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Chemical constituents from Mangifera indica seed kernel and their effects on
sperm quality of asthenospermia rats in vitro

YU Xin', DENG J ia—gangz, (0)9) Xian—hongl, YUAN Ye-fei'
1. Sichuan Medical University, Luzhou 646000, China
2. Guangxi University of Chinese Medicine, Nanning 530001, China

Abstract: Objective To study the chemical constituents of mango (Mangifera indica) seed kernel and their effects on sperm quality
of asthenospermia rats in vitro. Methods The compounds were isolated and purified by silica gel column chromatography, Sephadex
LH-20 column chromatography, and recrystallization. Their structures were elucidated by spectral analyses such as 'H-NMR,
BC-NMR, and MS. The rats were treated with a single ig administration tripterygium glycosides to induce asthenospermia rat model, so
that the effects of the compounds could be evaluated on the sperm motility and sperm survival rate of asthenospermia rats in vitro.
Results Nine compounds were isolated and purified from mango seed kernel, whose structures were elucidated as vitamin E (1),
methy] gallate (2), kaempferol (3), quercetin (4), 3,4-O-isopropylidene shikimic acid (5), 5-hydroxy-4-oxopyran-2-carboxylic acid (6),
ferulic acid (7), isoquercitrin (8), and 1,2,3,4,6-penta-O-galloylglucose (9). Compounds 1, 7, and 9 could increase the sperm motility
and sperm survival rate of asthenospermia rats in vitro. Conclusion Compounds 1, 3—6 and 8 are obtained from mango seed kernel
for the first time; Compounds 1, 7, and 9 could improve the sperm quality of asthenospermia rats in vitro.

Key words: mango seed kernel; asthenospermia; sperm quality; ferulic acid; 1,2,3,4,6-penta-O-galloylglucose
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A AT VAT S RE RO T 325 Wl
SO, ARSI AT IRAZ AT 95% L4 U1
TR AE RN IE T REA U A A3 3 9 AMb
W, oy hYEEZ E (vitamin E, 1D, W E
FIRH S (methyl gallate, 2). 11451 (kaempferol,
3). Mtz % (quercetin, 4). 3.4-O-5FNHLFEE R
(3,4-O-isopropylidene shikimic acid, 5). 5-}£3&-4-
AR -2-FR R (5-hydroxy-4-oxopyran-2-carboxylic
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- Bruker A #]), QTRAP AL H I PURAT 2k 1 25 7 B
JRIEAL (SE[E AB SCIEX A]), CMIS B i
SRS g BT EARERA D,

FEa i FRER (100~200 H, #5#EHEMT
J7), Sephadex LH-20 #44¢/iz ( Amersham Pharmacia
Biotech AB), M A 0 #frall. TR AMZ
(#1655 20120501, A7 KaBIARAFD, TLTHRT
SRAL (b5 130155, A rals 2yl 2B R A FD.
“H7 BiIEM: L NaCl 8.0 g.KC10.2 g.CaCl, 0.2
g+ NaHCO; 1.0 g« MgCl, 0.1 g NaH,PO, 0.05 g Fl
%R 1.0 g, INEEZRMEKE 1000 mL FCHl. 2R
A=K AR S, B35yl “ 507 BEFRmne il
Ji% 40 A1 80 pumol/L IIKSE; TLFRTEHIEL “H 7
RE TR I % 40 pmol/L IR JE .
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(7.0 g FATHERAE A, DUA M-I (20 01—
501 BREEVEMNG, PRE R SRERC A L T A
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FEVER, 28 LA (B e Ah N, SRS
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f5-FEE (20 0 13 0 2) BRIV, AHFRR 55,
3 5 AN Fr. 7~11. Fr. 9 (2.0 g) HHATRERA:AG
i, LAST-FEE (61 1—2 0 1) BREEUEMG, Hrha
fii-HEE (3 1) #% F4 Sephedax-LH 20 HEH:
RS 8 (30mg) A9 (30 mg).

