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(SBLE) and explore its hypoglycemic biological activity. SBLE was prepared by hot reflux extraction with 65%
ethanol, and its chemical composition was analyzed by ultra-high-performance liquid chromatography-photodiode
array-mass spectrometry/mass spectrometry (UHPLC-PDA-MS/MS) system. The animal experiments were compliant
with ethical principles for animal use and had been approved by the Animal Experiment Ethics Committee of
Jinan University. Mice were injected with streptozocin (STZ) to establish a hyperglycemic animal model, and
SBLE (1.5 g-kg") was administered by gavage for 5 weeks. The fasting blood glucose (FBG) and oral glucose
tolerance were detected. Normal mice were given SBLE (1.5 g-kg™) by intragastric administration for 10 days, and
blood was collected from the tail vein to detect the changes in blood glucose within 120 min after sucrose or starch
loading. The mucous membrane of the small intestine of mice was taken to detect the activity of a-glucosidase
(AG), and the activity of yeast-derived AG incubated with SBLE was evaluated. The glucose uptake by Caco-2
cells treated with SBLE was detected by fluorescence microscopy and cytometry, and the gene expression of sodium-
dependent glucose transporter 1 (SGLT!) and glucose transporter 2 (GLUT?2) in Caco-2 cells were detected by real-
time quantitative PCR (qPCR). A total of 18 compounds were identified, mainly including tannins and flavonoids.
SBLE reduced FBG and increased oral glucose tolerance in STZ hyperglycemic mice. SBLE effectively inhibited
the increase of blood glucose caused by starch intake in normal mice. SBLE exerted good inhibitory activity on
yeast-derived AG (IC,, = 16.94 ug-mL™") and small intestinal mucosa AG with an inhibition rate of 15.48%. SBLE
(25-100 pg-mL™") dose-dependently inhibited glucose uptake by Caco-2 cells, and SBLE significantly reduced
the mRNA level of SGLT! without changing the expression of GLUT2. In conclusion, the UHPLC characteristic
fingerprint of SBLE is established with 18 chemical components identified by mass spectrometry, and SBLE exerts
hypoglycemic effect by inhibiting the activity of AG and the absorption of glucose by intestinal epithelial cells.
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60 s, Wi DNA A ;95 °C. 15 s A1, 60 °C.30 si
K, FLA0MEIR . p-ActinfE A SRR, 51
F R : SGLTI (forward: GGGCAGCTTCAGGCATC;
reverse: AAACAGCCAGCCCAGCA); GLUT? (forward:
ATGTCAGTGGGACTTGTGCTGC; reverse: AACTCA
GCCACCATGAACCAGQG); p-actin (forward: ACCCT
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Figure 1 The characteristics fingerprint of the sea buckthorn

leaves extract. The compound information of peaks 1-18 is pre-
sented in Table 1. Asterisk (*) indicates the compounds which are

identified with the corresponding standard
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Table 1
HHDP: Hexahydroxydiphenic acid

Identification of chemical compounds of sea buckthorn leaves extract. ‘Compared with standards; MS: Mass spectrometry;

No. tk, Formula Mode Detected (m/2) MS/MS (m/z) Identification Ref.
/min /error (ppm)
1 422 C,H,O, [M-H]" 783.0695/2.518 481.064 7,300.999 4, 275.020 2 Pedunculagin isomer [9]
563 C,H,O,, [M-H]" 783.069 8/2.824 481.063 6, 300.999 3,275.020 1 Pedunculagin isomer 9]
3 6.68 C,H,,0, [M-H]" 633.074 0/2.069 300.999 4, 275.019 8, 249.040 5, Galloyl-HHDP-glucopyranose [9]
169.013 6
4 7.05 C,H,0, [M-H]" 935.0804/2.003 633.074 5,300.999 9, 169.013 3 Galloyl-bis-HHDP-glucopyranose [9]
5 8.64 C,H, O, [M-H]" 481.0524/-6.254  300.9995,275.020 3 HHDP-glucopyranose [9]
6 9.15 C,H,0, [M-H]" 7852158/2.898 315.0517 Isorhamnetin-3-O-sophoroside-7-O- [10]
rhamnoside
7 10.12  C/H, O, [M-H]" 197.044 8/1.878 169.013 3, 124.015 3 Syringic acid [11]
8" 1140 C,H,0, [M-H] 609.146 7/2.723 463.087 4, 447.094 1,301.036 1, Rutin [10]
271.0259, 151.002 9
9 1248 CH,0, [M-H] 433.0417/3.551 300.999 3 Ellagic acid pentoside [12]
10" 13.55 C H.O, [M-H]" 300.999 2/4.274 283.997 7,257.009 4, 229.014 2, Ellagic acid [13]
201.0199
11 1397 C,H,0, [M-H]" 593.1518/2.855 447.093 7, 431.099 1, 285.040 7 Kaempferol-3-O-glucoside-7-O- [10]
rhamnoside
12 1409 C,H,0, [M-H] 609.146 5/2.411 301.035 7,300.027 8, 271.023 6, Quercetin-3-0-glucoside-7-0- [14]
151.002 9 rhamnoside
13 1465 C,H, 0, [M-H]" 623.1624/2.710 477.104 9, 461.110 0, 445.078 5, Isorhamnetin-3-O-rutinoside isomer [10]
315.0517
14 1508 C,H,0, [M-H]" 593.1521/3.479 461.109 9, 447.093 8, 313.085 9, Kaempferol-3-O-rhamnoside-7-0O- [15]
285.040 5 glucoside
15" 15.77 C,H, 0, [M-H]" 593.1521/3.378 285.040 7, 255.030 3, 151.002 7 Kaempferol-3-O-rutinoside [16]
16 16.07 C,H,,0,, [M-H]" 623.1622/2.518 477.103 2,315.051 7 Isorhamnetin-3-O-rutinoside isomer [10]
17" 1638 C,H,0,, [M-H] 477.104 5/3.705 315.051 8, 285.040 8, 271.025 2, Isorhamnetin-3-O-glucoside [10]

