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trained teachers to diagnose schoolchildren with malaria and
treat them in primary schools was implemented in the 1990s in
Tanzania, and resulted in reducing schoolchildren’s absentee-
ism [8]. As more evidence has been reported about the
influence of malaria on schoolchildren’s absenteeism and
cognitive performance [9,10], effective school-based
approaches are anxiously awaited.

In 2000, Bundy et al. analyzed the contents of school-based
malaria control programs from many perspectives [11]. Health
education could promote disease prevention, because school-
children have come to recognize its environmental risks as well
as the signs and symptoms of malaria. They have also learned
to seek diagnosis and treatment. Schoolchildren could be
agents for change and, indeed, it can be expected that malaria
education through schools could help promote a community-
wide understanding of malaria. However, the means by which
the programs are introduced and implemented is not standard-
ized; depending on the school health system of respective
countries. Some programs have already included malaria
education for schoolchildren as a part of community-based
malaria control programs [3,12,13] and the programs were
effective as a whole. However, the impact of malaria education
for schoolchildren in the community has been difficult to
discern from previous studies.

In this context, some organizations began implementing
school-based malaria control programs around 2001 in the
Greater Mekong Subregion. In Thailand, school-based malaria
control programs were introduced in some limited border areas
in 2001, as well. Kenan Institute Asia started “Border Action
Malaria Control Program” in 25 primary schools in two
provinces on the north-western border between Thailand and
Myanmar in 2001. The Asian Centre of International Parasite
Control (ACIPAC) also started a school-based malaria control
program in one primary school in 2001 on the western border
between Thailand and Myanmar. ACIPAC introduced the
program to three other primary schools in the same district in
2002, and then to all the 24 primary schools in the same district
in 2003. However, the effectiveness of such school-based
malaria control programs, even on the schoolchildren them-
selves, have not yet been reported in the Greater Mekong
Subregion.

The aim of this study was to evaluate ACIPAC’s approach
to the introduction of school-based malaria control and to
describe the effectiveness of the program on schoolchildren in
the target primary schools in Thailand.

2. Materials and methods
2.1. Study site

Suan Phung District, Ratchaburi Province is located on
the western border between Thailand and Myanmar. Malaria
is still endemic in this area. The Vector Borne Disease
Control Unit 2 in Suan Phung District reported that the
malaria incidence of the district was 58.2/1000 in 2001,
whereas that of Thailand was 1.17/1000 in 2001 (Ministry of
Public Health Thailand unpublished report 2004). The district

has 24 governmental primary schools; 22 belong to the
Ministry of Education and 2 belong to the Border Patrol
Police Bureau, the Ministry of Interior. We introduced the
program to all of the 24 schools in the district and we
selected 14 of 24 schools for this study. First, we excluded
seven schools; two belonged to the Border Patrol Police; four
had introduced a school-based malaria control program
before this study; and one was a branch school. Second,
we selected 14 from the remaining 17 schools; we randomly
selected three from six which had more than 200 school-
children, then we selected all of the remaining eleven which
had less than 200 schoolchildren.

2.2, Survey method

We performed a before—after intervention study. The study
was conducted from November 2003 to August 2004. After
taking the baseline survey, we introduced a school-based
malaria control program to the target schools in November
2003. The post survey was conducted nine months after
introducing the program in August 2004.

Quantitative techniques were used for the pre- and post-
surveys. The survey questionnaires were designed for 14
school principals, 111 teachers and 852 schoolchildren of grade
3, 4, 5, respectively. Of these, 14 school principals, 93 teachers
and 631 schoolchildren joined the study.

The questionnaire for the school principals included
questions about the context of malaria education in the school.
The questionnaire for the teachers included 20 questions on
their knowledge of malaria and self-evaluation of their teaching
skills and teaching activities on malaria education. The
questionnaire for the schoolchildren included ten questions
on their knowledge of malaria, and seven on the practice
malaria prevention. The questions about teachers’ and school-
children’s knowledge of malaria covered material that the Thai
Ministry of Education regarded as necessary for teachers to
teach about malaria and as necessary for schoolchildren to
know about the disease, respectively. They regarded 70% or
above correct answers as passing. The school principals and
teachers filled out their questionnaires by themselves. The
teachers distributed the schoolchild questionnaires to the
schoolchildren who filled them out by themselves. For the
post-survey, some parts of the questionnaires for the school
principals and the teachers were modified. Some specific
questions for the pre-survey were deleted and some specific
questions for the post-survey were added, but the questions
designed to compare before and after the intervention were not
changed. The questionnaire for the schoolchildren was the
same before and after the intervention.

This study was approved by ACIPAC’s project management
committee, which consists of 13 Thai and 4 Japanese
representatives. For data collection, we informed the partici-
pants that we would maintain their confidentiality and
anonymity. We also told them that their participation was
voluntary, and that if they wished to withdraw from the study,
they could leave at any point without any obligation. We then
verbally obtained their consent to participate in the study.
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Data were entered in the computer using SPSS (version
11.0). Statistical analysis was performed using the McNemar
test.

3. The intervention

For the intervention, we provided each school with teaching
manuals and schoolchildren’s textbooks and held teacher
training. Planning and implementation of malaria education
was carried out by each school independently.

3.1. Malaria teaching materials and training

We developed a teaching manual for teachers and a textbook
for schoolchildren, and held a 3-day teacher training. The
teaching manual first explains basic facts about malaria. It also
explains how teachers should teach about malaria to the
schoolchildren. The manual includes lesson plans by grades;
methods to integrate malaria education with other subjects; and
examples of activities and examinations. The schoolchildren’s
textbook explains facts about malaria in simple language with
cartoons. The basic facts about malaria cover its causes,
symptoms, treatment and prevention methods.

The training was held using these materials. The school
principals and one to five teachers from each school
participated in the training. The number of the teachers varied
according to the size of each school. After the training, the
teaching manuals were distributed to all the teachers and the
textbooks were distributed to all the schoolchildren of all the 17
schools.

3.2. Activities of malaria education in primary schools

After the distribution of the training and teaching manual,
different schedules of malaria education were carried out at
each school. Their activities are categorized as follows. 1)
Lectures on the facts about malaria, 2) integration of malaria
education with other subjects, such as writing essays about
malaria in Thai classes, drawing pictures and singing songs
about malaria in art classes, 3) outdoor activities, such as
mosquito surveys, destroying breeding sites of mosquitoes,
interviewing community members about malaria, 4) sending
messages about malaria prevention from schoolchildren to
community members by having the children produce infor-
mation, education, communication (IEC) materials and bring
them to their homes, issuing newsletters and posting bill-
boards in the communities, 5) holding community events for
malaria prevention by involving the parents and community
members.

