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Abstract: The aim of this study was to investigate the relationship between the alkaloid and polysaccharide
content of Fritillariae Ussuriensis Bulbus and various ecological factors, while also evaluating its in vitro
antioxidant activity. Samples of Fritillariae Ussuriensis Bulbus were collected from six different regions to analyze
the alkaloid and polysaccharide content, along with measurements of soil fertility and relevant ecological factors.
Additionally, the antioxidant effects were assessed using the DPPH radical scavenging method, superoxide anion
radical scavenging method, and total reducing power assay. The results revealed significant regional differences in
alkaloid (0.10%-0.81%) and polysaccharide (5.24%-19.21%) content. Key factors, such as annual average
temperature, annual precipitation, sunlight hours, and soil levels of potassium and phosphorus, were found to be
closely correlated with the content of these components. Alkaloids exhibited notable activity in DPPH radical
scavenging and total reducing power, with the highest DPPH scavenging rate reaching 82.53% and the maximum

total reducing power at 1.032. Polysaccharides were more effective in scavenging superoxide anions, although



they did not significantly impact DPPH radicals. The study suggests that optimizing ecological conditions and
increasing phosphorus and potassium fertilization can enhance the accumulation of active compounds in
Fritillariaec Ussuriensis Bulbus. Moreover, the demonstrated antioxidant potential of alkaloids and polysaccharides
provides a theoretical foundation for the scientific cultivation of Fritillariae Ussuriensis Bulbus and its
development as an antioxidant resource.
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- Ul &} (Fritillariae Ussuriensis Bulbus) ¥ &84 WU} Fritillaria ussuriensis Maxim. ]
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P JERGES . BUR . BRI BT B S AR S), b N fik B ) R A w1
7, CHIINTD R AR R4 FA, BT UUREA SRR 1 24 5 &% DR 5 B
AT Z IR TSR0 A PR 22 W T DU B i R 22 (A R AR AR =, Horh S B A AR
YO DURE R FEAE I 0 3 B 085089, H 2 &4 A AR I RE AR DO, T4
LLAEUIPSE 1 AR = MRS [F RO )~ LR 2 0, W70 R I DUEErh 208 B s, H
AN [R] 7= bF DUBE 2 2 2 SR K o AL P P 2 T T P AR R 2 A AR R R TR 3R T B
Ko BT 2ZAUFEATBARII A, 852 T3R5 R & s,

TETES (reactive oxygen species, ROS) & —REA SR RIWI SR, BiEEH
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AHEFCT 2022 FEFATEURE, IEFEAF = HAZ R, KHBBON— T U BRS04 T
KA, B KAEHEREAD T 500 g BEdh, SREME MG v AR 27 B 7= BT 5 i 2% 2 15
W FE 01 %6 e 3N E A RHT DUBE Fritillaria ussuriensis Maxim. [T 10525, SR K 95
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Table 1 Collection place and number of Fritillariae Ussuriensis Bulbus

s it 2 2 %73
Sample Origin Longitude Latitude Elevation (m)
S1 BIRVTAE 1 BT 128°38" 44°95' 248
S2 BBV AR IRIETH 275 575 B8 128°29 45°34' 136
S3 FRAE A LT R R 126°80 42°40 540
S4 R LA B VR N kT 129°17' 44°3(/ 508
BT Rk B s B aE
S5 123°55' 41°52' 287
4R
b4 Bt = S B ik 1 IR M A
S6 110042 29°82' 972
2=

1.2 XER 55

AllegraX-30R Centrifuge IR 2500 Hl (3£[E Beckman Coulter A7) ; Epoch Etri (3%
[ Bio Tek A7) ; SENCO Jie#, 78 KA (P E _EfEHAREARAR) ; Lambda 365 %4
36 (35 PerkinElmer A% ; SK220 pH i (HE4F#) ; Vario ELIIJGER 5 HHX (7%
RHMBRGER) 5 AA-3 W34 (48 Brawn Luyy A#]) .

