
J. Mt. Sci. (2
DOI: 10.100

 484

Abstract: 
on consti
metabolites
herbs were
Jammu (3
subtropical 
Significant 
flavonoids i
chamomilla
cardunculu
at two loca
variable (u
Proteins (1.
free amino 
Srinagar (
perforatum
accumulatio
even at sub
suggesting p
area. The 
environmen
active cons
strategy by 
significance
been discus
 
Keywords
Glutathione

Received: 6
Accepted: 2

Effect
consti

Tarand

Rohini

Dhiraj 

1 Biodiv

2 Acade

Citatio
medicin

© Scie

2016) 13(3): 48
07/s11629-014

To understan
itutive anti
s in Western
e selected an
305 m) and

and tempe
variations w
in Hypericum
a L., Thym
us L. and Ech
ations. High 
p to 13 fold
3 - 1.8 times
acid (1.04 - 1
(1730 m). 

m and M. cha
on of pheno
btropical envi
potential for 

results d
ntal condition
stituents, whi
y these tempe
e during clim
ssed. 

s: Medicinal h
e; Western Hi

6 February 2015
24 March 2015 

t of cont
ituents 

deep KAUR1

i BHAT1,2 

VYAS1,2  

versity and App

emy of Scientifi

on: Kaur T, Bha
nal herbs in We

ence Press and I

84-492            
4-3380-y 

nd the effect o
ioxidant an
n Himalayas

nd grown at 
d Srinagar 
erate climat

were observed
m perforatum
mus vulgar
hinacea purp
altitude tem

d) increase i
), sugars (2.8

1.22 times) we
Within the

amomilla hav
ls, xanthoph
ironment in 
increasing th

demonstrate 
ns significant
ich accumula
erate plants. 

mate change s

herbs; Flavon
imalayas; Clim

 

trasting
in five 

,2 http://o

http://orcid.o

http://orcid.o

plied Botany Di

fic and Innovativ

at R, Vyas D (20
estern Himalaya

Institute of Mou

                  e-m

of climate cha
nd biochem
s, five medic

two altitude
(1730 m) w

tes, respectiv
d in phenols 
m L., Matric
ris L., Cyn
purea L. grow
perate site s
in their cont
8 - 4.1 times) 
ere also highe
ese plants, 
ve shown hig

hylls and pro
Jammu (305

heir geograph
that chan

tly affect the 
ate as a defe

Their medic
scenario has 

noids; Phenols
mate change

g climat
medicin

orcid.org/0000

org/0000-000

org/0000-000

ivision, Indian I

ve Research, In

016) Effect of con
as. Journal of M

untain Hazards 

mail: jms@imd

ange 
mical 
cinal 
es in 
with 
vely. 
and 

caria 
nara 
wing 
show 
tent. 
and 

er at 
H. 

gher 
oline 
5 m) 
hical 
ging 
bio-
ence 
cinal 
also 

s; 

Int

che
met
and
plan
and
tim
plan
rev
thu
env
the 
regu
mo
com
ada
Sop
cha
unf
qua
suc
caro
low
glut
stre
spe

tes on a
nal her

0-0002-7541-

03-4540-5805

02-5053-5906

Institute of Inte

ndian Institute o

ntrasting climat
Mountain Science

and Environme

de.ac.cn            

troduction

Plants co
emical com
tabolites tha

d colours. M
nts have be

d have been
me immemori

nts respond 
ersible and e

us, plays cruc
vironment (M

environmen
ulating the m
lecules, an

mpounds is 
aptation stra
pory 2008).
allenging tas
favorable co
alitative and 
ch as phe
otenoids, no

w molecula
tathione and
ess by acting
ecies (ROS) 

antioxid
rbs in W

5302; e-mail: 

5; e-mail: bha

6; e-mail: d

grative Medicin

of Integrative M

tes on antioxida
e 13(3). DOI: 10

ent, CAS and Sp

                        

n  

ntain an 
mpounds k
at are used fo
Most of the m
een attribute
n utilized by
ial. However
to environm

ecologically m
cial role in ex
Metlen et al. 
ntal factors p
metabolic co

nd dynamic
one of the f

ategy (Silvert
 Being sess
sks for pla

onditions tha
quantitative

enols, flavo
n-protein am

ar weight 
d ascorbate h
g as scaveng
or by regul

dant an
Western 

vinnyarora87

trohini@ymai

dhirajvyas@re

ne (CSIR), Jamm

Medicine (CSIR)

ant and bioactiv
0.1007/s11629-0

pringer-Verlag B

       http://jm

enormous 
known as 
or specific od
medicinal pr
ed to these 
y the human
r, these comp

mental stimul
meaningful m
xistence of p
2009). In o

play an impor
ontent of the
c response 
factors defin
town 1998; 
sile, one of
nts is to c
at can alter
e yield. Thes
onoids, an

mino acids to
molecules 

help the plan
gers for reac
ating its cel

nd bioac
Himala

7@gmail.com 

il.com 

ediffmail.com 

mu 180001, Ind

, Jammu 18000

ve constituents i
014-3380-y 

Berlin Heidelber

ms.imde.ac.cn

variety of
secondary 

dours, tastes 
roperties of 
compounds 

n race from 
pounds help 
li in a rapid, 
manner and 
lants in any 

other words, 
rtant role in 
se bioactive 

of these 
ning plant’s 
Tuteja and 

f the most 
combat the 
r or reduce 
e molecules 

nthrocyanin, 
ogether with 

such as 
nt to combat 
ctive oxygen 
llular redox 

ctive 
ayas 

dia 

01, India 

in five 

rg 2016 



J. Mt. Sci. (2016) 13(3): 484-492 
  
 

 485

environment (Potters et al. 2010). Most of the 
medicinal and antioxidant properties in medicinal 
plants have been associated with these bioactive 
molecules. It is widely believed that plants growing 
under stressful environments produce higher and 
better quality of these bioactive compounds 
(Ramakrishna and Ravishankar 2011; Hartmann 
2007). Generally when plants are stressed, 
secondary metabolite production may increase 
because growth is often inhibited more than 
photosynthesis, and the fixed carbon is not 
allocated to growth and instead allocated to 
secondary metabolites (Mooney et al. 1991). 

