222224 Acta Pharmaceutica Sinica 2021, 56(4): 1127 -1136 - 1127 -

EFEEMARBEFHRBERFIARLE LR
IRE AR B T T RO 4E A AL

KO, AL FTEL KR BMH, A L FEAY

(L. ARINBERLR S, TLT5 8 B 20t 78 5 I PR 24 5 B Rl SRR 6, V75 4R JM 221004,
2. PRINBERER 2258 70 W B, L1575 44 221004)

TE: T LC-MS AR 2= 10 U7 vk, BIF T8 PRI K SR A2 R e B AR R B+ TR A F AL o R P I s v
SR IR 55 3055 SR PR R BB AR, 43 T8 S IR (NC) L IE 3 AR A 4R B AL B 4 (N-GBE) B R A B 21 (DM) i
PRI AR A SR B Ab B 4L (D-GBE). % 2 K SRR T 700 9 A, W 4R 28 6~9 J % 20 K R ifn 2K 3E 47 LC-MS A&l
NIRRT M BE R AR TR ZE B S Bt . 45 R, 7658 6~9 & DM 41K BRI 3 A 38 12 MR =k AE K
SebEAR Ak, FEOR AR IR VR R TR VBRIV IR . = SRR IG PR WA 45 6 45X B O 57 5 15 DM AR R A KR S5 TR 9%
GBE 1T % 2 i 5 H A1 1 5 AR P29, B2 GBE W B A2 8 ik 5038 AR A 19 20 55 18 T M  — PR I8 108 B 5 1 4 0 it
W R HE FLAE 42 DM R A R SR R

IR HE IR, AR AR 4H S LR AR R I, LC-MS

FE 5SS RIL7 RRFRINED: A X E YRS 0513-4870(2021)04-1127-10

Ginkgo biloba extract ameliorates streptozotocin-induced diabetes in
rats as measured by non-targeted metabolomics
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Abstract: Metabolomics based on liquid chromatography coupled with mass spectrometry (LC-MS) was used
to study the initiation and development of diabetes in rats, and the ability of Ginkgo biloba extract (GBE) to amelio-
rate this pathology. Diabetes mellitus (DM) was induced by intra-peritoneal injection of streptozotocin. The rats
were randomly divided into a normal control group treated with drug-free solution (NC), a normal control group
treated with GBE (N-GBE), a DM group treated with drug-free solution (DM), and a DM group treated with GBE
(D-GBE); rats were maintained on this protocol for 9 weeks. Rat plasma was collected from the sixth week to the
ninth week and then analyzed with LC-MS. Animal experimentation was approved by the Committee on the Ethics
of Animal Experiments of Xuzhou Medical University. Twelve plasma metabolites with continuous differentiation
were monitored to indicate dysfunction of metabolic pathways including fatty acid metabolism, phospholipid
metabolism, amino acid metabolism, tricarboxylic acid cycle activity, bile acid metabolism, and purine metabolism
to confirm the occurrence and development of DM. Treatment with GBE partially reversed the changes seen in five
metabolites in DM rats, indicating that GBE could prevent the occurrence and development of DM by acting on
fatty acid metabolism, phospholipid metabolism, amino acid metabolism, and the tricarboxylic acid cycle.
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Figure 1  The continuous changes of fasting blood glucose rat

from the second to ninth week. GBE: Ginkgo biloba extract. P <
0.01 vs NC group; “P < 0.05 vs DM group. n = 8, X+ s. NC, N-GBE,
DM, and D-GBE respectively mean the normal control group
treated with drug-free solution, NC group treated with GBE, diabetes
mellitus group treated with drug-free solution, and DM group treated
with GBE
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Figure 2 Typical LC-MS chromatograms at positive or negative ion mode of 6 QC samples and rat real plasma from the ninth NC group,
N-GBE group, DM group, and D-GBE group. A: QC(+); B: QC(-); C: NC (+); D: NC(-); E: N-GBE (+); F: N-GBE(-); G: DM(+); H: DM

