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ypericum perforatum, also
Hknown as St. John’s wort, is

commonly used to treat mild to
moderate depression. In clinical
studies, St. John’s wort extract was
found to be superior to placebo and
appeared to be as effective as com-
monly prescribed antidepressants
while producing fewer adverse ef-
fects.! With its growing popularity,
there is concern about the quality as-
surance procedures used when man-
ufacturing this herbal product. For
example, Liu and coworkers? recently
showed that there were significant
variations in the amounts of major
components among five different
brands of St. John’s wort. Generally,
most pharmaceutical manufacturers
standardize their products on the ba-
sis of pseudohypericin and hypericin
content (Figure 1).® However, relying
on hypericin and pseudohypericin
content as the only marker to estab-
lish the potency of St. John’s wort has
raised strong skepticism, primarily
because studies have not correlated

the effects of the extract with the
pure or synthetic form of hypericin.
Likewise, hypericins isolated from
the extract have been shown to be
virtually inactive as psychotropic
agents in animal models.*®

Recent literature indicated that
hyperforin is not only an active anti-
depressant in biochemical and be-
havioral models but is also easily bio-
available and therapeutically active
in humans (Figure 1)..® Moreover,
in vitro data suggest that hyperforin
is the ingredient responsible for most
of St. John’s wort’s interactions with
drugs that involve induction of drug
metabolism. Despite these pharma-
cologic and clinical findings, hyper-
forin is not extensively used for the
routine standardization of St. John’s

wort products, mainly because of its
tendency to rapidly degrade under
ambient conditions, especially in the
presence of light and oxygen.®%°

We recently developed and vali-
dated a simple, rapid, reliable, and
reproducible high-performance lig-
uid chromatography (HPLC) assay
for the simultaneous determination
of hypericins and stabilized hyper-
forin in extract solutions of St. John’s
wort.! We report the results of our
study that used this method to deter-
mine hypericins and hyperforin con-
tent in eight commercial brands of
St. John’s wort.

Methods. Eight commercial St.
John’s wort preparations (one fine
powder, four caplets, and three
capsules) were randomly sampled
from various commercial sources
and assayed for hyperforin and hy-
pericins using an HPLC method de-
scribed previously.* This method
was specifically developed to ensure
that the stability of hyperforin is
maintained during the extraction
and assay. The extraction medium
was carefully selected to ensure that
the extraction of other major com-
ponents was not compromised.

The following chemicals were ob-
tained: stock standards of hyper-
forin,? >90% HPLC purity; pseudo-
hypericin,® 85.62% HPLC purity;
hypericin,c >85% HPLC purity;
American Chemical Society (ACS)-
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Figure 1. The chemical structure of hyperi-
cin (C, H. 0,), pseudohypericin (C, H. O,)
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Hypericin and pseudohypericin

Hyperforin

grade anhydrous methyl alcohol¢;
ACS-grade acetonitrile?; and ACS-
grade o-phosphoric acid, 85%.¢ The
HPLC system consisted of a pump,f
an autoinjector,® an ultraviolet-light
spectrophotometric detector" set at
273 nm, a fluorescence spectro-
meter,’ and a laboratory computing
integrator. During the HPLC assay,
the samples were maintained at 0 °C
by using a thermostat.x Hyperforin,
hypericin, and pseudohypericin
were separated on a C, reverse-
phase column.! The mobile phase
consisted of acetonitrile and 0.3%
phosphoric acid (90:10). The medium
was adjusted to pH 2.5 using 1 N
phosphoric acid. The solution was de-
gassed by suction—filtration through a
nylon membrane.™ The extraction
solvent consisted of 80% methanol

in water, with 5% hydroxypropyl-B-
cyclodextrin, adjusted to pH 2.5 with
85% o-phosphoric acid.

Standard solutions containing hy-
perforin (10, 25, and 50 pg/mL), hy-
pericin (0.5, 1.0, and 2.5 pg/mL), and
pseudohypericin (0.35, 0.7, and 1.6
pg/mL) were prepared by serially di-
luting stock solutions with the ex-
traction medium.

The contents of 10 capsules or 10
caplets of each product were weighed
and triturated in a glass mortar and
pestle. An accurately weighed
amount of the fine powder, approxi-
mately equivalent to 300 mg of the
herb or extract, was transferred into
a 100-mL volumetric flask contain-
ing about 70 mL of the extraction
solvent. The mixture was sonicated
for 15 minutes and filtered through
cellulose paper into another volumet-
ric flask. The extraction flask was
rinsed with the solvent, and the wash-
ings were passed through the same fil-
ter paper to bring the filtrate up to
volume. A 1:4 dilution of the prepara-
tion was used in the HPLC assay.

A 50-pL sample of the standard or
test solution was injected into the
HPLC column. The mobile phase
was eluted isocratically at a flow rate
of 1.5 mL/min at room temperature.
The effluent was monitored using
ultraviolet-light detection at 273 nm
and fluorescent-light detection at
315 and 590 nm (excitation and emis-
sion, respectively). The retention times
were about 3.0, 6.5, and 9.0 minutes
for pseudohypericin, hyperforin, and
hypericin, respectively. Quantification
of the chromatogram was performed
from standard curves constructed by
plotting the peak height of each ana-
lyte versus concentration.

