CHAPTER 3
RESULTS

3.1 Characteristics of liposome formulations

Nine liposome formulations were prepared and their characteristics in physical

appearances, pH and sizes were investigated.

3.1.1 The physical appearances of liposome formulations

Nine liposome formulations were prepared and their physical appearances after 24
hrs were shown in Table 3.1. Liposome formulations number 1 to 3 showed sedimentation
after 24 hrs. Formutations number 4 to 8 gave favorable physical appearances and were

selected for further studies.

Table 3.1 : Physical appearances of nine liposome formulations prepared after 24 hrs

No. Formulation Physical Appearance
1 72 Translucent, white dispersion with sedimentation
2 7:2 (5%TA) Translucent, white dispersion with sedimentation
3 72 (10%TA} Transiucent, white dispersion with sedimentation
4 7:2:1(+) Translucent, white dispersion with no sedimentation
5 7:2:1 (5%TA,+) | Translucent, white dispersion with no sedimentation
6 | 7:2:1 (10%TA,+) | Transiucent, white dispersion with no sedimentation
7 7219 Transiucent, white dispersion with no sedimentation
8 7:2:1 (5%TA,-) | Translucent, white dispersion with no sedimerit_ation
9 7:2:1 (10%TA,-} | Translucent, white dispersi_on with no sedimentation




Figure 3.1 : Physical appearances of the freshly prepared liposome formulations from left to
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3.1.2 pH measurement of liposome formulations

The pH values of six liposome formulations measured by a pH meter were listed in
Table 3.2. When TA dissolved in DI water and entrapped in both positively and negatively
charged liposome formulations, the pH values were increased except the blank negative

liposome.

Table 3.2 : The pH values of six liposome formulations comparing to DI water, 5%TA solution

and 10%TA solution in DI water

Formulations pH values Mean SD %CV
1 2 3
Dl water 6.24 6.30 6.35 6.2967 0.0551 0.8747
5%TAIn 755 | 7.49 7.50 7.5133 0.0321 0.4278
DI water

10%TA in 7.58 7.58 7.56 7.5733 0.0115 0.1525

Dl water
7:2:1 (+) 7.64 7.53 7.60 7.5900 0.0557 0.7336
7:2:1 7.93 7.92 7.90 7.9167 0.0153 0.193C
(5%TA,+)
7:2:1 7.89 7.84 7.84 7.8567 0.0289 0.3674
(10%TA +)
72:1 () 3.55 3.27 3.49 1 3.4367 0.1474 4.2897
721 6.95 6.79 6.95 6.8967 0.0924 1.3394
(6%TA.-)
7:2:1 7.13 7.12 7.12 7.1233 0.0058 0.0811

(10%TA.-)
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3.1.3 Particle size and particle size distribution of liposomes

The mean particle size of six liposeme formulations after 10-days preparation by a
Light Scattering Particle Analyzer was shown in Table 3.2, Blank positively and negatively
charged liposome and the positively charged liposome with the entrapped 5% and 10% TA
had larger particle size of about 10 times than the negatively charged liposome with the
entrapped drug. The size distribution of liposome formulations were shown in Figures 3.2 to

3.13.

Table 3.3 : Mean particle size (im) of six liposome formulations

Formulations Particle size (jLm) Mean
Lot.1 Lot2
7:2:1 (+) 18.27 17.52 17.89
7:2:1 17.17 17.83 17.50
{5%TA,+)
721 35.63 36.18 35.85
(10%TA,+)
721 () 24.81 24.75 24.78
7:2:1 2.75 278 2.76
(5%TA,-)
7:2:1 2.07 2.03 2.05
(10%TA,-)
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Figure 3.2 : Particle size (Jm) distribution of 7:2:1 (+) Lot.1
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Figure 3.3 : Particle size (Llm) distribution of 7:2:1 (+) Lot.2
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Figure 3.4 : Particle size (JLm) distribution of 7:2:1 (5%TA,+) Lot.1
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Figure 3.5 : Parficle size (Llm) distribution of 7:2:1 (6%TA.+) Lot.2
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Figure 3.6 : Particle size (im) disfribution of 7:2:1 (10%TA,+) Lot.1
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Figure 3.7 : Particle size (Jm) distribution of 7:2:1 (10%TA.+) Lot.2
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Figure 3.10 : Particle size (JAm) distribution of 7:2:1 (6%TA, -} Lot.1
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3.1.4  Morphology of lipesome formulations determined by a transmission electron

microscopy (TEM)

The morphology and lamellanty of multlamellar liposome formulations was
delermined by a transmission electron microscopy. The migrographs of 7:2:1 (+).7:2:1
(5%TA+) and 7:2.1 (5%TA.-) were shown in Figure 3.18 to 3.16 respectively. About 8 to 15

bilayers were seen

Figure 3.14 : The morpholegy and lamellarity of the blank 7:2:1 (+) liposome formulation,

GO0
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Figure 3.15 : The momphology and lamellanity of 7:2:1 (53:TA.+) liposome formulation, 5000x

Figure 3.16 ; The morphology and lamellanty of 7:2:1 (5%TA -) liposome formulation, 6000x
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3.1.5 Thermal analysis of liposome formulations

3.1.5.1 Glass transition temperature (T)

Glass Transiton Temperatures of Emulmetik 950®, cholesterol,
stearylamine, dicetyl phosphate, tranexamic acid, 7:2:1(10%TA, +) and 7:2:1(10%TA, —)7
liposome formulations by a thermogravimetric analyzer with the scanning rate of 20 °C / min
from 40 °C to 500 °C were shown in Table 3.4 and Figures 3.17 to 3.24. The results
indicated that Emulmetik 950®, cholesterol, dicetyl phosphate, tranexamic acid, 7:.2:1
(10%TA, +) and 7:2:1(10%TA, -} liposome formulations decomposed at temperature
approximate by higher than 200 °c except stearylamine which decomposed at lower than

200 °C.

Table 3.4 : The glass fransition temperature °c ) of Emulmetik 950 ", cholesterol,
stearylamine, dicetyl phosphate, franexamic acid 7:2:1(10%TA, +) and 7:2:1

(10%TA, -} liposome formulations.

Formulation © The giass transition temperature ( °c)

Emulmetik 950® 257.77
Cholesterol 246.66
Stearylamine 162.22
Dicetyl Phosphate 218.47

Tranéxamic ACId o 223.63 “ ———
7:2:1(10%TA.+) 22022
7:2:1(10%TA,) 229.63
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Figure 3.17 : The glass fransition temperatures ( °C ) of Emulmetik 950® (No.1), cholesterol
{No.2), stearylamine (No.3), dicetyl phosphate (No.4), tranexamic acid, 7:2:1
(10%TA, +) (No.5), and 7:2:1(10%TA, -) {No.6) linosome formulations
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Figure 3.18 : The glass transition temperatures of Emuimetik 950~ was 257.77 °c
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Figure 3.19 : The glass transition temperatures of cholesterol was 246.66 °c
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Figure 3.20 : The glass transition temperatures of stearylamine was 162.22°C
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Figure 3.21 : The glass transition temperatures of dicetyl phosphate was 218.47 °Cc
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Figure 3.22 : The glass transition temperatures of tranexamic acid 223.63 °’c
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Figure 3.23 : The glass transition temperatures of 7:2:1 (10%TA, +) liposome formulations

was 222.22°C
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Figure 3.24 : The glass transition temperatures of 7:2:1 (10%TA, -) liposome formulations
was 229.63°C '
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3.1.5.2 Transition temperature (T} and enthalpy of transition (AH)

