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From the very beginning of human evolution, man has turned to plants for all his
uses- whether it be food, clothing or as medicines to combat illnesses. Hence, the knowledge
about the use of medicinal plants dates back to centuries, but unfortunately, most of it is not
recorded. With the beginnings of the modern world as we know today, when miracle
medicines came to the front, their uses suppressed the use of traditional medicines, which
became confmed to small ethnic groups, who in turn kept their knowledge secret. However,
when understanding dawned on humans that the so called miracle medicines have several
side-effects, people turned to the use of plants once again. Hence this is an important area
which offers much scope to researchers and doctors. Knowledge stored in the heads of ethnic
people are now being tried to be brought into print and to be corroborated scientifically.
Hence, a lot of literature is now available in this line.
In the following pages, an attempt has been made to compile the available knowledge in this

field.

2.1. Ethnobotanical study
According to Jain (1994) India has about 45,000 plant species of which medicinal
properties have been assigned to several thousand. About 2000 figure frequently in the
literature; indigenous systems commonly employ 500, despite early (4500-1500 BC) origins
and a long history of usage, in the last two centuries. Ayurveda has received little official
support and hence less attention from good medical practitioners and researchers. Much work
is now being done on the botany, pharmacognosy, chemistry, pharmacology and
biotechnology of herbal drugs. The value of ethnomedicine has been realized; work is being
done on psychoactive plants, household remedies and plants sold by street drug vendors.
Statistical methods are being used to assess the credibility of claims. A scrutiny of folk claims
found 203 plants for evaluation. Less well known ethnomedicines have been identified that
are used to treat intestinal, joint, liver and skin diseases. Gupta et al. (1993) did a medicinal
plant inventory of Kuna Indians. Results of an ethnopharmacognostic survey of 90 plants
used by the Kuna Indians of San Blas Islands, who lived in Ailigandi, were listed. Results of
a literature search were also reported, including medical uses, known constituents and
pharmacological effects.
Barrett and David (1996) worked on the ethnomedical, Biological, and Clinical
Support for Medicinal Plant Use on Nicaragua's Atlantic Coast. The use of medicinal plants
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on the Atlantic coast of Nicaragua was compared with the use of these plants worldwide.
Similar medical usage was documented for 66 species in dozens of countries on several
continents. Additionally, medicinal uses of 34 plants in eastern Nicaragua were noted to have
applications consistent with biological or clinical activity. The similarities in ethnomedicinal
applications and the evidence from biomedical investigations support the concept that the use
of medicinal plants by indigenous peoples of Nicaragua was not haphazard, but rather a
consistent and perhaps legitimate system of medical treatment.
An ethnopharmacobotanical survey of the medicinal plants and food medicines of the
northern part of Lucca Province, north-west Tuscany, central Italy, was carried out (Pieroni,
2000). The geographical isolation of that area has permitted the survival of a rich folk
phytotherapy involving medicinal herbs and also vegetable resources used by locals as food
medicine. Among these were the uncommon use of Ballota nigra leaves as a trophic
protective; the use of Lilium candidum bulbs as an antiviral to treat shingles (Herpes zoster);
Parmelia sp. as a cholagogue; Crocus napolitanus flowers as antiseptic; Prunus laurocerasus

drupes as a hypotensive; and the consumption of chestnut flour polenta cooked with new
wine as bechic. Many wild gathered greens were eaten raw in salads, or in boiled mixtures, as
'blood cleansing' and 'intestine cleansing' agents. Of particular interest was the persistence
of the archaic use of Bryonia dioica root against sciatica, and the use of ritual plant
therapeuticals as good omens, or against the 'evil eye.' Over 120 species represented the
heritage of the local folk pharmacopoeia in upper Garfagnana. Anthropological and
ethnopharmacological considerations of the collected data were also discussed. In another
survey Pieroni et al. (2007) have investigated the medicinal perceptions of vegetables
traditionally consumed by South-Asian migrants living in Bradford, Northern England.
Dietary habits change rapidly amongst migrant communities in Western countries, and those
changes can cause major concerns for public-health policymakers because they frequently
lead to increases in diet-related diseases like diabetes. Such was the case in most South-Asian
communities in the UK. In that study, they carried out an ethnobiological survey of the
vegetables traditionally consumed among the Indian and Pakistani communities of Bradford,
in Western Yorkshire, UK. Their purpose was to analyse in depth details of the traditional
culinary use of vegetables within those households, and to assess the health perceptions of
them. Semi-structured interviews with a total of 150 South-Asian women were carried out.
Twenty-five vegetables were recorded, as well as their traditional culinary use and their
frequency of use. They found that a few of these vegetables, particularly those presenting
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bitter or aromatic tastes, were perceived to have remarkable medicinal value particularly
against diabetes. Their study also found important generational differences in the women's
knowledge of the culinary processes related to these foods, confirming that the consumption
· of traditional vegetables was inextricably embedded in cultural heritage and the
representation of identity among migrants. According to the authors their findings might offer
evidence of a link between the choice of food and the foods' perceived medicinal value
among South-Asian migrants that might also provide important information for health care
professionals when designing strategies for improving health care counteracting type 2
diabetes. They strongly believe such strategies should take into account socio-cultural
components and ernie health beliefs, as well as patients' views of traditional dietary
ingredients.
Rajan et al. (2002), in a review, opined that a high degree of biodiversity, marked by
varied flora and fauna of good therapeutic potential as well as the varied number of
indigenous groups of people in that area, makes it very popular among herbalists. The district
had six anthropologically well defined ethnic groups namely Todas, Kotas, Kurumbas, Irulas,
Paniyas and Kattunayakas living here possibly since 1200 B.C. That review highlighted the

ethnobiological profile of six indigenous populations and their dependence on ambient flora
and fauna for traditional health care needs. It had been observed that about 2700
therapeutically potent plant species are available in that hill station of which almost all have
come from local medicine. Some have been explored scientifically. However, about 150 plant
species were still to be explored for their therapeutic potential. The ethnography,
phytochemical and therapeutic uses as well as the anthropological perspectives of the local
medicines have been discussed in that review. A study by Harsha et al., (2003) deals with the
herbal remedies for skin diseases in Uttara Kannada district of Karnataka--a Southern State in
India, which was located in the hearts of Western Ghats. In an ethnobotanical exploration of
that area 52 herbal preparations from 31 plants belonging to 21 families have been recorded.
That also included 17 new claims to the ethnomedical knowledge. The parts used and
methods of preparation were discussed along with the family and local name for all the
plants.
Sixty-six medicinal plant species traditionally collected and used by the Red-headed
Yao people in Jinping County, Yunnan Province, SW China, were investigated and studied
(Chun-lin and Li, 2004)

through the approaches of ethnobotany, anthropology and

participatory rural appraisal (i>RA). Among these plants, 27 species were recorded to have
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medicinal values for the first time recorded in literature, 23 species were found to have
different medicinal functions from those recorded in the literature. Many medicinal herbs are
simultaneously wild food plants. The local Yao people take medicinal baths on some special
days very common to treat and prevent diseases. The Red-headed Yao medicinal herb doctors
have conserved medicinal plants and their habitats over the years. Most of the folk healers
were old women, who were concerned about passing on their secrets to the younger
generation. They fear that the younger generations have not learned enough about the herbal
traditions to keep the practice going. The authors suggested that plants used by the Redheaded Yao people need to be further studied phytochemically and phannacologically.
Menezes et al. (2005) worked on the chemical and phannacological survey on
Brazilian medicinal plants using ethnopharmacological information as a tool. The project
encompasses plants from the following families: Palmae, Lamiaceae, Acanthaceae,
Leguminosae and Gesneriaceae. Regarding the pharmacology, several models have been used
like antinociceptive, anti-inflammatory, antioxidant, molluscicidal, anti-diabetes, antimicrobial

and

nitric

oxide

production

inhibition.

Results

showed

that

utilizing

ethnopharmacological information was a very important way to search for new bioactive
molecules. It was noteworthy to mention the activity of A~af fruit extracts in the inhibition of
nitric oxide production. It was also .possible to identify flavonoids responsible for the
antidiabetic activity in plants belonging to the family Leguminosae. Acanthaceae extracts
showed important antinociceptive and anti-inflammatory activities, as they were very rich in
steroids and triterpenes. The same could be said about plants belonging to Lamiaceae that
gave several examples of this kind of pharmacological property due to its steroid and
triterpenoid compounds. One species of Lamiaceae also produced a great amount of
dihydroxylated triterpenoids with great molluscicidal potencial. Palmae species, rich in fatty
acids and steroids led to enriched extracts responsible for the anti-BPH activities. Plants
belonging to Gesneriaceae were antioxidant due to their flavonoid content. Polar extracts and
isolated molecules, isolated from many species were able to donate hydrogen radical to
DPP;H.
An investigation on the medicinal plants of Khasi hills of Meghalaya, India was
undertaken by Kayang et al. (2005). Indigenous people were generally very knowledgeable
about the wild medicinal plants around them, many of which have local names and were
important to the people medically or were featured in folklore. According to the authors'
traditional knowledge was the best starting point for effective in situ conservation, which
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requires accurate and up to date information on the status of medicinal plant populations, the
extent and nature of plant use by local communities and the capacity of the resource base to
support different economic activities. Their knowledge could be used in the evaluation and in
creation of awareness of the importance of medicinal plant as it was generally easier for the
public to relate to the cultural significance than the results of scientific trials. An
understanding of the many aspects of human influences on biodiversity and the underlying
driving forces of the influences was of crucial importance for setting priorities and directing
efforts towards conservation and sustainable use.
A survey was conducted (Prayoonrat, 2005) to categorize medicinal weeds found in
Chonburi Province, Thailand. Places sampled were residential areas, agricultural lands,
plantations, along the seashore and some aquatic habitats were also included. In total 227
species were cataloged belonging to 174 genera in 63 families. Of these weeds, 10 families,
36 genera and 40 species were monocotyledon in contrast to 53 families, 138 genera and 187
species for dicotyledon plants. From the total of weeds catalogued 8 species were found only
in the coastal area. The medicinal characteristics of each weed species were studied in
collaboration with traditional herb doctors as well as from historical manuscripts. Frequency
of occurrence and medicinal characteristics of the weeds were discussed. Chamratpan and
Homchuen (2005) have worked on the ethnobotany in upper northeastern Thailand. Some
rural people residing in the villages of upper northeastern Thailand still used herbs for
preventing and curing many diseases. On the basis of interviews from traditional healers and
elders living in seven villages in three provinces of Thailand, authors reported that the
medicinal plants were used in five ways - as a rubbing or poultice, a decoction, an alcoholic
tincture, a massage or eaten fresh. Rubbing was the common application used for plants such
as; (1) slender amaranth (Amaranthus viridis) -leaf was applied for removing pain, reducing
swelling and pain of insect bites, (2) crushed hophead Philippine violet (Barleria lupulina)
and phaya yo (Clinacanthus nutans) which were applied for herpes (ngu-swat), (3) immature
dry black fruit of sugar apple (Annona squamosa) called mummy was scrubbed and

externally applied on suppurated skin as an effective suppurant. Examples of the fresh
ingestion or similar methods were- (1) crushed fresh Siam weed (Chromolaena odorata)leaf with alum was chewed and applied on the wound as an antidote for snake bite, (2) veld
grape (Cissus quadrangularis) vine with ripe tamarind pulp was eaten for curing
hemorrhoids, (3) root and vine of khruea sai tan (Aganosma marginata) which was eaten to
get rid of schizophrenia. An example of a decoction was khi non (Uraria crinita) which was
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an effective remedy for severe colon cancer. An example of massage was the mixture of
Indian sarsaparilla or thao en on (Cryptolepis buchanani), derris (Derris scandens), Thai
ginger (Zingiber montanum) and turmeric (Curcuma longa) were applied to paralysis.
Alcoholic tincture ofkrachai dam (Boesenbergia rotunda) roots was used as sex-stimulant.
Chandra Prakash (2006) has published a review on developing the medicinal plants
sector in northern India. The medicinal properties of plant species have made an outstanding
contribution in the origin and evolution of many traditional herbal therapies. Their traditional
knowledge systems have started to disappear with the passage of time due to scarcity of
written documents and relatively low income in those traditions. Over the past few years,
however, the medicinal plants have regained a wide recognition due to an escalating faith in
herbal medicine in view of its lesser side effects compared to allopathic medicine in addition
the necessity of meeting the requirements of medicine for an increasing human population.
Through the realization of the continuous erosion of traditional knowledge of plants used for
medicine in the past and the renewed interest at the present time, a need existed to review that
valuable knowledge of medicinal plants with the purpose of developing medicinal plants
sectors across the different states in India. The major objectives of the review therefore were
to explore the potential in medicinal plants resources, to understand the challenges and
opportunities with the medicinal plants sector, and also to suggest recommendations based
upon the present state of knowledge for the establishment and smooth functioning of the
medicinal plants sector along with improving the living standards of the underprivileged
communities. The review revealed that northern India harbors a rich diversity of valuable
medicinal plants, and attempts were made at different levels for sustainable utilization of that
resource in order to develop the medicinal plants sector.
The traditional use of medicinal plants by the Jaintia tribes in North Cachar Hills
district of Assam, northeast India was investigated by Sajem and Gosai (2006).The study of
ethnobotany relating to any tribe is in itself a very intricate or convoluted process. The paper
documents the traditional knowledge of medicinal plants that are in use by the indigenous
Jaintia tribes residing in few isolated pockets of northeast India. The study was done through
structured questionnaires in consultations with the tribal practitioners and has resulted in the
documentation of 39 medicinal plant species belonging to 27 families and 35 genera. For
curing diverse form of ailments, the use of aboveground plant parts was higher (76.59%) than
the underground plant parts (23.41 %). Of the aboveground plant parts, leaf was used in the
majority of cases (23 species), followed by fruit (4). Different underground plant forms such

as root, tuber, rhizome, bulb and pseudo-bulb were also found to be in use by the Jaintia tribe
as a medicine. Altogether, 30 types of ailments have been reported to be cured by using these
39 medicinal plant species. The study thus underlines the potentials of the ethnobotanical
research and the need for the documentation of traditional ecological knowledge pertaining to
the medicinal plant utilization for the greater benefit of mankind.
An ethnobotanical investigation has been carried out to collect information on the use

of medicinal plants among tribes in Southern Western Ghats of India (Madurai district, Tamil.
Nadu) by Ignacimuthu et al. (2006). An ethnobotanical survey was carried out Information
presented in their paper was gathered from the paliyar tribes using an integrated approach of
botanical collections, group discussions and interviews with questionnaires in the years 1998
- 1999. The informants interviewed were 12 among whom 4 were tribal practitioners. A total
of 60 ethnomedicinal plant species distributed in 32 families were documented in that study.
The medicinal plants used by paliyars were listed with Latin name, family, local name, parts
used, mode of preparation and medicinal uses. Generally, fresh part of the plant was used for
the preparation of medicine. They observed that the documented ethnomedicinal plants were
mostly used to cure skin diseases, poison bites, stomachache and nervous disorders. The
results of that study showed that these tribal people still depend on medicinal plants in
Madurai district forest areas. An ethnobotanical survey was undertaken by Muthu et al (2006)
to collect information from traditional healers on the use of medicinal plants in
Kancheepuram district of Tamil Nadu during October 2003 to April 2004. The indigenous
· knowledge of local traditional healers and the native plants used for medicinal purposes were
collected through questionnaire and personal interviews during field trips.The investigation
revealed that, the traditional healers used 85 species of plants distributed in 76 genera
belonging to 41 families to treat various diseases. The documented medicinal plants were
mostly used to cure skin diseases, poison bites, stomachache and nervous disorders. In their
study the most dominant family was Euphorbiaceae and leaves were inost frequently used for
the treatment of diseases. Their study showed that many people in the studied parts of
Kancheepuram district still continue to depend on medicinal plants at least for the treatment
of primary healthcare. The traditional healers were dwindling in number and there was a
grave danger of traditional knowledge disappearing soon since the younger generation was
not interested to carry on that tradition.
Tahraoui et al. (2007) have made an ethnopharmacological survey of plants used in
the traditional treatment of hypertension and diabetes in south-eastern Morocco (Errachidia
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province). The survey was undertaken in the Errachidia province in south-eastern Morocco in
order to inventory the main medicinal plants used in folk medicine to treat arterial
hypertension and diabetes mellitus. Four hundred individuals, who knew about and/or had
used the medicinal plants for the indicated diseases, including some herbal healers, were
interviewed throughout different regions of the province. The inventory of medicinal plants
was summarized in a synoptic table, which contains the scientific, vernacular and common
name of the plant, its ecological distribution, the part of the plant and the preparation used
and the therapeutic indication. Extensive investigations have brought to light 64 medicinal
plants belonging to 33 families; of these, 45 were used for diabetes, 36 for hypertension, and
18 for both diseases. Of those plants, 34% grew in the wild, 44% were cultivated, and 22%
were not indigenous to the area and were brought from other parts of Morocco or from
outside the country. The survey showed that 78% of the patients regularly use these
medicinal plants. In that region, the most frequently used plants to treat diabetes include

Ajuga iva, Allium cepa, Artemisia herba-alba, Carum carvi, Lepidiuin sativum, Nigella
sativa, Olea europaea, Peganum harmala, Phoenix dactylifera, Rosmarinus o.fficinalis, and
Zygophyllum gaetulum, and those to treat hypertension include Ajuga iva, Allium cepa,
Allium sativum, Artemisia herba-alba Asso, Carum carvi, Nigella sativa, Olea europea,
Rosmarinus o.fficinalis, Origanum majorana, Peganum harmala, and Phoenix dactylifera.
The local people recognize the toxic plants and were very careful in using such plants, which
were Citrullus colocynthis, Datura stramonium, Nerium oleander, Nigella sativa, Peganum

harmala and Zygophyllum gaetulum. Their survey showed that traditional medicine in the
south-eastern Moroccan population had not only survived but had thrived in the transcultural
environment and intermixture of many ethnic traditions and beliefs.
Ballab and Chaurasia (2007) have investigated on the traditional medicinal plants of
cold desert Ladakh. They reported on traditional remedies of cold, cough and fever among
Boto (the Buddhists) tribal community of Leh-Ladakh region of India. Ladakh is one of the
least populated regions of our country where major population lives in far-flung villages and
higher elevations. Health care of tribal population is mainly dependent on traditional system
of medicine which is popularly known as Amchi system of medicine. The Amchi system is
principally based on Tibetan system of medicine. Fifty-six valuable species belonging to 21
families were identified with relevant information and documented by the authors with regard
to their botanical name, family, collection number, local name, parts used and utilization by
'Amchis' (herbal practitioners) in treatment of cold, cough and fever.
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An ethnobotanical survey of plants used to treat asthma in Andhra Pradesh, India has
done by Savithramma (2007). Tribal and non-tribal inhabitants of Andhra Pradesh used
nearly 80 medicinal plants for treating asthma. The tribal people have a strong faith and belief
in the traditional health care system, through herbal treatment. Plant species were generally
used along with other materials and plant products in different combinations to effective cure.
Herbalists reported that plant ingredients were used in the form of dry powder, decoction and
juice in the treatment of asthma. The knowledge of most asthma drug plants used in herbal
treatment and their method of using them were confined to some of the local healers. Some of
the plants mentioned by local healers however, were extensively used nationally in the
preparation of Ayurvedic medicines including those to treat asthma. Clinical and
pharmacological data were available for these plants. Most of the plants used for treating
asthma by local herbalists appear not to have been recorded hitherto.