3.3. Expenses

It cost about US$2600 to develop, print and deliver the
teaching materials. Four hundred manuals and 7000 textbooks
were provided. It cost about US$2200 to hold the three-day
teacher training. Twenty school principals and 53 teachers
participated in the training. The total cost was about US$4800;

which came to 80 cents per schoolchild. This covered not only
the 17 schools in the survey but also the other 7 schools in the
district. All the expenses for the activities of malaria education
in primary schools were covered by schools® own recurrent
budget.

4. Results
4.1. Changes in malaria education at the school level

Before introducing the malaria education program, all the
schools had considered malaria to be an important issue and all
had some activities for malaria prevention. However, of 14
schools, only 3 schools had their own malaria curriculum and 7
schools recorded the number of schoolchildren who contracted
malaria, which was based on reports by schoolchildren or
parents. In 5 schools, the teachers had discussed malaria
prevention with parents but the other 9 schools had never done
it. All the 14 school principals answered that the teachers
occasionally told the schoolchildren to be careful not to
contract malaria, however, many of them did not do any
further teaching about malaria. Four schools had both teaching
materials for teachers and learning materials for schoolchildren.
Three schools had only teaching materials or learning
materials. Seven schools had neither teaching materials nor
learning materials. However, those materials were not designed
for malaria education in primary schools; they were brochures
for the general community distributed by hospitals or health
centers.

After introducing the malaria education program, we
identified several improvements. First, the teachers of 12
schools discussed malaria education and the teachers of
8 schools made their own malaria curriculum. Second, 13 of
14 schools recorded the number of schoolchildren who
contracted malaria and discussed malaria prevention with
parents (Table 1). Third, all the school principals answered
that no teachers opposed teaching malaria in their schools, nor
did any of the parents.

As a result, all the schools implemented a malaria education
program in all the grades, although the activities varied school
by school. In 8 schools, the teachers made their own curricula.
In the other 6 schools, however, the teachers used the sample
curriculum in our teaching manual to teach malaria. All the
schools implemented lectures that taught malaria facts and
integrated of malaria education with other subjects. Eleven
schools implemented outdoor activities and twelve schools sent
malaria prevention messages to comnunity members through

Table 1
Changes in malaria education at the school level (n=14) (Before: November
2003; After: August 2004)

Activity Before After
Discuss malaria education among teachers -2 12
Have own curriculum of malaria education 3 8
Record the number of schoolchildren who contracted malaria 7 i3
Discuss malaria prevention with parents 5 13

* No data.
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Tablc 2
Changes in malaria education at the teacher level (n=93)" (Before: November
2003; After: August 2004)

Before After p value
No. (%) No. (%)
Teachers’ ability
Have enough knowledge to teach 45 (49.5) 45 (49.5) 1.000
about malaria (1=91)°
Can design a lesson plan on 27 (30.7) 42 (47.7) 0.015
malaria (n = 88)°
Teaching activity
Have taught about malaria 64 (711.9) 75 (84.3) 0.035
(n=89)°
Have integrated malaria education 50 (57.5) 77 (88.5) <0.001
with other subjects (n=87)"
Have sent messages for malaria 24 (26.7) 49 (54.4) <0.001

prevention to the community
through schoolchildren (n=90)°

* Those who answered invalidly were excluded from respective questions.

® Those who answered ‘yes’ from ‘yes’, ‘a little’, ‘little’ and ‘no’.

“ Those who answered ‘oflen’ or ‘sometimes’ from ‘often’, ‘sometimes’,
‘little” and ‘never’.

schoolchildren. Three schools held community events, involv-
ing parents and community members, to appeal for malaria
prevention.

4.2. Changes in malaria education at the teacher level

Before introducing the malaria education program, 45
(49.5%) teachers responded that they had enough knowledge
to teach about malaria. Seventy-two (79.1%) teachers
answered correctly more than 70% of the questions on
knowledge of malaria. After the intervention, 82 (90.1%)
teachers answered correctly more than 70% of the questions.
No significant difference was found in the number of teachers
who answered more than 70% of the questions correctly
before and after the intervention. Statistically, there was also
no significant difference in the teachers’ self-evaluations of
their own knowledge of malaria before and after the
intervention.

Before introducing the malaria education program, 25
(28.1%) teachers had taught little or nothing about malaria,
although all of them considered malaria to be an important
issue in their schools. Main reasons for not teaching malaria
were ‘not enough knowledge’ (10 teachers), ‘no time’ (8
teachers), ‘no techniques to teach about malaria (7 teachers)’,
‘no curriculum’ (5 teachers) and ‘no materials’ (4 teachers).
Sixty-four (71.9%) teachers answered that they had taught
about malaria often or sometimes; but only 24 (26.7%) teachers
had sent messages to the community through schoolchildren.

After introducing the malaria education program, the
numbers of the teachers ‘who could design a lesson plan on
malaria’, the teachers ‘who had taught about malaria’, the
teachers ‘who had integrated malaria education with other
subjects’ and the teachers ‘who had sent messages to the
community through schoolchildren’ increased with significant
statistical differences. (Table 2).

4.3. Changes of schoolchildren’s knowledge and behaviors

Before introducing the malaria education program, 469
(75.0%) of the schoolchildren ‘had heard about malaria often
or sometimes’, but 156 (25.0%) of the schoolchildren answered
that ‘had not heard about malaria’ or ‘1 do not know’. After
introducing the malaria education program, the schoolchildren
who ‘had heard about malaria often or sometimes’ increased to
595 (95.2%) and the schoolchildren who answered ‘had not
heard about malaria’ or ‘T do not know’ decreased to 30
(4.8%). A statistically significant difference was detected
before and after the intervention. However, the test scores fell
even after the malaria education was implemented. Whereas
465 (73.7%) of the schoolchildren answered more than 7 of the
10 questions correctly before the intervention, 357 (56.6%) of
the schoolchildren answered correctly more than 7 of the 10
after the intervention.

In 6 of 7 questions, their behaviors changed markedly,
with significant statistical differences. Before introducing the
malaria education program, 509 (81.8%) of the schoolchildren
had always slept in mosquito nets; but the number of the
schoolchildren who always took care of mosquito bites were
265 (42.7%). After introducing the malaria education pro-
gram, the schoolchildren who always took care of mosquito
bites increased to 385 (62.1%). The schoolchildren who
always tried to go in mosquito nets as soon as possible after
dinner increased from 95 (15.3%) to 121 (19.5%), but no
significant difference was detected in this question. The
schoolchildren who often or sometimes talked about malaria
with their family, the schoolchildren who always told their
family to sleep in mosquito nets when they did not do so, the
schoolchildren who always reported their parents or teachers
when they had fever, and the schoolchildren who always went
to receive a blood examination when they suspected that they
had contracted malaria also increased after the intervention
(Table 3).

