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INVESTIGATION OF STABILITIES OF SOME PARENTERAL PREPARATIONS DEPENDING ON
THE CONDITIONS OF AUTOCLAVING : '

BAZI PARENTERAL PREPARATLARIN ISIYLA STERILIZASYON KOSULLARINA BAGLI
OLARAK STABILITELERININ INCELENMEST

KANDEMIR CANEFE, TANGUL KILINC

Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Technology, 06100
Tandogan, Ankara-Turkey

Temperature, process period and settlement order
in the autoclave applied during the sterilization procedure
of parenteral preparations, prepared under specific
study conditions, by heat cause many stability problems.
The samples prepared in our laboratory and commercial
preparations containing three agents, namely ami-
nophylline, furosemid and verapamil ,were used. They
were subjected to sterilization process at 121°C for
20, 30 and 60 minutes. The changes that occurred due
fo different settlement order in the autoclave during
sterilization has been established through organoleptic
controls, pH change and the determination of the amount
of the agent. Besides, the effect of the structure of
autoclaves, differing in their capacities and sizes, the
effect of the amount of agent was also controlled in this
study. In our investigations, it was determined that
Jormulations of aminophylline with a pH value of 8.8,
of furosemid with a pH value of 9.2 and of verapamil
with a pH value of 4.5 were more stable than the others.
In addition it was found that furosemid was more stable
at its peak pH value and aminophylline and verapamil
at their base pH values. On the other hand, it was found
that pursued by autoclaves that have different sizes
and the different order of seitlement in the autoclave,
samples setting closer to the walls of the autoclave
degraded more. The particular change in the degradation
of the preparations was not obtained by using different
types of autoclaves.

Ozel ¢alisma kosullarinda hazirlanan parenteral
preparailarin isi ile yapilan sterilizasyon islemleri
sirasinda uygulanan sicaklik, iglem siiresi ve otoklav
ici yerlesim diizeni bir ¢ok stabilite problemini de ortaya
¢ikarmaktadir. Aminofilin, furosemid ve verapamilden
olugsan 3 etken maddenin ticari preparatlar: ve la-
boratuvarda hazirlanan érnekleri 121°C 20, 30 ve
60 dakika siire ile sterilizasyona tabi tutulmustur.
Stertlizasyon swrasinda otoklav ici farkly yerlesime
bagh olarak ortaya ¢ikan degisiklikler, organoleptik
kontroller, pH degisimi ve etken madde miktar tayini
ile saptanmaya calisilmigtir. Bu calismamizda ayrica
farkly kapasite ve boyutlardaki otoklavlarn yapisimin
etken madde miktart iizerine etkisi de incelenmigtir.
Incelemelerimizde aminofilinin pH 8.8, furosemidin
PH 9.2 veverapamilin pH 4.5 olan formiilasyonlarimn
wiyla sterilizasyon swasinda digerlerinden daha stabil
oldugu saptanmustir. Ayrica furosemidin kullamildig
PpH araligimn iist ssmrinda, aminofilin ve verapamilin
ise alt ssmrinda daha stabil oldugu bulunmugtur. Diger
taraftan otoklay icin yerlesim ve farkl biiyiikliikie
otoklavlarm kullanimi ile gerceklestirilen sterilizasyon
islemleri sonucunda otokiav duvarina yakin bulunan
Omeklerin daha fazla bozundugu saptanmistir. Ancak
Jarkly yapuda otoklav kullanumimn preparatlarn
bozunmast iizerinde belirgin degisiklige neden olmadig:
anlagilmigtir.

Keywords : Stability; Injections, Autoclaving

Anahtar kelimeler : Stabilite; Parenteral preparatlar;
Otoklav sterilizasyoni.

Introduction

Parenteral solutions can be sterilized by heat
(steam), ethylene oxide and radition. During
sterilization by heat, it is necessary to control
the temperature, moisture and time (1).

The standard sterilization method of
heat-resistant mjectable solutions is autoclaving
at 121°C for 15 minutes. These conditions are
approximately equal to the combination of time
and temperature that provide a reduction of
1012 (D151 21 min) in resistant spores, that is
to say the spores with an ability to overkill
(2).

