CHAPTER Il
RESULTS

Determination of Maximum Absorption Wavelength of
Chloramphenicol, Chloramphenicol 2-HP-P-CD and 2-HP-P-CD

In the preliminary study, uv scanning for maximum absorption
wavelength of chloramphenicol and chloramphenicol : 2-HP-P-CD at the
same concentration (25 fig/ml) were shown in Figure 9. Their maxima UV-
absorption were detected at the same wavelength of 279 nm. The extinction
coefficients ;EI%, Icm%ofchloramplhenlcol and chloramphenicol : 2-HP-P-
CD were 272.8 and 270.8, respectively. Moreover, 2-HP-P-CD did not
absorped at v_vavelen%th 279 nm. Thus, this determination indicated that
2-HP-P-CD did not interfere with the spectrophotometric measurements and
the quantitative analysis of chloramphenicol in phase solubility study by UV
absorption was performed at the wavelength ot 279 nm,

Phase Solubility Analysis

, Figure 11 showed the ghase solubility diaBram of chloramphenicol
In aqueous Solubility of 2-HP-& -CD at 27+1 ™c. Phase solubility diagram
was constructed by plotting the molarity of chloramphenicol found in
solution aﬁalnst the molarity of 2-1TP-P-CD added. Phase solubility data
between chloramphenicol and 2-HP-P-CD were shown in Table 7. From the
Phase solubility diagram, the solubility of chloramphenicol increased
inearly with inCreasing the 2-HP-P-CD Concentration. The data indicated
that an A type relationship as described by Higuchi and Conner (1965) was
produced. In the absence of 2-HP-P-CD, the solubility of chloramphenicol
In water at 27+1°C was 1.38x1 02M. From the slope of the phase solubility
curve having a value of 0.62, it indicated that the tormation of the complex
might occur In stoichiometric ratio of both 1: 1and 1:2 type. Since it was
difficult to determine the concentration of each complex, the stability constant
the formation constant) kc of the complex at low 2-HP-P-CD concentration
< 19 %wi/v) (Loftsson et al, 1989) was calculated based on the assumption
of 1: 1complex according to the equation;

. slope

¢ intercept (1-slope)
was found to be 118 M'L
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Figure 9 uv Scanning for maximum ahsorbance wavelength of
ghloram%hemcol, chloramphenicol : 2-HP-P-CD and
-HP-P-CD.
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Figure 10 Standard curve of chloramphenicol (UV spectrophotometry).

Table 7 Phase solubility data of chloramphenicol : 2-HP-P-CD

in water at room temperature.

Molarity of 2-HP-P-CD
XI5 M
0

04

Molarity of chloramphenicol

Xi02M
138
15
189
2.28
2.49
303
3.74
4.24
457
557
6 22
155
g 30
8.52
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Figure 11 Phase solubility diagram of chloramphenicol : 2-HP-P‘CD in water at room temperature.
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Solid Chloramphenical 2-HP-P-CD Complex Characteristics

Infrared spectrophotometry was emploged in this study to verify
the complex formation. The IR spectra ofthe pure drug, 2-HP-P-CD, physical

mixture and freeze-dried product were compared in Figure 12,

The IR spectra of chloramphenicol showed the major peaks at 1686,
1564, 1521 and 1348 cm™], indicated =0 stretching of amide I, N-H bendin
of amide 11, asymmetrically and symmetrically of N-0 stretching (ArNO,
from chloramphenicol molecule, respectively. [twas found that N-H bending
of amide 1l in solid complex was absent. In addition, the streching vibration
peak of carbonyl group (SC:O) In the complex was broaden than that from
the physical mixture and the wave number was shift from 1686 cm'L in the
pure drug to 1692 cm'L in the solid complex.

Thermograms of pure drug, 2-HP-P-CD, physical mixture and solid
complex are compared in Fl%ure 13. The themogram of pure drug gave a
shape endothermic peak at 150 °c, whereas 2-HP-P-CD had no peaks around
that temperature and found that 2-HP-P-CD showed the broad melting
endothermic peak at 66° and 226 °C.The thermogram of physical mixture
showed melting peak at 66°, 145° and 240 °c. In the case of solid complex,
the therm??ram showed no endothermic melting peak of chloramphenicol at
%891 °c and of 2-HP-P-CD at 66 and 226 °c but showed the melting peak at

°C.

Figure 14 showed the X-ray .diffracto?rams of the pure drug,
2-HP-P-CD, physical mixture and solid complex. 2-HP-P-CD gave a
diffused diffraction pattern due to its amorphous character, which was
contrast to the case of chloramphenicol which had crystalline pattern.The
peak pattern of physical mixture was actually resulted from the combined
peak f)atterns of chloramphenicol and 2-HP-P-CD. In the case of solid
complex, the diffraction fPeaks of chloramphenicol disappeared and the
pattern was apparently different from that of the physical mixture and giving
an amorphous solid complex.

