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Carthami Flos regulate insulin signaling pathway and alleviate
insulin resistance in mice
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Abstract: Insulin resistance refers to the impaired ability of insulin to regulate glucose metabolism in peripheral
organs, which is considered to be the etiology of type 2 diabetes. This study aims to explore the mechanism of
improving insulin resistance by compatibility of Salviae Miltiorrhizae Radix et Rhizoma and Carthami Flos (DH).
Insulin resistance was conducted on C56BL/6J mice by treatment of high fat diet. The energy intake and body
weight, plasma levels of triglycerides, total cholesterol, insulin and glucose, oral glucose tolerance test (OGTT) and
insulin tolerance test (ITT), as well as gene transcription and protein expression levels of insulin signaling pathway
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in liver, heart, kidney, and skeletal muscle of insulin resistance mice were evaluated. Animal experiments and
welfare were performed in compliance with the guidelines of Animal Ethics Committee of Nanjing University of
Chinese Medicine. The results showed that DH treatment significantly alleviated the excessive food intake and weight
gain, and significantly decreased the levels of plasma triglycerides and total cholesterol, and constantly mitigated
the hyperinsulinemia in insulin resistance mice. The results of OGTT and ITT suggested that DH treatment
dramatically improved the response of insulin resistance mice to insulin stimulated glucose metabolism. Furthermore,
the imbalance of metabolic arm and mitogenic arm of insulin signaling pathway in insulin resistance mice was
normalized after DH treatment. DH treatment regulated insulin signaling pathway and improved the ability of

glucose metabolism of insulin resistance mice.
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Figure 1 Compatibility of Salviae Miltiorrhizae Radix et Rhizoma and Carthami Flos (DH) reduced energy intake and body weight of
insulin resistance mice. A: Energy intake; B: Body weight. n =8, x +s. "P < 0.05, “P < 0.01 vs CTL; *P < 0.01 vs HFD. CTL: Mice in control
group were supplied with standard food regularly for 10 weeks; HFD: Mice in insulin resistance group were treated with high fat food for 10
weeks; HFD-DH: Mice in treatment group were administrated with high fat diet and aqueous extracts of DH for 10 weeks; HFD-Met: Mice
in positive control group were administrated with high fat diet and metformin for 10 weeks
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Figure 2 Compatibility of DH alleviated hyperinsulinemia of insulin resistance mice. A: Level of insulin in plasma; B: Level of glucose in
plasma.n=8,x +s. P <0.01vs CTL; *P < 0.01 vs HFD
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Figure 3 Compatibility of DH recovered the ability of glucose metabolism of insulin resistance mice. A: OGTT; B: ITT.n=8,x+s."P <

0.05, P < 0.01 vs CTL; #P < 0.01 vs HFD
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Figure 5 Compatibility of DH regulated insulin signaling pathway in the livers of insulin resistance mice. Relative mRNA level of (A)
IRS1; (B) PI3K: p85a, p85p, and p1104; (C) AKT3; (D) GLUT1, GULT3, and GLUT4; (E) ERK1, ERK2, ERK3, and ERK5; (F) MAPK; (G)
Relative protein level of IR-8.n =8, x £ s. “P < 0.05, “P < 0.01 vs CTL; *P < 0.05, *P < 0.01 vs HFD. IRS: Insulin receptor substrate; PI3K:
Phosphatidylinositol 3 kinase; AKT3: Protein kinase B; GLUT: Glucose transporter; ERK: Extracellular signal-regulated kinase; MAPK:
Mitogen activated protein kinase; IR-£: Insulin receptor ; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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Figure 6 Compatibility of DH regulated insulin signaling pathway in the heart of insulin resistance mice. Relative mMRNA level of (A)
IRS1; (B) PI3K: p85a, p854, and p1104; (C) AKT3; (D) GLUT1, GULT3, and GLUT4; (E) ERK1, ERK2, ERK3, and ERKS5; (F) MAPK; (G)
Relative protein level of IR-8.n=8,x £s. P < 0.05, “P < 0.01 vs CTL; *P < 0.05, #P < 0.01 vs HFD

3% (P<0.05).
7 AE-ARREAPERSRTERNOR SRPIRS
RIESEE

B & 28 MR AT/ BRI, TR ) A e ) A
B AR A 2 AR A ], E R I IRSLLPISK
p85a PI3K p854.AKT3.GLUT3 Ml GLUTA4 1t 3 [A] % 5
KR R, B2 ST S - 206 B AR T 1 45 25 0
GLUT3 Al GLUT4 1) 5= A % 5 5 2 25 A4 EH (P <
0.01), X} IR-B R ARIEK IR Em (K 7).