(-); I: D-GBE (+); J: D-GBE(")
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Figure 3 Representative 3D-PCA scores plots of the plasma metabolites in rats of QC samples (gray dot), NC group (green dot), N-GBE

group (purple dot), DM group (red dot), and D-GBE group (blue dot) at positive ion mode. A, B, C, and D respectively mean the sixth,

seventh, eighth, and ninth week; X, Y, and Z axis represent the space quadrant, and the numeric values in this coordinate system just mean

the degree of separation among different samples
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Figure 4 Representative 3D-PLS-DA scores plots of the plasma metabolites in rats of NC group and DM group at positive ion mode (A,

B, C, and D respectively mean the sixth, seventh, eighth, and ninth week; NC: blue dot; DM: red dot), and DM group and D-GBE group (E,

F, G, and H respectively mean the sixth, seventh, eighth, and ninth week; DM: blue dot; D-GBE: red dot). X, Y, and Z axis represent the

space quadrant, and the numeric values in this coordinate system just mean the degree of separation among different samples

Table 1  The predictive ability scores of PLS-DA model of DM
vs NC and D-GBE vs DM

PLS-DA Week
Data set Group
model 6 7 8 9
DM vs NC Trainingset DM 100.0% 100.0% 100.0% 100.0%

NC 100.0% 100.0% 100.0% 100.0%

Validation set DM 87.5% 100.0% 100.0% 85.7%

NC 100.0% 100.0% 100.0% 100.0%

D-GBE vs DM Training set DM 100.0% 100.0% 100.0% 100.0%
D-GBE 100.0% 100.0% 100.0% 100.0%

Validation set DM 100.0% 87.5% 100.0% 87.5%

D-GBE 87.5% 87.5% 87.5% 75.0%
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Table 2  The differential metabolites in rat plasma of DM group vs NC group from the sixth week to ninth week (n = 8). FC: Fold change;

NS: No significant variation; TG: Triglyceride; LacCer: Lactosylceramide; LysoPE: Lyso-phosphatidylethanolamine; PA: Phosphatidic acid;

PE: Phosphatidylethanolamine; PG: Phosphatidylglycerol; PI: Phosphatidylinositol; PS: Phosphatidylserine. *Metabolites with continuous

variation
Metabolite The sixth week The seventh week The eighth week The ninth week
FC P value FC P value FC P value FC P value

*PA (20:5/20:0) 381 6.1x10% 381 6.28x102 38 3.09x10% 38 4.24x10%
*PA (22:6/22:0) 381 3.53x10% 381 3.57x10% 38 3.68x10% 38 6.59x10%
PA (16:0/22:6) NS 231 9.27x10° NS NS
PE (17:2/20:1) NS NS NS 381 4.04x10"
PS (20:5/21:0) 331 6.35x10° NS NS NS
PS (20:4/21:0) 331! 6.2x10° NS NS NS
PS (22:4/17:0) NS NS 23 1.01x102 NS
PS (17:0/22:4) NS NS 33 6.74x10® 38! 3.33x10%°
PI (15:0/20:3) NS 381 2.90x10% NS NS
PI (18:0/15:0) 381 1.18x103 NS NS NS
PI (17:2/20:1) 381! 1.55x10%2 NS NS NS
PI (17:2/20:5) NS 381 3.60x10% NS NS
PG (20:4/21:0) NS NS NS 261 3.00x10°
PG (22:2/17:0) NS 221 1.58x10%2 NS NS
LysoPE (0:0/18:2) NS 251 4.12x10° NS NS
*LysoPE (0:0/20:0) 311 3.78x10° 291 2.33x10* 311 3.78x10 331 2.35%10%
LysoPE (0:0/22:0) 381 4.02x102 NS NS NS
LysoPE (0:0/20:3) NS NS NS 351 1.04x107
LysoPE (0:0/24:6) 251 3.87x103 NS NS NS
*TG (16:1/18:3/21:0) NS 251 4.33x10° 251 3.76x103 251 4.54x10°
*LacCer (d18:1/12:0) 381 5.32x108 381 3.45x10" 381 4.17x10" 381 3.17x10"
*N-Oleoacyl histidine 361 2.19x10°8 351 8.35x10°8 331 3.80x10° 301 1.22x10*
*N-Acrylglycine NS 271 1.20x1073 281 5.06x10* 281 4.09x10*
Cinnamoyl glycine 387 2.75x10*8 NS NS NS
L-Asparagine 2917 2.99x10* NS NS NS
*Stearic acid 231 1.20x10 231 1.21x10 381 1.17x10% 381 5.88x10%
Cholesterol NS NS 261 2.25x10%° NS
Oleic acid NS NS 381 1.01x102% NS
Pentadecanoic acid NS NS 377 3.37x10 NS
(62,92)-Octadecadienoic acid NS NS 267 1.55x10°% NS
*Uric acid 281 1.30x10* 281 6.36x10* 271 1.36x10°% 281 6.36x10*
*7-Keto deoxycholic acid 321 1.20x10°% 267 2.66x103 321 1.20x10°% 257 4.05x10°
N-Acetyl-D-galactosamine 3871 2.45x1018 NS NS NS
*Leukotriene C4-d5 NS 2517 4.63x10° 381 7.26x102° 381 4.49x10%
1-Deoxy-D-glucosol 331 6.43x10° NS NS NS
*Fumaric acid NS 291 3.07x10* 321 2.21x10°% 371 5.27x10*
27-Nor-54-cholestane pentol NS NS 337 6.26x10° NS
Pregnenolone sulfate NS NS 381 3.89x10% NS
2E-Tetradecanoacyl-CoA NS NS NS 381 5.31x10%°
Palmitic amide NS NS NS 381 1.26x10%
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Table 4 The differential metabolites in rat plasma of DM group vs D-GBE group from the sixth week to ninth week (n = 8)

