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O-Benzyl-N-tert-butoxycarbonyl-L-threonyl-L-proline
trichloroethyl ester [Boc-L-Thr(Bzl)-L-Pro-OTce]

The title peptide compound, Cy3Hs;CL1N,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.

[el} Cl

Boc-L-Thr(Bzf)-L-Pro-OTce
(h

Generally, in peptide synthesis, the 2,2,2-trichloroethyl
group (—OQOTce) is useful for carboxyl protection and can be
removed simply by treating the peptide with zinc powder in
acetic acid (Marinier ez 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—HI1 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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Online 27 October 2005
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C401

0301

Cl42 CH3
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.

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

for those of NH groups.

(I) is attributed to the lack of an intermolecular hydrogen-
bond network, which is an important crystallizing force for
short-peptide compounds (Oku et al., 2003, 20034,b; Antolic et
al., 1999; Ashida ez 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 (510g, 16.5mmol) and HCI-Pro-OTce (4.24g,
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 [¢]%
are in accordance with the expected structure; [o]y = —~49.4° (¢ 0.1,

methanol).

Crystal data

Cy3H CIN, Of Cu Ko radiation

M, = 537.87 Cell parameters from 20848

Orthorhombic, P2,2,2, reflections

a=11311(9) A 8 = 3.9-67.2°

b=11693 (7) A @ =358 mm*
T=1731K

c=19.417 (12) A
V = 2568 (3) A3
Z=4

D, =1391 Mgm™

Platelet, colorless
0.05 x 0.02 x 0.01 mm

Data collection

Rigaku R-AXIS RAPID Ria = 0.071
diffractometer Opax = 68.2°
 scans h=-13 - 13
20848 measured reflections k=-14 — 14

1=-23—>23

4647 independent reflections
2140 reflections with F2 > 20(F?)

Refinement

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

(A/0)gax < 0.001

APmax =074 € AT?

APin = —1.01e A3

Absolute structure: Flack (1983),
1983 Friedel pairs

Flack parameter: 0.16 (2)

Refinement on F?

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

WR(F?) = 0.145

S =097

4647 reflections

339 parameters

H-atom parameters constrained

Table 1
Selected geometric parameters (°).

€202—N301—C301—C302 —63.5 (7)
C301—N301—C202—C201 1746 (5)
N201—C201—C202—N301 1640 (5)
N301—C301 —C302—0401 —333 (7)

C101-0101—-C105—-N201-177.5 (5)
C401—0401—C302—-C301~172.5 (5)
C105-—-N201 —C201—-C202 —68.8 (6)
C201—-N201—C105—-0101 162.6 (5)

Table 2 .
Hydrogen-bond geometry (A, °).

D-H- A D-H H-A DA D—H--A
N201—HI1.--0202 0.95 225 2.601 (6) 101

—195—

8 Okuetal + CusHaCliNaOg

Acta Cryst. {2005). E61, 03867-03869
—469—



organic papers

H atoms were positioned geometrically and refined using a riding
model, with N—H = C—H = 0.95A and Uo(H) = 1.2U4(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 er
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

Department of Chemistry, Gunma University, Kiryu, Gunma 376-8515, Japan
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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 (BSA4) 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 disadvantages of these microspheres, we
studies sequential polydepsipeptides poly(AAl-AA2 -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
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AA' AA? AA3 HA

o H——OK AA: amino aC|d.
Boc——OH o H—— OBz HA: hydroxy acid
Boc ) OBzl |
Boc——OH HCI-H ®) OBzl (1) Cs,C03 , benzyl bromide
Boc gi OBzl  (2)DCC, DMAP
Boc——0OH HCI-H OBzl ,
3 I
Boo (:) OBl (3) 4M HCl/dioxane
Boc <4> OH  (4)DCC
Boc ((3)) OSu (5) Ho/Pd-C
HCI-H | 6) ] OSu (6) triethylamine

i '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 (° (% (dL/g)
[LeuLeuleuLac], DMF 145-158 0.22
[AlaLeuLys(Z)Lac], DMSO 147-165 0.65
[AlaAlaGlu(OEt)Lac], DMF 275-280 0.26
[Glu(OEt)Glu(OEt)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 , ¢ 0.5
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w4 methylene chloride

centrifugation
’ microsphere

freeze-dry

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.
(4) 0.5%, (B) 2.0%; (C) 5.0% PVA aqueous 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 4404150 65
2.0 450+130 38
5.0 1470+1230 40

