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Molecular Structure and Physical Properties of Propylthiouracil (PTU)

(Aooui-Erein, 1977: Moffat, 2004
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1. Molecular structure

1.1 Empirical: CH1dN20S
1.2 Structural:

1.3 Molecular weight; 170.23

2. Physical properties

2.1 Melting range: 219221 °C

2.2 Log P: 1.0
2.3 Solubiliy:

PTU s sparingly soluble in weter (1:900 a 20 °C), soluble in 100 parts
boiling weter, in 60 perts of ethanol, in 60 parts of acetone, practically insoluble in ethey;
chloroform; benzene, freely soluble in agueous: solutions of avmonia and alkali
hydroxice. A saturated agueous solution is eutral or slightly aciclc to litmus,

2.4 Ultraviolet spectrum:

PTU in reutral methanol alsorts ultraviolet raddiation at 275 nm (am15800)
and a 214 nm (am15600). I alkalire megium it shows mexina a 3155 nm (am
10900), 260 nm (am10700) andl & 2075 nm (am15400).

2.5 Stability:

PTU s a relatively stable compound a room temperature. [t is reconmrenced

tet it should be kept in awell-closed containers protected fromlight



APPENDIX B

Molecular Structure and Physical Properties of Some Selected Materials
(Kibbe, 2000)



Properties of some selected materials
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Property
MIE 38667

VP 147-150°c
BP: 300°C
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MG
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MWL 357
VP 33°C
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MW 710
VP 38°C
HB: 124
M 1443
HB: 89
Clound point: 88-%°
MW 636
HLB: 24
VP:55-60°C
HLB: 50
MW 552
HLB: 130
VP 12°C
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The structure of Sar®20, @40, 60, Bij®52, Biij®76, Slulan®C24, GDS,
sucrose laurate ester, and PEG8-L
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6. Sollan®CA4
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Validation of UV Spectroscopic Method

(The United e Pravmvecopieal Convertion, 2002)
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Validation for the Quantitative Determination of PTU in Isopropanol
by uv Spectroscopy

1. Specificity
Under the uv asorption spectrophotometric method used, the ansorbance of
PTU must not be interfered by the aosorbance of other components in the sample. The
blank vesicular suspension (without PTU) and PTU vesicular suspension were prepered
The UV spectrum fromuv' spectrophotorreter of the blank vesicular suspension vies
conpared] with the spectra of the PTU vesicular suspension.
2. Linearity
Fight standardl solutions of PTU ranging 1.0 ©0100 py/ml were prepared and
analyzed. Linear regression analysis of the absorbance versus their concentrations wes
performed. The linearity wes cetermined fromthe coefficient of cetermination.
3. Accuracy
PTU & 25, 55 and 85 py/mL and surfactant/cholesterol mixtures 100 mymi
wiere prenared. Three sets of each concentrration were prepared. Each individlial sanple
Was analyzed by uv spectrophotoretry a 2/5 nm and percent analytical recovery of
each sample wes calculated
4, Precision
4.1 Within run precision
The within run precision wes evaluated by analyzing six sets of the three
stancrd solutions of PTU in six intervals of time in the sare cay. The mean, stancard
ceviation (SD) and the coefficient of vaniation (%CV) of each stancard solution were
Cktermined
4.2 Between run precision
The between run precision wes evaluated by comparing each concertration of
five sets of stancerd solutions were preared and analyzed In cifferent cys. The mean
stamlﬁ dev_iragon (SD) and the coefficient of variation (%CV) of each stanckrd solution
iere ceterined,
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Validation for the Quantitative Determination of PTU Solution in
Isopropanol by  V Spectrophotometry

The validation of the analytical method is the process by which performance
characteristics of the method are established to meet the requirements for the intenced
anelytical parameters. The analytical parameters used for the assay valicktion were
Specificity, linearity, accuracy and precision.

