Available online at www.sciencedirect.com

(J) Environmental

: SCIENOE( DIRECT® ,

7o and Experimental
A 4 Botany

ELSEVIER Environmental and Experimental Botany 56 (2006) 44-53

www.elsevier.com/locate/envexpbot

Comparison of resveratrol, SOD activity, phenolic compounds
and free amino acids iRehmannia glutinosa
under temperature and water stress

Il Min Chung®*1, Jong Jin KinP1, Jung Dae Lin%, Chang Yeon Y§,
Seung Hyun Kinf, Sang Joon Hatth

@ Department of Applied Life Science, College of Life and Environment Science, Konkuk University,
GwangJinKu, HwaYangDong, Seoul 143-701, Korea
b Department of Environmental Science, College of Life and Environment Science, Konkuk University, GwangJinKu,
HwaYangDong, Seoul 143-701, Korea
C College of Agriculture and Life Science, Kangwon National University, Chunchon 200-701, Korea
d Department of Agricultural Environmental Chemistry, University of California, Davis, CA 95616, USA

Received 30 September 2004; accepted 4 January 2005

Abstract

The objective of this study was to determine the contents of secondary metabolic substances such as resveratrol, SOD, phenolic compoun
and free amino acids iRehmannia glutinosa under environmental stress. The content of resveratrol varied from 2.96 to@gg87, while
SOD activity varied from 9.40 to 28.43%. Of the 16 individual phenolic compounds, myricetin showed the highest concentrations (34.30,
60.96, 35.7Qug g 1) in the water deficiency<{1.18 MPa) and control{1.04 MPa) and low temperature (16) treatment. The 21 free
amino acids imR. glutinosa were only detected in small amounts and varied from 0.82 toogg@. Overall, these substances decreased at
high temperature and with a water deficiency. Other than for SOD activity, these substances were negatively cotrela@dd ) with
temperature and positively correlated with water stre&ss 0.99™ ). Also, other than for SOD activity under the water deficiency treatment,
resveratrol, SOD activity, phenolic compounds and free amino acids had over correlation coeffitieated") in all treatments. Our study
suggests that it might be feasible to improve or devéloglutinosa cultivation methods with high functional substances such as resveratrol,
even under poor environmental conditions for cultivation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction nal purposesR. glutinosa Libosch. in KoreaR. glutinosa
var. purpurea Makino in Japan an®. glutinosa var. hue-
Rehmannia glutinosa (Gaertn.) Libosch. is a perennial ichingensis (Chao and Schih) Hsiao in ChinA&. glutinosa
medicinal plant that originates from China and belongs to is generally cultivated in the southern provinces of Korea
the family Scrophulariaceae. For centuries, many oriental due to its mild climate, where it is used in three ways: fresh,
medical books in countries such as China, Japan and Koreadried and steamed. Each is known to have different medic-
have listed this plant’s roots because of its medicinal pur- inal effects Hasegawa et al., 1982The cultivated areas of
poses Zhu et al., 2003 Although there are seven species R. glutinosa in Korea has progressively decreased over the
in the genuskehmannia, only three are used for medici- last 20 years. In 2002, only 90 ha were planted, which was
just 6% of the total cultivated area of medicinal plants. This
mpondmg author. Tel.: +82 2 450 3730; fax: +82 2 446 7856. trendis Que toincreasing imports of chegper medicinal plants
E-mail address: imcim@konkuk.ac.kr (I.M. Chung). from China, where over 2100 M/T are imported every year
1 These two authors contributed equally to this work. (Ministry of Agriculture and Forestry, 2003
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R. glutinosa contains rehmaglutin A, B, C and D as an factors. Such information in this study could help to both
iridoid and catalpol, aucubin, leonuride, melittoside, rehman- develop more adaptable methods for cultivatiRggluzi-
niosides, glucosides, amino acids ghdtigmasterol as an  nosa and in producing new cultivars with highly functional
iridoid with glucosides, and has been reported to have varioussubstances.
medical effects such as reducing blood pressure in rabbits,
diuretic properties in mice with glycosuria and antibiotic
effects against bacteri®. glutinosa also contains resvera- 2. Materials and methods
trol, phenolic compounds, free amino acids and SOD, all of
which have been reported to have physiologically active sub- 2. 1. Plant material and growth conditions
stances that have anti-oxidative properties, aid the defence
mechanism, or possess chemicals related to resistance toenvi- R. glutinosa seedling which was grown in the seedling
ronmental stresses in human beings or plaktg et al., culture box on 25 July 2003 and transplanted into plastic
1994; Kim et al., 200D pots (27 cm in diameter and 30cm in height) filled with a