Transition temperatures and enthalpy of transition of Emulmetik 950®. cholesterol,
stearylamine, dicetyl phosphate, tranexamic acid 7:2:1(+), 7:2:1(6%TA,+), -), 7:2:1(10%TA,
+) 7:2:1(+), 7:2:1(5%#\, -} and 7:2:1(10%TA, -) liposome formulations by DSC with the
scanning rate of 5 °C / min from 20 to 200 °C were shown in Tables 3.5 to 3.6 and Figures
3.25 to 3.29. The transition temperatures of the positively and negatively charged lipocsome
formulations with and without the entrapped drug were not different.  The enthalpy of
transition of the positively and negatively charged fiposome formulations without the
entrapped drug was higher than that of the positively and negatively charged liposome
formulations with the drug. The tranexamic acid exhibited no transition temperature and the

enthalpy of transition when scanned in the range of 20 to 200 °C.

Table 3.5 : The transition temperatures ( °C ) of Emulmetik 950®. cholesterol, stearylamine,
dicetyl phosphate, tranexamic acid 7:2:1(+},7:2:1(6%TA+), 7:2:1
(10%TA,+),7:2:17:2:1(-), (5%TA, -).7:2:1(10%TA, -} liposome formulations

Formulation Transition temperature ( UC) _
1 2 Mean
Emulmetik 950° 61.50 61.00 61.75
Cholesterol 149.50 149.83 149.66
Stearylamine 57.50 56.66 57.08
Dicetyl Phosphate 79.50 79.16 79.33
7:2:1(+) 78.00 77.50 77.75
7:2:1(5%TA,+) 76.50 76.00 76.25
7:2:1(10%TA4) 76.33 77.83 | 77.08
72:1() 69.66 7 70.33 70.00
72:1(5%TA,-) 7100 '71.66 _?;33 B
7:2:1(10%TA,-} 70.50 71.16 70.83

Note : There was no peak of tranexamic acid in the thermogram
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Table 3.6 : The enthalpy of transition {A HJ/g) of Emulmetik 950®. cholesterol, stearylamine,
dicetyl phosphate, tranexamic acid 7:2:1(+),7:2:1(8%TA,+), 7:2:1(10%TA, +)
7:2:47:2:1(), (5%TA, -),7:2:1(10%TA, -} liposome formulations

Fermulation Enthalpy of transition (  J/g)
1 2 Mean
Emulmetik 950° 31.56 4546 38.51"
Cholesterol 65.94 67.34 66.64
Stearylamine . 25630 331.19 203.74
Dicetyl Phosphate 185.71 188.25 186.98
7:2:1(+) 55.19 / 44.89 50.04
7:Z1(5%TA+) 11.60 : 12.05 11.82
7:2:1(10%TA,+) 6.58 10.05 8.31
7:2:1(-) 52..87 3r.85 - 45.36
7:2:1(5%TA~) 12.70 16.66 14,60
7:2:1(10%TA.-) 406 8.60 6.33

32 Quantitative analysis of tranexamic acid (TA)

3.2.1 Standard curve of TA

The reference standard TA at concentrations of 4.00, 8.00, 12.00, 16.00, and 20.00
Hg/ml in DI water were prepared in tripicate. The absorbance of each sample after
derivertized with 24,6 ftrinitrobenzosulfonic acid was measured at A 415 by ‘a
spectrophotometer in duplicate of 3 lots. The absorbances ﬁem shown in Tables 3.7 to 3.9
and the standard curve was constructed and presented in Figure 3.30. The data from the
standard curve of TA when fitted with regression analysis gave r* close to 1 (0.9937). This

confirmed that the quantitative analysis of TA used in this study gave high accuracy with

precision.
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Figure 3.25 : DSC Thermograms of Emulmetik 950® {No.1), cholesterol (No.2), stearylamine
{No.3), dicetyl phosphate {No.4), and tranexamic acid (No.5).
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Figure 3.26 : DSC Thermograms of {7:2:1,+)} (No.1), and 7:2:1 (5%TA,+)' {No.2)
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Figure 3.27 : DSC Thermograms of {(7:2:1,+) (No.1), and 7:2:1 (10%TA,+) (No.2)
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Figure 3.28 : DSC Thermograms of (7:2:1,-) (No.1), and 7:2:1 (5%TA,-) (No.2)
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Figure 3.29 : DSC Thermograms of (7:2:1,-) (No.1), and 7:2:1 (10%TA,-} (No.2)
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Table 3.7 : Absorbance (A = 415 nm) of various concentrations of the reference standard TA

in Di water (Lot.1)

Conc. Absorbance Lot. 1
(pg/mi) 1 2 Mean
0 0 0 0
7 | o010 " 0.190 1T oas0
8 0.400 0.400 0.400
12 0.628 0.630 0.629
16 0.794 0.794 0.794
20 0.930 0.928 0.929

Table 3.8 : Absorbance (A = 415 nm) of various concentrations of the reference standard TA

in Di water (L ot.2)

Cone. Absorbance Lot. 2

(ng/mi) 1 2 Mean
0 0 0 ‘ 0
4 0.188 0.188 0.188
s | o040 | 040 ' 0.400
12 0.617 0617 0617
16 0.797 0801 0.799
20 0.927 0.927 0.927
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Table 3.9 : Absorbance (A = 415 nm} of varicus concentrations of the reference standard TA

in Dt water (Lot.3)

Conc. Absorbance Lot. 3

(ng/mi) 1 2 Mean
0 0 0 0
4 0.192 0.192 0.192
8 0.399 0.399 0.399
12 0.631 0.631 0.631
16 0.804 0.804 0.804
é.O 0.927 ] b.927 0.927

Table 3.10 : Absorbance (A = 415 nm} from tripicate analysis of the reference standard TA

solution
Conc.( pg/mt) | Mean Lot.1 | Mean Lof_é Mean Lot3| Mean SD %CV

0 0 0 0 0 0 0

4 0.190 0.188 0.192 0.1900 0.0020 1.0626
8 0.400 0.400 0.399 0.3897 “0.0006 0.1445
12 0.629 0.617 0.631 0.6257 0.00TG 1.2102
16 0.794 0.799 0.804 ‘ 0.7990 0.0050 0.6258
20 0.929 0.927 0.927 0.9277 0.0012 0.1245
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Figure 3.30 : The standard curve of standard TA in DI water (r2 =0.9837 and y = 20.7803 X -

0.1942) .
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3.22 \Validation of the assay of tranexamic acid (TA) by a spectrophetometric

method
In this study, spectrophotometric method was developed for the determination of TA

by measuring the absarbance of the derivative of TA formed with 2,4,8 trinifrobenzosulfonic
acid. The percentage recovery of TA in solution when assayed by a spectrophotometric
method was compared with the potentiometric titration method using t test and F test. At the
95% confidence level there was no significant difference between these two methods. (Table
3.11). The percentage of recovery of TA in liposome formulations which assayed by

spectrophotometric methods was showed in Table 3.12.

