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Ethnobotanical uses

Gymmnema sylvestre (ASCLEPIADACEAE)

Bilious Woi.4; Bite(Snake) Broun; Cardiotonic Woi.4; Cough Woi.4; Diabetes Woi.4; Diuretic
Woi.4; Errhine Woi.4; Eye Woi.4; Furunculosis Woi.4; Laxative Woi.4; Parageusia Woi.4;
Stimulant Woi.4; Stomachic Woi.4; Tongue Uphof; Uterotonic Woi.4

* = Chemical(s) found in plant shown to be effective for the ailment medicated
** = Plant itself shown to be effective for the ailment medicated
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Phytochemical Database, USDA - ARS - NGRL, Beltsville Agricultural Research Center, Beltsville,
Maryland
Wed Oct 27 14:45:16 EDT 2004

Plecase send questions and comments to:
James A. Duke

Jim Duke

Green Farmacy Garden
8210 Murphy Road
Fulton, MD 20759

or
Mary Jo Bogenschutz (E-Mail: bogie@hawaii.rr.com)

Pleasc send technical questions and comments to:
WebMaster (E-Mail: dbmuqs@ars-grin.gov)

The USDA does not recommend self diagnosis or self medication. Please sce the disclaimer for more

http://www.ars-grin.gov/cgi-bin/duke/ethnobot.pl 10/27/2004



3 E| 3 3 3

3 T3 T3 T3 3 3 T3 73 T3 T8 3 ~ 3 73 773

'Species Information

Agricultural
Research
Service

Phytochemical and Ethnobotanical Databases

NI T T T i e R

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Common names: Gymnema -- Miracle Fruit

Page 1 of 4

Activities

Number of distinct activities for species = 250. [View activities]

List of chemicals

Chemical Part Lo Hi Reference ll
ppm{_ ppm

|(-)-VIBURNITOL, |[Leaf] liBH |
|JASCORBIC-ACID [Leat]| 152][ 800][pED9S |
|ASH |[Lcaf][11400| 60000}|pEDYS |
[BETA-CAROTENE Leat]] 6]  30|pEDSS |
[BETAINE ||Leaf | |12054 |
lcALCIUM |iLeaf]] 169  890|[PEDSS |
ICUOLINE [Leat] l12054 |
|[CHROMIUM ILeaf| 09| 4.5||pEDO8 |
lcoBALT ||Lcaf |PED98 |
|CONDURITOL-A [|[Lcaf] 13021 |
IFAT |ILeaf]| 3990]| 21000|[PED9S |
IFIBER(CRUDE) |Leaf | 80000|[pEDYS |
[FIBER(DIETARY) [Leaf] [320000|[pED9S |
|GURMARIN [|Leaf] 15581 15582 15599 15618 15568 B
|GYMNEMAGENIN |[Prand] [1a122 |
|GYMNEMASAPONIN-I [[Leaf| [ 60|[13841 |
|GYMNEMASAPONIN-II |[[Leaf][ 25|  27|l13841 15570 |
|GYMNEMASAPONIN-111 |[Leaf | | 10][13841 15583 |
|GYMNEMASAPONIN-1V |[Leaf|| 12|  17][13841 15570 15585 |
IGYMNEMASAPONIN-V |[Leaf]|| 133|| 160][15570 13841 15583 |
l | | |
http://sun.ars-grin.gov:8080/npgspub/xsql/duke/plantdisp.xsql?taxon=2133

10/27/2004
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‘Species Information

|GYMNEMASIDE-1  |[Leat]

IGYMNE DE-II ILeaf
[GYMNEMASIDE-IIT __ |lLeaf
[CYMNEMASIDE-IV ___ ][Leaf]
[GYMNEMASIDE-V ___|Leaf]

[GYMNEMASIDE-VI  |[Leaf]|
IG EMASIDE-VII Leaf

|GYMNEMASIN-A |Leaf|
|GYMNEMASIN-B Leaf
[GYMNEMASIN-C |Leaf |

|

|

GYMNEMASIN-D ||Leaf
GYMNEMIC-ACID ___|[Leaf]|
[GYMNEMIC-ACID ||Seed
|IGYMNEMIC-ACID |[Plant
[GYMNEMIC-ACID-A __|iLeaf
[GYMNEMIC-ACID-B  [[Leaf
[GYMNEMIC-ACID-C  [|Leaf
[GYMNEMIC-ACID-D  |[Leaf

| 202460

Fﬁrzm

3]/ 12469

10

12469

133

12469

[ 10fizee

83

[ 13]12460

115569

Page 2 of 4

=

57

{15569

|

73|f5569

| 4815569

!ISS'IS 15576 15617 15598 15600 15622 15616

[ 250013670

|1448

|12308 15565

|12308 15565

12308 15565

|12308 15565

[GYMNEMIC-ACID-I  |iLeaf]| 67]| 120][15570 13689 15569 15583 |
GYMNEMIC-ACID-II  |lLeaf]| 86| 160}/13689 15570 15569 15583 |
GYMNEMIC-ACID-HI  |Leaf|[ 27 91][15570 12855 13689 13804 15593 15569 15583

[GYMNEMIC-ACID-IV  |[Leaf|[ 47]|  73[l12855 15570 13689 13804 15593 15569 |
IGYMNEMIC-ACID-IX  JlLeaf]{ 21)|  28|l13804 12855 |
I[GYMNEMIC-ACID-V  |[Leaf|| 18]|  53|[13773 15570 12855 13804 15583 I
GYMNEMIC-ACID-VI _ ||Leaf] [ 10fi3773 15583 I
[GYMNEMIC-ACID-VIL J[Leaf|| 60 333[1377315570 |
[GYMNEMIC-ACID-VIIT |[Leaf]| 23|  32|[13804 12855 |
[GYMNEMIC-ACID-W _ |[Leaf] (12308 ]
[GYMNEMIC-ACID-X  |[Leaf]| | 5||12490 15583 12308 |
|GYMNEMIC-ACID-XI  ||Leaf| 30||12490 15583 ||
[CYMNEMIC-ACID-XII |[Leaf] ~ 8][12490 15583 |
|[GYMNEMIC-ACID-XIII |[Leaf] [ 13][12490 15583 |
|GYMNEMIC-ACID-X1V ||Leaf| | 5][12490 15583 |
[GYMNEMIC-ACID-XV |[Lcaf] | 5](12540 15583 ||
IGYMNEMIC-ACID-XVI |iLeaf| [ 5)|12540 15583 |
|GYMNEMIC-ACID-XVII j|Leaf | | 5|[12540 15583 |
GYMNEMIC-ACID-XVIII||Leaf | | 8]li254015583

IGYMNEMIC-ACID-Y |[Leaf| 12308 ‘
http://sun.ars-grin.gov:8080/npgspub/xsql/duke/plantdisp.xsql?taxon=2133

10/27/2004
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WARNING and DISCLLAIMER

Please send farmacy comments to Jim Duke at:

Jim Duke
Green Farmacy Garden
8210 Murphy Road

" |GYMNEMICACID-Z _[Leaf] 12308
[GYMNEMOSIDE-A [Leaf] [ 83[iss0 |
r’ GYMNEMOSIDE-B |Leaf] [ 46]15570 ]
[GYNOSAPONIN-TN-2 _|[Leaf 13113 |
r» [GYPENOSIDE-1i [Leaf] 13113 —
|[GYPENOSIDE-LV |ILeaf] | 10fl12a69 I
 |GYPENOSIDE-LXII _ |[Leaf| - 27112469 ]
F“ [CYPENOSIDE-LXIII ___|[Leaf] 3312469 N
GYPENOSIDE-LXXIV  |[Leaf] 13713 ]
[M IGYPENOSIDE-V Leaf | [13773 |
|GYPENOSIDE-XLIII Leaf | 13773 |
F GYPENOSIDE-XLV ___||Leaf| 13773 |
[GYPENOSIDE-XLVII _||Leaf] [137713 |
rn [GYPENOSIDE-XXVIII _|[Leaf] [ 30]12469 |
 |[GYPENOSIDE-XXXVII _|[Leaf]| [ 6012460 ]
IRON Leaf] o 49|leEDos |
rm [MAGNESIUM IILeaf][ 201] 1060fPEDSS |
IMANGANESE |Leaf][ 0.4 2l[pEDos |
" [y oot a2 22]pro ]
[PLHOSPHORUS [Leat][ s61][ 2950|pEDSS |
[*‘"’* [IPOTASSIUM ||Leaf ][ 2470]|_13000[pEDSS |
IPROTEIN |[Leaf][20900][110000||pEDSS ]
=  |[[RIBOFLAVIN ||Leas | [pEDOYS |
F ISELENIUM |Lcat]] 04| 2.3|lpEDSS |
ISILICON [[Leat]f o0.6] 3|lpEDYS |
[m lSODIUM Jieaf]] 266|| 1400][pEDOS |
ITHIAMINE |[Lear] [PEDSS |
r" [TRIMETHYLAMINE __|[Leaf | 12054 l
IWATER |lLcaf] [810000|[pED9S |
r» lZINC lILcaf] IPED9S
[
[
[

T3

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/plantdisp.xsql ?taxon=2133 10/27/2004
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Fulton, MD 20759

| USDA | ARS | NGRP | NPGS | FARMACY |

Cite as: USDA, ARS, National Genetic Resources Program. Phytochemical and Ethnobotanical
Databases. [Online Database] National Germplasm Resources Laboratory, Beltsville, Maryland. 27
October 2004.

[Production Version}

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/plantdisp.xsql?taxon=2133 10/27/2004
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Species Activity Information

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Page 1 of 1

Chemicals with Aldose-Reductase-Inhibitor Activity:

ASCORBIC-ACID
CONDURITOL-A

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Aldo...

10/27/2004



3

3

4

3

‘ 3 3 g

Species Activity Information Page 1 of 1

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Antiaging Activity:

ASCORBIC-ACID
BETA-CAROTENE
CHROMIUM

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Antia... 10/27/2004
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Species Activity Information Page 1 of 1

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Antidiabetic Activity:

ASCORBIC-ACID
CHOLINE
CHROMIUM
GYMNEMIC-ACID
MAGNESIUM
MANGANESE
ZINC

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Antid... 10/27/2004
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Species Activity Information Page 1 of |

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Antiobesity Activity:

ASCORBIC-ACID
CHROMIUM
GYMNEMIC-ACID
ZINC

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Antio... 10/27/2004



~— —3 ~—3 —3 3 3

T3

3

T3 3 T3 T3 T3 T3 T3 T3

—3 T3 T3

Species Activity Information

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Page 1 of 1

Chemicals with Antisyndrome-X Activity:

ASCORBIC-ACID
CHROMIUM
MAGNESIUM
MANGANESE
SELENIUM

ZINC

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Antis...

10/27/2004
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Species Activity Information Page 1 of |

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Diuretic Activity:

ASCORBIC-ACID
BETAINE
CALCIUM
MAGNESIUM
POTASSIUM

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Diure... 10/27/2004
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Species Activity Information Page 1 of |

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Hypocholesterolemic Activity:

ASCORBIC-ACID
CALCIUM
CHROMIUM
MAGNESIUM

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Hypo... 10/27/2004
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Species Activity Information Page 1 of 1

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Chemicals with Hypoglycemic Activity:

ASCORBIC-ACID
CHROMIUM
MANGANESE
NIACIN

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Hypo... 10/27/2004
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Species Activity Information

Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Page 1 of 1

Chemicals with Vasodilator Activity:

ASCORBIC-ACID
CALCIUM
MAGNESIUM
NIACIN
POTASSIUM

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act2.xsql?taxon=2133&activity=Vaso...

10/27/2004
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Gymnema sylvestre (RETZ.) SCHULT. - Asclepiadaceae

Activities

The number in () indicates how many separate chemicals this species has for that activity, for example,
Analgesic (3) indicates this species has three separate chemicals that have Analgesic activity. Select the
activity to see the chemicals.

