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8-Hydroxy-dihydroberberine ameliorated insulin resistance induced by
high FFA and high glucose in 3T3-L1 adipocytes
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Abstract: The purpose of the study is to investigate the effect of 8-hydroxy-dihydroberberine on insulin
resistance induced by high free fatty acid (FFA) and high glucose in 3T3-L1 adipocytes and its possible molecular
mechanism. Palmic acid or glucose in combination with insulin was used to induce insulin resistance in 3T3-L1
adipocytes. 8-Hydroxy-dihydroberberine and berberine were added to the cultured medium separately, which
were considered as treated group and positive control group. The rate of glucose uptake was determined by
2-deoxy-[*H]-D-glucose method. The amount of glucose consumption in the medium was measured by glucose
oxidase method. Cell growth and proliferation of 3T3-L1 adipocytes were detected with Cell Counting Kit-8
(CCK-8) assay. After incubated with palmic acid for 24 hours or glucose with insulin for 18 hours, the rate of
glucose transport in 3T3-L1 adipocytes was inhibited by 67% and 58%, respectively. The amount of glucose
consumption in 3T3-L1 adipose cells was decreased by 41% after cells were incubated with palmic acid for 24 h.
However, the above changes were reversed by pretreatment with 8-hydroxy-dihydroberberine for 24 and 48 h.
Significant difference existed between groups. Insulin resistance in 3T3-L1 adipocytes, which is induced by
high FFA and high glucose, could be ameliorated by 8-hydroxy-dihydroberberine.
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Figure 1 Chemical structure of 8-hydroxy-dihydroberberine
(Hdber)
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A 2R A A 2 M4l . KRP 2203 (131.2 mmol-L™
NaCl, 4.71 mmol-L ™' KC1, 2.47 mmol-L™' CaCl,, 1.24
mmol-L™! MgSO,, 2.48 mmol-L! Na;PO,, 10 mmol-L!
HEPES, pH 7.4) 4R K 2% [ 5F B 24 B b & )
DEE Bt v 4 B 5 A ST B
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MpEFRIFS /U E 3T3-L1 A R4
M 7% TG A IR IR (% 100 mL-L™" FBS [f5
B DMEM), H:9244% 37 "C. 50 mL-L™' CO,. £
EES 2 d S, NS 0.5 mmol-L ™! 3-5 T %E-1-H
FEEmEpA  (IBMX). 1 pmol- L™ #iZEK44 . 10 mgL™
JiE 55 2 F1 100 mL-L™' FBS (1) 56 DMEM 15 9808 77
48 h, ARJE e 55 10 mg- L™ i 2 A 100 mL-L™' FBS

(frh DMEM FER59% 48 h, 4k L% 100 mL-L™'
FBS [f] = 8% DMEM 4k 23557, 2 d $d5 9800 1 IR, i
S04k 8~12 d [ 3T3-L1 411 90%~95% 5 i i 41
M A, Ay TR .

B FFAIES B 3TI-L1AMR B RIMNER ME
S5 HED F SR 3T3-L1 AR 40 ik 77
24 J 48 h i, AT /341 B4 (Mod): 75 0.5 mmol-L™
WNEMR (PA) A110 g-L ™' FAF BSA ] DMEM £ 55%;
8-F23L AU/NEEBL T4 (HH24. HH48): & 0.5
mmol-L™" PA. 1 umol-L™" Hdber } 10 g'L™' FAF BSA
() DMEM 3538 ; 8-F 5k — & /) BE Gl A 57 = 41
(HL24. HL48): % 0.5 mmolL™ PA. 0.5 pmol-L™
Hdber & 10 g'L™' FAF BSA [f) DMEM };75; /NgE
B4 (Ber24. Berd8): & 0.5 mmol- L™ PA. 1 pmol-L™
/NEERS K 10 gL' FAF BSA ) DMEM R 98W; 1E %
20 (Nor): & 10 gL' BSA [¥) DMEM }iZ#i. LA
CCK-8 ¥ W I #4210 40 e F 3 H R ™0