Table 3.11 : Comparison of the percentage recovery of TA determinafion by

spectrophotometric and potentiometric fitration methods

Method 2.5% TA solution (% Recovery) | Mean + S.D. %CV

Lot.1 Lot.2 Lot.3
Spectrophotometric 103.77 102.21 103.2 {103.08 F0.79 0.77

Potentiometric titration | 104.40 106.80 104.40 |io800+ 138  1.31

Table 3.12 : Percentage recovery of TA in liposome formulations determined by a

spectrophotomefric method

Formulation Liposome Lot.1 Liposome Lot.2 Mean £ S.D.
1 2 1 > |
7:2:1 (b%TA,+) 94.09 94.46 93.12 93.42 93.77 +0.61

7:2:1 (10%TA,+) 103.79 103.40 104.74 104.52 104.66 + 0.64

7:2:1 (5%TA.) 9144 | 9144 95.38 | 94.86 93.28 £ 2.14

7:2:1 (10%TA,-) 103.45 104.01 103.69 103.54 103.67 X 024
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3.3 Determination of the percentages of tranexamic acid (TA) entrapped in lfposome

formulations

The amount of TA (mg) in supernatant and pellets and the percentages of TA

entrapped in liposomes were presented in Tables 3.13 to 3.15 respectively. liposome

formulations The percentages of loading of TA in |posome formulations were also shown in

Table 3.16

Table 3.13 : Amount of TA {mg) in supematant of the 1 g liposome formulations

Formulation Supernatant
Liposome Lot.1 Liposome Lot.2 Mean =+ S.D.
1 2 1 2 _,
7:2:1 39.87 40.05 40.05 4005 | 40.01£0.09
(5%TA,+)
7:2:1 87.86 87.51 89.30 89.12 88.45 1+ 0.90
(10%TA,+)
7:2:1 38.34 38.34 40.51 40.33 30.38 £ 1.20
(5%TA-)
7:2:1 89.57 89.94 90.31 90.13 89.99 4 0.32
(10%TA,-)




Table 3.14 : Amount of TA (mg) in pellet of the 1 g liposome formulations

Formutation Peli.et
Liposome Lot.1 Liposome Lot.2 Mean £ 8.D. -
1 2 1 2
7:2:1 7.18 7.18 6.51 6.66 6.88 £0.35
(5%TA.+)
7:2:1 15.93 15.89 15.44 15.44 15.67 T 0.27
(10%TA,+)
7:2:1 7.38 7.38 7.18 7.10 7.26 X0.14
(5%TA,-)
721 13.88 14.06 13.38 13.42 13.68 +0.34
(10%TA-)

Table 3.15 : Percentages of TA entrépped in various liposome from liposome formulations

Formulation %TA enfrapped in liposomes Mean 1 S.D.
Liposome Lot.1 Liposome Lot.2
1 2 1 2
7:2:1 1525 | 1519 | 1398 | 1425 | 1467£065
(5%TA,+)
721 15.35 15.37 14.74 14.77 15.05 £ 0.35
(10%TA.+)
721 16.14 16.14 15.05 - 14.97 15.58 + 0.66
{5%TA.-)
7:2:1 1341 13.52 12.90 12.96 13.20 £ 0.31
(10%TA,-)
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3.4 Stability study of tranexamic acid (TA) entrapped in liposome formulations

3.4.1 Physical stability
3.4.1.1 Physical appearance
The physical stability of 7:2:1(+), 7:2:1(5%TA,+), 7:2:1{(10%TA,+), 7:2:1(-), 7:2:1

(5%TA, -) and 7:2:1(10%TA, -} liposome formulations when freshly prepared and kept at 4 *

1,301+ 1 and 451 1 °C was observed at 30, 60 and 90 days. The physical appearance of

liposome formulations was investigated and shown in Tables 3.17 to 3.20 and Figures 3.31

to 3.33. The negatively charged lipsome without the entrapped drug [7:2:1(-)] was
sedimented at 45 + 1 °C after 30 days and at30 X1 °C after 60 days. After 90 days, the

positively charged lipsome with and without the entrapped drug gave more turbidity maore

than the negatively charged lipsome with and without the drug.

Table 3.17 : The physical appearance of the freshly prepared 7:2:1(+), 7:2:1(6%TA ),
7:2:1(10%TA,+), 7:2:1(-), 7:2:1(6%TA, -), and 7:2:1(10%TA, -} liposome

formulations
Formulation Physical appearance of the freshly prepared liposome formulations
Sedimentation Floceulation Turbidity

7:2:1 (+) No No +1
7T2:1(5%TA,+) No No +1
T:201(10%TA,+) No No +1
7:2:1 () No No +1
T:2:1(5%TA~) No No +1
7:2:1010%TA,-) No No +1

Note : +1 to +7 indicated the degree of increasing turbidity
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Table 3.18 : The physical appearance of 7:2:1(+), 7:2:1(5%TA,+), 7:2:1(10%TA,+), 7:2:1(},
7:2:1(6%TA, -), and 7:2:1(10%TA, -) liposome formulations when kept at 4 +1
.30t 1 and 45+ 1°C for 30 days

Physical appearance of liposome formulations for 30 days

Formulation Sedimentation Flocculaton Turbidity
4% | 30% | 45°% | 4% [ 30°C|45°C | 4°C | 30°C | 45°C
7:2:1(+) No No No No No No +1 +2 +2

7:2:1(5%TA,+) No No No No No No +1 +2 +2

7:2:1(10%TA,+) | No No No No No No +1 +2 +2

7:2:1() No No Yes Yes Yes Yes +1 +1 +1

7:2:1(5%TA,-) No No No No No No +1 +1 +1

7:2:1(10%TA-) No No No No No No +1 +1 +1

Note : +1 to +7 indicated the degree of increasing turbidity

Table 3.19 : The physical appearance of 7:2:1(+), 7:2.1(5%TA,+), 7:2:1(10%TA+), 7:2:1(),
7:2:1(5%TA, ), and 7:2:1(10%TA, -} liposome formulations when kept at 4 +1,
3011 and 45 1°C for 60 days

Physical appearance of fiposome formulations for 60 days

Formulation Sedimentation Flocculation Turbidity

4°% | 30% 145°% | 4°C | 30°C|45°C | 4% |30°% |45°C

7:2:1(+) No No No No No No +1 | +3 +6

7:2:1(6%TA,+) No No No No No No +1 +3 +4

7:2:1(10%TA+) | No No No No No No +1 +3 +3

7:2:1(-) No Yes | Yes Yes Yes | Yes +3 +3 +3

7:2:1(5%TA,-) No No No No No No +1 +1 +1

7:2:1(10%TA,-) No No No No No No +1 +1 +1

Note : +1 to +7 indicated the degree of increasing turbidity
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Table 3.20 : The physical appearance of 7:2:1(+), 7:2:1(5%TA,+), 7:2:1(10%TA,+), 7:2:1(-),
7:2:1(5%TA, -), and 7:2:1(10%TA, -} liposome formulations when kept at 4 T1,

