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A b s t r a c t  0 Minophylline (theophylline ethanoate of  piperazine) and 
aminophylline (theophylline ethylenediamine) were determined spec- 
trophotometrically in dosage forms without interference from excipients 
and/or preservatives. A mixture of minophylline, in about  30-fold con- 
centration, with phenobarbital was assayed for both components with 
good accuracy and high reproducibility. 

Keyphrases  0 Minophylline-spectrol~hotometric analysis in phar- 
maceutical formulations 0 Aminophylline---spectrophotometric analysis 
in pharmaceutical lormulations 0 Spectrophotometry-analyses, mi- 
nophylline and aminophylline in pharmaceutical formulations o Di- 
uretic-vasodilators---minophylline, spectrophotometric analysis in 
pharmaceutical formulations a Relaxants, smooth muscle-amino- 
phylline, spectrophotometric analysis in pharmaceutical formulations 

The  assay of binary mixtures in pharmaceutical for- 
mulations is challenging. One example is minophyllinel 
and phenobarbital mixtures, especially when the latter 
component is present in small amounts. The  interference 
of excipients and/or preservatives increases the severity 
of the problem. 

B A C K G R O U N D  

T h e  various methods dealing with the correction of interfering ah-  
Sorbances were reviewed ( I ,  2). The  correction of linear interferance can 
be carried o u t  graphically (3)  o r  algebraically (4-7). By applying the al- 
gebraic version to the correction o f  linear impurity absorption, the con- 
centration, C,  can be determined from: 

in which At ,  Az, and A:{ are the absorbances at  A,, A?, and An, respectively; 
E l ,  Es, and E:j are  the corresponding I-cm path length absorbances of  
a 1% solution. Dividing both numerator and denominator by ( A ,  - A:)) 
and substituting h for (A"  - AJ)/(AI - A,,) give the following equation afier 
simple rearrangement: 

AS - hA 1 - ( 1 - h )A : {  = CIEz - h E l  - ( 1  - h )BnJ (Eq. 2)  

Substitution of the left-hand term by corrected A ( A , )  and the second 
term in the right-hand side by K yields: 

A,. = CK (Eq.  3 )  

A linear relationship is obtained by plotting A, versus C.  
Another method for the correction of interfering absorbances is Glenn's 

method oforthogonal function (8), in which absorbance A is replaced by 
the coelficient o f  the orthogonal function, p,. This  coefficient is pro- 
portional to concentration. To extract the  coefficient o f a  given polyno- 
mial from an absorption curve, it is necessary to  obtain absorbances a t  

I T h e  theophylline ethanoate 01 piperazine. T h e  International Nonproprietary 
Name is acelylline piperazine. 

a number of equally spaced wavelengths. Thus, to extract the coefficient 
o f  the  quadratic polynomial p 2 .  for example, six absorbance measure- 
ments a t  six equally spaced wavelengths are  needed. By plotting the  p2 
a t  different intervals uersus A,,, ( the mean set  ofwavelengths), a convo- 
luted absorption curve is obtained (9). 

T h e  present paper reports the determination of minophylline in the 
presence o f t h e  tablet base, sweetening agent, coloring agent, and pre- 
servatives usually existing in pharmaceutical preparations; the deter- 
mination of aminophylline in ampuls containing benzyl alcohol as  a 
preservative; and an assay for a minophylline-phenobarhital mixture 
in syrup. Determination of phenoharl)ital in this mixture is difficult since 
i t  is present in a small amount. 

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

Materials--Minophylline2 and aminophylline' standard solutions 
were at a concentration of 1 mg/ml in 0.1 N H?SO+ Phenobarbital sodi- 
um" standard solution was 1 mg/ml in water. Minophylline tablets", Batch 
7, contained 250 mg/taOlet; minophylline ampuls', Batch 29, contained 
200 mg/" ml. 

Minophylline-phenobarbital', Batch 101,004. contained 2.0 g of mi- 
nophylline and 0.06 g of phenoharl)ital/l00 ml. Aminophylline ampuls?, 
Batch SI52rD. contained 500 mg ofaminophylline/2 ml and 0.04 ml of 
benzyl alcohol a s  the preservative. 

Reagents-Analytical grade 0.1 N H"S04, 0.5 N NaOH, 0.25 M 
Na"CO,, (anhydrous), 0.25 M NaHCO:!, and alcohol were used. 