JoR B AT/ B R, RS RS S B A 2
oy R &R R e, BRI ERK2 fil MAPK
{14 ik [R]85 K ST S8 25 19 0, 23— 40 AR C AT TS 1 465 2

] DL 3 2% fiR ERK2 A1 MAPK 3 [R] 5 53% 7K S (1 5t 5
3% (P < 0.05).
8 FE&-UEMIEIERSZK R BRI
BERESERE

Ji & R AR HT/N B B LR, R A 5 08 T
PR ACH A & A B E MR, = E RN PISK
P85 GLUT1.GLUT3 Fll GLUT4 () % [R5 3 /K °F &5 2
T, IR-pIE A RIAKFEE T (K 8). fF&-4a
AT A TR 7 1 25 245 1T DAY 25 R A EOR B TR % 3 /K P R
FEARBAKF N AFREE (P<0.05).

JoE B AN B EE LR, BRI RS S B A
22 4y FRYE B4R R Y 5k, E BRI ERK1.ERK2 Al



ARGV PHS- LU AC AR TR 2 R 5 2505 5 08 I N0 /) R 5 SR ALK F LA - 1055 -
A._ 2104 B— 2 == CTL C s 210 D.—» 2.0 - CTL
. E = HFD B s S & = HFD
&8 —E mufDDH 5 2 55, = HFD-DH
g E =] £ 2 E 1S g E 15 ;!: g
8 = g o 2
B Eig !0 Emio ES
28 £ 2N 23
g 05 2 S s 5 <os = Gos
24 3% 3% 3%
3 0.0 ‘3- 0. & Oo (- oﬂ.
CTL HFD HFD-DH pisa piSE plios CTL HFD HFD-DH GLUTI  GLUT3  GLUTS
E 25+ - GTL E 4 G 15
- = HFD o =
5B, ®mHFD-DH 3 2 iz
=5 <3 kDa g3
Z e 2" g g0
: T o
v o =
.2!&)]'& EE .gﬁo_f,
3 %s e R
2 0 =8 CTL HFD HFD-DH &

ERKI ERK2 ERK3 ERKS

CTL HFD HFD-DH

0.0
CTL HFD HFD-DH

Figure 7 Compatibility of DH regulated insulin signaling pathway in the kidney of insulin resistance mice. Relative mRNA level of (A)
IRS1; (B) PI3K: p85a, p854, and p1104; (C) AKT3; (D) GLUT1, GULTS3, and GLUT4; (E) ERK1, ERK2, ERKS, and ERKS5; (F) MAPK; (G)
Relative protein level of IR-8.n =8, x +s. P < 0.01 vs CTL; *P < 0.05, *P < 0.01 vs HFD

. 159 B._‘ 20 = CTL
gg' T ou = HFD
_§ 22 = HFD-DH
Z 2w =z"

Z J

— i
[ RelTy o
28" £ 45
L B =
- T 5
-3 -

=4
=3
s
=3

CTL HFD HFD-DH

E 4 mcr. F

= = HFD s
ET:,,: - = HFD-DH gg
< EI.S“ FY é g
5.5 ®.E
£ Z10] E i
¢ = 23
2 os ="
e ° g%

0.0

ERKT ERK2 ERK3 ERKS

* CTL HFD HFD-DH

C»-q 1.5 D_ 20 = CTL
g o gy = HED
o § Z §|5 # =@ HFD-DH
Z Eio ZE"
2= 2
e £ S 10 o T
2 Zos 23
£5 £8.
g3 £
& 00.0 § ‘5 0.0

CTL HFD HFD-DH GLUT! GLUT3 GLUTY
G _ L5
B
= 2
kDa -3 g
O T T R
2o
e =TT e

CTL HFD HFD-DH

0.0
CTL HFD HFD-DH

Figure 8 Compatibility of DH regulated insulin signaling pathway in the skeletal muscle of insulin resistance mice. Relative mRNA level
of (A) IRS1; (B) PI3K: p85a, p854, and p1104; (C) AKT3; (D) GLUT1, GULT3, and GLUT4; (E) ERK1, ERK2, ERK3, and ERKS5; (F)
MAPK; (G) Relative protein level of IR-5.n =8, x +s."P < 0.05, “P < 0.01 vs CTL; *P < 0.05, #P < 0.01 vs HFD

MAPK (135 Rl % 56 K P 2 35 38 0, FHS - e Bt T 4
25 2] DI 3 SRR S L IR S i B SO RERE (P < 0.05).

it

JiE & # A5 5l % 3 2 A 45 PIBK-AKT 1 ERK-
MAPK iX P 4 e i 12 . PIBK-AKT i@ 29 A A 248
PHAZRAE: 22K (IR) 555 224K K (IRS)
gh4, WO PIBK-AKT {5 5 7 5l %, AKT i 44 J5 2 iF
A B E R (GLUT) [AIHF O B A BE LSS 41 ) 41
A E A0 RS 5 AT, B0 A JE B B B ) R A R AR
PIBK-AKT i 1% A DL B 20 B 07 1« 9RE = B SR A BE
UL K g 105 o e, TRD B R AR e A A AR U b R
J UA B B A T A A PR 2 - 40 AR T A T P 4 2 0
I3 £ o IR AR 5] R IR R B AR R, 0 B

