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In Germany, plant extracts are often used in the treatment of early stages of benign prostate hyperplasia (BPH). The
effects of different concentrations of the polysaccharide fraction of the 20% methanolic extract of stinging nettle roots
(POLY-M) on the cellular proliferation of lymph node carcinoma of the prostate (LNCaP) cells were determined by
measurement of the genomic DNA content of the samples. All concentrations of POLY-M showed an inhibitory effect on
the growth of the LNCaP cells during 7 days except the two lowest concentrations. The reduced proliferation of POLY-M
treated LNCaP cells was significantly (p < 0.05) different from the untreated control. The inhibition was time- and con-
centration-dependent with the maximum suppression (50%) on day 6 and at concentrations of 1.0E-9 and 1.0E-11 mg/ml.
No cytotoxic effect of POLY-M on cell proliferation was observed. The in vitro results show for the first time an antipro-
liferative effect of Urtica compounds on human prostatic epithelium and confirm our previous in vivo findings.

1. Introduction

Benign prostatic hyperplasia (BPH) is the most frequent
prostatic disease of elderly men with an incidence of 80%
in men above the age of 80. The pathogenesis of BPH,
however, is still an unresolved problem. A number of hy-
potheses have been proposed, e.g. McNeal [1] suggested
that the pathological process of BPH is comparable to a
ªreakwakening of embryonic growth potentialº. During
the last few years, growth factors and their receptors have
been discussed as being possibly involved in the develop-
ment of BPH [2, 3]. Other theories were more concerned
with the influence of 5-a-reductase and with different hor-
mone levels [4]. Advanced stages of BPH are usually
treated by transurethal resection. In the treatment of early
stages of BPH in Germany, plant extracts are often used,
whereas in other countries the physicians prefer a
ªwatchful waitingº therapy of BHP.
Extracts prepared from stinging nettle roots (Urtica dioica
L., Urticaceae) are frequently used in the treatment of
BPH grades I and II (symptom score according to Vahlen-
sieck [5]) in Germany. In a study, where Bazoton1, a
20% methanolic extract of stinging nettle roots, was orally
applied for six months, the urine flow of the patients was
increased and the volume of the resting urine was shown
to decrease [6].
Our previous results demonstrated that the 20% methano-
lic extract of stinging nettle roots (ME-20) had an inhibi-
tory effect (approximately 50%) on cell growth rate of
experimentally induced BPH in mice [7]. Based on these
observations, the effect of ME-20 on the growth of epithe-
lial and stromal cells of the human prostate was examined.
From this experimental data it is evident that ME-20 spe-
cifically inhibits epithelial cell growth in vitro [8]. Sub-
fractions from ME-20 were prepared and examined in an
in vivo system. The polysaccharide fraction (POLY-M)
was the most effective in inhibiting cell growth [9]. In an
attempt to corroborate these results, we proceeded to test
POLY-M on the proliferative activity of LNCaP cells in an
in vitro system. The reasons why this cell line was chosen
as a model for the epithelial compartment of the prostate
were severalfold: (i) primary non-metastatic epithelial cells
obtained from BPH patients rarely proliferate and are

therefore unsuitable for proliferation studies, (ii) LNCaP
are well characterized prostatic cells which are positive for
e.g. PSA (prostate-specific antigen) and PSM (prostate-
specific membrane antigen), two highly characteristic mar-
kers for human prostatic epithelial cells, (iii) LNCaP cells
do not metastasize, and (iv) finasteride (Proscar1), a 5-
alpha-reductase inhibitor, one of the standard drugs in the
treatment of BPH, also demonstrates antiproliferative ef-
fects on LNCaP cells.

2. Investigations and results

According to sugar analysis, about 21% of the methanolic
extract (ME-20) is composed of carbohydrates (Table).
The POLY-M subfraction of ME-20 is enriched in poly-
saccharides including about 43% neutral sugars and 7%
uronic acids. Thus at least half of the POLY-M fraction is
composed of polysaccharides characterized by arabinose,
galactose, and glucose as main sugar residues. The high
glucose content also indicates the presence of low molecu-
lar weight sugar compounds (e.g. sucrose, maltooligosac-
charides).
In addition to an untreated control, LNCaP cells were sub-
jected to different concentrations of POLY-M and then
treated in the same manner as the control. Measurements
of the genomic DNA-contents were performed during
7 days as an equivalent for proliferation. The growth
curves displayed the typical proliferation profile of un-
treated LNCaP cells, while the POLY-M-treated LNCaP
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Table: Sugar composition of the 20% methanolic extract and
POLY-M

Extract ME-20 (mol %) POLY-M (mol %)

Rhamnose 3.00 8.26
Arabinose 10.56 26.25
Xylose 2.80 1.09
Mannose 4.64 7.98
Galactose 8.80 29.95
Glucose 70.21 26.47