2.2. Phytochemical Study
Preliminary phytochemical investigation of the leaves of Synclisia scabrida indicated
the presence of two alkaloids in the water extracts and five alkaloids in the ethanol extracts
(Sokomba et al., 1986). The alkaloidal fraction obtained from the cold ethanol extract
furnished on column-chromatography, a homogeneous amorphous solid which has been
designated as alkaloid C. Alkaloid C showed positive test for alkaloids. The UV and IR
spectra and colour reactions of alkaloid C indicated that the compound may be a phenolic
bisbenzylisoquinoline alkaloid. All the extracts delayed the onset and shortened the duration
of apomorphine-induced stereotyped behaviour in chicks. In addition, 40 mg kg- 1 i.p. of the
ethanolic extract induced catalepsy in rats. The cold water extract (CWE) synchronized the
EEG of the hyperstriatum, optic tectum and the reticular formation while the EMG activity
was slightly enhanced. The hot ethanol alkaloidal extract (HEE) inhibited the growth of

Pseudomonas aeruginosa and Staphylococcus aureus. The minimum inhibitory concentration
of HEE on Pseudomonas aeruginosa strains I and II were 5 and 2.5 J.Lg/ml while for

Staphylococcus aureus strains I and II were 5 and 10 J.Lg/ml, respectively. Up to 1 g kg- 1 i.p.
of the extract failed to induce any lethal effect in chicks and rats. Those effects of the leaf
extracts of Synclisia scabrida Miers support some of the local uses of the plant by traditional
medical practitioners. Hirschmann and co-workers (1987) made preliminary pharmacological
studies on Eugenia uniflora leaves. Eugenia uniflora was widely used in Paraguayan folk
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medicine. A hydroalcoholic extract of the leaves showed some central nervous system
activity in hippocratic screening when given intraperitoneally, but little to no acute or
subacute toxicity in doses up to 4200 mg/kg orally in BALB c mice. The LD50 of the extract
was 220 mglkg i.p. in mice. A decoction or infusion of the leaves was recommended for
treating gout by native herbalists. The known flavonoids quercitrin, quercetin, myricitrin and
myricetin were found to be responsible for the xanthine oxidase inhibitory action of the plant
extract.
From ancient times, Swarnabhasma (gold ash) has been used in several clinical
manifestations including loss of memory, defective eyesight, infertility, overall body
weakness and incidence of early aging. Swarnabhasma has been used by Ayurvedic
physicians to treat different diseases like bronchial asthma, rheumatoid arthritis, diabetes
mellitus, nervous disorders, etc. In that investigation, Swarnabhasma was prepared after
proper purification and calcination as per Ayurvedic pharmacy which consisted of Realger
(As2S2), Lead oxide (Pb304), pure gold (Au) and latex of Calotropis gigantea. Qualitative
analyses indicated that Swarnabhasma contained not only gold but also several
microelements (Fe, AI, Cu, Zn, Co, Mg, Ca, As, Pb, etc.). Infrared spectroscopy showed that
the material was free from any organic compound. The metal content in the bhasma was
determined by atomic absorption spectrometry. Acute oral administration of Swarnabhasma
showed no mortality in mice (up to 1 ml/20 g b.w. of Swarnabhasma suspension containing
1mg of drug). Chronic administration of Swarnabhasma also showed no toxicity as judged by
SGPT, SGOT, serum creatinine and serum urea level and histological studies. In an
experimental animal model, chronic Swarnabhasma-treated animals showed significantly
increased superoxide dismutase and catalase activity, two enzymes that reduce free radical
concentrations in the body (Mitra et al., 2002).
The pharmacognostical and phytochemical studies on some medicinal plants of
Tirunel veli hills in Tamilnadu in India was carried out by Britto et al. (2005). Aqueous
extracts of Securinega virosa, Phyllanthus reticulatus and Breynia retusa were screened for
their hepatoprotective properties against carbontetra-chloride induced liver damage in Wistar
albino rats. All the extracts· gave promising results, and hence the plants were taken up for
phytochemical investigation.Fractionation of the extracts and crystallization of the
compounds yielded five compounds that were identified as amyrin, thea alcohol, octacosanol,
ILsitosterol and ILsitosterol 3-

rtn

glucopyranoside. Among the three plants screened,

Seurinega virosa had the best repair mechanism on blood biochemistry, and also correlated
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with the pathological changes seen in the liver. Histopathological examinations of the liver
from the group of rats that received the extract of Securinega virosa revealed almost normal
architecture of the liver.
The phenolic contents and antioxidant activity of some food and medicinal plants was
worked by Bajpai et al. (2005). To identify promising sources of antioxidants, some food and
medicinal plants were studied for total phenolic contents and antioxidant activity. The leaves,
bark and fruits of Terminalia arjuna, Terminalia bellerica, Terminalia chebula and
Terminalia muelleri, the leaves and fruits of Phyllanthus emblica, and the seeds of Syzygium
cumini were found to have high total phenolic contents (72.0-167.2 mg/g) and high

antioxidant activity (69.6-90.6%). Leaves of Eucalyptus globulus were a rich source of rutin,
Moringa oleifera for kaempferol, aerial parts of Centella asiatica for quercetin, fruits of T.
bellerica and T. chebula for gallic acid, and bark of T. arjuna, leaves and fruits of T. bellerica

and bark, leaves and fruits of T. muelleri for ellagic acid.
The phytochemical screening and pharmacological evaluations for the antifertility
effect of the methanolic root extract of Rumex steudelii have studied by Gebrie et al. (2005).
The practice of traditional medicine for the control of fertility in most parts of Ethiopia was
based on the uses of plant medicines for many years. The fact that herbal medicines have
been employed for such a long time does not guarantee their efficacy and safety. The aim of
their study was, therefore, to

carry out phytochemical screening, efficacy and safety studies

on one of the traditionally used antifertility plants: Rumex steudelii. The secondary
metabolites of the root of that plant were determined. The methanolic extract of the roots of
that plant were investigated for their antifertility activity in female rats and oral LD50 was
determined in mice. The identification of the secondary metabolites showed that the roots of
the plant contained phytosterols and polyphenols. It also produced antifertility effect in a dose
dependent manner and the contraceptive effect was manifested for a definite period of time.
Furthermore, the extract prolonged significantly the estrus cycle (p < 0.05) and the diestrous
phase (p < 0.01) of the rats. The wet weights of the ovaries and uterus were shown to be
reduced significantly (p < 0.01) and (p < 0.05), respectively. The oral LD50 of the extract was
found to be 5 glkg in mice. All those observations suggest that the extract has antifertility
effect and were safe at the effective antifertility doses employed in tha~ study.
Onocha et al. (2005) examined the phytochemical antimicrobial properties of extracts
of Combretum racemosum. Combretum racemosum
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traggling shrub

widespread across Africa was traditionally reputed to be anthelmintic and antimicrobial for
genito-urinary and gastrointestinal infections. The methanol and ethyl acetate crude extracts
obtained from the whole plant were evaluated invital to determine inhibition of human
pathogenic micro organisms made up of five bacteria and three fungi. The extracts inhibited
the eight test organisms to different degrees. All the bacteria strains were sensitive to both
extracts at concentration ranging from 25 to 125 mg/ml using the agar broth cup diffusion
procedure. The sensitivity of Salmonella typhii, Escherica coli and Pseudomonas aeruginosa
(gram negative) to both extracts were not concentration dependent, whereas sensitivity of

Bacillus subtilis and Staphylococcus aureus (gram positive) were concentration dependent
with activity being higher at higher concentrations of ethyl acetate extract. Only the methanol
extract exhibited intrinsic antifungal properties on Candida albicans, Asperigillus niger and

Dermatophyte sp. with activity comparable to that of the reference drug tioconazole trosyd.
Preliminary phytochemical screening of both extracts indicated the presence of alkaloids,
steroids, cardiac glycosides, saponins and tannins.
Takeda et al. (2007) have worked on the chemical constituents of an Uzbek medicinal
plant, Perovskia scrophularifolia. From the aerial parts of Perovskia scrophularifolia, a
traditional medicinal plant in Uzbekistan, 11 known compounds, including 4 abietane-type
diterpenoids, 1 flavone and 6 glycosides, were isolated and identified.
The anticoronaryspastic and antibronchospastic activities of ethanolic and aqueous
extracts of Valeriana officinalis L. roots were investigated (Circosta et al., 2007) in
anaesthetized guinea-pigs and the results were correlated with the qualitative/quantitative
chemical composition of the extracts in order to account for some of the common uses of that
plant. The protective effects of orally administered ethanolic and aqueous extracts (50, 100
and 200 mglkg) were evaluated against pitressin-induced coronary spasm and pressor
response in guinea-pigs and were compared with those of nifedipine. Furthermore, the
protective effects against histamine-induced and Oleaceae antigen challenge-induced
bronchospasm were evaluated. Finally, the two valerian extracts were analytically
characterized by qualitative and quantitative chromatographic analysis.The results showed
that the two valeriana extracts possessed significant anticoronaryspastic, antihypertensive and
antibronchospastic properties. These were similar to those exhibited by nifedipine and were
due to the structural features of the active principles they contain.That study justified the
traditional use of that plant in the treatment of some respiratory and cardiovascular disorders.
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2.2.1. Antioxidants in plants
Oxidative stress may result from the over production of reactive oxygen radicals
caused by metabolic stress, cellular dysfunction and tissue damage in several disease state.
Free radicals have been implicated as the cause of several diseases such as liver cirrhosis,
atherosclerosis, cancer and diabetes, and compounds that can scavenge free-radicals have
great potential in ameliorating these disease processes (Wilson, 1988).
a-Tocopherol was identified as the main antioxidant in hexane extracts of leaves of

sixteen Mediterranean plant species (Chevolleau et al., 1993). The a-tocopherol content was
determined by a two-step procedure involving column and gas chromatography with atocopherol acetate as internal standard. The tocopherol content of the extracts was in the
range of 0.0--4.7%, and that of the dry leaves was 0-846 ppm. The highest a-tocopherol
content was found in the leaves of a Mediterranean oak, Quercus ilex. The antioxidative
activity, which was previously investigated, was correlated with the a-tocopherol content.
Correlation coefficients were 0.947 and 0.904 for extracts and leaves, respectively. Chen et

al., (2006) worked on the progress of vitamin E metabolic engineering in plants. Vitamin E
was important for human and animal health. Many human diseases, such as certain cancers
and neurodegenerative and cardiovascular disease, were associated with the insufficient
intake of vitamin E. The daily requirements for vitamin E in men and women have been
increased to 15-30 mg. Because the primary source of dietary vitamin E comes from plants,
there was a need to increase vitamin E production through plant engineering in order to meet
the demand in human consumption. Numerous studies have been carried out in that field,
leading to many successful examples. In that review, they summarized the recent progress in
vitamin E metabolic engineering in plants aimed at improving the vitamin E content and
regulating composition of vitamin E.
Smirnoff and Wheeler (2000) reviewed the role of ascorbic acid (vitamin C) which
was an abundant component of plants. It reached a concentration of over 20 mM in
chloroplasts and occurred in all cell compartments, including the cell wall. It had proposed
functions in photosynthesis as an enzyme cofactor (including synthesis of ethylene,
gibberellins and anthocyanins) and in control of cell growth. A biosynthetic pathway via
GDP-mannose, GDP-L-galactose, L-galactose, and L-galactono-1,4-lactone has been
proposed only recently and was supported by molecular genetic evidence from the ascorbatedeficient vtc 1 mutant of Arabidopsis thaliana. Other pathways via uronic acids could provide
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minor sources of ascorbate. Ascorbate, at least in some species, was a precursor of tartrate
and oxalate. It had a major role in photosynthesis, acting in the Mehler peroxidase reaction
with ascorbate peroxidase to regulate the redox state of photosynthetic electron carriers and
as a cofactor for violaxanthin de-epoxidase, an enzyme involved in xanthophyll cyclemediated photoprotection. The hypersensitivity of some of the vtc mutants to ozone and UVB radiation, the rapid response of ascorbate peroxidase expression to (photo)-oxidative stress,

and the properties of transgenic plants with altered ascorbate peroxidase activity all support
an important antioxidative role for ascorbate. In relation to cell growth, ascorbate was a
cofactor for prolyl hydroxylase that posttranslationally hydroxylates proline residues in cell
wall hydroxyproline-rich glycoproteins required for cell division and expansion.
Additionally, high ascorbate oxidase activity in the cell wall was correlated with areas of
rapid cell expansion. It remains to be determined if this was a causal relationship and, if so,
what was the mechanism. Identification of the biosynthetic pathway now opens the way to
manipulating ascorbate biosynthesis in plants, and, along with the vtc mutants, that should
contribute to a deeper understanding of the proposed functions of that multifaceted molecule.
Increasing vitamin C (ascorbic acid) content of plants through enhanced ascorbate
recycling was done by Chen et al. (2003). Vitamin C (ascorbic acid) is essential to prevent
disease associated with connective tissue (e.g., scurvy), improves cardiovascular and immune
cell functions, and is used to regenerate a-tocopherol (vitamin E). In contrast to most animals,
humans lack the ability to synthesize ascorbic acid as a result of a mutation in the last enzyme
required for ascorbate biosynthesis. Vitamin C, therefore, must be obtained from dietary
sources and, because it cannot be stored in the body, it must be obtained regularly. Once used,
ascorbic acid can be regenerated from its oxidized form in a reaction catalyzed by
dehydroascorbate reductase (DHAR). To examine whether overexpression of DHAR in plants
would increase the level of ascorbic acid through improved ascorbate recycling, a DHAR
eDNA from wheat was isolated and expressed in tobacco and maize, where DHAR expression
was increased up to 32- and 100-fold, respectively. The increase in DHAR expression
increased foliar and kernel ascorbic acid levels 2- to 4-fold and significantly increased the
ascorbate redox state in both tobacco and maize. In addition, the level of glutathione, the
reductant used by DHAR, also increased, as did its redox state. Those results demonstrate that
the vitamin C content of plants could be elevated by increasing expression of the enzyme
responsible for recycling ascorbate.
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Shamsi et al. (2006) investigated the effect of different doses of vitamin C on the
biochemical parameters of normal and streptozotocin (STZ)-induced diabetic rats.
Biochemical analysis was used to study the effect of this vitamin on the biochemical
parameters of normal and diabetic rats. Liver and kidney enzymes were elevated after the
onset of diabetes. Moderate doses of vitamin C significantly (P < 0.0008) reduced plasma
gamma-glutamyllevel in diabetic rats. Moreover, vitamin C significantly (P < 0.01) reduced
the blood urea nitrogen level of diabetic rats. The plasma level of electrolytes, such as
calcium and sodium, also changed significantly (P < 0.00001) after oral administration of
. vitamin C. Antioxidants, such as vitamin C, may ameliorate the biochemical parameters of
diabetic rats.
Fresh fruit and vegetables are a major source of ascorbic acid (vitamin C), an
important antioxidant for the human diet and also for plants. Ascorbic acid content in fruit
exhibits a quantitative inheritance. Quantitative trait loci (QTL) for ascorbic acid content have
been mapped in three tomato populations derived from crosses between cultivated tomato
varieties (Solanum lycopersicum accessions) and three related wild species or subspecies by
Stevens et al. (2007). The first population consists of a set of introgression lines derived from
Solanum pennellii, each containing a unique fragment of the wild species genome. The

second population was an advanced backcross population derived from a cross between a
cultivated tomato and a Solanum habrochaites (formerly Lycopersicum hirsutum) accession.
The third population was a recombinant inbred line population derived from the cross
between a cherry tomato line and a large fruited line. Common regions controlling ascorbic
acid content have been identified on chromosomes 2, 8, 9, 10, and 12. In general, the wild
alleles increased ascorbic acid content, but some improvement could also be provided by S.
lycopersicum. Most QTLs appeared relatively stable over years and in different environments.

