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Abstract

Objective: To evaluate the association between aluminum poisoning and Alzheimer’s disease (AD)
and observe the therapeutic effect of Smilax glabra. Methods: 53 mice were divided into four
groups: control group, model group, treated group 1, treated group 2. Except control group, the
rest of groups were made Alzheimer's disease models by IP injection with D-galactose and AICI3
mixed solution for 60 days. Mice of treated group 1 and treated group 2 were given different doses
of traditional Chinese medicine, containing Poria Chinensis, in different doses by gavage after 1
month of aluminum poisoning. The modeled group and the control group were gavaged with the
same volume of distilled water until the end of the experiment. The water maze swimming test
was made respectively before, during and after the experiment, and the hemoglobin was meas-
ured. After the experiment, the blood was taken, the serum was separated, and the serum bio-
chemical indexes were measured. The mice were killed, and the brain homogenate was made. The
contents of AchE, scavenging rate of superoxide anion radicals, glutathione and other related bio-
chemical indexes in the brain were determined. The other part of the brain was treated with for-
maldehyde for pathological examination. Results: The Al3+ content of the brain was 2.17 * 0.06,
241 + 0.07,1.40 + 0.49, 1.14 #+ 0.02 (umol/L) in the control group, the model group, the treated
group 1, and the treated group 2 respectively (p < 0.01); and the Al3+ content of the serum was
1.81 % 0.13, 2.89 + 0.26, 2.62 * 0.08, 2.41 + 0.30 (umol/L) (p < 0.01) respectively. The difference
was statistically significant. The serum Al3+ content of the control group was significantly lower
than that of other 3 groups, and that of the model group and the treated group 1 were significantly
higher than other 2 groups. The activities of AchE among the control group, the model group, the
treated group 1 and the treated group 2 were 2.22 *+ 0.74, 1.18 * 0.35, 1.64 * 0.40, and 1.76 * 0.42
(U/mg-prot); the activity in the modeled group was significantly reduced, with statistical signific-
ance, p < 0.05. The activities of chAT were: 59.67 + 9.73, 32.84 + 13.12, 28.23 % 5.63, and 25.07 *
4.89 (U/g tissue wet weight); the activity in the control group was significantly higher than other
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groups, p < 0.01. The content of hemoglobin, before, during and after modeling, compared before
the experiment, showed no significant difference between groups. After the modeling and the
treatment, the modeled group and the two treated groups were significantly different from the
normal group, p < 0.01. The comparison between the groups of superoxide anion radicals was sta-
tistically significant, p < 0.01. These differences were statistically significant, compared between
groups of glutathione, compared with the normal group, treatment group 1 p < 0.05; compared
with the model group, p < 0.05 in the treatment group 2 and p < 0.01 in the treatment group 1.
Comparing serum triglyceride (TG), total cholesterol (TC), and urea nitrogen between groups, p <
0.05, the difference was statistically significant. In the water maze test, there was no significant
difference in the latency time to find the platform before and after the modeling (before the
treatment), but the modeled group and the treatment group 1 had a prolonged trend. Nonethe-
less, there were some differences between each group after the treatments. In addition, there
were significant differences in the error rate and failure rate between all groups, before expe-
riment, after modeling, and after treatments. Conclusion: Aluminum can induce atrophy, dege-
neration and apoptosis of neurons in the brain, resulting in a decrease in AchE activity and a
decrease in antioxidative capacity. The extract prepared from traditional Chinese medicine
ameliorated the effects on chAT, Ach, AchE, and oxidative capacity in the Alzheimer’s model in-
duced by Al poisoning.
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HE: FRRRERRK(AD) SEFFHIRAK LRZRITHRENNE. Hik: ¥S3RINRINER
. HERE., WIT1AMGIT24, RIEEASNS, SEAAD-FAME + AICI3IREKEBREREES 60X,
BTN AR R (FT /R RIEBRRERL . J8IT 1. 2AEERBTINMABRNAHATFHAEE S HFARR
FIEEE, HAHANESHASEAREMKEES, EEXLERER, £LRIT. . BEARITKEKE
WAKRE, HUELAER; LRERBIUL, 48 M0E, W LEENER: LF0/NRIUN, H10%
W55, 433 SE ik o Z BB ER R (AchE) . ZBERERREEAEEE (chAT)E /7 MBEAE T B BE( 0 JER
R, B HKREAREAERERE; B HoRHPRAESERERE. &5 EF4. #3534, B
14, 224K CH, WEBAI3+ S E2.17 £ 0.06. 2.41£0.07. 1.40 £ 0.49. 1.14 = 0.02 (umol/L), &
HEIEE, p<0.01, ZRESIT¥EN; MBAIB+EE, 1.81+0.13. 2.89 +0.26+ 2.62 + 0.08. 2.41
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+0.30 (umol/L), FHMEEE, p<0.01, ZRAZIHEREN, EFHPRILEFAB+EEARMKTH
34, HAH, W1HAEE THATH; ¥ ZBiREmERES(AChE)YE /7: 2.22 £ 0.74. 1.18 + 0.35. 1.64
+0.40. 1.76 + 0.42 (U/mg-prot), p<0.05, ZREFRITERN; BRHHEREMEK; NZBEREEE
(chAT)iE AN, 59.67 £9.73. 32.84 + 13.12. 28.23 £ 5.63. 25.07 + 4.89 (U/gHLABE), EH
HARERTHMESH, p<0.01, ERFRT¥EIN: EHERT. B, SHOEE, AFE, LR
BFHTEERER, GREMETE, SEFHKE, p < 001, ZRE4H$%EN BEHETFEH
Z(o: JARE, p<0.01, ZFFRITFE I BHHK, AREE, SIEFHLE, HBIT14p <0.05,
SHRIH S, BT24p < 0.05, ¥EIT14p < 0.01, ZEREFSITHE L MEHM=/E(TG). MEE
BE(TC). REBRESHUMBLE, p < 0.05, ZRAGITEEL MBEANEEM(ALP). B _E(MDA)
¥ E (nmol/mg, prot)¥5y7 14 BIT2HHARMTIEF A, HEH; KK ERELF, BEHERT. EEE0E
IFRN AR ERTE, SHRELHEZER, EEMA. BACHFEKED, RITES4HRCEFHEER,
HAr . ERKREERENRMEAE HERER. 58 MEMH T (chAT)EME, £ ZBHEM (Ach)
ERRL, FHAChEEM TR, P8RRI K2 ThRERERS; BT E HHIFIE L HES . ’EHl
SRR TR ST X BN A T RERRAS A B BT 2