Determination of Physical Properties
1 Viscosity measurement

Viscosity at room temperature of various preparations was
measured throughout 4 months and the values of mean were shown in Table 8,
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Figure 12 Comparison of FTIR spectrum.
A = Chloramphenicol
B = 2-HP-p-CD
¢ = Physical mixture (1: 2F)
D = Chloramphenicol : 2-F1P-P-CD complex
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Figure 13 Differential thermal analysis (DTA).
A = Chloramphenicol
B = 2-HP-P-CD
¢ = Ph¥3|cal mixture (1:2)
D = Chloramphenicol : 2-HP-(3-CD complex
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Figure 14 Comparison of X-ray diffraction pattern.
A = Chloramphenicol
B = 2-HP-P-CD
C = Ph¥3|cal mixture (1:2)
D = Chloramphenicol : 2-HP-P-CD complex
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It could be noticed that the viscosity values were very low (2-5 cps.) and
slightly changed after storage.

2. pH measurement

Table 9 showed pH value of various preparations after storage at
room temperature and at 45 °C/75% RH in both solution and in powder
forms for 4 months. The pH values of all preparations slightly increased.

3. Tonicity measurement

Tonicity of all preparation were listed in Table 10. The tonicity
values were between 280-325 milliosmoles. The tonicity of complex
solution was the highest whereas the tonicity of BPC 1973 was the lowest.
Nevertheless, it could be found that the tonicity value of each preparation
did not significantly change when kept for 4 months at various conditions.

Stability Studies of Chloramphenicol 2-HP-P-CD Complex and
Chloramphenicol

1. Chromatographic conditions

Designed chromato%raphic conditions of chloramphenicol and
chloramphenicol : 2-HP-P-CD complex, e.g., mixture of methanol and
distilled water in the ratio of 60 : 40 as mobile phase and the wavelength of
254 nm of 'V detector, could provide %ood resolution between
chloramphenicol : 2-HP-P-CD complex or chloramphenicol and gropyl
paraben (internal standard). The chromatogram of complex (Figure 15) was
similar to the chromatograms of chloramphenicol (Figure 16). The general
characteristics of the chromatograms stated that the base line was smooth,
the runtime per sample was within 12 minutes. The retention time of complex
or chloramphenicol was about 4 minutes and retention time of propyl paraben
was about 8 minutes.

2. Calibration curve

Figure 17 and 18 showed a calibration curve of chloramphenecol :
2-HP-P-CD complex and chloramphenicol, respectively. The calibration curve
of chIoramBhenecql : 2-HP-P-CD complex and chIoramPhenlcoI were
constructed by plotting the ratio of peak area of complex (or chloramphenicol)



Table 8 Viscosity values of various preparations which kept at room temperature and 45°C/75 % RH for 4 months,

Solution preparations (cps.)

Formula
H ¥ %
0 3.903 4.387 3.584
1 2.688 2.063 4.131
2 2.795 2.158 4.536
8 2.718 2.267 3.276
20 3.282 2.934 4.150
30 4.291 3.825 3.775
60 3.330 3.631 3.166
90 3.122 3.548 3.635
120 3.431 4.082 3.431

3.769

45 °C and 75% RH

Formula II

3451
2.331
3.782
3.819

3.455
3.661
3.585
3.5311

3.770

* Reconstituted powder (Formula I) for eye drops after reconstitution with water for injection

** Reconstituted powder (Formula I1) for eye drops after reconstitution with its vehicle.




Table 9 pH values of various preparations which kept at room temperature and 45°C/75 % RH for 4 months.

Solution preparations Reconstituted powder which stored at
Day Formula  Formula  Complex Room totnpcrature 45 °c anc 75% RH
| * J solution 1 ftg Formulal Formulall Formulal Formula Il

0 159 1.60 150 150 1,39 1.50 1,99 1.60

1 150 750 750 750 : : - -

2 150 1.50 150 199

8 758 750 750 750

20 7.60 7.60 750 7.60 : : - -
3 755 750 750 7.60 7.60 755 755 7.60
60 .10 1.10 1.10 1.70 1.55 1.60 1,95 1.65
90 .10 1.70 1.10 1.10 1.60 1.60 1.60 1.10
120 .10 1.10 1.10 1.10 .75 1.70 .75 .15

* Reconstituted powder (Formula 1) for eye drops after reconstitution with water for injection.
** Reconstituted powder (Formula I1) for eye drops after reconstitution with its vehicle.



Table 10 Tonicity values of various preparations which kept at room temperature and 45°C/75 % RH for 4 months.

