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Abstract

The effect of the buffer system on the stability of tetracaine hydrochloride in eyedrop formulation was evaluated. Eyedrop formulations containing
tetracaine hydrochloride 0.5%(w/v) were prepared using different buffer systems (acetate, phosphate and borate buffer) under a constant pH of 5.4, and
ahuffer concentration of 0.06M. Long-term tests at 26 °C and accelerated stahility tests at elevated temperature (45, 50, 60 °C) over a period of 168 days
were carried out by following the macroscopic view, pH, sterility, content of tetracaine hydrochloride and detection of the degradation products. Also,
values of the constant of degradation rate at different temperatures and t,,, were calculated. The phosphate and acetate buffers provided satisfactory

stability of tetracaine hydrochloride eyedrops, while borate buffer was not sufficient to maintain the pH value of the solution.
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Introduction

The estimation of stability is an important segment of the
process of development of pharmaceutical dosage forms. The
choice of optima formulation is supported by good stability
performance. Also stahility tests are required for defining the
expiry period and storage conditions (1,2).

Tetracaine hydrochloride, asalocal anaesthetic agent, isindi-
cated in ophthalmology for diagnostic purposes as well as for
surgery and post surgery treatment (3). Eyedrop formulations
contain 0.25-1%(w/v) of tetracaine hydrochloride in agueous
media. It should be prepared with respect of adjusting pH.

The pH value is a critical formulation parameter not only
because of the physiological tolerance of the eye (4), but aso
becouse of the pH-dependent stability of tetracaine hydrochloride
(5,6). Due to its ester structure, tetracane hydrochloride is sable
a alower pH (7). As an ester-type compound, tetracaine
hydrochloride undergoes hydrolysis, which results in the
formation of n-buthyldimethylaminobenzoic acid and
dimethylaminoethanol (5,8,9).
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Different buffer systems could be used for adjusting the pH
value of aqueous solutions of tetracaine hydrochloride intended
to be used as eyedropsin arange from 3.7 t0 6.5 (5). Generally,
the selection of buffer agent should be made with respect not
only to adjusting and maintaining the pH of the solution, but
a0 to the type and concentration of buffer agent. Since the
hydrolytic degradation of the drug is acid and base catalysed, it
is obvious that the buffer concentration should be kept as low
aspossibleto diminish this catalytic effects (1,10). Therefore, in
the development stage of the liquid pharmaceutical dosage form,
it isnecessary to evaluate the stability of the drug substancein
dosage formin terms of the catalytic effect of the buffer system.
For this purpose, the drug degradation rate should be followed
as afunction of the type of buffer system in the formulation,

while the pH and ionic strength are kept constant.
The am of this study was to determine whether the type

of buffer system (phosphate, acetate, and borate) affects the
stability of tetracaine hydrochloride in 0.5%(w/v) eyedrop
formulation with pH 5.4 and a buffer concentration of 0.06M.
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Experimental

Eyedrop formulation

Eyedrops containing 0,5% (w/v) tetracaine hydrochloride
were prepared using different buffer systems:. phosphate,
acetate or borate (pH 5,4; 0,06M). Sodium chloride was used
for isotonisation. No microbial preservative was added.
Solutions were sterilised by use of bacteriologica filtration.
Formulations are given in table 1.

Stability testing

Long-term testing at 26 °C (11 climate zone) (2) and short-term,
accelerated tests at three elevated temperatures 45, 50 and 60 °C
were used. Macroscopic evauation (Ph.Eur.3), pH (Ph.Eur.3),
gerility (Ph.Eur.3) and drug content (USP XX) were followed
a certaintimeintervals over aperiod of 168 days. The obtained
data were statistically processed. One way andys's of variance
and the Scheffe method were used for processing of pH data. Rate
congtants of hydrolytic degradation of tetracaine hydrochloride
a each temperature, the influence of temperature on the rate
congtant, as well asthe tyy, at 26 °C were estimated (1,2):

Inc=-kt+Inc,
Ink=InA-EaRT
to00, = 0.105/K

where
c, — Initial drug concentration (t=0)
¢ —drug concentration at time t
k — rate constant of the reaction of degradation (time )
t —time
A —constant
Ea - activation energy
R —gas constant
T — absolute temperature
to00, — time required for degradation of 10% of drug.

In order to detect the degradation products, a HPLC
method in accordance to the tetracaine hydrochloride eyedrops
monograph (USPXXIII) was applied.

Results and discussion

Stability studies on prepared eyedrop formulations of
tetracaine hydrochloride 0.5% (w/v) indicated certain
changes in the parameters followed.

The long-term study at 26 °C, did not show any macroscopic
changein all three eyedrops formulations over a period of 168
days. Exposure to an elevated temperature (accelerated stability
tests) caused very dight red-brownish colouring of the solutions
(table 2). The coloration of formulation 1, containing phosphate

buffer, wasregistered after 84 daysof storage at 50 °C and 56 day's
a 60°C, whilein the presence of acetate buffer it was noticed after
56 days (45°C), 28 days (50 °C) or 14 days (60 °C). Formulation
3, prepared using a borate buffer, showed dlight coloration only
a the highest temperature of 60 °C after 56 days. The red-brown
colour is probably a result of decompostion of n-buthy-
laminobenzoic acid, induced by extreme temperature (5,11).

