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Study on the Purification Technology of Total Alkaloids from the Leaves of Nitraria sibirica with
Macroporous Resin and Its Antioxidant Activity
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ABSTRACT OBJECTIVE: To optimize th tec n@logy of total alkaloids from the leaves of Nitraria sibirica with
macroporous resin, and to evaluate it: x METHODS Using the content of total alkaloids (by atropine sulfate) as
index, static adsorption andgana tlca were used to investigate the type of macroporous resin. Dynamic adsorption and

analytical method wi

0 WV 1gate the concentration of the sample solution, the pH of the sample solution, the flow rate of
the samp i iaMeter-height ratio of column, sample capacity, the volume of elution water and volume fraction of elution
solvent asfito optimize macroporous resin purification technology. Using vitamin C as positive control, scavenging capacity of
total alkaloids to 1, 1- diphenyl-2-diphenyl picryl hydrazinyl (DPPH) radicals was investigated to evaluate its antioxidant activity.
RESULTS: The adsorption and desorption effects of HPD-450 macroporous resin on total alkaloids were the best. The optimal
purification technology included the sample solution concentration 0.88 mg/mL, sample solution pH 6, sample solution flow rate 2
BV/h, diameter-height ratio of column 1 :8, sample capacity 5 BV, the volume of elution water 5 BV, elution solvent 30%
ethanol. The content of total alkaloid was 16.94 mg/g, and ICs was (58.78 + 3.00) pg/mL by optimal purification technology.
CONCLUSIONS: Optimized purification technology is stable and feasible, and can separate and purify total alkaloids from the
leaves of N. sibirica. Purified total alkaloids display good antioxidant activities. The total alkaloids eluted with 30% ethanol show
the strongest scavenging activity to DPPH radicals.

KEYWORDS Leaves of Nitraria sibirica; Total alkaloids; Macroporous resin; Purification technology; Antioxidant activity
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PEAAFIE (R A Ge i Bk 2, el g FiR
Jrm I A LAl W E REREY . BARTEAHE
HAth e 2 BL& A B A PR EE R 2R Ak 5 0 (H
H A& F U AA AT 130 A 24 o At s L D .
AFFGEXF PG AP SE 1 oI s 2 SR S T A ol A SR S
AR S A T R, 2 BTG ARSI P R A
R, B IZIR 2, 1 A AR S A e
SR, U B AR P A SRR A S A e
PRI, P A RIS (1 ) i ] R A i BRI & 4 1 B AR
B B9 JERRHE (L ] 2 i DA G P B BRI 4 £ 3 A
Bl — N SR A, A T I B % 24 AL 0 1 ) o
A SO T & TR IR AN 78 DL A P (LA R
B Ry X R 222 I T b R Wi 25 ) & BN
ARSI S AR R K FLR AR 2l Ak T i
it 8 T BT EALTEE  B A BT &
FIFRAES
1
1.1 {8

2550 B LA - AT DL A ( H A B H 8 v ) s EYE-
LA-N-1100D-WD % i % 2% e A3 (|- i 2 BR AL 25 A PR 2
) ) ; ESI-180A #Y 7 - (7 BH #h 5= e i KA FR A
7)) ; G2X-DH - 300-BS- 11 7Y e, $AHH 7 T4 4 (T R
HEEST 28— ) s H14221 78 pH i (b ¥Rs 35 2N 35
HBRZSF]) ; Spectra Max M5 B AR [ZE A4 FANAR (I

) B PR A F] .
1.2 ZZm5iRHT
it 122 AT G it T B R 01 o 2 R R B, it

7 :100040-201210, 4 J¥ : 98% ) s HPD-100, HPD-101,
HPD-300, HPD-450, HPD-500, HPB- 750,
AB-8 B SALM i 1 v i 5 A RN
Fefits 1, 1- R0k Z AHEREOR [Wﬁﬁ(i/“

AR T % B (RE WAl BB E  TE I E
K

PUARRINIE SR A2 T8 i A0, 2858 R 2= R
BN RL2 BE 55 O EUVK - BT A B v 7 v 3804 S e
ZERL g PEAA AL 3 (N sibirica Pall.) fH . PE4A
N ilt22 B AR T RS 2 20 B, 25