Solution preparations (Osmole/kg) Reconstituted powder which stored at
Day Formula ~ Formula  Complex Room ternperature 45 °¢ and 75% RH
J solution Formulal Formulall Formulal Formula I
0 0.301 0.304 0.325 0.283 0.301 0.306 0.306 0.305
1 0.302 0311 0321 0.280 . : : :
2 0.302 0.306 0.321 0.281
8 0.305 0.308 0.324 0.280
20 0.304 0.305 0323 0.282 . : : :
30 0.304 0.304 0.324 0.281 0.306 0.302 0.305 0.308
60 0.306 0.305 0.323 0.284 0.305 0.302 0.304 0.308
90 0.307 0.303 0.324 0.283 0.308 0.308 0.309 0.314
120 0307 0.306 0.325 0.285 0.309 0313 0.315 0.312

* Reconstituted powder (Formula I) for eye drops after reconstitution with water for injection.
** Reconstituted powder (Formula 1) for eye drops after reconstitution with its vehicle.
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Figure 15 Chromatogram of chloramphenicol : 2-HP-p-CD complex.

Figure 16 Chromatogram of chloramphenicol
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Figure 17 Standard curve of chloramphenicol : 2-HP-(3-CD complex.
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Figure 18 Standard curve of chloramphenicol.
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and propyl parahen (internal standard) against the complex (or chloramphenicol)
concentration. The calibration curves showed a linear relationship between
the ratio of AUC and complex or chloramphenicol concentration and the
coefficient of determination were 0.99990 and 0.99991, respectively. The
calibration plots were repeated every courses of the analysis.

3. Stability study at 65 °,55 45°,37 °c and room temperature

The accelerated thermodegradation process was performed at 65°,
B5°, 45°, 37 °c and at apparent room temperature (25 °F). The degradation
data of chloramphenicol in four preparations (Formula I, Formula 11, complex
solution and BPC 1973) were shown in Table 11-14. Linear regression method
was used to evaluate in both of zero order kinetic (concentration versus time)
and first order kinetic (In of concentration versus time). The coefficient of
determination Sr 2) and other statistic values of four preparations were also
listed in Table 15-18. The degradation of all c!oreparatllons were more fitted to
the first order than the zero order. The degradation profiles at various
temperatures of four preparations were shown in Figure 19-22. The degradation
rate constants (k) were calculated from slope of each linear lines at 65°, 55°,
45°, 37 °c and room temperature.

4, Arrhenius plot, Arrhenius equation and heat of activation

Arrhenius plots of four preparations were plotted between Ink vesus

LT and shown in Figure 23-26. Arrhenius equation and other statistical values

calculated by linear regression anal?;ms were listed in Table 20-23. From the

?lps)pe oé,Ar)rhemus equation, the heat of activation (Ea) was calculated
ppendix 1),

~ Heat of activation can be obtained from slope of Arrhenius plot. The
comparison of all heat of activation were listed in Table 24, The heat of
activation were between 18 kcal/mole to 25 kcal/mole.The Ea of
chloramphenicol eye drog BPC 1973, 18.89 kcaEmole, was the lowest and
the Ea of Formula 11, 24.39 kcal/mole, was the highest.

5. Rate constant and shelf-life at 25 °c and 8°¢

The extrapolated degradation rate constants to 25°c and 8°c of
four 5preparatlons were calculated from Arrhenius equation. The extrapolated
to 25°c and 8°c and apparent degradation rate constants _&determlne from
%heﬂtlje roaq%téo(r)l/ profiles of the products kept at room conditions) according
0 the vu- 0



Table 11 Five temperatures degradation data of reconstituted powder (Formula 1) for eye drops after reconstitution
with water for injection.

0 °C 5T 45°c Temp. (5 Cl‘/
Time fdu> %A/Ag Inasas Time lday) %AA0 |, Tunculsvjy mom 1 rnncldle 0/ A* Tlmeé) %ABASJ hi AJA
P S ot Tme 08) SO0 w gy TOEUS 0ot ) @98 1599 om 000 160
| & 44606 | B10 4580 1 VM 450 1 %5 4%/ | NU 4606
2 816 4437 . B0 4537 2 RI18  45% 2 B& 4565 2 0B 46040
3 B 4428 8 Bo 4040 8 BEH 448 8 U 4518 g 052 460U
4 8L 44049 1 753 484 20 B 448 20 Q6 452% 20 NU 4606
6 34 42%1 B3 BN 423% Al 048 4283 K 00 4498 R 978 4588
g 08 459 20 B4l 40148 20 bR 44D % A 4433 4] B4l 459
1l B 406% pA 519 %97 Rl 1609 4274 Q0 8L 440% 0 Un 4512
B3 B 3916 20 BN 360 3 878 4210 0 86 4360
4 09 41%0
i 415 41612
8 06309 41446



Table 12 Five temperatures degradation data of reconstituted powder (Formula 11) for eye drops after reconstitution
with its vehicle.*
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Table 13 Five temperatures degradation data of chloramphenicol complex solution.

