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Phytochemical analysis and chemopreventive testing of a special “α-/β-acid free” hops extract led to the identification of 
isohumulones (hops iso-α-acids) as potent inducers of NAD(P)H:quinone reductase (QR) activity. CD values (concentrations 
required to double the specific activity of QR in Hepa1c1c7 cell culture) were in the range of 1.3 to 10.2 µg/mL, with CD value 
of trans-isohumulone < cis-isoadhumulone < cis-isocohumulone < cis-isohumulone (+ trans-isoadhumulone). Humulones 
(hops α-acids) were equally active with CD values of 3.4 to 7.6 µg/mL. However, these activities were accompanied by 
cytotoxicity. Cohumulinone and humulinone, oxidation products of co- and n-humulone, were inactive. We further identified 
isohumulones as potent inhibitors of lipopolysaccharide-induced inducible nitric oxide synthase (iNOS) activity in Raw264.7 
cell culture, with IC50 values of 5.9 – 18.4 µg/mL. Humulones and humulinones were inactive at concentrations < 20 µg/mL. 
These results indicate that isohumulones, which are considered as the most abundant class of polyphenols in beer, should by 
further investigated for chemopreventive efficacy in animal models. 
 
Keywords:  hops, Humulus lupulus L., cancer chemoprevention, NAD(P)H:quinone reductase, hops α-acids, hops iso-α-acids, 
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Hops (Humulus lupulus L.) have been used since 
ancient times for brewing [1]. It was soon realized 
that they not only added bitterness and aroma to beer, 
but also played an important role as a preservative. 
Subsequently, hops α- and β-acids (humulones and 
lupulones), constituents of the essential bitter resin, 
were identified as strong antibiotics against Gram-
positive bacteria ([2] and literature cited therein). 
β-Acids are extremely sensitive to oxidation and do 
not survive the brewing process. During wort-boiling, 
the poorly water-soluble humulones are isomerized to 
isohumulones (iso-α-acids), which are better soluble; 
this process is involved in the generation of the bitter 
flavor of beer [3a]. Isohumulones also play an 
important role in foam stabilization [3b]. Overall, 
they represent one of the most abundant classes of 
polyphenols in beer; concentrations of up to 100 
mg/L have been reported in very bitter English ales 
[3c].  

Isohumulones are optically active molecules which 
occur as cis- and trans-isomers. In analogy to the 
chemical structures of humulones, three isoforms 
indicated by the prefix “co-“, “-n-“ and “ad-“ are 
present in beer, which differ only in their acyl side 
chain (summary in Fig. 1). Interestingly, Hughes 
reported that cis-isohumulones were more bitter than 
their trans-isomers. In particular, bitterness of the 
compounds was described as cis-isohumulone > 
trans-isohumulone ≈ cis-isocohumolone > trans-
isocohumulone [3b]. 
 
In recent years, hops have gained considerable 
interest because of the biological and potential cancer 
chemopreventive activities of some of their 
constituents (reviewed in [4a-c]). As an example, the 
α-acid n-humulone was described as a potent 
antioxidant and anti-inflammatory agent capable of 
inhibiting the induction of cyclooxygenase-2 (Cox-2) 
in cell culture and mouse skin [5], and displayed 
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Figure 1: Chemical structures of humulones, cis- and trans-
isohumulones, co- and n-humulinone. 
 
anti-proliferative activity by induction of cell 
differentiation and apoptosis in HL-60 human 
promyelocytic leukemia cells in vitro. It also 
inhibited angiogenesis in the chick embryo 
chorioallantoic membrane (CAM) assay, with a half-
maximal effective concentration ED50 of 
1.5 µg/CAM. Topical application of n-humulone 
(1 mg) very potently suppressed tumor incidence 
induced by 12-O-tetradecanoylphorbol-13-acetate 
(TPA) in the two-stage mouse skin model by 93% 
and tumor multiplicity by 99%. In addition to these 
cancer preventive effects, humulone was described as 
a very potent inhibitor of bone resorption and a 
candidate therapeutic agent for osteoporosis, with a 
half-maximal inhibitory concentration of 5.9 nM (2.1 
ng/mL) in an in vitro model of pit formation. 
Cohumulone was inactive at a concentration of 1 µM 
(reviewed in [4c]). 
 