The Indian Himalayan region has a rich flora 
of medicinal and aromatic plants and so far 1748 
species have been reported that are medicinally 
important (Samant et al. 1998). These plants are 
source of traditional plant based medicines on 
which about 70% of population of India is 
dependent (Gadgil and Rao 1998). Its enriched 
biodiversity is expanded from Afghanistan to China 
and is characterized by a marked altitudinal, 
geographical and climatic variation representing 
different microclimatic zones viz. subtropical, 
tropical, temperate, alpine and cold desert. Recent 
patterns of climate change have indicated that the 
Himalaya and surrounding areas have been the 
most affected and requires urgent attention 
(Gairola et al. 2010). In Himalayan region, 
particularly in alpine areas, changes in 
precipitation patterns and temperatures are 
already affecting the distribution and phenology of 
some plant species (Nautiyal et al. 2004; Khanduri 
et al. 2008). Despite the high ecological and 
economic importance of Himalayan medicinal 
plants, the effects of climate change on secondary 

metabolite production are still poorly known. 
Therefore, the present study was envisaged to 

understand the effect of contrasting environments 
on biochemical and antioxidant properties of five 
important medicinal plants viz., Echinacea 
purpurea L., Matricaria chamomilla L., 
Hypericum perforatum L., Thymus vulgaris L. 
and Cynara cardunculus L. in Western Himalayas. 
All these plants are cultivated throughout the 
temperate regions of the world and are used for 
various ailments in traditional system of medicine 
(Table 1). The role of bioactive compounds like 
phenols, flavonoids, non-protein amino acids, 
proline, sugars and proteins, in plant adaptation to 
the stress environment has been thoroughly 
investigated in a large number of species (Guy et al. 
2008). Variation in their accumulation that can 
have significant ecological and evolutionary 
implications were however, not studied at least in 
relation to different environments (Bidart- Bouzat 
and Imeh-Nathaniel 2008). The objective of 
present study was therefore not to find newer 
adaptive mechanisms for these compounds, but to 
assess their production dynamics in different 
environment in Western Himalayas, which will 
remain a critical feature in climate change research. 
This study would also open possibility of exploring 
the cultivation of these medicinal plants in areas 
other than their traditional geographical regions. 

1    Methodology 

1.1 Planting material  

Authenticated seeds of Hypericum 

Table 1 Native range and medicinal uses of five medicinal herbs used in the present study

Plant species (Family) Native range Medicinal use as reported in literature 

Hypericum perforatum L. 
(Hypericaceae) 

Europe, North Africa, 
Western Asia 

Traditionally against anxiety, depression, cuts, and burns. 
Recent research shows its properties against cancer, 
inflammation-related disorders, and bacterial and viral 
diseases, and as an antioxidant and neuroprotective agent. 

Matricaria chamomilla L. 
(Asteraceae) 

Southern and Eastern 
Europe 

Anti-inflammatory, sedative, antiseptic, carminatic,  
spasmolytic and ulcer-protecting properties. 

Thymus vulgaris L. 
(Lamiaceae) 

Southern Europe, 
Western Mediterranean 
region, Southern Italy  

Antihelminthic, expectorant, antiseptic, antispasmodic, 
antimicrobial, antifungal, antioxidative, antivirotic, 
carminative, sedative, and diaphoretic properties 

Cynara cardunculus L. 
(Asteraceae) Mediterranean region Hepatoprotective, anti-oxidative, anti-inflammatory, anti-

microbial, anti-mutagenic and anti-proliferative properties.

Echinacea purpurea L. 
(Asteraceae) Eastern North America 

Enhance the activity of immune system, relieve pain, reduce 
inflammation, and have hormonal, antiviral, and 
antioxidant effects. 
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perforatum L., Matricaria chamomilla 
L., Thymus vulgaris L., Cynara 
cardunculus L. and Echinacea 
purpurea L. were collected from seed 
bank of Indian Institute of Integrative 
Medicine (IIIM). Details of their native 
range and the medicinal uses of these 
plants have been described in Table 1. 
Seeds were grown in well maintained 
experimental farms of IIIM at Jammu 
(305 m asl; 32°43'N, 74°54'E) and 
Srinagar (1730 m asl; 34°50'N, 74°47'E) 
in randomized block design with three 
blocks of each plant species. Due to 
difference in environmental conditions, 
the growing vegetative season varies in 
Jammu and Srinagar. Leaf material was 
therefore collected during flowering 
stage at 180±20 days after plantation 
(DAP) on bright sunny day at 10:00 hrs 
and immediately stored in liquid nitrogen for 
biochemical and antioxidant estimations. The main 
environmental differences in growing conditions at 
two locations have been presented in Table 2. 

