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Effect of nitrogen forms on berberine, jatrorrhizine and palmatine content in

corktree seedlings

LI Xia' %, YAN Xiu—Fengl *y LIU Jian—Fengz (1. College of Life Sciences, Northeast Forestry University, Harbin 150040,
China; 2. School of Life Sciences, Jilin Normal University, Siping 136000, China). Acta Ecologica Sinica,2005,25(9) : 2159~ 2164.
Abstract ;: Nitrogen nutrition is one of the important environmental factors that affect plant growth and secondary metabolism.
It’s a key and active element in plant nutrition. Corktree (Phellodendron amurense) is a valuable resource for both lignum and
Chinese traditional medicine. It is listed at the second place as one of national protected plants in China. Berberine,
jatrorrhizine and palmatine are three main bioactixe alkaloids in corktree. In this paper, effect of nitrogen forms on alkaloid
contents was investigated through changes of NH; -N and NOj -N ratios in culture medium.

Response of berberine, jatrorrhizine and palmatine content to the 'ratio of NH;-N and NO; -N in roots and stems of
corktree seedlings were different. In roots after 33 days of treatment, alkaloid contents declined as the treatment time
increased, while the levels in stems increased.

Berberine content was clearly affected by different nitrogen forms. The level fluctuated in the early 22 days of treatment,
and then started to respond to the ratio of NH; -N and NOj -N in culture medium. High ratio of NO;3 -N and NH; -N enhanced
berberine accumulation in roots and stems (figure 1-a, figure 1-b).

High NO; -N levels favor the accumulation of jatrorrhizine in roots until treatment of 46 days (figure 2-a). No significant

correlation was found between jatrorrhizine content and the ratio of NH;-N and NO3 -N in stems. The level was. high when the

ratio of NH;"—N’:and NO; -N was 75/25 or 25/75 (figure 2-b).
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The responses of palmatine levels in roots and stems to NH{-N and NOj -N ratios were similar. During late stage of
treatment , higher NH; -N/NOj -N gave lower palmatme levels except a NH; -N and N03 —N of 0/100 (flgure 3-a, figure 3-b).

Different nitrogen forms affect the growth of corktree seedlings, as well as the contents of berberme, jatrorrhizine and
palmatine. If the effect of nitrogen forms on the growth of corktree seedlings were taken into account, berberine production
(product of content and biomass) was highest at 0/100 of NH;-N/NOj -N ratio. As a whole, the optimal nitrogen condition |
was 25/75 of NH{ -N/NOj -N ratio for both jatrorrhizine and palmatine accumulation. While berberine accumulation was a
little different from those of jatrorrhizine and palmatine, berberine production per plant was high when the ratio of NH; -N and
NO; -N was 0/100 (table 2).

Key words :nitrogen forms; corktree (Phellodendron amurense); berberine; jatrorrhizine; palmatine
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Table 2 Biomﬁss and total alkaloid production of corktree seedlings
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MR REY, ARHENEREBCERBRYE A KRR, A GEm i+ RR G RENET ey AR, X
HEGEAREREEROATAYBNEHKTE. KBELHE 6 EHEYEBMIHAYRBW IR, TR T AR NH-N/NO; -N
FTHRBAY S 3 HEYRMNRBETR(E 2. TLUEE,B#H NHf -N/NO7-N S5, MNERM Bk =R A TN, A& LH
Bl 5 B E . RN O M Bk B0 AL S B NH -N/NO; -N 2% 0/100 9 # B -h 51 R HI5h . 24
HR 980 2 B L R A B bR I R T ARG
3 LSt

MAALHJE 9 (46 d) B9 58 45 SR 7T LUK Hh , A 75 26 B 4 4 48 B (NHLT /NO3 -N 3 0/100 1 25/75) BB SR, B BE 4 i v
SFAYRBHNSEMAKTREE . HP, % NHf /NO; -N 35 0/100 B, /N85 B bk > B 8% 8 ; 7€ NH{ /NO; -N 2§ 25/75 B , %
H BT E MMZ IR Bk R T KA THMRRERROMSAANT s HAYRERRYH FHER. B




9 3

Z B AXESHNRBYHE=HEYB BN - 2163

AL, BETFEENWAEKNEE &4 (NH -N/NO;-N % 25/75) L R B IE THBBMEN D O HER RS T &L, NERY
WHRRA AR, &R NHE-N/NO; -N % 25/75 (975 33 - bk = B /R B , {876 NHI-N/NO3 -N 24 0/100 B 5 55+ B
HYRERBEE= Y SHRELRNTIRE SR IEYRARBIFR AR A Z 02 Y p i b 8 K & R
Y, S HAEEA SN ANEMEFEME ARSI X E AYBRN SRS HFSREEFEW, IR B K. 38
FURE BT %EEE S, gy ARERNESSSHARL BRERSEARERB YN RE RZ
2R 38 & BB W i B R S A B, A R R R A RN RS AR K EREM
0] IR FEMFNEAREN AT T, AERAMTERAYHNES RSB R A XRRE, AERAERERTHE. B
ERFAEYRN R RN S TESHAREERNELED ), REXNFRERE, AERAHERYB P EYHAE RSB
RNERERAHE, —EEMERS SN EYBRIE KRR, —REHAB P EYRO SR, ¥ FREEHSEWHENHTA

MXBRE, FERAYWEARBIBYARESERVAARRLERMEWERBIBR Y, TARESH R EA BN

nd

R RS RNREILE, BERZED.