Little information is available regarding potential 
cancer chemopreventive activities of isohumulones. 
Nozawa et al. demonstrated that freeze-dried beer at a 
dose of 1%, and isomerized hops extract (IHE) at 
0.01 or 0.05% in the diet significantly reduced 
azoxymethane-induced preneoplastic precursor 
lesions in rat colon. IHE also potently reduced levels 
of prostaglandin E2 (PGE2) in colonic mucosa, 

indicating anti-inflammatory potential by inhibition 
of Cox-2 expression [6a]. Several reports have 
suggested that isohumulones may have beneficial 
effects for the treatment of diabetic symptoms by 
inhibition of aldose reductase and reduction of insulin 
resistance, hyperlipidemia and obesity by activation 
of peroxisome proliferator-activated receptor (PPAR) 
α and γ [6b-f]. They were also shown recently to 
reduce renal injury in salt-sensitive rats by 
antioxidant activity [6g]. 
 
In continuation of our studies on hops 
prenylflavonoids [7] and acylphloroglucinol 
derivatives [8], we here describe results of the 
phytochemical analysis and chemopreventive testing 
of a special hops extract which led to the separation 
of four isohumulones and humulinone, an oxidation 
product of n-humulone. The chemopreventive 
potential of these compounds was compared with that 
of the α-acids cohumulone, n-humulone and 
adhumulone.  
 
For the isolation of isohumulones we fractionated a 
commercially available “α-/β-acid free” ethanolic 
hops extract [9] by size exclusion column 
chromatography into 18 fractions. Bitter-tasting 
fraction X08 was separated by semi-preparative 
HPLC to yield five subfractions X08.A to X08.E. 
Comparison of NMR and ESI mass spectra with 
those published [10a-f] led to the following peak 
assignment: Peak 1 was identified as 
“n-humulinone”, peak 2 as “cis-isocohumulone”, 
peak 3 as “trans-isohumulone”, peak 4 as 
“cis-isohumulone” (maybe plus “trans-isoadhumu-
lone), and peak 5 as “cis-isoadhumulone”. For 
comparison of potential cancer chemopreventive 
activities, co-, n-, and adhumulone were isolated 
from a hops CO2-extract by counter-current 
chromatography (modified from [11]). Co- and 
n-humulinone were synthesized starting from co- and 
n-humulone according to [10b]. Identities were 
confirmed by comparison with published spectral 
data (see Experimental). 
 
Cancer chemoprevention has been defined as the use 
of chemical agents, natural products or dietary 
components to block, inhibit, or reverse the 
development of cancer in normal tissue and 
preneoplastic lesions [12]. Carcinogenesis is a multi-
stage process, which is generally divided into 
initiation, promotion and progression phases and 
could be regarded as a continuous accumulation of 
biochemical and genetic cell damage. The cascade of 
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events resulting in tumor formation offers a variety of 
targets for intervention at every stage. Accordingly, 
fraction X08, its five subfractions X08.A – X08.E 
containing isohumulones, as well as the purified 
humulones and humulinones were tested in a series 
of test systems indicative of cancer chemopreventive 
potential.  
 
Manifestation of oxidative stress by infections, 
immune diseases and chronic inflammation has been 
associated with carcinogenesis in the initiation and 
promotion phase. Antioxidants may prevent the 
formation of highly reactive oxidation products, 
activation of carcinogens, formation of oxidized 
DNA bases and DNA strand breaks, which have been 
 
Table 1: Summary of potential chemopreventive activities. 
 

QR Fractions/ 
Compds 

DPPHa 

SC50 CD  IC50 
iNOS 
IC50 

X08 >200 2.6 >20 >20 
X08.A 132.3 5.0 >20 18.1 
X08.B 75.2 7.0 >20 18.4 
X08.C 112.5 1.3 >20 5.9 
X08.D 74.9 10.2 >20 >20 
X08.E 95.5 5.6 >20 9.8 
n-Humulinone >200 >20 >20 >20 
Cohumulinone >200 >20 >20 >20 
n-Humulone 5.0 3.4 4.0 >20 
Cohumulone 7.2 6.7 9.4 >20 
Adhumulone 11.9 7.6 11.5 >20 
 
aTest systems: DPPH: DPPH scavenging (SC50 in µg/mL); QR: QR 
induction (CD, concentration required to double the specific activity of 
QR in µg/mL, IC50 for toxicity in µg/mL); iNOS: iNOS inhibition (IC50 in 
µg/mL).  
 
