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ABSTRACT: Objective To establish a method for the determination of the content and composition of Lycium
barbarum polysaccharides (LBPs) by microwave digestion-1-phenyl-3-methyl-5-pyrazolone (PMP) pre-column
derivatization and high performance liquid chromatography (HPLC). Methods Microwave digestion technology

was used to hydrolyze LBPs for sample pretreatment, PMP was used for pre-column derivatization, and a method
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combining HPLC was established to detect LBPs. The content and monosaccharide composition of LBPs from four

different Lycium barbarum producing areas were determined by this method. Results

After methodological

evaluation, 8 kinds of monosaccharides had good linear relationship, the correlation coefficients were all greater than

0.98, the average recoveries were 94.95%-99.22%, the relative standard deviations were less than or equal to 1.90%,

and the limits of detection and limits of quantification were good. Conclusion This method can be used to

determine the content and composition of LBPs. The analysis shows that LBPs mainly consist of glucose, arabinose,

galactose, mannose, rhamnose, xylose, glucuronic acid and galacturonic acid. The content of LBPs in different

regions is different, and the content in Yumen City of Gansu Province region is higher.

KEY WORDS: Lycium barbarum polysaccharides; pre-column derivatization; monosaccharide composition
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FIAC T (Lycll Fructus) 2 it BHE 47 7 2 M 42 (Lycium
barbarum L. TR, HET (MRARZ ), H
i, 3R ERE A RS A — K, B AR B
FREMRSE —, FEAMETE ., i, HiF. HmEN
b X . BUACHE 5T £ B, M) AD £ B (Lycium barbarum
polysaccharides, LBPs)/&#ift TR T E G0z —, B
BTN . FEIbE ., Prafe . il PRS2
CUEBLRT Y (A

AT, LBPs & fillE Jy ik E2A R M-I s 6ot B
% B ETEER 128 E-3- -5 e Bk (1-phenyl-3-
methyl-5-pyrazolone, PMP)fiiZE &R i AR ik 45161 2
53 - i R V5 S R P o 2 e 22 W /I At s o, O L B 7K
A OB AR, TS ORI ARG R AL G, TSN
SRR T T, R E 2 2020 FR(—H)P
GB/T 18672—2014 (#fc ) o LBPs 1y & il k4%
FZR® - R 1, R 1 5) 52 B i 25 5 20 & v LA
SR, BEb. ERME. BTk EETE
A )5 I 7 A 3R T 2 1 ) e R A 2 I ) e e R AR
K ST E F-PE I 43 R AT AR ok A U ORI Bl
-2 1 (43%(on chromatography, IC)E:ME LBPs )%
12 MCEH B, WO AR B A R R 408 T LBPs By /K gt ], %
7k R R TR, (AR AT, 138 iR
F R AR 1C $50E LBPs I & B K i
R T B S [R5 8 T el T I g ik th K i 55 1F, 5%
R A, HE s IR AR B . i
PEANGR . PMP i AT A2 75 205 2 08 F R IR 5 = 9l 2. 1
(trifluoroacetic acid, TFA)/K 54 PMP fii4:, FEH) &4
WM 1% (high performance liquid chromatography, HPLC)
TR E 22 W S B RN B IR T T R AR
A% - (high performance liquid chromatography-mass
spectrometry, HPLC-MS)i%, FIJ [ PMP #1147 4= Il & LBPs,
FHF L BAOBE 25 H A A B S e o A RIS e T A
FH PMP FERIFTAE-HPLC JAIIE 20 & i, B3R

PMP f4:-HPLC i 2t B RS EE W%
P o BN FZ ke, ZHRBUATRT TR/ 110~120°C
ST TFA KR 5~6 W17 FEAEfi b BREEHT | K HSF [R5
TR = IR % 5 5 | e B AR AR e A Bl s

R T AR YRE A A PR (], 2R E AR E R
Sa0Etk, BT KSR L w7 A B T A AR K A
LBPs Ff i (AT Ab By 3£ 015 PMP A Fi#7 4: -HPLC 0817
BCH, XHRE 4 kil G . TR R T i E
TR IEAR 22 ) RE 5 FP ) LBPs 5 1 -4 700 5 0 B H: B il
K, DA R ik A i B R i 5%