ToK ClE (b5 20220910, Zrral, JesteT) D L BERR B (b5 20210105,
ST al, dERAR ) L &AbEN (bS5 20211029, ZeAral, dbsifh T | BEERE AN (it
5120230910, 73 Hral, LR D 5 2,2- KSR 1w 5L ik (DPPH, 73 #fr4ll, S¢[H Aldrich
N s R e iirat, B 2GR sl A R AR &R R (L5 : 20210225,
srral, EZEBNARAAERARD o B (5. 20211025, 70#ral, EZEBAR
FIARATD 5 NRERZXTES (L ACMEC A7) 5 RE REFMBIE (S 20201130,
bR R TRHA IR ARD ; BilR (Rge4l, LS ARD B (k'S : 20210925,



GriTal, RETOEERHIRRARARD S0k (5. 31129-84, Zr#ral, RKiEHHER
WA s AR (Eagg, Bh T HEERE (S V900392, KM Sigma AR 5 IE
THEE (M4, Ei# General-Reagent AF]) 5 #hIR (/h#Hrdll, KETIHEESRHA IR 5T
AT » =AM (s, big Macklin A7) .
1.3 LW A%
131 FREZASRH T A LRRETHEE

R 6 A UUBEFE L (4058 S1~S6) e &= A4 g, xR 1iEid &
YSRGS ES RGN 5% (CRBERA T2 UOIE R R pHL H AL (soil
organic matter, SOM) . 4=fik (total carbon, TC) . 4% (total nitrogen, TN) . 4= (total
phosphorus, TP) F14:4f (total potassium, TK) , #EAMFESEE =k, HA e 3% pH i
L 5KEHIy 1 2.5 Bl RIEAVUR K S EO NS BN 1.724 £ P R E A

P75 RRE L 2.
R 2 CENERES P HASETE R

Table 2 Ecological factors information of Fritillariae Ussuriensis Bulbus from different origins

FHJR . N i
) R R H HE B 25 HEXSR B
FEm 5 Annual
Annual precipitation  Sunshine duration  Relative humidity
Sample temperature
(mm) (h) (%)
°C
S1 23 953.97 1358.17 71.1
S2 0.6 680.79 1397.95 64.46
S3 3.7 1034.99 1404.64 71.17
S4 2.6 669.89 1390.13 64.52
S5 5.1 960.97 1418.15 65.18
S6 17.1 2114.23 1163.81 81.21

1.3.2 -F M8 A ade il 75 &
1.3.2.1 ARl Va0 i) 25

2% Sun ZERONRIE K7, BURER K 5.0 g, BT 100 mL =AM, INKZ/K 10 mL,
Big2h G, WMAZERGE-FE (41D RABER 100 mL, 25, T 80 °CKEH InFA Rt
2h, WH, I8, KIRWAT, REN=ET R, BB E 25 mL AT, M=5F
FEERELE, B
1.3.2.2 AR/ dh & 69 % 4]



22 (P EZ ) 2020 FRREVIE, WE DUEEER 2881 27 0.002 0~0.023 7 mg/mL
VL NA RIFIEIER R, BIHTTREN Y=45.26X+0.180 9, R>=0.994 6.
1.3.2.3 #Hoe & A Mm a2 ille

22 (hEZ) 2020 FERRETTE, BURFIAE AR, DUHBORFIN 2 H, £ 412 nm
BeAAEM 2B, ARNENA TR RP IR A R & & OREWRE , %A (D i
BV DURE AR

xX X

= x 100% (D

X WHEBAEMBSE (%) « CRHFEBIKE (mg/mL) ; FREBMBEMGE: V:
WHERL (mL) 5 m NFERRE (mg) .

1.3.3 “F N & S AR 77 &
1.3.3.1 il 42

Be il 0~0.08 mg/mL AN [RIVA LA & BEAR VAR, &H I mL &1 10 mL &, #ilE
BEANVKKH, IO & 557 3 mL 5 [R50, FRRARE BN K &9 15 min B, SZR)
JENVKOK A1 5 min J5 78 5 5 P45 10 min, DURERIFIRAINZS (H, 7E 620 nm K40
SEHOGEE, DAWOGEE A ALSR, WREE AR, 2l brit Mk . #% bbr ik ih 2678 0~0.08
mg/mL WV N B RIFIIZIER R, BIATTHEA ¥Y=2.063 5X+0.013 6, R*=0.995 8.
1.3.3.2 ~F DUEEZ A4 B 2

2% Chen 452201 He S5 23MRIE 117775 . #ERRRRECT UUEERY R 5.0 g TR IRIEH & T, 50
mL £ % 60°CIEIVE T th, A 50 mL 80% LFEHEEL 3 h, EUZGEFET G I 5~6 1%
ERAZEMKE 2 h, I, IEMAIEH 2RISR 20 mL. SKHL Sevage VEMLE T, B EZWH,
TN 3~4 fEARF 95% L REMEZFENT Y, DUSE 24 h JEIUEMMIERUIE, ST 8EH X5 7K
BT ARRE 25mL, &H.

