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Toshihisa Nakashima, Ryo Otsuka, Keiichi Koido, Rena Nishigaki
Hironobu Hashimoto, Tomonobu Otsuka, Hiroyuki Terakado

Comparison of the pharmacokinetics of vancomycin hydrochloride
between hematological malignancies and solid tumors

Summary

Pharmacokinetic parameters of vancomycin hydrochloride (VCM) have been reported to be affected
by the presence of malignancy. This study aimed to clarify the differences in the pharmacokinetic
parameters of VCM between hematological malignancies and solid tumors, which have not been clarified
previously. We retrospectively investigated the pharmacokinetic parameters of VCM between patients with
hematological malignancies (n = 256) and solid tumors (n = 197) . Our results indicated that VCM clearance
was significantly higher in patients with hematological malignancies than in patients with solid tumors.
The volume of distribution and half-life of VCM were significantly lower in patients with hematological
malignancies than in patients with solid tumors. In conclusion, the results of this study revealed significant
differences in the pharmacokinetic parameters of VCM between patients with hematological malignancies
and solid tumors.

Key words
Vancomycin hydrochloride, pharmacokinetic parameter, hematological malignancy, solid tumor
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) aAnRTF FERUWETH LNy ax (T Vi
BEIE (vancomycin hydrochloride: PAF, VCM) (&,
7T LRI L CTEN IR EZ A L. £
WCAF ) Vi T F o ERE (Methicillin-
resistant Staphylococcus aureus: UL F. MRSA) &
BT LN LA TH 5. AT VCM 1.
b2 J A E D 58 BOPE UF BRI A E (febrile
neutropenia: LT, FN) {GHEICEBWT MRSA & &
DFERNE 7T 2 B PEER R & GhE 2558 < B 5 IR
WTHW SN HED% W, VCM o i il FE 1%
AL X OEREEREOEIICERT 5 Z Lo
HENTWS Z & H 5 therapeutic drug monitoring
A7) SRS hTWw A,

JAETIE. VCM W E)E/ ST X — & DL ER
O—2 & L CTENEERERSHE ShTwaTY,
C I E CTIT/NREAE S B (2 3 TIPS 8
TEHBELTVEM o252 ) 79 A (LT,
CLyow) 2SBER L. 2R (BAF. ty,) 2V L7
EOMEND BV, T, FFEMEEEE & L
THEMAFEE B H B WT Clyey 2VFEICH AL
OGS H DY, TSI AARNEEIES EE
2BV, RIS R & L T Clyoys 507
(LT, Vd) AR ALZEHmELTY
2%, i, RS OO T, BRARRIC
BT 2D VCM FHEWEHFE /X T X —F OENITONWT
MRET LT3 2%, ERESD R CHL2ICIE %> T
W\,

CHETEABEPLEERELERAEICHIT 2
VCM BEWEIRENT A —F DEVIZOWTOREZ
EINTWBD, EGOKID R BEEahizsA
FBHRONTBY, HEICIE R > Twhv, 22T
AWFFE Tl BUEES B HICB TS VCM 03
FRE/NT X — F 1TV T I g g & EEER; Tk
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2012 4 11 H~2014 4 11 f F TIZESZASAMFSE
vy —dguEke (LT, %FE) T, VCM 25EHIR
Pe - SN TAER) 453 Bl & AT G & Lz, 72721,
MEENT BE . BRI A BB BB B L O
PIRERLEAT 3 & /N (12D F) EBRAb L 72,

2. FAEIER
KRIEBI O AFE, EEG, YR, &, ARHE, I
w7 LT F= M (LLF. Scr). FN Of#E, &%
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REIGEL-EEZONA 3 HBEURICERES L
ROE B AT (trough i) B X OV RS T 1 R
BE L 2IME (peak i) @ VCM IS
OWTHRFHRWIZHE L2 2V T F=0 20T 5
v A (LLF. CLCr) 1&Cockeroft-Gault® 3\ % i \»
TH I L. Augmented Renal Clearance (ARC)
(¥CLCr > 120 mL/min & &3 L 72",

3. VCMEYEIRE/I\S X —F DEH

FIEBIO VCM EWBEHRE/ ST X — & DI,
Be5-ptG 3 H HEABE® trough i X OF peak D
2 0 VCM I il i % v 720 IUE L 7215 %
HElZ1-a v /8=t A Y MEFMIZHE modified
Sawchuk-Zaske #* 12X 0. CLycys Vd BX0 t,,
ZEW L7z, Mo VCM 3R b5t s
W #:12 X ARCHITECTI 1000SR® (7 & » b
Tay) #HWTHE L7,
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TG MZEE R B X OB ES RO 2 RERICDO W T
WEEHFIIRAT 2 4T 5 720 Mean fH O L IZunpaired
rtest. W, ARC FERIEE L OF FN SEFIE O
B2 DWW T ldChissquare test 2 W TH B EME
BATo 720 Fld LIEHREVCM O K3 H)RE
8T X — & OABBARIZEUGE ST X0 3T L 72,
el 7 Mid JMP®11 (SAS Institute Inc, Cary, NC,
USA) ZHw., p<005 TH 5 & EHEEHW L7,
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1. BEER

