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Before the introduction of insulin in 1922 treatments for diabetes mellitus relied mainly 
on dietary measures including traditional medicines derived from plants. During this 
century the dietary recommendations for diabetes have turned full circle, with the 
renewed appreciation that carbohydrate-rich high-fibre diets can benefit the control of 
glycaemia and improve certain diabetic complications (Nutrition Sub-committee of the 
British Diabetic Association, 1980; Mann, 1984; Vinik & Jenkins, 1988). Traditional 
plant medicines for diabetes, which were abandoned in occidental societies as conven- 
tional drugs emerged, are now receiving renewed interest as adjuncts to conventional 
treatments and as potential sources of new hypoglycaemic compounds (Day & Bailey, 
1988~ ;  Day, 1990). Most of these traditional medicines are prepared from herbs, spices 
and plants which do not form part of the normal diet (Day & Bailey, 1988b; Bailey & 
Day, 1989). However, several common components of the diet are traditionally 
recommended for regular consumption, and some are additionally taken as infusions, 
decoctions or alcoholic extracts. 

The present review considers the dietary adjuncts which are used as traditional 
treatments for diabetes in the UK (Table 1). and describes studies to evaluate their 
efficacy. 

T R A D I T I 0 N A L T R E A T M E N T S E' 0 R D I A B E T E S 

Diabetes is a major disorder of industrialized and non-industrialized societies (World 
Health Organization, 1980). Traditional medicines continue to form the mainstay of 
treatment in more remote and underdeveloped areas where conventional medicines are 
unavailable or unaffordable. Traditional medical practices remain culturally strong in 
Asia, especially the Orient, and amongst a minority of enthusiasts in Western societies. 
A compendium of traditional plant treatments for diabetes now lists over 700 different 
species with reputed remedial efficacy (C. Day, unpublished results). However, very few 
of these plants have been investigated, and the majority await adequate scientific and 
medical evaluation. Several have been shown to assist glycaemic control in non-insulin- 
dependent forms of diabetes, but there is no known botanical substitute for insulin. 

An example of the dietary basis for traditional anti-diabetic treatments is found in the 
Ebers Papyrus of 1550 BC which prescribes a diet rich in wheatgerm and ochra (The 
Papyrus Ebers, 1937). The value of this therapeutic approach has been supported by 
subsequent research. Collip (1923), who contributed to the discovery of insulin. 
demonstrated that a parenterally administered extract of wheat leaves reduced blood 
sugar concentrations in normal rabbits. Recently, an extract of ochra was shown to lower 
glycaemia after parenteral administration to normal and alloxan diabetic mice (Tomoda 
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Table 1. Traditional dietary adjuncts used in the treatment of diaheres mel[itus in the U K  
__----- 

~ 

Herbs and spices 
Agrimony 
Burdock 
Chile pepper 
Coriander 
Dandelion 
Ginger 
Goat's rue 
Java plum 
Liquoricc 
Nettle 
Sage 
Sumach 
Tarragon 
Thyme 

Vegetables 
Cabbage 
Garlic 
I laricot bean 
Lettuce 
Onion 
Pea 
Pot a to 
Sweetcorn 
Turnip 

Mushrooms 
Edible mushroom 
Lawyer's wig 

Fruits 
Apple 
Blackberry 
Elder 
Hop 
Junipcr 
Lemon 
Lime 
Raspberry 

Yeast 
Brewer's yca!;t 

Imported treatments 
Lucerne 
Cerasec 
Eucalyptus 
Guayusa 
Karela 
Mistletoe 

Agrirnoniu eupuroria 
Arcrium Iappu 
Cupsicurn frucrescens 
('orinndrum sarivrrrn 
7arcrrucum ojpcinule 
Zingiber officinale 
Gulegu officinali~r 
Syigium jamhos 
Glycydiiza glabra 
Lirtica dioica 
Salvia officit7ale 
Rhus species 
Arremisia drciciincuhis 
Thyrrlus vulgaris 

Rrussica oleracea 
Alliiim sarivrim 
Phasoeliis vulgaris 
Lerircu suriva 
Alliutn crpu 
Pisun7 sativutn 
Solanum tubrrosum 
Zea mays 
Brusrica rapu 

Agaricus hisporus 
Coprinris comariis 

P.vrus malus 
Rubus frucricosus 
Sambucxs nigra 
Ilurnuhis lupulus 
Juniperus commiinis 
Cirrus lirrionium 
Tilia europu 
Hubus idoeus 