1.2 Estimation of phenol and flavonoids 

Total phenolic and flavonoid content was 
determined essentially as described earlier (Kaur et 
al. 2013a). Briefly, 500 mg of leaf material was 
extracted in 1 mL of methanol. 100 µL of methanolic 
extract was mixed with 100 µL of 1 N Folin–
Ciocalteu reagent. Following incubation for 5 min, 
200 µL of 20% Na2CO3 was added. Absorbance at 
730 nm was measured in plate reader after 10 min 
and the concentration of phenolic compounds was 
calculated using standard curve of gallic acid (5–50 
nmoles; R2= 0.967). The results are expressed as 
nano moles gallic acid equivalent (nmoles GAE) per 
mg fresh weight of plant material. For flavonoid 
content, methanolic extracts were mixed with 30 μL 
of a 5% NaNO2 solution and incubated for 5 min. 
300 μL of 10% AlCl3.H2O solution was added 
followed by 200 μL of 1 M NaOH and 200 μL of 
distilled water after 6 min. Absorbance was read at 
510 nm and total flavonoids were calculated using 
quercetin as standard (5–50 nmoles; R2 = 0.999). 
The results are expressed as nano moles quercitin 
equivalent (nmoles QAE) per mg fresh weight of 
plant material. 

1.3 Glutathione and H2O2 estimation 

Glutathione was measured essentially as 
described by Kaur et al. (2013b). Quantifications 
were done from GSH standard curve that was in 
the range of 0–1000 pmol. Hydrogen peroxide was 
estimated using Xylenol orange (XO) method 
(Okuda et al. 1991). 100 mg of plant tissue was 
crushed in 1 mL of 0.2 N HClO4 and then 
centrifuged at 10,000 g for 10 min at 4°C. 
Supernatant was neutralized with 4 N KOH to pH 
7.5 and again centrifuged for 10 min at 10,000 g. 1 
mL XO was added to 100 µL of supernatant and 
incubated for 40 min at room temperature in dark 
before taking readings in A500. Quantification was 
done based on standard curve made by using 100-
1000 µM of H2O2 solution. 

1.4 Ascorbate peroxidase activity 

Ascorbate peroxidase activity was determined 
by following oxidation rate of ascorbate at 290 nm 
(Vyas et al. 2007). The reaction (1 mL) was 
performed at 25°C in 50 mM potassium phosphate 
buffer (pH 7.0) containing 0.1 mM EDTA, 0.5 mM 
ascorbate and 1 mM H2O2. The reaction was started 
by addition of 10 μL of the enzyme extract in a 
quartz cuvette and the decrease in absorbance at 
290 nm was continuously monitored for 10 min (ε 
of ascorbate = 2.8 mM–1 cm–1). 

Table 2 Climatic conditions of IIIM experimental farms at Jammu 
and Srinagar in which five medicinal herbs (Hypericum perforatum 
L., Matricaria chamomilla L., Thymus vulgaris L., Cynara 
cardunculus L. and Echinacea purpurea L.) were grown. 

Climate conditions Jammu Srinagar
Climate Subtropical Temperate
Altitude (meter above sea level) 305  1730 

Geographic co-ordinates  32°43'N/ 
74°54'E 

34°50'N 
/74°47'E 

Temperature 
(°C) during 
Flowering 

Maximum 34.5 ± 1.9 27.4 ± 1.4

Minimum 26.0 ± 2.9 12.6 ± 1.2 

Relative Humidity (%) 75.6 ± 4.1  67.4 ± 2.5

Soil analysis

pH 7.28 ± 0.04 7.17 ± 0.19

E.C. (dSm-1) 0.526 ± 
0.034 

0.522 ± 
0.028 

Organic Carbon (%) 0.82 ± 0.08 1.11 ± 0.07
Nitrogen (Kg ha-1) 405 ± 11.4   544 ± 18.6  
Phosphorous
(Kg ha-1) 10 ± 1.80  13 ± 2.12  

Potassium (Kg ha-1) 226 ± 7.8 277 ± 2.36
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1.5 Chlorophyll and xanthophyll content 

Total chlorophyll was estimated in leaf 
material by crushing 100 mg of tissue in acetone 
and read at absorbance 645nm and 663nm. 
Concentration of chlorophyll was calculated using 
the formulae.  

Total Chlorophyll = (A645×20.2) + (A663×8.02) 
Chlorophyll A = (A663×12.7) – (A645×2.69) 
Chlorophyll B = (A645×22.9) – (A663×4.68) 
For xanthophyll estimation, 100 mg of plant 

samples was crushed with 1 mL of cold acetone and 
volume of extract was increased to 10 mL with 
acetone. This mixture was then kept in dark for 30 
minutes and centrifuged at 9600 g for 10 min. 
Quantitative estimation of xanthophylls was 
performed by measuring the absorption A445 of 
acetone extracts using E = 2340 (Deineka et al. 
2007). 

1.6 Other biochemical estimations 

Primary metabolites like proteins, reducing 
sugars and free amino acid content were measured 
using standard procedures as described by 
Sawhney and Singh (2009). Protein content in leaf 
tissue was calculated following the method of 
Lowry et al. (1951) using bovine serum albumin 
(BSA) as standard. Reducing sugar content was 
analyzed following the method by Zhu et al. (2005) 
using glucose as standard. 