1. Specificity

The specificity of an analytical method is its aility to measure the given analyte
accurately and specificity in the presence of other components in the sample. The uv
absorption spectra (Hingure CI-CI6) inclicated! that the wavelength 25 nm wes the
optimal wavelength giving the: highest sensitivity without interference of surfactants,
cholesterol and Soluian® C24 which showed no alsorbance & the wavelength 200400
m

2. Linearity

The linearity of an analytical method is its aility to elicit test results thet are
directly or by a well-cefired metheratical trasformration, proportiondl o the
concertration of the analyte in sanples within a given range. The linearity is usually
expressed in term of the variance around the slope of the regression line calculated
acoordling to an established methemetical refationship from test results ootained by the
analysis of samples with varying concentrations of analyte,

The stanchrd curves of PTU in weter and phosphate buffer pH 7.4 ciluted with
Isopropanol were shown in Fingures C17 and CI8, respectively. The stancard curves
were found to be linear with coefficient of cetermination 09999 and 0.9999),
respectively. These results inclicatedl that uv Spectropnotometric method wes acoeptable
for quentitative analysis of PTU in the range stuclied. The equations of stancard curves
acoorcling to Beer’s Lawwere used for calculating the concentration of PTU.

3. Accuracy

The accuracy of an analytical ethod is the closeness of test results obtained by
the method to the true value, Accuracy may often be expressed as percent recovery by
the assay of known, aockdl amourt of analyte. The percentages of analytical recovery of
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each PTU concenttration inwater and prosphate buffer pH 7.4 are shown in Table Cl ang
2 All the percentage analytical recovery of all drug concentrations In weter with a
mean of and @ %cv of, and in phosphate buffer pH 7.4 with a mean of and a %cv o,
Inclicated the high accuracy of this method. Thus, it could be used for analysis of PTU In
all concentrations used

4. Precision

The precision of an analytical method is the cegree of agreerrent among
inciviolial test results when the proceoture is appliedl repeatedly to multiple sanplings of
ahomogeneous saple. The precision of an analytical method s usuially expressed as the
stancard ceviation or relative stancard deviation (coefficient of variation)

The precision of the analysis of PTU inwter and prosphate buffer pH 74 by uv

spectrophotorretric method vies cetermned both within run precision and between rn
precision as illustrated in Tables C3-Co. All percentage coefficient of vaniation values
were lower than 200% Inciicating thet of the v spectrophotometric method used were
precise for quantitative analysis of PTUin the range stuclied.

In conclusion, the analysis of PTU inwater and phosphate buffer pH 7.4 by uv
spectrophotorretric method ceveloped in this aly showed good specificity, linearity,
acouracy and precision. Thus this method wes Used for determinetion of the content of
PTU.

1
i
200 200 ot d 00 0o
Wavelergh frm |

Foure CI - Asorption spectrumof PTU inweter ciluted with isopropandl
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Foure 2 Alsorption spectrum of PTU in phosphete buffer pH 7.4 diluted with
Isopropanol
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Figure C3  Absorption spectrum of Brij® 52:CHO:Solulan® C24 without PTU in
water diluted with isopropanol
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Foure G4 Ansorption spectrum of Brij® 52CHO:Solulan® C24 without PTU in
phosphate ouffer pH 7.4 diluted with isopropanol
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Figure C5  Absorption spectrum of Brij® 76:CHO:Solulan® C24 without PTU in
water diluted with isopropanl
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Foure G Absorption spectrum of Brj® 76.CHO:Solulan® C24 without PTU in
pimptntebuﬁerﬂ-l?zlduutedvum isopropanol
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Figure C7 Absorption spectrum of GDS:CHO:Brij® 76 without PTU in water diluted
with isopropanol
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Foure G8  Asorption spectrum of GDS:CHOBN|® 76 without PTU in phosphate
buffer pH 7.4 cllutec with isopropanol
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Foure 9  Asorption spectrum of L-5%:PEGS-L without PTU In water diluted
with isopropanol
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Foure GO Asorption spectrum of L-595:PEGS-L without PTU in phosprete ouffer
PH 7.4 diluted with isopropanol

M0 »0 @00
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Figure CI' 1 Absorption spectrum of Span® 20:CHO:Solulan® C24 without PTU in
water diluted with isopropanol
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Foure C12 - Asorption spectrum of 2:CHO:Solulan® C24 without PTU In

phosphate buffer pH 7.4 cliluted with isopropandl
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Figure C13