Sacchuromyce.v cerevisiae 

Medicago sativa 
Mornordica charanria (wild) 
Eucal~priis globulus 
1le.v guuyusa 
Motnordica churanda (cultivated) 
Viscunr ulbutn 

Leaf 
Leaf 
Seed 
Seed 
Root and leaf 
Root 
Leaf 
Fruit and seed 
Root 
Aerial parts 
Leaf 
Root, bark and leaf 
Leaf 
Leaf 

Leaf 
Bulb 
Pod 
Leaf 
Bulb 
Seed 
Tubcr 
Style 
Root 

Fruiting body 
Fruiting body 

Fruit 
Leaf 
Leaf 
Leaf 
Berry 
Fruit 
Fruit 
Fruit 

Cell cxtract 

Leaf 
Aerial parts 
Leaf 
Leaf 
Fruit 
Lcaf 

~~- -~ -- 

er al. 1957). It is recognized that oral consumption of plants such as these usually reduces 
the rate of intestinal glucose absorption due to the high fibre content. Thus. dietary fibre 
lowers post-prandial hyperglycaemia and may additionally confer a beneficial lipid- 
lowering and anti-hypertensive effect (Vinik & Jenkins, 1988). The bridge between 
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traditional treatment, dietary supplement and pharmaceutical entity is illustrated by guar 
gum, a galactomannan fibre extracted from the seeds of the Indian cluster bean, 
Cyamopsis tetragonolobus. The seeds and the pods of this plant are used as a traditional 
treatment for diabetes in Asia (Pillai et al. 1980). The fibre component of the seeds is an 
established bulking agent in the food industry, and the pure extract is available as a 
dietary adjunct for the treatment of diabetes (Day, 1986; Vinik & Jenkins, 1988). 

T R A D I T I O N A L  TREATMENTS I N  T H E  UK 

Herbs and spices. Culpepper’s Herbal is not specific on the diagnosis and treatment of 
diabetes, but the British Herbal Pharmacopoeia lists goat’s rue (Galega officinalis), Java 
plum (Syzgium jumbos or Eugenia jambolanu), nettle (Urtica dioica) and sumach ( R h ~ t s  
typhina) as suitable palliatives for the diabetic patient (British Herbal Medizine 
Association, 1979). Goat’s rue is renowned as a traditional treatment for diabetes 
throughout Europe, and its glucose-lowering effect has been demonstrated in animals 
(Sterne, 1969). It is rich in guanidine, a hypoglycaemic substance which is toxic if 
consumed chronically in large amounts. Guanidine probably accounts for the anti- 
hyperglycaemic effect of guayusa, a herbal preparation from the leaves of Zlex guayusa 
(Fig. 1; Swanston-Flatt et al. 1989b). Moreover, guanidine has provided the molecular 
template for the biguanide class of anti-hyperglycaemic drugs, such as metformin 
(Bailey, 1988). Extracts from the seeds and fruits of Java plum have been reported to 
exert a hypoglycaemic effect in diabetic animals and this treatment is widely recom- 
mended in Europe and Asia (Ajgaonkar, 1979; Bever & Zahnd, 1979). An alcoholic 
extract of sumach leaves lowered blood glucose concentrations in diabetic animals 
(Gusienov & Yuzbashinskaya, 1971), but claims that a decoction of nettle leaves are 
beneficial for diabetes were not substantiated in our studies with streptozotocin-diabetic 
mice (Swanston-Flatt et al. 1989b). In fact nettle actually aggravated the diabetic 
condition (Fig. 2). 

Several herbs and spices found in the British kitchen have been attributed special value 
in the diabetic diet, particularly chile pepper (Capsicum fructescens), coriander (Corian- 
drum sativum), ginger (Zingiber officinale), sage (Salvia officinale), tarragon (Artemisia 
dracunculus) and thyme (Thymus vulgaris) (Vohora et al. 1973; Duke, 1985; Bailey & 
Day, 1989). Three of these have received preliminary investigation in our laboratory. 
Sage did not significantly affect glucose concentrations in severely-streptozotocin- 
diabetic mice, but showed a mild anti-hyperglycaemic action in normal glucose-loaded 
mice (Swanston-Flatt et al. 19896). Tarragon reduced body-weight loss, polydipsia and 
hyperphagia in streptozotocin-diabetic mice without a significant lowering of glucose 
concentrations (Swanston-Flatt et a f .  1989~) .  Coriander also decreased body-weight loss 
and additionally reduced the extent of hyperglycaemia in streptozotocin-diabetic mice 
(Fig. 3; Swanston-Flatt et al. 1990). 