The thermal stability of the products should
insure their remaining safe and efficient not
only after the sterilization but also through
their shelf-lives. At high temperatures, some
harmful reactions such as hydrolytic and
oxidative can be gain speed in the solutions
(3). Drug degradation that could give harm
to the patients may occur in several ways.
The primary way of degradation takes place
through the reduction in the amount of the
agent. Generally, the decrease should remain
within the range of 10%. During sterilization
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by heat, hazardous degradation products could
appear as well. In such a case, the pharmacopoeia
narrows the boundaries down to 5% and sets
the limits of the tests performed depending
upon the degradation products wherever this
case might be see. Degradation products may
be directly toxic or problematic. Even if this
degradation is at a level low enough allowed
by pharmacopoeia, it may create significant
clinical effects (4).

For years, sterilization procedure has been
carried out according to a certain protocol of
sterilization. (For instance, 30 minutes at 115°C
and 15 minutes at 121°C) (5). Yet, heating and
cooling periods may prolong to insure exposure
to that high temperature up to 24 hours, de-
pending on the batch size, type and size of the
packing materials (6). An optimum sterilization
procedure should provide the most reliable
sterility with minimum degradation. These
conditions can be defined as the "operation
range", stating the exposure period and tem-
perature required for the sterilization of one
batch of a parenteral preparation. Wang has
pointed out that a non-isothermal method could
be used to determine in advance the degree
of degradation that could occur during au-
toclaving (7). In literature, there are many
methods to increase the chemical stability of
the product sterilized by heat. These are the
selection of the appropriate buffer (8) and the
formation of counter ions (9) as well as the
non-isothermal method. Even in modern au-
toclaving procedures, periods of heating and
cooling are taken as a basis and the samples
found in the autoclave then are exposed to
different temperatures for varying periods of
time. Therefore, the investigators consider the
last stage of the pocess as well as the initial
value. However, time and temperature profiles
required for each production are derived from
the values obtained from thermocouples placed
into the samples at certain sites of the autoclave
).

Besides this, there are many studies de-
monstrating the autoclaving effect on the
degradation of the agents (10-21).

The aim of this study was to investigate the
effects autoclaving temperature, period and
different settlements in the autoclave. The effect
of using autoclaves that have different sizes
on the samples prepared with peak and base
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pH values was also investigated. The controls
were regarding the organoleptic changes, pH
changes and changes in the amount of the
agent.

Materials

Agents and excipients: Aminophylline (Sandoz), fu-
rosemid (Hoechst), verapamil (Bayer) and their
commercial preparations, boric acid (Merck), sodium
hydroxide (Merck), potassium dihydrogen phosphate
(PDR), disodium hydrogen phosphate. 12 HyO (Merck),
sodium acetate (Merck), hydrochloric acid (BDH),
glacial acetic acid (Riedel de Haen). All substances
and solvents were of analytical grade.

Equipment: U.V. Spectrophotometer (Pye-Unicam,
Sp8-100), pH meter (Beckman, H4), autoclaves (Mudel,
Medexport, K100-2 and ETC, Pro-Genesis 9240) were
used in this study.

Methods

The commercial preparations of aminophylline,
furosemid and verapamil and their solutions were
prepared at peak and base pH values that have optimal
resistanse (Table 1). They were autoclaved at 121°C
for periods of 20, 30 and 60 minutes using the horizontal
autoclave (Fig. 1). Establishing the effect of different
order of settlement in the autoclave was also aimed.
On the preparations organoleptic, pH controls and
investigations of changes in the amount of the agents
after autoclaving were performed.

Before and after autoclaving, as an organoleptic
controls, solutions have been visually observed on a
surface with a counter tone to detect if there were any
changes in color and clearness and presence of pre-
cipitation and glass particles.

The pH changes in solutions have been estabhshed
by the measurement of pH values at different periods
before and after autoclaving.

To determine the extent of degradation of the agents
during different autoclaving periods, different settlement
orders in the autoclave and autoclaves differing in
structure and sizes, measurements have been made
with the spectrophotometric analysis methods. These
analysis have been performed for each agent as indicated
in the British Pharmacopoeia 1988.

Results and Discussion

Investigation of organoleptic changes

It is well know that instability case attracting
the utmost attention in physical and chemical
stability examinations of parenteral preparations
as well as in all other dosage forms stem from
the physical appearance. The physical changes
in the formulations prepared are demonstrated
in Table 2.