Xein
B, FURKERRE(AD), ZBHERMEERE, HiAkEES

e=ll]
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1. 5|8

R A EREZNERITEL —, SARNAEFERLRIEFEY, T —-HIANVERLEHT
7, MR RIS — @ ErE, BRI, BARNRERRD, HKREE R,
AW 2 WD, S na gt 5. MG T o, MRRIIEEIN TG
PR A (I ARE ) B KA S H AP R & 22 1B A 1.5~30 5, FIA 2=F AN E S ZE AT RE RS
(ADYRIFAH VIR R[] [2], WHAIRRIL, ANRA D-2 U AR A B & — AN 20 R L R B
IRR GBI (Alzheimer’s disease, AD)BERY, AT FT AD JiERRF 70 FIAH IR IT 20 VEAN 3], IERERA
] 2 2 HH 8 S 2GR A0 (R HE R YR T 2 AR R (AD) Sl , DRI SR HEAR 254 XA = 2 S )
R, AR L E N I R B AS SRR G — RO . MR R TSR R, AT
PSR G5 /N A RSB R S2aG, MK . L5 AE AL AR 45 & K TE A5 22 A T IR AT 5T, 1E
SFEEa AT, R A HEE 4R VR I R 550 R T IR S HE R S IR T RO . BB A AR R .