Vegetables. Many other plant preparations have been used in British folklore medicine 
to treat diabetes, although their reputed effects have not bcen critically investigated 
(Day & Bailey, 19886). A selection of common dietary vegetables is widely acclaimed, 
including cabbage (Brassica oleracea), haricot bean ( Phaseolus vu/garis), lettuce (Letuca 
sativa), onion (Allium cepa), pea (Pisum sativum), potato (Sofanum tuberosum), 
sweetcorn (Zea mays), and turnip (Brassica rapa). These are presumed to provide 
increased fibre in the diet. although wme parenterally active fractions have been 
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Fig. 1. Effect of guayusa and mushroom (Agaricus bisponcs) on body-weight. food and fluid intake, and plasma 
glucose and insulin concentrations in non-diabetic (days &?8) and streptozotocin-diabetic (days 2842)  mice. 
Guayusa was obtained from a French Druid Herbalist courtesy of the British Diabetic Association. The 
preparation was diluted 1 ml in 100 ml water and supplied to tlie mice in place of drinking water. Dried fruiting 
bodies of A.  hisporm were included at 62.5 g/kg diet. (M), Test; (Cb-O), control. Streptozotocin (200 
mgkg intrapcritoneally) was administered on day 28 to induce a state of diabetes (STZ). Values are means 
with their standard errors. represented by vertical bars, for five animals. Mean values were significantly 
different from those for controls at the same time: *P<0.05; mean values were significantly different from 
those for controls at the same time and at all subsequcnt times during the study: +P<0.05. Reproduced with 
permission from Swanston-Flatt et al. (1Y89hj. 

described (Bailey & Day, 1989). As reviewed elsewhere, non-fibrous extracts with 
glucose-lowering activity in normal and diabetic animals have been obtained from leaves 
of cabbage and lettuce, pods of haricot beans, styles of sweetcorn, tubers of potatoes and 
roots of turnip (Peters, 1957; Bever & Zahnd, 1979; Bailey & Day, 1989). However, 
convincing evidence of their value in diabetic patients is lacking. 
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Fig. 2. Effect of burdock (Arctium lappa) and nettle (Urtica dioica) on body-weight, food and fluid intake, and 
plasma glucose and insulin concentrations in nondiabetic (days 0-28) and streptozotocin-diabetic (days 28-42) 
mice. Dried leaves of burdock and nettle were supplied as 62.5 g /kg  diet and as a decoction (1 g in 400 ml) in 
place of drinking water. ( S - O ) ,  Test; (M), control. Streptozotocin (200 mg/kg intrapentoneally) was 
administered on day 28 to induce a state of diabetes (STZ). Values are means with their standard errors, 
represented by vertical bars, for five animals. Mean values were significantly different from those for controls at 
the same time and at all subsequent times during the study: *1'<0.05. Reproduced with permission from 
Swanston-Flatt et al. (1989b). 

Onion has been especially recommended in many societies, and several studies have 
suggested that two volatile disulphide extracts (allyl-propyl disulphide and diallyldisul- 
phide oxide) exert hypoglycaemic activity in non-insulin-dependent diabetic states (Day, 
1990). Oral administration of a concentrated aqueous extract of onion bulb improved 
oral glucose tolerance without altering the plasma insulin response in normal mice (Fig. 
4). An acute effect of the extract was not observed in severely hyperglycaemic 
streptozotocin-diabetic mice, although a weakly beneficial effect occurred after chronic 
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Fig. 4. Oral glucose tolerance and plasma insulin response to glucose in 18 h fasted normal mice immediately 
after oral administration of a concentrated aqueous extract of onion bulb (Alliurn cepu). The amount of extract 
administered was equivalent to 30 g raw onion bulb/kg body-weight. (M), Onion: (CL-O), control. 
Values are means with their standard errors, represented by vertical bars, for five animals. Mean values were 
significantly different from those of mice not receiving onion: *P < M S .  Reproduced with permission from 
Swanston-Flatt er al.  (1991). 

administration (Swanston-Flatt er al. 1991). Garlic (Alliurn sativurn) has also been shown 
to improve glycaemic control in mild, but not severe forms of diabetes (Swanston-Flatt 
et al. 1990). 