Mapping of candidate genes involved in the metabolism of ascorbic acid has revealed a few
colocations between genes and QTLs, notably in the case of a monodehydroascorbate
reductase gene and a QTL present in two of the populations on chromosome 9 (bin 9-D), and
a previously mapped GDP-mannose epimerase and a QTL on chromosome 9 (bin 9-J).
The antiinflammatory and antioxidant activity of plants used in traditional medicine
in Ecuador were investigated by Heras et al. (1998). Ethanolic extracts from 15 plant species, .
representing eight different families, used in traditional medicine in Ecuador were evaluated
for antiinflammatory and antioxidant activities. Conyza floribunda, Eupatorium articulatum,
Bonafousia longituba, Bonafousia sananho, Tagetes pusilla and Piper lenticellosum extracts
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showed a significant antiinflammatory activity in vivo in the carrageenan-induced paw
oedema model in mice. The extracts were also tested in vitro for their ability to inhibit lipid
peroxidation and to scavenge superoxide and hydroxyl radicals. E. articulatum extract
possesses both activities. Baccharis trinervis, E. articulatum and Phytolacca rivinoides
extracts were active as antioxidants.
Peterson and Dwyer (1998) showed that flavonoids are plant phytochemicals that
cannot be synthesized by humans. The six classes of flavonoids (flavanones, flavones,
flavonols, isoflavonoids, anthocyanins, and flavans) vary in their structural characteristics
around the heterocyclic oxygen ring. Flavanones occur predominantly in citrus fruits,
flavones in herbs, isoflavonoids in legumes, anthocyanins and catechins in fruits . and
flavonols in all fruits and vegetables. Food preparation and processing of fresh fruits and
vegetables may decrease flavonoid content by 50% owing to leaching into water or removal
of portions of the plant that are rich in them. Grains and oils seeds have flavonoids, but
processing removes or reduces them. Other plant food groups contain differing amounts of
flavonoids. Honey, chocolate, and sweets that contain some plant constituents have
flavonoids. Flavonoids were not present in animal foods. Dietary intake estimates vary from
23 mg/day to 1000 mg/day but the number of compounds and classes assessed vary, and all
estimates currently are incomplete. In vitro and animal studies have demonstrated that
flavonoids have antioxidant and antimutagenic activities. Their studies suggested that
flavonoids might reduce the risk of cardiovascular disease and stroke. Flavonoid classes vary
in their absorption and their metabolism was still obscured. They were conjugated in the liver
or kidney and excreted into bile or urine. Colonic bacteria split the heterocyclic ring and
degrade the flavonoids to phenyl acids which might be absorbed, conjugated, and excreted or
metabolized further by colonic bacteria.
The antioxidant activity of Tinospora cordifolia roots in experimental diabetes
investigated by Prince and Venugopal (1999). They made an attempt to study the antioxidant
properties of Tinospora cordifolia roots, an indigenous plant used in Ayurvedic medicine in
India in alloxan diabetic rats. Oral administration of an aqueous T. cordifolia root extract
(TCREt) (2.5 and 5.0 glkg) for 6 weeks resulted in a decreased in the levels of plasma
thiobarbituric acid reactive substances, ceruloplasmin and a-tocopherol in alloxan diabetic
rats. The root extract also caused an increase in the levels of glutathione and vitamin C in
alloxan diabetes. The root extract at a dose of 5.0 glkg showed the highest effect. The effect
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of TCREt was more effective than glibenclamide. Insulin restored all the parameters to near
normal levels.
Sarada and others (2002) have investigated the antioxidant effect of

~-carotene

on

hypoxia induced oxidative stress in male albino rats. Hypoxia was known to induce oxidative
stress in organisms leading to tissue injury. In their study ~-carotene (BC) given at 10 mg/kg
body weight (BW) in reducing the oxidative stress induced by hypoxia was evaluated on
male albino rats. Hypoxia exposure caused an increased in malondialdehyde (MDA) levels in
plasma and tissues, a concurrent decreased in blood glutathione (GSH), glutathione
peroxidase (GPx), plasma protein and plasma BC content. Hemoglobin concentration, Red
blood corpuscles (RBC) and White blood corpuscles (WBC) count were also increased under
hypoxia. BC supplementation reversed the trend, inducing a significant decrease (P<0.05) in
MDA and subsequent increase in plasma and tissue GSH levels in animals exposed to
hypoxia. Blood GPx and plasma protein also increased significantly in BC supplemented
animals. BC supplementation did not alter the changes in Hb concentration, RBC and WBC
count. BC has potent antioxidant activities in reducing the oxidative stress induced by
hypobaric hypoxia.
The significance of Carotenoid-Mediated Modulation of Membrane Physical has done
by Strzaka (2003). Carotenoids, apart of their antenna function in photosynthesis, play an
important role in the mechanisms protecting the photosynthetic apparatus against various
harmful environmental factors. They protect plants against overexcitation in strong light and
dissipate the excess of absorbed energy; they scavenge reactive oxygen species formed
during photooxidative stress and moderate the effect of extreme temperatures. One of the
important factors involved in the protective action of carotenoids is their influence on the
molecular dynamics of membranes. To obtain complex information about interactions
between carotenoids and lipids in a membrane, different techniques were used. In this review,
the data resulting from EPR-spin label spectrometry,
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P- and

13

C-NMR, differential

scanning calorimetry, and computer simulation of the membrane molecular dynamics are
presented. The effects of selected, structurally different carotenoid species on various
physical parameters of model and natural membranes were described and their relevance to
protection against some environmental stresses was discussed.
The antioxidant activity related to plant part, life form and growing condition in some
diabetes remedies were investigated by McCune and Johns (2007). Selection, collection and
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preparation of 35 plant species used by traditional healers in the boreal regions of Canada for
treatment of the symptoms of diabetes were supported empirically by antioxidant activity of
the plants. Because antioxidants fluctuate with growth parameters and environmental factors,
these remedies were evaluated in relation to the affect of plant part, life form and growing
condition on the level of activity. The parts used here more frequently as medicines were
roots and bark. Activity (ICso) of the bark extracts used medicinally averaged to
21.38 ± 3.84 ppm while root extracts used medicinally had an IC50 of 185.11 ± 32.18 ppm in
a free radical DPPH assay. In contrast the analysis of extracts of overall parts (medicinal or
not) in these species found leaves and bark to have the least activity (112.22 ± 30.63 ppm and
123.02 ± 21.13 ppm, respectively). The highest activity was found in tree extracts
(24.88 ± 3.32 ppm) as compared to herbs and shrubs, and increased activity was found in
plant extracts from growing conditions of decreased water/fertility. The antioxidant activity
of those traditional plant remedies have the potential to be partially deduced through
environment signals interpreted by the traditional herbalist.
The phenolic compounds of Sideritis ozturkii and their in vivo anti-inflammatory and
antinociceptive activities were studied by Kupeli et al. (2007). Acetone extract from aerial
parts of Sideritis ozturkii

Ayta~

& Aksoy and its fractions were investigated for its in vivo

anti-inflammatory and antinociceptive activities. For the anti-inflammatory activity
assessment, carrageenan-induced hind paw edema and for the antinociceptive activity, pbenzoquinone-induced abdominal constriction tests were used. Acetone extract of the plant
and its phenolic fraction were found to possess significant inhibitory activity on those in vivo
models in mice.

Ozturkoside

glucopyranosyl-(1

2)-J3-d-glucopyranoside]); ozturkoside B (chrysoeriol 7-0-[2"'-0-

--+-

caffeoyl-P-d-glucopyranosyl-(1

--+-

A

(chrysoeriol

7-0-[2"'-0-caffeoyl-6"'-0-acetyl-J3-d-

2)-J3-d-glucopyranoside]); and ozturkoside C (chrysoeriol

7-0-[2"'-0-p-coumaroyl-6"'-0-acetyl-P-d-glucopyranosyl-(1

--+-

2)-J3-d-glucopyranoside])

were isolated from the active phenolic fraction. The structures of isolated compounds were
elucidated by spectroscopic techniques (UV, IR, 1D- and 2D-NMR, MS). Ozturkoside C
showed notable antinociceptive and anti-inflammatory activities without inducing any
apparent acute toxicity or gastric damage. Although the activity of ozturkosides A and B
were found insignificant in statistical analysis, some inhibitory effect was observed.
Accordingly, it was suggested that these components in phenolic fraction might possibly
share the antinociceptive and anti-inflammatory activities together.
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2.2.2. Antimicrobials
The antimicrobial activity of plants popularly used in Guatemala for the treatment of
dermatomucosal diseases were determined by Armando et al. (1987). Ethnobotanical surveys
were conducted among traditional healers and local market vendors; about 200 plants used in
Guatemala for the treatment of dermatomucosal diseases were detected. Eighty nine plants
were selected for in vitro screening for antimicrobial activity against the microorganisms
usually causing skin and mucosal infections. Ethanolic macerations were prepared and
impregnated in absorbent paper; once dried, these were applied over standardized inocula of
Candida albicans, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus.

After incubation, inhibition zones were measured, demonstrating that 28 of the plants
exhibited some in vitro inhibition of the tested microorganisms. Rios and co-workers (1987)
investigated on the antimicrobial activity of selected plants employed in the Spanish
mediterranean area. Eighty-one plants from the Spanish Mediterranean area employed as
antimicrobial agents in folk medicine have been identified. The in vitro antimicrobial activity
of chloroform and methanol extracts of the plants was studied using the agar dilution method
against six selected microorganisms. Thirty extracts had activity against some of the
microorganisms tested. Bioautography showed that the antimicrobial activity was probably
due to flavonoids, terpenoids and phenolic acids.
Extracts of Mitracarpus villosus leaves and inflorescences were investigated (Irobi
and Daramola, 1993) individually for in vitro antifungal activities by agar-diffusion and tubedilution techniques. Ethanolic extracts produced definite antifungal activities against
Trichophyton rubrum, Microsporum gypseum, Candida albicans, Aspergillus niger and
Fusarium solani. The aqueous extracts and the glycerol vehicle control did not inhibit any of

the fungi tested. The zones of inhibition produced by the ethanol extracts ranged from 10 to
20.5 mm while ketoconazole control ranged from 9 to 19 mm. The minimum inhibitory
concentration of the extracts ranged from 0.50 to 4.0 mg/ml while their minimum fungicidal
concentration values ranged from 1 to 8 mg/ml. Those results indicate that the extracts were
fungistatic at lower concentrations and fungicidal at higher concentrations.
Gundidza and Gaza (1993) investigated the antimicrobial activity of Dalbergia
melanoxylon extracts. The antibacterial and antifungal properties of the niethanol citric acid,

aqueous, dichloromethane and petroleum ether extracts from the bark of Dalbergia
melanoxylon were determined by using seeded agar plates with wells into which were placed

25

the extract, and flasks of yeast extract and sucrose broth for mycelial growth of the fungi.
After incubation for 24 h, the diameter of the inhibition zone was measured for the
antibacterial tests and after 7 days, the dry weight of the mycelia was measured and a
percentage of inhibition calculated using controls where no extracts were added. The results
obtained showed that the citric acid extract exhibited strongest antimicrobial activity. The
ethanol fraction showed significant antibacterial activity but was not significantly active
against fungi. The dichloromethane extract exhibited no activity against bacteria but showed
notable activity against fungi. The petroleum ether fraction showed no antimicrobial activity.
The screening of some Cuban medicinal plants for antimicrobial activity was done by
Martinez et al. (1996). The antimicrobial activities of 23 extracts of 12 Cuban plant species
reported in traditional medicine were tested. The agar diffusion method was used to assess
the activity against four bacteria and one yeast: Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa and Candida albicans. The results, evaluated as

the diameter of the inhibition zone of microbial growth, showed that nine extracts were active
against Gram-positive bacteria but only two of these proved to be also active against Gramnegative bacteria. None of the extracts inhibited the growth of the yeast. The most susceptible
'

bacterium was Staphylococcus aureus and the best antibacterial activity was shown by
Schinus terebenthifolius. Essawi and Srour (2000) did a screening of some Palestinian

medicinal plants for antibacterial activity. Antibacterial activity of organic and aqueous
extracts of 15 Palestinian medicinal plants was carried against eight different species of
bacteria: Bacillus subtilis, two Escherichia coli species, Staphylococcus aureus (methicillin
resistant), two S. aureus (methicillin sensitive) species, Pseudomonas aeruginosa, and
Enterococcus fecalis. Of the 15 plants tested, eight showed antibacterial activity. Each plant

species showed unique activity against different bacteria. The most active antibacterial plants
against both gram-positive and gram-negative bacteria were Thymus vulgaris and Thymus
origanium. The organic and aqueous extract from the same plants showed different activities;

the organic extract showed the same or greater activity than the aqueous extract. Finally, the
hole-plate diffusion method showed larger activity than the disc diffusion method.
Ngane et al. (2000) investigated on the evaluation of antifungal activity of extracts of
two Cameroonian Rutaceae. Aqueous-ethanol 90% extracts of leaves, roots and stem barks of·
Zanthoxylum leprieurii and Zanthoxylum xanthoxyloides were examined for their antifungal

properties against nine fungi by dilution methods on a solid medium and in a liquid medium.
Their results indicated that those extracts, to varying extents, inhibit the in vitro growth of
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Candida albicans, Cryptococcus neoformans and seven filamentous fungi tested. Only the
extracts obtained from the roots and stem barks of Z. xanthoxyloides showed antifungal
activity on the germs studied, with minimal inhibitory concentration varying, respectively,
from 0.5 to 1 mg/ml for the roots and from 0.125 to 1 mg/ml for the stem barks. Quiroga et

al. (2001) made a screening of antifungal activities of some selected medicinal plants. Plants
synthesise a vast array of secondary metabolites that were gaining importance for their
biotechnological applications. The antifungal activity of the ethanolic extracts of ten
Argentinean plants used in native medicine was reported. Antifungal assays included radial
growth inhibition, disk and well diffusion assays and growth inhibition by broth dilution
tests. The chosen test fungi were yeasts, microfungi and wood-rot causing Basidiomycetes.
Extracts of Larrea divaricata, Zuccagnia punctata and Larrea cuneifolia displayed
remarkable activity in the assays against the majority of the test fungi. In addition to the
former plants, Prosopanche americana also inhibited yeast growth. Kariba et al., (2001) did
an in vitro antifungal activity of Schizozygia coffaeoides Bail. (Apocynaceae) extracts. Leaf
extracts of Schizozygia coffaeoides were investigated for antifungal activity using the disc
diffusion assay technique. Petroleum ether 40-60°C, dichloromethane--ethyl acetate ( 1: 1) and
methanol extracts were fungitoxic to Trichophyton mentagrophytes, Microsporum gypseum,

Cladosporium cucumerinum and Candida albicans. The extracts were fungistatic in action.
Gabriela et al. (2001) did an antimicrobial evaluation of certain plants used in
Mexican traditional medicine for the treatment of respiratory diseases. Eighteen crude
extracts, including six hexanic, six chloroformic and six methanolic from six different plant
species used in Mexican traditional medicine for the treatment of respiratory infections, were
evaluated for potential antimicrobial activity against Staphylococcus aureus, Enterococcus

faecalis, Streptococcus pneumoniae, Streptococcus pyogenes, Escherichia coli, and Candida
albicans. The minimal inhibitory concentration was determined for each extract using a twofold dilution assay. The results showed that 16 crude extracts (89%) exhibited antimicrobial
activity against at least one of the microorganisms tested at concentrations of 5 mg/ml or
below. The extracts from Gnaphalium oxyphyllum; Gnaphalium americanum, and Crescentia

alata possessed strong antimicrobial activity against the pathogens tested.
The antimicrobial activity of crude ethanolic extracts of 16 Siberiap. medicinal plants
was tested against five species of microorganisms: Bacillus cereus, Escherichia coli,

Staphylococcus aureus, Pseudomonas aeruginosa, and Candida albicans (Kokoska et al.,
2002). Of the 16 plants tested, 12 showed antimicrobial activity against one or more species
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of microorganisms. The most active antimicrobial plants were Bergenia crassifolia,

Chelidonium majus, Rhaponticum carthamoides, Sanguisorba o.fficinalis, and Tussilago
farfara.
The antimicrobial activity of some medicinal plants of the island Soqotra have
wxamined by Mothana and Lindequist (2005). Twenty-five selected plants belonging to 19
families were collected from different localities of the island Soqotra, dried and extracted
with the solvents chloroform, methanol and hot water to yield 80 extracts. The extracts were
tested for their antimicrobial activity against several Gram-positive and Gram-negative
bacteria and against one yeast species using agar diffusion method. Antibacterial activity was
demonstrated

especially

against

Gram-positive

bacteria

including

multiresistant

Staphylococcus strains. The greatest activity was exhibited by the methanolic extracts of
Boswellia elongata, Boswellia ameero, Buxus hildebrandtii, Commiphora parvifolia,
Jatropha unicostata, Kalanchoe farinacea, Pulicaria stephanocarpa, Punica protopunica,
Withania adunensis and Withania riebeckii. Only the methanolic extract of Buxus
hildebrandtii displayed significant antifungal activity.
Billo et al. (2005) have done a screening of some New Caledonian and Vanuatu
medicinal plants for antimycobacterial activity. Twenty plants, belonging to sixteen families,
used in traditional New Caledonian and Vanuatu medicine for treatment of symptoms
potentially related to tuberculosis (cough, fever or inflammation) were screened for
antimycobacterial activity. They also screened an original endemic plant, Amborella

trichopoda, only member of the monogeneric family Amborellaceae and considered the most
primitive living angiosperm. In total, 55 extracts were evaluated for inhibitory activity against

Mycobacterium bo'vis BCG strain at a concentration of 100 J.lg/ml. Methanolic and
dichloromethane extracts of Amborella trichopoda, Codiaeum peltatum, Myristica fatua, and
essential oils Myoporum crassifolium showed an activity at that concentration. Methanolic
extract of Amborella trichopoda fruits presented a significant activity with a minimal
inhibitory concentration included between 1 and 2.5 J.lg/ml. In the same conditions, thiat
activity was comparable with those of the reference drugs pyrazynamide and ethambutol, at
20 and 2.5 J.lg/ml respectively.
A series of 61 Indian medicinal plants belonging to 33 different families used in
various infectious disorders, were screened for their antimicrobial properties. Screening was
carried out at 1000 and 500 ug/ml concentrations by agar dilution method against Bacillus
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cereus var mycoides, Bacillus pumilus, Bacillus subtilis, Bordetella bronchiseptica,
Micrococcus luteus, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Streptococcus faecalis, Candida albicans,
Aspergillus niger and Saccharomyces cerevisiae. Twenty-eight plant extracts showed activity
against at least one of the test organisms used in the screening. On the basis of the results
obtained, they concluded that the crude extracts of Dorema ammoniacum, Sphaeranthus
indicus, Dracaena cinnabari, Mallotus philippinensis, Jatropha gossypifolia, Aristolochia
indica, Lantana camara, Nardostachys jatamansi, Randia dumetorum and Cassia fistula
exhibited significant antimicrobial activity and properties that support folkloric use in the
treatment of some diseases as broad-spectrum antimicrobial agents. That probably explains
the use of those plants by the indigenous people against a number of infections (Kumar et al.
(2006).
Buwa and Staden (2006) have done an investigation on the antibacterial and
antifungal activity of traditional medicinal plants used against venereal diseases in South
Africa. Aqueous, ethanolic and ethyl acetate extracts of 13 plants used in South Africa for the
treatment of venereal diseases were screened for antibacterial and antifungal activity. Among
the plants tested, Gunnera perpensa, Harpephyllum caffrum, Hypoxis latifolia and
Ledebouria ovatifolia showed the best antibacterial activity. The aqueous extracts of Gunnera
perpensa and Harpephyllum cajfrum were most active against all the tested bacteria. In
antifungal screening, good activity was shown by the ethanolic extracts of Bersama lucens
and Harpephyllum caffrum. Only in the case of Harpephyllum caffrum did aqueous extracts
have activity against Candida albicans.
The antibacterial effects of some Cameroonian medicinal plants against common
pathogenic bacteria was tested by Moses et al., 2006). They screened forty crude extracts of
twenty Cameroonian medicinal plants commonly used to treat bacterial infections for broad
spectrum antibacterial activity, as a more affordable alternative against resistant organisms.
The extracts were screened on common pathogenic gram negative and gram positive bacteria
initially by the disc diffusion method followed by the tube dilution method. Using discs
containing 30f.l.g of extract,

Escherichia

coli showed sensitivity to 23 extracts

with

diameter of zone of inhibition ranging from 7 - 19mm, fifteen of which were up to or >
lOmm.

