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The number of medications now available to treat Type 2 Diabetes has been expanding quickly over the past
two decades. At the same time, the use of complementary and alternative medicine (CAM) has also been
rising. Individuals with diabetes are 1.6 times more likely than those without diabetes to use modalities that
are not considered part of conventional medicine. Numerous dietary supplements are available over the
counter and are being advertized to treat diabetes and its co morbidities. No conclusive data on their clinical
benefit, potential harms, dosing or interaction with other medications is yet available. But for clinicians to
maintain a trusting relationship with their patient, a respectful non-confrontational attitude is needed to
encourage open dialogue, provide accurate information, and facilitate changes to the medical regimen. It is
essential that clinicians stay informed and advise their patient with the available scientific data accordingly.
In this review, we focus on current data on six supplements commonly encountered in community practice
for treating diabetes, including cinnamon, fenugreek, vinegar, ginseng, bitter melon, gymnema, chromium,
and vanadium.
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Introduction

There is an epidemic of Type 2 Diabetes Mellitus with a
projected rise in worldwide prevalence from 171 million in
2000 to 366 million in 2030 (1). Complementary and
alternative medicine (CAM) is also raising academic,
industrial, and public interest as an option to be added
to the constantly growing therapies for diabetes. The
National Health and Nutrition Examination Survey
found that 48% of diabetics use CAM (2). Diabetics are
1.6 times more likely to use CAM than non-diabetics (3).
However, only 33% of patients using natural supplements
or vitamins inform their health care provider (4). Despite
lack of supporting medical evidence, use of herbal re-
medies has increased approximately 380% during the last
7 years in the United States (5). There are many reasons
for this rise including traditional beliefs in different
cultural or ethnic groups, lack of trust for the pharma-
ceutical industry, cost concerns, marketing and advertise-
ment from the CAM companies, preference towards
natural treatments, or the ease of access to information
on the internet. Patients frequently perceive CAM as more
trusted, with minimal side effects and lower cost.

In this brief review of available data, we aim to address
the more common supplements that health care providers
might encounter with their diabetic patients.

What is complementary and alternative
medicine (CAM)?

Complementary and alternative medicine is a type of
treatment which is generally not taught in conventional
medical school and is not currently an integral part of
healthcare practices (3). Complementary medicine is
defined as a treatment which is added to conventional
medical practices, while alternative medicine replaces the
established medical therapy. Common examples of CAM
are acupuncture, hypnosis, functional food therapy,
nutritional supplements, herbal remedies and traditional
medicines like Chinese, Ayurvedic or Native American.
While there are numerous options that are advertised to
help diabetics, this article will focus on some of the most
common nutritional supplements used for diabetes and
highlight the best available scientific data regarding
their use.
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Cinnamon

Cinnamon is a warm and sweet spice and aroma highly
valued in cuisine, but is also used for multiple medical
maladies including diabetes. In vitro studies on adipocytes
show that an active component of cinnamon can
potentiate insulin effects and improve glucose uptake
(6). In vivo, it appears to enhance the insulin signaling
pathway and improve insulin resistance. In one study on
non-diabetic healthy subjects, adding cinnamon to rice
pudding did not affect glucose level (7), but other studies
in diabetics showed some improvement with cinnamon
supplementation. In one such study, Type 2 diabetics with
HbA1C>7 supplemented with 1 g of cinnamon per day
had a reduction in HbA1C of 0.8% (8). In another study,
cinnamon supplementation in a group of diabetics
improved mean fasting glucose by 18-29%, triglycerides
by 23-30%, LDL by 7-27%, and total Cholesterol
by 12-26% (9). However, a Meta analysis on five
trials with 282 subjects failed to show any benefit of
cinnamon supplementation on HbA1C, fasting glucose
or lipids (10). Hence, while there is biological plausi-
bility that cinnamon can affect insulin mediated glu-
cose uptake, insulin sensitivity and possibly GLP-1
secretion, current data is conflicting and no dose recom-
mendation is available. While more trials are needed,
there is no reason to discourage patients from taking
cinnamon supplements or adding some extra to their
food.

