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Summary 
 
The present review describes the morphological, phytochemical and 
ethnopharmacological aspects of Humulus lupulus L. (Cannabinaceae) and summarizes 
the most interesting findings obtained in the preclinical and clinical research related to 
the plant. The female inflorescences of Humulus lupulus (hops), well-known as bittering 
agent in brewing industry, have long been used in traditional medicine mainly to treat 
sleep disturbances. However the sedative activity is still under investigation in order to 
recognize the active principles responsible for the neuropharmacological effects observed 
in laboratory animals, and their mechanism of action. Other traditional applications of 
hops as stomachic, antibacterial and antifungal remedy have been supported by in vivo 
and/or in vitro investigations. In recent years some prenylated chalcones present in hops 
have received much attention for their biological effects: in particular, xanthohumol has 
been shown to exert cancer chemopreventive activity in in vitro experiments, while 8-
prenylnaringenin has been characterized as one of the most potent phytoestrogens 
isolated until now. Nevertheless much additional work is needed to open up new 
biomedical application of these compounds.  
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Introduction 
 

The plant of Humulus lupulus L. (Cannabinaceae) is well-known throughout the 
world as the raw material in the brewing industry. The female inflorescences (hop cones 
or “hops”), rich in polyphenolic compounds and acyl phloroglucides are widely used to 
preserve beer and to give it a characteristic aroma and flavour. In addition hop cones have 
long been used for medicinal purposes. In particular, hop preparations were mainly 
recommended for the treatment of sleeping disorders, as a mild sedative, and for the 
activation of gastric function as bitter stomachic.  

In line with a growing interest in the health benefits of plants used in traditional 
medicine, Humulus lupulus has received particular attention by the researchers and, as a 
result, a significant number of articles have been published. Starting from the second half 
of the 20th century, several phytochemical studies were performed to investigate the 
composition of hop cones and other parts of the plant, leading to the isolation and 
identification of pharmacologically relevant compounds such as flavanones, chalcones, 
phloroglucinol derivatives. During the past decade, many pharmacological investigations 
in vitro and in vivo tried to produce scientific evidence of the reported traditional uses. 
The effect of hop plant at the central nervous system (CNS) level and in particular its 
efficacy in sleeping disturbances has been repetitively studied in laboratory animals, but 
the results are sometimes contradictory and require a through reinvestigation. Moreover 
the number of clinical studies supporting the use of hops as a sedative is rather limited: 
therefore the effectiveness of hops in the treatment of sleeplessness is still questionable. 

In recent years the estrogenic properties as well as the potential cancer 
chemopreventive activities of hops have been investigated and some active compounds 
from hop have received much attention. Among these, 8-prenylnaringenin is considered 
as one of the most potent phytoestrogens currently known, while xanthohumol proved to 
possess a broad spectrum of cancerinhibiting mechanisms.  

Starting from the current knowledge about the traditional use of hops and its 
botanical, phytochemical and pharmacological characteristics, the present review 
provides a critical appraisal of the ethnopharmacological issues. Particularly we focused 
our attention on the effect of the hop plant on CNS, comparing the results obtained in our 
laboratory and already published in this journal 1,2 with those obtained by other authors. 
Other effects of the hop plant, such as the estrogenic and cancer-related bioactivities, are 
only briefly discussed since comprehensive reviews have been recently published 3,4,5. 

 
 

Phytochemical studies 

The main structural classes of chemical compounds identified from hop mature 
cones include terpenes, bitter acids and chalcones. Hops are also rich in flavonol 
glycosides (kaempferol, quercetin, quercitrin, rutin)6 and catechins (catechin gallate, 
epicatechin gallate)7.  

Hundreds of terpenoid components were identified in the volatile oil (0.3–1.0% of 
hop strobile weight): primarily β-caryophyllene, farnesene and humulene 
(sesquiterpenes) and myrcene (monoterpene) 8,9.  
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Figure: Humulus lupulus Linn. 