WHRIEFOBEERB L OBAFEONRE Zh2
NEK1IBIUTR2ITRT, SIEFKIE 453 B, &
MmefER R B X ORISR I 2 Eh 256 B &
O 197 BICTH o7z, MBFOBFEROLKIZEW
THH. &, ARC JEBIEL. FN JEFIEL. peak
B XU trough HICE L THELREN RO Sz,
F7:. FNJEBID 9 B ARCEISH L TV 72 ERIE
3 I 5 T 73 B (70.9%) . [E T HE S #E T 0 B
(0.0%) THo7zo Blt, KE, Scr BL U VCM
BG-BG2 SRINE TOHEIZOWTIIARE LA
RO NG holze BAFDONIRIZOWTIE, &Il
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ﬁ 'I %HEE
£fF 1= MEREE A E R E SR pf&*
EHI 453 256 197
'Iésu (B i) 276/177 160/96 116/81 0.439 "
% (%) 572+155 51.6+15.2 645+125 <0.001
& (cm) 163.2+9.0 164.8 +8.3 161.0+9.5 <0.001*
11@ (kg) 57.0+11.3 57.9+10.9 559+11.8 0.064*
Scr (meg/dL) 07+0.3 06+0.2 0.7+0.3 0.387°F
CLCr (mL/min) 108.7 +£54.8 1182+ 51.4 96.5+ 56.7 <0.001 *
ARC fEBIEL (%) 141 (25.2) 103 (40.2) 38 (19.1) <0.001 "
FN FEFIZR (%) 153 (33.8) 145 (56.6) 8 (4.1) <0.001 "
FNEfI ARC RBEGIH (%) 73 (16.1) 3 (70.9) 0 (0.0)
peak 18 (ug/mL) 208+ 86 302+75 29.1+98 0.024*
trough 18 (ug/mL) 11.2+55 106 +5.0 120£6.2 0.015%
VCM 5B iArSERMETH 39+12 39+12 40+12 0.303*
B (B)
mean=+S.D.
* Y RIES R & BESE CORTE
" Chi-square test, * unpaired t- test
. EEYIEIRE) S X— 5 DB
F2 WREFDHABDAER AJ”TﬁJ G M HER B L BRSO VCM
i(ﬁml%‘gzﬂig% S 119 KB T A=y 2R IITRT, BETRICE
=25 EAV NI o
" i ot waﬁWTHE&¥# 20 5N, BRE4
SRS HIE 8 FEBITO VCM DKW EEEN S 2 — & O
e - - FRIZD W TIRIT L7858 42 &, (p < 0001,
(n =197 Py o8 R’ fi 0280) # X O4E#RE Vd (p < 0001, R* f&
Hif?;/b 23 0253) TENZENEWIEDOHBEABERIZA SN,
» 22 .
KIBH A oo ZOMIZOoWTIE R® i 01 Rich o, HH»
BHRIES 15 A BRI S h o720 VCM HME)HEE S
iy A I A= FIZOWTIE, FIIRESE & Fl L C ki 2
M7 A 9 BESEHETIE CLyoy BZHEICHETH Y (p = 0.049),
el : Vd BE ty, KOV TRATIEMTH -7
BAFD A 5 < 0.001)s ARC FEBUEBI % BV U 7z 3 i 23 e 55 5
Py > L FGIESSRED VOM S BYIE/ ST 2 — 5 % ik
BRI A 2 L7-kE 5, BEMEERE & bhik U CE M gs s i ¢

tie (p =0041) BX O Vd (p < 0001) IZHEIC
B TH 57225, CLyew IZOWTIEHELRZEITAD
b hrorz (p=0721),

X3 DIEGICHITDEYERE/ (S X —F DR

E=n3] EMIRES B IES

b= “‘b = J__ E *
RNBE/ T A2 (n= 453) (n=256) (n=197) b 1
ClLyow (L/hr/kg) 0.074 +0.027 0.076 £0.028  0.071 +0.025 0.049"
vd (L/kg) 0.77 +0.23 0.72 +0.21 0.83+0.24 <0.001 "
ty,, (hr) 8.11 +3.56 7.45 +3.47 8.96 + 3.52 <0.001 "
mean=S.D.
’ EMERESE & EMESE TORE
" unpaired t-test
&4 ARC EHIEBIZRV\cEYEIEE) (S X — 5 DHER
e T A ) o 2ES &M EE B ES
282 e/ — i
HNWE/ 74— (n=312) (n=153) (n=159) p 1
Clyow (L/hr/kg) 0.067 + 0.023 0.067 = 0.025  0.067 + 0.022 07217
vd (L/kg) 0.80 + 0.23 0.76 + 0.22 0.84 + 0.24 <0.001 "
ti2 (hr) 9.11 + 3.59 8.79 + 0.29 9.43 + 0.28 0.041°"
mean=+S.D.

T EMARESH & B ESE TORTE
" unpaired t-test
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VCM % #4572 M 38 2 3BT 5 38 H) i
INTG A—F R W L7285 1E, AT F ) 2o,
MRS BlidSAL FASAL BEEDSSA B X O A %
SR E L7205 OMEDHEIET 5% L Lehs
5. FHT S oM x 25 FlEAFBITH D Fh 2
BEf iz oW T bR TW i\, Z 2 TR T,
VCM 55 % &g E S i & BRSO 2 #F
1250, VCM SEmERE ST A — ¥ Z Wik L, 20
FEWIZOWTHETL 72,

