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Abstract: Objective To optimize the preparation process parameters of Anshen Dingzhi Pills (ADP, Z2#f 52 & L) and explore its
efficacy in alleviating cognitive impairment in sleep deprived model rats. Methods Single factor experiments were conducted on the
ratio of powder to honey, drying time and drying temperature. The appearance characteristics, disintegration time limit and six index
components (polygalaxanthone III, 3,6’-disinapoylsucrose, ginsenoside Rbi, B-asarone, dehydrotumulosic acid and pachymic acid)
were used as comprehensive evaluation indexes. The AHP-entropy weight method combined with the Box-Behnken design-response
surface method (BBD-RSM) were used to optimize the best process parameters for the preparation of ADP. The improved multi-
platform water environment method was used to induce a rat model of sleep deprivation. The efficacy of ADP on sleep deprivation rats
with cognitive impairment was evaluated by motor function, learning and memory performance, hippocampal histopathological
changes, serum levels of inflammatory cytokines, including tumor necrosis factor-a (TNF-a), interleukin-1p (IL-1B) and IL-6 and
oxidative stress markers in brain tissue, such as superoxide dismutase (SOD), reduced glutathione (GSH) and malondialdehyde (MDA).
Results The optimal preparation process parameters for ADP was determined as follows, the ratio of honey to medicinal powder of
0.316:1, drying time of 14.0 h and drying temperature of 50 “C. Pharmacological evaluation demonstrated that the prepared ADP
significantly reduced escape latency in sleep deprived rats, increased the number of platform crossings, time spent in the target quadrant,
and novel object recognition index. Additionally, it markedly alleviated neuronal structural damage in the hippocampal CA1 region,
decreased serum levels of inflammatory factors (TNF-a, IL-1pB and IL-6) and effectively regulated the expression levels of oxidative
stress (SOD, GSH and MDA) in brain tissue. Conclusion The optimized ADP preparation process is stable and has consistent quality,
which can significantly improve the cognitive function and hippocampal nerve cell morphology of sleep-deprived rats, reduce the
levels of inflammatory factors, alleviate oxidative stress damage, and also provide a scientific reference basis for the development of
ADP preparations and clinical applications.

Key words: Anshen Dingzhi Pills; AHP-entropy weight method; Box-Behnken design-response surface methodology; sleep
deprivation; cognitive impairment; neuroprotection; polygalaxanthone III; 3,6'-disinapoylsucrose; ginsenoside Rbi; B-asarone;
dehydrotumulosic acid; pachymic acid; tumor necrosis factor-o; interleukin-1B; interleukin-6; superoxide dismutase; reduced

glutathione; malondialdehyde
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1 {XEEHH
1.1 {2

MS105DU/A #4532 —R3G-, 3 B )-
FER 243 (i) FHRRAF]; Ultimate 3000 %15
RO AR A, FEER I /RBHE CHED FIRA A
Milli-Q-advantage A10 BURBAE/KAY, 3 [E% B A
F]; KS-250TDE B =il it 8 7o P s e, B Ly
A RA R, HH-8 BUKH, EilEH3n
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X s MDA T (65 111850-202207, Ji
=L 95.8%) 3,6- I TR AL RERE (L5 111848-
202307, FiE3% 96.7%) P-4k (L5 112018-
201802, JREDE 99.3%). ASEF Rb (M5
110704-202331, J5i 55341 93.8%) 350617 B £ 4
ZiakE Wb IR IR SRR (it PS011922,
JREDEL 99.7%) A LR (itS PS011917,
JREE 99.7%) ¥ E 2R (D AERHE
HIRAF]; IETE, odral, Je8TH R R T
AIRAF; LHERHEE NG, il Oceanpak
AF; AKONEGEBAEK .

ADP it 77 HPIR%E (b5 FLYP202401, 7F=ithzz
BaANwT&EE NEZIWERE R B R IRE
Poria cocos (Schw.) Wolf ] T t%Z. A (s
FSYP202402, F=Hi2 il %Ki & E) NEZFLE
BHRZ J& H R W% [ R AR A MR A
B AZ (LS RSYP202401, F=HbiAka AL
WA 5D ATMBI NS EHEYI NS Panax ginseng
C.A Mey I THEMRMRZE., @& (It
YZYP202403, =i il PHE IS AT 4R 2D Nin ER}
76 B YL & Polygala tenuifolia Willd. 154 |
FEH ('S SCPYP202404, FP=HBYLPE4 5 22 1 7k
FE) ARHEEREHBHEY A EWH Acorus
tatarinowii Schott. [f] F I M £ . & (5
LCYP202404, 777 5 [al % 5 6 XAR )1 17D AR
WFLSI R, B K. RS Nk
A % (LS FM2024001, 772808 N R
FHED iRl E ik )8 B R T % W& Apis cerana
Fabricius FTER /) % . & WY ( Cinnabaris , 5
78202401, F=HuiFE A MM RIEE) AL
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O PRI F IR GBIb 254 i E AR e ) 2018
P R0l 1 R B R TIT R 2 R R A R )
2018 MIEL R IR, 375G HE o

HREZ, fiL5 S20287, MWH LR AR
BHRAT; MIEAHER T-o0 (tumor necrosis factor-
o, TNF-o) {78 (L5 202407). A4 EK-1B
(interleukin-1B, IL-1B) iX5f& (#'5 202403). IL-
6 W& (Jib'5 202403) W H EigL sl ARA
Al EENYEALEE (superoxide dismutase, SOD)
MeERA & (S 20240724). 7 BRI &
({5 20240718). IBJER A H K (glutathione,
GSH) ki & (b5 20240718) I H B 5 R
VTR T ARA R .
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SPF 2R MM SD KHR 36 W, 8~9 &, A&
180~220 g, M EIT A EAME B E AR AR A,
YER[IES SCXK (F5) 2020-0009. sh¥iasE T 224
R RS, WE (2542) C, HXHEE
40%~70%, H HEEEOK. siPiins 22y
KFERHEE RN, %5 AHUCM-rats-
2024140.
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SEA IR AT SRS, RO, 43 BUARECK B i
i JG R, IRE . ASALNEE 37.30g, £ ETH
MK 18.65 g, 1B, TH 5, 13%] ADP 4
e G, WM, ERAEES 116~118 C
il B B BV ER ” REAE R . B, FREL 100
g ADP Z5¥i5 30 g MR AIE &K H| 8«48 2 ik
B, BEEE KA.

