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Fig.1 IR spectra of PASP-MTI nanoprodrug and PASP
a: PASP; b: PASP-MTL

2.2 #ZESIE (H-NMR) 747

H DO A ¥ HI% PASP #i4k &% PASP-MTI 42k
HI 258547 'H-NMR £, 25 R & 2. 78 PASP
(Kl 2a) $=2.74, 2.65, 2.60 4b AV FH 3L b 1SR
T, 6=4.3, 4.6 AR AT B
M ER, BHA N 75%, o KA Y 25%.
PASP-MTI 44K i 25 ) 'TH-NMR % & & 4= T 47 8
(Kl 2b), 6=2.51 AL EMAT T, 6=2.9. 3.0
“h FRGE e Ty RS b () ST U
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Fig. 2 'H-NMR spectrum of PASP-MTI

nanoprodrug and PASP in D,O
(a) PASP. (b) PASP-MTL

TCEMEERWE 1. BT — A F RS 1
&4 3 AMEL L PASP-MTI & R B m ek,
X — /N T IE B RS MR B A T R AR
Bk L.

Table 1 The result of elemental analysis

C H N
PASP 30.38 4.50 8.33
PASP-MTI 43.08 7.46 15.67

23 HIERAESHN

Y3 2 F B 5 (19 PASP-MTI 0, i 14 M
b BB SRS KW 451K PASP-MTIZ)
KRLF BTG, 0Bk (B 3). WOBRLEE 73X

NY6623
* 20K

Fig. 3 TEM micrographs of spherical PASP-MTI
nanoprodrugs with good dispersibility (x20 000)
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2R 30%, THE AN B E =131 PASP-
MTI 1 A e 5 1 /PASP-MTI K 43 H 25 i £ ) x
100%.
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YRR SE, FEEORIBOL 30 KRUL E. Bl 24 h
IfF, PASP-MTI & 4h 2B A 70 %8 38.01%,
30 KN 86.64%, A AXS A MTI k2, Bl
1h 4 57.30%, 6h } 95.15%, 24 h O 100%
(Kl 4b). R IIEEAAT AT PASP-MTI H 12 4E2%
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Fig. 4 The cumulative release curve of PASP-MTI and MTI in phosphate buffer pH 5.8
(a) PASP-MTI release in 30 d. (b) PASP-MTI and MTI release in 24 h. e—e: MTI; A—A: PASP-MTL

2.6 FREMRW
FaE MR 45 R W3k 2.
SEUG S5 R B PASP-MTI £ & (60°C ). 15

¥(75%RH). eI (4 500 1x) %% 10 K, & Tifghe
PITCH Rk, U AR SEIR A T AR

Table 2 Results of PASP-MTI nanoprodrug stability

. 0 day 5 day 10 day
Condition - - - - ; -
Aspect Weight  Drug loading  Aspect Weight  Drug loading  Aspect Weight  Drug loading

60°C White 5.5 mg 31.8% White 5.0 mg 33.5% White 4.8 mg 34.9%

25°C RH75% White 5.3 mg 32.5% White 5.7 mg 30.7% White 5.9 mg 31.5%

4500 1x White 5.0 mg 33.4% White 4.9 mg 35.6% White 5.3 mg 34.2%
110}
2.7 MTT #&MER “9)8 i
MTT 455 7R, PASP-MTI Al MTI Jii 25 34 £ sl
AR R, ER R TR AP < 0.05), T |
PASP # KA 5 AL 2 W) A H& A B # % 7 2 sof
(P>0.05), LS RARFRBA SR AT A 1 |
YERL. 4 PR M BE AR TR INF, PASP-MTI 10443 Ht 20}
. N 10

Y 3 MTI R 2558(P < 0.05), I5 1C5(50%3M I %)

ff: MTI J245°4 2.85 mg/L, PASP-MTI 4 1.22 mg/L
(Kl'5), Bl AL BHIN TG, () — 2 Wik 40 2
S R B g i, W] PASP-MTI 01535 S
A FH 52 B AR 5 A A AR I W) AR

0.5 075 125 25 5 10 20 40
p(metronidazole)/(mg-L™")
Fig. 5 The relative inhibitory rate of PASP-MTI

and MTI on trichomonas
: MTI; W: PASP-MTI.
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FEAT /N 0] i B A0 R AE B 52 WL 3. A
%30 W, ANFERFE PASP-MTI i di 401 5% %45 48
eS8

Table 3 Influence of PASP-MTI particle size
on the Trichomonacidal activity by MTT

Size/nm Drug loading A a0
184.8 + 58.6 298 £2.7 1.38 + 0.18
4342 + 106.7 332+33 1.55+0.23
735.6 + 256.3 325+ 18 1.43 £ 0.25

x *s.