1 RS

1.1 MR5RF

HIFCAE S REFSRNT . TR T HREITE
WEARE 4 D PEHURE RS 3 03(500 @), 2 Hi R 25 Rk
R U 25 B AT 8 7 EAAT (Lycium barbarum L.)
(T AR S, R S DR T PR B T L AR (A B AL
2EE TS0 E, AE-4°COKFRR IR ORAE, I FHRTIEUR

D-#i% 4% . D-AKE. D-22L0E . D-THagbE . L-Ffifp
B L-BZEpE . D-SEWE . LA 3. D-Bobl. D-kylpms
Pz . D-F A FR AR E S (L =99%, HEE 5h 2 i 2
HoEbe), CBE. HEE, ZEHBE(CHCL) . MR & (5
Mradi, REKEAHBRA ), TEAGGMHral, iRl
i A B FD; ERER (A4, PEBRIE TR A R D, A
FALBN BT at, R BRI 254k BRA |, (B
T4l . PMP(ZLE = 99%)( L IREBTHL T A LB I A B2
Hl); ZligK (UM G I A A BRA | .

1.2 UFE5E%

1260 %I Agilent HPLC 1 (3£ Agilent /A F]); SinoChrom
ODS-AP . SinoChrom ODS-BP {4,541 (250 mmx4.6 mm,
5 pm, KIERFIF BTG P2 Al ); CEM Mars6 3 it
% DAY o PR AR T A (R R A B Rl MXS T2
—H TRV Gin AR R R 245 1H]); CPA224S 1432 —
LT T (18 [ 38 2 R 4E 1A ); MHS00 HFIRE R #vE L
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FORME AL A R D), H1650 B EE B ALK Vi
{ULER A BRA Ao

1.3 WAL

1.3.1 HESREH &

KRB ATHREEERER D4 . D-AKBE. D-2F
FAWE. D-H B, L-PRimE . -, LA D-
Wb . D-2F-ZUHIE IR R D- 45 W T 2 % B 45 24 100 mg,
3 ETF 10 4> 100 mL ¥ &I, IiAGE SR M e
B, 549, BI48 1 mg/mL i SR v S A A TR

FE EBUARERME RS 1 mL, BT 100 mL 45
W, KEREEZE, P45, BB E R 10 pg/mL
BB AR SR G IR IR IR 2 0.1, 0.5, 1.0,
2.0, 5.0 pg/mL,

132 H &g

(1) LBPs fUH

Z WSCHR 81 AT, Hh T STk 7 10 A 48 41 ml I 43
3 B 5 (ultraviolet-visible spectrophotometry, UV-vis)il| &
LBPs I A AT o iy &5 €0, 2% S5 o0 23 B2 0 I 2 3R, iole e
kAT b, AR5 AH A HPLC 5l LBPs B
ML BT € R S X 7 A R, SRR )
RIS REERICT ALK 0.5 g, JIl 100 mL 80%Z,
P, JNEE 1 b, RGN, B SUERSH 30 mL 80%#4
SN, DRI E R JEACE R, nsk 150 mL, Jin
P 2 he BRGTUE, A EROKGERIEE S8R, &9F
W G URM, WA, WARFEE 25 mL P, AR
IKVEBRARS, TR AR TS, FKEREZIE, 1§
LBPs $2HU -

(2) LBPs {7k fift

ZHESCHR[10]8E1 7 LBPs FELFTALEE, EAARERIEMT:
FEB RIS mL il 45 A9 LBPs 325U, il 5 mL 3 mol/L TFA,
16 120°CHE 5T I ## 20 min J5 No T, DL 1 mL 2848
IKEZ, 15 LBPs KR .