In aminophylline formulations, no change
was observed, except for the formulation coded
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Horizontal Autoclave. Sectional View:

1- stand; 2- valve; 3- electric heater; 4- grounding bolt; 5- lid; 6- safety valve; 7- switch; 8- switch-
panel; 9- hose; 10- nut; 11- valve; 12- pilot lamp; 13- shell; 14- steam chamber; 15- sterilizing chamber;
16- three-way cock; 17- siphon tube; 18- thrust ring; 19- pressure gauge; 20- rubber gasket; 21- clamp;
22- lever; 23- lid; 24- shell; 25- drain cock; 26- pipe branch; 27- pressure gauge; 28- three- -way cock; 29-

siphon tube; 30- funnel; 31- water-level indicator; 32- boiler

Fig.1. The horizontal autoclave used in this study

A. TI depending on the autoclaving and ste-
rilization period. In formulation A. III, it was
seen that the turbidity called "Swirl" (22) has
formed due to the sterilization period. It was
suspected that this case was a result of the
interaction between the materials such as
glass and rubber stopper in the formulation.
As a result of prolonged autoclaving in
furosemid formulations, evident turbidity and
precipitation formation have been observed
in F. I formulation. It is thought that this arises
from the case called "Whiskers" (23) in the
literature. The reason for this is that when kept
at room ternperature for a long time, the solution
leaks from the small holes formed at the top
of ampoule if it is not sealed properly. When
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this fluid evaporates, christals form. Sterilization
at 121°C for 20 minutes is equal to storage
at room temperature for 3 to 6 months (24).

In verapamil formulations no significant
alteration was observed except for the
formulation V.IV. In this formulation, it was
observed that precipitation occurred by time.
It is thought that this case arises from the reasons
stated for A. III and F.IIL.

Investigation of pH change

It has been examined to what extent the
pH values of the agents were affected depending
on sterilization temperature and time. The agents
had pH values close to the peak and base values
of optimum pH range as pomted out in the
literature (Fig. 2).
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Table 2. The results of organoleptic controls in solutions depending on the sterilization period

“ Sterilization Organoleptic

Formulations

Period Controls Al

All Al AIV AV Fl

FALFIV F.V VAL VAL V.V V.V

Initial Color - - - -
Clearness - - - -

Precipitation - - - -

Glass paricle - - - -

20 minutes Color - - - -
Clearness - - -+ -
Precipitation - - -+ -

Glass particle - - - -

30 minutes Color - - - -

Clearness - - eH - - oo L
Precipitation - -+ - - - - - - - - - -
Glass particle - - - - - - - - - -+ - - -
60 minutes Color - - - - - - .- . - - -
Clearness - -+ - R T - - B - -
Precipitation - R S - - -
Glass particle - - - - - - - - -+ - - -

Changes:(-) none, (-+) very little, (+) evidently, (++) more excessive

After autoclaving for 20, 30 and 60 minutes
it was observed that aminophylline formulations
were not influenced much from sterilization
for 20 minutes. However the longer the
period was, the more changes occurred. For
instance, whereas the pH values of formulations
AT and A. IIT decreased with an increase in
the sterilization period, the pH values of other
formulations increased (Fig. 2).

However in furosemid formulations, different
autoclaving periods have not altered the pH
much. At the end of autoclave sterilization for
60 minutes, a reduction of 0.11 (F.III) to 0.25
(F.I) has been observed in pH. As these values
are in the range of measurement fineness, no
evident degradation in pH could be pointed.
Therefore it was concluded that the pH of the
formulations was not affected much from the

temperature and period of the sterilization (Fig.
2).

As for the verapamil formulations, it was
seen that the pH values of the formulations
except V.Iand V III, increased due to the period
of sterilization (Fig. 2).