2 HEEHER

2.1 BEVMHEIENE

2.1 XTHSEE T & RERECT 120 CTHE =
o 8 A9 A0 R BTG G X BE L 25 mg, BT 250 mL £
o KBS R T B R 20 BR8] M 5 mL, B T
100 mL s, MK FR R = Z0 8 #2257, RIS i v B oy
50 pg/mL AYXT R VAR

2.1.2 MHXSEWAH s S 50 g, BT 1L
LI, I 90% 2.1 500 mL, T80 “C/KHA [l i HX
2.5 h, $EHL2 Y kL, A I IR, 28T BRI N 2% B2
VSV 10 mL 51 , Bk, UEIRIN 5% ik B2 B W JH pH 2
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10~12, AN AR 3 W A IR 20, 251, 5k i 2%
BRI 10 mL %% , FH 5 % Tk FR AN W pH 28 7, finok
FEZST 500 mL i, $E 4T, RIS S T

2.1.3 R BIBERE RS IR b AR R T R A
ARV 4 3 mL, 43 )& T 25 mL 300 <), ik &
7 mL, IR SR W (pH 4.42) 4 mL, $257 s In&& 5 15
mL, % ZE R $% 3 min, & 1 h J5 BUBE &2,
BT 25 mL I s e A AL B E T Leom @
o, DL R 2 FIE T, 78 300~500 nm KB FINH
i o S5 R X B R TE 415 nm P KA YA e
KWL, 4% 415 nn AR ST AAS I I K, T LA 1

1.00 =

300 350 400 450 500
SR K, nm

T A AR BRI s Co B SR R
Note: A. blank solution; B. test solution; C. C t

B MR

Flg 1 UV abs t nwi leﬂgth spectrum

lJ o B2, 1.1 IR %) R
.0,30.4.0.5.0 mL, #’ 21370 F kR
m/B‘Z{iKLU”'E%UﬁT“ B BRI FE S BT ik
(x pg/mL) M AL bR WO RE (y)jjébuaﬁﬂfﬁ%‘z EEIEN
@Jﬂﬁﬁﬁy 0.102x+0.101 5(r=0.999 8) , 45H 5
AR BTG RS B Y Ly 2~10 pg/mL.
2 1 5 FEMABEYRSE O BC2.1.27 0 R KRR
I mL,#°2.1.37 W F ik B A5 T 415 nm J KA &
W B MR 2. 1.47 T |1y FR TSR AR Pk (A
BRI AL &
22 KRIALWEE4HIZMIE
2.2.1 MR WAL FE 43 K B HPD-100, HPD-101
HPD-300 .HPD-450 .HPD-500 .HPD-600 . HPD-750 . AB-8
BIR AL R4S 10 g, i1 95% £ 1% 30 mL DL 2 BV (4
PRFR) /o 2ok B4 IS TR 96 24 h, {58 0 K 5 i 5% &
A AN W 30 mL DAV B 2 BV/hil s B g =7 3 h, 1]
JKPEZ pH Rk, F N 2% &8 AL 4R 30 mL LA 3 i 2
BV/hil £ IR FFi90 3 h, FHZKVEZ pH o ;125 «C
Mt TR S K [ K i = QAR g B9 5T i — T AR Y
JoE ) AR IR B X< 100% ], 25 WK 1,
2.2.2  FRAWLRAMESRIT R E  ORERFRI
“2.2.1" 1 K & Wi kb ¥ f HPD-100 . HPD-101 . HPD-300 ,
HPD-450 .HPD-500 .HPD-600 .HPD-750 . AB-8 7 fFL##f
RE45 3 g, 43l B TR, in 2. 1.27 30T i 75
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Tab 1 Determination result of moisture content of 8
types of macroporous resins

WIS etk BKE, % || WREE etk K, %
HPD-100 Jetiett 58.88 HPD-500 etk 68.40
HPD-101 Jettt 59.40 HPD-600 Mtk 73.20
HPD-300 Sttt 69.23 HPD-750 i 5470
HPD-450 Fitk 73.77 AB-8 EoLqHd 132

