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Simultaneous purification of shikimic acid and total flavonoids from pine needles
of Cedrus deodara by macroporous adsorption resin
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Abstract: Objective To research the simultaneous purification process of shikimic acid and total flavonoids from pine needles of Cedrus
deodara (Roxb.) G. Don. Methods Taking the purity of shikimic acid and total flavonoids as the evaluation indicator, the purification
effect of six macroporous resins were evaluated. Orthogonal design Lo(3%) and single factor experiments were employed to optimize the
purification conditions by comprehensive scoring. The purification capacity of the best resin was investigated by the sample mass
concentration, the volume flow of the sample, the ratio of the resin to the drug, the amount of water for washing, the concentration of
ethanol, and the elution of ethanol. Results XAD 7HP macrophous resin offered better purification effect of shikimic acid and total
flavonoids from pine needles of C. deodara than other macrophous resins. The optimum purification condition was confirmed as follows:
The concentration of shikimic acid in the sample was 11.59 mg/mL, and total flavonoids concentration was 6.9 mg/mL; The flow rate was
8 BV/h, and the sample volume was 2.0 mL/g; The shikimic acid was eluted with loading capacity and 4 BV of water; The total flavonoids
was eluted with 4 BV of 70% ethanol successively. The purity of shikimic acid can be increased from 19.25% to 28.98%, and the purity of
total flavonoids can be increased from 11.92% to 54.45%. Conclusion The optimized purification process is stable, feasible and suitable
for pilot enrichment of shikimic acid and total flavonoids from pine needles of C. deodara.
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ERA AL (Pianaceae) HHAE Cedrus Trew
MG, AFEHEFY Cedrus deodara (Roxb.) G.
Don. ZZEWEFA C. libani A. Rich.. M C.
brevifolia (Hook. f) A. Henry A JbIEH A C
atlantica (Endl.) G. Manetti ex Carriere. [MFAEF A AR
FHEVIR Z A At e IR, At AR R 3L A
10 & 230 A3, FEFABAT 10 M 120 55k,
a2 ) 13 M 22—, FLEFH B
w, AR, BAPUME. PiEi. BeEid
{2 BUw Kpomids. SEABeR 2 ol AR
A FTIR S BEAT T RGEMIWTIT, KILF
FAEF P A KR R RS RIS R A ST,
MFFHERR S| VAL T = S R R U E ) rh 3R 2R
AR TR IE] 4, HATHUM R UGS Ol 15 R 56 )
YER, FEAEYG b s R, RS
BIIRZDERE AR (RS A IETE) BAK RE
BEE L TR S50 IR 25 ) ) S i
U 2R RS P R KR, R
BUNOBUMIE 25, SEHATE 2 IR IR
B w2 2 R o), ISR LS A B
MO N E U HeLa A1MIbK. A B MKN45 46
Mkk. ANl AS49 ARk, AJHJE HepG2 41 itk
MR SHGA4 4IRS A7 b Rtk 4 1 1]
HX HepG2 40 Al 4 FH foe %, 9 T AAFA %t
IR TR E R 100 pg/mL BF, S EEIE
(50.9416.11) %o 28 W HEAT T HAMAST B
iy Healidh T2, Wt PR R R I T 1 0
IIERT 50%M T AARART Bl #AE T TAAFAET
PSRRI A4 T RS- K FLIR BB IR AT
R (- A . WL, KILR N IR 7E
AL T RARA T S 3 T P12 1 R AR B A
e B, AT SEEI RIS AR, ARsE
AT A A b, SR TR N A T RARA BT
PSR SR AL S R B IR, DX Bt I AT

TN RIRG S, EHIERE L, R ARk,
T SR VP LI S W IR S T AAFA BT SR IR
AR BRI A2 T2, DU Tk AR = SR
FA%T 55 R AN 6 35 W A4

1 XEE5HH

Agilent 1100 m=RGRAH IS, SEE 22
Fl; UV-1800 BYSEAR 3 OGRE T, A Bt A ]
AE260 Jj 43— MR i L Mettle 23wl ; CP 225
ATz — W R>, EEES R A
QL-901 JEwai-& 2, W11 BUBE = 2542
RE-5299 Jig#k 28 RAL, WX THAEAT IR A ;
HH-4 RUAC S E R K, 6 RME K XA AT R
AF]; DZHW il A, JETiik e By s
J 75 YC-10 B2 Dy RESRECEE, USRI RS
FZAw] ;s SK3310LHC M S PIEvas, iRl SE
AT PR A ]

