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Research on the optimization of Total Flavonoids of Pine needles microcapsule

process and the assistant therapeutic effect on Parkinsons Disease
CAO Kan
(School of Bioengineering, Wuhu Institute of Technology , Wuhu 241000, China)
Abstract ; Flavonoids of pine needles feature significant pharmacological actions, and certain effect in anti-oxida-
tion, protection of the nervous system and so on. However, they are vulnerable to external factors and are of poor
stability. This paper is a preliminary study on the optimization of preparation conditions of total flavonoids of pine
needles microcapsules and the assistant effect of the same on Parkinsons Disease (PD). Such conditions were opti-
mized with micro-encapsulation technology and through orthogonal experiment with B-cyclodextrin wrapping up total
flavonoids of pine needles. After that, by measuring the intervention effect of microcapsule samples of different con-
centrations on differentiated SH-SY5Y cells and their hydroxyl radical scavenging ability, their effect on ameliora-
ting PD was analyzed preliminarily. The results indicated that: at the core-wall ratio of 15, the stirring temperature
of 40 °C and the stirring time of 60min, prepared microcapsules were better, with a micro-encapsulation efficiency
up to 51.37% . By building an in vitro model of PD with 6 — OHDA damaged SH — SY5Y cells and placing total
flavonoids of pine needles microcapsules for 60 days, it was noticed that, cells with drug administration showed sig-

nificantly higher viability, and better hydroxyl radical scavenging performance than VC. Therefore, the total fla-
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vonoids of pine needles microcapsules prepared in this research can be further developed as a functional product

with assistant therapeutic effect on PD.

Key words : pine needle flavonoids; microcapsules; PD

1 5|5

PAGT IR AL & W TE DU BUE AL T P 2 |
o LA RE ST A E B ESCR A
TN, B ARG, RLH 7R T B (A £ 5 O %
HEHMAEEE X, SR, AR 5 % B 4h
LRI, WL pH 2580058 Fa g MR 2% . ISR a
A, 3 SO P A O AR TR B VR I BB 4%
5 A3 4 S B A 7 s i 2 3
87 N 5 R RS g g A A SR 7 I A EE O O VA
WA B 2 BRSO, 2 7 X .
THOBEBE AR XA A S T B2 T A T (B, £ 9 0
W) I 452 A BRI B S , - R R RO T8 A0 Ak, )
THAEE S R T REE IS B

R o k2 2 A R8T 25 58 5, B A AT
X FE B H 25 458, h AR Ok B T )
REME (i fi & . fEFRE, 65 % UL b A BEM 4 7R
(PD) BRI N 1.7% , PD RIS 7550 & —Fh
LR R 28 R AR AT P , B I R AR A
AR U B A B IS 3 808 908 45 D KB S
WP S B AR A 0 SR HRE AR G SRR
T 4 AR B BB B B R £ L R R 28T R A
TARME B, W T -2 il B R 1 5 M
A WFSE s, B 5 2 [ e B 28 0 40 2 TR A
6 — OHDA V558 SCHR K A T H B0JE T FR 58 25 T
A% FRy ks L 6 — OHDA 3 Ff b 28 35 £ 3k
5 PD KA KT SH - SYSY 4 i B A pf 254
2 LSRR AL, 7 5 B SR AR A Ry {8, P BT R
S8 S A A E . T ELE R AR B R Y
TG AT, RS 2B B0 R A A T R THT 5 42 L e e
MATTEA B EMLYE, BTl RA SH - SYSY
4w 6 — OHDA 5445 5 E 7 A 4h PD #5571k 52 i
ARG . AT ISR, W) B KRR
SR A G B 9 TR 2 R4 A T B k3 PD A G
RIS ) AL I IS A AR G SRR R T A 4 8
RS BRI A . PR, AR SOl (s AL A T
R B 4 T2, I 8 1 R R B A TR
X A5 1 SH = SYSY 4R G 451405 T A i
1 BEERAE 1 , M1 BEIY  Bh Bl PD A
I, A WA R SR o R (R 2 3 i T R
13 P24 S FEL K

2 RS NEE

TRAINET R H B8 TEM T TS L B AR 24 B
TR XA el A, 4 S T MR 3 AR 2 B T X0 BT bl 2
I AR SR T IAAER .