For free amino acids, 100 mg of plant material 
was crushed in 10 mL of 70% ethanol and 
centrifuged at 2700 g for 10 min. Supernatant was 
collected and pellet was re-extracted in 70% 
ethanol. Combined ethanolic extract was dried on a 
boiling water bath and 0.2 M citrate buffer was 
added to the pellet. Half the volume of KCN-
acetone ninhydrin solution was added to the citric 
buffered preparations and incubated in water bath 
for 20 min. The solution was cooled and A570 was 
recorded in a spectrophotometer. KCN-acetone 
ninhydrin solution oxidizes all the amino acid and 
gives a purple colored complex, which is quantified 
using standard curve of glycine prepared in the 
range of 10 – 100 mg. 

Proline content was measured according to the 
method of Bates et al. (1973). Briefly, 100 mg of 
plant material was crushed in 1 mL of 3% 

sulphosalicilic acid. Then, the homogenate was 
centrifuged at 9600 g for 10 min at 4°C. To 20 µL 
of supernatant, acid ninhydrin was added and 
incubated at 100°C for an hour. After incubation, 
absorbance was taken at 520 nm.  

1.7 Statistical analysis 

Each value for the biochemical determination 
represents the average of at least three biological 
repeats one from each block (± standard deviation). 
Statistical analysis was performed using IBM® 
SPSS® Statistics version 20.0 program on each 
experiment using t-test and values of P ≤ 0.05 were 
considered to be significant. 

2    Results and Discussions 

Fluctuating atmospheric conditions have now 
become rule rather than exception due to climate 
change scenario, more so in Himalayan 
biodiversity region. Precipitation and temperature 
variations affect the chemical composition and, 
ultimately the survival of some medicinal plants in 
high altitude region. Particularly, the temperature 
stress can affect secondary metabolites and other 
compounds that plants produce, which are usually 
the basis for their medicinal activity (Zobayed et al. 
2005; Salick et al. 2009). The present study 
therefore is an attempt to understand the 
accumulation of bioactive compounds at two 
contrasting locations in Western Himalayas.  

Both phenols and flavonoids (Figure 1) were 
found significantly higher in plants growing at 
temperate climate of Srinagar. These compounds 
are commonly found in plant kingdom that actively 
participate as reducing and scavenging agents, 
thereby suggesting that the plants grown at higher 
altitudes will have increased medicinal properties. 
The redox properties of phenolic compounds allow 
them to act as reducing agents, hydrogen donors, 
and singlet oxygen quenchers (Soobrattee et al. 
2005). Most prominent difference was found in E. 
purpurea where, values of phenols were 3.73 times 
higher at Srinagar than Jammu. T. vulgaris did not 
show significant change in phenol content at the 
two locations. Among species, maximum phenolic 
content was observed in T. vulgaris (76.33 nmol 
mg-1 FW) and H. perforatum (70.33 nmol mg-1 FW) 
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at lower altitude, whereas, at higher altitude the 
phenolic content was found to be maximum in H. 
perforatum followed by T. vulgaris and E. 
purpurea. The percentage change in flavonoids 
from Jammu to Srinagar in different plants ranged 
from 3.69 in T. vulgaris to 13.91 in H. perforatum. 
Thus, H. perforatum was found to be the species 
containing highest content of phenols and 
flavonoids at least when grown in high altitude 
temperate environment. Flavonoids are 
widespread plant secondary metabolites, including 
flavones, flavanols, and condensed tannins. The 
free radical scavenging activity of flavonoids is 
dependent on the presence of free OH groups 
especially 3-OH. It has been reported that plant 
flavonoids that show antioxidant activity in vitro 
also function as antioxidants in vivo (Geetha et al. 
2003; Agati et al. 2012). Our study suggested that 
temperate high altitude climate also induces the 
metabolic content of phenols and flavonoids 

probably as a strategy to cope with increased light. 
Plant phenolics have been shown as a defence 
strategy during increased light intensity and UV 
proportion of the light (Vergeer et al. 1995; 
Khandaker et al. 2010; Bravo et al. 2012), which is 
a characteristic feature of high altitudes (Kӧrner 
2007). 

Another factor that might play a crucial role in 
decreased metabolic content of these phenols and 
flavonoids at lower sub-tropical environment could 
be higher temperature. As observed in Table 2, the 
maximum and minimum temperatures in Jammu 
are 7°C to 13 °C higher than Srinagar during 
flowering phase (when the samples were collected 
for analysis). Any increase in the temperature 
would hence deteriorate the metabolic content of 
bioactive compounds, which is likely to be the 
scenario during climate change (Snow et al. 2003). 
It has been suggested that increase in temperature 
would be an essential response of climate change 
especially in Western Himalayas (Miller-Rushing 
and Primack 2008; Bhutiyani et al. 2007). 
Challenges posed by climate change could push 
some important species to extinction and may 
result in decrease in number of endemic species in 
the region as species composition, structure and 
functioning of sensitive habitats can change both 
because of increased temperatures (Gairola et al. 
2010).   

