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Tr 3 B BARAL AL T 4R 440 ) 69 FEACPE BT 5 4 2t 4 4 K 949 HLECs SRA 01/04 REAUL A 3 B 20, #2820, 4K.(38 pmol/L) | % (76 umol/
L) CoQu#2h 48, KA MTT i 55k M s dm e ag A = 1E A . R BZHAFT HA2%,B4:1,C10:1,D 50 °C; 5 Rk 23k
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Preparation of Coenzyme Q,,(CoQ,) -loaded Film Modified Liposome and Its Anti-apoptotic Effect of Epithelial
Cells SRA 01/04 in vitro

ZHANG Jing"*, LI Xiang’, WANG Si-ling", LIAO Zheng-gen', HAN Xi-zhen', NI Bin'(1.Key Laboratory of Mod-
ern Preparation of TCM, Ministry of Education, Jiangxi University of Traditional Chinese Medicine, Nanchang
330004, China;2.School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China;3.Nation-
al Pharmaceutical Engineering Center for Solid Preparation of Chinese Herbal Medicine, Jiangxi University of
Traditional Chinese Medicine, Nanchang 330006, China)

ABSTRACT OBJECTIVE: To prepare Coenzyme Q (CoQ,)-loaded film modified liposome, and to study in vitro anti-apoptotic
effect. METHODS: Using self-synthesized N-trimethyl chitosan (TMC) as film modified material, CoQ,,-loaded TMC-coated lipo-
somes (TMC-CoQ,-LP) were prepared by ethanol injection method. The formula was optimized by orthogonal design with amount
of SPC (A), the mass ratio of SPC and cholesterol (B), the mass ratio of SPC and drug (C) and the temperature (D) as factors
and using the drug entrapment efficiency as index. The physicochemical properties of optimized formulation were evaluated. Human
lens epithelial cell SRA 01/04 at logarithmic growth phase were randomly divided into control group, model group, CoQ;, low-con-
centration (38 pumol/L) and high-concentration (76 pumol/L) groups. The anti-apoptotic effects of TMC-CoQ.-LP on SRA 01/04
were determined by MTT assay. RESULTS: The optimal formulation was as follows: A 2% , B 4:1, C 10:1 and D 50 “C.
TMC-CoQi-LP was spherical-shaped with a bimodal size distribution. Zeta potential was 24.5 mV and the drug encapsulation effi-
ciency achieved 98% . Compared with model group, the cell viability was elevated by (20.1 +6.47)% in TMC-CoQ.-LP with low
concentration and (60.6 + 18.4)% in TMC-CoQ,-LP with high concentration. The rates of apoptotic cells were decreased to
23.67% and 18.35% . CONCLUSIONS: The method is simple, reproducible and stable in entrapment efficiency, the anti-apoptotic
effect of TMC-CoQ.-LP with higher concentration of CoQ,, was more significant.

KEY WORDS N-trimethyl chitosan; Coenzyme Q.o; Film modified liposome; Preparation; Entrapment efficiency ; Anti-apoptotic effect
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FESTITVAfF £ O [ e X LA A% L A SRR R IR K 2= A8 B A b R 4
L1 s e A T R
iF 5T e W HLA AR A BHPE RE A R S W8 M RSB A mT 3 ik

B O AR 2 T PR P S5 B R, DT FEE K 2 0 i B R 1), SR
FARIY S A 5 2 B T 0 b 2 B i R T TR, K
AR KL F 38 w20 e ¥R SN 25 vk I, 5 v He R )
FHEEC . BIL, AR F A Sk E v AT F e Rpk
11 N- = F 5L 5% R Bl (N-trimethyl chitosan, TMC) S [IE A& i £
LA TMC 94 D2k B R AR B 7R R, DL e A il 45
AR FH TMC & i A9 4T T Qo Ig BT 1 (TMC-modified CoQue-loaded
liposomes , TMC-CoQ.o-LP) ; FI|IE2Z 31t , AL dt 3 EAN 45
i, 0§16 TMC-CoQo-LP fie flt b J5 - %o AR Sy A Ak i e
AT EE . NI R Quo 3 25 PIVE FHAR (L SERIERL, 70
2K T 259 (20K R R ) MRS 45 25 15 3 R GE 0 ST
FRAULAE %
1