Pseudomonas aeruginosa

was

sensitive

to

11

extracts,

whereas

Salmonella typhimurium and Staphylococcus aureus were not sensitive to any of the extracts.
Based on the zones of inhibition the activity of the extracts were equivalent to 30 to 138 %
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efficacy of the standard antibiotic discs. The lowest Minimum Inhibitory Concentration
(MIC) recorded was 2 mg/ml for Euphorbia hirta against S. aureus and P. aeruginosa and
the lowest Minimum Bactericidal Concentration (MBC) was 6 mg/ml for six extracts from

Ageratum conyzoides, Aframomum citratum, Euphorbia hirta, Momordica charantia,
Mangifera indica and Khaya senegalensis against three bacterial species. Three extracts had
broad spectrum bacteriostatic activity (MICs :::;; 4 mg/ml) while in terms of MBCs none of the
extracts showed broad spectrum bactericidalactivity. They conclude that most of the tested
plants used as traditional antibacterials have a bacteriostatic effect on gram-negative
pathogenic bacteria.

Cordia gilletii De Wild (Boraginaceae) root bark was traditionally used in Democratic
Republic of Congo (DRC) for the treatment of various disorders, including malaria, diarrhea,
wounds and skin diseases; part of those activities might rely on antimicrobial and antioxidant
properties (Okusa et al., (2007). Successive extracts of root barks powder with n-hexane,
dichloromethane, ethyl acetate, methanol and water were tested for antimicrobial activity,
both direct and indirect (antibiotic resistance reversal), against 10 strains of bacteria and 1
strain of fungi by broth microdilution and agar diffusion methods. The eventual synergy
between plant extracts and antibiotics was investigated by the determination of the fractional
inhibitory concentration index (FIC index). The methanol extract showed direct antimicrobial
activity against all tested microorganisms with minimum inhibitory concentrations (MIC)
ranging between 125 and 1000 J.lg/ml, whereas the ethyl acetate and the dichloromethane
extracts showed activity on four and three strains, respectively. 200 J.lg/ml of n-hexane and
dichloromethane extracts decreased the MICs of penicillin and streptomycin 4-64-fold for
methicillin-resistant Staphylococcus aureus. A synergistic effect was found between the
·methanol extract and tetracycline, whereas additive effects were observed for the other
combinations tested. The methanol and dichloromethane extracts showed the greater
antioxidant activity by scavenging the free radical DPPH with IC50 values of 3.2 and
8.1 J.lg/ml, respectively. Those results support the use of the plant in the treatment of
infectious diseases and wounds; they warrant further studies as to the nature of active
compounds.
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2.2.3. Anti-hyperglycemic activities in plant extracts
Khaleeva et al. (1987) worked on the comparative evaluation of the hypoglycemic
activity of the vegetal complex of Phaseolus vulgaris and chlorpropamide in experimental
diabetes. Experiments on rabbits with alloxan diabetes showed that the plant complex (PC)
reduced the level of glycemia after single administration for 6-8 h by 27-32%. A similar
effect was demonstrated with chlorpropamide. However the PC produced a longer
hypoglycemic effect. In course treatment the PC returned the blood level of glucose (5.14 +/0.62 mmol/1) to normal on the 11th day whereas with chlorpropamide this indicator was
almost normal (6.6 +1- 1.1 mmol/1) on the 15th day only. A rapid decrease in the blood
glucose concentration caused by the PC was observed in AIS induced hyperglycemia. The PC
demonstrated its sugar reducing action by extrapancreatic means.
The hypoglycemic effects of a decoction and an ethanol extract of Trigenollafoenum

graceum seeds on the serum glucose levels of normal and alloxan diabetic mice were studied.
Ajabnoor and Tilmisany (1988) investigated the effect of Trigonella foenum graceum on
blood glucose levels in normal and alloxan-diabetic mice. A single 0.5 ml oral dose of 4080% decoctions to normal as well as alloxanized mice was followed by hypoglycemia
developed over a 6-h period. Reduction in blood glucose concentration was highly
significant, was maximum at 6 h and was dose-dependent. The hypoglycemia caused by the
ethanol extract (200-400 mglkg) in alloxanized mice was also dose-dependent and 200 mglkg
was comparable in effect to 200 mglkg tolbutamide. Noor and Ashcroft (1989) worked on the
antidiabetic effects of Tinospora crispa in rats. In Malaysia, an aqueous extract of Tinospora

crispa stems was taken orally to treat diabetes mellitus. In their study, normal and alloxandiabetic rats were used to evaluate the hypoglycaemic properties of the extract. A
hypoglycaemic effect was observed in moderately diabetic rats with concomitant
improvement in insulinaemia. After a 2-week treatment with the extract (4 gil in the drinking
water), these rats also showed improvement in glucose tolerance. Moreover, acute
intravenous treatment with the extract (50 mglkg) caused an increase in plasma insulin levels.
The data support the traditional belief that T. crispa extract could improve diabetic conditions
by virtue of its action on the endocrine pancreas.
The blood sugar lowering potentiality of selected Cucurbitaceae plants of Indian
origin were investigated (Chandrasekar et al., 1989). Using five experimental models, the
blood sugar lowering efficacy of eight plants of Cucurbitaceae family has been assessed. The
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ethanolic extract of Cucumis sativus Linn, Cucumis melo utilissimum Roxb, Cucumis melo
Linn, Benincasa hispida Thunb Cogn and Tricosanthes anguina Nees, when administered in
250 mg/kg dose, orally to rats failed to lower blood sugar or to depress the peak value, after
glucose load. However, ethanolic extract of Momordica charantia Linn plant and Coccinia

indica Whit and Am root significantly lowered blood sugar in fasted model and depressed the
peak value in glucose loaded model. Ethanolic extract of Tricosanthes dioica Roxb plant
caused a significant lowering of blood sugar in fasted rats and depressed the peak value in
glucose loaded single and longterm fed groups of rats. The ethanolic extract of the aerial part
of T. dioica also induced significant depression in the peak values in the glucose loaded
models.
Shabana et al. (1990) examined the hypoglycaemic activity of some selected plants in
normal fasting and alloxanised rats. 31 desert plants belonging to 17 families were collected
from different Egyptian localities. 21 plants extracts were orally given to normal rats, and 15
were tested on fasted and to alloxanised rats. The results were compared with a standard oral
hypoglycaemic drug (Daonil, Hoechst) used as a positive control. The following fmdings
were obtained: 8 plants exhibited persistent hypoglycaemic effects, Lycium shawii, Salvia (S.)

aegyptiaca, Pergularia tomentosa, Convolvulus (C.) althaeoides, Haloxylon salicornicum,
Ephedra alata, Scrophularia deserti, and Crotalaria aegyptiaca. Transient hypoglycaemic
effects appeared only 1 hour after administration in response to 4 ·plants, Silena succulenta,

Lygos raetam, C. lanatus, and Pulicaria incisa. In the cases of Chradenus baccatus and
Zygophyllum album, slow hypoglycaemic activity was produced and appeared 3 hours after
administration. 5 plants showed hypoglycaemic effects viz, Thymus capitatus, Launaea

nudicaulis, Conyza dioscorides, Nitraria retusa, and Limonium tubiflorum. Among the 15
plant extracts tested on alloxanised diabetic rats only 4 showed hypoglycaemic effects more
potent than those of the administered dose of Daonil. Those were Matthiola livida, S.

aegyptiaca, Astragalus species, and Arthrocnemum glaucum. The hypoglycaemic effect of S.
aegyptiaca in fasting rats has been confirmed also in alloxanised diabetic animals. That
emphasises the importance of conducting both experiments in order to obtain a reliable
conclusion.
The hypoglycemic activity of olive leaf was studied (Gonzalez et al., 1992).
Maximum hypoglycemic activity was obtained from samples collected in the winter months,
especially in February. One of the compounds responsible for that activity was oleuropeoside,
which showed activity at a dose of 16 mg/kg. That compound also demonstrated antidiabetic
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activity in animals with alloxan-induced diabetes. The hypoglycemic activity of that
compound may result from two mechanisms: (a) potentiation of glucose-induced insulin
release, and (b) increased peripheral uptake of glucose.
Ponnachan (1993) worked on the effect of leaf extract of Aegle marmelose in diabetic
rats. Alloxan induced animal model was used to evaluate the potential antidiabetic effect of

A. marmelose leaf extract. The diabetic animals were given insulin injection and another
group A. marmelose leaf extract orally. It maintained the weight of the animals near to the
control rats but a significant decrease in weight was noted in diabetic animals without any
treatment. The blood glucose level in treated animals were near to that of control ones. Also a
significantly increased glucose tolerance was observed in animals orally given the leaf extract
prior to the experiment. A significant decrease in liver glycogen (1.24 +1- .07 g/100 g of wet
tissue) was observed in diabetic rats which were brought to almost the normal level (1.84 +/.14 g/100 g) with leaf extract treatment. Blood urea and serum cholesterol increased (62.66

+1- 3.50 and 192.67 +/- 13.64 mg/dl) significantly in alloxan diabetic rats. The leaf extract
treatment decreased the blood urea and serum cholesterol (37.83 +1- 3.97 and 99.20 +/-8.43
mg/dl) to that of controls ones. A similar effect was seen with insulin treatment. Their results
indicated that the active principle in A. marmelose leaf extract had similar hypoglycaemic
activity to insulin treatment.
The glycaemic balance in streptozotocin-diabetic rats treated with an aqueous extract
of Ficus carica (fig tree) leaves were investigated (Perez et al., 1998). The hypoglycaemic
effect of an aqueous extract of Ficus carica leaves was studied in streptozotocin-diabetic rats.
The extract induced a significant hypoglycaemic effect after either oral- or intraperitoneal
(i.p.) administration. Body weight loss was prevented in treated diabetic rats and the survival
index was significantly affected by plasma insulin levels. Results show that Ficus carica
aqueous extract has a clear hypoglycaemic activity in treated versus non-treated diabetic rats.
The mechanism involved in such an effect was not elucidated. Saha et al., (1998) have
invaestigated the hypoglycaemic activity of Leucas lavandulaefolia Rees. in streptozotocininduced diabetic rats. The antidiabetic activity of Leucas lavandulaefolia Rees extract on
streptozotocin (STZ) induced diabetic rats has been investigated. A methanol extract of the
herb at doses of 200 and 400 mglkg, and glybenclamide (1 mglkg) were administered
concurrently to STZ-diabetic rats. The extract caused a significant reduction of blood glucose
levels in streptozotocin-induced diabetic rats by 29.8% (p<0.001) compared with control
groups. Mak:onnen et al. (1998) have tested the hypoglycaemic effect of Moringa stenopetala
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aqueous Extract in rabbits. The hypoglycaemic effect of Moringa stenopetala extract was
assessed in nondiabetic rabbits by blood glucose analysis. In vivo experiments were carried
out in rabbits that received the test material and the standard, glibenclamide. The plant
extract, although less potent than glibenclamide, was found to lower blood glucose
concentration. The hypoglycaemic effect was observed to increase with time and with an
increase in the dose of the extract.
Hypoglycemic effect of water extract of the root of Pandanus odorus RIDL. (Thai
name: Toei-hom, Pandanaceae) was examined in normal and streptozotocin-diabetic rats
(Peungvicha et al., 1996). In the hypoglycemic test without glucose load, an administration of
the extract at doses of 0.125-0.5glkg p.o. did not affect significantly the plasma glucose level
in normal rats, whereas the extract significantly lowered the plasma glucose level at a dose of
0.5glkg p.o. in diabetic rats. In oral glucose tolerance test, an administration of the extract at a
dose of 0.5glkg p.o. significantly lowered the plasma glucose level in normal rats. The extract
at doses of 0.5 and l.Oglkg p.o. also significantly lowered the plasma glucose level in diabetic
rats. A reference drug, glibenclamide at a dose of 5 mglkg p.o. showed a significant
hypoglycemic effect in both normal and diabetic rats. Repeated administration of the extract
at doses of 0.25 and. 0.5 glkg p.o. for 7d produced a significant hypoglycemic effect in
diabetic rats. Glibenclamide (5 mglkg p.o.) also caused a significant hypoglycemia in the
diabetic rats. LD50 (95% confidence limit) after intraperitoneal injection was 1.87 (1.262.76)glkg in male and female rats and 1.62 (1.18-2.24)glkg in male and female mice,
respectively. The LD50 after oral administration was over 8 glkg in both sexes of rat and
mice. Peungvicha et al. (1998) also worked on the hypoglycemic effect of the water extract
of Piper sarmentosum in rats. The hypoglycemic effect of the water extract of the whole plant
of Piper sarmentosum Roxb. (Piperaceae, Thai name: Chaplu) was examined in normal and
streptozotocin-diabetic rats. In an oral glucose tolerance test, a single oral administration of
the water extract at doses of 0.125 and 0.25 g: kg significantly lowered the plasma glucose
level in the normal rats. A reference drug, glibenclamide, at a dose of 5 mg: kg (per os, p.o.)
also showed a significant hypoglycemic effect in the normal rats. In contrast, a single oral
administration of the water extract at these doses and glibenclamide did not significantly
lower the plasma glucose level in the diabetic rats. However, the repeated oral administration
of the water extract at a dose of 0.125 g: kg for 7 days produced a significant hypoglycemic
effect in the diabetic rats. Glibenclamide (5 mg: kg, p.o.) also caused significant
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hypoglycemia in the diabetic rats. That result demonstrated that the water extract of whole
plant of Piper sarmentosum had a hypoglycemic effect in rats.
The anti-hyperglycemic effect of 12 edible plants was studied on 27 healthy rabbits,
submitted weekly to subcutaneous glucose tolerance tests after gastric administration of
water, tolbutamide or a traditional preparation of the plant. Tolbutamide, Cucurbita ficifolia,
Phaseolus vulgaris, Opuntia streptacantha, Spinacea oleracea, Cucumis sativus and
Cuminum cyminum decrease significantly the area under the glucose tolerance curve and the
hyperglycemic peale Brassica oleracea var. botrytis, Allium cepa and Allium sativum only
decrease the hyperglycemic peak. The glycemic decreases caused by Psidium guajava,
Brassica oleracea and Lactuca sativa var. romana were not significant (p > 0.05). The
integration of a menu that includes the edible plants with hypoglycemic activity for the
control and prevention of diabetes mellitus may be possible and recommendable (RomanRamos et al., 1995).
The hypoglycemic effect of Ocimum sanctum leaf extract in normal and
streptozotocin diabetic rats have done by Chattopadhyay (1993). Oral administration of
.alcoholic extract of leaves of 0. sanctum led to marked lowering of blood sugar level in
normal, glucose fed hyperglycemic and streptozotocin induced diabetic rats. Further the
extract potentiated the action of exogenous insulin in normal rats. The activity of the extract
was 91.55 and 70.43% of that of tolbutamide in normal and diabetic rats respectively.
Chattopadhyay (1999) have worked on the comparative evaluation of some blood sugar
lowering agents of plant origin. A comparison of blood sugar lowering activity of four
important medicinal plants (Azadirachta indica, Gymnema sylvestre, Catharanthus roseus
and Ocimum sanctum) were carried out against normal and streptozotocin-induced diabetic
rat models. The plant extracts decreased the blood sugar level in varying degrees. Blood
sugar lowering unit (BLU) of activity of each leaf extract and tolbutamide was calculated by
ED50 values. Statistical analysis revealed significant (P < 0.05) variation among the
treatments as well as doses with regard to their blood sugar lowering capacity. A. indica leaf
extract was found to have the most potent blood sugar-lowering activity followed by C.
roseus, G. sylvestre and 0. sanctum.
· Swanston-Flatt et al. (1989a) worked on the glycaemic effects of traditional
European plant treatments for diabetes. Twelve plants used for the traditional treatment of
diabetes mellitus in northern Europe were studied using normal and streptozotocin diabetic
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mice to evaluate effects on glucose homeostasis. The plants were administered in the diet
(6.25% by weight) and/or as decoctions or infusions in place of drinking water, to coincide
with the traditional method of preparation. Treatment for 28 days with preparations of
burdock (Arctium lappa), cashew (Anacardium occidentale), dandelion (Taraxacum

officina/e), elder (Sambucus nigra), fenugreek (Trigonella foenum-graecum), guayusa (/lex
guayusa), hop (Humulus lupulus), nettle (Urtica dioica), cultivated mushroom (Agaricus
bisporus), periwinkle (Catharanthus roseus), sage (Salvia officina/e), and wild carrot
(Daucus carrota) did not affect the parameters of glucose homeostasis examined in normal
mice (basal plasma glucose and insulin, glucose tolerance, insulin-induced hypoglycaemia
and glycated haemoglobin). After administration of streptozotocin (200 mglkg) burdock and
nettle aggravated the diabetic condition, while cashew, dandelion, elder, fenugreek, hop,
periwinkle, sage and wild carrot did not significantly affect the parameters of glucose
homeostasis studied (basal glucose and insulin, insulin-induced hypoglycaemia, glycated
haemoglobin and pancreatic insulin concentration). Guayusa and mushroom retarded the
development of hyperglycaemia in streptozotocin diabetes and reduced the hyperphagia,
polydipsia, body weight loss, and glycated haemoglobin. Mushroom also countered the initial
reduction in plasma insulin and the reduction in pancreatic insulin concentration, and
improved the hypoglycaemic effect of exogenous insulin. Those studies suggested the
presence of potentially useful antidiabetic agents in guayusa and mushroom. Swanston-Flatt

et al. (1989b) made the evaluation of traditional plant treatments for diabetes in
streptozotocin diabetic mice. Seven plants and a herbal mixture used for traditional treatment
of diabetes were studied in streptozotocin diabetic mice. The treatments were supplied as
6.25% by weight of the diet for 9 days. Consumption of diets containing bearberry

(Arctostaphylos uva-ursi), golden seal (Hydrastis canadensis), mistletoe (Viscum album) and
tarragon (Artemisia dracunculus) significantly reduced the hyperphagia and polydipsia
associated with streptozotocin diabetes, but bayberry (Cinnamomum tamala), meadowsweet

