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Background: Russian tarragon extracts have been reported to have anti-diabetic activity in
animals. This pilot study aimed to investigate the acute effects of an aqueous extract of Russian
tarragon (RT) on serum glucose and insulin in response to an oral glucose tolerance test
(OGTT).

Methods: Using a randomized, double-blind, cross-over design, 12 non-diabetic men
reported to the lab on 2 different mornings separated by 1 to 2 weeks, and ingested 75 g of
dextrose in solution. Fifteen minutes before ingestion, subjects ingested either 2 g of RT or
a placebo. Blood samples were collected before ingestion of the RT and placebo, and at 15,
30, 45, 60, and 75 minutes post ingestion of the dextrose load. Samples were assayed for
serum glucose and insulin.

Results: For serum glucose, no condition (P = 0.19) or condition X time (P = 0.99) effect
was noted. A time effect was noted (P < 0.0001), with values at 15 and 30 minutes higher
than pre-ingestion (P < 0.05). No area under the curve (AUC) effect (P = 0.54) was noted,
although a 4.5% reduction in AUC was observed for RT (569 £ 92 mg-dL™"'-75 min™") vs
placebo (596 £ 123 mg-dL™"- 75 min™'). Similar findings were noted for serum insulin, with
no condition (P = 0.24) or condition X time (P = 0.98) effect noted. A time effect was noted
(P < 0.0001), with values at 15, 30, and 45 minutes higher than pre-ingestion (P < 0.05).
No AUC effect (P = 0.53) was noted, although a 17.4% reduction in AUC was observed for
RT (114 £22 uIU-mL™"- 75 min™") vs placebo (138 £ 30 uIU - mL™"- 75 min™"). Approximately
two-thirds of subjects ingesting the RT experienced attenuation in both the glucose and insulin
response to the OGTT.

Conclusion: These data indicate that acute ingestion of RT results in a slight, non-statistically
significant lowering of blood glucose in response to a dextrose load. This occurs in the presence
of a slightly lower insulin response. These findings are specific to a small sample of healthy,
non-diabetic men. Additional study is needed involving a larger sample of individuals with
pre-diabetes or untreated diabetes.
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Background

It is estimated that 24 million Americans are living with diabetes, while close to
60 million more have been diagnosed with pre-diabetes; the majority of which are
type 2 in pathology.! This escalating problem is not simply isolated to the United
States, as the incident rate for this condition continues to rise throughout the developed
world.? For example, it has been reported that 285 million people worldwide have
diabetes mellitus, with a projected growth of 6.5% per year, and 439 million affected
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by year 2030.? Indeed, a need exists to aid the millions of
individuals with blood glucose regulatory problems.

Multiple methods are available to help control elevated
blood glucose levels, including regular exercise,’ alteration in
dietary intake,* prescription drugs,’ and nutritional
supplements,® but the latter has received a great deal of atten-
tion in recent years. In particular, herbal ingredients (often
specialized extracts) have been studied for their potential
glucose regulatory effects.”® While several candidate ingre-
dients appear to have promise, including, eg, Trigonella
Jfoenum-graecum (fenugreek), Opuntia ficus-indica (prickly
pear), Momordica charantia (bitter mellon), and Panax quin-
quefolius (American ginseng), of particular interest is Russian
tarragon (Artemisia dracunculus L.), as it may manifest a
genotype-specific insulin-sensitizing phenotype.’

Russian tarragon (RT) has been used for centuries in
Russia and middle Asia as a digestive, diuretic, and anti-
pyretic herbal medicinal agent. Today, RT is classified as a
Generally Recognized as Safe (GRAS) material following
the removal of the harmful components of the essential oil
(eg, estragol and methyleugenol). Please see: (http://www.
accessdata.fda.gov/scripts/fcn/fenDetailNavigation.
cfm?rpt=eafusListing&id=3596 for tarragon extract (Artemi-
sia dracunculus L.), Doc No. 2840; accessed January 6,
2011). An ethanol extract of RT has been developed and
reported to exhibit anti-hyperglycemic activity,'® which may
be enhanced when using a bioenhancer/solubilizer
(Labrosol®).!"" From a mechanistic viewpoint, the clinical
effects of RT on carbohydrate metabolism appear secondary
to enhancing insulin signaling; specifically by decreasing the
levels of PTP1B (a specific protein tyrosine phosphatase),
while not significantly impacting IRS-1, IRS-2, PI-3
kinase, Akt, insulin receptor, or GLUT-4.!2 The polyphenolic
compounds 6-demethoxycapillarisin and 2,4’-dihydroxy-4-
methoxydihydrochalcone are believed to be chiefly
responsible for the glucose-lowering activity of the RT."