Neutral sugars (in %) 20.9 42.9

Uronic acids (in %) 1.7 7.3



cells showed a clear reduction in cell proliferation in com-
parison to the untreated control (Fig. 1).
In order to demonstrate the growth suppression more
clearly, every value obtained for the control was consid-
ered to be 100% for each day. The growth suppression in
the POLY-M-treated groups was obtained by calculating
the reduction in proliferation in comparison to the un-
treated control (Figs. 2a/b). In both cases the time-depend-
ent reduction in proliferation is detectable. Suppression of
the proliferation of LNCaP cells could be observed start-
ing on the first day and reaching a maximum of approxi-
mately 50% on days 5 and 6 (Fig. 2a). All concentrations
down to 1.0E-16 mg/ml [MED] showed a significant re-
duction (p < 0.05) in proliferation when compared with
the control (at day 4±7). This significant reduction in
growth of LNCaP cells is concentration-dependent indicat-
ing a specific effect of the POLY-M extract and was docu-
mented exemplarily for 3 days (Fig. 3). The lowest con-
centrations of POLY-M did not reveal any antiproliferative
effects similar to the control.
The cytotoxic effect of POLY-M on the LNCaP cell was
also studied (data not shown). A standardized procedure
was used where the influence of different concentrations
of POLY-M was compared to the effect of a 0.5 mM hy-
drogen peroxide solution on the cells. POLY-M showed
no cytotoxic effects on the cells.
From this data it was evident that POLY-M inhibited
epithelial cell growth in vitro. The rate of inhibition ob-
served was even higher than that of earlier experiments
obtained with ME-20 [8].

3. Discussion

In the present study the effects of POLY-M on LNCaP
cells was investigated. LNCaP cells derived from lymph
node carcinoma of the prostate are epithelial but they are
still androgen-sensitive cells and exhibit the typical epithe-
lial marker proteins. Therefore this cell line was used to
investigate the influence of POLY-M on the epithelial
compartment of the prostate in vitro.

The results demonstrated a significant reduction in growth
rate with a minimal effective dose of 1.0E-16 mg/ml. The
growth inhibition was time-dependent during seven days.
Furthermore POLY-M treatment revealed also a specific
and concentration-dependent effect (Fig. 3). The results
concerning the sugar components of POLY-M are most
comparable to the polysaccharide RP 5 described by
Wagner et al. [10].
Finasteride shows similar effects to those of POLY-M on
LNCaP cells [11]. The proliferative activity is also re-
markably reduced after finasteride treatment [12]. These
effects are mainly due to an inhibition of human 5-alpha-
reductase by finasteride [11] thereby reducing the avail-
able amount of dihydrotestosterone. For stinging nettle
root extracts, neither a 5-alpha-reductase inhibitory activ-
ity nor antiandrogen effects could be observed [12].
Therefore, different modes of action of stinging nettle root
components have been discussed.
For example, experiments were performed with the sex
hormone binding globulin (SHBG), a protein which rever-
sibly binds androgens and estrogens in plasma and there-
fore regulates the concentration of these hormones in the
plasma (and of course also in the prostate). An aqueous
extract of stinging nettle roots showed a concentration-de-
pendent inhibition of the binding of SHBG to its receptor
[13]. It was also demonstrated that some lignans (from
stinging nettle) and their metabolites interfere with the
binding of androgens to SHBG [14, 15].
In a clinical study, b-sitosterol, a compound often re-
garded as ªleading substanceº for standardization of sting-
ing nettle root extracts, showed a significant improvement
of the symptoms and urinary flow of BPH patients [16].
However, it must be mentioned, that humans normally
consume considerably larger amounts of sitosterol with
their daily assimilation of food compared to therapeutical
doses of a plant extract (containing b-sitosterol) [10]. The
specific effect of b-sitosterol on BPH is therefore difficult
to assess.
Urtica dioica agglutinin (UDA), a lectin from stinging
nettle roots, directly inhibited cell proliferation of HeLa
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Fig. 1: Growth curves of LNCaP cells showing the untreated control in comparison to the POLY-M-treated cells. POLY-M was used at various concentra-
tions as indicated in Experimental. Proliferation was determined by measuring the genomic DNA content. Each experiment was independently
performed three times (n � 3) in duplicate. (SEM are not shown because of better clarity)
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Fig. 2a, b: Effects of the concentration of 1.0E-5 to 1.0E-13 mg/ml (Fig. 2a) and 1.0E-13 to 1.0E-21 mg/ml (Fig. 2b) of POLY-M on the growth of LNCaP
cells. Growth suppression in the POLY-M-treated groups of LNCaP cells was obtained by calculating the reduction in proliferation in comparison
to the untreated control (� 100% proliferation). The time-dependent reduction in proliferation is detectable reaching a maximum of approxi-
mately 50% on days 5 and 6. (SEM are not shown because of better clarity)

a

b

Fig. 3: Concentration response curve of LNCaP cells demonstrating the concentration-dependent reduction [%] in proliferation on day 4, 5, and 6 upon
stimulation with varying concentrations of POLY-M. The concentrations of 1.0E-5 to 1.0E-16 are statistically significant (p < 0.05) different from
the untreated control. Each point represents the means (�SEM) of three separate experiments (n � 3) performed in duplicate.



