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ABSTRACT

Thethermal behavior of oxybuprocaine hydrochloride (OXY') has been stud-
ied. Thermogravimetric analysis(TGA), derivativethermogravimetry (DTG)
and differential thermal analysis (DTA) techniques were used to study the
thermal behavior of the drug.

Thermal-analytical study showed that OXY is thermally decomposed in
four steps. Thefirst step occursin the temperature range of 62.05- 166.70°C,
the second step occursat 166.70 -354.91 °C, the third step occurs at 354.91
- 455,52 °C and the fourth step at 455.52-489.05 °C. Melting point of OXP
wasrecorded at 160.15°C.

Thermodynamic parameters such as activation energy (Ea), frequency fac-
tor (A), reaction order (n), and correlation coefficient (r) were calculated
using different kinetic models. The purity value for the drug was found to
be 99.36%. Thermal analysis technique gave satisfactory results to obtain
quality control parameters such as melting point, water content and ash
content in comparison to those obtained using official methods. Thermal
analysisjustifies its application in quality control of pharmaceutical com-
pounds due to its simplicity, sensitivity and low operational costs. DSC
results indicated that the degree of purity of Oxybuprocaine HCl issimilar
to that found by official method. © 2015 Trade Science Inc. - INDIA
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Oxybuprocaine hydrochloride (OXY) or
benoxinate HCI is 2-diethylamino ethyl 4-amino-3-
butoxybenzoate hydrochloride Figure 1. Itisapara
aminobenzoic acid ester |ocal anesthetic used for sur-
face anaesthesiaasthe hydrochloridein 0.4% solution
in short ophthalmological procedures or solution of
oxybuprocaine hydrochloride (1%) isused for surface
anesthesiaof theear, nose and throat!¥.

OXY could bedetermined usng severd analytica
methodsincluding spectrophotometric methods?9,
HPLCE712 TLCI®, GCl41, electrochemical tech-
niques’&1¥ DSC on dosage form*® and titrimetric
method?!, OXY isaparaaminobenzoic acid ester and
istherefore susceptibleto environmental degradation.
Only one DSC method wasreported for determination
of the purity of OXY indosageformtherefore; theaim
of thiswork wasto evaluatethethermd characteriza-
tionof OXY usingavariety of techniquesincduding TG/
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Figurel: Chemical structureof oxybuprocaineHCI.
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Figure2: TG/DTG ther mo-gram of oxybuprocaineHCI.

DTG DTA and DSC and comparing the obtained re-
sult with those obtained by official method.

MATERIALAND METHODS

Material

Oxybuprocaine hydrochloride and Benox eye
drops® (Batch No. (17468) label ed to contain 0.4%
OXP) werekindly supplied by Egyptian International
Pharmaceutica Industries Company (EPICO), 10" of
Ramadan city, Egypt. Purity of OXY wasfoundto be
99.79+0.619 according to the official method®”.

Methods

Thermogravimetry, Derivative
thermogravimetry (TG/DTG) and Differential ther-
mal analysis (DTA)

TG/DTG and DTA curvesof OXY wererecorded
using Simultaneous Shimadzu Thermo-GravimetricAna:
lyzer TGA-60 H (Tokyo, Japan), with TA 60 software

indry nitrogen atmaosphereat aflow rateof 30 mL/min
in platinum cruciblecontaining a uminum oxideasaref-
erence substance. The experimentswere performed
from ambient temperature up to 600 °C with a heating
rateof 10°C/min. The sample mass was about 5 mg of
thedrugwithout any further trestment.

Differential scanningcalorimetry (DSC)

The DSC curves of OXP were recorded using
Shimadzu-DSC 50 (Tokyo, Japan), in dynamic nitro-
gen atmospherewith aconstant flow of 30 mL/min,
and heatingrate of 10°C/min, up to temperature 300°C.
Thesamplewith amass of about 1.80 mg was packed
in platinum pan. DSC equi pment waspreliminarily cdi-
brated with standard reference of indium. The purity
determination wasperformed using heating rateof 10°C/
minin thetemperature rangefrom 25 to 200 °C in ni-
trogen atmosphere.

Thekinetic parameters
Thekinetic parameters of decomposition such as,
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TABLE 1: Thermal decomposition dataof TG, DTG, and DTA, curvesof oxybuprocainehydrochloride.