SHEIE SR 3T3-L1 RS HIRMRE R L
5445 iF MU 3T3-L1 54 s % 24
J 48 h, BEAT o 4. B (Mod): 75 25 mmol- L™ #
A, 0.6 nmol-L™" i 5 2 & 10 gL' BSA ) DMEM
R R, 8-Fo bk AU/ NBEm = ) 4l (HH24. HHA48):
Z 25 mmol'L™' F 4G ¥, 0.6 nmolL ' il ZE. 1
umol-L™" Hdber /%2 10 g-L™' BSA [ DMEM % 7%#; 8-
Pk A UNEERRAR A 4 (HL24. HL48): 7 25
mmol-L ™ #4538, 0.6 nmol' L' /%%, 0.5 pmol-L™!
Hdber 2 10 g-L™" BSA [f] DMEM 15983 /NSEZH
(Ber24. Berd8): 7 25 mmol-L™' 34§ #¥%. 0.6 nmol-L™"
JBE i % 1 umol- L™ /NEERK & 10 gL' BSA () DMEM
REFEWE; IEW4H (Nor): 7510 g'L™' BSA ) DMEM }%
FE. LA CCK-8 i M 5 41 40 i iy %5 H A
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I LL% 2 gL7' FAF BSA [f) DMEM K380 (&
FFA) }i7% 12 h, ki L% 2 gL' FAF BSA %2y
IR (Lo LI (% o SR FETE) IR E 0L 64
12 J% 24 h; ¥ 3T3-L1 G40 LA 2 gL' BSA [
DMEM B3890 (Frbl), 461 A% 2 ¢ L7 BSA (%2
BRI (B 3 I R 8 1oy PR BETE) %6 04 6. 12
J24 he VL ESAIH LI, BLKRP 2t
3R, PN EAN 100 nmol- L™ i 5% % 1) KRP 220k
W, T 37 CWH 30 min 5, IIAE 0.5mCiL™" 2-fiit
S -[PH]-D-H1 % B 1) KRP ZE 01 1 mL, T 37 CH¥
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10 min, 4117 LA 10 mmol-L ™" #5435 K5 ) PBS (il
) Ptk 3 LAk M, I 0.1mol-L' NaOH
WU 1 mL, 24 h J5 B0 MR, PV S L B
IR AR 4L 10 pmol- L™ 41 fufA sth 3%
B W5 2-MSA-[PH]-D- %0 B ) AR B ECR, iy
Kbk 23 LA, A A 45 2040 H 1% 46 46 Bl FR R O,
RSEI B =5 AL, JLES 3 R .
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MELE 2 gL' FAF BSA [ 259800 (F6 50 R uh
(8 153 SR FETE), 23 Al & 24 148 h J=, H %
S T VA 00 5 % 9 ) R R, LUK B
0 H 2 1 AL RRBE S (R N SR A, 5 - fL A
P 4 R
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LTS
1 Hdber X5 FFA 55HEiF S 3T3-L1 FRB R
HL4MRE CCK-8 RIS

Mot R Ex, 25 mmolL! FZAMYS 06
nmol-L ™" JB & ZAFLEN, 3T3-L1 ART 4N CCK-8
TG W 484k, Hdber (1 2 0.5 pmol-L™") 1] 24 J
48 h, Xf 3T3-L1 /4 i) CCK-8 fH L% mi; 1
pmol-L ™" /NBEBHARE I 24 % 48 h ) 3T3-L1 Jigf 4 ffa
ff) CCK-8 {HJRTCHMI. 0.5 mmol-L ™" #HgHR 7745 I,
3T3-L1 g4 i) CCK-8 {4k (3% 1).

Table 1 Effect of Hdber on CCK-8 in 3T3-L1 adipocytes

Group High FFA CCK-8 High glucose CCK-8
Nor 1.869 = 0.050 1.869 +0.050
Mod 1.848 £ 0.057 1.855+0.019
HHA48 1.854+0.191 1.901 +0.028
HLA48 1.831+0.194 1.893+0.129
Ber48 1.852 +0.050 1.854+0.019
HH24 1.795 £ 0.143 1.819 £ 0.091
HL24 1.855+0.123 1.836 +0.044
Ber24 1.846 +0.019 1.854 +£0.021

n =9, x£s. Nor: Normal group; Mod: Model group; HH24:
Hdber (1 pmol-L™") group for 24 h; HL24: Hdber (0.5 pmol-L™")
group for 24 h; Ber24: Berberine (1 umol-L™") group for 24 h;
HH48: Hdber (1 pmol-L™") group for 48 h; HL48: Hdber (0.5
umol-L™") group for 48 h; Ber48: Berberine (1 pmol-L™") group
for 48 h