Instruments-A photoelectric spectrophotometer~ with I-cm silica 
cells was used. 

Procedures-Standard Curws  /or Minophvlline a n d  Aminophylline 
(!.sing A, Me.thod-Different solutions containing 0.3,0.6,0.9, 1.2, 1.5, 
and 1.8 mg% minophylline were prepared by dilution with 0.1 N H2S04. 
T h e  absorbance oleach solution was measured a t  A 1  246 nm, At, 274 nm, 
and A.3 295 nm.  

For aminophylline, the concentrations prepared were 0.:1,0.6,0.9, 1.2, 
1.5, 1.8, and 2.1 mg%; AI, A?, and A:! were 242, 270, and 287 nm, respec- 
tively. T h e  A, for each concentration of minophylline or  aminophylline 
was calculated. 

S tandard  Curur /or Minophylline Using p2 Meihod--The ahsorb- 
ances o f  the same solutions were measured a t  266,270,274,278,2X2, and 
2% nm. T h e  coefficient p2 for each concentration was calculated. 

S tandard  C'urvc. /or Phcnoharbital Applying J A Mf~lhud-Two sets 
of solutions were prepared so that each contained 0.5, 1,  1.5. 2, 2.5,:3,3.5, 
4,4.5, and 5 mg o/u phenobarbital. One set  was prepared in 0.1 N NaOH 
(Solution A), and the other was prepared in a mixture of 0.025 M Na'CO;, 
(anhydrous) and 0.025 M NaHCO:{ (Solution B).  T h e  absorbance of So- 
lution B was measured a t  238 nm using Solution A as  a blank. Then  So- 
lution A was measured a t  260 nm using Soluiion B as  a blank. T h e  
E JA?;{8 and AA2fi0 for each concentration were calculated. 

Assay f o r  P h a r m a c e u t i c a l  Preparations-Minophylline Tab- 
[c4s--From powdered tablets (10 tablets were powdered and mixed), an 

2 Alexandria Company lor Pharmaceutical and  C'heinlcal Industries 
Hoehringer Ingelheim. Germany. 

4 VKH C'hernische Werk, Germany. 
5 Burroughs Wellcome and ('0. 

Prolabo. Paris. France. 
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Table I-Assay Resu l t s  for T h e o p h y l l i n e  F o r m u l a t i o n s  

Mean  Percentage * C V ,  1% 

Preparation n A, M e t h o d  A M e t h o d  p2 M e t h o d  

Tablets" 12 
Commercial tablets 12 
Ampu ls  8 

M inophy l l i ne  Tablets  a n d  Ampu ls  
99.65 f 0.78 ( 2 . 2 V b  100.47 f 0.98 

101.77 f 0.82 (2.66) 
93.56 f 0.61 (7.94) 

102.66 f 0.79 
96.79 f 1.03 

99.64 f 1.49 (3.07) 
101.17 f 1.70 (2.71) 
93.00 f 1.55 (6.12) 

Aminophy l l i ne  Ampu ls  
Solution 5 99.94 f . 104.73 f 0.78 - 
Ampuls 5 100.31 f !.:: !%%) 105.57 f 0.78 - 

Minophylline-Phenobarbital M i x t u r e  
M inophy l l i ne  1 1  101.15 f 0.71 (17.85) 107.49 f 0.87 99.30 f 1.16 (18.29) 

AA M e t h o d  
-§&imTl 

+,.,9t y:;,FOd 
Phenobarbital 8 

The tablet powder was prepared in the lahorators hv weighing 250 mg of minophylline and adding 0.5 g of commercial lactose. The figures in parentheses are the 
A volume of 10 calculated I values with reference to!he A method; theoretical t ( (r  = 0.05) = 2.306 (for d / 8 ) ,  2.145 ( t o r  d/  14),  2.086 (ford/ 20),  and 2.074 (lord/ 2 2 ) .  

in1 or arninoph>Iline holuti~m (2550 mg/nil) t o  which 0 . 2  in1 of tjenzyl alcohol was added. 

accurately weighed quanti ty equal to about 0.7 g was extracted w i th  three 
M-ml  por t ions of 0.1 N H?SOI and su i tab ly  d i l u ted  for spectrophoto- 
metr ic  measurement. 

