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Comparative analysis on chemical constituents of Polygonatum cyrtonema from
different growing areas
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(College of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: AIM To compare the chemical constituents of Polygonatum cyrionema Hua from different growing
areas. METHODS P. cyrtonema from different growing areas in Zhejiang were collected to measure drying rate,
the amount of extracts, polysaccharides, flavonoids, saponins and phenols. Principal component analysis was used
to give comprehensive evaluations of each sample’ s quality. RESULTS The drying rate reached the highest in the
moso bamboo forest, which was 23. 65% . The amount of extracts reached the highest in the castanea henryi forest,
which was 72.93% . The amount of polysaccharides and saponins reached the highest in the castanea henryi forest,
which were 7. 18% and 84. 98 mg/g. The amount of flavonoids reached the highest in farmland areas, which was
12. 53 mg/g. The amount of phenols reached the highest in moso bamboo forest, which was 1. 67 mg/g. There were
significant differences in the drying rate, the amount of extracts, polysaccharides and saponins of P. cyrtonema in
different growing areas. The drying rate was positively correlated with the amount of main chemical constituents. The
comprehensive score ranking of P. cyrtonema in different growing areas was as follows: the castanea henryi forest
habitat, the moso bamboo forest habitat, the evergreen broad-leaved forest habitat, the farmland habitat, the co-
niferous and broadleaved mixed forest habitat. CONCLUSION  The amount of effective ingredients of P.

cyrtonema in the castanea henryi forest reaches the highest among these five growing areas, therefore, the compound
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planting model of castanea henryi and P. cyrionema is worth recommending.

KEY WORDS: Polygonatum cyrtonema Hua; growing areas; chemical constituents; quality evaluation

Z ALK Polygonatum cyrtonema Hua A H & F
BORGEAEY), R PR B Th IR, SR
# Polygonatum kingianum Coll. et Hemsl. . #AE Po-
lygonatum sibiricum Red. — [ Y& 5% F 2015 4 it
ChEZY) —3, IR E S GRS 2 IR
e, ZAEENE T TR . SN R W
VL, R, AT BEASUL AR, I
PR, P, H M, B, BAARNVIIREL, @
L, WA g AR T AL . SR 2 LA g R W,
PO EATUAAA . DUMYR . IR . FRIMUIE . fesE
P . GRS AT . R B D RE A 2 il 2 AR
FPT . GEAESR, T T S EORE T SR B
FIRGRAFFENRAZ, P EO AR 2R TR R
PRy, CAAREw 2ok, Hil, rE#E
ZAEBORT BRI BRI BB BEA T T, FENE
PIbR . A2 AR A [V A JBE 35 ] S5 %) 22 A8 B0KG A
KR R WA R A B8 T Z A8 H0R &
B E R R AGE . P, AR SERARTS T[]
P 5 N TR A T 2RI TR B,
B ZME . B BT SRR, R
FMAAER S R BRI ASCR, A2
FEBORT LSRR R SR (AL BB ARE
1 ##

HEPB R (BT E AT 2 HLAR ) AT R A
H]) 3 MS105DU HLF 73 B K8 (A5 -6 A 24X
i FIEARAF ) ; DHG-2150B HL# L X T2 48
(R A= TCAU AR A IR AR 5 G-060S 8 A i UEAL
(RYIT HRAE T VR & A FRA 7)) ;. RES2-AA Jie#
ikt (RREZRAANAR) ) 5 HH420 HARVHE
KEHE (B EE AR AR AT ) 752N E b
AT (R TSGR AT .

oK AR B (HiES 20141211, BiR
i A = R A R w] ) s T (S 100080-
200707) . AZ B Rb, (5 110704-200420) .
BT A (45 110831-201204) , #H T
Hh £ 24 A RS E BT B s AR AR (TR R AR
WRHEAIRAR) ; B ( BRI TAHRA
Al B (VR MDA RA R AR
(EERME ARG IRA R ) TR, ERR
(RG] ) s SR, KAl &
MR, i (R Rk MO R A FR A D)