ACE-Inhibitor (1)
AP-1-Inhibitor (1)
Abortifacient (1)

Acidulant (1)
Aldose-Reductase-Inhibitor (2)
Allergenic (2)
Amphiglycemic? (1)

Analgesic (2)

Androgenic? (1)
Angiotensin-Receptor-Blocker (2)
Anorexic (1)

AntiAGE (2)

AntiMeniere's (1)
AntiNF-kB (1)
AntiPMS (3)
Antiacne (3)
Antiacrodermatitic (1)
Antiacrodynic (1)
Antiaggregant (3)
Antiaging (3)
Antiakathisic (1)
Antialcoholic (1)
Antiallergic (2)
Antialopecic (1)
Antialzheimeran (2)
Antiamblyopic (1)
Antianemic (2)
Antianginal (2)
Antiangiogenic (1)
Antianorectic (1)
Antianorexic (1)

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133 10/27/2004



—3 ~— 3 1

3

=
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Antianxiety (2)
Antiarabiflavinotic (1)
Antiarrhythmic (2)
Antiarteriosclerotic (1)
Antiarthritic (2)
Antiarthritic? (1)
Antiasthmatic (3)
Antiatherosclerotic (4)
Antibacterial (1)
Anticancer (1)
Anticanker (1)
Anticarcinomic (1)
Anticariogenic (1)
Anticarpal-Tunnel (1)
Anticataract (3)
Anticheilitic (2)
Antichilblain (1)
Antichoreic (1)
Anticirrhotic (2)
Anticoeliac (1)
Anticold (2)
Anticolitic (1)
Anticonvulsant (2)
Anticomeotic (1)
Anticoronary (4)
Anticystinuric (1)
Antidandruff (2)
Antidecubitic (2)
Antidementia (1)
Antidenressant 4)

Antidiabetic (7)
Antidiscotic (1)

Antidote (Aluminum) (2)
Antidote (Cadmium) (2)

Antidote (Lead) (3)
Antidote (Mercury) (1)

Antidote (Paraquat) (1)
Antidyskinetic (2)
Antidysmenorrheic (1)
Antidysphagic (1)
Antieczemic (2)
Antiedemic (1)

Antlcncephalopathl 9y
Antiepileptic (4)
Antifatigue (1)

Antiflu (3)
Antifuruncular (1)
Antigastritic (1)
Antigingivitic (1)

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133

Page 2 of 6

10/27/2004
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Species Activity Information

Antiglaucomic (2)
Antiglossitic (1)
Antiglycosuric (1)
Antihemorrhagic (1)
Antihepatitic (1)
Antihepatotoxic (1)
Antiherpetic (1)
Antiherpetic? (1)
Antihistaminic (2)
Antihomocysteine (1)
Antihomocystinuric (1)
Antihyperactivity (1)
Antihyperkeratotic (1)
Antihyperkinetic (2)
Antihypertensive (4)
Antihypoglycemic (1)
Antiichythyotic (1)
Antiimpotence (1)
Antiinfective (1)
Antiinfertility (2)
Antiinflammatory (2)
Antiinsomniac (3)
Antiinsomnic (1)
Antikeratitic (1)
Antikeshan (1)
Antilepric (2)
Antileukemic (1)
Antileukonychic (1)
Antileukoplakic (1)
Antileukotriene (1)
Antilithic (1)
Antilupus (1)
Antimanic (1)
Antimastalgic (1)
Antimastitic (1)
Antimeasles (1)
Antimelanomic (1)
Antimenorrhagic (1)
Antimetastatic (1)
Antimigraine (3)
Antimutagenic (2)
Antimyalgic (1)
Antimyoatrophic (1)
Aantineuralgic (1)
Antineurotic (1)
Antinitrosic (1)
Antiobesity (4)
Antiorchitic (1)
Antiosteoarthritic (2)
Antiosteoporotic (4)
Antiototic (1)

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133

Page 3 of 6

10/27/2004
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Species Activity Information

Antioxidant (4)
Antiozenic (1)
Antiparkinsonian (2)
Antiparotitic (1)
Antipellagric (2)
Antiperiodontitic (2)
Antiphotophobic (2)
Antipityriasic (1)
Antiplaque (1)
Antipneumonic (1)
Antipodriac (1)
Antipoliomyelitic (1)
Antiporphyric (1)
Antiprolactin (1)
Antiproliferant (2)
Aatiprostatitic (1)
Antipsoriac (1)
Antipyretic (1)
Antiradicular (3)
Antiretinopathic (1)
Antirheumatic (1)
Antiscorbutic (1)
Antiscotomic (1)
Antiseptic (1)
Antijshingles (1)
Antispare-Tire (1)
Antispasmodic (2)
Antispasmophilic (1)
Antistomatitic (1)
Antistress (1)
Antistroke (1)
Antisyndrome-X (6)
Aantitic (1)
Antitinnitic (1)
Antitriglyceride (2)
Antitumor (2)
Antitumor (Breast) (1)
Antitumor (Lung) (2)
Antitumor (brain) (1)
Aantiulcer (3)
Antiulcerogenic (1)
Antivertigo (1)
Antiviral (4)
Antiviral? (1)
Antixerophthalmic (1)
Apoptotic (2)
Asthma-preventive (1)
Astringent (1)

Beta-Adrenergic Receptor Blocker (1)

Beta-Blocker (1)

Beta-Glucuronidase-Inhibitor (1)

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133

Page 4 of 6

10/27/2004



Species Activity Information

Bruchiphobe (1)
CNS-Depressant (1)
Calcium-Antagonist (2)
Calcium-Channel-Blocker (1)
Cancer-Preventive (5)
Cardiodepressant (1)
Cardiomyopathogenic (1)
Cardioprotective (1)
Cardiotoxic (1)
Cerebrotonic (1)
Cholinergic (1)
Cold-preventive (1)
Collagenic (1)

Colorant (1)
Copper-Antagonist (1)
Deodorant (1)
Depressant (1)
Detoxicant (1)

Diuretic (5)
Emmenagogue (1)
Erythrocytogenic (1)

Ethanolytic (1)
Fistula-Preventive (1)
Fungicide (1)
Hepatoprotective (3)
Hypertensive (1)
Hypocholesterolemic (4)
Hypoglycemic (4)
Hypolipidemic (1)
Hypotensive (6)
lleorelaxant (1)
Immunostimulant (5)
Immunosuppressant (1)
Insulinogenic (3)
Interferon-Synergist (1)
Interferonogenic (1)
Leptingenic (1)
Lipotropic (2)
Lithogenic (1)
Memorigenic (1)
Mucogenic (2)
Mucolytic (1)
Myorelaxant (1)

Ornithine-Decarboxylase-Inhibitor (1)

Osteogenic (1)
Parasympathomimetic (1)
Pesticide (6)
Phagocytotic (1)

Polyamine-Synthesis-Inhibitor (1)

Prooxidant (1)
Prostaglandin-Sparer (1)

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133

Page 5 of 6

10/27/2004
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Species Activity Information Page 6 of 6

Protein-Kinase-C-Inhibitor (1)
Sedative (1)
Serotoninergic (1)
Spermigenic (1)
Testosteronigenic (1)
Thymoprotective (1)
Trichomonicide (1)
Ubiquiot (1)
Uricosuric (1)
Urinary-Acidulant (1)
Uterorelaxant (1)
VEGF-Inhibitor (1)
Vasodilator (5)
Vulnerary (2)

R R L S T DS oy S5 T o0 o S L T L ¥ B L e R G I N T L A e e

WARNING and DISCLAIMER

Please send farmacy comments to Jim Duke at:

Jim Duke

Green Farmacy Garden
8210 Murphy Road
Fulton, MD 20759

| USDA | ARS | NGRP | NPGS | FARMACY |

Cite as: USDA, ARS, National Genetic Resources Program. Phytochemical and Ethnobotanical
Databases. [Online Database] National Germplasm Resources Laboratory, Beltsville, Maryland. 27
October 2004.

[Production Version]

http://sun.ars-grin.gov:8080/npgspub/xsql/duke/pl_act.xsql?taxon=2133 10/27/2004
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1: J Endocrinol. 1999 Nov;163(2):207-12.

Gymnema sylvestre stimulates insulin release in vitro by increased membrane
permeability.

Persaud SJ, Al-Majed H, Raman A, Jones PM.
Physiology Division, School of Biomedical Sciences, King's College, London, UK.

To determine whether extracts of Gymnema sylvestre may have therapeutic
potential for the treatment of non-insulin-dependent diabetes mellitus (NIDDM),
we examined the effects of an alcoholic extract of G. sylvestre (GS4) on insulin
secretion from rat islets of Langerhans and several pancreatic beta-cell lines.
GS4 stimulated insulin release from HIT-T15, MIN6 and RINmSF beta-cells and from
islets in the absence of any other stimulus, and GS4-stimulated insulin
secretion was inhibited in the presence of 1 mM EGTA. Blockade of
voltage-operated Ca(2+) channels with 10 microM isradipine did not significantly
affect GS4-~induced secretion, and insulin release in response to GS4 was
independent of incubation temperature. Examination of islet and beta-cell
integrity after exposure to GS4, by trypan blue exclusion, indicated that
concentrations of GS4 that stimulated insulin secretion also caused increased
uptake of dye. Two gymnemic acid-enriched fractions of GS4, obtained by size
exclusion and silica gel chromatography, also caused increases in insulin
secretion concomitant with increased trypan blue uptake. These results confirm
the stimulatory effects of G. sylvestre on insulin release, but indicate that
GS4 acts by increasing cell permeability, rather than by stimulating exocytosis
by regulated pathways. Thus the suitability of GS4 as a potential novel
treatment for NIDDM can not be assessed by direct measurements of beta-cell
function in vitro.

PMID: 10556769 [PubMed -~ indexed for MEDLINE]

http://www.ncbi.nlm.nih.gov/entrez/query fcgi?CMD=Text& DB=pubmed 10/27/2004
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Gymnema sylvestre stimulates insulin release in vitro by increased

membrane permeability

S J Persaud’, H Al-Majed’, A Raman® and P M Jones’

1Physiology Division, School of Biomedical Sciences, King's College, Lendon, UK

pharmacy Department, School of Health and Life Sciences, King’s College London, UK

{Requests for offprinis should be addressed to S ) Persaud)

Abstract

To determine whether extracts of Gymnema sylvestre may
have therapeutic potential for the treatment of non-
insulin-dependent diabetes mellitus (NIDDM), we exam-
ined the effects of an alcoholic extract of G. sylvestre (GS4)
on insulin secretion from rat islets of Langerhans and
several pancreatic f-cell lines. GS4 stimulated insulin
release from HIT-T15, MINé and RINmSF [-cells
and from islets in the absence of any other stimulus, and
GS4-stimulated insulin secretion was inhibited in the
presence of 1 mM EGTA. Blockade of voltage-operated
Ca?* channels with 10 pM isradipine did not significantly
affect GS4-induced secretion, and insulin release in
response to GS4 was independent of incubation tem-
perature. Examination of islet and B-cell integrity after

exposure to GS4, by trypan blue exclusion, indicated that
concentrations of GS4 that stimulated insulin secretion also
caused increased uptake of dye. Two gymnemic acid-
enriched fractions of GS4, obtained by size exclusion and
silica gel chromatography, also caused increases in insulin
secretion concomitant with increased trypan blue uptake.
These results confirm the stimulatory effects of G. sylvestre
on insulin release, but indicate that GS4 acts by increasing
cell permeability, rather than by stimulating exocytosis by
regulated pathways, Thus the suitability of GS4 as a
potential novel treatment for NIDDM can not be assessed
by direct measurements of B-cell function in vitro.

Journal of Endocrinology (1939) 163, 207-212

Introduction

Diabetes mellitus is an endocrine disorder in which
glucose metabolism is impaired because of total loss of
insulin after destruction of pancreatic P-cells (insulin-
dependent diabetes mellitus; IDDM), inadequate release
of insulin from the pancreatic B-cells, or insensitivity of
target tissues to insulin (non-insulin-dependent diabetes
mellitus; NIDDM). NIDDM accounts for up to 90% of
the UK diabetic population, and there is an increasing
drive to develop novel methods for its treatment, to
improve either the insulin output of P-cells or the sensi-
tivity of peripheral tissues to circulating insulin. Of the
currently available therapies for NIDDM, only the
sulphonylureas are used to stimulate P-cells to secrete
more insulin. The others, such as biguanides,
a-glucosidase inhibitors and thiazolidinediones, reduce
hyperglycaemia independently of increases in circulating
insulin.

