CHAPTER IT11

RESULTS

1. Experiments to find the suitable method to evaluate the color

formation of sulfacefamide sodium due to light stress.
1.1 Bbsorption spect%a of varieus components before and after

light exposure. l

Figure 2 illustrates' the absorption spectra of freshly prepared
sulfacetamide sodium {10 mcg/ml) jand sulfanilamide-k0;8 mg/ml} between
200-600 nm. It shows that both sulfacetamide and sulfanilamidé have
absorptign peak between 200-300 nm and show no peak at all between
300-600 nm. |

Figure 3 illustrates the absorption spectra of antioxidants,
0.1% sodium metabisulfite and 0.1% sodium thiosulfate and chelating
agent, 0.05% disordium EDTA, which are the ingrediernts used in this
experiment. |

The freshly preparedasoluticns afd the solutions after exposure
to artificial daylight®lightifor|3 déys sﬁow the same pattern of the
ébsorption épectra. The absorption peaks occiir only betweeﬁ 200-300 nm
and no peak occurs between 300600 “nm rangé.

Figure 4 illustrates the visible absorption spectra between
300-600 nm of 0.5% sulfacetamide sodium solution after exposure fto
artificial daylight light for 1, 3, 5, 7 and 8 days. It sﬂows that an
absorﬁtion peak occurs at 450 nm. The height of the peak varies to the

light exposure time.
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1.2 Comparison of color and potency of sulfacetamide sodium
solution with standard caramel solutions.

Standard caramel color solutions were pfepared and the shade or
intensity of the célor is assigned in letter codes as illustrated in
table 1. The height of the absorption peaks illustrated in figure 3
is correlated with the intensity of caramel c€olor solutions. However,
the p;tency of splfacetamide sodium does not.change significantly even-
though the solutions are dasken inrcolor,uas shown in table 2.

1.3 Comparisen of the effects of sunlight and artificial
daylight light. . |

Figure 5 illustrates the effect 'of exposure to artificial day-
light light (fluorecent, a0l w.) for 96 hours and natural sunlight for
48 hours. :The absorbance peak of 0.5% sulfacetamide sodium solution in
visible region at 300-600 nm is in the same pattern under exposure to
both types of radiation, which means that the results obtained by using
artificial daylight light can be compared with the results obtained
under natural sunlight. The only different is the light intensitiés.

1.4 [BEféctiof 'pHland buffersion theabsorption spectra and
color formation of sulfacetamide sodium solution.

Figure 6 |illustrates the WidibYe) absorptionspactra between
300-600 nm of 0.5% sulfanilamide sodium solution after gxbosure to arti-
 ficial daylight light for 3 days. It showé’that\the buffered solution

of pH 8 shows an absorption peak at 450 nm but the solution of pH 11 shows

no peak at 450 nm.



Table 1 shows the concentrations of standard caramel solution,

the shade of color and the code used in this experiment.

% W/

of color colex code
0 . clear ; A
0.01 ‘ very’ light yellow B
0.02 light yellow ' C
0.04 ; yellow D
0.06 Light yellowish brown ' E
0.08 yellowist brown F
0.1 brown G
0.2 reddish brown H
0.4 darker reddish brown 1
0.6 darker reddish brown J
0.8 darker reddish bréwn . K
1 darker reddish brown L

Note: . The shade of the color in between each code will be assigned
as the following example.

©
0

slightly lighter than brown

)]
I

= slightly darker than brown

9]

g
s 5]
It

color between brown and reddish brown
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Table 2 The color formation compared with standard
color and the percentage of labelled amount
of 0.5%sulfacetamide sodium solution after

exposure to artificial daylight light for

1, 3, 5, 7:¢ d 8 days.

NN

Label amount

101.5"

101.3

100.8

99.7

99.5
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Figqure 7 illustrates the visible absorption spectra at 300-600
nm, of sulfacetamide sodiuﬁ solutions at concentrations of 0.5, 1, 5 and
10%, after exposure to artificial daylight light for 6 days. It shows the
absorbtion peak at 450 nm clearly in 0.5 and 1% sulfacetamide sodium solu-
tions but 5% solution shows unresolved peak at 450 nm while no visible
peak of 10% solution. The pH of 0.5, 1,5 and 10% sulfacetamide sodium
solutions are 6.4, 6.6, 9.0.and S.1.

The color of each soddticn after exposure to the light for 2-6
days, compare with standard color solutiogs is shown in table 3.

Buffers were used in preparing 10% sulfaceta;ide sodium solutions
by)uSing opthalmic phosphate bufifers (30), pH 7.0, 7.4 and 8.0. The un-
buffered solution possessed pil of 9.1, Visible absorption spectra were
measured f?om 300-600 nm which show that at pH 2.1 sulfacetamide sodium

solution is more stable than at more acidic . pHs as shown in figure 8 and

table 4.

2. Experiments to find the most effective antioxidant in retarding
of color formation of sulfacetamide sodium solution and to find the most
proper formulations

Figure 9 illustrates the absorbance at 450 nm of solutions used
in figure 8 fat 1 2} 3% .4 andss daysiwhichrshows) cledartythat) the rate
of decomposition of sulfacetamide is dependent on the pH of the solution
at any time. It also shows that the higher the concentration of phosphate

buffer dsed, the faster change in color is abserved.

