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Abstract: Phellodendron amurense Rupr. (Rutaceae) is a deciduous tree commonly called the Amur cork tree. The bark of
P. amurense has been widely used in China, Japan, and Korea for hundreds of years for its anti-inflammatory and anti-tumor
activities. It is regarded as a rich source of pharmaceutically important isoquinoline alkaloids, including berberine and
jatrorrhizine. Berberine currently is recommended in China for the treatment of gastroenteritis, dysentery, tuberculosis,
scarlet fever, acute tonsillitis, and respiratory tract infections. The substantial increase in its exploitation has caused serious
damage to wild populations. At present, large areas of wild P. amurense trees are rare, and the species is severely
endangered in China. Its extensive medicinal use has raised interest in its cultivation. The quantities of secondary
metabolites in plants, including the P. amurense species, vary across habitats, geographical locations, seasons, and parts of
the plant. The generation and variation of secondary metabolites has a stronger correlation and dependence on the
environment than primary metabolites. The synthesis and accumulation of secondary metabolites are not only significantly
affected by genetics, but also by environmental factors such as light, temperature, and moisture. Therefore, secondary
metabolite levels within a species may differ among geographic populations. However, few studies have assessed variation in

alkaloid content in P. amurense. This study attempted to explore alkaloid content variance of P. amurense among various
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habitats in Northeastern China. The berberine and jatrorrhizine contents in different parts (root bark, trunk bark, perennial
branch bark, annual branch and leaf) were measured; and the seasonal and geographical variances of the two kinds of
alkaloids in organs were analysed by high performance liquid chromatography ( HPLC). The results showed that the seasonal
content sequence of berberine and jatrorrhizine in different parts were the same root bark > trunk bark > perennial branch
bark > annual branch > leaf. The contents of berberine in various parts increased from spring to summer but fell in aunumn.
The contents of jatrorrhizine in different parts did not directly line up with the seasonal variation: jatrorrhizine in root bark
and trunk bark gradually increased with the season passing, but the enhanced value was not obvious in summer ; by autumn
however, it accumulated massively. For the perennial branch barks, annual branches and leaves, the jatrorrhizine dropped
from spring to summer, and increased in autumn. Along the latitude scale, the two kinds of alkaloids had the significant
geographical variance. Normally, the content of alkaloids decreased gradually with the latitude enhancing, and reached the
lowest value at N44°, and then reversed slightly. In the northeast China, the low latitude areas (such as Fengcheng and
surrounding areas) could be confirmed for breeding and qualified medicine provenance of P. amurense, the raw material
collection should be progressed in the summer or autumn better, and consider replaced trunk bark with perennial branch
bark. The above results would help us to know the distribution regulation of the two kinds of alkaloids on multiple scales and

provide the theoretical support for optimal cultivation and efficient, sustainable utilization of the natural resources found in

P. amurense.

Key Words: P. amurense; berberine; jatrorrhizine; different parts; seasonal variance; geographical variance
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Table 1 The basic information of sampling sites

8 20 2P AEH)R [ K = H A H HUREHR AL AR
S't‘m Latitude/ Longitude/ Mean temperature Precipitation Sunshine time Number of the Average
e (°N) (°E) per year/C per year /mm per year /h sample tree age/a
17 R 40.54 123.77 8.41 968.63 2376.84 35 23.5
iTEL 41.19 124.87 7.12 805.78 2256.92 35 24.8
I T55H 5 41.83 124.89 5.55 749.97 2198.92 31 25.7
ARG 41.94 123.99 5.56 796.53 2183.44 26 22.4
TR 42.20 124.89 6.18 769.76 2374.89 35 28.3
T 42.46 123.51 7.45 572.86 2588.18 30 26.3
FHERA 43.17 129.10 4.27 646.45 2197.87 30 26.4
BTN 44.40 130.19 3.85 511.99 2198.92 30 23.3
BT 47.39 129.94 3.77 637.38 2256.92 30 26.9
Boy AARIST) 49.86 127.18 0.89 527.36 2376.84 30 23.6
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Fig.1 The retention time of berberine and jatrorrhizine
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Fig.2 The berberine content in the different parts of P.amurense
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Table 2 The berberine content in the different seasons of P.amurense