(Filipendula ulmaria), senna (Cassia occidentalis) and the herbal mixture did not alter these
parameters. Bearberry, mistletoe and tarragon retarded the body weight loss but none of the
eight treatments significantly altered plasma glucose or insulin concentrations. Those studies
suggest that bearberry; golden seal, mistletoe and tarragon may counter some of the
symptoms of streptozotocin diabetes without, however, affecting glycemic control.
Swanston-Flatt et al. (1990) further worked on the traditional plant treatments for diabetes
studies in normal and streptozotocin diabetic mice. The effects on glucose homeostasis of
eleven plants used as traditional treatments for diabetes mellitus were evaluated in normal
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and streptozotocin diabetic mice. Dried leaves of agrimony (Agrimonia eupatoria), alfalfa
(Medicago sativa), blackberry (Rubus fructicosus), celandine (Chelidonium majus),
eucalyptus (Eucalyptus globulus), lady's mantle (Alchemilla vulgaris), and lily of the valley
(Convallaria majalis); seeds of coriander (Coriandrum sativum); dried berries of juniper
(Juniperus communis); bulbs of garlic (Allium sativum) and roots of liquorice (Glycyrhizza
glabra) were studi'ed. Each plant material was supplied in the diet (6.25% by weight) and
some plants were additionally supplied as decoctions or infusions (1 g/400 ml) in place of
drinking water to coincide with the traditional method of preparation. Food and fluid intake,
body weight gain, plasma glucose and insulin concentrations in normal mice were not altered
by 12 days of treatment with any of the plants. After administration of streptozotocin (200
mg/kg i.p.) on day 12 the development of hyperphagia, polydipsia, body weight loss,
hyperglycaemia and hypoinsulinaemia were not affected by blackberry, celandine, lady's
mantle or lily of the valley. Garlic and liquorice reduced the hyperphagia and polydipsia but
did not significantly alter the hyperglycaemia or hypoinsulinaemia. Treatment with agrimony,
alfalfa, coriander, eucalyptus and juniper reduced the level of hyperglycaemia during the
development of streptozotocin diabetes. That was associated with reduced polydipsia (except
coriander) and a reduced rate of body weight loss (except agrimony). Alfalfa initially
countered the hypoinsulinaemic effect of streptozotocin, but the other treatments did not
affect the fall in plasma insulin. The results suggested that certain traditional plant treatments
for diabetes, namely agrimony, alfalfa, coriander, eucalyptus and juniper, can retard the
development of streptozotocin diabetes in mice.
The effects of cinnamon bark and olive leaf have been investigated on
streptozotocin-induced tissue injury, and some biochemical and haematological changes in
rats (Onderoglu et al., 1999). The effects on glycaemia were also evaluated. Long-term
administratimi of olive leaf caused significant improvement in tissue injury induced by
streptozotocin treatment; the effect of cinnamon bark was less extent. No effects on blood
glucose levels were detected. However, significant decreases in some increased biochemical
and haematological parameters of streptozotocin-treated rats were observed. Aspartate
aminotransferase, urea and cholesterol levels were significantly decreased by treatment with
both plant materials, and alanine aminotransferase by treatment with olive leaf. Cinnamon
bark also caused a significant decrease in platelet counts. In addition, any visible toxicity,
except decrease in body weight gain, attributable to the long-term use of plant materials was
not established in normal rats. The data indicate that long-term use of olive leaf and
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cinnamon bark may provide benefit against diabetic conditions. Determination of underlying
mechanism(s) of beneficial effects, toxicity to other systems and clinical assessments of
related plant materials were major topics requiring further studies.
Avella et al. (1991) worked on the effects of Cajanus cajan L. and of Cassia fistula L.
on carbohydrate metabolism in mice. They reported the results of pharmacologic evaluation
of two medicinal plants, Cajanus cajan (L.) Millsp and Cassia fistula, which are used in
Panamanian folk medicine for the treatment of diabetes. It was found that the aqueous
fraction of the leaves and stems of C. cajan did not produce any hypo blood sugar effect in
normoglycemic mice; instead, it produced a hyperglycemia with doses of 500 mglkg and
1000 mglkg (p less than 0.001). Only with a dose of 300 mglkg a short lived decrease in the
glycemia was seen at one hour. On the contrary, the folk use of the leaves of C. fistula for
diabetes seems to have some correlation with the popular frek use. The aqueous fraction
produced a significant decrease in the glycemia (p less than 0.001) at 4 and 24 hours with
doses of 300 and 500 mglkg, and at one and four hours after the dose of 1000 mglkg (p less
than 0.001). In the glucose tolerance test, the aqueous fraction of C. cajan produced a
significant and short lasting decrease (p less than 0.05) with the dose of 300 mglkg, while the
dose of 500 mglkg did at 0.25, 0.5 and 1 hour (p less than 0.01). The 1000 mglkg dose
produced a significant increase in glucose tolerance at 1 and 2 hours (p less than 0.05). The
aqueous fraction of C. fistula produced a significant decrease (p less than 0.05) with the dose
of 500 mglkg at 0.25 and 0.5 hours. The 1000 mglkg dose produced a significant increase (p
less than 0.001) at 0.25 and 2 hours. David et al., (1994) studied the anti-diabetic properties
of the Mrican mistletoe in streptozotocin-induced diabetic rats. The African mistletoe,
Loranthus bengwensis L. (Loranthaceae), has been widely used in Nigerian folk medicine to
treat diabetes mellitus. The aqueous extract or infusion (1.32 glkg per day) of the leaves of
this plant parasitic on lemon, Citrus limon (L.) Brum f. (Rutaceae), guava, Psidium guajava
L. (Myrtaceae) and jatropha, Jatropha curcas L. (Euphorbiaceae), respectively, were

supplied ad libitum to separate groups of both non-diabetic and streptozotocin-induced
diabetic rats, as their only source of fluid for a period of 28 days. The infusions of mistletoe
parasitic on both lemon and guava trees significantly decreased serum glucose levels in non-·
diabetic (P < 0.05) and diabetic (P < 0.001) rats, whereas that prepared from mistletoe
parasitic on jatropha did not. The data indicated that African mistletoe possesses significant
anti-diabetic activity in streptozotocin-induced diabetic rats; its anti-diabetic activity appears
to be highly dependent on the host plant species.
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El-Fiky et al. (1996) worked on the effect of Luffa aegyptiaca (seeds) and Carissa
edulis (leaves) extracts on blood glucose level of normal and streptozotocin diabetic rats.

Their study showed the effect of oral administration of the ethanolic extracts of Luffa
aegyptiaca (seeds) and Carissa edulis (leaves) on blood glucose levels both in normal and

streptozotocin (STZ) diabetic rats. Treatment with both extracts significantly reduced the
blood glucose level inSTZ diabetic rats during the first three hours of treatment. L.
aegyptiaca extract decreased blood glucose level with a potency similar to that of the

biguanide, metformin. The total glycaemic areas were 589.61 +1- 45.62 mg/dl/3 hand 660.38

+1- 64.44 mg/dl/3 h for L. aegyptiaca and metformin, respectively, vs. 816.73 +1- 43.21
mg/dV3 h for the control (P < 0.05). On the other hand, in normal rats, both treatments
produced insignificant changes in blood glucose levels compared to glibenclamide treatment.
The mechanism of dose-dependent hypoglycemic effect, the margin of safety and
ED50 of three structurally unrelated compounds, tolbutamide (TB), centpiperalone
(CP) and a swerchirin:-containing fraction (SWI) from the plant Swertia chirayita, were
investigated in experimental models (Saxena et al., 1996). After a single oral administration
of TB, CP and SWI to groups of normal and streptozotocin (STZ)-induced mild and severe
diabetic rats, the blood sugar lowering effect and ED50 of the agents were determined.
Plasma Imm~no Reactive Insulin (IRI) levels and the degree of islet beta cell degranulation
were assayed using RIA and histochemical staining, respectively, in normal rats treated with
the agents.The percent blood sugar lowering, increase in IRI levels and beta cell
degranulation were highest in CP treated normal rats (69, 124 and 75%, respectively). In
addition, CP was the only agent found active in STZ-induced severely diabetic rats (P <
0.01). In STZ-mild diabetic rats, however, TB was more effective than CP and SWI. By
analysis of data using Anova method, it was concluded that CP is more effective than SWI (P

< 0.01) and TB. However, SWI an impure natural product showed better blood sugar
lowering than tolbutamide which was a drug in use. Mukherjee et al. (1997) worked on the
effect of Nelumbo nucifera rhizome extract on blood sugar level in rats. Oral administration
of the ethanolic extract of rhizomes of Nelumbo nucifera markedly reduced the blood sugar
level of normal, glucose-fed hyperglycemic and streptozotocin-indticed diabetic rats, when
compared with control animals. The extract improved glucose tolerance and potentiated the
action of exogenously injected insulin in normal rats. When compared with tolbutamide, the
extract exhibited activity of 73 and 67% of that of tolbutamide in normal and diabetic rats,
respectively.
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Alarcon-Aguilara et al. (1998) studied the anti-hyperglycemic effect of 28 medicinal
plants used in the treatment of diabetes mellitus. Each plant was processed in the traditional
way and intragastrically administered to temporarily hyperglycemic rabbits. The results
showed that eight out of the 28 studied plants significantly decrease the hyperglycemic peak
and/or the area under the glucose tolerance curve. Those plants were: Guazuma ulmifolia,

Tournefortia hirsutissima, Lepechinia caulescens, Rhizophora mangle, Musa sapientum,
Trigonella foenum graceum, Turnera diffusa, and Euphorbia prostrata. The results suggested
the validity of their clinical use in diabetes mellitus control, after their toxicological
investigation. Alarcon-Aguilar et al. (2002) made another investigation on the hypoglycaemic
effects of extracts of four Mexican medicinal plants in normal and alloxan-diabetic mice. The
hypoglycaemic activities of four water ethanol extracts (WEE) prepared from Bidens pilosa
L., Salvia o.fficinalis L., Psacalium peltatum H.B.K. (Cass) and Turnera diffusa Willd. were
investigated in healthy and alloxan-diabetic mice The WEE of S. o.fficinalis significantly
reduced the blood glucose of fasting normal mice 120 (15.7%) and 240 min (30.2%) after
intraperitoneal administration (p < 0.05). The WEE of P. peltatum and B. pilosa also
significantly diminishec( glycaemia in healthy mice at 240 min (19.6% and 13.8%,
respectively). In mildly diabetic mice, the WEE of P. peltatum lowered the basal blood
glucose level120 (16%) and 240 min (54%) after intraperitoneal administration (p < 0.05 and
p < 0.01, respectively). The WEE of B. pilosa and S. o.fficinalis also significantly diminished
the hyperglycaemia in mildly diabetic mice at 240 mins (32.6% and 22.7%, respectively).
The administration of those three extracts to animals with severe hyperglycaemia did not
cause a significant decrease. The WEE of T. diffusa did not show any hypoglycaemic
activity. Thus, three of the WEE studied conserved the hypoglycaemic activity originally
detected in the traditional preparations of the studied antidiabetic plants. It appeared that
those extracts require the presence of insulin to show hypoglycaemic activity. In a further
study Alarcon-Aguilar et al. (2005) reported on the acute and chronic hypoglycemic effect of

lbervillea sonorae root extracts-IT. lbervillea sonorae's root, or "wareque" (Cucurbitaceae),
was widely used in Mexican traditional medicine for the control of diabetes mellitus. In their
study, the hypoglycemic effects produced by the acute and chronic administration of various
extracts of Ibervillea sonorae were investigated. Both the traditional preparation (aqueous
decoction) and the raw extract (juice) from the root resulted in significant reductions of
glycemia in healthy mice after intraperitoneal administration at a dose of 600 mglkg.
Additionally, ground dried root was used to obtain a dichloromethane (DCM) extract and a
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methanol (MeOH) extract. The DCM extract induced a clear reduction of glycemia in healthy
(P < 0.05) and in alloxan-diabetic mice. The intraperitoneally administered DCM extract

caused a severe hypoglycemia that produced lethality in all the treated animals when doses of
300 and 600 mglkg body weight were used. Since the DCM extract showed a marked
hypoglycemic activity, it was administered daily per os to alloxan diabetic rats, employing
com oil and tolbutamide as controls. After 41 days of DCM extract administration at a dose
of 300 mg/kg/day, diabetic rats showed improvement in glycemia, body weight, triglycerides,
and GPT in comparison with the diabetic control group. Total cholesterol, GOT, and uric acid
blood levels were not affected.
Galega officinalis (galega, Goat's Rue, French Lilac) was well known for its

hypoglycaemic action and has been used as part of a plant mixture in the treatment of
diabetes mellitus. Palit et al. (1999) have done the novel weight-reducing activity of Galega
officinalis in mice. During pharmacological investigations of an ethanolic extract of a

powdered mixture of equal proportions of G. o.fficinalis, Cressa cretica, Mangifera indica
and Syzygium jambolanum, a weight reducing effect of galega was discovered. Galega herb
(10% w/w in the diet) caused a significant reduction in body weight in both normal and
genetically obese (ob/ob) animals treated for 28 days when compared with respective controls
(P < 0.01). In normal mice, the weight loss was reversible and initially associated with a
transient reduction in food intake but was then maintained even in the presence of increased
eating above the control level. Pair-fed normal mice receiving galega for seven days also
showed significant weight loss (P < 0.01, compared with the control) in the presence of
increasing food intake. In sharp contrast, weight loss in galega-treated ob/ob mice was
accompanied by a persistent reduction in food intake over the 28-day treatment period. Postmortem examinations of all galega-treated mice revealed a striking absence of body fat.
Serum glucose was significantly reduced in both strains of mice receiving galega for 28 days
(P < 0.01), whereas serum insulin was significantly reduced only in obese mice (P < 0.01). In
summary, together with its established hypoglycaemic effects, galega had a novel weight
reducing action that, in normal mice, was largely independent of a reduction in food intake.
The mechanism of the weight reducing action of galega was unclear but involves loss of body
fat.
The hypoglycaemic activity of a 20% dried leaf infusion of Bauhinia candicans
Benth. (Leguminosae), Galega officinalis L. (Leguminosae), Morus alba L. (Moraceae) and
Rubus ulmifolius Schott. (Rosaceae), used for diabetes in Chilean popular medicine, was
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evaluated in alloxan and streptozotocin induced hyperglycaemic rats. In normal rats the
different infusions did not modify significantly the glycaemia in the period studied, but in
diabetic rats different results were observed, depending on the diabetogenic drug used. B.
candicans and R. ulmifolius infusions elicited remarkable hypoglycaemic effects in both

experimental models. B. candicans presented a greater decrease of glycaemia in alloxan
diabetic rats (39%) and R. ulmifolius showed a similar activity in both alloxan and
streptozotocin diabetic rats (28% and 29% ). Activity-guided fractionation of R. ulmifolius
showed that petroleum ether extracts elicited a marked hypoglycaemic effect (35%) in the
streptozotocin induced model (Lemus et al., 1999).
The insulin-like biological activity of culinary and medicinal plant aqueous extracts in
vitro has done by Broadhurst et al. (2000). To evaluate the possible effects on insulin

function, 49 herb, spice, and medicinal plant viz,Cinnamomun zeylanicum, Hamamelis
virginiana (witchhazel), Camellia sinensis (green and black teas), Pimenta dioica (allspice),
Laurus nobilis L. (bay leaves), Myristicafragrens (nutmeg), Syzgium aromaticum (cloves),

mushrooms, and brewer's yeastextracts were tested in the insulin-dependent utilization of
glucose using a rat epididymal adipocyte assay. Cinnamon was the most bioactive product
followed by witch hazel, green and black teas, allspice, bay leaves, nutmeg, cloves,
mushrooms, and brewer's yeast. The glucose oxidation enhancing bioactivity was lost from
cinnamon, tea, witchhazel, cloves, bay leaf and allspice by poly(vinylpyrrolidone) (PVP)
treatment, indicating that the active phytochemicals were likely to be phenolic in nature. The
activity of sage, mushrooms, and brewers's yeast was not removed by PVP. The positive
effects of specific plant extracts on insulin activity suggested a possible role of these plants in
improving glucose and insulin metabolism. Malalavidhane et al. (2001) have shown that an
aqueous extract of the green leafy vegetable Ipomoea aquatica was as effective as the oral
hypoglycaemic drug tolbutamide in reducing the blood sugar levels of Wistar rats. Their
study was undertaken to compare the oral hypoglycaemic activity of an aqueous extract of the
green leafy vegetable Ipomoea aquatica (dose equivalent to 3.3 g starting material/kg body
weight) with that of the known oral hypoglycaemic drug tolbutamide (15 mg/kg body weight)
in glucose challenged Wistar rats (3 g/kg body weight, administered 30 min after the
administration of Ipomoea aquatica or tolbutamide). One and half hours after administration
of glucose (equivalent to 2 h after administration of plant extract or tolbutamide), the mean
blood glucose level of the Ipomoea aquatica treated group was 47.5% lower than that of the
control group treated with distilled water. The tolbutamide treated group showed a mean
blood glucose level which was only 33.8% lower than that of the control group. However,
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statistical analysis indicated that the blood glucose levels of the Ipomoea aquatica treated
group were not significantly different from that of the tolbutamide treated group. Their results
showed that the aqueous extract of Ipomoea aquatica is as effectve as tolbutamide in
reducing the blood glucose levels of glucose-challenged Wistar rats.
The hypoglycaemic activity of Punica granatum Linn. (Family Punicaceae) seed
extract on rats made diabetic by streptozotocin (STZ) was investigated (Das et al., 2001). The
methanol extract of the seed at doses of 300 and 600 mglkg, and chlorpropamide 200 mglkg
was administered to STZ diabetic rats. The seed extract (150, 300 and 600 mglkg, orally)
caused a significant reduction of blood glucose levels in STZ induced diabetic rats by 47%
and 52%, respectively, at the end of 12 h. Okyar (2001) made a study on the effect of Aloe

vera leaves on blood glucose level in type I and type II diabetic rat models. Aloe vera (L.)
Burm. fil. (= A. barbadensis Miller) (Liliaceae) was native to North Africa and also
cultivated in Turkey. Aloes have long been used all over the world for their various medicinal
properties. In the past 15 years, there have been controversial reports on the hypoglycaemic
activity of Aloe species, probably due to differences in the parts of the plant used or to the
model of diabetes chosen. In their study, separate experiments on three main groups of rats,
namely, non-diabetic (ND), type I (IDDM) and type II (NIDDM) diabetic rats were· carried
out. A. vera leaf pulp and gel extracts were ineffective on lowering the blood sugar level of
ND rats. A. vera leaf pulp extract showed hypoglycaemic activity on IDDM and NIDDM
rats, the effectiveness being enhanced for type II diabetes in comparison with glibenclamide.
On the contrary, A. vera leaf gel extract showed hyperglycaemic activity on NIDDM rats.
Based on their results, anthers concluded that the pulps of Aloe vera leaves devoid of the gel
could be useful in the treatment of non-insulin dependent diabetes mellitus. Rathi et al.
(2002) made a study on the prevention of experimental diabetic cataract by Indian Ayurvedic
plant extracts. The efficacy of Momordica charantia (MC), Eugenia jambolana (EJ),

Tinospora cordifolia (TC) and Mucuna pruriens (MP) was assessed in the prevention of
murine alloxan dibetic cataract. Alloxan (120 mglkg) was used as the diabetogenic agent.
While controls and diabetic controls did not receive any plant extract, treated rats received
lyophilized aqueous extract of MC and EJ (200 mglkg p.o.), alcohol extract of TC (400
mglkg) and MP (200 mglkg p.o.) every day until4 months. Serum glucose concentration was
assessed and cataracts examined with both the naked eye and through a slit lamp. Of the eight
animals in the diabetic control group, four developed cortical cataract (stage IV) by day 90
while the remaining four developed it by day 100. The incidence rate of cataract in MC, EJ,
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TC and MP treated groups at 120 days was only 0, 0, 1 and 2. Oral feeding of MC, EJ, TC
and MP extracts for 1 month produced a fall of 64.33%, 55.62%, 38.01% and 40.17%,
respectively, in the serum glucose levels in comparison with the 48 h level. After 2 months of
treatment, the respective values were 66.96%, 59.85%, 40.41% and 45.63%. MC and EJ
prevented the development of cataract while the protective effect was less with TC and MP
along with a significant reduction of plasma glucose levels (p < 0.001).

