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Abstract

Concerned about the safety of conventional estrogen replacement therapy, women are using 

botanical dietary supplements as alternatives for the management of menopausal symptoms such 

as hot flashes. Before botanical dietary supplements can be evaluated clinically for safety and 

efficacy, botanically authenticated and standardized forms are required. To address the demand for 

a standardized, estrogenic botanical dietary supplement, an extract of hops (Humulus lupulus, L.) 

was developed. Although valued in the brewing of beer, hop extracts are used as anxiolytics and 

hypnotics and have well established estrogenic constituents. Starting with a hop cultivar used in 

the brewing industry, spent hops (the residue remaining after extraction of bitter acids) were 

formulated into a botanical dietary supplement that was then chemically and biologically 

standardized. Biological standardization utilized the estrogen dependent induction of alkaline 

phosphatase in the Ishikawa cell line. Chemical standardization was based on the prenylated 

phenols in hops that included estrogenic 8-prenylnaringenin (8-PN), its isomer 6-prenylnaringenin 

(6-PN), and pro-estrogenic isoxanthohumol (IX) and its isomeric chalcone xanthohumol (XN), all 

of which were measured using high performance liquid chromatography-tandem mass 

spectrometry (LC/MS-MS). The product of this process was a reproducible botanical extract 

suitable for subsequent investigations of safety and efficacy.
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Introduction

Between 1995 and 2006, U.S. sales of botanical dietary supplements increased by 86%, and 

by 2012, the U.S. market for these supplements was estimated at $5.5 billion with a world-

wide market expected to reach $93 billion by 2015 (Lindstrom, et al., 2013; Dennis, 2013; 

Cavaliere, et al., 2008). Unlike pharmaceuticals that must be chemically standardized and 
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evaluated for efficacy, botanical dietary supplements in the U.S. market need only be 

prepared using good manufacturing practice (FDA, 2013). Although good manufacturing 

practice can protect consumers by ensuring botanical authentication and by minimizing 

contamination and adulteration, there is still no FDA requirement for standardization or 

testing for efficacy.

As part of our on-going investigations of the safety and efficacy of botanical dietary 

supplements used by menopausal women as alternatives to estrogen replacement therapy, 

we have been evaluating preparations of Humulus lupulus L. (hops) (Piersen, et al., 2004; 

van Breemen, et al., 2010). Used traditionally in the brewing of beer for taste and aroma as 

well as a preservative, hop preparations also are used as dietary supplements for their 

hypnotic and anxiolytic properties, and recently, for the management of menopausal hot 

flashes in women (Heyerick, et al., 2006). Hop preparations were prescribed by physicians 

as early as the 1930s for women’s menstrual complaints. By that time, the structure of 

estrogen had already been identified, but the first estrogen replacement product, Premarin, 

would not be approved by the FDA for the treatment of hot flashes until 1942. Many years 

later, the estrogenic constituent of hops was identified as 8-prenylnaringenin (8-PN) and its 

isomer 6-prenylnaringenin (6-PN) as well as precursors xanthohumol (XH), isoxanthohumol 

(IX) and desmethylxanthohumol (DMX) (Figure 1) were known (Stevens and Page, 2004; 

Overk, et al., 2005).

Among botanical estrogens, 8-PN shows the highest affinity to the estrogen receptor (ER) 

with similar binding affinities to both ERα and ERβ that are approximately one-tenth as 

strong as that of the natural ligand 17β-estradiol (Overk, et al., 2005; Milligan, et al., 1999; 

Schaefer, et al., 2003). The structurally similar prenylated flavonols 6-PN and IX (Figure 1) 

are less estrogenic than 8-PN. Although 8-PN is much less abundant in hop products than 6-

PN, IX, XN, and DMX, XN can cyclize in vivo to form IX which can then be metabolized 

in the liver or by intestinal microbiota to form 8-PN (Guo, et al., 2006; Possemiers, et al., 

2008). 8-PN has the chemoprevention property of blocking estrogen oxidative metabolism, 

and XN induces the antioxidant response element which codes for cytoprotective enzymes 

such as quinone reductase-1 (NQO1) (Hemachandra, et al., 2012; Dietz, et al., 2005; Dietz, 

et al., 2013; Liu, et al., 2005). The chalcone DMXis unstable and readily cyclizes to form 8-

PN or 6-PN. Therefore, 8-PN, 6-PN, IX, and XN but not DMX are appropriate active 

constituents for the chemical standardization of hop dietary supplements for use by 

menopausal women.

