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Abstract: Objective To observe the ameliorative effect and mechanism of Dendrobium officinale polysaccharide
on abnormal lipid metabolism in diabetic rats. Methods Seventy—five of the 90 rats were randomly selected to
establish the diabetes model, and the remaining 15 were set up as the normal group. The 68 successful modeling
rats were randomly divided into model group, Dendrobium officinale polysaccharide low— and high— dose group
and metformin group, 17 rats in each group. The Dendrobium officinale polysaccharide low— and high— dose groups

were gavaged with Dendrobium officinale polysaccharide at 100 and 200 mg/kg, respectively, the metformin group
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was gavaged with metformin hydrochloride at 150 mg/kg, while the normal group and model group were gavaged
with equal volume of saline. The administration placed once a day for 30 days. At the end of the intervention,
fasting blood glucose (FBG) and insulin (FINS) levels were measured, and serum triglyceride (TG) , total
cholesterol (TC), low—density lipoprotein cholesterol (LDL—-C), high—density lipoprotein cholesterol (HDL-C) ,
superoxide dismutase (SOD) and malondialdehyde (MDA) levels were measured by enzyme—linked immunosorbent
assay (ELISA), and hepatic histopathological manifestations were observed by hematoxylin—eosin (HE) staining,
and Western Blot was used to detect insulin receptor substrate 2 (IRS2) , phosphorylated IRS2 (p—1RS2) ,
phosphatidylinositol 3-kinase (PI3K), phosphorylated PI3K (p—PI3K), protein kinase B(AKT), phosphorylated
AKT (p— AKT) , mammalian target of rapamycin (mTOR) protein relative expression levels. Results Compared
with the normal group, FBG level at 0, 15 and 30 days of intervention and FINS level in the model group,
Dendrobium officinale polysaccharide low— and high— dose groups and metformin group were increased (P < 0.05) ;
Compared with the model group, FBG level at 15 and 30 days of intervention and FINS level were decreased in all
treatment groups, and there was no significant difference between Dendrobium officinale polysaccharide high—dose
eroup and metformin group (P > 0.05). With the increase of intervention time, the level of FBG in the model group
continued to increase, and the level of FBG in all the treatment groups continued to decrease (P < 0.05).
Compared with the normal group, the serum TG, TC, LDL-C and MDA levels in the model group, Dendrobium
officinale polysaccharide low— and high— dose groups and metformin group were increased, while the levels of
HDL-C and SOD were decreased (P < 0.05) ; Compared with the model group, the serum levels of TG, TC,
LDL-C and MDA in all the treatment groups were decreased, while the levels of HDL-C and SOD were increased
(P < 0.05), and there was no significant difference between Dendrobium officinale polysaccharide high— dose
group and metformin group (P > 0.05). The massive hepatocyte edema and necrosis with disorganized histological
structure and uneven arrangement was showed in the model group, while the hepatic histopathological changes in
the Dendrobium officinale polysaccharide high— dose group and metformin group were significantly improved.
Compared with the normal group, the relative protein expression levels of p—IRS2, p—PI3K, p—AKT, mTOR
in liver tissues of the model group, Dendrobium officinale polysaccharide low— dose, high—dose groups and
metformin group were decreased (P < 0.05) ; Compared with the model group, the relative protein expression
levels of p—IRS2, p—PI3K, p—AKT, mTOR in liver tissues of all the treatment groups were increased (P <
0.05), and there was no significant difference between Dendrobium officinale polysaccharide high—dose group and
metformin group (P > 0.05). Conclusion Dendrobium officinale polysaccharide ameliorates abnormal lipid
metabolism in diabetic rats, probably by activating the PI3K/AKT signaling pathway.