associated with overproduction of reactive oxygen 
species (ROS) and are involved in the carcinogenic 
process [13]. We determined radical scavenging 
potential by reaction with 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radicals. Consistent with 
an earlier report [14], the α-acids n-, co- and ad-
humulone were identified as potent radical 
scavengers with half-maximal scavenging 
concentrations (SC50) of 5.0 µg/mL (13.7 µM), 
7.2 µg/mL (20.6 µM) and 11.9 µg/mL (32.9 µM), 
respectively, as indicated in Table 1. These activities 
were attributed to the presence of a hydroxyl-group 
in position C-5 [14] and were only slightly lower than 
those of ascorbic acid (SC50: 8.5 µM) and the water-
soluble Vit. E analog Trolox (SC50: 9.7 µM) [15]. In 
contrast, fractions containing isohumulones were 
about 10-fold less potent in scavenging DPPH 
radicals than the humulones, with SC50 values in the 
range of 75 – 132.3 µg/mL. Oxidation to n-humu-
linone and cohumulinone further reduced antioxidant 
activities. Both compounds scavenged DPPH radicals 
less than 50% at the maximum test concentration of 
200 µg/mL.  

Xenobiotics, including carcinogens, are metabolized 
and generally detoxified during phase 1 and 2 
metabolism. Phase 2 enzymes, such as glutathione S-
transferases (GST), conjugate phase 1 metabolites with 
endogenous ligands and thus enhance their excretion in 
the form of these conjugates. NAD(P)H:quinone 
reductase (QR) is not a conjugating enzyme. However, 
it contributes to detoxification of reactive quinones by 
2-electron reduction, thereby preventing the formation 
of reactive semiquinones and ROS formation by redox 
cycling [16]. QR activity is induced coordinately with 
other phase 2 enzymes, making it a well established 
marker for potential chemopreventive activity [15]. 
 
Using QR induction in murine Hepa1c1c7 cell culture 
as a test system, we identified isohumulones as very 
potent inducers of QR activity (Table 1). All fractions 
dose-dependently induced QR activity in a 
concentration range of 1.25 to 20 µg/mL (Fig. 2). 
Fraction X08.C containing trans-isohumulone was 
identified as the most active fraction followed by 
fractions X08.A and X08.E. Humulones also 
demonstrated good QR-inducing potential with CD 
values (concentration required to double QR activity) 
in the range of 3.4 to 7.6 µg/mL. In contrast to 
isohumulones, these compounds were toxic to the 
utilized murine hepatoma cells with IC50 values of 4.0 
to 11.5 µg/mL. The ratio between IC50 values and CD 
values, previously defined as Chemopreventive Index, 
was close to 1, indicating that these compounds may 
stimulate their own detoxification [15]. Oxidation of 
humulones to humulinones completely abrogated QR-
inducing potential, but also cytotoxicity. Induction of 
QR activity by humulones and isohumulones may be 
explained by activation of the transcription factor 
Nrf2/Keap-1 pathway similar to other natural products 
containing “Michael acceptor” functionality [17]. 
 
Chronic infections and inflammation lead to nuclear 
factor κB (NF-κB)-dependent induction of pro-
inflammatory enzymes, such as Cox-2 and inducible 
nitric oxide synthase (iNOS). (Over)production of 
NO has been linked to early steps in carcinogenesis 
via nitrosative desamination of DNA bases, 
accumulation of reactive nitrogen oxide species and 
DNA adduct formation [18]. We and others have 
shown previously that induction of QR activity is 
often related to inhibition of iNOS induction [19a-c]. 
It was, therefore, of interest to analyze whether 
humulones and isohumulones would inhibit iNOS 
induction, using the murine macrophage cell line 
Raw264.7 stimulated with bacterial lipopolysaccha-
rides (LPS) as a model.  
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Figure 2: Induction of NAD(P)H:quinone reductase (QR) activity in Hepa1c1c7 cell culture. QR induction was computed by comparison with a solvent treated 
control (T: treated/ C: control). 
 