JEM-1200EX i 5 HiL F . 7 8% ( H A Jeol 22 F] ) 5JY92- 11
R P U AT AR WML (7 B 2 B F 98T ) s Nicomp 380 #0'
R 72 A% (2 [ Nicomp 22 A ) s DF-101S £ # G E 5 i #4
Fipii P (LS IR T 4248 ) ) ; CF-Autoflow CO. 4 fifd %
46 (3£ NuAire /A1) ) ; Biofuge 28RS Ik i 155 1 25 0o HL (T2 [
Heraeus 2 7] ) ; 680 Jiff #1:{X . FACSCalibur it =0 40 JT {3 ( 35 =
Bio-Rad 24 #]) .

CoQu X i (B M Ak THBAHR,H#HS:
20100181, 46 : 85% ) ; TMC ( A il , ZE L FEJE . 67.5% , 70 F
JFit 450 kD) s REWEAE (SPC, it KAV A BRA F L #HE S
090515) ; JIH [& g (R LT i Ak T BRAF] L 1t 5: 20050913)
MTT (#t45 : 120601) BLAL P E (4L : 094K 3731) , — H 3Ll
(LS - S16063) 215K H 25 [ Sigma 23 w3 HAMIR 12 4 70
4l

TRAAE AR 2 41 i (HLECs ) SRA 01/04 24 Jifd ([
BEAARERE) o
2 HES5ER
2.1 CoQuHI&ENE
2.1.1 A4 . {435y Kromasil ODS Cis (150 mmx4.6
mm, 5 pm) ; FESIA N HEE-ZBE (L 1, V7)), Fd o 1.0 ml/
min; B R 275 nm AR (25 £1) G #EREREA 20 l.
2.1.2 BRUEFIZRAGHI 4 . FRELCoQuo X HA il 7t , LATJG/K 2L
il AR AEN 28 T . BB BGE &, K SRR, i o e
J3B240.974.7.792 14.610.21.430.,28.250 pg/ml i) CoQuiA TR ,
Fi“2. 1.1 T g 250, LARE S 9 2335 16 1 167 A (4) X CoQuo
J MR IE (¢, pg/ml) PEATLRME 1), bR vE R R 5 AL s 4=
1.793x10'c—0.299 4x10"(#»=0.999 9) . T L CoQ,, 7E 0.974~
28.25 pg/ml 3 B P, €0 35 0 e T FRURR 401 5 R 0 o e vk 3 2
RIFMEPER R . HNAEE T 155 14.54 pg/ml, RSD=
0.33% (n=3) ; H 8145 % & -4 4 14.55 pg/ml, RSD=1.6%
(n=3); I AL RISCE H 100.8% ,RSD=1.63% (n=3) .,
2.1.3  AERRME o SR A LG R BOE I E 259 6 5
o (DBGE B8 IR B, A 2 ml -5 80- 6K 2 FE IR i
(10% ,m/V) , FEATIRAIHE Y o A 5 mlIE ke, IR BETR G 5
min, Z& 2 000 r/min Z5.0> 10 min, BUEC %82, EEFRE3I R, &
I AT G FITC/K B i 2838 EOM R, 7153 CoQuo il 7
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B (Cy)o @7 BGE R ARFA, A 5 ml 1E Sk, W IETR A 5
min, £ 2 000 r/min &5.0> 10 min, B F 2 FE G R, B EAES
U, PRI 8 CoQuo, KEAS BB SR 1A, A 2 ml it 3 80- 67K
LRI (10% ,m/V) , FEATIRATH% . A 5 mlIEC e, IR e
VB4 5 min, £5 2 000 t/min 250> 10 min, BUF O 622, EEHAE3
W, AT WA G K I % 2 S B T ENg R i
B CoQu i (Cw) o #% T 145 0% (Entrapment effi-
ciency,EE, %) =Cu/Cx100% .

