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Riboflavin (Vitamin Bz)
DESCRIPTION

Riboflavin or vitamin B2 is an essential nutrient in human
nutrition and plays a key role in the production of energy. It
is the precursor of flavin mononucleotide (FMN, riboflavin
monophosphate) and flavin adenine dinucleotide (FAD).
FMN and FAD serve as cofactors for a family of proteins
called flavoenzymes. Flavoenzymes catalyze a wide range of
biochemical reactions, typically of the redox type. They are
key elements in cellular respiration, among other things. In
cellular respiration, FAD and FMN act as intermediate
hydrogen acceptors in the mitochondrial electron transport
chain, accepting hydrogens derived from foodstuffs, and
passing on electrons to the cytochrome system. During this
process, cellular energy is produced. Recent research sug-
gests that riboflavin may be effective in the prophylaxis of
migraine headaches in some with altered cerebral
bioenergetics.

Riboflavin deficiency or ariboflavinosis was originally
known as pellagra sin pellagra. The most common cause of



548/RIBOFLAVIN (VITAMIN B2) PDR FOR NUTRITIONAL SUPPLEMENTS

riboflavin deficiency is dietary inadequacy, which occurs in
those who do not consume rich dietary sources of the
vitamin, such as organ meats, eggs, milk, cheese, yogurt,
leafy green vegetables and whole grains. Deficiency of the
vitamin can occur in the elderly subsisting on tea or coffee,
toast and cookies. Riboflavin deficiency also occurs in those
with chronic liver disease, chronic alcoholics and those who
receive total parenteral nutrition (TPN) with inadequate
riboflavin. Marginal riboflavin deficiency, in the context of
nucleoside analog antiretroviral therapy, has been known to
cause severe lactic acidosis.

The signs and symptoms of riboflavin deficiency include,
cheilosis (fissuring of the vermilion surfaces of the lips),
angular stomatitis, glossitis (magenta, tongue), seborrheic
dermatitis (particularly affecting the scrotum or labia majora
and the nasolabial folds), sore throat, hyperemia and edema
of the pharyngeal and oral mucous membranes and a
normochromic, normocytic anemia associated with pure
erythrocyte cytoplasia of the bone marrow. Isolated ribofla-
vin deficiency is rare. Typically, riboflavin deficiency is
accompanied by deficiency of other vitamins and other
nutrients. Futher, the skin and mucosal signs of riboflavin
deficiency may be difficult to interpret in the elderly.
Esophageal lesions in the Turkoman people of Iran have
been related to chronic riboflavin deficiency, and the greater
incidence of esophageal cancer in this group has created
interest in the relationship between esophageal cancer and
riboflavin deficiency.

Riboflavin, in addition to being known as vitamin B2, is also
known as riboflavine, 7, 8-dimethyl-1O- (l'-D-ribi-
tyl)isoalloxazine, 7, 8-dimethyl-lO- (D-ribo-2, 3, 4, 5-tetra-
hydroxypenty1)isoalloxazine and 7, 8-dimethyl-1O-
ribitylisoalloxazine. Its molecular formula is C17H20N406
and its molecular weight is 376.4 daltons. It has the
following structure:

Riboflavin

Riboflavin is an orange powder, and water solutions have
intense greenish yellow fluorescence. The 5Lhydroxymethyl
group of the ribityl side chain of riboflavin is metabolized in
the body to form the coenzyme flavin mononucleotide or

FMN. FMN is also known as riboflavin monophosphate,
riboflavin-5 Lphosphate and riboflavin-5 L(dihydrogen phos-
phate). FMN is metabolized in the body to form flavin
adenine dinucleotide (FAD).

ACTIONS AND PHARMACOLOGY

ACTIONS

Riboflavin has antioxidant activity. It may have activity in
the prophylaxis of migraine headaches and may have activity
against esophageal cancer. It has putative anti-atherosclerotic
activity and putative antimalarial activity.