The sixth week

The seventh week

The eighth week The ninth week

Metabolite

FC P value FC Pvalue FC P value FC P value
N-Oleoacyl histidine 29 2.36x10* 24 7.08x1073 3.0/ 8.27x10° 23] 1.26x1073
LacCer (d18:1/12:0) 25 3.10x10° 281 4.44%10* 32 1.69x10° 26 2.43x10°
LysoPE (0:0/20:0) 26 2.43x103 23] 8.38x10° 271 1.40x103 281 4.44%10*
Fumaric acid NS 221 3.07x10? NS NS
Leukotriene C4-d5 NS NS NS 24 7.43x107°
40510’ 5 PA (20:5/20:0) 4 PA (22:6/22:0) it LysoPE (0:0/20:0) i
5 i i 2.0:10" 4 B N-GBE
3.0410° 4 ) 3.0x10° - " = DM
151074 = D-GBE
2,0x10° 2,0¢10° 4
1L0x10° <
5 * o * ey
10210 < 5.0x10° 1.0210" 4
0 0 0 4
] 7 -1 9
so<10°y  Triglyceride (16:1/18:3/21:0) 50¢10°9  Lactosyleeramides (d18:1/12:0) 3.0x10°
4.0x10°4 - i

L] %

Relative peak area

5.0x10° 7-Keto deoxycholic acid 4.010° 5
4.0x10° 4 - & i
Ty L =
3.0x10° I .
2.0x10° - |
2.0x10° 4

Leukotriene C4-d5

2.0x10" 5

1.0x10° 4

5.0x10" Uric acid
40107 4
3.0x10° 4
2.0x10°

1.0x10° 4

5.0:10° 5 Fumaric acid
T 4.0x10° 4
3.0x10°
2.0x10° 4

o 1.0x10° 4

Figure 5 The differential expression of metabolites in rat plasma of NC, N-GBE, DM, and D-GBE group (n = 8). ”P < 0.01 vs NC group,

#P <0.01 vs DM group

LysoPE Al H i =B (17K - Tt 5y, 5 AT SR — ggieel;
GBE il /&5, DM K i IfiL % 1 LysoPE 7K~ F&1IC, 7] He
5 AR F T8 A R0 3 T 52 e PLA2 kA o0l
FUWE o 22 9t g A7 B T 6 IO R A AR S M TRl 4
P B 327K 7 1o DMORZS N, 1A o &
Tt Jie 5 s Tl 1 22 S BR AR R T S R G T I s 8 m, =
U 28 T Jie T P AR KT B R TH e LR
A 28 T fg T LS 5 T 4 L B R B L RS R I A AR
R U B i, B IR & w5 5] i s