B-CD -7 - 80 %5 & fh gk, hIE =2y (£ H)
AR A s T AR UE A (A IEESE A Rl
Hovw), HE) SH - SYSY 2l iy 24 A S2 0 25 $ 41t
MTT .DMSO(Sigma) . HAF AN TC/K 2B B I
B H,0, JKAGRRENAE N sl

fifE B ( Multiskan MK3 %) ; — 4 fb ik 15 i3 55
F246 (NU - 5500E ) ; DK - 98 — 1 7 B3 #A 8 J K %
By A5 TR DZF - 6020 (1 ifg = &R AR A R
NED) 3 A YEYEEE T Tu — 1800pe # (b 5 X A7 28
o)) B AR IR ST RS 85 — 2 (CF N G35 A HK
INERABRANFD) s et 78 k% (Ll L RS HALASA
FRAF) .

3 ZLWHIE

3.1 MR ERIER &

PHES PR AR TH VRS , T 50 C HUX T |
Bt & . OB L 1:30 A 60% 2.1, ik
700 w 4b3H 2 min J5 R4 24 h 5 IR A , RIS
b R TR BOR
3.2 MEEREMRMERENT S

WERFR I B-FR MRS , A — 5 7R B2 18 /K I
R R, A 1 mL R 2 R 2 O
2y 80, 7E — i IR B AW I ks BB FE—
BRI ], 9K J5 4 TR & W T 4 °C VKA P 4R 4
24 WU EH B T2 BT s T
W, 5B BT S T e 2
3.3 MEBEAEZHNE

B 1 g MAEF S BRI B8 7E 50% 2Bl e i
% 30 min, bIEWRGEZF] 25 mL, 8 R A e 1D
Oy TR A R B s W 1 g AT e R (o e A
Tk 2R R % 30 min, B WOE 48] 25 ml,
VBV P BT - Hak ) o A e 0 9 T T A 04
A ¢ (TR 3 v B i — i A 5 T T
Eri) /R T R

TR () A S S O ek O kg s
PRI M 25 16 7 1 7 T AR 10 mg, B T°100 mL



6 1] T R T A 8 T 25 A R < 8 ) Al B i 19

Bebhrr, H 70% & B 45 2 50 mL 75 110, 15 2
0.2 mg/mLiy s THREW . 75754 10 mL 75 5l
W, g ) U A B B vE W 0. 00, 0. 50, 1. 00,
1.50.,2.00.2.50 mL, #RJ5 ¥ A 5% V. 4iF B2 &1 7%
0.3 mL,$2 5] & 6 min, J5 il A 10% fi§ iR 57 %5
W 0.3 mL, 4] 8 6 min, TN 4% S B AL
4 mL, $E25) 5 E 6 min, fo )i F 70% LBEE S TR
1 510 nm Kb IO BE, FF 25 2T bR oE i 26 A
TR B 72
y = 11.206x + 0.0032(R*=0.9994) (1)
3.4 MEHBREMPBKESNSEIZMN
3.4.1 RHESH
EFXTEEC I (5.10,15 .20 .25) (vav) JPHRE
(20,30 .40 .50 .60 ) °C F145 F 1} 7] (20 .40 .60 .80 .
100) min =AM ZR, 40 54T B R 2K 528, AT
=R, VAR R e, 15 3 A R B B Ko
3.4.2 EXREBHEARE L LM
T 19 (33) IEACSL UG5 A BEON L Ji P17 B A
P00 1 B[] X 324 04 52 ), RAR AR A T ) o e
il & i el T2 454
3.5 W REMMKEX PD BB HEBIER
3.5.1 MTT &4l R B AR 64 4 & 5F 54 J5 # SH
-SYSY tmpag s FsE R
(D) EFEAE R ERBUER A L5 E SH -
SYSY 4k, LA 4 x 10* 4~/mL % B 1R T 96 L
B, AL 100 wL,7£37 C . % 5% CO, MR F=4
IR
(2) 435 A 60 mM [ 6 — OHDA #10.006 25,
0.0125.0.025.0.05.0.1.0.2 mg/mL [FE G ILIEE
48 h, FUBEIE 6 R AL, R EZ A4,
(3) L5 48 h J5 , BFFLINA 20 pL MTT ¥,
37 CWEE 4 h, W55 13, &L A 150 wL DMSO,
BRR LR 10 min SR REE MY . BT EbR
AR LA 570 nm SR 4,630 nm Sk 2 LR
FEZFLIY OD fA,
3.5.2  # B wkkrhae A eren 0
WEH 100wl AS [|] ¥ B2 (9 A & 13 00 9, A
50 pLAYBRER AR W (1.5 mM) 35 ul H,0, %
(6 mM) 15 pL ZKAZFRENFE WL (20 mM) , A1 50 pL
EFEFK,37 CIRAN 1 h, F 562 nm &
W CRE . VR B A = 44T o
W =1 - (Al —A2)/A0 - A02] x100%
(2)
Horf A0 73 FIMOGEE , A02 %S FIACIR AL R
FEM R, A2 S FE A A OB