30 mL, A 100 r/min %% B IRFE 10 h, (A4 A5 7870 MR s i
I VR 2.1 37 R ik AR S T 415 nm AR
WG RE , TR e W B A e RO 8 R LS AL
RF i 11 7 2 R A S T S 3 % I R A 1 5
RIS RALI IR FHK Uk J0E M, I AR RUARU > 80 2
[ 50 mL, DA 130 r/min % HURSE 3 h 58500, i AT
WS, ZR B IO TR SR BB K e 2, 412137
TR AT 415 nm AN E WOBRE , TR G
FEATT A AR IR B B IR O 8 Rl LS A FLAR i 1) A A

A IR it i =
T T S YRR — R B i Y AR o A A ) Jo e 8 < %
B VRS TR ) /R B T R T o RS R R = S
B 2t/ At V5 YR P 2 0 ) O A B < Rt VAR R
T X100% o 2 AT 28 = fff T A A 0 5 2t/ K
FLAR B R BHE F S A B 5 F < 100 9% o 8 R LS R LI
A R R RTA MIT I B 5 TR DL 2 2 (3 - 2R A PR = HS
B 3650 % + A T4 %50% ) o

F2 SHEISAFLHAEERSW M A ARITINIE 4
ta&%

NN v

CRF b 25 8 P JE A O B 11 Jo A J3E

Tab 2 Static adsorption and desogptio

types of macroporous re

WRELS

HPD-100 ) 86.58 88.58
HPD-101  JER 83.33 89.55 86.44
HPD-300 : 90.60 69.75 80.18
HPD-430 16.87 88.10 94.84 9247
HPD-500 Mtk 16.92 88.95 92.32 90.64
HPD-600  HifE 15.93 85.36 80.91 83.14
HPD-750 ittt 14.24 82.26 81.21 8174
AB-8 Ffctt 12.23 78.54 62.32 7043

FH % 2 AT %1, HPD-450 AU K AL fig %o B A Ptk iy
AAEHTR LAV T I S R AL . 4
TR 255 FEORT S A A 0 P 5 2 T 230 R 285 i A 24 LA K 25

ﬁﬁj\ JEHU HPD-100 ,HPD-450 . HPD-500 % K FLA g

TR
2.2.3  WRASWZh )RS HERARIC2.2.17 30
T4 WAL P A HPD-100 .HPD-450 .HPD-500 &I K FLA S
%3 g, ol E THEIEH Y, 2. 1.27 W i A 30
mL, LA 100 t/min #3823 57 0.5.1.1.5.2.3.4.6,
8 I gL s B 7 mL Y8, #%“2.1.3" W F kB afE T
415 nm PFERAINAE W CRE , TS I BRI 22 i A
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Fig 2 Static adsorption kinetic curves of 3 kinds of

macroporous resins

P 1] 2 T 2601 it 5 W O eh 1) ) B, B 2 o 1 3%
Hrgn , 3 RS AL AR AE 0~ 1 h Py e W 8 i
e, B S RN B S 02, 2 W RS R Ry 2~ 3 bR
AR BRI I E AN 02 o PRI, B R A S R O e
6] A2 he [A]E, HPD-450 51 K FL A i B 0 285 % B 2% B
5 & F HPD-100, HPD-500 7 o FL W B8 , B It i %
HPD-450 B K AL W IE FH T #F B AE Pk iy 2l Ak 1.2
5T
224 ShAEWMHEREZ R O LR R 5
“2.2.17 TR 2 Wikk B HPD-450 %”jt PRED |
FE, BB “2.1.27 T F 5 Bl 4% S\
1) 45120 1.33.,0.88, 0 6 g/m ‘1/\Litnn{fr(ﬁl3

BV, % 41y, L1 T” BRI 5 ACHE I
4 BV J(/JHEEH W N 5 BV/h; W

250 mL, ZM2.2.2"7 51 F A S
m%ﬂmj"l)i[?ﬁi,/n%m%i%
®3 LEHFRARRERELRR

Tab 3 Comparison of the concentrations of the sam-

ple solutions

i#?ﬁ)ﬁﬁmﬁ.mg/nﬂ_ ShARME mg/g BAWMER, %
133 1.96 87.60
0.88 202 92.05
0.66 1.72 80.00
0.44 1.47 71.75

1 3 AT, 2 AR BT vk A 0.88 mg/mL B,
175 R 5 3 R 50 2 R B 387 v, DRI 36 e R o o
WS4 0.88 mg/mL .