Results and discussion. Table 1
lists the brand names, product de-
scriptions, manufacturers, lot num-
bers, expiration dates, labeled hyper-
icin and pseudohypericin content,
and the assayed hypericin, pseudo-
hypericin, and hyperforin content
for the various St. John’s wort prod-
ucts tested. The assayed potencies of
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each product were calculated by us-
ing this general formula: % marker
ingredient = 100 (C x V x D)/W in
which C is the concentration of the
marker ingredient in the sample
preparation obtained from the stan-
dard curve (in milligrams per millili-
ter), V is the final volume of the sam-
ple preparation (100 mL), D is the
dilution factor (4°), and W is the
sample weight (in milligrams).

Hyperforin is now regarded as the
primary active constituent of St.
John’s wort and is mainly responsi-
ble for the herb’s drug interactions
that are associated with the induc-
tion of drug metabolism. We found
that the concentration of hyperforin
varied among brands, ranging from
0.01% to 1.89%.

The formulation of St. John’s
wort that has been clinically proven
to treat depression contains 1-6%
hyperforint?; however, two (Hy-
perifin and Brite-Life) of the eight
products we tested contained more
than 1% hyperforin.

Except for the product distributed
by Vitamin Classics, all products
tested claimed to contain 0.15%,
0.2%, or 0.3% hypericin and pseudo-
hypericin. The assays we conducted
revealed that the actual hypericin
content in the products ranged from
0.03% to 0.29%. This concentration
range corresponded to 56.6-130.0%
(mean + S.D., 93% + 23%) of the
label claim.

Hyperifin, a pure extract powder,
had the lowest variance of hypericins
from the label claim and the highest
hyperforin content. In addition, our
assay results for YourLife and Brite-
Life closely agreed with the claimed
potencies for hypericins (95% and
110% of label claim, respectively).
On the other hand, Nature’s Bal-
ance, the only product in this study
with no label claim for hypericin
content, exhibited the smallest
amount of hypericins and hyperfor-
in. This product had hypericin and
pseudohypericin content below the
minimum required by the United
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Table 1.
Claimed Versus Assayed Potencies of Eight St. John’s Wort Products
Mean % S.D.
Claimed Assayed Assayed
Brand Manufacturer Potency of  Potency? of Potency? of
Name (Product or Distributor Expiration Hypericins Hypericins % of Label  Hyperforin
Description) (Lot No.) Date (%) (%) Claim (%)
Hyperifin (pure extract Finzelberg, Birkenweg, L 0.30 0.29 £0.01 983+16 1.89%0.120
powder) Germany (834322AA)
PNC (300 mg herb per Pharmacists’ Nutrition Aug 2001 0.15 0.12+0.02 80.9%+10.1 0.20+0.003
capsule) Center, Wilsonville,
OR (P4311)
Brite-Life (150 mg extract  Bergen Brunswig, Nov 2001 0.20 0.22 £0.03 110.0* 154 1.16 £0.015
per capsule) Orange, CA
(KA11503)
ShopKo (150 mg extract ShopKo Stores, Green Apr 2000 0.20 0.26 £ 0.07 130.0+35.0 0.05%0.005
per capsule) Bay, WI (8£02223)
Shurfine (300 mg extract ~ Shurfine International, Sep 2000 0.30 0.17 £ 0.04 56.6+123 0.290.006
per caplet) Northlake, IL
(8H00627)
YourLife (300 mg extract  Leiner Health Products, Aug 2000 0.30 0.28 £ 0.03 950+9.0 0.19%0.003
per caplet) Carson, CA
(8G01233)
Nature’s Balance (100 mg  Vitamin Classics, Dec 2002 Lp 0.03 £0.02 Lp 0.01%0
herb per caplet) Calabasas, CA (Y947)
Natrol (300 mg extract Natrol, Chatsworth, CA Jan 2002 0.30 0.25+0.02 82451 048%0.018

per caplet) (936622)

2Minimum of 3 high-performance liquid chromatography injections. All samples were analyzed in May 2000.

°Not specified on label.

States Pharmacopeia (no less than
0.04% hypericins for the powdered
herb).®* Moreover, at the time of the
assay (more than two years before
the labeled expiration date), a con-
sumer would receive only 15% of the
amount of hypericins recommended
in a single dose to produce a thera-
peutic effect.

Conclusion. Assays for hyperfor-
in, hypericin, and pseudohypericin
content should be included in the
standardization protocol for St.
John’s wort products.

aAddipharma, Hamburg, Germany, batch
RHF 00698.

®Addipharma, batch RPH 00297.

¢Sigma-Aldrich, St. Louis,
099H1231.

dMallinckrodt, Paris, KY.

¢Fisher Scientific, Springfield, NJ.

fLC-410 pump, PerkinElmer, Shelton, CT.

91SS-100 autoinjector, PerkinElmer.

"LC 90 UV spectrophotometric detector,
PerkinElmer.

ILS-4 fluorescence spectrometer, Perkin-
Elmer.

ILCI-100 laboratory computing integrator,
PerkinElmer.

KMGW Lauda RM 6 thermostat, Brinkman
Instruments, Los Angeles, CA.

MO, lot

'Discovery C,, reverse-phase column, 150 x
4.6 mm inner diameter, 5-um particle size,
Supelco, Bellefonte, PA.

™Nylon 100 membrane, Alltech, Deerfield,
IL.
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