2.2 CoQ.-LPH&I&

221 HEZFERE . RALEEE AL CoQu-LP, LIfudf
B W ey N Ko S A 8 7 = R T [ BN
T o L RS S 2 R L R AR B ]

OmAE AR 2 TR 2 BUREBE A, Irfs IR iAok
/N8 5] AR R 2 /0N s AR A K, NEIR AR A% 44
K, H AT REH IR IR I -, 5 Rk 2R B A R R B R
ETEZE AR WERRS, ZALEME . #IEH
BEN1%~5%.

QMR 5 1R [ 5 L« O ] ol A g MBS Bl g 34
I, 245 ER B RN R AR HRRE L st R [ T AR I e
) A H AR T SUZ HES B 5%, R 3 2k 5 24 il A e
TERR ARSI EE LA s, R [ ] (i e B AR 3 stk 3 ™
DR S PE AR AL 5 B A B AR R AR A 7o b T L ]
oA (55 ) I 1 3865 | SR AR /DN T CoQuo B B FER I W43
TR ], Tl 25 B 5 P CoQ o A b . &%
R R TR IR 25 R I S IR R e 2: 1~4: 1,

QIR S 25 F R b« 25938 il KAl H AR 1 AR 2R
e, S e E AR T . OAIR 4SRN, Mg 52y
Y b/ T 3 1IN, CoQuo-LP (R E ML 2%

(D) £ R ) B8 ok B 3 % 6 M oA AR TR 2 LA A RE
WEIE 4B AT RIER 2R B3 — I 0k 20 Bt %, AR RE 1
12 T 1 R TR 1 AL BEK 9y 28 kAR RS L2 AT L i
PEFE40~60 C il

OB P T SR 0] « 2B A R R, S0P T (i
A 3 0 B RRE (BB B R PR i Rl S K Ay
7&K CoQu-LP (R EME N 8 ad WK, B FE e B i oh
100~120 r/min, $i FEET [A]35 H 30~45 min,

2.2.2 IEALBEALAL )y o RIEPAR E LR R IER
VT2 22 iils & (A) (BEiE- TS R L (B) JWEiE- S5 259
Jir e (C) Bl 44 52 (D) X B B R 5 my . 1B A8 BT
KK, DB R TN FEHR, CoQ.-LP 1 IE 3SR
BEE R IR 2, AT 3,

*1 EAESKE

Tab 1 Factors and levels

K- A% B,g/g C.,g/g D,C
1 1 4:1 3:1 40
2 2 3:1 5:1 50
3 3 2:1 10:1 60

P 2 S 3 0, 4% N IR T (A B 3R A5 T B2
/NRA>B>D>C, fiefEA 5 AB.C.D., RIVBENE A= M 2% ,
WG-S5 A0 T e be o 4 1 BRIR S 2R He R 100 1, il 4
A 50 °C.

223 LIRS . L IEHLLA il £ 34t CoQu-LP, Il 5E
HPfb R, 25 R L 4,
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Tab 2 Results of orthogonal experiments

K A B C D EE, %
1 1 1 1 1 97.5
2 1 2 2 2 96.0
3 1 3 3 3 94.5
4 2 1 2 3 99.2
5 2 2 3 1 98.9
6 2 3 1 2 99.6
7 3 1 3 2 97.5
8 3 2 1 3 90.1
9 3 3 2 1 81.1
K 96.000 98.067 95.733 92.500
K, 99.233 95.000 92.100 97.700
K 89.567 91.733 96.967 94.600
R 9.666 6.334 4.867 5.200