Keywords: Dendrobium officinale polysaccharide; diabetes; lipid metabolism; phosphatidylinositol 3—kinase/

protein kinase B(PI3K/AKT) signaling pathway; rats
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1.1 SEEEZhH 90 MM SPF 2% 6 J&#% SD KR,
5T 5 180~200 g, H1 ¥ g 7 AR R Ay
HIRA R, S = rliES . SCXK (1)
2019-0002. 7] & TRk ph vp B2 24 K 22 52 50 s ) v
O, ARFEREE 23 ~ 25 °C, B 60% ~ 65%, =7
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1.2 #¥, KFENE a2 ®
FEPHAEBRAT], 40 =85%, L5 180316);
R WO % B Gl b B Rl 25 ), |
25 1fE 5 H20083575) . %% Wk {4 7 2 (streptozotocin,
STZ) (£ E Sigma A H]) 5 F7EBE R (R KA 2EK
FIGBRAFD s bR BUBRE ZZREY 2(IRS2) |
IR AL IRS2(p-1RS2) . BEARTHENLEE 31 (PI3K) |
W21k PI3K (p-PI3K) . MFLah Wi R EA
(mTOR) B s BEPUIA R (U4 B (AKT) . BER fk
AKT(p—-AKT) Z wiEhiik . B ALY bric i
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BEARAEWAF); HM=E(TG) . =S EE £
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(LDL-C) . N (MDA ) ki35 & (L b
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&R EAY TRARAF) . Multiskan FC
4 H ShEFFRL (3 FE Thermo A A ) o
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KEEAL, B4 15 HOMIER A, B RS R
BR110]:  EEA K BRUF =0 = B et (0t 43 25
e 10.0%%&0 . 20.0% 50 . 2.5% 00 B . 1.0%
JRFRER . 66.5% % HURRL) SR, IEH 4R BRUH R
MR SR, WIRIADH)E, 258 A%K12h, #
B B TR I T4 10 /L STZ % (1 0.1 mmol/L
FrE IR 2% ph IR oK L], BRBCEA ) 30 me/kg, IE
W A T VR S A AR R 0.1 mmol/LATAS R 2% Wl
WG 3 h 286, 45T K I 30 o/ L 41 25 WA T 73 B

fRimbs. 3dJE, IrA KREESE 120, BRI
25 i 8% (FBG) , #5 FBG = 16.7 mmol/L, H 4
e LRILA b, D) D s A A T g A T 1
68 HK FBHML A AR, kB £ it G . &
FELH A R, 417 H,
1.4 FHAZE EHEENII24h)5, KL
g5 AR ERGH 5, SRR R
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TITE Sk B A 221 100, 200 me/kg, —FXUIRZH
T ER R W RUIK 150 mg/kg, 1F B 2H FIAR 75 20
BRI AR K. A H 1R, T30 do
1.5 MEBIERSFHE
1.5.1 £ FBG. FINS#ml JE# KB, 13 FH I
BRSO 2 45 R 259 T 10, 15, 30 d FBG /K
o FAYTHI30d, #HE FINS ELISA {7 £ 15
B Ine N FH AR SRS I 450 nm 5 4 Ak i I
JE(OD)H, 2milbriemise, 115 FINS IR .
1.5.2 £FTG, TC, LDL-C. HDL-CK-F#ml K
WY TSRS, A4 MEHLIER 7 AR, Wik
B, LA3500 r/min, Z5.02E428 cm, #5010 min,
3 VW, —20 CIRAF& . BUL-20 CIA7 &
R FWER, 93 TG, TC. LDL-C. HDL-C
WA G AT, R A ORI K BRI TG TC.
LDL-C. HDL-C 7£ 500 nm. 510 nm. 546 nm.
546 nm PR ALE OD . £ AELFEFRKTE = (FEA
OD {E-75 F14L OD{E)/(KHEF OD i - 25 F14L OD
) x BEHEAHRE
1.5.3 #275S0D. MDA KP4 BURELE-20 C
) YE W, HRE SOD R Ul BB mes, R
NEE & S Ak il 0 RE SOD ZKSF-, o A4S M
550 nm P EALAY OD{E . SOD ¥ i HL 1% 71 (U/ml)=
(X HRAS OD -1 52 % OD ) /% R4 OD{H + 50% x
VAR ZR R REAR AL x REAS I BT AL
BURAFAE-20 CH) VW, I MDA 7 &
VLR INRE, SR AR EL b2 R 10 5 MDA 7KSF
(pwmol/L) ,  Ji FH Bl A5 A H 532 nm AL () OD {E .
MDA % & (nmol - mL™") = OD {E—-X] i OD {E)/(Ar:
HE OD{H-25 F ODE ) b5 i ¢ 2 (10 nmol - mL™") x
FEATIA TR A AL
1.5.4 HARF-H2(HE) F & % YL I 28 47
P ST BRI BRI, P I
Oy B HITFIEAE S, A B KBRS, 22 T E