In correlation with QR induction, fraction X08.C was 
most potent in inhibiting LPS-induced iNOS activity 
with an IC50 value of 5.9 µg/mL. These data were in 
agreement with previous findings of Nozawa et al., 
who reported that isomerized hops extract and 
isohumulone inhibited PGE2 production by Cox-2 in 
LPS/interferon-γ-stimulated Raw264.7 macrophages 
[6a]. Neither humulones nor humulinones inhibited 
iNOS induction in our test system at concentrations 
up to 20 µg/mL (Table 1). In contrast, TNF-α-
mediated Cox-2 expression was potently inhibited by 
humulone in the murine osteoblastic MC3T3-E1 cell 
line [20]. Mechanistic investigations indicated that 
transcription factors NF-κB and NF-IL6 were targets 
of humulone action. The observed discrepancy of 
results obtained with humulone in the MC3T3-E1 
and Raw264.7 cell lines may be due to differences in 
the utilized inducers and variations in the signal 
transduction machinery in both cell lines. Humulone 
was also reported to inhibit Cox-2 enzymatic activity 
with an IC50 of 1.6 µM [20]. We were not able to 
reproduce this result at concentrations up to 5 µM 
using human recombinant Cox-2 as an enzyme 
source (data not shown, method as described in [7]). 
In addition to these studies on humulone and 
isohumulones, Zhao et al. have investigated the 
potential of other hops constituents, including the 
β-acid lupulone, xanthohumol, and a series of 
derivatives of both compounds, to inhibit NO 
production in the Raw macrophage system [21]. Only 
chalcones such as xanthohumol were identified as 
potent inhibitors in this study, whereas lupulone and 
the β-acid derivatives were inactive.  
 
In conclusion, the present report provides first 
evidence that induction of phase 2 metabolizing 
enzymes could contribute to humulone- and 
isohumulone-mediated cancer chemoprevention. We 
have identified humulones and isohumulones as 
novel potent inducers of QR activity. Taking into 
consideration the relatively high concentrations of 

isohumulones in beer compared with other bioactive 
hops components, such as xanthohumol [7], further 
investigations on potential cancer chemopreventive 
efficacy and their influence on phase 2 metabolizing 
enzymes in animal models are warranted. A first 
indication may be seen in the dose-dependent 
reduction of carcinogen-induced mammary carcino-
genesis by freeze-dried beer [22]. In that study, 
Nozawa et al. also demonstrated that feeding rats 
with freeze-dried beer (4% in the diet) increased 
hepatic GST activity and reduced carcinogen-DNA 
adducts in mammary tissue. So far, the beer 
components responsible for these preventive effects 
have not been analyzed.  
 
Experimental 

Plant material: An ethanolic hops extract, as well as 
a CO2-hops extract, was produced, as described in 
[23], from Humulus lupulus, var. Taurus 
(Cannabinaceae) and supplied by Hallertauer 
Hopfenveredlungsgesellschaft (HHV) mbH, Main-
burg, Germany. 
 
General experimental conditions: NMR spectra 
were recorded on Bruker Avance 500 and Bruker 
Avance DRX 500 spectrometers in CD3OD. Mass 
spectra were measured on a Finnigan MAT 90 mass 
spectrometer. 
 
Extraction and fractionation: An ethanolic hops 
extract was treated with supercritical carbon-dioxide 
to remove hops α- and β- acids. This “α-/β-acid free” 
fraction is a commercially available hops extract that 
has recently been introduced into the brewing 
industry for producing xanthohumol-enriched beers 
[9]. From this extract, 20 g was separated by size 
exclusion column chromatography using Sephadex 
LH-20 (column: Ø 5.5 x 120 cm). A step gradient 
from methanol/dichlormethane 50:50 (v/v), to 70:30 
(v/v) to 90:10 (v/v) was performed to obtain the 
following fractions X01 (5.80 g), X02 (2.75 g), X03 
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(2.64 g), X04 (1.41g), X05 (0.39g), X06 (0.67g), X07 
(0.95 g), X08 (1.23 g), X09 (0.05 g), X10 (0.64 g), 
X11 (0.38 g), X12 (0.47 g), X13 (0.18 g), X14 (0.21 
g), X15 (0.16 g), X16 (0.06 g), X17 (0.03 g), and 
X18 (0.01 g). 
 