@ FFEW pH % 55 . B “2.2.17 1 F 2 1 4k B Ay
HPD-450 B K AL G 3 BV 2548, 55 B 2.1.27 1 ik
SRR 3 BV (i 50k i 4 0.88 mg/mL, UL B A ¥pEiit) ,
S A, FH 2% B BR VA TR TC /K A BR BH 1 B pH 43331
H2.4.6.8, LI EE 2 BV/h 470 BRI ; R i H
HE2hf5, 74 BV K TEE, fd k5 BV/h; AR
W K E 22 50 mL, 28022275 R A 4 sh 4
W B 2 RN B AR 5, 25 SR L3R 4.

H R AFTAL, Y EAEIR pH R 6 B, Sl 2SI B 5 FN 2l
A R 55, IR e BRI pH M 6.
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Tab 4 Comparison of pH of the sample solutions

TRE pH B AW, mg/g SR, %
2 1.75 82.64
4 2.04 92.69
6 2.08 94.52
8 1.39 80.79

@ A R 2% B“2.2.17 TR 48 1 Ak B ()
HPD-450 &I K ALA i 3 BV 25 4L, 55 BiC“2.1.27 301 F kit
ARV 3 BV (i 4 0.88 mg/mL, LA Wit ) ,
40y, 4RI 1,23 .4 BV/h i B TR SRS s W
R FRE 2 hE, B4 BV K THRE, 380 5 BV/h; i
AR, AKEZSE 50 mL, 2 0842.2.27 1 F A
SIS AN Sh A R 25 R W 5

x5 LHEARERELER

Tab 5 Comparison of the flow rate of the sample solu-

tions
T HERE , BV /h A, mg/g EWHER, %
1 212 94.88
2 2.09 9225
3 271 95.90
4 1.72 82.95

FH 5 AT A, Bl BRI A R (1~3 BV/h)
BRI 2R ICHA ARk, 25 R EI FLA i Tt Ak 3o 7
BB R IE 2 4 1) R A LA i b ) TG <t (350, A I
FEIRC HT Bh AW R ICH G, PR e B AR
2 BV/h,

D TR 5 %28 2,217 R £ Wi 4b PR i
HPD-450 B4 KALI A 3 BV, 205l LAFE @ 1:4.1:6.,1:8
11064, A 2.1.2" T F (RN 0,

7N

RANAW 3 BV, %% 40y, L 2 g 0 i 5 1
LR FE2h G, 4@% e, W 5
BV/h; I I LY A0 mL, ZME“2.22" 01
YN b A R, S5 B 6

6 AREFESLLILER

Tab 6 Comparison of diameter-height ratio of column

Rt ij]%i”ﬁmﬁ,mg/g ShARMER, %
1:4 1.24 317
1:6 1.84 84.26
1:8 232 93.29
1:10 225 92.98

FH 2 6 AT, 244 FAR i ek 1: 8 At B2 I B A
SIS IS5 i, R e A P AR R Lo 108,

& FREE S H2.2.17 00 F 4 Wikb P %) HPD-450
TR ALI i 3 BV BT, 55 B “2.1.27 351 F Ak i v i 3
BV, & 4y, DL EAERF R 0.88 mg/mL, - FER pH
6. FREV K 2 BV/h AR TR EE 12 8 BEA TR BRHAEG: ; 4
R BVISE 10y, JLI4E 20 43, #22.1.37 00 i
5 F 415 nm A E OB FF TR AR B 5
DL EFER (e, BV) AR bR B AE P00 5 i (v, mg/mL)
GNABHRE: il W BRI i 2k, 25 SR LI 3,
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FAERE, BV