Vinegar

Vinegar has been used for thousands of years for its
excellent taste in cuisine. It has many reported medicinal
uses including lowering cholesterol, improving diabetes,
and increasing satiety. Vinegar has been shown to
attenuate the serum glucose and insulin responses to a
load of sucrose or starch (11). Johnson and colleagues
studied Type 2 diabetics with an average HbAIC
of 6.7. In test group, 2 ounces of apple cider vinegar
was added to the standard meal of a bagel, butter and
orange juice. The fasting glucose levels improved by
4% in the diabetic group compared to 2% in the con-
trol group. Insulin sensitivity improved by 34% and
19% in insulin resistant and Type 2 diabetics respectively
(12). There are multiple hypothesized mechanisms for
these effects including a decreased glycemic index of
food, decreased gastric emptying, decreased hepatic
gluconeogenesis, improvement in satiety, and increased
insulin sensitivity. Other studies on vinegar are sug-
gestive of some improvement in fasting or even post-
prandial hyperglycemia (13-15) but large clinical trials
with flawless methodology remain elusive. It cer-
tainly does not hurt to recommend adding taste to
food with vinegar while waiting for more convincing
evidence.

Fenugreek

Fenugreek is a plant of Mediterranean origin first used in
ancient Egyptian cuisine. It also has medicinal usages in
Ayurvedic and Chinese medicine. The active component
is an amino acid, 4-hydroxyisoleucine, which is isolated
from the seeds. Animal data, including both rats and
dogs, show remarkable improvement in glucose and
insulin increment after IV glucose load in the group
who received IV 4-hydroxyisoleucine (16). However,
clinical studies are limited. One study done in Iran, on
24 Type 2 diabetics showed 10 g a day of Fenugreek for
8 weeks decreased fasting blood glucose from 182 to 136
and decreased triglycerides from 245 to 172, but did not
change the HbA1C (17). A study on 160 Type 2 diabetics
in Jordan showed a dose dependent improvement in
2 hour post prandial sugars in the group receiving 5 g
Fenugreek compare to 2.5 g and the control group
(18). In another study on healthy subjects, Shakib et al.
found those who consumed bread with fenugreek had
an improvement in the postprandial glucose response
compared to those who ate bread without fenugreek
(19). These changes may be due to a decrease in gastric
emptying, decrease carbohydrate absorption, improve-
ment in glycemic index, or through an insulinotropic or
secretagogue effect (16). More clinical trials are needed to
investigate its long term benefits. It can also have an anti-
platelet effect. Therefore, caution is advised for those
patients who are on anticoagulants.

Ginseng

Ginseng is one of the Chinese traditional herbs widely
used for thousands of years in cooking, but also as a tonic
and restorative agent which has been purported to
increase vitality, mental and physical performance, and
body metabolism. Limited clinical data has suggested that
the berry extract of plant has a blood glucose lowering
effect. In obese, diabetic mice (ob/ob mice) intraperitoneal
ginseng berry extract decreased fasting blood glucose (20).
In one human study on 10 non-diabetic and 9 diabetic
subjects, 3 g of ginseng given 40 min before a 25 g glucose
challenge attenuated the post prandial glucose excursions
in both diabetics and non-diabetics (5). In another study,
8 weeks of supplementation with ginseng in 36 Type 2
diabetics showed a reduction in fasting blood glucose and
a decrease in HbA1C by 0.5%. The mechanism for this
effect is unknown. It may be due to delayed gastric
emptying or a decrease in carbohydrate absorption. An
even more interesting hypothesis is that there is a nitric
oxide (NO) mediated increase in glucose transporter
protein as shown in the mice liver and sheep erythrocytes
(21, 22). It was recently shown that insulin-stimulated
glucose uptake in rat skeletal muscles and adipose tissue is
NO dependent. Enhanced NO synthesis by ginseng in the
endothelium of lung, heart, and kidney as well as in the
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corpus cavernosum has already been reported (23). Larger
studies are needed to validate ginseng’s therapeutic benefit
and its mechanism in diabetes.

Bitter melon (Momordica Charantia)

Bitter melon is a light green fruit, popular for thousands
of years in Asian and Indian cuisine. People from many
different cultures use bitter melon for treating diabetes.
Abundant pre-clinical studies support its anti-diabetic
and hypoglycemic effects. In animal studies, all parts
of the plant showed a hypoglycemic effect (24). Some
studies compared its effect to oral medications like
sulfonylureas. There are several potential mechanisms
proposed including activation of the AMP-activated
protein kinase (AMPK) in insulin signaling cascade,
activation of peroxisome proliferator-activated receptors
(PPAR-gamma and alpha), and an increase in intracel-
lular glucose transport by translocating glucose trans-
porter type 4 (25). One of the proteins isolated from
Bitter Melon showed insulin mimetic properties (26). The
animal and in vitro data on Bitter Melon is interesting but
clinical studies are sparse, sporadic, inconclusive and
heterogeneous. Better-designed clinical trials with suffi-
cient sample size are needed to vindicate the acclaimed
efficacy of Bitter Melon.