By FACHT, X 2L 1) e R A T HE 3 DM 1 R A2 Kk e,
AWK T 2 6~9 JA DM K &R i 3 7L 2
Wk i K7 2 35 32 71 4 GBE T Wi s 7T &5 3 B LK
7, H GBE J& 75 i35 1 4 28 Ik e £ 1l Il Tk 22 e P A A
Pk A A Bl T (10 20 0 oK L HRE , 208 AE IO HL R AT A5 a2k
2

JET B AR 8 % 5 5 DM R AR R R S DA O .
W CYPTAL & MR IR & i) PRI BE, DM IR A T 1%
TP A ) SBUR T BR KT T, T e B R AT DA



g MPUAR: SR e oA A L S T T PR DR R A A A Je R R A I SRR S A AL A © 1135 -

WO JORE A 518 B A2 3E DM [ 5 28 R Je Y, AR
TR ILEE 6~9 il DM K BRI 2 rh 7- i Jid 420 E R 1) i
2 T AR A, T 7 - B SO R B ) IR BRI 2 Ta-
FRHEA R, DR, %45 AR OR DM R A2 R JE ik R S5 A
PR AU I I e B DDA G

R T 2 W A AR 1) B AL =W, E A AL
il A AL T RS = A . DMUIRAS T 2 MR A 48 A0 Bl 33 12 T
=, FEURFAKE R . B, FH& W IRER K 5 DM
A ¢, FE 7T B 5 F DM I & A Tl DN ) &k 2B,
AW TS5 BAAESE T 55 6~9 A DM K BRI 2% b JR 1R
KT TR AL, RN RS A R HES) T DM
KEIRTE IR A R R, BoaT fg kA B R 45345 ; 1 GBE
IR R R AR TG 2 M 5

Ui 5 I 7 R 7K ST I v T 51 R TR B R AT, s
B IR 3 AN B (I . DMORES R, 2 5 RTR p
AT R 1) 22 T AR IR B5E CoA ZK P BEAR, PT 3 B i
NE TR 1) B-SEABERG PRI D, KT 2. J6 28 DY 4
R 1E 5- i SA AL BEIE ) FACHHZE B = 0%, DMIR AR
5-RESEALEERIAIG N, FEA =M AWK BT
AT R 32F 98 95 IR R JORN B 5 R AT 70 45
IR, 55 6~9 JA K 5 DM I3 v i fig B8R % 11 = 45 K1
3 TR, GBE 1119 A J5 vl i % 1 = I K 1 BT
B X R B2 JC 52 1, 3275 GBE AT RERLIR 1 ¢ 4 U4 R
(AR 1T 36 B S, T BAAIR T DMK BRI 2R 1 = 0
Ko

RAERBARBHZF 045 R LR, DM B 1
T ) 2H R K T R 3 v B T IR AN RS2 (H
N AH R AT AR T N - B 2H 2 R 7E DM B8 3 I 3
(1) A8 A5 100 10 o DRI o AR HIE 9T R B N- e I 4
& 7E 55 6~9 J& DM K BRI 3 1 K S R 4 vk v T 1E
K, H GBE 7l J5 nl 1 #% b Tt /&y, {5 FL 98 7 16 AL 1)
WA R E— DA .

=R AW 7 5 DM KA K % U1
R, M G e = RBAEFR B R =4 . B FCESE, il
WA ST I E SR KE, 13 AT REHES) DM [ R 4B
R TR 27 Y A B R I s AR 20301, ACHIE 9 45
WA R, DM K BRUILIR & 5 BR /K1 ¢ 2 7t i vl e 4
3)) 7 DM [ & 4 &K & ; GBE T 1l 5 7l i¥ £ DM K i ifiL
K s G B, $E78 GBE W] R il 2 =%
PR G A S 0 R LBV DM R A2 R IR T, B
FOBAENLH A Rk — PR .

zE LRTIR, AR IR VE R IR . =R IR
B PR WA S5 AR 3l 2% 1) e HES) T DM R AR KR
GBE Al j@ i 52 mi g B R - 2 TR VBl I - IR R IG5
AR 1 R 1 2 DM R AR R SR B RE R .