3 IRBf ittt s A 2k
Fig 3 Adsorption leakage curve
I 3T, 24 EAR R 5 BV I, SUA W55 R

I, BRI I D e RE AR 5 BV,

O B5 2= FH K i %5 28 BU“2.2.17 91 F 28 Fii 4 BR i
HPD-450 I A FL# i 3 BV 254, B HC“2.1.27 100 F fiEk
WA 3 BV, & A4y, LA FEROT R R 0.88 mg/mL, I
FEW pH 6. FFEHE 5 BV, FAEMAH 2 BV/h A T4
LU 18 FEA T I BRI s AR Wt R, BB 2 h )i, 4 BV
AR 2% S5 RIBR g 1) A 0 2 B 1) A , T 5
BV/h; WA H B, /K E 28 22 50 mL, 3% “2.1.37 5 | Jy
R )5 T 415 nm R AR T W B IS AR P
B, DURZ K& (x, BV) AR bR A= W0 i
(v, mg/mL) A P\ AR 22 il Je A= e 15 1 - o 2% P 7 g

2k GBI LE 4, ‘GO
o~ cN

5 ik, mg/mL
(=3
=

¢

)

o 2 4 6 8 10 12

FRAHIK L, BV
B4 BEVHEISIE-HREAKEME
Fig 4 Curve of total alkaloids content-volume of elu-
tion water

H 1] 4 R, B BR A PR St 3G, S A a5
WD/ s M BRZ HIK R T 5 BV I, S AW 25
e, Bt s T, e PERR 2% K 2
5BV,

QU RIAT B 52 B 2.2.17 T | 4 Fii b 34
() HPD-450 %1 K LI S 3 BV 4L, 59 B “2.1.27 3 F fit
AR W 3 BV (Ji & ¥ 20 0.88 mg/mL, LA & A= ¥ i
1), % 46y, DL E 2 BV/h A7 BRHR G s A6 I H T
8 2 h )5, 4 BV KEE BRI, Jd 8 5 BV/h, J5 73531
F130% 50% \70% L BEHEATHEME s AR R H R, K SE
ZF 50 mL, 4% 2. 137U T ik B A5 T 415 nm AR
05 WG BE IR TR S A ) 5 i ST i, LSRR
FHE (x, BV) AR AR AT i (y, mg/mL) A bRt
DEE-f At 2, 45 R WLIE 5.

H 1 5 R R Bl R R S 3G, S A R
AW PR /N T 5 BV BT 2 (H
TN 58 98 P A B, A e i [] B gs 5 T
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5 04 ——70% L
i 0.3
=02
&
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Ve R BV
B5 30% .50% .70% Z EEist B -fR H7 #h 2%
Fig 5 Elution-analytical curves of 30% , 50% and 70%
ethanol
ity BRI R e R L 2l T2 AR
T 0.88 mg/mL ., FAFME pH 6. FAEMEEE 2 BV/h AT
FAEE L 1:8, B 5 BV . BRZ8 /KR 5 BV PRI 7
30% L5, ZEBGE, WL R AE W R 16.94 mg/g; M
24 DL 50% & Pk B I B AR P R 13.13 mg/g, LA
70% L TESE MR A= W0 2 1A 12.44 mg/g.
2.3 BAEYHERELFERAR
S A AT A AL T R F DPPH [ H 67 ik
TIPEf o KE % FREUDPPH H 3k 7.886 4 mg, ITE/K &
B i, 2 75 %2 10 mL, /F 5 DPPH IV & W . #% F ik
DPPH P45 W s B 22 2% 10" mol/L Ji5 , i o 2k v 55 43 51l
25.50.75.100,125,150,175,200 300,400 pg/mL (¥
3$¢' AR IR TR (43 LA 30% (50% 70 % kit 5
BN A A, K HIAS) 100 uL, $857, FilikE 25 C R
E 30 min Ji5 , FH AR T 515 nm I K A0 I 2 W2 6 R .
PAYEA: R C ol BHMXT R SPA I 3 WK, TR dil ik
JE (IC5) o ICs B Ik 32/~ % DPPH H mﬁtﬂ’uﬁ {e 7

SR AR IR T Q
EH(] IC)O
E H free radical after

RT AEBFIERED

1Csp, pg/mL
30% LM&H i 58.78 3.00
50% CREEER AL 114.8249.17
70% CEEEREH 128.65+ 14.05
f%c 5344042