Table 3
Changes of schoolchildren’s behaviors (3#=631)" (Before: November 2003;
After: August 2004)

Practice Before After p value
No. (%) No. (%)

“Slecp in mosquito nets (n=622)" 509 (81.8) 538 (86.5) 0.014
Take care of mosquito bites (n=620)" 265 (42.7) 385 (62.1) <0.001
Try to go in mosquito nets as soon as 95 (15.3) 121 (19.5) 0.051

possible after dinner to avoid
mosguito bites (n =621y
Tell family to sleep in a mosquito net 242 (39.1) 352 (56.9) <0.001
Tell parents or teachers soon when 224 (36.0) 349 (56.0) <0.001
feverish (n=623)"
Go to receive a blood examination 172 (27.6) 336 (53.9) <0.001
when I suspected that | had
contracted malaria (623)"
Talk about malaria with family (n=615)" 358 (58.2) 481 (78.2) <0.001

? Those who answered invalidly were excluded from respective questions.

® Those who answered ‘always’ from ‘always’, ‘somectimes’, ‘no’ and ‘T do
not know’.

¢ Those who answered ‘often’ or ‘sometimes’ from ‘often’, ‘sometimes’,
‘no’ and ‘I do not know’.
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5. Discussion

This study revealed that our school-based malaria control
program was effective in changing schoolchildren’s behavior
with regards to malaria prevention in Thailand. Our results
suggest that the keys to successful intervention lie in teacher
training, with specialized malaria teaching materials, partici-
patory learning methods, and the well-established school health
system in Thailand.

First, the school principals took action to improve malaria
education soon after the training and distribution of the
teaching materials, and the teachers quickly started to teach
about malaria. Before the training, the teachers had acknowl-
edged the importance of malaria and had enough knowledge to
teach about the disease. By training them on how they should
use their knowledge to teach about malaria using the teaching
materials, the teachers’ attitudes towards tackling malaria in
their schools were markedly improved.

After the schools actively implemented malaria education,
we observed positive changes in schoolchildren’s behavior
towards malaria prevention. Such positive results were seen as
we encouraged the teachers to use various participatory
learning methods, including child-to-child approaches. The
importance of these types of approaches, has been recognized.
Some studies reported effectiveness of health education using
child-to-child approaches [14—16]. For malaria control, it was
reported that participatory learning methods were effective in
changing behaviors [5].

However, schoolchildren’s knowledge about malaria fell
even though they came to hear about malaria more often. This
might be due to a problem with the teachers’ assisting the
schoolchildren with the answers to the pre-survey. In the pre-
survey, some teachers seemed to have led schoolchildren to the
same answers when they filled out knowledge part of the
questionnaire. This was suspected because almost all the
answers were the same on this portion of the questionnaire in
certain schools. However, this problem was not seen in the
practice part of the questionnaire or in the post-survey.

As a product of schoolchildren’s active participation for the
program, the schoolchildren started to play important roles as
messengers for malaria prevention. The teachers sent malaria
prevention messages to the conumunity through the school-
children by issuing newsletters or posting billboards with IEC
materials made by the children themselves. The schoolchildren

also reached the community through outdoor activities. The

schools held community events involving parents and com-
munity members appealing for malaria prevention. These
activities match the concept of WHO’s health promoting
school [17], which states that school health is not only for
health of the schoolchildren but also health of the community.
In our program, the schools indeed have involved the
community in the malaria control program.

Education and collaboration with the community are
important components in the struggle against malaria [13].
To achieve better results from community-based malaria
control programs, improvement in the knowledge and beha-
viors of community members is essential. Although the

schoolchildren sent malaria-related messages to their commu-
nity in this program and it could be expected to bring some
impact on community members, we did not survey its effect.
Some previous studies have included malaria education of
schoolchildren as a part of community-based malaria control
program  [3,12,13]. They also concluded that schoolchildren
could be channels to the community but clear-cut evidence has
not yet been shown in this kind of study. Further study is
necessary to reveal the impact of malaria education through
schools on community members.

Another challenge is how to scale-up this program to the
other endemic areas of Thailand. We utilized Thailand’s well-
established school health system [18] and introduced the
program by showing how the schools should integrate the
new activities into the existing activities with the provided
teaching materials. The schools accepted the program and
regarded it as one of their Health Promoting School Project
activities. Phinney et al. proposed that school health programs
should be integrated into the curricula [19] since programs that
are not based on the curricula might increase teachers’ work
load. Tt might be possible to scale-up this program to the other
malaria endemic areas by utilizing the existing school health
system, as long as the control program can be integrated into
the curricula.

When it comes to scaling-up this effort, cost is a
consideration. Our program could be an inexpensive model
in Thailand. We left the planning and implementation of
malaria education to each school, and simply supervised their
activities. Despite such limited support from us, the schools
actively implemented the malaria education program. School-
children’s positive behavioral changes in malaria prevention
were also seen, even though the contents of their activities
varied in each school. The schools started to take malaria
education as one of their regular activities and implemented it
with no additional budget. Thus, by utilizing Thailand’s school
health system, once the program is introduced, no additional
budget would be required to implement malaria education
itself. For expenses to introduce the program, the printing cost
of the teaching materials could be reduced if the materials
would be used in wider area. The training cost could also be
reduced if the training for malaria education were combined
with the on-going school health-related training programs.

In conclusion, our school-based malaria control program
was found appropriate in Thailand. The program was effective
in changing teachers’ and schoolchildren’s behavior, and could
be effective in the wider community, although further studies
are needed to confirm this. School-based malaria control could
be applied to other Greater Mekong Subregion countries, as
well. However, we need to be careful about the context of
school health in each country, as it may be different from that
in Thailand.
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Fb L OBEERECRET 2, REHES CI3ERR
mgEE LT, NS—H—4 v 7 KOHECS—H —
A7 112 10~20%KOH KIEH 9 DIRER &1
RCHETLBRSF)VPAHESN S, BRTI2ET
(cyst) EES I F T, FraE (T EE) R
B,

4. WhREREEFR B

1) BhbYOEFR
ZHOBEIIETT, B TRRES WY

SR R EEREE L, WEREE) T L REN 2
WS 5, BEEZHAT S CREENE %
5.

