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Glucose is the major source of energy for many mammalian cells, much of which is provided through the
bloodstream. That is why the level of blood glucose is regulated very strictly. The liver and kidneys are
the major organs responsible for maintaining a balance between dietary glucose, its storage, production
and release into the body.

Two metabolic processes in our body, glycogenolysis and glyconeogenesis maintain blood glucose within
a narrow range. The enzyme glucose-6-phosphatase is involved in both processes and plays a dominant
role in the regulation of glucose balance in our body.

Diabetes mellitus is a complex chronic disease which affects millions of people. It is characterized by a
progressive breakdown in normal insulin-related usage of glucose, the body's basic source of blood sugar
energy.

The body's use of insulin and glucose are a paradoxical "double-edged sword”. On the one hand, we
cannot live without them. The body requires balanced insulin output from the pancreas and liver to
transport glucose effectively to all the other organs and tissues to maintain healthy metabolic function. On
the other hand, any insulin imbalance or loss of insulin sensitivity can cause a chronic overabundance of
glucose and result in diabetes.

When diabetes develops in children or young adults it is caused by a fundamental breakdown in the
body's ability to produce enough insulin for normal function. This is called juvenile insulin-dependent
diabetes. When diabetes develops later in life it is usually when organs and tissues lose their ability to
respond effectively to insulin, which is called adult-onset non-insulin-dependent diabetes. In adult-onset
diabetics, glucose is over-produced by the liver and under-utilized by other organs and tissues.

Either form of diabetes is a disease with serious, deleterious health consequences. If left untreated,
diabetes can cause retinal degeneration and blindness, lead to kidney and nerve damage, contribute to
atherosclerosis, poor circulation and in extreme cases even result in amputations and death.

Three Strategies for Diabetic Treatment
The primary objective in the treatment of diabetes is to lower abnormally high levels of blood sugar
and to stabilize it at normal levels. Three therapeutic strategies are generally used to achieve this:

1. Reduce glucose absorption from the diet
2. Reduce glucose synthesis in the liver
3. Accelerate glucose metabolism

Ideally, the most effective strategy would be to achieve all three at the same time.

The Triple Solution of Caffeoylquinic and Caffeic Acids

Recent research has identified two unique natural compounds that appear to do just that. The two
compounds are: caffeoylquinic acid and caffeic acids. New studies suggest that taken together these
two unique compounds may:

1. help reduce dietary glucose absorption in the intestines,
2. help reduce glucose synthesis in the liver, and
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To fully appreciate the importance of this new development a brief explanation of glucose

3. speed up the metabolism of glucose - simultaneously.

biochemistry is essential to understand the context and full value of this discovery:

Therefore, it is strongly suggested from all of the above that the effectiveness of chlorogenic and
caffeic acids in glucose reduction and diabetes relief will depend on whether these compounds are

The enzyme glucose-6-phosphatase (G6P) plays a major role in the homeostatic
regulation of blood glucose, which is responsible for the formation of glucose in our
body. Chlorogenic acid was recently discovered to specifically inhibit the activity of
this key enzyme.

Inhibition of G6P activity in the liver results in a reduction of hepatic glucose
production and may be useful for the reduction of the abnormally high rates of hepatic
glucose output often found in non-insulin-dependent diabetes (Arion et al. 1997,
Hemmerle et al. 1997).

Chemically, chlorogenic acid is an ester formed between caffeic and quinic acids. It is
interesting to note that both chlorogenic and caffeic are involved in the glucose
reduction in our body. Research of Dr. Welsch and his colleges at Rutgers University
reveals that the glucose transport across brush border membrane vesicles isolated from
the small intestine wer reduced to 80% in the presence of chlorogenic acid and 30-40%
in the presence of caffeic acid, while treatment with gallic acid had no effect (Welsch et
al. 1989). These results suggest that both chlorogenic and caffeic acids are involved in
the regulation of glucose level including the unique ability to inhibit dietary glucose
absorption in the intestines. Recent research of Cheng and Liu (2000) also indicates
that the presence of caffeic acid accelerated the metabolism of glucose, which can
reduce the total glucose concentration circulated in blood plasma. Results of Hsu et al.
(2000) studies provide further evidence that caffeic is involved in the reduction of
plasma glucose in diabetic rats.

Pharmaceutical companies also actively interested in this important area of research
have already synthesized several synthetic analogs of chlorogenic acid. These
compounds are potent inhibitors of the glucose-6-phosphatase activity in human liver
microsomes (Arion et al. 1997). Simon et al. (2000) recently provided evidence that
chlorogenic acid derivatives reduce blood glucose in overnight-fasted rats, which also
confirms the blood glucose lowering properties of chlorogenic acid. Herling et al.
(1998) provided further strong arguments that chlorogenic acid based compounds
produced a concentration-dependent inhibition of glucose synthesis in isolated rat liver
tissue.

taken simultaneously and in sufficient amounts.