{E& STk TR 50 STl M) LI AN SCHIRR 3RS 5580
F5 15T LI RE R A O T 5 B A B AT TR g R R 2
55 SR A A B 25 2 5 s W ST AR A A S S s
IR AL B P E A ST AU D BR 4R L S e i T 4R
RS B RBEEOR . T A (EE I A T4 A .
FUERSE: AL TT A TR 2 R

References

[1] Prentki M, Nolan CJ. Islet g cell failure in type 2 diabetes [J]. J
Clin Invest, 2006, 116: 1802-1812.

[2] Aziz TA, Hussain SA, Mahwi TO, et al. The efficacy and safety of
Ginkgo biloba extract as an adjuvant in type 2 diabetes mellitus
patients ineffectively managed with metformin: a double-blind,
randomized, placebo-controlled trial [J]. Drug Des Devel Ther,
2018, 12: 735-742.

[3]1 Rhee KJ, Lee CG, Kim SW, et al. Extract of Ginkgo biloba
ameliorates streptozotocin-induced type 1 diabetes mellitus and
high-fat diet-induced type 2 diabetes mellitus in mice [J]. Int J
Med Sci, 2015, 12: 987-994.

[4] Saleh A, Anwar MM, Zayed AE, et al. Impact of Ginkgo biloba
extract and magnetized water on the survival rate and functional
capabilities of pancreatic S-cells in type 2 diabetic rat model [J].
Diabetes Metab Syndr Obes, 2019, 12: 1339-1347.

[5] Zhou L, Meng Q, Qian T, et al. Ginkgo biloba extract enhances
glucose tolerance in hyperinsulinism-induced hepatic cells [J]. J
Nat Med, 2011, 65: 50-56.

[6] Zhang M, Du CH, Li J, et al. Comparative study of Chinese
medicine Gegen Qinlian Decoction Piece and boiled powder for
the treatment of diabetes based on serum metabolomics [J]. Acta
Pharm Sin (2% %4k), 2017, 52: 1444-1451.

[71 Ji T, Zhang LL, Huang XC, et al. The action mechanisms of
Morus alba leaves extract for the treatment of diabetes based on
plasma metabolomics [J]. Acta Pharm Sin (24 2% 2#4%), 2015, 50:
830-835.

[8] Guo Q, Li XJ, Guo HR, et al. The urinary metabolomics of
Astragalus Radix and Dioscoreae Rhizomacomes reveal possible
therapeutic mechanisms in the treatment of type 2 diabetes [J].
Acta Pharm Sin (% %1), 2020, 55: 83-90.

[9]1 Li X, Ma HY, Li LP, et al. Progress in metabolomics research of
diabetes [J]. Acta Pharm Sin (252%2%4i), 2019, 54: 828-837.

[10] Ji S, He DD, Wang TY, et al. Separation and characterization
of chemical constituents in Ginkgo biloba extract by off-line
hydrophilic interaction x reversed-phase two-dimensional liquid
chromatography coupled with quadrupole-time of flight mass
spectrometry [J]. J Pharm Biomed Anal, 2017; 146: 68-78.

[11] Tang DQ, Yang DZ, Tang AB, et al. Simultaneous chemical
fingerprint and quantitative analysis of Ginkgo biloba extract by
HPLC-DAD [J]. Anal Bioanal Chem, 2010; 396: 3087-3095.

[12] Wang L, Du Y, Xu BJ, et al. Metabolomics study of metabolic



1136

24224 Acta Pharmaceutica Sinica 2021, 56(4): 1127 -1136

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

changes in renal cells in response to high-glucose exposure
based on liquid or gas chromatography coupled with mass
spectrometry [J]. Front Pharmacol, 2019, 10: 928.

Du Y, Xu BJ, Deng X, et al. Predictive metabolic signatures for
the occurrence and development of diabetic nephropathy and the
intervention of Ginkgo biloba leaves extract based on gas or
liquid chromatography with mass spectrometry [J]. J Pharm
Biomed Anal, 2019, 166: 30-39.