R FH B HR B2 R, AP i Fus R B 0.5
m/min, FFHEFEER N 80 t/min. F)g, FARYH
WMARIFIG, HIRER 6~8mm, FHFELN
0.3 g ) ADP /NAL. 4% Bk [FVERRAE, 4% [ e ib
T LB IRZ R . NS Im&. A BT
ADP /Mo

WRIE (rE 2580 2025 4EFROLAII R, /K
FEHITE 9% LA, FEH| ADP HAEH S AEK
TR Y, AHIE TR FH FE 2RI 58 LK)
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2.2 6 FMEFRAL ST HPLC S R8T

221 fBit%&M A%~ Phenomenex Luna Cig
FE (250 mmX 4.6 mm, 5pum); AN 0.1%H R
IKIEW-C s BREESEE: 0~3 min, 15%Z1E; 3~
5min, 15%~16%Z}E; 5~18 min, 16%~22%
JiE; 18~23 min, 22%~25%Z.JfE; 23~27 min,

25%~27%Z N 27~40 min, 27%~33% L 40~
54 min, 33%~40%ZJE; 54~65min, 40%~48%
ZBE; 65~90min, 48%~80%Z.ME; AR E 1.0
mL/min; HFFEE 10 pul; AR 35 C; KK 203
nm; FREREEE B ARG EPTHEAMET 5000,

222 X EE B A DR RO
JE S B T 10.25 mg. 3,6/~ 7% 1ok e b
10.08 mg. AZ 2+ Rb; 10.01 mg. B-ZHF i 10.14
mg. KA LR 10.06 mg FIRER 10.15 mg, &
T 10mL SR, 0 H R VAR, o ol B R 5
TRy B3 EIIER 101 1.025 mg/mL. 3,6"- —FF
TEEFEBERE 1.008 mg/mL. AZ 2 Rby 1.001
mg/mL. B-4H2F¢% 1.014 mg/mL. XE& L3R 1.006
mg/mL. REER 1.015 mg/mL ()5 — X 8 5 757

% H

2.2.3 RAN SIS S FEEE “2.2.27
TR B — X HE R vA R . JZ EMDER T 1.8 mL. 3,6/~
TFFIEEERE 3.1 mL. AZ 2 1F Rby 0.5 mL. B-4
Fk 3.4 mL. EELHEEE 0.3 mL FIER%EFR 0.5 mL
BT 10mL &, PEEARZIE, WBRE
HERTREAST

2.2.4  HHASERIIHI S B ADP FE&, BB AL
ik s, WL 5e, MsRE, BT HE
HETEI A, FE2MAKMAIIE T B 100 mL, %%,
JE 30 min, AR (T 250 W, SR 50 kHz)
30 min, JHGA. FRRERE, FHZKWEFIIE T BEAN 2
BRI, 25, e, RS RIEEEIERR 25 mL,
BTZRRIAY, T, RENFEAHIFEER S
mL EEF, MHEEERZZE, $£2), 022 um i
FLUERE e, RIS AR S VA

225 FPPEAEK RS E] S 2 BIEREIR
BN S e L EHCE BTEREA T ADP A,
i “2.2.47 TR S VAR A5 5 R FNEERAE

B 75 & [T A ot VA

22,6 LIEVEELE S hE R R AR R AT
ADP Hiat 5V ORN 2% B P R S v T 42 R 2.2.17
TR i 2 F AT, G05% HPLC i, &5

HE 1. "0, ADP sy ) H AR il g o) &
RORGF, BB BHIEFI, RWZINET BT
Y5

j I ‘ ulall | G
F
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2 ‘|

S i | - B

S = A
6 I 2'0 l 4IO ' 6'0 o 8I0 ' 1(')0

t/min

13 MR T 2-3,6- 3% TWIEREME; 3- A S 21 Rbys 4-B-4
ik S-BALHER: 6- KL
1-polygalaxanthone III; 2-3,6'-disinapoylsucrose e; 3-ginsenoside

Rb; 4-B-asarone; 5-dehydrotumulosic acid; 6-pachymic acid.
1 AFIREE (A), BAXNRMAR (B), ADP #ilm
B (O), RFRE . RMAMIAM MR RIAR (D), BRA
SUMIAM IR RIER (B), RETSHMIAMHIRRER
F) RAEHEAMAMERERIAER (G) B HPLC
Fig. 1 HPLC of solvent methanol (A), mixed reference
substances solution (B), ADP test samples (C), negative test
sample lacking Poria and Poria cum Pini Radix (D),
negative test sample lacking Ginseng Radix et Rhizoma (E),
negative test sample lacking Polygalae Radix (F) and

negative test sample lacking Acori Tatarinowii Rhizoma (G)
227 RMEXRRFLE 2237 TUFRAX
W, o RIREEE 04 20 4. 8. 104 12 1%, BT 10
mL EIfiH, IHECE R 2L E, 5. DRk %R
BRSO IR S i e, %R “2.2.17 TRt
WA R . DU BRI AR RS (XD, U
HOAPAFR (V) exfilbriith 42, BT8R, 13
2R [ )5 5 2 3l izt B MU TIT Y=264.290 0 X+
1.2017, R?=0.9993, Z&t:7EHl 0.01~0.32 mg/mL;
3,6- I TEEIE AR Y=228.060 0 X+3.580 5, R?=
0.999 2, ZEMEVE 0.031~1.000 mg/mL; AZ BT
Rb; Y=24.709 0 X+0.167 9, R*=0.999 7, £M*74
0.02~0.60 mg/mL; B-4H-FMik Y=778.890 0 X+
7.8276, R2=0.999 6, Z{*:uilH 0.02~0.76 mg/mL;
FE LR Y=74.964 0 X+0.1328, R*=0.999 7,