2. MM ERE

2.1. #§
2.1.1. R

FALER. THEREE. D-PRLE. WAHEREN. SALEN, FULER. mEELER . JOKBER A8, R
Bie, 1-Z5f. HiRENE . WEIEEMRR . HER(HCL). = WIS P B (Tris). VU H 3£ Z —)iZ(TEMED)
YINE P, SRR e, ZBEIBTES R (AChE) X & . L MEIEB R B (chAT) IR £ . BB H ik
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(GSH)MAE . W B S IREEAN NG Him=mRTe)Ma . SHE R (TO)WR & BN
T, T P U AR AR ST AN D 1A 3 S BB A BR TR A

2.1.2. 75

TAREET 0, WA TS, B PRI — 3R N — I R K 20 £ — In#AE B 40 7380 —
IEJE — INFGR G — A H —» 1 3 55 viv 95% LD —» T UUIE — Bl 2 BE — 25008 %
—> 355 —> 105°C = R TH FF 30 208 — BUUKARRAZE R F o 2 B 5 IRICR 25 5 7 ol R i), p b 44
TV, LR : Z1201210339742.8) M) F H (4 mfh X RHE AV AL St it & o0t e, &
BAE. IR%E. HEZEY R,

22. /&

2.2.1. Z

INEERLS3 W, bRiETERE G, (@R, MEERCE, R 2~3 ANH . HERshY E SR A VAT IE
5. SYXK #£2011-0010. ¥4 Y AMIES: SCXK A 2012-0003), %5286 15 H L Rkt T ok %
B RAHINGIE , VAT, JRESSIP & NETE, ERESTKET, WS REER.

2.2.2. S5

BN BT 23  4 4, BRIEH4H 10 H, BRI 15 K. VA7 1 AHCRHFIEYD) 15 H. 697 2 AU
) 13 Ko BERARETT 1. 2 43t 43 FULASEME + D-2EIA GRS [4]. &A0E KA RS A3+
2 mg/ml ¥ D-2FURE A A K AR, FORR 1.2 g%IKEE, JEREJERRH . 4 CORRRGERASH . &b
¥ A3+ 5 mg/kg R EFE . D-FAFHZEE K 60 mg/kg K EFE[4], WEBIRSEIEEEES, H 1
R, L 60 HEEW, 1EH4H 10 R ARSI KSEMRIE AN . 2481 MAE, @97 1. 24 RBP4 E
J5 550 OV IRAHE B L JRTT 1 2 RROF R 29 R P R IR SRR 0.15 mL A& TR K R RE 2 SRR 0.3 mL
WEH, 1 W/d; 69T 2 AR A P25 HARE IR 0.15 mL INZR /KRR A 03 mL #H, 1 k/d. IE%
ALY ZH FH SRR ZRKE S, BHRSRE . RAGITHIA 30 KR —I7 .

2.2.3.Y BUKEE LS

FIH Y BOKEE, W/ Nz 7y, AT 3355 2% k. TFIRTEIIZR 5~8 R(d), & RIFKIIZR
3, FHAR RS W L3 KR, BK 3K, HHBE N/KERNE LR RS E (s) FIES iR K
HERE), T 40 AR, HRW. %305,

2.2.4. M4TFEH Hb ME

BUMNREE A 20 ul, HEERFAAHICN HE)NE, BAEIESE CIRM4]. LR, MIREKG
Bugsin, 4resinyd, e bigts: IRER. Hl=MR(TG). BHEEF(TC). HHNHEZ(ALT). 458/
B, IR ZHLZY, 3 VR BRI B 95 5 DT 43 DK i ) A4 38 R 7K i1l B 10% 0623 2% 3000 rpm 50> 10 min,
B i A AchE. AR E 7 H (o JERE. BAMHKGSH): ALT Ao R#ENE; Te
Fi COD-CE-PAP JlI&; TG F GPO-OAO VEIE s JR 3% B IR i3 [VEM 58 : AchE FR ¥ LMEARFRAE AchE
AL R P2 A CBRANARGR,  RRAR T 5 SR 5L B R P AR B A &) TNB (AR =8 2EK), tetadlle: B
PR SR 1 B A BB o WERRZN BRI AL (g, HRH: B A h = AR R
(Tris). VUHI%:Z, —JZ(TEMED)S B Wil MRS G, MmAERBHIE(0), SHMRENE. MR
TR |-RIESES RN, P — M=y, wLiale . BARERESE 6], 58, HHHE
W 5E ;L MERRBRAS £ BE (chAT) M E /& DA S RSB A FUIRBHCAIRY), 76 chAT LR, RALIIZE A
HR ARG, 1324 nm AA BRI, DAUHIIE HTHE chAT W& 7. T BENE, N @ 5mAett
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ZIR(TBA) R N5, TR AL G, FEBE K 532 nm AbAE F RIS, BBl s 35 &, TR UAR(TBA)
e BRI G Y.

