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7.1 Introduction

The quest for novel topical delivery systems for
bioactives, with emphasis on “natutal” and “safe,”
is an area of dynamic research in the pharmaceuti-
cal, cosmetics, and nutritional fields. Tetrahydro-
piperine is a natural topical permeation enhancer
for active compounds. Derived from black pepper
fruit, the product is effective in very small quanti-
ties (0 01%—0 1% by weight in formulations con-
taining actives) It has no irritant or sensitization
side effects.

Prepared using a proprietary process, this
branded ingredient is gaining popularity in a wide
range of topical formulations. Its efficacy in enhanc-
ing the topical permeation and uptake of various
classes of active compounds has been scientifically
validated The ingredient is compatible with com-
meonly used formulation bases and does not adversely
affect the sensory profile of cosmetic compositions

A salient featute of tetrahydropiperine is that it
is derived from black pepper fiuit, a familiar culi-
nary spice Members of the botanical family
Piperaceae, to which black pepper (Piper nigrum)
and tong pepper (Piper longum) belong, are believed
to be among the first plants cultivated by humans
for medicinal and food use. Black pepper and long
pepper have a history of medicinal use in the
Ayurvedic tradition. Ayurveda literally means the
“science of [ife” and is comprised of a system of
lifestyle recommendations, along with the use of
specific herbs and minerals, in the management of
disease conditions. Ayurvedic texts, dating back to
three thousand years ago, recommend “Trikatu” or
thiee acrids, a mixture of black pepper, long pepper,
and ginger in a wide range of formulations for opti-
mal health and wellness.

In recent years, extensive research data on the
phytochemistry and unique pharmacological actions
of these plants have also become available. This has
led to t:hei;' popularity as nutraceutical ingrédients.
Onpe branded black pepper extract is a clinically
proven bioavailability enhancer. It improves the gas-
trointestinal uptake and utilization of orally adminis-
tered nutrients by functioning as a thermonutrient
Several mechanisms of action have been proposed.
These include augmented blood supply to the gas-

trointestinal tract, increased emulsifying content of
the gut, and enhanced active-nuttient fransport.

The skin shares many of the characteristics of
the gastrointestinal epithelium Itis fitting, therefore,
that a natural compound derived from black pepper
fruit be used to enhance the topical permeation of
actives into the skin. Tetrahydropiperine (ITHP) thus
offers a natural solution to formulators challenged
with poorly absorbed topical actives.

7.2 Historical Perspective

7.2.1 The Spice Route and Black
Pepper!?]

Black pepper (Piper nigrum) and long pepper
(Piper longum) are the best-known species of the
plant family Piperaceae. lhey are probably among
the most recognized culinary spices in the world.
Black pepper alone is reported to account for ap-
proximately 35% of the world’s spice trade By some
chronicles, family Piperaceae was among the first
plants cultivated by the early human It is believed
that the eatliest European travelers who visited
India found cultivated peppet vines on the Malabar
Coast in southwestern India, over two thousand
years ago.

As amatter of fact, the demand for Indian black
pepper was so great that historical accounts of its
trade often portray dramatic events Some of these
events altered the course of world history. Black
pepper was among the Indian spices on which the
Romans levied duty at Alexandiia about 176 C E.
In the fifth century C E., Roman writers reported
that Attila the Hun demanded, among other things,
three thousand pounds of pepper in ransom for the
city of Rome.

Several centuries later, the high cost of pepper
led the Portuguese to seek their own sea route to
India, and this came to be called the “spice route.”
Successful in their mission, trade in this spice be-
came a monopoly of the Crown of Portugal until the
eighteenth century. In January 1793, an agreement
was made between the Rajah of Travancore and
the English The Rajah was to supply large quanti-




ties of pepper to the Bombay government in return
for arms, ammunition, and European goods. Histori-
cally, this agreement became known as the “Pepper
Contract.”

From the sixteenth to the eighteenth centuries,
the struggle for control of spice-producing regions
in the Far East led to a seties of wars between Por-
tugal, Holland, and England over this sowce of im-
mense wealth, The United States entered the world
spice trade towards the end of the eighteenth cen-
tury, and began exchanging its salmon, flour, and soup
for tea, coffee, and spices

One reason that spices in general, and pepper in
particular, became so important in international trade
was their popular culinary role In those times, tough,
heavily salted, long-stored meat was standard fare,
and spice additives made these meats more palat-
able, while simultaneously masking off-flavors.

All of the commercial and political attention that
black pepper has received throughout the centuries
has been due to its pungency. The pungency of pep-
per evokes a familiar sensation of warmth in the
mouth which, after a relatively short time, spreads
throughout the body . This characteristic is primarily
due to the presence of the alkaloid piperine, which
was isolated at the beginning of the nineteenth cen-
tury by the German scientist Derstad. A small quan-
tity of tetrahvdropiperine was recently isolated from
long pepper (Piper longum),3% and is also reported
to be present in black pepper oleoresin 31

7.22 Use of Black Pepper in Folk
Medicinel291321[33][35]-[38]

Piper species have been used in traditional medi-
cine for reducing intermittent fevers and to promote
the secretion of bile. They are aiso recommended
for neurological, bronchopulmonary, and gastrointes-
tinal disorders These include dyspepsia, flatulence,
constipation, and hemorthoids. Some traditional ap-
plications employ black pepper in gargles for sore
throat and in poultices for the topical management
of inflammation and pain,

In Ayurveda, black pepper, long pepper, and gin-
ger1 are often used together in equal proportions in a
Preparation known as “trikatu,”['%] a Sanskrit word

meaning “three acrids ” Out ot 370 compound for-
mulations listed in the Handbook of Domestic
Medicines and Common Ayurvedic Remedies, 210
contain either trikatu or its individual ingredients [*]
According to Ayurveda, the three acrids collectively
act as “kapha-vata-pitta-haratwam” which means
“correctors of the three biological humors (doshas)
of the human organism.” The sharp-tasting ingredi-
ents in trikatu are used to increase the protective
gastrointestinal mucous secretion, a long-standing
Ayurvedic treatment that has proven successful for
both adute and chronic gastrointestinal conditions.

The advantage of utilizing black pepper (as op-

posed to the standard quinine) in the treatment of

refractory intermittent fevers, (symptomatic of ma-
larial infections), was first reported by Dr. C. S.
Taylor in The British Medical Journal, Septembet,
1886. Long pepper was also used for patients who
had chronic malaria with splenomegaly (enlarged
spleen). In traditional Chinese medicine, black pep-
per has been used for the treatment of epilepsy 4
Based on this traditional application, a new anti-epi-
leptic drug called Antiepilepserine has recently been
synthesized by Chinese researchers. Antiepilepserine
is a chemical relative of piperine, the main alkaloid
phytochemical found in plants of the family
Piperaceae. In traditional Middle Eastern medicine,
black pepper has been used as a nerve tonic.