Tn table 5 shows the pH of sulfacetamide sedium solutions at

concentrations of 0.5, 5 and 10% with various amount of antioxidants and
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36 .-

Table 3 Color formation of sulfacetamide sodium
solution 0.5, 1, 5 and 10% compared with

standard color solution after exposed to

artificial light 2, 4 and 6 days
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Table a The color formation and absorbance measured at 450 nm
after 1, 2, 3, 4, 5 days of exposure to artificial
daylight light of 10% sulfacetamide 10% solution pH 9.1

and solutions buffered at pH 7, 7.4 and 8.

day
1 2 3 4 5
pH
+
c o, F G G
0.7 . 99 0.52 1.9 s 2
+
c E E G G
4 0.63 i.04 1 445 1.83 > 2
B & D F P
0.35 061 0.88 1.16 1.5
ar B 2 c” p'
1 0.14 0.3 0.44 0.58 0.98
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Sc' 10% in buffer (0.049 M), pH 7 -
/ S¢ 0% in buffer (0.044 M), pR 7.4

0% in buffer (0.040 M), pH 8 (0.040 M)
% in buffer (0.040 M), pH 8 (0.024 M)
% in buffer (0.040 M), pH 8 (0.016 M)

in buffer (0.040 M), pH 9 (0.004 M)
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Fig. 9 Absorbance at 450 nm plotled at different times afiter exposure to artificial
daylight light, of 10% sulfacetamide so0lution buffered at différent pH and
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Table 5 pH or sulfacetamide sodium soultions (Sc) at concentration
of 0.5, 5 and 10% with and without antioxidants and/or

disodium EDTA at different concentrations.

o % Antioxidant % of disodium EDTA

- ' = é.Ap 6 .40 6.40 6.40

0.1 - | & 6.40 6.40 6 .40 6.20

0.3 - 6.50 6150 6.30 6.15

, 0.5 r 620 6420 6.20 | 6.10
0.5 |

- oA/ 6,70 6.70 6.60 6.30

- 0.3 6 .30 6 .80 6.50 6.30

- ol 5 6 .80 6.80 6.50 6.30

- 1 9.00 820 7.60 7.30

0.1 ’ 8.50 7.50 7.30 7.10

0.3 - 8.30 7.30 7.20 7.00

5 0.5 = 8.00 7.20 7.10 7.00

- 0.1 9 .60 820 7.60 7.30

- 0.3 9.00 8 .20 7.60 7.30

- 0.5 9.20 850  8.00 7.50

- L 9,10 8150 7.90 7,20

0.1 | S 8.10 7.95 7.65 7.50

0.3 S 7,50 4 7.50 7.40 | 7.35

10 0.5 y, 7.25 7..20 7.20 7.10

- _ 0.1 9.20 8.50 8.00 7.70

- 0.3 9.50 8.50 8.00 7.70

- 0.5 9.70 8.80 8.15 7.70
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chelating agent. It can be seen that pH of 0.5% sulfacetamide sodium
solutions with and without antioxidants and chelating agent falls in the
range 6.1 to 6.8. While 5% solutions are in the pHrrange of 7 to 9.0 and
10% solutions are in the pH range of 7.5 to 9.7. |

The pH of 0.5% sulfacetamide, sodium solutions is within a narrower
range. Therefore they were selected for experiments to find the effeciency
of antioxidants and chelating agent omn the rétardation of the color for-
ﬁation of sulfacetamide sodiumeSolution. This will roughly eliminate the
influence of pH and buffer,

Solutions of sulfagetamide’ sodium (0.5%) were prepared with anti-
oxidants (sodium thiosulfate and sodium metabisulfite) and chelating agent
(disodium EDTA) according to table 5. Absorbance of the sclutions at 450
nm were measured after exposure to'artificial daylight light for 1, 2, 3,

4, 5, 6, and 7 days. The results are shown in figure 10, as the plot of
absorbance versus times of exposure to light, of 0.5% sulfacetamide
sodium soiutions with amtioxidants.

Figure 11 shows the absorbance at 450 nm of 0.5% sulfacetamide'
solutions with varibus jconcentration,of antioxidants  combined with 0.05%
disodium EDTA, at times after exposure to light.

It 48 eléarlyseenfromcfigures 10=and A4 khat, sedium thiosulfate
has better effect on retarding the color formation of solution comparing
with pure sulfacetamide sodium sclution. Sodium metabisulfite has some
retardation effect at the beginning (about 3 days). The color formation
increases very rapidly after 3 days of exposure to light and even faster

than the color formation of pure sulfacetamide sodium solution at the
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same duration. The same pattern is abserved either with or without added
disodium EDTA. -

Disodium EDTA clearly shows the increase in retardation effect
on the color formation when it is used in combination with antioxidants.
The ;etardation effect on the color formation of sulfacetamide sodium so-
lutién by antioxidants also varies to thesamount of antioxidants used.