When investigating the pharmacological properties of complex botanical dietary 

supplements during animal studies or clinical trials, the plant material should be botanically 

authenticated and then chemically and biologically standardized to ensure reproducibility 

(Farnsworth, et al., 2008). Standardization is essential for the evaluation of botanical dietary 

supplements for safety and efficacy. This paper describes the research process of developing 

a hop dietary supplement suitable for use during in vivo studies. This process begins with 

the acquisition of raw material and extends to the formulation of a biologically and 

chemically standardized extract.
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Materials and Methods

Materials

Bitter acids and essential oils are often extracted from hop cones for use in beer using 

supercritical fluid carbon dioxide. The residual material is known as spent hops. Various 

spent hop products from Hopsteiner (New York, NY, USA) were assayed for prenylated 

flavonoids using liquid chromatography-tandem mass spectrometry (LC/MS-MS) as 

described below. The spent hops found to be highest in prenylated flavonoids were extracted 

with ethanol using good manufacturing practices by Hopsteiner. The resulting extract was 

provided as a dry, pale yellow powder. For comparison, 35 New Mexican Humulus lupulus 

cultivars were acquired from New Mexico Native Plant Recyclers (Embudo, NM, USA) and 

extracted using methanol.

Prenylated phenols for use as standards during quantitative analysis were prepared from 

hops. XN was isolated from hops as described previously, and the purity was >99.5% by 

quantitative proton NMR (Chadwick, et al., 2004). IX (>99% pure by qNMR) was prepared 

by cyclization of XN as described previously. 8-PN (purity >95% by HPLC) was chemically 

synthesized, and 6-PN (purity >95% by HPLC) was purified as previously reported 

(Chadwick, et al., 2004; Overk, et al., 2008).

All solvents were HPLC grade and were purchased from Thermo Fisher (Fair Lawn, NJ, 

USA). Purified water was prepared by using a Millipore Milli-Q purification system 

(Millipore, Billerica, MA, USA). All other chemicals were ACS reagent grade.

Biological Standardization

The Ishikawa cell line was used for the biological standardization. Ishikawa cells were 

provided by D. R. B. Hochberg (Yale University, New Haven, CT, USA) and were 

maintained in Dulbecco’s Modified Eagle Medium (DMEM/F12) containing 1% sodium 

pyruvate, 1% nonessential amino acids, 1% glutamax-1, 0.05% insulin, and 10% heat-

inactivated fetal bovine serum (Hajirahimkhan, et al., 2013). The Ishikawa cell line is a 

well-established ERα (+) endometrial cancer cell line for the evaluation of estrogens and 

antiestrogens (Littlefield, et al., 1990). Two days before treating the cells, the medium was 

replaced with phenol red-free DMEM/F12 medium containing charcoal/dextran-stripped 

FBS and supplements. Authentication of this cell line, via determination of the short tandem 

repeat profile, revealed its similarity with the Ishikawa cells according to the Health 

Protection Agency Culture Collection in the UK (HPA, Porton Down, UK) and was recently 

confirmed by the American Tissue Culture Collection, ATCC database (Manassas, VA, 

USA).

The estrogenic potential of the hop extract was biologically evaluated by measuring the 

activity of an estrogen responsive alkaline phosphatase (AP) enzyme in the Ishikawa cell 

line as reported previously (Overk, et al., 2005). 17β-Estradiol was used as a positive control 

for estrogenicity, and 4-hydroxytamoxifen was used to determine antiestrogenic activity. 

The relative AP activity of the hop extract was measured, as were those of isolated XH and 

8-PN. The values were expressed as the mean ± standard deviation of at least three 

independent determinations.