Temperature range (°C) DTG max (°C) Mass loss % Assignment DTA (°C)
62.05- 166.70 116.98 10.66 % loss of HCI molecule and melting 161.95
166.70 -354.91 282.63 46.18 % loss of C;H14N,O, molecule 278.70
354.91 - 455.52 417.39 21.3% loss of C4HgO molecule —--ee-
455.52—-540.12 489.05 26.93 % loss of CgHsO molecule 488.77
20.
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Figure3: DTA thermo-gram of oxybuprocaineHCI.

activation energy (Ea), frequency factor (A), and reac-
tion order (n) were calculated from TG/DTG curves.
Themathematical mode sof Horowitz with Metzger!?!
and Coats with Redfernf?? were used for kinetic pa-
rametersdetermination.

RESULTSAND DISCUSSION

Therma analysisisagroup of techniquesinwhich
aphysicd property of asubstanceand itsreaction prod-
uctsismeasured asafunction of temperaturewhilethe
substanceissubjected to acontrolled temperature pro-
gram.

Therma andys stechniquesarewidely usedinthe
pharmaceutical sciencesfor the characterization and
quality control of drugs, stability, drug-excipient inter-
actionsand purity studies of raw materialsand phar-
maceutical productg?24,

Thereforetheam of thiswork wasto apply differ-
ent thermal andysi stechniquesfor determination of re-
lated important informeation about the physical proper-
tiesof OXY, (stability, compatibility, kinetic analysis)
and to measurethekinetic parameters (activation en-
ergy, frequency factor and reaction order) according to
the progress of reactions.

TheTG/DTG curves(Figure 2) of OXY show that
the drug isthermally decomposed infour steps. The
first step occurs in the temperature range of 62.05-
166.70°C with the loss of 10.66% which may be due
tothelossof HCI molecule. The second step occursat
166.70-354.91 °C with about 46.18% weight loss
which may be attributed to the loss of (C.H,,N.O,)
molecule. Thethird step occurs at 354.91-455.52 °C
with an estimated weight loss of 21.43 % which may
beattributed tothelossof C,H,O molecule. Thefourth
step at 455.52-489.05 °C with an estimated weight
loss of 26.93% which may be attributed to theloss of
C,H.Omolecule. Theweight losses gppeared in DTA
as endothermic and exothermic peakswhichrefer to
severa chemical processes occuring asaresult of ther-
mal degradation of the used drug at the temperature
rangesweregivenin TABLE 1.

The DTA curve (Figure 3) exhibits endothermic
peaks. Thefirst endothermic peak at 161.95°C is due
to themdlting of thecompound (reported melting point
rangein Clarke?®! is 157-160 °C). The sharp endot-
hermic peak at 278.70°C is attributed to the first de-
composition corresponding to thefirst massloss ob-
served in TG/DTG thermogram curves. Thebroad en-
dothermic peaksat 488.77 °C are due to the pyrolysis
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TABLE 2: Kinetic parameter sfor oxybuprocainehydrochloride

Kinetic equation Temperaturerange °C (KJEn?ol'l) A (SH n r
Arrhenius % 129.46 1.32x10" 1 0.9849
Horowitz and Metzger % 166.70-354.91 106.16 4.07 x10° 1 09752
Coats and Redfern ** 143.65 5.08 x10% 1 0.9597
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Figure4: Themassspectrum of oxybuprocainehydrochloride.
of thecompound. tionthat impuritieswill depressthemelting point of a

The mass spectrum of oxybuprocaine hydrochlo-
rideispresented in Figure (4). Oxybuprocaine hydro-
chloridedecomposesto givefragments, withm/z=57
representing the butyl group (C,H,"), m/z= 93 repre-
senting (C,H,O) group, m/z = 149 representing
(C,,H,,0) group, m/z=165 representing (C, H, ,0,)
group and m/z = 309 representing (C_H,,N.O,) group.
The suggested thermal decomposition pathway of
oxybuprocaine hydrochl oride (Figure5) was matched
with the results obtained by mass spectroscopy.

Thermodynamic parameterssuch asactivation en-
ergy (Ea), enthalpy (AH), entropy (AS) and Gibbs free
energy change of the decomposition (AG) were ob-
tained by using Arrheniug??, Horowitz-Metzger?” and
Coats- Redfern?? equations.

Theresultsare shown in TABLE 2. Thekinetic
parametersobtained for thefirst step were: activation
energy (Ea), Arrhenius constant (A), and reaction or-
der (n). Caculated datafrom both methods evidenced
also afirst order kinetics behavior for oxybuprocaine
hydrochloride.

