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Abstract: The adenosine triphosphate (ATP) liposome, prepared with the methods of film dispersion and ion-
pairing was evaluated for its therapeutic effect on hypoxic brain damage. The appropriate formulation is adenosine
disodium triphosphate, hexadecyl trimethyl ammonium bromide, soybean phospholipid, cholesterol with mass ratio
of 1:1.98:8:3. The encapsulation efficiency of ATP liposome was (81.50 + 0.82) % and the loading efficiency was
(6.79 £ 0.07) %. In vitro release test and rheology test were conducted to investigate the physicochemical properties
of ATP liposomes and empty gels respectively. The blank methylcellulose gel, followed with ATP liposome and
ATP aqueous solution added to the methycellulose gel, were used for nasal administration in mice respectively. All
experiments were approved by the Ethics Committee for Experimental Research in Academy of Military Medical
Sciences. After 9 days of continuous administration, ATP liposome hydrogel increased the values of red blood cells
and hemoglobin (P<0.01) compared to ATP hydrogel and blank gel. And the ATP liposome hydrogel significantly
increased the standard hypoxia tolerance time in mice compared to ATP hydrogel and blank gel after 13 days of
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nasal administration (P<0.05). The immunohistochemical staining of mice hippocampus for the proapoptotic gene
p53 showed that ATP liposome hydrogel was capable of protecting brain tissue in hypoxia. It is indicated that the
prophylactic administration of ATP liposome nasal gel can significantly improve the hypoxia tolerance of mice, and
the ATP liposome nasal gel was proved to be a promising anti-hypoxia preparation.
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100 r-min &1+ ~, 4 %+ 0.0.5.1.1.5.2.2.5.3.3.5,
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£ 10~40 °CH, LA 1 °C-mint FHE AR R AT E & B
i BERL & (G) MR FERE B (G”) $ 44, JF1E 34 °Cilih J&
N, AL B BRI FE, 4R 9T 0~100 rad-s™ M AR AR AL
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05cm. FHZ9 KRG, T/ EFBKEUM 10 pL, 8t 4>
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54T, I Dunnett-t 16 56 9 99 LU 4 [a) 35

TR
1 HPLCHRERZIESL

TE ARSI (38 S5 4F TR, ATP WK E£E 20~400 pg-mL*
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Figure 1  Effect of the mole ratio on the binding rate of adenosine
triphosphate (ATP) and hexadecyl trimethyl ammonium bromide
(CTAB)

3 ATPERERAESHZE HAHE KNE5 zetaBNE
i B A J7 I 34tk ATP Jig 44 . @ ik HPLC 4373l
M€ C, A1 Cy, W43 ATP i3 514 EE Jy (81.50 + 0.82) %,
LE 4 (6.79 £ 0.07) %; W15 ATP I Jii {4 B & kL2 N
(91.49 + 6.22) nm, zeta HL 74 (27.43 + 0.33) mV, 1t #H

VR L 3 WIS 1) 4649 31 ATP IR o440 11 B 3 2R 0 R AR 3
5 Hr B BE B
4  ATPRERIRARINEZNE

B ATP /K8 5 ATP fig 5 A 75 R A4 1 8 245 il 28
(K 2) AT 51, ATP /KR 3 h A2 47 T8 B4, Rt ReicR
79 (77.08 + 0.42) %, ATP Jlg BT 12 h RiF R
N (53.76 £ 2.44) %, FK W ATP flg i iA B A ZBAEH,
HAEHHRE.

Figure 2  ATP solution and liposomes releasing from dialysis
bag in artificial nasal fluid. Q,: Cumulative release ratio
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FEAH [R) iR B2 5 A A 26 A TR, ATP IR Jo A 7K it Ji
(55 25 B BE LG/ G ATP 7K Bk 81 2% 1 7K R IS
UE W] ATP JIE ARSI T BERC R AR o 1 10~40 °CY,
B B T i, 3B SR A R LG G B R B, 3 F
L35 9 G>G' (1] 3ab); B ff AT 38 i, 3 Bl R &2
BRE TR, GG ¥ T, 3T R N G>G! (K]
3c.d). 45K, DLHEE LR 4k 20 5L T 1 7K B IR AR
VR, AR R TN .
7 ATPBERAKERIES /R E S 6

