorbance of unionised drug 

~ ~~~~~~ 

T k e  protolytic mncjtants thus determined are i n  agregnent- w i t h  lh calculated 

values of 8.27 and 2.85 by using so lub i l i t y  data. 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1808 ALPAR ET AL. 

50 

40 

JO 

20 

10 

0 

3 5 6 7 8 3 10 11 

PH 

FIGURE 5 

APPARENT PARTITION COEFFICIENT OF ABPP as a FUNCTION 
of pH 

precipitation. 
out to show that no precipitation muld occur *en the prcduct was mixed w i t h  

plasm, plasm substitutes and intravenous infusion solutions. In each case 
no spntaneous or late precipitation were detected. Although the osnolarity 
of this formulation was high (1930 msm/kg) nr> distress was apparent in the 

rabbits hen injected very slowly. 

Therefore, prior to animal studies in vitro tests were carried 

5amcokinetic StuCii 

Intravenous administration of ABPP to rabbits gave high, short lived 
peaks. 
25mg/kg dose level. 

Fig 7 is a typical curve showing in the serun In level curves for 
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c 

1809 

FIGURE 6 

CHROMATlOGRAM SHOWING STABILITY OF ABPP 

A ABPP a t  Time 0 

B = ABPP After 8 Months a t  Room Temperature 
i n  100 DMA in 0.2N Na2c03 
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- 

ALPAR ET A L .  

O 
R 

5 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

1 

0 

0 

Maotured Concs. 

2 4 

TIME (hours) 
Fittod Conca. - 

6 

FIGURE 7 

ABPP RABBIT PHARMACOKINETICS (AVERAGED) 
Dose 25 mg/kg N bolus. 

?he apprent elimination half life of ABPP (0.m) appeared m t  to be dose 

related with a straight line relationship between (a) area under the curve and 
dose and also between (b) Cp... and dose obtained (ra = 0.9967, rb = 0.996). 

Detailed pharmacokinetic studies related to this formulation will be published 

in the near future. 

In conclusion, an injectable formulation w s  prepared providing a dose of 20 
q / m l  ABPP using a solvent canprising 108 DR in 0.m m203, at a pH 10.4. 
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?he p b  and par t i t i on  coef f ic ien t  values add to the exis t ing  data concerning 

ABPP which w i l l  be very useful when considering further fonnulat.Lm, 

administration and m d e  of ac t ion  studies.  

Emever, the fonnulaticn prepared allows very much needed animal experiments 

t o  be car r ied  out using the i .v. route and lays a foundation for  further 

developnents . 

The authors muld  l i k e  +a thank 'Ihe Upjohn Q for providing ABPP <and W P P  

samples. 
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