FR3 HESW
Tab 3 Results of variance analysis
WE B A F P
A 291.6 2 947.6 <0.05
B 120.4 2 391.1 <0.05
C 76.7 2 249.1 <0.05
D 822 2 267.0 <0.05

F4 3#t CoQu-LP LR
Tab 4 Physical and chemical properties of 3 batches of

COQlo-LP
E11RV Pk AL, mV Bt nm EE, %
1 BTG, A7 -182 151 97.9
2 BN, A3 -18.4 148 98.9
3 B, A7 -183 148 97.0

FAGER GRS EE H(98.0 +1.0) % , ¥ 7E IS Him
FlZ P, FA LA Jr s AT (BEFRE .

2.3 TMC-CoQ,-LP By# &

ZIR T LA 100 r/min 5% 30R 454718 CoQuo-LP LA 1: 1(W7V)
A 1.0% (m/V) B9 TMC B, BEFE 10 min J5 10 CRE
60 min™, BIF% TMC-CoQ,-LP,

2.4 1EIHIERIEHITAES B RAIE

B 34T Formvar S7 437 B8 ) 4 I B F 5 A [, 7E B 3
CoQu-LP J TMC-CoQ.o-LP £ i, Wi i1 0.3% (V/V) B B3 7R , H
SRIGT 5, BTl g e FER 25 IR 1,

#

© CoQu-LP TMC-CoQ,,-LP
1 #IF B EE (x100 000)
Fig 1 TEM of the preparations(x100 000)
CoQu-LP J TMC-CoQue-LP JE 75 ¥ 2y BRIE 8 iz 3k IE |
TMC-CoQ.o-LP RiA2 %K
T2 i i o A TR A VR i, A PR 83 435 480, W0 i I 1
BIRIAR I/ N 53 A1 Fll Zeta LT, 45 R LK 5.

2GS 2013 4F55 24 55 17 )

R6 2FIERMEHEHMER B
Tab 5 Mean particle sizes and Zeta potentials of 2 liposomes

SFHEPRAR, nm

figFufA D D, Zeta LA, mV
CoQu-LP 149.0 -18.36
TMC-CoQu-LP 78.00 3342 24.50

13 5 ATAT, TMC-CoQ.o-LP X} T CoQuo-LP FifEké A, H.
LRG3 (BRA2E A DAITD,) . CoQu-LP 4 TMC fU 7, Zeta
P 7 P U8 S TEAR, D6 TMC B 2B ENS AR By 2 1 .
2.5 TMC-CoQ.-LP &5 SRA 01/04 ZApEA =ik 36