AW DR RAEH 2RO VCM Y B RE X F
A — %1%, CLyy 0074 (L/hr/kg). Vd 077 (L/
kg)\ ti, 811 (hr) TH-o7z. #FIZ Sadoh 5.
PH OB LR S A5 L7z HAR N EMEES B
DI BFENF X — & 1ZZFNZ N CLyey 0051~
0077 (L/hr/kg). Vd 090~129 (L/kg). t,. 566
~236 (hr) Th - 72>, KEFEO LA & It
B3 bE, Vd o0 Tid#MEoRE L ) HIEMHET
335 72%% CLlyey BL Ut IZOWTIZ#EEDOH
HE—H LTz RO RIS EARD Vd 3
MWEDOHE LKL TRETH - 72HHIZOWT
1Z. modified Sawchuk-Zaske & Bayesian ¥ &
DIFFTDFENZ L H D DR, WRIEFNIHFENLH
AFEIZ X BEVICE BHBENREZONLD, DN
IZDOWTIEHH L2 TRV,

18 M AR E 5 i & BRI RIS BT 5 VCM Y
FE/NT X —F 2OV TIE, t,, BIU VA 1T FEE
G AE & el U Cal M B T RICIETH -
720 TNETIT ty, BT 2 &M ARNESS & EIEE:
R L7213 A5, Vd ICB L TIZALAADS
oD FEPE RS & B L TRV S - 72 Ll L
TWw3Y, CTHIFABREL TR RS> TIEV L2554
DR GIEBIDFLASA 72T T {15 FFEH O EIEIEE;
RO VA THAHZ EPHEL TV LRMNEDD 5
EEZ Do oy Al VA BLO t, I LTI,
2 B CERATRICHBE LA LTV AEH
X DB BRASE S 5 N7z Ducharme & 13,
Vd &, < 40i% T 058 (L/kg). 40-60 T 0.65 (L/
kg). > 60 % T 075 (L/kg) &, HAEHITE Vd
BRETH B LV RERE—FHLTwRY, Lol
B, RFEIZBWTIE, R 2% 02-03 O#i
FNTH D RIEHTIZBITS Vd BL D t,,, ~NDF
OB IS TIRWEE 2 5,

WG ML e MRS A & BURIES RSB 17 5 CLyey 122
Wi, BEURIESHE & i U ol st THE
WCEHETH o720 FHTSOHEFITL D &, A
TOMEIZBWT, SIF ) YN EEEE &
Wi LT Clyey B WHINICH - 722 & 2 L
TWBY, FHT 5 O L% M EIESE 5 6. FIRIE
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B 2000 L VBB TOMETH B0, P LR
KR D CLyey 2EITEHESERE & HOEE U 2 i 2 M 55
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DB ¥ 25 ETFN BXU ARC b EETH
5o FN BIERIZOWTIE, PAEREIZBWTHEIE
JEdgs & k9 5 &, AR 9 A IEHETO5E
FEASE O N F TSR IR 0 1592
T 5 FN BIETICBWTRIEKNIZE D VCM @
BT S ANMKT BB THSH ARC HHE
EhTwpM?, F7- Shimamoto 51X, ARC %
BT T Scr %5 Cockeroft-Gault Ik W THE
L7z CLCr #° CLyoy & BIFRAMHBEBEBRYH 5 2 &
EHELTWAY, AL TR, BIRMEERE & ik
L CHEMEBEERICBWTAEIZE LD FN Bk
" ARC JEBIZ&EATB Y. FN HIEFID 70 % LA
A% ARC #3838l L Tz, ARC FERBUERIZH
FAMAED BB WT Clven IZIXAE L ZEITFR
DN olze SO ENS, HEIMLEEEEMT
CLyey DSRETH o 72— & LT FN ZHEIHED
ARC DB LTV LU RENH L LEEZ LN S,
F 72, ARC FERBERNIC BT A HBIZB WV Tt
BIO VA ICHLTTIARRENEOLNTEY,
CNSEYREINT X — F 12 LTI ARC DSt
ZROMG- bR Sz, BIZE B X O i gl
BREFOVCM FEWBIRE/ ST A — F IENHEL S
PR ICB L CIEAH 2 S E <. SR oBEET
HDEEZ LN, EIHEERER & 7% M2 E R ) ¢
1 VCM HEPEREN T A —F 2L HENH S, [H
— IR Z MR 572D ER VCM & 52
DR DUREEEDNE 2 N5 T2 DEENLETH b,
DBAGHEIZ BV CTRGRIT PRISERELZ 5 29
%o FFIZVCM X, LERR2CEG- ZHE L.
WY 2 MRS T A EDPEETH L, 2N
FCOREFICL Y EEE S & IR ES R
IZBWT VCM HEWEE T X — B3R b L)
HENTEY, FUMAPREZ MRS 572012, 4
ERRGRPRLELIEPRBERTVE Y, &
mOFK A OWFFEIC L 0 IR B & S
BEZT TR, E5I0EMHES & B ICB
WT VCM P FIRENR S A —F PR L5 TWnDH S
EAIRIBENT, TOZ ENS, EUELEEREICE
WTAAFIZE Y & 512 VCM EYEHRE/ NS X —
YRR, ZTNIZED VCM o . HE
BrZ I LWREEH L L E2EEBTLULEND L
L& 2 5o 2016 4E 6 HICHAT SN 7-Hi W 3 TDM
HARIA P BWTIEREEEE ST 5
VCM # 5 EHcowToidiz ot ids 2%
Vo REFZEDORER K D BRI OFRMIL R B2 1
A OV —F Y TIRBELRV2D Lkwds, Ei
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Formulation of three-compound
Xyloglucan-based gel for

malodorous fungating tumors

Py

Tatsunori Toraishi' 2, Masanaho Sasatsu', Kaoru Hirose?,
Takeshi Itabashi', and Hiroshi Wachi’

