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Bitter Herbs: Improve Digestive Function & Potentially More

Key Points at a Glance

Taste Receptor Research: New Understanding & Potential Applications for Bitter Herbs

29 functional human TAS2Rs identified to date
some herbal bitter substances stimulate taste receptors in vitro

bitter taste receptors (TAS2Rs), such as those in the taste buds detect bitter substances
these receptors are found in tissues other than the oral cavity, including the colon and intestinal endocrine cells

glucagon-like peptide-1 (GLP-1) is secreted from enteroendocrine cells and augments the release of insulin from pancreatic beta-cells;

cholecystokinin (CCK) is secreted by enteroendocrine cells with a range of beneficial effects on digestion, satiety, glucose homeostasis
—  herbal substances found to stimulate GLP-1 and CCK secretion from human enteroendocrine cells possibly via activation of taste

receptors

genetic variability occurs for human TAS2R genes, which for example, may result in reduced bitter taste perception

e  epidemiological studies have not found a clear association for glucose dysregulation or the effect on satiety and body weight, but reduced
functioning of taste receptors is associated with increased alcohol intake and reduced longevity

e clinical studies with healthy volunteers found bitter substances (quinine or denatonium benzoate) administered into the stomach or
duodenum (without tasting by the mouth), reduced hunger and improved satiation, but a conflicting effect on food intake and no effect on

gastric emptying

e  clinical study with herbal bitter substance, administered by capsule (i.e. not tasted) had some beneficial effects in prediabetes

The Classic View of Bitters

e bitter-tasting herbs: long tradition of use, exemplified culturally by the aperitif
e in addition to appetite and digestive functions, regarded as general tonic and for fatigue
mechanisms debated: digestive stimulation via oral taste buds, nerve involvement (reflex or direct), direct interaction with gastrointestinal

tissue or a combination thereof

e thought action of bitters required they be tasted; for direct effect on gastric mucosa higher than traditional doses needed

Gentian & Wormwood

e well-known classic bitters, used for dyspepsia, poor appetite
and to support recovery in debility and after infections

e  contain substances that stimulate TAS2Rs in vitro

e preliminary tests confirm stimulating effect on digestive
enzymes and bile

e clinical study found gentian improved symptoms of
dyspepsia (administered by capsule i.e. not tasted; high
dose)

Ginger & Chen Pi (Tangerine)

e traditional actions on Gl tract: carminative, digestive
stimulant; used to improve appetite and digestion

e chen pi may contain a substance that stimulates a TAS2R
in vitro

Feverfew

e less-documented but traditional bitter; used to improve
appetite and digestion
e  contains a substance that stimulates TAS2Rs in vitro

Indications & Safety

Poor appetite, sluggish digestion, dyspepsia, flatulence.

As a digestive and tonic during convalescence.

Food intolerances and allergies.

As part of a regimen: to improve nutrient absorption and
regain healthy bowel flora; possibly to support glucose
homeostasis (may require high doses) and weight loss.

e  Contraindicated in pregnancy, lactation and known allergy.
Caution in stomach ulcer, inflammation or hyperacidity. May
be appropriate to pause intake after 4 weeks (due to
Wormwood).
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Taste Receptor Research Suggests New
Understanding of Bitter Herbs

Humans are able to distinguish between five primary
tastes: bitter, sweet, sour, salty and umami. (Umami is a
savoury taste caused by the presence of monosodium
glutamate.) As many naturally-occurring bitter compounds
are toxic, the ability to perceive bitter taste may have
served as a warning against the ingestion of toxic
compounds in food, although the correlation between
bitterness and toxicity can vary, and some bitter
substances are beneficial to health."3

The perception of bitter taste starts with the binding of
specific molecules to certain receptors encoded by the
taste receptor type 2 family (TAS2R) of taste receptor
genes. TAS2 receptors are expressed at the surface of taste
receptor cells, such as in taste buds on the tongue
surface.'?

Research in rats and/or mice conducted in the early 2000s
discovered that there are bitter receptors in tissues other
than the oral cavity including the stomach and duodenum,
respiratory tract and brain.? It has been confirmed from
research using isolated tissues and cell lines that TAS2
receptors are expressed in the human colon and intestinal
endocrine cells. Of the 25 TAS2Rs in the human genome
identified at the time, 17 were detected in colonic tissue.’
This raised the possibility that taste receptors may have
functions other than taste perception.2 The Gene
Expression Omnibus, a public genomics data repository
available online via the US National Library of Medicine
(http://www.ncbi.nlm.nih.gov/geo), indicates that TAS2Rs
are expressed in human tissues other than the
gastrointestinal tract: including brain, heart, skeletal
muscle, endometrium, liver and omental adipose tissue.®

As of 2010, bitter compounds had been identified as
agonists (i.e. stimulating the receptor) for 20 of the 25
functional human TAS2Rs. Some TAS2Rs respond to several
bitter compounds and some bitter compounds can activate
several receptors. Key herbal bitter substances found to
stimulate human TAS2Rs are outlined in Table 1.7
Stimulation was assessed using in vitro calcium imaging
analysis. (If and when the receptor is activated by the
substance, calcium ions are released from intracellular
stores and induce neurotransmitter release.) Of the 104
natural and synthetic substances tested, some compounds
only produced a partial response, and two compounds
(naringin from grapefruit and sulforaphane from broccoli
sprouts) were inactive. In some cases, a range of
concentrations were required to activate the receptors e.qg.
absinthin: 0.1 pM for TAS2R47, 100 pM for TAS2R10 and
TAS2R14; amarogentin: 3 pM for TAS2R47, 300 pM for
TAS2R4 and TAS2R39. (Note: The higher the concentration
the lower the potency.)’ Since the publication of this
research, an additional four TAS2Rs have been identified,
and several have been renamed (e.g. TAS2R44 and
TAS2R47 are now TAS2R31 and TAS2R30, respectively)
making a total of 29 functional human TAS2Rs.'%™"