T h e  contents of five ampuls were mixed to- 
gether in a d ry  conical flask. A measured volume was suitably di luted w i t h  
0.1 N HzSOa f o r  spectrol)hototnetric measurement. 

Amfnoph.v//inc' Ampti/s - T h i s  assay was as described for minophyl l ine 
ampuls. 

I l ~ ; n o p h ) . / / i r i c i - - / ' h ( , t i ~ ~ ~ ) ~ r ~ ; ~ a /  S?rtrp-Minophyl l ine was determined 
as described for minophyl l ine ampuls by suitably diluting a measured 
volume w i t h  0.1 N HrS04. Phenoharhital wa 
a measured volume to  a separator. T h e  solut ion was acidif ied w i t h  d i lu te  
su l fur ic  acid and extracted w i t h  four  2,5-ml port ions of chloroform. T h e  
exlract was evaporated on a water hath, atid the residue was dissolved 
i n  ethanol and quant i ta t ive ly  transferred to  a vo lumetr ic  flask (50 
m l ) .  

T w o  similar volumes were transferred i n to  SO-ml measuring flasks, one 
containing 5 m l  of 1 N N a O H  (Solut ion (') and the other  containing a 
mixture o f 5  ml olO.25 M Na2C'O:l and 5 ml of0.25 M NaHCO:] (Solut ion 
I)). T h e  contents were d i l u ted  to volume. T h e  al)sorbance (AA2;1p,) of 
Solution D was measured at 238 nm using Solution c' as a blank, followed 
h y  measurement of Solut ion C against Solut ion I) a t  260 nm. 

Minop/iy/ / lno Ampu/,\ 

R E S U L T S  AND DISCUSSION 

W i t h  t he convention;il s1)ectrophototnetric method, the  absorbances 
o f t  he prepared solut ions in 0.1 N H2S04 were measured a t  A,,, 274 nm 
f o r  minophyl l ine and at 270 nni l o r  aminophyl l ine. Beer's law was va l id  
w i t h i n  concentrat ion range o f  0.:l-l.8 mg 'A ,  for minophyl l ine and  o f  
0.:3-2.1 my ".I) for aminophyl l ine. T h e  cal ibrat ion curves can be described 
hy  the fol lowing regression equations: 

(Eq. 4) 

(Eq. 5 )  

On application of the A method, a high mean percent recovery (Table 
1)  was obtained. T h e  contr ibut ion of i rrelevant allsorhance led t o  high 
results. 

T h e  ahsor1)arrces of interl'ering substances, e .g . ,  sweetening agents, 
binders, diluents, and fillers, varied l inearly w i t h  wavelength (10). T o  
correct the l inear impur i t y  al)sorhance, the absorbances of the m ino -  
phy l l ine solution were measured at A, 246 nm. A:! 274 nm, and A;] 295 nm 
(Fig. 1 ) .  For the aminophyl l ine solution, A,. As, and A:+ were 242. 270, and 
287 nm. respectively. 

= -(i.0002 + 0.0'80(' ( f o r  tninophyl l ine) 

= -0.002 t 0.4251(' i f o r  aminophyl l ine)  

T h e  A, call he calculated f rom the Ib l lowing formulas: 

A ,  = A?;,  - ( 2 1 / 4 9 ) A ~ 4 ~  - t '28/49)A295 ( for  minophyl l ine)  (Eq. 6 )  

and: 

A, = A2;o - i17/45)A?,? - l 2 8 / 4 5 ) A ? ~ ~  ( f o r  aminophyl l ine)  (Eq. 7)  

W i t h i n  a coticentrat ion range o f  0.9-1.8 mg %I for minophyl l ine a n d  of 
O.:I-'L.l m g  '41 for aminophylline, A, emus C' showed a linear relationship. 
T h e  corresponding calibration curves can be descrihed f rom the following 
repression equations: 

.4, = 0.0010 + 0.1697c' ((or minophyl l ine) (Eq. 8 )  
A, = 0.W40 + O.:1030c' I for  aminophyl l ine)  (Eq. 9) 

W i t h  the orthogonal function method, the absorbances of minophyl l ine 
solut ion were measured over the 266-286-nm wavelength range ah 4 -nm 
intervals. T h e  quadrat ic  coeff icient was calculated hy: 

p2  = [ (+5)A~f i ( j  + (-l)A?;,,  + (-4iA27.1 

t ( -4)As;x + (-1).42si + ( + 5 ) , 4 2 ~ 6 ] / 8 4  (Eq. 10) 