 

The bitter acids (5–20% of hop strobile weight) are phloroglucinol derivatives 
usually classified as α-acids and β-acids. Both groups contain a 3,4,5, or 6-carbon oxo-
alkyl side chain: β-acids are structurally different from α-acids for one more prenyl 
group. The bitter acids are present in hops as a complex mixture of variable composition 
and concentrations. The main α-acids are humulone (35–70% of total α-acids), 
cohumulone (20–65%) and adhumulone (10–15%); the corresponding β-acids are 
lupulone (30–55% of total β-acids), colupulone and adlupulone. In addition to the two 
series of normal, co- and ad-homologs, there exist some minor bitter acids represented by 
posthumulone/postlupulone, prehumulone/prelupulone, adprehumulone.  

The biosynthesis, isomerization, oxidation and degradation of hop bitter acids 
have been extensively studied10,11,12. α-Acids are the crucial compounds for the quality of 
hops used in brewer industry, contributing to foam stability as well as exerting 
antibacterial activity (10). At high pH value and high temperature, α-acids isomerize to 
the corresponding iso-α-acids which are more soluble and more bitter than their parent 
compounds. Therefore they are responsible mainly for the typical bitter taste of beer, in 
addition to elicit foam stabilizing and antibacterial properties, like α-acids 10.  
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Besides to the volatile oil and the bitter acids, several prenylflavonoids were 
identified from hop cones 13. The most important compound is the chalcone xanthohumol 
(XH) (up to 1% in dry hop cones) 14, which can be converted to the prenylflavanone 
isoxanthohumol (IX) in consequence of thermal treatment and increased pH value 15,14. 
Therefore IX is the main prenylflavonoid present in beer. Also other chalcones, occurring 
at 10–100-fold lower concentrations than that of XH, isomerize to the corresponding 
flavanones. A chalcone named xanthogalenol (XG) has been identified only in some hop 
varieties growing in North America or East Asia 16. The compound 2’,4’,6’,4-
tetrahydroxy-3’-C-prenylchalcone commonly known as desmethylxanthohumol (DMX) 
is considered as the precursor of the most flavonoids present in hops 5. Through a 
chemical isomerization, it gives rise to the major estrogen of hops identified as the 1:1 
racemate (±)-8-prenylnaringenin (8-PN), along with the racemic 6-prenylnaringenin (6-
PN)17. In humans 8-PN has been shown to derive from IX through activation by intestinal 
microflora 18 or by liver cytochrome P450 enzymes 19. Hence, the estrogenically inactive 
XH possesses an estrogenic potential through its conversion to IX and then to 8-PN.  

The chemistry, biological activity and biotechnological aspects of xanthohumol 
and other prenylated flavonoids from hops have been recently reviewed 3.  

During the development from female inflorescences to ripe cones, the levels of α-
acids, β-acids, DMX and XH gradually increase, the accumulation rate depending on hop 
variety and climatological conditions 20,21. The bitter acids and XH were also detected in 
male inflorescences: their concentrations are similar to those found during early female 
flowering (20). The same authors demonstrated the presence of bitter acids and chalcones 
in leaves of fully grown hops even if their levels were found generally lower than in the 
hop cones and strictly related to the hop varieties 20,21. The hop leaves contain also 
volatile compounds but in a much lesser amount than the hop cones (<0.05%) 22. 

The European Pharmacopoeia23 and the British Pharmacopoeia24 report the 
microscopical and chromatographical identification assays of hops (Lupuli flos). The 
thin-layer chromatogram of hop strobiles, examined in ultraviolet light at 254 nm, shows 
a number of quenching bands due to xanthohumol, humulones and lupulones.  
 