OO B A KW SRA 01/04 1B BEHL AN 4 20, 554 41 g
FBE TR RIS R E W« (1) 28 (A4 R 75 (MEM)
RS 5 (2)BEBI2H . £ 100 pmol/L H.0, it MEM 1% 3% W 15 FH
60 min; (3) ¥ CoQu 4244 : 38 pmol/L TMC-CoQ.-LP Fil
SeREFEANM 24 h 5, R 100 pmol/L HLO. i MEM 15 %4
YEFH 60 min, 2% J5 21 it B 28 38 pmol/L TMC-CoQ.o-LP #5 57 24
h; (4) B E CoQuhi2h4H : 76 pmol/L TMC-CoQ.o-LP i 55 54
FEA0M 24 W), 37 100 pmol/L H.O. it MEM 4 33 Wi/ FH
60 min, 2R 5 428 76 pmol/L TMC-CoQ.-LP 1535 24 h.,
2.5.1  AUARLIE 7RI E DT AEAE LA 1x 10" A/ml 1) B BE 3 Rh
F 96 fLEF TR, # Lk AL B S , 4 FLJn A 0.5 mg/ml
MTT (¥ MEM 535 100 pl,37 CIFHE 4 h, F FIEW, FAL
JIA 150 pl DMSO ¥ , 5 i 25 i s AR T 570 nm I 2
WG . AR AR 3 A TPATIL . & AL AR TS 1l
100% , TR L] 540K L =V B CoQuo 25 25 AL 2 LTS 7 , 28
AR (295 +1.0)% . (35.3+1.2)% (47.3+5.0)% ., H%S
SRR, 100 wmol/L H.0. 4F F 60 min, R & A% 41 it 7% 1 F B
(70.5+0.73) % ; 5B AN EL , YA b IG A2 TMC-
CoQuo-LP T IS, A . 5 MR B CoQuo 205 25 ZEL A0 L £ 35 1 43 391 ik
FHRE (201 £6.47) % . (60.6 + 18.4) % , 7] I, TMC-CoQ,,-LP
AT A AT 2 M ) 240 BTG 7, v v Mk CoQuo 25 25 4LAE
FHH A 5
2.5.2  AETRTAORINDY, ARfEE B Sr AL B A 1
10°/ml F ZH R, A LOA5AARFRIR) 70 % vK L, — 20 °C
FE ISR, W TR R 2 MR R S T 4 M B B T 100 pg/ml A% R N
VI RNase BEERER 2% b Hh , 37 “CAH IR Y, 60 min, 4R J5 il
AR IE (PT) Y ik 28 28 Ji iV o 100 pwg/ml, $25) J5 = i
it Y 5, 30 min J5 U AN A T 200 i ) B A (i
14 488 nm, {IK T G, Y| DNA & F A BEA T4 , &%
AR T O 2,

A &1 2 AT, HLO. AT 5 S A B0 GO, YR T 20 i BT
5B R 54.16% . 42 TMC-CoQ,o-LP (38 pmol/L CoQi. 76
pmol/L CoQuo) M7 & M4 AL Z i AN ME , ELUR T4 i fir 5 L 9124
A 0 FAARE (43 1% 9 23.67 % 5 18.35% )

3 itig

Sk far 67 B A SR B 767 I LR B R AR A 2 Y 5
TR SR, W RE R T DA S B Rl A I 5 | R Y, 5ok
RMEAH L, TMC fof 1 HLPE RSB , AR I 5 48 o, 7485 pHE
Pl PN 394 i P s A TR R e B TR SRR B A J5 ,
SIAMFIELIE T RA W5 T N A SETE L

K CBEEA D, Ty ik R E 3 A fa B IR A
TE LR WG T DASE 0, 3840 FFe i R ok .
LA NG RE R B Y R D5 6% 2 A S A . A sk
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Fig 2 Apoptosis of SRA 01/04 in different groups
A. blank group; B. model group; C.low-concentration CoQ, treatment

group; D. high-concentration CoQ), treatment group

U B FOR A P45 5 24 LB Bk — R0 )2
JZ Z AV B Oy B P 5 T IR A A T R AR AR [l
e i 5 A5 2 Bl BT PR 18 7 7L, T™MC W RS 2o i L FHT LA
FROPR B 2R 14 5 5 B 2 i R 1) 2 1T, T B TMIC-CoQue-
LP[19JO

AT il 7 1) TMC-CoQuo-LP A7 A2 748 R HL 52 WU 7 A
TMC HA KRS, 5 W R AE S, ARy s
57— 48R M A G R AR A R Tl iE e DU 2

A TR
TAHL-TL ceoveceerecrececeeceeetcauenaiissaccssccnnscnsnnnnes ( 1 )
TLAL—> LT eeoeeeceeceeceecccaccaccececcascaanacaccacaces (2)

HHTHTMC, L MigFA, o7 (D5 TMC 55 ik
FIMEAE A ORI ) i F2 () iR R L E g ik
8] A 58 4 A NG AR S R AL NG A Z [ A AR . 3
T2 O RS TR Zeta A7 AR IE , SRI5 NG R IR IR &2 0 F0E
R, SR (2) NG AR R AR 1 K . AR % Masayuki Hara B
VB B INRLAR 53 AT 1 UKL R 35 0 EL A T AR, R kAR 3 AT
PR RIURE R 58 4 A T A ST IR R PRl TMIC A 11 508 A %) R