3011 and 45 X1 °C for 90 days

Physical appearance of liposome formulations for 90 days

Formulation Sedimentation Fiocculation Turbidity

4% |30°c | 45°%C | No No | No | 4°% |30° |45°C

7:2:1(+) No No No Yes Yes | Yes +1 +3 +7

7:2:1(5%TA,+) No No No No No No +1 | +5 +4

7:2:1(10%TA,+) No No No No No No +1 +5 +4

7:2:1(-) Yes Yes Yes Yes Yes Yes +3 +5 +5

7:2:1(5%TA-) No No No No No No +1 +1 +3

7:2:1(10%TA,-) No No No No No No | +1 +1 +1

Note : +1 to +7 indicated the degree of increasing turbidity

3.4.1.2 The amount of the remaining  Tranexamic acid (TA) entrapped in
liposomes of various liposome formulations

The amount of TA remaining in fiposome formulations of T2:1(6%TA+) , 721
(10%TA,+) , 7:2:1(5%TA) and 7:2:1(10%TA,-) when keptat4 £ 1,30 1and 45 1°C for
0, 14, 30, 60 and 90 days were demonstrated in Tables 3.22 to 3.25 and Figures 3.34 to
3.36. |

The kinetic stability study of TA remaining in liposome formulations was investigated.
The sheif life as well as the leakage rate of TA from liposome formulations were calculated
by substituting in the equation of zero order, first order, and Higuchi model. These
equations were demonstrated in Appendix. The r square values from these equations were
deten’nined. From Table 3.29, the first order kinetics of all liposome formulations appeared
to give the r square value higher than the zero order and Higuchi model. Thus, the first order
kinetics was used to predict the degradatior: rate of TA in liposome formulations at each

temperature. The leakage rate can then be converted to the periods when the contents of TA



Figure 3.31 : The physical appearance of the prepared liposome formulations when stored
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remaining 90% (shelf life, 1,)). The leakage rates and the shelf life of each formulation at
each temperature were shown in Table 3.21 and Figure 3.25. The leakage rate in the
positively charged liposome was more than the negatively charged liposome and the
leakage rate was increased with increasing temperature.

From Table 3.28 : The % remaining of TA in liposomes was calculated by fitting the
data to zero order, first order and the Higuchi model. The correlation coefficient from the first
order showed higher relation than the zero order and Higuchi model. Thus, the leakage rate
from the first order was used to predict the shelf life of liposome formulations showed in
Table 3.29. The histogram of the predicted shelf life from Table 3.29 was presented in
Figure 3.37.

3.42 Chemical stability

The amount of TA in various liposome formulations showed the highest stability of
about more than 90% of the drug remaining at 4, 30 and 45 °C for 90 days.

The kinetic chemical stability study of TAwas investigated. The shelf life as well as
the degradaticn rate of TA in liposome formmaﬂons were calculated by substituting in the
equation of zero order, first order, and Higuchi modei. | These equations were demonstrated
in Appendix. The r square values from these equations were determined, From Table 3,37,
the kinetics chemical of zero o}'der, first order, and Higuchi model of all liposome
formulations appeared to give the r square value no significant different. But, the

degradation rate of the drug was increased with increasing temperature.



86

Table 3.21 : The percentage rematning amounts of TA entrapped in liposome of the 7:2:1

(5%TA +) liposome formutation when keptat4 &1, 30 & 1 and 45 & 1 °C for 0,

14, 30, 60 and 90 days

7:2:1(5%TA,+) 4E1°% 30+1°C 45+1°C
Total TA in supematant 40.01 +0.07 40.01 * 0.07 40.01 X 0.07
Oday | ofliposome 1g{mg/g)
Total TA in pellet of 6.88 £ 0.42 6.88 T 0.42 6.88 1 0.42
{iposome 1 g (mg/ g) |
% remaining 100 £ 0.00 100 % 0.00 100 £ 0.00
Total TA in supematant 38.11 £ 0.19 37.71 X 0.61 37.90% 1.15
14 of liposome 1g (mg/ g)
days Total TA in pellet of 5.95 £ 0.05 6,124+ 0.03 5.88£0.01
liposome 1 g (mg/g)
% remaining 92.19 + 4.58 95.45 1 4.50 91.61%7.39
Total TA in supematant 37.33£ 0.19 37.3310.20 38.6240.19
30 of liposome 1g(mg/q)
days | Total TA in pellet of 578 & 0.20 5.560.29 5.70%0.51
liposome 1 g {mg/q) | _
% remaining 91.62 I 8.00 88.72%1.17 87.6612.10
Total TA in supematant 37.99 +0.24 37.19%3.88 35.92%4.30
60 of liposome 1 g (mg /@)
days Total TA in peliet of 6.2610.42 5.48+0.67 4,3610.32
liposome 1 g{mg/g)
% remaining 83.20%5.83 74.9513.45 68.5619.04
Total TA in supematant 39.71%1.53 38.1740.71 36.8910.19
a0 of liposome 1 g (mg/q)
days Total TA in pellet of 472%0.34 3.8810.37 3.6240.24
liposome 1 g (mg/g)
% remaining 75.9016.17 67.6510.41 61.72£0.63
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Table 3.22 : The percentage remaining amounts of TA entrapped in liposome of the 7:2:1

(10%TA, +) liposome formulation when keptat4 £ 1,303 1 and 45t 1 °C for

0. 14, 30, 60 and 90 days

7:2:1(10%TA,+) 4+£1°C 30x1°C 4511°C
Total TA in supematant 88.99%0.32 88.9940.32 88.9910.32
Oday | ofliposome 1g(mg/ Q)
Total TA in peliet of £.8810.42 6.881:0.42 6.8810.42
liposome 1 g{mg/g)
% remaining 100.00 100.00 100.00
Total TA in supematant |  8g.0010.19 91.0810.46 87.161:0.89
14 of liposome 1 g (mg/g) |
days Total TA in pellet of 15.5610.05 14.6540.03 15.79%0.12
liposome 1g (mg/g)
% remaining 99.4242.01 96.5011.31 97.4312.41
Totai TA in supematant 87.0310.19 90.67%0.20 87.0310.19
30 of liposome 1 g (mg/g)
days Total TA in pellet of 14.881+0.35 14.76%£1.05 14.14740.83
liposome 1 g (mg/g) ‘
% remaining 98.73+0.35 93.4143.56 88.90:2.31
Total TA in supematant 88.94+1.69 80.4614.06 77.2612.15
60 of liposome 1 g (mg / g} |
days Totat TA in pellet of 13.29+3.09 10.731:0.05 11.0540.53
liposome 1 g (mg/g)
% remaining 82.2115.58 78.581+5.28 73.7010.08
Total TA in supematant 87.297%0.65 83.85+0,71 84.55%1.27
90 of liposome 1 g (mg/ g)
days Total TA in pellet of 12.08+0.03 10.1510.24 9.7510.35
liposome 1 g (mg/g)
% remaining 78.2611.26 72.02£3.32 69.061+1.63
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Table 3.23 : The percentage remaining amounts of TA entrapped in liposome of the 7:2:1

