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AB STRACT
The ex pi ra tion date is a guar an tee from the manu fac turer that a drug prod uct will re main chemi cally sta ble - and thus main tain its full
po tency and safety - prior to that date. Authors of this study have checked whether tested drug prod uct has a simi lar dis so lu tion pro file
be yond and within ex pi ra tion date. In this pa per, dis so lu tion study of Zyprexa (Ol an zap ine as an Ac tive Phar ma ceu ti cal In gre di ent)
10 mg tab lets was con ducted in three dif fer ent me di ums, in the same way as com pari son in- vitro and in- vivo tests dur ing in ves ti ga tion
of  bioa vail abil ity and bioe quiva lence at clini cal tri als phase. Ob tained re sults dem on strated that dis so lu tion pro files of tested and ref er -
ence prod uct are es sen tially simi lar, which was sta tis ti cally con firmed by means of simi lar ity fac tor.
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INTRODUCTION
A study rele vant to drug prod ucts be yond the ex pi ra tion

date con ducted by Anna Serafin (Medi cal Uni ver sity of
Łódź, De part ment of Hos pi tal Phar macy, Fac ulty of Phar -
macy) was base to write this pa per. Doc toral the sis suc cess -
fully dem on strated, that it is pos si ble for many out dated drug 
prod ucts to achieve ap pro pri ate con tent of active phar ma -
ceu ti cal ingre di ent, thus it is in ter ested to in ves ti gate others
phys ico chemi cal pa rame ters such as dis so lu tion.

A sub ject of this study 2- methyl- 4-(4- methyl- 1- piperazi-
nyl)-10H-th ieno[2,3-b][1,5]ben zo di azepine here in af ter called
ol an zap ine, be longs to class of sec ond gen era tion de riva tive
an tipsy chotic agents, the so- called atypi cal an tipsy chot ics.
As atypi cal an tipsy chot ics are gen er ally clas si fied those
drugs, which in con trast to clas si cal an tipsy chot ics (e.g. halo-
peri dol), have greater af fin ity for se ro tonin 5-HT2 re cep tors
than for do pa mine D2 re cep tors and cause fewer ex tra py ra -
mi dal symp toms (EPS) and im prove nega tive symp toms[2].
Ol an zap ine is well ab sorbed fol low ing oral ad mini stra tion in 
both the fed and fasted states, and is ex ten sively me tabo lized 
with higher clear ance in male than in fe male [12].

Dis so lu tion test ing has be come an es sen tial tool in the
phar ma ceu ti cal in dus try at vari ous stages of de vel op ment,
manu fac tur ing and mar ket ing [4]. Such tests are a suit able
method for qual ity con trol and in- vivo ver sus in- vitro cor re -
la tion of re lease ac tive sub stance from drug prod uct.

Dis so lu tion pro file tests were per formed in or der to as sess
the pos si bil ity of use tab lets with Ol an zap ine as an ac tive
phar ma ceu ti cal in gre di ent which are be yond ex pi ra tion date. 
Dif fer ent dis so lu tion me dia were used: 0.1 M hy dro chlo ric
acid, phos phate buffer so lu tion pH 4.5 and phos phate buffer
so lu tion pH 6.8. The con cen tra tions of Ol an zap ine were
meas ured by vali dated HPLC method for the oral tab lets.
Full de scrip tion of vali da tion of Ol an zap ine dis so lu tion
method will be thor oughly pre sented in doc toral the sis Dis -
so lu tion test ing of tab lets within and be yond ex pi ra tion date
– selected fin ished me dici nal prod ucts  from drugs act ing on
the cen tral nerv ous sys tem. 

MATERIALS AND METHODS

Chemi cals and stan dard
Hy dro chlo ric acid 35–38 % was ob tained from Chem pur,

so dium hy drox ide, potas sium di hy dro gen phos phate,
ortho- phosphoric acid 85%, trifluoroa cetic acid and ace to ni -
trile (HPLC grade) were used from J.T. Baker. Ol an zap ine –
batch number 150404 (in- house ref er ence stan dard) has
been used as a work ing stan dard for in vi tro dis so lu tion tests. 
Iden ti fi ca tion of this sub stance has been confirmed by IR
and HPLC method. The po tency of work ing stan dard (99.57%) 
has been taken into con sid era tion in all cal cu la tions.