HLECs i T=J2& [ N [ & A A AT i 24 R HoO, S — b
S S A 5, T HLECS 3 P 4801 3 2k B K 155
HLECs AT, A5 LLEAT 5 K CoQuo 7 1) TMC-CoQo-
LP X & fb #5115 HLECs #E1THE F , #F 5% TMC-CoQ.o-LP X H.O.
155 1) HLECs 4 L8 T A E T, 38 0E CoQu HI B B3R Y T
[ P B A A FH B M2 Sl

Y0 T A R A A R AR . B U TR RE
PR R R T B TG , DN T2 7= 25 (197N 43 I 2 DNA i
HEAN, A0 DNA RG4S 41 e R 2 1R 5 Go/G L AR
T H EE DNA (R YL 4R, B0 <G W& (A T-4n e iie) =™, 3%
FRT A AN PTRA YL AN A ZE SRR, SRR s, 2%
2R T A AL B A A AL B AT G R T AR BT 5 L AL
S 3CHk
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W OE B IR A KRB 5 IRAT A Y HISD B AT A B 2 40 (Alen) 3 = 97 £ A K SBRad Hrh, F ik B RAM
Ao HBF KA AEA 28 H13D(10 nmol/100 g) 28 Alen(10 png/100 g) 2B & 38 /A 40, A4 8 R, k. T 24140 5 244,12 A JG #oml &
28 K RIBAE R (L1~L4) A= B 698 % B (BMD) s & £ L35 45[Ca P B8R B (ALP) B 454 (BGP) VR &% Tk, 4 1.
AR A F P Ca PARFIEI AR T, SBFRKabi, L4 &4 K HALP BGP /K34 7+ & , AU R 40 A B2 R 20 %3t
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Effects of Osteogenic Growth Peptide C-terminal Pentapeptide Derivatives H13D Combined with Alendronate
on Bone Metabolism in Ovariectomized Rats

CHEN Ling, CAI Wang (The First Affiliated Hospital of Liaoning Medical College, Liaoning Jinzhou 121000,
China)

ABSTRACT OBJECTIVE: To explore the effect of osteogenic growth peptide C-terminal pentapeptide derivatives H13D com-
bined with alendronate (Alen) on bone metabolism in ovariectomized (OVX) rats. METHODS: SD rats were randomly divided in-
to sham operation group, model group, H13D (10 nmol/100 g) group, Alen (10 ug/100 g) group and drug combination group
with 8 rats in each group. They were given relevant medicine subcutaneously. 12 weeks later, BMD, serum biochemical indicator
(Ca, P, ALP, BGP) and bone morphological changes of lumbar spinal segment (L1~L4) and femur were measured. RESULTS:
The levels of Ca and P in serum of rats had no significant change. Compared with sham operation group, the levels of ALP and
BGP increased in other groups, and there was statistical difference in model group and drug combination group (P<<0.05 or P<
0.01); compared with model group, the levels of ALP and BGP decreased in other groups, and there was statistical difference in
H13D group and Alen group (P<<0.05). BMD and bone morphology showed drug combination group was better than sham opera-
tion group (P<<0.05); sham operation group was better than Alen group (P<<0.05); Alen group was better than H13D group;
H13D group was better than model group (P<<0.05). CONCLUSIONS: H13D combined with Alen can significantly increase BMD
of OVX rats, improve the micro-structure of the bone, which have obvious synergies.

KEY WORDS Osteoporosis; Rats; Osteogenic growth peptide C-terminal pentapeptide derivatives H13D; Alendronate; BMD;
Bone morphology; Bone metabolism
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