2.8 WABMIBEWERLER

DAPI B0 )5, A Mok% AR WS (L9806, 15
B, et R B AT 2B ST .
PASP-MTI &b 2 5, i SO I — R 51 T2 FF
A%, MRz IKAR IR, % rh IR DG A B R 1 RO
Yot STk, IR MU 2/NETIRS B ARk
TFRIR, BRI A WAL, R R
(K 6).

ry O
30 60 90
Channels

120

(2) (b)

Fig. 6 Nuclear fluorescence of trichomonas stained
with 0.5 mg/L. DAPI

(a) Trichomonas untreated control, displaying its oval nuclei and slightly
weaker fluorescence. (b) Trichomonas treated with PASP-MTI for 5 h,
A rounded nucleus, stronger fluorescence, peripheral masses of nuclear

chromatin and nuclear fragmentation are seen (x400).

TR AR £ 5

4 ZRLH SRR A8 DA T G 3914 M A D 1
e, AR T U TR S T M A A B
L, 4 ST B KO R 4L R T A

29

11.5%, PASP #4422 0 13.03%, MTI
JE 2 T % 19.27%, PASP-MTI 4.3 H i
TR EE 35.69% (K 7).

(b)

30 60 90
Channels

0 yy ry
30 60 90 120
Channels
(d)
160
5140
E 120
Z
80
0 . =
150 30 60 90 120 150

Channels

Fig. 7 Effect of diffirent groups on apoptosis of trichomonas by flow cytometry
(a) Untreated control. (b) Treated with PASP carrier. (c) Treated with PASP-MTI. (d) Treated with MTIL.
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1 B SR 22 22 3 AR (1) SRR A SRR K 53 111
2y, REZMHILATEY—RR AR GE e 2
FH5YRILL G0, G SR BN A
BDIL. AEBRATTR R R GG R 1, ek
B DL~ R A R 1o A B P A 2R 15 A2 R R
WMV, FRAERRIRS A E R R, il A R A
o, FEARNPRIRMEE N R R A ER, a4t /K
PESi5 7 EDC i, K FS Mel i 2 0 5 JROR &
AIREE L RIE R LR N, (Al A P &
BRZAMR T PR L. S, A
FTCEAHTUERE : FAE A AR 7 U 5 31 T 28
G b A RNV SRR, KB, )
AR, G RUR R 2 T2 302 &= ] IE 30%,
FEAIR BT EEK.

AU — P I AT 2R, HE AR JE T FE AL
NIRAA BERAEIRITVE T, DRI 2 IR R 24 1 %6 2
P ILPEREM E R bR 2 —. T DE AL AR ER
BEf) pH 5.8 (37 = )C (MR Eh &2 i, FIH 3
BIENT REREIN O CEEEER TR R AR T
TR KT 2 (B 2505 0. S5 BoR, TR 7 Kl
2 BTHELR, 10 RUUS YRR LE, FraRel
30 RELE, BiRTA %15 86.64%. Ui HIH Ak
(RS FHTAE K PRI, RS TR B 1 DRy SRR 5y
O3 Y BEAS B 1) 80 A TR TS T A k2t 22, R B
BINERAR. AR TR — g 1 IR
BI%”, IR REE: KaFarghil&id i,
SO LN T2, BRI A B IR
;e W FEE, RRAERZE—FREER
ST 2L, K D KRR TR e, T DURE 24
WIARI g —E ) “dR” W%, A CkE, —
ANERAR BT A RCHI A Y AL R PR AN e — R PR
BE IR TRORERS 73, A0 254 ) PR B4 0 i 24 4 B 17
RIFITVER 5 — N REEBE A g Ry, U
YeFporAa . WA, &K E
e BT IR T KT ZE AT G P K
ROHIFI K. Ak, A U AT 24 7 S0 E BR
BE N PEReA e, RN R N G BE 08 12 FTUE 1)
BRI W) I R FEVE T, TR AR T FH 251 %2
21

TP YIS G T AE . RS MTT
SRS R R I B AR T 2540 R R E A
TRy, —F A ZE R EEP<0.05), 1Y
KR PASP A5 AN AL L, ERARE
(P >0.05), 5t BB A G A R d A A