(5%TA.-} lipesome formulation when kept at 4 +1,30+ 1and 45+ 1 °C for 0,

14, 30, 60 and 90 days

7:2:1(5%TA) 4x1° 30t1°C 45%+1°%
Total TA in supematant 39.38%1.47 30.381%1.47 30.38%1.47
Oday | ofliposome1g(mg/q)
Total TA in pellet of 7.2610.17 7.2610.17 7.2610.17
liposome 1 g (mg/g)
% remaining 100.00 100.00 100.00
Total TA in supernatant 40.1611.18 40.4810.91 42.081.25
14 of iposome 1 g (mg/ Q)
days Total TA in peliet of 7.4210.11 7.1610.09 6.81+0.21
liposome 1 g (mg/qg)
% remaining 100.22%1.45 94.921t1.16 98.14£0.41
Total TA in supematant 41.3111.18 40,73:£0.07 41.31%1.18
30 of liposome 1 g (mg/q)
days Total TA in pellet of 5.6510.55 5.82£0.60 5.3310.10
liposome 1 g (mg/g)
% remaining 87.8316.24 84.4812.15 86.97+0.22
Total TA in supematant 40.05%0.33 38.4130.20 36.2410.31
60 of liposome 1 g (mg/ g)
days Total TA in pellet of 5.13%1.00 4.94+0.48 5.091+0.74
liposome 1 g {mg/g)
% remaining 79.7517.14 77.8012.65. 75.0317.29
Total TA in supematant 39.7810.39 40:36+0.20 40.104+0.64
a0 ofliposome 1 g (mg/ g}
days Total TA in pellet of 5.9210.12 4,2540.30 4,9230.37
liposome 1 g{mg/g)
% remaining 83.20+2.12 76.3317.32 73.12+1.17
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Table 3.24 : The percentage remaining amounts of TA entrapped in liposome of the 7:2:1

(10%TA.-) liposome formulation when keptat4 £ 1, 30 & 1 and 45 £ 1 °C for 0,

14, 30, 60 and 90 days

7:2:1(10%TA9) 4t1°C 30£1°C 4511°C
Total TA in supematant 89.99+0.33 89.9910.33 89.991+0.33
Oday | ofliposome 1g(mg/g)
Total TA in pellet of 13.68=+0.40 13.6810.40 13.68:1+0.40
liposome 1g{mg/Q)
% remaining 100.00 160.00 100.00
Total TA in supernatant 87.66-1.22 93.46%0.13 90.5140.90
14 ofliposome 1 g (mg/g)
days Total TA in peliet of 14.37£0.10 14,08£0.03 14.0810.33
liposome 1 g{mg/g)
% remaining 103.02%1.11 99.213.24 102.0540.22
Total TA in supematant 91.51%1.18 91.51£0.07 90.0611.18
30 of liposome 1 g {mg/ g) |
days Total TA in petliet of 12.80-£0.35 12.971+1.33 12.8540.10
liposome 1 g (mg/ g)
% remaining 96.521£0.75 97.6516.05 93.8040.83
Total TA in supernatant 81.107%1.12 97.3110.20 83.97%0.14
60 of liposome 1 g (mg/ g)
days Total TA in pellet of 11.4710.27 11.854:0.38 10.5110.25
liposome 1g(mg/g)
% remaining 93.20+1.82 87.40::0.12 84.20+4.51
Total TA in supematant 81.6473+1.15 80.231+0.20 83.0712.33
90 ofliposome 1g (mg/g)
days Total TA in pellet of 11.42+0.12 11.9040.69 10.66 £0.05
liposome 1 g {mg/ Q)
% remaining 93.0612.77 88.2915.57 85.4315.39
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Table 3.25 : Comparison of the percentages of the remaining TA entrapped in liposome of

various liposome formulations when kept at 4 £ 1 °C for 0, 14, 30, 60 and 90

days
Day (s) 7:2:1 (5%TA+) | 7:2:1 (10%TA+) | 7:2:1 (B%TA) | 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 92.19 99 .42 100.22 103.02
30 91.62 98.73 87.83 96.52
60 83.20 82.21 79.75 93.92
90 75.90 78.26 83.20 93.09
120 -
100
2 =8
k=
1]
§ 60 -
<«
£ 40
20
0 T T 1
0 30 80 90
Time (Day)
——7:2:1 (5%TA+) —B—7:2:1 (10%TA+) —h—T7:2:11 (5%TA,-) —W— 7:2:1 (10%TA-)

Figure 3.34 . The comparison of the percentages of the remaining total TA entrapped in
liposome of various liposome formulations when kept at 4 & 1 °C for 0, 14, 30,

60 and 90 days
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Table 3.26 : Comparison of the percentages of the remaining TA entrapped in liposome of

‘various liposome formulations when kept at 30 = 1 °C for 0, 14, 30, 60 and 90

days
Day (s) 7:2:1 (5%TAL) [ 7:2:1 (10%TA ) | 7:2:1 (B%TA-) | 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 95.45 96.50 94.92 99.21
30 88.72 93.41 8148 | o765
60 74.95 78.58 77.80 87.40
30 67.65 72.02 76.33 88.29

o
£
=
£
k> 60 —
<
,—
- 40
20 4
! 0 T T T T :
0 20 40 60 80 100

Time {Day)

——7:2:1 (5%TA+) —B—7:2:1 (10%TA,+) —&— 7211 (B%TA-) —B—7:2:1 (10%TA,-)

Figure 3.35 : The comparison of the percenfages of the remaining teial TA entrapped in
liposome of various liposome formulations when kept at 30 & 1 °C for 0, 14,

30, 60 and 90 days
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Table 3.27 : Comparison of the percentages of the remaining TA entrapped in liposome of

various liposome formulations when kept at 45 & 1 °C for 0, 14, 30, 60 and 90

days
Day (s) 7:2:1 (5%TA+) [ 7:2:1 (10%TA+) | 7:2:1 (5%TA-) | 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 91.61 97 .43 98.14 _ 102.05
30 87.66 88.90 : 86.97 9380
60 68.56 - 73.70 75.03 8429
80 61.72 69.06 73.12 85.43

128 4

100

[#3]
(=)

%TA Remaining
[)]
<

Y
o
1

]
o
]

Time {Day)

—O—T:2:1 (B%TA,+) —W—T:2:1 (10%TA+) —d— 721 (B%TA,-) ——7:2:1 (10%TA,-)

Figure 3.36 : The comparison of the percentages of the remaining total TA entrapped in
liposome of various liposome formulations when kept at 45 + 1 °C for 0, 14,

30, 60 and 90 days
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Table 3.29 : The predicted shelf life of the TA in liposome of various liposome formulations

Formulation Shelf life (days)
4°C 30°C 45°C
7:2:1 (5%TA, +) 35.07 22.80 19.00
7:2:1 (10%TA, +) 35.07 26.82 2280
7:2:1 (5%TA, -) 4559 32.57 26.82
7:2:1 (10%TA, -) 65.13 - 4559 35.07
T0 —
60 —

Shetf life {Days)

A A

Formulation

Figure 3.37 : The histograms of the predicted shelf life (days) at 4 = 1,30+ 1 and 45+ 1

°C of liposome formulations.
= - 4+1°C [ - 30+1°C i - 45+1°%

1= 721 6%TA+) 2 = 7:211 (10%TA+) 3 = 721 (5%TA+4) 4 = 7:2:(10%TA,+)
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Table 3.30 : The total amounts of TA and the percentage of TA left comparing to at initial time
in the 7:2:1(5%TA,+} liposome formulation (1 g) wheh atd 1, ‘30 +1and 45