Effects in Enteroendocrine Cells

In response to food ingestion, enteroendocrine cells in the
intestinal mucosa release hormones that can stimulate
insulin secretion from the pancreas thereby reducing blood
glucose. This is known as the incretin effect and two
hormones, glucagon-like peptide-1 (GLP-1) and gastric
inhibitory peptide (GIP), have been identified as the
incretins.'® The predominant role of GIP seems to be
related to increased adipogenesis, while GLP-1 is an
important regulator of glucose homeostasis, as well as
regulating appetite and gut motility."2 Increasing

Compound Herbi Bitter Taste Receptor (TAS2R)§  Ref
absinthin wormwood herb (Artemisia absinthium) 10, 14, 46, 47 7
aloin aloe resin (Aloe barbadensis) 43 7
amarogentin gentian root (Gentiana lutea) 1, 4, 39, 43, 46, 47, 50 7
andrographolide Andrographis paniculata leaves 46, 47, 50 7
arbutin bearberry leaves (Arctostaphylos uva-ursi) 16 7
cynaropicrin globe artichoke leaf (Cynara scolymus) 46 8
green tea catechins green tea leaves (Camellia sinensis) 39 9
grosheimin globe artichoke leaf (Cynara scolymus)t 43, 46 7
humulone isomers hops strobiles (Humulus lupulus) 1,14, 40 7
limonin Phellodendron amurense bark and possibly chen pi (Citrus reticulata) peel~ | 38 7
marrubiin Marrubium vulgare leaves 46 8
parthenolide feverfew leaves (Tanacetum parthenium) 1,4,8,10, 14, 44, 46 7
salicin willow bark (Salix spp.) 16 7
sinigrin horseradish root (Armoracia rusticana) 16, 38 7
alpha-thujone essential oils of Thuja occidentalis leaf and wormwood (Artemisia 10, 14 7
absinthium) leaf and flowering tops*

Table 1. Substances from common medicinal plants found to stimulate human TAS2 receptors in vitro.

Note: f Present as @ major or characteristic constituent, or minor constituent present in more than trace amounts. § Present in colonic tissue: TAS2R3, 4, 5, 10,
13, 38, 39, 40, 42, 43, 44, 45, 46, 47, 49, 50, 60; present in intestinal endocrine cell lines: TAS2R4, 5, 13, 14, 16, 38, 39, 40, 44, 46, 47, 49, 50, 60, -
nomenclature prior to the 2015 renaming. t Present in much smaller amounts than cynaropicrin.'> ~ Amount varies depending on variety and stage of
maturation of fruit.” * Amount can vary substantially in wormwood essential oil from relatively high to very low/almost absent, and depends on growing

conditions and chemotype.'®"7
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research has focussed on the role of GLP-1 in type 2
diabetes and weight loss: the use of GLP-1 analogues and
inhibitors of dipeptidylpepidase 4 (DPP-4, the enzyme that
breaks down both GLP-1 and GIP)."" A major adverse
effect of GLP-1 analogue treatments is nausea, an effect
that is not seen with DPP-4 inhibitors.” Other means of
increasing GLP-1 secretion, such as via stimulation of bitter
receptors, may provide an alternative or supporting
strategy in type 2 diabetes.

Calcium imaging analysis can only be used for compounds
that cause calcium signalling as a consequence of receptor
activation.” Using a different in vitro model, berberine
was found to stimulate glucagon-like peptide (GLP)-1
secretion from human enteroendocrine cells via activation
of TAS2R38. (GLP-1 is secreted from enteroendocrine cells
and augments the release of insulin from pancreatic beta-
cells.)?' Berberine, in doses around 1000 mg/day, which is
higher than is found naturally in herbs such as golden seal
(Hydrastis canadensis), has demonstrated hypoglycaemic
activity in diabetics,?>?* and secretion of GLP-1 by
berberine was considered one of many possible
mechanisms (investigated using in vitro and in vivo animal
models).?" These are the first results to suggest this
mechanism may involve berberine acting as a taste
receptor agonist in intestinal cells. The experimental
model was rigorous, using human enteroendocrine cells
and antibodies of TAS2R38.

The possible role of GLP-1 via activation of bitter taste
receptors in the hypoglycaemic effects of bitter gourd
(Momordica charantia) has also been investigated,
although using a less rigorous in vitro model. Water extract
of bitter gourd fruit and seeds stimulated GLP-1 secretion
in enteroendocrine cells obtained from mice. Several
fractions of the extract were tested. The highest
stimulation was produced by the fraction rich in the bitter-
tasting triterpenoid glycosides, momordicoside K and
momordicoside L. The stimulations were partially inhibited
by probenecid, an inhibitor of human TAS2R16, and by
U-73122, a phospholipase (B2 inhibitor. (Phospholipase
(B2 (PLCB2) is a key enzyme in mammalian taste signal
transduction.) The results suggest that the GLP-1
stimulation might involve, at least in part, bitter taste
receptors and/or the PLCB2-signaling pathway. Further
investigation is needed using a human bitter taste
receptor model.™

Cholecystokinin (CCK) is a peptide secreted by the upper
intestinal mucosa, specifically the enteroendocrine cells,
and is also found in the central nervous system. It
stimulates release of pancreatic exocrine (or digestive)
enzymes, causes gallbladder contraction and affects other
gastrointestinal functions (such as inhibiting gastric
emptying and food intake). CCK may be the mediator of
satiety.?? Enteroendocrine cells are in close contact with
the intestinal lumen and are considered to act as mucosal
taste cells by, for example, sensing compounds in the

luminal content.? Stimulation of bitter receptors in
enteroendocrine cells which promotes the release of
peptides, in particular CCK, may lead to a range of
beneficial effects on digestion, satiety and glucose
homeostasis.?