Pharmacological studies 

Sedative activity 

The traditional use of hops as a mild sedative stems from the observation of 
sleepiness and fatigue in the hop-pickers, apparently due to the transfer of hop resin from 
their hands to their mouths25. The German Commission E approved hops for the 
treatment of “mood disturbances, such as restlessness and anxiety, sleep disturbances” 26. 
Nevertheless the sedative activity of hops was poorly investigated in experimental and 
clinical studies. The first investigation carried out in rodents was published by H¨ansel 
and Wagener27. The authors did not observe alteration in locomotor activity and in 
hexobarbital-induced sleeping time in mice orally treated with three types of hop extracts, 
two produced with ethanol and the third with methylisobutyl-ketone, at doses up to 500 
mg/kg b.w. In addition neither antagonistic effect against metamphetamine-induced 
stimulation nor muscle relaxation was found. The lack of a clear sedative effect was also 
reported in human subjects treated with 250 mg/day of a lipophilic hop extract for 5 days 
28.  
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The tranquilizing property of different extracts of Humulus lupulus, 
intraperitoneally (i.p.) injected in mice, was investigated by Bravo et al.29. The authors 
observed a reduction in spontaneous motor activity, related to the type of solvent used in 
the extraction procedure. The ether extract was the most active in comparison with the 
aqueous and alcoholic ones. It must be underlined that a high dose, 1ml of Humulus 
lupulus extract 10%/20 g b.w. was needed to elicit the reduction in motility. None of the 
tested extracts exerted a myorelaxant effect. The neuropharmacological effect of an 
undefined hop extract, dosed from 100 to 500 mg/kg, was evaluated in mice by Lee et 
al.30: hypothermic, analgesic and anticonvulsant activities were observed after i.p. 
injection. In addition sedative and hypnotic properties were ascribed to the hop extract 
following the observation of a dose-dependent reduction in spontaneous locomotor 
activity and a dose-dependent increase in pentobarbital-induced sleeping time.  
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  Figure: Chemical structures of hop bitter acids.
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         Figure: Chemical structures of prenylflavonoids present in hops.  
 

The above-mentioned studies do not clearly demonstrate the sedative effect of 
Humulus lupulus. First of all the oral administration was applied only in the study of 
H¨ansel and Wagener 27 and they did not observe a sedative effect. The finding of this 
effect after the i.p. injection of hop extracts 29,30 opens up a problem of bioavailability. 
Moreover the different extraction procedures and the undefined composition of the 
administered preparations make questionable the neuropharmacological activity of hops 
as well the identity of the active sedative principle/s. With regard to the last issue, 
H¨ansel et al. 31,32 attributed the sedative effect of hops to 2-methyl-3-butene-2-ol, 
deriving from hop constituents during storage at room temperature. This compound 
caused a 50% reduction of spontaneous motility without inducing a myorelaxant effect, 
when i.p. injected in rats at the dose of 206.5 mg/kg 33,34. A high dose (800 mg/kg) of the 
same compound was needed to induce narcosis in mice 31. It must be underlined that the 
hop extracts commercially available were found to contain small amounts of 2-methyl-3- 
butene-2-ol (<0.01%) 32, therefore it cannot be considered the major responsible 
constituent for the sedative effect of hop extract.  

Recently investigated the neuropharmacological activity of Humulus lupulus 
using a CO2 hop extract and single fractions containing α-acids and β-acids 1,2. CO2 hop 
extract orally administered in rats exerted a pentobarbital sleep-enhancing effect in a 
dose-dependent manner, starting from a minimal effective dose of 10 mg/kg. The extract 
failed to affect the locomotor activity in the open field test and the anxious behaviour of 
rats submitted to the elevated plus-maze test.  
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At our knowledge for the first time, we showed that hop extract, administered at 
the dose of 5–10 mg/kg b.w. three times (24, 5 and 1 h) before the test, reduced 
immobility time during the behavioural despair test, suggesting hence an antidepressant-
like activity. The same pharmacological effects were elicited by the administration of hop 
fraction containing α-acids. On the other hand the fraction containing β-acids orally 
administered in rats (5–10 mg/kg) produced an increased exploratory activity in the open 
field, a reduction in the pentobarbital hypnotic activity and a worsening of picrotoxin 
induced seizures. In the elevated plus maze, the increased exploratory activity into the 
open arms showed by β-acidtreated rats, in comparison with controls, suggested a modest 
anxiolytic-like activity. In the forced swimming test, a significant reduction in the 
immobility time was observed in rats three-times treated with β-acids fraction (5 mg/kg 
b.w., 24, 5 and 1 h before the test). Electrophysiological studies performed on cerebellar 
granule cells in culture showed that the β-acids fraction decreased GABA-evoked current 
in a dose-dependent manner. In conclusion, α-acids fraction can be considered as the 
major responsible constituent for the enhanced pentobarbital effect and for the 
antidepressant property observed after the administration of CO2 hop extract. The β-acids 
fraction exerted an antidepressant activity as well, but reduced pentobarbital hypnotic 
activity. In this context the behavioural (picrotoxin seizure) and electrophysiological 
results seem to suggest the ability of β-acids to reduce the GABAergic activity. The CO2 
extract and the two fractions of bitter acids share an antidepressant-like effect: this 
property could be particularly interesting taking in consideration the poor availability of 
medicinal plants useful for the treatment of depressive disorders.  

