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Dissolution and Stability Enhancements of Trimethoprim by
B-Cyclodextrin Polymer Inclusion Complexation

Hyung-tae Kim, Kyung-ock Park and Seong-hoon Seo
College of Pharmacy. Kyung Hee University, Seoul. Korea
(Received April 21, 1992)

To improve the solubility and dissolution rate of trimethoprim (TMP), which is slightly soluble
drug, its inclusion complexes were prepared and studied in this experiment. Inclusion complexes
of TMP with B-cyclodextrin and B-cyclodextrin polymer (CDPS) were prepared according to Feny-
vesi method. These were compared with TMP and its physical mixture with CDPS. Water, diluted
hydrochloric acid and phosphate buffer solution were used as dissolution media. And accelerated
stability test was studied at 50, 70 and 80C. It was found that solubility and dissolution rate of
inclusion complexes were increased in water. Especially, the solubility and dissolution rate of TMP
was found to be markedly increased by inclusion complexation with CDPS. In stability test, B-cyclo-
dextrin inclusion complexes were more or less stable than TMP alone. This tendency was not
led in CDPS. Consequently, CDPS was useful in increasing dissolution rate and stability of TMP.

Keywords —Inclusion complex, accelerated stability analysis, dissolution rate, degradation, solubility,
cyclodextrin polymers, Fenyvesi method.
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Figure 1—Elution profile of the water-soluble B-cyclo-
dextrin polymer(CDPS) on Sephadex.

Table I —Results of Solubility Test

Volume (mJ) required to dissolve

Table I1—-Composition of Trimethoprim Powder 1g of TMP.
Systems Composition Samples Water d-HCl Phosphate buffer
Inclusion 1) TMP TMP only 61.8 56.4 576
compound 2) TMP+8-CD (1 :1w/w) B-CD Inc. (1: 1) 59.6 184 284
3) TMP+B8-CD (1:5w/w) B-CD Inc. 1 :5) 54.5 28.8 440
4) TMP+B8-CD (1: 10 w/w) B-CD Inc. 1:10) 495 36.0 487
5) TMP+CDPS (1 : 10 w/w) CDPS Inc. 1:10) 287 13.6 47.1.
Physical 6). TMP+B8-CD (1:1w/w) B-CD Pm. 1: 1) 61.0 244 446
mixture 7> TMP+B-CD (1: 5w/w) B-CD Pm. (1:5) 59.3 35.6 52.8
8) TMP+8-CD (1 :10 w/w) B-CD Pm. (1: 10) 58.5 49.8 57.2
9) TMP+CDPS (1: 10 w/w) CDPS Pm. (1:10) 577 446 49.8
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Figure 2—IR absorption spectra of TMP/B-CD and
TMP/CDPS systems
Key: (1), TMP only; (2), B-CD oaly; (3), CDPS only;
4), B-CD Inc.; (), B-CD Pm.; (6), CDPS Inc.; (7), CDPS
Pm.
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Figure 3—Powder X-ray diffraction patterns of TMP/
B-CD- and TMP/CDPS systems
Key: (1), TMP only; (2), B-CD only; (3), CDPS only;
4), B-CD Inc; (5), B-CD Pm,; (6), CDPS Inc.; (7), CDPS
Pm.
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Figure 4—Differential scanning calorimety curves of
TMP/B-CD and TMP/CDPS systems

Key: (1), TMP only; (2), B-CD only; (3), CDPS only;
4), B-CD Inc.; (5), B-CD Pm.; (6), CDPS Inc; (7), CDPS
Pm.
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Figure 5— Dissolution profiles of TMP from B-CD and
CDPS complexes in water.
Key: @, TMP; @, B-CD Inc. (1 : 1); @1, B-CD Inc. (1 : 5)%;
<, B-CD Inc. (1:10); W, CDPS Inc. (1:10); 3, B-CD
Pm. (1:10); a, CDPS Pm. (1:10)
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Table 11— Dissolution Rate Constants (hr=") for Various
Cyclodextrin Inclusion Complexes

Dissolution medium

Sampl
ample Water d-HCl Phosphate buffer
TMP alone 11.3 6.1 100
B-CD Inc. (1:1) 11.0 2.2 35
B-CD Inc. 1:5) 11.7 19 38
B-CD Inc. 1:10) 10.8 2.0 35
CDPS Inc. (1:10) 156 20 5.0
100
j
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Figure 6—Dissolution profiles of TMP from B-CD and
CDPS complexes in diluted hydrochloric acid.