Bitter substances were found to stimulate the release of
CCK from enteroendocrine cells of mice (in vitro).?” One
hypothesis suggested that TAS2 receptors in the intestinal
tract may stimulate the secretion of qut peptides, such as
CCK, to limit the absorption of potentially toxic compounds
that reach the small intestine.?6?°

The bitter tasting succulent stem of Hoodia gordonii
contains a mixture of steroid glycosides that have
demonstrated appetite-suppressing effects in animals and
humans. One of the steroid glycosides induced secretion of
CCK in rat intestine ex vivo and in human enteroendocrine
cells in vitro. The steroid glycoside stimulated TAS2R7 and
TAS2R14 (this was observed using calcium imaging.) As
TAS2R14 is expressed in the particular human
enteroendocrine cell used in the experiment and also in
human proximal intestinal tissues (duodenum and
jejunum), this provides preliminary evidence that CCK
secretion is mediated via TAS2R14.%°

Epidemiological and Clinical Trial Data

Genetic variability has been observed for a number of
human TAS2R genes, including single nucleotide
polymorphisms (SNPs). As of 2011 variations in TAS2R16,
TAS2R38, TAS2R43 and TAS2R44 have been associated
with differential bitter taste perception. Three SNPs in the
TAS2R38 gene are largely, but not completely,3'32
responsible for the differences in tasting the bitterness of
the synthetic compounds phenylthiocarbamide (PTC) and
propylthiouracil (PROP).3* The TAS2R38 haplotypes show a
range of responses from low to high sensitivity. The
dominant haplotype (PAV) usually has high sensitivity, and
AVI homozygotes do not have the ability to taste PROP.
Other haplotypes have intermediate sensitivity.>* However,
it has been observed in some volunteers that AVI
homozygotes have responded strongly to PROP and those
with PAV have responded very little, which strongly
suggests that there are genetic and environmental factors
other than TAS2R38 involved.?

e An association was found between glucose and insulin
dysregulation in non-diabetic individuals and three
SNPs. The SNPs were associated with TAS2R7 and
TAS2R9. It was concluded that the TAS2R9 variant was
the most likely to alter the receptor function. At the
time, no compounds were known to activate this
receptor, so the researchers screened 64 bitter-tasting
compounds, and found three drugs able to stimulate
TAS2R9 in isolated cells. Even high concentrations of
these bitter stimulants were unable to elicit responses
in cells containing the variant of TAS2R9. The gene
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study also found increased incidence of type 2
diabetes, with significant associations found for
several SNPs, the strongest with the TAS2R7 gene.¢

e In a cross-sectional study, a marginally lower risk of
diabetes was observed among those with the
nontaster TAS2R38 haplotype than among those with
the taster haplotype (odds ratio: 0.69; 95% Cl: 0.48,
1.00).3

e In non-diabetic men a relationship was observed
between genetic variants of TAS2R38 and 30-minute
plasma glucose levels as well as area under the curve
(AUQ) of plasma glucose. Minor allele carriers had
increased levels of these parameters. There was no
association found in women, or for other markers of
glucose or insulin metabolism. In addition, significantly
increased 30-minute plasma glucose levels and AUC
values were observed in male and female AVI allele
carriers compared to PAV allele carriers. PROP tasting
sensitivity was not tested in this cohort.3

e The association between PROP taster status and body
mass index (BMI) or obesity has often been
investigated but with contradictory results. It is likely
that other factors play a role.>“2 Few of the studies
examined the effects of both TAS2R38 and PROP taster
status on food intakes. (Although PROP taster status is
linked to TAS2R38 genotype, both can separately
influence food preferences, and by extension, energy
intake and body weight.) In two studies that have
investigated both factors, phenotype (PROP taster
status) was more influential than TAS2R38 genotype
for predicting BMI.3!

e Asignificant association was observed between a SNP
located within the TAS2R38 gene (the PROP-
insensitive allele) and increased eating disinhibition in
women.?? This was not confirmed in a later study.®

e Genetic variants within or near bitter taste receptor
genes have been investigated for associations with
alcohol consumption. Alleles that decrease the
sensitivity of the receptor lead to increased intake of
alcohol.*3 Of the four studies investigating genetic
variants of TAS2R38, the results for three were
statistically significant. In one study, the association
was found in women of African-American families but
not in European Americans of either sex.3%44-46
Although PROP bitterness (taster status) may explain
more of the variance in alcohol intake than did the
TAS2R38 genotype.“® An allele of TAS2R16 is
associated with alcohol consumption in African
American families and risk for alcohol dependence:
increased bitter taste sensitivity lowers maximum
drinks consumed in a 24-hour period® and the risk for
alcohol dependence.*” No evidence was found
indicating that genetic variation in TAS2R38 is a risk
factor for alcohol dependence.*

e A polymorphism of the TAS2R16 gene has shown a
statistically significant association with longevity. The
variant allele was associated with a decreased

probability to attain longevity.*

e Individuals with one or two nonfunctional TAS2R38
alleles are more likely have a sinonasal gram-negative
bacterial infection than those with two functional
receptor alleles,* although the potential for
therapeutic benefit from agonists in preventing upper
respiratory infections appears to require topical
application.*>>°