2 Hdber 35 FFA 551 3T3-L1 FRB &AM
BEERITH RN

WF9T 45 B SR, 0.5 mmol- L™ S IEIRAEH] 24 h f#
3T3-L1 NI Iy 4 Hi e &% 22 3 ) 4 4 b e s A il 67 %,
SR, Hdber (1 2 0.5 pmol-L™") #£H 24 h J, 3T3-L1
R T 40 I Pk 5 2% SR ) 6 2 K e 32 3 Sl - 90% A
81%, 1EH 48 h 5 73 5l 4 m 108% F1 100%, 571 & ff
A SCREN; 1 pmol L™ /NEERRAEH 24 h )5, 3T3-L1
R I 00 G J £ 2% R Y8 ) R A R e ds N 92%, 1 H
48 h J5HE I 95% (3% 2).

Table 2 Effect of Hdber on glucose uptake in 3T3-L1 adipo-
cytes with insulin resistance induced by FFA

1 Percent increasing of

Group Glucose uptake/min elucose uptake/%
Basal 997.56 + 92.39

Nor 5544.89 + 178.59™

Mod 1 840.22 + 159.09"

HH24 3504.52+129.4844 90

HL24 3332.33+100.4944 81

Ber24 3536.18 + 148.3444 92

HHA48 3824.55+108.3844 108

HL48 3681.95+ 124.4744 100
Ber48 3596.45+ 141.1944 95

Nor: Normal group; Mod: Model group; HH24: Hdber (1
pmol-L™") group for 24 h; HL24: Hdber (0.5 pmol-L™") group for
24 h; Ber24: Berberine (1 pmol-L™") group for 24 h; HH48:
Hdber (1 pmol-L™") group for 48 h; HL48: Hdber (0.5 pmol-L™")
group for 48 h; Ber48: Berberine (1 pmol-L™") group for 48 h.
n=9, ¥+s. “P<0.01 vs Basal group; #p <0.01 vs Nor group;
A4p<0.01 vs Mod group

3 Hdber 3t S#EIFEFHY 3T3-L1 BB EIRMMAHEE
AR IERIR N

25 mmol-L' FZikE S 0.6 nmol- L™ & Z4E
24 h Ji5, 3T3-L1 JIi 7 20 0 JB = 2 ) J8c ) ] 2 A e a4
i 58%; SR, I Hdber (1 A2 0.5 pmol-L™") 1EH
24 hJi, 3T3-L1 R s 40 Rk 2 2% o 8000 A 26 W 32 7y
SR 61%H148%, 1] 48 h 5 43 M1 N 68%F1 55%,
S50 ERINF [A) A S R0 5 1 umol L™ NSEBR AT H] 24 h s,
3T3-L1 JIR My 40 M e & 2% o) 1) o 26 W e s 3 o 45%,
YEHT 48 h J5 ¥4 10 53% (3K 3).
4 Hdber ¥ FFA 55 3T3-L1 BB HERMMEE
EEEENEm

W45 B oK, 0.5 mmol L K Ig i 1 24 h )&,
3T3-L1 JIi 075 40 16 A 25 B ) 70 KE = PR AIC 41%; Hdber
(1 2 0.5 pmol-L™") EH 24 h J&, 3T3-L1 JIg /Uy 41 i 5
R I KB W0 25% F1 14%, YEF 48 h J54y
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TGN 45% F1 24%, SIS TRVRIFR AR SSRN; A 1
umol-L™" /NEERR A ] 24 h Ji, 3T3-L1 i 1 40 it 7 %65 b
AV FE 18 0 20%, 1ER] 48 h 5140 38% (38 4).