T 3 4H /N BRI B 4 AT, R I ATP K R 2H
5 ATP JE i 44 /K Bt i 4 RBC 5 HCT “F- ¥ 5 %5 1
KBk RR 20 AT B 35 37 & (P<0.05, P<0.01, & 4a.b); ATP
Jig R AR K B e 21 5 25 (1 /K B AR B, HGB P #4{E A
W E R (P<0.01, K 4c), 1 ATP /K&t 24H 5 = 1 /Kt
JRZZHAH HE HGB #U{E 6 & 35 M 22 57 o $&7R% ATP 7EAH [F]
FIEAAF N, ATP JiE 03 AR /K I fe A 2008 s /s BRI VR
(4% S RE T

T 3 2H /N BRH R P AR S 50 B8 o A,
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Figure 3 Effects of temperature and angular frequency on the complex viscosity (a, c), energy storage modulus and elastic modulus (b, d)
of three kinds of hydrogels. The G” and G’ represented for the loss modulus and storage modulus, and the liposome, hydrogel and blank

represented for ATP liposome hydrogel, ATP hydrogel and blank hydrogel, respectively. The hydrogel based on methylcellulose is proved to
be pseudoplastic fluid

Figure 4 Effect of three different drug-dealing cohorts on the hemogram in mice. The result of red blood cell (RBC) count (a), hematokrit
(HCT) (b), hemoglobin (HGB) (c), standard hypoxic tolerant time (d). n = 7, x + s, “P<0.05, “P<0.01 vs blank hydrogel group
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(26.86 + 4.66) min. 45K, ATP g i & KBt 4H 5 JIE 0 A 7K B sz /i i v /) BT SR SR D

75 K EE R A B, b v SR SR 52 B ] A 2 25 M e K PE IR T2 B R p53 1y e ik i 2 Rl 7 7E 4l B 1T %
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SETE o ORI T R AR R, E 100 f5 8 T
NS0 T2 B 205 ATP 7K B 28 /)N BRI 5 U 1R [
(dentate gyrus, DG) 3145 [&l 47 I8 B« i 20 Bl A%, $2 7= #H 48
TG TS ATP IR Joi 4 5 Jlse 4 2R DAL B S ] 4 8 4% 4 i A%
(Kl 5al~cl). 7£400 %8 T WM& DG X W] WL [F 4 R 4
g 0 A R, TEAS AR (] 5a2~c2). 7E 400 55
N E L CA3 X, AT W, p53 8 A B 1t e i T 41 i
% b, SER T Bl 0k (K] 5a3~¢3). iz A Image-
Pro Plus £ 4F Xt G 9% 20 2347) v 64T 43 #r, 4 p53 £ 1 %
CAM L, B 34U ps3 A M & A
¥ (integrated optical density, IOD), & & tb % 340V K
p53 £ H R FE R K. AT W7 IR 4H p53 8
FALTEFE fe e, ATP KB 4L/, ATP IR T AR K B 1R
H i/ (K 5ad~cd), HAZH S 2= ARRAM LI H
it X (P<0.05, K16).

Figure 5 The effect of three different drug-dealing cohorts on
pathological changes and p53 expression in hippocampus. The a, b
and c represent blank gel group, ATP hydrogel group and ATP lipo-
some hydrogel group, respectively. Pathological changes in hippo-
campus DG (al, bl, cl1; a2, b2, c2). Representative photomicro-
graphs of the p53 positive protein in hippocampus CA3 (a3, b3,
¢3) and p53 positive protein stained with pink in hippocampus
CAZ3 (a4, b4, c4)

g

ATPE R A B BLRED) T 5 4B N AN EWE 5
97, FENLAGR ML SR AT, 4ERFAR A St 205
T E A B o BRI S ATP R 51 e R 2 s % 45
PEZE, I LAvG YT Stk = bk O ha ke, O L oL i

Figure 6 The integrated optical density (I0D) value, represented
for the expression intensity of p53 protein in hippocampus CA3 in
three different drug-dealing cohorts. n = 3, X + s. "P<0.05 vs blank
hydrogel group
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ATP 1E N SEIG 254, 26 5% ATP /K ke 5 ATP Jig Jii 4R 7K
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a3 AT K b S B AL B, RS 1 45 A TERR R
1A U2 g 2] 3 o ATP-CTAB & 1% 2 &4 77
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BIFF A B oh 24 700 B /N RO P v e s ) B P O o 4k
IKEEIR . RSN R IR 5 R AR = E, VR T
ATP fi5 A4 5 P 3 41 4 31 A FR AL 1R R 1o

