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An ethanolic extract of Artemisia dracunculus L. (PMI-5011) was shown to be hypoglycemic in animal
models for Type 2 diabetes and contains at least 6 bioactive compounds responsible for its anti-diabetic
properties. To evaluate the bioavailability of the active compounds, high fat dietary induced obese
C57BL/6J male mice were gavaged with PMI-5011 at 500 mg/kg body weight, after 4 h of food restric-
tion. Blood plasma samples (200 uL) were obtained after ingestion, and the concentrations of the active
compound in the blood sera were measured by electrospray LC-MS and determined to be maximal
4–6 h after gavage. Formulations of the extract with bioenhancers/solubilizers were evaluated in vivo for
ioavailability
otanical
rtemisia
iabetes
nti-diabetic
ioenhancer

hypoglycemic activity and their effect on the abundance of active compounds in blood sera. At doses of
50–500 mg/kg/day, the hypoglycemic activity of the extract was enhanced 3–5-fold with the bioenhancer
Labrasol, making it comparable to the activity of the anti-diabetic drug metformin. When combined with
Labrasol, one of the active compounds, 2′, 4′-dihydroxy-4-methoxydihydrochalcone, was at least as effec-
tive as metformin at doses of 200–300 mg/kg/day. Therefore, bioenhancing agents like Labrasol can be
used with multicomponent botanical therapeutics such as PMI-5011 to increase their efficacy and/or to

.
abrasol reduce the effective dose

. Introduction

PMI-5011 is a botanical extract prepared from Artemisia dra-
unculus L. (Russian tarragon), a culinary herb with anti-diabetic
roperties. PMI-5011 treatment decreases blood glucose concen-
rations in streptozotocin-induced diabetic rats and genetically
iabetic KK.Cg-Ay/+ (KK-Ay) mice but does not effect blood glu-
ose concentrations in non-diabetic mice or rats (Ribnicky et al.,
006). The historical use of the plant, together with recent chronic

oxicology studies and AMES testing suggest that the extract is
afe (Ribnicky et al., 2004). Biological activities associated with the
nti-diabetic effects of PMI-5011 include the stimulation of insulin-
ediated glucose uptake into cultured skeletal muscle cells (Cefalu
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et al., 2008), inhibition of PEPCK (regulator of hepatic glucose out-
put) expression in cultured hepatocytes and in the liver tissue of
diabetic animals (Cefalu et al., 2008; Ribnicky et al., 2006) and
enhancement of insulin sensitivity via a reduction of phosphas-
tase activities such as PTP1-B (Wang et al., 2006). Therefore, several
modes of action may contribute to the anti-diabetic activity of PMI-
5011 observed in vivo, suggesting that it contains multiple bioactive
compounds.

Extensive bioactivity guided fractionation of PMI-5011 using in
vitro assays, led to the isolation of 6 compounds which may con-
tribute to the anti-hyperglycemic activity observed in vivo (Schmidt
et al., 2008). The availability of the functional in vitro assays used
for the characterization and standardization of the extract was also
essential for the identification of the active components. Bioactiv-
ity observed in vitro, however, does not ensure a corresponding
activity in vivo. Obtaining sufficient quantities of pure compounds
from botanical mixtures for in vivo testing, however, can be dif-
ficult especially when the putative bioactives are present at low
concentrations, thus complicating in vivo validation of bioactivity

(Ribnicky et al., 2008). However, analysis of the active compounds in
the blood plasma of treated animals helps to establish a correlation
between the in vitro and in vivo activities. In addition, the relation-
ship between plasma concentrations of active compounds and their
associated bioactivity can be used to evaluate bioavailability.

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:ribnicky@aesop.rutgers.edu
dx.doi.org/10.1016/j.ijpharm.2008.11.012
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Many bioactive compounds from plants, including compounds
ontained in food, are poorly bioavailable because of weak absorp-
ion and/or rapid elimination (Scalbert and Williamson, 2000).
or example, the anthocyanins from blackberry, one of the rich-
st sources of anthocyanins that serve as natural antioxidants, are
ess than 1% bioavailable in rats (Felgines et al., 2002). In fact, the
ole of dietary antioxidants as defense against free radical damage is
urrently being questioned since they are found at only micro and
ano molar concentrations in vivo (Holst and Williamson, 2008).
olyphenols, including anthocyanins, are a large class of phyto-
hemicals that are the focus of research in many areas of disease
revention and treatment. A number of factors are noted to impact
he bioavailability of polyphenols, such as growing conditions of
he plants, cooking and processing conditions, the matrix in which
hey are presented and solubility (Manach et al., 2004). Botani-
al preparations containing active phytochemicals are similar to
ood in this respect. The administration of a pure bioactive com-
ound, a compound contained within its original plant matrix, or
concentrated formulation of a compound in a modified matrix,
ay have distinct effects on the levels of active compounds in the