MECHANISM OF ACTION

The antioxidant activity of riboflavin is principally derived
from its role as a precursor of FAD and the role of this
cofactor in the production of the antioxidant reduced
glutathione. Reduced glutathione is the cofactor of the
selenium-containing glutathione peroxidases (see Selenium),
among other things. The glutathione peroxidases are major
antioxidant enzymes. Reduced glutathione is generated by
the FAD-containing enzyme glutathione reductase. Ribofla-
vin deficiency is reported to be associated with compromised
oxidant defense resulting in increased lipid peroxidation.
Increased lipid peroxidation under conditions of riboflavin
deficiency may be accounted for, in large part, by decreased
regeneration of reduced glutathione which is necessary for
the function of the antioxidant glutathione peroxidases.
Riboflavin deficiency may also affect the mitochondrial pool
of reduced glutathione which in turn may affect the activities
of the flavoenzymes NADPH-cytochrome P450 reductase
and NADPH-cytochrome b reductase: Elevated riboflavin
levels have been reported to provide protection against
oxidative forms of hemeproteins. Oxidative forms of heme-
proteins have been implicated in reperfusion injury. Ribofla-
vin has also been shown to protect against reperfusion injury
in isolated rabbit hearts. The protection by riboflavin against
oxidative damage caused by oxidized forms of hemeproteins
may be mediated by an NADPH-dependent methemoglobin
reductase which is also known as flavin reductase. In this
case, riboflavin itself appears to act as an antioxidant via its
conversion to dihydroriboflavin. Riboflavin has been found
to protect the lungs, brain and heart from cellular oxidative
injury, The protection has been proposed to be mediated
through flavin reductase. It has been demonstrated that
higher oxidation states of hemeproteins are rapidly reduced
by dihydroriboflavin.

High-dose riboflavin has recently been demonstrated to be
effective in the prophylaxis of migraine headaches in some.
The rationale for studying riboflavin for migraine prophy-
laxis came from the findings, in migraine sufferers, of a
decreased mitochondrial phosphorylation potential between
migraine attacks. This indicates that those with a history of
migraines have decreased brain mitochondrial energy reserve
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between attacks. The studies were conducted using 3IP-NMR
spectroscopy. Riboflavin is the precursor of flavin adenine
mononucleotide (FMN) and flavin adenine dinucleotide
(FAD), which are required for the activity of flavoenzymes
involved in the electron transport chain and in the production
of cellular energy. Riboflavin's effect on cerebral bioener-
getics is a possible mechanism of riboflavin's antimigraine
activity. There are most likely other mechanisms at work, as
well.

Riboflavin deficiency has been associated with an increased
incidence of esophageal cancer in certain parts of the world.
Riboflavin supplementation has been found to reduce the
prevalence of micronuclei in esophageal cells in a study
performed in Huixan, People's Republic of China. Micro-
nuclei are considered precancerous lesions. People living in
this region have a high risk of esophageal cancer and poor
riboflavin status. It remains unclear, however, whether
riboflavin supplementation can decrease the incidence of
esophageal cancer. The mechanism of the possible anticarci-
nogenic activity of riboflavin is also unclear. Riboflavin
deficiency has been found to enhance the carcinogenicity of
certain xenobiotics, such as azo dyes. The azo dyes are
inactivated by a microsomal hydroxylase enzyme system that
uses FAD. Riboflavin, as FAD, plays a key role in
glutathione metabolism (see above). Glutathione is involved
in the detoxification of xenobiotic substances. Riboflavin is
also important for the maintenance of epithelial integrity.

The putative anti-atherosclerotic activity of riboflavin may
be accounted for, in part, by its role in the metabolism of
homocysteine. Elevated serum homocysteine is considered to
be an independent risk factor for coronary heart disease.
Vitamin B6, folate and ~,itamin B 12 are involved in the
metabolism of romocysteine. The riboflavin metabolites
FMN and FAD serve as cofactors for enzymes involved in
the metabolism of vitamin B6' folate and vitamin Bl2' FMN
serves as a cofactor for pyridoxine-5 Lphosphate oxidase,
which is important for the formation of the active form of
vitamin B6, pyridoxal-51 - phosphate. FAD is a cofactor for
methylenetetrahydrofolate reductase, which is important for
the formation of 5-methyltetrahydrofolate. FMN and FAD
are involved in vitamin BI2 metabolism and serve as
cofactors for methionine synthase reductase. Studies on
riboflavin deficient subjects are needed to evaluate the
usefulness of riboflavin supplementation in hyperhomo-
cysteinemia. Riboflavin may also have anti-atherosclerotic
activity secondary to its antioxidant action. Riboflavin, in the
form of FAD, is necessary for the formation of reduced
glutathione via the FAD-containing enzyme glutathione
reductase. Glutathione is the cofactor of the glutathione
peroxidases, antioxidant enzymes which protect against lipid
peroxidation and oxidation of low-density lipoprotein (LDL).

Oxidized-LDL is thought to be a key etiological factor in the
pathophysiology of atherosclerosis.