65 ° 45°c §7 ° Room Temp, (25 °C
Time (da %A?Ao Time (day) %Aon AA) 70r<* (day) /oAfA [1f Pune ulft\ s | |m |A/Ao
o( ) w2 4G 0 () 100 00 4.6052 @) ”é(% 4635 0 10200 4651 0 10013 46066
1 1 45117 1 124 4624 1 46396 1 2 4671 1 0B 46048
2 BA 4%/ 2 BY 450 . 10258 46306 2 10200 4652 2 0 46043
3 8rid 4474 8 8868 448 g Bel 45012 8 1000 461%) g 064 46016
4 YA ik 11 N 4300 2 UhH 4512 20 Bl 458 2 N 4563
6 B 4300 3 s 4269 A 8% 4430 R %6 4512 R BN 4501
g 13D 429 20 8O 40m) 7 0B 435 % Bl 450 Q) 918 458
1 b4 4181 A M 4004 A 6B 44D Gl) NH 458l 90 %08 45652
3 05 408l 20 5B 388l 3B 138 43% 0 81 4400
4 21 42081
4 0% 458
8 677 4012



Table 14 Five temperatures degradation data of chloramphenicol eye drops BPC 1973

Timefday) %A Tunc (d )550C yp&m - Time (day) %/S(AO/SA\O MEM" T Cn R?@TJO%A(& >0
| unc (cla | 43 rime (da
0 0VA 46043 0 y 4500 0 10006 460R8 0 10008 4% 0 10021 46073
1 NA 4576 1 98.49 4500 1 10112 46163 1 0B 4608 1 10009 46061
2 UL  4A 2 BHR 4581 . BB 456 . NI’ 4589 2 NP 4604
3 02 4417 g 24 4369 g UhH 4500 g BAL  45AR g BP 456
4 B0 4473 1 6/83 4210 20 M3 43 20 914 4514 20 90l  45/48
6 1310 4298 3 B3 456 A 1481 43157 A 8Le8 4408 A BB 454
g 079 4105 20 B0L 3875 2 08 4253 % e 4 Q Q4 449%
i 028 380 A B0 37614 A 0¥ 409 Q) 053 42418 90 6% 4464
B3 3197 369 2 A8 3HR8 3 0D 4138 0 Bh1 4013
4 5160 4063
4 Bh 3B
8 A3 39309



Table 15 The statistic values of reconstituted powder (Formula 1) for eye drops which were calculated from data
presented in Table 11

L Temp 65 °¢ 55 ¢ 45 ¢ 37 °¢ Room TemE (25 °C)

Statistic value'---.”  Zero order First order F|rst order v zeeguge; F|rst order 1¢ ¢ 1¢ g 1 Firstorder Zeroorder First order
2 09760 09834 09943 09983 09935 09945 U970 09893 09802  0.9805

VR 1405634 2056675 6130400 2033.7114 767.3293 8994544 2643060 3224514  147.506  149.4242

ratecpﬁﬂ)** 3740 43751102 20912  3.0067xI02 07756  9.6567xI0'3 02226  2.5392xI0'3 5.9458x10'2 6.1038x10'4

0.2677  3.0507xI0°3 8.4460x102 6.6672xI10%4 2.8000x102 3.2199x10%4 1.3692x102 14085104 4.8998x10'3 4.9933x10'5

mercept 93.8760 45591 98.0532 46118 98.6540 4.6008 96.9295 '4.5755 100.1579  4.6069
*Variance Ratio

** The rate constant unit for zero order was percent/day and for first order was day'L
% Standard error of degradation rate constant (slope)



Table 16 The statistic values of reconstituted powder (Formula I1) for eye drops which were calculated from data
presented in Table 12

. Te emp. 65 °¢ 55 "C 45 3¢ Room TemE (25 °C)
Statistic vetTe ---"  Zero order First order Zerdjoider First order Zero order First order Zero order First order Zero order First order
[ 09947 099%1  099%4 09978 09757 09800 09850 09839 09553  0.9559
VR* 6598725 8886985 9694757 15928728 1786487  218.0924 2274415  211.6820 626011  63.6005
rateconst,(k)” 35370 4.7039x10"2 21315  3.0832xI0": 06761  8.4184xI0"3 01570  1.6781xI0"3 5.1016x102 5.2310x10"4
01377 15779x10'3 6.8457xI0"2 7.7252x10"4 5.0584x10°2 5.7004x10'4 1.0410x10"2 1.1534x10'4 6.4478X10"3 6.5592x10 s
intercept 99.0732 46160 985948 46198 942532 45500 1004441 46106  99.6898 46021
* Variance Ratio
** The rate constant unit for zero order was percent/day and for first order was day"1