9]
=]

o]
o
T T

—&— PVA conc. 0.5%
—4&— PVA conc. 2.0%
—&— PVA conc. 5.0%

N
=]

Cumulative Release (%)
D
()

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, poZ))(Gl)/]-VaZZ-Gl)/3-
Hmb*-Ala’-Pro®) (1), which has hydroxy acid residues, 2-hydroxy-3-
methylbutanoic acid (Hmb). A monomeric fragment, Boc-Gly'-Val’-Gly*-
Hmb*-Ala’-Pro®-OBzl was successfully synthesized by the combined method
of stepwise elongation and segment condensation in solution states.
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], po1}/(N—isopropylacrylamide) [3], and an elastin
model peptide, poly(Vall-Proz-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(V-
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, -Gly'-Val’-Gly’ -Hmb*-Ala’-Pro’- [8].
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Gly Val Gly Hmb Ala Pro
Boc—-O{S Boc1TOH HO0Bzl
! &)
BocTONSu HTOH Boc OBzl
3 : 4
Boc ) OH H ) OBzl
Boc () 0Bzl
BocT-OH H (6) OBzl
Boc ) OBzl
4 6
Boc—-OH H S OBzl (1) DCC/HONSu,
Boc (5) oBzl  (®DCC,
(7 (3) 1.0 eq. pyridine-0.1 eq. DMAP,
Boc : OH (4) HCl/dioxane,
Boc 89 oNSy (8)EDCHCIVHOBt,
©) (6) TFA, :
TFAH ONSu (7) Hy/Pd-C,
/ (8) \ (8) TEA in DMF
\ /n

Figure 1. Synthesis of poly(Gly'- Val2-Gly3—Hmb4~Ala5-Pr06) ().

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 hydrogenolysis (Pd-C/Hzg, respectively.

A monomeric fragment, Boc-Gly'-Val’-Gly’-Hmb"*-Ala’-Pro®-OBzl (4) was
successtully prepared by the combined method of stepwise elongation and segment
condensation reactions in solution states. At first of the synthesis, 2-hydroxy-3-
methylbutanodate pyridinium salt (H-Hmb-OH.pyridine) was coupled with
Boc-Gly’-ONSu (-ONSu = N-hydroxysuccinimide ester) 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 fragment condensation was employed
for the synthesis of a four residue fragment, Boc-Gly>-Hmb*-Ala’-Pro®-OBzl by the
coupling. of Boc-Gly’-Hmb*-OH and HCLH-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 derived to an active -ONSu ester by the reaction
with HOSu and DCC. ~ Boc-Gly'-Val*-Gly’-Hmb* Ala’-Pro®-ONSu (5) was obtained
in 80% yield. The Boc monomer, § was treated with 4M 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
— 634 —
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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,O. 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.

-
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(100-%transmittance)
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Figure 2. Turbidity measurement of poly(Gly'-Val’-Gly’-Hmb*-Ala’-Pro®) (1) in
phosphate buffer saline () and in HyO (O) (1 mg/50 u, cell length=1 mm).
Optical density (% transmittance) was measured at 500 nm.
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Figure 3. Variable temperature CD spectra of Poly(Gly'-Val>-Gly’-Hmb*-Ala’-Pro%)
(1) (in H,0, 0.1 mg/ml, cell length=1 mm).
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Circular dichroism spectra of 1 were taken in H,O at as shown in Fig. 3. The
spectrum of the poly(hexadepsipeptide) has a similar pattern, as observed for
pentadepsipeptide compounds, such as Boc=(G16yl-Valz-Gly ~Hmb*-Pro’),-OBzl (n =
1-3) [9] and poly(Val'-Ala’-Pro’-Gly*-Hmb’-Gly®) [10], which have a negative band at
197 nm and a negative shoulder at 220 nm.

. The intensity of those bands were decreased when temperature was raised from
0 C to 60 C. A tight isochromic point was observed at 211 nm. In this
polydepsipeptide, the spectral shape changes continuously. Therefore no distinct
phase transition was also observed in circular dichroism spectra as found in the
turbidity measurements. Discontinuous spectral change and spectral saturation are
observed for several thermoresponsive polymers, such as 2 and 3, which undergo a
sharp transition behavior in increasing the temperature [1,2].