Recently, riboflavin has been demon~trated to have antima-
larial activity. The malarial parasite ingests a significant
proportion of host cell hemoglobin in an acidic organelle
called the food vacuole. The acidic plj of the food vacuole is
favorable to the oxidation of hemoglobin to methemoglobin.
The malari~1 parasite also digests hemoglobin and polymer-
izes the released free heme into hemozoin, also in the food
vacuole. It has recently been shown that treatment of
erythrocyte& infected with Plasmodium falciparum with
riboflavin decreased the production of ~ethemoglobin and
hemozoin, decreased the size, of the food vacuole and
inhibited asexual parasite growth in cultures. It is thought
that the mechanism of the possible antimalarial action of
riboflavin is via its acting as a substrate for the enzyme
NADPH-methemoglobin reductase. During this reaction,
methemoglobin is reduced while riboflavin is oxided to
dihydroriboflavin. Thus, riboflavin acts as a reducing agent.
Reduction of methemoglobin is correlated with inhibition of
hemazoin formation and food vacuole development and
arrest of asexual development to schizogony. It is thought
that the reduction of methemoglobin plays a role in limiting
the amount of hemoglobin which is available to the malarial
parasite for further processing. The effects of riboflavin in
this recent research differ from earlier studies showing that
riboflavin deficiency has an antimalarial effect. The mecha-
nism of antimalarial activity of riboflavin deficiency may be
accounted for by a decrease in the activity of reductive
enzymes, such as riboflavin reductase, which require ribofla-
vin as a cofactor. This decreased activity lowers glutathione
levels. This results in increased oxidative stress and lipid
peroxidation, conditions detrimental to the malarial parasite.
The use of high-dose riboflavin as an antimalarial strategy
appears more attractive than that of causing riboflavin
deficiency to treat malaria. Riboflavin deficiency may not
only be detrimental to the malarial parasite, but can be
detrimental to the host, as well. Continued research in this
most important area is warranted and needed to determine,
among other things, which approach-riboflavin treatment
or riboflavin deficiency-should be the one to pursue
regarding a possible new treatment of malaria.

PHARMACOKINETICS

In food, riboflavin is found mainly in the form of flavin
mononucleotide (FMN, riboflavin-5Lphosphate) and flavin
adenine dinucleotide (FAD). Riboflavin is used for food
fortification. Riboflavin and riboflavin-51 -phosphate are the
principal nutritional supplement forms of riboflavin, with
riboflavin being- the major form. Coenzyme forms of
riboflavin (FAD, FMN) that are not covalently bound to
proteins are released from proteins in the acid environment
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of the stomach. Covalently bound forms or riboflavin (e.g.,
in mitochondrial succinate dehydrogenase) are released from
the proteins they are bound to following proteolysis. FAD
and FMN are converted to riboflavin in the small intestine
via the action of pyrophosphatase and phosphatase, respec-
tively. Riboflavin is mainly absorbed in the proximal small
intestine by a saturable transport system. The rate of
absorption increases when riboflavin is ingested with food.
The presence of bile salts appears to facilitate absorption of
riboflavin. The maximal amount of riboflavin that is
absorbed from a single oral dose appears to be about 27
milligrams. The amount of absorption of riboflavin-5Lphos-
phate and FAD appears to be very low. During the process of
absorption, riboflavin, in part, appears to be converted to
FMN which is either used by the enterocytes for their
metabolic requirements, or converted back to riboflavin for
further processing. Riboflavin is transported via the portal
circulation to the liver and by the systemic circulation to the
various tissues of the body.

A large percentage of serum riboflavin is carried by
immunoglobulins. Some serum riboflavin is carried by
albumin. Riboflavin is transported into cells via facilitated
diffusion at physiological concentrations, and by passive
diffusion at higher concentrations. Within cells, riboflavin is
converted to FMN via flavokinase. FMN is converted to
FAD via FAD synthetase. FAD is the predominant form of
riboflavin in tissues.

Very little riboflavin is stored in tissues. Riboflavin in excess
of body requirements is excreted mainly by the kidneys. A
number of riboflavin metabolites are also found in the urine,
including 7-hydromethylriboflavin, 8-hydroxymethylribofla-
vin, 8 alpha-sulfonylriboflavin, 5Lriboflavinyl peptide, 10-
hydroxyethylflavin, lumiflavin, lO-formylmethylflavin and
carboxymethylflavins. A significant percentage of large
intakes of riboflavin-greater than 30 milligrams in a single
dose-is excreted in the feces.