LR VI 0.005~0.160 mg/mL; AEFR Y=106.700
X+0.224 4, R*=0.999 8, ZMH:7EH] 0.006~0.200
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mg/mL; &5 RRI 6 Fhpi /28R R R 4T
2.2.8 MEEEAL  REEWRIEEM “2.237 BUR T
TR & TR A X BRI, HE R “2.2.17 TUR Rk
FAFESHFENNR 6 K, ZRER, wHENEE 11
3,6- I FREIEENE. NS 21 Rby. B-Ai¥EE. &
AR IREBRIEMF RSD 405108 1.03%.
0.93%- 1.04%-. 0.74%-. 0.58%-. 0.71%, %5 KN
EANE ARy I
229 FoEtEilEe  BUZER “2.2.47 TUN 7kl
(*) ADP Il i, o3l Tl 5 E 0. 2. 4.
8. 12, 24h, KM “2.2.17 i K il A 347 I 5%E
LERIREN, BN 1. 3,6 37 TR ERE. A
Z B Rby B-AlF . R L BIIR . PREFRIE [ A
) RSD 435114 0.69%+0.40%+0.57%- 1.82%- 1.74%-
1.27%, 45 R R B IR AE 24 h WA ETE R EF .
22,10 FEEMEIRLK HADP FEM, IZIE “2.247
TR J7 AT 4 6 i i s, P % “2.2.17
TR g 2 A F AT I E , IE SR AR T S .
ERIREL, ENER 1. 3,6'- 3T TERFERERE. A
Z: 5 H Rb B-Al ik 2 LSRR AR S IR i =70
1 RSD 435N 1.07%-+ 0.71%- 1.03%. 0.47%-
1.46%- 1.25%, ZERFILITIEERG R
2211 EEECERREE BEE 6 Fhiets s
SEMIFE—#L ADP 3K 2.5 g, FEEHE, TAT 6
fy, A SRS S 2 0RA XA
101 BIEL], #MR “2.2.47 TF 76 A& AR 5 v
W, FEHR “2.2.17 TUR i SRR, TR
FEESCR . g5 R EoR, @HENEE 1. 3,6'- 37 71k
FEpERE . NS 21 Rby. B-4ERE. EA TR, R
LRI INFE R A 97.50% 96.41%.
98.16%- 95.57%. 95.64%. 96.99%, RSD %%l HK
1.55%- 1.63%- 1.39%. 1.01%. 1.44%. 1.56%, %
RRINZITIE IR RICR R4
2.3 ADP B9SMILIEA

S (R EZH) 2025 FERRXT AT PR I E
AR, R MR, AF. K 3 AN T4
MHRVPAS,  BARVE 2 FRUE L 1.
2.4 AR BRI E

HU ADP ¥ aifh, EFE LRI N s, 28
(FhEZG ) 2025 FERPYES CGEN 0108) AL T
() A BIR A 7 oK, A0k B A iy PR Ay (O U
0921) FAITURJ7% CINESHRO 347 s PRAS
ME

&1 ADP SNRMEIRITE S AR
Table 1 Scoring criteria for appearance and

characteristics of ADP

i % (ke KN
AR, W%HRE  GERAY, BERER KMERK, &R
FARRAIN, JuHIRE GRRAY, Btk KDEREK
FAREASN, %Ay GFNS, MR KMERD, FaflBER
TEARFUN, %495 BR95, BIOEN KM%, ZRED
oA, WEERE AR, AR KN

[ T

2.5 ADP HI&LZIFNIEFIERNEL

FUFI AR A BN IR, 2 9 H R 21
FEEY TR bR, R (R E 25 L) 2025 AR Gl
1 0108) HLFAITTFHLE Ik ZE I SMIPRIR B4
W) 5 T 2 G PR = AR e I, TR R I
B ¥ IO R DU ZRAE AL AL B i A 558 v
(9 0 FAE I R, RS IS 1 1 o R T BN 7 2 N AR
VIRIRE. R, A ENE O, 3,6'- =37 71k
B, NS 2H Rby. B4 ERE. AL ERAK
LR 6 N RBEARbRVETE YRRy, B TERA ORI 2
SRR R T R o R P o e AL 10T AR 3,67- T T
I e bE B MR AR DU FNPT 28 /E F 018200,
NZ B Rby B A58 %95 S AT 24 Y, B-4
ERE e BT M R By, B
il 9 B BRI IR, 2 SRR AR 25 R )
RRFBIRZRR I BRI AIBIR ) G g2 15 /E F 232601,
AR 5T I DR bR A 0 i b T 0L 4
SEPL ADP I FIR R R e At S5 8.
2.5.1 AHP EFMAEZRE (wp) 115 ADP il
& LT AANIEIR . B FRAN 6 AN bnd: iz
BMUEE 0. 3,6- 7% FEREERERE . A1 Rbys
B-ZHF k. A TSR IREWRAE NG AV TR,
A A PR LRSI A B A SR A6 R, 134T AHP BUE
REOHE, SR NFE 2. ADP Hl% L2 & dhath 4o
LR VB B Gz M 101, 3,6'- =% F It
JERE. NS B Rby. B-AI¥EE. RE LSRR, R
FR AL R %0558 0.063 1. 0.099 6. 0.080 0.
0.1992. 0.161 5. 0.1480. 0.113 4. 0.1353. H K
FEIEAR (max) =8.287, Z Jai Xif WAL S 5 3R AT
—FER S, 1R CI=0.041, ASZIGEEHEIRA 8
N, BENL—FMETE s (randomindex, RI) A 1.410,
B 2445 H— 2 L % (consistency ratio, CR) =0.002
(<0.1), I —FPEAEL, R ZAERB A S
AW
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&2 ADP HE I ZITNIERFI B