Quinine and denatonium benzoate are bitter substances
known to stimulate many bitter taste receptors. Clinical
studies have investigated their effect on aspects of
digestion.

e Two randomised, double-blind, placebo-controlled,
crossover studies with healthy volunteers
administered quinine by intraduodenal infusion or
enteric-coated capsule, in order to bypass stimulation
of receptors in the mouth. No effect on food intake
was found for one study, the other found a decrease,
particularly in PTC tasters. The results were similar for
blood levels of cholecystokinin (increase in one study;
no effect in the other). In the one study that measured
these parameters, no changes were observed in
plasma concentrations of GLP-1 or PYY (peptide YY).
The difference in dosage does not explain the
variation in the results.>*? Quinine administered
intragastrically did not slow gastric emptying,*
although gastric emptying was slowed when quinine
was tasted but not swallowed.>*

e A series of tests with healthy volunteers found that an
intragastric dose of denatonium benzoate reduced
hunger and increased satiation.>>¢° Although TAS2Rs
were found in human gastric smooth muscle cells and
bitter substances were able to induce a response in
these cells (using the calcium imaging assay), and a
TASR2-dependent delay in gastric emptying was
observed in mice,*® there was no effect on gastric
emptying in healthy volunteers.>

A concentrated hop extract that is used to increase the
bitterness of beer after fermentation has been evaluated
in a randomised, double-blind trial for potential effects in
prediabetes. Participants received one of three doses of
hop extract in capsules, containing the bitter isohumulones
(isohumulone, isocohumulone, isoadhumulone; 16, 32 or
48 mg/day), or placebo for 12 weeks. Significant
decreases in body mass index and total fat area compared
to placebo at 12 weeks were found for those taking the
highest dose (48 mg/day) of isohumulones. This group
also recorded a significant reduction in HbA1c compared to
placebo at 12 weeks. Fasting blood glucose significantly
decreased from week 4 compared to baseline values for
the 32- and 48-mg/day dose groups, but did not change in
the placebo group (statistical significance not
determined).®" (The major alpha-acids (humulone,
cohumulone, adhumulone), present in dried hops
(Humulus lupulus strobiles), undergo isomerisation,
producing the iso-alpha-acids, under the action of heat, for
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example, when boiled during beer brewing. In comparison
to the alpha-acids, the iso-alpha-acids are intensely
bitter.62% [so-alpha-acids are unlikely to be present in
galenical herbal products unless high temperatures were
used in the manufacture.)

summary

Bitter taste receptors have been found in many tissues of
the body including the lower gut. Herbal constituents have
been found to stimulate a proportion of these receptors in
vitro. The new bitter taste receptor research combined
with physiological knowledge of the gastrointestinal tract
suggest potential new uses for bitter herbs. This includes
particularly, a role in glucose metabolism as suggested by
the berberine research. In those individuals with a reduced
functioning in taste receptors, bitter herbs may help
reduce alcohol consumption and potentially improve
longevity. Ongoing research may strengthen the evidence
for a role in satiation and obesity.

The Classic View of Bitters

Bitter-tasting herbs have a long tradition of use. The pre-
dinner drink (aperitif) had its origin in the Roman practice
of drinking wine infused with bitter herbs to help ensure
efficient digestion.®* In western herbal medicine bitters are
used to stimulate the appetite and digestive enzymes and
to treat associated conditions such as dyspepsia,
indigestion, sluggish gallbladder function and food
intolerance.®® Bitters were also regarded as having tonic
and wider applications, such as to treat fatigue and
debilitated conditions affecting the whole body.%¢’

Pharmacological investigations and hypothesising
undertaken since the early 20th century has suggested
possible mechanisms for the traditional digestive action of
bitters:%¢?
e Alocal response in the mouth, in which the taste buds
are stimulated, leading to secretion of saliva and
gastric juices possibly mediated by a reflex involving
stimulation of the vagus nerve. The effect is likely to
be most marked in conditions where digestion is
below optimum, where a positive effect on appetite is
also observed. (The presence of taste receptors in the
mouth support this.)
e A cephalic response i.e. responses originating from the
brain, in which the action on the gustatory nerves in
the mouth reflexively leads to a dilation of the gastric
vessels and increase in gastric and salivary secretions.
— The bitter stimuli could pass via the
glossopharyngeal nerve to cells in the cerebral
cortex, and then to the salivary gland and
stomach via the vagus nerve.

— This would also give rise to an increase in the
secretion of bile.

— Itis possible that local stimulation accentuates the
cephalic-elicited vagal stimulation.

e Adirect effect on the stomach. A rise in salivation and
gastric acid production, and relief of symptoms due to
indigestion has been demonstrated in uncontrolled
conditions, when bitters were administered directly
into the stomach. For example, see Gentian section
below. (The presence of taste receptors in the
stomach supports this.)

e Sympathetic nervous system stimulation, in which the
appetite-inducing action is due to improved circulation
in the abdominal organs.