. INDICATIONS AND USAGE

Riboflavin has been found to be an effective migraine
prophylaxis in some. Riboflavin supplementation has re-
sulted in full recovery of several patients who developed a
sometimes fatal syndrome characterized by lactic acidosis
and hepatic steatosis caused by treatment with nucleoside
reverse-transcriptase inhibitors. Riboflavin has significant
antioxidant-promoting activity which, experimentally, has
protected against cardiac injury produced by reperfusion
following ischemia. It has also exhibited notable ability to
inhibit lipid oxidation and has protected against a number of
oxidative injuries in the laboratory. It has demonstrated some
activity against esophageal cancer. Intriguingly, riboflavin
deficiency has been shown to be protective against malaria in

both animals and humans. On the other hand, high doses of
riboflavin may have antimalarial activity.

RESEARCH SUMMARY

Riboflavin has been called "a significant breakthrough" in
migraine prophylaxis with "an outstanding efficacy-side
effect profile" by one recent reviewer of migraine research
developments.

In an open study, high-dose riboflavin showed significant
effectiveness as a migraine prophylaxis. In a subsequent
randomized trial, 400 milligrams of riboflavin and placebo
were tested for three months in 55 migraine patients. In the
riboflavin group, 59% improved by at least 50%, compared
with 15% of the placebo group showing at least 50%
improvement.

In a more recent clinical trial (open label), the efficacy of
high-dose riboflavin--400 mg daily-for the prevention of
migraine headaches was studied in 23 patients in a special-
ized headache outpatient clinic. Headache frequency, dura-
tion, intensity and the use of abortive drugs were recorded at
baseline and 3 and 6 months after start of treatment.
Headache frequency was significantly reduced from 4 days
per month at baseline to 2 days per month after 3 and 6
months. The use of abortive drugs also significantly de-
creased after 3 and 6 months of treatment. The number of
headache hours and headache intensity did not significantly
change. The researchers concluded that "riboflavin is a safe
and well-tolerated alternative in migraine prophylaxis."
Further research on the effect of riboflavin on migraine
headaches is needed and warranted.

Both riboflavin and beta-blockers were tested for their
effects on the intensity dependence of auditory evoked
cortical potentials. Intensity dependence is usually increased
during migraines. In this study, the beta-blockers significant-
ly decreased the intensity dependence, and this decrease
correlated with significant clinical improvement. Riboflavin
treatment did not affect intensity dependence but was,
nonetheless, also associated with significant improvement.
Thus, given that the two agents apparently act via two
distinct pathophysiological mechanisms, the researchers
concluded that a combination of the two treatments might
enhance their efficacy without increasing central nervous
system side effects. This hypothesis warrants investigation.

A 46-year-old woman who had been treated for AIDS with
triple anti-retroviral therapy for four months developed lactic
acidosis and marked hepatic steatosis. Suspecting that a
riboflavin deficiency induced by amitriptyline, which she
was also taking (see Interactions), might be contributing to
these potentially life-threatening metabolic abnormalities,
the physicians treated her with 50 milligrams of riboflavin
daily. This was followed by rapid recovery.
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Subsequently, these researchers similarly identified two
other HIV-infected patients with less severe lactic acidosis.
These patients had also been on triple drug therapy.
Riboflavin again rapidly resolved the acidosis. This condi-
tion, they believed, results, in part, from impaired mitochon-
drial DNA replication caused by the HIV drug therapies.

Another researcher has also reported that 50 milligrams of
riboflavin daily resolved the severe lactic acidosis of a 35-
year-old pregnant HIV-infected patient. Blood lactate levels
returned to normal within four days of beginning treatment.
This syndrome is a rare complication of treatment with
nucleoside reverse-transcriptase inhibitors, but, since it can
be fatal, it is a significant one, as is riboflavin's apparent role
in resolving it.

Riboflavin's antioxidant-promoting activity has been shown
to provide protection against oxidative damage caused by
oxidized forms of hemeproteins. In an animal model of
ischemic reperfusion injury, riboflavin was significantly
cardioprotective. In an in vivo animal experiment, it protect-
ed rat lungs from the oxidative injury initiated by injection of
cobra venom factor. It also significantly protected rat brains
from swelling after four hours of ischemia. Riboflavin is the
precursor of co-enzymes that are required in potent antioxi-
dant processes. Some researchers have concluded that
riboflavin nutriture plays a crucial role in inactivation of
lipid peroxides. Riboflavin supplementation has been shown
to prevent hepatic lipid peroxidation both in in vitro and in
animal studies.

