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Preparation of a Gel-Forming Ointment Base Applicable to the Recovery Stage of Bedsore
and Clinical Evaluation of a Treatment Method with Different Ointment
Bases Suitable to each Stage of Bedsore

Masato SHIGEYAMA

Department of Pharmacy, Takayama Red Cross Hospital, 3—11 Tenman-cho,
Takayama City 506-8550, Japan

(Received November 7, 2003)

An ointment base for better treatment of bedsores was developed to improve the release rate of minocycline
hydrochloride (MH) and the water absorption capacity using various types of hydrophobic to hydrophilic ointment
bases. The effect of purified lanolin (PL) on the release behavior of MH from a hydrophilic ointment (HO) base was the
primary focus. It was found that the drug release rate from the ointment base was modified according to the method of
preparation of the ointment base and the type of cyclodextrins admixed. The physicochemical properties, such as vis-
cosity, elution volume, and water absorption, of the ointment base were also modified by those factors. To develop an
ointment formulation suitable for the recovery stages of bedsores, including the proliferation period of granulation and
the formative period of epidermis, the physicochemical properties of Macrogol ointment containing various hydrophilic
polymers, which have gel-forming ability, were tested. A novel ointment base suitable for the treatment in the recovery
stage of bedsores was developed using hydrophobically modified hydroxypropyl methylcellulose (HM-HPMC). Con-
siderably sustained release of MH (Ts, of 170 at a min) was attained with a macrogol ointment mixed with HM—-HPMC
and Carbopol formulation ratio of 3 : 7. We clinically evaluated the effectiveness of bedsore treatment by applying
different ointment bases to patients with different stages of bedsores.

Key words——gel-forming ointment; bedsore; carbopol; hydrophobically modified hydroxypropyl methylcellulose;
controlled release
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Fig. 1. Release of Minocycline Hydrochloride (a) and Drug Release Plots according to Higuchi’s Equation (b) from Various Oint-

ment Bases in Distilled Water

O : white petrolatum (WP), @ : hydrophilic ointment (HO), [J : petrolatum polyethylene ointment (PO), M : hydrophilic petrolatum (HP), A : absorp-
tive ointment (AO), A : macrogol ointment (MO). Measurement temperature: 37°C. Data represent the mean +S.E. of three experiments.
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Table 1. Apparent Release Rate Constant of Minocycline
Hydrochloride from Various Ointments (Distilled Water
and Lactated Ringer’s Injection)

Ointment kw kl
WP 0.29+0.057 0.22+0.071
HO 9.86+0.459 6.10£0.502
PO 0.09+0.021 0.04+0.018
HP 0.65+0.106 0.50+£0.072
AO 1.28£0.268 1.02+0.212

kw: apparent release rate constant (ug-ml-!cm~2A~"2) in water.
kl: apparent release rate constant (ug-ml~!cm~2%~1/2) in lactated Rin-
ger’s injection. Data represent the mean=+S.E. of three experiments.
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Fig. 2. Release of Minocycline Hydrochloride from Various
Ointment Bases in Lactated Ringer’s Solution
O : white petrolatum (WP), @ : hydrophilic ointment (HO), O :
petrolatum polyethylene ointment (PO), M : hydrophilic petrolatum (HP),
A : absorptive ointment (AO), A : macrogol ointment (MO). Measure-
ment temperature: 37°C. Data represent the mean +S.E. of three experi-
ments.
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Fig. 3. Effects of Purified Lanolin Concentration on the
Release Behavior of Minocycline Hydrochloride from
Hydrophilic Ointment in Distilled Water

O : hydrophilic ointment 100% (HO100), @ : hydrophilic ointment

90% : purified lanolin10% (HO90 : PL10), O : hydrophilic ointment 80% :
purified lanolin20% (HO80 : PL20), M : hydrophilic ointment 70%: puri-
fied lanolin 30% (HO70 : PL30), A : hydrophilic ointment 60% : purified
lanolin 40% (HOG60 : PL40), A : purified lanolin 100% (PL100) . Measure-
ment temperature: 37°C. Data represent the mean +S.E. of three experi-
ments.