A further study describing the sedative property of Humulus lupulus has been 
recently published by Schiller et al. 35. The authors found a reduced locomotor activity, 
an increased ketamine-induced sleeping time and a reduced body temperature in mice 
treated with different dosages, from 200 to 500 mg/kg, of ethanolic and CO2 hop extracts 
by oral gavage. These preparations were devoid of anxiolytic activity, thus confirming 
previous results 1. In the same experimental conditions the authors tested also the effects 
of different fractions of hop extracts. Both fractions containing α-acids and β-acids were 
able to prolong ketamine-induced sleeping time, but the fraction containing β-acids 
needed a dosage approximately 6 times higher (200 mg/kg) than that of α-acids (25 
mg/kg) in order to significantly potentiate the narcotic event. This last result seems to 
suggest a contribution of β-acids to the sedative activity of Humulus lupulus. The 
discrepancy between these results and authors findings 2 should be elucidated taking in 
account several factors (raw material, storage condition, extraction procedure, type of 
solvent), besides the different applied dosages 35. 

A recent study showed that myrcenol, which is produced from myrcene during 
boiling hops, was able to prolong pentobarbital induced sleeping time in mice and to 
potentiate GABAa receptor response in vitro 36. Taking in account the particular 
condition leading to the production of the tested compound, it is unlikely that myrcenol 
could play a role in the sedative effect of a hop extract. On the other hand myrcenol could 
represent a positive modulator of GABAa receptor response as a component of beer.  

In spite of these recent studies, the identity of the active sedative principle/s of 
hops as well the mechanism/s of action is still questionable. A study aimed to clarify the 
interaction of sedative herbs with selected central nervous system receptors demonstrated 
the capacity of a hop dried extract to bind serotoninergic 5-HT6 receptors as well as 
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melatoninergic ML1 receptors 37. The involvement of 5-HT receptors in depression and 
sleep disturbances has been demonstrated 38 and the role of melatonin in the regulation of 
circadian rhythm is well-known 39. It must be underlined that the tested extract contained 
0.48% of flavonoids, but not bitter acids, owing to the utilization of a hydrophilic solvent 
in the extraction procedure 37. The involvement of melatoninergic system in the sedative 
effect of hops could be confirmed by the ability of luzindole, a melatonin receptor 
antagonist, to counteract the hypothermic effect of a hop methanolic extract (250 mg/kg) 
as well as that of melatonin (50 mg/kg) in BL6/C57J mice 40. In this study α-acids were 
excluded to be responsible for the hypothermic activity of hops because they were not 
present in the hydrophilic extract used in the experiments. This finding is not in 
accordance with those by other authors 35 and by Zanoli et al., 1, if the hypnotic event is 
really mediated by the hypothermic effect, as suggested by Gilbert et al. 41.  

An agonistic activity of hops at adenosine A1 receptors was excluded in a study 
aimed to investigate the mechanism of action of a valerian–hop combination dried extract 
42. The authors suggested an alternative mechanism for the sedative effect of hops, 
probably involving GABA receptors 42. Both the authors of the reported studies 42,37 agree 
on the fact that in vitro activities need to be further substantiated by in vivo models.  

The clinical investigations on the efficacy of hops in sleep disturbances were 
generally performed using preparations containing a combination of hops and other 
sedative herbs, particularly valerian. A randomized, double-blind, controlled trial in 
patients suffering from sleep disorders showed equivalent efficacy and tolerability 
between a hop–valerian preparation and a benzodiazepine drug 43. Sleep quality was 
determined by psychometric tests, psychopathologic scales and sleep questionnaires. This 
study pointed out that the hop–valerian treatment for 2 weeks did not elicit the 
withdrawal symptoms, normally occurring with the benzodiazepine therapy.  

The pharmacodynamic effects of a commercially available mixture of valerian 
and hops (Ze 91019) were studied in young adult patients using quantitative 
topographical electroencephalography 44. A clear effect at the central nervous system 
level was observed 4 h after the intake of high dosage of the mixture (1500 mg valerian 
plus 360 mg hops).  