Gymnema

Gymnema is an Ayurvedic herb used for nearly 2000
years. Gymnema reduces the taste of sugar in the mouth
and can potentially help with sugar cravings. In vitro
studies on isolated mouse and human B-cells, showed a
reversible increase in intracellular calcium and insulin
secretion by extracts of Gymnema. It may also decrease
liver glucose production as well as help with regeneration
of the cells in the pancreas (27-30). Limited clinical trials
have been promising but large-scale clinical trials are
needed to evaluate its safety and efficacy.

Chromium

Chromium is an essential trace metal which is also known
as ‘glucose tolerance factor’ by potentiating the action of
insulin (31). In vitro studies demonstrate that chromium
binds to the oligopeptide chromodulin inside the cell to
form chromium-chromodulin complex which upregulates
the tyrosine kinase activity and inhibits phosphotyrosine
phosphatase activity at the insulin receptor level, an early
point in the signaling cascade. This results in amplifica-
tion of the insulin signaling (32).

Chromium is naturally available in brewer’s yeast. It is
also manufactured as biologically active formulations
like chromium picolinate. Manufacturers promote the
benefits of chromium in the prevention and treatment
of insulin resistance, Type 2 diabetes, dyslipidemia, or
cardiovascular disease. However, the effect of chromium
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supplementation in individuals who are not severely
chromium deficient is unclear (32). In old case reports,
infusing chromium to critically ill patients with severe
insulin resistance has improved their insulin requirements
significantly (32).

A systematic review of the effects of chromium supple-
mentation on glucose metabolism and lipid levels included
1198 participants with diabetes, impaired glucose toler-
ance, or no diabetes who were placed on different for-
mulations of chromium or brewer’s yeast (33). The overall
analysis showed no statistically significant improvement
in HBAI1C, fasting glucose, post prandial glucose, insulin
sensitivity index, or lipoprotein levels. In some studies,
chromium supplementation in patients with Type 2 dia-
betes had a mild to modest beneficial effect on glucose
and lipid level. However, the studies with the poorest
quality showed the greatest effect on HbA1C lowering,
making the reported benefit suspect. In some studies,
brewer’s yeast supplementation, but not chromium
picolinate supplementation, raised HDL cholesterol.
The overall poor quality across these studies limits the
strength of these conclusions (34).

Vanadium

Vanadium is a metal which is not essential for survival.
Clinical deficiency states have never been reported but
some insulin-mimetic action is ascribed to it. In vitro and
in animal studies pharmacologic doses of vanadium can
mimic almost any known bioeffect of insulin through an
insulin receptor independent pathway. It enhances pro-
tein kinase activity, inhibits phosphotyrosine phospha-
tase, enhances glucose transport and glycogenesis, and
inhibits ketogenesis and lipolysis (35). A few clinical
studies on diabetic patients showed that small doses of
vanadium over a three-week period improved glucose and
lipid metabolism, glucose utilization, and insulin sensi-
tivity (35). However, enough clinical research is not yet
available. The toxicity of these compounds is also of
concern. Excess vanadium can result in severe diarrhea,
hepatotoxicity, and teratogenicity (36). The routine use of
vanadium as a pharmacologic treatment for diabetes
cannot yet be recommended.

Conclusion

There are numerous herbal remedies and nutritional
supplements available to our diabetic patients. While
there is some limited data as their benefit, none have
reached the level of evidence that US Food and Drug
Administration-approved medications require. In addi-
tion, there is minimal regulation on these treatments.
There is no burden of proof to show benefit or prove
safety. The only time a regulatory agency gets involved is
if there is inappropriate advertising or enough concern
for side effects. However, our patients will continue to use
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CAM and it is important to not be judgmental or
confrontational. This will help to establish a trust so
that patients will feel free to share what alternative
therapies they are using.

There are some practical issues to consider when

patients are using CAM. The cost of these therapies
may make it difficult for the patient to afford their
prescribed medications. It is also essential to emphasize
that none of these treatments are approved as a substitute
for their prescription medications. If there is a therapy
that is unfamiliar to the physician, it is important to,

at least briefly, become familiar with it to be sure
that there are no major known side effects or drug
interactions.
References

10.

11.

12.

13.

. Wild S, Roglic G, Green A, Sicree R, King H. Global preference

of diabetes: estimates for the year 2000 and projection for 2030.
Diabetes Care 2004; 27: 1047-53.

. Egedel L, Ye X, Zheng D, Silverstein M. The prevalence and

pattern of complementary and alternative medicine use in
individuals with diabetes. Diabetes Care 2002; 25: 324-9.

