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Summary

Diabetes mellitus is a debilitating

nd

often life-threatening disease with increasing incidence in

rural populations

throughout

the world. A scientific investigation of traditional herbal
remedies

for diabetes may provide valuable leads for the development of
alternative drugs nd therapeutic

strategies. Alternatives are clearly needed because of the
inability of current therapies to control

all of the pathological aspects of diabetes,

nd

the high cost

nd

poor availability of current ther

apies for many rural populations, particularly in developing
countries. This review provides in

formation on more

th n

1200 species of p lan ts repor ted to have been used to t reat
diabetes

and/or investigated for antidiabetic activity, with a detailed
review of representative plants

nd

some of great diversity of

pl nt

constituents with hypoglycemic activity, their mechanisms

of action, methods for the bioassay of hypoglycemic agents,
potential toxicity problems,

nd

promising directions for future research on antidiabetic plants.
The objective of this work is to

provide a starting

point

for programs leading to the development of indigenous botanical
re

sources as inexpensive sources for standardized crude or
purified antidiabetic drugs, nd for the

discovery of lead compounds for novel hypoglycemic drug
development.

Key words: antidiabetic plants, botany, chemistry, mechanism of
action, bioassays for hypogly

cemic agents.

Introduction

At least 30 million people

throughout

the world suffer

from diabetes mellitus. Life expectancy may be halved by

this disease, especially in developing countries where its

prevalence is increasing

nd adequate treatment is often un

avai lable. Even in developed countries such as the USA,

where sophisticated therapy is widely available, more

deaths are attributed to diabetes

th n

to lung cancer, breast

cancer, or

motor

vehicle accidents (World Health Organiza

tion 1985).

Diabetes not only kills, but is a major cause of adult

blindness, kidney failure, gangrene, neuropathy,

he rt

at

tacks,

nd

strokes. the USA, where there are an estimat

ed

4

million diabetics (Bransome 1992), the economic im-

Reprinted,with revisions and additions,from Economic and

MedicinalPlant Research Volume 6,

Academic

PressLtd., 1994,

with permission.

p ct

of the disease is enormous.

1987 an estimated 5.7

million hospital days were attributed to the treatment of di

abetic complications, with an additional 2 million labor

days lost to out-patient physician visits nd work loss. Di

rect medical costs due to diabetes are estimated to have

been 9.6billion, nd indirect costs for short-term morbid

ity, long-term disability,

nd

mortality (more

th n

80,000

deaths) are estimated to have been10.6billion (Center for

Economic Studies in Medicine 1988).

There has been a striking emergence of non-insulin-de

pendent diabetes mellitus as a ma jor health problem in

populations undergoing modernization of life-style,

oth

in

developing nations

nd

in rural areas of developed coun

tries (Bennett 1983, Bransome 1992, World Health Organ

ization 1985, Gohdes 1986, Schraer et al. 1988). The enor

mous costs of mode rn t rea tment ind icate th t alternate

strategies for the prevention and treatment of diabetes must

be developed. Since almost 90 of the people in rural are-
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as of developing countries still rely on traditional
medicines

for their primary health care, and scientific investigations

of traditional medicines have led to the discovery of at
least

88

drugs now in professional use worldwide (Soejarto and

Farnsworth 1989), a synthesis of local traditional and mod

ern knowledge and techniques for the management of dia

betes should be feasible. A rationally designed
interdiscipli

nary research program could lead to the development of in

digenous, renewable, medicinal plant resources as practical

and cost-efficient alternatives. The purpose of this review
is

to provide the information needed for the design of such a

project.

ackground

Diabetes Classification

n Modern Therapy

Diabetes mellitus comprises a group of etiologically and

clinically heterogeneous disorders with a common set of

symptoms: excessive thirst and hunger, muscular weakness

and weight loss, excessive urination, and elevation of the

blood glucose level which, when it exceeds the renal thresh

old, results in the excretion of glucose in the urine. These

symptoms were described by the ancient Egyptians in the

Ebers Papyrus about

3500

years ago (Hengesh and Hol

comb 1981 ), and by the Greek physicians Aretaeus the

Cappadocian (A.D. 30-90) and Galen (A.D. 130-200)

(Farnsworth and Segelman 1971).