The inherent capacity of individual plants in 
tolerating the stress at any location can be judged 
by its metabolic content of ROS (Foyer and Noctor 
2005). In this study, when the H2O2 content was 
measured in all the five species, M. chamomilla 
and C. cardunculus showed 3.12 and 2.01 times 
higher concentration in Srinagar than Jammu, 
whereas, H2O2 content was found lower in H. 
perforatum (135.22 µmol mg-1 FW ) and T. 
vulgaris (175.04 µmol mg-1 FW). No significant 
change was observed in E. purpurea at both 
locations. Lower content of H2O2 even in putative 
stressful environment suggested better antioxidant 
machinery in H. perforatum (Figure 2A). As 
discussed earlier, one of the reasons for this could 
the higher content of phenols and flavonoids 
(Figure 1). Chloroplasts have been the source of 
H2O2 production at higher altitudes largely due to 
the slippage of electrons during photosynthesis 
(Vyas et al. 2007). Ascorbate peroxidase (APX) 
have shown higher affinity towards H2O2  

 
Figure 1 Variations in total phenols (A) and total 
flavonoids content (B) in Hypericum perforatum L., 
Matricaria chamomilla L., Thymus vulgaris L., Cynara 
cardunculus L. and Echinacea purpurea L. at Jammu 
(□) and Srinagar (■). * represents statistically significant 
values between the two altitudes at a P value lower than 
0.05. 
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scavenging and is localized in chloroplast 
(Ishikawa and Shigeoka 2008), hence APX activity 
was estimated to assess the scavenging capacity of 
H2O2 at both the locations (Figure 2B). Variation in 
the APX activity was observed at Jammu with T. 
vulgaris showing highest activity, whereas, the 
enzyme activity is almost similar in all plant 
species at Srinagar. This suggests that the 
enzymatic scavenging potential is overwhelmed 
and other potential scavenging metabolites such as 
phenols and flavonoids also play important role in 
ROS scavenging. Also, intracellular ROS can 
interact with reduced glutathione and helps in 
maintaining the redox status of the cell (Noctor  
et al. 2012). It is therefore observed that 
glutathione status is a useful marker for oxidative 
stress triggered by increased intracellular H2O2 
production. When glutathione was observed in 
plants at both the locations, it was observed that 
plants at Srinagar had significantly higher content 
of total glutathione than plants growing at Jammu 
(Figure 3). It is possible largely due to the increase 
in the reduced form followed by the induction of 
genes encoding enzymes involved in cysteine 
synthesis in the chloroplast (Queval et al. 2009). As 
far as variations in the individual plants are 
concerned at the two locations, it could also be the 
differences in the basal level of the metabolites and 
anti oxidative enzymes. Similar, differential 
metabolite content was observed in studies of 
various other medicinal plants (Rao et al. 2012; Jan 
et al. 2014). 

Results of photosynthetic pigments reveal that 
the content of total chlorophyll (Figure 4A) was 
lower to nearly half amount in plants at Srinagar 
than in Jammu. It suggests the role of high light in 
reducing the chlorophyll content. Several studies 
have reported the similar pattern in various plants 
(Zhang et al. 2005). Ratio of Chl a/b (Figure 4B) as 
observed in various plants (Walters 2005; Portes  
et al. 2010) suggest the modulation in PSII 
photosynthetic machinery in plants at higher 
altitudes. Smaller antennae size suggested by lower 
Chl a/b ratio would not only mitigate efficiency 
losses associated with non photochemical 
quenching but also allow a greater transmittance of 
light into lower layers of the canopy or cells 
towards the lower surface of the leaf (Melis et al. 
1998). Xanthophylls however showed higher values 
in plants at Srinagar than Jammu (Figure 4C). The 

 
Figure 2 Metabolic content of H2O2 (A) and APX 
activity (B) in Hypericum perforatum L., Matricaria 
chamomilla L., Thymus vulgaris L., Cynara 
cardunculus L. and Echinacea purpurea L. at Jammu 
(□) and Srinagar (■). 1 unit of enzyme activity was 
defined as mmol of ascorbate oxidized mg-1 fresh 
weight min-1. *represents statistically significant 
values between the two altitudes at a P value lower 
than 0.05. 
 

 
Figure 3 Metabolic content of total glutathione in 
Hypericum perforatum L., Matricaria chamomilla L., 
Thymus vulgaris L., Cynara cardunculus L. and 
Echinacea purpurea L. at Jammu (□) and Srinagar 
(■). * represents statistically significant values 
between the two altitudes at a P value lower than 0.05.
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role of xanthophylls in the protection of 
photosynthesis in plants has been widely reviewed 

earlier (Demmig-Adams and Adams 1996; Jahns et 
al. 2012). Thus, it is suggested that chlorophyll 
content, chlorophyll structure and xanthophyll 
pigments play a crucial role protecting 
photosynthetic apparatus in plants at higher 
altitude temperate climate.  

Protection to various stresses is not only 
dependent on the higher amount of antioxidant 
compounds, but role of primary metabolites such as 
soluble proteins, reducing sugars and free amino 
acids  has also been found to be important (Jan et al. 
2014). Total crude protein and reducing sugars were 
found to be higher in all the plants growing at 
Srinagar (Table 3). Induction in the activities of anti-
oxidant enzymes could be one of the strong reasons 
for this accumulation. Earlier, we have found 
induction in antioxidant enzymes in high altitude 

 
Figure 5 Variations in accumulation of proline 
content in Hypericum perforatum L., Matricaria 
chamomilla L., Thymus vulgaris L., Cynara 
cardunculus L. and Echinacea purpurea L. at Jammu 
(□) and Srinagar (■). * represents statistically 
significant values between the two altitudes at a P 
value lower than 0.05. 

 
Figure 4 Content of total chlorophyll (A), chlorophyll 
a/b ratio (B) and xanthophyll (C) in Hypericum 
perforatum L., Matricaria chamomilla L., Thymus 
vulgaris L., Cynara cardunculus L. and Echinacea 
purpurea L. at Jammu (□)  and  Srinagar (■). * 
represents statistically significant values between the 
two altitudes at a P value lower than 0.05. 