Mushrooms. Various mushrooms have been ascribed anti-diabetic properties includ- 
ing the common edible mushroom Agaricus bisporus. A diet containing 62.5 g dried 
fruiting bodies of A .  bisporuslkg reduced the rate of onset and the severity of 
hyperglycaernia in streptozotocin-diabetic mice (Swanston-Flatt et al. 19896). Hyper- 
phagia, polydipsia and body-weight loss were also reduced (Fig. 1). A. bisporus also 
retarded the decline in plasma insulin concentrations and pancreatic insulin content, and 
improved the hypoglycaemic effect of exogenous insulin. This suggests that A. bisporu 
may oppose both insulin deficiency and insulin resistance. These two effects may not be 
unrelated since an improvement in the function of insulin-secreting pancreatic p cells 
would counter insulin resistance and vice versa. A lectin from A.  hisporus (fraction 
PHA-B) has been shown to stimulate insulin release from isolated rat islets (Ewart et al. 
1975), associated with increased calcium uptake (Ahmad et al. 1984), and a separate 
insulin-like effect has been observed in isolated adipocytes (Ewart et al. 1975). 

Lawyer's wig (Coprinus comatus) is another mushroom anecdotally claimed to benefit 
glycaemic control in diabetes. An acute glucose-lowering effect has been reported in 
normal rats and mice, and a chronic reduction in basal glycaemia and improved glucose 
tolerance were noted in normal mice consuming a diet containing 330 g dried fruit bodies 
of C. comatuslkg (Lelley, 1983; Bailey et al. 1984). However, this amount of C.  cornatus 
impaired the normal rate of body-weight gain in growing mice. In other European 
countries diets containing small amounts of Hypholoma hydrophilum, Psathyrella 
hydrophylum, Tricholoma gambosum and T.  georgii are purported to improve the 
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diabetic condition, and a selection of different mushrooms is similarly regarded in 
oriental countries (Potron, 1956; Kronberger, 1964: Day, 1990). The consumption of 
exotic or unusual mushrooms as treatment for diabetes is rightly viewed with caution: for 
example. the toxic effect of the deathcap mushroom (Amonita phalloides) is due to its 
hypoglycaemic effect which results from the depletion of hepatic glycogen. 

Fruits and teas. Apple, lemon. lime and raspberry are traditionally deemed advan- 
tageous inclusions in the diet o f  diabetic patients, but controlled investigations have not 
been reported. Berries of juniper (Juniperus comrnunis) and a decoction of agrimony 
leaves (Agrimonia eupatoria) are also reputedly beneficial, and studies in streptozotocin- 
diabetic mice have substantiated a glucosc-lowering effect and an improvement in other 
features of the diabetic state (Fig. 3; Swanston-Flatt et al. 1990). Amongst herb teas and 
coffees a decoction of blackberry leaves (Kubus . f r idcosus )  and an infusion of elder 
leaves (Sarnbucus n i p )  are also recommended, but studies in severely diabetic animals 
failed to show an effect (Swanston-Flatt et al. 1989b, 1990). However, a decoction of 
liquorice roots (Glycyrrhiza glahra) ameliorated the polydipsia and hyperphagia of 
diabetic mice without significantly lowering plasma glucose (Swanston-Flatt et al. 1990. 
199 1). Decoctions prcpared from the roots and leaves of dandelion (Taraxacum 
officinale) were ineffcctive in severely diabetic mice, and a leaf decoction of burdock 
(Arctiurn lappa) worsened the diabetic condition (Fig. 2; Swanston-Flatt et al. 1989h). 
Hop (Hurnulus lupulus), taken as a leaf decoction has been ascribed hypo- and 
hyperglycacmic properties, but no significant alteration in plasma glucose was observed 
in streptozotocin-diabetic mice (Swanston-Flatt et al. 1989h). 

Yeast. Brewer’s yeast (Saccharomyces cerevisiae) is a rich source of chromium and the 
B-vitamins, which may be deficient in some forms of diabetes. Brewer’s yeast has long 
been held t o  contain a factor which improves glucose tolerance, but no effect on 
glycaemic control was evident in spontaneously diabetic db-db mice (Flatt et al. 1989). 