Krause et al. Page 3

Biomed Chromatogr. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Chemical Standardization

Standards of IX, XN, 8-PN, and 6-PN were dissolved in methanol at a concentration of 1 

mg/mL each to form a stock solution, which was diluted to form calibration solutions of 

950, 600, 450, 300, 150, 10, and 5 ng/mL using 50% aqueous methanol. Quality control 

(QC) samples were prepared similarly to the calibration standards at low (30 ng/mL), 

medium (200 ng/mL) and high (800 ng/mL) concentrations. A structural analogue of 8-PN 

not occurring in hops, 8-isopentylnaringenin (Figure 1), was spiked into each calibration 

solution, each QC sample, and each unknown to yield a final concentration of 60 ng/mL for 

use as an internal standard. A stock solution of the hop extract (256 μg/mL) was prepared in 

methanol and diluted with 50% aqueous methanol to 0.64, 3.2, 6.4, 12.8, and 25.6 μg/mL for 

analysis using liquid chromatography-tandem mass spectrometry (LC/MS-MS).

An Applied Biosystems (Foster City, CA, USA) API 4000 triple quadrupole mass 

spectrometer interfaced with a Shimadzu (Kyoto, Japan) LC-20AD HPLC system was used 

for sample analysis. A Waters (Milford, MA, USA) reversed-phase C18 column YM-AQ 

(3.5 μm, 2.1 × 100 mm) was used for the chromatographic separations with a solvent system 

consisting of a 10-min linear gradient from 35–90% acetonitrile in water (both solvents 

containing 0.1% formic acid). The mobile phase flow rate was 0.25 mL/min, and the column 

was equilibrated for 10 min between analyses. The column oven temperature was 35°C, and 

the injection volume was 10 μL.

Negative ion electrospray was used with an ion source temperature of 350°C, spray voltage 

of −4200 V, nitrogen curtain gas flow rate of 10 L/min, a nitrogen gas I flow rite of 20 L/

min, a declustering potential of −66 V, and an exit potential of −10 V.

Nitrogen was also used as the collision gas at a collision energy of 31 eV for tandem mass 

spectrometry. Selected reaction monitoring (SRM) of two transitions (quantifier and 

qualifier) were used for each analyte as follows: m/z 353 to m/z 119 (quantifier) and m/z 353 

to m/z 233 (qualifier) for IX and XN; and m/z 339 to m/z 119 (quantifier) and m/z 339 to m/z 

219 (qualifier) for 8-PN and 6-PN. The SRM transition of m/z 341 to m/z 119 was monitored 

for the internal standard, 8-isopentylnaringenin. The ions of m/z 353 and m/z 339 are the 

deprotonated molecules of isomeric XN and IX and of isomeric 8-PN and 6-PN, 

respectively. The product ion of m/z 119 is common to all these compounds and corresponds 

to the B-ring after retro-Diels-Alder fragmentation (Nikolic and van Breemen, 2013). The 

ions of m/z 233 and m/z 219 correspond to the product ions with the negative charge retained 

on the A-rings of XN or IX and 8-PN or 6-PN, respectively, following retro-Diels-Alder 

fragmentation (Nikolic and van Breemen, 2013). The SRM dwell time was 150 ms/ion. 

Calibration curves were constructed over the range of 5 – 950 ng/mL for all analytes, with 

analyte to internal peak area ratio on the y-axis and concentration on the x-axis. A weighting 

factor of 1/x was applied to the calibration curves.

Results

Biological Standardization

The AP activity in Ishikawa cells indicated that the hop extract prepared from spent hops 

showed greater estrogenicity than the hop cultivars from New Mexico. Although extracts of 
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all of the 35 hop cultivars from New Mexico were active, all subsequent studies were carried 

out using the extract of spent hops. Based on comparisons with isolated compounds, most of 

the activity of the spent hop extract could be attributed to the known phytoestrogen 8-PN 

(Table I and Figure 2). 8-PN yielded the highest AP induction rate relative to estradiol, IX 

exhibited some estrogenic properties, and the chalcone xanthohumol, as well as 6-PN, had 

no estrogenic activity in the AP induction assay. Although containing 8-PN (see Chemical 

Standardization below), the hop extract could only induce 52% as much AP activity as 17β-

estradiol, whereas 8-PN could maximally induce AP 86% as effectively as 17β-estradiol 

(Table 1). This indicated that the hop extract was only a partial agonist of the estrogen 

receptor whereas 8-PN was nearly a full agonist.

