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The presented results show the special advantage of Raman spectroscopy in the investigation of
polyacetylenes in American ginseng (Panax quinquefolium L.) roots. The compounds are measured
directly in the plant tissue without any preliminary sample preparation. The polyacetylene signal is
strong and well-separated from other bands so the spectral impact of the surrounding biological matrix
can be clearly distinguished. The Raman spectrum taken in situ from the fresh ginseng root revealed
a characteristic polyacetylene key band at 2237 cm~! whereas in the spectrum obtained from dried
root this band was shifted to about 2258 cm~1. The latter is in good agreement with signals obtained
from isolated standards, falcarinol (2258 cm~1) and panaxydol (2260 cm~1), occurring as predominant
polyacetylenes in this species. The shift of the polyacetylene band observed in root extracts or at a
certain stage of root drying indicates the molecular modification of polyacetylenes resulting from the
loss of water. Furthermore, it was found that the process upon root hydration is reversible as the
shift of polyacetylene band from 2258 to 2237 cm~! is observed. An explanation of this phenomenon
can be an interaction of polyacetylene molecules with plant components in the presence of water
molecules forming a stable entity in situ that is broken after dehydration (loss of water) of the fresh
ginseng root. Application of the Raman mapping technique to ginseng roots of different size showed
that the content of both main polyacetylenes decreases with increasing root size in accordance with
guantitative high-performance liquid chromatography data.

KEYWORDS: Panax quinquefolium ; FT-Raman; mapping; falcarinol; panaxydol; nondestructive analysis;
in situ

INTRODUCTION exhibit anti-platelet-aggregatory and anti-inflammatory effects

For the past 2000 yeaBanax ginseng. A. Meyer (Korean (7-11) and anti-carcinogenic activity (12_18)_'
ginseng) has been used as a medicinal herb in traditional Asian More than 10 polyacetylenes have been isolated fRam
medicine (1). AnothePanaxspeciesPanax quinquefoliunt.. quinquefolium, but two of them, falcarinol (synonymous with
(American ginseng), was valued by American Indians long Panaxynol) and panaxydol, were found to be the dominant
before the arrival of Europeans in the New World and since compounds. Significant discrepancy can be noticed in several
the 18th century it has been cultivated in North America for Papers reporting quantitative analysis of ginseng roots, but
medicinal purposes (2). generally falcarinol has been found in amounts between 200

P. quinquefoliumis indicated for fatigue and as an immu- and 560 mg kg dry weight whereas panaxydol occurs at
nostimulant in times of stress. Intensive studies have shown thisconcentrations of 180—950 mg kgdry weight (17,18).
herb to have estrogenic, antimutagenic, and hypoglycemic Falcarinol and panaxydol are among the most bioactive
effects and also to improve impaired memory and learn®yg ( polyacetylenes isolated from ginseng and hence are very
4). Some of these pharmacological properties of ginseng rootsimportant in relation to the anti-cancer effect and other
are attributed to the presence of dammarane saponins, commonlpharmacological properties of ginseng roots. In particular, the
referred to as ginsenoside$, (6); however, much of the  cytotoxic properties of falcarinol have recently been extensively
bioactivity is associated also with polyacetylenes, of which some investigated in relation to its health-promoting properties of
Apiaceae food vegetables as it is also a major polyacetylene
* Corresponding author. Tel.#-49(0)3946 47231. Fax:+49(0)3946 constituent in carrot roots and related vegetables. It has for
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roots, such ag-carotene, and therefore it has been hypothesized taple 1. Major Polyacetylenes Occurring in Panax quinquefolium of
that falcarinol may be responsible for the ability of carrots to Different Root Sizes or Types?