Absorption spectrum of Span® 40:CHO:Solulan® C24 without PTU in
water diluted with isopropanol
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Foure Cl4 - Asorption spectrum of Jan® 40:CHO:Solulan® C4 without PTU in
phosphate bouffer pH 7.4 clluted with isopropanol
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Figure C15  Absorption spectrum of Span® 60:CHO:Solulan® C24 without PTU in
water diluted with isopropanol
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Foure C16 - Asorption spectrum of 60:CHO:Solulan® C24 without PTU In
phosphate ouffer pH 7.4 iluted with isopropanol

1.00 -
0.90 -
0.80 -
0.70 -

2 0.60

T 050

3 0.40
0.30 |
0.20 -
0.10 -
0.00

Conc (pg/mL)

FoureC 17 A representative of stancird curve of stanchrd solution of PTU inwater
clilutedl with isopropanol
Where y = 00157 + 00%7x; 12= 0999
y = asorbance, « = PTU concertration (pg/ml)
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Figurée 1 A representative of stanciarcl curve of stancbrd solution of PTU in phosphete
buffer pH 7.4 ciluted with isoproparol

Where y = 00046 + 00972 2= 0999
y = asorbance, x = PTU congentration (py/ml)
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Table Cl The percentages of analytical recovery of PTU in water diluted with
isopropanol by uv spectrophotometric method

Actual concentrationof  Caloulated conoentrationof - %6Analytical recovery

PTU (pg/m) PTU (py/ml)

250 248 0.2
248 9.2
248 9.2
25/ 10280
241 %80
247 %80

50 543 .64
b48 .64
536 9145
559 10064
53 98
53 98

890 8.5 10071
85l 10012
6.30 %35
8.76 10306
8.3 9.5
843 .18

Mean %Recovery = 9.5

D =160

%cCcv = 1.60
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Table C2 The percentages of analytical recovery of PTU in phosphate buffer pH 7.4
diluted with isopropanol by u v spectrophotometric method

Actual concertrationof  Caloulated concentrationof — %6Avalytical recovery

PTU (pg/m) PTU (py/m)

250 250 10000
252 10080
204 9760
241 9740
246 %40
244 9760

590 b2 10400
562 1218
5% 10091
540 %.18
0.6 129
5% 10091

890 8.5 10059
849 %0.88
633 %.00
853 10035
849 2.8
646 %53

Mean %oRecovery = 99.9%

D =188

v =1.89
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Table C3 Thewathin run precision of PTU inweter ciluted with isopropanal by UV
Spectropnotonetric method

(1), | ORI o g
20 24536 24080 24313 24031 23078 24219 24644 00182 0.74
50 57307 56592 55821 5439 56939 5581 56157 01073 191
830 85706 85388 83777 83009 8583 8360 8468 0096 116

Table G4 Thewathin run precision of PTU in phosphate buffer pH 7.4 diluted with
Isopropanol by UV spectrophotonetric method

onchent] ZC"’"C“'aged Comﬁpg’”“g) . M D Yy
050 525 249 2478 2549 2488 2548 25000 0001 1§
550 500 5479 53E0 546 54704 SM3 54576 0413 076
850 86406 8670 86D 848 83! 83U 8IW 0T 1%

Tablecs  The between runprecision of PTU inwater ciluted with isopropandl by u v
Spectropnotonetric method

Caloulated Conc.(ugimL)

Cone.(py/mL) Do—Da? Dad Dad Dap Man  SD
250 25000 24644 25115 24557 2487 24838 002% 0%
590 5466 56157 54608 55377 55158 55153 00676 123
850 84063 84638 84908 8532 85341 84974 00343 040

% v
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Table C6 The between run precision of PTU in phosphate buffer pH 7.4 diluted with
isopropanol by uv spectrophotometric method

Caluiatl Conc g 0
OMM) i Dar 0B Dot Dap M D e
250 24617 25000 285 2489 25104 24898 00199 076
550 G518 54576 5468 508 5590 AL 00563 102
850 84T 8542 8505 86XB 86 8597 0082 0%
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Validation of HPLC Method

(The United St Pimrecopial Convertion, 2000)
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Validation for the Quantitative Determination of PTU in PBS pH 74
Solution by HPLC Method

1. Specificity

Uncer the HPLC rrethod used, the pesk chromatogram of PTU st not be
Interferedl by the peak chromatogram of other components in the sanple. The blank
vesicular suspersion (without PTU) and PTU vesicular suspension were prepared. The
chrometogram of the blank vesicular suspension wes conpered with chrometogram of
the PTU vesicular suspension.