When the relation between the pH change
and stabilities of the formulations was
investigated, it was observed that the most stable
formulations were A I, F.II and V.II. On the
other hand, it was found that formulations coded
AL F.V and V.V were absolutely affected
from the sterilization period and degraded. It
is thought that these cases result from the fact
that as pH increases, degradation increases too.
Yet, although the pH value of formulation
Al was low, it degraded more than the
formulation A I. The reason of this could be
that components forming the buffer in for-
mulation A.I have increased the stability of
the agent. In furosemid formulations, it was
observed that as pH increases, stability increases

19
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. Fig. 2. The changes of pH in solutions that are (A) aminophylline, (B) furosemide and (C) verapamil
depending on the sterilization period. (T= Above load matrix, B= Below load matrix)

too. However in this case while formulation
F.V was expected to be the most stable for-
mulation after formulation F.II, it was found
to be the most degrading one. It is thought that
as this was a commercial preparation and its
formula structure was not know completely,
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this may be the result of the presence of an
excipient in its structure.

The effect of having different positions in
the autoclave on the stability of formulations
has also been examined (Fig. 2). Consequently,
it was seen that samples on the load matrix
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Table 3. Amount of degradation of aminophylline solutions according to their settlement in autoclave as a
result of the sterilization period. (The results are given as % remained. Mean +s.d.)

Formulation Serilization

" Settlement

in Autoclave

period(min.)

*AF AC AN BF BC BN
Al 0 100.0£0.0 100.0+£0.0 100.0+0.0 100.0+0.0 100.0 + 0.0 100.0 £ 0.0
20 98.9+£23 996+21 985+37 993+36 998+44 990 472
30 88.7+41 99227 984+71 989+53 994+35 988+ 3.9
60 98.0+4.0 985+21 97.7+6.8 983%54 987:23 080:43
All 0 100.0£0.0 100.0£0.0 100.0£0.0 100.0 +0.0 100.0 + 0.0 100.0£0.0
: 20 80.7£21 912+20 81.0+3.0 996422 931+20 91.2+2.1
30 799+27 905+3.9 796+35 97.8+21 92.0+2.1 83.6 3.0
60 75.9+42 872+6.0 741+52 97.0+27 $0.1+29 76.3+2.8
Alll 0 100.0£0.0 100.0£0.0 100.0+0.0 100.0 + 0.0 100.0 + 0.0 100.0+£0.0
20 93.8+3.0 92029 93421 97.8+27 97.7+22 950 27
30 - 929+24 89.4+30 923+29 938:3.0 89.8+1.5 923+34
60 90.6+4.4 87634 883+47 912+65 872+54 905 1.5
ALV 0 100.0£0.0 100.0£0.0 100.,0£0.0 100.0+0.0 100.0 + 0.0 100.0 £ 0.0
20 98.5+22 989+49 98543 985+22 992+53 985t45
30 976+3.8 987:50.97.0+59 97.8+30 989+41 976 +5.4
60 97.0+565 982+45 96239 97.0+35 087+59 088+ 3.0
AV 0 100.0£0.0 100.0£0.0 100,0£0.0 100.0 0.0 100.0+0.0 1000« 0.0
20 98.0+50 99.0%32 97.7x3.2 983£37 G91+57 97.9+3.7
30 92.0£5.1 931%41 927+52 923+4.0 G38+31 927419
60 80.7+15 880+3.0 832+50 832+53 899+39 837+ 3.9

* AF:The farthest situation at the above of load matrix, AC: The ceiter situation at above Ioad matrix. AN: The nearest
situation at above load matrix, BF: The farthest situation at the below of load matrix, BC: The center situation at below
load matrix. BN: The nearest situation at below load matrix codifie d concerning the autoclave's cover.

above were influenced more depending on the
sterilization period. It is thought that the steam's
penetrating effect on the samples on the load
matrix below is less and their being exposed
to less heat may have led to this situation.
However the formulations coded A.VI, F.I,
and V.V. have degraded more, when they were
on the load matrix below. It could be that as
the samples were placed at the edges of the
load matrix below during settlement into the
autoclave, they were exposed to more theat

and this may have caused the degradation,
since the samples at the edges are exposed to
more heat than those in the middle (9). _

When the effect of sterilization temperature
and period on the pH values of the preparations
was investigated, it was concluded that there
has been no direct and evident effect on the
pH change. The change seen in the amount
of agent depends on the pH value. It was not
effected much from the order of settlement
in the autoclave. :
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Table 4. Amount of degradation of furosemide solutions according to their settlement in autoclave as a result
of the sterilization period. (The results are given as % remained. Mean +s.d.)

Formulation Sterilization

period(min.)