An aqueous extract of RT has also been developed and
reported recently to provide similar effects on glucose lower-
ing compared with an ethanol extract.!* In this study, an oral
glucose tolerance test (OGTT) was administered to a group
of rats following single oral ingestion of an aqueous or ethanol
extract of RT (at a dosage of 6 mg-kg™). The diabetic drug
glibenclamide was used for comparison (at a dosage of
18 mg-kg™). The glucose area under the curve (AUC) was
similar but slightly lower for the aqueous extract than both
the ethanol extract and glibenclamide. These data indicate
that oral intake of an aqueous RT extract may provide benefits

in terms of glucose regulation after an OGTT similar to
glibenclamide, and possibly greater than an ethanol extract.
However, to date, no published human trials are available on
the use of RT to lower blood glucose in response to an OGTT.
Therefore, the purpose of the present study was to investigate
the effects of an aqueous RT extract on serum glucose and
insulin in response to an OGTT.

Methods
Subjects

Twelve healthy, non-diabetic men were recruited from the
University of Memphis campus and the Memphis, TN area.
Subjects were not smokers, and had no diagnosed cardiovas-
cular or metabolic disease. Subjects were not using dietary
supplements known to influence blood glucose regulation.
Subject characteristics are presented in Table 1. Health history,
drug and dietary supplement usage, and physical activity
questionnaires were completed by subjects. The study was
approved by the university committee for human subject
research. All subjects provided written informed consent.

Laboratory visit |:screening

During the initial visit to the laboratory, subjects completed
the informed consent form, and health and physical activity
questionnaires. Heart rate, blood pressure, height, weight,
waist and hip circumference, and skinfold thickness (using
a 7-site test with Lange calipers) were measured and used
for subject description. Subjects were provided with food
logs and instructions on how to complete these, the day
before each test day (described below).

Table | Characteristics of the 12 men in the study

Variable Data

Age (years) 248+53
Height (cm) 180.0+7.0
Weight (kg) 82.0+86
BMI (kg-m) 254+£33
Body fat (%) 13.1+5.0
Waist (cm) 835+78
Hip (cm) 1024 + 6.1
Waist:hip 0.82 £0.05
Resting heart rate (bpm) 555+73
Resting systolic blood pressure (mmHg) 1165+ 11.0
Resting diastolic blood pressure (mmHg) 69.0+5.2
Years anaerobic exercise training 63169
Hours per week anaerobic exercise 39+ 1.9
Years aerobic exercise training 3.1£238
Hours per week aerobic exercise 2.1 +£2.1

Notes: Data are mean = SD.
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Laboratory visits 2 and 3: testing

Subjects reported to the laboratory on two different days
during the morning (6:00-8:00 am) following a =10 hour
overnight fast. Subjects consumed in random order, separated
by 1 to 2 weeks, either a placebo (cellulose) or an aqueous
extract of RT (Finzelberg GmbH & Co. KG, Germany).
The extract of RT was prepared as follows: 1 kg of the raw
material of Russian Tarragon herb (cultivated in Poland by
Martin Bauer Polska Sp. z. o. 0., Witaszyczki, Poland) was
extracted twice with 6 L of water at 80°C. After cooling, the
water extracts were separated by filtration through paper
filters and the solvent was evaporated by means of a rotatory
evaporator. The dense extract obtained was mixed with 30%
maltodextrin as a suitable carrier, and dried at 50°C in a
vacuum drying chamber. The dried extract was adjusted for
its particle size and filled in hard gel capsules. The analysis
showed 0.2% to 0.7% total flavonoids (calculated using
hyperoside as standard), with water content of less than 4%
and a complete removal of the essential oil (Estragol,
Methyleugenol)." The placebo capsules were cellulose.