11 SERM, A, BREA I IR BN QIS Ay e /1 B AL 2465

HAUH 40 /L Z R R IRIE E 24 h, T4 CokH
TRAE . AL SUE T -80 COKFEHHAR-AT . KT
WELHZUNE e G, BB RS Sl K, R
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JE IS 43 0 in A 1: 1 000 i B A TRS2, p— IRS2,
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ZyilE—Pi, 4 CHEF R BERE A 1:4 000
i B BRAR 3 S AL D R iC i —HT, EIRMFE 1 h;
VRS AL 22 RO (ECL) %52 o R Image)
AR, L) B-actin A2, IRS2, p-IRS2,
PI3K. p-PI3K. AKT, p-AKT. mTOR & FHHI%f 3%
ikt H B3 A0 K EE (5 B-actin 28 4% K

JEME A FLE RN o

1.6 itAE  RHISPSS 25.0 G4 e 78
OYHE, THERORILIE = i (x 2 ) PR, 24
] R B R 27 2500, WA LR FH LSD—¢
K, LAP<0.05 HESAGIFE L,

2 &R

2.1 |AKXRIMFBG, FINS/KFELELE FBG,
FINS K P4l |] L8, 2R A 52 E L (P<
0.05), HIERAI iy, BB, Bk A M2
i, mF A AR 30, 15, 30d FBG
JKAF-FFINS K2 T8 (P < 0.05) 5 SARIZ L
B, BRI, R AR U T
110 d FBG /K V-2 5 G4 E L (P>0.05), T
i 15, 30 d FBG /K F 1 FINS 7K 3 ¥ &AL (P <
0.05); Rz ABZEE Al s TH 15, 30 d FBG
KR FINS K5 B XU o, 225 K481
(P >0.05), FETHEEO, 15, 30 d 3
hn, BEALZ FBG K VH54: ETF, 8k Al 2 bk
I . e AR 2 LA XK FBG KRR 8L F %
(P<0.05), BRZIRILERL,

£1 REKXBFBG. FINS/KFLLE

Table 1 Comparison of FBG and FINS levels of rats in various groups (x+s)

) BB (R FBG (mmol1.7) FINS (U -ml )
FH0d FHi15d FHi304d

IEHAH 15 530 + 1.67 5.20 + 1.60 5.50 + 1.31 5.13 £0.73
R E| 17 18.80 = 1.91% 21.40 +2.01% 23.50 + 1.91%¢ 1231 + 1.14"
Bk Bz A Rt AR 2 17 18.90 + 1.90 16.70 + 1.71026% DG 7.26 + 0.8672%
R Bz A il 2o e ) i 2 17 18.80 + 1.89” 15.50 + 1.61° 6.02+0.787%
—HWRH 17 18.60 + 1.91" 15.10 + 1.62%2% 12.10 + 1.61%2%% 5.88 +0.75"
FIE 191.394 275.488 467.760 288.911
P1E <0.001 <0.001 <0.001 <0.001

DP <005, SIEFHHLE; @P<0.05, SHEALHK;

E; GP<0.05, SFEATH15

2.2 FAKXRIMETGC, TC. LDL-C F1 HDL-C
KELRE I TG, TC. LDL-C Fl HDL-C /K
W, ZRAGITFEL(P<0.05), SIEF
Hbdr, HBMA, AR, mRla g
B OSUBR 4L IfL 3 TG, TC. LDL-C KT+ &,
HDL-C /K -FEAR (P < 0.05); SHERIL HAs, i
AL, AR OOUIRGLILYE TG, TC.
LDL-CKFREAK, HDL-C/KFEFE (P <0.05); 4

@P<0.05, 5HMIMAHHE; @DP<0.01, SHEHAFTHOI

e A fit 2 M R s 4Ll v TG, TC. LDL-C Al
HDL-C /K5 XU ek, 227 8 it270E
M(P>0.05), HARGERILE?2,

2.3 BAKRRMFSODEME. MDAKFELLE K
FUMLTE SOD 161 . MDA KF4Hal i, 293645
IEE X (P<0.05), SIEHALE, RA4, 2
B A fRH A L 7 e 4 A XU AL 1fiL 7 SOD
TEVEREAL, MDA ZKF-FE (P <0.05); SHIRIZ L