122 7 AT %1, DPPH H 5L 35 B RE 7 B = 2R K
R 2 C>30% L >50% . E>T0% 2,1, x4en
30% LR I A5 30 ) S A ik 5 A s, B A T A
L3N
3 itie

FA LA I R o A R e L 5 e R o 19 43~ =2 TR £
TR 7 3 L E R He e TR T E B, B A L
A IR R B 0 R LR/ N T DL — i R Uk
43T, ARS8 2lifl Brde ki s B,

KALB A & — 2L TG W o 7 5 AR PR R
BN AR, LB A S G, HAl ZIRER
il S, ARk L) T 2k T AR s

HEZED; 2018 4F5 29 4 20 1

BT A B AR, AR AR G oy e A atiAe Jr ik, KAL
BB J3 B AN afi Al HA R E TR B 8O3 ARSI A

AWFFEEE R R, FEARFDE - b S A Y isrE 55
PR DAL ARSI v F1% WA A R0 A8 A 6 0 A X A, DT
HPD-450 #4555 1 M AL S il 1 P4 A1 1) I 1 ) i
SR 2l Ak, Ak e R AR P T S AT R
94.84% o FANEVATR IR L TEAE R BE LI 70 1 7% 48
B, 309 T BEBLAS 2 Y B AE P i o, O
50% L1, el 10% LW . DPPH H AL 9812 0
FHTHR Z F i & W4T B S Pt AR,
30% LA 2 89 S Y8k DPPH A ALY 1Cs0 ok
(58.78 £3.00)pug/mL,

25 Bk AR alifl T 2R AT AT, T AR
G-l o B AN ZAR P AR A 1 3R e Y S AR e, HL4fik
153 B S A VIR A — BT RL TS, H 30% S BE
DEBEAS 2 A S A s B DPPH H AT RE 7 5o
S0k
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Study on the Optimization of Synthesis Technology of 4-biphenylacetic Acid

DENG Yuxiao', SUN Jinrui', DUAN Chonggang’, LIN Zhimi*, LI Dan', REN Yeming', FENG Guangling' (1.
Shandong Academy of Pharmaceutical Sciences/Shandong Provincial Key Lab of Chemical Drug, Jinan 250101,
China; 2. Shandong Haiyou Freda Pharmaceutical Co., Ltd., Shandong Linshu 276700, China)

ABSTRACT OBIJECTIVE: To optimize the synthesis technology of 4-biphenylacetic acid, and to provide techngle W
meet the market demand of 4-biphenylacetic acid raw material. METHODS: The synthesis route of 4- b1p id” from

of different Friedel-Crafts reaction solvents (petroleum ether, dichloromethane, ketal reaction ethanol

biphenyl by Friedel-Crafts reaction, ketal reaction, rearrangement reaction and hydroly51s was o;:g d nd ved The effects
(ethanediol, 1, 3-propanediol, dimethyltrimethylene glycol, pentaerythrltol) rrang reactlon catalyzer (zinc biphenyl
acetate, zinc oxide, zinc caprylate, zinc acetate) and refined sol , 95% isopropanol, ethanol, acetone, ethyl
acetate) on synthesis technology were investigated. The opti echnology was screened with the purity and yield of
intermediate or 4-biphenylacetic acid. RE&J : etfSlcu her as Friedel-Crafts reaction solvent, ethylene glycol as ketal
reaction ethanol, zinc dlphenylacet catalyst and 95% isopropanol as refining solvent were used for the
preparation to obtain better effec 0 key intermediate 2'-chloroacetophenone reached above 95%. The purity of refined

4-biphenylacetic aci the content of single impurity was less than 0.1% ; the total yield reached over 70% .

CONCLUSI al synthes1s technology of 4-biphenylacetic acid has the advantages of simple operation, mild and
cacfion conditions, low cost, greener reagents and higher safety, and is suitable for industrial production. The purity
of the products are in high level and in line with the standards of European Pharmacopoeia and the Japanese
Pharmacopoeia.

KEYWORDS 4-biphenylacetic acid; Synthesis technology; Optimization; Zinc biphenylacetate
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