Link to Caucasian Blueberry (Bilberry) Leaf

Surprisingly enough, chlorogenic and caffeic have recently been discovered in the Caucasian

herbal folk remedy most renowned for the treatments of diabetes: blueberry leaf. In fact,
Caucasians have been using medicinal teas infused with leaves of the blueberry for the self-

treatment of diabetes for literally centuries.




Caucasian Blueberry (Vaccinium Arctostaphylos L) is an elegant bush, inhabiting the elevations of
3,000-5,000 feet high in the Caucasus Mountains of the northern region in the Republic of Georgia.
Caucasian Blueberry has a legendary reputation as an aid to diabetics. Decoctions and infusions of the
leaves are used in folk medicine as hypo-glycemic agents and is usual major component of "anti-
diabetes teas".

Even more impressive, in Russia, a standardized blueberry leaf extract, known as "Diabetic Chai
Cherniki" effectively used for the treatment of diabetes, gastric colitis and high cholesterol, and has
been repeatedly shown to contain pharmaceutically significant levels of both chlorogenic and caffeic
acids (Mshavanadze et al 1971).

Phytochemistry of Caucasian Blueberry Leaf

The phytochemical composition of Caucasian Blueberry leaf has been studied at the Georgian
Institute of Plant Biochemistry for decades (Durmishidze et al. 1981). The investigation of phyto-
chemical composition indicates blueberry leaf contains large amounts of caffeoylquinic 3,5-
diccafeylqunic, neochlorogenic, 4-caffeoylquinic, 3coumaroylqunic and caffeic acid (Mzhavanadze et
al. 1972). The concentration of these two major phenolic compounds in the extract can reach as high
as 15-20% dry weight.

In addition to chlorogenic and caffeic acids, the following compounds have been identified in
blueberry leaf:

Coumaric Acid Rutin
Salidroside Arbutin

Tyrosol Anthocyanosides
Ericolin Quercetin

The content of chlorogenic and caffeic acids in blueberry leaf is dependent on vegetation period. The
maximum level of chlorogenic and caffeic acids observed in young spring leaf extract were 15-20%,
while their concentrations are dramatically reduces to 3% in mature leaves (Mshavanadze, 1971;
Durmishidze et al. 1981). Traditionally, the Caucasian Blueberry leaf is harvested in early spring to
assure the maximum yield and the highest concentration of chlorogenic and caffeic acids, which
guarantees its efficacy. In fact, blueberry leaf extract has been standardized to a minimum of 18%
chlorogenic and caffeic acids.

Chlorogenic Acid
To better understandand appreciate fully the health-promoting properties of blueberry leaf extract it is
important to describe the pharmacological properties of its major constituent, chlorogenic acid.

Researchers have reported that chlorogenic acid possess pharmacologically relevant health promoting
properties, particularly in lowering plasma glucose and in treatment of diabetes. Among more than a
dozen positive physiological actions of chlorogenic acid, the plasma glucose lowering properties are
the most impressive.

Diabetes: Animal Studies

Cirnarella et al. (1996) studied the therapeutic action of the blueberry leaf extract on streptozotocin-
diabetic rats for 4 days. Plasma glucose levels were consistently found to drop by about 26% at two
different stages of diabetes. Unexpectedly, plasma triglyceride (TG) was also decreased by 39%
following treatment. The present findings indicate that the active constituent(s) of blueberry leaves




may prove potentially useful for treatment of dyslipidaemiae associated with impaired TG-rich
lipoprotein clearance.

Therefore, the reduction in blood sugar by 26% recently reported by Cirnarella et al. (1996) is a rather
expected result. The present findings indicate that active constituents of blueberry leaf extract may
prove potentially useful for treatment of high blood sugar and plasma triglyceride level (Cirnarella et
al. 1996).

Human Clinical Studies: Healthy Volunteers

Russian scientist Dr. M. Abidoff evaluated the glucose lowering properties of blueberry leaf extract in
a double blind placebo controlled study at The Moscow Center for Modern Medicine, Russian
Ministry for National Defense Industries (Abidoff 1999, Abidoff-Farma). According to this research
the CA and HCA make up as much as 18+2% of blueberry leaf extract.

Seventy-five healthy volunteers ages 37 years through 66 years were invited to participate in a
double-blind placebo-controlled five-week trial. Sixty days before beginning the drug phase of this
trial, volunteers underwent a period of diet counseling and surveillance. Their dietary intakes were
standardized to contain 55-60% total calories from carbohydrates. At 3-week intervals throughout the
study, volunteers were evaluated for fasting plasma glucose values. Standard food record analysis and
a symptom questionnaire were also included at the laboratory intervention times.

After the initial dietary run-in phase, subjects were randomly assigned to receive 150mg of
standardized blueberry leaf extract or a placebo to be taken three times a day in 200ml of water before
meals.

