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Abstract Purpose: PC SPES is an eight-component her-
bal product marketed for the treatment of prostate can-
cer. The manufacturer of PC SPES claims that the herbal
combination is a synergistic blend, but the purported
synergy has never been tested. We examined the interac-
tion in cell culture of these eight individual herbal com-
ponents by the use of an isobologram. Methods: US
patent no. 5,665,393 (1997) for PC SPES was acquired,
and each of the eight herbal components described was
acquired, properly identified, and extracted by 95% eth-
anol. The extracts were tested for cytotoxicity to PC 3
human prostate cancer cells in culture by theMTT (3-[4,5-
dimethythiazol-2-yl]-2,5-diphenyltetrazolium bromide)
assay. Seven combinations of herbal extracts were made,
varying in the proportion of the most cytotoxic herbal
extract, that of Panax notoginseng. The interactions of
P. notoginseng with the other seven herbs were evaluated
through the use of an isobologram. Results: In all seven
herbal combinations, P. notoginseng was found to be
antagonistic with the other seven herbal components in
the cytotoxicity assay (P values: 0.09, 0.12, 0.12, 0.33,
0.45, 0.56, and 0.76). Conclusions: The interaction be-
tween the most cytotoxic herbal component of a widely
used herbal product and the other seven components was
antagonistic. Herbal combinations are no different from
traditional combination pharmacotherapy. If herbal
combinations are able to achieve antagonism, then theo-
retically they can achieve synergism if combined properly.
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Introduction

‘‘Synergy’’ achieved through a combination of herbs is
an important principle of traditional Chinese medicine
(TCM). Synergy is defined as the interaction between
two or more individual components such that the com-
bined effect is greater than the sum of the effects of the
individual components. Synergy can result when two
drugs have overtly similar effects but have independent
mechanisms. One drug may also synergistically augment
the effectiveness of another drug by increasing drug
bioavailability via enhancing systemic absorption or
decreasing metabolism.

PC SPES (BotanicLab, Brea, Calif.), a popular
herbal formula used widely for the treatment of
prostate cancer, has been claimed to be ‘‘a synergistic
blend of high quality herbal extracts based on an
ancient Chinese remedy’’ (on product label). However,
the purported synergy has not been documented. The
benefits patients gain from the product, if real, could
be due to one or more active herbs that is/are cyto-
toxic to prostate cancer cells or supportive of prostate
function. At US $108 per bottle plus shipping and
handling, this expensive product can cost prostate
cancer patients over $400 per month. If synergy does
not exist within the patented formula, patients should
be able to achieve similar benefits from consuming
similar dosages of the much cheaper individual herbal
extracts.

PC SPES is composed of eight herbs (Dendranthema
morifolium, Ganoderma lucidum, Glycyrrhiza uralensis,
Isatis indigotica, Panax notoginseng, Rabdosia rubescens,
Scutellaria baicalensis, and Serenoa repens). Serenoa
repens has been widely used for improvement of prostate
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function in patients with benign prostatic hyperplasia [1,
27]. The other herbs are known for their purported
anticancer and antiinflammatory properties [2, 14, 15,
16, 19, 22, 26]. It has been found in 30 published studies
on PC SPES, including several small clinical trials and
case reports, that PC SPES benefits prostate carcinoma
patients with both hormone-sensitive and hormone-
insensitive tumors [5, 6, 17, 18, 23]. PC SPES suppresses
the growth of hormone-sensitive (LNCaP) and hor-
mone-insensitive (PC 3 and DU 145) prostate cancer
cell lines in vitro and in a mouse model [5]. PC SPES has
been reported to alleviate symptoms in patients with
advanced prostate cancer, including those in whom
conventional therapy has failed [4]. Some proponents of
PC SPES argue that the formula may achieve synergy by
acting at multiple targets to cause cytostatic and cyto-
toxic effects on cancer cells [9]. However, all of the
published studies were conducted on the commercial
combination without testing the individual components
for synergy.