Table 2 Judgment matrix of evaluation index of for ADP preparation process

- S W e
3,6- IV TIEENE AR Rby B4R IR LA TSR WHETRR m ENIER 01 SR
3,6'- I T EE R b 1 1 1 2 2 3 5
NSRRI Rb 172 1 1 1 2 3 4
-4t < ik 12 1 1 1 2 2 3
IRETR 172 172 1 1 2 2 3
AL HER 1/3 172 172 1 1 2 2 2
VAR PR 1/3 1/3 1/2 1 1 1 2 2
176 ANl 100 1/4 1/3 1/2 1/2 1 1 1 2
CARIMERIN 1/5 1/4 12 12 12 1 1 1

252 JEAUEZEMAERE (wo) IHE AT
TE B ES, IEFHAGEIAT Z b5 b B4
T bm IR AELER /1N, 0 B T8 A B0 1 5
K, REEMEEREBZ, LGNNI THE
A7), MR S TR s (= (P b B — A /IMEL)/
(e KA — /MBS B E AT bk, DAVHBR 240
Zt. W, HhrdE AR A SPSSAU fEZ A
(https://spssau.com/) EFEBGEA MM, T
F T IBE RE, A RIAMIMER . T EOR R |
ZE MR 1 3,6'- 3% FIE AL FERE . A2 21 Rb.
B-4rlt. LA LI, REMBERK S AN
0.1144. 0.0803. 0.1244. 0.1087. 0.1427. 0.1319.
0.179 3. 0.118 3.

2,53 AHP-JEAUELEENERE () iHHE i+
AHP-JEBGELEARUE R E, HoA wy wi 4358 AHP
FGERGE T A3 AL R U031, ADP il & T2 4h
MR B BR Sz MR 11 3,6"- 3% F kst
REME. ANZ 1 Rby B4R, RE 2R, (K%
FRIY) AHP-RAUENT W 537108 0.057 4. 0.063 6.
0.079 1. 0.1722. 0.1833. 0.1553. 0.1617. 0.127 3.
254 ZAEWHITHE HEAXNEETS =
(W1 YA/ Yimax + WaYo/ Yomax + WaY3/ Yamax + === + WyYz/
Yamax) X 100, Wi AEFEAEE R0, Y& Tabrill

SELER, Vimax I 52 25 b (B KA
26 BEEEZZADPHEILZWEWMEE

T e AH SRR IE P, XS ADP il % T
SRR 3 AR R (I 5208 LhE . TR )
AFPRIR D) AT ZRES, H LMK, ¥
B BRA 6 AN RFRIE S G ENIER 1T, 3,6"-—3F
THERERE. AS 21 Rb. B2k, A+
B2 IRER) NGV TENS, THZEGIED E 5
LG LE R,
2.6.1 WEESZMILE TR TT ELEIFRECE RO
i ADP Zi¥} 100 g, 200l 5520 5 5 258 Lol
0.1:1.02:1.03:1.04:1.05:1, FHmHE
14h, TR 50 Co ME PN FERR, IHFiHE
AV SRR, MBI S 200 LLpl i3 n,
TEMEH 525G 03 0 1 I 4Ea1EiA R K
{8, BG5S 200 LB 255V TR, Hk
SR 3, Mok HEE 5200 ey 02 01,03 ¢
1. 0.4 01 F T SLma B 585 o
2.6.2 TR 447 LRBIARECSAR A il ADP
2k 100 g, [ EE 5258 ] 0.3 0 1, TR E
50 C, 43I ST RN 104 124 14 164 18 ho
WE AN EN FE bR, FHTHZEEVED . B3R 4 ATA,
BEAE TR RIS 0, SREVP B ETG N, TR

®3 BESHMELHIXT ADP HE T ZRIFM

Table 3 Effects of ratio of honey to medicinal powder on preparation process of ADP

W 525k APUTEIR T R R/ Ji 5o Hy/(mgg ™) ey
247 L min _ JGENEE T 3,6~ 57 TIMJEREHE A S 21F Ry B-A1iE LA HHEE RER W
0.1:1 3 48 0.29 1.05 0.60 0.28 0.10 0.12 6542
02:1 4 35 0.32 1.11 0.74 0.40 0.16 021 86.17
03:1 5 30 0.37 1.13 0.77 0.43 0.17 023 9250
04:1 4 36 0.36 1.12 0.75 0.38 0.16 0.16 84.04
05:1 4 45 0.28 1.03 0.66 0.35 0.14 0.19 7746
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B[] 14 h B 256 PRk B 5 K AE, Bl S T J )
WINEEEVED BAK, MOEF TR 124 140 16h
20 5 e ST AL A S5 .