2466 JUN R 2R AR

2021 4E45 38 %

*2 FHEKXRMFETG, TC, LDL-CHFIHDL-CKFLLE
Table 2 Comparison of serum TG, TC, LDL-C and HDL-C levels of rats in various groups (x +s, mmol-L™")

21 531 BE () TG TC LDL-C HDL-C
IERH 7 0.67 + 0.08 2.14 +0.31 0.59 + 0.07 1.79 £ 0.18
FATRIZ 7 1.52 +0.16" 3.42 +0.35% 1.35£0.14" 0.72 + 0.08"
BB AT R IR 7 1.32 +0.1472% 3.13 £ 0.32"2¢ 1.12 +0.15"2% 0.96 +0.1072%
BBz ARt i A 7 1.02+0.11%% 278 +0.31"% 0.83 + 0.09"* 1.29 £0.13"%
ZHIRUIRZ 7 0.98 +0.10™* 2.73 +0.317% 0.84 + 0.09™* 1.31 £0.13"®
FAE 50.311 15.792 47754 69.419
P{E <0.001 <0.001 <0.001 <0.001

DOP<0.05, SIEHALLE; @P<0.05, SHMALLE; GP<0.05, 5 HMIKH L

B, BRI, A AR B XU
5 SOD I HETHE;, MDA KRR (P < 0.05) 5 2%
A Rk A R 4 SOD I PE . MDA /K5 —HI XL
WA b, 22 R HGI2#E L (P> 0.05), HARZ,
RWF3,

2.4 BAKXRIFHEARAREZFRIMLEE w4l
JHF 20 M 25 15 T 00T, HESIRLNE 77, 412454
SERE . BRI IR R AR K B R SE I S, 4l
MEEFEEEL, HEPIRYY o Bk A 2 B 2 41
BB MK IR, AIEHESI AL, ik
PRI A Bl o K e A iRl 2 v ) 2 f
SR AT ML A« HES) LG5I, A5
JHF 200 L 7K e SR K, 3 2 0 A A 6 2 T I A 3
DL,

o R b. 4]

)

*3 HBAKXRMESODFEM. MDAKTFLLE
Table 3 Comparison of serum SOD activity and

MDA level of rats in various groups (x£5)
4151 FA(R)  SOD(U+mL")  MDA(nmol-mL™)
E#4l 7 389.68+40.23 158 +0.23
HARZ 7 24651£2856"  3.76+038"
B AMERHRRRAE 7 28757£3236"  322£033"%°
BEAMEERRER T 337.64£3451"% 275:028"
ZHXUI4L 7T 340423529 270£028"
Fifi 17.796 49.115
Pl <0.001 <0.001

DOP <005, SE®HILK; QP<0.05, SHMY
b ; @GP <0.05, 5 H XU b4

e

e. ZHIXUIR4L

1 BHEAAXRFHALARERILE (HELAEZE, x100)

Figure 1 Comparison of liver histopathologic manifestations of rats in various groups (by HE staining, x100)

2.5 FHHEKXRBFAESAEZRIRS2, p-1RS2. PI3K,
p—PI3K, AKT. p—AKT. mTOR & BE3tRiXKF
Eb%  p-IRS2. p-PI3K. p—AKT. mTOR & FHAHXF
RIKKFHBELE, ZRA5%ITFEL(P<
0.05), HIEWHILE, BAA, Bk A2
1% R0 S 4R OB 2 I JDE 4H 4 p-1RS2 .
p—PI3K. p—AKT. mTOR £ [ XF 3 ik 7K F P& A%
(P<0.05); SHAIAH A, BREZAMZHR. &