In stru ments 
HPLC sys tem equipped Wa ters Al li ance 2695 Sepa ra tion 

Mod ule (auto sampler with cooler, gra di ent pump), Wa ters
2487 Dual  Ab sor bance De tec tor, col umn oven. The data
was re corded us ing Em pow er2 soft ware. As dis so lu tion sys -
tem Pharma Test PTWS 3E (pad dle) was equipped.
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Chro ma tographic con di tions
The analy sis was car ried out on Zor bax SB-C18 col umn,

1.8 μm, 4.6 mm x 50 mm us ing a mo bile phase ace to ni trile:
0.1% tri fluoroa cetic acid (in ra tio 17:83 v/v) with UV de tec -
tion at 259 nm. Flow rate of 1 ml/min was ap plied, the
col umn was main tained at 25°C through out the analy sis.
A 10 μl of tested sam ple was in jected and the chro ma togram
was re corded for 3 min. Re ten tion time of Ol an zap ine was
2.0 min. ± 0.3 min. Mo bile phase was pre pared by mix ing
10 ml of tri fluoroa cetic acid with 1000 ml of wa ter and 170
ml of ace to ni trile was added to ob tain fi nal so lu tion.

Dis so lu tion con di tions
Fol low ing pa rame ters of the dis so lu tion method were ap -

plied as be low:
– Ap pa ra tus: type pad dle, 
– Dis so lu tion me dia:

a) 0.1 M hy dro chlo ric acid wa ter so lu tion,
b) Phos phate buffer so lu tion pH 4.5,
c) Phos phate buffer so lu tion pH 6.8,

– Vol ume: 1000 ml,
– Agi ta tion: 100 rpm,
– Sam pling time points: 10, 15, 20 and 30 min utes.

Dis so lu tion me dium prepa ra tion:
– Prepa ra tion of 0.1 M hy dro chlo ric acid wa ter so lu tion

800 ml of wa ter was trans ferred to 1000 ml volu met ric
flask. 8.9 ml of HCl was added and it was di luted to 1000 ml
with wa ter.

– Prepa ra tion of phos phate buffer so lu tion pH 4.5
6.80 g of KH2PO4 was dis solved in 1000 ml of wa ter.
Ob tained pH value was 4.5 ± 0.05.

– Prepa ra tion of phos phate buffer so lu tion pH 6.8
So lu tion A: 13.6 g of KH2PO4 was weighed and trans -
ferred into a 500 ml volu met ric flask, next it was di luted
to 500 ml with wa ter.
So lu tion B: 4.0 g of NaOH was weighed and trans ferred
into a 500 ml volu met ric flask, next it was di luted to 500
ml with wa ter. The so lu tions were stirred un til com plete
dis so lu tion.
Dis so lu tion me dium: 250 ml of so lu tion A and 118 ml of
so lu tion B were trans ferred to 1000 ml volu met ric flask
and di luted to 1000 ml with wa ter. To ob tain the pH
value 6.8 ± 0.05, 10 % so lu tion of H3PO4 was added.

Drug prod ucts
Gen eral in for ma tion:

– Appear ance of tab lets: white, bi con vex, film- coated tab -
lets; 10 mm in di ame ter, with blue in scrip tion “LILLY
4117” printed on one side of the tab let.

– Qual ity com po si tion of the prod uct:
Ac tive sub stance – Ol an zap ine,
Ex cipi ents – lac tose mono hy drate, hy droxy pro pyl cel lu -
lose, cro spo vi done, mi cro crys tal line cel lu lose, mag ne sium
stearate, hy pro mel lose, ti ta nium di ox ide, car nauba wax,
shel lac, mac ro gol, poly sor bate 80, in digo car mine
(E132).