1.3.3 PMP #7414t

2 B 3CHR[ 1820184 T LBPs 1Y PMP i A4k, A #R4E
IR AEBE LI 100 pL A5 SORHR I S TR 51 R 5 LBPs K fif
W&, 1100 pL 0.5 mol/L PMP.100 puL 0.3 mol/L NaOH, /Ki&
By 70°CHREE SN 1 h, WEIZEZIR, i 100 pL 0.3 mol/L HCI
21k LA 700 pL CH,CL #6803 ¥k, B RZ, i 0.45 um
UL, Fi R HPLC (i &0, JEREMT .

1.3.4 HPLC &iE4&4

£, 3% 4% SinoChrom ODS-BP #1(250 mmx4.6 mm,
5 um); AT 245 nm; AR =R, JEFAE: 10 uL; R
;1.0 mL/min; FENHE Va4 4 0.05 mol/L BERRELZE v,
AN Ve R I, EBRRT N 1 s .

1.3.5 HemnlE
Mife ke AR IR 1.3.2, 1.3.3 TR FEa PG, g

1.3.4 1 HPLC i S5 hbke, SEATMNE 3 ¥k, 105745 Hpk
o I T AR

®1 BERRERF

Table 1 Program of gradient elution

5 B4 15 1] /min MBI Val% WA Ve/%
0 82 18
55 82 18
57 84 16
75 84 16

1.3.6 H75%k

S SCHR[21-2213H5 4 AR 7 AR AT RE i 14 SR
GE LRSS
1.3.7 s E

% JH Microsoft office Excel 2016, IBM SPSS Statistics
25.0 7€ P<0.05 /K T #4745 14304T, Origin 2021 #4745

2 EREHR

21 BERHRELER
2.1.1 Ak kikdE

SR FHAH 7 T f 6 BB (1 mg/mL) 4 BROWH (7 25 4 ) Vs YR R
NORERRE SRS VEWGHAT PMP AiiAAk, FIEEAMN0 R
oA HAT R A T A K A, B8Ot SR W
KR, SR 1. L AL PR TR AT AT AR
WITE 245 nm A B RN, BRIIL, ABIFSE 3 E AN iR+
b 245 nm,

3 —
''''' IR
AR A
S0 245 nm
A
i
N
i L
o i
R PN
. N
0 “\\:‘\ ————————————— i
200 400
K /mm

1 BT A ITEAN TR R OB RE(n=3)
Fig.l1 Absorbance of monosaccharide derivatives at different
wavelengths (n=3)

212 &itkikdE
KA SinoChrom ODS-AP (A)#l SinoChrom ODS-BP
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(B) 2 A AT 4330 43 A SRR ME SR A IR AT A W), B
EFEREXS A BRSSO 2. R 2 WA, fEA 2 A
O TERE AT AE A T4y B, YIASRE SR A A R AR AN
RHLAE B Y B4R 532, {H SinoChrom ODS-BP (341 %} I
L BBE > B BOR AL T SinoChrom ODS-AP (aiitl:, 45 Bkt
AR R e, R, NI, AW RE 6k
#:24 SinoChrom ODS-BP,

400

300

I TR A/ mAU
(3]
(=]
(=)

100

A5 B3 Bs} ] /min

300

VT AY/mAU
[\®)
S
S

100 | 1 ﬂ “ e |

0 10 20 30 40 50 60 70
£ B st 8] /min
7: A: SinoChrom ODS-AP i 4E 4% [5]; B: SinoChrom ODS-BP
@R OISR 1 PMP; 2. HHERbE; 3. BEHE; 4. ATATREIERS; S.
HFLERERR; 6. TAIHE; 7. 2EFLHE 8. AME; 9. BUHLAAE, T
B2 bRkl IR A VAT PMP AT Y @5 P (n=3)
Fig.2 Chromatograms of PMP derivatives of monosaccharide
mixed standard solutions (n=3)

2.1.3 B/

TSI Va (0.05 mol/L #EK2Eh 52 mhis W) 3h
A Ve(ZE)=82:18(V:V, T [a]) X B b v & 1 & 18 )
T A= ) HEAT S5 BE DR IBE, 25 4% Uk B0 AR P X LB 43 5 11 5
Wy, Z5IRDLIE 3. fIE 3 AIAL R Va:Ve=82:18 &F ¥
TRIBE, B A WE A BT RLACBE Z A1, S ACET Lk B 4R 4y