791 8 28 R FOSUDICER JHF e 28 4 p—-1RS2. p—PI3K .,
p— AKT. mTOR 2 1 AH Xf 2 35 /K F T+ & (P <
0.05) 5 Bk Bz A bt 220 v 7 i 4L IE 4 2 p-1RS2.,
p—PI3K. p—AKT. mTOR & FAHXS kK- 5 H
WA e#e, 2R TG %7 X (P> 0.05), 1
IRS2., PI3K. AKT & [ #H X} &35 /K V-4 [a] L 4%
Z R TGEI 24T L (P>005), HIELGRI
#x4. K2,
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Table 4 Comparison of relative protein expression levels of IRS2, p—-IRS2, PI3K, p-PI3K, AKT, p—AKT,
mTOR in liver tissues of rats in various groups (x+s)
4151 BE(H) RS2 p-IRS2 PI3K p-PI3K AKT p-AKT mTOR
IEHH 8 1.01£0.11 0.99+0.11 1.22+0.16 0.98£0.10 141017 121£0.17 1.01£0.11
FRAUZ 10 101£0.11 039£005" 124015 038+0.05" 142+0.16 0.61+0.11"  0.38 £0.05"
B A MR 10 1.02£0.12 0.61+0.07"%% 1212017 0.62£0.07" 1.40+0.17 0.82+0.12"*% 0.60 = 0.06">"
B R A e R A 10 1.01£0.11 0.82+0.09"® 122£0.16 0.83+0.09"® 141+0.16 0.99+0.12"% 0.84+0.09"*
Z U 10 1.02+0.12 0.83+0.09"® 1.23+0.17 0.84+0.09" 142+0.18 1.01+0.14"® 0.85+0.09"°
FiE 0.022 72.865 0.049 78.485 0.025 26.819 86.060
P 0.999 <0.001 0.995 <0.001 0.999 <0.001 <0.001

DOP<0.05, HIEFALE,; @P<0.05, S5HEMALE; GP<0.05, 5 F B H#

1 2 3 4 5

TRs2 | A S | ).
p-TRS2 — o —m— 79 kDa

PI3K m 111 kDa
p—PI3K - I “ I 111 kDa

| e — -
L - s e ——

mTOR | MR S S S o | |).
s .

LOEHE A, 2. BERIAL s 3. 6 A iRt 2 WAL R i 4
4. B A R R a2 5. ZHIRUIRA

E2 KAKXKRIFPEHELZIRS2, p-IRS2. PI3K,

p—PI3K, AKT, p—AKT. mTORZEREXFiLKFELLE
Figure 2 Comparison of relative protein expression
levels of IRS2, p-IRS2, PI3K, p—-PI3K, AKT, p—Akt
and mTOR in liver tissues of rats in
various groups

3 e

Wi R &AL 2 2, 28GR E A g1
W H, RS AV OB R T R T A
YER, I PIBK/AKT {5 Sl %, =254
R G 35 FUIR WG A A B L R B B AR
PI3K/AKT {5518 B A2 R 5 3R 1) N e Tl i, 5
g AK . BEEE . A fb . T, EAMEIE A
KM, IRS2 SR ZE R R &y B 4H i D) RE Y B HAF 5 AR
M, RS RSB EZEREEE)E, 5 IRS2HE
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WERR FIBERE WELEE = BEIR , JFAE 28 5 %
% AKT, 5160 AKT #0% mTOR Y3635, b
SRR Y ek, WA, BRI, 2K
PR SY I, i PI3K/AKT {5 53 4% o IRS2.
PI3K. AKT. p-AKT ik, AlARAEME SR
W, R ENE R R L A, sk A Ak
N B FEAESE ISR R BT, B H IRS2. PI3K.
AKT2 [l 23k 51875 2 BORE PR I% K R0 5%
WREG K, 7, AUFEIESE, S PI3K/AKT
Wi, R RS OB A, SR AR R R ILE
BRI SRR BT

AR R BN, GP AR R
BRI KB FBG. FINS, TG, TC. LDL-C. MDA
JKFREAK, HDL-C. SOD KF-Tha, kL4
PR AR Bk, Hom Rl g A it 2 54
R WO SOC I B 22 5, SR8 £ it 20
AT RRAR B, S BRI, fR RS R W
Wo, A ACRIE N o Ak, AT EE RN
TN, SRR AR 2 BRI R PRI R BRI 2
21 p-1RS2. p-PI3K. p—AKT. mTOR & 4%k
P8, RHIIR G DS TR brAs BB B s, $R R
B A it 2 05 0T BE 2 Tl 2 0TS PI3K/AKT {7538 %
Bie vl

ZE LTI, R B A iRk 2o b TT CE ARE PR R B
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