Summary

This study investigated a novel three-compound gel (XSP gel) formulation with deodorizing effects on
malodorous fungating tumors; the gel contains xyloglucan, sucrose, and polyethylene glycol (PEG) as
a base. The XSP gel was prepared using different molecular weights (MW) and additive amounts of
PEG to investigate changes in gelation time and physical properties such as gel strength. Furthermore,
metronidazole (MTZ) was added to the XSP gel to prepare an MTZ-XSP gel and its gelation time,
physical properties, and drug release were investigated. PEG shortened the gelation time and strength of
the XSP gel, which changed with alterations in the PEG MW and additive amount. This suggests that it
is possible to prepare a gel with controlled gelation time and strength by changing the MW and additive
amount of PEG. The change in the gelation time and the physical properties of the XSP gel due to the
addition of MTZ did not hinder the usefulness of the XSP gel. The drug release of all the MTZ-XSP gels
was inhibited depending on the additive amount of PEG. Moreover, MTZ was incorporated into the gel,
which inhibited its release compared with that from Rozex”. The above findings suggest that the MTZ-XSP
gel has a controlled gelation time and strength and would be a novel formulation with deodorization effects
on malodorous fungating tumors.

Key words
xyloglucan, hydrogel, metronidazole, malodorous fungating tumors
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Introduction

In patients with tumor cells close to the surface
of the body such as breast cancer, the tumor may
be exposed at the body surface. The exposed
tumor cells may self-destruct forming cancerous
skin ulcers that release an offensive or unpleasant
odor and are called malodorous fungating tumors.
In previous epidemiology studies, malodorous
fungating tumors were reported in 5-10% of

12 Patients who

patients with breast cancer
develop this condition experience notably
increased physical pain, and their quality of life
(QOL) decreases markedly. The malodorous
fungating tumors are caused by the polyamine
odorants putrescine and cadaverine produced by
tissue decay and volatile short-chain fatty acids
such as butyric and valeric acids, which are
metabolites of microorganisms such as Bacteroides
Jfragilis, Prevotella, Fusobacterium nucleatum, and
Clostridium perfringens that grow in areas with
deep skin ulcers. Metronidazole (MTZ) , a
nitroimidazole antibiotic that exhibits
bacteriostatic and bactericidal effects by inhibiting
DNA synthesis of anaerobic bacteria, has shown

%Y The guidelines on

efficacy in this condition
symptom relief in terminal illness by the World
Health Organization and “Alleviation of cancer
symptoms” by the American Society of Clinical
Oncology recommend local treatment with a
topical agent to avoid the adverse effects of MTZ.

In foreign countries, topical medications
containing MTZ are used to treat vaginal
trichomoniasis, acne rosacea, and periodontal
diseases™® . In Japan, there was no over-the-
counter MTZ preparation and, therefore, hospital
preparations were used when it was indicated for

™0 The paste form

malodorous fungating tumors
of a gel containing MTZ (Rozex": ROZ) approved
for the first time in the United Kingdom and
globally in 1994 for malodorous fungating tumors
was also approved in Japan in 2014 and is
currently used clinically.

ROZ is a topical gel in a paste form with good
spreadability. When used to treat the surface
wound, an appropriate amount for the size of the
wound surface must be applied. However, it is
difficult to ensure that the ROZ is evenly spread
on the wound surface. Moreover, MTZ was shown
to be ineffective as a covering material in a clinical

studyS). Thus, when it is applied to a wound
surface, a covering material such as gauze needs
to be applied. Considerable fluid leakage from the
wound surface cannot be contained by gauze and
ROZ alone, and contamination of the wound
surface and surroundings may occur with bacteria
growth. In contrast, when there is little leakage of
fluid, the moisture of the gel evaporates, causing
the gauze to adhere to the wound surface making
it difficult to remove and the skin surface peels
off. Therefore, a novel preparation that is effective
as a cover material for malodorous fungating
tumors and has water absorbing properties,
supplies moisture to the wound surface, and can
control drug release would likely curb the decline
in the QOL of patients.

Cancerous tissue that is exposed on the body
surface differs from normal tissue in that the
wound surface becomes bare and the skin loses its
barrier capacity. Thus, rather than a soft gel, the
dressing form of preparation with efficient
covering and protective features would be more
appropriate. Moreover, the condition of the wound
surface differs according to the patient, and since
the skin has lost its barrier function, the sensation
invoked by the preparation likely differs between
patients. Therefore, hardness and flexibility need
to be controlled when formulating tailor-made
preparations. Moreover, the shape of the
malignant wound surface is complicated by the
patient. To prepare tailor-made formulations
suitable for the complicated wound surfaces that
differ according to patients, certain factors need to
be considered. For instance, the control of forming
time 1s also an important property of the
preparation.

Contrary to semisolid preparations such as
ointments and creams, hydrogels have water-
retaining capacity and cause less irritation to the
skin. Gels form a reticular structure with
molecular chains of the basic skeleton, and solvent
molecules are held there. The cross-linking
structure between molecules that form gels allows
them to display various physical properties.
Therefore, gel strength and gelation time differ
according to the additives. The choice of additive
controls the physical properties of gels. If such a
preparation is made available clinically, it could be
indicated for various wound surfaces and likely
improve the QOL of patients.