4 ZERE5HH

4.1 HmSEMBRENEIZMAN
4.1.1 $HFERER

F P 1RO A i T ol 20 14 B T R i 3 e
SRS R B BT S, HRRES N 1S 1,
MRS XA — 2 R ERE
AR, HEENLRIL 15 0, XHAEEE BT A i T
TR, DRI , o ARSI B 5 LU S T e R AR A R

HTPEL 2 m] R, MR U B i ol 5 28 1) S R B
BEFEIELE A TR TSN, L 40 CHEIT, Feon T
RS, DL, HUREE T, B S5 as sl A i)
T R R, o shad PR B A A T AL AL
AR, ELigh v B I 2 (o R T e, B AR

H P 3 AT, M B o T e 28 1) ) T R
BEFEIS ] A9 ZE AT TG, L 60 min ZE A7 I, 5604
TRERES BT RE A BRI E A TR S B Y
AL, T i 4 AR IR ) B 2 6 45 A B
ok

R FAL DR R S IR 4 SR, AT IE 22 52 56 B - i i
19(33) IEACSHG , B EERE U LE TRFIIR L SRS ()%
ARG , SAFHAET SRR S R L T 2

50 -
~~ 40"
X
gt 30 -
iGi)
20
<
10 T T T )
5 10 15 20 25
BEOEL (viv)
B 1 Bt 638 B4 % v
50 -
~ 40+ —
X
= 30-
g’t .
B 204
10 T T T 1
20 30 40 50 60
RHBE (°C)

B2 BHEEOEEGH A



20 ® W BT Ok % % iR

2020 4

50 -
404
O\O
L 304
gli !
-
8 20-
10 T T T 1
20 40 60 80 100

faiFEAdE (min)
B3 B a3 e

4.1.2 ERFH

e 22 B R A R LG PR 22 ) 52 M b K, DA IE 32 S 56
EOUL AT AT 145 PR 3R N3 3R (Y 2 i 38R Ry A > C
> B, 1 I BELCS bE G 3 38 A0 52 ) e R, Rl AT I
BAEHRRIKFA G A2B2C2, FEREL L N 15,46
FEIREE N 40 °C HEFEETE] Ry 60 min (9 55445 #E47
AT R R S, 45 B A R Bk 51, 2% |
50.8% 52. 1% , F-¥9{H K 51.37% ,{E T Z Wi Pr A
P SIZIGZH 235 S, DRI I S LHE 2L 45 M A T e T e

