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B E: 23T H&RMEE (HPLC) MR 2 &4 (Huperzia serrate) M4 AW RO RH K Bk b & 458 F
(Huperzina A) #= & #5#& T (Huperzine B) &% & 7 ik, 9‘7’-vx&tﬁ%#@%dﬂﬂéﬁ#ﬁ%ﬁﬁ?:‘&ﬂ’E#ﬁ&?%ﬂé#ﬂh&c/@
MR, NAABRAMRZE A ER, TEREM. 3B #47 &2 igsm&m 547, i£ A Agilent Eclipse plus-C18
@i 4E (250 mmx4.6 mm, 5 um), ¥A 0.015 mol/L T #i % (pH 6.8) #= P BF %k (70 : 30) A A sh A8 84T % B 2L,
Ak 1 mL/min, %R K A 308 nm, #4460 ELRKEKIERERTFH 6-15 RGBRFT ol Bl sE
MR, BRE2Y, ABRRRERFTWEMBRT R EHSHRTTE 25 min AT RIFG > BfoM, BHBRT E
1.50-48.00 ug/mL LB M &M X R RIF (AR A4 r % 0.9995), &AM A 0.25-7.50 pg/mL & B A XA ZER
F (XA r A 0.9997), BAARTF F oA T AT A AR E A A 106.83%. 108.06%, AR 4R AE4H £ (RSD)
SHH 3.34%. 3.60%. % m kAR, Bk, WEES. EREH, x\)ﬂ%miiamﬁ%&#xﬁﬂéﬁﬁnz# AR
Lo, £RBIEYF, rfliﬁ%ﬂiﬁ#«&ﬂlﬂxz# BT e BT HY 2 ZILRIG G R, RS A T3 e gk d L
MY R BB AR O S ESHNENEARABS 14X, 5 8 RAE &G, éa\%J%:: 12.417 0 pg/mL.
46603 ug/mL, Z 7 A FHZEI AN ELRARIBREASREH BT 5 LB HIE T TRET AT B, KR
H AT H A TR A
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Detection of Huperzine A and Huperzine B in fermentation
broth of endophytic fungus Colletotrichum gloesporioides from
Huperzia serrate by HPLC

Ligin Hu'?, Xincong Kang'?, Pengyuan Shen'?, Tian Chen'?, Jiayin Zhang??3,
and Dongbo Liut?34
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4 Hunan Co-innovation Center for Utilization of Botanical Functional Ingredients, Changsha 410128, Hunan, China

Abstract: In this study, we established a rapid and efficient HPLC method to determine the accumulation of Huperzine A
and Huperzine B in the fermentation broth of endophytic fungus Colletotrichum gloesporioides from Huperzia serrate. The
chloroform extracts of fermentation broth were dissolved in methanol and filtered before injection for HPLC analysis. The
analysis was performed on an Agilent Eclipse plus-C18 column (250 mm>4.6 mm, 5 um) by isocratic elution. The mobile
phase was 0.015 mol/L ammonium acetate-methanol (70:30, V/V), the flow rate was 1 mL/min and the detection wavelength
was set at 308 nm. Huperzine A and Huperzine B could be well separated within 25 min. Good linearity of Huperzine A was
found in the range of 1.50—48.00 pg/mL (r=0.999 5), and that of huperzine B was in 0.25-7.50 pg/mL (r=0.999 7). The
average recoveries of Huperzine A and Huperzine B were 106.83% and 108.06%, respectively (RSD=3.34%, 3.60%). The
results demonstrate that this method can detect the content of huperzine A and huperzine B in fermentation broth simply,
rapidly, accurately and in good reproducibility. Under the optimized conditions, the accumulated content of huperzine A and
huperzine B were measured from the sixth to the fifteenth day. Huperzine A and Huperzine B reached the highest (12.417 0 pg/mL
and 4.660 3 pug/mL, respectively) at the fourteenth and eighth days. The analysis methodology could contribute to the future study of
huperzine A and huperzine B biosynthesis in C. gloeosporioides, consequently facilitate the development of new drug resources.