WORE AV 0.1 mL AN 10 mL B8 Y, IR 2057 3 mL 5885, PR aUE TN
WA AW 15 min U, SZRBEAVKKS, ¥4 5 min 5 %R T4 10 min, 620 nm Pk
TUEWEEE, EE=R, BCPHME, RIEWE A& 2 S &

1.3.4 -F N & & A i &AM & M2

TE 1) AS RV FE SR BOBL, 23 04 0.05+ 0.075+ 0.1, 0.15. 0.2 g/mL. BCHIA R E K Ve

RO BAPEXT R, WREEZ 008 0.5 1. 24 2.5, 4 mg/mL.

1.3.4.1 J%: DPPH [ Hi 253 M 5 2



K HIEE 32200 52 % DPPH HIE BRAE 124, £E[R —H 280 TP inN 1mL DPPH ¥ (0.04
mg/mL) F1 1 mL ANFEIREEFES AR, #2250, SiREOLEE 30 min, FTKZEAES LR,
WE 517 nm AEWOBEEAE, THEIERR%, 13 2075 MRRIE — 2 IR EEE B I RE 572, FRH 5 ICs

(DPPH {5 FR N 50%HF Fict B AIFERGKR ) o BE St DPPH MIiERRR (R A (2)
5.

1=[1—C1— 2)/ o] x100% (2
A Ao NTIK ZEEADPPH IS WOGE s A; N DPPH VETRARE OB Ao NTEK

WE+RE IO B
1.3.4.2 BIEJE 7 E

2% Wang S HRIE IR 7L [ Eo 46 N alR F & o ¥ 0.25 mL ARV EE 4 B0, 0.2
mol/L pH 6.6 IR 2z K 0.25 mL, 1%BkFALHH 0.25 mL V57, 50 °C/Ki& 20 min, JIA
10% =5 4. 0.25 mL, E¥HE2], 5000 r/min 20> 10 min. B &R 0.5 mL, HIA 0.1%—
FHHE0.125 mL ¥R5), HE 10 min, DAZETBKMRERIGIAZE S, WE 700 nm ARG,
W P8 1 v 3 A ot P38 J& T
1.3.5 F N & Z A E RN 2

il 0.02. 0.04. 0.06+ 0.08 0.1, 0.2 g/mL FIFREGH I HIAH [R5 B IR EE 1 Ve I
9 RH AR HE
1.3.5.1 DPPH [ B335 bR

k% FRHL DPPH 4.0 mg, F1To/K B fR I E 75 2 100 mL B A&, 159K 8 0.08
mol/L f{] DPPH ¥, BEYGARTTE, & 2 E1.3.5 WA [RIVR B (3R B 1.0 mL, & 10 mL
B0, I 1.5 mL ) DPPH VAR, ZIR8E6 N 30 min, [FI LLZEK 8T H, T 517
nm KA WA . AR (3) 5 DPPH H HIEIERE (R 126,

>=[ o—C = )/ o] x100% (3)
e 49 NZ/K+DPPH WOGSE, As JFEM+DPPH WOGIE: Ac FEdn+Z8 18K Ot

J&.
1.3.5.2 B E T B RS R 0 E

SRR =y H A ERTHEATIE , 3 3 B R]<“1.3.57 TN AN [R5 (1 35 B A 4% 0.2
mL FRE F, A 3.0 mL 0.05 mol/L Tris-HC1 22 (pH 8.2) JWHEIR~E] 15, 25 °C/KIB

{3395 10 min, 7ESLIREE T, SO 0.2 mL 30mmol/L 487 =My AW, 784 1R 251G S 4 min,



£ 320 nm B EBOCEE 4, AR B RN EBOICEE 42 AKX (4) tHEIER
# (R .
3=1— 1/ 2)*x100% (4)

e A NRERROGEE A2 s EOG HRALIR O B
1.3.6 HF/ELZ

A SRIHAT 3 YOPATSESR, B LSRR MEZE R R . R Microsoft Excel 2008 X
I B AT ST RE B SR A spss 26.0 BEAT R AL PR K Pearson AHICTE M7, BRIRI 27 257
BRI LSD (/MR ez Kk, P<0.05 Bl h 27 HA it X R Prism 9
HEAT P2k B2 il
2 BRES
2.1 Uit IR M R