Chemical Standardization

Since the molecular masses and tandem mass spectra were nearly identical for the isomeric 

pair XN/IX and for the isomers 6-PN/8-PN (Yuan, et al., 2012), chromatographic separation 

was essential for their accurate quantitative analysis. All analytes and the internal standard 

(retention time 9.8 min) were chromatographically resolved to base line within 12 min 

(Figure 3). Isomeric IX and XN were separated by more than 4 min; 8-PN (retention time 

9.1 min) and 6-PN (10.7 min) were resolved from each other from their unstable chalcone 

precursor DMX, which eluted at 10.1 min (Figure 3).

The calibration curves for all 4 prenylated phenols were linear from 10 ng/mL to 950 ng/mL 

for all 4 analytes. For example, the calibration curve for 8-PN is shown in Figure 4. The 

calibration curve for each analyte showed a good coefficient of determination (R2) >0.99 

with less than ±15% bias. The LC/MS-MS assay showed excellent accuracy with bias <15% 

for the QC samples evaluated at low (30 ng/mL), medium (200 ng/mL) and high 

concentration (800 ng/mL) (see accuracy and precision in Table II).

The hop extract was tested using LC/MS-MS at 5 concentrations to ensure that each analyte 

was detected on-scale relative to the standard curves. Expressed as weight/percent of the 

spent hop extract, the levels of each analyte in the standardized extract were determined to 

be as follows: 8-PN, 0.42 ± 0.02; 6-PN, 2.18 ± 0.0; IX, 1.35 ± 0.08; and XN, 35.78 ± 0.31.

Discussion

Since the late 1990s, there has been growing consumer interest in natural products intended 

to maintain health and well-being which is reflected in yearly increases in the sales of 

botanical dietary supplements. By the early 2000s, women and many health care providers 

were seeking alternatives to conventional estrogen replacement therapy to address hot 

flashes and other somatic complaints accompanying the onset of menopause. This interest in 

non-steroidal alternatives became acute as reports from the Women’s Health Initiative 

(WHI) challenged long-held beliefs about the benefits of hormone therapy (Rossouw, et al., 

2002; Anderson, et al., 2004). Since those results were first published, many of the 

conclusions drawn from the initial WHI trial analysis have withstood further analyses 

(Manson, et al., 2013), and women continue to seek alternatives to hormone therapy.
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To meet the demand for safe and effective alternatives to conventional estrogen replacement 

therapy, natural products investigators have focused their research on botanicals. In 

particular, there has been renewed interest in the phytoestrogen properties of hops that were 

first recognized by the medical establishment in the 1930s. Since hop production is well 

established for the brewing industry, botanically authenticated hop material is readily 

available from fields that are cultivated using good agricultural practice. This is not always 

the case for botanicals used in dietary supplements that must sometimes be collected from 

the wild with widely varying levels of chemical constituents. Although still subject to 

environmental pressure, as a cultivated crop hops have a much more predictable chemical 

constituent profile. This is especially true for those hop cultivars that have been selected to 

satisfy specific standards for beer processing. Such plant predictability is important for 

achieving a consistent end product – a botanical dietary supplement in which targeted 

compounds are standardized to consistent levels of active constituents and biological 

activity.

There have been several small human trials of hop extracts examining the benefits of hops 

for hot flashes (Heyerick, et al., 2006; Bolca, et al., 2010; Erkkola, et al, 2010). In addition, 

several pharmacokinetics investigations of constituents from hops have been reported 

including studies of XN (Legette, et al., 2013) and 8-PN (Rad, et al. 2006). Currently, 

several hop botanical dietary supplements are being marketed for the relief of menopausal 

symptoms either as a single botanical or in combination with other botanicals.