Keywords: HPLC, secondary metabolites, Huperzia serrate, endophytic fungi, Huperzine A, Huperzine B

BHWE (Huperzine A , % Hup A) 2—
MEERFMANEN. KE. TFHESEEY
MHENCEHEHERNANREDHE K EFERTESF
FRIE. ILIZEE. EEMNLTHONETED, £
FRRENARITH 5%E FDA HENEXRZY
fee Ak, ZRUKST. RIHTAYEA R = b EAELE |, Hup
ANNBEREREIHES  FRARENREER , O
REMFAEES , SHERAENEY, AXEHZ
(Huperzine B , %5 Hup B) #IHIEMN AAZHEEH
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1/10 , {8 Hup B EBE KK EM LR EE,
EENTREERNELNEF-ES HipA B
METTEA  GERH 8% Hup A HOMKEE
M 2012 F#9 200 J7 7t/kg B E 400 % T/Kkgo B
AR Hup A HipB EREKHNEERE HEEEED
509 0.090 0%, 0.018 3%) ,1E B &1 Hup A, Hup B
MEENBFEWE AL (Huperzia serrate T.) &
ANKAERNAYEEYPEERR, BRAY
EREHEFZ, EKARKY  SEFRSHZ



HHZ F/HPLC ZFRNBE A NEERRBREXBARTAVEFNAYHZINE R

PRI R4 | ALIEFRARKY ; Hup AATL
2ERTRED. MEER , TERBANRFEE
HAERYRE , Hup A ESREESZTZ=WALE | T
ERRTIZABER , H1497 Hup A, Hup BEY
I R & o

B Stierle E & X MEM 4L Z 42 Taxus brevifolia N.
MREPIEI - EEBENRNEER —%
=LA B Taxomyces andreanaelARK K AEEH
BREE T EYHERESMECERER G ZE
TIRARWIE , RERGRER, FERENE
MARRHETHNER, &5, BXREEAER
SERNAREETLRE , 2005 FAHFFM
MERBZHEEK H. serrata PO H 4 RN E
ER , 23R THNAESE. 2#MEE. B8NS
ERE BXESRPNITIEHEMNESE LM H. serrate
PoEEH” HpA WEBEEHER. ARBREMN
BERY H. serrate F9EHEBF S/ Hup A Hup
B BB NN AEERRIRE tanju (Colletotrichum
gloeosporioides P. tanju), B & Hup A, HupB ¥y HPLC
FEFEZTEEDR T ALRHEY H. serratel614
NAEEBREERFH Hup A, HupB HPLC U
FENZERRNBE, AXEY THEEH tanju
REERF Hup A, Hup BH HPLC MEF % |, ¥
B A ERN T tanju BAEBE R HIRERBE=
¥ Hup A, Hup B #3332 .Hup A.Hup B HPLC
RERN S EZNEY N EHNEERERRRES
FX Hup A, Hup B (W4l HEIRREEM , NTIH
T 4RI R

1 #HRERE

& : 010-64807509

11 MR5EE

RREAY (RABEBEY); NEEERRERK
H (AXREDE); Hup A FrAEMR (Aladdin) ;
Hup BirgEm (LBRHENREBERATE) ; F
Ereild  BRE, EF9WoNE (BAE
At 227 AR F) ; Mettler Toledo pH it (£
BERY-ERNZNUHFERLA).

FEMNEMIZE : Agilent-1260 Infinity &K
AL ; Mettler Toledo XS205 B 8 F 43 47 X F
(EBBEY-REASNUFERAA) ; RERRMN
(EBRRECNFREZERALE).
12 &
121 BFENES

SREFEMEAS (Potato dextrose broth ,
PDB) 7 E : ZEREBRE 2009, EEME 2049,
MEBKEBTE 1L