An intense bitter taste indicated the presence of bitter 
acids in fractions X07 and X08. Because of higher 
yield, fraction X08 (330 mg) was further separated by 
semi-preparative HPLC, which was performed on a 
RP-18ec column (VP 250/4 Nucleosil 100-5 
C18Hop, Macherey–Nagel, Düren, Germany) using 
acetonitrile/water 56:44 (v/v) with 0.05% TFA. The 
solvent delivery system was a Waters M-45 (Waters, 
Milford USA). Peaks were detected with a RI-
Detector (RI-Detector 8110, Bischoff, Leonberg, 
Germany) and, after 7 min, collected to yield 5.1 mg 
of X08.A, 7.1 mg of X08.B, 5.0 mg of X08.C, 4.6 mg 
of X08.D and 3.9 mg of X08.E. Structures were 
determined by NMR spectroscopy (1H, 13C, HSQC, 
HMBC) and ESI mass spectrometry in comparison 
with literature data [10b-d,f].  
 
Isolation of humulones as reference compounds: 
Cohumulone, n-humulone and adhumulone were 
isolated from a hops CO2-extract by a modified 
counter-current separation, as described previously 
[11]. Identity was confirmed by NMR and mass 
spectrometry in comparison with literature data [10b, 
24a,b]. 
 

Synthesis of humulinones: n-Humulinone and 
cohumulinone were synthesized by partial synthesis, 
as described in [10b], starting from pure cohumulone 
and n-humulone, respectively. Structure elucidation 
was performed as described above. Spectra were in 
agreement with published literature [10a,b,e]. 
 
Determination of potential cancer chemopreventive 
activities: Experimental details of most test systems 
utilized in this study are summarized in [7,15]. 
Briefly, radical scavenging potential was determined 
photometrically by reaction with 1,1-diphenyl-
2-picrylhydrazyl (DPPH) free radicals in a microplate 
format [7]. Induction of NAD(P)H:quinone reductase 
(EC 1.6.99.2) activity in cultured Hepa1c1c7 cells 
was assayed as described in [25], monitoring the 
NADPH-dependent menadiol-mediated reduction of 
MTT [3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyltetra-
zolium bromide] to a blue formazan. Inhibition of 
lipopolysaccharide-induced inducible nitric oxide 
synthase (iNOS) activity (EC 1.14.13.39) in murine 
Raw 264.7 macrophages was quantified via the 
Griess reaction, as described previously [15,19b]. 
 
Acknowledgments - We thank Hallertauer 
Hopfenveredelungs Gesellschaft mbH (HHV), Main-
burg for providing the extracts and financial support 
for this work. We thank Dr M. Biendl for fruitful 
discussion and Dr S. Boettcher for LCMS-
measurements.

 
References 

[1] Verzele M. (1986) 100-Years of hop chemistry and its relevance to brewing. Journal of the Institute of Brewing, 92, 32-48. 
[2] Teuber M, Schmalreck AF. (1973) Membrane leakage in Bacillus subtilis 168 induced by the hop constituents lupulone, humulone, 

isohumulone and humulinic acid. Archives of Microbiology, 94, 159-171. 
[3] (a) De Keukeleire D, De Cooman L, Rong H, Heyerick A, Kalita J, Milligan SR. (1999) Functional properties of hop polyphenols. 

Basic Life Sciences, 66, 739-760; (b) Hughes P. (2000) The significance of iso-α-acids for beer quality - Cambridge prize paper. 
Journal of the Institute of Brewing, 106, 271-276; (c) De Keukeleire D. (2000) Fundamentals of beer and hop chemistry. Quimica 
Nova, 23, 108-112. 

[4] (a) Stevens JF, Page JE. (2004) Xanthohumol and related prenylflavonoids from hops and beer: to your good health! 
Phytochemistry, 65, 1317-1330; (b) Kondo K. (2004) Beer and health: preventive effects of beer components on lifestyle-related 
diseases. Biofactors, 22, 303-310; (c) Gerhauser C. (2005) Beer constituents as potential cancer chemopreventive agents. European 
Journal of Cancer, 41, 1941-1954. 

[5] Lee JC, Kundu JK, Hwang DM, Na HK, Surh YJ. (2007) Humulone inhibits phorbol ester-induced COX-2 expression in mouse 
skin by blocking activation of NF-κB and AP-1: I-κB kinase and c-Jun-N-terminal kinase as respective potential upstream targets. 
Carcinogenesis, 28, 1491-1498. 