7.2.3 Discovery as a Delivery System

Our research on tetrahydropiperine as a poten-
tial skin permeation enhancer for fopical actives was
based on the known bicavailability enhancement of
nutrients and drugs by the parent compound piperine
Studies on piperine with rifampicin,/**] Piperine with
isoniazid, pyrazinamide, and rifampicin,?'22] piperine
with propranolol and theophylline,[**land piperine with
phenytoin?#! are reported in the literature.

Beta-carotene absorption has been shown to be
variable among humans, with some individuals con-
sistently absorbing it well, while others do not. Re-
cently, an original bioavailability study showed thata
standardized extract of black pepper (Bioperine®)
increases gastromtestinal absorption of beta caro-
tene in humans.3%) Bioperine is about 98% pure pip-
erine obtained from pepper through a proprictary
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extraction process. A small amount of Bioperine (5
mg) combined with a formula containing 15 mg of
beta carotene, given as a food supplement once a
day, increased almost twofold the blood levels of beta
carofene in human volunteers. These results sug-
gest that Bioperine possesses the potential to increase
the bioavailability of nutrients as well Incidentally,
the dose of piperine that increased the bioavailability
of beta carotene was several times lower than the
estimated amount of piperine consumed daily in the
diet by an average individual in the USA.[?] Coen-
zyme Q10,271 L(+)-selenomethionine, vitamin Bg, vi-
tamin C (with propranolol hydrochloride), and herbal
extracts such as curcumin showed enhanced
bioavailability when co-administered with
Bioperine ) When 5 mg of Bioperine was added
to a mixture of vitamin C with propranolol hydro-
chloride, the bioavailability of the nutrient was en-
hanced while the bicavailability of the drug remained
unchanged

Based on these properties, we tested a deriva-
tive of piperine (viz, tetrahydropiperine) to deter-
mine if it had better bioavailability enhancement prop-
erties Fxcellent results were obtained This data
provided a basis for a novel bioavailability-enhanc-
ing natural compound for topical use in personal care
applications.

We developed a novel process to convert natu-
tal piperine in black pepper oleoresin to tetrahydro-
piperine and then tested its biological activity. Three
interesting observations came to light in preliminary
studies. Tetrahydropiperine, at very low levels in
formulations, enhances the bioavailability of bicac-
tive molecules (with potential applications in the topi-
cal delivery of drugs and nutrients), increases topi-
cal permeation of bioactive molecules (with poten-
tial cosmeceutical, cosmetic applications) and in-
creases the dermal penetration of insecticides (with
potential applications in pestiéides, anthelmintics, and
insecticidesp' & ) {

The dis’co%ery that tetrahydiopipetine can be
used to enhance active-molecule penetration through
the skin in topical applications, as well as for the
penetration of pesticides, fungicides, herbicides, and
foliar fertilizers applied to pests or plants, formed
the subject of our patent application 281 Derivatives
of tetrahydropiperine were also included in the patent
application. :

7.3 Concept Development

7.3.1  Skin as a Delivery Conduit for
Bioactives

The skin is the largest organ in the body. It has
far-reaching functions such as being a barrier to the
environment and an interface with the outside world,
and the capability to accentuate aesthetic appeal and
beauty. The skin also patticipates in nourishing and -
healing the body. It contains actively metabolizing
cells that constantly imbibe nutrients and facilitate
their transport to the underlying tissues and organs
in the body. Simultaneously, with the “intake” pro-
cesses, metabolic wastes are excieted through
perspiration.

Conventional nourishment is conveyed through
the skin from environmental sources such as light,
moisture, and sensory stimuli These inputs affect
neurchortones. Noxious substances in the environ-
ment trigger the immune response. Deliberately ap-
plied substances and stimuli that can potentially heal,
renew, and revitalize the body can be similarly con-
veyed through the skin. Tt is not surprising, there-
fore, that pharmacologists and cosmetologists alike
look to the skin as a potential conduit for nutrients
and drugs. By analogy, the skin functions quite like
the gastrointestinal tract.

Although easily accessible, the skin presents
unique opportunities and challenges when it comes
to the delivery of pharmaceuticals, nutritional com-
pounds, nutraceuticals, and cosmeceuticals The skin
and its appendages (ic., sweat glands, sebaceous
glands, hair, hair follicles, and nails) constitute a dy-
namic metabolic system with intricate functions. An
active compound applied to the skin needs to be ab-
sorbed thrdugh the protective five-layered epider-
mis, transported into the dermis and, thereafter, en-
ter the metabolic cycle by absorption into the blood
microcirculation.

The outermost layer of the epidermis, the stia-
tum corneum, is made of cornified or keratinized
cells. It is in a state of dynamic shedding and re-
newal This layer is a consequence of matuzation of
keratinocytes These ate cells that originate four lay-
ers down from the outermost stratum corneum layer
in the bottom (basal) layer of the epidermis (stratum
basale) Looking outward from this layer, a layer
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just above the basal layer, the stratum spinosum, pro-
duces “waterproofing” material (a mixture of lipids
and glycoproteins) that regulates skin permeability.
This is topped by the stratum granulosum, which
manufactures keratohyalin, an amino acid complex
believed to be metabolized into eleidin in the layer
above it (the stratum lucidum) Eleidin is converted
to keratin, the tough protective protein of the skin,
hair, and nails, in the stiatum comeum The epider-
mis is also home to several specialized cells These
include, fo1 example, Merkel cells, which play arole
in an €arly warning system against noxious stimuli
to the skin Langerhans cells, which function as im-
mune cells, and melanocytes, which provide protec-
tion against excess UV light with potential influ-
ence on the circadian thythms, are also part of the
epidermis.

Underlying the epidermis is the dermis. It is com-
prised of a cushion-like network of elastic fibers (col-
lagen), capillary blood vessels and Iymphatic ves-
sels, fine-touch receptors (Meissener’s corpuscles),
pressure receptors (Pacinian corpuscles), tempera-
ture sensors and pressure receptors (Krause’s end
bulbs} It also contains bundles of smooth muscles
attached to hair follicles (when activated giving an
appearance of “goose bumps™), eccrin sweat glands
(the “sex” glands), wax glands and sebaceous glands
By analogy with the gastrointestinal tract, this com-
plex array of specialized cells and structures per-
mits the skin to communicate with the outside world
by selectively permitting nutritious stimuli into the

body, while at the same time preventing the entry of

noxtous stimuli It also provides for the evacuation
of metabolic waste material (by way of the sweat,
sebaceous, and wax glands).

A variety of therapeutic molecules such as cor-
ticosteroids, steroid hormones, and nonsteroidal anti-
inflammatory agents (NSAIDs) have been typically
delivered topically. Their efficacy and availability has
been assessed by monitoring the biological effects
01 levels of actives in the plasma However, attempts
1o optimize/maximize the delivery of such bioactive
“ompounds is an area of dynamic research. By con-
trast, other nutrients and drugs, whether protein o1
Peptide in nature, present unique delivery problems
of theiy own, since factors such as molecular size
anq the charge present in the compound can have a
Mmajor impact on theijr ability to be delivered.