BIEROBIE S RA Y

1. %5 U7RHA

1) F Ltk (Giemsa stain)

(1)BBE, WM, A&/ —)V[EEQ~5 5/,

(2)3%F A YV R/ Y > IR 1 980,02
mol/l, pH 7.2) T 40~45 53[EHt, BRADES
10% ¥ AV HER T 8~10 DG T 2 HEL H
5,

FAVEEWIL, 7 0VH ) ETHRILERO B
DE SRRV 570, BRI IR T 57578
Dy 27 F —H A (Schueffner dot) e~ v =)V D
M (Mauer dot) DRl 2 BT 5, Kk, ¥
R, BIR,

(3)5pmE LV > X (100 £%) CTHIZE, RMERA
<7 V7 RERREE (7 axF AR DIRS, HE
WBELLE S, 7, InNsZo08MAaME 2
o=V TIRHE BT 28508 H T ARG AR
MBI/ & & ZFAI L, RiciERS iz~
7V 7 RHOBOEN 2 T>, HEg~7 ) THE
DA RER1IIC, FLAPREL BTG~
THREZR 2 iR,

2) PoN)O AL OREk

FEN AT 7V AV VRIT VY A
vy BGmg), VXD »(2.5g), 10mmol//
) EEEIE pH 7.2~7.5(47.5ml) |2 A Y / —
WVEE LT RS LCE T L, AN—FF R
Y 5, HOCEME (B BhEDY) THREET 5.

WHFEOMERN T~ 2 ) 7 FHEOME 38
e, REBEOOHNERT, AO A IMEKIE
CEFOmuEEERYT, Fv Mbdhi QBC
(Quantitative Buffy Coat Systema®, Becton
Dickinson) d iR ST 3%,

3) HEARH%

DOWETIEAE, NOW® MALARIA, Binax,
Inc., USA/Unipath Ltd., OptiMal-IT, DiaMed
AG., Switzerland 7% EWEFIWCHOW SN T W5,
HERELS And e RnTE, 5HOMBET
B~ 7 ) 7IRHE E NSO L ORI
WHEETH 5,
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%1 BEATS) TEROERR
V3 TIRBE Hg#vs1) T =ZR#MTIYT ez 7 | EE®RTYIVT
WRERIMER | ALY, RABTK|EART 2, va7+— | HHEPBARRER W BALEW, bF»ic
INAREO= VO | OHEGRILEO/NE) |, SERErEY. |HEe2H UL, TEE
mERD, R, Va7 F—OWMERE | THORBDF—v
FHE M R, DOMEEFICR S,
WEBARER |, 2EMLEOR | BEIEO 2 o > | WROIESD /AR », | BIROIERD S v,
(BRIR1AHR) e T, 2D 2 | GR) LK E RifROM | SRR, BRI,
TRl SN aﬁb,mﬁﬂw(ﬁMMMM 1z
OB ET2H0 EERIE A 7w,
LE AN
TRHAR R — M, KBEMTRAE | KEL T A= vREE | KDL, ARO | s L, e
ELmRECKIR®R | 3. MERO=Z )7 | Bob o<, 7| RLELEWREZET
Ry ETReEN5, BErR 5. A—NREE U, | GFRE)., K2 <
MAg~Z2)70OFL2 | V7TEEERS,
B3,
g ArS NE», EEFATHEI RS W, 2uY4 by | ZARTI VT ION| AV 4 MITAE
TEHIERDH LW, K| K&, PLrES S, vIUTRED | HURETREEL,
WM 1208 27V 7ERERL, | KTATWE, (A |HLERT LI Y
Ko~ 0 760F2E | (XaV4 b 8~24) | 4 M 6~12) TEEERSL, (AuY
B, (AaY A ME12 4 M 6~12)
~26)
MR TER A | ME R RARCEAR 2 | M RO FEL 2 | ZHBC IV T ML [ ZSHB IV 7l b
L, EREBEEAZ | 5D, RET L7~ | M/hEwn, BINE L, Yo7 F—
BY., vV 7HEER | FUBRIBREBICRE DO EEKRL,
ra~wsFUoEEES LD, METIHANE S
HSWNET 2, W E| 7))V 70FEP RS,
Vb3 BT T Ee~JE | HE D K& S R
<,Lmtmmﬂ@h T 25, RGO
Beg 2, w7V 7EFR | hReuEL, Mizg
W RICHAET 5, BHRL LRI MBI
nE S BT,
2. FEFEFRE

1) EEEERE

B TR - 7o > B OFTEE & A AR K (1)
EBRATAREZALTIEMUD/N—HF A %Mh

TR .

TR, REESOEIE T T A —230 T 7L
R D EHE R RS 2 L 8T
BrOREE, B, A
DE 3270 & OFHE D & 8
A= NOMFEREOFE TV D — -

Tl Y O%

X5, BT A

M, N,
MEITS, 7 XA

BE

(23N

¥ A b

93— Nh )P EHTITS,

G—F-3— 2 DO & FREIEIRD &
avFElg, aviks Vv A2g,
avgkeavibs v
e, FEAEIMZ I B IWCIRGHEEYT 5
%%u&@&%%@ﬁ%k%mﬁgm%a~P
fa7e & DR S FORE 2175,

BOTHDH
2K 7K 50 ml,
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¥ Ly,

RKEI(H)

no.11 2005 & ¥EFIE

M2 #Es~ T ) 7 EE EER) OIiREHRE

DIMEGAEERC TS T A 2Dy v
T FUREONI R VT T x— A, RHIGR)
KEL o) v 7 7 5—h, KHI(E)
DOHRBEUNE SN B),

DEERL
CHERBR(=D

a: [E CHEFOZERE B o iviz g
FyV v b, b EERE), (M4 EEE)
FEFI O ER O BEMBER R 5N,

ttho
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x®2 BELBEFERIEETHIUAF - bOBERIR

7 A— AT

WL H A —LdD

W f Y AR~

AAVAR—=7

YA T OAR—T

FFEME (12X 30 gm)

AR A+ (0X15 gm)
(A—¥ A pEERDbNLD)

TEF (BR) T2 (8~10 pm)

1 {8 0D b & 1A % ek

B % W R O BB
ARG VA EHEH

1 {E DRl E 2w

2D ART YA B
P 4@ AR Y
I 7 2N
AR YA MW 4
HoARaYA b &
iR s aE

2o AR ¥ X b
Pz 4 O AR Y
4 b EBERE AR

BEOW, K& (R Mok KRR 3— Nk
FRHIT A —0% TEF (BT (10~15 gm) | 4 dlnic T LAVEIR | AR R L 28N
L. dispar EM ER) I (10~15 pm) 4 FRLCE L/NER | AR FREH L TN BRI
AN YT A8 | IEF @O (10 gm R | 4 0@ i L/ | VSRR Yk USRI
Entamoeba polecki | TEFS @)W (12~14 gm) | 1 S8 2 KADBLIR | AMBR (BB HD) | 3 — PR3 A
w5
KEGT A —0x TEFT « #8FT (15~20 wm) | 8 SBIMCALE L/ANSIR | AR (B R 2) | B - K (4 &
%7
N T A3 TEF - P (10 pm ) | 4 K, Bk Renzu A (52 T)
G- BT A= M - B (6~15 pm) | 1 K, EHOBEREES | Ronaw DI - K& &%
i
' ) - 1 S o
WESHET) | BRow, xes@ |7 TYTA? ) wmanni) %
7 v 7 VAR JITE (8~12X6~10 em) | 4 HUDNZOLE L/NIk | B2 = H AR | 99— FREL, R
~ gl {1972 MR P A v 27 A
A= — VAR BEBUIG (T~9 X 4.5~6 m) | 1 SHDCHIRE L/ANACER | K & 2D & W6 | 5 238309 %
R5
WEDRR(ET) REOR, K&S(F) IR R AR ) w &
K NT > F Vv a | EFER)BG0~65 pm) |2 KKEMEERT | BROKK, K&% | BTFOBEY
i
fFRsE S = REFA = A b B — X b
V7P ARY Yy | M (5X4.5 gm) BA — v A bR | AEOART Y A b | A - R PR R
N LRI Al oD B P 3 T