Table 3 Effect of two cultivation sites on content of total protein (µg 100 mg-1 FW), reducing sugars (µg 100 mg-1

FW) and free amino acid (µg 100 mg-1 FW) in Hypericum perforatum L., Matricaria chamomilla L., Thymus 
vulgaris L., Cynara cardunculus L. and Echinacea purpurea L. at Jammu (305 m) and Srinagar (1730 m). * 
represents statistically significant values between two sites at a P value lower than 0.05. 

 Total protein Reducing sugars Free amino acid 
Jammu Srinagar Jammu Srinagar Jammu Srinagar

Hypericum perforatum 4244 ±257 6411 ±93.0* 237.03 ±8.98 642.90 ±18.1* 4.94 ±0.29 6.07 ±0.14*

Matricaria chamomilla 2909 ±213 3798 ±124 * 150.37 ±6.41 625.25 ±36.1* 7.77 ±0.75 8.91 ±0.17*

Thymus vulgaris 2707 ±149 4969 ±3.95* 202.22 ±3.84 624.44 ±8.85* 3.51 ±0.30 4.08 ±0.03*

Cynara cardunculus 3762 ±159 6248 ±15.9* 185.18 ±18.8 605.33 ±68.8* 1.67 ±0.10 1.75 ±0.10

Echinacea purpurea 3203 ±164 4489 ±15.9* 139.25 ±4.62 395.03 ±17.4* 2.56 ±0.40 3.05 ±0.16
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grown Lepidium latifolium L. (Kaur et al. 2013b). 
Sugars and carbohydrates have been used as a 
strategy to accumulate reserves under non-optimal 
photosynthetic conditions or low temperatures (Lütz 
2010; Nägele and Heyer 2013). Free amino acids 
and proline were shown to have specific role in 
osmoregulation (Dedemo et al. 2013; Rai 2002) and 
plant defense (Forde and Roberts 2014) and 
exhibited differential accumulation at both the 
locations (Table 3, Figure 5).  

3    Conclusions 

The present study therefore concludes that 
species specific changes are observed in 
biochemical and antioxidant profiling of five 
medicinal plants at two climates. Although, 
stressful environment was observed in higher 
altitudes of temperate climate, plants have adapted 
themselves by accumulation of metabolites that 
harbor tolerance. When these plants were grown in 
environment different (subtropical) from their 
native (temperate), they show lesser amount 
bioactive compounds like phenols and flavonoids. 
There are certain species specific variations in 

some primary metabolites like proline and 
xanthophyll, however, these do not have direct 
influence on the medicinal properties. There 
appears little potential for expanding the 
geographical cultivation area of these plants. 
Efforts should therefore, be focused to address the 
problem of climate change that otherwise can have 
significant ecological and evolutionary implications 
for these high value medicinal plants in Western 
Himalayas owing to variations in induction of plant 
bio-chemicals.   

Acknowledgements 

The authors gratefully acknowledge financial 
support to the present study by Council of 
Scientific and Industrial Research (CSIR), 
Government of India, under CSIR- networking 
project (BSC-0109) on ‘Plant Diversity: Studying 
adaptation biology and understanding/exploiting 
medicinally important plants for useful bioactives 
(SIMPLE)'. Authors are thankful to the Director, 
IIIM Jammu for providing necessary facilities. 
Tarandeep Kaur and Rohini Bhat thank CSIR for 
providing senior research fellowship. 

References  

Agati G, Azzarello E, Pollastri S, et al. (2012) Flavonoids as 
antioxidants in plants: Location and functional significance. 
Plant Science 196: 67-76. DOI: 10.1016/j.plantsci.2012.07.014 

Bates LS, Waldren RP, Teare ID (1973) Rapid determination of 
free proline for water-stress studies. Plant soil 39: 205-207. 
DOI: 10.1007/BF00018060 

Bhutiyani MR, Kale VS, Pawar NJ (2007) Long-term trends in 
maximum, minimum and mean annual air temperatures 
across the Northwestern Himalaya during the twentieth 
century. Climatic Change 85: 159-177. DOI: 10.1007/s10584-
006-9196-1 

Bidart-Bouzat MG, Imeh-Nathaniel A (2008) Global change 
effects on plant chemical defenses against insect herbivores. 
Journal of Integrative Plant Biology 50: 1339-1354. DOI: 
10.1111/j.1744-7909.2008.00751.x 

Bravo S, García-Alonso J, Martín-Pozuelo G, et al. (2012) The 
influence of post-harvest UV-C hormesis on lycopene, β-
carotene, and phenolic content and antioxidant activity of 
breaker tomatoes. Food Research International 49: 296-302. 
DOI: 10.1016/j.foodres.2012.07.018 

Dedemo GC, Rodrigues FA, Roberto PG, et al. (2013) 
Osmoprotection in sugarcane under water deficit conditions. 
Plant Stress 7: 1-7. 

Deineka VI, Sorokopudov VN, Deineka LA, et al. (2008) Studies 
of Physalis alkekengi L. fruits as a source of xanthophylls. 
Pharmaceutical Chemistry Journal 42: 87-88. DOI: 10.1007/ 
s11094-008-0065-2  

Demmig-Adams B, Adams III WW (1996) The role of 
xanthophyll cycle carotenoids in the protection of 

photosynthesis. Trends in plant sciences 1: 21-26. DOI:  
10.1016/S1360-1385(96)80019-7 

Forde BG, Roberts MR (2014) Glutamate receptor-like channels 
in plants: a role as amino acid sensors in plant defence? 
F1000 prime reports 6:37. DOI: 10.12703/P6-37 

Foyer CH, Noctor G (2005) Redox homeostasis and antioxidant 
signaling: a metabolic interface between stress perception and 
physiological responses. Plant Cell Online 17: 1866-1875. DOI: 
10.1105/tpc.105.033589 

Gadgil M, Rao PS (1998) Nurturing Biodiversity: An Indian 
Agenda. Centre for Environment Education. New Delhi, India. 