3 Sm%E

a1 B EMRY, mp 2~4 C, 47
H CaoHs0050 ESI-MS m/z: 430 [M]" . 'H-NMR (400
MHz, CDCl;) d: 4.28 (1H, s, -OH), 2.60 (2H, t, J = 6.7
Hz, H-4), 2.20 (3H, s, H-7a), 2.10 (6H, s, H-5a, 8a),
1.81 (2H, m, H-3), 1.26 (3H, s, H-2a); "*C-NMR (400
MHz, CDCl;) K DEPT §: 148.5 (C-9, C), 144.9
(C-6, C), 122.0 (C-8, C), 121.1 (C-7, C), 115.9 (C-5,
C), 115.2 (C-10, C), 74.9 (C-2, C), 39.9 (C-1', -CH,),
39.5 (C-11', -CH,), 37.9 (C-3', 7', -CH,), 37.3 (C-5',
9', -CH,), 32.8 (C-4', -CH), 32.7 (C-8', -CH), 31.6
(C-3, -CH,), 27.9 (C-12', -CH), 24.8 (C-2', -CH,),
24.4 (C-10', -CH,), 23.8 (C-2a, -CH3), 22.5 (C-12'a,
-CH3), 22.4 (C-12'b, -CH3), 21.1 (C-6', -CH,), 20.8
(C-4, -CH,), 19.8 (C-4'a, -CH3), 19.7 (C-8'a, -CH3),
12.2 (C-7a, -CH3), 11.8 (C-5a, -CH3), 11.3 (C-8a,
-CH3)o DA% 5 scikapig —8, etk &

&Y 2: Ak R (FEE, mp 201~203 C,
2y 1Rk CsHgOso ESI-MS m/z: 183 [M—H], 367
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[2M—H] . 'H-NMR (400 MHz, CD;0D) ¢: 3.71 (3H,
s, -OCH3), 6.92 (2H, s, H-2, 6); "*C-NMR (100 MHz,
CD;0D) 6: 166.9 (-C=0), 145.8 (C-3, 5), 138.8 (C-4),
119.7 (C-1), 1089(C-2 6), 51.7 ((OCH3). LA F4idi 5
SRR S, MO A 2 B IR

a3 wEITEEMAR (FED, mp274~
276 °C, 431N CisHyOge ESI-MS mi/z: 285 [M—
H] . 'H-NMR (400 MHz, DMSO-dq) d: 12.47 (1H, s,
5-OH), 8.02 (2H, d, J = 8.6 Hz, H-2', 6'), 6.92 (2H, d,
J = 8.6 Hz, H-3', 5'), 6.41 (1H, d, J = 2.0 Hz, H-8),
6.17 (1H, d, J = 2.0 Hz, H-6); "*C-NMR (100 MHz,
DMSO-dg) d: 175.9 (C-4), 163.9 (C-7), 160.7 (C-9),
159.2 (C-4"), 156.2 (C-5), 146.8 (C-2), 135.7 (C-3),
129.6 (C-2', 6), 121.7 (C-1"), 115.5 (C-3', 5), 103.1
(C—lO) 98.2 (C-6), 93.5 (C-8). LA %5 CifikiiiE
—3P, M E Y 3 A .

WEY 4: MR (HEE, mp 314~316 C,
4373k CisH 0070 ESI-MS m/z: 325 [M+Nal", 303
[2M+H]". 'H-NMR (400 MHz, CD;0OD) &: 12.47
(1H, s, 5-OH), 7.65 (1H, s, H-2'), 7.51 (1H, d, J = 8.5
Hz, H-6'), 6.86 (1H, d, J = 8.5 Hz, H-5'), 6.40 (1H, s,
H-8), 6.17 (I1H, s, H-6); "“C-NMR (100 MHz,
CD;0D) 4: 156.2 (C-2), 147.73 (C-5), 146.9 (C-2),
135.7 (C-3), 175.9 (C-4), 160.8 (C-5), 98.3 (C-6),
163.9 (C-7), 93.4 (C-8), 160.7 (C-9), 103.1 (C-10),
122.0 (C-17), 115.1 (C-2'), 145.1 (C-3'), 147.7 (C-4"),
115.7 (C-5"), 120.1 (C-6")o VL% 15 ik s —
HUO, WA 4 i %

WA 52 FoREE CHlE-IEDD, mp 174~
176 'C, 71N clono5 ESI-MS m/z: 213 [M

HJ]', 427 [2M—H] . 'H-NMR (400 MHz, CsDsN) §:
7.35 (1H, t, J = 1.7 Hz, H-2), 5.02 (1H, m, H-3), 4.51
(1H, t, J = 6.4 Hz, H-4), 442 (1H, td, J = 4.4, 6.8 Hz,
H-5), 3.20 (1H, dd, J = 4.4, 17.4 Hz, H-6a), 2.84 (1H,
dd, J = 6.9, 17.4 Hz, H-6b), 1.49 (3H, s, -CH3), 1.44
(3H, s, -CH3); "*C-NMR (100 MHz, CsDsN) 6: 169.4
(-COOH), 132.3 (C-1), 134.2 (C-2), 109.3 (C-8), 78.7
(C-4), 732 (C-3), 683 (C-5), 30.8 (C-6), 28.4
(10-CH3), 26.2 (9-CH3). LA_-3odt b5 ki — ',
HOSSEAAD) S K 3,4-0- W R ILFEEEIR