DEV, REA —
A b FREEETE
O, FHigKEMA
Yy —V T4~6H
[ 5 BT B 38 (25~27
C)TLEHET 5,

e £ OB P REE 2 S, Ry > (100 )
W L DAL L e DS b, R EER
FER2WRYT, AVAR—=T, V4 70AKR—
TDA—Y A NI UM THEOAOHEREN
NI, HGHEME T RS ICHRIITE 5,

2) R -T—TF IV

JRHRFEEE T ORI EEINETH 5,

(1)EERE (15 mD i 10 ml DB RE KL
Mz, ZHICEIDER ETH T KEROEME%
AL SE#HT 5,

(VR y—¥E 1, 2 Wi EEmNE (10 ml)
W %,

(3)1,500 rpm T 5 4@ L, EEZHET,
6~7ml @ 10% KNV~ > 2z EEL 16 45H
PLEEES 5.
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(L)YPZFNIT—F V% 2~3mlz, Bl
fECHE M CIRERET 5. 2 HLh 1,500
rpm T5MEWw T %, =T—7IVEOREH %
B CEBEN SV LEERETCS, (5T 2
FEFEE A THECEL S,

(5)LELERE, HEHVWIEI—F-a—F
eth LRI T 5.

3) T atEREE

7V RARY T ADF - A MEHIZHW
HiLs,

il > g IR ITR DO L 512179,

v —% — D ¥ a i (Sheather’s sucrose solu-
tion) [ ¥ a (X 7 v —R)100 g, ZAEH7K 64 ml,
MR =/ =N 1mlEENIDIEZAT A NG
FALWCHD, valiiEo 1/3 BEOTFiE 2
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Zy AIN=HTADHTHET L, AN—TT7 X%
WY 5B LIE, b EANN-TTAD
ETOWEHCELY, BELTERLZ YT AR
VYOV ADE =Y A (BEND um) 2R T 5,

A=V A MNIENREORVIOERIDWEDS
{, HHEYI7ORZ 5,

& a BERCEEIEE O VE D DR ITE V.,

4) O— Rk

T A= NPMEE R OO D7 DI v o h
%, 3= LEBEOMBIZIROEBY .,

AW D 90% ¥ ) —n(170ml), 100% 4 %
/=) (160 ml), WM (20 ml), W& IK A KB (20
ml), 1%V v % v 7 A5 »vEgE12ml), ZEKX
(618 m1) /1,000 ml

7usY =TIy EWK: 70TV —
W 7Ty 7 E¥MEGe), FEAW(Q,000ml)

O — VYR CREE L e R TS, EE
BRHN=H T ACHEREEL, BHEZ KL
CREFRIT R U RO Y, B,
Yot 21T > T b, MR ERBICREL TB <
Y, Blca—vfmP Y ru—LAREmeiTS
ENMTED,

5) MEARE

(1)ZE(H % WEE, HZIE, A5/ —IVIEKE 2~5
gaNiiR

(2VEREE 7 7 v v R[F—n (ZiehD) K & v
R—v 7 7 ¥ 98 R 3E) ] TH (5~10
53 ).

(3) 7K.

(4)5% Mg/ THifE (5~10 #[E) .

(5)7k¥e, Kbtk BHEEORGINEZ 5EE
A,

(6)1% A F v v 7 —KERTHREEA T
fH).

(7)K%, Folg,

(8) F v v CBEdg, NV LARA, -V
2 N NEROHSEY D C > 27 i S IEROICHE B,

FITC (fluorescein isothiocyanate, 7 WV 7% Vv
XA YAV FAYT Z—MNEERLUIH7 Y 7 b
ARY YL o A=Y A NEEE ) 70— VR
AV, A—Y R ERIHT S ERITAEO
F v bk [Merifluor Crypto & Giardia(Meridian
Bioscience Inc) ]2 1) 7" F AR Y Vv L

F v b (FIEHEE) bTHERS L TW5,

6) IFEMRHE

TRINT A=, ZVTRARY T LT T
WHEE R OBFEFUFIREF v N E. histolytica 1T
2 Cryptosporidium Test(TechLab), Immuno-
card STAT Crypto/Giardia (Meridian Bioscien-
ce) I EMHIRE N T WS,

RELOBRER, REODRTIA

JEYSF 2 SN2 RO HE 2 HEEL, Mk
DEFE LB RERT Y. BEOGE MO
HHRICHEET 5.

1. #EROBRIR

1) BREBROBAH

B~ 7 ) 7 O%E, RIMIRAD<Z ) TR
HORBYKR[EHHE(%) 1, EEEOHEEC R
5, EDRVWHAATIR 1% 2B2 551
HIEWL 5,

2) BRAR & BEEN

(D~ )V 7EOREICELY, =7V THE
DL RN REFIRERT I e 23H 5,

(2)FHIESIC XD, 7 A= S(RER) OEHE
PRI D, AR REAABTI R ER) 07 X —
INDERBIAREE & > 1B D 5,

() MREBLANOOERE» Y aEF R
BRI NENR, vy oY aE ) A (Tr-
chomonas foetus)HS, FBEREDE ~ ORER R
POBE S NIERL H 5,

X W

1) WHO : Learning unit 4, Blood film, Basic mala-
ria microscopy. WHO, Geneva, pp 16-31, 1991

2) WHEHG, #HEET, KERX:I <70 7 ORAE
e = a7, k15 E &, http//www.nih.go.
jp/niid/para/atlas/japanese/manual/malaria.
pdf

3) B IEIRET A NT A—NEREEK VT N
YH Y MV R ERECOLFE, Medical Trib-
une (HAKR) 32(2) : 26, 1999

4) FFEAEEL 2V S AR Y YU LE BRIES
56 1 1969-1974, 2001

5) Kumagai M, Kobayashi S, Okita T, et al : Modi-
fications of Kohn's chlorazol black E staining
and Wheatley’s trichrome staining for temporary
wet mount and permanent preparation of Enla-
moeba histolytica. ] Parasitol 87 . 701-704, 2001

6) /NMRIEM, BADER, MR 14, HoTH S
WERP R HHREE, A T4 v ¥—27 39!
121-131, 1994
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O-Benzyl-N-tert-butoxycarbonyl-L-threonyl-i-proline
trichloroethyl ester [Boc-L-Thr(Bzl)-L-Pro-OTce]

The title peptide compound, Cy3HiClsN,Og, is a synthetic
intermediate as a plasmodium falciparum blood-stage antigen.
There is an intramolecular N—H.: - -O hydrogen bond between
the urethane and benzyl ether groups. The relatively low
melting point is attributed to the lack of an intermolecular
hydrogen-bond network.