TRAFAEE T 20154 6 R A H R & B i
BE, R H A B 2 E R R S AR T 5T
R T EMEY Sy Cedrus deodara (Roxb.)
G. Don. FEHFRXIHN, EMARHAEVRE AR
Al, JRETHC>98%, LT 0435-200007; T X
a5 100080-200707, s 4L 91.7%, HEE
A2 R ERFR R . D101 BHAR, KRG T
MAT; AB-8. HPD722 #fJIE, 052 R 444
BHEA R A T XAD1180. XAD 7HP. XAD761
g, bRt A RAR ARG RGP
e 1. HoAbIKAI A b4t
2 AEEER
2.1 #EmAE &N

FREUHH LS AR 100 g, B VUM 13 fi5 8K,
B2 10 fE K, FIREEE, REHK 2 h, GIFK
PO, W, KU 70%. 85% L BEREDT 2 K, Uik
R ORE, RESECTKT, EE A 500 mL &
S VR T RARA T ZE IR S s WA, 2

F1 TERESKAEMBLILESE

Table 1 Physical parameters of different types of adsorptive macroporous resins

5 etk A E T A/ (m2g™h FEAEFLA2/mm R/ um
XAD 1180 JEr KO- IR 500 40.0 350~600
D101 e KO- LR 400 10.0~11.0 300~1 250
AB-8 GEL 2 WITR 480~520 13.0~14.0 300~1 250
HPD 722 GELV 2 KO- LIHFR 485~530 13.0~14.0 300~1 250
XAD 7HP SR WIIR 500 45.0 560~710
XAD 761 SRR Py it 200 60.0 560~760
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22 HPLC EEEMESHNHhEHEER

221 gt MO Agilent TC-Cps (250
mmX4.6 mm, 5 um); FLBNAH A FEE-0.1%mE K
W (10 290D, FIPEK 217 nm; AFGE 1.0
mL/min; HEFEE 20 pL; A 30 Co %4 F
W TP R A B AL LF, FRALIR M tH I [R] 4.2
min, XS IANE AR /> B> 1.5, BIglE
BREAFEFIRIE T A /N T 4 000, (i B LK 1,

A B
L
B
0 1 2 3 4 5 6

t/min

1 FEEXMEM (A) ks B) B HPLC
Fig. 1 HPLC of shikimic acid reference (A) and sample (B)

222 FRAEMIZEM 2] RS SPR IR BL R 0 HE
0.5mg, BT 10 mL T, MmSIAHE I E 2,
i il S T TR AR A 50 ug/mL PR R ol AR o K TOR
LD FIERR O 0.054 0.1, 0.2, 0.4,
0.6. 0.8 1 mL & 1 mL &I, FRsEs,
), SEIFREIRE N 2.5, 5. 104 20, 30, 40.
50 pg/mL [ 28 515 R 5 (1) 28 S 0T L v o A
IR AT IBERE 20 pL BEATINE, LA TEI AN
HPARE (YD, TR BASRE (XD, Zedilbrik
k. 1SLPERIHTR Y=47.204 X—11.905, R*=
0.999 2, 45 LK IEHIRLE 2.5~50.0 pg/mL S
U RIFERIE G R

223 FESIIGE RS2 W IR R I (R
WVAYR 20 uL, Y HPLC (oY, ioskhikE,
WE FERLRR T AR, TS SRR IR T i 4 4K
2.3 UV EENEENRPmaEim""

231 FRdEMZm gl R ARIBOS T A R 10
mg, I 40% LI ITE 75 2 50 mL S, 3557,
RS FE 4 0.183 mg/mL [T T R R F I
MUK 2 FEEL EIR P T 0 B 0.25. 0.5 1.0+
1.5, 2.0. 2.5, 3.0mL £ 10 mL HZELEE T, 1K
TN 40% L BEHS % 5 mL, $#%%4), N 5% NaNO,
YR 0.3 mL, 7547, #E 6 min. FH A 10% AI(NO;);
WK 0.3 mL, $£5), ##'E 6 min, /5l 4% NaOH
WK 4 mL, M 40%LMEERmBAE, w4, fE
15 min, LA 40%Z 8K %5 A, 1E 510 nm A2 O