TRADITIONAL TREATMENTS INTRODUCED INTO T H E  UK 

Immigrants to the UK have brought with them traditional treatments for diabetes which 
they continue to use as adjuncts or alternatives to conventional medicines (Bailey et al. 
1986). Fruits of the cultivated variety of Mornordica charantia (karela) are consumed as a 
cooked vegetable in Asian diets, and they are highly regarded for the treatment of 
diabetes. For medicinal purposes the fruit is sometimes consumed raw or crushed to form 
a juice. In a group of non-insulin-dependent diabetic patients S O  ml karela juice acutely 
improvcd oral glucose tolerance without altering the insulin response to glucose. Daily 
consumption of 0.23 kg fried karela for 8-11 weeks reduced the percentage of glycated 
haemoglobin and improved oral glucose tolerance (Leatherdale et al. 1981). On a 
cautionary note, the effect of karela may be additive to or able to potentiate the action of 
sulphonylureas. thereby increasing the risk of hypoglycaemia (Aslam & Stockley, 1979). 
Thc mode of action of karela has been studied in normal and streptozotocin-diabetic 
animals. A decreased rate of intestinal glucose absorption has been claimed (Meir & 
Yaniv, 1985), but this cannot be a major effect since aqueous extracts show similar 
glucose-lowering activity when administered orally or parenterally (Day et al. 1990). 
Although orally administered extracts of karela do not raise circulating insulin concen- 
trations. increased insu!in release was reported after incubation of extracts with isolated 
pancreatic islets (U’elihinda et al. 1982). Studies with isolated hepatocytes indicate that 
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karela can decrease hepatic glucose production by suppression of gluconeogenesis (Day, 
1990). Attempts to identify the active principle(s) of karela have yielded weakly acting 
components within the alkaloid and glucoside fractions (Day et al. 1990). 

The wild variety of Momordica charanria (cerasee) has been introduced into the UK 
from the West Indies, where it is prepared as a tea and imbibed as a general prophylactic 
and treatment for diabetes. Parenteral administration of cerasee decreased basal plasma 
glucose concentrations in normal and streptozotocin-diabetic mice, and improved 
glucose tolerance in normal mice. Like karela: cerasee was effective without increasing 
insulin concentrations (Bailey'et al. 1985). 

A tea prepared from leaves of mistletoe (Viscctm album) is another traditional 
treatment for diabetes introduced from the West Indies. Although this treatment did not 
significantly lower glucose concentrations in severely hyperglycaemic streptozotocin- 
diabetic mice, other symptoms such as polydipsia, hyperphagia and body-weight loss 
wcre ameliorated (Swanston-Flatt et af 1989~). 

An infusion of lucerne (Medicago sativa) is used traditionally to treat diabetes in South 
Africa, and its fame has spread to many countries including Britain. A classic case study 
described an insulin-dependent patient who rapidly developed severe symptoms of 
hypoglycaemia on each occasion that he consumed such an infusion (Rubenstein et al. 
1962). Lucerne is a rich source of manganese, and consumption of manganese chloride 
produced a similar hypoglycaemic effect. It is possible that some diabetic patients 
become Mn deficient, and since Mn is a cofactor for insulin-receptor phosphorylation, 
Mn deficiency might impair insulin action. Studies in streprozotocin-diabetic mice were 
consistent with claims of an insulin-sparing effect of lucerne. In this animal model 
lucerne reduced the hyperglycaemia and improved other features of the diabetic 
condition (Fig. 3; Swanston-Flatt et al. 1990). 

A traditional remedy originating from Africa and South America is a decoction of 
eucalyptus leaves (Eucalyptus globukts). This treatment reduced the hyperglycaemia. 
polydipsia and weight loss in streptozotocin-diabetic mice (Fig. 3; Swanston-Flatt et a f .  
1990). 

R O L E  F O R  T R A D I T I O N A L  T R E A T M E N T S  

Since conventional dietary therapy and hypoglycaemic drugs provide effective treat- 
ments for diabetic conditions it is pertinent to ask whether there remains a role for 
traditional anti-diabetic plant treatments in occidental societies. Those plants which are 
known to possess glucose-lowering activity and form part of the normal diet may be 
accorded some preference in the design of diabetic diets. Consumed in moderation they 
could be beneficial for diet-only-treated non-insulin-dependent diabetic patients, and 
such diets might even afford a degree of protection for those at risk of developing glucose 
intolerance. For patients already treated with oral hypoglycaemic drugs (sulphonylureas 
or metformin), diets containing glucose-lowering plants could also be beneficial if 
consumed on a regular basis. The possibility of interaction with conventional drugs or an 
additive effect which could lead to hypoglycaemia should be appreciated. However, the 
glucose-lowering potency of these dietary adjuncts is generally too low to render this a 
serious risk. For patients receiving insulin, the problem of hypoglycaemia is paramount, 
and irregular or overindulgence in any other hypoglycaemic remedy should be discour- 
aged unless rigorous monitoring is observed. Although a toxic effect of most traditional 
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British foods is unlikely if consumed in normal dietary amounts, ‘natural‘ does not 
necessarily imply ‘safe’, particularly if consumed chronically in excessive amounts. 
Caution is. therefore, especially relevant if traditional infusions or decoctions are taken. 
We conclude that some traditional plant treatments for diabetes possess glucose- 
lowering activity. Employed judiciously they can provide useful dietary adjuncts to 
conventional therapies. 
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