2,63 TUREE  FARTT ELBIRREUS O i ADP
2Ky 100 g, W 5258 0B 0.3 1 1, /AL
A A 40, 45, 504 55. 60 °C, THEASIE 14 ho
WEAHRIVEAN AR bR, FHUHELRAE 4. SR WK 5

FiR, BEA TSR, fEREN 50 CHYSE
GV EAB KA, AT g0
A, Wk TR 45, 50, 55 CHET/E4m
8L TR o

2.7 BBD-RSM 1ft{t ADP ByHI&TLTZE

2.7.1 BBD-RSM it it 54558 3T ADP #il#%
B ZRFEHLIE R, K BBD-RSMS #&it 7714,

4 TIEREX ADP H& T ZHHM
Table 4 Effects of drying time on ADP preparation process

TR ) SRR I O PR/ JitE > /(mg-g ™) e
h W min _ ERENNEE T 3,6 5F T AZREH Rb B-AHERE KAERER RER W
10 2 48 0.28 1.05 0.68 0.36 0.09 0.16 69.93
12 4 35 0.30 1.07 0.76 0.43 0.16 023 87.73
14 4 32 0.37 1.13 0.79 0.40 0.17 023 90.73
16 4 36 0.34 1.10 0.77 0.39 0.16 022 8731
18 3 45 0.33 1.09 0.71 0.35 0.14 0.12  75.74
£S5 TIREBEEX ADP HIELZMEMN
Table 5 Effects of drying temperature on ADP preparation process
FRRIRL, APRAEAR VA HON R/ JiU 9> #(mg-g ™) ga
C PO min  GELMNEA I 3.6 FF PR AZBIRb pAIVEE RELIM BER ¥
40 3 42 0.25 1.07 0.64 0.34 0.11 0.17 7155
45 4 28 0.37 1.09 0.70 0.43 0.13 0.22 84.80
50 5 29 0.36 1.14 0.79 0.39 0.17 023 9148
55 4 36 0.35 1.12 0.75 0.37 0.16 0.20 85.59
60 4 39 0.23 1.10 0.50 0.30 0.10 0.13  64.99

Xf ADP |7 T2k FE v g 3 5 258 Ll (LALE
EHRR, X)) THEEE (X)), THRIRE (X)) AR
K, DAMNIPEIRVES (Y. EEETIR () f16 4
FEFRIE R 2378 FEMUBR TIT (Y3). 3,69 1 B L e b
(Yo« NZEH Rby (Ys). P-4k (Yo). AT
TR (Y IRETR (Yo) NEZEEVEE NN FaHR,
iz ] Design-Expert 13.0 #fF, @07 3 K3 3 /KK
7%, 3K RIL+L. 00 —1 BHTORAY, Bk
Wit 5458 WK 6.

272 BRHEET 24 #id Design-Expert
13.0 #BARER 6 FEHRIEAT Z o EAE, B X,
Xov Xs NEAZE, VAGEAVED NWNAE, 152 JclF
HTFE: 258 1P =93.170+2.350 X;—2.560 X>+
1.570 X3—2.550 X1.X2—2.090 X.X3+0.068 9 Xo.X3—
8.420 X,2—7.830 X>2—14.250 X352, WAL 7 FEidkAT
T ZDHT, ERIEK 7. HILAT R, A F=174.96,
P<0.0001, HA®EREME. AT P=0.1160
(>0.05), RUGERFIRPIIZEFAEE, WK

SR 2 ARG I s b . KRR RP=
0.995 6, FIfERE 99.56% M N AH (A 1K, 3 BT Z AR Y
ALAFE R thicay, WRIGIRZE/DN, F R 5 fE e
AR T b 2 B B 52 () £

MR 7 AL X Xov Xae X2 Xo2o X2 045
B AREZEREN (P<0.01), ZHI XX,
X6 EZRHSHFE X (P<0.05), 38 XX 6
GiitFE L. SHEMKREN ADP #l% LZE5A
Y PIRZ I /NI AT E] (X)) >3 5 258
PR (XD >TEEE (X5).

itk — 0 W T AR DR B KA HLAE RN 8 A
BT 23R LRI AL 4T, R Design-Expert 13.0 3K
AT BT YRS R AT e S TR 40 A, 7531 &% BRI 34 HAR
FAXT R VR REMA 1) A5 v 2 P A T I, 45 SR A
Kl 2. Tl ADP (Ml T 22 HONEE 5 208
PIEE] 0.316 @ 1. FJ&mfiE 13.620 h, iR E
50214 C, L&V N 93.637. 58 B SEbriRlER)
AT, ¥k ADP il TESHOH AR E S
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% 6 BBD-RSM HEZE/KFE. K@it 54
Table 6 Levels of BBD-RSM factors, experimental design and results

o . ESES AN SR 5y $U(mg-g ™) e
X1 Xoh X/C RIS BR/min i ENNER 0 3,6- ¢ FREE R N2 BH Rb B-21°Fl LA LER RER 1159

1 03(0) 14(0) 50(0) 5 27 036 1.14 0.79 0.43 0.17 022 93.10
2 02(-1)14  55(+1) 3 39 031 1.06 0.66 0.30 0.13 0.14 7251
304+ 14 45(-1) 3 ) 0.23 1.07 0.63 033 0.15 0.13 72.67
4 03 14 50 5 24 037 1.13 0.79 0.43 0.17 023 93.74
502 16(+1) 50 3 31 0.28 1.09 0.73 032 0.11 0.18 75.02
6 04  12(-1)50 4 29 035 1.12 0.74 0.41 0.14 0.17 8391
7 04 14 55 3 43 0.30 1.09 0.66 032 0.12 0.15 73.06
8 03 14 50 5 27 036 1.13 0.79 0.43 0.17 023 93.50
9 02 12 50 3 38 035 1.08 0.75 0.24 0.13 0.15 74.14
10 03 14 50 5 25 0.36 1.13 0.78 0.42 0.16 023 91.98
11 03 16 45 3 39 0.20 1.02 0.62 027 0.12 0.15 67.14
12 03 12 55 3 46 0.32 1.10 0.71 027 0.14 0.15 74.88
13 03 12 45 3 4 021 1.09 0.68 031 0.13 0.17 73.30
14 03 14 55 3 45 027 1.08 0.61 0.24 0.14 0.13 69.00
15 04 14 50 3 43 031 111 0.65 0.26 0.15 0.16 74.58
16 03 14 50 5 23 037 1.13 0.78 0.43 0.17 023 93.52
17 02 14 45 2 49 022 1.06 0.61 027 0.10 0.13 63.75

*7 EFAERFESN

Table 7 Analysis of variance of regression model

JiEORIE mETIM BME ¥ FE PIE

it 1720.47 9 191.16 174.96 <<0.000 1
Xi 44.18 1 44.18 4044  0.000 4
X 52.48 1 5248 48.04  0.0002
X 19.80 1 19.80 18.12  0.003 8
XX 26.06 1 2606 23.85  0.0018
XX 17.52 1 1752 16.04  0.0052
XaX3 0.02 1 0.02 002 0.8988
X2 298.41 1 29841 273.11 <<0.000 1
X2 258.44 1 25844 236.53 <<0.000 1
X3 855.21 1 85521 782.72 <<0.000 1
Z1H 7.65 7 1.09

AL 5.65 3 1.88 377  0.1160
afi iR %= 2.00 4 0.50

&1t 1728.12 16

2P L] 0.316 1 1. FJEIFIE] 14.0 hy IR A
50 C.