Subjects consumed the conditions in capsule form.
Fifteen minutes after the ingestion of the RT or placebo,
an OGTT was administered, which consisted of 75 g of
100% pure dextrose powder (NOW Foods, Bloomingdale,
IL) mixed into 355 mL of water. Subjects consumed the
entire solution within 2 minutes. The 15 minute time period
was deemed appropriate based on prior unpublished experi-
ments using RT, in particular when considering the duration
of the post OGTT monitoring. Blood samples were taken
before the ingestion of the RT or placebo (after a 10 minute
rest period) and at 15, 30, 45, 60, and 75 minutes after inges-
tion of the 75 g dextrose load. While standard procedures for
an OGTT include sampling every 30 minutes for 2 to 3 hours,'¢
we have noted that when using healthy, non-diabetic men as
test subjects, such a time course is not optimal. Specifically,
serum glucose values return to baseline values within 1 hour
post ingestion.!” Therefore, extending the measurement
period beyond this time is unnecessary. Hence, we opted for
more frequent samples taken during the 75 minute post
ingestion period.

Before each blood draw, heart rate (via 60 second palpa-
tion) and blood pressure (via auscultation) were taken.
The rationale for these measures was based on the observa-
tion that a postprandial rise in serum glucose is associated
with an increase in reactive oxygen species production,'®!?
which is known to induce an acute state of endothelial
dysfunction.'* This in turn may lead to vascular dysfunction

and elevated blood pressure; however, we are unaware of
any data linking the acute rise in reactive oxygen species to
an elevation in heart rate. If the RT was effective at lowering
the serum glucose response to the OGTT, it may also affect
blood pressure. No food or calorie containing beverages were
allowed during the entire test period, although water was
allowed ad libitum and matched for each subject during both
days of testing. These same procedures were followed for
both test days.

Blood processing and biochemistry

Venous blood samples were taken from subjects via needle
and Vacutainer® at all times indicated above. Blood samples
were allowed to clot at room temperature and then were
centrifuged at 1500 X g for 15 minutes at 4°C. Samples were
then stored at —70°C until analyzed. Glucose was determined
in serum using standard enzymatic (glucose oxidase) proce-
dures as described by the reagent manufacturer (Thermo
Fisher Scientific, Waltham, MA). Standard curves were
developed for determination of unknown samples. Glucose
assays were performed in triplicate. Insulin was determined
in serum using a solid phase enzyme linked immunosorbent
assay (ELISA) kit following the specific instructions of the
manufacturer (Calbiotech, Spring Valley, CA). Insulin assays
were performed in duplicate.

Physical activity and dietary intake

Subjects were asked to avoid strenuous physical activity
during the 24 hours before each test day; as such activity
may have influenced our results.?!?? Subjects were asked to
record all food and drink consumed during the 24 hours
prior to each test day. Subjects received a copy of this diet
record and were asked to duplicate this intake during the
24 hours immediately before the second test day. All records
were analyzed for total calories, protein, carbohydrate, fat,
vitamin C, vitamin E, and vitamin A (Food Processor SQL,
version 9.9, ESHA Research, Salem, OR).

Statistical analysis

Serum glucose and insulin data were analyzed using a
2 (condition) X 6 (time) analysis of variance (ANOVA).
Tukey post hoc testing was performed as needed. The area
under the curve (AUC) was calculated for both glucose and
insulin using the trapezoidal method as described in detail
by Pruessner et al.”® Data are presented as mean * standard
error of the mean. Subject descriptive characteristics are
presented as mean + standard deviation. All analyses were
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performed using JMP statistical software (version 4.0.3,
SAS Institute, Cary, NC). Statistical significance was set
at P = 0.05.

Results

All 12 subjects successfully completed both test sessions.
The RT and dextrose loads were well tolerated. No significant
differences were noted between conditions for any measured
dietary variable (P > 0.05). Table 2 presents dietary data for
both the placebo and RT test days. For hemodynamic data,
no condition X time or time effect was noted for any variable
(P > 0.05). However, a condition effect was noted for all
variables (P = 0.05), each being lower for RT compared
with placebo. Data are presented in Table 3.

Biochemical measures

For serum glucose, no condition (P =0.19) or condition X time
(P =0.99) effect was noted. However, a time effect was noted
(P < 0.0001), with values at the 15 and 30 minute collection
times higher than pre-ingestion (P < 0.05). No AUC effect
(P = 0.54) was noted, although a 4.5% reduction in glucose
AUC was observed for RT compared with placebo. Of the
12 subjects, 7 responded to treatment, evidenced by a lower
serum glucose response with RT compared with placebo.
Data are presented in Figure 1.