Caesalpinia bonducella F. (Leguminosae) is a medicinal plant, widely distributed
throughout India and the tropical regions of the world. Its seed kernels were used in the
management of diabetes mellitus, in the folklore medicine of Andaman and Nicobar as well
as the Caribbean Islands. Parameshwar et al. (2002) have worked on the oral antidiabetic
activities of different extracts of Caesalpinia bonducella seed kernels. The seed kernel
powder was reported to have hypoglycaemic activity in experimental animals. Four extracts
(petroleum ether, ether, ethyl acetate and aqueous) of the seed kernels were prepared and
tested for their hypoglycaemic potentials in normal as well as alloxan induced diabetic rats.
In normal rats, only ethyl acetate and aqueous extracts showed a minimum significant
hypoglycaemic effect, compared to that of glibenclamide. In diabetic rats, both the polar
extracts (ethyl acetate and aqueous) as well as glibenclamide, showed significant
hypoglycaemic effect, besides, reversing the diabetes induced changes in lipid and liver
glycogen levels. As far as the non-polar extracts were concerned, the ether extract showed a
marginal antidiabetic activity, while the petroleum ether extract failed to show any. Since
both the polar extracts were, chemically, found to contain triterpenoidal glycosides, they
presumed that they might be the active principles contributing to the antidiabetic actions. In

in vitro antioxidant studies, the aqueous extract was found to be devoid of any free radical
scavenging activity, while the ethyl acetate extract showed a maximum of 49% activity at the
end of 1 h. Although the antioxidant potential of ethyl acetate extract might contribute to
overcome the diabetes linked oxidative stress, it needed not necessarily contribute to its
hypoglycaemic activity.
Kar et al. (2003) have worked on the comparative evaluation of hypoglycaemic
activity of some Indian medicinal plants in alloxan diabetic rats. In their experiments 30
hypoglycaemic medicinal plants (known and less known) have been selected for thorough
studies from indigenous folk medicines, Ayurvedic, Unani and Siddha systems of medicines.
In all the experiments with different herbal samples (vacuum dried 95% ethanolic extracts),
definite blood glucose lowering effect within 2 weeks have been conf'rrmed in alloxan ·
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diabetic albino rats. Blood glucose values were brought down close to normal fasting level
using herbal samples at a dose of 250 mglkg once, twice or thrice daily, as needed. While
evaluating comparative hypoglycaemic activity of the experimental herbal samples,
significant blood glucose lowering activities were observed in decreasing order in the
following 24 samples-Coccinia indica, Tragia involucrata, G. sylvestre, Pterocarpus
marsupium, T. foenum-graecum, Moringa oleifera, Eugenia jambolana, Tinospora cordifolia,
Swertia chirayita, Momordica charantia, Ficus glomerata, Ficus benghalensis, Vinca rosea,
Premna integrifolia, Mucuna prurita, Terminalia bellirica, Sesbenia aegyptiaca, Azadirachta
indica, Dendrocalamus hamiltonii, Zingiber officinale, Aegle marmelos, Cinnamomum
tamala, Trichosanthes cucumerina and Ocimum sanctum. The studies besides confirming

hypoglycaemic activities of the experimental herbal samples have helped to identify more
potent indigenous hypoglycaemic herbs (in crude ethanolic extract) from the comparative
study of the reported experimental results.
The effect of an antidiabetic extract of Catharanthus roseus on enzymic activities in
streptozotocin induced diabetic rats has investigated by Singh et al. (2001). Hypoglycemic
activity was detected in dichloromethane: methanol extract (1:1) of leaves and twigs of
Catharanthus roseus (family Apocynaceae), a traditionally used medicinal plant, using

streptozotocin (STZ) induced diabetic rat model. Extract at dose of 500 mglkg given orally
for 7 and 15 days showed 48.6 and 57.6% hypoglycemic activity, respectively. Prior
treatment at the same dose for 30 days provided complete protection against STZ challenge
(75 mglkg/i.p.x1). Enzymic activities of glycogen synthase, glucose 6-phosphatedehydrogenase, succinate dehydrogenase and malate dehydrogenase were decreased in liver
of diabetic animals in comparison to normal and were significantly improved after treatment
with extract at dose 500 mglkg p.o. for 7 days. Results indicate increased metabolization of
glucose in treated rats. Increased levels of lipid peroxidation measured as 2-thiobarbituric
acid reactive substances (TBARS) indicative of oxidative stress in diabetic rats were also
normalized by treatment with the extract. The leaf juice or water decoction of Catharanthus
roseus L. (Apocyanaceae) was used as a folk medicine for the treatment of diabetes all over

the world. The leaf juice of C. roseus has also been evaluated by Srinivas et al. (2003) for its
hypoglycemic activity in normal and alloxan-induced diabetic rabbits. The blood glucose
lowering activity of the leaf juice was studied in normal and alloxan-induced (100 mglkg,
i.v.) diabetic rabbits, after oral administration at doses of 0.5, 0.75 and 1.0 mllkg body
weight. Blood samples were collected from the marginal ear vein before and also at 4, 6, 8,

45

10, 12, 16, 18, 20 & 24 h after drug administration and blood glucose was analyzed by
Nelson-Somogyi's method using a visible spectrophotometer. The data was compared
statistically by using Student's t-test. The leaf juice of C. roseus produced dose-dependent
reduction in blood glucose of both normal and diabetic rabbits and comparable with that of
the standard drug, glibenclamide. The results indicated a prolonged action in reduction of
blood glucose by C. roseus and the mode of action of the active compound(s) of C. roseus
was probably mediated through enhance secretion of insulin from the P-cells of Langerhans
or through extrapancreatic mechanism. The study clearly indicated a significant antidiabetic
activity with the leaf juice of Catharanthus roseus and supports the traditional usage of the
fresh leaves by Ayurvedic physicians for the control of diabetes.
In another study Satyanarayana et al. (2003) have made an evaluation of herbal

preparations for hypoglycemic activity in normal and diabetic rabbits.The leaf juice of

Catharanthus roseus and the seed powder of fenugreek were tested for their hypoglycemic
action individually and in combination in normal and alloxan-induced diabetic rabbits. Blood
glucose was determined in all the groups before and after treatment with Catharanthus

roseus and fenugreek at doses of 0.5, 0.75 and l.Omllkg and 50,100 and 150mglkg,
respectively, at 0, 0.5, 1, 2, 3 ,4,6,8,10,12,14,16,18,20,22 and 24h after being fasted for 18h.
The effect was found to be dose-dependent with both the treatments at the doses
administered. The percentage blood glucose reduction produced by the combination of

Catharanthus roseus (0.5mllkg) and fenugreek (50mglkg) was more than the sum of their
individual percent blood glucose reduction in both normal and diabetic rabbits, suggesting
that the combination produced a synergistic action.
The antidiabetic activity of Boerhaavia diffusa L. in experimental diabetes was
studied by Pari and Satheesh (2004). The purpose of the study was to investigate the effects
of daily oral administration of aqueous solution of Boerhaavia diffusa L. leaf extract (BLEt)
(200 mglkg) for 4 weeks on blood glucose concentration and hepatic enzymes in normal and
alloxan induced diabetic rats. A significant decrease in blood glucose and significant increase
in plasma insulin levels were observed in normal and diabetic rats treated with BLEt.
Treatment with BLEt resulted in a significant reduction of glycosylated haemoglobin and an
increase in total haemoglobin level. The activities of the hepatic enzymes such as hexokinase
was significantly increased and glucose-6-phosphatase, fructose-1, 6-bisphosphatase were
significantly decreased by the administration of BLEt in normal and diabetic rats. An oral
glucose tolerance test (OGTT) was also performed in the same groups, in which there was a
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significant improvement in glucose tolerance in rats treated with BLEt. A comparison was
made between the action of BLEt and antidiabetic drug-glibenclamide (600 J.Lg/kg). The
effect of BLEt was more prominent when compared to glibenclamide.
Effects of ten different plant extracts in the regulation of serum cortisol and glucose
concentrations were evaluated in male mice by Gholap and Kar (2004). While the extracts of
Inula racemosa, Boerhaavia diffusa and Ocimum sanctum decreased the serum concentration
of both cortisol and glucose, Aegle marmelos, Azadirachta indica and Gymnema sylvestre
extracts could exhibit hypoglycaemic activity without altering the serum cortisol
concentration. It appeared that the hypoglycaemic effects of former three plant extracts were
mediated through their cortisol inhibiting potency, whereas the mechanism for other plant
extracts could be different. Lipid-peroxidation was not enhanced by any of the plant extracts
(some were in fact, antiperoxidative in nature). As I. racemosa, B. diffusa and 0. sanctum
exhibited antiperoxidative, hypoglycaemic and cortisol lowering activities, it was suggested
that these three plant extracts may potentially regulate corticosteroid induced diabetes
mellitus.
The aqueous extract of Murraya koenigii leaves was also evaluated for hypoglycemic
activity in normal and alloxan induced diabetic rabbits (Kesari et al., 2005). The plant was
promising as it was widely and regularly used as a spice for food flavoring and as such it
appears to be without any side effects and toxicity. The scientific evaluation of its
hypoglycemic activity was, explored and also compared with the effect of a standard
hypoglycemic drug, tolbutamide. A single oral administration of variable dose levels (200,
300 and 400 mglkg) of aqueous extract led to lowering of blood glucose level in normal as
well as in diabetic rabbits. The maximum fall of 14.68% in normal and 27.96% in mild
diabetic was observed after 4 h of oral administration of 300 mg/kg. The same dose also
showed a marked improvement in glucose tolerance of 46.25% in sub-diabetic (AR) and
38.5% in mild diabetic rabbits in glucose tolerance test after 2 h. The findings from this study
suggest that the aqueous extract of these leaves might be prescribed as adjunct to dietary
therapy and drug treatment for controlling diabetes mellitus. Mukheijee et al. (2006) have
leads from Indian medicinal plants with hypoglycemic potentials. The plants provide a
potential source of hypoglycemic drugs because many plants and plant derived compounds
have been used in the treatment of diabetes. Several medicinal plants have found potential
use as hypoglycemic in the Indian system of medicines, including ayurveda. Many Indian
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plants have been investigated for their beneficial use in different types of diabetes and reports
occur in numerous scientific journals. That article aims to provide a comprehensive review on
various plant species from Indian biosphere and their constituents, which have been shown to
display potent hypoglycemic activity. The use of herbs as hypoglycemic was a major avenue
in Indian perspectives particularly for treating diabetes, which require to be explored more
effectively as there are so many literatures available on these aspects. That paper describes
the chemistry, activity and usage of the constituents isolated from these plants from India for
the treatment of diabetes.
Another investigation on the effect of feeding Murraya koeingii and Brassica juncea
diet on kidney functions and glucose levels in streptozotocin diabetic mice has been carried
out by Grover et al. (2003). Purpose of the study was to investigate the effects of daily oral
feeding 15% of powdered leaves of Murraya koeingii (MK) (commonly called as Curry
patta) andl0%powder of seeds of Brassicajuncea (BJ) (commonly called as Rai) for 60 days
on serum glucose concentrations and kidney functions in streptozotocin (STZ; 100 mglkg)
diabetic rats. Serum glucose levels, body weight, urine volume, serum creatinine, and urinary
albumin (UAE) levels were monitored on day 0, 10, 25, 40, and 70 of the experiment. After
60 days of STZ administration, urine volume per day andUAE levels were significantly
higher (P <0.0005) in diabetic controls (DC) as compared to normal controls (NC). Although
feeding of the MKIBJ showed a trend towards improvement in most of the parameters, results
were not statistically different from theDCexcept in serum creatinine values in BJ-fed rats on
day 70. Thus, those plants could be best utilized by promoting them as preferable food
adjuvants for diabetic patients.
Kayoko et al. (2005) examined the effects of long-term oral administration of green
tea cultivated in different districts in Japan on body weight, blood lipid and glucose levels on
db/db mice. Previous research using short-term animal experiments has indicated that oral
administration of green tea can suppress elevation of blood sugar. However, few data were
available on the antihyperglycemia effect of green tea in long-term experiments. In their
study effects of long-term (up to 16 weeks) administration of green tea preparations on body
weight, blood sugar and lipid content of db/db and db/+m mice were examined. Preparations
were prepared by the same procedure from tea leaves cultivated in different districts in Japan.
Significant differences (P < 0.05) were observed in the blood parameters and body weight
between control and green tea groups of db/db mice. In the case of normal mice, however, no
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significant difference was observed. In addition, the response to the administration of green
tea depended on the source and composition of tea leaves.
In another work Ravi et al. (2005) examined the antihyperlipidemic effect of Eugenia

jambolana seed kernel on streptozotocin-induced diabetes in rats. Abnormalities in lipid

profile are one of the most common complications in diabetes mellitus, which is found in
about 40% of diabetics. In their study, anti-hyperlipidemic efficacy of Eugenia jambolana
seed kernel (EJs-kernel) was evaluated in streptozotocin (STZ)-induced diabetic rats and the
efficacy was compared with standard hypoglycemic drug, glibenclamide. The effect of oral
administration of ethanolic extract of EJs-kernel (100 mglkg body weight) was examined on
the levels of cholesterol, phospholipids, triglycerides and free fatty acids in the plasma, liver
and kidney tissues of STZ (55 mglkg body weight)-induced diabetic rats. The plasma
lipoproteins and tissues fatty acid composition were also monitored. STZ-induced diabetic
rats, showed significant increase in the levels of cholesterol, phospholipids, triglycerides and
free fatty acids which were considerably restored to near normal in EJs-kernel or
glibenclamide treated animals. The plasma lipoproteins (HDL, LDL, VLDL-cholesterol) and
fatty acid composition were altered in STZ-induced diabetic rats and these levels were also
reverted back to near normalcy by EJs-kernel or glibenclamide treatment. They concluded
that, EJs-kernel possesses hypolipidemic effect, which might· be due to the presence of
flavonoids, saponins, glycosides and triterpenoids in the extract. The hypolipidemic effect
mediated by EJs-kernel might also be anticipated to have biological significance and provide
a scientific rationale for the use of EJs-kernel as an anti-diabetic plant.
Dimo et al. (2007) have investigated the effect of Sclerocarya birrea (Anacardiaceae)
stem bark methylene chloride/methanol extract on streptozotocin-diabetic rats. Sclerocarya
birrea (Anacardiaceae) was used as a traditional treatment of diabetes in Cameroon. They

investigated the possible antidiabetic effect of the stem bark extract in diabetic rats. Diabetes
was induced by intravenous injection of streptozotocin (STZ, 55 mglkg) to male Wistar rats.
Experimental animals (six per group), were treated by oral administration of plant extract
(150 and 300 mglkg body weight) and metformin (500 mglkg; reference drug) for·
comparison, during 21 days. The · stem bark methanol/methylene chloride extract of
Sclerocarya birrea exhibited at termination, a significant reduction in blood glucose and

increased plasma insulin levels in diabetic rats. The extract also prevented body weight loss
in diabetic rats. The effective dose of the plant extract (300 mglkg) tended to reduce plasma
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cholesterol, triglyceride and urea levels toward the normal levels. Four days after diabetes
induction, an oral glucose tolerance test (OGTT) was also performed in experimental diabetic
rats. The results showed a significant improvement in glucose tolerance in rats treated with
Sclerocarya birrea extract. Metformin, a known antidiabetic drug (500 mglkg), significantly

decreased the integrated area under the glucose curve. Those data indicated that Sclerocarya
birrea treatment might improve glucose homeostasis in STZ-induced diabetes which could be

associated with stimulation of insulin secretion.
The amount of glycogen and its synthesis from glucose was studied in white muscle
(extensor digitorum longus-- EDL) and red muscle (soleus --SOL) of normal rats and rats
with alloxan diabetes by the anthrone method (Sofrankova, 1975). The amount of glycogen
was higher in the white muscle of normal rats, both after a 24 hours' fast (0.37+/-0.02 mg/g as
against 0.29+/-0.01 mg/g in the SOL) and with feeding ad libitium (0.72+/-0.05 mg/g as
against 0.58+/-0.03 mg/g in the SOL). After a 24 hours' fast, the glycogen content of both
muscles was non-significantly higher in alloxan-diabetic rats than in normal animals, whereas
in diabetic animals fed ad libitum it was significantly lower than in normal rats fed in the
same manner (0.54+/-0.07 mg/g in the EDL and 0.33+/-0.03 mg/g in the SOL). The
difference between the glycogen content of the white and red muscle of diabetic rats was also
in favour of the white muscle. Muscle glycogenesis from intragastrically administered
glucose was higher in the red muscle in all the experimental groups. In normal fed ad libitum
the glycogen content of the EDL did not change after glucose administration, but in the SOL
it raised from 0.58+/-0.03 to 0.83+/-0.05 mg/g. In fasting (24 hours) normal rats it rose
sharply in both muscles, from 0.037+/-0.02 to 0.57+/-0.03 mg/g in the EDL and from 0.29+/0.01 to 0.87+/-0.06 mg/g in the SOL. In fasting (24 hours) diabetic animals, the glycogen
content rose after glucose in the SOL only, from 0.36+/-0.01 to 0.66+/-0.06 mglg. The
differences found in glycogen synthesis in the white and red muscle of normal and diabetic
rats were discussed mainly from the aspect of the existence of a relationship between the
glycogen concentration and glycogen synthetase activity.
Rapin (1998) has worked on the effects of repeated treatments with an extract of
Ginkgo biloba (EGb 761) and bilobalide on liver and muscle glycogen contents in the non-

insulin-dependent diabetic rat. The effects of repeated (15-day) oral treatments with an
extract of Ginkgo biloba (EGb 761; 50 mglkg/day) or with its terpenoid constituent,
bilobalide (2 mglkg/day), were assessed in normal rats and in rats that had been previously
injected with streptozotocin (50 mglkg, i.p. in saline solution), a dose which provided a
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model of non-insulin-dependent diabetes mellitus (NIDDM). In that model of diabetes, blood
glucose was significantly increased while the circulating insulin level remains unchanged.
Glucose penetrates cells because of decreased glycogen turnover, a metabolic abnormality
that can be revealed by using an oral glucose tolerance test (OGTT). In control rats,
hyperglycemia was accompanied by increased glycogen synthesis, as evidenced by increased
concentrations of that storage substance in liver and skeletal muscle. Repeated treatment with
EGb 761 or bilobalide increased the glycogen contents of both liver and muscle. That effect
of bilobalide was additive to that of hyperglycemia in muscle. In diabetic rats, hyperglycemia
did not modify glycogen synthesis, indicating impaired glucose utilization. Repeated
treatment with EGb 761 or bilobalide partially prevented this impairment and led to increased
in glycogen content in both liver and muscle under control conditions an during OGTT with 2
glkg glucose. The moleculasr mechanism underlying these actions of EGb 761 could be
related to an antioxidant effect (i.e., suppression of free radical formation) or to free radicalscavenging, since EGb 761 was known to have such effects and since free radicals have been
implicated in the cytotoxic activity of streptozatocin. However, the increase in glucose uptake
induced by bilobalide might have been related to increased glycogen synthesis.
The effects of acute insulin deficiency on the kidney have been investigated in animal
models of experimental diabetes; however, the impact of long-term diabetes has not been
determined. Nannipieri et al. (2001) have examined the influence of long term diabetes on
renal glycogen metabolism. They measured renal glycogen contents in streptozotocin (STZ)diabetic rats 3 weeks (n