EWY 6: JotREs W CHEE), mp 210~212
C, 713k CgH4O0s. ESI-MS m/z: 157 [2M+H]',
179 [M+Na]’. 'H-NMR (400 MHz, DMSO-ds) &:

6.91 (1H, s, H-3), 8.17 (1H, s, H-6); "*C-NMR (100
MHz, DMSO-ds) 6: 116.1 (C-3), 140.4 (C-6), 147.6
(C-5), 152.4 (C-2), 173.8 (C-4), 160.8 (-COOH). LA I
Hoble 5 ek — 80, MUS A 6 N 5-FRdk-
45 ARG -2- R TR »

a7 AEERRE S CTED, mp 170~172

21 3A CioH 1040 ESI-MS m/z: 195 [2M~+H]',
177 [M—OH]". 'H-NMR (400 MHz, DMSO-d;)
7.46 (1H, d, J = 15.9 Hz, H-3"), 6.34 (1H, d, J = 15.9
Hz, H-2'), 7.26 (1H, s, H-2), 7.06 (1H, dd, J=8.1, 1.7
Hz, H-6), 6.77 (1H, d, J = 8.1 Hz, H-5), 3.79 (3H, s,
-OCHs); >C-NMR (100 MHz, DMSO-d¢) }% DEPT §:
167.9 (C-1', -COOH), 149.1 (C-3, C), 147.9 (C-4, C),
144.4 (C-3', -CH), 125.8 (C-1, C), 122.7 (C-6, -CH),
115.7 (C-2', -CH), 115.6 (C-5, -CH), 110.3 (C-2,
-CH), 55.7 (-OCHs). LA b¥edis 5 3cikgiiE —ad,
WS EED) T N BRI .

&) 8: kR (HEE), mp 223~225 C,
37N CoHyO1z0 ESI MS m/z: 464 [M]", 463 [M—
HI, 927 [2M—H] . 'H-NMR (400 MHz, CD;0D) §:
12.6 (1H, s, 5-OH), 9.26 (1H, s, 7-OH), 7.57 (1H, d,
J=2.5Hz, H-2"), 7.56 (1H, d, J = 6.0 Hz, H-5"), 6.83
(1H, dd, J = 6.0, 2.5 Hz, H-6'), 6.39 (1H, d, J = 2.0
Hz, H-8), 6.18 (1H, d, J = 2.0 Hz, H-6), 5.46 (1H, d,
J =176 Hz, H-1"); “C-NMR (100 MHz, CD;0D) ¢:
156.3 (C-2), 133.3 (C-3), 177.5 (C-4), 161.3 (C-5),
98.7 (C-6), 164.1 (C-7), 93.5 (C-8), 156.2 (C-9), 104.0
(C-10), 121.6 (C-17), 121.2 (C-2"), 144.8 (C-3"), 148.5
(C-4), 116.2 (C-5"), 115.2 (C-6'), 100.8 (C-1"), 74.1
(C-2"), 76.5 (C-3"), 69.9 (C-4"), 77.6 (C-5"), 60.9
(C-6"). VA EXt 5 ek —s0", s aw
8 hy et e

WEY9: EEEEHAR (R, mp 256~258
‘C, 43 7H CyHi0x. ESI-MS m/z: 939 [M—H] s
'H-NMR (400 MHz, CD;COCD3) d: 6.33 (1H, d, J =
8.4 Hz, Glc-H-1), 5.92 (1H, t, J = 9.6 Hz, Glc-H-3),
5.46 (1H, t, J = 9.6 Hz, Glc-H-4), 5.43 (1H, t, J= 9.6
Hz, Glc-H-2), 4.43 (1H, m, Glc-H-5), 4.30 2H, d, J =
8.0 Hz, Glc-H-6), 6.77, 6.82, 6.85, 6.92, 6.97 (% 2H,
s, galloyl-H-2, 6); "*C-NMR (100 MHz, CD;COCD3)
J DEPT §: 92.3 (Gle-C-1, -CH), 71.1 (Gle-C-2, -CH),
72.6 (Gle-C-3, -CH), 682 (Gle-C-4, -CH), 72.8
(Gle-C-5, -CH), 61.9 (Glc-C-6, -CH,), 164.5, 164.7,
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165.0, 165.5, 166.0 (% 1C, galloyl-C-7, -COO), 118.0,
118.3, 118.7, 119.2, 119.6 (% 1C, galloyl-C-1, C),
109.3, 109.5, 109.6, 109.8, 110.2 (% 2C, galloyl-C-2,
6, -CH), 145.6, 145.7, 145.8, 146.0, 146.4 (% 2C,
galloyl-C-3, 5, C), 139.0, 139.2, 139.4, 140.0, 140.3
(#% 1C, galloyl-C-4, C). LA_F-%cH 55 Scghias—2,
WA 9 M 1,2,3,4,6- T-O-1 & T BRI 20 o
4 RO TEHERR