For isoeffective dosages of a two-drug combination
(dA + dB) and of the individual drugs alone (DA, DB),
drug interactions are defined by the following three
conditions: additivity (dA/DA + dB/DB = 1), antago-
nism (dA/DA + dB/DB >1), and synergism (dA/DA

+ dB/DB <1) [7]. If synergy exists then a lower con-
centration of dA and/or dB would be required to achieve
the same effect as that of the theoretical dosages for
additivity. If antagonism exists then a greater concen-
tration of either or both compared with the theoretical
dosages would be required for the same effect. An is-
obologram can depict these three conditions graphically.
This graph allows assessment of biological responses
induced by mixtures of agents based upon individual
activities of the individual agents. Biological responses
can be greater than, equal to, or less than the theoretical
response, depending on whether the interactions of the
two agents are synergistic, additive, or antagonistic,
respectively [10]. Figure 1 depicts five different combi-
nations of drug A and drug B all at the same biological
response (e.g. ID50). The theoretical (additive effect)
isobol is a straight line connecting DA, the concentration
of drug A where ID50 is achieved, to DB, the concen-
tration of drug B where ID50 is achieved. This line of
additivity or line of zero drug interaction, illustrates the
outcome where the potency of a combination is simply
the additive effect of the individual agents. Additivity
means that each constituent contributes to the effect in
accordance with its own potency [25]. Points above the
line indicate antagonistic interactions and points below
the line indicate synergistic interactions.

Studying drug interactions through the use of an
isobologram has been popular for investigating
antiepileptic drug polytherapy [20, 21]. It has been
used for radiosensitizing antineoplastic drugs [11, 13].
A synergistic combination of drugs can achieve thera-
peutic effects with lower drug toxicities than if one of
the drugs was used alone. A search of Medline revealed
that the use of an isobologram has apparently not

previously been applied to studies of herbal combina-
tion products.

Materials and methods

Solvents, chemicals, and buffer

Solvents used were of analytical reagent grade or were redistilled.
Unless specified otherwise, chemicals were purchased from Sigma-
Aldrich (St. Louis, Mo.).

PC 3 Cell Line

The PC 3 cell line was provided as a gift from Dr. Qihan Dong of
the Department of Medicine, University of Sydney. It was origi-
nally isolated from a bone metastasis of a 62-year-old patient with
grade IV prostatic adenocarcinoma [12]. The cells were maintained
in RPMI 1640 medium supplemented with 10% non-dialyzed fetal
calf serum (FCS), L-glutamine and gentamicin. The cells were
grown at 37�C in a humidified atmosphere comprising 95% air and
5% CO2. When the cells reached 80% confluency they were
subcultured into a new flask. After washing with phosphate-buf-
fered saline (PBS), the cells were removed by trypsinization with
0.05% trypsin in 0.02% ethylenediaminetetra-acetic acid (EDTA)
and transferred into a new flask containing fresh RPMI 1640
medium with 10% FCS.

Acquisition of patented PC SPES formula

The manufacturer of PC SPES is BotanicLab. The now inactive
company website, http://www.botaniclab.com, revealed that
Sophie Chen, PhD, is the founder. Therefore a search for
‘‘prostate cancer’’ and ‘‘herbs’’ as keywords and ‘‘Chen’’ as
author was performed on the online US Patent and Trademark
Office—Patent Full-Text and Full-Image Databases (http://
patft.uspto.gov). The search yielded a 9 September 1997 patent
entitled ‘‘Herbal composition for treating prostate carcinoma.’’

Fig. 1 All points on this isobologram are isoeffective, for example
attaining ID50. The line of additivity, defined as da/Da + db/Db

= 1, connects point DA to point DB. Points X, Y, and Z lie on the
line of additivity, so the combinations are additive. Points Q and P
refer to synergistic and antagonistic combinations, respectively
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The herbal composition discussed in the patent contains the same
eight herbs as in PC SPES [3]. The patent also reveals the pro-
portions of the dried extracts of the eight herbs in the combi-
nation (Table 1).

Plants

All of the plants were purchased as packaged dried products.
Specific parts of the plants as indicated in the patent and on the
bottle label were acquired. Dendranthema morifolium (Chrysanthe-
mum morifolium), Glycyrrhiza uralensis (G. glabra), Ganoderma
lucidum, P. notoginseng, and Scutellaria baicalensis were purchased
from a reputable Chinese medicinal herb shop in Sydney. Isatis
indigotica and R. rubescens were purchased from Guangzhou by
staff of the Guangzhou TCM University. Serenoa repens
(S. serullata) berries were provided as a gift from Woods and
Woods Pty. (Sydney, Australia).