*% Standard error of degradation rate constant (slope)



Tahle 17 The statistic values of chloramphenicol complex solution which were calculated from data
presented in Table 13.

o Temp. 65 °c IR 45°c 3r°c Room TemE._ (25 °C)
Statistic V%;ue -~ Zeroorder First order Zero order Firstorderiiiliil; Firstorder Zero order First order Zero order First order
09944 09976 09950 09925 09874 09868 09768 09713 09995  0.999

V.R* 6153733 14286028 698.5698 4629940  388.0748 3713494 1456632  116.7822 5667.1980 6789.0991

rate const,(k)* 31555  4.0262¢10":  2.1185  29181x102 0.7849  9.1804x10'3  0.1955  2.0905x10'3 4.4022x102 4.4876x10"
_ 01272 1.0652x10'3 8.0154x10'2 1.3562x10'3 3.9843x1072 4.7640x1 04 1.6198x10'2 1.9345x10™ 5.8477x104 5.4464x1 06
Intercept 992759 46125 1025352 46586 1043063 46561 1026937 46336 1000218  4.6055
* Variance Ratio
** The rate constant unit for zero order was percent/day and for first order was day'l

**% Standard error of degradation rate constant (slope)



Tahle 18 The statistic values of chloramphenicol eye drops BPC 1973 which were calculated from data
presented in Table 14,

o Temp 05 °C 5 °C 45 °¢ 37°c Room TemE (25 °C)
Statistic value .. Zeroorder First order ferbdrdif: First order Zero orcer First order Zero orcer First order Zeroorcer First order
[ 09977 09904 09940 09980 09944 09953 09952 09983 09898  0.9899

VR* 15209475  358.9360 5782143 17807000 878.7640 10506300 7205399 20755777 289.8767  291.4469

rate const.(k>- 50384  75972x10'2 25075  3.8987xI072 10706  14260xI0% 04930  6.1749x103 01547  1.6516x10'3
01288  4.0100x103 01043  9.2390x104 3.6115x102 4.3807x10 4 1.8366x102 13554x10'4 9.0862.X10'3 9.6744x10-

mtercept 103.0124  4.6892 99.3830 46418 100.6531 4.6298 1004937  4.6194 100.2265 '4.6082
*Variance Ratio

** The rate constant unit for zero order was percent/day and for first order was day'l
*** Standard error of degradation rate constant (Slope)



ranked from minimum to maximum.

Preparation

Complex solution

Formula |
Formula &
BPC 1073

n?

65°c
4.0262x1 02
4.3751x10-2
4,7039x1 02
71.5972x102

Dégradadon rate constant(day')

55°c
2.9181x102
3.0067x1 02
3.0832x102
3.8987x102

45°¢
9.1804x1 03
9.6567x1 03
8 4184x10'3
1.4260x1 02

37°c
2.0905x10°3
2.5292x1 03
1678 Ix 103
6.1749x1 03

Table 19 Comparison rate constant (k) of the 4 preparations at different temperatures and the k value were orderly

¢ M ALES TN

25°C
4.4876x1 Oa
6.1038x10%4
5.2310x1 O4
1.6516x1 03



Complex content remained (In A/AQ)
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Figure 19 First ordered degradation profiles of reconstituted powder (Formula 1) for eye drops. Gh



Complex content remained (In A/Aq)
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Figure 20 First ordered degradation profiles of reconstituted powder (Formula I1) for eye drops.



Complex content remained (In A/A )
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Figure 21 First ordered degradation profiles of chloramphenicol complex solution.
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Chloramphenicol content remained (In A/Ao)
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Figure 22 First ordered degradation profiles of chloramphenicol eye drops BPC 1973.
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Table 20 Arrhenius relationship of reconstituted powder (Formula 1) for eye drops.

Temperature Degration rate constant of chloramphenical (day")
°C 1/Tx103K k+sk X 1lo4 In k In (k+sk) to In (k-sk)
65 2.9586 437.51+30.507 -3.1292 -3.0618 t0 -3.2015
55 30488 300.67+6.6672 -3.5043 -3.4824 10 -3.5268
45 3.1446 96 567+3 2199 -4 6401 -4.6073 to -4.6740
37 32258 25.292+1.4085 -5 9798 -5.9256 to -6 0372
Arrhenius equation Ink-=28 9347 10744.4051(L/T)
[ 0.9705
VR. 32.3735
Heat of activation, Ea 21,349.1329 (21.349 kcal/mol)
(cal/mof)
Extrapolated value 25 °C = 3.3557 . 10°3(K-")
at 25 °C and 8 X 8°C =3.5587, 10'K")
ki5 (day)'l 8.0850 « 104
k$ (day)'l 9.1295 , 10%
k252sk 6.8172 . 10'4t0 9.5886 . 10'4

ks+sk 1.6979 « 10'5to 1.0827 . 10'4



Table 21 Arrhenius relationship of reconstituted powder (Formula 11) for eye drops.