cells and blocked the binding of EGF to its receptor [10].
It was therefore regarded to be responsible for growth in-
hibiting effects in BPH treatment. In the same study a
polysaccharide fraction prepared from an aqueous root ex-
tract was demonstrated to elicit an antiinflammatory activ-
ity in a rat paw edema test. These results support phar-
macological effects of polysaccharides following oral
application.
The results obtained with the in vivo BPH mouse model
[7, 9] and the observations in studies using an in vitro
approach with prostate epithelial (cancer) and stromal
cells clearly showed that epithelial cell growth is signifi-
cantly reduced by ME-20 [8]. In addition to these results
the present study demonstrated growth rate inhibiting ef-
fects of POLY-M in in vitro cell lines. These results were
further substantiated by experimental data indicating a
growth-reducing effect of POLY-M in an in vivo BPH
model [9].
Based on these observations, we postulate that the reduced
prostate growth rate observed in an in vivo BPH-model
and in vitro cell lines treated with polar stinging nettle
root extracts is at least partly due to a reduced prolifera-
tive activity of prostatic epithelial cells.

4. Experimental

4.1. Plant material

Dried roots of Urtica dioica L. were purchased from H. Finzelbergs Nach-
folger GmbH & Co., Andernach, Germany. Voucher specimens are depos-
ited at the Department of Pharmaceutical Biology in Marburg, Germany.

4.2. POLY-M

20% methanolic-aqueous extracts were obtained from 1005.8 g of dried,
milled stinging nettle roots. Maceration was performed with 3.0 l of 20%
CH3OH for 24 h at room temperature. The solution was then transferred to
a percolation column and extracted with additional 5.0 l of 20% CH3OH.
After lyophilization, 67.68 g methanolic extract were obtained. The pre-
paration (10.13 g) was resuspended in 100 ml of distilled H2O and after
8 h centrifuged at 12,000 � g for 15 min. 200 ml C2H5OH (200 ml) was
then added to the supernatant, the solution placed for 12 h at 4 �C and
once again centrifuged at 12,000 � g for 15 min. The resulting pellet was
resuspended in 100 ml of distilled H2O and mixed with 10 g of trichloro-
acetic acid diluted in 50 ml of distilled H2O. After 12 h at room tempera-
ture the solution was centrifuged at 12,000 � g for 15 min at room tem-
perature and the supernatant dialyzed (3,500 Dalton, Spectra/por 3, Roth,
Karlsruhe, Germany) against distilled H2O. (3 changes). The final amount
of polysaccharides (POLY-M) following lyophilization was 373.48 mg.

4.3. Sugar analysis

Analysis of sugar content and composition was performed according to
Blakeney et al. [17]. Briefly, freeze dried extracts after addition of myo-
inositol as internal standard were hydrolyzed with 2 M trifluoroacetic acid
for 60 min at 121 �C. The hydrolyzed material was reduced with NaBH4

and alditols formed were acetylated prior to GLC-analysis on a Permabond
OV-225-fused silica column (25 m � 0.25 mm) using a FID. Uronic acid
contents were determined by the biphenylol-method [18].

4.4 Cell culture

2.0 � 1.0E-5 cells/well of LNCaP (lymph node carcinoma of the prostate;
American Type Culture Collection) were seeded in 12-well plates and cul-
tured in 2 ml RPMI-1640 medium supplemented with 10% FCS and
100 ng/ml penicillin, 100 mg/ml streptomycin, and 2.5 mg/ml amphotericin
B (Sigma, Deisenhofen, Germany).

The cells were either cultured without POLY-M (control) or once treated
with various concentrations (1.0E-5 mg/ml to 1.0E-21 mg/ml) of POLY-M
for 7 days. Each experiment was independently repeated three times
(n� 3) in duplicate.

4.5. Proliferation assays

Cell proliferation of LNCaP was quantified by determining the amount of
genomic DNA by a fluorometer according to the manufacturer's recom-
mendations (Pharmacia, Freiburg, Germany). In preliminary experiments,
we found that the amount of genomic DNA correlates with the number of
cells (under the conditions used).

4.6. Cytotoxicity test

1.3 � 1.0E-4 cells were seeded in 24-well plates and incubated in RPMI-
1640 supplemented with 10% FCS. After 3 days the medium replaced with
one to which POLY-M had been added at various concentrations (1.0E-5,
1.0E-7, 1.0E-9, 1.0E-11, and 1.0E-13 mg/ml). After an 18 h incubation,
the medium was discarded and the cells washed with PBS. Viable cells
were stained with 0.4% trypan blue and, after an incubation of 5 min,
counted in a microscope. As a negative control, cells grown in RPMI-1640
medium without any POLY-M were treated in the same way. As positive
control, cells were incubated 10 min at room temperature with 0.5 mM
H2O2. Each experiment was performed in triplicate.

4.7. Statistical analysis

As a primary endpoint for each concentration the means � SEM along the
time points were calculated. The minimal effective dose (MED) was deter-
mined according to Williams [19]. P values of <0.05 were considered to
be statistically significant.
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