Settilement in Autoclave

*AF AC AN BF BC BN

F.l 0
20
30
60

100.0£0.0 100.0+0.0 100.0+0.0 100.0£0.0 100.0+0.0 100.0+0.0
98.6+£3.8 989+51 0985x42 098.7+37 69.0+x40 986+*23
98.5+40 98750 984+59 0987+22 989+50 098347
976+47 978+39 976+24 976222 881+28 97.4x3.6

F.1 0
20
30
60

100.0+£0.0 100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0
99.9+5.2 100.0+4.6 99.9+50 100.0+5.7 100.0£5.0 100.0£5.5
99.3+23 998£23 99246 099.7+3.1 99.9+34 99.5=x41
98.7+49 9890x52 985+10 99.0£55 992+50 08.8x4.0

F.lv 0
20
30
60

100.0£0.0 100.0 £0.0 100.0£0.0 100.0+ 0.0 100.0£0.0 100.0+0.0
99.0+6.6 99.3+49 098672 992+42 0839.5+53 98946
89.0+46 ©89.2x69 986+6.1 992:z7.0 995+51 98.9x4.7
96.56+50 ©068+58 963x71 969+£72 870x43 096.7x3.5

F.v 0
20
30
60

100.0£ 0.0 100.0 £0.0 100.0 £ 0.0 100.0£0.0 100.0+0.0 100.0 £ 0.0
989+52 892+£59 987=x57 99.0+55 §9.5+56 89.0x6.4
975562 97.9£57 972+43 984+£43 986+32 98350
945+59 950+£57 943+43 G852+46 0856+47 G49+52

* AF: The farthest situation at the above of load matrix, AC: The center situation at above load matrix. AN: The rcarest
situation at above load matrix, BF: The farthest situation at the below of load matrix, BC: The center situation at bic ey

load matrix. BN: The nearest situation at below load matrix codified concerning thie autoclave’s cover.

Investigation of changes due to the sterilization
period

In all aminophylline formulations appro-
ximately similar changes have occurred de-
pending on the sterilization period. The most
degrading formulation was the AII coded alkali
borate solution with a pH value of 10.0. The
reason for this is thought to be the weakening
of theophylline-ethylene diamine bonds in
aminophylline because of the increase in pH
and thus easier and more release of theophylline
occurs. On the other hand the most resistant
aminophylline formulation was the A.I coded
with a pH value of 8.8. According to this, it
was found that the formulations require to have
apH value closer to the base value of the stated
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pH range and they should be sterilized at 121°C
for 20 minutes. .

‘When the changes in furosemid formulations
due to autoclaving period were examined,
formulation F.II was found to be the most stable
one. On the other hand the most degrading
one has been F.V. In this case it was understood
that contrary to the aminophylline formulations,
furosemid formulations could be sterilized
at 121°C for 20 minutes. Their pH values should
approach to peak values of the stated pH
range.

Verapamil formulations, too, were influenced
from the temperature and period of sterilization.
The least affected formulation was V.II coded
phosphate buffer solution with a pH value
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Table 5. Amount of degradation of verapamil solutions according to their settlement in autoclave as a result of
the sterilization period. (The results are given as % remained. Mean +s.d.)

Settlement in Autoclave

Formulation Sterilization
period(min.) AF AC AN BF BC BN
\YA 0 100.0 £0.0 100.0£0.0 100.0+ 0.0 100.0£0.0 100.0+ 0.0 100.0 + 0.0
20 99.6+24 G896+30 99.5+28 999+29 1000+43 99.7+6.3
30 99.0+32 99.2+23 983%27 99.0+£3.0 99.2t4.1 987+4.0
60 88.5+34 ©987+35 979+3.0 985+38 987+32 983:23
V.1 0 100.0£0.0 100.0+0.0 100.0£0.0 100.0+0.0 100.0+0.0 100.0 + 0.0
20 97.8+21 98.1+19 975%17 991+23 999+20 985+3.8
30 96.6+26 96.8+£36 953+3.1 972%24 974+32 Q47+20
. 60 95.9+3.0 662+38 953+32 962+24 0962+32 96.1+372
V.V V 0 100.0 £ 0.0 100.0x0.0 100.0£0.0 100.0+0.0 100.0+0.0 100.0 +0.0
' 20 98.3+£22 99.1%28 956.7+27 988+27 992+35 969+30
30 97.6+26 98.9+20 954+37 975+39 992+3.4 96.3+ 4.1
60 96.9£19 097.9+23 946+21 972+28 982+27 055+34
V.Vi 0 100.0+ 0.0 100.0£0.0 100.0£0.0 100.0£0.0 100.0+ 0.0 100.0+0.0
20 944129 0947£23 942+36 056+37 958+3.1 952+41
30 83.6+24 84.0£3.0 933+21 942+32 944+26 840+17
60 924+26 92.8+20 91.9+20 028+34 93126 924+238