All TCM herbs were identified by Associate Professor W. Li of
the Pharmacognosy Section of Guangzhou University of Tradi-
tional Chinese Medicine in Guang Zhou, China. Voucher speci-
mens were deposited at the Herbal Medicines Research and
Education Centre of the Faculty of Pharmacy, University of
Sydney.

One bottle containing 60 capsules (320 mg each) of PC SPES
was purchased from BotanicLab (Brea, Calif.) through the manu-
facturer’s website, www.botaniclab.com. The lot number was
5431219 and the expiration date was 08/2003. The bottle was stored
in a cool and dry area.

Extraction of herbs and PC SPES

Each of the dried plants (100 g) and the powdered contents of 12
PC SPES capsules (3.8 g) were immersed in 95% ethanol at room
temperature overnight. After the solution was decanted off, the
extraction was repeated on the residual solid three times. The
decanted ethanol extracts were filtered and concentrated on a
rotary evaporator. The concentrated extracts were dried at room
temperature under a stream of nitrogen. When not in use, the
extracts were kept in a dark cool place.

Stock solutions of individual herbal extracts

The plant extracts were dissolved in a solution containing 6%
dimethyl sulfoxide (DMSO) and 94% double-distilled water,
yielding various concentrations of ‘‘drug’’ solutions. All of the drug
solutions were stored at 4�C.

Stock solutions of combinations of herbal extracts

Taking ‘‘P’’ to represent the drug solution of P. notoginseng, and
‘‘M’’ to represent a mixture of the remaining seven herbs in the
same proportions by weight as indicated in the patent [D. morifo-
lium (4), I. indigotica (4), Glycyrrhiza uralensis (4), Ganoderma
lucidum (6), R. rubescens (6), Scutellaria baicalensis (4), and Serenoa
repens (6)], the following nine fixed-ratio P:M solutions were made:
0:1, 1:50, 1:34, 1:15, 1:1, 15:1, 34:1, 50:1, and 1:0. The solution
1P:34M is equivalent to the patented PC SPES formula.

MTT assay

In this colorimetric assay, 3-[4,5-dimethythiazol-2-yl]2,5-diphenyl-
tetrazolium bromide (MTT) is added to the growth medium. When
MTT is oxidized by the mitochondria of living cells, the reaction
releases a colored substrate that can be detected by spectropho-
tometry. MTT was dissolved in serum-free RPMI 1640 to yield a
concentration of 1 mg/ml. The solution was filtered with a 0.45 lm
Millipore filter to remove undissolved blue formazan crystals.

After verifying cell viability by the trypan blue dye exclusion
assay, the cells were resuspended in RPMI 1640 containing 10%
FCS at concentrations of 6–10·104 cells/ml. The cell suspension
was distributed into the wells of a 96- well flat-bottomed microtiter
plate, 90 ll to each well, yielding approximately 6–10·103 cells/
well. Two to four wells were left empty. The plate was incubated for
24 h at 37�C in an atmosphere containing 95% air and 5% CO2,
allowing the cells to attach to the bottom of the wells. The next day
10 ll of the drug solution or vehicle alone was added into the wells,
and the cells were incubated for 72 h. During each experiment,
three or four wells were used for each drug concentration.

The medium in the wells was decanted from the actively
growing cells, and 50 ll of 1 mg/ml MTT was added to all wells
(final concentration 50 lg/ml) followed by incubation for at least
4 h at 37�C. The MTT solution was carefully decanted to remove
untransformed MTT. DMSO (150 ll) was added to all wells to
dissolve the formazan crystals. The plate was shaken gently for a
few minutes until a purple color appeared. The absorbance was
determined by an ELISA (enzyme-linked immunoabsorbent assay)
plate reader at 540 nm. The absorbance of the initially empty wells
was used to provide a background absorbance value (A0). Thus the
calculation reflected the absorbance of only converted MTT.

Determination of ID50

Cell growth 72 h after exposure to drugs was measured by
the MTT assay. At least three different points (drug concentration
= X, cell growth = Y ) were plotted using Microsoft Excel to
derive a trend curve and equation. From the equation, the point at
which the drug concentration inhibited 50% of cell growth (ID50)
was determined.

