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Abstract: The phytosterol in Potamogeton maackianus was iden-
tified and quantified. From the hexane extracts analysis of
unsaponifiable fraction of P. maackianus by gas chromatography -
mass spectrometry(GC-MS), campesterol, stigmasterol and
[-sitosterol were the main phytosterols in P. maackianus with the
contents of 0.368, 1.17 and 0.824 mg-g ', respectively. After 7
days’ exposure under M. aeruginosa, the contents of campesterol,
stigmasterol and f-sitosterol in P.maackianus increased by 23.1%,
40.4% and 40.8%, respectively. Both the contents of 24-ethyl ster-
ols (sitosterol and stigmasterol) and 24-methyl sterol (campesterol)
in macrophytes increased, but the percentage of total sterol com-
position did not change significantly. This result indicated that the
content of 4-demethyl sterols and the second alkylation of the
phytosterol side-chain at C-24 in P. maackianus were affected by
M. aeruginosa.
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0 Introduction

Plant sterols (phytosterols) are bioactive compo-
nents of almost all plant species, which resemble choles-
terol in vertebrates in terms of both function (to stabilize
phospholipid bilayers in plant cell membranes) and
structure (steroid nucleus, 34-hydroxyl group, 5, 6 dou-
ble bond). In plants, more than 200 different types of
phytosterols have been reported and the principal plant
sterols are campesterol, stigmasterol and S-sitosterol' .
The physiological functions of phytosterol on human
being are concluded®! and phytosterols have been used
to serving as supplements and as drugs since 1950s!.
Many bio-activities of phytosterols have already been
demonstrated, such as anti-cholesterolm, anti-cancer
properties”, anti-atherosclerotic®, anti-inflammatory!”
and anti-oxidative effects!?).

Macrophytes play important roles in the shallow
aquatic ecosystem, by not only keeping the water eco-
system stable and clean, but also providing botanic pro-
duction. Unlike their terrestrial counterparts, all sub-
mersed aquatic angiosperms are secondarily adapted for
life in water and are used to coexisting with algae in
natural water system, especially in eutrophic lakes. Al-
gae would affect the growth and production of sub-
merged plant™”
formed to evaluate the effects of water bloom on sub-

merged macrophytes and aquatic ecosystem!'* "2,

. Many experiments have been per-

Although some researchers have investigated the

effects of algae on the growth and development of sub-

89,13

merged macrophytes™'*! there are little information on
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the effects of algae on the metabolism and composition
of sterols in macrophytes.

Potamogeton maackianus is a kind of submerged
macrophytes widely distributing in East Asia'*. In this
study, the phytosterols were identified and quantified in
the dry materials of P. maackianus. The effects of
Microcystis aeruginosa on the dynamics of free phytos-
terols in P. maackianus were also studied to understand
the reaction of macrophytes to stress of toxic algae on
the sterol metabolism.

1 Materials and Methods

1.1 Macrophyte and Phytoplankton Cultures

P. maackianus was collected from the pond of Wu-
han Botanical Garden, Chinese Academy of Sciences at
Wuhan, China. Plant material was washed free of debris
and microorganisms with deionized water. The macro-
phytes were grown in 30 L aquarium with a quarter of
Hoagland medium and illuminated by fluorescent lamps
for 16 h (light) . 8 h (dark) cyclically (3 000 Ix) at 20 °C.
1/4 volume of the culture medium in each aquarium was
replaced with fresh a quarter of Hoagland medium every
two days. Toxic M. aeruginosa (FACHB 942) was se-
lected as the experimental algae and was kept in BG-11
medium!">"®,

Prior to the experiment, phytoplankton was trans-
ferred into 500 mL Erlenmeyer flasks containing 200 mL
a quarter of Hoagland medium, exposed to 16 h(light) - 8
h(dark) illumination cyclically (3 000 Ix) at 20 °C and
shaken at 100 r/min untill a stationary state was reached.
The growing cells were used as inoculums for coexisting
culture experiment.

1.2 Co-culture Experiment

After incubation for 10 days in the laboratory, the
macrophytes were transferred into a cubic jar with ca-
pacity of 6 liters, in which aquaria (containing 4 L a
quarter of Hoagland medium) was at natural biomass
concentration of 10 g / L (fresh weight). The algae was
also placed in the aquaria at three cell densities (1.0x10°,
1.0x10*, 1.0x10° mL ") and plants without algae were
used as control. To avoid the competition between opti-
cal irradiance and carbon dioxides, the coexistence cul-
ture system were cultivated under 3 000 Ix with 16 h
(light) 8 h (dark) cyclically at 20 ‘C and bacteria-free
air was aerated to make up CO,..