. Garrow D, Egedel L. Association between complementary and

alternative medicine use, preventive care practices, and use of
conventional medical services among adults with diabetes.
Diabetes Care 2006; 29: 15-9.

. McWhorter LS. Dietary supplements for diabetes: an evaluation

of commonly used products. Diabetes Spectrum 2009; 22:
206-13.

. Vuksan V, Sievenpiper J, Koo YV, Francis T, Beljan-Zdravkovic

U, Xu Z, et al. American ginseng (Panax quinquefolius L)
reduces postprandial glycemia in nondiabetic subjects and
subjects with type 2 diabetes mellitus. Arch Intern Med 2000;
160: 1009-13.

. Jarvill-Taylor K, Anderson R, Graves D. A hydroxychalcone

derived from Cinnamon functions as a mimetic for insulin in
3T3-L1 adipocytes. J Am Coll Nutr 2001; 20: 327-36.

. Hlebowicz J, Hlebowicz A, Lindstedt S, Bjorgell O, Hoglund P,

Holst J, et al. Effects of 1 and 3 g cinnamon on gastric emptying,
satiety, and postprandial blood glucose, insulin, glucose-
dependent insulinotropic polypeptide, glucagon-like peptide 1,
and ghrelin concentrations in healthy subjects. Am J Clin Nutr
2009; 89: 815-21.

. Crawford P. Effectiveness of cinnamon for lowering hemoglobin

AI1C in patients with type 2 diabetes: a randomized, controlled
trial. J Am Board Fam Med 2009; 22: 507-12.

. Khan A, Safdar M, Khan MMA, Khattak KN, Anderson R.

Cinnamon improves glucose and lipids of people with type 2
diabetes. Diabetes Care 2003; 26(12).

Baker W, Gutierrez-Williams G, White M, Kluger J, Coleman C.
Effect of cinnamon on glucose control and lipid parameters.
Diabetes Care 2008; 31(1): 41-3.

Ebihara K, Nakajima A. Effect of acetic acid and vinegar on
blood glucose and insulin responses to orally administered
sucrose and starch. Agric Biol Chem 1988; 52: 1311-2.
Johnston C, Kim C, Buller M. Vinegar improves insulin
sensitivity to a high-carbohydrate meal in subjects with insulin
resistance or type 2 diabetes. Diabetes Care 2004; 27(1): 281-2.
Salbe AD. Vinegar lacks antiglycemic action on enteral
carbohydrate absorption in human subjects. Nutr Res 2009;
29: 846-9.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Ostman E, Granfeldt Y, Persson L, Bjorck I. Vinegar supple-
mentation lowers glucose and insulin responses and increases
satiety after a bread meal in healthy subjects. Eur J Clin Nutr
2005; 59(9): 983-8.

Johnston CS, Steplewska I, Long CA, Harris LN, Ryals RH.
Examination of the antiglycemic properties of vinegar in healthy
adults. Ann Nutr Metab 2010; 56(1): 74-9.

Broca C, Gross R, Petit P, Sauvaire Y, Manteghetti M, Tournier
M, et al. 4-Hydroxyisoleucine: experimental evidence of its
insulinotropic and antidiabetic properties. Am J Physiol
Endocrinol Metab 2004; 287(3): E463-71.

Kassaian N, Azadbakht L, Forghani B, Amini M. Effect of
fenugreek seeds on blood glucose and lipid profiles in type 2
diabetic patients. Int J Vitam Nutr Res 2009; 79(1): 34-9.
Bawadi HA, Maghaydah SN, Tayyem RF, Tayyem RE. The
postprandial hypoglycemic activity of fenugreek seed and seeds’
extract in type 2 diabetics: a pilot study. Pharmacognosy
Magazine 2009; 4(18): 134-8.

. Shakib MC, Gabrial SGN. Post-prandial responses to dif-

ferent bread products based on wheat, barley and fenugreek
or ginger or both in healthy volunteers and their effect on
the glycemic index of such products. J Am Sci 2010; 6(10):
89-96.

Attele AS, Zhou YP, Xie JT, Wu JA, Zhang L, Dey L, et al.
Antidiabetic effects of panax ginseng berry extract and the
identification of an effective component. Diabetes 2002; 51:
1851-8.

Ohnishi Y, Takagi S, Miura T, Usami M, Kako M, Ishihara E,
et al. Effect of ginseng radix on GLUT?2 protein content in
mouse liver in normal and epinephrine-induced hyperglycemic
mice. Biol Pharm Bull 1996; 19: 1238-40.