Temperature Degration rate constant of chloramphenical (day))
°C 1Tx103K k+sk X104 in k In (k+sk) to In (k-sk)
65 ; 2 9586 470.39+15.779 -3.0568 -3.0238 to -3.0909
5% 30488 308.32+7.7252 -3.4792 -3 4544 to -3 5046
45 3.1446 84 184+5.7004 -4.7773 -4.7118 to -4.8474
37 32258 16.781+1.1534 -6.3901 -6.3236 to -6 4613
Arrhenius equation Ink = 34.3309 - 12524.6134 (1IT)
2 0.9677
VR 29.4463
Heat of activation, Ea 24,886.4068 (24.886 kcal/imol)
(cal/mol)
Extrapolated value 25 °C = 3.3557 ., . 03(K")
at 25 ke and 8 x 8 °C = 35587, .03(K)
kis (dayy1 45376, 10'
ks(day)'1 3.5697 105
k:i~$k 3.7964 , 10'4to 5.4234 , 104

kst$k 2.9867 « 10'5to 4.2666 « 10%



Table 22 Arrhenius relationship of chloramphenicol complex solution.

Temperature
°C 1/Tx 103K
65 2.9586
55 50488
45 3.1446
31 32258

Arrhenius equation

Heat of activation, Ea
(caffmol)

Extrapolated value
at250c and 8°c

oL
ay)-1
kZtsk

kstsk

Degration rate constant of chloramphemecal (dayJ)

k+sk x 104 In k In (k+sk) to In (k-sk)
402 62+10.652 -3.2123 -3.1862 to -3.2392
291 81+13.562 -3.5342 -3.4888 to -3 5818
91 804+4 764 -4.6907 -4.6401 to -4.7440
20 905+1.9345 -6.1704 -6.0818 to -6.2674
k =29.9915 - 111 14,5352 (1/T)
0.9621
24,9080

22084.5814 (22.084 kcal/mol)

25 °C = 3.3557  10%3(K 1)
8°C = 3.5587 , 103(K )
67180, 104
7.0366 . 105
55401 , 104t0 8.1464 , 104
5.8028 . 1050 8.5327 , 10



Table 23 Arrhenius relationship of chloramphenicol eye drops BPC 1973.

Temperature Degration rate constant of chloramphenical (day')
°C 1/Tx 103K k+sk X 104 In k In (k+sk) to In (k-sk)
65 2 9586 759 72140 100 -2.5174 -2.5260 to -2.6316
55 30438 389 87+9.2390 -3.2445 -3.2211 to -3.2685
45 3.1446 142.60+4.3807 -4.2503 -4.2200 to -4 2815
31 3.2258 39.784+40.9571 -5 0873 -5.5031 to -5.5512
Arrhenius equation Ink = 25.6229 - 9505.0061 (1/T)
r 0.9971
V._R. . 342.0628
Heat of activation, Ea 18,886.4471 (18.886 kcalimol)
(cal/mol)
Extrapolated value 25 °¢ = 3.3557 « 103(K 1)
at 25 0c and 8 °c 8°C = 3.5587 , 10%3(K")
hi (day)l 1.8864 . 103
ks (clay)-1 2.7395 . 104
S 1.7874 x 103to 1.9910 1073

k*4sk 2.5957 , 10'4to 2.9812 , 10*
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Degradation rate constant (k)

-6 F
-8}
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Figure 23 Arrhenius plot of reconstituted powder (Formula 1) for eye drops.

Degradation rate constant (In k)

-10
2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

/T x10°K

Arrhenius plot ~ * Apparent

Figure 24 Arrhenius plot of reconstituted powder (Formula I1) for eye drops.
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Degradation rate constant (In k)

-2
-4k
-6}
-8}
-10 1 1 1 1 1 1
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Figure 25 Arrhenius plot of chloramphenicol complex solution.