A number of differ%nt pathways exist for the
penetration of actives through skin. These include:
intercellular penetiation between stratum corneum
(mainly hydrophobic, lipid soluble materials),
transcellular (through the stratum corneun and con-
sisting primarily of small water-soluble molecules),
and via hair shafts and follicles as well as via seba-
ceous glands [1] i P

Ttis generally assumed that hydrophobic mol-
ecules of molecular weight less than five hundred
can easily penetrate the siratum cornéum, although
the penetration through the deeper layers of the epi-
dermis and dermis is questionable [U54 However,
for proteins with molecular weight higher than five
hundred, as well as chaiged molecules, even pen-
etration through the stratum corneum is doubtful. For
these matetials, and for delivery of actives into the
blood stream, several strategies have been attempted.

A variety of “chemical penetration enhancers”
have been used in the past to inciease penetration
of drugs into and through the skin. These include:
solvents such as DMSO, ethanol, and other alcohols
and glycols such as propylene glycol, etc. Fatlty ac-
ids such as oleic acid and others have been used, as
well as trans fatty acids that distupt the lipid bilayer
structure of the stratum corneum . Still other examples
mnclude detergents such as sodium lauryl sulfate,
polyoxyethylene lauryl ethers, chaotropic agents such
as thioglycolate, urea, mercaptoethanol, and many
others {1 Most of these agents increase penetration
of certain drugs; they also have the potential to cause
damage to the satum corneum and to increase the
probability of irzitation. Most of these agents work
by perturbation of the intercellular lipid bilayers
present in the stratum cormeum [21

Several other strategies have also been used to
deliver drugs through the skin. Designing prodrugs
that can be cleaved enzymatically within the skin
has been one such strategy. The prodrug is designed
to improve skin penetration by initially increasing the
hydrophobicity, or by neutralizing the charge on the
molecule, until it is cleaved enzymatically, This strat-
egy can utilize parameters such as lipid solubility,
partition coefficient, and molecular volume [

A third strategy for increasing penetration is en-
trapment of the drug, nutraceutical, or cosmeceuti-
cal inside liposomes, or other skin penetrable
vesicles.* Liposomes have been cxtensively stud-
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ied and suggested as a vehicle for topical delivery
systems. It has aiso been suggpested that liposome

size makes a difference in the rate of penetration of

the drug through the skin T Penetration efficacy has

been found to be inversely proportional {o the size of

the liposomes Liposomes modified with hyalaronic
acid have been suggested as better carriers of topi-
cal drug delivery, especially for delivering drugs for
wound healing "%l In addition, liposomes also accel-
crate delivery of materials via both pilosebaceous
units!” and a follicular route, [11]

Various formulation sirategies have been applied
to induce delivery of actives into the skin. Skin pen-
etration of alpha tocopherols can be greatly enhanced
by formulating them in hydroalcoholic gels [8]
Microemulsions are suitable carriers to stabilize and
deliver ascorbic acid derivatives and estradiol into
skin [91F101

The nutraceutical industry has begun to use this
strategy to deliver nutraceuticals via the skin as an
alternative to oral supplements Skin permeation
enhancement technologies also include the use of
phospholipid vesicles and cyclodextrins as delivery
vehicles, as well as the use of essential oils, fatty
acids, squalene, alcohols, and other compounds

Two natural ingredients derived from black pep-

per extract have been demonstiated to enhance the
gastrointestinal and topical absorption of nutrients,
Both these ingredients are patented by Sabinsa Cor-
poration [12H151128]

7.3.2 Black Pepper Extract as
Bioavailability Enhancer for
Nutraceuticals![1215]

Do all nutritional supplements consumed, o all
topically applied products, provide optimal health ben-
efits? Typically, the answer to this question depends
upon how well they are absorbed along their deliv-
1y route ?iogva;lal?ility encompasses avajlabifity,
absorption; ret!entio_n,:and utilization of nutrients Ab-
sorption in the body is a key factor for the nutrient to
be biologically effective. Black pepper extract, or to
be more precise, its active alkaloid component pip-
erine, has been shown to enhance bioavailability
when co-administered with nutrients.

The spicy or “hot” taste of pepper when
sprinkled on food is well known, The perception of
heat is stronger when fresh pepper is used. This heat
is, in fact, a manifestation of the biological activity
of some of the active compounds found in pepper,
the most notable of these bein g piperine.

Black and long peppers stimulate the skin as well
as the tongue. They have, therefore, also found wide
use in topical applications. These peppers have been
found to have broad antimicrobial, antiparasitic, and
insecticidal propet ties. Peppers have been tradition-
ally used as local anesthetics, but the mechanism of
this analgesic (pain-relieving) action has only recently
been described.['7] It is believed that piperine, the
active constituent in black pepper and long pepper,
acts in a similar (but not identical) way to capsaicin,
another well-known pungent phytochemical, found
In cayenne peppers (Capsicum annuum). Black and
various red peppers, including cayenne, chili, and
paprika, are all spicy bui are not related botanically.

According to one:hypothesis, piperine may cause
depletion of the neurotransmitter called “Substance
P%1 fiom the sensory nerves, Substance P’s ap-
pearance and concentration is correlated with the
experience of pain This action may cause local de-
sensitization to pain stimuli It has been proposed
that Bioperine acts through thermoreceptors, both
locally in the skin nerve endings, and systemically,
throughout the nervous system. This action, in turn,
interferes with pain stimulus transmission and causes
desensitization of pain receptors, [2°

T'he proposed mechanism for pain 1eduction
through thermoreceptors (sensors of heat energy)
in the body may provide clues to the mechanism of
thermogenic (heat-generating) action of pepper and
piperine. The thermogenic effect of piperine and
other components of spices such as capsaicin,
gingerol, and shogaol is now broadly discussed asa
new application of spices traditionally known for their
ability to regulate body temperature. Thermogenesis
is scientifically linked to the metabolic processes in
the body and the metabolic 1ate, The higher the meta-
bolic‘rate, the greater is the heat energy produced
by the body. Could it be that thermoregulation by
piperine is a mechanism through which metabolism
can be regulated, including the absorption and utili-
zation of nutrients and drugs? In light of the pro-
found effects of piperine on nutrient absorption when
given orally in a dose as small as a few milligrams,
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the compound deserves to be called a
“gupetnutrient ” In view of its possible thermogenic
effect in the body, it could also be dubbed a thermo-
nutrient 1181

The concept of thermogenesis is not documented
in Ayurveda, the ancient Indian system of medicine
Howevet, its texts describe the empirical use of'cei-
tain combinations of herbs and minezals specifically
targeted to improve the digestibility of food. Recent
experimental evidence shows that piperine has anti-
inflammatory and antioxidant properties ['") Piperine
may thus facilitate nutrient absotption by reducing
inflammation at the site of active molecule absorp-
tion The mechanisms underlying the beneficial ac-
tion of piperine, as one of the principal ingredients of
numerous formulas for digestive health and respira-
tory support employed by Ayurveda, certainly re-
quires further investigation. Particulat attention needs
to be paid to the traditional understanding that re-
storing optimal gastrointestinal function is an effec-
tive means of preventing disease and improving ovet-
all nuirition through improved nutrient absorption.
Black pepper and long pepper are thus potentially
useful herbs in the management of a variety of gas-
trointestinal and related problems.