De tailed in for ma tion:
– Prod uct name: Zyprexa 10 mg oral tab lets
– Ori gin of the prod uct: Span ish mar ket
– Manu fac turer: Eli Lilly Ned er land BV, the Neth er lands
– Batch number: A088877 (be yond ex pi ra tion date –

05.2007), A651000 (within ex pi ra tion date – 02.2012)
Zyprexa tab lets were stored through out whole pe riod in

the fol low ing con di tions: tem pera ture 25 ± 2°C and rela tive
hu mid ity 60 ± 5% which is in line with manu fac turer rec om -
men da tions.  In this study the ef fect of time was only taken
into ac count. No other fac tors such in creased tem pera ture
and rela tive hu mid ity were ex am ined in the con text of dis so -
lu tion pro files.

The method for dis so lu tion of ol an zap ine from un coated
oral tab lets has been vali dated in or der to dem on strate that
the de vel oped tech nique is suit able for its in tended pur pose.
The vali da tion in cludes study of the se lec tiv ity, the line ar ity, 
the ac cu racy and the pre ci sion of the method. Moreo ver the
ad di tional method for con trol of deg ra da tion prod ucts was
de vel oped and it has been fully vali dated on the ba sis of
Q2(R1) ‘Val id ation of Ana lyti cal Pro ce dures: Text and
Meth od ol ogy’. Se lec tiv ity of the method was proven for pla -
cebo and deg ra da tion prod ucts. Prior to dis so lu tion test ing
of Zyprexa, im pu tity test of batch be yond ex pi ra tion date
and within expi ra tion date were con ducted. Each sin gle un -
known im pu rity was be low  0.1% and to tal im pu ri ties
were 0.39% and 0.23% (for A088877 and A651000 batch re -
spec tively). Ob tained re sults are much lower than bias of
dis so lu tion method and there fore will be dis re garded in the
cal cu la tion.

RESULTS AND DISCUSSION
Dis so lu tion tests have been con ducted on 12 dos age units

of the tested prod uct: Zyprexa 10 mg tab lets (batch no.:
A088877) ver sus 12 dos age units of the ref er ence prod uct:
Zyprexa 10 mg tab lets (batch no.: A651000).

For the com pari son of dis so lu tion pro files, simi lar ity fac -
tor f2 was ap plied. This sta tis ti cal method is gain ing
popu lar ity due to its rec om men da tion by vari ous regu la tory
com mit tees [5–7]. Dis so lu tion pro files are con sid ered simi -
lar if the cal cu lated f2 value is be tween 50 and 100.

The simi lar ity fac tor f2 as de fined by FDA and Euro pean
Medi cines Agency is a loga rith mic re cip ro cal square root
trans for ma tion of one plus the mean squared (the av er age
sum of squares) dif fer ences of drug per cent dis solved be -
tween the test and ref er ence prod ucts:
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where:
f2 – simi lar ity fac tor
n – number of time points
Rt – is the mean per cent ref er ence drug dis solved at time t af ter

ini tia tion of the study
Tt – is the mean per cent test drug dis solved at time t af ter

ini tia tion of the study



70 Current Issues Pharmacy & Medical Sciences

Karol Kluczek, Sebastian Czajka, Andrzej Stańczak

An f2 value be tween 50 and 100 sug gests that the two
disso lu tion pro files are simi lar [3, 10].

For batch- to- batch qual ity test ing, se lec tion of the dis so -
lu tion me dium is based, in part, on the solu bil ity data and the 
dose range of the drug prod uct in or der to en sure that sink
con di tions are met. The term sink con di tions is de fined as
the vol ume of me dium at least greater than three times that
re quired to form a satu rated so lu tion of a drug sub stance[1].
Each me di ums cho sen to de ter mined the simi lar ity of prod -
ucts within ex pi ra tion date and be yond ex pi ra tion date ful fill
the re quire ments of sink con di tions.

The me dia prop er ties such as pH, solu bil ity of ac tive drug 
prod uct, ionic strength, wet ting abil ity, buffer ca pac ity were
taken un der con sid era tion dur ing the optimis ing of dis so lu -
tion meth ods[11].

Raw data have been collected and shown in table form
(tables 1–3).