2. Linearity

Eight stancard solutions of PTU ranging of 0.05 to10.0 py/mL for PBS systemand
01010 100 pymL for methanol system wiere prepared and analyzed. Linear regression
analysis of the alsorance versus their congentrations wes performed. The linearity wes
cktermined fromthe coefficient of cetermination.

3. Accuracy
PTUa 0.15, 50 and 85 py/mL for PBS systemand 0.30, 5.0 and 85 py/mLand
surfactart/cholesterol mixtures 100 mg/ml were prepared. Three sets of eaoh
conentration were preparec Each indiviotiel sanple wes analyzed by HPLC nrethod
and percent analytical recovery of each sanple wes calculated

4.1 Within run precision

The within run precision wes evaluated by analyzing six sets of the three
stancrd solutions of PTU in six intervals of time in the same day. The mean, stancérd
ceviation (SD) and the coefficient of variation (%CV) of each stanchrd solution were
Oktermined

4.2 Between run precision

The between run precision wes evaluated by conparing each conoentration of
five sets of stancerd solutions were prepared and analyzed In cifferent days. The mean,
starr%g dev_iraéidon (SD) and the coefficient of variation (%4CV) of each stancerd solution
\iere Cetermined,
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Validation for the Quantitative Determination of PTU in PBS pH 74
Solution by HPLC Method

The valicition of the analytical method is the process by which performance
characteristics of the method are established to meet the requirements for the intenced
analytical paraeters. The anelytical parameters used for the assay validation were
specificity, linearity, aoouracy and precision

1.Specificity

Tre specificity of an analytical method is its ability to measure the given analyte
accurately and specificity in the presence of other components in the sample. The
chrometograns (Fgure D1-D8) inclicated thet: the condltions used wes the optimal
condition giving the highest sensitivaty without interference of surfectants, cholesterol
and Solulan® C24 which showed no peak cnromatograns at the peak of intermel stanchrd
and PTU. The retention time of PTU and theophylline were about 51 and 89
respectively. Thus these two peaks were completely separated fromeach atrer.

2. Linearity

Tre lineanty of an analytical method is its ahility to elicit test results thet are
directly or by a well-cefined mathenratical transformetion, proportional o te
concertration of the analyte in samples within a given range. The linearity is usuelly
expressed in term of the vanance around the slope of the regression line calculated
accordling to an establishedl ethenvetical refationship from test results ootained by the
analysis of samples with varying concentrations of analyte,

The standard curves of PTU solution clluted with PBS and rethanol were shown
in Fgures D3-D10, respectively. The stancard curves were found to be linear with
coefficient of cetermination 0.9999 and 0.9999, respectively. These resuits inclicated thet
HPLC nrethodl wes aoceptable for quantitztive analysis of PTU in the range stuclied. The
equations of stancard curves acoording to Beer’s Law were used for calculating the
concentration of PTU.

“The anauray of ananeltical rehoc i the closeness of tst results chtirel by
the method to the true value. Accuracy may often be expressed as percent recovery by




195

the assay of known, aoced amourt of anlyte. The percentages of analytical recovery of
each PTU concentration in PBS and methanol are shown in Table DL and D2, All the
geroentage analytical recovery of all oy concentrations in water with @ mean of and a
YCV of, and in phosphate buffer pH 7.4 with a mean of and a %cV of, indicated the
high accuracy of this method. Thus, it could be used for analysis of PTU in
conoentrations used

The precision of an analytical method i the degree of agreeent among
Incivicual test results when the proceclure is applied repeatecly to multiple samplings of
ahomogeneous saple. The precision of an analytical method is usuially expressed as the
stancrd ceviation or relative stanckrd eviation (coefficient of variation).