Isobologram analysis

Herb component interactions were analyzed with the use of an
isobologram as described by Deckers et al. [7]. The ID50 values of P
(P. notoginseng), M (reproduced formula of PC SPES without
P. notoginseng), and several P:M fixed dose ratios were calculated
by the MTT growth inhibition assay. The ID50 of M was plotted on
the X-axis, and the ID50 of P was plotted on the Y-axis. The line
connecting these two points is defined as the line of additivity.

Before the ID50 values of each drug combination could be
plotted, the individual M and P components were derived. For
example, if the ID50 value for the 1P:15M combination was
100 lg/ml, then the P component would be:

100� 1= 1þ 15ð Þ ¼ 6:25 lg=mL

and the M component would be:

Table 1 Proportions (by weight of dried extract) of the compo-
nents of PC SPES as reported in the patent

Plant Proportion

Panax pseudoginsenga 1
Isatis indigotica 4
Ganoderma lucidum 6
Dendranthema morifolium 4
Glycyrrhiza uralensis 4
Scutellaria baicalensis 4
Rabdosia rubescens 6
Serenoa repens 6
Total 35

aOn the bottle label, Panax notoginseng was listed instead of
P. pseudoginseng. Panax pseudoginseng is a synonym of P. noto-
ginseng. Since TCM practitioners whom we have consulted prefer
to use the name P. notoginseng, in this paper the same name will be
used
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100� 15= 1þ 15ð Þ ¼ 93:75 lg=mL

For each point, the M component corresponded to a value on the
X-axis, and the P component corresponded to a value on the
Y-axis. The ID50 of each of the following P:M fixed ratios was
plotted on the same plane with the line of additivity. Points on the
line, above the line, and below the line were considered to represent
additivity, antagonism, and synergism, respectively.

Herb interaction values analysis

The interactions of two different drugs can be defined by the
following conditions:

– Additivity: dM/DM + dP/DP = 1

– Antagonism: dM/DM + dP/DP >1

– Synergism: dM/DM + dP/DP <1

where DP is the ID50 of P. notoginseng by itself, dP is the ID50 of
the P. notoginseng component in the fixed ratio combination, DM

is the ID50 of M by itself, and dM is the ID50 of the M component in
the fixed ratio combination. The values of dM/DM + dP/DP are
referred to as the ‘‘interaction value’’ in this paper.

Results

Growth inhibition by individual herbs

All eight herbs individually and the PC SPES extract
were assayed for growth inhibition of PC 3 cells. The
extract of P. notoginseng was the most potent, while that
of Serenoa repenswas the least potent among the extracts.
PC SPES extract was of average potency (Table 2).

An isobologram depicts the interactions of only two
drugs. Since the herbal combination under study
contained eight different herbs, the most potent growth-
inhibiting herb was selected based upon the above data.
Therefore, the interaction of P. notoginseng with a
mixture of the other seven herbs was then analyzed.

Growth inhibition by fixed ratio combinations

For each of the fixed dose combinations, growth inhibi-
tion was evaluated at three different concentrations.
From the three different concentrations the ID50 was
derived. The experiments were run three times, so that
a mean and standard deviation could be obtained.
P (P. notoginseng extract) was the most potent agent with
an ID50 of 121.4 lg/ml. It also had the smallest standard
deviation of 2.4 lg/ml. The combination 1P:15M (ID50

290.7±68.4 lg/ml) was the least potent agent and had a
relatively large standard deviation (Table 3). For each
drug combination, the individual M and P components
had to be determined to plot the data points for the
isobologram. The individual M and P components were
derived from the ID50 of each combination (Table 4).

Isobologram analysis

Plotting the M and P components gave the isobolo-
gram shown in Fig. 2. All the data points lay above the
line of additivity, indicating antagonism. However, of
the nine points, only the points representing the com-
binations 34P:1M, 15P:1M, and 1P:1M lay one stan-
dard deviation outside the area of additivity. None of
these points lay more than 1.96 standard deviations
outside the area of additivity. Therefore, the antago-
nism found in these drug combinations cannot be
considered statistically significant.