Stimulation via the vagus nerve results not only in an
increase in gastric acid and pepsin secretion, but a
transient rise in gastrin, a slight increase in gallbladder
motility and a priming of the pancreas. Therefore, bitters
could have a promoting effect on all components of upper
digestive function, namely the stomach, liver and
pancreas. It was thought that bitters needed to be tasted,
and for a direct effect on the gastric mucosa, higher doses
than the usual traditional ones would be needed.®®

Bitter Tonics & Other Digestive Herbs

Gentian

Gentiana lutea root contains secoiridoid bitter glycosides
including gentiopicroside (also known as gentiopicrin) and
the extremely bitter amarogentin, among other
constituents.”®”" The European Pharmacopoeia specifies
that Gentian root (1:1000 decoction) should have a
bitterness value of not less than 10 000. The bitterness
value is determined by comparison with quinine
hydrochloride which has a bitterness value set at

200 000.72

Gentian, as a bitter tonic, is traditionally used for loss of
appetite, dyspepsia; to provide tone to the gastrointestinal
tract and to assist recovery after prolonged fever or
infection such as improving assimilation of food. It is
specifically indicated, by the Eclectic physicians, for
reduced digestion with physical and mental weariness.”>74

In healthy volunteers, a small, single dose of Gentian
tincture induced a significant increase in salivary
secretion.” One oral dose of an alcoholic extract of Gentian
(containing 0.2 g root) given to volunteers 5 minutes
before a meal stimulated gastric secretion, release of bile
from the gallbladder and bile production by the liver.”

In a multicentre, uncontrolled study, 205 patients with
various dyspeptic symptoms took on average about five
capsules per day, each containing 120 mg of a 5:1 dry
extract of gentian root (corresponding to a total of

2.9 g/day, dried root), for 15 days. Rapid relief of
symptoms such as constipation, flatulence, appetite loss,
vomiting, heartburn, abdominal pain and nausea was
achieved.”” These observed therapeutic effects for Gentian
taken as capsules that were not tasted, could be readily
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explained by the presence of bitter receptors in the lower
gastrointestinal tract.

Ginger

Ginger has been cultivated and used medicinally in India
and China since antiquity. The Italian physician, Dioscorides
in the first century AD praised ginger: "it is of a heating
and digestive quality, and is profitable for the
stomach".787

Ginger is used throughout the world as a medicinal agent.
With regard to the digestive system it is primarily a
carminative and digestive stimulant in the traditional
systems of the west, China, India, Indonesia, Thailand,
South Africa and South America, where it is used to treat
stomach ache (especially when due to undigested food),
poor appetite, dyspepsia, flatulence and nausea. In
western traditional medicine Ginger is also considered to
be a circulatory stimulant and has been used for stomach
cramps due to cold. The Eclectics recommended it to
stimulate and restore tone to the gastrointestinal tract. In
traditional Chinese medicine (TCM) dried Ginger rhizome is
listed in the Chinese Pharmacopoeia with an indication of
epigastric pain with cold feeling. Ginger is also
antispasmodic and is beneficial for colic.”48"%” The German
Commission E recommends Ginger for the treatment of
dyspepsia.

Pungent spices (including Ginger) are common additions to
Ayurvedic formulas, and may play a role in increasing the
bioavailability of other substances.®

A Thai controlled study with healthy volunteers found that
a single dose of Ginger (1 g dry powder suspended in
water) produced an increase in relaxation of lower
oesophageal sphincter (LOS) during swallowing without
affecting basal LOS pressure. Ginger may therefore assist
patients with gaseous abdominal distension.”® In healthy
volunteers Ginger improved gastroduodenal motility, but a
conclusive effect has not been demonstrated on gastric
emptying rate.”** Although Ginger (single dose, 1.2 g
dried powder) stimulated gastric emptying in a small
number of patients with functional dyspepsia, there was
no impact on gastrointestinal symptoms or gut peptides
(motilin, ghrelin, GLP-1).%

Two randomised, controlled trials have investigated the
effect of ongoing treatment with Ginger in obese
volunteers in Iran.*>¢ Ginger was prescribed as tablets or
capsules and participants maintained their diet and
physical activity levels throughout the trials. Slight but
statistically significant reductions compared to placebo
were observed for some parameters e.g. body weight
(-0.95 kg), body mass index (BMI) and waist
circumference (-1.25 cm) in women treated for 12 weeks
with 2 g/day dried powder. Total appetite score was also
significantly decreased. The results were stronger in those

with a particular genotype.® No effect was observed on
BMI, or waist circumference in men treated with 1 g/day
dried powder for 10 weeks.*

Chen Pi (Tangerine)

Citrus reticulata dried peel of the ripe fruit is regarded in
TCM as a carminative, stomachic and expectorant. It is
used to increase gastric secretion and peristalsis, to
stimulate appetite and relieve abdominal distension, and
may be used to treat flatulence and nausea.’”' The literal
English translation of Chen Pi is "aged peel". Chen Pi has a
bitter and acrid taste with a "warm" property.” The
Chinese Pharmacopoeia recommends Chen Pi for sensation
of fullness in the chest and epigastrum (possibly
indigestion) with anorexia, vomiting and diarrhoea.®? The
cold pressed essential oil of Chen Pi will support the
activity of Chen Pi ripe fruit peel.

Wormwood

Artemisia absinthium leaf or leaf and flowering tops is the
other classic, well-known bitter herb. It is used
traditionally to treat appetite loss, disturbed digestion,
flatulence,” disordered bile flow®® and debility."’
Wormwood has also been recommended for postinfectious
conditions, to enhance resistance (having a general
strengthening effect) and relieve any subsequent fatigue,
low vitality and reduced digestion.¢

Wormwood given to human volunteers 5 minutes before a
meal stimulated gastric secretion.” Another study found
that single dose of Wormwood to patients with liver
diseases caused a dramatic increase in duodenal levels of
pancreatic enzymes and bile.'®

Feverfew

Feverfew leaf was regarded by Eclectic physicians as:

e atonic that influences the whole intestinal tract,
specifically increasing appetite and improving
digestion; useful for colic, flatulence, belching and
general indigestion;”>1%3

e having a mild circulatory stimulant effect.’®

Herbalists in the United Kingdom also regarded Feverfew
as a bitter and a general tonic.”