A B UL R B S R 1 PIBK-AKT i 42 2 A 2 35 11
VLR R, $27R P2 - L0 A0 TC A T B A 8 i 1 42 il 5 3=
55 IR PIBK-AKT & 48, o0 g & R4/ R
X 60 W AR R 77, B 0 OB T A0 R B R &
MR AR 5

ERK-MAPK IZIEH NN A 2257 R &1, £
EAUHE P AME T I T EUE (ERK) Il R WIS E A
B (MAPK) 25 G B 5 5 1 s IR 7, ] DU 4 48 it 1)
A BB B AN A4k, 0 TURE KR 30 ok o8 A% B 4, 26 9 2
HBERE B IS0, FF -4 8 e AR A 1 45 25 5 T K
JH I v MR ) 51 0 B FR RPN B, 0 VB AN
B LT SR 1 5 () ERK-MAPK & 12 LA 53 11
AR, SR P - AR BC ARG T 6 5 Z AP BT B
PRI A BB R 3 0 WL 56 ] e LA S 1R, ax ee 3y



1056 -

2254 Acta Pharmaceutica Sinica 2021, 56(4): 1049 -1056

{ISKE Sriaad 2 7 I E ATl

ARV SCHE T AR G B 25 BAR, R I AL R
b7 36 TR & 2R AR BT A B 1 BN, 418 KRBT S A4
T R 2 L PR3 A% R 24 TG A AT DA 2B B e R ) 3
HEPT/IN BUAC R 1 260 0 £ BE 7, LA T80 R B X SR T 0
TR RIS, JE LR 5 21 A5 5l B LA AT 7T, 9020 3
PES- LA RARR R B 3R AR T i A I iR
A 22 57 R P& A2 IR 2 R A B 835 i R 24
FY o ARV SO i AR 58 v 245 52 1) 24 BT T F
FC, R PRI S 5 2 P 4 BHT M 5 IR R S it T A
ARSI FEAL . (HA2, AR SR —E R R BRI, 7R
Ja BRI S R b /& BIRA R RS S - A el
DS R I R AR TRV HI LA, 8] 4 2 - 20 AR AT
B ERAE T IEEE RS KIS, N Z- 2 e i b
V6 T I 2R HRTORIVRE JA 43 S 7SI ) SIE B8 B i

{EETTRR: FEMEMIRT H AT T, B RS
A RKI0 F 9 DT R AL B 2 S R B s R TR
I T B BT SR IR T R VRS AME R .

F SR AR E A AR TR 25 R 5%

References

[1] Lee WL, Klip A. Endothelial transcytosis of insulin: does it
contribute to insulin resistance? [J]. Physiology (Bethesda),
2016, 31: 336-345.

[2] Deer J, Koska J, Oziams M, et al. Dietary models of insulin
resistance [J]. Metabolism, 2015, 64: 163-171.

[3] Smith U. 12" key symposium introduction: insulin resistance in
common diseases [J]. J Intern Med, 2016, 280: 426-429.

[4]

(5]

[6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

Koren D, Taveras EM. Association of sleep disturbances with
obesity, insulin resistance and the metabolic syndrome [J].
Metabolism, 2018, 84: 67-75.

Deng XL, Liu Z, Wang CL, et al. Insulin resistance in ischemic
stroke [J]. Metab Brain Dis, 2017, 32: 1323-1334.

Gurst PC. Insulin resistance in schizophrenia [J]. Adv Exp Med
Biol, 2019, 1134: 1-16.

Tomasik J, Lago SG, Vazquez-bourgon J, et al. Association of
insulin resistance with schizophrenia polygenic risk score and
response to antipsychotic treatment [J]. JAMA Psychiatry, 2019,
76: 864-867.

Ge FY, Li ZX, Miao JY. Type 2 diabetes treatment based on
reducing blood stasis [J]. World Latest Med (1t 7 % 37 25 2245 &
3C4%), 2018, 18: 133-135.

Wang J, Chang B. Theoretical analysis of type 2 diabetes treat-
ment based on reducing blood stasis [J]. Tianjin J Tradit Chin
Med (K H 125 24), 2017, 34: 537-540.

Qiu LM. Analysis of relationship between diabetes and blood
stasis [J]. Beijing J Tradit Chin Med (Jk 5¢ t 2 24), 2018, 37:
248-250.

Cui YR, Liu X, Shen D, et al. Data mining analysis of regularity
of formulas containing Salviae Miltiorrhizae Radix et Rhizoma-
Carthami Flos medicine pair in Dictionary of Chinese Medicine
Prescription [J]. China J Chin Mater Med (' [& 7 2§ Z% &),
2016, 41: 528-531.

Jia GH, Demarco VG, Sowers JR. Insulin resistance and hyper
insulinaemia in diabetic cardiomyopathy [J]. Nat Rev Endocrinol,
2016, 12: 144-153.

Jia GH, Habibi J, Bostick BP, et al. Uric acid promotes left
ventricular diastolic dysfunction in mice fed a western diet [J].
Hypertension, 2015, 65: 531-539.