Table 2 Growth inhibition of PC 3 cells. Cell growth (%) is
expressed as the mean from four individual wells

Extract Cell growth
(%) at 72 h

Estimated ID50

(lg/ml)a

1000
lg/ml

100
lg/ml

Panax notoginseng 5.4 48.9 385
Rabdosia rubescens 6.2 51.8 402
Scutellaria baicalensis 24.9 45.8 493
Isatis indigotica 22.7 54.4 515
Ganoderma lucidum 8.1 86.0 530
PC SPES 11.1 90.1 559
Dendranthema morifolium 6.8 121.0 610
Glycyrrhiza uralensis 6.6 128.0 624
Serenoa repens 44.8 69.0 850

aThe estimated ID50 values are overestimates of the actual
ID50values. The ID50values were derived from the best-fit curve.
Using 1000 lg/ml as a data point moves the curve to the right and
artificially inflates the estimated ID50. The estimated ID50 values in
these tables are used strictly to rank the potency of the eight herbs
and should not be considered the actual ID50

Table 3 Effect of herbal extracts on growth of PC 3 cells. The data
are the average (±SD) of three separate experiments

Drug
combination

PC 3 cell growth
(%) at 72 h

ID50 (lg/ml)

200 lg/ml 100 lg/ml 50 lg/ml

M 54.1±8.9 75.5±10.3 87±2.7 221.5±45.8
1P:50M 61.5±4.2 84.2±15.9 93.2±12.4 264.8±30.7
1P:34M 55.7±9.4 82.6±2.7 89.5±11.1 236.8±45.2
1P:15M 65±9.8 79.3±9.1 110±18.2 290.7±68.4
1P:1M 57.8±11.4 74.4±15.3 73.4±12.3 243.2±71.3
15P:1M 45.0±6.7 58.1±8.2 67.3±7.0 159.8±23.6
34P:1M 46.7±8.3 58.3±2.1 75.4±13.0 167.8±26.6
50P:1M 36.4±6.6 54.2±6.0 62.8±5.9 134.9±20.5
P 33.0±2.8 54.1±2.7 55.8±8.3 121.4±2.4

Table 4 Components of M and P in each drug combination at the
concentration achieving ID50. The data presented are means±SD

Drug
combination

ID50 (lg/ml) M (lg/ml) P (lg/ml)

M 221.5±45.8 221.5±45.8 0
1P:50M 264.8±30.7 259.6±30.0 5.2±0.6
1P:34M 236.8±45.2 230.0±43.9 6.8±1.3
1P:15M 290.7±68.4 272.5±64.1 18.2±4.3
1P:1M 243.2±71.3 121.6±35.7 121.6±35.7
15P:1M 159.8±23.6 10.0±1.5 149.8±22.1
34P:1M 167.8±26.6 4.8±0.8 163.0±25.8
50P:1M 134.9±20.5 2.6±0.4 132.3±20.1
P 121.4±2.4 0 121.4±2.4
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Interaction values analysis

Using the ID50 values of P and M (121.4±2.4 and
221.5±45.8 lg/ml, respectively; Table 4), the interac-
tion values shown in Table 5 were derived. All of the
values were greater than 1, suggesting antagonism. The
levels of significance of the calculated interaction values
deviating from 1 were assessed. The drug combination
34P:1M was found to be the most significantly antago-
nistic (1.36, P=0.09), followed by 1P:1M (1.55±0.35)
and 15P:1M (1.55±0.35). These are the same three drug
combinations shown by the isobologram to deviate the
most from the line of additivity.

The interaction values are shown graphically in Fig. 3.
The interaction value of drug combination 1P:15M lay
approximately one standard deviation above 1, while the
values for drug combinations 1P:1M, 15P:1M, and 34P:
1M laymore than one standard deviation above 1, but less
than 1.96 standard deviations outside the value of 1.
A graph of the best-fit curve shows a smooth curve with a
peak at drug combination 1P:1M (1.55, P=0.12). As the
combination approached either extreme the interaction
value decreased until it reached 1 at M and P. This graph
shows that synergism could be attained in any P:M com-
bination, since P and M are the theoretical limits.