Xyloglucan is a water-soluble polysaccharide
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derived from the tamarind seed. It has a cellulose
skeleton with glucose as the main chain while
xylose and galactose are the side chains'™'? . It is
commonly used not only as a food additive but
also to promote wound healing and is currently
under investigation as a deglutition aid jelly
because it controls drug absorption from the oral
and nasal mucosa in patients with swallowing

1319 Xyloglucan does not form a gel

disorders
independently in aqueous solution. However, in
the presence of a sugar at a concentration of 40-
50% or alcohol, xyloglucan forms a gel'®'” . The
gelation mechanism involves the cross-linking of
hydroxyl group of sugar and water molecules with
the xyloglucan molecules. This gel has a three-
dimensional, resilient structure and is safe.
Furthermore, the use of xyloglucan-sucrose gels
as wound dressings has been reported, and they
are easy to fit on the skin and highly safe'® .
However, with only sucrose, the amount added is
large. Moreover, the process of gelation is rapid
and the gelation time is difficult to control.
Therefore, the aim of this study was to introduce
a hydroxyl group-containing substance as a new
compound into the xyloglucan-sucrose gel to
create a three-compound gel. This new
preparation likely has controllable gelation time
and physical properties such as gel strength (Fig.
D .

Polyethylene glycol (PEG) is an amphiphilic
substance with hydroxyl groups and fully water
miscible. This characteristic is likely attributable
to the hydrogen bonding between the ether
oxygen of the PEG chain and water molecules .
Moreover, PEG has numerous molecular weight
(MW) forms. Gelation would likely be affected

when a straight chain polymer form of PEG with

B solution
(Third compound)
A solution Gelation
(Sol) (Control with third compound )

Figure1. Scheme of xyloglucan sucrose gel third
material and digital photograph of time dependent
xyloglucan sucrose polyethylene glycol gel (XSP gel)
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various MWs is used. Therefore, PEG was selected
as a third compound in the xyloglucan-sucrose gel.
If gelation time and physical properties of the gel
could be controlled in a three-compound gel
consisting of xyloglucan, sucrose, and PEG (XSP) ,
it could become a clinically useful novel
preparation.

As shown in Fig. 1, the XSP gel is highly adherent
to the skin, resilient, and versatile, which make it
suitable for use on various wound surfaces.
Therefore, application of the XSP gel to wound
surfaces associated with malodorous fungating
tumors would likely control the malodor, thereby
improving the QOL of the patient. In this study, the
characteristics of the XSP gel were investigated by
changing the MW and the additive amount of PEG.
Furthermore, MTZ was introduced into the gel
(MTZ-XSP) and the same endpoints were
investigated. The investigated MTZ-XSP gel
contained PEG MW 400, which was the medium
MW PEG studied and used to obtain all the data on
the additive amount of PEG. The concentration of
MTZ was set at 0.75%, based on the reports on ROZ

gel and studies by Finlay et al. 2 .

Experimental

Materials

Xyloglucan used in this study was supplied by
DSP Food and Chemical Co., Ltd. (Osaka, Japan) .
Sucrose and PEG were provided by Wako Pure
Chemical Industries, Ltd. (Osaka, Japan) , and
MTZ was from Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan) . All other chemicals were
obtained commercially at the purest grade
available.

Preparation of gels

The xyloglucan solution was prepared using the
prescription presented in Table 1. The MTZ
sample was added to the XSP gel to achieve a
concentration of 0.75%. This mixture was
completely dissolved to obtain solution A. Then,

Table 1. Preparation of A solution and B solution

8% 10% 12% 14%

Material Concentration of materials % (w/w)
Xyloglucan 2 2 2 2
A solution  Sucrose 20 20 20 20
Purified water 58 58 58 58
B solution PEG 8 10 12 14
Purified water 12 10 8 6




various amounts of PEG were prepared in purified
water and mixed to the preparation to obtain
solution B. A stirrer equipped with a 50 mm
diameter propeller and brushless direct current
motor (BL 1200 ; Shinto Scientific Co., Ltd., Tokyo,
Japan) was used to stir solution A at 1200 rpm
while adding solution B over a 2 min period, and
then the solution was stirred for a further 1 min
to prepare the gel.

Physical appearance of gels

The gel was prepared using the prescription in
Table 1, and then the prepared solution was
injected into a screw-top test tube and left to rest
for 24 h at 25 ° C as the test sample. The gel was
imaged to examine its physical appearance.

Gelation time of gels

Gelation time was examined using the tilting
method of Hanawa %’ . The test sample solution
was prepared in a 100-mL beaker and left for a
predetermined time, and the time when the gel
sample could be tilted without flowing was
considered the gelation time.

Transmission Temperature of gels

The transmission temperature was determined
using the gel tilting and ball drop method, which
was previously reported by Kawamura et al. and

2122 A 10 mL volume of the prepared

Hanawa
solution was injected into a test tube (25 mm in
diameter and 65 mm long) with a stainless ball
(1.2 mm in diameter, 8.5 g in weight) at the
bottom and left to stand for 24 h at 25 ° C as the
test sample. The sample was inverted in a water
bath, the temperature of the water bath was
increased at the rate of 2 C /min from 25 C and
the temperature at which the stainless ball in the

gel dropped was the transmission temperature.