[6] (a) Nozawa H, Nakao W, Zhao F, Kondo K. (2005) Dietary supplement of isohumulones inhibits the formation of aberrant crypt 
foci with a concomitant decrease in prostaglandin E2 level in rat colon. Molecular Nutrition and Food Research, 49, 772-778; (b) 
Shindo S, Tomatsu M, Nakda T, Shibamoto N, Tachibana T, Mori K. (2002) Inhibition of aldose reductase activity by extracts 
from hops. Journal of the Institute of Brewing, 108, 344-347; (c) Yajima H, Ikeshima E, Shiraki M, Kanaya T, Fujiwara D, Odai H, 
Tsuboyama-Kasaoka N, Ezaki O, Oikawa S, Kondo K. (2004) Isohumulones, bitter acids derived from hops, activate both 
peroxisome proliferator-activated receptor α and γ and reduce insulin resistance. Journal of Biological Chemistry, 279, 33456-
33462; (d) Yajima H, Noguchi T, Ikeshima E, Shiraki M, Kanaya T, Tsuboyama-Kasaoka N, Ezaki O, Oikawa S, Kondo K. (2005) 
Prevention of diet-induced obesity by dietary isomerized hop extract containing isohumulones, in rodents. International Journal of 
Obesity (London), 29, 991-997; (e) Miura Y, Hosono M, Oyamada C, Odai H, Oikawa S, Kondo K. (2005) Dietary isohumulones, 



6  Natural Product Communications Vol. 3 (0) 2008 Bohr et al. 

the bitter components of beer, raise plasma HDL-cholesterol levels and reduce liver cholesterol and triacylglycerol contents similar 
to PPARalpha activations in C57BL/6 mice. British Journal of Nutrition, 93, 559-567; (f) Shimura M, Hasumi A, Minato T, 
Hosono M, Miura Y, Mizutani S, Kondo K, Oikawa S, Yoshida A. (2005) Isohumulones modulate blood lipid status through the 
activation of PPAR alpha. Biochimica et Biophysica Acta, 1736, 51-60; (g) Namikoshi T, Tomita N, Fujimoto S, Haruna Y, Ohzeki 
M, Komai N, Sasaki T, Yoshida A, Kashihara N. (2007) Isohumulones derived from hops ameliorate renal injury via an anti-
oxidative effect in Dahl salt-sensitive rats. Hypertension Research, 30, 175-184. 

[7] Gerhauser C, Alt A, Heiss E, Gamal-Eldeen A, Klimo K, Knauft J, Neumann I, Scherf HR, Frank N, Bartsch H, Becker H. (2002) 
Cancer chemopreventive activity of xanthohumol, a natural product derived from hop. Molecular Cancer Therapeutics, 1, 959-969. 

[8] Bohr G, Gerhauser C, Knauft J, Zapp J, Becker H. (2005) Anti-inflammatory acylphloroglucinol derivatives from hops (Humulus 
lupulus). Journal of Natural Products, 68, 1545-1548. 

[9] Biendl M, Methner F-J, Stettner G, Walker CJ. (2004) Brauversuche mit einem xanthohumolreichen Hopfenprodukt. Brauwelt, 
144, 236-244. 

[10] (a) Meheus J, Verzele M, Alderweireldt F. (1964) Humulinone. Bulletin Des Societes Chimiques Belges, 73, 268-273; (b) Verzele 
M, De Keukeleire D. (1991) Chemistry and analysis of hop and beer bitter acids. Elsevier Science Publishers B.V., Amsterdem, 
New York, 1-417; (c) Nord LI, Sorensen SB, Duus JO. (2003) Characterization of reduced iso-α-acids derived from hops 
(Humulus lupulus) by NMR. Magnetic Resonance in Chemistry, 41, 660-670; (d) Vanhoenacker G, De Keukeleire D, Sandra P. 
(2004) Analysis of iso-α-acids and reduced iso-α-acids in beer by direct injection and liquid chromatography with ultraviolet 
absorbance detection or with mass spectrometry. Journal of Chromatography A, 1035, 53-61; (e) Chadwick LR, Nikolic D, 
Burdette JE, Overk CR, Bolton JL, van Breemen RB, Frohlich R, Fong HH, Farnsworth NR, Pauli GF. (2004) Estrogens and 
congeners from spent hops (Humulus lupulus). Journal of Natural Products, 67, 2024-2032; (f) Khatib A, Wilson EG, Kim HK, 
Supardi M, Choi YH, Verpoorte R. (2007) NMR assignment of iso-α-acids from isomerised extracts of Humulus lupulus L. cones. 
Phytochemical Analysis, 18, 371-377. 