T h e  numbers hetween brackets are given in standard texts i l l ,  I ? ) ,  
and the divisor 84 is the normalizing tactor. W i t h i n  a concentration range 
of 0.3-1.8 mg %, p r  o m u s  showed a linear relationship. T h e  cal ibrat ion 
curve can be described hy: 

p2 X 10' = -0.1410 - 8.1465iC (Eq.  1 1 )  

T h e  wavelength range (Fig. 1 I ot"I(iti-286 mi (A, 276) at 4-nm intervals 
was chosen as the analyt ical set, hecause the value is m a x i m u m  and  
q 2  (where q2 = pyx N and  N is t he  normal iz ing ['actor 84) for a so lut ion 
of 1.9 mg ?h (w/v) minophyl l ine in 0.1 N H2SO4 was found to exceed 
0.140'? 

T h e  results of the assay for dif ferent pharmaceutical preparations are 
presented i n  Tah le  1. T h e  fol lowing conclusions were made. 

T h e  mean percentage lrom results o f t h e  A me thod  is  e i ther  s l ight ly  
or dist inct ly higher than tha t  o f  t he  A, and p2 methods. These data were 
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Figure 2-Curce of phenobarbital (a)  (2 rng (’, ) and rninophylline (b)  
(0 5 mg c,  ) 

subjected to statistical analysis. Since the calculated t value ( n  = 0.05) 
is higher than the theoretical value (Table I), the null hypothesis is re- 
jected (13) and the results of the A, and p2 methods are considered more 
accurate. Therefore, the irrelevant absorbance due to excipients in 
pharmaceutical formulations can be corrected by using the A, and p2 
methods. 

The irrelevant absorbance due to benzyl alcohol is corrected by 
applying the A, method, although the spectrum of henzyl alcohol exhibits 
typical benzenoid structure. I t  exhibits maxima a t  254 CI 40) and 
260 (A ;&  = 34) nm. Because of the low absorptivity and relatively small 
concentration ( i e . ,  in a ratio of -1:12.5 to aminophylline) of benzyl al- 
cohol, canceling of its irrelevant absorbance by application of the A,. 
method is possible. 

The coefficient of variation from the results of the pz  method is always 
high compared with the A and A, methods. Such error in the p2 method 
can be attributed to wavelength-setting errors since extinction mea- 
surements are usually made on theslopes of the absorption curves (14). 
Therefore, for its simplicity and high reproducibility, the A, method is 
preferable to the p2 method. 

The presence of minophylline and phenobarbital in a ratio of about 
30:l in syrup necessitates the separation of phenobarbital prior to its 
estimation. In the assay of minophylline in the presence of phenobarbital, 
there is no problem since the latter absorbs minimally. Furthermore, the 
absorbance of phenobarbital in an acid medium is small and varies lin- 
early with wavelength (Fig. 1). Such absorbance was treated as irrelevant 
absorbance, i . e . ,  corrected by the A, and p:!  methods (Table I) .  

Phenobarbital was determined by the application of the AA method 
(15) a t  A238 (AA?:ja) and i26(] (AA260) nm. The contribution of the differ- 

ential absorbance of minophylline (that could be extracted with pheno- 
barbital) is negligible (Fig. 2). For both AA2:wand U~SO methods, Beer’s 
law is valid within a 0.5-5-mg % concentration range. The regression 
equations are: 

AA23s = 0.0119 + 0.1605C (Eq. 12) 

AA260 = 0.0243 + 0.1530c‘ (Eq. 13) 

AAT = 0.0363 + 0.3135C (Eq. 14) 

where LA?. is (AA2:tn + AA260). 
The results obtained from -1A2:3~, AA260, and A A r  are presented in 

Table I. 
The AA23e method gave lower results than the AA2w method while 

AAT gave a mean value for both. The low results of ~ b t 2 3 e  are attributed 
to the differential absorbance of minophylline (Fig. 2). i .e.,  negative error 
is obtained. Such error becomes positive on reversing the cells in the 
AA2(;0 method. On summing AA23t) and AA260, these errors cancel each 
other. Therefore, it is not surprising that AAT resultsare more accurate 
and give lower coefficients of variation. Moreover, on summing 
and AA2fi0, a higher slope value is obtained, which renders A A r  more 
sensitive. 
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