Table 3 Effect of Hdber on glucose uptake in 3T3-L1 adipo-
cytes with insulin resistance induced by high glucose

Percent increasing of

Group Glucose uptake/ min7l glucose uptake/%
Basal 997.56 + 92.39

Nor 5544.89 + 178.59™

Mod 2310.22 + 169.23%

HH24 3710.67 + 133.0844 61

HL24 3422.78 £ 98.3944 48

Ber24 3338.24 +129.56%4 45

HH48 3882.49 + 108.3844 68

HL48 3569.38 +103.4244 55

Ber48 3528.69+ 119.3644 53

Nor: Normal group; Mod: Model group; HH24: Hdber (1
umol-L™") group for 24 h; HL24: Hdber (0.5 pmol-L™") group for
24 h; Ber24: Berberine (1 pmol-L™") group for 24 h; HH48:
Hdber (1 pmol-L™") group for 48 h; HL48: Hdber (0.5 pmol-L™")
group for 48 h; Ber48: Berberine (1 pmol-L™") group for 48 h.
n=9, ¥+s. “P<0.01 vs Basal group; “P<0.01 vs Nor group;
44p<0.01 vs Mod group

Table 4 Effect of Hdber on glucose consumption in 3T3-L1
adipocytes with insulin resistance induced by FFA

Glucose consumption Percent increasing of

G -
roup /mmol-L"™" glucose consumption/%

Nor 4.60 +0.39

Mod 2.71 £0.36"

HH24 3.40+£03144 25

HL24 3.10 £ 0.2844 14

Ber24 3.26+0.3844 20

HH48 3.93+0.2544 45

HL48 3.43 £02044 24

Ber48 3.73+£0.2744 38

Nor: Normal group; Mod: Model group; HH24: Hdber (1
pmol-L™") group for 24 h; HL24: Hdber (0.5 pmol-L™") group for
24 h; Ber24: Berberine (1 pmol-L™") group for 24 h; HHA48:
Hdber (1 pmol-L™") group for 48 h; HL48: Hdber (0.5 pmol-L™")
group for 48 h; Ber48: Berberine (1 pmol-L™") group for 48 h.
n=9, ¥=s. "P<0.01vsNor group; **P<0.01 vs Mod group
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8-F2 3L — AU /NEETR (Hdber) & LA Eh 8 /NBEBRAE
NETZ, T ) — R NEERAT A A, TR R R
& T (i B R e = RS e AN
PR FERG IR TR, 23 A B e 1R /N B ik iy A 47 2 3
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Ry 2% T S0 ) T 2 W £ D T DA e R R Iy 2R R
DRI, 3T3-L1 40 ) LA Ay 7 226 e i 2% 398 ) 1 38
MR . ARBFFURIN, AT 3T3-L1 G40
5525 mmol-L™" 4 %48 £ 0.6 nmol- L™ Jii i 2 15595 18 h
Jii, B B 2 R A B A s R b, UEH AT
P4 AE AT LA S 3T3-L1 80740 i AR e i %
HEPL, T AX AR I R S A N R B FE R TR AR IR A A
0.3~1.0 mmol-L ™" # G/ FH 6~24 h J5 344§ 3T3-L1
I 7 2 I Jk 5 3% 0 YRS ) ] 2 K P 38 52 B, R
F2 RV ) 0 2 e d o AT R O R AU A DR e
FHIPUWEZ R bR, JNUL IR vl LU 3T3-L1
IR 77 4 M A J B 2R KT

AHFFAHILL 0.5 mmol-L ™" 4k IS A1 25 mmol-L ™!
70 % 0.6 nmol-L™" B % 5155 3 Mg iy 40 it = /4= ik %
FZHPT (R), 4T Hdber FAT T, LA/NSERR A A FH
PEXTIE, M2ZH) 0.5 mmol-L™" #ARMRYEH 24 h B 25
mmol-L™" %2 8% 12 0.6 nmol-L™" i 5% 245 FH 24 h 43 3
1 3T3-L1 i 107 40 Ja i 5% 2% o080 110 4 2 B 2 2 410 o
67% F1 58%, 515 I\ Hdber Bk /N SERH ) m] LIS 4%
RN, X 0.5 mmol- L K g 4 FH 24 h B 25
mmol-L™ #IZ#i i 0.6 nmol- L™ B & 2/EH 18 h J&
3T3-L1 lg 4 g 7= 4= IR, 1M Hdber HAT 3% TR HI1fE
FH o 25 5L 55 1R AT (1 i it 25 0 07 T 0 v B T 15
IR, T /NEER LA % IR Mg B2t &9 i
Hdber HA 5 /NEEGHAH [R5 H -
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