Although estrogenic, 8-PN has only a small fraction of the estrogenic potency of 17β-

estradiol (Table I). Previous clinical studies of hop dietary supplements used extracts 

containing 8-PN doses of 0.1 mg to 0.25 mg per day (Heyerick, et al., 2006; Bolca, et al., 

2010; Erkkola, et al., 2010). In a single-dose clinical study of synthetic 8-PN, women 

received far greater doses, of 50 mg, 250 mg or 750 mg, and exhibited only mild adverse 

effects (Rad, et al., 2006). Even if administered at lower amounts in a hop extract containing 

XN and IX, 8-PN can be formed from IX by O-demethylation, and IX can be formed from 

XN via intramolecular cyclization, all of which might prolong in vivo exposure to 8-PN and 

its estrogenic activity (Nikolic, et al., 2005). The alkaline phosphatase bioassay showed 

weak estrogenic activity for IX, which is consistent with the moderate estrogenic properties 

that have been reported previously (Gerhauser, et al., 2002). However, future studies should 

investigate whether the observed estrogenic activity of IX in Ishikawa cells (Table 1) is due 

to metabolism of IX to 8-PN, or whether IX itself has moderate estrogenic properties in this 

bioassay. A follow-on paper will report on the UIC Botanical Center’s hops Phase I clinical 

trial to determine the safe dosing levels of this frequently consumed botanical.

To assess the safety and efficacy of botanical dietary supplements for human use, 

standardized and reproducible products are required. For the management of menopausal 

symptoms such as hot flashes, standardization to estrogenic activity is an appropriate 

approach. This paper describes both biological and chemical standardization of a hop 

product for subsequent evaluation in vivo, whether in preclinical animal models or in 

clinical trials of safety and efficacy.
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Figure 1. 
Chemical structures of hop prenylated phenols and the internal standard, 8-

isopentylnaringenin.
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Figure 2. 
Alkaline phosphatase (AP) induction in Ishikawa cells after 96 h incubation with the hop 

extract. AP induction by 17β-estradiol, 8-PN and XH are shown for comparison.29 The data 

are averages of at least three independent determinations carried out in triplicate ± SD.
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Figure 3. 
LC/MS-MS chromatograms of an ethanolic extract of spent hops obtained using negative 

ion electrospray, collision-induced dissociation and selected reaction monitoring (SRM).
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Figure 4. 
Calibration curve for the most estrogenic hop flavonoid, 8-PN, obtained using LC/MS-MS.
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Table 1

Estrogenicities of the hop extract and its constituents, 8-PN, 6-PN, XH, and IX, determined using an alkaline 

phosphatase (AP) induction assay in Ishikawa cells.

Compounds/Extract AP induction Ishikawa cells EC50 Maximum AP fold induction Ishikawa cells

hop extract [ng/mL] a 296.6 ± 8.1 72 ± 8.8

8-PN [nM] 6.65 ± 1.40 b 118.0 ± 6.0 b

6-PN Not activec Not activec

XH Not active Not active

IX [nM] 634 ± 175 76.8 ± 6.4

17β-estradiol [nM] 0.19 ± 0.05 b 137.0 ± 2.5 b

a
Values are expressed as the mean ± SD of at least three independent determinations. Estradiol (0.5 nM) was used as a positive control, and its AP 

induction was defined as 100-fold.

b
From Hajirahimhkan, et al. (2013).

c
From Overk, et al. (2005).
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Table II

Accuracy and precision of the LC/MS-MS quantitative analysis assay of 8-PN, 6-PN, XN, and IX (N=3)

Analyte Nominal value (ng/mL) Measured value (ng/mL) CV% Accuracy

8-PN

Low 30 33.2 8.2 110

Med 200 215 7.5 107

High 800 831 9.7 104

6-PN

Low 30 31.1 11.5 103

Med 200 204 8.4 102

High 800 758 7.3 95

IX

Low 30 28.5 14.5 95

Med 200 186 5.8 93

High 800 842 6.7 105

XN

Low 30 26.4 8.4 88

Med 200 224 7.2 112

High 800 830 11.1 103
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