4+ 1°Cfor 0, 14, 30, 60, and 90 days

7.2:4(5%TA+) 41+1° 30+1°%C 4511°C
Total TA in supematant 40.01 40.01 40.01
0 day | ofliposome 1g{mg/g)
Total TA in pellet of 6.88 6.88 6.88
liposome 1 g (mg/g)
Total (mg) 46.89(100.00%) | 46.89(100.00%) | 46.89(100.00%)
Total TA in supematant |  38.11 37.71 37.90
14 | ofliposome 1 g(mg/g) 7
days Total TA in pellet of 5.95 6.12 5.88
liposome 1 g (mg/q)
Total (mg) 4406 (93.96%) | 43.83(93.47%) | 43.73(93.37%)
Total TA in supermnatant 37.33 37.33 38.62
30 of liposome 1 g (mg/ g)
days Total TA in pellet of 5.78 5.56 5.70
liposome 1 g (mg/g)
' Total (mg) 43.11(91.94%) | 42.89 (91.47%) | 44.32 (94.52%)
Total TA in supermatant 37.99 37.19 35.92
60 | of liposome 1g (mg/g)
days Total TA in pellet of 6.26 548 4.36
liposome 1 g (mg/ g) _
Total (mg) 44.25 (94.37%) | 42.67 (91.00%) | 40.28 (85.90%)
Total TA in supernatant 39.71 38.17 36.89
90 | ofliposome 1g(mg/g)
days Total TA in pellet of 472 3.88 3.62
liposome 1 g (mg/g)
Total (mg) | 44.43 (94.75%) | 42.05(89.68%) | 40.51 (86.39%)
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Table 3.31 : The total amounts of TA and the percentage of TA left comparing to at initial time

in the 7:2:1(10%TA,+) liposome formutation (1 g) whenat4 % 1,30 % 1 and 45

3 1°C for 0, 14, 30, 60, and 90 days

7:2:1(10%TA, +) 4+1°C 30+1°%C 45+1°C
Total TA in supernatant of 88.99 86.99 88.99
0 day iiposome 1 g{mg/ g)
Total TA in pellet of - 6.88 6.88 6.88
liposomne 1 g {(mg/ g}
Total (mg) 104.66 104.66 104.66
(100.00%) (100.00%) {100.00%)
Total TA in supernatant of 89.00 91.08 87.15
‘ 14 liposome 1 g{mg/g)
days Total TA in pellet of 16.56 14.55 15.79
liposome 1 g (mg / g} |
Total (mg) 104.56 105.83 102.94
(99.90%) © (100.93%) (98.36%)
Total TA In supernatant of 87.03 - 90.67 87.03
30 liposome 1 g {mg/ g)
days Total TA in pellet of 14.86 14.76 14.14
fiposome 1 g (mg/ Q)
Total (mg) 101.63 105.43 101.17
(97.10%) (100.73%) (98.67%)
Total TA in supemnatant of 88.94 80.46 77.26
60 liposome 1 g (mg/ g}
days Total TA in pellet of 13.82 10.73 11.05
liposome 1 g (mg / @)
Total (mg) 102.86 (98.28%) | 91.19 (8?.13%) 88.31 (84.38%)
Total TA in supematant of 87.29 8395 |  e4s5
a0 liposome 1 g (mg/ g)
days Totat TA in pellet of 12.08 10.15 9.75
liposome 1 g {mg/q)
Total {(mg) 99.37 (94.95%) | 54.10 (88,91%) 94,30 (90.10%)
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Table 3.32 : The total amounts of TA and the percentage of TA left comparing to at initial time

in the 7:2:1(5%TA.-) liposome formulation (1 g) whenat4 £ 1,30+ 1 and 45 *

1°C for 0, 14, 30, 60, and 90 days

7:2:1(5%TA,-) 4+1°C 30+1°%C 45+1°C
Total TA in supernatant of 39.38 39.38 39.38
0 day iposome 1 g {mg/ g)
Total TA in pellet of 7.26 7.26 7.26
liposome 1 g {mg/g)
Total {mg) 46.64(100.00%) | 46.64(100.00%) | 46.64(100.00%)
Total TA in supernatant of 40.16 40.48 42,09
14 liposome 1 g (mg/g)
days Total TAin pellet of 7.42 7.16 6.81
liposome 1 g {mg/ g)
Total {mg) 47.58 {102.02%) | 47.64 (102,14%}) | 48.90 (104.85%;
Total TA in supematant of 41.31 40.73 41.31
30 fiposome 1 g {mg/g)
days Total TA in peliet of 5.65 5.82 5.33
liposame 1 g (mg/ g}
 Total {mg) 46.96 100.69%) | 46.55 (99.81%) | 46.64 (100.00%)
Total TA in supematant of 40.05 38.41 36.24
60 liposome 1 g {mg/ g}
days Total TA in pellet of 5.13 4.94 5.08
liposome 1 g{mg/g)
Total (mig) 45.18 (96.87%) | 43.35(92.95%) | 41.33 (88.61%)
Total TA in supematant of 39.78 40.36 40,10
90 liposome 1 g (mg / Q)
days Total TA in peflet of 5.92 425 4.92
liposome 1 g {mg/g) ' |
Total {mg) 45.70 (97.98%) | 44.61(95.65%) | 45.02 (96.53%)
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Table 3.33 : The total amounts of TA and the percentage of TA left comparing to at initial time

in the 7:2:1(10%TA.-) liposome formulation (1 g) when at 4 =1, 30 & 1 and 45

+1°C for 0, 14, 30, 60, and 90 days

7:2:1(10%TA,-) 4t1°%C 30+1°% 451+ 1°C
Total TA in supernatant 80.99 89.99 89.99
Oday | ofliposome 1 g{mg/g)
Total TA in pellet of 13.68 13.68 13.68
liposome 1 g (mg/qQ)
Total (mg) 103.67(100.00%) { 103.67(100.00%) | 103.67(100.00%)
Total TA in supernatant 87.66 93.48 90.51
14 of liposome 1 g (mg/ g)
days Total TA in pellet of 14.37 14.08 14.08
liposome 1 g (mg / @) _
Total (mg) 102.03 {98.42%) | 107.56(103.56%) | 104.56(100.89%)
Total TA in supematant 91.51 91.51 90.06
30 of liposome 1 g (mg / @)
days Totat TA In pellet of 12.80 12.97 12.85
liposome 1 g {mg/ g}
Totat (mg) 103.56 (99.92%) | 104.48{(100.78%) | 102.91 (99.27%)
Total TA in supematant 81.10 87.31 83.97
60 of liposome 1 g (mg / g)
days Total TAin peliet of 11.47 11.65 10.51
liposome 1 g (mg/g)
Total (mg) 92.57 (89.25%) 108.96(105. 10%) 94.48 (81.14%)
Total TA in supematant 81.64 80.23 83.97
g0 of liposome 1 g (mg / @)
days Total TA in peflet of 11.42 11.90 10.66
lipesome 1 g (ma/g)
Total (mg) 93.06 (89.77%) | 102.13 (98.51%) 94.63 (91.28%)
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Table 3.34 : Comparison of the percentages of total TA in liposome formulations when kept

at4 31 °Cfor 0, 14, 30, 60 and 90 days

Day (s) 7:2:1 (5%TAH) | 7:2:1 (10%TA+H) | 72:11 5%TAS) | 7:2:1 (10%TA)
0 100.00 100.00 100.00 100.00
14 93.96 99.90 102.02 98.42
30 91.04 97.10 100.69 99.92
60 04.37 98.28 . 96.87 89.29
90 94.75 94.95 97.98 . 80.77

120 -

o ‘ — ——#

b . T u

E 80 -

]