Gairola S, Shariff NM, Bhatt A, et al. (2010) Influence of climate 
change on production of secondary chemicals in high altitude 
medicinal plants: Issues needs immediate attention. Journal 
of Medicinal Plants Research 4: 1825-1829. DOI:  10.5897/ 
JMPR10.354 

Geetha S, Sai-Ram M, Mongia SS, et al. (2003) Evaluation of 
antioxidant activity of leaf extract of Seabuckthorn 
(Hippophae rhamnoides L.) on chromium(VI) induced 
oxidative stress in albino rats. Journal of Ethnopharmcology 
87: 247-251. DOI:  10.1016/S0378-8741(03)00154-5 

Guy C, Kaplan F, Kopka J, et al. (2008) Metabolomics of 
temperature stress. Physiologia Plantarum 132: 220-235. DOI:  
10.1111/j.1399-3054.2007.00999.x 

Hartmann T (2007) From waste products to ecochemicals: fifty 
years research of plant secondary metabolism. 
Phytochemistry 68: 2831-2846. DOI: 10.1016/j.phytochem. 
2007.09.017 

Ishikawa T, Shigeoka S (2008) Recent advances in ascorbate 



J. Mt. Sci. (2016) 13(3): 484-492 
 

 492

biosynthesis and the physiological significance of ascorbate 
peroxidase in photosynthesizing organisms. Bioscience 
Biotechnology Biochemistry 72: 1143-1154. DOI:  10.1271/ 
bbb.80062 

Jahns P, Holzwarth AR (2012) The role of the xanthophyll cycle 
and of lutein in photoprotection of photosystem II. BBA-
Bioenergetics 1817: 182-193. DOI: 10.1016/j.bbabio.2011.04. 
012   

Jan S, Kamili AN, Hamid R, et al. (2014) Variation in adaptation 
mechanisms of medicinal herbs to the extreme winter 
conditions across the North Western Himalaya. Israel Journal 
of Plant Science 61: 1-11. DOI: 10.1080/07929978.2014. 
939828   

Kaur T, Hussain K, Koul S, et al. (2013a) Evaluation of 
Nutritional and Antioxidant Status of Lepidium latifolium L: 
A Novel Phytofood from Ladakh. Plos One 8: e69112. DOI: 
10.1371/journal.pone.0069112   

Kaur T, Bhat HA, Raina A, et al. (2013b) Glutathione regulates 
enzymatic antioxidant defence with differential thiol content 
in perennial pepperweed and helps adapting to extreme 
environment. Acta Physiologiae Plantarum 35: 2501-2511. 
DOI:  10.1007/s11738-013-1286-x 

Khandaker L, Akond ASMG, Ali MB, et al. (2010) Biomass yield 
and accumulations of bioactive compounds in red amaranth 
(Amaranthus tricolor L.) grown under different colored 
shade polyethylene in spring season. Scientia Horticulturae 
123: 289-294. DOI: 10.1016/j.scienta.2009.09.012 

Khanduri VP, Sharma CM, Singh SP (2008) The effects of 
climate change on plant phenology. Environmentalist 28:143-
147.  

Körner C (2007) The use of ‘altitude’ in ecological research. 
Trends in Ecology and Evolution 22: 569-574. DOI: 
10.1016/j.tree.2007.09.006 

Lowry OH, Rosebrough NJ, Farr AL, et al. (1951) Protein 
measurement with the folin-phenol reagent. The Journal of 
Biological Chemistry 193: 265-275. 

Lütz C (2010) Cell physiology of plants growing in cold 
environments. Protoplasma 244: 53-73. DOI: 10.1007/ 
s00709-010-0161-5 

Melis A, Neidhardt J, Benemann JR (1998) Dunaliella salina 
(Chlorophyta) with small chlorophyll antenna sizes exhibit 
higher photosynthetic productivities and photon use 
efficiencies than normally pigmented cells. Journal of Applied 
Phycology 10: 515-525. DOI: 10.1023/A:1008076231267 

Metlen KL, Aschehoug ET, Callaway RM (2009) Plant 
behavioural ecology: dynamic plasticity in secondary 
metabolites. Plant Cell Environment 32: 641-653. DOI: 
10.1111/j.1365-3040.2008.01910.x. 

Miller-Rushing AJ, Primack RB (2008) Global warming and 
flowering times in Thoreau's Concord: a community 
perspective. Ecology 89: 332-341. DOI: 10.1890/07-0068.1 

Mooney HA, Drake BG, Luxmoore RJ, et al. (1991) Predicting 
ecosystem responses to elevated CO2 concentrations. 
BioScience 41: 96-104.  