Hasegawa H, Matsumiya S, Murakami C, Kurokawa T, Kasai
R, Ishibashi S, et al. Interactions of ginseng extract, ginseng
separated fractions, and some triterpenoid saponins with
glucose transporters in sheep erythrocytes. Planta Med 1994;
60: 153-7.

Gillis CN. Panax ginseng pharmacology: a nitric oxide link?
Biochem Pharmacol 1997; 54: 1-8.

Leung L, Birtwhistle R, Kotecha J, Hannah S, Cuthbertson S.
Anti-diabetic and hypoglycaemic effects of Momordica
Charantia (bitter melon): a mini review. Br J Nutr 2009; 102:
1703-8.

Chuang CY, Hsu C, Chao CY, Wein YS, Kuo YH, Huang CJ.
Fractionation and identification of 9c, 11t, 13t-conjugated
linolenic acid as an activator of PPAR o in bitter gourd
(Momordica charantia L.). J Biomed Sci 2006; 13: 763-72.
Baldwa VS, Bhandari CM, Pangaria A, Goyal RK. Clinical
trials in patients with diabetes mellitus of an insulin-like
compound obtained from plant source. Ups J Med Sci 1977,
82: 39-41.

Asare-Anane H, Huang GC, Amiel SA, Jones PM, Persaud SJ.
Stimulation of insulin secretion by an aqueous extract of
Gymnema sylvestre: role of intracellular calcium. Endocr Abstr
2005; 10: DP1.

Persaud SJ, Al-Majed H, Raman A, Jones PM. Gymnema
sylvestre stimulates insulin release in vitro by increased mem-
brane permeability. J Endocrinol 1999; 163(2): 207-12.

Gholap S, Kar A. Effects of inula racemosa root and gymnema
sylvestre leaf extracts in the regulation of corticosteroid induced
diabetes mellitus: involvement of thyroid hormones. Pharmazie
58(6): 413-5.

Joffe DJ. Effect of extended release gymnema sylvestre leaf
extract (Beta Fast GXR) alone or in combination with oral
hypoglycemics or insulin regimens for type 1 and type 2 diabetes.
Diabetes in Control Newsletter 30 Oct 2001.

Citation: Journal of Community Hospital Internal Medicine Perspectives 2012, 2: 18447 - http://dx.doi.org/10.3402/jchimp.v2i2.18447

(page number not for citation purpose)


http://www.jchimp.net/index.php/jchimp/article/view/18447
http://dx.doi.org/10.3402/jchimp.v2i2.18447

31.

32.

33.

34.

35.

Jeejeebhoy KN, Chu RC, Marliss EB, Greenberg GR,
Bruce-Robertson A. Chromium deficiency, glucose intolerance,
and neuropathy reversed by chromium supplementation in a
patient receiving long-term total parenteral nutrition. Am J Clin
Nutr 1977; 30: 531-8.

Michael V. Chromium infusion reverses extreme insulin resis-
tance in a cardiothoracic ICU patient. Nutr Clin Pract 2008; 23:
325-8.

Ethan MB, Tatsioni A, Lichtenstein A, Lau J, Pittas A. Effect of
chromium supplementation on glucose metabolism and lipids, A
systematic review of randomized controlled trials. Diabetes Care
2007; 30: 2154-63.

Michelle DA. Glucose and insulin responses to dietary chro-
mium supplements: a meta-analysis. Am J Clin Nutr 2002; 76:
148-55.

Sekar N, Li J, Shechter Y. Vanadium salts as insulin substitutes:
mechanisms of action, a scientific and therapeutic tool in

Diabetes therapies

diabetes mellitus research. Crit Rev Biochem Mol Biol 1996;
31(5): 339-59.

36. Smith DM, Pickering RM, Lewith GT. A systematic review of
vanadium oral supplements for glycaemic control in type 2
diabetes mellitus. Q J Med 2008; 101: 351-8.

*Elena Forouhar

Diabetes and Endocrine Center
MedStar Union Memorial Hospital
33 Street bldg, Suite 550

201 E. University Parkway
Baltimore MD, 21218

USA

Tel: (410)554-4511

Fax: (410)554-6490

Email: Elena.forouhar@medstar.net

Citation: Journal of Community Hospital Internal Medicine Perspectives 2012, 2: 18447 - http://dx.doi.org/10.3402/jchimp.v2i2.18447

(page number not for citation purpose)


http://www.jchimp.net/index.php/jchimp/article/view/18447
http://dx.doi.org/10.3402/jchimp.v2i2.18447


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