B o ARMELG BTHL AR e XS PR 2> 1, 3500 TURRpl, I
R B 3 023 T 2R O Sl KRS, 30 X LR 2 i . AR
SCHR (232414038, =25 % 76 R[] A9 £ B I 1) i 2R [A]
— Vi, 3 I B v A IR h 2 vh i A LU A9 T 3 R B e
BEJE o AWTIORG bW L R R 84% I, BRI AN 1]
SERE 75 min i, A5 BIRLAAE 20 85 A i, 4k
S0 2 VR W LL )1 2R Q0% , R B B E] A2 K % 95 min,
HOYBSFERL 84%Z% thim iR A W R A8 4k . g ml DL,
AisgmZe b LB, > s AICR A B GE, OR B e
HRRIG N, [ ih S vh £ Lo 15 i 2 5 5 € 35 A 1) 3
HE o HRMRE | R AT FE VML, SEBRRE R E AR
BEREVEIBL A 7 —F r EOR . TEIARIETT, Bpl bR v
st TR T VORI S P IR AR W G TR LI 40 s Br it
JrE AT LBPs gi#fr, HERNE. BUOREHE. HE R |
A FUBERERR | A A | FUBE L ABEA BTRLAABEAE 75 min
TN AR T SEEAT 000

A
400

300

I F/mAU
[}*)
(=)
(=)

100

0 10 20 30 40 50 60 70
{454 15} 8] /min
3 HOR e IR G TR PMP AT A 045 B (n=3)
Fig.3 Isometric elution of PMP derivative in mixed solution of
monosaccharide standard (n=3)

22 FEFERER
221 &KMEXZSHELR. ZER

e 5 e R AR M LR G VROFD LBPs KRR, 4 AR
1.3.3 10347 PMP fii A Ak, 42208 1.3.4 Wtk 25 R ERR 0T,
VLA BUBARAE S ) o T RO AR AR (Y), DAL B i
JE B AR (X, we/mL)FEAT 2t mIH, bl bR ith &1t
ARH O R BI(r) o LIS I 8 I8 1555 SR M7 1 3 Aot Ak
Sk HUBR (limits of detection, LODs), PAKS I &S00 .55 K
MRS (R 10 %5 B A9 vk b 2 PR (limits of quantitation,
LOQs), Ltk . LV . Al BRI = BR A 25 R W,
2. FHMIE—EWEETEEN, P ERT 0.98, LKA
KA. #5b% LODs<0.076 pg/mL, FHIZ ik R B E
f=1, 38T LBPs & ik S R e .
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222 AeiFEKEF R

B 1.3.2 iR %) LBPs $2HUGA R A BIMA R . # . K
3 AR, 20 3 pg/mL)AIREFRERE &R, IR 1.3.2

Wi ke 1.3.3 DA KR A AEAb O, % 1.3.4 Wit

A g0

60

40

TR /mAU

20

20 30

{4 B4 B} 18] /min

EEREA AT, SEATINE 6 WK, TR IR, ZRILE 3.
M1 3 AT, A& BRI AR MR AE 94.95%~99.22% 2
[6], AH XF R I 22 (relative standard deviation, RSDs)#

WA 1.07%~1.90%, F B B AT
B
80
1
60
=)
z
\g\é 40 +
=
&
20 F 6
8 9 JJ 2
3 7
\/\k 0 4 5 89
L 1 1 1 1 1 1 1
70 0 10 20 30 40 50 60 70

4 £3 B} ] /min

4 HUBERRAE SR SV (A) S HE A (B) PMP 74 4 (4335 & (n=3)

Fig.4 Chromatograms of monosaccharide mixed standard solution (A) and sample (B) PMP derivatives (n=3)

F2 STHREMLMARE. KMEE. RUERFMESERN=3)

Table 2 Linear equations, linear ranges, limits of detection and limits of quantification of 8 kinds of monosaccharides (n=3)