Resveratrol fans-3,5,4-trinydroxystilbene), a type of  sandy loam soil on 11 September 2003. They were then cul-
stilbene, is found in peanuts, mulberries and grapes and accutivated in a greenhouse at Konkuk University. Fifty days
mulates in plants after exposure to UV light, aluminium chlo- after transplanting (11 September), they were exposed to
ride or infection byPlasmospora viticola or Botrytis cinerea two temperature and water conditions: low temperature (day:
(Langcake, 1981; Sobolev and Cole, 1§99is known to  20°C, night: 15°C, light intensity: 205@molm2s-1),
have advantageous effects for diabetes, constipation, allerhigh temperature (day: 3&, night: 30°C, light intensity:
gies and headaches. In addition, it can trigger apoptosis, ha050nmol m—2s~1), water deficiency (water potential in the
antibacterial properties and can reduce inflammatiarb6 soil: —1.1840.04 MPa), control (water potential in the soil:
et al., 1992. It also contains superoxide dismutase (SOD; —1.0440.07 MPa). Plants were harvested from each repli-
EC 1.15.1.1), which is present in most organisms, and wascate and stored at low temperature (beles80°C) until
first found byMcCord and Fridovich (1969)here are three  analysis. The experiment consisted of a completely random-
types of SOD, Cu/Zn-SOD, Mn-SOD and Fe-SOD, all of ized design with three replicates.
which have the following removal system for several in vivo

reactive oxygen species (ROS): 2.2. Measurement of superoxide dismutase (SOD)

20,7 * + 2H" — H20, + O, activity

The Cu/Zn-SOD type has generally been reported to occur, 5 4 Enzyme extraction
in the cytosol of most higher plants. Recently, there has been For each sample, 0.2g of dried roBt glutinosa was

an increase in interest in SOD as several research rEportﬁround, mixed with 0.4 g polyvinylpolypyrrol-idome (PVP)
related to human health have noted resistance mechanism§,4 2 mL extraction buffer with pH 7.0, 100mM potas-

against environmental stresseryan et al., 2000 Free g, hhosphate, 10 mM sodium ascorbate and 5mM EDTA.
amino acids and phenolic compounds composed of phenolicp¢a the homogenate was centrifuged at 15,000 rpm for

acid (G-Cy), coumarins (€-Cs), flavonoids (G-Cs—Ce) 20 min, the upper solution was extracted using a PD-10

and condensed tannins are known to possess chemicals Wm?:olumn of Sephadex G-25 and was used to estimate SOD
anticancer and anti-oxidative properties and can control phys- activity.

iological metabolites in humans and plants. The contents of

such chemicals vary with species, growth stage and cultiva- o ] )
tion method Hong et al., 198p 2.2.2. SOD activity test by the nitro blue tetrazolium

Since the industrial revolution in the 19th century, the (NBT) reduction method

climate of the Earth has changed as a result of develop- _ >OP activity of rootR. glutinosa was measured by the
ing industry and science. This has led to abnormal climatic Mtro blue tetrazolium (NBT) reduction methoBeyer and
conditions around the world. However, little is known about ' 1dovich, 1987. Test tubes containing reaction solution
variations in the aforementioned advantageous substances if/ith 3mL of assay buffer, 6L of crude enzyme and
R. glutinosa to changing environmental conditions, such as SO#L Of riboflavin were illuminated for 7min in an alu-
severe drought or elevated air temperatures. As a result, gMninum foil lined box containing two 20-W Slyvania Groiux

major focus has been placed on the analysis and evaluation of 'Uorescent lamps at 2&. After reaction, the absorbance
medicinal chemicals iR. glutinosa and their effects against  ©f the blank solution and reaction solution was measured

several diseases. with a spectrophotometer (Hitachi Ltd., Tokyo, Japan) at
The main purposes of this study were: (1) to examine 560nm. SOD activities were calculated as a following

the content of resveratrol, phenolic compounds, free amino €duation:

acids and SOD activity imR. glutinosa cuItivated_ under SOD activity (%)= (1 — A/B) x 100

water and temperature stress and; (2) to determine correla-

tions between changes of these substances and environmental: absorbance of sampl8; absorbance of blank.
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