lood.
Poorly water soluble bioactive compounds are often noted for

ow bioavailability because of inefficient dissolution, dispersion,
bsorption and circulatory retention and are often formulated with
ipid-based vehicles. The beneficial effects of dietary fats on the
ioavailability of hydrophobic drugs has guided the development
f lipid-based formulation vehicles (Humberstone and Charman,
997). A wide range of commercial products that improve solu-
ility and bioavailability of pharmaceuticals and related products
re currently available and designed for a variety of chemical
lasses with a wide range of dissolution characteristics. Many
ioenhancing agents consist of an oil and a surfactant (or some
ombinations of each) that, when formulated with a bioactive
gent, form an emulsion on contact with water. These combi-
ation products are often called self emulsifying drug delivery
ystems (SEDDS) and yield emulsion droplets that range in size,
embrane permeability and thermostability. Labrasol is a com-
ercial bioenhancer consisting of a mixture of glyceride esters

f polyethylene glycol and fatty acids. Labrasol enhances both
embrane permeability and intestinal absorption of cephalexin,
widely used � lactam antibiotic (Koga et al., 2002) and

ignificantly improves the efficacy of Vancomycin, a water sol-
ble glycopeptide antibiotic with poor absorption characteristics
Prasad et al., 2003). In addition to enhancing solubility, per-

eability and absorption, bioenhancers, such as Labrasol that
ontains certain types of surfactants, are also know to further
mprove the bioavailability of absorbed compounds by acting as
-glycoprotein inhibitors and thereby decreasing intestinal efflux
Yu et al., 1999). In this study we develop methods to determine
he bioavailability of the active compounds from a complex botani-
al therapeutic used for diabetes and identify a formulation with
mproved solubility, bioavailability and bioactivity in a murine

odel.

. Materials and methods

.1. Materials

The seeds of Artemisia dracunculus L. were purchased from
heffield’s Seed Co., Inc. (Locke, New York). The plants were grown

n hydroponics and their shoots harvested when plants were begin-
ing to flower after about 4 months. The harvested plants were

rozen and stored at −20 ◦C prior to extraction. The chalcone, 2′, 4′-
ihydroxy-4-methoxydihydrochalcone (DMC-2), was produced by
ustom synthesis by Gateway Biochemical Technology, Inc. to 99%
of Pharmaceutics 370 (2009) 87–92

purity. Labrasol, Labrafil M 1944 CS and Capryol 90 were obtained
from Gattefosse Corp., Westwood, NJ. Capmul MCM was obtained
from ABITEC Corp., Paris Il and cyclodextrin from Sigma, St Louis
MO.

2.2. Preparation of extract

To produce PMI-5011, 4 kg of the harvested shoots were heated
to 80 ◦C, with 12 L of 80% ethanol (v/v) for 2 h. The extraction con-
tinued for an additional 10 h at 20 ◦C. The extract was then filtered
through cheesecloth and evaporated with a rotary evaporator to 1 L.
The aqueous extract was freeze-dried for 48 h and the dried extract
was homogenized with a motor and pestle. PMI-5011C was pre-
pared in a similar fashion using 95% ethanol as the initial extraction
solvent.

2.3. Liquid chromatography-mass spectrometry analysis

Extracts were fractionated and analyzed with the Waters (Mil-
ford, MA) LC-MS IntegrityTM system consisting of a W616 pump and
W600S controller, W717plus auto-sampler, W996 PDA detector and
a Varian 1200L (Varian Inc., Palo Alto, CA) triple quadrupole mass
detector with electrospray ionization interface (ESI), operated in
either positive, or negative ionization mode. The electrospray volt-
age was −4.5 kV, heated capillary temperature was 240 ◦C, sheath
gas air for the negative mode, and electrospray voltage 5 kV and
sheath gas nitrogen for the positive ionization mode; mass detec-
tor scanning from 110 to 1400 atomic mass units. Data from the
Varian 1200L mass detector was collected and compiled using Var-
ian’s MS Workstation, v. 6.41, SP2. Substances were separated on
a Phenomenex® Luna C-8 reverse phase column, size 150 × 2 mm,
particle size 3 �m, pore size 100 Å, equipped with a Phenomenex®

SecurityGuardTM pre-column. The mobile phase consisted of 2 com-
ponents: Solvent A (0.5% ACS grade acetic acid in double distilled
de-ionized water, pH 3–3.5), and Solvent B (100% Acetonitrile). The
mobile phase flow was adjusted at 0.25 ml/min with a gradient from
5% B to 95% B over 35 min.