R et

35 #HERE ST 2017 4F 10 & 11 H UL 44,
AHKRAE , ZRWTLr B 24 K2 2 2= e i vkl B2 4
N H G RHMEY) Z AL B Polygonatum cyrtonema
Hua MR ZE, AERKAERYH 3 4F, HEREE R
1, HrhERRE M, BT, &SR bR 3 FhA:
5o T BURE I B AR W (JC N T TR B AR B
5, KH RS N TP
2 A&
21 #HFH 2EHREHSELSAETUE
i RO BR S Z0R | P, SR K 43 )5 Y
b, WEw AR E e, & T 105 C R FH
30 min, 60 CHE+2fEE i, Wi, BEER
JERRER R, IEr TR,

HORG Z AN Y & A 2 002 2 18 2015 45
i (P E 2y T R ER Y A i, A
HME 3K, LATC/K ARG IR b 5T TR By A
AR (X)), WOCEE MM AER (Y), #EATRIE, 15
FUEFE A YV =39.252X+0.026 7 (r=0.999 5),
1£ 0. 003 4~0.020 4 mg/mL & BN MEX R BRI,
KRS R e . A P RSD 43 i)
HF1.09% . 1.74% . 1.92% ; “F ¥ 00 k¢ [l i %
99.81% , RSD 0.98% (n=9),
2.2 REBESHEMZ
2.2.1 JEAEEES KEEFRBOS T X B S 40 mg,
FH 50% S BB i, e % 100 mL fff HhIf
&, SRS, A A R TOR R
0.1, 0.2, 0.4, 0.6, 0.8, 1.0 mL, & T 10 mL
T, RJEHA 0.3 mL 5% NaNO,, #%5), #&
6 min, FAIA 0.3 mL 10% Al (NO,),, &2, &
6 min, FJSHNA 2 mL 4% NaOH, Lk 50% 2.
2%, HE 15 min, LS HIKFMEXT IR, £ 510 nm
AR S R ASK R o AR R R R AR AR (X))
WCREE AR (Y ), 1 BIE TR Y=9.530 2X-
0.0139 (r=0.999 8), 7£0.004 1~0.041 0 mg/mlL.
WHRINLAE R R, FBEERE, ekl
5. EE B RSD 05 1.10% . 1.96% .
1.56% ; fim A 1 Y 2 99.40% , RSD 1.45%
(n=9),
2.2.2 FERBEESARENE KERREZER
WK 1.5 g, FAT3 6, 408 T 20 mL B %EK
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Tab.1 Information of samples
i SR A 1] SRAE LS EA¥si)in b
S1 2017. 11 bR R S N29°03'39. 85", E£120°26'48. 46" BT R AE R
s2 2017. 11 Wil g e N29°02'2. 48", E120°29'46. 85"
S3 2017. 11 W44 N29°02'14. 30", E120°27'59. 90"
S4 2017. 10 RANITY 7 N27°36'15. 40", E118°57'58. 20"
S5 2017. 10 WG 7K Rt N27°37'8. 04", E118°56'58. 02"
S6 2017. 10 WL K S N28°40'11. 37", £120°05'19. 21"
S7 2017. 10 WL K = N28°40'21. 42", £120°05'3. 15"
S8 2017. 10 WYL K 5T N27°57'48. 61", £119°37'50. 03"
S9 2017. 10 WK 57 N27°57'40. 81", E119°37'50. 52"
S10 2017. 10 i RANIY S - N27°57'31. 11", £119°38'5. 99"
S11 2017. 11 FRARRESY 25078 N29°10'20. 30", E120°39'31. 72" EATHR
S12 2017. 11 WL A 2 N29°10'13. 35", E120°39'38. 60"
S13 2017. 11 Wil g e N29°09'49. 43", £120°40'7. 11"
S14 2017. 11 WL 4 e N28°550. 69", £120°36'58. 12"
S15 2017. 11 FHRARE R <Y L N28°54'56. 29", E120°36'50. 41"
S16 2017. 10 b RANITY N N27°35'29. 75", E118°58'0. 30"
S17 2017. 10 i RANITY) 7N N27°38'37. 59", E119°04'58. 87"
S18 2017. 10 I RANITY, &) N28°05'11. 09", E119°08'49. 25"
S19 2017. 10 RANTTY &) 2] N28°01'40. 82", £119°07'21. 84"
S20 2017. 10 RANTTY &) %) N28°04'50. 48", £119°06'11. 80"
$21 2017. 10 WYL 7K Kot N27°36'8.52", E118°57'27. 10" LA PR
S22 2017. 10 ANV N27°35'42. 85", E118°57'29. 73"
S23 2017. 10 WL K PR IG N27°36'46. 20", E118°56'54. 07"
824 2017. 10 WG 7K Rt N27°36'7. 34", E118°57'59. 60"
825 2017. 10 WV LEE 7K IT N27°34'57. 19", E118°56'47. 02"
826 2017. 11 B RARERESY 207G N29°02'42. 93", £120°25'59. 09" KH
S27 2017. 11 R R S N29°02'40. 80", £120°29'01. 40”
S28 2017. 11 Wil g e N29°02'4. 82", E120°25'36. 01"
829 2017. 11 WL 4 s N29°01'5. 74", £120°25'31. 44"
S30 2017. 11 FRARE R Y L N29°02'47. 00", E120°29'18. 84"
S31 2017. 10 WK KT N27°35'51. 11”7, E118°59'2. 48" TR
832 2017. 10 WL 7K Kot N27°35'27.01", E118°59'5. 03"
S33 2017. 10 ANV N27°35'22. 77", E118°59'13.91"
S34 2017. 10 ANV, &5 W N27°3529. 21", E118°59'18. 16"
835 2017. 10 WG 7K Rt N27°36'4. 06", E118°59'9. 66"