Some studies have shown a synergy between Vitamin E and
riboflavin as antioxidants. Riboflavin, for example, dimin-
ished lipid peroxidation and prevented the oxidation of
Vitamin E in the livers of experimental animals. It has been
suggested that riboflavin has a sparing effect on vitamin E or
may help regenerate Vitamin E via production of reduced
glutathione.

There is an epidemiological association between riboflavin
and esophageal cancer. The incidence of this cancer is
particularly high in parts of the world (some areas of China,
Iran and Africa) where riboflavin deficiency is high. One
study suggested that riboflavin supplementation might re-
duce the number of precancerous cells in the esophagus. This
needs followup.

There is a finding, in both animals and humans, that a
deficiency in riboflavin has significant antimalarial effects.
Dietary riboflavin deficiency dramatically decreases malarial
parasitemia with concomitant' diminution of symptoms.
Further, specific riboflavin antagonists have demonstrated
antimalarial activity. Whether these findings can become the
basis for a new pharmacological approach to the treatment of
this challenging disease remains to be seen. On the other

hand, a recent study reported that high doses of riboflavin
may have antimalarial activity. Further research is necessary
and warranted in order to resolve these seemingly contradic-
tory findings.

CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONS

CONTRA INDICA TIONS

Riboflavin is contraindicated in those hypersensitive to any
component of a riboflavin-containing product.

PRECAUTIONS

The use of riboflavin for the treatment of riboflavin
deficiency or for any medical indication must be medically
supervised.

Most pre- and postnatal vitamin/mineral supplements deliver
3.4 milligrams daily of riboflavin. Pregnant women and
nursing mothers should avoid intakes of riboflavin greater
than this amount unless higher amounts are prescribed by
their physicians.

High dose intake of riboflavin may interfere with the Abbott
TDX drugs-of-abuse assay.

Riboflavin absorption is increased in hypothyroidism and
decreased in hyperthyroidism.

Those who use nucleoside reverse-transcriptase inhibitors
(see Interactions) should be aware that even mild riboflavin
deficiency may increase the risk of lactic acidosis.

ADVERSE REACTIONS

Riboflavin is well tolerated. Doses of 400 milligrams daily
for four months were found to cause diarrhea and polyuria in
two out of 28 subjects who participated in a migraine
prophylaxis study. Riboflavin supplements impart a yellow-
orange discoloration to urine. This color has no pathological
implication.

INTERACTIONS

DRUGS
Cholestyramine: Concomitant intake of cholestyramine and
riboflavin may decrease the absorption of riboflavin.

Chlorpromazine: Chlorpromazine may inhibit the conversion
of riboflavin to FMN and FAD.

Colestipol: Concomitant intake of colestipol and riboflavin
may decrease the absorption of riboflavin.

Doxorubicin: Doxorubicin may inhibit the conversion of
riboflavin to FMN and FAD.

Metoclopramide: Metoclopramide may decrease the absorp-
tion of riboflavin.

Nucleoside reverse-transcriptase inhibitors (didanosine, la-
mivudine, stavudine, zidovudine): Riboflavin has been found
to reverse nucleoside analogue-induced lactic acidosis in



Infants Adequate Intakes (AI)
0-6 months 0.3 mg/day 0.04 mglkg
7-12 months 0.4 mg/day 0.04 mglkg

Recommended Dietary
Children Allowances (RDA)
1-3 years 0.5 mg/day
4-8 years 0.6 mg/day

Boys
9-13 years 0.9 mg/day
14-18 years 1.3 mg/day

Girls
9-13 years 0.9 mg/day
14-18 years 1.0 mg/day

Men
19 years and older 1.3 mg/day

Women
19 years and older 1.1 mglday

Pregnancy
14-50 years 1.4 mglday

Lactation
14-50 years 1.6 mg/day
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patients with mild riboflavin deficiencies. These mild
riboflavin deficiencies may result from the use of drugs, such
as amitriptyline, which may adversely affect riboflavin
status.

Oral Contraceptive Agents: Use of oral contraceptive agents
may result in decreased serum levels of riboflavin.

Probenecid: Probenecid may inhibit the absorption of
riboflavin. It may also inhibit renal tubular secretion of
riboflavin.

Propantheline bromide: Propantheline bromide may enhance
the absorption of riboflavin by allowing the vitamin to
remain at intestinal absorption sites for longer periods of
time.