2.4. Formulation of the extract

PMI-5011, PMI-5011C, and metformin were dissolved in 10%
DMSO for the initial evaluation of bioactivity. For the study compar-
ing the effect of excipients on bioactivity, PMI-5011 was formulated
with 100% DMSO, Labrasol, Labrafil M 1944 CS, Capryol 90, Cap-
mul MCM or 10% cyclodextrin. PMI-5011, PMI-5011C and DMC-2
were formulated with 66% Labrasol for the remaining studies. Com-
pounds or extracts were dissolved into the delivery vehicle at
10–100 mg/ml in order to provide a dose to the animals of 50 mg/kg
B.W. to 500 mg/kg B.W. in a gavage volume of 200–250 uL.

2.5. Plasma analysis of the blood from the treated mice

Trunk plasma was prepared from blood that was collected after
carbon dioxide inhalation and decapitation of treated animals. The
plasma from treated mice (200 uL, stored at −20 ◦C prior to anal-
ysis) was mixed with 200 uL phosphate buffer, Ph 5.5, and 500 uL
water and 20 uL enzyme solution (glucuronidase/sulfatase � glu-
curonidase, TypeHP-2, from Helix pomatis 101400 units/mL) and
incubated at 37 ◦C for 15 h for hydrolysis of bound forms (Richelle
et al., 2002). The samples were then cooled and diluted with 1 mL

water and defatted with 2 mL hexane in a glass screw top test
tube and partitioned with 3 × 2 mL ethyl acetate. The pooled ethyl
acetate partitions were dried by speed vac and resuspended in
125 uLof 80% ethanol, transferred to an insert lined HPLC sample
vial and analyzed as described above.
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was maintained in the plasma compared to the plant extract
while the ratio of davidigenin and 6-demethoxycapillarison was
reversed, however, any differences in the relative abundance of
the compounds would be the result of differences in absorption

Fig. 2. LC-MS analysis of bioactive compounds in the plasma of C57 mice gav-
D.M. Ribnicky et al. / International Jo

.6. Methods for evaluating anti-diabetic activity in mice

The experimental protocols were approved by Rutgers Univer-
ity Institutional Care and Use Committee and followed federal, and
tate laws. Five-week-old male C57BL/6J mice were purchased from
he Jackson Laboratory (Bar Harbor, Maine) and were acclimatized
or 1 week before being randomly assigned into the experimental
roups. The animals were housed four to a cage with free access
o water in a room with a 12:12 h light–dark cycle (7:00 am–7:00
m), a temperature of 24 ± 1 ◦C and weighed weekly. During the
cclimatization period, each animal was fed a regular Chow diet
Purina, #5015) ad libitum. At 6-weeks old, the mice were ran-
omly divided into two groups; low fat or very high fat fed groups.
he mice continued to receive either a low fat diet (LFD; 10% kcal
rom fat, Research Diets, D12450B) or very high-fat diet (VHFD; 60%
cal from fat; Research Diets D12492) for a 12-week period. Body
eights were measured weekly, and at every other week blood was

ollected for blood glucose analysis at designated times after a 4 h
ood restriction using a glucometer. Animals fed with VHFD were
ood restricted for 4 h (from 7:00 am to 11:00 am) and gavaged
ith plant extracts (500 mg/kg) or vehicle to test efficacy of plant

xtracts. Animals fed with LFD were also food restricted for 4 h.
lood glucose readings were made 0, 3, and 6 h after treatment
animals were fasted during the testing period). As a positive con-
rol, metformin was administered instead of plant extract at a dose
f 300 mg/kg (MET300).