Comment

The title compound, (I) is a key starting material (Omi et al.,
2005) in our continuing studies of synthetic antigens for
falciparum malaria (Karasawa et al., 2000; Ishiguro et al., 2001;
Kokubo et al., 2002; Noi et al., 2003.

cl Cl
Boc-L-Thr(Bzi)}-L-Pro-OTce
H

Generally, in peptide synthesis, the 2,2,2-trichloroethyl
group (—OTce) is useful for carboxyl protection and can be
removed simply by treating the peptide with zinc powder in
acetic acid (Marinier et al., 1973; Olsen et al., 1986; Pastuszak
et al., 1982; Yamada et al., 2003; Endo et al., 2003; Oku et al,,
2005). We often encounter oily products and poor crystallinity
when we prepare N-protected peptide trichloroethyl esters,
such as Z-Ala-OTce (Dhaon et al, 1982), Z-Leu-Ala-OTce
(Marinier et al.,, 1973), Boc-Val-Leu-OTce (Yamada et al,
2003) and Boc-Asp(OBzl)-Leu-OTce (Omi et al, 2005).
Therefore, in this paper, to assess the enantiopurity and
crystallinity, we have studied the solid-state structure of (I) by
X-ray crystallography.

There is one molecule in the asymmetric unit (Fig. 1). An
N—H- - -O hydrogen bond (Table 2) is found between 0202 of
the benzyl ether and N201—H1 of the urethane group. There
is no intermolecular hydrogen bond and molecules are prob-
ably connected together by van der Waals forces and dipole—
dipole interactions (Fig. 2). The relatively low melting point of
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0301 C401

Cl42 Ci43
Figure 1
A view of (I) with the atomic numbering scheme. Displacement ellipsoids
are drawn at the 20% probability level. The dashed line indicates a

hydrogen bond.

FIAL

Figure 2
A packing diagram of (I). H atoms have been omitted for clarity, except

for those of NH groups.

(1) is attributed to the lack of an intermolecular hydrogen-
bond network, which is an important crystallizing force for
short-peptide compounds (Oku ez al., 2003, 2003a,b; Antolic et
al., 1999; Ashida et al., 1981; Cruse et al., 1982). Thus, the weak
intermolecular association in the crystal structure and the
thermal mobility, especially at Boc-Thr(Bzl), probably lowers
the melting point of (I).

Experimental

The title compound, (I), was prepared by the coupling of Boc-
Thr(Bzl)-OH (5.10g, 165 mmol) and HCl-Pro-OTce (424g,
15.0 mmol) as a solution-phase synthesis. Dicyclohexylcarbodiimide
(341 g, 15.0 mmol) was used as a coupling reagent (yield 6.55 g,
81%). Crystals of (I) were successfully grown from an oil by the
addition of diethyl ether or n-hexane and stored below 277 K over-
night. The fine platelets have shown relatively low melting point, 381—
382 K. Analytical data (melting point, "H NMR, ESI-MS and [o]¥
are in accordance with the expected structure; [o]5 = —49.4° (¢ 0.1,
methanol).

Crystal data

Cy3H;3,ClaN,Op Cu Ko radiation

M, = 537.87 Cell parameters from 20848
Orthorhombic, £2,2,2, reflections
a=11311(9) A 6 =3.9-672°

b =11.693 (7) A =358 mm™*

c=19417 (12) A T=1731K

Platelet, colorless

V = 2568 (3) A®
0.05 x 0.02 x 0.01 mm

Z=4
D,=1391 Mgm™

Data collection

Rigaku R-AXIS RAPID Ry = 0071
diffractometer Onax = 68.2°
 scans h=-13 - 13
20848 measured reflections k=—-14 - 14
4647 independent reflections 1=-23 523

2140 reflections with F2 > 20(F?)

Refinement

w = 4F 2/[0.0008F,2 + o(F,%)]

(A1) ax < 0.001

Apmax =074 ¢ A7

APmin = ~1.01e A7®

Absolute structure: Flack (1983),
1983 Friedel pairs

Flack parameter: 0.16 (2)

Refinement on F2

R[F? > 20(F%)] = 0.063

wR(F?) = 0.145

§=0.97

4647 reflections

339 parameters

H-atom parameters constrained

Table 1
Selected geometric parameters (°).

C202—N301—-C301—~C302 —63.5 (7)
C301—~N301—-C202—-C201 174.6 (5)
N201—C201--C202—N301 164.0 (5)
N301—C301—C302—0401 —33.3 (7)

C101—0101—C105—N201—-177.5 (5)
CA401—0401—C302—C301-172.5 (5)
C105—-N201—C201—C202 —68.8 (6)
C201—N201—C105—0101 162.6 (5)

Table 2 N

Hydrogen-bond geometry (A, °).

D-—H - A D-H H.A D---A D—H A
N201—H1.-.0202 0.95 2.25 2.601 (6) 101

03868 Okuetal. - Cuyl5ClN,Op
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H atoms were positioned geometrically and refined using a riding
model, with N—H = C—H = 0.95A and Uy,,(H) = 1.2U,q(N,C). The
absolute configuration of (I) agrees with the fact that the 'H NMR
spectroscopic data detected no racemization in the preparation.

Data collection: RAPID-AUTO (Rigaku/MSC, 2003); cell refine-
ment: RAPID-AUTO; data reduction: CrystalStructure (Rigaku/
MSC, 2003); program(s) used to solve structure: SIR2002 (Burla et al.,
2003); program(s) used to refine structure: CRYSTALS (Betteridge et
al., 2003); molecular graphics: ORTEP (Johnson, 1965); software
used to prepare material for publication: CrystalStructure.