“ AF: The farthest situation at the above of load matrix, AC: The center situation at above load matrix. AN: The neazrest
situation at above load matrix, BF: The farthest situation at the below of load matrix, BC: The center situation at belcw
load matrix. BN: The nearest situation at below load malrix codified concerning the autoclave's cover.

of 4.5. The most degrading one was the for-
mulation V.VI. As this was a commercial
preparation, this fact may arise from its being
sterilized for the second time. The same case
was valid for the formulation A.V that was the
most degraded formulation of aminophylline
during the second sterilization.

Consequently, all agents were affected from
temperature and time during sterilization in
the autoclave. The interaction increases in
proportion to the sterilization period. The degree
of degradation as a result of sterilization for
20 minutes was within the acceptable range.
However prolonged high temperatures to which
formulation was exposed during the cooling
period of the autoclaving caused problems
for all formulations.

The investigation of changes in the amount
of agents depending on the settlement in the
autoclave

It has been established how the positions
of the formulations in the autoclave affected
their stabilities. At the end of autoclaving of
the samples placed on the above and below
of load matrixes at 121°C for 20, 30 and 60
minutes, the results shown on Tables 3,4 and
5 were obtained.

According to these results, the samples at
the center degrade less than those at the edges.
There are also some differences at the edges
of load matrix about their distance from the
cover. The samples closer to the cover have
degraded more. When the samples on the load
matrixes above and below were compared,
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it was seen that those on the load matrix above

degraded more. It can be reckoned that these

differences might arise from the air left in the
autoclave during sterilization. However, during
the initial investigations of the study the process
period of the autoclave has been determined
to eliminate such cases and to ensure that all
" agents are exposed to the same temperature
for the same time.

Furthermore, one thinks that as the loading
matrix was completely full and the material
sterilized was too small and they were placed
into the autoclave not on perforated grids but
on trays and therefore the hot steam may not
have penetrated through the whole material
completely. Thus, since the hot steam got closer
to the samples at the edges of load matrix when
compared to those at the center, the samples
at the center have degraded less.

One may also think that the differences
between the load matrixes result from the fact
that as the samples on the load matrix below
are closer to the steam feeding line, they are
expected to degrade more. Yet the results have
shown just the opposite development. The reason
for this may be that, the samples have been
placed on two load matrixes in the autoclave
and the distance between the two trays has
decreased and hot steam could not be intense
enough to spread and could not make a full
impact.

The investigation of stability changes depending
on the use of different autoclaves

To investigate the effect of the use of different
autoclaves on degradation, ETC, Pro-Genesis
9240 type autoclave was used. It had a greater
capacity than the other horizontal autoclave,
but its function was the same. The results
obtained can be seen on Table 6.

According to the results obtained, in the
autoclave having a greater capacity more
degradation was observed than in the one used
for pilot production. The volume of the autoclave
was too large and the measured samples were
flacons of 10 ml. They occupied a place much
less than their loading capacities and thus they
were exposed to more heat.

In addition, it was established that among
the samples having different positions in the
autoclave, those on the load matrix below
degraded more. The reason for this may be that

even though the samples placed on the trays
with fine holes were supported in big bottles
having a 500 ml capacity, they were exposed
more to the hot steam coming from below.

Conclusion

According to the results obtained the
formulations prepared with three active agents
at the peak and base pH values and their
commercial preparations were affected at
different rates by the different sterilization
periods. The deviation of the stability that
occurred with the change at the sterilization
period has also changed depending on such
effects as whether the preparations are at the
center or at the edges of load matrix of the
autoclave and whether the autoclaving is being
made in autolaves with different capacities.
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