prevent cancer (19—22). On the other hand, falcarinol contrib-

utes strongly to the bitter taste of carr@8(24) and may have root  root diameter Pquaxydo' fij'lca””(ﬂ
some negative effects due to its allergenic proper@&3 and type (mm) (mgkg" freshroots)  (mg kg™ fresh roots)
its toxicity in relatively high concentrations (26). 1 05-30 780 £21 2070+ 18
Until now, nothing is known about the distribution of 2 i P e
polyacetylenes in ginseng roots and their interactions with other 38.0-43.0 230 + 18 230 + 19

plant constituents, which could be important in relation to the

pharmacological properties of polyacetylenes in for example — aRgot type 1 corresponds to hairy roots, root type 2 corresponds to lateral
ginseng preparations. However, the investigation of polyacety- roots, and root types 3 and 4 correspond to main roots. Analysis was performed
lenes is in part hampered by the fact that these compounds aren triplicates (mean + standard deviation). Panaxydol and falcarinol were quantified
unstable, being sensitive to heat and light (23). The most popularin extracts by analytical HPLC using calibration curves of panaxydol and falcarinol
method used for their analysis is high-performance liquid (external standards), respectively (see Materials and Methods).
chromatography (HPLC), which requires solvent extraction

(21—23,27,28) and hence is a procedure that does not allow mg) and falcarinol (115 mg) Were_finally obtained as colorless oils in
the determination of the distribution of polyacetylenes in cellular 2 PUIty =98%, as shown by analytical HPLC. Falcarinat] —36.6%
dimensions. These limitations can be overcome using RamanC %% CHC it (33) [odp —36.93°, ¢ 0.7, CHG) and panaxydol

: : ([odo —26.8°, ¢ 1.0, CHGH lit. (34) [a]p —22.3°, ¢ 1.7, CHG) were
spectroscopy, which has already been successfully applied to. fieq by UV, mass spectrometry (MS) [gas chromatography (GC)-

the analysis of polyacetylenes in several plars, G0). In MS (EI, 70 eV)], and one- and two-dimensional NMR4(and °C
particular, the Raman mapping technique gives a deepernmR andH—!H and H—13C correlation spectroscopy recorded in
knowledge of the localization of secondary metabolites in CDCl with TMS as internal standard) and the complete spectral data
various intact plant tissues (332). set corresponded fully with literature values for falcarirzs,35, 36)

In this paper, FT-Raman spectroscopy is used for investigationand panaxydol (1736, 37), respectively. Falcarinol and panaxydol
of polyacetylenes occurring iP. quinquefoliumroots of dissolved in ethanol (5 mg mt) were used as standards.
different size, i.e., hairy, lateral, and main roots. The measure- Quantification of Polyacetylenes by Analytical HPLC. The
ments are performed in situ as well as on isolated pure conce_ntratlon of fa!carlnol and panaxydol were determined in the

. - following root types: 0.53 mm (root hairs), 10.616.0 mm (lateral

compounds. Raman spectroscopy is successfully applied to the

‘ | | h f ol | ; h hroots), and 24.0—30.0 mm and 38.83.0 mm (main roots), which
study of molecular changes of polyacetylenes occurring through yere ohtained by cutting off the different root parts (according to size)

their extraction or at certain stages of root drying. Furthermore, of fresh 5-year old ginseng roots (Table 1). The different root types
the mapping technique is used to evaluate spatial distributionwere cut into small pieces and mixed carefully in order to obtain

of polyacetylenes directly in the plant tissue. homogeneous and representative samples. Fresh cut root material (8
g) was weighed in a 100 mL flask with screw cap and homogenized
MATERIALS AND METHODS with an Ultra-Turrax T25 for 60 s with 25 mL of EtOAc and
re-extracted with 25 mL of EtOAc. The combined EtOAc extracts were
Plant Material. Roots of 5-year-old American ginseng.(quin- dried with anhydrous N&Q, and transferred into a 50-mL volumetric