The precision of the analysis of PTU in PBS and methanol by HPLC method wes
cktermined both within run precision and between run precision &s illustrated in Tables
D3-D6. Al percentage coefficient of variation values were lower than 200% Ingicating
tet of the UV spectrophotometric method usedl were precise for quantitative analysis of
PTU inthe range stuied.

Inconclusion, the analysis of PTU inwater PBS and methanol by HPLC rethod
method ceveloped In this study showed good specificity, linearity, accuracy and
precision. Thus this method wes used for cieterminetion of the content of PTU
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™
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0 5 10 .
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Foure DL HPLC chroetogram of PTU (30 pg/mL) and theophylline (5.0 PyfimL) in
ethandl
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Figure D4 HPLC chroetogramof (8) = Smn®40.CHO:Solulan®C24 inPBS
(0) = SEnR2:CHOSolulan® C24 in PBS
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Foure D5 HPLC chvorratogramof PTU (3.0 pymL) and theopnylline (5.0 pyml)
In GOS.CHOBN®76 inmethanal
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Foure D6 HPLC chvorratogram of PTU (3.0 pg/mL) and thegpiylline (5.0 pg/ml) in
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Houre D7 HPLC chromatogramof PTU (30 pyimL) and theapiylline (5.0 pyrml) in
Span®A0:CHO:Solulan® C24 in ethanol
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5PTU

10 .
min

Foure D8 HPLC chroetogram of PTU (3.0 pg/mL) and theaphylline (5.0 pg/ml) in

JErR2CHOS® % inetend

3.50
3.00
2.50 -
2.00
1.50

Peak area ratio

1.00 -
0.50

0.00

Concentration (pg/mL)

L 1 T T L] ] T ] T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Foure D9 A representztive of stancbrd curve of stancard solution of PTU iluted with
PBS

Where

y = 038X - 0004 7 =

0.9999

y=absorbance, x = PTU concentration (py/rmL)
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0.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Concentration (ug/mL)

Foure DIO A representative of stancard curve of stanciard solution of PTU ailuted with
methanol

Where vy = 0343 + 00062 12= 0999
y = asorbance, » = PTU concentration (pg/ml)
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Table DL The percentages of analytical recovery of PTU inwater clluted with PBS pH

14
Actual concentrationof  Calculatedl concertration of  Y6Analytical recovery
PTU (pym) PTU (pyim)

015 0153 100%
0152 10017
0153 100L20
0149 003
014 10231
0147 078

50 42 B4l
4949 BB
5005 1029
49 08
4970 040
491 08

850 8.3%9 %81
842 10049
8.504 10075
81T 003
8454 %46
848 082

Mean %%Recovery = 9.92

D =122

%cv =1.22
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Table D2 The percentages of analytical recovery of PTU diluted with methanol

Actual concentrationof  Calculated conoertrationof — Y6Analytical recovery

PTU (pg/m) PTU (py/m)
030 0.306 10083
0.2% %05
0.2%8 .34
0.2/ .07
0.2% 9.5
0.305 10066
500 5028 1005
4945 %2
493 %.10
4998 20.%
5033 1006
5012 1005
80 851 10060
8469 .64
8641 10066
8.349 %2
8610 10201
8.3%0 %859
Mean %Recovery =99.90

D =1z

%cv =1.31
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Table 33 The within runprecision of PTU diluted with PBS pH 7.4 by HPLC method

). 2Calwlat3ed Oom.ﬁpg/ni_)S TR

055 0149 01514 01501 01467 014% 01479 0143 00017 112
500 51065 52126 5065 50602 50683 50877 50%2 00615 12
85 86300 86476 83157 86187 86151 85864 854 0166 148

Table D4 Thewithin rnprecision of PTU diluted with methanol by HPLC method

) ZCaIwIaged Oomﬁpg/m_)s TR

030 0305 03kl 03000 03037 0365 02992 03028 0002 106
500 50276 49913 49756 49%5 5053 5090 50643 00616 102
850 85009 84721 8528 84638 84663 85720 8007 00618 073