Concentrations of both media (control and treat-
ments) were equal, i.e. a quarter of Hoagland medium.
Each treatment was replicated 3 times in a randomized

block design. The experiments lasted for 7 days.
1.3 Phytosterols Extraction and Preparation of
Unsaponifiable Sample

Reference phytosterols, stigmasterol, p-sitosterol
and campesterol were bought from Sigma—Supelco USA
Ltd. Methods and procedures applied were essentially
those employed by Ham earlier!'”.

The plants of each aquarium were taken out,
washed by deionized water, frozen-dried, pulverized and
weighed after the 7 days coexistence culture was com-
pleted. 5 g dry powder was continuously extracted in
circumfluence for 6 hours with 300 mL n-hexane in Sox-
hlet extarction apparatus. The crude extracts, after
evaporated by means of rotary, were added with 40 mL
methanol solution containing 10% KOH, shaken for 15
min, and then heated at 60 C by water bath for reaction.
After 1 h reaction, 40 mL water of super purity was
added to the medium, which was then extracted with 80
mL ethyl ether for 3 times, the ether layer was dried by
anhydrate NaSQy, evaporated, and diluted with n-hexane
to a constant volume at 25 mL, from which 1 mL solu-
tion was taken out and was further diluted with n-hexane
into 10 mL brown vials subsequently for analysis. The
samples were analyzed by gas chromatography-mass
spectrometry (GC-MS) (GC6890-MS5973,
Santa Clara, CA, USA). Mass fragments of components
were compared with the mass fragmentation data con-
tained in the NIST 02 Database.

GC-MS equipped with HP 7673 autosampler and
an Agilent 5973 mass spectrogram detector was em-
ployed to analyze the phytosterols. Data acquisition,

Agilent,

processing, and instrumental control were performed by
Agilent WS software. Sterol samples were separated
with a HP-5 MS capillary column (19091S-433, 30 m
long, 0.25 mm i.d., with 0.25 pum film, Agilent, Santa
Clara, CA, USA). The oven temperature was isothermal
at 280 ‘C. The injector operated at conditions: injection
volume 1 pL, temperature 250 ‘C with the splitless mode.
The column temperature was 270 ‘C during the entire
run and the transfer line temperature was 280 ‘C. Helium
(purity of 99.999 5 %) was used as a carrier gas with a
flow rate of 1mL/min at an inlet pressure of 4.93x10* Pa.
Electronic impact (EI) ionization mode mass spectra
were obtained at 70 eV and monitored on the full-scan
range (m/z 50-550). Quantitative analysis was carried out
using selected ion monitoring (SIM) analysis mode.
1.4 Data Analysis

All analysis was performed three times repeatedly
and the results were displayed with the mean value and
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standard deviation. Statistical differences between con-
trol and treatments were tested using One-way analysis
of variance (ANOVA) with SPSS software (13.0) (SPSS
Inc., Chicago, IL, USA) at a 95% confidence level.

2 Results

2.1 Identification and Content Analysis of
Phytosterols in Potamogeton maackianus

Chromatographic analysis of the unsaponifiable
fraction of P. maackianus n-hexane extracts showed that
there were 3 identifiable phytosterol peaks labeled 1 to 3
(Fig.1).

Peak assignments were carried out by comparing
their MS fragments with fragmentation data contained in
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Fig.1 Gas chromatogram of the mass spectrometry detector

response of hexane extracts unsaponifiables of Potamogeton
maackianus

the NIST 02 database and their structures were deter-
mined simultaneously by comparing the mass fragmen-
tation patterns and relative retention times with that of
reference compounds and literature sources. The peak 1
(retention time 26.77 min) was equivalent to molecule
ion value of 400, so that it was determined to be campes-
terol with spectrum retrieving matching ratio of 99%.
The peak 2 (retention time 27.44 min) and 3 (retention
time 28.76 min) were identified as stigmasterol and si-
tosterol, respectively. The structures were shown in Fig.2.
The contents of the main three types of phytosterols in P.
maackianus were showed in Fig.3. The contents of
campesterol, stigmasterol and p-sitosterol were 0.368,
1.17 and 0.824 mg-g”', and the proportions of individual
sterols to the total sterols (2.36 mgeg ') were 15.6%,
49.5% and 34.9%, respectively, in the controlled P.
maackianus.
2.2 The Effects of Microcystis aeruginosa on
Contents of Individual and Total Phytosterols in
Potamogeton maackianus

As shown in Fig.3, the contents of individual and
total sterols both increased under the stress of M.
aeruginosa. Comparing with the control, the contents of
campesterol, stigmasterol, f-sitosterol and the total phy-

tosterol in P. maackianus treated with algae increased
23.1%, 40.4%, 40.8% and 37.8%, up to 0.453, 1.648,

a2

Fig.2 The structures of the main sterols in Potamogeton maackianus

1.campesterol; 2.stigmasterol; 3.4-sitosterol
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Fig.3 Contents’ changes of the individual and total phytos-
terols in P. maackianus under the stress of M. aeruginosa

The column is the mean, and the bar is the standard deviation, and * means the

significant difference to the control

1.16 and 3.25 mg+g ', respectively. The contents of ster-
ols in the higher density of algae treatment (1.0x10*and
1.0x10°mL ") were significantly different to that in con-
trol samples (p<0.05), which indicated that the contents
of 24-ethyl sterols (stigmasterol and sitosterol), 24- methyl
sterol (campesterol), and the second alkylation of the
phytosterol side-chain at C-24 in P. maackianus were
affected by M. aeruginosa.

