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Influence of pH, Temperature, Ionic Strength and Metal Ions on the Degradation
of an Iridoid Glucoside, Aucubin, in Buffered Aqueous Solutions

In Koo Chun' and Young Mee Cho

College of Pharmacy, Dongduck Women’s University. Seoul 136-714, Korea
(Received July 28, 1995)

The physico-chemical stability of aucubin, a hepatoprotective iridoid glucoside, in buffered aque-
ous solutions was studied using a stability-indicating reversed-phase high performance liquid
chromatography. The degradation of aucubin followed the pseudo-first-order kinetics. In strong a-
cidic regions, aucubin was rapidly degraded by the specific acid catalysis, forming dark brown
precipitates. From the rate-pH profiles, it was found that aucubin was most stable at the pH of
about 10. From the temperature dependence of degradation, activation energies for aucubin at
pH 2.1 and 4.9 were calculated to be 22.0 and 24.3 kcal/mole, respectively. The shelf-life (tgs) for
aucubin at pH 9.07 and 20°C was predicted to be about 603 days. A higher ionic strength ac-
celerated the degradation of aucubin at pH 4.01. The effect of metal ions on the degradation rate
of aucubin at pH 7.16 was in the rank order of Cu®* » Fe*" Y Co*" ) Fe** » Mg®*. On the other
hand, Mn®" and Ba®" slowed the degradation rate.

Keyword— Aucubin, Degradation, Formation of precipitates, Discoloration, Reversed-phase HPLC
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Chart 1 — Chemical structure of aucubin,
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Figure 1 —HPLC chromatograms of aucubin (36.4 pg/
ml) standard (A), and sample solutions (pH 2.10) after
1 B), 2 (C), 3 (D) and 4 (E) hrs at 60°C.
Phenylalanine (4.8 Wg/ml) was used as the internal
standard (IS).
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Figure 2 — Apparent first-order degradation of aucubin
at various pHs and 37°C.
Key : 0; pH 2.10, ®: pH 4.01, A: pH 4.90, A: pH 6.10,
V. pH 8.12, ¥: pH 9.07
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Table I-— Apparent First-order Rate Constants (k)
and Half-lives (t,2) for the Degradation of Aucubin (2

mg/mi) in Various Buffered Solutions and
Temperatures
Temperature k t
ICe) pH Buffer (day™) ( dZ;)
1.40 KCI-HCl 8.46 0.082
2.10 KCI-HC 1.28 0.543
3.09 Mcllvaine 0. 204 3.41
4.01 Mecllvaine 0. 0462 15.09
37 4,90 phosphate 0. 00514 134. 86
6.10 phosphate 0. 002017 343.54
7.17 phosphate 0.001141 607.19
8.12 phosphate 0.0005488 1262. 69
9.07 borate 0.0005455 1270. 38
9.65 borate 0.0006522 1062.53
2.10 KCI-HCl 12. 468 0. 056
60 4,90 phosphate 0. 0362 19.15
7.16 phosphate 0. 0021 330. 27
9.07 borate 0. 00074 936. 60
2.10 KCL-HCL 65.285 0. 0106
4.90 phosphate  0.445 1.557
7.16 phosphate 0. 020 34. 60
70 8.12 phosphate 0. 0107 64. 80
9.07 borate 0. 00421 164. 61
9.65 borate 0. 00337 205. 46
11.05 phosphate 0. 00370 187. 48
12.04 phosphate 0. 01245 55. 65
7.0
6.0 } °
5.0 F O \
x \
o 40} o
9 N ®
+ 30 o\ \
<+ @]
20t \ o .
[oNg ~eoo—o”
10} C~o
~0-00
0.0 - . —i- = — .
0.0 2.0 4.0 6.0 8.0 10.0 12,0 14.0
pH

Figure 3—pH-rate profile for the
aucubin at 37 (O) and 75°C (@).
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Table II— Djscoloration and Transmittance (% T) of
Aucubin Solutions (pH 7. 16) Having Different pH
Values after Storage at 37, 60 and 75°C for 75 Days