Future research on pepper and its constitu-
ents may further explore the origin, evolution, and
effects of its pungency, a propérty that has attracted
attention since ancient times. Pliny commented
some two thousand years ago: “It is quite surptis-
ing that the use of peppet has come so much in
fashion, its only desirable quality being a certain pun-
gency; and yet it is for this that we import it all the
way from India!”{?0]

The pungency of peppet is now understood to
be an offshoot of the biological properties of pip-
erine. This compound can, in fact, regulate neuro-
hormones, and thereby increase thermogenesis, or
the production of heat by the body Scientific re-
search has now revealed that the “hot” pepper taste
is due to the production of heat energy. The ther-
mogenic effect is also aftributed to the ability of pip-
erine to stimulate the thyroid gland and increase the
action of thyroid hormones The biological mecha-
nism of piperine is thus clearly linked to its hot taste,
further validating its representation as a nutraceutical
or “functional food ™

The biological propetties of piperine have been
extensively studied only in recent years 211221 The
proposed mechanism for the increased bioavailability
of drugs co-administered with piperine is attributed
to the interaction of piperine with enzymes that par-
ticipate in drug metabolism . Examples of these are
mixed function oxidases found in the liver and intes-
tinal cells. Interaction with the synthesis of drug
_chelati’ng molecules in the body such as glucuronic
acid has also been proposed. Piperine may also in-
teract with the process of oxidative phosphorylation,
or the process of activation/deactivation of certain
metabolic pathways, thereby slowing down the me-
tabolism and biodegradation of drugs. This action of
pipetine results in higher plasma levels of drugs,
thereby rendering them more available for pharma-
cological action

One of the first scientific experiments to con-
firm that pepper could enhance the bioavailability of
drugs was performed in the late 1970s by Atal and
coworkers at the Regional Research Laboratory,
Jammu-Tawi in India [2!] These experiments revealed
that Piper longum orally co-administered to rats with

“the drugs vasicine and sparteine increased the blood

levels of vasicine by 232% and spatteine by mote
than 100% as compared to control animals who did
not receive P. longum In subsequent experiments,
piperine has been proven to enhance the
bioavailability of a number of drugs including rifampi-
cin, phenytoin, propranolol, and theophylline 211231

The successful use of piperine to increase bio-
availability of certain drugs has created interest in
its use for nutrient and food absorption. Nutritional
deficiencies due to poor gastrointestinal absorption
are an increasing problem in developing countries
as well as in Western nations; therefore, the use of
piperine represents an opportunity to alleviate these
deficiencies. While overall gross malnutrition may
be the culprit for this problem in developing coun-
tries, incidence of poor gastrointestinal absorption is
increasing in Western nations due to a larger per-
centage of aging baby boomers in the population.
Nutritional deficiencies in Western nations are fut-
ther exacerbated by “junk food diets,” allergies, gas-
tric ulcers, and chronic yeast infections (Candidi-
asis)

Bioperine® is a standardized extract manufac-
tured by Sabinsa Corporation from the fiuits of Piper
nigrum L. (black pepper) or Piper longum L (long
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pepper) It contains a minimom piperine content of
95% compared to the 3%-9% and 3%—5% found in
raw forms of Piper nigrum and Piper longum, re-
spectively Bioperine may be co-administered with
vatious nutrients to produce improvements in both
human and animal health [121-[15]

When optimal oral delivery of nutrients is re-
quired, Biopetine may be co-administered in low
amounts (5 mg) with the nutrients to increase ab-
sorption and bioavailability. The efficacy of Bioperine
in this regard is supported by clinical data as shown
inFigs. 7.1-7.4.
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commonly used to bioenhance blood levels of a drug.
Incidentally, the dose of piperine, which increased
the bioavailability of beta carotene,26) was several
times lower than the estimated amount of piperine
consumed daily in the diet by an average individual

in the USA [2°] Similar bioavailability enhancement

was observed on co-administration of other nutii-
ents including coenzyme Q10,27 L{+)-selenome-
thionine, vitamin Bg, vitamin C (with propt anolol hy-
drochloride) and herbal exti acts such as curcumin
with Bioperine[?) These experimental results pro-
vide strength to the concept that nutrient delivery
through the skin could similarly be enhanced by pip-
erine and related compounds.

7.3.3 Tetrahydropiperine (THP):
Unique Black Pepper
Constituent Derived from

Piperine

Tetrahydropiperine, a compound present in small
amounis in black peppet and long pepper extracts,
can be commercially prepared from piperine by us-
ing a proprietary process This process produces a
concentrate containing pure tetrahydropiperine inthe
form of a light tan powder. The matetial is suitable
for use in cosmetic formulations and topical delivery
systems for drugs, nutrients, and other bioactives.
When added in low amounts (0 01-0.1%) to such
formulations, this product enhances the skin up-
take and bioavailability of actives in the formula-
tions.

Laboratory studies with betamethasone
dipropionate (BMDP), a steroidal anti-inflammatory
agent that is commonly used in topical anti-inflam-

matory formulations, revealed faster absorption of

the drug when combined with tetrahydropipetine.

Similar enhanced permeation was observed in
studies with other active matetials including Coleus
forskohlii extract (forskolin, green tea extract
[polyphenols]) and tetr ahydrocurcuminoids {derived
from tumeric root extract). For example, the per-
meation of forskolin was enhanced when the con-
centration of tetrahydropiperine was 5% of forskolin
concentration. Similarly, about 30% jmprovement in
bioavailability of the other botanical extracts was
observed when they were co-administered with tet-
rahydtopiperine.

In view of these propefties, tetrahydropiperine
is a potential transdermal bioavailability enhancer
when co-administered topically with nutrients or other
active compounds. Tmproved absorption of topically
beneficial nutraceuticals is expected for carotenoids,
ascorbic acid, vitamin A, mineral nutrients, 7-keto
DHEA, herbal exiracts, amino acids, and other topi-
cally }beneficial nutraceuticals and‘closrpec%euticals ‘

With regard to safety. tetrahydrop!ipe‘tine does
not irritate the skin when'used in cosmetic formula-
tjons, as revealed by occlusive patch testing pet-
formed on human voluntees. 55

7.3.4 Mechanism of Action

Based on clinical experimentation with its par-
ent compound piperine, tetrahydropiperine is a po-
tentially versatile adjuvant for nutrient and cosme-
ceutical delivery into the skin. As discussed previ-
ously, piperine in oral dosage forms is reported to
enhance the gastrointestinal absorption of drugs and
autrients in animals and humans. Compounds suc-
cessfully studied include drugs such as vasicine,
pyrazinamide, rifampicin, isoniazid, propranolol, theo-
phylline, and phenytoin Similar action has been seen
for putrients such as fat-soluble beta carotene, wa-
ter-soluble vitamin Bg, vitamin C, coenzyme Q10 and
the mineral selenium in the form of L-seleno-
methionine %!