2.7.3 BAEFISTEWIE  RBMRIR SR &S T
ST G, $ AL 7 Le i & T 3 #it ADP £
i, SEWRILE 3 I 8. 3 LT L EKAE ADP £
i 2V P ME N 92.44, RSD A 0.30%, B
AR FARAL I T & T2 A e — S R iF. [

B, L EIUE BT 255 VP20 5 -5 i B T TR
[ME (93.637) mZEHe/N, WERH 1 AT L AR AL B
R A7 I T

2.8 ADP XTREERRIZFAEE K FRIA PR AN E
i

2.8.1 WA, EREESSZY 36 HEM KRG M
PSR 1 G, BEHLY A 6 4. XHERAL. WAL I
ADP k. . H#/&E4l (ADP-L. ADP-M. ADP-
H, 0.75. 1.50. 3.00 g/kg, AH24F1f R BN 3055
1 0.5.1.0.2.0 F5)AIPHM: 25k JE 2 2H.(0.10 g/kg)s
6 Ho BRXIEAs, HASHRAKRZFE
IR AL AR B AR R P KRR . KR E T 86
cm X 66 cm X 30 cm FRIREARFH H, A E 12 A
HE Ve (Hf26.5cm, & 8cm, [EE 15cm), /K
HRFHETFE Lem. KEGENMEWEFE 7d 5, K
BV E LTSI, FIFHNEK RS
K SRR 4035, & H M 12:00 B $:82 52 7k H 8:00
I, FCR S )R] BROE, RFEERE 7 d. W) &2 4%
WEMEEH ig 44245 1 I, XTI R R 20 25 755
IRRUEREER K. RIKIEWA ARG, AT NS
WK, HAES 1 REEAR R F A5 2. 47 22l 4G
B2 R, REMBFEA, IV FFUCE & KA
ZUFEAR.
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Xi

LA

X3/°C

Xo/h

&2 ADP#|&ILZEERENESHE

Fig. 2 Response surface analysis of each factor of ADP preparation process

BAE 1 IOAIE 2

‘IHHHH‘U\nyHII\II'IHIH?|IIH1iIIQIIHiI|I| (LA
1 2 3 4 6 7

§
gmrmnmnumpl’mln
1 2

&3 ADP LZUiEtEmaush IR E

Fig.3 Appearance characteristic diagrams of ADP process validation samples

*8 REREIZEIEAEER

Table 8 Results of optimal preparation process verification test

(TR Ty ey
[t} ‘ ;

I63IF 3 E

U T
® i

6 2 3

o AAIE N Ji 4 U (mgrg ™) Eoeey i RSD/

WP BR/min g ENEH T 3,6- —FF FREELENE AS2H Rbn B4 LKA LH®R RER ¥ %

1 5 30 0.36 1.12 0.76 0.42 0.17 023 9227 9244 030
2 4 28 0.35 1.14 0.77 0.43 0.18 023 9277
3 5 30 0.36 1.13 0.78 0.43 0.16 023 9229

2.8.2  ADP X HEHR R 545 ALK R AT A 5 152 R
Morris 7K1 B 556 G045 58 A7 A7 A0 2 AR 2R SE 5,
FF4L 7d. Morris KSF8 1L 1L 1L TV 2R,
TEEE T RIRIEHFTHE 1 M Fa, 2B 1 RKRER
IKHIREE, 252 RIFUGEAAATIIG, F78:5d. ¥
KKK T~TV GBI EE F AR i K
o, RS EK R T G R ) R R A A )
k. 55 7 KT B MIRER S, KRB K,
TSR BRAE H b G RAS B B ) A0 28 80T & TR BR300

Morris 7KK B S50 (1 & A 47 45 S L3 9 FE
4, YIZREE 1~5 K& AR RBBHE RIFEA AR
FERI 4k, RAFTE K R ISH — % 123 8] 5 2] g
FTo MEB 2 RAT U AR A f 6 30 OR J0 Ebxo) F2H i
RN (P<0.01). {fE552~5 K, SHEAHML,
ADP i A, 74N B 2 A 1 R R AR
EUE% (P<0.05. 0.01),

AR R SLI A R 9 FE 5 fin, SXig
SARLL, BEARLZH K R 5 & UCEURTE B bR SRS
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&9 ADP XRERRFIFREKREEEARL. SEIRZEDFFME RN (X+s,n=6)

Table 9 Effects of ADP on escape latency, spatial exploration ability and new object RI of sleep deprived model rats (X + s,

n=6)
Fiili=v) T3k AR /s HIrZK  Fre
éﬂ %IJ P P A A A =n 5 N \/_, 154 RI/%
(gkgh) HF IR CEN 93K # 4R # 5K 22 BH I 8] /s WH
it i —  4842+6.80 29.60+4.37 2640+4.22 18.80+4.09 14.67+1.66 31.834+3.12 8.17+0.69 0.64+0.02
TRy —  533246.61 47.90+2.84" 44.80+1.36" 42.33+2.88" 40.42+5.01% 16.83+2.11% 4.33+1.37% 0.3540.09%