quefoliumL.) were collected for measurements from a small ginseng flask and adjusted to a final volume of 50 mL with EtOAc and then
field at the Research Centre Aarslev, Denmark. The ginseng plants werecarefully shaken. The extract was filtered through a @ABMinisart
grown organically without use of any pesticides. Root disks of about SRP 25 filter into a 2 mL brown vial for analysis of polyacetylenes by
3 mm thickness were transversely cut and used for analyses withoutanalytical HPLC on a SUMMIT/Dionex HPLC system (Dionex
any further preparation. Denmark A/S, Denmark) equipped with a DAD. The DAD was
Chemicals. Ethyl acetate (EtOAc), methanol (MeOH);hexane, employed at 205 nm and absorption spectra were recorded between
and acetonitrile (MeCN), obtained from Aldrich-Chemie, Steinheim, 200 and 450 nm. Polyacetylenes were separated on a reversed-phase
Germany, were of HPLC grade. The water used for HPLC analysis Luna 3¢ C18(2) 100A column (&m; 150x 4.6 mm i.d., Phenomenex,
was ultrapure generated by an Elgastat Maxima Analytica Water Aschaffenburg, Germany) at 4C using the following solvent gradient:
Purification System (Elga Ltd., United Kingdom). All eluents for HPLC ~ MeCN—H,O [0—5 min (20:80), 10 min (50:50), 30 min (53:47), 45
were filtered through a 0.48m Minisart SRP 25 filter (Bie & Berntsen, 50 min (65:35), 76-72 min (75:25), 96-95 min (95:5), 106-110 min
Readovre, Denmark) and degassed with ultrasound for 20 min before (20:80)]. All increases or decreases in the gradient were programmed
use. as linear. Flow rate: 1 mL min. Injection volume: 2QiL. Quantifica-
Polyacetylene StandardsFive-year old roots (650 g fresh weight)  tion of falcarinol and panaxydol was made by external calibration curves
of P. quinquefoliumwere ground and extracted twice with 1.5 L of  of authentic standards. Mean recovery rates for the individual poly-
EtOAc for 24 h at 8°C. The combined extracts were filtered, dried acetylenes were 9% 2% (falcarinol) and 98t 3% (panaxydol) and
over anhydrous N&O;, and concentrated in vacuo (3G) to 15 mL. were determined by spiking a known amount of authentic standard
The concentrated extract was subjected to silica gel column chroma- (from a stock solution) of each polyacetylene to a ginseng root extract
tography (CC) [silica gel, 60 230-400 mesh, Merck, Darmstadt, sample.
Germany], eluting witm-hexane—EtOAc (v/v) [20:1, 10:1, 20:3, 5:1, Raman SpectroscopyRaman spectra were recorded using a Bruker
4:1,7:3,6:4,11:9, 1:1, 4:6, 3:7; 200 mL at each step], and finally with NIR-FT-Raman Spectrometer (model RFS 100) equipped with a Nd:
MeOH (250 mL). Fractions containing crude falcarinol and panaxydol, YAG laser, emitting at 1064 nm, and a germanium detector cooled
respectively, were further purified by preparative HPLC on a Dionex with liquid nitrogen. The instrument was equipped withxarstage, a
P680 HPG SemiPrep system (Dionex Denmark A/S, Denmark) mirror objective, and a prism slide for redirection of the laser beam.
equipped with a diode array detector (DAD) [UVD 340U] operating Compared with the standard vertical sampling arrangement, the samples
from 200 to 595 nm. The DAD was employed at 205 nm. Separations were mounted horizontally. Ginseng root disks were mounted between
were performed on a reversed-phase (RP) Develosil ODS-HG-5 HPLC two glass slides to avoid their movement and deformation during the
column (RP-18, 25 20 mm i.d., Nomura Chemical Co., Seto, Japan), measurement.
at 22 °C using the following solvent gradient: MeGHH,O [0 min Single measurements from ginseng roots were obtained with 128
(40:60), 10—40 min (75:25), 80—110 min (100:0), 115 min (40:60)]. scans and an unfocused laser beam of 100 mW, whereas for falcarinol
All increases or decreases in the gradient were programmed as linearand panaxydol solutions, 256 scans and a laser power of 100 mW were
Flow rate: 5 mL min?. Injection volume: 20 mL. Panaxydol (125  used for spectroscopic analysis. All spectra were obtained with a spectral
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Figure 1. Chemical structure of falcarinol and panaxydol.
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Figure 2. FT-Raman spectra of panaxydol (A) and falcarinol (B) isolated
from ginseng root (dissolved in ethanolic solution) and measured directly
in fresh plant (C).