Nägele T, Heyer AG (2013) Approximating subcellular 
organisation of carbohydrate metabolism during cold 
acclimation in different natural accessions of Arabidopsis 
thaliana. New Phytologist 198: 777-787. DOI: 10.1111/nph. 
12201 

Nautiyal MC, Nautiyal BP, Prakash V (2004) Effect of grazing 
and climatic changes on alpine vegetation of Tungnath, 
Garhwal Himalaya, India. Environmentalist 24: 125-134. DOI: 
10.1007/s10669-004-4803-z 

Noctor G, Mhamdi A, Chaouchi S, et al. (2012) Glutathione in 
plants: an integrated overview. Plant Cell Environment 35: 
454–484. DOI: 10.1111/j.1365-3040.2011.02400.x 

Okuda T, Masuda Y, Yamanka A, et al. (1991) Abrupt increase in 
the level of hydrogen peroxide in leaves of winter wheat is 
caused by cold treatment. Plant Physiology 97:12651267. DOI: 
0032-0889/91/97/1 265/03/$01 .00/0 

Portes MT, Damineli DSC, Ribeiro RV, et al. (2010) Evidence of 
higher photosynthetic plasticity in the early successional 
Guazuma ulmifolia Lam. compared to the late successional 

Hymenaea courbaril L. grown in contrasting light 
environments. Brazilian Journal of Biology 70: 75-83. DOI: 
10.1590/S1519-69842010000100011 

Potters G, Horemans N, Jansen MA (2010) The cellular redox 
state in plant stress biology–a charging concept. Plant 
Physiology and Biochemistry 48: 292-300. DOI: 
10.1016/j.plaphy.2009.12.007 

Queval G, Thominet D, Vanacker H, et al. (2009) H2O2 activated 
up-regulation of glutathione in Arabidopsis involves 
induction of genes encoding enzymes involved in cysteine 
synthesis in the chloroplast. Molecular Plant 2: 344-356. DOI: 
10.1093/mp/ssp002 

Rai VK (2002) Role of amino acids in plant responses to 
stresses. Biologia Plantarum 45 481-487. DOI: 10.1023/ 
A:1022308229759 

Ramakrishna A, Ravishankar GA (2011) Influence of abiotic 
stress signals on secondary metabolites in plants. Plant 
Signaling and Behaviour 6: 1720-1731. DOI: 10.4161/psb. 
6.11.17613 

Rao ML, Savithramma N (2012) Quantification of Primary and 
Secondary Metabolites of Svensonia hyderobadensis–A Rare 
Medicinal Plant. International Journal of Pharmacy and 
Pharmaceutical Sciences 4: 519-521.  

Salick J, Fangb Z, Byg A (2009) Eastern Himalayan alpine plant 
ecology, Tibetan ethnobotany, and climate change. Global 
Environment Change 19: 147-155. DOI: 10.1016/j.gloenvcha. 
2009.01.008 

Samant SS, Dhar U, Palni LMS (1998) Medicinal Plants of 
Indian Himalaya: Diversity, Distribution Potential Values. 
Gyan Prakash, Nainital, India. 

Sawhney SK, Singh R (2009) Introductory practical 
biochemistry, 2nd ed. Narosa Publishing House, New Delhi, 
India. 

Silvertown J (1998) Plant phenotypic plasticity and non-
cognitive behaviour. Trends in Ecology and Evolution 13: 255-
256. DOI: 10.1016/S0169-5347(98)01398-6 

Snow MD, Bard RR, Olszyk DM, et al. (2003) Monoterpene 
levels in needles of Douglas fir exposed to elevated CO2 and 
temperature. Physiologia Plantarum 117: 352-358. DOI: 
10.1034/j.1399-3054.2003.00035.x 

Soobrattee MA, Neergheen VS, Luximon-Ramma A, et al. (2005) 
Phenolics as potential antioxidant therapeutic agents: 
mechanism and actions. Mutation Research-Fundamental 
and Molecular Mechanisms of mutagenesis 579: 200-213. 
DOI: 10.1016/j.mrfmmm.2005.03.023 

 Tuteja N, Sopory SK (2008) Chemical signaling under abiotic 
stress environment in plants. Plant Signaling and Behaviour 3: 
525.  

Vergeer LHT, Aarts TL, De Groot JD (1995) The ‘wasting 
disease’ and the effect of abiotic factors (light intensity, 
temperature, salinity) and infection with  Labyrinthula 
zosterae on the phenolic content of Zostera marina shoots. 
Aquatic Botany 52: 35-44. DOI: 10.1016/0304-
3770(95)00480-N 

Vyas D, Kumar S, Ahuja PS (2007) Tea (Camellia sinensis) 
clones with shorter periods of winter dormancy exhibit lower 
accumulation of reactive oxygen species. Tree Physiology 27: 
1253-1259. DOI: 10.1093/treephys/27.9.1253 

Walters RG (2005) Towards an understanding of 
photosynthetic acclimation. Journal of Experimental Botany 
56: 435-447. DOI: 10.1093/jxb/eri060 

Zhang SB, Zhou ZK, Hu H, et al. (2005) Photosynthetic 
performances of Quercus pannosa vary with altitude in the 
Hengduan Mountains, southwest China. Forest Ecology and 
Management 212: 291-301. DOI: 10.1016/j.foreco.2005.03. 
031 

Zhu HX, Shi Y, Zhang QN, et al. (2005) Applying 3, 5-
dinitrosalicylic Acid (DNS) Method to Analyzing the Content 
of Potato Reducing Sugar. Chinese Potato 5: 002.  

Zobayed SMA, Afreen F, Kozai T (2005) Temperature stress can 
alter the photosynthetic efficiency and secondary metabolite 
concentrations in St. John's wort. Plant Physiology and 
Biochemistry 43: 977-984.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