HO is grateful for a Grant-in-Aid for Research on
Emerging and Re-emerging Infectious Diseases (H15-Shinko-
22) from the Ministry of Health, Labor and Welfare of Japan.
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Synthesis of Sequential Polydepsipeptide Microspheres
as a Controlled Drug Delivery System

Nobu Emori, Hiroyuki Oku, Keiichi Yamada, and Ryoichi Katakai
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Sequential polydepsipeptides poly(X'-X°-X°-Y) (X=amino acid, Y=hydroxy
acid) were prepared by solution-phase procedure for peptide to apply for
the  biodegradable  microspheres.  Polydepsipeptide — microspheres
encapsulating bovine serum albumin (BSA) were prepared by a double
emulsion method [1]. These microspheres were incubated in a
phosphate-buffered saline and investigated the protein release profiles.

Keywords: polydepsipeptide, solution-phase synthesis, bovine serum
albumin controlled release, microsphere.

Introduction

Biodegradable microspheres as a drug delivery system have been extensively
investigated. Most of microspheres are being made of poly(lactic acid) (PLA) or
poly(lactic-co-glycolic acid) (PLGA). These polymers, however often cause the
inflammation of the affected part due to their acidity, and the control of release of
included drags is difficult [2]. To improve the dlsadvantages of these microspheres, we
studies sequential polydepsipeptides poly(AA'-AA® -AA’-HA) (AA=amino acid,
HA=hydroxy acid). Polydepsipeptides are biodegradable, and highly biocompatible.
Furthermore, the degradation of the polydepsipeptides can be successfully controlled
by changing amino acids and hydroxy acids [3]. Therefore, there is a possibility that
the ideal microsphere could be achieved by using polydepsipeptides.

In this study, we prepared some sequential polydepsipeptides from
tetradepsipeptide active-esters as a monomer obtained by solution-phase peptide
synthesis (Fig. 1).

The polydepsipeptide microspheres encapsulating BSA were prepared by
double emulsion method. Release of the protein in vitro was analyzed.

Results and Discussion

The monomer was prepared by stepwise elongation of peptide chains from a
hydroxy acid benzyl ester by using N,N’-dicyclohexylcarbodiimide (DCC). The
intermediates and monomers were highly purified by using column chromatography or
recrystallization. The monomers were dissolved at a high concentration in a solvent
and polymerized by addition of triethylamine with vigorous stirring. The stirring was

— 021 —

—197—



AAT AA® AA3 HA

0 H—0H /:,2 amino aC|d.
Boc——OH , H——OB + hydroxy acid
Boc OBzl
Boc——OH HCI-H ©)) OBzl (1) CSQCOg R benzyl bromide
Bac E‘S‘; OBzl  (2) DCC, DMAP
Boc™™OH HCI-H @ OBzl 3y 4M HCl/dioxane
Boc ) 0Bzl
Boc OH (4) DCC
Boc ((:)) OSu (5) Ho/Pd-C
HCI-H- ) 105U (6) triethylamine

T 'n

Figure 1. Synthetic procedure of polydepsipeptides.

continued for two days at room temperature. Polydepsipeptides were precipitated by
distilled water and filtered.

The physicochemical properties of the polymers were dramatically changed
with variation of the depsipeptide sequence. (Table 1). The polydepsipeptide
containing lysine residues was highly viscous.

Polydepsipeptide microspheres were prepared by a double emulsion method
(Fig. 2). Ten mg of the protein was dissolved in 150ul of distilled water and the
solution was poured into a solution of 0.1 g polydepsipeptide in 1.5 mL methylene
chloride. The mixture was sonicated for 3 min to form first inner emulsion (w/0). The
emulsion was poured into 15mL of (0.5, 2.0, and 5.0%) PVA aqueous solution and
sonicated for 5 min to form second emulsion (w/o/w). The resulting double emulsion
was continuously stirred for 6 h at room temperature until methylene chloride was
evaporated out. The microspheres were collected by centrifugation at 5,000 rpm for 30
min (HITACHI, 05P-22, Japan) and freeze-dried for 48h (IWAKI, FRD-50M, Japan)
to give a powder.

We tried to prepare microspheres of poly]Glu(OEt)AlaAlaHmp] and
poly[AlaLeulys(Z)Lac], but failed to obtain the microspheres from the former
polymer, probably because the viscosity of the polymer was too low to form the
microspheres.

lable 1. Physicochemical data of polydepsipeptides.

o m.p. viscosity”
polydepsipeptide solvent (° (Ij)) (dL/2)
[Leuleuleulac], DMF 145-158 0.22
[AlaLeuLys(Z)Lac], DMSO 147-165 0.65
[AlaAlaGlu(OEt)Lac], DMF 275-280 0.26
[Glu(OEH)Glu(OEL)Glu(OEt)Lac], DMF 245-250 0.24
[AlaAlaGlu(OEt)Hmp], DMF 271-279 0.31
[Glu(OEt)AlaAlaHmp],, (1) DMF 240-250 0.23
[Glu(OEt)AlaAlaHmp] ,, (2) DMSO 219-227 0.23
[LeuGlu(OEt)AlaHmp], DMF 109-116 0.14

a) in dichloroacetic acid , ¢ 0.3
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Figure 2. Double emulsion method used for the preparation of BSA-loaded
polydepsipeptide microspheres.

SEM images of microspheres at different concentrations of PVA were shown in
Fig. 3. When 5.0% PVA aqueous solution was used, it was not uniform in size. We
suppose that the viscosity might be too high to form the homogeneous emulsion.

‘Loading efficiency was determined by analyzing the BSA that was not
encapsulated by using the BCA protein assay kit. Effect of the concentration of PVA in
the preparation of microspheres to the sphere size and loading efficiency of BSA is
shown in Table 2. Loading efficiency was the highest at 0.5% concentration of PVA.
The changes in the size of microspheres and efficiency of loading of BSA depended
not only on the PVA concentration but also the supersonic conditions.

Finally, the in vitro release of BSA from the microspheres was studied (Fig. 4).
Microspheres (10 mg) were suspended in 1 mL of a phosphate-buffered saline. The
suspension was placed in an incubator at 37°C and continuously shaken gently. A part
of the sample was periodically taken, centrifuged for 10 min at 12,000 rpm, and the
supernatant was analyzed to give the amount of released BSA. Every sphere showed a
similar biphasic release profiles with an initial fast release phase and a second slow
release phase. The amount of protein released from the microsphere using 2.0% PVA
was found to be highest. It is not clean yet whether the in vitro release of encapsulated
protein strictly correlates with the PVA concentration.

Figure 3. SEM images of microspheres at the different concentration of PVA.
(A) 0.5%; (B) 2.0%; (C) 5.0% PVA agueous solution was used
for preparation of microspheres.
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Table 2. Characterization of BSA-loaded microspheres.