Mechanical properties of gels

The mechanical properties were measured
using a rheometer (RTC-2005D-D, RHEOTEC,
Co,, Ltd, Tokyo, Japan) . At 24 h after preparing
the gel, a sample (50 mm in diameter and 35 mm
long) was set in a glass sample holder with the
same internal diameter of the sample and loaded
onto the device, and a 10-mm diameter plunger
was lowered at a constant speed (20 mm/min)
and measurements were recorded over time until
the strain was 0.9. The stress was calculated using

equation (1) from the applied load data obtained,
and maximum stress was subsequently calculated.
The strain was calculated using equation (2)
below, and then the modulus of elasticity (Young's
modulus) was calculated using equation (3) .

Maximum stress (kPa)

= applied load (N) /cross sectional area of the plunger (mm? x 1000 (1)
Strain

= length to reach maximum stress (mm) /base length (mm) (2)

Modulus of elasticity (MPa)

= maximum stress (kPa) /strain x 100 (3)

Water absorption capacity of gels

The water absorption capacity was evaluated
using a water absorption apparatus of Nakamura
et al. . This apparatus has a glass tube, which is
filled with purified water and connected to a glass
filter (15 mm in diameter) . Briefly, the gel sample
weighing 1.5 g with a 15 mm diameter, was placed
on the glass filter, which was placed on membrane
filter (0.8um pore size, ADVANTEC, Tokyo, Japan) ,
and the amount of water absorbed after 2 h was
measured.

Drug release of MTZ-XSP gels

The drug release was investigated using Franz
diffusion cells as previously reported by Watanabe
et al®” . The Franz diffusion cell with a 20-mm
diameter orifice and receiver chamber (45.0 mL
volume) was used. The drug release behavior in
phosphate buffer (pH 6.8) was measured. A gel
sample (6.0 g) , which matched the morphology
of the donor compartment of the Franz cell, was
prepared and loaded into the donor compartment.
Then, the receiver compartment was absorbed
over time, and the absorbance was measured
using a UV spectrophotometer (UV-1800,
Shimadzu Corp., Kyoto, Japan) . The concentration
of MTZ was calculated based on the absorbance.
For comparison, the same process was performed
using ROZ, and the measurement wavelength of
the UV absorption was 320 nm.

Result and Discussion

Physical appearance of gels

The measurements of the physical appearance
of the gels are shown in Fig. 2. The results
showed that the gel could be formed by adding
solution B (PEG solution) to solution A
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Figure 2. Physical appearance of XSP gel and MTZ-
XSP gel

(xyloglucan and sucrose) . However, the PEG
MW 1000 14% produced gelation in particle form.
Contrary to other gels, a single structured gel was
not formed, and the evaluation revealed “no
gelation.” As shown in Fig. 2, the gel becomes
turbid when the MW of the PEG is increased.
Furthermore, increasing the amount of additive,
increased the turbidity of the gel. Increased
turbidity of the gel indicates an increase in the
cross-linking domain, which is a region of high
cross-linking density® . Several studies have
reported that an increase in the cross-linking
domain scatters the reflected light, which makes
the gel turbid®® . Although the gel was turbid, it
was the uniform and the turbid phase did not
separate, showing that the formation was
structurally sound, except for PEG MW 1000 14%.
Thus, an increase or decrease in the cross-linking
domain by the addition of PEG could significantly
affect the physical properties such as the strength
and stability of the XSP gel.

The MTZ-XSP gel exhibited some yellow color
changes; however, similar to the XSP gel,
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increased turbidity was observed with an
increased amount of additive. PEG 12% decreased
the gel turbidity with the introduction of MTZ.
This suggests that the formation of the cross-
linking domain in the gel was possibly inhibited
by MTZ, which likely affected the physical
properties of the gel.

Gelation time of gels

Table 2 shows the results of the measurement
of gelation time, which decreased depending on
the PEG MW and additive amount. Taken
together with the results of the physical
appearance, these findings suggest that the
reaction of cross-linking was enhanced by an
increase in PEG MW and amount of additive,
which shortened the gelation time. The range of
the PEG MW and amount of additive used in this
study adequately controlled the gelation time.

In the MTZ-XSP gel, PEG 8 and 14% caused no
difference in gelation time compared to that of the

Table 2. Gelation time of XSP gel and MTZ-XSP gel
(min)

PEG8% PEG10% PEG12% PEG 14%
MW 200 480 120 30 5
MW 400 240 20 5 3
MW 1000 240 15 5 No gelation
MW 400
MTZ(+) 240 40 10 3

XSP gel. However, PEG 10 and 12% prolonged the
gelation time of the MTZ-XSP gel. MTZ has two
sites in its structure that can form hydrogen
bonds. Therefore, it was likely involved in the
cross-linking domain of the gel. Moreover, together
with the results of the physical appearance, this
observation indicates that the introduction of MTZ
in the gel formulated with PEG 12% increased the
gel transparency compared to that of the XSP gel.
This was due to the MTZ-induced inhibition of the
cross-linking in the gel. This result showed that
the substances with sites that can form hydrogen
bonds possibly act by either enhancing or
inhibiting forming of the gel cross-linking domain.