243.029 9
18 1795 C,H,O,, [M-H]" 593.1307/2.989

151.002 7

447.091 8, 285.040 8, 229.050 0,

Kaempferol-3-O-f-D-(6"-O-p-coumaryl) [17]
glycoside

M FBG #: AR 5E 7F 6~9 mmol- L™ [ 1IE # /K 7, STZ #
RIZH/NER A FBG = T IE W 4 (P < 0.05), 1= ILpE 52
USRS RIRRE o URE IS A [A] SBLE 4H /) B FBG AR 28
21 #5235 FRAIR (P < 0.05), I B8 {E 7T A2 %€ 7F 15 mmol-L™
PR o 2524 5 8 Ja B R 973 /0N SR AT 10 A o 205 A i 4t 52
56, 45 SR an & 2B, &2/ SR HRE R 2 AE 30 min B IA #|
WEAE, 2 f5 S IUZ M P % . SBLE 41/ B ifL
B LE 0L M 00 ) (K TR L 4/ B, FLYE 120 min

B AUCHHE 4 K (K 20), SBLE 41 A1 — HF XU 4L
) K& T 2 AUC 3K T B8 2H /N B (P < 0.001, P <
0.05), 1 iz i %3 B i 52 384 0 o

3 SBLEXIEE/NRIEMFAMEEENGELEASH
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TE 5 /0N BT IR o SRR YO 1 T 2 S T

o (B3), 4 TUEm i a, MBS R FELE 60 min ik 3|
WA AR o ] B8 7E 30 min JT 48 PR AR U o 4 1 B 7K

B IR T P4 22 0 G Aeg BT 07K o -2/ SRR 4 B T ifi SBLE 7 45 T V€4 5 15 min B 2 35 B4 K 1fn B /K 7
A o Control © STZ+SBLE B O Control © STZ+SBLE C O Control ~ © STZ+SBLE
0 25 o STZ o STZ+metformin I, 40 o STZ o STZ+metformin o STZ o STZ+metformin
3 3
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Figure 2 Effects of sea buckthorn leaves extract (SBLE) on fasting blood glucose (FBG) and glucose tolerance test in streptozocin (STZ)-

induced diabetic mice. A: FBG of mice every week; B, C: Glucose tolerance test (B) and the area under the curve (AUC, C) within 120 min
of oral glucose. n = 5, x * standard error of the mean (SEM). "P < 0.05, P < 0.01, ""P < 0.001 vs control; “P < 0.05, P < 0.01, P < 0.001

vs STZ
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Table 2 The effect of SBLE on AG in small intestinal mucosa of
mice. n=7,x+ SEM. "P<0.01, P <0.001 vs control

Group AG/U-mg protein”  Inhibition rate/%

Control 0.063 +0.002 -
SBLE (1.5 g-kg™) 0.053 +0.001” 15.48
Acarbose (30.75 mg-kg™") 0.029 = 0.000™" 53.91
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Figure 3 Effects of SBLE on carbohydrate tolerance test of normal mice. A: The time course of blood glucose after oral starch; B: The

time course of blood glucose after oral sucrose. n =7, x+SEM. "P<0.05, "P < 0.01 vs control
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Figure 4 The effects of SBLE and acarbose on a-glucosidase (AG) in vitro. A: The inhibition curve of SBLE on AG (n = 3); B: The inhibi-

tion curve of acarbose on AG (n = 3). x = SEM. IC,,: Half-maximal inhibitory concentration
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Figure 5 The effect of SBLE on glucose uptake by Caco-2 cells. A: The viability of Caco-2 cells (n = 5); B: The 2-(N-(7-nitrobenz-2-oxa-

1,3-diazol-4-yl) amino)-2-deoxyglucose (2-NBDG) signal by fluorescence microscope (n = 3). Scale bar: 500 um; C, D: The intracellular
2-NBDG detected by cytometry (n=3). x = SEM. "P < 0.01, ""P < 0.001; ns: Not significant vs control; FITC: Fluorescein isothiocyanate
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Figure 6 The effect of SBLE on the expressions of sodium-
dependent glucose transporter 1 (SGLT1, A) and glucose transporter
2 (GLUT2, B) in Caco-2 cells. The mRNA levels were detected by
real-time quantitative PCR (qPCR). f-Actin was set as the house-
keeping gene. Gene expressions presented as fold changes relative

to the control group (n=3).x+ SEM. "P<0.05, "P<0.01 vs control
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