PDB MEFEFE : ERDHE 200 g, @

¥E209, 88 29, EAK 29, KHPOs 159,

MgS040.59 ,NaCl0.3g , MRBKERZELILfG

I pH E 6.5,

122 HSFHHE
FHENEEAZEIREBE , AERKPE

. BH , BBE&KRESE, WFASIHE, &

EH#. MADEAFHFITRET , A8 BY

HEE, RERABAKE 110 WREFARLE

RE—FEMER 2E 121 CEEZEARXRE 30 min ,

-20 CIKFEFFZER.
1.23 HEEH tanju REEEFARXERD Hup
A, Hup B £

NEERRE tanju & PDB HBFEHEL
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3d, M1 mLELT PDB MMEHFEPHEFRS d
HFRLEFRIES , MAFS T 5 mL FEakesd
7 (ZAXE® : PDB+5 mL FS F). MAFEF
BERE-—ENHERAEZRI>BRERANEL ,
FoEN 100 mL BRARERRNUBAEREZE
A 30 mL, NI 30 mL EHER 1K,
BAREFEAERER 1R, 8HER, BT
FmA2 mL 8EREAR , BF 10 min, BT
B 0.22 um W FLIERE | SRR RN,

1.24 HPLC #J&4

Agilent Eclipse plus-C18 ®i%4E (250 mmx
4.6 mm, 5 um) , F3h4H 0.015 mol/L ZER4R-F B2
A (70 1 30) , FIE 1 mL/min , #5835 C , #
BE 10 uL, R K%E £ ,Hup A 7£ 308-310 nm
HAERFHEARYK , ™ Hup B 7 308 nm L&
RIFHEAR K , BUEKIEA 308 nm, fELGEIE
BT, BRTM Hup A, Hup B 5EHEfbigaER
HELZDE,

125 WNERHE

Hup A X H8m A Z#RE Hup A X1 HR M@ 2.40 mg
FosmLBERPUREARHES , BRER
0.096 mg/mL N @mBAKE , B2 5HBEK 48.0,
24.0, 12.0, 6.0, 3.0, 1.5 pg/mL HIX B R HIRXE |
.

Hup B R M : BEME Hup B XXTHB @
250mg F 25 mL RERPUREARHAES ,
BIRERN 01 mg/mL NBRBHR , BOIBBER
7.50, 5.00, 2.50, 1.00, 0.50, 0.25 pg/mL WYY
Bmfim, #n.

http://journals.im.ac.cn/cjbcn

126 MNBEFEBHE,. FEREX. RAR
(LOD), EEMR (LOQ) FH M bntx B 43R4 A
PP~

BB B & 1F#9 Hup A F Hup B #5A
W@, PRIAHEEER 10 WL EE#HME 6 X, ITEH
HXRERZE (RSD). HFmizEM. LOD, LOQ :
mftAER 14, FERT 0. 2. 4, 6, 8. 12h
HFE 10 pL , #£“1.2.4” HPLC &M EEER |
LOD # LOQ Ky TE =2 1848 1 B #9 1 1w 2 LU K
RAERANRAEMEKTSINFELDG LoD M
LOQ A BI& RN 3.3 a/S # 10 a/S (a TR RIHY
HARE S KRTREPKHNRNE), #mINERE K
Z EHEM Hup ABERIMA 0.4 mL Hup A Xt BB @
AR (RE 16.5 ng/mL), BX Hup B #miNA 0.4 mL
Hup B Xt BRmAR (RE 5.5 pug/mL) S A
T, ALIEREIEY , BMBEEWCR , #EE 10 L,
MEEER , BREFTEARDOT :

[ 2 (%) =

TUAFRSHE A (ug) — FE it 5 5 (ug)
IV RE b ==A(TTe))

1.2.7 REEH tanju KBS TR

EREER anjuBHREFRRES (BEFRE
B5 X) MAFESF5mL ELERAVNEERK
B P 5 6-15 RIRERE ™4 Hup A, HupB Y
EE BRINET  BRNRMUFESFF Hup A,
Hup B W& &, REER tanju BiFSE Hup
AHup B WEE=KBEHE*F S Hup A/Hup B EE-

x100%

FSFH HupA/Hup B EE,

FMNEBRSBHNEL60 CTREEE ,
REMENTE , EE 3 AN TPHENAEEY
E A B®RMNEH pH,
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2 BREAH
21 ZMRXENEER
HEHEH Hup A F Hup B BmRE<1.2.4”
BEKXGNE , UHHEREXNEER#TEA ,
BitEHMEERER
Hup A : Y = 21.331X — 14.899 (r = 0.999 5)
Hup B : Y = 15.371X — 0.410 2 (r = 0.999 7)
HROERBFERXRE r XF 0.998 516171 | AT 4l
LHBHENT 1.50-48.00 ug/mL, 0.25-7.50 pg/mL