For serum insulin, no condition (P = 0.24) or
condition X time (P = 0.98) effect was noted. However, a
time effect was noted (P < 0.0001), with values at the 15,
30, and 45 minute collection times higher than pre-inges-
tion (P < 0.05). No AUC effect (P = 0.53) was noted,
although a 17.4% reduction in insulin AUC was
observed for RT compared to placebo. Of the 12 subjects,
8 responded to treatment, evidenced by a lower serum
insulin response with RT compared with placebo. Data
are presented in Figure 1.

Table 2 Dietary data of 12 men during the 24 hours before
ingestion of placebo and Russian tarragon

Variable Placebo Russian tarragon
Kilocalories 2387 + 218 2454 + 209
Protein (g) 153 +22 165 27
Carbohydrate (g) 288 + 42 284 + 42

Fat (g) 73+ 10 778

Vitamin C (mg) 86 +23 70+ 16

Vitamin E (mg) 7%2 6+2

Vitamin A (RE) 750 + 307 720 £+ 236

Notes: Data are mean = SEM. No statistically significant differences were noted for
kilocalories (P = 0.83), protein (P = 0.74), carbohydrate (P = 0.94), fat (P = 0.80),
vitamin C (P = 0.58), vitamin E (P = 0.63), or vitamin A (P = 0.94).

Discussion

Our data do not provide statistically significant support for
the ability of RT to alter glucose disposal favorably after an
OGTT in healthy, non-diabetic men. However, roughly
two-thirds of subjects ingesting the RT did experience attenu-
ation in both the glucose and insulin response to the OGTT.
Considering that all subjects were young, healthy,
non-diabetic men, it is possible that further study with older
individuals and/or those with impaired glucose tolerance
would provide more robust effects. Moreover, as subjects
simply ingested a single dosage of the RT 15 minutes before
the OGTT, it is possible that chronic intake of the RT for a
period of weeks leading up the OGTT (as for most oral
hypoglycemic agents) may provide additional benefit.
Further study is needed to investigate such hypotheses, pos-
sibly including both men and women.

In terms of overall effects, our data are not as strong as
those obtained from the animal studies of Ribnicky et al'!
and Walbroel et al'* who reported favorable effects on
glucose tolerance in response to treatment with RT. It is
possible that differences in the usual response between
animals and humans contributed to these mixed findings,
coupled with the fact that our subjects were all healthy,
non-diabetic men. As stated above, while the condition
effect for both glucose (P = 0.19; Figure 1) and insulin
(P = 0.24; Figure 2) was not of statistical significance,
roughly two thirds of subjects responded to RT treatment,
evidenced by lower glucose and insulin in response to the
OGTT. Although not statistically significant, our findings
may provide practical aid for selected individuals opting
to use such a dietary agent for glucose disposal after
carbohydrate-rich feedings. Moreover, we believe that our
findings for a response in non-diabetic individuals, with
normal fasting glucose and normal glucose tolerance, pro-
vide justification for future studies inclusive of larger
sample sizes of individuals with impaired glucose tolerance
(ie, diabetic, pre-diabetic).

As has been noted for many dietary supplements,*2¢ a
relatively high degree of subject variability in response to
treatment was observed which, when coupled with our
relatively small sample size, impaired our chance of detecting
statistically significant findings. As this was a pilot study
designed to determine if the RT might have an application
in larger trials involving diabetic and pre-diabetic patients,
our small sample size is justified, and we believe that our
objective was met. That is, our results merit attention in
future, larger scale trials, in particular those involving
individuals with pre-diabetes or untreated diabetes.
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Table 3 Heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and rate pressure product (RPP) before and

after ingestion of placebo and Russian tarragon

Time HR (bpm) *HR (bpm) SBP (mmHg) *SBP (mmHg) DBP (mmHg) *DBP (mmHg) RPP *RPP
Placebo Russian Placebo Russian Placebo Russian Placebo Russian
tarragon tarragon tarragon tarragon
Pre 61 +2 60 +2 112+2 109+£3 66 2 62+3 6870 £ 239 6571 £249
I5min  65+2 6l +2 114+3 112+3 65+2 61 +2 7398 £ 315 6846 £ 264
30min  63+2 63+2 118+3 112+3 64+3 59+2 7478 £230 7019 £233
45min 63 +2 6l +2 17 +2 113+3 63+3 602 7342 +213 6896 £ 323
60 min  64+2 6l x1 116 +2 11 +4 64+3 62+3 7378 £ 198 6743 + 247
75min  63+2 6l £2 116 +3 109 +3 67 +2 60 +2 7290 £ 194 6601 + 224

Notes: Data are mean + SEM.