R R T2,
Fz1 EXRXLWEUSH
. Gk [ERLE
R = A BE B ik C Hifk (%)
ke A °C) BYE] (min)
1 10 30 40 19.6
2 10 40 60 24.9
3 10 50 80 22.5
4 15 30 60 48.7
5 15 40 80 47.3
6 15 50 40 42.1
7 20 30 80 38.3
8 20 40 40 36.1
9 20 50 60 40.5
A 1 22.333 35.533 32. 600
A 2 46.033 36.100  38.033
¥ 3 38.300  35.033  36.033
W2z 23.700 1.067 5.433
x2 HEHSW
K WEFFF HEE FILF Wk
BES TG 876.429 2 936.356  * *
ETiE= 31953 1.709 2 1.826
e Aing ] 45.309 2 48.407 #
R 0.94 2

(2 ARIEER ZHBF 54, F bk F F0.01 472 2 %
A s x F kT FO.05 4R 22 M4 + )

4.2 MEEBHEMHBKEX PD B HEBER

W = 2H BRI 1 U R AR G i 4 °C
UKFE 60 d J5 ) DA O A AR A 43 S4BT o3 A6 I 1Y)
SH - SY5Y 4 it d6t 45 1 T0AE S B8 A A il 238
BREE 1 A
4.2.1 MTT 3450 R ) R 69 # 5 23 4510 & SH

- SYSY Zmpe 3545 T A A

RyEE 4 K5 PR, #E#E 60 mM 1) 6 - OHDA
VERA 05 1R B2, 4 0l 5 AN [R) e JBE T R i 1R 5 2
(0.006 25 .0.012 5.0.025.0.05.0.1.0.2 mg/mL)
L E 48 h, MTT 74 A6 0 441 i 15 P, S AR 4l 617
Foass, 254 B Y SH - SYSY 4TS 171

15-

R
g , , ETEEY
=2

tfoal (mg/mL)
B4 Hml,56-0HDA % HkE
SH - SYSY #m pe 3 4% &4 -F a4k A

1.5+

RE;E S cell viability( of control)

a2 (mg/mL)

B5 #H&2,%6-O0HDA % H54LJE
SH - SY5Y 4m i 3 4% &4 T F1E A
4.2.2 # B wRFRAE N GEN
YRR 6 B 7 BT REEH, ML 1 FES 2 7RIk
6 Y B AR R B R ) B SR T BREH . 2
BE A A 25 YT S AR E I R A 1A 8



6 1] L AN

TR (A 6 T 2 PR A B ot 4 2% B B e 3 21

AR SR A BT R A

150 -

100 A
) I I
0

0 0468 0 09375 0. 1875 0.375
tfml (mg/mL)

1,27 8 w R FRAEA

i Ve BOFEEE [ HEERTEERAE A o

BERE (%)

Ko A

150 4

100
) I I
0

0.0468 0 09375 0. 1875 0.375
#m2 (mg/mL)

B/7 #2558 dAeFRER

BERE (%)

150
;\? 100 <
&
ﬁ I l
i 50 -

0 T
0 0.0625 0.125 0.25
#4HEC (mg/mL)
A8 Fakstfdn,Ve s& 8 wkayAkER

Z5 AT UL, P S TR R RS B AE TR 60 d )
R FE T X SH - SYSY 4uf 45 A — & iR 1
FH A B RS B v BRAE o PR ] P S il
B3 PD (D) REME = i it — 2 5

5 Mg

IRy =|

ARSI TR B TR T G B B A A T AT T
A, A ERE LS A s A M 28 ) FEZE 2R e T
Tl B AT A B4 T ol 2 B O e I T2 A I S BE S
15 PR EE 40 °C kit 60 min, il 25 H sk
et i B 60 d JE kAT MTT 2k 46 I Xt 43 4k J5 19
SH — SYS Y 4l g iy b3 475 WA PRGN L2 1 P 2 v

BRAE ST, A HA R —E RIRCR, I, WA R
HOnTE M Bk PD E’JIJJ%‘@F%'%TI‘FJJ‘E??E}F%%
R ABMIT RS A Tt — P R R A58
SE

[1] ES-SAFI NE, GHIDOUCHE S, DUCROT PH.
Flavonoids ; hemisynthesis , reactivity , character-
ization and free radical scavenging activity[ J].
Molecules , 2007 ,12(9) :2228-2258.

