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Abstract

This review summarizes the extensive published literature on Astragalus eriocephalus, which is native
to Turkey, Iran and lraqg, by firstly providing an overview of its general description, biology,
population ecology, utility and management. We then critically review the ecological literature
examining the biotic and abiotic interactions that drive the population and community dynamics of
this species followed by information on its invasive status and management. We highlight critical
research questions that remain unresolved in the Eastern Anatolian Region in Turkey within the
context of an invasive species.
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1. INTRODUCTION

The genus Astragalus (Family Fabaceae and subfamily Faboideae) has been known to contain a
number of groups based on molecular and morphological studies that have required division into at
least five genera (Frodin 2004). The current number of recognized species belonging to Astragalus
genus is about 3200 in the World (Frodin 2004). The species of Astragalus consists mostly of thorny
herbal and small shrubs, their distribution ranges extend from cool to tropical regions. The distribution
of Astragalus species on the continents can be summarized as: 1500 species in Asia, 500 species in
North America, 150 species in South America (150 species), 120 species in Europe and does not
known for Africa (Podlech 2008). Generally, the genus is native to and has higher diversity in the
Northern Hemisphere, and its common name changes as milk vetch, locoweed and goat’s-thorn
(Anon., 2013).

Astragalus species is used for different objectives, for example, igniter for fire, tannin, gums, fodder,
bee forage, traditional medicine, gi, human nourishment, strengthened and pustule (Wang et al., 2014).
Astragalus species also has the ability to fix nitrogen and thereby increase soil fertility. The spread of
these species can have both beneficial and negative economic impacts on human enterprises such as
agriculture, livestock production, erosion control and touristic activities, and as well as ecosystem and
biodiversity (Arevalo et al., 2010).

2. GENERAL DESCRIPTION

As is in Turkey, the common name given to Astragalus eriocephalus in minor Asia (mainly in Turkey,
Irag and Iran) is geven and this species is native to this geography. The species is described as a
spreading dwarf shrub, mostly 20-30cm high, bark fissured, grey-brown, and often hairy towards apex,
glabrous with age, with prominent lenticels. Leaves are 1.5-3 cm long, leaflets are 5-8mm, elliptic,
mucronate, surfaces are simple villous, 4-7 paired, stipules are spinescent usually 6-8 mm long,
triangular lanceolata. It has 4-15 sessile flowers. Bracts are 5-9 mm lanceolata to linear, white hairy at
apex. Calyx is 9-14 mm, tubular, glabrescent, teeth are 4-8 mm and setaceous. Corolla is pink and 10-
14 mm long (Davis 1970).

Astragalus eriocephalus are distributed on the area where cool climatic conditions prevail in the
world. The species moved from the old world to the new world and probably the gene centre of the
Astragalus eriocephalus is the joining areas of the eastern part of Turkey, the western part of Iran and
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the southern part of Iraq (Davis 1970). Astragalus eriocephalus is common in relatively dry and
disturbed habitats throughout the cool season region of the Turkey and the relative areas in the minor
Asia (Davis 1970).

3. BIOLOGY

Astragalus eriocephalus is a dwarf shrub up to 30cm high, much branched and densely spiny. Its
crown size can be grown 30 cm in diameter and can live for 10 years. The older bark is dark brown or
black and rough. Plants have a deep taproot with nodules, which contain symbiotic nitrogen fixing
bacteria. In the winter, its leaflets senesce but leafstalk with thorn holds on the plants. The leaflets
alternate with four to seven pairs of pinnate, each with 8 to 14 pairs of narrow leaflets of 1.5 to 3 mm
in length. The small twigs are dark brown or black with spines of 1 to 30 mm in length at the leaf tips
(Davis 1970).

Inflorescence spherical, dense, many flowered, long pedicellate flowering begin in early summer and
continue for 2 or 3 months. the colour of the flowers ranges from cream to pink and they are fragrant.
The fruit is a green pod, turning black or dark brown at maturity, thick, indehiscent, cylindrical, 1-3
cm long and 0.5-1 cm in diameter. Each pod contains 3 to 8 seeds. Biotic factors can markedly depress
the reproductive capacity by severely reducing the proportion of fertile seeds (Pigott et al., 1992;
Garcia and Mejia 2000); although pollen limitation may not also be a factor in seed, species of
Astragalus are known to have cross-pollination.