PVA conc. (%) sphere size (nm) loading efficiency (%)
0.5 440+150 65
2.0 450+130 38
5.0 1470+1230 40
S
i
% —&— PVA conc. 0.5%
v —4&—PVA conc. 2.0%
0 —&— PVA conc. 5.0%
Z
=
E
o
O

Time (days)

Figure 4. In vitro cumulative BSA release from polydepsipeptide microspheres.

In this study, we have successfully synthesized the sequential polydepsipeptide
and prepared the polydepsipeptide microspheres. A model protein, BSA has been
encapsulated in the microspheres and released under in vitro conditions. These results
in this study demonstrate that the polydepsipeptide microspheres are applicable to
form a controlled drug delivery system. The protein release profile could be controlled
by further study.
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We have studied a novel elastin model compound, poly(Gly'-Val’-Gly’-
Hmb*-Ala’-Pro°) (1), which has hydroxy acid residues, 2-hydroxy-3-
methylbutanoic acid (Hmb). A monomeric fragment, Boc-Gly'-ValP-Gly’-
Hmb*-Ala’-Pro®-OBzl was successfully synthesized by the combined method
of stepwise elongation and segment condensation in solution stales.
Thermoresponsive properties were analyzed by variable temperature
measurements (such as optical density, 'H NMR, and CD spectra) in H,O.

Keywords: elastin, self-aggregation, depsipeptide, polymer, coacervation,
thermoresponsibility, turbidity.

Introduction

Several water soluble polymers, such as poly(acryloyl-Pro-OMe) (2) [1],
poly(methacryloyl-Ala-OEt) (3) [2]3, poly(N-isopropylacrylamide) [3], and an elastin
model peptide, poly(Val'-Pro*-Gly’-Val®-Gly’) [4], have been known to constitute
thermo-responsive materials. These materials show a sharp but continuous volume
phase transition from a swollen state to a shrunk state with increasing temperature.
This phenomenon is also called as self-aggregation and coacervation. The transition
temperature is ranging from near 0°C to over 40°C depending on each chemical
structure. Our extensive studied have suggested that the phase transition temperature
can be designed simply by changes in amino acid residues and protecting groups by
the balancing between hydrophobic and hydrophilic groups in the polymer side chains.
Similar results have been reported for elastin model peptides [4], poly(N-
alkylacrylamide) derivatives [5] and amino acid containing polymers [1,2].

Depsipeptides are oligomers and polymers composed of hydroxy acid and amino
acids linked by amide and ester bonds. This hybrid compound attracts attention for
their conformational [6] and bioabsorbable properties [7]. In this paper, we have
described a novel thermoresponding depsipeptide that is composed of a repetitive
sequence, -Glyl-Valz-GlyB—Hmb4-A1a5-Pr06- [8].
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Gly Val Gly Hm b Ala Pro
Boc+OH BocT-OH HT0Bzl
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Figure 1. Synthesis of poly(Gly'-Val’-Gly’-Hmb*-Ala’-Pro%) (1).

Results and Discussion
Synthesis of polydepsipeptide

All the compounds used in this study were prepared by the combination of
stepwise elongation and segment-condensation methods in solution phase as shown in
Fig. 1.  We have chosen two protecting groups fert-butoxy carbonyl group (Boc-) at
the N-terminal and benzyl ester (-OBzl) at the C-terminal. Boc- and -OBzl were
removed by acidolysis and hydrogen01y31s (Pd- C/Hzg Iespectlvel

A monomeric fragment, Boc-Gly'-Val>-Gly*-Hmb*Ala’>-Pro®-OBzl (4) was
successfully prepared by the combined method of stepwise elongation and segment
condensation reactions in solution states. At first of the synthesis, 2-hydroxy-3-
methylbutanoate pyridinium salt (H-Hmb-OH. pyridine) ~was coupled with
Boc-Gly’-ONSu (-ONSu = N-hydroxysuccinimide ester) i in, the presence of 0.1 eq. of
dimethylaminopyridine (DMAP) in THF to form Boc-Gly’-Hmb*-OH, which has an
ester connection between Gly® and Hmb®. The fr agment condensatlon was employed
for the synthesis of a four remdue fragment, Boc-Gly -Hmb Ala -Pro°-OBzl by the
coupling  of  Boc-Gly>-Hmb*OH ~ and HCL H Ala’-Pro®-OBzl by using
1-ethyl-3-(di-methylaminopropyl)-carbodiimide hydrochloride (EDC.HCI) in the
presence of an equimolar of 1-hydroxybenzotriazole (HOBt) to suppress racemization
and for an efficient reaction.

The hexadepsipeptide free acid, Boc-Gly'-Val*-Gly’-Hmb*-Ala’-Pro®-OH
obtained by hydrogenolysis of 4 was derwed to an actlve ONSu ester by the reaction
with HOSu and DCC. ~Boe-Gly'-Val’-Gly’-Hmb* Ala’>-Pro®-ONSu (5) was obtained
in 80% yield. The Boc monomer, 5 was treated with 4 HCI in dioxane to give a
monomer hydrochloride, which were polymerized in dimethylsulfoxide by the addition
of triethyl amine. The sequential polydepsipeptide 1 was purified by dialysis in H,O
and obtained higher molecular fraction (m.w. > 3500) was lyophilized. Colorless
powder: yield 11% (calculated from 5), mp. 172-180°C.

Thermal properties of polydepsipeptide
Fig. 2 shows the temperature profiles for turbidity formation of 1 in H,O and
phosphate buffer saline (PBS). As the temperature is raised, the polydepsipeptide, 1
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undergo a phase transition of aggregation in an optical cell. The onset temperature
was observed at around 35-40°C in PBS and 45-50°C in H,0. Therefore, in a
physiological environment, such as in PBS, the transition occurs at lower temperature.

Broaden profile was observed in turbidity measurement. In the case of water
solution, the phase transition starts relatively sharply at 44°C and continues slowly
even at 55°C. Therefore a distinct transition temperature can not be defined in these
cases. One explanation for the broaden behavior is due to the molecular weight
distribution of 1. Actually, higher transition temperature was found for lower
molecular weight compound.

% Turbidity
(100-%transmittance)

A2 O o B

c o o 8

N
o
T

[e]
T

1 1 1 1 1 )

30 35 40 45 50 55
Temperature (°C)

Figure 2. Turbidity measurement of poly(Gly'-Val’-Gly’-Hmb*-Ala’-Pro°) (1) in
phosphate buffer saline (2\) and in H,O (O) (1 mg/50 i, cell length=1 mmy).
Optical density (% transmittance) was measured at 500 nm.

[Blr (1 04deg.cm2.dmol'1)

_3 1. ] 1,
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Wavelength (nm)

Figure 3. Variable temperature CD spectra of Poly(l Gb'-Val-Gly*-Hmb*-Ala’-Pro°)
(1) (in H,0, 0.1 mg/ml, cell length=1 mm).
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