& (Ao DL AAENPANR, FTREIRE (O X
REARKR, ZefilbrdE ik, BEATERPERIA, 340k
JHI7FE 4=0.001 2 C+0.004 8, R*=0.999 3, &
TW], PTHE 4.575~54.900 pg/mL 5 A {5 R
KR
232 FEAIGE ORGS0 I e (R R
MR 0.1 mL, & 10 mL s, #% Bl viaeeE
WE A fE, VEERE A b R ) i o 4.
24 A[EES KB BE LA R
241 WIETALEE 2% SCiRIoE i,
) S 2 25 KL B G 95% LRERML 24 h
Joi s VAETAE, RS SRR, AN B H
2 H5KBEANRAEIERNC 1L, AR5 ORI K
VER IR, #&H.
242 RALBIH IR A S %5 MERRRIAL 2]
1) XAD 1180, D101 AB-8. HPD 722. XAD 7HP.
XAD 761 KFLMARS 10.0 g, A AR (Hifk
217 mL), Z5IH S mL 5 AMAET 5 SR AR K
B FHEEV GERIR RN 23.18 mg/mL. S
il LB 4 13.92 mg/mL) LA 8 BV/h AR &
R, fr bFEBA e, 4 BV KYE, WEERIR
BBRRK VR, 571 4 BV 70% CEEARIR I, $242.2”7
H 9237 THT T30 5 AN RO A AR SR H R
JU AR PRI R P s S R, 28 T /KR
By, TSl e IR A S M R E .
2 0 6 TR LIS PR A 2l 5 2 e 1 R 1 I
> B s I IR XAD 7THP R FLIBH#4 T
WOk ZM G — 2D T2 %52,

Sl S5 IR R I RN B =C Vi/m,

Sl 5 S BRI R B = G Vo/my
Cy AR B BRK R P E SRR SRR B, V) AR
VRV AR, my 9 AR BRI KRR T 5t
i, Cy NEEVE R R SR TR IR, vy ARESE AT,
my AR T G R T

2 6 MMAFLIRMIR AR EE

Table 2 Selecting of six macroporous resins

WHERLS  FFHRRPEDEU% RIS HU%
XAD 1180 30.27 52.55
D101 28.61 51.97
AB-8 30.23 48.76
HPD 722 30.27 52.55
XAD 7HP 35.73 58.79
XAD 761 30.73 54.23
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2.5 XAD 7HP XFLIK A5 2k b F EER A 2 B B
T ey

251 EREEIRENESE  IWALELLY XAD
THP BURI RS 10 g, MRILRERE. PRS2 I Fafa
B 2 R AN S A B R R T EIR E h 23.18
mg/mL. S TEREY 13.92 mg/mL) % 2.5,

5.0~ 10.0~ 15.0 mL, 43 5lE 7 sik4E % 10 mL, £}
FIFE R R IR BN 5.804 11.59. 23.18. 34.77
mg/mL H1E 2 5T SR FEAK IR R 3.48. 6.96. 13.92,
20.88 mg/mL (1] 4 MFE SR, LL 8 BV/h IRAARRR
&= R, fF EFRRROEIE, H 4 BV KIE, UER
W BRHBRI K DR o Y VA T T SR R R T B R
34.77 mg/mL AR 2 i 5t F A S 20.88 mg/mL I,
IGO0 I S B, 45 1 S TR B R IR
Fi “2.27 R “2.37 TR 73200 58 AW AR K P
T R IR SO R R, 2T AR R BRI K
T R o 43 BRI S AW P 2 . 3R 3 Wl 4,
R T R S R K W T 1 R U 43 ORI B
W PR S (R M A — 8, Y ERERL B 28 R
EIRIE N 23.18 mg/mL. W ERE N 13.92
mg/mL I, B AR 1 2t SO T

x3 EHREREHER

Table 3 Effect of sample concentration

R R (mgmL ) FREIRT BRI
IR ST Y% B /%
5.80 3.48 31.11 98.53
11.59 6.96 32.93 98.88
23.18 13.92 35.78 99.13
34.77 20.88 33.18 98.77

252 FRABUAERNHES  IWIALSLH XAD
THP B IIES 10 g, 3 fr, Wevkdeht. RE% I 3
D T AAFAET FERE RN S S A (TR IR Tk
Bk 23.18 mg/mL . & 3l 5T R E N 13.92
mg/mL) # 10 mL, 737/LL 4. 8. 12 BV/h AR
i B, UBL 12 BV/A RRR R ERERE, KB
COHILBE W fn, 45 BT AR, R
£, K. k4075, FAMARREEOC, B
i () W B N o DR, Fa ) L RE R AR 8
BV/h 7, RAUB G5 FA ST S5 B RS 5 i 4l
L& IE STy