Discussion

When this study was in its final stages, we became
aware of the recall on PC SPES products. The Cali-
fornia Department of Health Services Food and Drug

Branch found that PC SPES contains warfarin [8]. A
different group found that PC SPES previously con-
tained diethylstilbestrol and indomethacin [24]. It is
unclear whether BotanicLab intentionally added these
prescription drugs or whether the contamination came
from adulterated raw materials purchased from China.
The patent reveals that the alcohol extracts of the
seven Chinese herbs were purchased from the Shang-
hai Medical College of Traditional Chinese Medicine
as a powder [3]. The adulteration of herbal products
from China with drugs or heavy metals is not
uncommon. Investigation is in progress, and consum-
ers have been instructed to stop using all PC SPES
products. Adulteration with drugs may have affected
the results of all previous studies on PC SPES prod-
ucts. However, in this project we investigated the
possible interactions between the eight components of
a herbal combination in vitro, not the effectiveness of
the PC SPES product in treating prostate cancer. Each
of the eight herbs used in this work was purchased

Fig. 2 Isobologram depicting
interaction of the fixed-ratio
drug combinations. The solid
black line is the line of
additivity. The two dashed lines
represents one standard
deviation above and below the
line of additivity. The data
points represent the seven drug
combinations. Error bars
represent one standard
deviation

Table 5 Interaction values for
each of the drug combinations.
The P values indicate the
significance of the deviation of
the interaction values from 1.
The data presented are
means±SD

Drug combination dM dM/DM dP dP/DP Interaction value P value

1P:50M 259.6±30.0 1.17±0.28 5.2±0.6 0.04±0.01 1.21±0.28 0.45
1P:34M 230.0±43.9 1.04±0.29 6.8±1.3 0.06±0.01 1.09±0.29 0.76
1P:15M 272.5±64.1 1.23±0.39 18.2±4.3 0.15±0.04 1.38±0.39 0.33
1P:1M 121.6±35.7 0.55±0.20 121.6±35.7 1.00±0.29 1.55±0.35 0.12
15P:1M 10.0±1.5 0.05±0.01 149.8±22.1 1.23±0.18 1.28±0.18 0.12
34P:1M 4.8±0.8 0.02±0.01 163.0±25.8 1.34±0.21 1.36±0.21 0.09
50P:1M 2.6±0.4 0.01±0.003 132.3±20.1 1.09±0.17 1.10±0.17 0.56

Fig. 3 The best-fit curve for the interaction values
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individually, properly identified, and extracted in our
laboratory.

Some manufacturers of herbal products claim indis-
criminately the synergistic benefit from combination
herbal polytherapy. On the other hand, critics of herbal
medicine may consider herbs as pharmacologically inert
agents and dismiss offhand possible interactions in
herbal combinations. This project was an exploratory
attempt to scientifically document pharmacological
interactions within one herbal combination. In this
preliminary in vitro study using one prostate cancer cell
line, synergism was not found between P. notoginseng
and the other seven herbs in the PC SPES combination.
The results suggested antagonism, but they were not
statistically significant.

Analysis of the isobologram and the interaction val-
ues revealed that all the drug combinations showed
antagonism between P. notoginseng and the other seven
herbs (P values: 0.09, 0.12, 0.12, 0.33, 0.45, 0.56, 0.76).
These results, though not statistically significant, suggest
the presence of a pharmacologically significant interac-
tion between P. notoginseng and the other seven herbs. If
herbal combinations are able to achieve antagonism,
then they can theoretically achieve synergism if com-
bined properly. However, combining herbs together in
any proportion does not guarantee synergy. Some her-
bal combinations for which synergy is claimed but
without scientific proof may be inactive, additive or
antagonistic.

The results of this work are intriguing, but only limited
conclusions about the PC SPES formula can be drawn.
Apart from the limitation of using only one cancer cell
line, this work tested only the interaction between
P. notoginseng and the other seven herbs. Potential
synergy among any of the other seven herbs would not
have been detected. For a combination of eight different
herbs there is an overwhelming number of permutations.
Testing each permutation is not feasible. This is why the
most cytotoxic herb, P. notoginseng, was chosen and the
interaction with the other components studied.