R HRE Root 25 Trunk ZHAEH Perennial branch
Sampling 5% % wE % % ®E % % wE
sites Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
TR 25762539 32.27+6.14  17.8425.03  10.79+3.46  17.31£579  10.94x1.59  10.12¢3.90  14.32#3.21 10.31£0.07
TFHE 24.15:844  39.36£14.07  28.788.73 921578 13.44£3.89  11.35£5.77 8.35+4.74 9.33:4.04 9.030.05
ITHE 22762402 342621006 24.06x12.14  10.8424.24  13.653.46 9.87+5.77  10.20£2.10 6.16£0.35 6.3420.05
TTHR 28.83:4.64  25.67+12.84  25.5247.68  10.09£2.44  11.62£2.01  10.10£4.09 6.08+2.42 7.7621.58 6.28+0.09
TFHE  1648£7.03 25651020  18.15£7.46 4.82+2.30 7.65+4.79 4.29+2.82 8.15£4.29  11.6125.00 7.27+0.02
EMEE 26.19%8.08  27.916.04  17.6829.45 6.59+3.06 5.73+3.99 4.64+1.94 5.3822.73 6.12+1.12 5.72+0.62
EAIGIT  24.99£9.13  22.549.98  16.09+3.58 7.34+1.85 8.85+3.06 4.91£2.65 5.84+1.97 8.78+0.76 6.33£0.03
BTN 24.9426.54  24.24x4.43  20.105.78 9.66+5.67 3.89+1.30 5.68+3.43 4.38+2.62 7.69+1.06 4.710.76
BERIER  27.53:7.28  24.22+#458  22.95£5.54 6.731.59 8.02+1.32 8.54+3.26 4.07+1.64 5.00£2.06 4.310.06
BRI 19.63:5.71 2687147  20.91x8.09 5.1021.85 5.88+2.29 4.93£2.37 3.77£2.65 5.4520.08 4.390.12
TAEH 1 424 annual branch M A leave