EARRRLSERRLERRGEOME, HHR ZPN 3 HEYRBH — M RETELEAENELITE, XBR
SRR 0 8 £ T80 A AR R 48 B L N R XY X LR AT AR 0 4 4T B R T AR T R
SEWEYBAERSFRONENS . RITEWEE LT NG, HRLER T E/DRR.RB LD RE BB W

0, TS o /D BERR. 25 AR T BT S A IR Z A 75 X M BL R R R 3 2 Yy o AR A LT 1) L 40 3 EL A B 40 28
BTSSR EE, RFRE LB RS 3 HEYRERABE G

DS EE Y E M ER YRGB ARR

LW X R 47 XEEHFT#—FKIT.

References:

[1]

[ 2]

[ 3]

[ 4]
[5]

[ 6]

L 7]

[ 8]

[9]

[10]

Al-Humaid A 1. Effects of compound fertilization on growth and alkaloids of datura (Daturainnoxia Mill. ) plants. Beithefte zu Der
Tropenlandwirt, 2003, 104 (2): 151~165.

Baricevic D, Umek A, Kreft S, et al. Effect of water stress and nitrogen fertilization on the content of hyoscyamine and scopolamine in
the roots of deadly nightshade (Atropa belladonna). Environmental and Experimental Botany, 1999, 42. 17~24.

Bensaddek L, Gillet F, Faucedo J, er al. The effect of nitrate and ammonium concentrations on growth and alkaloid accumulation of
Atropa belladonna hairy roots. Journal of Biotechnology, 2001, 85: 35~40.

Khan M B, Harborne ] B. Effect of nitrogen on alkaloid production in Atropa acuminate. Planta Medica, 1990, 56: 605~ 606.

Khan M B. Effect of source of nitrogen on growth, alkaloid content. and enzymes activities in Atropa acuminate. Pakistan Journal of

Forestry, 1991, 41 (3). 147~156. Y
Gerson E A, Kelsey R G. Piperidine alkaloids in nitrogen fertilized Pinus ponderosa. Journal of Chemical Ecology, 1999, 25: 2027 ~

2039.

Ruminska A, Gamal E S E. Effect of nitrogen fertilization on growth, yield and alkaloid content in Datura innoxia Mill. Acta
Horticulturae, 1978, 73: 173~170.

Liu Z J, Adams J C, Viator H P, et al. Influence of soil fertilization, plant spacing, and coppicing on growth, stomata conductance,
abscisic acid, and camptothecin levels in Camptotheca acuminata seedlings. Plant Physiology, 1999, 105: 402~ 408.

Boxman A W, Roelofs ] G M. Some effects of nitrate versus ammonium nutrition on the nutrion on nutrient fluxes in Pinus sylvestris
seeding. Effects of mycorrhizal infection, Canadian Journal of Botany, 1988, 66: 1091~1097.

Kronzucker H J, Siddiqi M H, Glass A D M. Conifer root discrimination against soil nitrate and the ecology of forest succession. Nature,

1997, 385: 59~61.

[11]

[12]

[13]
[14]

[15]

[16]

Malagoli M, Dal Canal A, Quaggiotti S. Differences in nitrate and ammonium uptake between Scots pine and European larch. Plant and
Soil, 2000, 221: 1~3.

Richardson M D, Cabrera R I, Murphy JA, et al. Nitrogen-form and entophyte-infection effects on growth, nitrogen uptake, and
alkaloid content of chewing’s fescue turf grass. Journal of Plant Nutrition, 1999, 22 (1): 67~79.

Demeyer K, Dejaegere R. Influence of nitrogen on the alkaloid content of Datura stramonium. Acta Horticulturae, 1993, 331: 35~ 38.
Nussbaumer P, Kapétanidis 1, Christen P. Hairy roots of Datura candida X D. aurea; effect of culture medium composition on growth
and alkaloid biosynthesis. Plant Cell Reports, 1998, 17: 405~409.

Barlog P. Effect of magnesium and nitrogenous fertilizers on the growth and alkaloid content in Lupinus angustifolius L. Australian
Journal of Agricultural Research, 2002, §3. 671~676.

Zhang Z L, Qu W ]J. Experimental guidance of plant physiology. Beijing: High Education Press, 2003. 23~25.