B, A 15 mL 50% B S EEVE W (A 1% £

PAFHRLA IR 25 B, B Ah-RT a0 e Bk, 7

fR), #AE (360 W, 40 kHz) #2HU1 h, yExt, JE
W 50% O BEEAR R 25 mL, K% 0. 3 mL, %
“2.2.17 TR 7 E AN OE £ 40 R AL BT I Y

SR
2.3 REeFLHEMNE
2.3.1 FEHEE KEEFRIRAS 2T Rb, XA

i 10 mg, B 10 mL SIEH, INJC/K RS DT
BRZIE, 75, &M, SRS 21 Rb, Xf
MR 0.06, 0.12, 0.18, 0.24, 0.30. 0.36,
0.42 mL, B THIEZIERE T, BB, A
0.2 mL 5% FEEE-KESRR AW (BLEC) A2 0.8 mL
EARR, $A), BT 60 CAKIIMIN 15 min J5, UK
2 min, FIA S mL 7KESER, #£2), i8S min,
2950

568 nm AR E WO EE DA RE S T VR B O
BARRR (X)), WOGEE R APR (Y), #47EIH,
27K Y=16.507X+0.024 6 (r=0.999 0),
1£0.009 6~0.067 2 mg/mL & Bl N MEE R B i,
KRR e iR BRI RSD 4
J1.34% . 1.97% . 1.99% ; SEE I 98. 01% ,
RSD 1.70% (n=9),

2.3.2 HERLBTEAENE HHERREEE
WM AR 1.0 g, “F47 3 4, 20l A 80% & BE
15 mL, 60 CHIAHHEE 50 min, TEEHER 2K, &
FHUEW ZE 50 mL =, A 80% LB %, K
BGHCO0. 1 mL, % “2.3.17 TR Iyl fitss
L ERE BRI aR ",
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2.4 EEAAEMNE