Table 2. Effect of Composition of Ointment Base on Its Ap-
parent Viscosity and the Release Rate of Minocycline
Hydrochloride from the Ointment

HO : PL? kD Vo

100 : 0 6.10+0.502 1.121+0.161
90 : 10 6.95+0.372 1.085+0.079
80 :20 7.594+0.488 0.9954+0.163
70 : 30 9.724+0.528 0.926+0.106
60 : 40 6.73+£0.543 1.110£0.183
0:100 0.83+0.121 1.651+£0.353

a) HO: hydrophilic ointment, PL: purified lanolin. b) k: apparent
release rate constant (ug-ml—! cm~=2A~"2) in lactated Ringer’s injection.
¢) V: apparent viscosity (Pa-s). Data represent the mean+S.E. of three
experiments.
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Fig. 4. Higuchi Plots of Release Profiles of Minocycline
Hydrochloride from Ointment Containing Various Cy-
clodextrins Prepared by Fusing Method

@® : «CyD, O: p-CyD, W : »-CyD, A : DM-p-CyD, O : TM—f-

CyD, < : dextrin, A : none. Data represent the mean *=S.E. of three ex-

periments.
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Table 3. Apparent Release Rate Constant and Viscosity of MH Ointment Containing Various Additives

Additives k@ ko | & Solubility (g/100 ml)

None 9.72+0.53 9.38+0.49 0.93+0.11 —

a-CyD 10.16£0.22 7.12+0.189 0.90+0.18 14.5

B-CyD 10.93+0.319 5.224+0.359 0.89+0.11 2.0

y-CyD 8.05+0.499 7.93+0.39 1.02+0.22 23.2
DM-B-CyD 6.06+0.59" 6.191+0.46 1.09+0.16 57
TM-4-CyD 5.79+0.679 5.86+0.62 1.18+0.13 31

Dextrin 5.37+0.699 5.31+0.67 1.66+0.23 —

a) k, apparent release rate constant (fused mixture) (ug-ml—!cm~2h~12). b) k, apparent release rate constant (physical mixture) (ug*
ml~!ecm~—2A=12) . ¢) V, viscosity (Pa-s) of fused mixture. Composition of ointment base: HO 70: PL 30. Data represent the mean=+S.E. of
three experiments. d) p<{0.01 vs. fused mixture. e) p<0.05 vs. none. f) p<0.01 vs. none.
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Fig. 5. Relationship between Viscosity and Release Rate
@ : oCyD, [0 : f-CyD, W : y-CyD, A : DM—-4-CyD, O : TM—§-

CyD, < : dextrin, A : none. Data represent the mean +S.E. of three ex-
periments.

EAAEROE T E EWKREITDWTHRE 21T /2.
ZORER, Fig. 6(a)IZ/RT & 512 DM--CyD &l
WE AN, R BN S O R BRI B W TR
BREABEROFHEDTKED TN ELLITED
SNaMmoTz. THUTH L TFig. 6(b)ITRT LD
2 B-CyD IRINKEBREFN OILE, 1R B K O
HRARHICHNT, WKRICEL TIRiZEA EEN
BNHDOD, WERLKBROF T ENER L 2
BEEMMRES UGG ETCIIRERENEL 2.
DR OWEMN S, WEEROEHEITIREE S U >
MN30% DU FREREH KENWZ EMNEHI N TN
5. WMEEFOWKMEZ, PLOBENEGL RS
2, —FommzErRLEZ. LML, PLOEIEH 30
%L b D &, IRHBIZME R LA LERST,
B HFIF O PL SRS 2 Z &1L D BEEA D



Vol. 124 (2004)

3
A
)
S
)

400

300

200

Absorption of water (mg)

100

o
Amount of ointment base released (mg)

20 40 80 100
Ratio of purified lanolin (%)

Fig. 6(a). Effect of Concentration of Purified Lanolin on
Absorption of Water and Amount of Released Ointment
Base with DM—S-CyD

@ : DM—3-CyD, B : DM-S-CyD (— fused mixture), A : DM—§—

CyD, O : DM—A-CyD (--- physical mixture) . Data represent the mean =+

S.E. of three experiments.
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Fig. 6(b). Effect of Concentration of Purified Lanolin on
Absorption of Water and Amount of Released Ointment
Base with f—~CyD

@ : f—CyD, M : p—CyD (— fused mixture), A : f-CyD, O : p—CyD

(--- physical mixture) . Data represent the mean +S.E. of three experiments.
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Fig. 7. Photomicrograph of Ointments
Fused mixture: 5% additives, 1% MH. Ointment base: HO70 : PL30.
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Fig. 8. Schematic Diagram of Structural Conversion of Ointment
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Fig. 9(a). Effect of Concentration of Cyclodextrin on Sur-
face Tension of 10% Concentration of HCO-60
@ : f—CyD, A : DM—-CyD. Data represent the mean +S.E. of three
experiments.
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Fig. 9(b). Effect of Concentration of HCO-60 on Surface
Tension of 5% Concentration of Cyclodextrins
@ : f—CyD, A : DM—B-CyD. Data represent the mean +S.E. of three
experiments.
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(b) after 7day