The intense circular dichroism spectrum at 0 C suggests that the main chain in 1
have an ordered orientation, and stabilizes at the energy minimum state. The
decreasing intensity with increasing temperature indicates that a conformational
change occurs in the main chain. With warming the solution of 1, molecular motion
of the side chain becomes activated. The isochromic point at 211 nm indicates that
this transition is in two-state equilibrium. One is the state of 1 stabilized at_an
ensemble of energy minimum conformations as represented in the spectrum at 0 C.
The other is that 1 with freely rotated side and main chains with energetically activated

conformations.

Conclusion
We have successfully synthesized an elastin-model polymer which is soluble in

organic solvents and water. The polymer with the sequence (Gly!-Val2-Gly3-Hmb4-
Ala5-Pro%) showed self-aggregation character. Structure of the polymer changed when

elevating temperature in H,O.
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iE (reemerging disease) . AIDSD L H 122 nF T
NEEDYH S T2 0o 72IRIEEEY 12 & 5 FTELR Gt
(emerging disease) L Vo 7oA b v AT I 2 b
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BEBEIWCHET 205 TIREY, ML %
W& RBERNDEETH L, FEEIEE
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ht, —EOLIEBRBRIERY LB IlFEL v
FEEA NS, T TREADWORFEIZLD
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Ev ) TEAMTH LEPEORANDEGL LTz
BA Y, WY RENE S N T EBIE TS
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59—69 (2005)
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Vv, FHEMICE o THRDBFTE LD, BHIXTE
ELHRENT, »OoBEELRE LEREL
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H e o Tn5b,

TR | AL
Plasmodium falciparum Falciparum malaria B~ oUT
Plasmodium vivax Vivax malaria ZHHE~YIIT
Plasmodium ovale Ovale malaria g~z I7
Plasmodium malaviae Quartan malaria mMBE#H~Z)7T
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4. zoonosis & vector-born disease
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I ANEHFEAOREFE v, TNHLDE

€ HENY—2 TV c )
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ZbNb, —H. AFAFFXINEELTVS IhoD) — a2 TEBBEEITHEEF 4 X
HEAFIFEFIIE V. TNEFFFAFFZXIDER FAXI I URREIECEZEZbNE, T4
bbhR 77T, - av i FEEEY Y
Faw NI, FFRAFRAIOSEB TR
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7. 6 KEERE

19804F [CWHOIF - FRRARFEARME E 5 © 47\,
UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases (TDR) T
WEHIERE, F2WWRLAETELCTSYT, 71
F ) T, FMRBRAE, V77 ONE IR,
=2 TRE, RNV —TEE 6 DDIE
BISGE & LT, 2 ORISR 4 AR
RHELTWASY, BUEDRBRE. %ﬂi%tﬁ
B BB BaE, BER HAMEE f
HEEEL, ﬁ#&%l%%k&?ﬁéﬂfwf
4 thR7IVT7ILBTDEBLEERY -2 av [6 KBREesE ] & v L L 3 TidE

ZTEDREEETH B.
a ; A+ X F %X 3 (Rhombomys opimus). (i E CES, LaL, E2IDRLAL D IS ERi
PB4 TNV EAR) (FEFEEOREICLS) BORES, BYEEROLZ IS, b NHOZ

b FOER(MIIAZZZL).

#£2 6 KEYE (2002-2004)

e wHb i D
et 7 (?0%7?% TR GRS " %j\%k Zoonosis™ Ve((j:.tor-bom
o (1005) 1sease
Malaria 273 |Plasmodium spp. (EAZHEY)) 100 >2,100 O O
Schistosomiasis 200 |Schistosoma spp. (BEAZAEY) 74 600 O O
Filariasis
Lymphatic filariasis 120 Wauchereria bancrofts >80 1,100 - O
Brugia malayi etc. (ER54Y) O O
Onchocerciasis >177  |Onchocerca voluvulus (EIZ£EHW) 34 120 - O
Leprosy 0534 [ Mycobacterium leprae (BREHEY)) 85 1,600 - -
Tripanosomiasis Trypanosoma spp. (BAZLEY)
African  trypanosomiasis | 0.3-0.5 36 60 O O
Chagas disease 13 18 120 O O
Leishmaniasis 1.5-2  |Leishmania spp. (BHAEY) 88 I 350 O O
WHO member states: 192 countries/World population : 6.2 billion (2004)

*WHO Technical Report Series, No. 378, 1967 (Zoonoses) 12 & %
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