In vitro studies with tetrahydropiperine, using
systems that simulate dermal absorption showed
promising results An application analogous to gas-
trointestinal bioavailability enhancement by pipetine
is therefore likely This result presents exciting al-
ternative inroads for new directions in nuirient de-
livery Effective topical delivery of essential nutri-
ents could provide an accessible and affordable
means of disease prevention and sustaining good
health.

This above stated rationale is based upon the
physicochemical factors that influence skin perme-
ation of topically applied substances, and the mode
of action of known permeation and bioavailability
enhancers . Selective nutrient absorption is an im-
portant physio}ogical property of the skin The pro-
cess begins at outermost epidermal layer, the stra-
tum corneum, the bartier against the external envi-
sonment [44) This barrier function is effected by the
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unique composition of the lipid moieties in the epi-
dermis (45481 L ipids produced by actively metabo-
lizing keratinocytes are released into the intercellu-
lar spaces, where they undergo enzymatic process-
ing to produce a lipid mixture consisting of ceramides,
cholesterol, and fatty acids These intercellular lip-
ids are organized to form a selectively permeable
barrier. These intercellular lipids mediate trans-
dermal delivery of both lipophilic and hydrophilic
molecules 4]

Fatty acids in epidermal lipids play a pivotal role
in regulating nutrient bioavailability because they are
important components of cell membranes and form
the hydro-lipid skin surface film % It is known that
topical application of certain fatty acids can lead to
changes in permeation of co-administered topical
bioactives. Fatty acids may restore a damaged stra-
tum corneum batrier, or enhance nutrient and drug
transport through the skin, by increasing cell mem-
brane fluidity. Increased cell membrane fluidity re-
sults in a better fit for the bioactive molecule and
translates to increased uptake.

Research shows that regulating the composition
of intracellular lipids in the skin can increase or de-
crease the bioavailability of topically applied actives
It is known that a diet deficient in essential fatty
acids, repeated exposure to organic solvents, or pro-
longed topical application of agents that interfere with
lipid synthesis can reduce the barrier function of the
skin, rendering it more porous “71Examples of these
agents include lovastatin, fluvastatin, and cholesterol
sulfate This decrease in barrier function would trig-
ger increased synthesis of lipids, DNA, and relevant
types of epidermal cells to compensate for the defi-
ciency in the protective barrier. These natural de-

fense mechanisms serve to restore the integrity of

the skin barrier and its functions It should also be
noted that providing an artificial barrier, for example,
by applying a topical sealant, blocks the natural de-
fense mechanisms that serve to repair the skin struc-
ture 47! This observation indicates that the epider-
mal lipicll composition might be able to be modified

sufficiently in order to permit the entry of beneficial
molecules.

In studies with drug molecules, it has been ob-
served that supersaturation of the active ingredient
could effect enhanced permeability Alternatively,
when the skin is viewed as a delivery conduit, it can

LY

contain ingredients that may decrease the diffusional
(electrostatic) resistance of the lipid bilayer to the
active molecule Topical liposome preparations are
a good example of such materials. They function as
effective penetration enhancers for the delivery of
certain co-applied drugs and biological compounds,
(e g, interferon). The mechanism of action is be-
lieved to be due to their role in increasing cell mem-
brane fluidity.[>21331

It is also known that an increase in blood supply
to the skin can enhance the absorption of topically
delivered nutrients 1) In the case of tetra-
hydropiperine, the increase in skin permeation/bio-
availability effected could be due to a synergistic
combination of all the modes discussed above.[*3]

While more experimental data are needed to fur-
ther elucidate the bioenhancing mechanism of tet-
rahydropiperine, data from experiments done both
in vitro and in vivo with the parent compound pip-
erine indicate that the compound may be influencing
either of two events favorably:

1. Membrané fluidity

2 Affinity of nutrient/drug to the cell mem-
brane

Another aspect to be considered is that tetra-
hydropiperine, which is a lipophilic compound, may
increase solubilization of the intracellular lipid moi-
ety in the skin. This, in turn, would help to enhance
the permeation of topically applied active compounds

7.4 Scientific Basis for Efficacy

7.41 Chemistry of
Tetrahydropiperine (THP)

I"etrahydropiperine 18 an arylpentanamide
found naturally in small amounts in Piper nigrum
and Piper longum 1t can be synthesized from pip-
erine by controlled hydrogenation in methanol using
palladium carbon catalyst. This indicates that en-
zymes responsible for the biochemical transforma-
tion (hydrogenation) of piperine do occur in nature
in low amounts Table 7.1 describes the chemistry
of THP.




MaJEED, PRakASH: TETRAHYDROPIPERINE: A NATURAL TOPICAL PERMEATION ENHANCER 167

Tahle 7.1. Chemistry of Tetrahydropiperine (THP)

ES—

= - : ,
([Oi]/\/\)j\,\o m/\/\)]\'h@

1-[5-(1, 3-Benzodioxol-5 yl)-1-0x0 — pentanoyl]-Piperidine
Molecular formula Ci7H5NO;

Molecular weight 28936

C: 70;56%, H: 8.01%, N: 4.84%, 0: 16.59%

Specifications of Tetrahydropiperine

- Chemical Name

Percentage composition

"Description Off-white, low meiting solid with characteristic odor.

Soluble in alcohols (ethanol, methanol, sparingly soluble in propylene
glycol), insoluble in water.

Melting point 41°C42°C

Assay by HPLC Minimum 99.5%
Chromatographic impurities | Not more than 0.5%
(See Fig. 7.5.)

Solubility

' Spectral charactetistics

- Figure 7 6 shows the HPLC chromatogram of Chromatographic System.:
- pure tetrahydropiperine. The procedure is summa-
. rized here.

" Mobile Phase.

Mix acetonitrile and water in the ratio of
50:50, filter and degas.

| Standard Preparation-

The liquid chromatograph is equipped
with 230 and 241 nm UV detector and a
250 x 4.6 mm column that contains the
packing C18 or ODS (Sigma Aldrich
column is used). The flow rate is 1.0 ml
per min. The relative standard deviation
forreplicate injections of standard prepa-
1ation should not be more than 1.0%.

. Weigh 50 mg of the standard and trans-
+ ferinto a 50 ml volumetric flask Add 25
ml of methanol to dissolve and dilute the

Procedure:

Separately inject equal volumes {20 ul)

volume, mix.