Storage pH Appearance %T at 500 nm®
temperature
¢C)
4.90  brown precipitates 72.6
5.07  slight brown 87.1
precipitates
7.16  pale brown 88.2
37 slight precipitates
8.12  almost colorless 93.2
9.07  colorless 98.6
9.65 colorless 98.5
4,90 lots of brownish 98.3
black precipitates,
colorless
60 9.07 miute precipitates, 98.4
colorless
7.16  dark reddish brown 0.5
8.12  liver brown 16.4
9.07 pale brown 89.0
7 9.65  colorless 96. 6
11.05 colorless 96.7
12.04  pale yellow 87.0

?9% T was determined using the solution filtered through
0. 45 pm membrane filter.
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Figure 4-— Comparison of time-course degradation rates
of aucubin in a buffered solution (pH 7.16) (©) and
water (®) at 75°C.
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Figure S—Effect of ‘temperature on the first-order
degradation of aucubin at pH 2.10.
Key : 0:37°C, ®: 60°C, &' pH 75°C
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Figure 6 — Arrhenius plots for the degradation of
aucubin at various pHs.
Key : O: pH 2.10, ®: pH 4.90, A; pH 7.16, A: pH 9.07
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Table X1 — Effect of Jonic Strength on the
Degradation Rate Constants (k) and Half-lives (ty2)
af Aucubin at pH 4. 01 and 37°C

Tonic strength k tie
W (day?, x 109 (day)
0.345 4,62 15.09
0.50 5.38 12.89
0.70 6.63 10. 49
1.00 8. 86 7.83
1.50 11. 67 5.9
2.4
2.2
y = 1.2922 + 0.6334x
20} (r = 0.9965)
X
o>
2 18
+
? 16t
1.4}
1.2 ! . . . .
0.3 0.5 0.7 0.9 1.1 1.3 1.5

lonic strength (u!/2)

Figure 7—Effect of ionic strength on the degradation
rate constants of aucubin at pH 4.01 and 37°C.
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Table IV— £ffect of Metal lons on the First-order
Degradation Rate Constants (k) and Half-lives (t)
of Aucubin at pH 7. 16 and 60°C

. Metal salt k ti
Metal fon used (day, x 109 (day)
None None 2.10 330.27
Mg” MgCl, 1.77 390. 55
Ba™ BaCl, 1.60 433.48
Co™ CoCl; 3.05 227.21
Cu” CuSO0, 5.51 125, 84
Fe” FeCl, 2.92 237.10
Fe* FeCl; 3.99 173.66
Mn® Mn(NOs), 1. 46 474.99
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Figure 8 —Residual concentrations (%) of aucubin in
the presence of metal ions after 58 days at pH 7.16 and
60°C. Error bar indicates the standard deviation of
triplicate runs.
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Table V— Discoloration and Transmittance (% T) of
Aucubin Solutions® (pH 7. 16) Containing Metal fons (5
x 10° M) after Storage at 6(PC for 75 Days

Metal ion Appearance % TY at 500 nm
None brown 54.7
Mg brown 53.8
Ba” brown 60.7
Co™ dark drown 34.4
Cu® dark reddish brown 19.8
Fe* dark brown 36.6
Fe* dark brown 29.2
Mn®* pale brown 82.6

JAll samples (n=3 for each) were found to form minute and
moving crystalline precipitates.

Y% T was determined using the solution filtered through 0. 45
Um membrane filter,

100

80+ b
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401
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Figure 9— Relationship of transmittance (%) at 500 nm
of aqueous aucubin solutions containing various metal
ions with the concentrations (%) of aucubin remaining
intact after 58 days at pH 7.16 and 60°C.

Table VI— Effect of Initial Drug Concentration on the
First-order Degradation

Initial concentration k tize
(mg/mp) (day?, x 109 (day)
0.5 3.83 18. 11
1.0 3.48 19. 90
2.0 4,14 16.74
4.0 4,05 17.10
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