Safety

e Mild adverse effects (flatulence, stomach cramp,
nausea, headache) were observed in 2.4% patients
taking an average dose of Gentian extract
corresponding to 2.9 g/day of dried root.”” Occasional
headache and nausea has been reported.’%'% The
chance of experiencing nausea increases for high
doses taken in liquid form.¢®

e (ontraindicated in known allergy to Wormwood,
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Feverfew, parthenolide or plants of the daisy family.

e (aution is advised for patients with hyperacidity,
gastric inflammation or gastric ulceration when taking
bitters (this originates from the Classic understanding)
and Ginger.

e Wormwood is contraindicated in pregnancy and
lactation. Substantial doses of Feverfew (e.g. more
than 0.3 g/day, dried herb) should not be taken when
pregnant. A daily dose of 2 g of dried Ginger should
not be exceeded in pregnancy.

e Daily doses of dried Ginger in excess of 4 g should be
prescribed with caution in patients who are already
taking blood-thinning drugs such as warfarin or aspirin
or who have increased risk of haemorrhage.

e It has been recommended that Wormwood, taken as
an infusion, not be taken continuously for more than 4
weeks at a time. It can be prescribed again for short
periods if needed.® The possible thujone content of
Wormwood also limits high dosages to the short term.

Supportive Formulation

These herbs complement each other to provide a bitter tonic
effect, which supports digestive function and general health.

Indications

e  Poor appetite, sluggish digestion, dyspepsia, flatulence.

e As adigestive and tonic during convalescence.

e  Food intolerances and allergies.

e As part of a regimen to improve nutrient absorption and
regain healthy bowel flora.

e  Possibly as a part of a regimen to support glucose
homeostasis, although higher than usual doses may be
required, and weight loss.

REFERENCES

1 Conte C, Ebeling M, Marcuz A et al. Cytogenet Genome Res 2002; 98(1):
45-53 2 Behrens M, Foerster S, Staehler F et al. J Neurosci 2007; 27(46):
12630-12640 3 Behrens M, Brockhoff A, Kuhn C et al. Biochem Biophys
Res Commun 2004; 319(2): 479-485 * Behrens M, Meyerhof W. Semin
Cell Dev Biol 2013; 24(3): 215-221 * Rozengurt N, Wu SV, Chen MC et al.
Am J Physiol Gastrointest Liver Physiol 2006; 291(5): G792-G802 © Clark
AA, Liggett SB, Munger SD. FASEB J 2012; 26(12): 4827-4831 7 Meyerhof
W, Batram C, Kuhn C et al. Chem Senses 2010; 35(2): 157-170  Brockhoff
A, Behrens M, Massarotti A et al. / Agric Food Chem 2007; 55(15): 6236-
6243 ° Narukawa M, Noga C, Ueno Y et al. Biochem Biophys Res Commun
2011; 405(4): 620-625 '® HGNC Database, HUGO Gene Nomenclature
Committee (HGNC), EMBL Outstation - Hinxton, European Bioinformatics
Institute, Wellcome Trust Genome Campus, Hinxton, Cambridgeshire,
CB10 1SD, UK www.genenames.org. Accessed November, 2015.

" Devillier P, Naline E, Grassin-Delyle S. Pharmacol Ther 2015; 155: 11-21
12 Cravotto G, Nano GM, Binello A et al. J Sci Food Agric 2005; 85(10):
1757-1764 3 Sun C, Chen K, Chen Y et al. Food Chem 2005; 93(4): 599-
605 ™ Chinapongtitiwat V, Jongaroontaprangsee S, Chiewchan N et al. /
Funct Foods 2013; 5(3): 1151-1158 '* Jungsakulrujirek S, Noomhorm A.
Int J Food Sci Technol 1998; 33(4): 367-374 ' British Herbal Medicine
Association. British Herbal Compendium, Vol 2. BHMA, Bournemouth,
2006. " Tisserand R, Young R. Essential Qil Safety: A Guide for Health
Care Professionals, 2nd Edn. Churchill Livingstone, Edinburgh, 2014.

® Huang TN, Lu KN, Pai YP et al. Evid Based Complement Alternat Med
2013; 2013: 625892 " Tong J, Sandoval DA. Rev Endocr Metab Disord
2011; 12(3): 187-195 ?° Jang HJ, Kokrashvili Z, Theodorakis MJ et al. Proc
Natl Acad Sci USA 2007; 104(38): 15069-15074 %' Yu Y, Hao G, Zhang Q et
al. Biochem Pharmacol 2015; 97(2): 173-177 *2 Dong H, Wang N, zhao L
et al. Evid Based Complement Alternat Med 2012; 2012: 591654

23 NaRenQiMuGe, Zhao TY, He M et al. Chin J Evid Based Med 2012; 12(1):
81-912* Dockray GJ. J Physiol Pharmacol 2003; 54(Suppl 4): 9-17