Degradation rate constant (In k)

_6 =
_8 -
-10 1 k 1 1 | !
2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

/T x10°K

Arrhenius plot ~ * Apparent

Figure 26 Arrhenius plot of chloramphenicol eye drops BPC 1973,
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Table 24 Comparison of heat of activation (Ea).
Formulation Beat of activation (Ea) (Itcai/mofe)

Formula | 21.349
Formula Il 24,886
Complex solution 22,084
BPC 1973 18.886

|abelled amount (LA) and the standard of BP 1993 and corresponding shelf-
life of four preparations were compared . Table 25-27, respectively.The
orderlﬁ rank of the extrapolated to 25°¢ and 8°c degradation rate constants
of each formulation were as follow :BPC 1973 > Formula |, comPIex solution
> Formula 1I. In the case of the apparent degradatlon rate constant at room
condition, the orderly rank were BPC 1973 > Formula 1 > Formula Il >
complex solution.

The shelf-life of four ?reparations were calculated according to the
90-100 %LA (t9100%and the standard of BP 1993 (V, 10) &Appendlx ). At
25 ¢ and 8°c the rank order of extrapolated and apparent shelf-life were
opposite to the order of the degradation rate constant. The extrapolated and
apparent shelf-life at 25°c that calculated according to the 90-100 %LA and
the standard of BP 1993 were compared in Table 29 and 30. The orderly
rank of extrapolated shelf-life (t0 ? of both conditions were Formula Il >
complex solution > Formula 1> BPC 1973. Inthe case of apparent shelf-life,
the orderly{ rank were complex solution - Formula Il > Formula 1> BPC 1973,
The order ¥ rank of extrapolated and apparent shelf-life that were calculated
according to standard of BP 1993 were similar to t0.100

6. Solid state stability of reconstituted powder for eye drops of
chloramphenicol

Solid state stability of reconstituted powder for eye drops of
chloramdphenlcol (Formula I 'and Formula 11) were studied when storaqed, at
45°CI75% RH and room temperature. Saturated salt solution of sodium chlorice
was used to maintained the relative humidity of 75% at the temperature of
45°c. The content of chloramphenicol was determined at various time interval
up to 4 months except the r[})roducts which were kept at room temperature,
the condition up to 7 months storage were observed. It was found that the
amount of drug in the samples which were kept at both conditions retained
the potency above the required lower labelled amount limit. It appeared that
the drug content of the products kept at room temperature remained
uan%nged. Figure 27-28 showed comparison of Formula I and 1l at both
conditions.



Table 25 Comparison of the degradation rate constants extrapolated to 25°c and shelf-life calculated according to
the 90 - 100 % LA and the standard of BP 1993,

Degradation rate constant  Shelf-life at 25 °c accordingto  Shelf-life at 25 °¢ according to

Formulation extrapolated to 25 °c 90-100% LA BP 1993 (90-110% LA)
1(25X1  interval ofkesxiod  t9I0  interval oft V50 t%dito interval of 1010
%dag-g (day (month) (month)
Formula | 0850 68172095886  4.3455 36641 t0 5.1536 8.2 6.98 to 9.81
Formula Il 45376 3794054234  7.7427 6.4781 t0 9.2544 14,74 1234 to 17.62
Complex solution 67180 55401 to 8.1464  5.2297 4.3127 10 6 3416 9.96 8.21 to 12.08
BPC 1973 188640 1787410 19910  1.8624 1.7646 to 19656 355 3.36t0 3.74

Table 26 Comparison of the apparent degradation rate constants at room temperature and shelf-life calculated according
to the 90 - 100 % LA and the standard of BP 1993.

Degradation rate constant  Shelf-life at 25 °c accordingto  Shelf-life at 25 °c according to

Formulation at 25 °c 90-100% LA BP 1993 (90-110% LA)
kasxiod interval ofk2Bxiod topa0  interval off«iioo  too0a10  interval of Laono
%daa/ ) day)) (month) (month)
Formula | 1038 5.6045 t0'6.6031 57560 5.3207 10 6.2688 1096 10 130 11.94
Formula Il 52310 457511058869 67164 5.7680 to 7 6792 1279 11.36 to 14.62
Complex solution 44876 44331 to 4 5421 78290 77350 to 7.9252 1491 14.73 t0 15.09

BPC 1973 165160 155486 to 174834 21272 2 0095 to 2 259 4.05 3.83 10 4.30



Table 27 ComBarison of the degradation rate constants extrapolated to 8°c and shelf-life calculated according to
the 90 - 100 % LA and the standard of BP 1993,

Degradation rate constant  Shelf-life at s °c accordingto  Shelf-life at 8 ¢ according to

Formulation extrapolated to 8 °c 90-100% LA BP 1993 (90-110% LA)
koxlos interval ofk8XIO-  top100  interval of1ooao  top110  interval of 190410
(day]) gday-]) (month) (month)
Formula | 9 1295 7.6979 to 10.827 38.4833 32.4497 to 45.6402 13.2189 61.7900 to 86.9068
Formula Il 3.5697 2.9867 to 4.2666 98.421 823450 t0o 117.6326 1874107  156.7993 to 223.9930

Complex solution ~ 7.0366  5.8028 to 8.5327 49.9294  41.1749 to 60.5455 95.0743  78.4042 to 115.2892
BPC 1973 21.3950  25.9570t0 28.9120  12.8247 12.1518 to 135352 24.4205 23.1392 to 25.7734
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Table 28 Comparison of the extrapolated degradation rate constants and
apparent rate constants at room temperature.