2,41 FEEFEE RERBOLE TR
13 mg, & T 50 mL &), A 20 mL 70% L BE,
M TR, H 70% LBEESR, B
o300 B B F R 4T R B R 20, 40, 60, 80,
100, 120 pL &F 5 mL #®IEH, KKIMA 3.2 mL
ZEWK, AEAKE B 200 pL, MRS E
6~8 min, JIIA 15% Na,CO, ¥ 500 wL, #&45,
TEZ R T ROGHCE RN 2 h, 7F 765 nm B AN
WEOGRE LI IR BT v B O R Ak bR (X)), ok
JERP A AR (Y), ST, AR RE Y=
77.945X+0.022 7 (r=0.999 2), £ 0.001 1 ~
0.006 4 mg/mL i [l 41k O R R AIF, A% Bk
¥y FaE ke . mE ML RSD 20518 0. 99% |
1.99% . 1.87% ; Ml #¢ [Bl 4 % 100.51%, RSD
1.77% (n=9),

2.4.2 FEREBEAHENE KPR LR
MR 1.0 g, A7 3 7, /00l &E FiE T, A
10 mL 70% £ %, #7 (360 W, 40 kHz) 42HC
30 min, P&, WOEW, REFE 3 K, GIFERE
JET, JFH 70% & B 45 2 50 mL, A % 0
100 pL, #% “2.4.17 TR 7k Fit a2 e
K am A,

2.5 ito A FH Excel 2010 F1 SPSS 25.0 4
TR A T IN E RRCHl EA TRE B A s RH B 3R
5 Z0 AT LA A T 20 R T % . B i
Y. 28w, 2. BB EAENES; A
FHOCHE ST HIT 4317 25 A MU Bm Z ] R AE DG 1 5 SR =
BT ATV 25 R B Z A6 S BT

3 R

3.1 #FRks TR M TRET S
ZI, R AM RN EEE R, TR,
i AR, AR 2 AL, EFRTRSSMAERE T 2
EBREIT TR G BT, WA HESOM A
WETEG 4255 (P<0.05), BATHSKHE, %
A MR ZE S AR E L (P<0.05), AT
A 119 K 5 AR A S T T RN R R G T2
225 (P<0.05) , T340 R B IMRICH BAT
R, HESEAR SRR . KH | BFRETR SR,
3.2 Eddks ARRIAER T 2R TR
I AR AR 2, HESOMA SR T B R IR
e, FRATRSSMAESE T B TR AR, 55
H72.93% . 63.40% , AR FEBYEAEYE
T 2015 AR (CREZ58) MU BT T 45% /Y

PR T 2Ear AT A R, N TR AR R A A TR
MAETE RS BRI B A R SR TR SR AT
M, REARYEES I #2S (P<0.05), il
PIBE KB MRUCHHESEMR | H kbR BAT
M, OKH L EHRERSEHM
3.3 WM SR BOKS S RR R —FhE
TEPER, HA A B 2015 AERR (R EZG) 3]
HZACEAG R BT S E bR, YR 2 ILEOR | R
SR =7% MG . &2 AL, R
M A58 PR M A A 5.35% ~7. 18% Yulfl 2
], AN SEARA: BN A RE Fhak B 2 bR, 2B
Rl 250, FIREMAESR T s AR,
BT, MG 2R (P<0.05), 4%
AR HORE Z W51 B R B/IMR IR R #ESEAR . AT
R, EERREAR . R SRR S,
3.4 RAEELE BB S A KA G S AR
&S, k2 nIE, ANRES T ZHEE R
& A RAE 9.37~12.53 mg/g ZMA], Hirp, K
H A o, SRR SSMAESE T ik, KM HAt
VTR ACHR, BATAR, H kbR, HESTMRS 5w i
3.16, 2.85, 2.09., 2.11 mg/g., J7 2243 al 40,
AR A SR IAL T A6 R B & A =25 55 G
SN (P>0.05) , B AR S S th ok
F/IMEIR R SR AR HETEAR . B AT
EFRRIRZEAR
3.5 RRiFkE KERTZAFBLRTSH
W E LR R 2, KA B &R 2578 ~
84.98 mg/g JLH Z ], Jr 22 Ar s R0, HESE
MAER TR SAERS THR 4 A (P<
0.05), 4 84.98 mg/g; BATHR, 5 LRiE MRS
MR EA R TREER (P<0.05), 43518
51.96, 52.84 mg/g; KH AN R HRA: B L 4E
T2 5 (P>0.05), 430l 25.78 ., 38.28 mg/g,
AR R R A R /MR R HE SR
WA AR, BT, FHRRSAR, KH,
3.6 EEribE& k2 nIH, AL T 25
K oA BTE 0.56~ 1. 67 mg/g 200, Hrir, £
MRASR i, WS MAESE T iRk, BATAR
RN a7 N = < NN B 220 7 7
H10.55, 1.11, 0.70, 0.47 mg/g, LHARE T %
SR, ARIARERS Z 008 A& A gt
a5 (P>0.05) , A8 NS SR E oK E)
MU BT, HESEAR , SHRENR AR, K #
ZRRE AR,
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Tab.2 Content comparison of chemical constituents of P. cyrtonema in different growing areas