Sample Preparation:

‘Weigh 50 mg of the sample and transfer

- intoa 50 ml volumetric flask. Add 25 ml
. of methanol to dissolve the sample and

- dilute to volume, mix

of the standard preparation and sample
preparation into the chromatograph,
record the peak responses obtained for
the major peaks, and calculate the per-
centage as follows:

Area of Sample x Standard Concentration X Standard Strength

Area of Standard x Sample Concentration
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Figure 7.5 Spectral characteristics of tetrahydropiperine.
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Figure 7.6 HPLC chror'nétogréam of tefrahydropiperine.

7.4.2 Experimental Evidence for
Topical Formation
Enhancement Efficacy of THP

Three sample botanical extracts used as cos-
meceutical ingredients were tested for bioavail-
ability enhancement by tetrahydropiperine:
green tea extract (polyphenols rich, a well
known antioxidant), Coleus forskohlii extract
(providing forskolin, a skin conditioning agent)
and tetrahydrocurcumin (derived from
curcuminoids extracted from tumeric root, a
potent antioxidant).|>6]

The permeation of green tea extract and
forskolin in the presence and absence of tet-
rahydropiperine was studied in a Franz diffu-
sion cell system, and carried out across a hy-
drated skin substitute The bioenhancing poten-
tial of tetrahydropiperine was similarly evalu-
ated in expetiments with the steroidal anti-in-
flammatory drug betamethasone dipropionate
(BMDP), and an anthelmintic, fenvalerate. The
antioxidant effect of fetrahydrocurcumin in the
presence and absence of tetrahydropiperine,
was also evaluated

In the experiment involving BMDP, the skin
preparation was mounted in a Franz diffusion
cell in two compartments: “donotr” and “recep-
tor.”” The drug (100 mecg/ml) was applied with
0.1% (active sample) or without (control
sample) of tetrahydropiperine in the donor com-
partment. Subsequently, the absorbances of the
fluid in the receptor compartment for the pres-
ence of BMDP and THP were measuted in
time intervals of 5, 10, 15, 20, 30, 45, and 60
minutes. The active sample resulted in 100%
diffusion of the BMDP within the first 10 min-
utes. The control sample resulted in 29% diffu-
sion of BMDP after 45 minutes and only 54%
diffusion after 60 minutes.[*1

Example 1: Increased efficacy of an anti-
inflammatory agent (BMDP).

-Materials. A Franz diffusion cell was uti-
lized in the experiment. The test drug, BMDP,
with or without tetrahydropiperine (control), was
applied on one side of the skin (donor compart-
ment) The drug’s transport to the receptor side
of the skin was estimated using a UV spectro-
photometer at predetermined time intervals.
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Instruments. Franz diffusion cell (fabricated);

" capacity of receptor compartment: 36 ml; area of

skin mounted: 10 18 sq.cm.; UV/VIS spectropho-
tometer (JascoV-330); FTIR spectrophotometer
(Jasco 5300).

Chemicals Betamethasone dipropionate
(Nucron Pharmaceuticals, Ltd); sodium chioride;

Tween 20; propylene glycol All chemicals were of

analytical grade

Standard BMDP solution (100 ug/ml). In a
volumetric flask of 100 ml, 10 mg of BMDP was
taken and dissolved in 50 ml saline with Tween 20
solution and volume was made up with the same.

Tetrahydropiperine solution (1% w/v). In a
volumetric flask of 25 ml, 025 g of tetrahydropi-
perine was made up with propylene glycol

Methods. Hydiated skin was mounted on the
Franz diffusion cell with the shaved surface facing
the donor compartment The receptor fluid (saline
with Tween 20 solution) was maintained at 37 =
0 5°C and stirred continuously at 200 1pm. The ex-
petiments conducted are described below

Control. Propylene glycol, 0 5 ml, was applied
to the mounted skin and kept for one hour. The re-
ceptor fluid was removed and teplaced with fresh
receptor fluid. BMDP solution, 0 5 ml (50 pg), was
applied and sampling was carried out for a petiod of
three hours. The sample volume was 2 ml each time,
which was replaced by fresh receptor fluid. Absor-
bance of each sample was measured by UV spec-
trophotometer at the wavelength of 256 nm.

Test. Tetrahydropiperine solution, 0 5 ml, was ap-
plicd to the mounted skin and kept for one hour. The
receptor fluid was removed and replaced with fresh
receptor fluid. BMDP solution, 0.5 ml (50 pg), was

applied and sampling was carried out for a period of

three hours. The sample volume was 2 ml each time,
which was replaced by fresh receptor fluid. Absot-
bance of each sample was measured by UV spec-
trophotometet at the wavelength of 256 nm

UV absorption spectra of BMDP solutions show
absorption at 238 nm when pr epared in saline with
Tween 20 solution. We selected 256 nm as the wave-
length of analysis for the following reasons:

» Tetrahydropiperine showed absorbance at
228 nm and 275 nm.

« The absorbance of tetrahydropipetine was
minimum at 256 nm while it was good for
BMDP. The difference in the absorption
value at A, s is the maximum.

« The calibration curve was prepéu‘ed using
receptor fluid to simulate the conditions for
BMDP, present in test solution (Table 72)
Considering that absorbance is an additive prop-

erty, the concentration of BMDP in the permeation
study was determined by exploiting the curve sub-
traction facility of software V500 provided by Jasco.
The absorbance at 256 nm was obtained by sub-
{racting the curve of the spectrum of tetrahydropi-
perine from the spectrum of BMDP with
tetrahydropiperine The percentage of drug diffused
in contro! and test are given in Table 73

Table 7.2, Calibration Curve for Betamethasone
Dipropionate in Saline with Tween 20 (0.05%});

A5 M

5 0.090
10 0.12
15 0.147
20 0.197
25 0.248
30 0310

Tabie 7.3. Effect of Tetrahydropiperine on Trans-
dermal Diffusion of BMDP




170 Deuvery System Hanpsook For PERSONAL CARE AND CosmMeTIC ProbucTs

Table 7.3 shows that, in the first thirty minutes,
the amount of drug diffused in the control is unde-

tectable. However, in the presence of

tetrahydropipetine, all the drug has diffused within
ten minutes. This demonstrates the increased per-
meation of BMDP in the presence of
tetrahydropiperine (Fig. 7.7).

Example 2: Bioavailability enhancement of
antioxidant botanical extracts. Two sample bo-
tanical extracts used as “cosmeceutical” ingredients
were tested for bioavailability enhancement by tet-
1ahydropiperine: green tea extract (polyphenols
rich)[#11%6] and tetrahydrocurcumin (derived from
curcuminoids extracted from tumeric root). 40

Materials. Franz diffusion cell (Permegear #4G-
01-00-09-05), Permegear station stirrer (Permegear
#V6), egg shell membrane, buffer (50 mM phos-
phate buffer, pH 6 8§), green tea extract (containing
70% polyphenols), DMSO, tetrahydropiperine

Method [*2] Green tea extract, dissolved in the
buffer in 3 mg/ml concentration, was used as the
stock solution. A blank solution (B) was prepared
from the green tea stock solution containing 0.2 %
DMSO, and a test solution (1) was prepared from
the green tea stock solution containing 1% THP in
( 2% DMSO. Fresh membrane was removed from
the egg shell, washed five to six times with the buffer,
and kept in the buffer for twenty minutes for stabili-
zation. The receiving chamber had 5 ml of the buifer.