2.3. Gt AR

¥ H SPSS-13 BAFALEE, BT Z AT Q 15, ZRH(x +s)Fir.
3. &R
3.1. —f%1BER

SIS 2017.9.4FFGEZ 2018.1.12.450, FHEf4L 128 K. &R 110 K IE%4AH 10 R, TAET:; HER
HI15H, ZET-210 Ky W1l 15 B, Peo2 Ay w2l 13 1, JB- 6 B, EEEHIET R 41.9%, W
HIET-F 0.0%.
3.2. IEARETMALP). WS AB+SEMME AB+RENELR

PRI, MIERHNHEEALP). Wi AB+&&E, SAR, HEWHEER, EWA/NRMmES
AB+EEH BT HAL 3 41, HAH, w1 AWHESTHM_H, WE 1.

Table 1. Concentration of serum ALT, brain Al3+, and serum Al3+ (x +S)
=1 NRIERAEREALT). KB AB+SEMNIE AB+SEHE(x £9)

2151 B EEE(U/L) 45 Al3+ (umol/L) MIE4S Al3+ (pmol/L)
IEH 4 26.59 +5.7044 2.17+0.06 1.81£0.1344
AL 43.16 £32.15 2.41+0.07 2.89 +0.26%*
bER ! 54.23 +28.36 1.40 +£0.4944 2.62+0.08**
VE 2 4 37.71 £ 15.44 1.14+0.0244 241 +030% %44

TN BREEN: SAELR, F=2961, p=0.047, 575 1 4LILE, 24p<0.01, ZREGIEE L WS A+ K4, F=
20.186, p=0.000, SIEHALE, 44p <001, ERHLIEE L M A3+ F4UAHKE, F=21913, p=0.000, SIEHAtE: **P
<0.01; SHMALLE: *4p<0.01; ZRALIFEL.

3.3. LAl P BORIAEEMHL)IENELER

iR, HIR LR, ISR BUMAL R B (Hb) & 1A 22 R gi it 5 o JRITHiGEte), EWA
Wl m T A 4L, p<0.01: VEIT)E, IEWAUR S THMSH, p<0.01; HANHE, EFH. $.

Table 2. Hemoglobin concentration before experiment, after modeling, and after treatments (x =+ S) (g/L)

2. &R, . SATEMAERMHL)EEE (X £8S) (gL)

15 AT TRIT T (GERR)E) T
IEH 4 161.97 +18.14 156.02 £8.11 156.08 + 11.12
AL 164.371 + 13.00 110.96 +20.12442 125.23 + 14.39**=
bER ! 162.32+9.74 122.50 £ 16.7944® 127.19 £ 16.87**®
b i) 162.03 + 15.44 11423 +£13.6844¢ 126.28 + 5.95**°

T2 MLUER A Hb, a1 SAEE, F=0.094, p=0963, ZRTLGiH¥EE L. HITH Hb: F=17.619, p=0.000, 5IEH
IR, A4p <001, ZREGIEEN. WITE Hb: F=4.89, p=0.007, SIEHMALE, **p<0.01, ZRESHIEZ L. HNLE:
B s, IEEH: SEGHT. P JEEEL F=0.677, p=0.517, EFTGEE G BRH: SHGET. b G, F=35462, p=0.00,
HIEMATEHRS, ap<0.01; ERAGFREIG I 1 H: SLInT. . EHE, F=31.561, p=0.00, S&EMHHTHHE, bp<0.01 ZRHS
R G B2 4 F=38.551, p=0.00, SEBETHE, cp<0.01, ZREGITEZR L.
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3.4. FHB=EK(TG), REEE(TC). RERSENEER

SOREIR, TG, BAMILE, ZRAGIHEEN (TO), FAMME, ZRAGIEEG KEA,
FUMEE, ZRARITFEL Wk 3.