Sulphonylureas act at a proximal stage in the B-cell
stimulus—secretion coupling cascade: they close plasma
membrane ATP-sensitive K* channels and the consequent
decrease in K* efflux depolarises the cells, leading to Ca**
influx via voltage-operated Ca?* channels (Henquin 1980,
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Sturgess et al. 1985). Increases in intracellular Ca®* are
sufficient to stimulate insulin release from f-cell secretory
granules (Jones et al. 1985). Novel drugs that act at
downstream sites, perhaps directly on the exocytotic
release of insulin, would be useful adjuncts to sulphony-
lureas in the treatment of NIDDM.

The therapeutic potential of Gymnema sylvestre R.Br., a
woody climber of the Asclepiadaceae family, has been
known for many years and it has a key place in Ayurvedic
medicine. There are reports that G. sylvestre leaf
extracts reduce hyperglycaemia in diabetic rabbits
(Shanmugasundaram et al. 1983), rats (Srivastava ef al.
1985) and humans (Khare et al. 1983, Baskaran et al.
1990), and these glucose-decreasing effects may be medi-
ated by increases in insulin secretion (Shanmugasundaram
& Panneerselvam 1981). There has been little systematic
characterisation of the identities of the insulinotropic
agents within the leaf extracts, but aqueous ethanolic
extractions of the leaves provide two potentially active
fractions, one containing conduritol A, an acid-soluble
polyol-polyhydroxy cyclic compound (Miyatake et al.
1993), and the other containing a mixture of acid-
insoluble triterpenoid saponins (gymnemic acids), desig-
nmated GS3 and GS4 (Shanmugasundaram et al. 1990).
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Conduritol A has been reported to have small stimulatory
effects on basal insulin secretion through an undefined
mechanism (Billington et al. 1994). GS3 and GS4, which
would be devoid of conduritol, have been reported to
reduce hyperglycaemia in diabetic rats, increase insulin
release in vivo and in vitro, and increase [3-cell number
after streptozotocin-induced diabetes (Shanmugasundaram
et al. 1990). GS3 is a fairly crude fraction prepared by acid
precipitation from a hydroalcohalic extract of G. sylvestre
leaves. Most studies have been performed using GS4,
which is purified from GS3 by reprecipitation with acid of
GS3 solubilised in alkali {(Shanmugasundaram et al. 1990).
GS4 has been used clinically to treat NIDDM, and it was
shown to increase serum insulin concentrations, normalise
blood glucose concentrations and reduce the requirement
for sulphonylurea (Baskaran et al. 1990). The potential
use of GS4 in the treatment of diabetes is intriguing, and
in the current study we have examined whether GS4,
prepared according to a previously described method
(Shanmugasundaram et al. 1990), exerts insulinotropic
effects on P-cell lines and on isolated islets of Langerhans.
We have also investigated its mode of action in vitro, to
assess its potential for the treatment of NIDDM.

Materials and Methods

Dried leaves of G. sylvestre were a gift from Cipla Ltd
(Mumbai, India). They were authenticated by the
Herbarium at the Royal Botanic Gardens, Kew. A
voucher specimen (refercnce Gyll 12) is deposited in
the Pharmacognosy Museum, Department of ’harmacy,
King’s College London. Isradipine was purchased from
Research Biochemicals International (Herts, UK). Tissue
culture media, antibiotics and foetal calf serum were
obtained from Life Technologies (Paisley, UK). All other
reagents were of analytical grade from BDIH (Poole,
Dorset, UK) or Sigma Chemical Co. (Poole, Dorsct,
UK). Rats were supplied by King's College London
Animal Unit. HIT-T15 B-cells were purchased from the
American Type Culture Collection (Rockville, MD,
USA), MING B-cells were kindly provided by Professor
J-1 Miyazaki (University of Tokyo, Japan) and RINm5F
B-cells were from Professor A J Bone (Univesity of
Brighton, UK).

Tissue preparation

Islets of Langerhans were isolated from the pancreata of
male Sprague-Dawley rats (200-250 g} by collagenase
digestion as previously described (Jones et al. 1993).
Approximately 400-500 islets were obtained from each
pancreas and islets were used immediately after isolation
for all experiments. Pancreatic B-cell lines were main-
ained in culture in DMEM (MING6) or RI'MI (HIT-T15,
RINmS5F) supplemented with 5-15% foctal calf serum,

Journal of Endocrinology (1999) 163, 207-212

100 pg/ml streptomycin and 100 U/ml penicillin, in a
humidified atmosphere of 5% CQ,.

Preparation of Gymnema fractions

GS4 was prepared as follows: dried Gymnema leaves (1 kg)
were ground to a coarse powder in a coffee grinder. The
powder was placed in a large beaker and aqueous ethanol
(50%; 61) was added to cover the grounds. Stcam,
generated separately, was bubbled through the mixture for
3-4 h. After cooling, the material was filtered and ethanol
removed from the filtrate by heating over a bailing water
bath to leave a thick brown viscous fluid. Sulphuric acid
(98%) was then added until the mixture reached pH 3.
The precipitate that formed after the mixture was left at
4 °C ovemight, corresponding to the GS3 fraction, was
collected by filtration and then redissolved in aqueous
potassium hydroxide (0-1 M, 400 ml). G54 was precipi-
tated from this solution by the addition of sulphuric acid to
pH 3 and overnight cooling as before. The precipitate was
callected by filtration and freeze-dried. Chlorophyll was
removed from the methanal-soluble components of GS4
by size exclusion chromatography on Sephadex LH-20 gel
using methanol as eluent, yielding a major fraction, termed
F2. A major component of F2, termed F43, was isolated in
semi-pure form by silica gel column chromatography and
preparative thin layer chromatography (TLC) using
chloroform-methanol-water mixtures. TLC analysis (data
not shown) indicated that GS4 and F2 contained a
complex mixture of compounds with chromatographic
characteristics typical of triterpenoid saponins. The major
component of GS4 and F2 was identified as gymnemic
acid VI by comparison of spectral data with values given
in the literature {Yoshikawa ef al. 1992). This compound
was not available in sufficient quantities for testing in the
present studies. However, F43 contains a mixture of
gymnemic acid VIII and at least one other compound,
most likely to be a closely related gymnemic acid. GS4, F2
and F43 were dissolved directly in the aqueous incubation
medium (Gey & Gey 1936) used for the insulin secretion
and trypan blue uptake experiments.

Insulin secretion

Groups of three islets were incubated in 600 jl physiologi-
cal salt solution (Gey & Gey 1936), in the absence or
presence of GS4, for 1 h at 37 °C, after which time a
sample of the supernatant was removed for the measure-
ment of insulin release. Groups of 30 0600 MING, 100 000
HIT-T15 and 200 000 RINmSF f-cells were sceded into
96-well plates, left to adhere overnight, then pre-
incubated in a glucose-free medium for 2 h before a 1-h
incubation in giucose-free medium in the absence or
presence of GS4. The insulin content of the supernatants
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Table 1 GS4-stimulated insulin release from f-cell lines. Cells were
incubated in a physiological salt solution (zero glucose) either in
the absence of GS4 or supplemented with 0-125-0-5 mg/ml G54
for 1 h at 37 °C, and insulin released into the supernatant was
measured by radioimmunoassay. Data are means £ 5eM, n=5-9

Insulin release (ng/10° cells per h)

MING RINmSF HIT-T15
G54 (mg/ml)
0 223£135 024+002 2:5 4 0:58
0125 639 £092*** 079 005" 511 £ 0-86"
025 656 055%** 407 £021%** 2071 1-43°**
05 806 £ 0-48°%* 32:33 £2:75**

*p<(05, ***P<0-001, compared with secretion in the absence of G54,

was determined by radicimmunoassay {Jones et al. 1988).
All experiments were performed with six to nine replicates
per treatment group.

Membrane integrity

After incubation in the absence or presence of G54, islets
and P-cells were exposed to the membrane-impermeant
dye, trypan blue (0-1% w/v) for 15 min at 4 °C or 37 °C.
The presence of dye within cells was determined by light
microscopy and the numbers of stained and unstained cells
in a field were counted to obtain an estimate of the
percentage of cells taking up the dye. MING cells that had
been incubated in the presence of the semi-purified GS4
extracts, F2 and F43, were also incubated with trypan blue
as described above.

Statistical analysis

Data were analysed by one-way analysis of variance or
Student's (-tests, as appropriate. Differences between
experimental and control samples were considered
significant at P<0-05.

Results

Isolation of GS4, F2 and F43

GS4, a smooth greenish-brown powder, was obtained in
2:5% w/w yield from dried G. sylvestre leaves. Chroma-
tography of 10 g GS4 yielded 5-9 g F2, and 88 mg F43
were obtained from 54 g F2. F2 and F43 were both
obtained as light-brown powders.

Effects of GS4 on insulin secretion from fi-cells and islets

Exposure of P-cells to GS4 resulted in a dose-related
increase in insulin release (Table 1). In the case of MING
B-cells, insulin release was stimulated at concentrations as

40 q
o— 30 1 * %%
£5 . I
. AN
Tl NN
0 0.25 . 05

GS4 [mg/ml}

Figure 1 Effect of Ca?* chelation on GS4-stimulated insulin
release. HIT-T15 cells were incubated for 1 h at 37 °C in the
absence (open bars) or presence (hatched bars) of 1 mM EGTA.
tnsulin released into the supernatant was measured by
radioimmunoassay. Data are means £ 5em, n=8. *P<0-05,
*++p<0-001 compared with appropriate control in the absence of
GS4; **P<0:01 compared with secretion in the absence of EGTA.

low as 31 pg/ml GS4 (252 3= 15-8% basal, P<0-001). GS4
{0-2 mg/ml) caused significant (P<0-001) increases in
the release of insulin from isolated rat islets at both
substimulatory (2 mM glucose: 0-18 == 0-02 ng/islet per h;
+0-2 mg/ml GS4: 0-86 & 0-18 ng/islet per h, n=6) and
stimulatory (10 mM glucose; 594 3 59% increase; 20 mM
glucose: 259 + 43% increase, n=6) concentrations of glu-
cose. Higher concentrations of GS4 caused progressively
increased insulin release from islets such that in the
absence of any other stimuli (2 mM glucose), the release
rate at 2 mg/ml GS4 was 16-4 & 1-3 ng/islet per h (n=6,
P<0:001 compared with 2 mM glucose).

Mode of action of GS4

As GS4 exerted stimulatory actions on all the -cell lines
tested and on whole islets, the HIT-T15 cell line was used
as a representative f§-cell population in which to examine
the mechanisms through which GS4 increased insulin
secretion. It was found that, when extracellular Ca?* was
chelated in the presence of 1 mM EGTA, the dose-
dependent effects of GS4 were shifted to the right such
that 0-25 mg/ml only had a small stimulatory effect, but
0-5 mg/ml still caused a large increase in insulin release
(Fig. 1). However, EGTA significantly reduced insulin
release at 0-5 mg/ml GS4 and at 0-25 mg/ml (P<0-01).
Blockade of Ca®* channels with the dihydropyridine
blocker, isradipine, did not significantly inhibit the
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Figure 2 Effects of GS4 on trypan blue uptake by islet cells. Rat islets were incubated in a
physiological salt solution supplemented wilh 0-1% (w/v) trypan blue at 37 °C (lefu), in the
presence of 0-25 mg/ml GS4 and 0-1% (w/v) trypan blue at 37 *C (middle) or in the presence of
0-25 mg/m! GS4 and 0:1% (w/v) trypan blue at 4 °C (right).

stimulatory effects of 0-5 mg/ml GS4 on insulin release
from HIT cells (control: 29-4 = 2-7 ng/10°® cells per h;
+10 pM isradipine: 24-0 = 1:9 ng/10° cells per h; n=8,
P>0Q-1). Incubation of HIT-T15 P-cells at a range of
temperatures indicated that GS4 (0-125 mg/ml) stimu-
lated insulin release even at temperatures as low as 4 °C
(37 °C: 61 075ng/10%cells per h; 30°C: 51+
0-33 ng/10° cells per h; 24 °C: 4-3 % 0-67 ng/10° cells per
h; 4 °C: 57 # 1:33 ng/10° cells per h; n=5-6).