[2] MATEEN S,RAINA K, AGARWAL R. Chemo-
preventive and anti-cancer efficacy of silibinin
against growthand progression of lung cancer
[J]. Nutr Cancer,2013,65 (Suppl 1) ;3-11.

[3] GARCIA-DIAZ JA, NAVARRETE-VZAQUEZ
G, GARCIA-JIMENEZ S, et al.

antihyperlipidemic  and  anti-

Antidiabetic,

inflammatory
effects of tilianin in streptozotocin-nicotinamide
diabetic rats[ J]. Biomed Pharmacother, 2016,
83:667-675.

(4] Z4& 5Bl BEe, 5. AR & &
#ﬂ?‘i}inﬂf’ﬁmkﬁi[”- “P:?*'—% ,2018,9(17)
2-3.

[S] FAR, KA. AAT & B8R R AT 0 A 3 R
[J]. %% M8 )% & 5 B2 5 4k, 2019,38 (05 ) : 75-
79.

[6] FEMANDEZ H H. 2015 update on Parkinson
disease[ J ]. Cleveland clinic journal of medi-
cine,2015,82(9) :563-568.

[7] BOIX J, PADEL T, PAUL G. A partial lesion
model of Parkinson’s disease in mice—charac-
terization of a 6-OHDA-induced medial forebrain
bundle lesion [ J ]. Behav Brain Res, 2015,
284 .196-206

[8] Em¥.H4x6-OHDA # %49 SH - SY5Y
fa JOAR A5 69 AR P AE A B ALH AT [ D], b
b P E 2 K52, 2018.

(9] #FH48, &%k, Fituéﬁ,!f% F.PBa T me R
T & R AT & e A Ml [J]. F
2522 5k R ,2012 ,28 (2) :186-190.

[10] = &5, kAo RORAHERS S & LMK
ARG BT MERRG T EE[T]. F
HERA %NS 5 47,2016,16 (6) : 778-
780.

[11] MRARE, Bk e, k¥, . @K 2o 48
IF Ak % Ck A W 5T 3 g 32 )l R LR



22

2V G N B N

S ¢ 2020 4

[12]

[13]

[14]

[15]

[16]

[17]

[J]. ¥ E 206 R 2 &,2011,23(12) :1035-
1036.

AAB, ZRIR. MY H IR RIS
SRR EFHREOBRAEZ[]]. P
BHEyh 25 5E,2016,30(11):
1125-1135.

e R R KRR, LA LW
MR ER S T LB B ERAR[]]. A
FAHH,2017,42(10) :230-234.

RAZ, A&, Tmb, 5. ok Rk &
WEFHOTFRT[I]. R E A,
2015,36(23) :69-72.
LHER,BKE,FF,HF LM BAFEERM
BREIEMRACK ARSI EERL B B A0 ].
frn T kA3 ,2019,40(5) 1182-187.
DEN AT W€ N RN
ERE T[T £ RE A,
2015,36(16) :69-72.

BYe  EEKEE WL, B AN G R B
RILEALT]. L& R LA 5,2014, 46

[18]

[19]

[20]

[21]

[22]

(9) :120-123.
LRE RK, HRE, . Box - Behnken v
B ERAC D W E R FH AL T LR LR
Mg ERBT[I]. F 4+ E 2R E,2018,
33(9) :41044109.

A e, RN R K AE, AT 8 B 3R B A
MPP + % 544 SH — SYSY %a L4545 69 4% 47 1
AL 7 &% FrR$4R,2016,32(1) :71-77.
BN, A EAR, KA, S R B R B AR
ShRBAAER[]]. R R L T4 ,2018,
39(11) :27-30.

BEIRAR, BEAR, 28, F. RmE R E RIS
AR & F RIS AL 75 e 3 BAL BT fn RS 2 2K
] Rt 5 A 4,2019,40(12) :33-
38.
EE,TARH,RA, 5. 2K EFANY
PR B AR AL B 3 A BE P AR BEAF R 89
M [J]. B A4 T,2019,48 (09):2116-
2120.