In this work, interaction between two agents was
measured strictly by growth inhibition of one prostate
cancer cell line in vitro, and a trend to antagonism was
detected. An in vitro experiment does not predict the
outcome in vivo. In vitro studies will not detect drug
interactions that increase bioavailability or decrease
metabolic catabolism through the cytochrome P450
system. These factors can be studied through animal or
human experiments. Future work in this project could
be carried out with in vivo models, where tumor
growth is measured for each of the drug combinations.
Evaluating the ID50 for multiple different drug com-
binations in mice or humans would be labor- and time-
intensive. It is conceivable that the antagonistic effects
detected in vitro may lead to enhanced activity against
an in vivo heterogeneous tumor cell population, in
contrast to the homogeneity which characterize normal
prostatic tissue or tumor cells growing in vitro after
multiple passages.

Herbal polytherapy can have multiple actions,
including immune stimulation, antiinflammation, reduc-
tion of pain, and improvement of digestive or urinary
function. The eight herbs inPC SPESare reported to have
many of these activities, and patients report nonspecific
benefits, such as improved quality of life. By ‘‘treating’’
multiple symptoms related to cancer, instead of merely
killing cancer cells, a herbal combination could ‘‘syner-
gistically’’ improve quality of life. As an in vitro study, this
project focused on potential synergy in the killing of
cancer cells.

Since antagonism detected in this work was note-
worthy but not statistically significant, future work
could be carried out using a different cell line (e.g. DU
145, L1210, or LNCaP, among others). If antagonism
between P. notoginseng and the other seven herbs was
reproducible in a different cell line, there would be more
evidence to suggest that antagonism does exist in this
herbal combination. Additionally, this work could be
repeated to detect interaction between a different herbal
extract (e.g. Scutellaria baicalensis) and the remaining
seven herbs.

Herbal medicine is deeply rooted in tradition, but it
can also be scrutinized using modern scientific rigor.
When performing experiments under controlled cir-
cumstances, one can find consistencies in the pharma-
cological properties of herbs. For example,
P. notoginseng, R. rubescens, Scutellaria baicalensis, and
Glycyrrhiza uralensis were found to be among the most
cytotoxic herbs. This finding is in agreement with pre-
viously reported results. On the other hand, commercial
PC SPES was consistently among the least potent
growth inhibitory agents for three prostate cancer cell
lines that we studied (unpublished observation). There is
nothing inherent in herbal medicine that renders it
inaccessible to scientific examination. If care is taken in
identifying, preparing, and testing the herbs, their
pharmacological activities are reproducible.

Acknowledgements We would like to thank Dr. Q. Dong for
providing the PC 3 prostate cancer cell line and Assoc. Prof.
W. Li for identification of the Chinese herbs. We also thank
Dr. David Eisenberg for being V.Q.C.’s faculty sponsor at
Harvard Medical School. This work was completed as V.Q.C.’s
postgraduate research fellowship that was funded by the
Fulbright Foundation.

References

1. Bayne CW, Donnelly F, Ross M, Habib FK (1999) Serenoa
repens (Permixon): a 5a-reductase types I and II inhibitor—new
evidence in a coculture model of BPH. Prostate 40:232–241

2. Butenko IG, Gladtchenko SV, Galushko SV (1993)
Anti-inflammatory properties and inhibition of leukotriene C4
biosynthesis in vitro by flavonoid baicalein from Scutellaria
baicalensis Georgy roots. Agents Actions 39:C49–51

3. Chen S,WangX (1997)Herbal composition for treating prostate
carcinoma. US Patent no. 5,665,393. http://patft.uspto.gov

4. Darzynkiewicz Z, Traganos F, Wu JM, Chen S (2000) Chinese
herbal mixture PC SPES in treatment of prostate cancer. Int
J Oncol 17:729–736

389



5. de la Taille A, Hayek OR, Buttyan R, Bagiella E, Burchardt M,
Katz AE (1999) Effects of a phytotherapeutic agent, PC-SPES,
on prostate cancer: a preliminary investigation on human cell
lines and patients. BJU Int 84:845–850

6. de la Taille A, Buttyan R, Hayek O, Bagiella E, Shabsigh A,
Burchardt M, Burchardt T, Chopin DK, Katz AE (2000)
Herbal therapy PC-SPES: in vitro effects and evaluation of its
efficacy in 69 patients with prostate cancer. J Urol 164:1229–
1234

7. Deckers CLP, Czuczwar SJ, Hekster YA, Keyser A, Kubova
H, Meinardi H, Patsalos PN, Renier WO, Van Rijn CM (2000)
Selection of antiepileptic drug polytherapy based on mecha-
nisms of action: the evidence reviewed. Epilepsia 41:1364–
1374