120

100 Test (with THP)

80 & Controi {without THP)

60
40

Percent diffused

20

T

15 20 30 45 60
Time (min)

5§ 10

Figure 7.7 Transdermal absoprtion study with
betamethasone dipropinate (BMDP).

Membrane of uniform thickness was cut and
placed between the receiving chamber and the do-
nor chamber One milliliter each of the solutions B
and T were added to the respective receiving
chambers of the Franz diffusion cells at constant
temperature with stirting Samples were collected
from the receiving chambers after 5, 10, 20, and 40
minutes from both the B (without THP) and T tests
(series with THP).

The samples were analyzed for the total polyphe-
nol contents based on the reaction of polyphenols
with phosphomolybdotungstic acid, forming a blue-
colored complex, and the absorbance was measured
at 760 nm. Tetrahydropiperine enhanced the per-
meation of green tea polyphenols across the egg
membrane by about 30% on average (Fig 7.8).

In another similar experiment, the bioenhancing
potential of tetrahydropiperine on the free-radical
scavenging properties of topically applied
tetrahydrocurcuminoids (THC) was evaluated. In
this in vitro DPPH radical scavenging method, the
ability of an antioxidant tobind and inactivate the 1,1
diphenyl-2-pictylhydrazyl radical, or DPPH, was
measured DPPH is considered an example of a very
stable free radical. The control sample contained 0 01%
of THC while active samples contained 0.01% of
THC with tetrahydropiperine concentiations rang-
ing from 0.1%—-0.0001%. Additionally, controls con-
taining various concentrations of tetrahydropiperine
alone were also tested for DPPH binding,

While tetrahydropiperine by itself did not show
any significant antioxidant properties, together with
THC it was shown to enhance the antioxidant prop-
erties of THC by up to 30% compared with THC
used alone (Fig. 7.9) Eveninits highest dilution of
0 0001 mg/mL, tetrahydropiperine still displayed
some beneficial bioenhancing activity with THC 4]

Example 3: Enhanced permeation of
forskolin, a skin-conditioning agent.[*!! In vitro
permeation studies of forskolin, a diterpenoid com-
pound which has various therapeutic effects
(bt'ondhodilation; prevents platelet aggregation, anti-
hypertensive, anti-glaucoma, anti-inflammatory,
weight management, and cellulite care support) were
peiformed. Fabricated Franz diffusion cells of ca-
pacity 67 and 69 ml were used for the study. Hy-
drated skin was used as the membrane for perme-
ation studies.
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Figure 7.8 Effect of THP on penetration of green tea polyphenols across egg membrane.
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Figure 7.9 Bioavailability snhancement of tetrahydro-
curcumin by tetrahydropiperine.

_ Apparatus. Fabricated Franz diffusion cells
with 1eceptor compartments of 67 and 69 ml
capacities.

Materials. Solutions used in the study:

* 2 5% forskolin in methanol.

. {_).‘05% tetrahydropipetine in 2 5% forskolin
in methanol.

. 9.‘1% tetrahydropiperine in 2.5% forskolin
mn methanol

Methods.

| Pr’oF‘edur'e. Hydrated skin was mounted on the
f_l anz diffusion cell with the outer layer of the skin
acing the donor compartment The receptor fluid

- Was maintained at 35°C using a thermostatic mag-
netic stirrer,

The study was conducted by replacing the me-
dium in the receptor compartment with methanol
instead of phosphate buffer In both the receptor and
donor compartments, methanol was used as the me-
dium in the permeation studies.

Test. In the donor compartment, 2 mi of metha-
nol containing 50 mg of forskolin and tetrahydro-
piperine (5% forskolin conc.) was taken The 1e-
ceptor compartment consisted of 69 ml of methanol
maintained at 35°C. The permeation study was cat-
ried out for a petiod of one hour. Samples wete with-
drawn at 15-, 30-, and 60-minute intervals and the
amount of forskolin present was analyzed by HPLC.

Control. In the donor compartment, 2 ml of
methanol containing 50 mg of forskolin was taken.
The receptor compartment consisted of 65 ml of
methanol maijntained at 35°C. The permeation study
was carried out for a petiod of one hour. Samples
wete withdrawn at 15-, 30-, and 60-minute intervals
and the amount of forskolin present was analyzed
by HPLC.

Results Fig 7.10 shows the transdermal per-
meation of forskolin in the presence and absence of
tetrahydropiperine (5% forskolin conc.) Table 7.4
gives a compatative release data of forskotin in the
presence and absence of tettahydropiperine.

The permeation of forskolin was enhanced when
the concentration of tetrahydropiperine was at alevel
of 5% forskolin conceniration. The phenomenon
appears to be concentration-dependant since at a
lower tetrahydropiperine of 2% (forskolin concen-
tration), enhanced permeation was not observed.
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Figure 7.10 Effect of THP on the dermal penetration of Forskolin

Table 7.4, Transdermal ReleaselPermeation of Forskolin

7.5 Safety Profile 7.5.1  THP: Low Skin Irritation
Potential
Safety is of prime concern in selecting a suit-
able topical delivery system Although tetrahydropi- Determination of skin irritation potential—
perine is based on a pungent principle, it is non-irti- pateh test in human volunteers. 55 A study was
tant and interacis with the skin jn 3 manner different conducted to determine whether tetrahydropiperine

from other pungent principles such as capsaicin from atlevels of 0.01% and 0.1% (an effective dose range
cayenne pepper. for the compound) would produce symptoms of topi-

cal irritation 571 A gkin paich test using tetrahydro-
pipetine in a petrolatum vehicle was conducted on

Capsaicin is 1ecognized by the US FDA ag an

OTC counterirritant and top 1ch pain reh'ever ma fifty healthy volunteers for 48 hours and the results
dose of 0 025%. However, besides the pain reliev- were read after 48 hours and 72 hours. Neither dose
mne act} on this dose p rovides, it often causes skin caused skin irzitation at the time of clinical evalyg-
reddening due to vascular fngorgement as well ag a tion of the sty dy subjects. The supervising physi-
Sh_gl,lt skin tm_glmg slf.:nsat:lon. This reaction to cap- cian, a practicing dermatologist, reported the irrita-
salcin can oceur within minutes or a few hours after tion score as 0 This study was conducted by the
topical application. The reaction usually lasts fi,fom US FDA accredited BioScreen Testing, Inc , labo-
half ?n ho{pr to sievelrai _hours‘ from thelmome‘nt 1t ratory. Thesevresults indicate that tetrahydropiperine
oceurs. It tends o subside with fegular, sustained does not act as a skin irritant in a dose 1ange consid-

uge of top ic_al c.ap saicip in a pain-xelieving dose ered effective for topical nutrient delivery. Details
Ietrahydroplperme, denved from the pungent com- of this study are presented below.

pound piperine, does not irritate the skin when used
at therapeutically. significant levels,

The 48-hour Repeat Insult Patch Test was used
to evaluate skin irritation potential of the test com-
pound




Fifty male or female subjects between ages 18
and 87 yeats participated in the study. Five male
and 41 female subjects completed the study. The
subjects were in good health and were not using any
medications for thirty days prior to the commence-
ment of the study.