Effects of GS4 on membrane integrity

Exposure of P-cells to GS4 resulted in a dose-related
increase in the number of cells to which trypan blue dye
gained access, with 98% of MING cells, 95% of RINm5F
cells and 88% of HIT-T15 cells taking up the dye at
0-25 mg/ml GS4. Islets incubated in the absence of GS4
excluded trypan blue, but those which had been incubated
in the presence of 0-25 mg/ml GS4 showed substantial dye
uptake, whether they were exposed to GS4 at 37 °C or at
4°C (Fig. 2).

Lffects of GS4 fractionation products on insulin release and
membrane integrity

F2 and F43, fractions obtained by further purification of
GS4, increased the rate of insulin release from MING cells
in the absence of any other stimulus (Table 2). However,
F2 and F43 also caused a significant increase in the extent
of trypan blue uptake by MING6 cells (Table 2). In contrast,
exposure of MING cells to a maximal stimulatory combi-
nation of the nutrient secretagogue, 4a ketoisocaproate,
and the protein kinase C activator, 48 phorbol myristate
acetate, caused a significant increase in insulin secretion
that was not accompanied by a loss of membrane integrity,
as assessed by trypan blue uptake (Table 2).

Discussion

The results of the current study confirm previous obser-
vations that alcoholic extracts of the leaves of Gymnema
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sylvesire are capable of dircct actions on pancreatic J-cells
to increase the release of insulin (Shanmugasundaram ef al.
1990). We found that GS4 caused a dose-related increase
in insulin release from a variety of 3-cell lines and rat islets
in the absence of any other stimulus, and, although there
were some minor differences in sensitivity to the extract,
in all cases it caused a profound secretory response. In the
case of islets, with which a concentration as high as
2 mg/ml was used, it was found that insulin relcase was in
excess of 16 ng/islet per h. This high output, equivalent to
~50% of the islet insulin content, suggests that the effects
of GS4 may not be physiological because, under these
conditions, the insulin release would not be compensated
for by sufficient insulin biosynthesis. Confirmation that the
stimulatory effects of GS4 differed from those of other
insulin secretagogues was provided by the observation that
GS4 was able to stimulate insulin release at temperatures
as low as 4 "C, whereas regulated physiological insulin
secretion only occurs at temperatures in excess of 30 °C
(Hedeskov 1980).

Table 2 Effect of G54 fractionation products on insulin release and
membrane integrity. MING cells were incubated in a physiological
salt solution for 1 h in the presence of the agents shown, A
sample of lhe supernatant was removed for the measurment of
insulin release, then the cells were incubated for a further 15 min
al 37 °C in the presence of 0-1% (w/v) trypan blue. Data for
insulin release are means + s.eM, n=6-8 and those for trypan blue
uptake show the percentage range of cells to which the dye
gained access, n=2

Celis taking
Insulin release up trypan blue
{ng/10° cells per h) (% total)

Treatment
0 glucose 227433 5-10
0-5 mg/ml F2 854+ 80" 95-100
0-5 mg/m| FA3 414 £ 2:7*** 50-60
0-5 mg/ml CS4 480+ 4-7*** 90-100
10 mM KIC
+500 nM PMA 89473 5-10

KIC, 4u ketoisocaproa‘e; PMA, phorbol myristate acetate. ***£<0-001,
compared with secretion at O glucose,
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Evidence that GS4 was acting at a physical, rather than
a physiological, level was provided by estimates of uptake
of the membrane impermeant dye, trypan blue. Cells or
islets that had been incubated in the absence of GS4 for 1 h
showed low levels of trypan blue uptake, indicative of an
intact plasma membrane capable of excluding dye entry.
However, increasing concentrations of GS4 caused pro-
gressively more damage to the B-cells, such that, for all
B-cell types, trypan blue gained access to virtually all cells
when used in a concentration of 0-25 mg/ml. Similar
results were obtained with whole islets, which consist of
clusters of around 3-5000 cells, and dye uptake was
observed at both 4 °C and at 37 °C. At 4°C, the dye
gained access to an outer mantle of cells, and at 37 °C
more islet cells became permeable to trypan blue. The loss
of membrane integrity after exposure to GS4 may have
been mediated by gymnemic acids, a complex mixture of
saponin glycosides, known to be present in the extract
(Suttisri et al. 1995). Glycosides such as saponin and
digitonin have long been used experimentally to permea-
bilise cellular membranes, including those of cells within
islets of Langerhans (Biden ef al. 1984, Colca ef al. 1985),
and it is known that their effects are independent of
temperature (Schulz 1990) and that they cause loss of large
cytosolic proteins when used in high concentrations
(Ahnert-Hilger & Gratzl 1988). The likelihood that mem-
brane damage resulted from the presence of glycosides was
borne out experimentally using GS4 subfractions enriched
in gymnemic acid saponins (F2 and F43), which also
caused increased release of insulin from MING cells
concomitant with increased uptake of trypan blue dye.

Thus the ability of G54 to stimulate insulin release at
4 °C and its effects on [J-cell plasma membrane integrity
are indicative of a mode of action in which GS4 causes
insulin to leak from effectively permeabilised B-cells.
There also appears to be a regulated component to the
stimulatory effects of GS4, as the increase in insulin release
was sensitive to chelation of extracellular Ca?* by EGTA.
However, the increase in insulin release still occurred after
isradipine-induced channel blockade, indicating that it did
not result from Ca?* influx through voltage-operated Ca®*
channels. Moreover, in the presence of sufficiently high
concentrations of GS4, there was still a substantial release
of insulin, despite the presence of EGTA, suggesting that
GS4 can affect the secretory apparatus independently of
changes in Ca®*.

In summary, the current data suggest that G54 increases
insulin release in vitro by two mechanisms: 1) the major
mode of action is through permeabilisation of the [-cell
plasma membranes, most likely resulting from the high
saponin glycoside content of the extract, leading to
unregulated loss of insulin from the cells; 2) there is also a
Ca**-sensitive component, and at least part of this release
of insulin may be dependent on channel-independent
Ca®* influx into the f-cells, perhaps through the pores
formed by plasma membrane disruption. Thus, although

extracts of G. sylvestre have been shown to reduce hyper-
glycaemia in vivo, the effects of GS4 on fi-cells described
herein suggest that its suitability as a potential novel
treatment for NIDDM can not be assessed by direct
measurements of islet and B-cell function in vitro. How-
ever, it is worth bearing in mind that the membrane-
damaging effects of GS4 are unlikely to be observed
in vivo, as sugars in the saponins will be hydrolysed off
within the gastrointestinal tract, so islets are more likely to
be exposed to the aglycone moiety. There is, as yet, no
information on the effects of aglycones on insulin secretion
in vitro or in vive, but these components of G. sylvestre merit
further investigation, particularly in light of the enhanced
insulin concentrations observed in wvivo after GS4
administration (Shanmugasundaram et al. 1990).
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Suppression of glucose absorption by some fractions extracted from Gymnema
sylvestre leaves.

Shimizu K, Iino A, Nakajima J, Tanaka K, Nakajyo S, Urakawa N, Atsuchi M, Wada
T, Yamashita C.

Division of Veterinary Pharmacology, Nippon Veterinary and Animal Science
University, Tokyo, Japan.

Extracts containing gymnemic acids, which were extracted from the leaves of
Gymnema sylvestre {GS) as nine fractions, were evaluated for their effects on a
high K(+)-induced contraction of guinea-pig ileal longitudinal muscles, on
glucose transport mediated by the difference of glucose-evoked transmural
potential difference (delta PD) in the inverted intestine of guinea-pig and rat,
and on blood glucose in rat. Among nine fractions obtained by high performance
liquid chromatography from the extract, f-2 and f-4 strongly suppressed the high
K{+)-induced contraction of the ileal muscle, f-3 and f-5 did so moderately, and
f-8 and f-9 did so weakly, whereas the other fractions did not affect it. The
degree of suppression of high K(+)-induced contraction by f-2 at 74% was almost
the same as that of f-4 at 67%, at concentrations of 0.1 mg/ml. The suppressed
contraction by f-2 or f-4 was recovered by adding 5.5 mM pyruvate. The delta PD
increased by 5.5 mM glucose in the inverted intestines of guinea-pig and rat
were equally suppressed by 0.1 mg/ml of £-2 or f-4 to 40%. In a rat sucrose
tolerance test, f-2 and f~4 suppressed the elevation of blood glucose level.
Both £-2 and f-4 suppressed the contraction of guinea-pig ileal longitudinal
muscle, interfered with the increase in delta PD induced by glucose in the
inverted intestines of guinea-pig and rat, and inhibited the elevation of blood
glucose level. In conclusion, it is suggested that some of the extracts
containing gymnemic acids from GS leaves suppress the elevation of blood glucose
level by inhibiting glucose uptake in the intestine.

PMID: 9152931 [PubMed -~ indexed for MEDLINE]
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Inhibitory effect of voglibose and gymnemic acid on maltose absorption in vivo.

Luo H, Imoto T, Hiji Y.

Department of Physiology, Institute of Basic Medicine, CAMS/PUMC,5
Dongdansantiao Beijing 100005, China. hongluol@263.net

AIM: To determine whether diabetic care can be improved by combination of
voglibose and gymnemic acid (GA), we compared the combinative and individual
effects of voglibose and GA on maltose absorption in small intestine. METHODS:
The small intestine 30 cm long from 2 cm caudal ward Treitz's ligament of Wistar
rat was used as an in situ loop, which was randomly perfused in recircular mode
with maltose (10mmol/L) with or without different dosages of voglibose and/or GA
for an hour. To compare the time course, perfusion of 10 mmol/L maltose was
repeated four times. Each time continued for 1 hour and separated by 30 minutes
rinse. In the first time, lower dosages of GA (0.5g/L) and/or voglibose (2
micromol/L) were contained except control. RESULTS: Absorptive rate of maltose
was the lowest in combinative group (P<0.05, ANOVA), for example, the inhibition
rate was about 37% during the first hour when 0.5 g/L-GA and 2 micromol/L
voglibose with 10 mmol/L maltose were perfused in the loop. The onset time was
shortened to 30 minutes and the effective duration was prolonged to 4 hours with
the combination; therefore the total amount of maltose absorption during the
effective duration was inhibited more significantly than that in the individual
administration (P < 0.05, U test of Mann Whitney). The effect of GA on
absorptive barriers of the intestine played an important role in the combinative
effects. CONCLUSION: There are augmented effects of voglibose and GA. The
management of diabetes mellitus can be improved by employing the combination.

PMID: 11819773 [PubMed - indexed for MEDLINE]
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Effect of Long Term-Administration with Gymnema sylvestre R. BRr on

Plasma and Liver Lipid in Rats

Norihiro SHIGEMATSU,*® Ryuji Asano,? Makoto SiuiMosaka,® and Mitsuo Oxazaki?