resolution of 4 cm? in the wavenumber range from 100 to 4000 ¢ém
2-D Raman maps of flat samples of the transverselyReujuinque-
folium roots were obtained point by point moving tkgstage;x and
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Figure 3. FT-Raman spectrum obtained from fresh ginseng root

demonstrated in the whole wavenumber range from 100 to 4000 cm—2.

and polarized band of C=C—C=C— symmetric stretching
vibration at 2260 cm. Although both polyacetylene key bands
are very intense and comparatively narrow, the wavelength
difference of 2 crmn! does not allow discrimination between both
compounds when they occur together. The asymmetric stretch
of the —C=C—C=C— group is not seen in the Raman spectrum
of polyacetylenes because it is only IR actia9).

The presence of polyacetylenesinquinquefoliunroot can
be visually detected by the occurrence of brownish spots located
centrically in the phloem parenchyma tissue. Raman spectrum
taken directly from these brownish areas in fresh ginseng root
is demonstrated ifrigure 2C, in the wavenumber range from
2150 to 2350 cm. Additionally, a whole spectrum is presented
in Figure 3, where a strong and well-separated polyacetylene

y directions of the accessory were automatically controlled by the pand is clearly seen. Generally, in the spectra obtained from
spectrometer software. Slices of fresh and freeze-dried ginseng rootsfresh root, a strong band can be noticed with a maximum at
were mapped with a focused laser beam of 100 mW with a diameter about 2237 cmt that is about 20 crt less than has been

of about 0.1 mm; four scans were collected at each measured pomt'observed for isolated polyacetylenes. Such a discrepancy in the
Other parameters used for micro-Raman measurements, such as

mapping area and step size (increment), are listed in the legend to the!V@Venumber position indicates structural changes of these
figures as footnotes. The spectra collected from the mapped areas wer&0mMpounds occurring during the extraction process.
baseline-corrected and processed by the Bruker Opus/map software It has been reported by Zhang et &0J that polyacetylenes
package v. 4.3. The maps were obtained by integration of specific signalin Asian ginseng root can be bonded to ginsenosides and usually
characteristics fo_r the individual analyte and colored according to the gch complexes are broken when they are extracted, and as a
different Raman intensity. _ _ result both compounds are isolated as separate entities. However,
Quan_tum—Chemlca_ll Calculations.Density fu_ncnonal theory_(DFT) Zhang et al. managed to isolate the whole complex, polyacety-
calculatlons of falcarinol, panaxydol, and thelr_complexes with glnii:- leneginsenoside-Ro, from. ginsengroot, composed of two
noside were performed with the B3LYP functional and the 6-31G g . . . . .
basis set using Gaussian 03 (38). subunits: an ole_anollc acid-derived triterpene saponin and
polyacetylene moiety. Furthermore, they found that polyacety-
leneginsenoside-Ro inhibits the in vitro replication of HIV-1
and they suggested that the polyacetylene moiety might be
responsible for the higher antiviral potency of this compound
relative to that of the other HIV-1 inhibitory saponins. The
structure of the isolated polyacetyleneginsenoside-Ro was
falcarinol and panaxydol, is presented Figure 1. Both confirmed by NMR spectroscopy and indicates that the saponin
compounds were found in the roots &. quinquefolium part is linked to the polyacetylene in the distance of three bonds
investigated in this study, isolated by silica gel CC and from the—C=C— group. To investigate the influence of such
preparative RP-HPLC, and identified by UV, mass spectrometry, faraway group attachment onto the wavenumber position of the
and 1D- and 2D-NMR spectroscopy (see Materials and Meth- polyacetylene triple bond group, we have performed density
ods). FT-Raman spectra taken from pure panaxydol and functional theory (DFT) frequency calculation for free poly-
falcarinol, dissolved in ethanolic solution, are demonstrated in acetylene molecules as well as for their complexes with
Figures 2A and 2B respectively. Falcarinol can be identified ginsenosides. The obtained results have shown that change of