Key: @, TMP; @, B-CD Inc. (1: 1); B, B-CD Inc. (1:5);
<, B-CD Inc. (1:10); m, CDPS Inc. (1:10); O, B-CD
Pm. (1:10); &, CDPS Pm. (1: 10)
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Figure 7—Dissolution profiles of TMP from B-CD and
CDPS complexes in phosphate buffer solution.

Key: ®, TMP; @, $-CD Inc. (1: 1); B, B-CD Inc. (1 : 5);
<&, B-CD Inc. (1:10); m, CDPS Inc. (1:10); 0O, B-CD
Pm. (1:10); a, CDPS Pm. (1: 10)
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Table IV~ Degradation Rate of Aqueous Solutions of Various TMP Inciusion Complexes at 30, 70 and 80°C

Residual concentration (mole X107%)

Temp. (C) Sample

0 6 9 19 24 29 34 39 44 49 hr.

50 T™MP 224 211 205 187 179 170 1.63 156 148 141
B-CD Inc. 1: 1) 224 212 206 189 180 172 1.66 159 151 145

B-CD Inc. (1:5) 224 214 208 193 18 L78 1.71 164 159 1.52

B-CD Inc. (1:10) 2.24 214 208 194 186 180 173 167 160 1.54

CDPS Inc. (1:10) 224 216 210 198 191 185 179 174 198 1.62

70 TMP 2.24 209 203 182 172 162 1.53 146 139 131
B-CD Inc. 1:1) 224 209 204 183 174 165 1.57 159 143 135

B-CD Inc. (1:5) 2.24 210 205 181 178 169 1.62 154 146 1.40

B-CD Inc. (1:10) 224 213 208 192 18 178 1.70 164 157 151

CDPS Inc. (1:10) 224 214 211 197 191 184 177 1.72 1.66 1.60

80 T™P 224 138 201 179 166 159 1.50 142 1.34 1.26
B-CD Inc. (1:1) 224 210 203 182 172 163 154 146 138 1.30

B-CD Inc. 1:5) 224 211 204 184 175 167 158 150 143 1.35

B-CD Inc. (1:10) 2.24 212 206 187 178 170 161 154 147 1.40

CDPS Inc. (1:10) 2.24 213 207 191 182 17 1.67 160 154 147

Table V—First-Order Rate Constant (k) and Half Life [t./2) 1:59 A ) B)3ho] ¢k 159% o)4te] eH a7}

for Degradation of TMP at 50, 70 and 80°C 9}213131, TMP9]] H|&ldE= oF 229 o|Ate] A E
Temp.(C) Sample k(hr™!, X1073) ty, (hr) 7} ek
5  TMP 945 73.33 CDPSol| = 860X 1072 hr 154 TMPe] 1|8}d]
B-CD Inc. (1 -1) 869 7919 36%, 1:10 B-CD XA ) wjstode 12%2) A
B-CD Inc.(1:5) 7.77 89.18 317} 99IeKTable V).
B-CD Inc. (1 : 10) 758 9148 g £EAFE Sahel ]S Hashd 50
CDPS Inc. (1 : 10) 658 10539 ¢ T v >
70 TMP 1092 6348 CToA TMPx 733 hr, £RA= 79.8-915 hro] 1,
B-CD Ine.(1: 1) 1028 6743 CDPS:= 1054 hrZA] CDPS9| ##7F @A AL
B-CD Inc, (1:5) 9.72 71.98 n, 22l 80T 9| A= TMP~} 59.1hr, B-CD X3
B-CD Inc. (1 : 10) 8.02 86.41 A< 62.5-72.0 hr, Z128] 32 CDPS7t 80.5 hr24] 8-CD
CDPSInc. (1 : 10) 6.80 101.84 FAA T TMP &= v)dle kR a#h7) this =
80 TMP M7 5001 At COPSeINE wi$- dARsPch ko o 3
B-CD Inc.(1: 1) 111 62.54 A9 B-CDQ) TLEAE o]&3 £ L YAl
B-CD Inc.(1:5) 1.03 67.37 9 alsro S1s
B-CD Inc.(1: 10) 9.64 71.97 AT AwE T Adgel
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