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8-Prenylnaringenin is a natural compound biosynthesised in the lupulin glands of the hop inflorescences. It is the
substance with the highest estrogenic activity known so far in the plant kingdom. As estrogens have many targets in
animals and humans, the health effects of 8-prenylnaringenin can be either beneficial or adverse depending on the
physiological status of the consumers.

Keywords: 8-Prenylnaringenin

| 1. Introduction
¢ Human exposure

8-Prenylnaringenin, the most potent phytoestrogen known so far, is exclusively present for human consumers in hoppy
beers. 8-prenylnaringenin and its precursor in human: isoxanthohumol are also present in hop extracts used in dietary
supplements for menopausal symptoms [, Currently, the Belgium food safety Agency authorized hop extracts in food
supplement only if their content in 8-prenylnaringenin and isoxanthohumol does not lead to an exposure to 8-
prenylnaringenin greater than 400 pg/day for an adult 2. According to Stevens et al. [2l, 8-prenylnaringenin can be present
in beer from 0.001 up to 0.069 mg/L in lager and stout, respectively, besides, isoxanthohumol can be converted into 8-
prenylnaringenin and can be present from 0.3 up to 2.1 mg/L in Am. Hefeweizen and Strong ale, respectively. 8-
Prenylnaringenin bioavailability has been reported in humans in [4 and in 8. Tmax for 8-prenylnaringenin ranges between
1 and 2 hours in ¥ based on an ingestion of 500 mg of 8-prenylnaringenin. Moreover, the urine recovery showed that the
absorption rate ranges between 1.2 and 1.6%. In addition, in &, where more dietary doses were used (0.25 mg 8-
prenylnaringenin, 1.30 mg 6-prenylnaringenin, 0.80 mg isoxanthohumol, and 21.3 mg xanthohumol) Tmax occurred at 5.3
+ 4.5 hours for 8-prenylnaringenin and the percentage recovered in urine during the first 24 hours was found to be 0.693 *
0.597%. Therefore, although 8-prenylnaringenin is the most active phytoestrogen known so far in vitro, its bioavailability
and dietary levels of exposure are low. In addition, the low Tmax prevents from reaching a steady-state level in normal
conditions of beer or food supplement consumption. However, isoxanthohumol can be converted into 8-prenyl-naringenin
in people harboring the competent microflora. According to 8, the conversion rate of isoxanthohumol into 8-
prenylnaringenin can vary from 0% to 46%. Currently, the proportion of 8-prenylnaringenin producers is insufficiently
documented. Finally, according to [, 8-prenylnaringenin and isoxanthohumol can act synergistically at a nanomolar range
with estrogenic endocrine disruptors like pesticides. These synergistic effects were obtained using physiological plausible
concentrations.

¢ Blood concentrations in humans

Considering 8-prenylnaringenin, serum concentrations were cited in & while volunteers were on a classical food
supplementation. The data were obtained after a single administration of 250 ug of 8-prenylnaringenin in a hop extract.
Therefore, the situation represented neither a chronic exposure nor a steady-state level. Nevertheless, the 8-
prenylnaringenin serum concentration reached 1.4 + 0.3 ng/mL which represent 4.12 nM. Therefore, when in vitro effects
are screened, the relevant dose should be less than 0.01uM. This would concern circulating forms i.e. glucurono- or sulfo-
conjugates of 8-prenylnaringenin.

| 2. Beneficial Effects
2.1. Hormonal Effects

2.1.1. Menopausal symptoms



Among all phytoestrogens health effects that were studied so far in humans, menopausal symptoms are those most
documented. Currently, the market of food supplements offers preparations based on soy, clover, alfalfa, kudzu, linseed
and hop. Other plants are used for menopausal symptoms including black cohosh, chasteberry or yam but their action
modes are not strictly estrogenic. Although effects are reported and confirmed by meta-analyses, the effects of
phytoestrogens on menopausal symptoms are still debated. The reasons are: a great interindividual variability, different
effects according to the peri- or post-menopausal status, strong placebo effects and studies based on self-declarations.

Hop extracts have been shown to be active on vasomotor symptoms, for instance in . This Randomised Control Trial
(RCT) involved 120 menopausal women and assessed the Greene score and the number of hot flashes in treated women
compared to placebo. The differences between the groups were significant after 4, 8 and 12 weeks of treatment. The hop
tablets used contained 500 mg of hop extract with 100 pg of the active ingredient i.e. 8-prenylnaringenin. Although hop
extracts are currently offered as food supplements for menopausal symptoms, few RCT were published so far.

2.1.2. Bone health

In rat, it was shown that hop extracts standardized in 8-prenylnaringenin and administered orally could prevent bone
losses without action on rat uterus [&. The efficient dose of hop extract was 60 mg/kg/bodyweight, and the serum levels of
potential estrogens or precursors were: 8-prenylnaringenin: 0.25mg/kg bodyweight/day; 6-prenylnaringenin: 1.31 mg/kg
bodyweight/day; isoxanthohumol: 0.81 mg/kg bodyweight/day. The serum levels in treated rats were: 26.7 + 16.9 nM, 2.9
+ 1.4 nM and 5.8 + 5.6 nM of 8-prenylnaringenin, 6-prenylnaringenin and isoxanthohumol, respectively. There is no data in
humans.

2.1.3. Estrogen responsive tissues

There is hardly any data on hop phytoestrogens and breast cancer. As far as we know, the only existing data were given
by Boucher and co-workers [ who stated that the use of dietary supplements based on hop did not significantly induce
breast cancer (AOR = 1.14; 95% CI = 0.36-3.56). However, the origin of these data was not clearly mentioned. In addition
to that, although hop extracts are used in food supplements with the claim: “breast enhancing” no serious clinical study
has ever been published on such an effect.