A multicenter, randomized and placebo-controlled study was performed in 184 
patients with mild insomnia, nightly administered for 28 days with a combination of 
standardized extracts of hops (83.8 mg) and valerian (374 mg) 45. Sleep parameters were 
measured by daily diaries and polysomnographic assays. The combination hops–valerian 
showed a modest hypnotic effect, improving sleep without producing significant residual 
effects and rebound insomnia. The lack of residual sedative effects was previously 
stressed by Gerhard et al. 46 in healthy volunteers, receiving a hop–valerian combination 
or flunitrazepam, used as reference drug. The objective measurement of cognitive 
psychomotor performance and the subjective questionnaries on well-being led to 
emphasize the impairment of vigilance in the morning after the ingestion of the 
benzodiazepine drug, while more alertness and activity were observed in patients treated 
with the herbal remedy. Therefore the valerian–hop combination can be considered a 
useful and safe alternative to the classic sedative drugs 46,43,47,45. A herbal preparation, 
containing lavender oil, lemon balm and oat extracts besides hops, exhibited a relaxing 
effect, documented by electroencephalographic analysis, in healthy volunteers 48. 
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However the presence of valerian or other medicinal herbs in the clinical formulations 
does not allow to assess the potential clinical efficacy of hops administered alone. 
 

Estrogenic activity 

The frequent menstrual disturbances observed in female hop-pickers, during the 
early days of hop cones harvesting, suggested a potential hormonal activity of hops. In 
Germany, hop baths were traditionally used to treat gynaecological disorders. The 
presence of estrogenic substances in hops (“equivalent of 20–300 µg estradiol/g”) was 
firstly suggested by Koch and Heim 49. On the contrary other authors did not find 
estrogenic activity in hop essential oil, hop extracts, α-acids, β-acids and hop resin 50. The 
discrepancy could be due to the different nature of extracts as well as to the variety of the 
specific assays used to determine estrogenic properties. In the study of Liu et al.51 the 
estrogenic activity of a methanol hop extract was demonstrated by: (a) the significant 
binding capacity to both estrogen receptors (ERα and ERβ); (b) the induction of alkaline 
phosphatase activity in Ishikawa cells (human endometrial adenocarcinoma epithelial cell 
line); (c) the up-regulation of progesterone receptor mRNA in Ishikawa cells; (d) the up-
regulation of presenelin-2, an estrogen-inducible gene in S30 cells (breast cancer cell line 
transfected with ERα). These results were confirmed by Overk et al. 52 using a 
chloroform partition of a methanol extract from a previously CO2-extracted Nugget hops 
cultivar. The extract showed an estrogenic potency equivalent to that of a red clover 
(Trifolium pratense L.) ethanol extract: both demonstrated significant activities in the ER 
competitive binding, activation of transiently transfected ERE-luciferase, quantitative 
real-time PCR of an estrogen-inducible gene, and alkaline phosphatase enzyme induction 
assays.  

Several phytochemical investigations were performed with the aim to identify the 
estrogenic principle, firstly named “hopsproestrogen” by Nastainczyk 53 subsequently 
recognized as a mixture of 8-PN and 6-PN 17. Among the different compounds (XH, IX, 
6-PN, 8-PN) of a hop polyphenolic fraction showing estrogenic property, 8-PN displayed 
the major activity, measured in vitro using a sensitive bioassay based on the ability of 
estrogenic compounds to stimulate alkaline phosphatase activity in Ishikawa cells 54. In 
the same study, the high estrogenic potency of 8-PN was confirmed by its ability to 
interact with estrogen receptors in a radioligand binding assay on rat uterine cytosol. On 
the other hand 6-PN showed a very weak estrogenic activity (<1/100 of 8-PN) as 
isoxanthoumol did, while xanthoumol was inactive. These findings were subsequently 
confirmed in a yeast screen expressing the human estrogen receptor 55. Using a 
mammalian cell-based transient transactivation assay, 8-PN was demonstrated to be 
approximately 100 times more potent than genistein, but unlike genistein, 8-PN displayed 
twofold higher affinity for ERα than ERβ measured by in vitro competitive binding assay 
56.  