Biosci, Textile Technol, Shinshu University® 3-15-1 Tokida, Ueda, Nagano 386-8567, Japan, Dept. Verterinary
Pharmacol., College of Bioresource Sci., Nihon University® 1866 Kameino, Fujisawa, Kanagawa 252-8510, Japan, Dept.
Applied Biol., Shinshu University,® 3-15-1 Tokida, Ueda, Nagano 386-8567, Japan, and Gene Research Center, Shinshu
University,? 3-15—1 Tokida, Ueda, Nagano 386-8567, Japan. Received November 16, 2000; accepted February 23, 2001

Extract of Gymnema sylvestre leaves was administered to rats receiving either a high fat diet or normal fat
diet for 10 weeks to investigate its influence on plasma and liver lipids and on visceral fat accumulation. In addi-
tion, its effect was compared with these of chitesan and the influcnce of combined use of these two substances
was also evaluated, Within the high fat diet groups, the extract suppressed body weight gain and accumulation of
liver lipids to the same extent as chitosan and the combined use. In addition, intraperitoneal fat and fat drop
vacuoles on the epithelium of renal tubules, noted in the high fat diet group, were scattered by administration of
the extract with the same results as for chitosan and combined use. }mhm the normal fat diet groups, plasma
triglyceride levels decreased by administration of the extract, with similar results as chitosan and combined use.

reeswsConcerning plasma total cholesterol, there -was-no deereasing effects with the extract, as found with chitosan and
combined use. However, the effect of chitosan on plasma total cholesterol tended to be enhanced when used in
combination with the extract. In addition, long-term administration of the extract did not show any influence on

hematological and blood chemical parameters.

Key words Gymnema sylvestre; chitosan; plasma lipid; liver lipid

Gymnema sylvestre R. BR. is a wild plant classified in the
Asclepiadaceac family and is widely distributed in Southern
India, tropical Africa and Australia, It has been used in In-
dian traditional medicine, “Ayurvedic medicine,” from an-
cient times and is said to be effective in promoting urination
and digestion, tonifying and improving diabetes."? Its sup-
pressive effects on sweetness are well known.® In Japan, G.
sylvestre has been widely used as a health food in tea bags,
tablcts, beverages and confectioneries in recent years. There
has been a lot of research on its involvement in carbohydrate
metabolism from the viewpoint of nutrition and food science
or pharmacognosy.*® Various effects have been reported,
such as suppression of glucose absorption in the small intes-
tine of rats, rcduction of plasma glucose increment in the oral
sucrose tolerance test, significantly lowered blood glucose
and insulin valucs in dogs as well as suppression of insulin
increase in glucose tolerance tests in men and the alleviation
of diabetic symptoms in patients with non-insulin-dependent
diabetes mellitus.”® As for the active substances involved in
G. sylvestre, the triterpenoid saponin and its derivatives have
been identified. These are glycosides where gymnemagenin
is formed by attachment of glucronic acid to the triterpenoid
structure as aglycone. This glycoside and its derivatives are
referred to as gymnemic acids.” Other than these glycosides,
conduritol A with a tetrahydroxyhexene structure has been
also confirmed to be involved in glucose absorption. More-
over, the peptide grumarin, which is a2 peptide consisting of
35 amino acids, has been shown to be involved in suppres-
sion of sweetness.'” However, there are fewer reports dealing
with its influence on lipid metabolism compared to those on
carbohydrate metabolism. Findings concerning the lipid me-
tabolism of G. sylvestre thus far reported are as follows: (1)
although it slightly decreased serum cholestero! and triglyc-
eride values in obese rats fed on high carbohydrate and low
fat diets, there were no effects observed in emaciated rats; (2)
intraperitoneal injection of gymnemic acid had no influence

* To whom corrcspondence should be addressed,  e-mail: noshigematsu@fancl.co.jp

on blood cholesterol, triglyceride or free fatty acid¥; (3)
when the extract of G. sylvestre leaves, highly concentrated
with gymnemic acid, was administered at high dose levels,
fecal excretion of steroids showed a dose-related increase.'V
All these findings were obtained under limitative conditions.
The aims of this current study were to investigate the long-
term influence of G. sylvestre on lipid metabolism in rats fed
a high fat diet, and to compare with the effects of chi-
tosan,'>'¥ a substance known to be effective in lowering cho-
lesterol levels. In addition, the effects of these treatments on
rats with a normal fat diet were investigated in the same way.
This experiment was performed according to the Experimen-
tal Animal Regulations (IEXAS).

MATERIALS AND METHODS

Materials The feed stuff CE-2 (product of Nihon Crea
Co., Ltd.) was used as normal fat diet (NF), and a modified
feed stuff was used as a high fat diet (IF), in which beef tal-
low was added io CE-2 to the extent of 20% by weight. The
nutritive constituents of the respective dicts were as follows;
water content (NF: 8.8%, HF: 7.0%), protein (NF: 25.2%,
HF: 20.7%), fat (NF: 4.4%, HF: 23.5%), fiber (NF: 4.4%,
HF: 3.5%), ash (NF: 7.0%, HF: 5.5%), nitrogen free extract
(NF: 50.2%, HF: 39.8%), total calories (NF: 341kcal/100 g,
HF: 460 kcal/100 g).

The leaves of G. sylvestre were dried and extracted with
50% hydrous alcohol (at 60°C for 3 h). It was then dried be-
fore being used as gymnema extract (G) (total gymnemic
acid content:'” 2.4%). Chitosan (C) employed here was ad-
justed to 85% deacetylation, 10°—10% molecular weight, and
100 cps viscosity (cstimated by a B-type viscosity mcter at
0.5% and 20 °C).

Experimental Animals and Rearing Conditions Five-
weeks-old male Jcl: Wistar rats were obtained from Nihon
Crea Co., Ltd. Two rats were kept in each polycarbonate cage

© 2001 Pharmaceutical Socicty of Japan
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(CL-0106 from Nihon Crea Co., Ltd.) with a size of
345X403X177 mm, and were maintained at room tempera-
ture (23+£2°C) and a relative humidity of 55+5% on a
light/dark cycle of 14h/10h (lighted up between 6:00 am and
8:00 pm). All rats were provided with NF for two weeks after
initiation of preliminary rearing, and thereafter they were
classified into NF-fed and HF-fed groups. The NF- and HF-
fed groups were provided with NF and HF respectively until
the end of the experiment. Four weeks after classification
into NF- and HF-fed groups, each of the two groups (11-
week-old rats) was divided into the following four groups (n:
number of individuals reared in each group=10): control
groups (cont-NF, cont-HF), G (G-orally-provided) groups
(G-NF, G-HF), C (C-orally-provided) groups (C-NF, C-HF),
and GC (provided with a mixture of G and C) groups (GC-
NF, GC-HF). The treated groups were orally administcred
with G, C and GC once a day (10:00a.m.—12:00 noon) for
10 weeks. The oral doses of G, C and GC were; G: 33 mg/kg
(=amount required to stabilize blood glucose value in men),
C: 8 mg/kg (=amount required to decrease plasma choles-
terol value in men), and GC: 41 mg (33 mg of G+8mg of
C)/kg respectively. Each dose, after being suspended in 2mi
of distilled water, was given through a stomach tube. On the
other hand, 2ml of distilled water was orally given to each
control group in the same way. Rats were allowed ad libitum
to access the feed stuff and drinking water; body weight and
feed intake was measured cveryday during this experimental
period. Rats were starved for 18 h after the end of the experi-
ment, and blood was taken from the jugular veins under
anesthesia using sodium pentobarbital. This blood was used
for measurement of plasma lipid and hematological bio-
chemical parameters. Heart, liver and kidney were extracted
for measurement of their weight. In addition, the extracted
livers were used for measurcment of liver lipids and
histopathlogical examination. Moreover, kidneys were also
used for histopathological examination.

Hematological Biochemical Examination Immediately
after blood samples were collected, the red blood cell (RBC)
counts and white blood cell (WBC) counts were measured by
the use of the Celltak (product of Nihon Koden Corp.).
Thereafter, blood plasma was isolated and total cholesterol,
high-density lipoprotein (HDL)-cholesterol, and triglyceride
were measured by the use of Spotchem2-T-Chol, Spotchem2-
HDL-C and Spotchem2-TG (Arkray Co., Ltd.), respectively.
Further measurements were carried out for blood urca nitro-
gen (BUN), albumin (Alb), creatinine (Cre), glutamic-oxalo-
acetic transaminase (GOT), glutamic-pyruvic transaminase
(GPT) and total bilirubin (T-Bil) by the use of Spotchem2-
BUN, Spotchem2-Alb, Spotchem2-Cre, Spotchem2-GOT,
Spotchem2-GPT and Spotchem?2-T-Bil (Arkray Co., Ltd.),
respectively. For quantification of these parameters, the
Spotchem SP-4410'® (Arkray Co., Ltd.) was utilized. Fur-
thermore, the free fatty acid (FFA) content and lipoperoxide
activity {(Lipop) were measured by use of the Iatrolipo NFFA
(Yatoron Co., Ltd.) and Determiner LPO (Kyowa Medics
Co., Ltd.), respectively.

Organ Weight and Liver Lipid The extracted organs
(heart, liver and kidney) were perfused by the use of cooled
physiological saline for removal of remaining blood. There-
after, the organs were weighed and the livers were frozen at
—30°C for preservation. Lipids were extracted from the liv-
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ers by the method of Folch ef al.'® and total cholesterol and
triglyceride levels were measured by use of commercial
assay kits (Determiner TC555: CE-COD-POD method,'”
Determiner TG.S : LPL-GK-GPO method'®) (Kyowa Medics
Co,, Ltd.).

Histopathological Examination Extracted liver and
kidney were stained with hematoxylin-eosin (HE) for
histopathological examination, and the tissue samples were
examined microscopically.

Statistical Treatment In each diet group, after perform-
ing one-way analysis of variance, the significance of a differ-
ence was tested by Dunnet’s method and p<<0.05 vs. control
group was considered to be statistically significant. To evalu-
ate the effect of co-administration of G and C, the group re-
ceiving GC was compared with the control group and with
the C group using Student’s ¢-test. Administration of GC was
considered to be significantly different from C when the
group that received GC showed a greater effectiveness than
both the C group and the control group at p<<0.05.

RESULTS

Feed Intake and Body Weight In the HF-fed group, the
feed intake tended to be lower by about 10% than the NF-fed
group from the time feed was changed from NF to HF during
the experimental period. Addtionally, the feed intake of the
G-HF, C-HF and GC-HF groups almost the same as the cont-
HF group during the experimental period. Similarly, in the
NF-fed group, no significant difference was found in the feed
intake of the G-NF, C-NF and GC-NF groups when com-
pared to the cont-NF group (data not shown).

The changes in body weight in the NF- and HF-fed groups
during the experimental period are shown in Fig. 1. The body
weight in the cont-HF group tended to increase from the 5th
week after the switch from NF-feeding to HF-feeding (the
7th week from the start of feeding) to the end of the expen-
ment. Nevertheless, in the G-HF, C-HF and GC-HF groups,
the increase in body weight was repressed from the begin-
ning of oral administration of G, C, GC to the cnd of the ex-
periment. At the end of the experiment, the body weights of
the G-HF, C-HF and GC-HF groups were significantly de-
pressed when compared to cont-HE In the NF-fed group, no
significant difference was found in the increase of body
weights among the G-NF, C-NF and GC-NF groups com-
pared to cont-NF during the experimental period.

Plasma Lipid Plasma total cholesterol and triglyceride
were measured after starvation (for 18 h) at the end of the ex-
periment, These values are shown in Fig. 2. In the NF-fed
group, the plasma total cholesterol value in the G-NF group
had no statistical significant difference compared to cont-NE.
Nevertheless, the value in the C-NF group displayed a signif-
icant decrease (p<<0.05) compared to cont-NF. Also, in the
GC-NF group, its value was significant decreased (p<0.03)
compared to cont-NFE. In addition, in a comparison of the
plasma total cholesterol between cont-NF and GC-NF, or be-
tween C-NF and GC-NF, a significant decrease (p<<0.05) was
seen in both cases. In the HF-fed group, there were no signif-
icant differences between the plasma total chelesterol values
in cont-HF and its value in G-HE, C-HF and GC-HE 1n the
NF-fed group, the plasma triglyceride value in the G-NF, C-
NF and GC-NF groups showed a significant decrease
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(p<0.05) compared to cont-NF. In comparisons between
cont-NF and GC-NF or between C-NF and GC-NF, no sig-
nificant difference was seen in both cases and no effect of co-
administration with G and C on the plasma triglyceride value
was identified. In the HF-fed group, plasma triglyceride val-
ues in G-HF had a decreasing tendency (»<<0.1) compared to
cont-HF, though not significant statistically. In the casc of C-
HF or GC-HF, a significant decrease (p<0.05) compared to
cont-HF was noted. Moreover, no significant difference was
found in a comparison of its value between GC-HF and C-
HE. In addition, HDL-cholesterol levels were 26.8+4.9 mg/dl
in cont-NF and 26.4+4.7 mg/d] in cont-HF. In both NF- and
HF-fed groups, no influence was identified for G, C and GC

by oral administration compared to cont-NF or cont-HF (data
not shown).