Application of differentia scanning caorimetry for
purity determination of oxybuprocaine hydrochloride

Thedetermination of purity isbased on the assump-

Hnalytical CHEMISTRY o

puremateria whosemelting is characterized by amelt-
ingpoint (T ) and an enthal py of fusion (AHY). The melt-
ingtrangtionsof apure 100% crystalinematerid should
beinfinitely sharp, but impuritiesor defectsinthecrys-
ta structurewill broaden themelting rangeand lower
thefina mlting point to atemperaturel ower than (T ).
Theeffect of impuritieson (T ) of oxybuprocaine hy-
drochloride was determined by DSC method based
onVan’t Hoff equation/?”:

TheDSC curves(Figures6-7) dlowed determina-
tion of themelting points and the degreesof purity of
OXY inraw materid and pharmaceutical dosageform.
Theresultsobtained by the official method afforded
vauessmilar tothosefound by DSC (TABLE 3) Com-
parison of the data on the studied drugsrevealed the
importanceof the DSC techniquefor quality control of
bioactivedrugs. The melting points obtained by DSC
revealed the precison of thetechniqueinyiddingthese
thermal parameters. Thisjustifiestheuseof DSCasa
routinetechniquefor identification of drugsdesigned
for pharmaceutical use, through themelting point.

Application of ther mal analysisto quality control
of oxybuprocainehydrochloride
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Figure5: Thesuggested thermal degradation of oxybuprocaine hydrochloride.

Thermal analysisisused asaternativetechnique
for thedetermination of different quaity parameterssuch
aswater content and ash content. No significant differ-
encewas observed between the obtained resultswhen
compared with officia method asshownin TABLE 4.

Application of thermal analysis on benox® eye
dropsusing differential scanning calorimetry

DSC curveof oxybuprocaineindrug product were
presented in Figures (7) DSC curveof oxybuprocaine
in drug substance exhibited one endothermic peak at

160.15 corresponding to the melting point of the pure
drug. DSC curve of oxybuprocainein drug product
showing endothermic peak at 156.5 corresponding to
the melting point of the pure drug so no interference
between the drug and excipient TABLE 5. Thiswas
attributed to drug dissolution in the melted excipient
(melting point of benzalkonium chloride29-34°C &
sodium chloride801-804°C). Unfortunately, the results
obtained could not be compared with the reported
method of Zheng et a ‘9 for thedetermination of the
purity of OXY, sincethejourna wasnot availablein
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Figure7: DSC curveof oxybuprocainehydrochloridein benox® eye drop.

TABLE 3: Degreeof purity and melting point of oxybuprocainehydrochlorideby DSC, melting point appar atusand official
method®!

Degree of purity% M elting point °C
DSC official method®” DTA DSC M elting point appar atus official method *”
99.36 99.79 161.9 160.15 159 157 - 160

TABLE 4: Quality control par ameter sobtained from thether mal analysisof oxybuprocainehydrochloride

Water content % Ash content %
Thermal Official Thermal Official
analysis method M ethod'®! analysis method M ethod!®
0 0.20% 0 0.01
Max (1%) Max (0.2%)
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TABLE5: Application of the proposed DSC method for deter mination of the claimed amount of oxybuprocainehydrochloride

in phar maceutical formulation

Dosage forms

Claimed amount% by the proposed DSC

Claimed amount % by official

method method %
Benox® eye drops
(0.4%o0xybuprocaine 100.08 100.03
HCI)

most scientific databases (science direct, Medline
...... etc) and also the reported language is Chinese.

CONCLUSIONS

Thethermal stability of oxybuprocaineHCl using
different thermal techniques (TG/DTG, DTA, and
DSC), was studied. The kinetic studies of
oxybuprocaine HCI showed atherma behavior char-
acterigtictofirst order accordingto Ea Thecorrelation
between mass spectra and thermal behavior of
oxybuprocainewas studied. Thedatareveaed corre-
lation between the two techniques. The DSC data
showed incompatibility between the studied drug and
excipients. DSC provides arapid method for purity
determination atending ava uebetween 98.5-101.5%,
whichisin agreement with the official method®. The
smplicity, speed and low operationd costsof thermal
analysisof pharmaceuticas, justify itsapplicationin
quality control. Theresultsobtained areuseful for the
identification of thesecompoundsand permittedinter-
pretations concerning their thermal decomposition.
Therma stability of pharmaceutical compoundscan be
studied and compared by using thermal analysistech-
niques.
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