[11] Hermans-Lokkerbol ACJ, Verpoorte R. (1994) Preparative separation and isolation of three α-bitter acids from hop, Humulus 
lupulus L, by centrifugal partition chromatography. Journal of Chromatography A, 664, 45-53. 

[12] Sporn MB, Newton DL. (1979) Chemoprevention of cancer with retinoids. Federation Proceedings, 38, 2528-2534. 
[13] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. (2007) Free radicals and antioxidants in normal physiological 

functions and human disease. International Journal of Biochemistry and Cell Biology, 39, 44-84. 
[14] Tagashira M, Watanabe M, Uemitsu N. (1995) Antioxidative activity of hop bitter acids and their analogues. Bioscience 
 Biotechnology and Biochemistry, 59, 740-742. 
[15] Gerhauser C, Klimo K, Heiss E, Neumann I, Gamal-Eldeen A, Knauft J, Liu GY, Sitthimonchai S, Frank N. (2003) Mechanism-

based in vitro screening of potential cancer chemopreventive agents. Mutation Research, 523-524, 163-172. 
[16] Jaiswal AK. (2000) Regulation of genes encoding NAD(P)H:quinone oxidoreductases. Free Radical Biology and Medicine, 29, 

254-262. 
[17] Eggler AL, Gay KA, Mesecar AD. (2008) Molecular mechanisms of natural products in chemoprevention: induction of 

cytoprotective enzymes by Nrf2. Molecular Nutrition and Food Research, 52 (Suppl 1): S84-94. 
[18] Ohshima H, Bartsch H. (1994) Chronic infections and inflammatory processes as cancer risk-factors - Possible role of nitric-oxide 

in carcinogenesis. Mutation Research, 305, 253-264. 
[19] (a) Gerhauser C, Heiss E, Herhaus C, Klimo K. (2001) Potential chemopreventive mechanisms of chalcones. In: Dietary 

anticarcinogens and antimutagens: chemical and biological aspects Vol. 4.4, Johnson IT, Fenwick GR (Eds.), Royal Society of 
Chemistry, Cambridge, 189-192; (b) Heiss E, Herhaus C, Klimo K, Bartsch H, Gerhauser C. (2001) Nuclear factor kappa B is a 
molecular target for sulforaphane-mediated anti-inflammatory mechanisms. Journal of Biological Chemistry, 276, 32008-32015; 
(c) Dinkova-Kostova AT, Liby KT, Stephenson KK, Holtzclaw WD, Gao X, Suh N, Williams C, Risingsong R, Honda T, Gribble 
GW, Sporn MB, Talalay P. (2005) Extremely potent triterpenoid inducers of the phase 2 response: correlations of protection 
against oxidant and inflammatory stress. Proceedings of the National Academy of Sciences of the United States of America, 102, 
4584-4589. 

[20] Yamamoto K, Wang J, Yamamoto S, Tobe H. (2000) Suppression of cyclooxygenase-2 gene transcription by humulone of beer 
 hop extract studied with reference to glucocorticoid. FEBS Letters, 465, 103-106. 
[21] Zhao F, Nozawa H, Daikonnya A, Kondo K, Kitanaka S. (2003) Inhibitors of nitric oxide production from hops (Humulus lupulus 

L.). Biological & Pharmaceutical Bulletin, 26, 61-65. 
[22] Nozawa H, Nakao W, Takata J, Arimoto-Kobayashi S, Kondo K. (2006) Inhibition of PhIP-induced mammary carcinogenesis in 

female rats by ingestion of freeze-dried beer. Cancer Letters, 235, 121-129. 
[23] Carl H. (1997) Hops and Hop Products (Manual of good practice). EBC Technology and Engineering Forum Nürnberg, pp. 67-68. 
[24] (a) Pusecker K, Albert K, Bayer E. (1999) Investigation of hop and beer bitter acids by coupling of high-performance liquid 

chromatography to nuclear magnetic resonance spectroscopy. Journal of Chromatography A, 836, 245-252; (b) Hoek AC, 
Hermans-Lokkerbol ACJ, Verpoorte R. (2001) An improved NMR method for the quantification of alpha-acids in hops and hop 
products. Phytochemical Analysis, 12, 53-57. 

[25] Prochaska HJ, Santamaria AB. (1988) Direct measurement of NAD(P)H:quinone reductase from cells cultured in microtiter wells: 
a screening assay for anticarcinogenic enzyme inducers. Analytical Biochemistry, 169, 328-336. 