Transmission temperature of gels

Table 3 shows the results of the measurement
of transmission temperature, which was evaluated
as an index of the stability of the gel structure.
The transmission temperatures of all the gels
were higher than the human body surface
temperature. Therefore, the XSP gel did not melt



Table 3. Transmission temperature of XSP gel and
MTZ-XSP gel (T)

PEG 8% PEG 10%

PEG 12% PEG 14%

MW 200
MW 400
MW 1000

MW 400
MTZ(+)

519+ 06 57.1 £0.2
545+ 0.3 58.8 = 0.1
56.7 = 0.1 60.0 = 0.1

478 £0.8 57.7 £ 0.6

60.3 £0.3 629 %= 0.1
62.0 £ 0.0 63.0 = 0.1
59.9 = 0.1 No gelation

59.1 £0.1 67104

Table 4. Mechanical properties of XSP gel and MTZ-

XSP gel

Stress of XSP gel and MTZ-XSP gel (kPa)
MW 400 XSP gel MTZ-XSP gel P-value
PEG 8 % 6.86 £ 031 724 +1.15 0.63
PEG 10 % 65.19 £ 1518 59.89 + 13.60 0.81
PEG 12 % 223.35+ 26.38 164.33 + 13.64 0.07
PEG 14 % 173.45+9.03 150.11 + 45.30 0.47

(mean = SD, n = 3)

on the wound surfaces because of the body
temperature. PEG 8 and 10% increased the
transmission temperature in an MW-dependent
manner, whereas PEG 12 and 14% caused no MW-
related difference in the transmission temperature.
Moreover, MW 200 and 400 increased the
transmission temperature in a manner that was
dependent on the amount of additive, whereas the
MW 1000, PEG 10 and 12% showed no difference
in transmission temperature. This was likely due
to the intensified formation of the cross-linking
domain because of the increase in PEG MW and
amount of additive, which stabilized the gel.

Similar to the XSP gel, the transmission
temperature of the MTZ-XSP gel increased in a
manner that was dependent on the amount of
PEG additive. Compared to the transmission
temperature of the XSP gel, that of the MTZ-XSP
with PEG 8 and 12% decreased significantly, but
the value increased with PEG 14% (PEG 8%, 12%,
14%, P-value < 0.05) . With PEG 14% XSP gel
excessively increased the cross-linking domain,
and the formation of a non-uniform gel structure
decreased the gel stability. The structure of MTZ
has two sites where hydrogen bonding can occur
and, thus, it is more intricately involved in the
cross-linking points.

Mechanical properties of gels

Fig. 3 and Table 4 show the results of the
measurements of maximum stress, strain, and
modulus of elasticity. With PEG MW 200, the
strain was increased in a manner that was
dependent on the amount of additive, and the gel

BPEG 8 %

BPEG 8% EBPEG10% BPEG 12% BPEG 14 %

il

0.8

0.6

Stain

0.4

0.2

(mean = SD, n = 3, t-test, P < 0.05)
Strain of XSP gel and MTZ-XSP gel

MW 400 XSP gel MTZ-XSP gel P-value
PEG 8% 0.48 £0.02 0.55+0.03 0.05
PEG 10% 065+ 0.04 0.64+0.05 0.81
PEG 12% 0.60 £0.02 0.63+0.04 0.41
PEG 14% 0.43 £ 0.01 0.48 £0.03 0.16

(mean £ SD, n = 3, t-test, P < 0.05)
Elastic modules of XSP gel and MTZ-XSP gel (MPa)

MW 400 XSP gel MTZ-XSP gel P-value
PEG 8% 0.14 +£0.01 0.13*x0.02 0.51
PEG 10% 099 +020 093+0.19 0.71
PEG 12% 371 £042 262 +x0.10 0.04 *
PEG 14% 4.00 £0.31 3.12+0.74 0.17

BPEG 10 %

(mean =+ SD, n = 3, t-test, P < 0.05)

strength was increased. With PEG MW 400 and
1000, the maximum strength was observed at 10
and 12%, respectively, whereas the addition of
more PEG decreased the strength. The stress
decreased to the lower value because of the
decreased gel strength caused by the cross-linking
domain, which was triggered by the increase in
the amount of additive. The strain was decreased
based on the amount of additive. The high strain
values were due to the low MW and low amount
of additive, which softened the gel and likely
accounted for the lack of gel rupture in the
measurements, which made up for the strain level
of 0.9. With PEG MW 200 and 400, the modulus of
elasticity increased in a manner that depended on
the amount of additive, whereas with PEG MW
1000, it was at the maximum value with PEG 10%
and subsequently decreased with higher amounts
of PEG. According to Nishinari et al'” | xyloglucan
gel shows the highest gel strength when the
amount of additive sugar is approximately 50%.
However, the sugar additive in the XSP gel was
20%, and even at this proportion, the subsequent
addition of PEG did not increase the total additive

BPEG 12% BPEG 14 % 5

hl

BPEG 8 %

BPEG 10 % @PEG12% BPEG 14 %

Elastic modules (MPa)

L] B
MW 1000 MW 400 MTZ(+) MW 200

(n=3, mean + SD)

400

MW 400

MW 1000 MW 400 MTZ(+)
(n=3, mean = SD)

MW 400

MW 1000 MW 400 MTZ(+)
(n =3, mean = SD)

Figure 3. Mechanical properties of XSP gel and MTZ-XSP gel.
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Table 5. Mole of PEG of each molecular weight
added in 100 g of the gel.(mol)

MW 8% 10% 12% 14%
200 0.040 0.050 0.060 0.070
400 0.020 0.025 0.030 0.035
1000 0.008 0.010 0.012 0.014

to 50%. Furthermore, the gel strength reached its
peak because of the effect of the ether oxygen
present in PEG. The forming of cross-linking
domain due to the ether oxygen had a major
effect on the physical properties of the gel. When
there were more spots in the gel with the
formation of the cross-linking domain, the gel
structure became uneven, which decreased gel
strength. Table 5 shows the mole of PEG of each
MW added in 100 g of the gel. Considering the
mole data of added PEG, increasing the MW had a
stronger effect than the amount of the additive
did. Similar results were obtained in the other
experiment. Within the scope of this investigation,
modifying the MW and adding a specific amount
of PEG to control the forming of the cross-linking
domain also likely effectively controlled the gel
hardness and flexibility.