Figure 12 shows that 0.5% sulfacelamide sodium with 0.1% sodium
thiosulfate or with 0.1% sodium.metabisulfite, with or without 0.05%
disoaium‘EDTA buffered at pH 7.4 behave in the same pattern as unbuffered
solution (fig. 10 and 11)4 but the decompasition under light stress is
faster when phosphate buffer ds used.

Figure 13 indicatgs that the abserbances of 10% sulfacetamide
sodiuﬁ solutions buffered at pH 7.4 with Vvarious céncentration of anti-
oxidants changeimxthesame|oattefnas 0.5% sulfacetamide sodium solutions.
The addition of chelating agent, disodium EDTA, shows no effect on the
color formation at all~”

From Figure 11,712, 13 it can be summarized that sodium thio-
sulfate can retard. the| ¢olor formation of (sulfacetamide sodium solution
much better than sédium metabisulphite. The effect is increasing when
larger amouft of antioxidants-is used. THe chelating agéntildisodium EDTA)

has a synergist effect with antioxidants.

3. The study to find the best formulation of 10% sulfacetamide

sodium solution.
Sulfacetamide sodium solutions (10%) were prepared by using
antioxidants (sodium metabisulfite and sodium thiosulfate) at concentrations

of 0.1, 0.2, 0.3%.
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The absorbances of the solutions measured at 450 nm are plotted
with time as shown in fig. t4. It shows that sodium metabisulfite must
be over 0.2% in order to be able to retard the color formation of sulfa-
cetamide sodium solution.

while sodium thiosulfate has very good retardation effect on color
formation at all concentrations used.

Disodium EDTA élone chows no effect on the color formation of

sulfacetamide sodium solution.

Figure 15 showslthe gffect of using disedium EDTA in combination
with antioxidants. It indicates that disodium EDTA.can increase the
reta;dation effect on ‘color formation of culfacetamide sodium solution
futher. The higher the amoﬁnt used the less color formation occurs.

Sulfacetamide sodium sglutions(10%) with antioxidants sodium
metabisulfite and sodium thiosulfate at concentrations’of 0.1, 0.2 and
‘0.3%, in combination-with dissdium EDTA at concentrations of 0, 0.01,

0.05 and 0.10% were eXposed to artifieial dayright light for 7 days.
The color formed after light exposure and pH of solutions before and
after light exposure is ‘shown in tablepb.

Figure 1é shaws the effect of using disodium EDTA at different
concentrations_ in combination with 0.1% antioxidants, sodium metabisulfite
and sodium thiosulfate! | It (shows (that disodium EDTA can lower the. color l
formation rate of sulfacetamide sodium solution.

Table 7 comparing the color férmation and absorbance at 450 nm
of two formula‘ of 10% sulfacetamide sodium solutions with 0.1% antioxidants

in combination with 0.05% disodium EDTA filled in clear ampoules and amber
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Table 6 The color compared with standard color after 7 days exposed to artificial

daylight light and pH initial and after 7 days of sulfacetamide solution

10% solution.

s

% Sodium Metabisulfite % Sodium Thiosulfate
% Di sod. . :
EDTA -3 .2 M S .3 .2 .1
F G I H D E P
0.1 . .
7.1 - 7.0 |7.3 - 7.25 W5 /75,038 -76 |7.7-7.7 |7.7-7.6517.7 - 7.7
F H z - H D E F
0.05 X
7.2 - 7.1 |7.35 - 7.25[7.65 ~ 7.6 (7.9 =7.8 [8.15 - 8.0 |7.95 - 7.90|8.0 - 7.9
pr H T Sl vl ET F
0.01 .
7.2~ 7.2 |7.5-7.35/17.95 -~ 7.7 (8.5 - 8.2 |8.8 -8.0 |9.0-8.0 8.5 - 7.9
F H G F D E ¥
7.25 - 7.2 W5 < 7W4N[B.1 - 17.8 119 -18.4 1907 -18,451/9.5 - 8,0 [9.2 - 7.85

" 0S
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Table 7 Comparing the color formation and absorbance at 450 nm
.of two sulfacetamide sodium (Sc) solution 10% filled in
: elear ampoules and amber ampoules after expose to the
;mngificial daylight for 6 days. |
‘ SolutionfSM:>Sq + Sodium &etabisulphite 0.1%
+ Di sodium EDTA 0.05%

ST: Sc + Sodium Thicsulphite 0.1%

+’Di sodiumJEDTA 0 .05%

Sol . 1 2 3 ~ 5 6
B g E B F G
clear 25 4|57 90 | 1.05 1.18 1.30
SM ‘
AN
A A B c D E
amber: <01 .03 [ .34 55 .70 .95
B~ B C o o~ E
- - clear .16 .35 .52 .65 .B2 . .91
ST '
r _
A A A A A A
amber .00 01 .03 0s | .06 .07
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ampoules after expose to the artificial daylight light for 6 days. It
shows that amber glass can prevent the light exposure of the solution and
so the color formation can be reduced very clearly especially when using

sodium thiosulfate as an gntioxida‘
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