RESULTS AND DISCUSSION

Raman Identification of Main Polyacetylenes Occurring
in P. quinquefoliumRoot. The molecular structure of the two
major polyacetylenes occurring iP. quinquefoliumroot,

by a distinctive key band at 2258 ci) observed also earlier
when measurements were taken from carrot ro2®3, (where
this compound occurs as a dominant polyacetylég.(The

the wavenumber position 6fC=C—C=C— symmetric stretch-
ing upon complexation is only-12 cnm 1. So the observed shift
(about 20 cm?) of the Raman signal of polyacetylenes measured

Raman spectrum of panaxydol shows a characteristic, strong,in fresh ginseng compared to the ones obtained from isolated
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intramolecular ground-state interaction between the zinc atom
andu orbitals of the carborcarbon triple bond in dihexyn-4-

A B ylzinc. In the Raman spectrum of dihexyn-4-ylzinc, tH€=

C) vibration occurs at a lower position (2220 c¢h in
comparison to the one obtained from a parent alkyne (2238
cm™1) and is attributed to the attraction afelectrons by the
zinc atom. Furthermore, the described complex is stable in the
presence of solvents such as@&tand E4N and is broken only

by strong electron donors, such as pyridine.

According to Nakamoto43), such complexes consisting of
alkyne with a transition metal should be named “o-bonded” in
contrast to fr-bonded” ones. As-type bond is formed by the
overlap of the filled 2p bonding orbital of the-C=C— with
the vacant bonding orbital of the metal whereastype bond

2300 2250 2200 2150 could be formed by the overlap of the 2pantibonding orbital
Wavenumber (om-1) of the —C=C— with a filled orbital of the metal. In the case of
Figure 4. FT-Raman spectra obtained from freeze-dried ginseng root o-bonded complexes the C=C— stretching band shifts to
before (A) and after (B) hydration. lower frequency of about a few tens of wavenumbers whereas
) . . m-bonded complexes show a marked shift to lower frequencies
compounds cannot be explained by the possibility of forming (5 few hundreds of wavenumbers), relative to those of free
polyacetylene glycosides, e.g., polyacetylenes linked to saponinsjigand. The reason for such a significant shift of an acetylene
Interaction of Polyacetylenes with Plant Constituentsin signal in the case ofr-bonded complexes is a considerable

addition to measurements on fregh quinquefoliumroots, lengthening of the-C=C— bond and partial reduction of the
Raman spectra were also taken from freeze-dried roots. Char-mp|e bond to a double bond.

acteristic key bands of polyacetylenes in situ were found at about

1 Lok ;
2258 cnrt, which is in the same wavenumber region as hydration of a ginseng root of about 20 chito lower

registered for the isolated standards (Begures 2A and 2B, frequencies with respect to the signal obtained from the

Ett:trgi]r?ergng;tz’r Zhass{ass?grez;:tg; 3; fzggﬁﬁrz“e(;gtr Iztdrcgg%t W&polyacetylenes occurring in dried root indicates similar engage-
temperature. These results ir?dica(tqe thc;t the molecular structuremem ofz orbitals of acetylene groups as described above for

P : S - dihexyn-4-ylzinc complex. So we can expect thatype
of polyacetylenes occurring in dried roots as well as from

extracts of fresh ginseng is the same. Moreover, it is clear that coordination of polyacetylene molecules to some plant com-

water plavs a kev role in the observed structural chanaes cause onents with addition of water molecules forms a stable complex
piay yr . 9 fresh ginseng root. The loss of water results in breaking of
by solvent extraction or drying of the root.