% Flemstrom G, Sjoblom M. Am J Physiol Gastrointest Liver Physiol 2005;
289(3): G377-G380 2° Valussi M. Int J Food Sci Nutr 2012; 63(Suppl 1):
82-89 27 Chen MC, Wu SV, Reeve JR Jr et al. Am J Physiol Cell Physiol 2006;
291(4): C726-C739 2 Jeon TI, Zhu B, Larson JL et al. J Clin Invest 2008;
118(11): 3693-3700 ?° Jeon TI, Seo YK, Osborne TF. Biochem J 2011;
438(1): 33-37 3° Le Nevé B, Foltz M, Daniel H et al. Am J Physiol
Gastrointest Liver Physiol 2010; 299(6): G1368-G1375 3" Feeney E,
0'Brien S, Scannell A et al. Proc Nutr Soc 2011; 70(1): 135-143

32 potson CD, Shaw HL, Mitchell BD et al. Appetite 2010; 54(1): 93-99

33 Meyerhof W, Born S, Brockhoff A et al. Flavour Fragr J 2011; 26(4):
260-268 3* Boxer EE, Garneau NL. Springerplus 2015; 4: 505 * Bufe B,
Breslin PA, Kuhn C et al. Curr Biol 2005; 15(4): 322-327 3¢ Dotson (D,
Zhang L, Xu H et al. PLoS One 2008; 3(12): e3974 3’ Timpson NJ,
Christensen M, Lawlor DA et al. Am J Clin Nutr 2005; 81(5): 1005-1011

38 Keller M, Liu X, Wohland T et al. PLoS One 2013; 8(12): e80512

% Padiglia A, Zonza A, Atzori E et al. Am J Clin Nutr 2010; 92(3): 539-545
40 Choi SE. / Obes Weight Loss Ther 2015; 5(4): e117 *' Inoue H,
Yamakawa-Kobayashi K, Suzuki Y et al. J Nutr Sci Vitaminol 2013; 59(1):
16-21 %2 Tepper BJ, Banni S, Melis M et al. Nutrients 2014; 6(9): 3363-
3381 3 Dotson (D, Wallace MR, Bartoshuk LM et al. Chem Senses 2012;
37(8): 737-744 “* Duffy VB, Davidson AC, Kidd JR et al. Alcohol Clin Exp
Res 2004; 28(11): 1629-1637 *° Hayes JE, Wallace MR, Knopik VS et al.
Chem Senses 2011; 36(3): 311-319 “¢ Wang ), Hinrichs AL, Bertelsen S et
al. Alcohol Clin Exp Res 2007; 31(2): 209-215 7 Hinrichs AL, Wang JC,
Bufe B et al. Am J Hum Genet 2006; 78(1): 103-111 “8 Campa D, De
Rango F, Carrai M et al. PLoS One 2012; 7(11) :e45232 *° Lee R), Xiong G,
Kofonow JM et al. J Clin Invest 2012; 122(11): 4145-4159 *° Lee R},
Kofonow JM, Rosen PL et al. J Clin Invest 2014; 124(3): 1393-1405

51 van Avesaat M, Troost FJ, Ripken D et al. Am J Clin Nutr 2015; 102(4):
729-735 % Andreozzi P, Sarnelli G, Pesce M et al. J Neurogastroenterol
Motil 2015; 21(4): 511-519 53 Little T), Gupta N, Case RM et al. Am J
Physiol Regul Integr Comp Physiol 2009; 297(3): R632-R639 > Wicks D,
Wright J, Rayment P et al. Eur J Gastroenterol Hepatol 2005; 17(9): 961-
965 > Janssen P, Janssen S, Depoortere | et al. Appetite 2011; 57(Supp
1): 520 *¢ Verschueren S, Deloose E, Janssen S et al. Gastroenterology
2012; 142(5, Supp 1): 5-294 °7 Andrews CN, Verschueren S, Janssen P et
al. Gastroenterology 2013; 144(5, Supp 1): 5-549 *8 Deloose E, Corsetti M,
Van Oudenhove L et al. Gastroenterology 2013; 144(5, Supp 1): 5-548

% verschueren S, Janssen P, Andrews CN et al. Gastroenterology 2013;
144(5, Supp 1): 5-548 ©° Avau B, Rotondo A, Thijs T et al. Sci Rep 2015; 5:
15985 ¢! Obara K, Mizutani M, Hitomi Y et al. Clin Nutr 2009; 28(3): 278-
284 %2 Intelmann D, Batram C, Kuhn C et al. Chem Percept 2009; 2(3):
118-132 % Danenhower TM, Force LJ, Petersen K] et al. J Chem Educ 2008;
85(7): 954-956 ¢ Janssen S, Depoortere I. Trends Endocrinol Metab 2013;
24(2): 92-100 % Mills SY. The Essential Book of Herbal Medicine. Penguin
Arkana (Penguin), London, 1991. ¢ Weiss RF. Herbal Medicine, translated
by Meuss AR from the 6th German Edition of Lehrbuch der Phytotherapie.
Beaconsfield Publishers, Beaconsfield, 1988. ¢ Cook WH. The Physio-
medical Dispensatory. First published 1869, reprinted Eclectic Medical
Publications, Portland, 1985.  Bone KM, Mills SY. Principles and Practice
of Phytotherapy: Modern Herbal Medicine, 2nd Edn. Elsevier, UK, 2013.

% McMullen MK, Whitehouse JM, Whitton PA et al. J Ethnopharmacol
2014; 154(3): 719-727 7° ESCOP Monographs: The Scientific Foundation
for Herbal Medicinal Products, 2nd Edn. ESCOP, European Scientific
Cooperative on Phytotherapy, Exeter, 2003. 7" British Herbal Medicine
Association. British Herbal Compendium. BHMA, Bournemouth, 1992.