e e Prr3/% B2 % R/ % BIKE/ (mg-g") ST/ (mgeg™!) KB/ (mg-g™)
B TR AR 16.05£2.76*  63.40+7.21"  5.35+0.94° 9.37+4. 49° 38.28+17. 44 1. 12+0. 77¢
BEYURIN 23.65+2.43"  65.94£7.53°  6.57+1.91" 9. 68+3. 99" 51. 96+25. 39¢ 1.67+1.91°
SRR AR 20.95+2.38  65.99+2.76™  5.76+1.22% 10. 44+3.27° 52.84+12. 434 0. 56+0. 04*
KH 17.98+1.86™  64.54+2.48°  5.64x0.98" 12. 532, 12° 25.78+10. 49" 0.97+0. 12°
HE TR 22.10£1.20%  72.93+0.86*  7.18+0.40" 10. 42+0. 57° 84.98+16. 52° 1.20+0. 19*

VE [ R R IR NG SR 35 2 AT GE T4 X (P<0.05)
3.7 ARXMSH AHIYESHTULER 3, AR+
PRZ A OCE 3, AREAIS, ZAHERT TR
HREBHFEIFMHL (P<0.01), RS MafE
IEAEX (P<0.05), FHCHEHIR, T35 E
B A R R IEME, XS HAA S )
TE—2, PrrE3a] LN A S B35 53 7K 2 F T4
FBAtArR AL, PRk, RUIARKABNEER .,
%3 SHBBSTEMEREXEN

Tab.3  Correlation analysis of chemical constituents in
P. cyrtonema
PR By SRR BEE Rl A

T 1. 000

2y 0.319  1.000

RS 0.315  0.253  1.000

HEE] -0.121  0.014 -0.011 1. 000

pEENes 0.563™ 0.386* 0.282 -0.074  1.000

ey 0.247 -0.074 -0.096 0.099  0.272 1.000

¥ P<0.05, * P<0.01,
3.8 EMH oM NHEAFALET 200K 5
IR, K SPSS 25. 0 #ptxt Fri 85 E4T
AT, BER 4 ATAL, Y E A BGERE 3 B,
F 0 B oTEkR A 72. 426% , HopEE 1 ERi ot
WA, 3K 35.498% , FH 3 A 84 WA ) A B
TRZAEE R HAT LA VAN, HZE A PR R
F=0.490F ,+0.276F,+0.234F,, WAl F, Y24
PO i ok, Hh Z AT T8 B2l
Y, EAREZRERE RS 1 N AR
far, W5, RLR 4 MR F 28R 06
FUE ALK, d#at FIRZE AT RO TR AR T
FEMPIZEEIR T, SRR 6, K/EHE T 2Lk
LR RBVIMRUCHHESERR . BATAR . H4kiE
AR ORH EFRETR SR,
4 itig