To investigate this tonic closelv. a slice of freeze-dried this stable structure and releasing “free” polyacetylene mol-
ginseng rootg\]/vas put intopwater foryé4 h. Raman spectra takeneCUIeS' The same phenomenon of destroying the polyacetylene
from this root, before4) and after hydration&), are demon- complexes is observed when they are extracted from the plant.

strated inFigure 4. The position of the polyacetylene band at 1€ obtained results do not indicate unequivocally which
2237 cn! obtained from the “hydrated” root is exactly the same plant components are |r_1volved in the_assumed polyacetylene
as observed before in the spectrum of fresh root and indicatescOMplexation: it is feasible that proteins or other macromol-
therefore that the process of hydration results in structural €Cules as well as metal ions may play a key role in this process,

changes of polyacetylenes occurring in the root. So the either in a direct manner or in enhancing the miscibility of
molecular change of polyacetylenes due to loss of water can bePolyacetylenes and water. We performed Raman measurements
reversed under the access of water: however, this phenomenor?" @dueous solutions containing isolated natural polyacetylenes
has been observed only in situ. During the described process2'd metalions (€.g., ZnS&H;0) and found no band shifts in
of ginseng root hydration, a fraction of polyacetylenes was COmparison to the spectra obtal_ned from pure polyacetyl_enes.
isolated from the root and found to be spread on the surface of S© direct proof of the formation of the above-described
water; polyacetylenes have lipophilic properties and are not Polyacetylene complexin vitro cannot be presented here; further
miscible with water. A Raman spectrum obtained from this research and more detailed investigations are necessary in this
fraction showed an intense peak at 2258 &nindicating that context. Nevertheless, we suppose that the only way that such
water did not influence the structure of isolated polyacetylenes, @ COmplex can be formed is in situ.
This finding shows that besides water also other plant constitu- It should be mentioned that we have not observed polyacety-
ents are responsible for the observed molecular changes of€éne complexes in carrot roots investigated before @),
polyacetylenes. The explanation for this phenomenon could be Raman spectra of polyacetylenes measured in situ in fresh root
an interaction of polyacetylene molecules with plant components and isolated as pure compounds have shev@=C— signal
in the presence of water molecules, forming a stable entity in €xactly at the same wavenumber position (for falcarinol it was
situ that is broken after dehydration (loss of water) of fresh 2258 cnT?). The reason we are unable to detect polyacetylene
ginseng root. This is very p|ausib|e as theelectrons of the complexes in carrot roots may be their different distribution in
acetylene bonds are likely to be donated to form a complex, ascomparison to ginseng or some other genetic reasons.
is the case for the lone pairs in water (water is a common ligand  Distribution of Polyacetylenes inP. quinquefoliumRoot.
in complexes). The intense and well-separated polyacetylene band occurring
The results published by Okninska and Starowieyski, describ- in Raman spectra obtained from ginseng root give good
ing a shift of polyacetylene signal of 18 cidue to coordina- precondition to apply Raman mapping to investigate the
tion with metal ions, are in some accordance with our déta ( distribution of these compounds in situ. The advantage of this
42). They have described the presence of a relatively strongtechnique is the possibility to perform measurements directly

2258
2237

Raman Intensity

The signal shift of the polyacetyleneC=C— group after
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min

Figure 5. Raman maps obtained from fresh (A, B), freeze-dried (C, D) root tissue and after hydration of freeze-dried ginseng root (E, F) colored
according to the individual band intensity at 2237 cm™ (A, C, E) and 2258 cm~* (B, D, F) (mapping parameters: (A, B) area = 7600 x 7900 um,
increment = 150 um; (C, D) area = 6700 % 7450 um, increment = 150 um; (E, F) area = 9300 x 9400 xm, increment = 200 um).

min

Figure 6. Raman maps obtained from small (8 mm of diameter) and medium (15 mm) root size colored according to the individual band intensity at 2237
cm~1, respectively, A and B (mapping parameters: (A) area = 10000 x 9900 um, increment = 250 um; (B) area = 23400 x 22300 «m, increment
= 400 um).