Table 3. Serum concentrations of triglycerides (TG), total cholesterol (TC), and urea nitrogen (x =+ S)

3. MRIEESH=EE(TG). SMBEIR(TC). REAIE. LEB(x £9)

ZH 5 TG (mmol) TC (mmol) JR 2 & (mmol)
IEHH 1.37+£0.1344 27140274 20.19+3.43
BRIZH 1.70+0.10 2.55+0.174 18.06 + 2.69
PR 1.87 +0.39 3.05+0.28* 16.14 £ 1.7344
H2H 1.54+0.45 3.06 +0.55* 16.12+2.954

TN TTEMNT: TG, FAMEELE, F=3.300, p=0.041, 536 1 AL, 44p<0.01, ZRELH#E L TC, FHME L, F=3.405,
p=0.037, SHMALE: *p<0.05, 5iH14HLE, *p<0.05, EFALGUEEG RER, S4RALE, F=3.598, p=0030, 5%
HELE:: 4p<0.05, 24p<0.01, ZRHGH3E .

3.5. EHEET. EERGAITED. 8T RKEERENELSR

SEREIRN, G GRS AT RN KR SN . SRR E R, AR, R A K
o, W RSHRCENEER. wiPERETEH RS, BE 4,

T3 E: RG-S S WBITHT: F=1.003, P=0.402, ZR LS iH%mE Y BI7)a: F=1.791,
p=0.169, Hif 1 4L, “p<0.01, ERAGITFRE I ARE: EEH: F=1.048, p=0.380.

HNEE: SENTTEHE, HTHEEN, ZRTEqiEE L.

Table 4. Time-to-find-platform of the water maze test, before experiment, after modeling, and after treatments (x = S)
F 4. ERE EBRE. BT RKESHE®F, s)EEB(x £9)

251 IEREHT s VBITHI s VBITE s
IEH 4 6.48 £3.90 7.54+327 539+ 1464
HETZH 5.01+135 6.66+4.29 7.87+5.93
PR 6.96 +4.96 10.54 + 8.48 8.28 +£3.63
H2AH 5.74+1.50 7.68 +3.68 6.00 +1.63

3.6. & EEECETTA). BT EKEEERE% . KME%UEER
YRR, BAALRIT RHRE % RICE %S m T HAR &4, Wk s,

3.7. RZEPEREERR(AchE)iE . BEAEFEHRE(: )KE@umol/L), BERKGSHEE
(nmol/L)ELR
gEREIR, LERETEEEE(AChE) WS 71 IE 5 A B & T HAbA; BRI 0: WKE, EWAHEBRTH
gl A BEHIK(GSH), 697 1 ARiGIT 2 i BAR T IEw AR . D& 6.

3.8. ZEtREMEEEFEE(chAT)E S, IS5 ZELIEBASER(AChE)EH. A_BMDASE
MELER

SEREIRN, OB B (ChAT)IE 1, ZRESiEE L MIEAChE)E 1, ZR LS FE
. W BMDA)E®, ZRESiH¥E . k.
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Table 5. Error rate and failure rate of the water maze test, before experiment, after modeling, and after treatments (x =+ S)
5. EER. BRE. JATTEKEEHEIREY. KMEWLLR

TR I I E
15 HiREY% FRlESA HREY% FRlES HiREY% L ESD
B 21.11 0 27.78 1.11 22.22 0
T ZH 19.26 0 33.33 1.23 26.67 222
w1 29.63 0 40.17 3.24 37.61 1.71
w2 14.53 0 29.63 123 33.33 0

TiZEsr . ERTTEAIA R, HHRE%SN 0; EHE SEIAHRMEM, HRERMRMERS 1 Hikm, EFERIK BTEE
AVPAH, IERH, HRE%RIK, KRIEE%A 0; 16 2 HEABEKEIRE, (HLERK REE%A 0; 6 1H, BER&ENHHRE%,
TEERMAR Y UG, TR AR R S AR MR o il i, WG B IZ T RE R IE W 422, HBT A