ADP-L 075 50254632 43.75+1.18" 38.90+3.29" 33.97+3.07" 27.45+6.45" 22.50+3.77" 5.834+0.75" 0.46+0.02"
ADP-M 1.50 50.70%+5.99 31.60+3.93" 28.08+4.47" 20.93+2.72" 17.55+2.81" 30.33+3.20" 7.83+1.07" 0.50 +0.04™
ADP-H 3.00 38.65+3.72"22.45+3.64™ 19.10£3.22" 14.80+1.74™ 11.62+3.06" 36.50+1.70" 8.50+0.50"* 0.75+0.08""
FREEE 010 45.63+4.95 38.55+4.40™ 34.82+4.99™ 31.854+6.38" 24.28+3.58" 22.50+1.89™ 8.33+0.75" 0.58 +0.04™

HxtaLbss: #P<0.01; HSEAHLLE: "P<0.05 P<0.01; % 10 .
#P <0.01 vs control group; "P <0.05 P <0.01 vs model group; same as table 10.

XA ADP-L
ADP-M ADP-H TR

El 4 ADP XBEER RIZHEE AR Morris 7Kk B E LA THE TSN

Fig. 4 Effects of ADP on spatial navigation ability of sleep deprived model rats in Morris water maze

FERER> (P<0.01); SHAIZAAL, ADP
K. . E R RGE 2 2R 2K R T & T
7t B A5 5 RS s [A] 2 2 19 m (P<<0.05. 0.01). LA
25 HR, ADP fig . 35 SO BRI R 5 KRR I
et

2.8.3 KEGHARIRGSEER  SEIRAE 1 50 em X
50 cm X 40 cm R A TE B AL AT B
FIAENHA, K RSN TE R SE S0 AR , H
IR 5 min UG NS, 55 2 R, 7ESLi
FPE 2 MEFRPEAEE (Al A2), idsHR
A, 55 3 R, KRR A2 #ik
NIETE B, HAREESUIZAMRE.

RANFEEL (recognitionindex, RI) FTPEMK
Bidizae /. BARTHEA FO8 RI=ERE B R 5]
CIEJ54K B 1)) AR ) (EAAE AL a4
IEJ5 1R B B TED . g5k 9 fo, SXTHEAAR L,
R ) R B2 R (P<0.01); SHAYA LS,
ADP iGHIEAHM R BEF R (P<0.05), i ADP
. EAEHMEERARN R FAEEEE (P<
0.01), WESE ADP A {3 oie 3 F R I <5 55 28 R BRUIY
INENTIRE -

2.8.4 ADP XfHERRRIFHRA K RiEDS CAL XHEE
fnsgm KK RIS 4% 2 5 I ]
EMRHE E, WG GREATRR K, 2K
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ADP-M
E5 ADP XREERFZFIEEL KR Morris 7Kk E = EIRREENHIFNT
Fig. 5 Effect of ADP on spatial exploration ability of sleep deprived model rats in Morris water maze

FEW, ARSI S 3~5 um AL F . RE
R s, ZBERRRE KAk, TRAR R G, Kk,
1%ER R CBED B, JKBE, 0.5% L list; K
e, “HIRIEH; hYERERE A, TR RMEET
MG SIS IR E B R W 6 Fw,
YRR RIEYS CAl XAFEIUIEEME. H5%
%, GENTEMT, dEMZ A e, ARG,

W ItEE, TR, SOHEAMEL, B
KRGS CAl XHPECHBI AL Fist, RS

X

ADP-M

ADP-H

ADP-H

MR

W, HeEwsb, MARER G 4 R  E. S A
YAHLL, ADPAR. H. 7 a2 AR B 2 2K U
HEUE CAl XAHESI BN ST, & oHE R
EWIn, UL ADP RE5A A0RAE AR R F K R
TR ZS Ve (AL T

2.8.5  ADP A HEHRRIZF B K B ILIE 1 28 hE K 7K
PRI o B H BN IE Bk, 7E 4 C ok
47K 12000 t/min 250> 10 min, HU iS5, $408 IL-
1B+ IL-6 1 TNF-o 7 & Ut B AT Rr il , &5 500 %

MR
El6 ADP ERRFIFREARED CAl XFEHFHIFN (X20)
Fig. 6 Effects of ADP on pathological damage in CA1 region of hippocampus of sleep deprived model rats (x 20)
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100 SFIRLEAR EL, AR 4 K BRI 375 8 i R 7 TL-
1B+ IL-6 F TNF-o ¥k E &3 It (P<0.01). 5
TUHAALE, ADP R, . iR B R 2K R

(¥ IL-1B+ TL-6 A TNF-o 7KV 8535 F#% (P<<0.05.
0.01); ADP [MHL 4 AEH 2IFIEA M, I Z
FIEIEIN, WL AIER T A 0 .

£ 10 ADP XREAR FIZHERY K R I 5 h A REEF 1L-1ps 1L-6+ TNF-o /K FEFRLAL R E LN SOD. AEE. GSH 7k
FHIFMW (Xts,n=6)
Table 10 Effects of ADP on levels of inflammatory factors 1L-1p, 1L.-6, TNF-a in serum and levels of oxidative stress SOD,

malondialdehyde and GSH in brain tissues of sleep deprived model rats (X £ s, n = 6)

y1l T EE/ IL-1p/ IL-6/ TNF-o/ SOD/ [t GSH/
(gkg™ (pg'mL™) (pgmL™) (pgmL™) (U-mL™) (nmol'mL™")  (umol'L™)
X — 15824+14.69  20.66+1.45 42884670  233.78+12.97 8.11+£0.78  1.81%0.09
] — 279.01+9.00%  37.68+225% 107.76+5.92%  98.91+5.54%  15314+0.71%  1.0940.04*
ADP-L 0.75  221.44+24.08" 33.09+1.76°  90.60+5.84" 129.83+3.85"  12.46+0.96™ 1.2740.03™
ADP-M 150 1644641265 2725+1.85"  50.9745.71" 169.28+12.14"  820+127" 1.64+0.05"
ADP-H  3.00  146.86+16.81" 19.23+1.84"  3830%2.86" 256.83+6.58" 7.65+£0.53"  1.82+0.08"
HEEZE 0.0 168.74£27.30™  22.67£2.217  48.10£4.67" 224.80+£1027  8.1240.54"  1.54+0.04"