%1307 B0 E P DURE = M TS B AR AR, SEER S5 IRRIT, ANFPE DR Hi 3% pH
EAFARE, M 529 (S1) #]6.82 (S6) (W3R 3) o KR LIRIATI N GUIRNE R P PEALE,
S3 P ¥ L FRE L 7E SOM A TN & & BRI, X kA % LI B IR i HAME T,
G S HEMEK . S5 K S6 FEa I TK & &iim, RUIIXASFE S 1 387 B RS T8

EEREE, AMTEWIAERMARE: S2 M S5 FMm TP S 88 .
3 S TURRRE &7 AL fR AR

Table 3 Physical and chemical indicators of soil from the origin of Fritillariae Ussuriensis Bulbus

B i SOM TN TP TK

Sample pft (g/kg) (g/kg) (g/kg) (g/kg)
S1 5.29 36.31+0.68° 2.61+0.21¢ 1.40+0.164 4.57+0.25¢
S2 6.37 62.09+1.30° 3.71+0.01¢ 2.79+0.032 6.66°
S3 6.24 129.64+0.59? 6.1£0.01? 1.73+0.11¢ 4.84+0.05¢
S4 6.01 109.63+0.76° 4.95+0.02° 2.16£0.08° 4.73+0.30°¢
S5 6.51 39.18+1.65d 2.56+0.01¢ 2.31+0.17° 8.35+0.06*
S6 6.82 61.23+0.72¢ 3.334 0.91+0.11¢ 7.17+£0.37°

*: FAIARNS ZERREEEER (P<0.05) , TFH.
Note: Different lowercase letters in the same column represent significant differences (P<0.03), the same below.
22 FNBEYHESHEEE

$1.3.27° 77 e~ DURHAE DI S & . SEIR g SRR, AR P X1 DUBES & A0k
My, R CPEZGHY 2020 SFRME, B AEYE R NEER 241, AT 0.050%.
KLU BT A R B R G 25 AR HE, ASRD P DX DUREAE MDA 25 508 0.10%~0.81%, AN[R] 7 b~



DURRA= 06 & B 22 R, B E L0 RARME 1 8 %, Horh S6 FEm AR S & B m T
=X (0.81%) , S4B I A BRAL (0.10%) .

133 NENE T B2 A&, ARPXTPIZHESELE 4. PR =
EREKR, SEIEHEN 5.24%~19.21%, REELNERMER 3 1%, £ 6 NAFR 7 HirF I

BERES G, SRR RS ERE (1921%) , S6 FERZHESERIL (5.24%) .
R4 PIREYHBELZHESEN SR

Table 4 Determination results of alkaloids and polysaccharides content in Fritillariae Ussuriensis Bulbus

\

~

Ff SR ZHESE
Sample Content of total alkaloid (%) Content of polysaccharides (%)
S1 0.29+0.05° 19.21+0.112
S2 0.33+£0.03% 19.03+£0.05*
S3 0.17+0.02° 7.04+0.10¢
S4 0.10+0.01¢ 18.93+0.06°
S5 0.18+0.02°¢ 11.41£0.04°
S6 0.81+0.09? 5.24+0.01¢

23 Y. ZREAESESEFLERFHELESH

SKFH SPSS 26.0 AT WAF EAH 44T, f# ] ChiPlot FEATHIE ATHLML (B 1) . ARIELER
KIL, FULRER AV & B SR =0.87) FAHXHEEE (=0.85) SHEGRAIIEMN,
VIR IR /K A FLIR I MR B R AR AR B AR R SR R SR A £
X (=095 , 54K (=089) ML (=-0.88) 2EHRMGFHIE, R H R HCE
DI B EE A AR R, BB S A RN, RS BT R AR
R R A DS ARG AR, {H pH AT TK 5 A0 & & R — e R EE I IE A OGP LB
ZREAE (=071 « HE (=077) MHBRNE =0.51) RIEMHX, BWELREEE
I REREE 2B RO i, H R BB R S T B R T 2R R . 20 S L
FHRIL AR, (A5 TP EBH —EREIEAX (=055 .