in plant tissue, without the necessity of isolating the investigated the surface formed by polyacetylenes which have lipophilic
analyte. Results of Raman mapping obtained at slices of properties and are not miscible with water. The Raman spectrum
transversely cut ginseng roots are presentdegare 5 (A, B: obtained from this layer shows an intense band at 2258'cm
fresh root;C, D: freeze-dried rootE, F: after hydration of and therefore confirms that polyacetylenes are present mainly
freeze-dried root). All spectra were baseline-corrected and in the unbounded form. This finding also indicates that the
integrated in two wavenumber ranges, in the vicinity of signals observed decrease in polyacetylene concentration after root
at 2237 and 2258 cm, which corresponds to the presence of hydration is not related to a chemical degradation but to an
complexed and unbounded polyacetylenes, respectively. Ramarincreased release of polyacetylenes into the aqueous environ-
maps demonstrated iRigure 5 are colored according to the  ment. Moreover, the described experiment confirms that poly-

band intensity at 2237 (AC, E) and 2258 cm! (B, D, F), acetylenes are stored in the root channels, which can be

which show the relative content of both compounds in the penetrated by water. The polyacetylenes remaining in the root

measured section. after its hydration show mainly complex structurégure 5E),
Raman maps obtained from fresh ginseng réagyres 5A and only small amounts are still present in the unbounded form

and 5B) show the presence of polyacetylenes mainly in a (Figure 5F).

complex form whereas in freeze-dried roofsgures 5C and Generally, it can be observed that polyacetylenes are con-

5D) principally the unbounded type of polyacetylenes can be centrated in specific areas of the ginseng root. Their high
seen. After root hydrationHgures 5E and 5F) a general  accumulation is located in the outer section of the root, but even
decrease in polyacetylene concentration is observed probablythere they are not distributed uniformly. Contrary to that, the
due to the fact that a fraction of these compounds is releasedinner part contains only small amounts of polyacetylenes. Red
into the water. Confirmation of this fact is a visible layer on spots seen ifrigure 5 demonstrate polyacetylene aggregations
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whereas in blue areas the level of these compounds is belowmay participate in this process. However, such a complexation
the detection limit. of polyacetylenes may influence their bioactivity and hence the

These results correspond to the previous reports on poly- health-promoting properties of this medicinal plant. On the other
acetylenes measured in carrot roots. During microscopic ob- hand, if the interaction of polyacetylenes with metals takes place,
servations performed at sections of carrot roots, several con-then it should also be considered in the context of toxic
glomerations of extracellular oily droplets containing polyacety- properties of the latter.
lenes were noticed in periderm/pericyclic parenchyma tissue and As polyacetylenes belong to the most important health-
it seemed that a channel system is formed, extending down thepromoting compounds in ginseng root, the decrease of their
length of the root. Traces of polyacetylenes were also found in content with increasing root size indicates that especially the
oil droplets of phloem parenchyma tissue, but they were smaller smaller roots are of special interest. The Raman technique can
and less frequent than those found in periderm/pericyclic thus be used for fast screening of the polyacetylene content in
parenchyma (4445). ginseng roots and applied to perform quality checks of incoming

It seems that the localization of the polyacetylenes in ginseng "aW materials or to select high-quality single plants for selection
root can also be related to the presence of vascular bundles; &#nd breeding of new ginseng genotypes with a significant higher
higher density of them can be observed in the pericyclic part. content of polyacetylenes for use in the phytopharmaceutical
These channels could be responsible for transport and ac-ndustry.
cumulation of polyacetylenes.

Effect of Root Size on Polyacetylene AccumulationWe
have examined the total content of polyacetylenes in ginseng (1) Attele, A.; Wu, J.; Yuan, C. Ginseng pharmacology: multiple
roots of different sizes corresponding to hairy roots, lateral roots, constituents and multiple actioniochem. Pharmacol1999,
and main roots, respectively (Table 1). The concentration of 58, 1685-1693. o _
polyacetylenes has been found to be significantly higher in small ~ (2) McGraw, J. B. Evidence for decline in stature of American
roots (up to 8 mm in diameter) than in large roots, as presented ggsgg_gspzlants from herbarium specimeinl. Conser.2001,
in Figure 6, respectivelyA andB. The obtained data correlate ' :

. . . (3) Li, Z,; Guo, Y. Y.; Wu, C. F.; Li, X.; Wang, J. H. protective
very well with the analytical HPLC results (s@able 1), which effects of pseudoginsenoside-F11 on scopolamine-induced memory
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