Materials and methods. The test material was
applied occlusively, 0.1% wiw diluted in petrolatum.
Two-tenths giam or 0.2 cc of the test material was
dispensed into the skin of the upper back Paper tape
suchas 3M Micropore® or Kendall Tendeiskin® was
used for fixation after prepatation of the surround-
ing skin with an adhesion enhancer such as Mastitol®.
The subject was instructed to avoid exposure to
water or to direct sunlight during the 48-hour obser-
vation period The tape was removed at the test fa-
cility at the end of the exposure period and evalu-
ated by trained personnel under the supetvision of
the principal investigator.

Reactions were scored based on the appearance
of erythema or edema immediately following removal
of the patch and again at twenty-four hours follow-
ing removal Subjects were instructed to report any
delayed reactions occurring after the final reading.

Results. No erythema or edema reactions were
observed in any of the subjects after forty-eight
hours’ exposure of the skin to the test matetial

Conclusion. The test material when tested as
described under 48-hour occlusive patch testing on
fifty subjects appears not to produce primary {con-
tact) iritation. Therefore, tetrahydropiperine has low
skin irritation potential

7.6 Enhancing Topical
Delivery of Bioactives with
THP

7.6.1 Potential Skin and Hair Care
Applications

Fn recent years, the ole of topically delivered
nutrients has been of great interest to personal care
ffmml}lat‘i?ns This is especially true with the emerg-
Ing significance of “cosmeceuticals” in cosmetics
-and dermatological formulations. The rapidly evolv-
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ing anti-aging skin care fnazket is one arca where
the versatile tetrahydropiperine finds many applica-
tions. When co-administered with antioxidant herbal
extracts, amino acids, and other nutrients, tetrahy-
dropiperine is expected to effectively enhance their
permeation and bioavailability.

Skin care formulations that would benefit from
use bf tetrahydropiperine are expected fo be lotions,
creams, gels, massage oils, sun protection formula-
tions containing natural herbal extracts, minetals,
growth factors, enzymes, and other nutrients. Hair
care formulations that will benefit include hair oils,
creams, treatment products, conditioners, styling gels,
and other compositions that contain nutrients to sup-
port healthy hair.

7.7 Formulation Strategies

7.71 Skin Care

Suggested levels of usage in formulations range
from 0.01%-0 1% in skin creams and lotions A typi-
cal skin cream formulation is shown in Formulation
1 (see end of chapter). This formulation includes
“bioprotectant” tetrahydrocurcuminoids, a colorless
product detived from the yellow curcuminoids ex-
tracted from tumeric root. This material functions
as a versatile antioxidant, with potential applications
in anti-aging, UV protection, and skin tone lighten-
ing compositions. In addition, the formulation con-
tains another active ingredient, a freeze-dried coco-
nut water composition to support skin texture and
effect moisturization. This extract is rich in amino
acids, enzymes, and growth factors that nourish and
soothe tired skin.

7.7.2 Hair Care

A base formula for a nourishing hair treatment
is shown in Formulation 7 2 (see end of chapter)
Herbal extracts may be included as desired. The
formulation contains a freeze-dried coconut watet
composition to support healthy hair growth and ef-
fect moisturization. This extract is rich in amino ac-
ids, enzymes and growth factors that nourish and
soothe.
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7.8 Summary

The quest for novel topical delivery systems for
bioactives, with emphasis on “natural” and “safe” is
an area of dynamic research in the pharmaceutical,
cosmetics, and nutritional fields. Tetrahydropiperine
is a natural topical permeation enhancer for active

compounds. Derived from black pepper fruit, the
product is effective in very small quantities (0 01%—
0.1% by weight in formulations containing actives),
with no itritant or sensitization side effects. The evo-
lution of this ingredient, from concept development
toits applications in formulations, is described in this
chapter

7.9 Formulations

Formulation 7.1: A Typical Skin Cream

Paraffinum liquidum Emollient/Solvent 10.0
Petrolatum Emollient 15

A Acetylated lanolin Emollient i 22
Lanolin alcohol Emollient : 14
Laneth-10 Viscosity control 05
Glyceryl monostearate SE Emulsifying agent 3.0
Carbomer (Carbopol 940, BF Goodich) | Viscosity modifier a1
Sodium methylparaben Preservative 0.2

B Sodium propylparaben Preservative 0.02
Sodium hydroxide (10%) Buffering agent 2.5
Water (aqua) Solvent gs 100.0
Tetrahydrocurcuminoids Active 05%

C Tetrahydropiperine (Cosmopetine®, Active 0
Sabinsa Corporation) : 0.1%
Coconut {Cocos rucifera) fruit juice Active 2.0

D (Cococin™; Sabinsa Corporation) (25% colloidal suspension

in 1,4-butylene glycol)

Blend {Phase A 1ngzedlents maintaining tenﬁpex ature at 80°C Separately blend Phase B ingredients at
80°C Add Phase C ingredients to blended Phase A, maintaining the temperature at 80°C, with agitation,
and mix the blended Phases A + C with Phase B in a homogenizer until thoroughly emulsified.

Adjust the pH to neutral with citric acid solution. Cool to 50°C. Add Phase D slowly with
homogenization. Cool to desired fill temperature,
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Formulation 7.2: A Base Formula for a Nourishing Hair Treatment .

Deionized water Solvent 82 10
Xanthan guin Stabilizet 0.60
_—_——_—-‘_—__—7 -n - B
Caprylic/capric triglyceride Emo}}lentf801vent 3 pO {
Myristyl myristate Emollient 3 .(}0'{
Cetyl alcohol Emollient/solvent 150
B Emulsifying wax NF Emulsifying agent 250
Sodium methylparaben Preservative 02
Sodium propylparaben Preservative 0.1
Tetahydropipetine Active 0.1
(Cosmopet ine® Sabinsa Corp)
Coconut {Cocos nucifera) fruit juice Active 5.00 ‘
c (Cococin™, Sabinsa Cotp) 25;{" ﬁ:‘{:’jf;;‘fgfy‘g;’n
Cyclomethicone Antistatic agent 3.00
Heat water from Phase A to 50°C and sprinkle in xanthan gum, mixing well, and then heat mixture to
75°C. Combine ingredients of Phase B with mixing and heat to 75°C. Add Phase B to Phase A using
agitation, mix for 20 minutes and maintain temperature at 70°C-75°C. Cool to 40°C, add Phase C with
mixing and cool to desired fill temperature.
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