HA=Y By 2k P38 Fil/(ng/mL) LODs/(ug/mL) LOQs/(ug/mL)
HaEenE Y=266.58X-316.35 0.5~5.0 0.076 0.254
sy i Y=334.17X-375.94 0.2~5.0 0.022 0.073
A B R Y=203.62X-234.02 0.2~5.0 0.025 0.083
2 FUR R Y=223.71X-234.71 0.2~5.0 0.022 0.074
HIAT Y=345.46X-391.80 0.2~50.0 0.026 0.086
AL Y=279.49X-307.56 0.5~10.0 0.033 0.110
N Y=694.13X-737.93 0.2~5.0 0.029 0.097
B[R AT Y=241.63X-345.79 0.2~10.0 0.021 0.069

#3 EREREEER(N=6)
Table 3 Results of recovery test (n=6)

o R i fnbre CEMERE RSDs
/(ug/mL) /(ng/mL) 1% 1%

HeEspE 1.254 1.0;2.0; 3.0 95.15 1.83
ey 1.246 1.0;2.0; 3.0 95.46 1.07
7 BE I R 1.328 1.0;2.0; 3.0 97.43 1.87
L FLURHRERR 1.561 1.0;2.0; 3.0 99.22 1.83
ikl 6.259 3.0;6.0;9.0 97.77 1.90
FFU 2.035 1.0; 2.0; 3.0 97.56 1.25
PN 1.195 1.0;2.0; 3.0 94.95 1.87

B R AT 2.106 1.0;2.0; 3.0 98.24 1.73

2.3 EFRHERNE
2.3.1 RE]5H, LBPs #) L0 R A A F

AR HMIACRE SR I 1.3.5, 1.3.6. 1.3.7 FgkFril
SEMMT, GEEILEE 4, B3 4 TTHL MoRCRE S LBPs thig s
HH . R AR . LR . WA
UBE . ARBERIBTRATRE 8 FhEURE, thTIE A, A
WL EZUNE . BRI o AR, & LBPs HURRH ALY 32
By, 12 SCHER[ 10T 45— 3. i 5 i 2
SR, BRORBARA T B0 . BAESL, ASIR] =i LBPs
B4 45 U i R A Y A A B M 25 5 (P<0.05), Hop
M ETTRA AR S R, N 10.667 mg/g; TR =M H
AR RAR, S8 0.021 mg/g. BT HIER AT AEEOERE
T RE | VAR A A R B T AR S A R R 200,
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Table 4 Composition, content and molar ratio of monosaccharides of LBPs in Lycium barbarum L. from different origins (mg/g, n=3)

S5 ML - R RAHE  HAREERR  CRILMIRERR b 3L AN [ EDRISE
PiEm  MC 0.027+0.001° 0.049£0.005" 0.042+0.002° 0.081£0.005" 7.868+0.100° 2.240+0.005° 0.695+0.004" 1.464+0.010"

3 R N 1.000 1.815 1.556 3.000 291.407 82.963 25.741 54.222
FE  MC 0.023£0.003" 0.069+0.002° 0.078+0.001° 0.058+0.002° 8.383+0.020" 2.095+0.010° 0.637+0.003° 1.440+0.006°

> BTN 1.000 3.000 3.391 2.522 364.478 91.087 27.696 62.609
ik MC 0.034£0.002° 0.052£0.002° 0.066+0.003° 0.067+0.002° 10.667+0.010° 1.340+0.004°  0.653+0.005°  1.840+0.010°

>3 N 1.000 1.529 1.941 1.971 313.735 39.412 19.206 54.118
=y MC 0.021£0.002° 0.025+0.004° 0.074+0.001¢ 0.034+0.003¢ 6.297+0.100* 0.804+0.020" 0.310£0.008" 1.163+0.005°