Hsu FF, Bohrer A, Wohltmann M, et al. Electrospray ionization
mass spectrometric analyses of changes in tissue phospholipid
molecular species during the evolution of hyperlipidemia and
hyperglycemia in Zucker diabetic fatty rats [J]. Lipids, 2000, 35:
839-854.

Seyfarth J, Reinehr T, Hoyer A, et al. Lipoprotein-associated
phospholipase A2 activity in obese adolescents with and without
type 2 diabetes [J]. J Inherit Metab Dis, 2018, 41: 73-79.

Zhu C, Liang QL, Hu P, et al. Phospholipidomic identification of
potential plasma biomarkers associated with type 2 diabetes
mellitus and diabetic nephropathy [J]. Talanta, 2011, 85: 1711-
1720.

Fall T, Salihovic S, Brandmaier S, et al. Non-targeted metabo-
lomics combined with genetic analyses identifies bile acid
synthesis and phospholipid metabolism as being associated with
incident type 2 diabetes [J]. Diabetologia, 2016, 59: 2114-2124.
Liu J, Semiz S, van der Lee SJ, et al. Metabolomics based
markers predict type 2 diabetes in a 14-year follow-up study [J].
Metabolomics, 2017, 13: 104.

Achete de Souza G, de Marqui SV, Matias JN, et al. Effects of
Ginkgo biloba on diseases related to oxidative stress [J]. Planta
Med, 2020, 86: 376-386.

Turpin-Nolan SM, Brining JC. The role of ceramides in meta-
bolic disorders: when size and localization matters [J]. Nat Rev
Endocrinol, 2020, 16: 224-233.

Chavez-Talavera O, Tailleux A, Lefebvre P, et al. Bile acid control

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of metabolism and inflammation in obesity, type 2 diabetes,
dyslipidemia, and nonalcoholic fatty liver disease [J]. Gastroen-
terology, 2017, 152: 1679-1694.

Xiong Q, Liu J, Xu Y. Effects of uric acid on diabetes mellitus
and its chronic complications [J]. Int J Endocrinol, 2019, 2019:
9691345.

Kampe K, Sieber J, Orellana JM, et al. Susceptibility of podo-
cytes to palmitic acid is regulated by fatty acid oxidation and
inversely depends on acetyl-CoA carboxylases 1 and 2 [J]. Am J
Physiol Renal Physiol, 2014, 306: F401-4009.

Martinez-Clemente M, Claria J, Titos E. The 5-lipoxygenase/
leukotriene pathway in obesity, insulin resistance, and fatty liver
disease [J]. Curr Opin Clin Nutr Metab Care, 2011, 14: 347-353.
Gogna N, Krishna M, Oommen AM, et al. Investigating correla-
tions in the altered metabolic profiles of obese and diabetic
subjects in a South Indian Asian population using an NMR based
metabolomic approach [J]. Mol Biosyst, 2015, 11: 595-606.
Mathew AV, Jaiswal M, Ang L, et al. Impaired amino acid and
TCA metabolism and cardiovascular autonomic neuropathy
progression in type 1 diabetes [J]. Diabetes, 2019, 68: 2035-2044.
Owei I, Umekwe N, Stentz F, et al. Amino acid signature predic-
tive of incident prediabetes: a case-control study nested within
the longitudinal pathobiology of prediabetes in a biracial cohort
[J]. Metabolism, 2019, 98: 76-83.

Welsh P, Rankin N, Li Q, et al. Circulating amino acids and the
risk of macrovascular, microvascular and mortality outcomes in
individuals with type 2 diabetes: results from the ADVANCE
trial [J]. Diabetologia, 2018, 61: 1581-1591.

Miura Y, Hayakawa A, Kikuchi S, et al. Fumarate accumulation
involved in renal diabetic fibrosis in Goto-Kakizaki rats [J]. Arch
Biochem Biophys, 2019, 678: 108167.

Zhu XR, Yang FY, Lu J, et al. Plasma metabolomic profiling of
proliferative diabetic retinopathy [J]. Nutr Metab (Lond), 2019,
16: 37.