Quinacrine: Quinacrine may inhibit the conversion of
riboflavin to FMN and FAD.

Tricyclic Antidepressants (amitriptyline, imipramine): Tri-
cyclic antidepressant drugs may inhibit the conversion of
riboflavin to FMN and FAD.

NUTRITIONAL SUPPLEMENTS

Boron: Boric acid may induce riboflavin deficiency, since it
displaces riboflavin from plasma-binding sites and results in
increased urinary excretion of the vitamin. Most forms of
boron (see Boron) used for nutritional supplementation are
readily converted to boric acid. High intakes of these boron
supplements may result in riboflavin deficiency.

Psyllium: Concomitant intake of psyllium and riboflavin
may decrease the absorption of riboflavin.

Vitamin E: Riboflavin may potentiate the antioxidant effect
of Vitamin E.

FOODS
Concomitant intake of riboflavin with food enhances the
absorption of riboflavin.

OVERDOSAGE

There are no. reports of riboflavin overdosage in the
literature.

DOSAGE AND ADMINISTRATION

Riboflavin and riboflavin 51-monophosphate are the princi-
pal forms of riboflavin supplements, with riboflavin being
the major available form. Riboflavin is typically present in
multivitamin, multivitaminlmultimineral and B-complex
preparations. Riboflavin is also available as a single ingredi-
ent supplement. Typical doses range from 1.7 to 10
milligrams daily. Pre- and postnatal supplements usually
deliver riboflavin at a dose of 3.4 daily. In the migraine
prophylaxis studies, 400 milligrams daily of riboflavin were
used. Use of riboflavin for any medical indication must be

medically supervised. Doses of riboflavin greater than 30
milligrams should be taken in divided doses.

The Food and Nutrition Board of the Institute of Medicine of
the National Academy of Sciences recommends the follow-
ing dietary reference intakes (DRI) for riboflavin:

The DV (Daily Value) for riboflavin (vitamin Bz), which is
used for determining percentage of nutrient daily values on
nutritional supplement and food labels, is 1.7 milligrams.
This is based on the U.S. RDA for riboflavin.
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ROYAL JELLY 1553

Royal Jelly
DESCRIPTION

Royal jelly, also known as gelee royale and RJ, is the milky-
white gelatinous substance secreted from the cephalic glands
of nurse worker bees (Apis mellifera) for apparently the sole
purpose of stimulating the growth and development of the
queen bee. Without royal jelly, the queen bee would be no
different from the worker bees and would live about as long
(seven to eight weeks). With royal jelly, the queen bee can
live five to seven years. This fact explains the popular belief
that royal jelly has rejuvenating qualities.

Royal jelly, however, has not lived up to expectations that it
is an important anti-aging substance. But it is not without
medical interest. Royal jelly consists of an emulsion of
proteins, sugars, lipids and some other substances in a water
base. Proteins make up about 13% of royal jelly. Most of the
proteins comprise a family called major royal jelly proteins.
One protein in royal jelly called royals in possesses antibiotic
properties against gram-positive, but not gram-negative,
bacteria. About 11% of royal jelly is made up of sugars, such
as fructose and glucose, similar to those found in honey.
Lipids comprise about 5% of the substance and consist
mainly of medium-chain hydroxy fatty acids, such as trans-
lO-hydroxy-2-decenoic acid, which is also thought to
possess antimicrobial properties.

Royal jelly also contains vitamins, such as pantothenic acid,
minerals and phytosterols. Neopterin, or 2-amino-6- (1,2,3-
trihydroxypropyl)-4 (3H)-pteridinone, was initially isolated
from royal jelly. Neopterin is also found in humans, and,
although its precise role is not known, it appears to play an
important role in the human immune system.

Melbrosia, a mixture of royal jelly and bee pollen, is
sometimes used by menopausal women to manage climacter-
ic symptoms.

ACTIONS AND PHARMACOLOGY

ACTIONS
Royal jelly may have hypolipidemic, antibacterial, anti-

inflammatory and anti proliferative activities.

MECHANISM OF ACTION

The mechanism of actions of royal jelly is not known. The
possible antibacterial activity of some royal jelly proteins,
while of interest for topical use, is unlikely to be expressed
when ingested.

PHARMACOKINETICS

There are no reported pharmacokinetic studies of royal jelly.
Proteins, carbohydrates and lipids in royal jelly should be
digested, absorbed and metabolized in the same way that
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