LEPIBRAN Z AR P AR, HA ORI B2 B 2R N AR R IR, e
ATE R A N AR R AN ) A A2 Th R, DR A KPR B A 38 R B S AN AR [ o A el
BATRPU AR, QTR U HUE A, I 20 R R A s b R B AR AN 45 SR
PR o X SeTRE 2 S S T E AT IHE ALY A A7 S P AN R M €, DRLBEAE R R R 2614
LI A 1 £ BRI A A 388 S A B U A AR =40 1) £ PR S A S0k 81
£ H BB SR, A0 & T B 230, AR —Fh GRSk gD e 44 s i 1K
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Fig.1 Correlation analysis between active ingredients of Fritillariae Ussuriensis Bulbus and ecological
factors
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DPPH & BR AN —Fh R PO 7%, 2 B T 25 S s A se il
o HE 2. F 5 R, VU RAY A #05% DPPH H HEERIERRER, /£ 0.05~0.20 g/mL
HRIREEA, 6 AN 7 DR E VISR B DPPH [ H 2535 B R B e B 18 =7, FLek ik
KA R, BN HINE LT BT ICs0, AR~ F DUREEYH% DPPH [ e 5% B aE 71
S3>82>S6>S5>S4>S1; fEfEM Y, S3 HATHRARH ICso Ml (0.02 g/mL) , #HiH] S3 fEHIALL
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Fig.2 DPPH radical scavenging activity of different concentrations of Fritillariae Ussuriensis Bulbus alkaloid

extract

K5 AREWRET NSRRI K LB 352 R* & ICfE
Table 5 The regression equation, R-squared (R?) value, and ICso values for different concentrations of
Fritillariae Ussuriensis Bulbus alkaloid extract

Ff e U575 2
R? ICso (g/mL)
Sample Regression equation
Ve Y=7426X+103.3 0.824 0 0.00
S1 Y=82.59X+ 141.9 0.964 1 0.08
S2 Y=38.74X+ 115.7 0.8870 0.03
S3 Y=25.00X+ 103.0 0.704 5 0.02
S4 Y=6626X+134.4 0.957 8 0.06
S5 Y=60.79X + 135.1 0.949 6 0.05
S6 Y=4523X+122.7 0.736 9 0.04
242 BLRA

HIEI 3 Je3k 6 T, 6 NN s (-1 DR Wi B A B R B 1 (Fe?™) ik
JARERE T (Fe¥) KL TRE, HIJLEGEIRRE VB, £ 0.05~0.20 g/mL A RIKEN,

W R EE PRI I, WY AR - 386K, RO S ko, B R DURR A E MR B AT IE B RE 0
HERIFE I 5WREZ BN IEMRRK R . W 0.20 g/mL i, ~F IUEHEDBR S8 57 J1



S1>83>S2>86>85>S4, #fEfH S1 SHARAE S4 FHZEL 2.5 fiFo S5 FF S A ENABL A fUL & 72
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Fig.3 The total reducing power of Fritillariae Ussuriensis Bulbus alkaloids extraction at different concentrations
K 6 F TSI IR /1 18 )3 75 72

Table 6 The regression equation for the total reducing power of Fritillariae Ussuriensis Bulbus alkaloids

B it [543 e

2

Sample Regression equation .
S1 Y=1.097X+1.719 0.884 2
S2 Y=0.7712X+1.164 0.904 4
S3 Y=0.913 7X + 1.430 0.9589
S4 Y=0.421 5X+0.6838 0.962 1
S5 Y=0.5558 X+ 0.8693 0.967 8
S6 Y=0.664 7X + 1.004 0.964 3

25 S HEREILEE
2.5.1 DPPH A ® £ &% 7

ANASE 2 DB Z H% DPPH i FR 3 LK 4. 1 DUBEZ ELE 0.02~0.20 g/mL Y H X}
DPPH &R F A R4S, Hd S1. S3 K S4 FEFTEE N 0.20 g/mL i DPPH H L
BRSCR BT, TEBRR AN 19.72%. 7.96% /% 24.78%; S5 M S6 FEMAEHRE N 0.02 g/mL Ff
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