#F 1 Hup AF Hup B mM#E#FEKERIRIELER
Table 1 Recoveries of Hup A and Hup B in samples

0.30 ug/mL, 0.62 pg/mLo MNEEEIN R XKL RN
F1, ERKRE Hp AWFTEIKEN 106.83%
(RSD=3.34% , n=3), Hup B MY E K FK H
108.06% (RSD=3.60% , n=3).
2.3 #&® Hup A. Hup B &£ R
FEHEFNERE 124 BERHESES
#r 3% 1S Hup AR RV R F BB 22.517 min
(B 1A) , Hup B #9{R E A8 10.413 min (A 1B) ,
NEEERERT Hup A, Hup B R B A S

Component Content of sample Reference substance Total content Recovery Average RSD
(ng) content (pg) (ng) (%) (%) (%)
Hup A 8.123 3 6.6 14.915 3 102.91 106.83 3.34
7.318 9 6.6 14.570 3 109.87
7.2270 6.6 14.566 6 107.71
Hup B 25770 2.2 4.945 0 108.06 108.06 3.60
2.5180 2.2 4.814 8 104.40
2.389 2 2.2 4.856 4 112.15

ZER ,Hup A, HpB N ESEERERE
22 {UZEEEM. H#EREM. LOD, LOQ
FNHE SR N FR B RS

Hup A, Hup B R fm 0 B IELL#H 6 )X A
 Hup A #RAEmRVIEER RSD 5 0.31% , Hup B
FROERMIEET RSD 7 1.01% , £ RRPMEERE
BB, HRE126NEEER , Hup A K
I#EF RSD / 1.23% ; Hup B KYIETEF RSD H
2.40% , ERRA , HAmBARE 12 h IRE. B
B, Hup A B9 NIBRFEZR 2 518 0.42 pg/mL,
0.81 ug/mL ; Hup B B9 NI RFEER 2 5 5

& : 010-64807509

B4 22.513 min, 10.312 min (A 1C) , ZAXN R
F Hup A, Hup B R B 8B 2 B9 22.430 min,
10.308 min (B 1D) , £RERABRNMZEQX R
H Hup A. Hup B BY{R & &5 18] 0 E X3 7 AY 45 4
MRENAEER -, BEREMKITERS

MEBREIRYH Hup A, Hup BN S E |
KEBEHS Hup A, Hup B W FHERE 2 3 H
19.248 9 ug/mL. 6.442 4 ng /mL S FH Hup A,
Hup B FiRE % 519 5.771 0 pg/mL, 2.161 0 pg/mL
Hit , KRRERESRK Hup A, Hup BFEESD IR

13.477 9 pg/mL, 4.2814 pg /mLo

nE
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30
25¢ V
% 20F
3 . Hup A
.‘E I5}¢ o
8 10+ Hup B
'QD: A ﬂ | [l (\ A
o wbc
O 1 i 1 L i D
0 5 10 15 20 25

Retention time (min)

1 Hup A#xES (A). Hup BHrEm (B). W&
HHE tanju ABREIY (C) MFSFIREY (D)
B HPLC

Fig. 1  The HPLC chromatograms of the Hup A
standard (A), the Hup B standard (B), sample extracted
from endophytic fungi tanju (C) and sample extracted
from elicitor (D). The standard content of Hup A is
24.0 pg/mL, and that of Hup B is 5.0 pg/mL.