41 FHi*E

4.1.1  SSRPESMIATL IS 40 JUEYE Wistar
KB, EF—HEEEE T, ABgamoK. MLy
IEHN AL 20 KB, 20 H . B4R H
ig 20 mg/kg T AREZ T, MR ig SRR A HE SR
/K (0.02 mL/g), ¥%E#:30d. 30 dJm, BALANE
3 R AL BEA LR 10 JUKR, SERIARSE, ke
S AR S SEAH 4% 2 R ERE G, &0a
WAL, HE Jeff, Jebi B WSS U0 B R
Bt 52 BTRE T 2.0 mL “ /07 B AR, fE 30 ClE
HAE PR 10 min, FekE T RMFE G, Bkt
B, a7 BRms R R A 2 X 107
A/mL. FHL 10 pL £ CMIS AUkS 1 i /i R 40K
DREFREPE . KETAAG R KT RS TR,
4.1.2 VETERSTRE  SRPE R S, 3L
BT Ab ZEAS AL L RO AL -0 A 1 10 BUK B, 2331l 4%
P52, Bt S2d% <4117 b g, Bl “aR7
B IR R R 2 X 10" AN /mLo 1 K SRR Tk
W1y (30 L/ 6, SIRGREK BUBREIRS + & 20
fy (30 uL/f3), AN 21 HELE . sc s
IEHT R B FHPER IR A s . OIE
WAL (1 49): 30 pL “BR7 BIRMY 30 uL
IEH KBRS 7RIS, @BEA (1 #3): 30
uL “E37 BEFRIE 30 uL J9RERE R BURE TR iR
A1, @BHTEXTIRAL (1 43): 30 uL K%y 40 pmol/L
(PRI IS 30 pl 39 RFRE K RS TR 215
@SEIGAL CETE 18 ) SEIGALU A AL Btk th
HYA~9), F BB EWIIE 2 DAFIR (40

H1 80 pmol/L), #HL 30 uL 735115 30 pL 55K AE K
BURE TR . B O ET 37 CHEE/KBH
HiFRWEE 0. 1. 2h, BHL10 uL, F CMIS K+
T H 43 BT B GRS RG 35 J) FORE T AR 2

413 GtiEdik BARLAY +5 RoR, SCE R N
H SPSS 13.0 iil kAT b . R LR 3=
Ti ZNTRAT GE v 2253 0T, 410R) LR A Dunnett’s

t K5
42 #R
421 FHABZATEBRCRHY SR EEY A

0 R SR M 2 T e O, AR RS T
RAETEA, SHERTA A A, BRI AR b
PR, SEALMATRTE E IR, 2R N L
AR TR AR RS A0 BB EAZ A0 M, 5 ARG 4 M A
R ECE W D, 0 I AR A A AR A
B DLBRAE (R S HF A0 R, TR 5T N m) 7K e 4 448 2H 2R
B (B Do Mg 7 Bos: 5 IE X 1A
b, BEAIZLOKE PR R AR RS TG 148
AL, WTmERRE, WAEEER (P<0.01,
R Do SHIRELY) R SR T ERR I, ig K
TABZAT, WIERCKRENZ, BTRAE. K
FARREAT DA S B SR 7 o AR, T e N 59 R AT
N R Rt

4.2.2 AU RAZAT SRR A W 55 R RE K R AR
FURIEm S5 R L, SR RS ih
FTIFURE FAEIEHRAE 04 1. 2 h #8UE, AWM EH
PEZESE (P<0.01). ARAIAL. 1EH XL, FHIEXT R
B, : 5 R RS

TE R A

1 ZRMALLLKR (HE &, X200)
Fig. 1 Comparison on testicular tissue (HE dying, x 200)

Ltk

F1 BFREMLR (X Ls,n=10)
Table 1 Comparison on sperm quality (X *s, n=10)