Preparation Extrapolated degradation Apparent degradation

rate constant {diay"") rate constant (day')
Formula | 8 0850x1 Oa 6 1038x1 O4
Formula II 4.5376x10 5.23 10x1 04
complex solution 6.7180x1 Oa 4.4876X1 Oa
BPC 1973 18864x10'3 165 16x1 03

Table 29 Comparison the extrapolated shelf-life and the apparent shelf-life
according to the 90 - 100 % LA at room temperature.

p-umijiij "} Extrapolated shelf-life Apparent shelf-life

(months) (monthsg
Formula | 36641 t0 5 1536 5.3207 10 6.2688
Formula II 6.4781 to 9.2544 59680 to 7.6792
Complex solution 43127 t0 6.3416 7.7350 to 7.9252
PC 1973 1.7646 to 1.9656 2.0095 to 2.2596

Table 30 Comparison the extrapolated shelf-life and the apparent shelf-life
according to the standard of BP 1993 at room temperature.

Extrapolated shelf-life Apparent shelf-life

= (monthsg (months)
Formula 1 6981098l 10 3t0 11%
Formula Il 12340 17.62 1136t0 1462

Complex solution s.21 10 12.08 14,73 t0 15.09

PC 1973 3.36 t0 3.74 3.83 10 4.30
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Table 31 The solid state stability of reconstituted powder for eye drops
when kept at room temperature and 45°¢ and 75 % RH.

Formula I (%)
aa :

0 99.74 100.86 100.04 100.21
31 100.31 9940 100.64 99.61
60 99.34 99.92 100.59 98.81
90 95.65 99.34 99.18 98.40
120 96.95 99.57 97.81 99.38
210 102.74 99.13

Antimicrobial Activity Test of Chloramphenicol and Complex

Agar diffusion assa;r was used for antimicrobial activitY test of free
chloramphenicol hase and ch o_ramﬁhemcol :2-HP-P-CD complex. Each of
concentrations was compared with the 50 pg/ml of chloramphenicol reference
standard. Table 32 showed the inhibition zone diameter of reference standard,
chloramphenicol and chloramphenicol ; 2-HP-p-CD complex. Fl([;ure_ 29
showed the standard curve of chloramphenicol. The sample concentrations
were obtained bY reading from the standard curve. The concentration of free
chlora{nprllenlco and complex were found to be 5.0 pg/ml and 52.0 pg/ml,
respectively.

Eye Irritability Test of Chloramphenicol and Chloramphenicol 2-HP-
p-CD Eye Drops in Rabbit

This experiment was designed to study the irritabili%_of
chloramphenicol and chloramphenicol 2-HP-P-CD &ye drops using albino
rabhits as test animals and compared to the effects of 0.9% sodium chloride
solution for injection. The results of eye irritation were showed in Table 33.

~Inall control group _&n:_Z), 0.9% sodium chloride solution for
Injection did not cause eye irritation and inflammation. In the case of all
tested rabbits ( =8), chloramphenicol and chloramphenicol :2-HP-P-CD eye
drops did not cause comeal cloudiness or opacity. Both solutions did not
?Isr?t calfjlse edema, congestion or hemorrhage of iris, did not alter pupillary
ight reflex.
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Figure 27 Comparison of stability of reconstituted powder for eye drops
at 45°c and 75 %RH for 4 months,
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Figure 28 Comparison of stabili#y of reconstituted powder for eye drops
at room temperature for 7 months.



Table 32 The inhibition zone diameter (mm) of chloramphenicol and chloramphenicol : 2-HP-(3-CD.
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Concentration of chloramphenicol (pg/ml)

100

10 1 L
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Corrected mean zone diameter (mm)

Figure 29 The standard curve of chloramphenicol for antimicrobial activity
test of chloramphenicol and chloramphenicol : 2-HP-P-CD complex.

Table 33 E%e irritation test of chloramphenicol and
chloramphenicol : 2-HP-P-CD complex

Reaction Control group Tested group
-2 Chloramphenicol (n-4) ~ Complex ( -4)

Cornea:

* cloundiness, ulceration 0 0 0
Ins:

» congestion, red hemorrhage,

edema 0 0 0

Conjunctiva;

* edema, red of the eyelids
and nictitating membrane 0 0 0
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