Hematological Biochemical Parameters The results of
hematelogical biochemical examination carricd out after
starvation (for 18h) at the end of the experiment are shown
in Table 1. In the NF-fed group, there was no influence of ad-
ministration with G, C, GC on RBC count, WBC count,
BUN, albumin, creatinine, GOT, GPT, total bilirubin, FFA
and lipoperoxide compared to cont-NF. In addition, there was
no effect in the 1F-fed group administrated with G, C, GC
compared to cont-HE.

Organ Weight and Liver Lipid The organ weights of
rats are shown in Table 2. In both NF-fed and HF-fed groups,
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Table 1. Results of Hematological and Plasma Biochemical Examination at the End of the Experiment
RBC WBC BUN Alb Cre GOT GPT T-Bi} FFA Lipop
(X10%mm?)  (X10¥mm?®)  (mg/dl) (g/dl) (mg/dl) (un aun (mg/dY) (¢eq/y  {(nmoVm))
Cont-NF 9792169 146%14 294 37403  0.6x02 524%144 22061 0.3%0.] 500141 0.7x04
G-NF 97386 15013 29%2 37404  08x03 391198  20.2+8.6 0.3%0.1 490129 04204
C-NF 982%90 147+18 29%3 39+05 09+03 432*112 23259 0.2x0.0 482110 0.5%0.5
GC-NF 978102 152*12 29x3 38203 09x03 48.1x148 19.8x7.2 0.2x0.1 475+135 0.4+0.3
Cont-HF 99689 140+20 284 3.8x0.2 0802 391105 243270 0.32x02 533x148  0.5+03
G-HF 990+ 109 14928 264 37203 09203 46.8x12.8  223+9) 03+0.2 5712135 04204
C-HF 965297 144224 275 36+05 0903 482*156  20.8+50 0.4+0.3 560x111  0.5+0.4
GC-HF 97880 138x21 27+4 37203 09204 414160 21.4+76 0.3+0.2 513x110 05205

Each value represents the mean = 8.D. (r=10).

Table 2, Organ (Heart Liver Kidney) Weight of Rats in the Experimental
Groups at the End of the Experiment

Heart (3/160g)  Liver (g/100g) Kidney (g/100g)
Cont-NF 0.30%0.02 3.46+0.2 0.59+0.06
G-NF 0.29+0.02 3.39%0.2 0.59+0.04
C-NF 0.30x0.02 3.44+0.2 0.60+0.02
GC-NF 0.30+0.02 3.57*0.3 0.60+0.04
Cont-HF 0.26+0.0) 3.02+02 0.45+0.03
G-HF 0.29x0.03 3.39+04 0.57+0.04
C-HF 0.28+0.02 3.28x0.2 0.56+0.04
GC-HF 0.29+0.02 3.46x0.3 0.58+0.04

Each valuc represent the mecan*8.D, (n=8).

no influence on organ weights was identified for oral admin-
istration of G, C and GC compared to each control group.
Total cholesterol and triglyceride levels in liver removed im-
mediately after completion of the experiment are shown in
Fig. 3. Total cholesterol values in the NF-fed group were not

influenced by oral administration with G, C or GC compared
to cont-NE. However, in the HF-fed group, the values in the
G-HF, C-HF and GC-HF groups showed a significant de-
crease (p<<0.05) compared to cont-HE In the NF-fed group,
triglyceride values in G-NF had no significant difference
compared to cont-NF, however, the C-NF and GC-NF groups
showed significant decrease (p<0.05) compared to cont-NF.
Nevertheless, in the HF-fed group, tirglyceride values in the
G-HF, C-HF and GC-HF groups had a significant decrease
(p<0.05) compared to cont-HE

Histopathological Examination Rats in cont-HF and
G-HF at the end of the experiment are shown in Fig. 4. Rat in
the cont-HF group (left side) grew corpulent compared to
rats in the G-HF group (right side). In addition, histopatho-
logical findings revealed that intraperitoneal fat was accumu-
lated in the cont-HF group, while it was markedly inhibited
in the G-HF group (Fig. 4). Nearly the same findings as G-
HF were noted in the C-HF and GC-HF groups (data not
shown). The results of histopathological examination of he-
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Fig. 5. Hepatocyte in Cont-11F, G-HF, C-HF and GC-1{F
Hematoxylin-cosin stain (X 150).

Fig. 6. Kidney in Cont-HF and G-1IF
Hematoxylin-cosin stain (X300). Arrow: fat droplet vacuoles.
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patocyte in the HF-fed groups are shown in Fig. 5. Fat
droplets markedly accumulated in the liver of cont-HEF, but
fat deposition was inhibited in G-HF as a whole, though
some fat vacuoles were evident. The same results were ob-
tained with the C-HF and GC-HF groups. In the kidney, fat
droplet vacuoles were noted on the epithelium of renal
tubules in cont-HF, while they were noted only on the surface
of cortex in G-HF (Fig. 6).

Nearly the same findings as G-HF were noted in the C-HF
and GC-HF groups (data not shown). In addition, in NF fed
groups, no abnormal influence was histopathologically ob-
served (data not shown).

DISCUSSION

Since G. sylvestre has been widely used as dietary a food
material in Japan, it has become more important to investi-
gate the long-term effects of administration. Moreover, edible
fats occupy an increasing portion of the total caloric intake in
the Japanese diet of today. Therefore, the influence of G.
sylvestre, which is effective in improving carbohydrate me-
tabolism, on lipid metabolism in a high fat diet is very inter-
esting from a real life point of view,

In this study, abnormal valucs were not observed upon
hematological biochemical and histopathological examina-
tion. These results suggest the safety of G. sylvestre as a di-
etary food or functional food material. In cont-HF, the
plasma cholesterol level was little affected by HF feeding,
but plasma triglyceride levels and liver lipids (cholesterol
and triglyceride) tended to be increased. Beef tallow has less
influence on blood cholesterol level, but it increases the
blood triglyceride level and accumulates liver lipid just like
other edible fats.!"?® These effects .were reported by Pan et
al. and are similar to the plasma and liver lipids level in cont-
HFE.

Concerning plasma total cholesterol level, administration
of G alone did not have any cffcct, although it was found in
NF-fed rats that the lowering effcct of C was enhanced by co-
administration of G and C. The effect of chitosan on blood
cholesterol by oral administration has previously re-
ported.'>'¥) Moreover, ascorbic acid is known to intensify the
inhibitory effect of chitosan on lipid absorption in the diges-
tive tract. This potentiating effect of ascorbic acid is thought
to be due to the increased solubility of chitosan in the diges-
tive tract and to the decreased viscosity of chitosan induced
by ascorbic acid.'® Whether the triterpene saponin in G can
display such an action similiar to ascorbic acid is not clear,
aithough G may have affected the behavior of C in the diges-
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triglyceride levels was weaker than that of chitosan with a
high fat diet.

In this study, the lowering effects of G on cholesterol and
triglyceride levels in liver were identified using a high fat diet
and gave the same results as with chitosan and with com-
bined use. The decreasing effect of G on lipid accumulation
in liver was also identified by histopathological examination
of hepatocytes and no abnormality was noted. Moreover, the
decreasing effects of G on intraperitoneal fat and fat drop
vacuoles on the epithelium of kidney noted in obese rats fed
a high fat diet were identified. In addition, hematological bio-
chemical findings also showed no abnormal data. Thus, it
was suggested that G. sylvestre would safely suppress the ac-
cumulation of liver lipids and visceral fat at the same level as
chitosan and improve obesity as a whole when administered
for a long time under a high fat diet. In general, the decrease
of triglyceride?” in liver may result from (1) the suppression
of lipoprotein and lipid synthesis in liver, (2) the acceleration
of fatty acid oxidatinn in liver, (3) the acceleration of VLDL
secretion from liver. In general, the decrease of cholesterol in
liver may result from (1) the effects of transfer acceleration
of cholesterol from liver to blood, (2) the inhibition of cho-
lesterol synthesis in liver, (3) increased of cholesterol to bile
acid, (4) the hydrolysis improvement of cholesterol ester in
liver, and (5) suppression of absorption of cholesterol from
intestine. Generally, the decrease of cholesterol®? in liver
may lead to a decrease of VLDL synthesized in liver and se-
creted to the blood. On the other hand, the decrease of cho-
lesterol in liver may induce activation of the LDL receptor
and as a result, the intake of LDL from blood to liver in-
creases. In addition, the decrease of cholesterol in liver may
lead to a shortage of blood cholesteral. In this study, the de-
creasing effect of C on total cholesterol and triglyceride lev-
els in plasma tended to be linked to the decrease of these ma-
terials in liver. G decreased the cholesterol and triglyceride
levels in liver more markedly than in plasma. These results
suggest that G may affect lipid metabolism through a differ-
ent mechanism to C.

The active ingredients contained in G. sylvestre should be
investigated further in detail. Gymnemic acid has been invesy
tigated, frequently in relation to carbohydrate metabolism.
Regarding the relationship between lipid metabolism and
gymnemic acid, it has been reported by Nakamura et al.'!

=thlt when the extract containing 58% of gymnemic acid was

administrered at doses of more than 1.0 g/kg, the excretion of
acidic steroids and neutral steroid to feces were significantly
increased and hepatic cholesterol was decreased, but blood

cholestero] level was unaffected.'”? These results, where hes=?

tive tract when combined with C and G may enhance the T)atic lipids are more liable to be affected by gymnemic acid

lowering effect of C on plasma total cholesterol level conse-
quently. In both NF- or HF-fed rats, the plasma HDL-choles-
terol level was not influenced by G, C or GC. Thus, the de-
crease of plasma total cholesterol in NF-fed rats can be con-
sidered to be due to the decrcase of LDL- and VLDL-choles-
terol. In NF-fed rats, G decreased the plasma triglyceride
level and the same decreasing effect was also found in the C-
NF and GC-NF groups. Therefore, G can be expected to be
equally effective as chitosan under the conditions of a normal
fat diet. In HF-fed rats, this value was little affected by G and
significantly decreased by C and GC. It was considered from
these findings that the decreasing cffect of G on plasma

than blood lipids, agree with the results of the present study.
However, it has also been reported that feed intake was de-
creased and body weight gains were consequently depressed
at the above doses.'"” In the present study, the total gymne-
mic acid content in G was 2.4% and the oral dose of G was
33 mg/kg. Thus, both gymnemic acid and the extract amount
were drastically less than in the other report.'"” Though we
can not directly cormapare our results with the results in the
earlier report,'” duc differences in the experimental diet and
dose of gymnemic extract, our results do not necessarily in-
dicate that only gymnemic acid influences lipid metabolism.
Other substances besides gymnemic acid may have an influ-
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ence on lipid metabolism. In this study, the mechanism of the
decreasing effect exerted by G is not clear and more research
is required. Further studies are required to clarify the effect
of G. sylvestre on lipid metabolism,
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Comparative Effects of Chromium, Vanadium and
Gymnema Sylvestre on Sugar-Induced Blood Pressure

Elevations in SHR
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Key words: Hypertension, sucrose-induced; chromium polynicotinate, effects on BP; bis(maltolate}oxovanadium, effects
on BP; Gymnema sylvestre, effects on BP; TBARS, chromium effects

Objective: Effcts.on systolic blood pressure (8BF) of ingesting three agents reported to influence insulin
metabolism, i.c., chromium polynicotinate, bis(maltolato)oxovanadium (BMOV), and the herb, Gymnema
sylvestre, were assessed simultaneously in spontaneously hypertensive rats (SHR).