Heart rate

*Condition: P = 0.05
Time: P=0.80

Condition X time: P = 0.96

Systolic blood pressure
*Condition: P = 0.005
Time: P=0.61

Condition x time: P = 0.92

Diastolic blood pressure
*Condition: P = 0.003
Time: P=0.79

Condition X time: P = 0.92

Rate pressure product
*Condition: P = 0.0005
Time: P=0.36

Condition X time: P = 0.98.

In terms of responders and non-responders to treatment,
related to the latter, such individuals may not need additional
support in the form of dietary supplementation, as they
already possess optimal functioning (ie, have excellent
insulin sensitivity and GLUT-4 protein content and activity).
Considering this scenario, the addition of a glucose disposal
agent such as RT may be unnecessary, as evidenced by no
difference in response to treatment compared with a placebo.
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Figure | Serum glucose before and after ingestion of placebo and Russian tarragon.
Notes: Data are mean + SEM.

Condition: P=0.19

Time: P < 0.0001; 15 min and 30 min > pre (P < 0.05)

Condition X time: P = 0.99

AUC: P = 0.54 (4.5% reduction in AUC compared to placebo).

While this may certainly be true for young, healthy,
non-diabetic individuals, older individuals and/or those with
impaired glucose tolerance and insulin resistance may
respond well to treatment with dietary supplements targeting
glucose disposal. Including such individuals as test subjects
is a logical next step in future studies investigating the effects
of RT on glucose disposal following an OGTT. If promising
results are obtained, RT may be considered as an adjunct
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Figure 2 Serum insulin before and following ingestion of placebo and Russian
tarragon.

Notes: Data are mean + SEM.

Condition: P = 0.24

Time: P < 0.000; 15 min, 30 min, and 45 min > pre (P < 0.05)

Condition X time: P = 0.98

AUC: P =0.53 (17.4% reduction in AUC compared with placebo).
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therapy for those with impaired glucose tolerance and
insulin resistance.

As stated earlier in this paper, an ethanol extract of RT has
been developed and reported to exhibit anti-hyperglycemic
activity,'” which appears to be enhanced when using a bioen-
hancer/solubilizer.!! Other ingredients and species not specifi-
cally related to RT have been used for their anti-diabetic
effects (eg, Artemisia santonicum);?’ others are reviewed
elsewhere.”® While it is difficult to make direct comparisons
between our findings and those of other ingredients and
species, it should be understood that these exist and may
provide glucose regulatory benefits similar to RT (4rtemisia
dracunculus L.). Further work would be needed to provide
such comparative data.

Finally, although not a main outcome measure in the
present study, hemodynamic variables were all noted to be
lower in the RT condition compared with the placebo
(Table 3). Although this may be an interesting observation
that deserves further attention in a future trial involving a
larger number of subjects, and although no condition X time
interaction effects were noted, it appears that the lower
pre-ingestion values for these variables contributed most
to the condition main effect (as can be seen in Table 3).
Alternatively, it is possible that the slight reduction in blood
glucose may be associated with a lower production in reac-
tive oxygen species,’® which may be related to an improve-
ment in vascular tone,?’ and hence a lower blood pressure
response to the OGTT. Further investigation of the hemo-
dynamic effects after an OGTT with and without RT may
provide further clarification.

Conclusion

Data from the present study indicate that acute ingestion of
RT results in a slight, albeit non-statistically significant,
lowering of blood glucose in response to an oral dextrose
load. The insulin response to the OGTT was also slightly
less with RT, but failed to reach statistical significance.
These findings are specific to a small sample of young,
healthy, non-diabetic men. Additional study is needed using
a larger sample of subjects, in particular those with impaired
glucose tolerance.
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