2.8.6  ADP X HEHRI AR AL K B i 2 2R rh 28 A0 R
AKFHIm HEYE ELISA 75 & e m, Wi
FH KRN EZ, FHlEHH SOD. N i
GSH & &, 5B N#E 10. SxHIRAMEL, HAA
KERHZT SOD M GSH 7K1 & Fk (P<
0.01), A M/KTFEEAR (P<0.01), MR
FIZFFBOK WU 2H 2 A7 B B A A R A
ERAAMLEL, ADP K. . @A EAMGE R R4
K2 F SOD Ml GSH /KFEFTHE (P<
0.01), P /KR R (P<0.01). 45 EH,
ADP  HE i 35 D505 e A ¢l < 452 280 K B o 25 2 44
LK, RN b B AR R A7 AE B2 A 70 A G
PE, BEE 2RI, SOD Al GSH 7K
B, A BT .
3 it

ADP 2 HRIGPR T 02 2 SARAR I & 3L 7
A, JTHIREE . IRFMERE 70, NS RANTR, #b
A i O BV, AR mE R
& A BHITETE. TR A E
RADIF O B RIIER, WANEZ), 1G98
HMFEZI . N T R EFRRE Y —1 ADP, &
i FL R A AHP-1§80iZ:45 & BBD-RSM {24t ADP i
AR AL Z B3 AHP-RBUEARES & 107156 320
200 W 5 RO > BT (R AR S A, T T
BT 7 3 ) B S B R T, AR T
FLEE 73 FC R 2 P A S 6 25 B T {5

AW R HPLC #8231 ADP 1 6 MUK
WA R, NJG4E ADP s filbr gt 1

WEESHRIE . &, ARFFLLAMIR . VA E
R 6 AN FEbrtERC s CGzeEmfe 1. 3,6"- 7% F 1k
FERERE. NS EAF Rby B-4HERE. AR, K
KR NGV TaPR, &= T ZRIUEHE T
ADP [ & T2 S 8O 5 258 (1 6
0.316 © 1. TEEASTE] 14 h, THEEE 50 C. Frfgss
REZEUTTNMEEA—S, H 3 KEZRIEM
RSD {HI5/N T 2%, R TR R ADP #il7) 1
2RE. W, BT

HASVEBRZE, £ ADP #4552 A bafR
(00 FH 75 oA s . ARPPERIE, wRH, B0,
AABOER. =M. WH. BRI, HidE
B AT RE SRR ERT, (R EZH) 2025 4
iR E A 0.1~0.5g, £ AABUR, AEARL
7. ADP H BRERIEL) 75 ki, AHE T H4E 100 g
ADP ZiFimA 1.33 g KRIPHAREA, R ADP H
KA BN EH T ADP kb HIR S 28 0.3 g,
Frer (hEZ L) 2025 FRGHETEEER . AT
Hil %5 ADP RedE i AHD B PE RS, (RAEFH I 7
PR EAE EE R, T R A R

AHEFAE ADP MR, RAMRZ
P 5 7K A S5 AR S 34 2 7 PR B 34 7K RS, DA
B RARIRZS IV ADP (WIS 23, 45
278 ADP R % 1 35 D0 BRI 27 K BRI B Ae
5K BRI 2% A28 17, W T CA1 XMEE T
05, AR 7 A 28 RE PR PR RE TS A 8 4 i 2L
U HU AR AR SR BRI FRAR K o X LERE Fi 4G
R, ADP BI#E LRI E H T g5 A Hi s 4 58
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i AN G S A SO P B VA oG . A BRI,
K B IR 1) <5 TR /N R B AL, Rk 480 (Rl 7K
SPF L, R Ak R A RN S N, P T A T
SEH 5 DRSO, g TR A 2] 5 id A2 i o0 B
X, X ARAEAT T A7 0 U0, AHIE 5 A Y
HR R RAEH 7K 225 T, 135 CAL X
ZuHEPI L BEm > R E RIS . 4 ADP T+
TiJE, RAERF/KF82 T R, BEIRRILFRBIAK
[P T0 R R TS LA 2 T B W24, ADP
AIA AR S e e e . R, BRI
2 FHUK R A 2 A0 R IR 2547, SOD #1 GSH
RN, NS E BT,

ANFFR & ADP 5000 AT RS AR S P I T
AN, R ADP Al st & & ALk
JREAS, PEEPUEAL BT . PR U K,
T YRR 2 S AR A IR B R T RE RS
Ak, A FIE AR R B A I R Z), R ER
FE TR R B BRSO T AR T A, SO M HIR T
&, HAARFENPEARPIRIER, 7TocEER
FIZF T 5| AR A SN RS A 2 H 4514245, BRI,
I ADP SRR M7 AL, P IRiE ADP 7
BT SRRSO 0 BEhSG 7 TH (R)A RE

i bRTA, AT REL ADP [
T EFIXT i £ ADP HIFIE 5305098, N ADP
(PRI R TR b v ST RII PR 22 4 FH 2544 T
AWM AR S % . REARMFUEL T ADP 1HITR
AR PR BEAR 25 01 ), E LA P PSR I B 1
KV B . EAk, AREPAE ADP 8 7 i £ €02 B[R] 1
ROb AT EER, W — DA,

FBAR ALY FRARGEAEF R

SE R
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