Methods: In the first study, SHR were fed cither a starch, sugar, or sugar diet containing chromium
polynicotinate, bis(maltolato)oxevanadium (BMOV), or G. sylvestre. Tail SBP was estimated indirectly and
various blood chemistries were measured. TBARS formation was determined in hepatic and renal tissue. In a
second study, tail SBP was measured in SHR ingesting diets containing different conceatrations of BMOV.

Results: Compared to starch, SHR consuming sucrose showed a significant elevation of SBP within days
that was maintained for the duration of study. Addition of chromium polynicotinate to the sucrose diet at the
beginning of study prevented the sucrose-induced elevation of SBP for 2 weeks, but SBP rose significantly after
that. BMOV at high concentrations overcame the sucrose-induced rise in SBP and even decreased SBP below
values seen in SHR eating the starch diet, but marked weight loss was noted. A second study examined different
concentrations of BMOV. At 0.01% w/w concentration of BMOV, SBP was still significantly decreased, even
though SHR did not lose body weight (BW) early on. SHR consuming G. sylvestre showed no change or even
clevated SBP. Hepatic thiobarbituric acid reacting substances (TBARS) formation, an estimate of lipid peroxi-
dation, was decreased by chromium polynicotinate and BMOV, and renal TBARS by chromium polynicotinate.
Circulating cholesterol concentrations were decreased in the SHR consuming G. svlvestre.

¢ Concluslons: Chromium-decreases-the portion of SBP-¢levated by high sucrese-intake-as-shewn previousty,
but high levels. of sucrose ingestion-can eventually overcome this. BMOV gvercame sucrose-induced clevation
of SBP as well as some of the “ggﬂg&gbypgmmign.“ Different from _cg_romium, this decrease was nol overcome
by high levels of dietary sucrose. The significant lowering of cholestero! with G. sylvestre ingestion indicates
some effect on metabolism, but G. sylvestre did not lower and even raised SBP.” ~~ )
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INTRODUCTION

A cause-effect relationship between insulin perturbations
(insulin resistance/hyperinsulincmia) and elevated blood pres-
sure (BP) has been suggested [1-4), based largely on findings
in diabetics and hypertensives [5). Fortunately, a goed labora-
tory mode) exists to examine this possibility: insulin resistance,

Mention of rade name, proprictary product, or vendor docs not constitute a wawranty of the product by thc USDA or imply its approval to the

or vendars that may also be suitable.

hyperinsulinemnia, and hypertension develop in certain rat
strains fed diets containing high concentrations of sugars [6-9].
In support of a cause-effect relationship, a number of agents
that favorably influence the insulin system by enhancing insu-
lin sensitivity and/or reducing circulating insulin concentra-
tions have been shown to lower BP in this frequently studied rat
model, e.g., somatostatin [10], soluble fibers [11], vanadium

11403, Ayt

of other pr
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112,13), chromium [14], metformin [15}, and troglitazone [16).
In the present study, we simultaneously compared effects on
BP of three agents with the potential to beneficially influence
the insulin system in different ways, i.e., chromium polynico-
tinate, bis(maltolato)oxovanadium (BMOV), and Gymmema

sylvestre (G. sylvestre), an herb known to affect the glucose/

insulin systcmn favorably [17], in spontaneously hypertensive
rats (SHR). Chromium and vanadium influence the insulin
system at the periphery, perhaps by different mechanisms [12—
14], whercas G. sylvestre appears to work at the pancreatic
level [17]. We found that effects of each agent on BP and other
parameters differed.

MATERIAL AND METHODS

The first study was designed to compare the effects of
chromium polynicotinate, BMOV, and the herb G. svivestre on
various parameters in SHR. The second study examined effects
of the vanadium compound in more detail.

Male SHR of the Okamoto strain [18], weighing 150 to
200 g, werc obtained from Taconic Farms, Germantown, NY.
In the first study, five dietary groups were set up; cach con-
tained six SHR. After 2 1o 3 wecks of acclimatization to
laboratory chow, rats were provided special diets for 1 month.
The five special diets were obtained from Teklad, Inc, Madi-
son, WI (Table 1). Attempts were made to keep all dicts similar
with the exception of the constituent under study. The first diet
derived 52% of calories from comstarch and the last four diets
replaced starch with sucrose to provide 52% of calorics (Table
1). Minerals and vitamins were added at AIN (American Insti-
tute of Nutrition) levels. Additional chromium was added to the
third diet as chromium polynicotinate (ChromeMate, Trade
Name, InterHealth, Concord, CA) to elevate chromium contcnt
to 0.0005% w/w, and vanadium was added to the fourth dict as
BMOV, (kind gift of Dr. John McNeill, University of British
Columbia, Vancouver, BC, Canada) to ¢levate vanadium con-
centrations to 0.12% w/w. In the last diet, G. sylvesire, added
at a concentration of 1.6% w/w, replaced some cellulose. The

Table 1. Basic Diets

Ingredients % by Weight % of Calorics
Starch or sucrosc 57.00 52.1%
Vegetable oil 16.44 36.0%
Casein 13.00 11.9%
Mineral mix, AIN 76A 4.00
Vitamin mix, AIN 76A 1.20
Cholesterol 1.10
NaCl 0.50
Choline bitartrate 0.50
di-Methionine 0.20
Sodium cholate 0.02
Ethoxyquin 0.04
Ccllulose 6.00
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G. sylvestre was an extract standardized to 25% gymnemic acid
content.

In the second study, cach of five dietary groups containcd
cight SHR. The same basic sucrose dict from the first study was
used. The control diet contained sucrose at 52% of calories.
The next four dicts were variants of the basic sucrose diet.
To three of the sucrosc-containing diets, BMOV was added
at different concentrations—0.01, 0.03, and 0.06% w/w, re-
spectively. The last sucrose diet contained vanadyl sulfate at
0.06% wiw.

Systolic BP (SBP)

SBP was estimated by tail plethysmography in unanesthe-
tized rats after a 5-minute warming period [6,19]. Readings
were taken 30 to 60 seconds apart. To be accepted, SBP
measurements had to be virtually stable for three consceutive
readings. Measurements were made 2 to 3 times per week.

Blood Chemistries

Blood was obtained at the end of the experiment (1 month
consuming special diets) after the food had been removed for 4
hours. Following blood drawing, rats were sacrificed by inha-
lation of CO,. Chemical analyses were performed by routine
clinical procedures. Glucose was determined by the hexokinase
method (Serono-Baker Diagnostics, Allentown, PA) using a
Centrifichem System 600. Immunoreactive insulin was deter-
mined by radioimmunoassay (Lince Research Laboratories, St
Louis, MO) and glycosylated hemoglobin (HBA1C) by column
chromatography (Isolab Inc, Akron, OIH). Malondialdchyde
(MDA) formed from the breakdown of polyunsaturated fatty
acids serves as a convenient index for determining the extent of
lipid peroxidation. Lipid peroxidation products are quantificd
by their reaction with thiobarbituric acid 9 [20]. A 1.0 !
aliquot of hepatic and renal homogenates, precipitated with
0.15 ml of 76% trichloroacetic acid (TCA), is added to 0.35 il
of 1.07% thiobarbituric acid and incubated at 80°C for 30
nminutes. A 0.5 ml volume of cold 90% TCA is added and the
absorbance read at 532 nm. 1,1,3,3 tetramethoxypropanc serves
as the standard. Formation of thiobarbituric acid reacting sub-
stances (TBARS) estimates the amount of lipid peroxidation
products.

Statistical Analyses

Statistics on cliemnistry values were performed by a oue way
analysis of variance (ANOVA) using repeatcd mcasures. SBP
and body weight (BW) were examined by two-way analyses of
variance (onc factor being diet and the secoud factor being time
of examination). Where a significant effect of diet was detected
by ANOVA (p<0.05), the Dunnett t-test was used to establish
which differences between means reached statistical signifi-
cance (p<0.05) [21).
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RESULTS

First Study

BW (Fig. 1). SHR consuming the basic starch (Starch) and
basic sucrosc (Sucrose) diets, and those consuming diets con-
taining chromium polynicotinate (Chromium) and G. sylvestre
with sucrose as the sole carbohydrate source showed virtually
the same steady increase in BW (Fig. 1). In contrast, SHR
consuming vanadivm as BMOV (0.12% w/w) showed de-
creased BW from the beginning of study. Because of this, the
BMOV diet was replaced with the basic sucrosc diet (no
BMOV present) at various intervals. This occurred at days 7 to
10, 14 to 17, and 21 to 27. Changing to the basic sucrose diet
resulted in reversal of BW loss during these brief time intervals.
SHR had been consuming BMOV for 5 days at termination of
study.

SBP (Fig. 2). Although the five arms of the study were
examined simultancously, data in Fig. 2 are divided into three
separate graphs for casicr discernment, i.e., the chromium,
vanadium, and G. sylvestre arms are compared individually
with the starch and sucrose arms. Compared to the starch diet,
SHR consuming the sucrose diet showed a significant elevation
of SBP by the fifth day. This significant difference was main-
tained throughout the entire month of study. Addition of chro-
mium polynicotinate to the basic sucrose diet prevented the
sucrose-induced increase in SBP for the initial 2 weeks (Fig. 2
upper). However, SBP eventually increased to that of SHR
consuming sucrose alone.

Rats ingesting diets containing vanadium as BMOV with
sucrose initially showed the same elevation of SBP above
starch control as SHR consuming sucrose alone (Fig. 2 middle).
However, after 2 weeks, SBP decreased significantly below
that of SHR consuming the basic starch diet. This decreased
SBP was maintained at a steady level despite the occasionally

BW (g)
300 T T T T  § T T

250

200

150 | O -

100
-5 0 5 10 15 20 25 30 35

Days
Fig. 1. Study #1. Mean*SEM of BW of 6 SHR in five groups,
Symbols for cach arc as follows: closed circle-Starch, closed squares-
Sucrose, open squares-Sucrose-+chromium, open circles-Sucrose+
BMOV, and open diamonds-Sucrose+G. sylvesire. Only valuces for
BMOV are significantly different from other groups.
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Fig. 2. Study #1. Mcan*SEM of SBP of six SHR. Each variation of the
sucrose diet is shown individually along with data from SHR consum-
ing the starch and sucrose diets. Chromium data are depicted in upper
figure, vanadium data in middle figure, and G. sylvestre data in lower
figure. Open circles beside points indicate a significant difference from
sucrose group,

brief iantervals when the SHR were not consuming BMOV-
containing food,

VOL. 17, NO. 2
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In SHR consuming G. sylvesire (Fig. 2 lower), the tendency

was for SBP to be higher than SHR consuming sucrosc alone.
Blood pressure was significantly higher in the group consum-
ing G. sylvestre compared to the Sucrose group at four points
indicated in Fig. 2 over the duration of study.

Blood Chemistries (Table 2). Among the five dietary

groups, HbA1C was not significantly different. Glucose con-
centration was highest in the Starch group and lowest in the
BMOV group. Compared to the starch and sucrose groups,
insulin values were significantly lower in the BMOV and
chromium polynicotinate groups. Eating sucrose resulted in a
significant increase in cholesterol and triglyceride concentra-
tions. Compared to pure sucrose-eaters, cholesterol was low-
ered significantly by G. sylvestre and triglycerides by BMOV.,
BUN, creatinine, and uric acid concentrations were signifi-
cantly elevated in SHR consuming BMOV.

TBARS (Fig. 3). TBARS were measured in hepatic and

renal tissucs. TBARS were significantly higher in hepatic tissue
of SHR consuming the Sucrose diet compared to the Starch
diet. The addition of chromium polynicotinate and BMOV
prevented this elevation in hepatic TBARS caused by sucrose
replacement of starch. Significant differences in mean values
did not occur in renal tissue between the sucrose and starch
eaters, although addition of chromium polynicotinate caused
statistically significantly lower mean values when compared to
the basic sucrose group.