There are three main types of diabetes mellitus recog

nized by the World Health Organization (1985). Insulin-de

pendent diabetes mellitus (IDDM) requires daily injections

of insulin to prevent a catabolic cascade culminating in di

abetic ketoacidosis, coma, and death.

is characterized by

the virtual absence of ~ c e l l s from the islets of
Langerhans

in the pancreas, and a level of insulin secretion
insufficient

to restrain excessive secretion of glucagon or to counter
its

enhancement of hepatic glucose and ketone production.

The loss of

~ c e l l s

may be due to exogenous chemicals from

the environment or diet, viral infection, or immunological

factors such as an autoimmune disorder in genetically vul

nerable individuals (Unger and Foster 1985).

Non-insulin-dependent diabetes mellitus (NIDDM, also

known as Type II or maturity-onset) occurs predominantly

in older people, e.g. 16.8 of persons over 65 years of age

in the United States have

N M

, and it is often associat

ed with obesi ty (Ilarde and Tuck, 1994). N M repre

sents a variety of diabetic states in which the ~ e l l s are
usu

ally low in number relative to a-cells and insulin secretion

is usually sufficient to oppose the ketogenic actions of glu

cagon but not to prevent hyperglycemia. The basal rate of

hepatic glucose production is elevated in subjects with

N M and this is positively correlated with the degree of

fasting hyperglycemia. This increased rate of glucose re

lease by the liver results from impaired hepatic sensitivity
to

insulin, reduced insulin secretion through impaired ~ c e l
l

responsiveness to glucose, and increased glucagon secretion

through a reduced ability of glucose to suppress glucagon.

The efficiency of glucose uptake by the peripheral tissues
is

also impaired due to a combination of decreased insulin se

cretion and defective cellular insulin action (insulin resis

tance) (Porte and Kahn 1991). Receptor mediated insulin

resistance may be a consequence of various factors includ

ing increased serinelthreonine phosphorylation of the re

ceptor with decreased tyrosine phosphorylation, receptor

desensitization, auto-antibodies to the receptor and inherit

ed structural defects in the insulin receptor. Defects in
insu

lin action could also arise at post-receptor events particu

larly glucose transport. Other circulating hormones such as

islet amyloid polypeptide (amylin) may also cause insulin

resistance (Pillay and Makgoba 1991).

Malnutrition-related diabetes mellitus (MRDM) refers to

the condition of young diabetics in tropical developing

countries with a history of

nutr itional deficiency and a set

of symptoms which fail to meet the criteria used to classify

IDDM and NIDDM. The subclass, f ibrocalculous pan

creatic diabetes (FCPD), is believed to be associated with

the consumption of foods containing cyanogenic glyco

sides, such as cassava anihot esculentaCrantz, Euphor

biaceae). The other main subclass, protein-deficient pan

creatic diabetes (PDPD), is believed to be associated with

early childhood malnutrition conditions such as kwashior

kor in which

~ e l l

damage occurs (World Health Organ

ization 1985, McMillan and Geevarghese 1979). Both

FCPD and PDPD may be forms of N M complicated by

dietary factors , and thus not necessarily associated with
liv

ing in a tropical developing country (Alberti 1988).

Although this classification of diabetes mellitus is actual

ly too simplistic to properly explain the etiology of the
dis

ease in most individuals, since a wide range of factors may

determine the expression of diabetic symptoms (Rossini et

al. 1988), it is still a clinically useful scheme for
determin

ing the appropriate therapeutic method.

Modern therapy of

M

began with the discovery of

the involvement of the pancreas in diabetes by von Mering

and Minkowski in 1889, and the demonstration by Banting

and Best in 1921 that an extract of beef pancreata could

successfully lower blood glucose levels in pancreatecto

mized dogs. Their use of a pancreatic extract in a human di

abetic in 1922 marked the first use of the pancreatic antidi

abetic principle, insulin, in the treatment of diabetes
mellit

us. Several different preparations of bovine, porcine, and

human insulin (1, in Fig. 1) are now available, including

lente or long-acting forms, and a regimen of daily
injections

represents the current standard of therapy for IDDM (Hen

gesh and Holcomb 1981).

Insulin acts by binding to a cell membrane tetrameric

protein receptor which consists of

two

extracellular a- and

two transmembrane ~ s u b u n i t s Binding of insulin to the
a

subunit causes autophosphorylation of ~ s u b u n i t
intracel

lular tyrosine residues. The activated insulin receptor then
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