2164 =

25 &

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

[32]

[33]

Qin Y ], Zhang Y H, Wang Y, et al. Determination of alkaloids content in Phellodendron amurense Rupr. by HPLC. Chemistry and
Industry of Forest Products, 2004, 24 (Supp.): 115~118.

Gianoli E, Niemeyer H M. Environmental effects of the accumulation of hydroxamic acids in wheat seedlings: The importance of plant
growth rate. Journal of Chemical Ecology, 1997, 23;: 543~551.
Hay L, Brown ] M M. Plant chemical defense: Plant response to physical damage. Comparative Biochemistry and Physiology Comparative

Pharmacology, 1992, 101: 537~539.

Johnson R H. Responses of ponderosa pine growth and volatile terpene concentrations to manipulation of soil water and availability.

.Canadian Journal of Forest Research, 1997, 27: 1794~1904.

Yan X F. Ecology of plant secondary metabolism. Acta Phytoecologica Sinica, 2001, 25: 639~ 640.

Saker M M, Rady M R, Ghanem S A. Elicitation of tropane alkaloids in suspension cultures of Hyoscyamus, Datura and Atropa by
osmotic stress. Fitoterapia, 1997, 68: 338—~342.

Liu Z J, Carpenter S B, Constantin R J. Camptothecin production in Camptotheca acuminata seedlings in response to shading and

flooding. Canadian Journal of Botany, 1997, 75: 368~373.
Kong CH, Xu T, HuF, et al. Allelopathy under environmental stress and its induced mechanism. Acta Ecologica Sinica, 2000, 20: 849

~854.

Yan X F, Wang Y, Yu T, et al. Variation in camptothecin content in Camptotheca acuminata leaves. Botanical Bulletin of Academia
Sinica, 2003, 44: 99~105.

Gershenzon J. Changes in the levels of plant. secondary metabolites under water and nutrient stress. In; Timmermann BN, Steelink C,
Loewus FA, eds. Recent Advances in Phytochemistry. New York: Plenum Press, 1984. 273~320. |
Coley P D, Massa M, Lovelock C E, et al. Effects of elevated CO; on foliar chemistry of saplings of nine species of tropical tree.
Qecologia, 2002, 133;: 62~69.

Li G S, Chen L. B. Effects of mineral nutrition on trait of tobacco. World Agriculture, 2000, 22 (4).: 31.

Zhang L P, Chen Z, Ma X J, ez al. Effects of nitrogen on plant growth and berberine content in root, stem of Coptis chinensis Franch.
Chinese Tradition Medicine, 1997, 26: 387~ 388.

Lenka V, Edita M, Olga V, et al. Growth and biomass allocation of sweet flag (Acorus calamus L. ) under different nutrient conditions.
Hydrobiologia, 2004, 518: 9~22. |

Dong C X, Seen Q R, Wang G. Tomato growth and organic acid changes in response to partial replacement of NO; -N by NHj -N.
Pedosphere, 2004, 14 (2): 159~164.

Cao CL, Li S X. Effects of N form on some physiological characteristics and yield of wheat during the vegetative and reproductive growth
stage. Acta Agronomica Sinica, 2003, 29; 258~362.

Ma X M, Wang X C, Wang Z Q. Effects of N-form on photosynthetic characteristics in late growth stages and spikes of wheat cultivars
with specialized end-uses. Acta Ecologica Sinica, 2003, 23: 2587~2592. |

Zhang F C, Kang S Z, Li Z ]J. Effect of nitrogen forms on nitrate accumulation and nutrient absorption in cabbage. Acta Horticulturae

[34]
Sinica, 2003, 30: 93~94.
XK
[16] *¥ER, BE®. HYULEHEXIRESR. L. HHEHF LA, 2003, 23~25,
(17] HEA, kE4Q, T¥, F. REPEYREIBROBUBECEI . = FS5ITA, 2004, 24 G§FD: 115~118.
(21] @EFEH. HYRERBESHE. HPEETFM, 2001, 25:639~640.
[24] FLEH, BRE, B¢ 5. ARPETHYNECBREARKBRNEH. £5%FR, 2000, 20: 849~854.
28] ZFER4E, BRA. THEFRNARESEMOER. HHRKL, 2000, 22 (4): 31.
(29] FKERIE, BRIk, SAE, F. AFEMNREAKERK BENERSENOE®. PEZ, 1997, 26 387~388,
(32] HR®, FAES. EEXESNNEREHAEBYMN. FP¥IH, 2003, 29; 258~262.
(33] BHFH, E04, THER ARXESHARETHARNZRETEHASBHERBETEROEE. £5FR, 2003, 23, 2587~2592.
[34] #E€, RER, EXE. ARXEZNOXHERERRAFIRIEVER. EZEH|, 2003, 30: 93~94.