253 K EFEEFEL WAL XAD
THP BUBHE 10 g, MERAE . BB IR AR AN

Fz4 HFRRENER
Table 4 Effect of flow rate

EREARURE/BV-h ) FEERR TR B0 % S TR B /%

4 31.84 99.12
8 35.78 99.13
12 29.57 97.87

ST, FEER TR 23.18 mg/mL.
ST R E A 13.92 mg/mL, LA 8 BV/h /KRR
R, WUESE 1 BY I HRK R, 2 “2.37
TR 77 R A P e S R S, TR
TP (R B . ] 2 PN, R AR A R
I, AR ER SRR AN FTE, il 4 BV I,
BT DR, UL, # e e AR 3~
4BV, MR 2.0~2.5 mL/g B A,
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Fig.2 Dynamic leakage curves

254  FEEPROKVENH R FH L HUOIAL BRLE (1)
XAD 7HP FUR R4 10 g, MBikdsht o BT FAAELTF
TRAA B HIRL P 25 mL (CGERRIREIRE N
23.18 mg/mL. SRR 13.92 mg/mL),
DL 8 BV/h AR & EFE, WS 1 BV (KM, 3
Wb 10 MEFKH, % “2.27 TR J5E
T KT IR R IR . I 3 v, sk
9BV I, ZEERRCVEM e 4T, PRURAf K PR AR
i EREHIIN 4 BV 7K

2.5.5 A[F CEARF O RS EARIR %52 I
THALHLLF 1Y) XAD 7THP BRI 45 10 g, 5 1, dikd
FEo BV FARA ST FE IR A MR P23 25 mL (3§
TR R Y 23.18 mg/mL. s S R IRE N
13.92 mg/mL), LA 8 BV/h A FAE, WdE 8 BV
IKVER, 439 50% 60%- 70% 80%- 90% .1
Vel 4 BV, % “2.37 IR 5k E B R
Wil i B . ] 4 vTAn,  BEAS AR B
K, AR S S ) PR E AR AR K, ML
FEAATY BRI 70% 0L LI, AR A 36 I F 5
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Fig.3 Investigation of water eluting volumes
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Fig. 4 Effect of different ethanol concentrations on

desorption of flavonoids

HIREBEDN, TP, Bk, RSERiEsEs
FEAARFA L T0%58 536 -
256 CEEHERNFEE BRI IERR G S
B FH A2V 25 mL (FEHEPR TS O 23.18 mg/mL.
SRR 13.92 mg/mL), LA 8 BV/h AR
e LR, EE 8 BV KGR, T 70% LA,
WARRE 1 BV BUMENTIR, 4 “2.37 T 73200 5 fil
BT S B o IR, U SRR PR A R . (R
KI5 A, 2 70%LBEEN 4 BV J5, S Ck
i se4s, DHIbfiE CEVEAR N 4 BV,
2.6 EXRiREH

FE AR 2 S0 (el I, Bl AR AR
B RN K VR B 2 B i i, DL sg el

20

—_
W

R R B T /mg
“w o

(=]

1 2 3 4 ‘5 6 7 8 9
HARBYBY
5 ZEER R R ERRR AR

Fig. 5 Effect of ethanol elution volumes on desorption of

flavonoids

T E M i 2R 2 BRI (A EAER(BD
MR EL (C) AL ZE, D RIRED,
DA FARA T HP 55 5 R R0 S i 1 5 i 43 B VRN 45
bR, AR 3 KR, 2 L3 EAR
IR RIATIRES, WG H R AR IR 5, %K 6
I3 URG BRI 9 AH IV MR 5 2 R R A R I R A
W, 4 XAD THP BURHE4lAL, 3 $%“2.27 F1“2.3”
TR 77 0 7K e P R B 1) Jo 73 HOR 70% &
WDV T S (Y T 4, RSB VR, 4
FE IR S W e K BT A HOE ) 100%, BUE
RES I 0.5, UPHARZEA VY, SIS R LM
SRT IR 6, J5 NI 7.