The MTZ-XSP gel showed almost similar
tendencies to those of the xyloglucan gel. The
modulus of elasticity, however, showed a
significant difference with PEG 12%. This finding,
together with the improved transparency due to
the introduction of MTZ, was likely attributable to
the MTZ-induced inhibition of the formation of the
cross-linking domain. The results show that the
hardness and flexibility could be controlled and
that it is possible to maintain the dressing form,
even if MTZ is added to the XSP gel.

Water absorbability of gels

All the gels maintained their shape and water
retention capacity. In addition, the PEG MW1000
12% gel did not absorb water (Fig. 4) . The water
absorbability decreased as the gel strength
increased. Because the cross-linking domain and
formation of the gel are affected, increased gel
strength results in a stronger structure, which
decreases gel swelling™?" .

In the MTZ-XSP gels, the presence of PEG 8%
significantly decreased the water absorbability.
With PEG 8% MTZ-XSP gel is not strong and has
a loose structure and, thus, water could not be
retained. Such a significant difference was not
observed with incorporation of other amounts of
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0.14 BPEG 8% BPEG 10% BPEG 12% BPEG 14%

Water absorption (mg/g)

N.DN.D

MW 400 MTZ(+)

(n=3, mean =+ SD)
Figure 4. Water absorption of XSP gel and MTZ-
XSP gel after 120 min.

MW 200

MW 1000

PEG. The addition of MTZ to the gels may not
inhibit water absorption. The absorption of
exudates reportedly inhibits odor production® .
Therefore, it is necessary to ascertain whether
this water absorbency leads to a clinical effect.

Drug release of MTZ-XSP gels

The results of the drug release of the MTZ-XSP
gel are shown in Fig. 5. Compared with ROZ, the
drug release of all the MTZ-XSP gels was
inhibited dependent on the additive amount of the
PEG, and the gel retained its shape after the test.
On the other hand, ROZ absorbed the receiver
solution and became muddy. Table 6 shows the
comparison of the correlation coefficient (#*) of
the amount of drug release against the time and
the square root of time, to understand the
mechanism of drug release. It was more linear to
use the square root of time. According to this
result, the structure of the gel was not
disintegrated by the absorbed receiver solution,
and the mechanism of MTZ release was likely by
diffusion. However, the percentage release of MTZ
calculated from the result was approximately 0.6—
13% in 5 h. It is possible that MTZ was retained in
the gel structure. Because the gel near the
membrane absorbs the receiver solution, the
matrix of the gel loosened and MTZ diffused out.

400 |
—+—PEG 8% PEG 10%

——=PEG 14% F

350 ~—#—PEG 12%
ROZ

300

250

200

150

100

50

Metronidazole concentration (pg/mL)

0 50 100 150 200 250 300
Time (min) (n=3, mean = SD)

Figure.5 Release profile of MTZ from MTZ-XSP-gel
and ROZ.



Table 6. Comparison of the correlation coefficient of the amount of drug release against

the time and the square root of time. (r3)

120 min PEG 8% PEG 10% PEG 12% PEG 14% ROZ
Time 0.9725 0.9848 0.9860 0.5069 0.9787
The square root of time 0.9969 0.9834 0.9878 0.8337 0.9933

The observations indicate that MTZ was
incorporated in the gel and that its diffusion was
inhibited.

Although the minimum inhibitory concentration
(MIC) of MTZ differs depending on the
bacterium, the range spans approximately 0.5-2
ng/mLY . In MTZ-XSP gels, MTZ was retained in
amounts that exceeded the MIC from immediately
after the start of the test, for all additive amount
of PEG used. The barrier function that normal
tissues have is absent on wound surfaces such as
those of malodorous fungating tumors. The
absorption of MTZ in the body has been
confirmed” . This suggests the possibility of
adverse events such as peripheral nerve disorder,
central nervous disorder, leukopenia, and
neutropenia due to increased blood concentration.
Because MTZ-XSP gels release less MTZ than the
other formulation, it is possible that the systemic
absorption could be inhibited from the malodorous
fungating tumor site.

Conclusion

This study describes the formulation of a novel
gel with PEG as the third compound in
xyloglucan-based gels. The gelation time and
physical properties of the XSP gel could be
controlled by changing the MW and additive
amount of PEG. The incorporation of MTZ only
slightly changed the physical properties of the
MTZ-XSP gel and involved the crosslinking
structure of the gel. However, the gelation time
and strength of gels formed using PEG could be
controlled, and the release of MTZ could be
inhibited compared with that of ROZ. It is
necessary to ascertain whether this formulation
has clinical effects. Therefore, based on the results
of this study, we would like to investigate the
effect of this formulation in animal experiments
and clinical studies.

In conclusion, the MTZ-XSP gel has the
potential of being a tailor-made formulation for a
cancerous skin ulcer site with a complex wound

surface and a formulation that can be prepared
rapidly even at the bedside.
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