Table D5 The between runprecision of PTU diluted with PBS pH 7.4 by HPLC ethod

ane(y) Cg"a“}é'aiedgism(p%’.a”y&) s M0 D Yo

015 01491 01510 0152 0149 0148 0100 00014 0%
500 50100 49769 4920 505/0 49938 49%933 00468 0%
80 8309 8367 8548 83%H3 8307 8386/ 0916 109
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Table D6 The between runprecision of PTU diluted with methanol by HPLC method

Caleulated Conc.(fig/mL
) oy G o (|%’ay4) M0 D Yoy
00 02%0 0272 0308 0209 030 0% 00088 1%
55)  A%E AL A% AN 4557 A% 0085 05
85)  BAM3 8385 8527 86IB 8GR 8% 0133 15!



Appendix E

Photographs of PTU Niosomes
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Foure E1 PolanizecHight microscopic imege of the Sen®20:CHOSlular® G:24

Foure E2 PolarizecHight microsoopic imege of the Jan®40:CHOSlular® G4
vesicles (x 400)
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Foure E3 PolarizecHight microsoopic image of the GDS.CHO:Bj® 76 vesicles (x 400)
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Figure B4 Photcgreph of nicsoms precered by @20 CHOSoar® 24 vesies
(x 1000)
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Foure B Fzmtogr?m of niosormes prepared by Span®40:CHO:Solulan® C:-24 vesicles
x 1000

Figure B Photograph of niosomes prepered by GD8.CHO:Brj® 76 vesicles (x 1000)



APPENDIX F

DSC Thermogram of PTU Niosomes
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Integral -89.56 mJ \
normalized -6.13 Jg*-1
Onset 50.82°C
Peak 5299°C
Endset 5427°C

Heating Rate  2.00 *Cmin*-1

W'l

= C

IGDS/CHO/B76/PO with drug/1
GDS/CHO/B76/PO with drug/1, 20.2300 mg

‘—l 1
Integral -138.77 mJ
normalized  -6.54 JgA-1
Onset 50.84°C
53.08°C
5446°C
2.00 *Cmin*-1

Integral -104.60 mJ
IGDS/CHO/BT6/PO with drug/2 nommakzed ;&{%‘"
GDS/CHO/B76/PO with drug/2, 21.2200 mg Qo oy
IGDS/CHO/BT&/PO with drug/3 o S e RO
GDS/CHO/B76/PO with drug/3, 14.6000 mg Hesting :
T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 2 35 40 45 50 55 60 s 'C
Lo VETTLER VEITLERTOHDO STAR® 70

Foure F DSC thermmogram of GDS.CHO:BHj® 76 niosomes

Integral -113.75mJ
normalized -7.58 JgA1
Onset 40.35°C
Peak 4280°C
Endset 4370°C
e A A A i o o S S o LA A e m
6 1 16 21 28 31 38 41 46 51 58 °C
Lab: Pharma METTLER TOLEDO STAR®* SW 7.00

Figure 2 DSC thermogram of Span®40: CHO:Solulan® C24 nicosomes
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Span20/CHO/Sol/1 with drug, 06.07.2004 17:34:57
Span20/CHO/SoV1 with drug, 15.0000 mg

| ) B R S N BEEE S R mmm ey R e R DR s~ —— = |~ i Cagh NEEM NNER S S R PRSI Owwi BNE) ST NDow JENN PR DN RENN SN
20 -10 0 10 20 30 40 50 °C

lj.b: Pharma METTLER TOLEDO STAR® SW 7.00

0.2
Wgh-1

-2.19mJ
normalized  -0.11 Jg*-1
Onset 4.60°C
Peak -3.98°C
Endset 3.56°C
Heating Rate  2.00 *Cmin*-1
_J LefArea  60.55%
RightArea  39.45%

] v T v T v T T T T T M T T T v ]
| -18 -18 -14 12 -10 8 - -4 \2 <

Lab: METTLER METTLER TOLEDO STAR® SW 7.00

Foure F4 DSC thermogramof L-595:PEG-8-L niosomes
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