Second Study

BW (Fig. 4). The trend was for lower weights in SHR

consuming BMOV and vanadyl sulfate. More BMOYV present

in the diet resulted in a lesser weight gain. For 2 weeks, the

young SHR consuming 0.06% w/w BMOV actually lost
weight. These SHR were retumed to basal sucrose diet and
began regaining weight rapidly. The loss of weight at equal

concentrations of BMOV and vanadyl sulfate (0.06%) was
significantly greater in the former. The BW changes brought on
by 0.03% BMOV and 0.06% vanadyl sulfate were similar,
Although mean BW was slightly lower in SIiR consuming the
dict containing 0.01% BMOV compared to the basic sucrose
diet, this difference was not statistically significant,

Table 2. Blood Chemistrics

Nutrients and Blood Pressure

B Sta
@ Sue
O Suc+Cr TBARS (nmol/MDA/100 mg)
D Suc+BMOV 1
Suc + Gym Syl 0.9

P PYYY)

0.7
0.8

0.5

0.4

0.3 —Xidnoy

Fig. 3. Study #1. Mean*SEM for TBARS formation in liver and
kidney tissue of five different dietary groups. Open circle indicates
significant difference from starch group, and open square indicates
significant difference from sucrose group. =
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Fig. 4. Study #2. Mean*SEM for BW of eight SHR in six dietary
groups is depicted. Symbols representing different dietary groups are as
follows: closed circles-Starch, closed squares-Sucrose, open squares-
Sucrose+BMOV 0.01, open circles-Sucrose-+BMOV 0.03, open dia-
monds-Sucrosc+BMOV 0.06, and open triangles-Sucrose + Vanadyl
Sulfate 0.06.

SBP (Fig. 5). Addition of BMOV at various concentrations
or vanady! sulfate resulted in a lowering of SBP in these

Parameter Sta Suc cp BMOV GS
HbAIC 5.0+.07 4.8+.03 4.8+.08 42+.08 50x.13
Glu 162+3.4 111x17(1) 136+14.1 56+3.5(1,2,3) 114+9.7(1,4)
Insulin 2.6%0.2 271402 1.940.2(1,2) 0.7+0.1(1,2,3) 2.4x0.4(4)
Cholesterol 80+32 109x5.7(1) 1012.7(1) 112+3.1(1) 92+4.4(1,2,4)
Triglycerides 63+99 139+ 12.1(1) 223+24 70x7.2(2,3) 165x11.4(1,3)
BUN 17x0.5 18+0.5 2014 26%1.1(1,2,3) 1720.8(4)
Creatinine 6603 60x.03 77+.04(2) 17+.06(2) 67£.04
Uric Acid 3.5+0.8 4,0+09 39203 4.8x0.1(1,2,3) 3.4x0.1(4)

Mean=SEM of six SHR.
Numbers in parentheses indicate significant difference from that column.
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SBP (mm Hg)
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Fig. 5. Study #2. Mean*SEM of SBP of cight SHR is depicted.
Symbols representing different dictary groups arc as follows: closed
circles-Starch, closed squares-Sucrose, open squares-Sucrase+BMOV
0.01, open circles-Sucrose+BMOV 0.03, open diamond-Sucrose-+
BMOV 0.06, and open triangle-Sucrose -+ Vanadyl Sulfate 0.06.

5

sucrose caters. Despite the switch to a basal sucrose diet after
2 weeks in the group originally consuming the diet containing
0.06% BMOYV, SBP remained lower than the starch control
group over the duration of study.

Blood Chemistries (Table 3). When consuming BMOV
and vanadyl sulfate, circulating insulin and glucosc levels
tended to be lower. However, differences were statistically
significant only in the group reeciving the mid range dose of
BMOY (0.03) for both. Blood glucosc was statistically signif-
icantly lower in the group ingesting the lowcst dose of BMOV
(p<0.01). In cxplaining results, it is important to recmphasize
that the BMOV group receiving the highest challenge (p<<0.06)
had consumed regular diet for 2 weeks, i.e., prior to blood
drawing. Glucose and insulin lcvels were nat significantly
different in the vanadyl sulfatc group compared to the basal
sucrose eaters.

DISCUSSION

Since the discovery that incrcasing dictary concentrations of
sugars (sucrose, fructose, and glucose) incrcase SBP of various

Table 3. Blood Chemistrics

rat strains significantly, many have studied sugar-induction in
an attempt to understand the pathogenesis behind this model
[7-9]. Perturbations in catecholamine metabalism [22-24), vol-
ume status [23], insulin regulation [6,9,10}, a circulating digi-
talis-like factor [26], magnesium homcostasis [25,27], and the
renin-angiotensin cystem [28] have all been associated with the
rise in BP. None of these possibilities is mutually exclusive,
because numerous examples cxist in the litcrature to suggest
multiple intcractions among all these factors.

The role of the insulin system in regulating BP is receiving
increased attention [1-~5]. In a series of studies, Reaven's group
implicated the insulin system in sugar-induccd hypertension of
rats based upon many accepted methods to cvaluate glucose/
insulin hoineostasis [3.4,6], and the ability of cxercise [9] and
somatostatin [10] to overcome sugar-induced SBP elevations.
More recently, the ability of soluble .fiber [11], vanadium
[12,13}, chromium [14], metformin [15], and troglitazone [16]
to overcome or, at least, amcliorate sugar-induced hypertension
strengthens the “insulin thcory™ because cach is known to
influence the insulin system.

As a first approximation, we simultaneously compared the
cffects of three nutrients known to influence the insulin system
on sugar-induced SBP elevations. Corroborating previous find-
ings, chromium initially overcame the sucrosc-induced eleva-
tion of SBP induced by dictary sucresc [14). Although chro-
mium  polynicotinate ovcrcame  sucrose-induced  SBP
clevations for only 2 wecks, a previously published study
showed that the same compound prevented sucrose induction
for the duration of the studics [14). Data from previous studics
were cxamined to explain these diffcrences (Fig. 6). The reason
for the results in the present study most likely resides in the
interplay between the negative effects of sucrose and the pos-
itive effects of chromium. Up to now, studies examining su-
crosc at concentrations providing 18% and 52% of calorics and
chromium at 5 ppm and 25 ppm have been carried out. Fortu-
nately, we have cxamined all four possible variations as dc-
picted in Fig. 6. Only the combination using the lowest chro-
mium concentration (S ppin) and the highest sucrose challenge
{52% of calorics) showed an inability to restrain sugar-induced
SBP clevations during the course of study. Accordingly, both
intake of sucrose and chromium must both be considered in
planning future therapeutic approachcs.

Parameter Sta Sue BMOV.0) BMOV.03 BMOV.06 VdsO4
HbAIC 3.88x.07 3.63x.14 3.95%.21 4.05%.24 4.08+.16 42119
Glu 134x8.1 130£4.7 107+5.0* 111£3.8% 134£6.6 119x6.9
Insulin 28x3 24+3 194 1.3+x3* 29+2 20x3
Cholesterol 104x3.9* 86+2.5 84+20 113x2.5* 59+1.6* 64+2.1*
Triglycerides 18417+ 272216 358223 27428 155%6¢ 276x26
Creatinine 552,01 60x.05 53x.07 66 04 .50+.01 S58+.04
Uric Acid 2.1x.12 1.8+.05 1.9+ 1 2118 21x.13 1.9+.09

Means=SEM for eight SHR are shown.
¢ Significant difference from column 2.
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Fig. 6. Data were uscd from four separate studies performed over 2 to
3 months, The third set of bars depict data from present study. First
white bar depicts SBP of rats receiving all carbohydrate calories from
starch (52%). Second datk gray bar depicts diets containing either
sucrose (52%) or sucrose (18%)—starch (34%). Third light gray bar
depicts same sccond dict plus chromium polynicotinate at the concen-
tration indicated below figure. Percent under bars signifies percent of
calories derived from carbohydrate in second and third dicts, cither
18% from sucrose with rest made up by starch or sucrose 52%. PPM
under bars indicates concentration of chromium polynicotinate added
to sucrose dicts signified by last gray bar. Circle above bar indicates
statistical significance vs, first bar (starch) in each set.

The exact mechanisms behind their effects on the insulin
system are uncertain; but it is likely that chromium, vanadium,
and G. sylvestre influence insulin metabolism differently.
While the exact mechanism of action for chromium is not
known, it has been shown to have an effect on insulin receptor
number [29). Although having multiple effects on electrolyte
transport [30], vanadium has been described as an insulin
mimic with the ability to bypass the insulin receptor [31]. G.
sylvestre may rejuvenate beta cells in the pancreas and increase
insulin output [17].

How do these threc agents influence the glucose/insulin
system andfor intenmediary metabolism in general in the
present study? Examining various blood parameters, circulating
insulin decreased with chromium polynicotinate, but glicose
concentrations did not. BMOV decreased both glucosc and
insulin levels, while G. sylvestre did not change these levels
compared to the basic sugar eaters. Evidence of effect can also
be inferred from examination of oxidative metabolism. Insulin
resistance is associated with augmented lipid peroxidation and
free radical fonnation which may have some role in elevating
BP [32]. We know this through our examination of TBARS.
Formation of TBARS is an indirect estimate of lipid peroxida-
tion and free radical formation, and increased formation of
TBARS is associated with insulin perturbations [33,34]. Comn-
pared to starch caters, sugar eaters showed increased TBARS
fonnation in hepatic tissuc but not renal tissue (Fig. 3). Chro-
mium and BMOV supplementation prevented this increase in
the liver, and chromium caused a significantly lower level of
renal TBARS formation when compared to sucrose caters. G.
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sylvestre produced no significant differences in these parame-
ters but did lower cholesterol suggesting some effects on me-
tabolism, Thus, the effects of chromium and vanadium com-
pounds on glucose and insulin values and free radicals is also
consistent with an effect of these agents on glucosc/insulin
metabolism and offers yct another explanation for the lowering
of SBP in SHR,

Certain antioxidants appear to decrease blood pressure [32).
Many papers have shown antihypertensive effects with vitamin
C [37-40]), selenium [41], coenzyme Q10 [42], and nicotine-
amide adenine dinucleotide (NADH) [43]. Oxygen derived free
radical are responsiblc for faster degradation of nitric oxide, an
endothelial derived vasodilator. Accordingly, it has been pro-
posed that and an imbalance in nitric oxide (NO) contributcs to
the development of arterial hypertension {44). The antihyper-
tensive effects of antioxidants may occur through protection of
NO, a powerful vasodilator [45,46].

BMOY and vanady! sulfate added to the basic diet at higher
concentrations caused a loss of BW. By abservation, it was
apparcnt that rats consuming high amounts of BMOV ate less
food and drank less water. This statc was reversed when the rats
were switched to diets devoid of BMOV. Could this decreased
weight be responsible for the lowering of BP? We belicve that
weight loss is not a major factor for many reasons. First, BW
changes have never been shown to play a significant role in the
sugar-induction mode! of hypertension [6-11]. Second, when
vanadium diets were changed to regular diets, rats on the latter
gained weight; but the SBP still remained lower. Third, Bhanot
and McNeill [47) noted that vanadium decreased BW while
lowering SBP; but pair feeding showed that SBP was reduced
by vanadium compared to SHR at the same BW, Finally, the
sccond study was specifically designed to detenmine if the
effects of vanadium on SBP were secondary to weight loss. At
the lower concentrations of BMOV (0.1%), the significant
decrease in SBP occumed, even though there was no significant
loss of BW compared to control, at least in the carly phases
of study.

Of interest is the finding that G. sylvestre actually caused a
significant elevation of SBP at certain times. We belicve that
the different response from chromium polynicotinate and
BMOYV may relate to mechanism of action, i.e., that G. sylves-
wre stimulales insulin release rather than improving insulin
sensitivity [48~50]. Standardized extract of the herb has been
reported to have hypoglycemic activity equivalent to tolbut-
amide.

In summary, the present studies show that some agents
affecting the glucose/insulin system can favorably lower BP.
Chromium and vanadium have additional benefits on TBARS
formation suggesting they may lessen free radical formation.
No direct evidence was oblained to indicate that G. sylvestre
lowers SBP or influences glucose/insulin metabolism. Accord-
ingly, agents that decrease circulating insulin levels, perhaps by
augmenting insulin sensitivity, may prove useful in the treat-
ment of high blood pressure.
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