8. Food and Drug Administration. MedWatch. The FDA Safety
Information and Adverse Event Reporting Program. 2002
Safety Information Summaries. http://www.fda.gov/medwatch/
SAFETY/2002/safety02.htm#spes

9. Geliebter J, Mittelman A, Tiwari RK (2001) PC-SPES and
prostate cancer. J Nutr 131:164S–166S

10. Gessner PK (1995) Isobolographic analysis of interactions: an
update on applications and utility. Toxicology 105:161–179

11. Haddock MG, Ames MM, Bonner J (1995) Assessing the
interaction of irradiation with etoposide or idarubicin. Mayo
Clin Proc 70:1053–1060

12. Kaighn ME, Narayan KS, Ohnuki Y, Lechner JF, Jones LW
(1979) Establishment and characterization of a human prostatic
carcinoma cell line (PC-3). Invest Urol 17:16–23

13. Kim J, Amorino GP, Pyo H, Cao Q, Price JO, Choy H (2001)
The novel taxane analogs, BMS-184476 and BMS-188797,
potentiate the effects of radiation therapy in vitro and in vivo
against human lung cancer cells. Int J Radiat Oncol Biol Phys
51:525–534

14. Kim KC, Kim IG (1999) Ganoderma lucidum extract protects
DNA from strand breakage caused by hydroxyl radical and
UV irradiation. Int J Mol Med 4:273–277

15. Konoshima T, Takasaki M, Tokuda H (1999) Anti-carcino-
genic activity of the roots of Panax notoginseng. II. Biol Pharm
Bull 22:1150–1152

16. Lee JM, Kwon H, Jeong H, Lee JW, Lee SY, Back SJ, Surh YJ
(2001) Inhibition of lipid peroxidation and oxidative DNA
damage by Ganoderma lucidum. Phytother Res 15:245–249

17. Oh WK, George DJ, Hackmann K, Manola J, Kantoff PW
(2001) Activity of the herbal combination, PC-SPES, in the
treatment of patients with androgen-independent prostate
cancer. Urology 57:122–126

18. Pfeifer BL, Pirani JF, Hamann SR, Klippel KF (2000)
PC-SPES, a dietary supplement for the treatment of hormone-
refractory prostate cancer. BJU Int 85:481–485

19. Qin GW, Xu RS (1998) Recent advances in bioactive natural
products from Chinese medicinal plants. Med Res Rev 18:375–382

20. RoksG,DeckersCLP, vanEgmond J,MeinardiH, vanRijnCM
(1999) Effects of monotherapy and polytherapy with antiepi-
leptic drugs: an animal study. JPharmacolExpTher 288:472–477

21. Shank RP, Gardocki JF, Vaught JL, Davis CB, Schupsky JJ,
Raffa RB, Dodgson SJ, Nortey SO, Maryanoff BE (1994)
Topiramate: preclinical evaluation of a structurally novel
anticonvulsant. Epilepsia 35:450–460

22. Shibata S (2000) A drug over the millennia: pharmacognosy,
chemistry, and pharmacology of licorice. J Pharm Soc Jpn
120:849–862

23. Small EJ, Frohlich MW, Bok R, Shinohara K, Grossfeld G,
Rozenblat Z, Kelly WK, Corry M, Reese DM (2000) Pro-
spective trial of the herbal supplement PC-SPES in patients
with progressive prostate cancer. J Clin Oncol 18:3595–3603

24. Sovak M, Seligson A, Konas M, et al (2002) PC-SPES in
prostate cancer: an herbal mixture currently containing
warfarin and previously diethylstilbestrol and indomethacin
(abstract LB152). Annual Meeting of the American Association
of Cancer Research, San Francisco

25. Tallarida RJ (2001) Drug synergism: its detection and appli-
cations. Perspect Pharmacol 298:865–872

26. Wang RL (1993) A report of 40 cases of esophageal carcinoma
surviving for more than 5 years after treatment with drugs.
Zhonghua Zhong Liu Za Zhi 15:300–302

27. Wilt TJ, Ishani A, Indulis R, MacDonald R (2000) Phyto-
therapy for benign prostatic hyperplasia. Public Health Nutr
3:459–472

390