The follow up of the pH value is an important parameter

Table 1. Tetracaine hydrochloride eyedrop formulations

formulation
components 1 2 3
tetracaine hydrochloride 059 059 0549

sodium chloride 0471g 0479g 0617¢g
phosphate buffer 0.06 M, pH 5.4 ad 100ml
acetate buffer 0.06 M, pH 5.4
borate buffer 0.06 M pH 5.4

ad 100ml
ad 100ml

since the decomposition of tetracaine hydrochloride results in
pH decrease. Table 3 shows the Statistical parameters obtained
from pH data by use of one way analysis of variance and the
Scheffe method. A statistically significant change of pH value
within astorage period of 168 daysat 26 °C was registered only
in the eyedrop solution containing borate buffer. Exposureto an
elevated temperature facilitated the pH changes in al samples.
During the accelerated stability tests, acetate buffer provided the
mogt stable pH vaue. Taking into consideration the corresponding
buffer capacities of the three buffer systems used (table 4), the
0.06M borate buffer hasavery low buffer capacity (10°M HCl),
while the same molarity of acetate or phosphate buffer provides
higher buffer capacities (10% and 10* M HCl respectively).
Therefore, an acetate buffer enables the mogt efficient maintaining
of the pH value, while the buffer capacity of borate buffer was
insufficient.

Changes in the content of tetracaine HCI during the stability
testing is presented in figure 1. Table 5 shows the rate constants
of hydrolytic degradation of tetracaine hydrochloride a each
temperature, as well as the tyy, a 26 °C.

As can be seen, the Slowest rate of hydrolytic degradation at
each temperature occurred in the sample containing borate
buffer (table 5). The time required for degradation of 10% of
drug substance (tyy,) a 26°C was 318 days. This could be
explained by: (a) aninsufficient buffer capacity of borate buffer
(table 4) that allowed a decrease of pH vaue and (b), an
increased stability of tetracaine hydrochloride at alower pH on
the other hand. The stability of tetracaine hydrochloride in
formulations containing phosphate and acetate buffer is similar
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Table 2. Macroscopic changes of samples 1-3 exposed to different temperatures

17

temperature 26°C 45°C 50 °C 60 °C
time (days) 0-168 28 56 84 0 28 56 84 0 14 28 56
sample 1 — — — — — — — + — — — +
sample 2 — — + + — + + + — + + +
sample 3 — — — — — — — — — — _
+ macroscopic changes - no changes
Table 3. Satigtical analysis of pH value data - one way analysis of variance and Scheffe method
26 °C
sample Ft F F-ratio for F
X0 and X28 X0 and X56 X0 and X84 Xoand X168
1 3.46 - - - -
2 348 3.37 - - - - 13.92
3 113.82 9.64 17.14 213.34 289.74
45°C
sample Ft F F-ratio for F
Xoand X28 Xo and Xs6 X0 and X84
1 116.48 31.50 87.60 330.30
2 4.07 5.19 5.13 10.05 13.13 12.21
3 173.05 217.56 342.25 425.39
50°C
sample F F F-ratio for F
Xoand X28 Xo and Xs6 Xo and X84
1 73.79 46.88 142.24 181.51
2 4.07 18.47 8.96 26.74 50.07 12.21
3 209.93 244.45 412.58 522.16
60 °C
sample Ft F F-ratio for F
X0 and X14 Xoand X28 Xo and X56
1 110.82 129.94 211.76 280.06
2 4.07 22.58 11.88 32.06 62.06 12.21
3 287.90 330.67 599.76 689.05

(tg00, ON 26°C Was 181 and 157 days respectively). The degradation
rate congtant k versustemperature plotsfor dl threeformulations
areshown comparatively infigure 2. A significant increasein the
degradation rate by increasing the temperature is obvious. For
phosphate and acetate buffer, by increasing the temperature,
k values (day*) have been changed from 10* order (26 °C) to

10° (60 °C).