The high estrogenic activity of 8-PN was also confirmed in different in vivo 
experiments. The subcutaneous administration of 8-PN (30 mg/kg/day) for 2 weeks was 
reported to suppress the decrease in bone mineral density and the reduction in uterine 
weight, induced in rats by ovariectomy 57. 8-PN induced a characteristic estrogenic 
response in an acute in vivo test using uterine vascular permeability as an endpoint 58 as 
well as in a 3-day uterotrophic assay in ovariectomized female rats 59.  
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Recent studies performed in vivo demonstrated the capacity of 8-PN: (a) to reduce 
serum-luteinizing hormone (LH) and follicle-stimulating hormone (FSH); (b) to increase 
serum prolactin level and uterine weight; (c) to induce vaginal hyperplastic epithelium; 
(d) to cause secretion in the mammary glands of ovariectomized rats, after a 3-month 
treatment with a high dose (68.4 mg/kg) 60,61. These effects on the hypothalamo-pituitary-
uterine axis are very similar (though milder) to the ones elicited by estradiol. A lower 
dose of 8-PN (18 mg/kg) daily administered in rats for 28 days was reported to prevent 
ovariectomy-induced trabecular bone loss 62. In these animals it was observed a minimal 
and dose-independent stimulatory effect on uterine cells; it was approximately 10-fold 
lesser than that of an equivalent bone protective dose of estradiol. This finding 
demonstrated a remarkable tissue specificity of 8-PN, which was confirmed in a 
transgenic reporter mouse model 62. The capacity of 8-PN to reduce menopausal hot 
flushes was recently assessed by Bowe et al. 63, by measuring the tail skin temperature 
(TST) in ovariectomized rats. The subcutaneous daily administration of 400 µg/kg of 8-
PN for 2 days resulted in a significant decrease in TST similar to that induced by 
estradiol (4µg/kg). The effect of both substanceswas completely blocked by the 
peripheral estrogen receptor antagonist, ICI 182,780, thus demonstrating that peripheral 
mechanisms are involved in the regulation of the vasomotor response by estrogens and 
phytoestrogens.  

In the study performed by Milligan et al. 55 on the endocrine activity of hop 
flavonoids, none of the tested compounds (XH, IX, 6-PN, 8-PN) showed progestogenic 
or androgenic bioactivity. On the other hand, 8-PN was shown to possess anti-androgenic 
activity in a yeast-based androgen receptor assay 64.  

From the clinical point of view, a first randomized, doubleblind, placebo-
controlled study on the use of a standardized (on 8-PN) hop extract in menopausal 
women has recently been published by Heyerick et al. 65. The daily administration of the 
extract, at a dose corresponding to 100 µg 8-PN for 6 weeks, to postmenopausal women 
decreased the incidence of hot flushes and other discomforts associated to estrogen 
deficiency (sweating, insomnia, heart palpitation, irritability). The efficacy of hop 
extracts in reducing hot flushes in menopausalwomenwas previously suggested by Goetz 
(66) and recently confirmed by the same author 67 in a few number of patients treated 
with different types of non-standardized hop preparations. Vaginal dryness in 
postmenopausal women was significantly reduced by the topical application of a gel 
containing hyaluronic acid, liposomes, vitamin E and hop extract 68.  

Single doses, from 50 to 750 mg, of 8-PN were orally given to healthy 
menopausal women in a randomized, double-blind, placebo-controlled study performed 
by Rad et al. 69. The decrease in LH serum levels found after the highest dose 
demonstrated the ability of 8-PN to exert endocrine effects in menopausal women. 
Although further clinical studies are needed, hop-derived prenylated flavonoids could 
provide an attractive alternative treatment for the relief of menopausal symptoms. 
 
Cancer-related bioactivities 

Over the past 10 years several in vitro studies have been carried out in order to 
evaluate the potential activity of hop components as chemopreventive agents. Among hop 
components, xanthohumol (XH) has received the major attention because it seems to 
inhibit in vitro initiation, promotion and progression stages of carcinogenesis, hence 
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appearing as a broad-spectrum chemopreventive agent 3,4,70. A recent study performed in 
vivo showed the ability of XH to induce a significant inhibition of angiogenesis in mice 
implanted with a matrigel sponge, when administered in the drinking water at the 
concentration of 2 µM. At higher concentration (200 µM) XH displayed a marked 
angiogenesis inhibition without adverse effects on animal health parameters 71. In the 
same study the oral administration of XH at the concentration of 20 µM significantly 
inhibited the growth rate of KS-IMM tumors (Kaposi’s sarcoma cell line) in male nude 
mice, starting from the 20th day of treatment. The inhibition of tumor angiogenesis and 
growth (33% and 83%, respectively, in comparison with controls) was observed by 
Gerha¨user 4 in female immuno-deficient mice implanted with human breast tumor 
xenograft and treated with XH subcutaneously injected at the dose of 1000 mg/kg 
b.w./day for 14 days. 