. Results

Previous investigations examining the in vivo hypoglycemic
ctivity of Artemisia dracunculus were conducted with extract pro-
uced from fresh plants and called PMI-5011 (extract produced
ith 80% ethanol) (Ribnicky et al., 2006). The in vitro studies that
ere subsequently used for bioactivity-guided fractionation and

solation of bioactive compounds were also conducted with PMI-
011 (Govorko et al., 2007; Logendra et al., 2006; Wang et al.,
006). Since the newly identified compounds were relatively non-
olar, the extraction efficiency of the identified bioactives could be

ncreased to favor higher concentrations of these compounds in the
xtract. As predicted, 95% ethanol increased the concentrations of
ctive compounds (approximately 65% average increase, data not
hown). Based on the average abundance of the ions measured in
he extracts and from a standard curve produced from DMC-2, the
oncentration of DMC-2 was calculated to be 0.95 mg/g in PMI-5011
nd 1.70 mg/g in PMI-5011C. The other compounds were at a sim-
lar concentration but could not be more precisely quantified with

standard curve. Surprisingly, however, the more concentrated
xtract, PMI-5011C, had lower hypoglycemic activity as measured
n vivo using insulin resistant C57Bl/6 mice as shown in Fig. 1. We
ypothesized that the reduction of the activity was based on the
oor solubility of the less polar extract, apparent from its tar-like
hysical properties.

Since diminished bioavailability of the compounds from PMI-
011C could result in the loss of activity, methods were developed
o measure the compounds in the plasma of treated animals. Plasma

easurements of the compounds could be used to evaluate both
he bioavailability and pharmacokinetics of the active compounds
nd to relate this bioavialability to the observed pharmacological
ffect. The chromatographic analysis of bioactives from PMI-5011
s shown in Fig. 2. The plasma was enzymatically hydrolyzed,

s previously described, in order to release the compounds from
ossible bound forms (Richelle et al., 2002). This hydrolysis pro-
edure is commonly used with the plasma analysis of botanical
ompounds because many active compounds are modified in the
lasma for transport, it is often uncertain which form is asso-
Fig. 1. Comparison of the hypoglycemic activity of different preparations of
Artemisia dracunculus L extracted with either 80% ethanol (PMI-5011) or 95% ethanol
(PMI-5011C) and metformin. Blood glucose was measured at different times (0–8 h)
following the administration of the extract by gavage.

ciated with the activity and because animals and humans may
modify the same compound in a different way, such as with the
glucuronidation versus the sulfation of epicatechin from green tea
(Vaidyanathan and Walle, 2002). LC-MS-SIM was utilized to selec-
tively measure the masses of the bioactive compounds of interest
that were present in greatest abundance (Fig. 2A.). Masses and
retention times of the plant and plasma-derived compounds cor-
responded to those of pure compounds as shown in Fig. 2B–C.
The peaks corresponding to each of the compounds from the
extract are shown in Fig. 2A. The peaks from the analysis of the
compounds in the plasma are shown in Fig. 2D. The ratio of 2′, 4′-
dihydroxy-4-methoxydihydrochalcone (DMC-2) and sakuranetin
aged with PMI-5011 at 500 mg/kg BW using selected ion monitoring (SIM) for
the identification of specific compounds. (A) SIM chromatogram for PMI-5011,
(B) SIM chromatogram for standards of 6-demethoxycapillarisin and davidigenin,
(C) SIM chromatogram for standards of sakuranetin and 2′ , 4′-dihydroxy-4-
methoxydihydrochalcone (DMC-2), (D) SIM chromatogram for plasma from animals
treated with PMI-5011.
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ig. 3. The effect of PMI-5011 (500 mg/kg) in combination with different bioen-
ancers/solubilizers on blood glucose concentrations of C57B mice. Blood glucose
as measured at different times (0, 2 and 4 h) following the administration of the

xtract by gavage. *p < 0.05, **p < 0.01, ***p < 0.001.

r metabolism. An additional active chalcone that was previously
dentified (2′, 4′-dihydroxy-4-methoxydihydrochalcone) (Wang et
l., 2006) was detected in some of the analyses (data not shown)
ut was not a focus in this study because it was present in lower
oncentrations, and likely to be less active.

To improve the bioavailability of the bioactives from PMI-
011, commercially available products with a range of solu-
ility/bioenhancing characteristics were then formulated with
MI-5011 and evaluated for hypoglycemic activity in the same acute
nimal model utilizing the C57 BL/6J mice (Fig. 3). While not all
xcipients were able to completely dissolve the extract into a clear
olution, each of the animals received the same amount of extract
s either a solution or suspension. Labrasol was able to dissolve the
xtract completely and was associated with the greatest bioactiv-
ty (Fig. 3). Based on its high hydrophilic–lipophilic balance value
nd previously reported studies, Labrasol was the most effective
xcipient tested (Kommuru et al., 2001).