> # N 1.000 1.190 3.524 1.619 299.857 38.286 14.762 55.381

MC 0.026 0.049 0.065 0.060 8.304 1.620 0.574 1.477

P {E
N 1.000 1.884 2.603 2278 317.370 62.937 21.851 56.582

TE: - AR~ LBPs BMER) S AP FAYEL, MC: Sk, N YRR, [T R30R AR 7 LBPs Bl g 2 [a HAy B2 5=

(P<0.05), R,

2.3.2 34 LBPs &= M &E 7 ik b

A3 SN AR 58 F ST A T i 5 P Rl 25 2020 fR(—
ORI (17 1 ORI -B BRIV T ffe-1C 72, Yo 3k 0 4
AN [T AR RO S AT 2o I R L, 2R
5. MR S ATHL RB-BRRREIAE LBPs i 45 R
S T A ST ST RS I AS R, AT TR e
X1 2.94 % o4y B SR B AT RE IR I -0 R & T UV-vis
B, MAC R 2 R AR AL G AR T A BRI R S I 25 S IR
i A A 22 27, [ AeF, I - R ok LA A 2 M O %ot BR R A 7
SaTEEE, M LBPs T O BUESE ) 2 Sl S8 A i1
T 55 R A B SR SRS S8 A A [, 2R T - TR 2 b 225 2
SR VBB S R X, JCk B R M AT H 2
AR B8, AR RIS S A v L I F A LBPs Hh B
V0B, NG T 2 G i, T Ak ST R A AT
h 2R

x5 TRE~HHTICFE LBPs &2 (%, n=3)
Table 5 Content of LBPs in Lycium barbarum L. from
different origins (%, N=3)

E2 e

P e
PMP FEFIfTAET: R-RE B ek
S1 NG ] 2.55+0.03° 7.18+0.02°  3.43+0.20°
2 THWT 2.57+0.02° 7.21£0.02°  3.62+0.20°
S3  HINED 2.97+0.01° 8.00£0.04°  3.93+0.04°
sS4 HIGHE 1.75+0.04° 6.57+0.03°  2.24+0.05°
I E - 2.46 7.24 3.31
e - 1.00 2.94 1.34

-2 3 Fi LBPs il Jr 2 e AN [F = LBPs FIE S &= H.

TS MR-1C WEMIE LBPs 75 1045 Jems i TAMF5T
BN TR E AR AT ELIR IR, — Tl S T f#-1C
PR AE LBPs H 11 R G 4 AN 2 fE 0L i AR il o
SER A ATINGE LBPs H 8 FiSUBE (4L i, S B
AN ST TC 5 2 B BRI S T 1 )7 % LBPs &
W5 25 SR AR Y IR, (HGX 3 R M AT B AR AR,
B 15 S A B 119 0.98%, J5 3 R, 05 2.2%,
XHMSE LBPs S/, ASWF 8 gm0 ) 34 v {4
M LBPs M5 ik, 57— MR MAFE, A0t
GEHE ST 05 1 R T A -1C A B0 SR R[], A
TR E RS PMP AT AR S B 4 43 &
LA AN CRE T BORT AR, F AR B A A 7
SV 1C 3 3 SR AR A5 1F i ad t n— A~ LA Y 4
e, HRE SIS A A AR U, FF K i 2 B 4G 0 2
FriEl, e MG I p (0 AR5 45 AT, TR RE— Rl
Wy B ) S A A A5 AR P RE AN S A R), AEASHIFSY S i
TR H BR 5 40 2 LBPs S P52 5 I 5E o

SR PMP AR FIATAE L . AR -BRIRTS . B ik
WSE MY 4 A>7= 1 LBPs & &b 17 8 &4, 76 P<0.05 7K
TR, ARG N B SRR T S T R P LBPs i
WA 22 5(P>0.05), A ML Z [A] LBPs 7 #y
BAT B2 5 (P<0.05), LBPs & &t i BMRAR Uk Hl
K> T AT > mAR > AR 2L, AR R AR -
B . Bk e 45 R — 5

3 & i

AHFIEHENT T 0 W 7 -PMP BT As-HPLC il 2
LBPs &1, S50 0000F, %05 e uerf . 5 | & IR
T AR E 4 AR RFIAT B AR A TIE, 4
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