72 British Pharmacopoeia 2016 Online (As Published). Accessed November
2016. ™ Felter HW, Lloyd JU. King’s American Dispensatory. 18th Edn, 3rd
revision. First published 1905, reprinted Eclectic Medical Publications,
Portland, 1983. 7 Felter HW. The Eclectic Materia Medica, Pharmacology
and Therapeutics. Naturopathic Medical Series: Botanical Volume 1. First
published 1922, reprinted Eclectic Medical Publications, Portland, 1983.

75> Borgia M, Sepe N, Borgia R et al. Curr Ther Res 1981; 29(3): 525-536

’¢ Glatzel H. Hackenberg K. Planta Med 1967; 15(3): 223-232

Not for Public Distribution. For Education of Health Care Professionals Only.


http://www.genenames.org/

7 Wegener T. Z Phytother 1998; 19(3): 163-164 7 Langner E, Greifenberg
S, Gruenwald ). Adv Ther 1998; 15(1): 25-44 7 Fulder S. The Ginger Book:
The Ultimate Home Remedy. Avery Publishing Group, New York, 1996.

8 British Herbal Medicine Association’s Scientific Committee. British
Herbal Pharmacopoeia. BHMA, Bournemouth, 1983. ®' Ellingwood F,
Lloyd JU. American Materia Medica, Therapeutics and Pharmacognosy.
11th Edn. Naturopathic Medical Series: Botanical Volume 2. First published
1898, reprinted Eclectic Medical Publications, Portland, 1983.

82 pharmacopoeia Commission of the People’s Republic of China.
Pharmacopoeia of the People’s Republic of China, English Edn. Chemical
Industry Press, Beijing, 1997. ® Kapoor LD. CRC Handbook of Ayurvedic
Medicinal Plants. CRC Press, Boca Raton, 1990.  Dharma AP. Indonesian
Medicinal Plants. Balai Pustaka, Jakarta, 1987. & Farnsworth NR,
Bunyapraphatsara N (eds). Thai Medicinal Plants. Medicinal Plant
Information Center, Bangkok, 1992. # van Wyk B-E, van Oudtshoorn B,
Gericke N. Medicinal Plants of South Africa. Briza Publications, Arcadia,
1997. # Evans Schultes R, Raffauf RF. The Healing Forest: Medicinal and
Toxic Plants of the Northwest Amazonia. Dioscorides Press, Portland,
1990. & Blumenthal M et al (eds). The Complete German Commission E
Monographs: Therapeutic Guide to Herbal Medicines. American Botanical
Council, Austin, 1998. 8 Atal CK, Zutshi U, Rao PG et al. J Ethnopharmacol
1981; 4(2): 229-232 *° Lohsiriwat S, Rukkiat M, Chaikomin R et al. j Med
Assoc Thai 2010; 93(3): 366-372 °' Micklefield GH, Redeker Y, Meister V
et al. Int J Clin Pharmacol Ther 1999; 37(7): 341-346 °* Phillips S,
Hutchinson S, Ruggier R. Anaesthesia 1993; 48(5): 393-395 *> Wu KL,
Rayner CK, Chuah SK et al. Eur J Gastroenterol Hepatol 2008; 20(5): 436-
440 ** Hu ML, Rayner (K, Wu KL et al. World J Gastroenterol 2011; 17(1):
105-110 *> Ebrahimzadeh Attari V, Asghari Jafarabadi M, Zemestani M et
al. Phytother Res 2015; 29(7): 1032-1039 ?¢ Atashak S, Peeri M,
Azarbayjani MA et al. J Sports Sci Med 2011; 10(4): 685-691 %7 Tang W,
Eisenbrand G. Chinese Drugs of Plant Origin. Springer-Verlag, Berlin, 1992.
°8 Huang KC. The Pharmacology of Chinese Herbs. CRC Press, Boca Raton,
1993. ° Bensky D, Gamble A. Chinese Herbal Medicine Materia Medica.
Eastland Press, Seattle, 1986. ' Chang HM, But PP. Pharmacology and
Applications of Chinese Materia Medica. World Scientific, Singapore,
1987. 7 Grieve M. A Modern Herbal. First published 1931, reprinted
Dover Publications, New York, 1971. '°2 Baumann IC, Glatzel H, Muth HW.
Z Allgemeinmed 1975; 51(17): 784-791 ' Lyle TJ. Physio-Medical
Therapeutics, Materia Medica and Pharmacy, 1897, reprinted National
Association of Medical Herbalists of Great Britain, London, 1932.

104 Blaschek W, Ebel S, Hackenthal E et al. HagerROM 2002: Hagers
Handbuch der Drogen und Arzneistoffe. Heidelberg, Springer, 2002.

Author: Michelle Morgan
© Copyright 2015 MediHerb.

Not for Public Distribution. For Education of Health Care Professionals Only.



	Taste Receptor Research: New Understanding & Potential Applications for Bitter Herbs
	The Classic View of Bitters
	Feverfew
	Gentian & Wormwood
	Indications & Safety
	Author: Michelle Morgan
	© Copyright 2015 MediHerb.

	Ginger & Chen Pi (Tangerine)
	Taste Receptor Research Suggests New Understanding of Bitter Herbs
	Effects in Enteroendocrine Cells
	Epidemiological and Clinical Trial Data
	Summary

	The Classic View of Bitters
	Bitter Tonics & Other Digestive Herbs
	Gentian
	Ginger
	Chen Pi (Tangerine)
	Wormwood
	Feverfew

	Safety