8

T 60 -

=

® 40 -

°

=

20 S
0 < T
0 30 60 a0
Time (Day)
——7.3:1 (B%TA,+) ——T7:2:1 (10%TA+) —A— 7:2:1 (5%TA-) —l—7:2:1 (10%TA,-)

Figure 3.38 : The comparison of the percentages of total TA in liposome formutation when

keptat4 £ 1°C for 0, 14, 30, 60 and 90 days
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Table 3.35 : Comparison of the percentages of total TA in liposome formulations when kept

at 30 + 1 °C for 0, 14, 30, 60 and 90 days

Day (s) 7:2:1 (B%TA+) | 7:2:1 (10%TA+H) | 7:2:1 (5%TA-) | 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 93.47 100.93 102.14 100.89
30 9147 100.74 99.81 99.27
60 91.00 87.13 92.95 91,14
0 89.68 89.91 95.65 91.28
120 -
2 100 ,
g , e _ ‘
§ 80 4
2
.E 60 1
<C
=
:-—‘(5 40 -
2
e 20 -
0 1 i 1
0 30 60 a0
Time‘(Day)
——7:2:1 (5%TA,+) —B—7:2:1 (10%TA,+) —&—T7:2:1 (S%TA,-) "'.'"_?:2:1 (10%TA,-)

Figure 3.39 : The comparison of the percentages of total TA in liposome formutation when

keptat 30 & 1°C for 0, 14, 30, 60 and 90 days
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Table 3.36 : Comparison of the percentages of total TA in liposome formulations when kept

for45 + 1 °C at time 0, 14, 30, 60 and 90 days

Day (s) 7:2:1 (5%TA+) | 7:2:1 (10%TA4) | 7:2:1 (5%TA-) | 7:2:1 (10%TA.-)
0 100.00 100.00 100.00 100.00
14 93.37 98.36 104.85 100.89
30 04,52 96.67 100.00 99.27
60 85.90 84.38 88.61 91.14
a0 86.39 90.10 96.53 91.28
120 -
E’ 100 - . )
5 {
S 80 -
b
a
E 60 -
s
- 40 -
Q
K
2 20 S
0 T 1 1
0 30 60 a0

Time (Day)

—— 7:2:1 (5%TA,+) ——7:2:1 (10%TA+) —&—T7:2:1 (5%TA,-) —B—T:2:1 (10%TA,-)

Figure 3.40 : The comparison of the percentages of total TA in liposome formulation when

kept at 45 1 1 °C for 0, 14, 30, 60 and 90 days
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Table 3.38 : Comparison of the percentages of total TA in pellet of liposome formulations

when kept at 4 £ 1 °C attime 0, 14, 30, 60 and 90 days

Day {(s) 7:2:1 (B%TA+) | 7:2:1 (10%TA, +) 7:2:1 (5%TA,-) 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 86.48 99.30 102.20 105.04
30 ' 84.01 93.17 77.82 88.30
60 90.99 88.83 . 70.66 83.85
90 . 68.60 77.09 81.54 8348
{
120 -
oi
> 100
£
Q
& 80
ja
:6_: 60
g
& 40 -
A=
< 20 -
-a\q
0 30 60 90
Time (Day)
O 7:2:1 (58%TA,+) —l—7:2:1 (10%TA,+) —d—7:2:1 (5%TA,-) —B—7:2:1 (10%TA,-)

Figure 3.41 : The comparison of the percentages of total TA in pellet of liposome formulation

when keptat4 * 1°C for 0, 14, 30, 60 and 90 days
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Table 3.39 : Comparison of the percentages of total TA in pellet of liposome formulations

when kept at 30 =+ 1 °C for time O, 14, 30, 60 and 90 days

Day (s) 7:2:1 (5%TA+) | 7:2:1 (10%TAH) | 7:2:1 (5%TAS) | 7:2:1 (10%TA-)
0 - 100.00 100.00 100.00 100.00
14 88.95 92.85 98.62 102.92
30 80.81 94.19 - 8017 94.81
60 70.65 68.47 - 68.04 85.16
90 56.40 64.77 58.54 - 86.99
120
[e)]
P 100
5
2 80
o
ks 60
5
g8 40 4
=
<. 20 4
2
0 I [ 1
0 30 60 a0
Time (Day)
——7:2:1 (5%TA,+) —B—7:2:1 (10%TA,+) —h—T7:2:1 (6%TA,-) —B—T7:2:1 (10%TA,-)

Figure 3.42 : The comparison of the percentages of total TA in pellet of liposome formulation

when kept at 30 = 1 °C for 0, 14, 30, 60 and 90 days
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Table 3.40 : Comparison of the percentages of total TA in pellet of liposome formulations

when kept at 45 = 1 °C for ime ©, 14, 30, 60 and 90 days

Day (s) 7:2:1 (B%TA+) (| 7:2:1 (10%TA,+) | 7:2:1 (B%TA,-) | 7:2:1 (10%TA,-)
0 100.00 100.00 100.00 100.00
14 85.47 100.77 93.80 102.92
30 82.85 90.24 73.42 93.93
60 63.37 70.52 - 70.11 76.83
90 52.62 62.22 67.77 7792
2 100
[=]
5 60
=
g 40 4
£
S 20
=0 . ‘ .
0 30 60 90
Time (Day)
——7:2:1 (5%TA,+) —W—T7:2:1 (10%TA,+) +7:2:1 (5%TA,-) —E—7:2:1 (1 O%TA,-)T

Figure 3.43 : The comparison of the percentages of total TA in pellet of iposome formulation

when kept at 45 % 1 °C for 0, 14, 30, 60 and 90 days
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35 The release study of tranexamic acid (TA) from solution and liposome of various

liposome formulations and solution

The percentage of the cumulative amount of TA released from solution and liposome
of various formulations at 0 to 24 hrs were shown in Tables 3.42 to 3.50 and Figures 3.44 to
346. The percentage of the cumulative amount of TA released from positively and
negatively charged liposome with the same drug concentration were not significantly
different. But, the higher entrapped drug concentration appeared to give higher rate of
release. Liposome formulations gave the slower rate release of TA about 3 times than that
from the solution (Table 3.52).

From Table 3.51 : The percentage of the cumulative amount of TA released from
solution and liposome of various formulations at O 1o 24 hrs were calculated by fitting the
data to zero order, first order and the Higuchl model. The correlation coefficient from the
Higuchi model showed higher relation than the zero order and first order. The releasing rate
of TA fitted with Higuchi model and the total TA released at 24 hrs from liposome and
solution in Table 3.52.
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Table 3.42 : Percentages cumuiative TA released from 7:2:1 (5%TA,+) liposome formulation

atOto 24 hrs

Time 7:2:1 (5%TA,+) liposome Mean SD
{hr) Lot.1 Lot.2 Lot.3

0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.49 0.87 1.12 0.83 “.7 70.32
0.50 1.23 1.64 1.70 = 1.52 0.25
1.60 1.28 1.40 1.77 1.48 0.25
2.00 578 5.85 6.11 5.92 0.17
4.00 9.99 9.78 10.09 9.96 - B 0.16
6.00 12.97 12.11 13.17 1275 0.56
8.00 15.46 14.18 16.49 15.38 1.16
24.00 28.04 26.61 29.50 28.05 1.45