In order to register the products of degradation of tetracaine
hydrochloride, HPL C studieswere carried out. A decrease of the

Table 4. Calculated values of buffer capacities

buffer

Bfor acid (M HCl)

phosphate buffer (0.06M pH 5.4)
acetate buffer (0.06M pH 5.4)
borate buffer (0.06M pH 5.4)

8.41x10*
3.05x 102
7.74x 10°®

Table 5. Degradation rate constant (k) and tyy, Of tetracaine hydrochloride in eyedrop formulations 1-3 at different temperatures

Sample k(day ™) toons(days)
26°C 45°C 50°C 60°C 26°C 45°C 50°C 60°C
1 5.80 - 10* 331-10° 4.63-10° 151107 181 31.7 22.7 6.9
2 6.70- 10" 4.60-10° 6.84-10° 2.04- 107 157 22.8 15.3 51
3 3.30-10* 1.18-10° 1.98-10° 4.07-10° 318 89.0 53.0 25.8
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tetracaine hydrochloride quantity in aged samples was
accompanied by the appearance of two new peaksin al three
formulations. Figure 3 represents comparatively the HPLC
chromatograms of sample 1 freshly prepared (a), stored for 56
daysat 60 °C (b) and standard of PABA (c). Comparison of the
chromatograms clearly indicates a decrease in the concentration
of tetracaine hydrochloride (retention time Rt, 4.33+0.03) during
ageing and the gppearance of two new peaks in aged samples
(Rt, 242+0.02; Rt, 3.12+0.01), which could be related to the
degradation products (5,9). Since the retention time of standard
of PABA (2.41£0.01), proposed as a standard for the detection
of related substances (BP99, Tetracaine hydrochloride eyedrops
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Fig 3. HPLC chromatograms of sample 1: freshly prepared (a),
stored for 56 days at 60 °C (b)a nd standard of PABA (c).
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Fig 1. In ¢ (n =3) versustime plots of samples 1-3
at different temperatures

monograph), corresponds to Rt,, this peak is related to the
n-buthyldimethylaminobenzoic acid.

Regarding the serility of eyedrop solutions, al three samples
remain sterile within a stability testing period of 168 days.
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Fig 2. Arrhenius plot for three formulations of tetracaine
hydrochloride 0,5% eyedrops
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Conclusion

The stahility of the tetracaine 0,5%(w/v) eyedrop solution
with pH 54 and a constant buffer concentration of 0.06M
is a function of the buffer system used in formulation.
Incorporation of a phosphate or acetate buffer 0.06M with pH
54 in formulation of 0,5%(w/v) tetracaine hydrochloride
eyedrops provided satisfactory stability (tyq,, 181 and 157 days
respectively). Although the degradation rate of tetracaine
hydrochloride in the formulation containing 0,06M of borate
buffer was twice as ow (tyq, 318 days), thisformulation is not
acceptable because its poor buffer capacity was insufficient to
maintain the pH value.
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Pe3nme

E¢exT Ha nydepcknor cucreM Bp3 CTA0OMIHOCTA HA KANKH 32 04U
co 0,5% TeTpakann XuapoOXJI0pHs

Emumja ®penpo-Kymbapanu', Tama Munenkocka?, Mapuja ['maam-Ilopos*, Katepuna ['opaunnoBa’,

Kpucruna Mnagenoscka*

'Uncitiuitiyiv 3a ¢hapmayesiticka iwiexnoaozuja, apmayesiticku paxyaitieit, Ynusepsuitieii ,,Ce. Kupua u Meitioouj*, Cxoiije
*Boena aititiexa, Lenitiap 3a soenosopasciusenu ycayzu, Ckoiije

Kayunu 360posu: crabunHoct, TeTpakanH XUAPOXIOPH, OYHH KarKH, mydep

HcnuryBaH € eheKTOT Ha Iy(hepcKUOT CHCTEM BP3 CTAOMIHOCTA Ha TeTPAKauH XUAPOXIOPUAOT BO OUHM Kanku. ITpuroTBeHu ce Tpu hopMynalyu Ha
OuHU Kanku co 0,5% TeTpakaiH XUpOXIOpU BO KOU € ynoTpedeH pasiiueH mydep (pocdaren, aneraten um 6opateH) Bo Konuentpanuja 0,00M u pH
BpepHocT 5.4. CrabuiHOCTa € HCIUTYBAHA CO IPUMEHA Ha IONroTpajHu Tectosl (26 °C) u 3a0p3aHn TecTOBH 3a clefieke Ha crabumsocta (45, 50, 60 °C) Bo
TeK Ha nepuop of 168 nena. Cresienn ce mapaMeTpuTe: MaKpOCKOICKH M3rief, PH cofp:kiHa Ha TeTpakanH XUAPOXIOPHL U JerPafialliOH! IPORYKTH 1
crepuHocT. OnpefieNeHn ce KOHCTAHTHTE Ha Op3KHa Ha pasrpajda Ha TeTpaKauH XUAPOXIOPUOT Ha Pa3iiyHy TEMIEPATypH, KaKo i BpEMETO Ha pasrpaji-
0a Ha 10% off aKTHBHATA KOMIOHEHTA toq,. PocthaTHUOT U aneTaTHHOT Myhep 00e30eaHja 3aJ0BOMUTENHA CTAOMIHOCT Ha OYHUTE KANKI CO TEeTPAKalH

XUJPOXIOPHS, A0feKa GopaTHHOT mydep Mopaay HUCKUOT My(hepcKu KanmauTeT He Oellle BO MOXKHOCT Aia ja Ofpski PH BpegHOCTa Ha KAIKAUTE 32 OUH.
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