DAAESEEG I, FEA P % VR ER Lo 3 2 5 LA
BE AR T 7 AR A 1 F R SO0 1 40 e # AE F AT
KB I PASP-MTI & it R, HAEME DL £
FRELE R AAMREE LRI R N Y e, (R
THEHE, BIASRE W 254 ) 25 BEPE . 1l PASP 2
PRA G R AT VR, BRI AK T 24 v R
M AT RORE TR SR, i AR T HORER. i
WEFEeR, Ko Faryd AyUkG, FEENEE
FHHENANM, T 22 i B AR /K SRS TBCH 35 240 i
GY08L T R Y R AR S i R AR R ) AR R e
775 WO BA TN A 5 R A RS 5, 9
TR WG, TR O T 2 A, Al
M 2 ) R U 22, BN S o TR A IAK
BB @ MMAE T, RSB T e b, AL
B LABTCRE SIS, B T8N M QR 2 1)
TR IRRN, - DRI 4 K 24 7% e/ T S 00 P A e Ji
25, WP RATIEER ST, Wavpng, wig
ARG W RAIENE, HA LR A4 By Rk,
JIT AR 24 (08 24 e — TR 2L () 4ebs. 4
AU HIE VR AR A R R AR - RATRIL
AT BN 12%2, R G 258 A L LL
A H, R MTT A °H-TdR &5 3135 B oR JLER
WIAIKFT 4 1Cs, A R AW SR 25 (1) — - 22 A, BT LA
TRATT Ry 22 5 2 R W B B K8 R A R 2 Ik
MEERZRLZ —.

LY T T AE T A 2 R A )2 25 T e B0
MEMEEAE . ASEEG KRB PASP-MTI 49K 12545
Jeis GBS AT LI HM R G (TR
AR, B ZAZ BRI RRE T O s o A R AAS: I
DNA & oRn, 76 Gl a7 I 5 v
U, LA K F A AR L P 07 1 U S T R A e i 2
41. X5 Chose SFPH 5 T T 2595 | g HUR AR
FTFERES 20 3 Nk, A& LR A i
12 A2 Wy B 18 B R REAE AR PR T e 2, PASP-
MTT 22K i 2540 % T B ML AT BE I 5 15 3 ¥l HUR)
T K.

ARSI 55 L], PASP VE K K4 14K 24
(AR AT RPN I RE, A5 I 9K i 2451
FasE, WARE R, AN, P ik
FALT RS R 2. N — P FRA KX PASP-MTI (1)
PR PT SR TR

2 % x M

1 Gulmezoglu A M. Interventions for trichomoniasis in pregnancy.
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Preparation, Characterization and Preliminary Trichomonacidal Effect
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Abstract Poly aspartic acid or its salts is a kind of newly innocuous, environmental friendly biodegradable
polymer, recognized as green material, and widely applied in such areas as agriculture, medicine, commodity,
water treatment. In order to prepare new poly aspartic acid-metronidazole (PASP-MTI) nanoprodrug, observe its
trichomonacidal effect in vitro, and explore its probable mechanism, the nanoprodrug PASP-MTI was synthesized
by DL-aspartic acid and metronidazole in a relatively mild condition. Its structural characteristics were attested by
means of infrared spectrum (IR), 'H nuclear magnetic resonance ('H-NMR), transmission electron microscope
(TEM) etc measurements. The release behavior of metronidazole in PASP-MTI nanoprodrug was investigated by
the dialysis method. The MTT assay was employed to test PASP-MTI’s trichomonacidal effect in vitro and the
apoptotic-like processes of trichomonas were detected by fluorescence microscope and flow cytometer (FCM). The
IR and 'H-NMR showed that the metronidazole was conjugated to poly aspartic acid high molecular chains by ester
bonds. Synthesized PASP-MTI nanoprodrug was globular and had a mean diameter 404.8 nm with favorable
dispersity. The drug loading was about 30% and the cumulative release profile was delayed (about 38.01% of MTI
loading in the PASP-MTI nanoprodrug was released within the first 24 h and 86.64% in 30 d, while the release of
free metronidazole was almost complete by 24 h). The trichomonacidal activity of PASP-MTI nanoprodrug
increased remarkably {/Cs, of PASP-MTI and free metronidazole was 1.22 mg/L and 2.85 mg/L, respectively}.
Observed by fluorescence microscope, the nuclei of trichomonas presented a series of changes similar to apoptosis
such as chromatin agglutination, nuclear fragmentation, etc. The FCM study indicated that the apoptotic rate in the
PASP-MTI group was the highest of all groups, up to 35.69%. It is concluded that PASP can be effectively used in
drug delivery systems, the synthetic novel poly aspartic acid-metronidazole nanoprodrug has higher drug loading,
better the role of prolonged-release and higher trichomonacidal effect in vitro. Its mechanism may be related with
enhancing the polymer prodrug’s internalization and inducing the apoptosis of trichomonas.
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