As do many leguminous seeds, A. eriocephalus seeds have a hard seed coat that acts as a barrier for
the uptake of water and diffusion of oxygen into the embryo (Fenner and Thompson 2005). Hence,
this species has a physical dormancy mechanism that can be broken using fire, high temperature, light,
abrasion and ingestion by animals under natural condition (Rolston 1978; Bewley and Black 1994).
For this reason, A. eriocephalus may most probably have a large dormant seed in the seed bank of the
rangelands. The seeds can also easily be dispersed by animals because the seed heads are consumed by
sheep especially during dry season (Personal Observation Koc and Erkovan) and passed through their
digestive system without being digested which aids dispersal of the seeds (Tran and Cavanagh 1984).

Once the aerial portions are killed by fire, this species does not regenerate from the basal shoots
because of the lack of dormant bud on basal tissue, thus the plant usually propagate from seed.

The plant seed have hard seed coat that acts as a barrier for the uptake of water and diffusion of
oxygen into the embryo (Fenner and Thompson 2005), and also have physical dormancy mechanism
that can be broken using low temperature, light, abrasion and ingestion by animals under natural
conditions (Rolston 1978; Bewley and Black 1994). After seed dormancy is broken, germination may
begin at -1°C and germination does not require light (Gokkus et al., 1987).

4. ECOLOGY

A. eriocephalus is well adapted to semi-arid and arid climatic conditions on the north hemisphere
where the annual temperature ranges from 5 to 25°C (Davis, 1970).The species tolerates severe frost
and grows well in the areas receiving between 300 and 400 mm of annual total precipitation. The plant
grows best on sunny sites with well-drained loam or sandy soils and degraded area up to 2500 m
elevation. However, the best growing occurs usually on heavy, calcareous clay soils on the rangelands
in dry areas with the elevation ranging between 1500 and 2500 m (Davis 1970), but the plant cannot
be adapted to wet soil and shade sites (Vasquez et al., 2010). The species can grow at a soil pH range
of 6.5-8.0, but the best adaptation occurs at neutral soils. Since the species is well adapted to dry
environment, it is expected that the occupation of the species increase in line with elevated CO,
content especially on sunny areas (Vasquez et al., 2010).

Nitrogen fixation ability of the species through symbiotic relation with Rhizobium allows them to
grow on nitrogen poor soils. After senescing of the nodule due to aging or dying of the root or whole
plant, plant available nitrogen transfers to rhizosphere, (Erkovan et al., 2008), thus, associated grasses
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or other species generally produce more biomass compared to the other plants. There is no information
about the amount of transferred nitrogen from A. eriocephalus to rhizosphere. On the other hand, as
far as we are concerned, the species do not have a seriously allelopathic effect on other species. These
two properties give specific talents to the species with respect to environmental conservation
especially on the area under erosion threat.

Although there is some information about the biology of some Astragalus species, it is limited for A.
eriocephalus, especially seed dispersal and viability, germination behaviour etc. Nonetheless, we
personally observed that seeds of the species are dispersed by ant, mouse, birds, sheep and goats in the
Eastern Anatolian Region of Turkey, however, there is no scientific information on hard seed
percentage, germination rate, effect of digestive system of vertebrates on the seed viability.

A. eriocephalus is thought to be an aggressive competitor on overgrazed rangelands and other
disturbed areas in the Eastern Anatolian Region of Turkey since the plant leaf are hardly consumed by
livestock and its invasion on disturbed areas are expected results because of the fact that the plant has
competition advantage due to using symbiotic nitrogen.

If plant crown are damaged by burning or cutting, plant always die because there are no adventive bud
on the roots. A. eriocephalus is a typical sun (heliophyt) plant and the plant lost its vigour under the
shade effects of neighbouring plants, thus, A. eriocephalus abundance decreases quickly on exclosured
or fertilized (especially N) rangelands in the region (Koc et al., 1994).