Table 3.43 : Percentages cumulative TA released from 7:2:1 (10%TA,+) liposome formulation

at0to 24 hrs

Time 7:2:1 (10%TA,+) liposome Mean - 8D
(hr) Lot1 Lot.2 - Lot3

0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.45‘_ 142 Bl 175 T 2 0.68'
0.50 1.95 264 242 234 0.35
1.00 2.03 275 - 252 243 0.37
2.00 6.29 9.03 9.70 - 8.34 1.81
400 14.47 15.15 15.93 15.18 0.73
6.00 18.64 18.96 19.41 19.00 0.39
8.00 22.33 21.95 23.82 22.70 0.99
24.00 36.25 34.94 37.42 36.20 1.24
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Table 3.44 : Percentages cumulative TA released from 7:2:1 (5%TA,-) ]i‘posome formulation

at0to 24 hrs

Time 7:2:1 (6%TA,-) liposome Mean sb
(hr) Lot.1 Lot.2 Lot.3

0.00 0.00 0.00 0.00 0.00 0.00
0.25 1.05 .0.06 0.22 0.44 053
0.50 2.24 0.77 0.72 1.25 0.86
1.00 2.34 0.80 0.75 130 | 080
2.00 7.20 4.34 4,70 5.42 1.56
4.00 10.57 8.21 8.25 9.01 1.35
6.00 13.57 10.96 11,38 11.97 1.40
8.00 15.63 13.04 - 14.86 14.51 1.33
24.00 30.69 27.34 29.62 29.22 1.71

Table 3.45 : Percentages cumulative TA released from 7:2:1 (10%TA,-) liposome formulation

at0to 24 hrs

Time 7:2:1 (10%TA,-) liposome Mean SD
(hr) Lot.1 Lot.2 Lot.3

0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.49 0.93 156 | 099 | o054
0.50 1.47 2.33 2.24 2.01 047
1.00 153 242 2.33 209 0.49
2.00 10.25 10.26 10.57 1036 0.18
4.00 16.31 16.32 16.98 16.54 0.39
6.00 21.01 19.80 20.75 20.52 0.64
8.00 23.66 22,77 24.36 23.60 0.80
24.00 37.93 36.89 38.98 37.93 1.04
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Table 3.46 : Mean percentages cumulative TA released from liposome formulation at 0 to 24

hrs
Time (hr) 7:2:1 B%TAA) | 7211 (10%TA+) | 7:2:1 (5%TA-) | 7:2:1 (10%TA,-)
0.00 0.00 0.00 0.00 0.00
- 025 0.83 1.21 0.44 0.99
0.50 1.52 2.34 1.25 2.01
1.00 1.48 243 ; 1.30 2.09
2.00 5.92 8.34 542 10.36
400 9.96 1518 9.01 16.54
6.00 12.75 19.00 11.97 20.52
8.00 15.38 22,70 14.51 23.60
24.00 28.05 36.20 2022 37.93
100 -
3 80
@
@
g 60 -
D
=
£ 40 -
g ——:—_—:"_-——"'4
3 b
=
[ [ ! 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hy)
——7:2:1 (5%TA,+) ——7:2:1 (10%TA,+) ~&—T:2:1 (5%TA,-) —€—7:2:1 (10%TA-)
Figure 3.44 : Percentages cumulative TA released from the liposome formulations at 0 to 24

hrs
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Table 3.47 : Percentages cumulative TA released from 5 % solution at 0 to 24

Time 5% TA solution {mg) Mean SD
thr) Lot.1 Lot2 Lot.3

0.00 0.00 0.00 0.00 0.00 0.00
025 ) 340 282 279 300 T 035
0.50 5.19 4.90 5.43 5.18 0.27
1.00 14.77 11.07 10.69 12.18 225
2.00 30.54 2483 30.82 28.73 3.38
4.00 43.01 36.07 42.26 40.45 - 381
6.00 61.71 51.21 51.38 54.76 6.02
8.00 63.09 51.83 62.69 53.20 6.39
24.00 76.08 83.20 - 85.79 81.69 5.03

Table 3.48 : Percentages cumulative TA released from 10% solution at 0 to 24 hrs

Time 10% TA solution (mg) _ Mean sSD
{hr) Lot.1 Lot2 Lot.3

0.00 0.00 000 | 000 0.00 0.00
0.25 2.98 N 47.167 | .4.30 I 382 T 0.73 ]
0.50 5.34 6.10 5.67 5.71 0.38
1.00 11.40 14.54 14.01 13.31 1.68
2.00 19.85 25.18 20.36 21.80 2.94
4.00 36.85 4257 42.10 . 40.517 ‘ 317
6.00 46.78 59.64 56.41 54.28 6.69
8.00 56.09 58.87 58.50 5782 1.51

24.00 81.81 91.18 88.98 87.32 4.90
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Table 3.49 : Mean percentages cumulative traneamic acid released from SPercentages and

% solution at 0 to 24 hrs

Time (hr) 5% TA\ solution 10% TA solution
0.00 0.00 : 0.00
0.25 3.00 . 382
0.50 5.1 8 1 5.7
1.00 1218 : 13.31
2.00 28.73 21.80
4.00 40.45 40.51
6.00 5476 | 54.28
8.00 59.20 57.82

24.00 81.69 87.32
100 —

% Cumuilative raleased

0 -» H 1 T T T I T T T T T ]

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr) '

—&— 5% TA solution —— 10% TA solution

Figure 3.45 : Mean percentages cumulative traneamic acid released from 5% and 10%

solution
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Table 3.50 : Mean Percentages cumulative TA released from Liposome formulations and

solution at0 10 24 hrs

Time 721 7:2:1 7:2:1 7:2:1 5% TA 10%TA
(hr) (5%TA+) | (10%TA+) | (5%TA-) | (10%TA-) | solution | solution
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.83 1.21 0.44 0.99 3.00 3.82
0.50 1.62 2.34 1.25 201 5.18 5.71
1.00 1.48 243 1.30 200 12.18 1331
2.00 5.92 8.34 542 10.36 28.73 21.80
4.00 9.96 15.18 9.01 16.54 40.45 40.51
6.00 12.75 19.00 11.97 2052 5476 54.28
8.00 1538 | 2270 | 1451 | 2360 | 5020 | 5782
24.00 28.05 36.20 29.22 37.93 81.69 87.32
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Time (hr)
7211 (5%TA+) ——7:2:1 (10%TA+) —h— 7:2:1 (5%TA,-)
—l— 7:2:1 (10%TA,~) —=— 5% TA solution ~ —® {0% TA solution

Figure 3.46 : Percentages cumulative TA released from liposome formulations and solution at

Oto 24 hrs
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Table 3.52 : The releasing rafe of the percentage cumulative amount of TA released fitted

with Higuchi model and fotal TA released at 24 hrs from the liposome

formutations and solution

Formulations Rate of release Total release at 24 hrs
(% /hr ") £ 8.D. (%) £ 8.D.
7:2:1 (5%TA,+) 6.12 T 0.06 28.051 1.45
7:2:1 (10%TA,+) 8.13%£0.05 36.20 & 1.24
7:2:1 (5%TA) 6.29 £ 0.07 2922+ 1.71
7:2:1 (10%TA.) 8.57 1 0.04 3793 1.04
5% TA solution 18.89 £ 0.21 81.69£5.03
10% TA solution 19.77 £ 0.20 87321 4.90