Sampling 5% H wE % % B

sites Spring Summer Autumn Spring Summer Autumn

TTFRIK 2.07£1.26 5.08+2.55 2.17£0.72 0.1420.04 0.05£0.05 0.31£0.08

ITFE 1.210.56 1.33+1.00 1.07£0.49 0.14+0.02 0.08+0.06 0.460.06

LT HE 1.92+0.67 2.92+0.11 1.23+0.52 0.14£0.03 0.16+0.12 0.85+0.12
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Sampling %% Uk wE % kS W
siles Spring Summer Autumn Spring Summer Autumn
TR 1252043 2.67£1.11 1.12:0.11 0.1320.03 0.1120.07 0.63£0.07
TWE 1.320.26 4.03+1.00 1.82+0.67 0.1420.02 0.03+0.03 0.27£0.04
EHEE 1.22:0.38 1.03+0.14 2.120.37 0.1420.02 0.0420.01 0.72£0.12
ORI 1.70+0.53 2.1240.15 2.91x1.19 0.13+0.02 0.06+0.02 0.33+0.03
AT 1.3720.71 0.690.32 1.58+0.52 0.1320.02 0.04£0.03 0.71£0.05
BRITESRK 1.29£0.39 1.28+0.52 1.43+0.33 0.13+0.01 0.06=0.05 0.3120.06
BB 1.38£0.56 0.86+0.37 2.15£0.75 0.1420.03 0.03+0.04 0.39+0.08
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Fig.3 The jatrorrhizine content in the different parts of P.amurense
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Table 3 The jatrorrhizine content in the different seasons of P.amurense
R A HLEZ Root 25 Trunk LA Perennial branch
Sampling = ks s % % e % % wF
sites Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
TFRIE 0.80£0.22 0.930.26 1.25+0.40 0.52+0.15 0.57+0.22 0.8620.15 0.38+0.10 0.320.23 0.45+0.02
LR 0.64x0.17 0.80£0.31 1.02+0.30 0.56+0.27 0.63+0.16 0.86+0.31 0.37+0.15 0.14+0.08 0.26+0.06
TTFHE  0.72£0.06 0.80+0.26 1.06+0.48 0.510.11 0.56+0.19 0.68+0.22 0.38+0.06 0.170.03 0.29+0.08
TFHR 0.82£0.20 0.9120.17 1.09£0.33 0.55+0.11 0.510.11 0.660.12 0.320.07 0.22+0.03 0.360.05
TFHE 0.59:0.21 0.800.32 0.900.23 0.34+0.17 0.35+0.20 0.44£0.22 0.44+0.13 0.45+0.22 0.360.15
HWRE 0.66+0.29 0.7920.43 0.85+0.26 0.38+0.14 0.390.24 0.58+0.09 0.28+0.09 0.24+0.12 0.320.04
FHRIGIL  0.88+0.36 0.84:0.14 1.06+0.31 0.40+0.14 0.53+0.19 0.68+0.26 0.31+0.06 0.46+0.08 0.22+0.03
BT 0.95£0.34 0.7120.23 1.13£0.22 0.510.20 0.500.25 0.6020.29 0.310.12 0.090.02 0.22+0.05
BIRITER  0.68+0.28 0.97+0.29 1.17£0.25 0.55+0.06 0.58+0.16 0.830.37 0.30+0.08 0.15+0.02 0.27+0.11
BRIE  0.60£0.28 0.79£0.21 1.47£0.35 0.40£0.07 0.49+0.16 0.78+0.39 0.30£0.13 0.18+0.01 0.20£0.01
FAEH 1 AFA AL Annual branch M A leave
Sf*mpli“% H% ES Bk % ES B
sites Spring Summer Autumn Spring Summer Autumn
TFRIL 0.17£0.06 0.09+0.06 0.22+0.01 0.100.01 0.07+0.05 0.09+0.02
LT 0.150.03 0.090.01 0.210.02 0.10£0.01 0.010.02 0.060.02
TTHE  0.1520.03 0.04+0.00 0.15+0.02 0.09+0.03 0.02+0.01 0.09+0.04
TFHR 0.1420.02 0.070.02 0.170.02 0.10£0.01 0.40£0.20 0.1620.05
TFHE 0.16£0.03 0.18+0.07 0.27+0.03 0.110.01 0.04+0.03 0.06:0.05
HWEE 0.12+0.02 0.090.00 0.26+0.03 0.110.02 0.04+0.02 0.120.04
FMIET.  0.16+0.04 0.12+0.01 0.37+0.10 0.11x0.01 0.05+0.01 0.12+0.03
HIpTEN  0.1520.04 0.07+0.09 0.30+0.04 0.10+0.02 0.03=0.03 0.12+0.05
BIRITER 0.17£0.04 0.02+0.01 0.26+0.02 0.11x0.01 0.04+0.01 0.07+0.01
AT 0.16£0.03 0.07+0.01 0.30+0.05 0.10+0.01 0.07+0.05 0.200.01
R4 FEAMEBEEEREEVHETEST
Table 4 Variance analysis of alkaloid content in organs of the P.amurense in different spots
IR T # 2% Spring K2 Summer 2 Autumn
Parts Alkaloid F P F P F P
R Root bark R, 12.44 0.00"* 0.54 0.00"* 6.60 0.00 **
AN 6.72 0.00** 7.97 0.00"* 6.15 0.00**
257 Trunk bark R, 6.15 0.00 ** 4.08 0.00 ** 6.47 0.00**
AN 9.48 0.00** 21.73 0.00** 13.05 0.00**
ZAREA ELiR 4.54 0.00"* 9.94 0.00** 7.07 0.00 **
Perennial branch bark INBE, 15.98 0.00** 20.75 0.00** 4.03 0.00 **
1 AR 2T 3.41 0.00** 22.03 0.00** 23.41 0.00**
Annual branch /NBEGR 4.65 0.00 ** 20.57 0.00 ** 4.96 0.00**
A Leaf A 2.15 0.03" 6.59 0.00"* 2.77 0.00 **
/NBET 7.55 0.00** 4.69 0.00"* 25.84 0.03*

* FR P<0.05, * % Fm P<0.01
(1) S X o BE rp/ N BE AR 75 1 Y52 M)

3AFEAT R, A BB/ NEER Y i S A Y [
FTF R T . (K 4) , BFR R 2R 2

AR A A R /N BE B e 2 B A R T v S B SERE A,
JREHE Z B, RN iR 2, B
AR LR AR i TE N40° (XU AR B2 /N BE B
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