F£5 EXRWERMKTE

Table S Factors and levels of orthogonal test

A/(mgmL™") o
K — - B/(mL-g ) C/%
JEEIR sy
1 11.59 6.96 2.0 50
2 23.18 13.92 2.5 70
3 34.77 20.88 3.0 90

2 6 B HTaT %, sl T2 R &
YEFRIE 3 A>B>C, B EREREWRE > FFE
B> OB, BfEslith T84 ABICr. IR
T T ESNTAEN, A TR BN 2 SRR B (1 2k
HREZES (P<0.05), B. C REMFE/N, LR
FEXR (P>0.05), L5 B2 SRR 55 %2
a5, mAHEN ABICy, RIS T 20 I
PEWH 2R SRR () IR 11.59 mg/mL 1S 3 i )
JUEIRIE 6.9 mg/mL. EAEARUAE 8 BV/h, LA
2.0 mL/g; JKPEMEH &N BRI 4 BV I7KHE
WK 70%H) 2V 4 BV .

27 ERMRHPEERMRERRMSGLIZE
IR

MRPs LR et R, & Hfe ik XAD 7THP
RIRAUMREEAT 24k, ERE P25 SR IR T e
11.59 mg/mL FE T (1) BT 6.9 mg/mL, FAf
RN 8 BV/h, AR AR MR 2.0 mL I
PR, /KBEIE &4 BRSO 4 BV [7KBER, 70%
LBESEI 4 BV, SRS 3 Ik, WK PRI
W, e €227 237 TR RN K P 2R R
R B AR PS5 R R e I AR, K KV
CPEBR R ARG H Vo R 5, THE AL 5 ZE BE IR AN
SVHN IR TR A, SRR 8. AR, 3 IRGE
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Table 6 Result of orthogonal test

R A B C D FRVLIR =% SRS % AV
1 1 1 1 1 26914 4 52.7477 98.150 0
2 1 2 2 2 27.948 5 45.980 4 93.585 2
3 1 3 3 3 272626 442929 90.758 5
4 2 1 2 3 259521 47.286 3 91.2515
5 2 2 3 1 24.838 9 43.1122 85.303 3
6 2 3 1 2 227655 47.673 6 85.917 8
7 3 1 3 2 23.6518 43.064 1 83.1340
8 3 2 1 3 21.8290 47.459 2 84.039 2
9 3 3 2 1 192325 453763 774196

K, 2824937 2725365 268.1070  260.8729

K, 2624736 2629277 2622573  262.6370

K, 2445928 2540959  259.1958  266.050 2

R 37.9009  18.4406 8.9112 51773
RT AESHER AT I AR 52 56 W v 25 58 58 IR ot St 0 ORI 1 1 Y

Table 7 Result of variance analysis b
JEKWE BTN AmE FfE WM SRR AR, 4N 3,4,5- = FHk-1-
A 239.667 3 2 51.8930 P<0.05 IOIG-1-R1%, Z5f P SHERIERREE, R,
B 56.709 5 2 12278 8 TR MEMRAEY 2 sk, EREET
C 13.666 8 2 2.9591 TRAAEE TR RN S A AR B AR, (HER
B 2(D) 4.618 5 LR PR e e L T 2 2litb i, 733025 5K H AR
Foos (2,2)=19.00 Foo(2,2)=99.00 BT, BARFFERIRN PR BELTIAZ, (HX)
£8 WIFAE n=3) B ae IR R 2] 7 AR R .

Table 8 Result of verification test (n = 3) TSR, RILRFW e & il i 2 v
o AL it FAUSS), RS A%, RS, AR AERT IS
WY A% JEER% A% U SERY |, %% T XAD1180. D101, AB-8.
1 19.25 11.92 29.02 5449 HPD722. XAD 7HP. XAD761 KFLWHERS 5 FAK
2 29.30 53.98 B 2 L R B P ) A ROR R TS AR R T
3 28.61 54.89 XAD 7THP (A BOR B, STt st g 2
SRl 28.98 54.45 TR FE R RN S A 4 XAD THP K AL

YRR BT, itk 578 SR s 4 $
19.25%32 Tt 51 28.98%, = 2t i [ T £ 43 2 HH 11.92%
T2 54.45%, VLZ T ERE . R,
3 i1ie

ARSI K P S I A RA L, FREURIR
A, CBEREDT, BR2:T KERN SRS A0,
T DU R AU B G B AV, 5 50 R 7 AW PR
KB4y, BB AE SREBENE 7, 153 T [
e AR Al B NS R 1) TR o LI B T
IKVEIEER o A FE R, AH AT /D B A I B AL S5 i

W BAL T 224k, FERLRR IR 70 3 i 19.25%4
TH21 28.98%, SR A 11.92%3E T2
54.46%. 1% L2k AT, NEIIAE T IERIR
RSB (1 SR AR I S S H ik, Wit —
SN FH S AARA ST ZE SRR A S s i 2%

S 3k
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