Results of this study revealed that there were significant changes in blood glucose values for both
groups of volunteers. The after meal blood glucose level increased from 102mg/dL +8md/dl
(baseline) to 142mg/dL £7mg/dL in the placebo group. Those volunteers taking the blueberry leaf
extract experienced plasma glucose level increases from approximately 109mg/dL +9mg/dL to
121mg/dL +6mg/dL. The results of this clinical trial indicate that the blueberry leaf extract possess
physiologically significant glucose lowering property.

According to Prof. Abidoff MD (1999) the glucose-lowering effect of blueberry leaf extract is due to
the unique properties of chlorogenic acid that inhibit the activity of G6P, a key enzyme in
glycogenolysis and gluconeogenesis, although the direct inhibition of intestinal amylase, a key
enzyme in dietary carbohydrates absorption, by the blueberry leaf extract cannot be ruled out. In
addition, results of Welsh et al. (1987) indicated that chlorogenic acid could inhibit the intestinal
absorption of glucose.

Human Clinical Study: Diabetes Patients
In a second clinical trial the effect of blueberry leaf extract on plasma glucose level was studied in
patients with Type Il Diabetics (Abidoff 1999).

Twenty-nine patients with type 1l diabetes, average age of 50 years, were selected to participate in a
double-blind, placebo-controlled, 60-days trial. Sixty days before beginning the drug phase of clinical
study patients underwent a period of diet counseling and surveillance. Their dietary intakes were
standardized to contain 40-45% total calories from carbohydrates. Patients in the study were asked to
maintain their medications throughout the dietary and drug phase of the trial. On admission and at
two-week intervals throughout the study, patients were evaluated for fasting glucose, triglycerides
serum values. Food record analysis, body mass index, and a symptom questionnaire were also




included at the laboratory intervention times. After the initial dietary run-in phase, subjects were
randomly assigned to receive 200mg of standardized blueberry leaf extract powder in capsule form or
a placebo, to be taken three times a day in 200ml of water before meals. During the initial period of
diet counseling there was no significant change in fasting blood glucose values for either of the
groups. However, beginning with week 6 and continuing to the end of the trial, those individuals
taking the blueberry leaf extract showed a significant reduction in mean plasma glucose levels, from
approximately 169 mg/dL to 136 mg/dL (p < 0.01). Furthermore, by the end of the clinical study,
those taking the blueberry leaf extract showed a reduction of triglyceride and LDL values from 179
+95 mg/dL to 130 +53 mg/L (p < 0.005) and 141 #47 mg/dL to 115 +34 mg/dL (p < 0.01)
respectively. All patients tolerated well blueberry leaf extract even at 400mg, three times a day
(1200mg/day).

Results of the clinical trial are confirmed, well know and previously described phenomenon that
blueberry leaf extract possess antidiabetic properties. The use of blueberry leaf extract may provide a
first line approach to the reduction of blood glucose in type Il diabetic patients before other
prescriptive avenues are employed. Improvement in total cholesterol and LDL level observed in
various studies is possibly due to the protective role of caffeic and chlorogenic acids in LDL
oxidation that was recently described in scientific literature.

Blueberry Leaf Extract: Science Re-Discovers Another Ancient Truth of Folk Medicine
The long history of blueberry leaf extract use in folk medicine and its growing popularity by the
informed public is no longer a scientific mystery. Blueberry leaf extract is a safe, natural, potent
source of critical chlorogenic and caffeic acids has a long and venerable history and an even more
promising future in the long-term care of diabetics everywhere.

Once again, as has been the case with many other leading health supplements for the last two decades,
science finally, reluctantly proves the efficacy of what it once not only ignored but openly denigrated!
Yet, what is profoundly fascinating is how often and how accurately the lore and legends of folk
medicine so often proves to clinically accurate!

When we delve deeper into the fast-growing, impressive body of new research, we find in many cases
the active compound(s) identified and responsible for an herb or food's traditional health benefits
have been somehow empirically understood and used for the appropriate purpose in some form by
many of our ancestors well into the past. Often such use has occurred for thousands of years, in a
variety of different cultures, spread over many continents. Although the folklore may have been local,
taken as a whole the use of these natural medicines were regional, if not actually global.

Ironically, modern researchers appear to be learning once again about the complex relationships
between our bodies and these traditional food and medicinal plants in a somewhat backward fashion.

If researchers took a more humble and open-minded approach to the potential wisdom of traditional
medicines like blueberry leaf extract, they might accelerate their understanding and serve the mass
acceptance and use of these very real "cultural treasures".

Genuine scientific enthusiasm for this task would help set better standards for product formulation,
consumer education, and public regulation, which in turn could help alleviate and even prevent the
suffering of millions of people around the world from major chronic diseases such as diabetes in the
future.
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