24 FESFERAMEXMAEER tanju KEEE
f Hup A. Hup B &2k

Eo AP AN EERKREANAFTS
F HRERE~Y HipA, HWBWEEBES ,
FRIAARH KT tanju BEKEE 5 RIMAFESF,
ZRNE 2R NEEHR tanju KERF Hup A,
Hup BN EEEFSFMARHEHERS , H
EEHREMERY  BEXASHTBALEH
2, KEERT Hup A EEESE 14 REKFEH
(12.417 0 pg/mL) , Hup B £58 8 KK EIHKE
(4.660 3 pg/mL),

i}

it
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-©- Induced Hup A content

—a- Induced Hup B content

~ 14 6
E =)
£ 12 52
Z 10 Ex
I £4 =
Zz 8 5
5 3 £
(5]
o

juy

3 £
]'Ca'
E :
g 3
=04 : : —0 =

5 6 7 8 9 10 11 12 13 14 15

Fermentation time (d)

E2 NHEERtanju XBi&+ Hup A, HupBEEHK
Tk

Fig. 2 Effects of Hup A and Hup B contents in
fermentation broth of endophytic fungus tanju.

25 MWHEEHE tanju KEIEFIFEHAR

ME 3 AIEE , BN 1 XFFHE AN
WAEKE , £ 4REVEXIEKRE , BEHA
REEEKH , Fs XREEMHARTH., EXHK
EEEH, BERLENDERLN , NEFRYR
HHFER RN S BURKBER pH B H 6.50 BB E
469, EBMMEEXHT , NEER tanju £ KRR R
. BEHTREREH-=YHIRE , KB& pH
BEEH K ERLEVERISESN , KBEARE
EEaTrdt, #ARCEHEFR pH BREE
¥ EF ,Hup A, Hup B IREBEZ 577K 2 RS
(B 3).
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3 Wik

ARXEV T HPLC I ENAEEH tanju X BER
F Hup A, Hup BEEMNHZE. ARBHEXA
Agilent ZORBAX SB-C18 # 1T Hup A, Hup B ¥
BN, EZEEEERRERENIM , Agilent
ZORBAX SB-C18 X 43 # ¥ 7= 4 5 2 W Bt 1 38 AX
BEETEERE. EALXIREERNEZIRE
FIIA 1%-3%M =28 (pH 4-5), A2 Hup
AHup B MIARERENMEEER BEERE.
HHMUES , ARERTEEENIERIR , B

10

9

18

S |7

& 16
2 15 &

5 4t 14

23] -= pH 13

2t - Biomass {2

11

0

0123456738 9101112131415
Fermentation time (d)

3 WHEEHE tanju KB E KRz
Fig. 3 Fermentation curves of endophytic fungi tanju.

RENEAAKRAD , FRFEEAPHSE , B3
NEEEER T TN R, B, AR EEA
TESEYWE DB/ Agilent Eclipse plus-C18 1%
B, ZeEERHE TERAENREER , X F
EABNREMECLEYARSHENER, KK
EBAiZ B 25 Hup A, Hup B B , XI5
MR, EEHMYRELIRFNELSE,
FRRFAISBENHNEER tanju ED B
BERFESLTER Hp A M Hp B, BHEESR
BRARTFET AR, ZRRBAEH | tanju BE

& : 010-64807509

RAMESFHERT , RERPRMNFE Hup
A5 Hup B, A RBAENEER tanju KEMNE
5XR (EKIREH) ANMESTF REKDHRM
FSFHup AL HupBEERS., XHUREREBETHE
BERAMESF , FSFHATERADRAG =
Y, REERKEHAREZEEH AL INEE
FETFHFARRE  MELEKREHRM, £
MEET—ENRE  ZESFRBE , TS
BOR AR E = 408], AT |, Ballica E1IE 12 %
SFERERERPZAMARREY , TRF
mEsrFRAMEFRRMAEMREZS. ZH, FSF
RYFRhSE, R Ne | ROR EXN N EEBIR E R =
V=B a R me-2,

MLEEEM H. serrata AWK AEWIREUGR
8 Hup A, HupB , BE &R Hup A, HupB A
CEREAEANAKEBRED , REANLEERESR
e, AEE T —SRIEFRERL LA,
EUBIZHFRIE, REEMERE , SIWFE
TEM RATHZ Hup A ERXER. 92 Hup A
ErEIREMC, BIREERRBER Hup A,
Hup B R RMEHEN AT KB BER
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