(a) before storage

20pm

Fused mixture : 5% B-CyD (w/w), 1% Minocycline Hydrochloride
Ointment base : HO 70 : PL 30
Stored at room temperature

i TS
(b) after 7days

P,

20pum

(a) before storage

Fused mixture : 5% B-CyD (w/w), 1% Minocycline Hydrochloride
Ointment base : HO 70 : PL 30
Storage temperature : 5C

Fig. 10. Photomicrographs of (a) freshly Prepared Ointment and (b) Stored Ointment for 7d
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Fig. 11. Changes in Apparent Release Rate Constant of
Fused Ointments with f—CyD during Storage
Storage temperature: @ : 5°C, O : room temperature. Data represent
the mean +£S.E. of three experiments.
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Fig. 12. Effect of Addition of Hydrophobically Modified
Hydroxypropyl Methylcellulose on Absorption of Water
(a) HM-Hydroxypropyl methylcellulose (T-5059), (b) HM-Hydrox-
ypropyl methylcellulose (T-5060), (¢) HM-Hydroxypropyl methylcellulose
(T-5061), (d) HM-Hydroxypropyl methyl cellulose (T-5062), (¢) Hydrox-
ypropyl cellulose, (f) None, Data represent the mean +S.E. of three experi-
ments.
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Fig. 13. Effect of Type of Hydrophobically Modified
Hydroxypropyl Methylcellulose on the Hardness of Macro-
gol Ointment Base

(a) HM-Hydroxypropyl methylcellulose (T-5059), (b) HM-Hydrox-
ypropyl methylcellulose (T-5060), (¢c) HM-Hydroxypropyl methylcellulose

(T-5061), (d) HM-Hydroxypropyl methylcellulose (T-5062), (¢) Hydrox-

ypropyl cellulose, (f) None. Data represent the mean +S.E. of three experi-

ments.
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Fig. 14. Release Behavior of Minocycline Hydrochloride
from Macrogol Ointment Containing Various Content of
Hydrophobically Modified Hydroxypropyl Methylcellulose

O : None+MO, @ :5%HM-Hydroxypropyl methylcellulose (T—

5059) +MO, M :5%HM-Hydroxypropyl methylcellulose (T-5060) -+

MO, A :5%HM-Hydroxypropyl methylcellulose (T-5061) +MO, A : 5

% HM-Hydroxypropyl methylcellulose (T-5062) +MO. Data represent the

mean +S.E. of three experiments.

Drug release (%)

0 30 60 90 120 150 180
Time (min)

Fig. 15. Effect of the Composition Ratio of HM-HPMC: CP
on the Release of Minocycline Hydrochloride from Ointment
O : None, @ : HM-HPMC (T-5062): CP10 : 0, @ : HM-HPMC (T
—-5062): CP5 : 5, A : HM-HPMC (T-5062): CP4 : 6, A : HM-HPMC (T
—5062): CP3 : 7. Data represent the mean +S.E. of three experiments.
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Fig. 17. Relationship between Drug Release Rate and Hard-
ness of Macrogol Ointment
A : HM-HPMCS5 : CP5, @ : HM-HPMC4 : CP6, M : HM-
HPMC3 : CP7, A :3%CP, O:4%CP, [O:5%CP, A :3%HM-
HPMC, % . 4% HM-HPMC, % : 5% HM-HPMC, : HPCS : CP5,
: HPC4 : CP6, t| : HPC3 : CP7. Data represent the mean +S.E. of
three experiments.
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Fig. 16. Effect of the Composition Ratio of HM-HPMC: CP and HPC: CP on the Absorption of Water (a) and on the Hardness (b)
: HM-HPMC (T-5062): CP, ] : HPC: CP. Data represent the mean +S.E. of three experiments.
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Table 4. Healing Index of the Treatment with Alteration of Ointment Base according to the
Stage of Bedsore and Conventional Treatment

Grade 119 11 Ive Vo
@) 0.04+0.01 0.154+0.10 0.144+0.03 0.0740.08
@) 0.17+£0.02* 0.21+0.11 0.31+0.06** 0.25+0.17**

(D: conventional treatment, (2): treatment with alteration of ointment base according to the stage of bedsore.
a) n=2,b) n=2,c¢) n=4,d) n=3. *: <0.05 vs conventional treatment, **: <{0.01 vs conventional treatment.
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