Ta ble 1. Dis so lu tion pro files of Zyprexa 10 mg tab lets within
ex pi ra tion date (batch no.: A651000) and be yond ex pi ra tion date
(batch no.: A088877) in 0.1 M hy dro chlo ric acid wa ter so lu tion

Zyprexa batch no.: A651000 Zyprexa batch no.: A088877
Time
[min.]

Dissolu-
tion [%] Average RSD Time

[min.]
Dissolu-
tion [%] Average RSD

10

61.9

62.4 4.8 10

74.6

63.0 11.6

60.7 60.9

59.1 69.6

65.9 56.2

61.6 61.6

67.4 70.7

61.8 52.7

59.4 69.3

59.4 57.7

64.9 63.1

59.9 52.5

66.5 66.8

15

89.1

87.2 3.3 15

97.3

90.3 4.3

86.2 86.8

84.6 94.2

85.8 87.0

92.9 87.1

85.2 90.5

88.0 88.4

84.1 93.4

85.0 86.5

85.2 93.6

91.6 85.6

88.1 92.7

20

99.6

97.8 1.4 20

99.0

99.0 3.3

96.5 94.6

96.3 97.4

99.0 95.6

99.4 94.4

98.9 97.2

98.7 100.8  

96.5 103.6  

95.3 100.5  

98.0 103.4  

97.7 99.0

98.2 102.7  

30

103.6  

100.9 1.6 30

100.1  

101.7 3.7

100.3  96.5
98.3 97.8

101.8  97.5
101.3  97.5
102.1  100.2  
102.6  104.3  
99.1 105.9  
99.0 105.4  

101.0  105.6  
100.1  103.8  
101.6  105.5  

Table 2. Dis so lu tion pro files of Zyprexa 10 mg tab lets within
ex pi ra tion date (batch no.: A651000) and be yond ex pi ra tion date
(batch no.: A088877) in phos phate buffer so lu tion pH 4.5

Zyprexa batch no.: A651000 Zyprexa batch no.: A088877
 Time
[min.]

Dissolu-
tion [%] Average RSD  Time

[min.]
Dissolu-
tion [%] Average RSD

10

49.6

66.2 13.5 10

68.2

60.5 14.2

62.0 63.0
71.7 65.5
75.0 51.2
63.4 46.5
72.6 65.7
50.8 47.8
62.9 52.2
72.8 67.0
76.1 62.0
65.0 70.5
72.8 66.2

15

78.4

84.7 4.4 15

77.0

82.5 6.8

88.5 84.4
85.5 85.7
85.7 84.1
85.7 74.4
85.9 92.8
75.8 74.8
87.6 85.0
85.8 86.6
86.3 84.3
86.3 76.6
85.3 84.5

20

90.6

91.5 2.1 20

88.8

88.6 3.2

94.1 86.5
91.2 88.4
89.7 88.8
91.6 81.4
88.6 89.4
91.5 89.3
94.8 86.7
92.0 89.9
93.0 91.9
91.6 90.3
88.9 92.0

30

95.9

94.7 1.7 30

91.6

92.1 3.1

95.6 93.1
94.5 93.1
92.8 92.0
94.6 93.2
91.8 92.9
97.1 92.5
96.3 83.4
95.7 93.1
93.4 93.5
95.6 92.6
92.7 94.7

Ta ble 3. Dis so lu tion pro files of Zyprexa 10 mg tab lets within
ex pi ra tion date (batch no.: A651000) and be yond ex pi ra tion date
(batch no.: A088877) in phos phate buffer so lu tion pH 6.8

Zyprexa batch no.: A651000 Zyprexa batch no.: A088877
 Time
[min.]