3 Discussion

This experiment showed that campesterol, stigmas-
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terol and f-sitosterol were the main forms of phytosterols
in P. maackianus, which is a kind of typical macrophyte.
This result was in accordance with that of terraneous
plants!'l. The qualitative and quantitative analysis indi-
cated that stigmasterol was the most abundant sterol
component in P. maackianus, which had ever been found
in Potamogeton nodosus"™. Few quantitative determina-
tion of sterol in macrophyte was reported, although there
are several reports on phytosterol in macrophytes, such
as 10 kinds of sterols from Zantedeschia aethiopica"”", a
kind of allelopathic sterol from Typha latifoliad®® and
two kinds of polyhydroxylated sterols from Ruppia
maritime".

The functional foods enriched with plant sterols
were developed rapidly since 1950s because phytosterol
has ability to decrease the levels of low-density lipopro-
tein (LDL) cholesterol in serum". Compared with the
sterols’ contents of crops, which are commonly considered

2223 .
], P. maackianus be-

as phytosterol-abundant plant"
longs to the phytosterol-abundant plant species since the
content of phytosterol in P. maackianus reaches 2.36
mgeg .

In this paper, there were no significant changes in
sterol composition of the macrophyte when it was
co-cultured with algae. Stigmasterol, f-sitosterol, and
campersterol were the main forms of sterols in both con-
trol and the treated plants. Compared with the control,
the compounds released by the toxic stems of M. aerugi-
nosa affected the content of 4-demythel sterol in P.
maackianus. Along with the algal concentration going up,
24-ethyl sterol (sitosterol and stigmasterol) content in
plants increased more than that of 24-methyl sterol
(campesterol), moreover, the ratio between campesterol
and stigmasterol plus sitosterol decreased from 18.5% to
16.2%, which showed that M. aeruginosa affected the
second alkyl side chain at C-24 position of plant sterol in
the biosynthesis
(24271 The first deteriorative change during
stress injury is an alteration in the structure and function

process of sterol in vivo P.

maackianus

of cell membranes, which results in an impaired ability

(28] The structure and function of cell

26]

to retain solutes
membranes would be influenced by sterols®. Many
forms of sterols are localized in membranes, but only
free sterols play an important role in the permeability of
plant membranes. Qualitative and/or quantitative differ-
ences in composition of sterol, which was caused by en-
vironmental stress, would reflect the relative abilities of
plants to regulate membrane permeability to ions, to tol-

[25.26,29]

erate or to adapt to environmental stress . So in

this experiment, the increase of sterol content probably
revealed that P. maackianus could resist algal stress by
improving the capacities to regulate the permeability of
its cell membranes. There were reports that content of
sterol could be increased when treated by toxic com-
pounds at low concentration and could be decreased
when treated by high concentration toxic ones***"! It
means that the content of free sterol in P. maackianus
would be affected by the chemicals released from toxic
M. aeruginosa. Furthermore, the sterols in P. maackianus
increased under algal stress, but the ratio of sitosterol to
stigmasterol kept constant and the percentage composi-
tion of the three types of free sterols changed very little
in total sterol. Macrophytes could maintain the mem-
brane structure ‘more planar’ by keeping the percentage
composition of sterols’””. The constant ratio of sitosterol
to stigmasterol would contribute to the control of mem-
brane permeability and reducing stress effects.

4 Conclusion

In summary, three sterols have been identified and
quantified in P. maackianus, which had never been re-
ported before. These three main forms of sterols are
stigmasterol, f-sitosterol and campersterol. Sterol in P.
maackianus is abundant with the content reaching 2.36
mg-g”. There were no obvious changes in sterol compo-
sition when plant was co-cultured with toxic M. aerugi-
nosa, but the contents of the three individual and total
sterols of P. maackianus increased significantly (p<<
0.05). It proved that the phytosterol biosynthesis of P.
maackianus was affected by toxic M. aeruginosa. And
the constant percentage composition of free sterols in the
macrophyte would be one of the resistant mechanisms
for macrophyte to keep the membrane structure planar
from the stress of toxic algae.
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