 
Antibacterial and antifungal effects 

Antibacterial activity, mainly towards Gram-positive bacteria, has been 
documented for hops and attributed to humulone and lupulone 72,73,74. The activity of 
bitter acids towards Gram-positive bacteria, including some species of Micrococcus, 
Staphylococcus, Mycobacterium and Streptomycetes, has been thought to involve primary 
membrane leakage, due to the interaction of the hydrophobic parts of the molecules with 
the bacterial cell wall 72. The bitter acids were reported to exert antifungal activity against 
Candida albicans, Trichophyton, Fusarium and Mucor species. In particular humulones, 
exhibiting a minimal inhibitory concentration (MIC) of 100 µg/ml, were more active than 
lupulones (MIC > 200 µg/ml) against Trichophyton and Mucor spp., but less active 
against Staphylococcus spp. (MIC = 6.25 µg/ml vs. 3.13 µg/ml) 75.  

The authors investigated also the antifungal activity of prenylchalcones: XH and 
6-PN were identified as the most potent agents against Trychophyton spp. (MIC = 3.13 
µg/ml) and Staphylococcus aureus (MIC = 6.25 µg/ml) but they were practically inactive 
against other human pathogenic fungi (Candida albicans and Fusarium spp.) 76.  

The essential oils obtained by hydrodistillation and chloroform extracts from 
different hop cultivars showed antimicrobial activity against Gram-positive bacteria (e.g. 
Staphylococcus aureus), but no influence on Gram-negative bacteria (e.g. Escherichia 
coli) and Candida albicans 77.  

A recent review on the antiinfective properties of hop constituents, describes 
xanthohumol as a broad spectrum antiinfective agent against Gram-positive bacteria 
(Staphylococcus aureus, Streptococcus mutans), viruses (cytomegalovirus, herpes 
simplex virus type 1 and 2, human immunodeficiency virus 1), fungi (Trichophyton spp.) 
and malarial protozoa (Plasmodium falciparum) 78. The mechanism/s of the observed 
inhibitory activities is/are still under investigation. 
 
Stomachic effect  

The traditional use of hops as a digestive herb was recently investigated in rats by 
Kurasawa et al. 79. Using a pylorusligated model, the authors showed that a hop-dried 
extract, when orally administered, increased gastric juice volume without affecting 
acidity. The increased secretion was not observed after the intragastric administration of 
hops, suggesting that bitterness of hops is a crucial factor in inducing gastric secretion via 
the cephalic phase. The stomachic effect could be mediated by cholinergic nervous 
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system since it was completely inhibited by atropine. Clinically, the administration of an 
aqueous preparation of Humulus lupulus in patients affected by chronic hyposecretory 
gastritis showed a stimulating effect on gastric secretion 80. 
 
Side effects 

Humulus lupulus can be responsible for allergic reactions in sensitive individuals. 
Pronounced signs of bronchial irritation, dry cough and dyspnea were observed in hop 
processing workers 81,82. Respiratory impairment, together with immunological reactions 
(increased serum level of total IgE) was confirmed in brewery workers exposed to 
organic dusts such as hops, barley and brewery yeast 83. Contact dermatitis from hops 
was firstly described by Badham in 1834 84; subsequently several cases of occupational 
dermatitis to fresh and dried hops were reported by different authors 84,85,86. Nevertheless, 
at our knowledge no clinical case of allergy or anaphylaxis resulting from the therapeutic 
use of hops has been published.  

Toxicological studies in animals stated that LD50 for orally administered hop 
extract in mice ranges from 500 to 3500 mg/kg 87. The oral administration of 
xanthohumol (5×10−4M ad libitum) to laboratory mice for 4 weeks did not affect major 
organ functions and protein, lipid and carbohydrate metabolism 88. Furthermore the 
subchronic oral administration of humulone derivatives in dogs was not associated with 
specific signs of toxicity demonstrating wide safety margins of these substances 89.  
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