A SR AR Z2 A B0 AR KRR A A ) R
BEHFZ =" R A, RELEE T 24
BT T3 RINYS AR, SR AE
T EHEAEMZEFRAK, 2 AN TA A, HESE
MASE T Z A0k B TR A, T 24K
2952

F4 EESDEHEE

Tab. 4 Eigenvalues of principal component analysis

WA RHAEAE FRIBF I FaEA
wor o, Bk RRsuk 0 i/ FPGUR
&l &l
% /% % /%
1 2,130 35.498  35.498  2.130 35.498  35.498
2 1.198 19.963  55.461  1.198 19.963  55.461
3 1.018 16.965  72.426  1.018 16.965  72.426
4 0.753 12.545  84.971
5 0.479 7.983 92.953
6 0.432 7.047 100. 000
x5 BRSEHSFEEE
Tab. 5 Eigenvectors of the principal components of
various constituents
. %

I H 1 5 3
P 0.815 0.128 -0. 148
B 0.618 -0.339 0.276
HORG 2 H 0. 550 -0.437 0.222
ST -0.115 0.299 0.929
ST 0. 830 0. 163 -0. 056
ey 0.281 0.872 -0. 068

*k6 AREETSHEREEEIEHR
Tab.6 Comprehensive score and ranking of P. cyrtonema

from different growing areas

He 35 T Fl F2 F3 F He44
MRS -1.068  -0.473  -0.114  -0.681 5
EEU(RIN 0.322 0.633  -0.221 0.281 2
Lk A P 0.228 -0.218  -0.081 0.033 3
KH -0.623 -0.615 0.701  -0.311 4
HEZRAR 1.887 0.512 0. 050 1.078 1

BRI BRI R, R R, I
AR AR A, L R I S T 2 4 o AR 2 A
K HESOMR A BRI, B0 Y
B, JAKTT TR A4 22 26 TORT R T H AR B A BR
W, SEEHER, Wit HESMAET T Z
FEBOHE dh BRI, BOR 208 2O W) & A 1 Bl
2015 AFfR (R EZGAL) 5 S BN 254 1 iR B 4K
fobs, MIEGMEDR, WRZHMESAE=7%, &
i =45% J G hRE BRI UHESEbR A 35 1
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ZAE BORT I8 B 25 bR, AR RE B AR T 2
bt

3PS, BTS2 AR Y dh
Ff s, WEREM ARSI, B RTR M HES B
Ko 3 FPEFEARERYIRN AL, AROMEER . ZHETE
SRR RS, X LEP B R 22 AL BORS 14 il o™
SN, H g ] I AR T ] R SRR v ) ot 2 Al
. RO, MO AE L I R
TR HIAAEBA N T ER T, o
REIE W T BE R RORSCR,, S0 T 2 AE BRSO AR
PRI R Rl R R S 5 24
PRSI DU I TR BB TR] 325, T BAT MO Bad A5
SRR MRP RN R D . SRR R 2E
(REE S0 Fhia) e 4 R /0, HOH BB BE T
REIEAFIE S Z IR, 4P R SRR
N AR TR i T B TR S AR AT R TR S

N TR B SRS 22 A8 0K (0 i R T 7 A=
BT, HES S ZAERR MM T Z AR, b2
FETOR R E H AT R AP EE , Hom o A T At 1
B, P TR AR RS AP R, R
BRI, 98D 1 B SPERIE vh A7 L B R v AL o 1] 5
Fr, DI THESMAESE N Z LSR5 Ik HE
AN T ZAEBORRR WY . B 2R RS
HEAER R, I RAEm OO T BT
Wi, B S AR =, i s el
H, S BNFEZER AR, DUHESOR A 5 Rl Y
ZAETORT A U, 2 AR BRI HEOAR T AR A
E THB ARG R, AR E B E MR 242
K BAT MBIk 25 A 5 R SRR 247 A
B, AMUFPHE I Z RO dh RS, ik m] sEar A
b BT, AT O A AR e 22 U M A R A AL
#610 HESE S ZAEEOR AR R A i B A A
e,

S 3k
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