415 K T3 /(X 100mL ™) K A2 /% K T3% 1/% KT 1%
1EH xo 26.50+3.89 46.80+4.05 38.80+3.21 22.00+2.23
il 15.20+3.25" 32.10+3.16" 25.60+2.58" 30.80+4.36"

HIERWARA L "P<0.01

P <0.01 vs normal group
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Y S5 SEBG ARS8 1+ A3 2 35 B I 7] B K 1T
WE55. fE 0 h, LIS SRR LLE:, KT
TR R 227 (P>0.05). fE 1. 2 h,

40 F1 80 pmol/L ML &4 1 (4E2EZ By 7 (B3R
) &9 (1,2,3,4,6-T-O-K & TREHE A SR
MR, FEFIE RS R3sm, A xR
(P<<0.05. 0.01), FFBEAEENGIN, KT 1% ARG ¥
FETEZIG I AL S 7E 1 A 2 h, HEA LU,
K F1E T RAEE R T 7 (P>0.05). 45 R ILE
2 13,

5 Wit

MATRAZA - 70 AR 2] 9 MEEH), s 1.
3~6. 8 N EHIKMRIZA - B 45 21

SSREAE S P ECSMEA T I EE R, AL
LIPS SAWSANE Lo i8 a1y 2 e L
A2 TR TR T A AR, JRIRsE 0TS
T A0S Z B 1 ACNURG 7 76 P S R R, Bt
SERARANE, FEOE TR RS, IR
TGS, IR R 8 2 T 2 1T i S 59 RPE S )
AU ISY AR Sty S FEDT) e B SR T S 4

R2 UEYXEHERRKIMEFENRIRME (X £5,n=10)

Table 2 Effect of compounds on sperm motility of asthenospermia rats in vitro (X s, n = 10)

feit R o) URRIEL e 1 Gumol L) LR
0h 1h 2h 0h 1h 2h
EH X 3854432 2524501 1530%4.36 5 40 2354504 148+3.56  6.88+2.10
R 24.945.05" 16.0£3.50"  7.60+2.51% 80 240+495 152+3.69  6.68+2.36
B % H 26141489 202+4317 13.80+3.057 | 6 40 2494601 15.0+4.12  7.02+2.36
1 40 2524412 192+3.19" 10.60+2.18" 80 2524398 1464398  7.234291
80 2544385 208%4.027 125042317 | 7 40 2474399 1894326 10.20+2.85"
2 40 2584602 151%5.12 7354236 80 2514521 19.6+431° 10.80+2.68"
80 2561621 1552496 7214245 8 40 2474502 146+421  6.88+3.10
3 40 236517 1452403  7.08+2.69 80 2494489 148+4.18 7214265
80 2424412 148%398  7.23%2.56 9 40 2624675 18.8+4.01° 10.10+3.12"
4 40 261+7.02 15.6+4.85  7.23+234 80 25947.02 20.9+4.29" 11.50+3.24"
80 2541608 153%2432 731256

HIERWMIRAE: "P<0.05

Mp<0.01; SR EALLE: "P<0.05

“P<0.01, FIF

¥P<0.05 *P<0.01 vs normal group; P <0.05 ~“P<0.01 vs model group, same as below

R3 USYNSEHEXREIMETFFERRZE (X £5,n=10)

Table 3 Effect of compounds on sperm survival rate of asthenospermia rats in vitro (X £s, n =10)

JE&H R anol L) RREE A R ol 1) URKCA
0Oh 1h 2h 0Oh lh 2h
R 46.1+£423 28.6+496  21.90+3.85 5 40 329+7.69 1794412 10.50+2.98
R 33.546.86" 18.5+5.02%  10.60+3.42% 80 33.14+7.89 18.1+523 10.60+2.69
B X 33.847.02 248+496° 1890+4317| 6 40 3224698 183+5.02 11.10%3.55
1 40 3394725 2324505 14204335 80 3394738 18.6+4.64 1070288
80 3384796 243+480° 1650+4.697 | 7 40 3284625 2331425 13.90+2.85"
2 40 3404801 17.9+3.68  11.20+3.85 80 3374756 23.9+551° 17.20+3.97"
80 3494785 1824421  10.60+3.02 8 40 3294668 195512 9.8942.99
3 40 32342796 183+421  10.70+2.94 80 33.14£6.57 182%3.65 10.60+3.31
80 3304810 185+4.65  9.95+2.65 9 40 3214723 23145217 13.70£3.02"
4 40 32.8+8.03 185+4.11  10.70£3.19 80 3364801 2451468 18.10+4.517
80 3314892 17.6+5.05  10.50+3.01
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