Dissolu-
tion [%] Average RSD  Time

[min.]
Dissolu-
tion [%] Average RSD

10

36.5

46.4 15.1 10

57.6

49.7 14.8

39.7 37.7
47.9 47.6
59.2 55.4
48.1 45.0
58.9 55.3
48.3 57.5
42.2 37.6
43.0 47.3
47.9 55.4
41.9 44.9
42.8 54.8

15

54.1

68.8 9.7 15

78.9

69.4 9.5

66.4 60.5
66.7 74.1
78.3 70.6
60.7 61.5
77.7 73.6
70.1 74.4
70.9 60.5
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67.9 73.8
72.6 70.4
71.1 61.3
68.7 73.0

20

67.0

78.6 7.3 20

78.9

80.0 3.6

83.0 74.6
77.2 81.7
84.7 81.9
68.0 76.6
85.3 82.2
80.3 78.7
79.8 84.0
78.0 81.3
81.5 81.7
80.2 76.4
78.1 82.2

In or der to com pari son simi lar ity of dis so lu tion pro files,
mathe mati cal evalua tions were per formed. Ac cord ing to Ap -
pen dix I - Dis so lu tion test ing and Simi lar ity of Dis so lu tion
Pro files of the GUIDELINE ON THE INVESTIGATION OF
BIOEQUIVALENCE (CPMP/EWP/QWP/1401/98 Rev. 1/
Corr.) pub lished by The Euro pean Agency for the Evalua -
tion of Me dici nal Prod ucts states “Where more than 85% of
the drug is dis solved within 15 min utes, dis so lu tion pro files
may be ac cepted as simi lar with out fur ther mathe mati cal
evalua tion”. 

In ac cor dance with afore men tioned guide line “The rela -
tive stan dard de via tion or co ef fi cient of varia tion of any
prod uct should be less than 20% for the first point and less
than 10% from sec ond to last time point”. There fore obta- 
ined varia tions (RSD) of each time point in three dis so lu tion
me dia are com pa ra ble and not sta tis ti cally sig nifi cant.

Ta ble 4. Mathe mati cal evalua tions – simi lar ity fac tor as sess ment
Similarity factor  f2 value

Medium 0.1 M HCl Phosphate buffer 
pH 4.5

Phosphate buffer
pH 6.8

f2 value
Not concerned

mathematical evaluations
are not necessary

69.7 82.1

As shown above, dis so lu tion pro files of the Ol an zap ine
tab lets dem on strated re lease of the drug sub stance greater
than 85% within 15 min utes (for 0.1M HCl), there fore it was 
ac cepted that dis so lu tion pro files were simi lar. Simi lar ity
fac tor f2 has been ap plied for sta tis ti cal as sess ment of dis so -
lu tion pro files simi lar ity (ta ble 4 – for phos phate buffer pH
6.8 and phos phate buffer pH 4.5). Ob tained val ues are over
50, thus it has been proven that pro files are simi lar.

CONCLUSIONS
In this study it was con cluded that Zyprexa 10 mg tab lets

with be yond ex pi ra tion date have es sen tially simi lar dis so lu -
tion pro files to Zyprexa 10 mg tab lets within ex pi ra tion date. 
In this con nec tion tab lets should be dis trib uted in com pa ra -
ble way in hu man body and be ex pected as bioe quiva lence.

Theo reti cally, in re la tion to dis so lu tion pro files, Zyprexa
10 mg tab lets could be use even 3 years af ter ex pi ra tion date.
Ob vi ously it is pro hib ited to re lease such drug prod uct to the
mar ket. Apart of the law regu la tions, there are many sci en -
tific as pects need to be ex plained, e.g. in- vivo clini cal
stud ies, physico- chemical tests of tab lets, toxi col ogy, etc.
Thus the con clu sions re ported here for Ol an zap ine as ac tive
in gre di ent, must be in ter preted with cau tion and just only in
the light of in- vitro study. 

Cur rently there are not many pub li ca tions in which dis so -
lu tion study of ex pired drugs were de scribed. Re fer ring to
the ex ist ing sci en tific re search, authors of this study have
ob tained simi lar con clu sions [8, 9]. Moreo ver the Shelf Life
Ex ten sion Pro gram (SLEP) has been es tab lished as a joint
pro gram of the United States De part ment of De fense and the
Food and Drug Ad min istra tion where medi ca tions are tested 
for safety and sta bil ity for ex tended pe ri ods of time in con -
trolled stor age con di tions. They con cluded that in many
cases, medi ca tions re main ef fec tive for years past their
printed ex piry dates. 
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