= 12) or 9 months (n = 12) after the induction of diabetes, and in 2

groups of control rats of similar age (n = 16 and n = 12, respectively), in the fed state and
after a 24-hour fast. Diabetic rats had high glucose levels, low insulin but normal glucagon
concentrations in portal blood. In the fasting state, kidney glycogen content was very low in
both young control and young diabetic rats (54± 15 and 189 ± 26

~gig,

respectively, mean±

SD); in contrast, glycogen levels were markedly elevated in rats with long-standing diabetes
as compared to old nondiabetic animals (2,628 ± 1,023 ±and 1,968 ± 989
rat, fasting and fed, respectively, p < 0.001 vs. 0 ± 0 and 4 ± 6

~gig

~gig

of diabetic

of control rats). On

electron microscopy, large glycogen clusters were localized to the renal tubules. Kidney
phosphorylase activity was higher, and synthase activity lower in diabetic than control rats (p

< 0.05 for both), whereas kidney glycogen was strongly related to plasma glucose levels,
suggesting that the enzyme changes were secondary to glycogen accumulation itself. Renal
hexosephosphates and fructose-2,6-bisphosphate contents were both increased in long-term
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diabetic rats (p < 0.05), implying enhanced fluxes through both glycolysis and
gluconeogenesis. In chronic, untreated diabetes glycogen accumulates in the renal tubules;
prolonged hyperglycemia was the sole driving force for this phenomenon.
Vats et al. (2003) have worked on the effect ofT. foenum graecum, a plant mentioned
in Ayurveda on glycogen content of tissues and the key enzymes of carbohydrate
metabolism. In the study, FG (1 glkg PO) was assessed for its effect on glycogen levels of
insulin dependent

(skelet~

muscle and liver), insulin independent tissues (kidneys and brain)

and enzymes such as glucokinase (GK), hexokinase (HK), and phosphofructokinase (PFK).
Administration ofFG led to decrease in blood glucose levels by 14.4 and 46.64% on 15th and
30th day of the experiment. Liver and 2-kidney weight expressed as percentage of body
weight was significantly increased in diabetics (P < 0.0005) versus normal controls and this
alteration in the renal weight (P < 0.0005) but not liver weight was normalized by feeding of
FG. Renal glycogen content increased by over 10 folds while hepatic and skeletal muscle
glycogen content d~creased by 75 and 68% in diabetic controls versus controls and these
alteration in glycogen content was partly prevented by FG. Activity of HK, GK and PFK in
diabetic controls was 35, 50 and 60% of the controls and FG partially corrected this alteration
in PFK, HK and GK. In a further study also Vats et al., (2004) studied the anti-cataract
activity of Pterocarpus marsupium bark and Trigonella foenum-graecum seeds extract in
alloxan diabetic rats. Long-term complications were frequently encountered in diabetes
mellitus and were difficult to treat. An aqueous extract of Pterocarpus marsupium Linn bark
(1 g kg-1 day-1), Ocimum sanctum Linn leaves (200 mg kg-1 day-1) and alcoholic extract of

Trigonellafoenum-graecum Linn seeds (2 g kg-1 day-1) were given to alloxan (120 mg kg-1)
diabetic rats until the development of cataract. Serum glucose and body weight were
monitored at regular intervals while cataract was examined through naked eye as well as slit
lamp at 75, 100 and 115 days after alloxan administration. Administration of all the three
plant extracts exerted a favorable effect on body weight and blood glucose, the effects were
best with Pterocarpus marsupium followed by Trigonella foenum-graecum and Ocimum

sanctum. On the course of cataract development, Pterocarpus marsupium followed by
Trigonellafoenum-graecum exerted anti-cataract effect evident from decreased opacity index
while Ocimum sanctum failed to produce any anti-cataract effect in spite of significant
antihyperglycemic.
The effect of aminoguanidine on lipid peroxidation in streptozotocin-induced diabetic
rats has done by Thm

et al. (1999). One potential mechanism of the increased lipid
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peroxidation in

diabetes was

lipid-linked

advanced glycosylation

and

oxidation.

Aminoguanidine (AMGN), the prototype inhibitor of advanced glycosylation end product
(AGE) formation, has been shown to prevent oxidative modification of low-density
lipoprotein (LDL) in vitro at a moderate concentration. It was unknown whether AMGN may
act as an antioxidant against lipid peroxidation under hyperglycemia in vivo. To investigate
the in vivo effect of AMGN on lipid peroxidation in diabetes, they administered AMGN (1
giL in drinking water) or vitamin E (400 mg/d for 5 d/wk) to streptozotocin (STZ)-induced
diabetic rats for 9 weeks and measured plasma lipid hydroperoxides by ferrous oxidation with
xylenol orange II (FOX method) and red blood cell (RBC) membrane malondialdehyde
(MDA) and related aldehydes as thiobarbituric acid-reactive substances (TBARS). Plasma
lipid hydroperoxide was higher in STZ-induced diabetic rats versus control rats (mean +ISD, 7.53 +1- 2.03 v 5.62 +1- 0.44 micromol/L, P < .05; n = 8 to 14). RBC membrane TBARS
were also higher in STZ-induced diabetic rats than in control rats (2.67 +1- 0.46 v 1.81 +/0.19 nmollmL, P < .05). Plasma lipid hydroperoxide was lower in AMGN-treated (6.23 +10.59 micromol/L, P < .05) and vitamin E-treated (5.29 +1- 0.27 micromol/L, P < .05) diabetic
rats than in untreated diabetic rats. RBC membrane TBARS were also lower in AMGNtreated (1.93 +1- 0.12 nmollmL, P < .05) diabetic rats than in untreated diabetic rats. There
was no significant difference in plasma glucose, cholesterol, and triglyceride levels among
diabetic groups. Although the mechanism(s) of action of AMGN on lipid peroxidation in vivo
should be studied further, authors suggested that AMGN may have an additional beneficial
effect as an antioxidant against lipid peroxidation in a prevention trial for diabetic vascular
complications.
The antidiabetic effect of aqueous extract of seed of Tamarindus indica in
streptozotocin-induced diabetic rats have examined by Maiti et al. (2004). In their study,
aqueous extract of seed of Tamarindus indica Linn. was found to have potent
antidiabetogenic activity that reduced blood sugar level in streptozotocin (STZ)-induced
diabetic male rat. Supplementation of that aqueous extract by gavage at the dose of 80 mg/0.5
ml distilled water/100 g body weight per day in STZ-induced diabetic rat resulted in a

significant diminution of fasting blood sugar level after 7 days. Continuous supplementation
of that extract for 14 days resulted in no significant difference in this parameter from control
level. Moreover, this supplementation produced a significant elevation in liver and skeletal
muscle glycogen content, activity of liver glucose-6-phosphate dehydrogenase in respect to
diabetic group. Activities of liver glucose-6-phosphatase, liver and kidney glutamate
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oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) activities were
decreased significantly in the aqueous extract supplemented group in respect to diabetic
group. All those parameters were not resettled to the controlled level after 7 days of that
extract supplementation but after 14 days of that supplementation, all the above mentioned
parameters were restored to the control level.
Catechins, polyphenolic compounds belonging to flavanoid family, have been
reported to posses' insulin-like properties and their antidiabetic actions have been
documented. Catechins have received much attention as strong anti-oxidative agents. Since
oxidative stress .has been implicated in the development of diabetic complications and GSH
plays an important role in protection against oxidative damages, the researchers have studied
the in vitro effect of (-) epicatechin and insulin on the reduced glutathione content in normal
and type 2 diabetic erythrocytes. The GSH content was significantly lower (p < 0.001) in type
2 diabetic patients as compared to normal individuals. In vitro insulin treatment (10(-9) M)
resulted in increase in the GSH content in both normal and type 2 diabetic erythrocytes. ()Epicatechin (1mM) also resulted in an increase in erythrocyte GSH content in both normal
and type 2 diabetic erythrocytes. Insulin gave a pronounced dose-responsive effect:
maximum increase in GSH content at physiological hormone concentration and a lower
increase at higher and lower insulin concentrations. (-)Epicatechin did not show a similar
dose-responsive effect. Although the exact mechanism by which (-) epicatechin causes
elevation of erythrocyte GSH was not clear nevertheless that finding may have important
therapeutic implications. A higher content of dietary flavanoids might thus protect diabetic
patients against long-term complications (Rizvi and Zaid, 2001).
The mechanism of action of antiatherogenic and related effects of Ficus
bengalensisLinn. flavonoids in experimental animals syudied by Daniel et al. (2003). One
month treatment of alloxan diabetic dogs with a glycoside, viz.leucopelargonin derivative
(100 mglkg/day) isolated from the bark of F.bengalensis decreased fasting blood sugar and
glycosylated haemoglobin by 34% and 28% respectively. Body weight was maintained in
both the treated groups while the same was decreased significantly by 10% in the control
group. In cholesterol diet fed rats, as the atherogenic index and the hepatic bile acid level and
the faecal excretion of bile acids and neutral sterols increased, the HMGCoA reductase and
lipogenic enzyme activities in liver and lipoprotien lipase activity in heart and adipose tissue
and plasma LCAT activity and the incorporation of labelled acetate into free and ester
cholesterol in liver decreased significantly. On treatment with the two ficus flavonoids,
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viz.leucopelargonin and leucocyanin derivatives and another flavonoid quercetin (100
mglkg/day) the above said effects except on bile acids and sterols and lipogenic enzymes
were significantly reversed in the cholesterol fed rats. However in the treated rats the hepatic
level of bile acids and the faecal excretion of bile acids and neutral sterols still further
increased and the action of lipogenic enzyme glucose 6 phosphate dehydrogenase was still
further decreased. Those effects of leucopelargonidin and quercetin were better than that of
the second. Toxicity studies were required to be carried out to fmd out if the ficus flavonoids
could be used as health promoters as they are hypocholesterolemic and antioxidant in action.
Koyama et al (2004) have done an evaluation on the effects of green tea on gene expression
of hepatic gluconeogenic enzymes in vivo. It has recently been reported that the major green
tea polyphenolic constituent, epigallocatechin 3-gallate (EGCG), mimics the cellular effects
of insulin including the reductive effect on the gene expression of rate-limiting gluconeogenic
enzymes in a cell culture system. They showed that administration of green tea that contains
EGCG caused a reduction in the level of mRNAs for gluconeogenic enzymes,
phosphoenolpyruvate carboxykinase and glucose-6-phosphatase in the mouse liver. EGCG
alone was also found to down-regulate the gene expression of these enzymes but not so
curcumin or quercetin. The results of their study supported the idea that green tea intake
might be beneficial in the prevention of diabetes mellitus.
The antioxidant activity of Tinospora cordifolia roots in experimental diabetes have
been worked out by Prince and Menon (2001). They made an attempt to study the antioxidant
properties of Tinospora cordifolia roots, an indigenous plant used in Ayurvedic medicine in
India in alloxan diabetic rats. Oral administration of an aqueous T. cordifolia root extract
(TCREt) (2.5 and 5.0 g: kg) for 6 weeks resulted in a decreased in the levels of plasma
thiobarbituric acid reactive substances, ceruloplasmin and a-tocopherol in alloxan diabetic
rats. The root extract also caused an increased in the levels of glutathione and vitamin C in
alloxan diabetes. The root extract at a dose of 5.0 g: kg showed the highest effect. The effect
of TCREt was more effective than glibenclamide. Insulin restored all the parameters to near
· normal levels. They also reported that oral administration of 2.5 g and 5.0 g/kg body weight
of the aqueous extract of the roots for 6 weeks resulted in a significant reduction in
thiobarbituric acid reactive substances (TBARS) and an increased in reduced glutathione
(GSH), catalase (CAT) and superoxide dismutase (SOD) in alloxan diabetic rats. The effect
of Tinospora cordifolia root extract (TCREt) was most prominently seen in the case of rats
given 5.0 g/kg body weight. The effect of TCREt was more effective than glibenclamide.

55

Thus their study showed that TCREt exhibits antioxidant action in alloxan diabetes. Annida
and Prince (2005) evaluated the antioxidant effect of Trigonella foenum-graecum by
estimating thiobarbituric acid-reactive substances and reduced glutathione and measuring the
activities of catalase and superoxide dismutase in liver, heart, and kidney in diabetic rats.
Fenugreek leaf powder supplementation significantly lowered lipid peroxidation and
significantly increased the antioxidant system in diabetic rats. The effect at a dose of 1 glkg
of body weight of fenugreek leaf powder was similar to that of glibenclamide. Insulin
restored all the parameters to near normal values. Thus, fenugreek leaf powder reduced
oxidative stress in experimental diabetes.
The antihyperglycaemic and anti-oxidant properties of Andrographis paniculata in
normal and diabetic rats were investigated by by Xiang-Fan and Kwong-Huat (2000).
Oxidative stress was believed to be a pathogenetic

facto~

in the development of diabetic

complications. They investigated the ethanolic extract of the aerial parts of Andrographis
paniculata for antihyperglycaemic and anti- oxidant effects in normal and streptozotocin-

induced type I diabetic rats. Normal and diabetic rats were randomly divided into groups and
treated orally by gavage with vehicle (distilled water), metformin (500 mglkg bodyweight) or
the extract (400 mglkg bodyweight), twice a day for 14 days. At the end of the 14 day period,
the extract, like metformin, significantly increased bodyweight (P< 0.01) and reduced fasting
serum glucose in diabetic rats (P< 0.001) when compared with vehicle, but had no effect on
bodyweight and serum glucose in normal rats. Levels of liver and kidney thiobarbituric acidreactive substances (TBARS) were significantly increased (P< 0.0001, P< 0.01,
respectively), while liver glutathione (GSH) concentrations were significantly decreased (P<
0.005) in vehicle-treated diabetic rats. Liver and kidney TBARS levels were significantly
lower (P< 0.0001, P< 0.005, respectively), whereas liver GSH concentrations were
significantly higher (P< 0.05) in extract- and metformin-treated diabetic rats compared with
vehicle-treated diabetic rats. Andrographis paniculata significantly decreased kidney TBARS
level (P< 0.005) in normal rats. Hepatic superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) activities were significantly lower in vehicle-treated
diabetic rats compared with vehicle-treated normal rats. The extract, as well as metformin,
significantly increased the activity of SOD and CAT, but had no significant effect on GSHPx activity in diabetic rats. The extract and metformin did not produce significant changes in
the activity of these anti-oxidant enzymes in normal rats. Their results showed that oxidative
stress was evident in streptozotocin-diabetic rats and indicate that the ethanolic extract of A.
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paniculata not only possessed an antihyperglycaemic property, but might also reduced
oxidative stress in diabetic rats.
The glutathione redox cycle plays a major role in scavenging hydrogen peroxide
(HzOz) under physiological conditions. It was demonstrated by Tachi et al., 2001 that high
glucose concentration in the culture medium reduced the level of H20 2 scavenging activity of
human vascular smooth muscle cells (hVSMCs). They also showed that a high glucose
concentration reduced the intracellular glutathione (GSH) content and the rate of uptake of
cystine, which itself was a rate-limiting factor that maintains the GSH level. In their study,
they investigated whether the hyperglycemic condition in diabetic rats impairs the glutathione
content in the aortic tissue in vivo. Wistar rats were divided into the following three groups:
streptozotocin-induced diabetic rats (STZ-D, n=7), insulin-treated STZ-D. rats (1-STZ-D,
n=8), and non-diabetic controls (C, n=7). Fourteen days after streptozotocin injection, the
aortic tissue was extracted and the GSH content in the aortic tissue was measured.
Furthermore, the relationship between the GSH content in the aortic tissue and blood glucose
level in Otsuka Long-Evans Tokushima Fatty (OLETF) rats aged 30 weeks, which developed
diabetes spontaneously, was investigated. The GSH content in the aortic tissue of the STZ-D
group (0.99+/-0.14 nmollmg protein) was significantly lower than that of the control group
(1.68+/-0.15 nmollmg protein). Insulin treatment to the diabetic rats restored the GSH content
in the aortic tissue (1-STZ-D group; 1.45+/-0.11 nmol/mg protein). Among the 22 Wistar rats,
the GSH content in the aortic tissue was negatively correlated with the blood glucose level
(r=-0.69, pless than 0.01, n=22). Among the OLETF rats, a similar negative correlation
between the GSH content in the aortic tissue and blood glucose level was seen (r=-0.64, pless
than 0.05, n=lO). They demonstrated in vivo that the hyperglycemic condition in STZinduced diabetic Wistar rats and OLETF rats reduced the GSH content in aortic tissue. That
suggested reduced glutathione redox cycle function of aorta.
Pari and Umamaheswari (2000) studied the antihyperglycaemic activity of Musa
sapientum flowers, commonly known as banana was widely used in Indian folk medicine for
the treatment of diabetes mellitus. Oral administration of 0.15, 0.20 and 0.25 glkg body
· weight of the chloroform extract of the flowers for 30 days resulted in a significant reduction
in blood glucose and glycosylated haemoglobin and an increase in total haemoglobin. The
extract prevented a decrease in body weight, and also resulted in a decrease in free radical
formation in the tissues. Thus the study showed that banana flower extract (BFEt) had an
antihyperglycaemic action. The decrease in thiobarbituric acid reactive substances (TBARS)
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and the increase in reduced glutathione (GSH), glutathione peroxidase (GSH-Px), superoxide
dismutase (SOD) and catalase (CAT) clearly showed the antioxidant property of BFEt. The
effect of BFEt was more prominently seen in the case of animals given 0.25 glk:g body
weight. BFEt was more effective than glibenclamide.
The antioxidant effect of an aqueous extract of Phaseolus vulgaris pods was studied
in rats with streptozotocin-induced diabetes (Venkateswaran and Pari, 2002). Oral
administration of Phaseolus vulgaris pod extract (PPEt; 200 mglk:g body weight) for 45 days
resulted in a significant reduction in thiobarbituric acid reactive substances and
hydroperoxides. The extract also caused a significant increase in reduced glutathione,
superoxide dismutase, catalase, glutathione peroxidase and glutathione-S-transferase in the
liver and kidneys of rats with streptozotocin-induced diabetes. Those results clearly showed
the antioxidant property of PPEt. The effect of PPEt at 200 mglk:g body weight was more
effective than glibenclamide. Pari and Venkateswaran (2004) further investigated the
protective role of Phaseolus vulgaris on changes in the fatty acid composition in
experimental diabetes. The investigation was carried out to evaluate the effect of Phaseolus

vulgaris on blood glucose, plasma insulin, cholesterol, triglycerides, free fatty acids,
phospholipids, and fatty acid composition of total lipids in liver, kidney, and brain of normal
and streptozotocin (STZ) diabetic rats was determined. The results showed that there was a
significant increase in tissue cholesterol, triglycerides, free fatty acids, and phospholipids in
STZ diabetic rats. The analysis of fatty acids showed that there was a significant increase in
the concentrations of palmitic acid (16:1), stearic acid (18:0), and oleic acid (18:1) in liver,
kidney, and brain, whereas the concentrations of linolenic acid (18:3) and arachidonic acid
(20:4) were significantly decreased. Oral administration of the aqueous extract of P. vulgaris
pods (200 mglk:g of body weight) for 45 days to diabetic rats decreased the concentrations of
lipids and fatty acids, viz., palmitic, stearic, and oleic acids, whereas linolenic and
arachidonic acids were elevated. Similarly, the administration of P. vulgaris pod extract
(PPEt) to normal animals resulted in a significant hypolipidemic effect. These results
suggested that PPEt exhibits hypoglycemic and hypolipidemic effects in STZ diabetic rats.
That also prevents the fatty acid changes produced during diabetes. The effect of PPEt at 200
mglk:g of body weight was better than that of glibenclamide.
Sabu and Kuttan (2002) have investigated the anti-diabetic activity of medicinal
plants and its relationship with their antioxidant property. Methanolic extract (75%) of