Since Labrasol is miscible with water, polar compounds can also
e solubilized/emulsified with it, including metformin. Metformin
as used in all experiments as a positive control and is insoluble

n 100% Labrasol. When the Labrasol concentration was decreased
elow 66%, however, the activity of PMI-5011 was decreased as well
Fig. 4.). The 66% Labrasol vehicle did not have any hypoglycemic
ffects without the extract (Fig. 4) nor did 100% Labrasol (data not
hown).
Both PMI-5011 and PMI-5011C were retested for their hypo-
lycemic activity over a range of doses using 66% Labrasol as the
avage vehicle (Fig. 5). PMI-5011 was significantly active in the
cute assay over the dose range of 300–500 mg/kg. The more con-
entrated PMI-5011C was significantly active at lower doses, as low

ig. 4. The effect of Labrasol concentration as a delivery formulation on the hypoglycem
ollowing the administration of the extract by gavage. *p < 0.05, **p < 0.01, ***p < 0.001.
of Pharmaceutics 370 (2009) 87–92

as 100 mg/kg. At the dose of 200 mg/kg, PMI-5011C appears to have
greater hypoglycemic activity than metformin at the same dose.

The 5 components of the extract associated with the hypo-
glycemic activity were measured after the plasma was treated with
an enzyme digestion to release the compounds from bound forms
present in the plasma. Analysis of the plasma from the treated mice
showed that all of the active compounds were detected 1 h after
gavage (Fig. 6.). The data is provided as abundance which is the
sum of the free and bound forms of compounds in plasma. Since
chemical standards of each were not available, precise conversion
of abundance to concentration was not performed for each of the
compounds, although abundance and concentration are directly
related. At 4 h after treatment, the plasma concentration for DMC-2
was calculated to be 1.73 �g/ml for the mice treated with DMC-2
and was 20 times lower in the mice treated with the extract. The
abundances for the other compounds shown in Fig. 6 correspond
to low picomolar concentrations.

The abundance of the compounds in the plasma peaked between
4 and 6 h following treatment by gavage. A longer time course was
not performed because the animals were food restricted during the
treatment period and because the concentrations were declining.
The abundance of the DMC-2 in the plasma of mice treated with
the pure compound was 10–20-fold higher than in the plasma of
the mice treated with the extract even at 1 h after gavage (Fig. 6.)
The pure DMC-2 had equal or greater hypoglycemic activity as
metformin when administered at 300 mg/kg with 66% Labrasol to
the C57/Bl6J mice and was significantly active at a dose as low as
50 mg/kg (Fig. 7.).

4. Discussion

Hypoglycemic activity of Artemisia dracunculus was previously
documented in two different animal models of diabetes but only
in instances where the mice were treated by gavage for 7 days,
as shorter treatment periods were not effective (Ribnicky et al.,
2006). In contrast, a single treatment of 5011 when formulated in
labrasol led to a significant decrease in circulating glucose concen-
trations. The bioactivity guided fractionation of the extract, using
in vitro assays related to diabetes, lead to the identification of 6
active compounds that may contribute to the hypoglycemic activ-
ity observed in vivo (Schmidt et al., 2008). The identification of
these compounds and their activities reinforce the multicompo-
nent and multimechanistic advantage that botanical preparations

may provide over single chemical entities (Raskin et al., 2002). Their
potential role as active compounds in vivo, however, is only indi-
rectly supported by in vitro results and can only be validated with
in vivo studies using the combinations of purified compounds. Since
obtaining sufficient quantities of each of the purified compounds

ic activity of PMI-5011 (500 mg/kg). Blood glucose was measured at 0, 3 and 6 h
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ig. 5. Comparison of the hypoglycemic activity of extracts of Artemisia dracunculus
ormulated with 66% Labrasol. Blood glucose was measured at 0 and 6 h following t

or in vivo testing is challenging, correlating their relative concen-
rations within the extract to in vivo activity may support their
ole in the observed pharmacological effect. Attempts to create a
ore concentrated and more active extract, were not successful

s demonstrated in Fig. 1. While the lower activity observed with
MI-5011C compared to PMI-5011 could be due to the loss of an
ctive compound that was not yet identified, the reduction in solu-
ility/bioavailability seemed a more logical explanation, based on
isual observations of the extract in solution.
The evaluation of select solubilizing/bioenhancing agents
howed that formulation significantly impacted the bioactivity of
MI-5011 (Fig. 3.). Labrasol promoted the greatest hypoglycemic
ctivity of the agents tested. Labrasol is the commercial name
or caprylocaproyl macrogol-8 glyceride produced by Gattefosse