2.2. Metabolic Beneficial Effects

2.2.1. Effect on cholesterol

No data were found on the potential effect of 8-prenylnaringenin on cholesterol.
2.2.2. Effect on metabolic syndrome

Few data exist on regulation of glucose tolerance by prenyl-flavonoids. The only study found 2% was performed in obese
mice and included xanthohumol, one precursor of 8-prenylnaringenin. This research showed that the prenylflavanones
tested, which were not estrogenic, improved peripheral glucose metabolism in High Fat Diet-fed mice. However, there are
no data so far on the effect of 8-prenylnaringenin itself on metabolic syndrome neither in animals nor humans.

2.2.3. Effects on diabetes

Several data exist on the reduction of diabetes features in mice by xanthohumol and 8-prenylnaringenin 1 and previous
works 12 However, in these studies, the dosage used i.e. 10 mg/L in drinking water of young C57 Black-6 mice probably
exposed animals to 10 pg of 8- prenylnaringenin which is enough to induce an uterotrophy. However, none of the study
investigated this aspect since all studies were performed on male mice. However, although the anti-diabetes effect is
possible, the estrogenic effect on male reproductive features should have been investigated.

| 3. Adverse Effects

Based on the discovery of phytoestrogens, here the reproductive issues will be carefully scrutinized. However, because
isoflavones are also known to interact with the thyroid function, this issue will be addressed also for 8-prenylnaringenin
which is included in the phytoestrogen familly. In addition, in 1977, Farnsworth and co-workers, reported a large list of
plants that were long used in Western countries as anti-fertility agents €. Hop is included in this list and sustain the
estrogenic activity of 8-prenylnaringenin and its precursors.

3.1 Hormonal Based Effects

3.1.1. Pituitary interactions



Estrogens are known to regulate pituitary reproductive hormones, namely Follicle-Stimulating Hormone (FSH) and
Luteinising Hormone (LH). Such an effect is due to the regulation of the hypothalamic Gonadotrophin Releasing Hormone
(GnRH) 131, Depending on the cycle period, estradiol can either stimulate or repress pituitary hormone release. Using this
property, contraceptive drugs have been developed essentially based on the synthetic ethynyl-estradiol which
pharmacokinetic is longer than that of estradiol conferring it a higher potency. Therefore, expecting an effect of
phytoestrogens on pituitary hormones release seems sensible. If such an effect is recorded it should induce menstrual
cycle impairment and steroid synthesis modifications. Doing that phytoestrogens can act as endocrine disruptors and
affect male and female fertility. As will be seen below, such effects are sometimes recorded but other studies failed to
identify any endocrine disruption. This may be due to low dosages of phytoestrogenic substances, to short treatments or
too few tested subjects.

As far as 8-prenylnaringenin is concerned, it is known that the estrogenic effect of hop inflorescences was first discovered
in hop-working-women who used to lick their fingers while picking up the hop buds 14!, As a consequence of this high 8-
prenylnaringenin exposure, their menstrual cycles were disturbed. In rat, 8-prenylnaringenin was shown to modulate both
FSH and LH release 121, More precisely, 8-prenylnaringenin was tested at 2 doses (6.8 and 68.4 mg/kg bodyweight) in rat
parallelly to 17b-estradiol-3-benzoate (0.17 and 0.7 mg/kg bodyweight). Both doses of estradiol and the highest dose of 8-
prenylnaringenin decreased serum LH and FSH, and increased serum prolactin levels, uterine weight, and progesterone
receptor mMRNA transcripts. In the anterior pituitary, ERb and GnRH receptor transcripts were reduced under both estradiol
doses and the highest 8-prenylnaringenin dose. The mRNA concentrations of the LHa and -b subunits in the pituitary were
suppressed by both estrogen treatments. These results showed that 8-prenylnaringenin had very similar though milder
effects than estradiol, on the parameters tested. However, the effective dose were high and can only correspond to the
use of dietary supplements for breast enhancement. Finally, in 28 it was shown that 750 mg of 8-prenylnaringenin was
able to decrease LH serum concentration by 16.7% (95% confidence interval 0.5, 30.2) in postmenopausal women. This
dose was high considering that a 50% decrease is obtained in postmenopausal women using 0.3 mg/day of ethynyl-
estradiol 2. The poor hioavailability of 8-prenylnaringenin explains this poor in vivo efficacy.

3.2.2. Estrogen based toxic effects

In humans, there are no rigorous studies showing an effect of 8-prenylnaringenin on reproduction. 8-prenylnaringenin is
claimed by dietary supplement manufacturers to have breast enlargement properties. However, no scientific report exists
so far documenting such an effect in women. In addition, the lactogenic compounds in beer are most probably water
soluble beta-glucans that stimulate the pituitary secretion of prolactin 28, In 8 where a hop extract was orally
administered to rats, no effect was recorded on the uterus for a dose of 2.37 mg/kg bodyweight/day of 8-prenylnaringenin
and precursors isoxanthohumol and 6-prenylnaringenin.

3.2.3. Thyroid based toxic effects

No published data were retrieved on 8-prenylnaringenin and thyroid.

| 4. Conclusions

8-Prenylnaringenin is considered as an active compound potentially usable in drugs for menopausal women.
Nevertheless its estrogenic activity leads to the application of the caution principle in women at risk or with estrogen-
dependent diseases. This includes estrogen dependent breast cancer.
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