Tenninalia chebula, Tenninalia belerica, Emblica officina/is and their combination named
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'Triphala' (equal proportion of above three plant extracts) were used extensively in Indian
system of medicine. They were found to inhibit lipid peroxide formation and to scavenge
hydroxyl and superoxide radicals in vitro. The concentration of plant extracts that inhibited
50% of lipid peroxidation induced with Fe (2+)/ascorbate were found to be 85.5, 27, 74 and
69 micro g/ml, respectively. The concentration needed for the inhibition of hydoxyl radical
scavenging were 165, 71, 155.5 and 151 ug/ml, and that for superoxide scavenging activity
were found to be 20.5, 40.5, 6.5 and 12.5 ug/ml, respectively. Oral administration of the
extracts (100 mglkg body weight) reduced the blood sugar level in normal and in alloxan
(120 mglkg) diabetic rats significantly within 4 h. Continued, daily administration of the drUg
produced a sustained effect.
Much attention has focused on the role of oxidative stress in the various forms of
tissue damage in patients with diabetes. Diabetic rats were treated with 1 g/100 g GSH as a
dietary supplement. GSH significantly suppressed the diabetes-induced increase in urinary 8hydroxy-2'-deoxyguanosine, one of the markers of oxidative stress. It also prevented the
diabetes-induced increases in albumin and creatinine in urine. The diabetes-induced increase
in the tail flick reaction time to thermal stimuli also was normalized by treatment with dietary
GSH. GSH treatm~~t can beneficially affect STZ-induced diabetic rats, with preservation of
in vivo renal and neural function. That suggested a potential usefulness of dietary GSH
treatment to reduce diabetic (Ueno et al., 2002). Chun-Ching et al. (2002) have worked on
the antihyperglycaemic and anti-oxidant properties of Anoectochilus formosanus in diabetic
rats. In their study, they investigated aqueous extracts of Anoectochilus formosanus (AFE) for
antihyperglycaemic and anti-oxidant effects in diabetic rats induced by streptozotocin (STZ).
Diabetic rats were randomly divided into groups and treated orally by gavage with vehicle
(distilled water) or AFE (1 and 2 glkg), once a day for 21 days. 3. At the end of the 21 day
period, AFE (2 glkg) significantly reduced fasting blood glucose, serum fructosamine,
triglycerides and total cholesterol compared with vehicle-treated diabetic rats. In vehicletreated diabetic rats, levels of renal lipid peroxidation were increased, whereas glutathione
concentrations were not affected. Renal lipid peroxidation levels were significantly lower and
renal reduced glutathione (GSH) concentrations were significantly higher in AFE-treated
diabetic rats compared with vehicle-treated diabetic. rats. The diabetic kidney in the vehicletreated group showed a decrease in catalase, but the activity of glutathione peroxidase (GSHPx) was increased. 4. The activity of catalase, but not GSH-Px, was significantly reversed by

59

AFE treatment. These results indicate that AFE (1 and 2 glkg) not only possesses an
antihyperglycemic effect, but that it might also reduced oxidative stress in diabetic rats.
Wadood et al. (2003) have investigated the effect of Ficus religiosa on blood glucose
and total lipid levels of normal and alloxan diabetic rabbits. Their study was planned to
observe the hypoglycemic effect of the 'Ficus relegiosa', a traditional medicinal plant.
Normal rabbits were divided into 5 groups (1-5) of six animals each. Group I served as
control and received 15 ml of water only. Group 2 received tolbutamide 500-mg/K.g body
weight. Group 3-5 received the extract of Ficus relegiosa dissolved in 15 ml of water in
doses of 200 mg/K.g. 250 mg/K.g and 300 mg/Kg body weight respectively. The diabetic
rabbits were also divided in 5 groups on the same pattern. The blood glucose and total lipid
levels were estimated before and 1, 2, 3 and 4 hours after the administration of the extract.
The extract exerted a significant (P < 0.05) hypoglycemic effect in normal rabbits, which was
however short lived. The hypoglycemic effect was not significant (P > 0.05) in alloxan
treated rabbits. The extract had no significant effect (P > 0.05) on total lipid levels in normal
as well as in alloxan-treated diabetic rabbits. The doses used did not show acute toxicity or
result in behavioral changes. From their study it might be concluded that the extract acts by
initiating the release of insulin by pancreatic

~cells

of normal rabbits. Civelek et al., (2004)

have made an evaluation of the effects of vitamin E supplementation on oxidative stress in
streptozotocin induced diabetic rats. Their experimental study was designed to investigate the
effects of vitamin E supplementation, especially on lipid peroxidation and antioxidant status
elements 3/4 namely, glutathione (GSH), CuZn superoxide dismutase (CuZn SOD), and
glutathione peroxidase (GSH Px), both in blood and liver tissues of streptozotocin (STZ)
diabetic rats. The extent to which blood can be used to reflect the oxidative stress of the liver
is also investigated. In diabetic rats, plasma lipid peroxide values were not significantly
different, from control, whereas erythrocyte CuZn SOD (p<0.01), GSH Px (p<0.001)
activities and plasma vitamin E levels (p<0.001), were significantly more elevated than
controls. Vitamin E supplementation caused significant decreases of erythrocyte GSH level
(p<0.01) in control rats and of erythrocyte GSH Px activity (p<0.05) in diabetic rats. Liver
fmdings revealed significantly higher lipid peroxide (p<0.001) and vitamin E (p<0.01) levels
and lower GSH (p<0.001), CuZn SOD (p<0.001) and GSH Px (p<0.01) levels in diabetic
rats. A decreased hepatic lipid peroxide level (p<0.01) and increased vitamin Ellipid peroxide
ratio (p<0.001) were observed in vitamin E supplemented, diabetic rats. A vitamin E
supplementation level which did not cause any increase in the concentration of the vitamin in
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the liver or blood was sufficient to lower lipid peroxidation in the liver. Vitamin E/lipid
peroxide ratio was suggested as an appropriate index to evaluate the efficiency of vitamin E
activity, independent of tissue lipid values. Further, the antioxidant components GSH, GSH
Px and CuZn SOD and the relationships among them were affected differently in the liver
and blood by diabetes or vitamin E supplementation.
Hyponidd was a herbomineral formulation with antihyperglycaemic and antioxidant
potential composed of the extracts of ten medicinal plants (Momordica charantia, Melia

azadirachta,

Pterocarpus marsupium,

Tinospora cordifolia , Gymnema sylvestre,

Enicostemma littorale, Emblica officinalis, Eugenia jambolana, Cassia auriculata and
Curcuma longa) . Babu et al., 2004 have investigated hyponidd for its possible
antihyperglycaemic and antioxidant effect in diabetic rats. Rats were rendered diabetic by
streptozotocin (STZ) (45 mg kg (-1) body weight). Oral administration of hyponidd (100 mg
kg (-1) and 200 mg kg (-1)) for 45 days resulted in significant lowered levels of blood
glucose and significant increased levels of hepatic glycogen and total haemoglobin. An oral
glucose tolerance test was also performed in experimental diabetic rats in which there was a
significant improvement in blood glucose tolerance in the rats treated with hyponidd..
Hyponidd administration also decreased levels of glycosylated haemoglobin, plasma
thiobarbituric acid reactive substances, hydroperoxides, ceruloplasmin and alpha-tocopherol
in diabetic rats. Plasma reduced glutathione and vitamin C were significantly elevated by oral
administration of hyponidd. The effect of hyponidd at a dose of 200 mg kg (-1) was more
effective than glibenclamide (600 microg kg (0- 1)) in restoring the values to near normal. The
results showed that hyponidd exhibits antihyperglycaemic and antioxidant activity in STZinduced diabetic rats.
Viswanathan et al. (2004) reported that the levels of blood glucose, thiobarbituric acid
reactive substances (TBARS), hydroperoxides and free fatty acids (FFA) increased in the
liver of diabetic animals. The activities of glutathione peroxidase (GPx), superoxide
dismutase (SOD) and catalase (CAT) decreased in the liver. Histopathology of pancreas also
shows shrunken islets. Supplementation ofFA to the diabetic rats resulted in a decrease in the
levels of glucose, TBARS, hydroperoxides, FFA and an increase in reduced glutathione
(GSH). FA also resulted in increased activities of SOD, CAT, GPx and expansion of
pancreatic islets. The effect was much pronounced with lower dose treatment. Thus their
study showed that administration of ferulic acid helps in enhancing the antioxidant capacity
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of these diabetic animals by neutralizing the free radicals formed thereby reducing the
intensity of diabetes.
The antihyperglycaemic and antioxidant activity of Brassica oleracea in
Streptozotocin diabetic rats have done by Vijaykumar et al. (2006); Streptozotocin (STZ 65
mglkg, i.p) induced diabetic rats were treated with Brassica oleracea petroleum ether extract
for 60 days. Glucose level was measured in blood and antioxidant enzymes levels viz.
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSHPxase) were
measured in erythrocytes. Concentration of glutathione (GSH) and lipid peroxidation product
viz. malondialdehyde (MDA) were also measured in blood. Petroleum ether extract of

Brassica oleracea var. gongylodes significantly (P<O.OOl) lowered the STZ induced
hyperglycemia. It also produced a significant (P<O.OOl) decrease in peroxidation product viz.
MDA. The activity of antioxidant enzymes such as SOD, CAT and GSHPxase were found to
be increased in the erythrocytes of diabetic animals treated with the Brassica oleracea
extract. That confirmed the antihyperglycaemic and antioxidant activity of Brassica oleracea
var. gongylodes in streptozotocin induced diabetic rats.
Chang et al. (2006) have investigated the effects of herb extracts, Rhus vemiciflua,

Agrimonia pilosa, Sophora japonica, and Paeonia suffruticosa, on the lowering of blood
glucose levels and thiobarbituric acid reactive substances (TBARS) in streptozotocin (STZ)induced diabetic rats. After 4 weeks, oral administration of Rhus vemiciflua extract (50
mglkg) exhibited a significant decrease in blood glucose levels in diabetic rats (P<0.05).
Blood TBARS concentrations, the products of glucose oxidation in blood, were also lowered
by Rhus vemiciflua extract supplementation. In addition, Sophora japonica and Paeonia

suffruticosa extracts significantly reduced TBARS levels versus diabetic controls. Serum
concentrations of liver-function marker enzymes, GOT and GPT were also restored by Rhus

vemiciflua (50 mglkg) supplementation in diabetic rats.
The antidiabetic potential of the alcoholic stem extract of Coscinium fenestratum
Colebr. (Menispermaceae), a medicinal plant widely used in the traditional Ayurveda and
Siddha systems of medicine for the treatment of diabetes mellitus was evaluated in the STZnicotinamide induced type 2 diabetic model (Shirwaikar et al., 2005). Graded doses of the
alcoholic stem extract were administered to normal and experimental diabetic rats for 12
days. Significant (p < 0.05) reduction in fasting blood glucose levels were observed in the
normal as well as in the treated diabetic animals. Serum insulin levels were not stimulated in
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the animals treated with the extract. In addition, changes in body weight, serum lipid profiles,
thiobarbituric acid reactive substance levels, glycosylated hemoglobin and liver glycogen
levels assessed in the extract treated diabetic rats were compared with diabetic control and
normal animals. Significant results were observed in the estimated parameters, thereby
justifying the use of the plant in the indigenous system of medicine.
Eun-Mi and Jae-Kwan (2005) studied the effect of some medicinal plants on plasma
antioxidant system and lipid levels in rats. Several inflammatory diseases were thought to be
related to oxidative injury and free oxygen radicals have been proposed as important
causative agents of heart disease and aging. To investigate the effects of daily intake of
medicinal plants on antioxidant enzymes, lipid peroxidation and lipid profiles in rat, 28 rats
were randomly divided into four groups and administered with three plant extracts (0.2 g/kg
body weight): Piper cubeba (fruit), Physalis angulata (flower), Rosa hybrida (flower) and
with saline as a control. After 3 weeks, superoxide dismutase (SOD), catalase, thiobarbituric
acid reactive substance (TBARS), triglyceride (TG) and cholesterol levels in plasma were
measured. The SOD activity of the Piper cubeba group and the catalase activity of the Piper

cubeba and Rosa hybrida groups were significantly increased compared with the control
group, while the SOD and catalase activities of the Physalis angulata group were not
significantly changed (p < 0.05). TBARS, a marker of lipid peroxidation, was significantly
lower in all experimental groups compeered with the control group. No significant changes
occurred in the TG, total- and LDL-cholesterol of all groups, but the HDL-cholesterol of the

Physalis angulata group was significantly increased. That study showed that the intake of
medicinal plants in rats results in an increased in antioxidant enzyme activity and HDLcholesterol, and a decreased in malondialdehyde, which might reduced the risk of
. inflammatory and heart disease.
Evaluations on the insulin regulation of glutathione and contractile phenotype in
diabetic rat ventricular myocytes have done by Shumin et al. (2007). Cardiovascular
complications of diabetes mellitus involved oxidative stress and profound changes in reduced
glutathion~

(GSH), an essential tripeptide that controls many redox-sensitive cell functions.

Their study examined regulation of GSH by insulin to identify mechanisms controlling
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cardiac redox state and to define the functional impact of GSH depletion. GSH was measured
by fluorescence microscopy in ventricular myocytes isolated from Sprague-Dawley rats made
diabetic by streptozotocin, and video and confocal microscopy were used to measure
mechanical properties and Ca2+ transients, respectively. Spectrophotometric assays of tissue
extracts were also done to measure the activities of enzymes that control GSH levels. Four
weeks after injection of streptozotocin, mean GSH concentration ([GSH]) in isolated diabetic
rat myocytes was 36% less than in control, correlating with decreased activities of two major
enzymes regulating GSH levels: glutathione reductase and garnma-glutamylcysteine
synthetase. Treatment of diabetic rat myocytes with insulin normalized [GSH] after a delay of
3-4 h. A more rapid but transient upregulation of [GSH] occurred in myocytes treated with
dichloroacetate, an activator of pyruvate dehydrogenase. Inhibitor experiments indicated that
insulin normalized [GSH] via the pentose pathway and y-glutamylcysteine synthetase,
although the basal activity of glucose-6-phosphate dehydrogenase was not different between
diabetic and control hearts. Diabetic rat myocytes were characterized by significant
mechanical dysfunction that correlated with diminished and prolonged Ca2+ transients. This
phenotype was reversed by in vitro treatment with insulin and also by exogenous GSH or Nacetylcysteine, a precursor of GSH. Their data suggested that insulin regulates GSH through
pathways involving de novo GSH synthesis and reduction of its oxidized form. It is proposed
that a key function of glucose metabolism in heart is to supply reducing equivalents required
to maintain adequate GSH levels for the redox control of Ca2+ handling proteins and
contraction.
In a study by Yazdanparast et al. (2007), they examined possible protective effect of

Achillea santolina L. (Compositae) against pancreatic damage in streptozotocin (STZ)-treated
diabetic rats. Achillea santolina extract (ASE) was used by the traditional healers in many
part of Iraq, as a h)'poglycaemic agent. They evaluated the effect of ASE on blood glucose
level, serum nitric oxide (NO) concentration and the oxidative stress status in rat pancreatic
tissue. STZ was injected intraperitonealy at a single dose of 40 mg kg- 1 to induce diabetes.
ASE (0.1 glkg day) was orally administered to a group of diabetic rats for 30 consecutive
days. Results showed significant reduction in the activities of superoxide dismutase (SOD),
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catalase (CAT) and pancreatic glutathione (GSH) levels in the diabetic rats compared to the
control subjects. On the other hand, blood glucose level, serum NO, malondialdehyde
(MDA), a marker of lipid peroxidation, protein oxidation indices including protein carbonyl
(PCO) and advanced oxidation protein products (AOPP) were significantly elevated in
pancreas of the diabetic group. Treatment with ASE reduced blood glucose level, serum NO,
pancreatic MDA, PCO and AOPP. In addition, the content of GSH was restored to the normal
level of the control group. Furthermore, ASE significantly increased CAT and SOD activities
in ASE-treated rats. Based on their data, it could be concluded that Achillea santolina had a
high hypoglycaemic activity and that might be attributed to its antioxidative potential.
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