ig. 6. Relative abundance of the active compounds of PMI-5011 as measured by
C-MS in the blood plasma of C57 mice treated with Pure DMC-2 (2′ , 4′-dihydroxy-
-methoxydihydrochalcone) formulated with 66% Labrasol or PMI-501l formulated
ith 66% Labrasol over a 6 h period. DMC-2, Demethcap (6-demethoxycapillarison),
MC-1 (2′ , 4-dihydroxy-4′-methoxydihydrochalcone) and sakuranetin are compo-
ents of PMI-5011.
ere extracted with either 80% ethanol (PMI-5011) or 95% ethanol (PMI-5011C) and
inistration of the extract by gavage. *p < 0.05, **p < 0.01, ***p < 0.001.

Corporation by alcoholysis/esterification reaction of triglycerides
from coconut oil and PEG400. It is a well defined mixture of glyc-
eride esters of polyethylene glycol with caprylic and capric fatty
acids. Labrasol was originally designed to increase the solubility of
water-insoluble drugs by emulsification but has also been shown to
enhance oral bioavailability of water soluble drugs and amphiphilic
drugs (Koga et al., 2006).

Formulation with Labrasol (66% with water) also increased the
bioactivity of concentrated extract, PMI-5011C, relative to the less
concentrated version, PMI-5011. Water was used with the Labra-
sol because metformin, used as a positive control, was not soluble
in 100% Labrasol. The extract of Artemisia dracunculus produced
with the more polar extraction solvent, PMI-5011, was also not
completely soluble in 100% Labrasol. Therefore, a preparation con-
taining 66% Labrasol worked best with all preparations used in
this study. The activity of the concentrated extract, PMI-5011C,
was tested over a range of doses and found to be effective even at
the 50–100 mg/kg range (Fig. 3.). The relative content of the com-
pounds believed to be active by in vitro testing, therefore, does
correlate with in vivo activity. The decrease in activity observed
during attempts to make the extract more potent was the result of
decreased solubility and bioavailability.

The chalcone, DMC-2, was identified as active in vitro with activ-
ity guided fractionation based on three independent bioassays and
was also the most abundant of the active compounds identified

(Schmidt et al., 2008). DMC-2 was available in sufficient quantity
for in vivo testing because it was chemically synthesized (Logendra
et al., 2006). As a pure compound formulated with 66% Labrasol,
the DMC-2 had comparable activity to metformin at the dose of
300 mg/kg and was significantly active at doses as low as 50 mg/kg
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ig. 7. Hypoglycemic activity of 2′ , 4′-dihydroxy-4-methoxydihydrochalcone (DM
reatment by gavage with 66% Labrasol vehicle. Blood glucose was measured at 0 and

Fig. 7.). The activity of metformin did decrease significantly at
oses lower than 300 mg/kg as shown by Fig. 5, where a metformin
ose of 200 mg/kg was less active than the extract at that dose and

ess active than DMC-2 at a dose of 150 mg/kg (Fig. 7.). The other
ompounds identified in vitro were not validated in vivo.

PMI-5011C was active at similar doses to pure DMC-2 while the
lasma concentrations of DMC-2 were 10–20 times lower in the ani-
als treated with the extract compared to the animals treated with
MC-2. The discrepancy between the actual dosage (pure com-
ound versus extract with small amounts of actives) and plasma
bundance that results, confirms the earlier hypothesis that at least
other components in the extract contribute to the overall hypo-

lycemic activity of the extract.
The data from this study demonstrates the utility of bioenhanc-

ng agents such as Labrasol in the formulation of multicomponent
otanical preparations such as PMI-5011. The practical use of such
ormulating agents relies on knowledge of the components that
ontribute to the in vivo bioactivity of the preparation and meth-
ds to relate their blood plasma concentration to a biological
ctivity. Even though the true potential of botanical preparations
ay rely on the synergistic effects of multiple compounds with

istinct activities and unique chemical characteristics, broad spec-
rum bioenhancing agents that consist of a variety of fatty acid
sters and other well defined ingredients can significantly improve
heir bioavailability. The use of Labrasol with PMI-5011/PMI-5011C
ncreased the activity of the botanical preparation from mildly
ntidiabetic to a dosage form with drug-like activity comparable
o metformin. The use of appropriate formulations can also provide
rugs or botanicals with biological activity that might not otherwise
ccur, which is an important research consideration. The precise
echanism by which bioenhancers act remains to be elucidated

or each bioactive compound, however, since they have a variety of
nfluences on absorption, secretion, transport and metabolism.
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