22 24 L P AT P AR 353 72 il S A 05 R 20 R ik A 2
ARG ERN R EESE R, BEHT, YLK RN X 5 E
25 A1 1) 32 S 0, 400 P A T TR A A 1 AR A R T AR
WER A5 T 1D 38 5, 3P AR A A FH AT 2 A ) g A
B AR I R B . (H KIS BT 5 B0 2R R A SR AL
FRACBLREAS A2, K 5] RS H B P ATP 7K BRAR, it i K
B, SEPREL R G RV A 54523,
TEAN 20 A, ATP [R980 /0 3 B0P5 58 25 7 28 D) RE B g,
fEAHMR AN T 588 TR . Bt A R 2 ik
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RO RN R ] TE AT O, R N R R R T
B I, 3 P 4 (reactive oxygen species, ROS) B i,
TE B IR P B MG R 20 e ok, IR T, AR 3244
1% S R W A 1) F I R 4 i caspase-1, 2, 3, 8, 9%
15 F AR 45 5 (B calpain-1, 2 %145 _FiART, 5 ATP
HAEA P FEMER o BLAh, 7 S04 i Je 78 44 SI2 56 357 10F BH
ATP XA 25 1 T 20l B2 20 23 85 B A7 38 B 1) 7 A L
ARWAEIIER . B, SRR TR EHLN N ATP & &
7 E R A EEE L

VSR WoR, ATP X T2 m /b bt sk A s /1 R
HRYMEAER . T HGB & veie S & 14 F LR
SAURE 77 (1 E B R K, JF H HGB 5 HCT.RBC A £ IE
AH IR, d it /)N B A K I v i, B AT P I ot 4
KB 41 HGBHCT \RBC “F- ¥ {H 15 45 (4 ¥k i 4 AH
BABEMRT, N ATP IR @A TIE S RE 52t 1
SCRE. JEHIEGLR, ML HGBHCT \RBC 2 it .41
Jo A= i 2 (erythropoietin, EPO) i #, 7 B /& 3K 55
WA X% HGBHCT\RBC &2 2| R 47 1 F o £ I P ik 47
FAFF, NN EPO ] ZE K 2140 =22 1, - H 6 Fi J5 4L
g0 ATP & 8 KT 2 1 0 R 2H B0 3T 4R SR 7T 46 H
SRS TN R AT PR AR EPO, FEEH TR & T, BIE
Gz 5 248 i A i L6 P R 440 ) 41 0 2 T A R 2 A
RAEGRIE B, 3208 ATP 5 EPO B L FIA Y 15
SIE M, KD FRIPUEE I DIRE . P R S
FEEE AR T, # i W YRS &K 3P
AR 8], VEAN 2590 B DU TS PERA . A SLES h ATP
U IO AR 7K 8 M Y 3 B 1 /)N B AT S S A R S
IFI], JE—PAIEBH 1 ATP R o A4 7K 88 s R B s S Pk o
p53 i ALY [RIFE B 7w, ATP I A4 7K 8 e % /) B
T I b 2 40 S 3] B S PR AP PR

AR, S ah 25 DLBR A1 Y8 97 P Y 98, 1 HIE S
RNl H RG24 F B B Ol S R SRR
] 3G I0 2P AE B A BRI (], R 2 G 4 S BB
R B /70N B 100 AH DRE R EST; 7E BB A R < L VT S i
PN 5 7 R B A R 45 2408 A ) SE B, 48.79 %25 mT
A i SR LR N, L2 A B P PRI R Y B A
KT 144569, 15 R HX #2824 i i R A5 A O S ¥R
J7 R, B G P A R — P R I I 45 2 0T
TE A W) ) ) 403, 38 3o R SRR 2R T AR AT s
rh-VEGF165, Jil /b 1 ik % T E0 A0 1o I 35 25 J 1 B,
XfF- C57BL/6 /) bl ik MLk SR Y, SR Jis 2 T N3 1A 78
Jii T 48 i (human mesenchymal stem cells, hMSCs), 7
TN U A B AGAERRR, B T B AT O B AR £ X
Wistar K B (14 R ifi i 20 RE 28 o, B s 25 1 ) 70 ot T 4
AT A2 1 A A A, 38 I LI-COR 4 4 430k Wl 1 428 41

HIERAC KD S0 AR ALE I Y FR 20 AT 1 O, AIE B A i A B
25 245 Jim T ORGP 8 4 I R A R K BR M T
AR TR DR, A 1) 4 25 A R R
PR TT iR SRR T i

25 L Pk, ATP JIg ot A4 /K B i i ATP 5 1 ot 44
ZhEr e, INON PR R 2 Y AR AL 5T, T S 7
M, I BT AE T, A 82 R T s s S A 453 0 P
7 o
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