Table 6. Brain AchE activity, oxygen free radical ( ¢z ) concentration, and glutathione (GSH) concentration (x + S)

2 6. B(AChE);EH . BHEE(o0: RE(umol/L), ABHEBKLEE(X £9)

il (AchE)i& /1 HHE( o2 ) A Ik (GSH)
(U/mg-prot ) B (wmol/L) (umol/L)
IEH 4 222+0.74 3.71+£0.60 4243 +13.83
HETZH 1.18 £0.3544 430+0.2344 47.01 +13.22
BT 14 1.64 +0.404 450+0.1344 31.02 £ 5.46%44
HIT 2 A 1.76 £ 0.42 4.53+0.1044 36.86 +3.454

JiFo T AR ZBUIHBREREE(AChE)E /7, F=3.487, p=0.031, SIEWALLLL, 49 <0.05, 44p<0.01, ZREAGIFFE Hil
H(0z): F=10742, p=0.000, SIEHALE, 24p<001, EREGEITHEL BIEIGSH): 5TEHAKE, *p<0.05, SHRA
ez, 4p<0.05, 44p<001, ZREGiH¥E L.

Table 7. Activities of brain chAT and serum AchE, and concentration of malondialdehyde (MDA)
F 7. B(chAT)EF]. MIE(AChE)EN . AZEE(MDA)ZEELE(X +9)

i) Ti(chAT)i 77 I (AChE)¥E /1 7 —E$(MDA)
(Ulg. HZRHE) (U/ml) (nmol/mg, prot)
N 59.67+9.73 20.63 +£1.22 21.51+4.45
HETZH 32.84+13.1244 21.44+2.10 19.65 +5.69
PER 28.23 +5.6344 20.94 + 1.84 11.52 £2.1744%
H2AH 25.07 +4.8944 20.63 + 1.88 13.1+1.19

J7 2T ARG : FE RS RR(chAT)I 77, F = 14.796, p = 0.000, 5 IEH 4LELEL, 44p <0.01, ZFAG LG58 3 MiE(AChE)E /1, F=0.257,
p=0.858, FANLF, ZRLEKITHE L P BMDA): F=11.066, p=0.000, SIE#HLE, 44p<0.01, SHMALE, *p<0.05,
ESRAG L.

4. g

1) AT, B AT E ML FI(HD), SRS S AREH R 2R, ERUECAITIN. BT ERE
BT LA, FABIETEBN, RGN R C 2G04 802 B I RG],
CURSEAHME, LR FR M 140 2 4 R0 S lE, BT ALA BoKEG, TWAKEAR, X FpH E4RET
TR, 3 I 4T 3% A PR, JHE T I 20 25 4 B T 2

2) KERERT. HERLE (JBIT AT R B T2 I B A TE G 2 L (B RA YT 1 D IR
B, WITIE, ST AR, p<0.05, EZRAGUHEEN, SMAACHWEER, EHE, M2
R A T, R W HABAZ ARG F G BT TR, BEERHEIZ I — R I RI7)R, B
TR GRRRE Y, R 25507 — BT AL
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3) ARSEIGLEAL, KMANRTE .0 % B B (ch AT) v VA 2 B HEL B R B AchE) i /15 81 40 3 B B A T 1B
H, ¥RIT 2 AR IEEH, BT 1 AWAETHE, ROREEE S RG K TR, KNSR G RS
IR OR, &S SECEERRIE. MRTREEIWE. A30IE, EFMAREEE, (P
N 1~2 mg/kg TH), FEFEA]GREVERFE . 8T i, 5 IR B B (chAT) s M R
25%~40%, i LTI Ach) gD, RFEMANYCIL EEFE R 2 — b T, 82 r
S-FAMG-HT) S REE, EHE RIS s . B s e cAMP FHia, REEAsRL, HME
HE BRI AR, S5 R AT dE sl . ARSEIG 5, IEH H(chAT)IE N 59.67, AL 32.84
(Ulg. HZRHE), A/ IEH 4 55.04%, H CRARiE , iX 2 m il 7 (chAT)IE 1, 8 LB (Ach)
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