5. UTILIZATION

There is no serious information about the chemical content of A. eriocephalus but there is knowledge
on the other species of Astragalus genus, because Astragalus genus is considered as an invasive
species. On the other hand, about all species of the genus, except A. cicer, contain several poisonous
contents. Both green and dried plant parts contain poisonous content, but poisonous compounds
content is higher in the spring, thus, the plants cause disorders when they are over consumed by
ruminants (Gokkus et al., 2001).

Astragalus genus is used in the production of many commercial products, as is other Fabaceae species.
For example, they are used for charcoal, tannin, gums, scents, fodder, twigs, bee forage, medicine and
human nourishment (Shu et al., 2010). In addition, the genus has beneficial effect in native semi-arid
habitats owing to carbon storage, nitrogen fixation, habitat and feed for wildlife, improving the soil
properties.

In the medicine, roots of some species of the genus are used as gum tragacanth, antiperspirant,
diuretic, tonic drug for diabetes treatment, mellitus, nephritis, leukaemia and cancer (Bedir et al.,
1998a, b; Rezaee et al., 2006). The root, leaves and seeds of Astragalus spp. are rich in bioactive
secondary metabolites (Bedir et al., 1998a, b; Benchadi et al., 2013). The main content of Astragalus
species include polysaccharides, saponins, flavonoids, amino acids and trace elements. The
polysaccharides found in Astragalus spp. have been considered to play a significantly role in immune
modulatory actions. Polysaccharides A, B, and C are found as glucans, and D is found as hetero
polysaccharide in the genus (Bedir et al., 1998a, b; Rezaee et al., 2006; McKenna et al., 2002).
Especially, Astragalus root contains triterpenoid saponins, azukisaponin and astragaloside (He and
Findlay 1991; Benchadi et al., 2013). The genus also contains flavonoids such as calycosin, ononin,
narcissin, nicotiflorin, kaempferol and trihydroxyflavone (Lin et al., 2000; Benchadi et al., 2013).
Moreover, the genus contains a volatile oil, amino acids (Bedir et al., 1998a, b; Rezaee et al., 2006;
Mills and Bone 2000), minerals such as calcium, potassium, magnesium, sodium, manganese, zinc,
iron, copper, cobalt, rubidium, molybdenum, chromium, vanadium, tin, silver and traces of tantalum,
hafnium, europium and thorium. In addition, it contains organic compounds choline, betaine, gluconic
acid and beta sitosterol and aromatic compounds essential oil, linoleic acid, alpha amino butyric acid,
bitter compounds and asparagine (McKenna et al., 2002).

Astragalus species is used as medicinal herbs in the treatment of ulcer, cough, bronchitis,
hypertension, diabetes and venomous bites of scorpion (Benchadi et al., 2013; Bedir et al., 1998a, b).
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Their root stimulates immune systems, increases the stem cells, and can inhibit membrane lipid
peroxidation and protein oxidation (Wang et al., 1996; Jiao et al., 1999; Toda et al., 1999). Some
Astragalus species support immune modulation, adjunctive cancer treatment, antiviral activity,
cardiovascular disease, genitourinary and renal disorders nephritis and male infertility (Chu et al.,
1994; Hong et al., 1992; Luo et al., 1995; Mills and Bone 2000).

Because of the fact that climatic conditions restrict the growth of grasses and other herbaceous plants
in the arid and semi-arid regions, the pods and leaves of A. eriocephalus provide an alternative feed
for sheep and goats during summer and winter period. The plant has also been used as alternative feed
source for animals after shredding and soaking of roots and crown collected from natural areas during
winter at the Eastern Anatolia in the ancient times. There is no record on the feeding value of the plant,
but it is claimed that feeding value is always better than cereal straws, however, the material is not
used purely in the animal diets, because about all Astragalus species cause poisoning in ruminants
having high percentage in the diets due to toxic content (Reece and Moser, 1985; Gokkus et al., 2001).

The plant plays a key role in the erosion control on degraded rangelands in arid and semi-arid regions,
because the plant does not object to overgrazing due to morphological features. The plant has a
cushion life form and this life form gives the plant a unique role in protecting its covered surface
against erosion. Root system, deep and intense taproot and nitrogen fixing capability give the plant the
advantage to adapt to degraded nutrient poor environments (Venterink 2011).

In addition to above-mentioned using area, aerial parts of the plant are also used for igniting stove or
other fire materials after dried in the eastern part of Turkey. On the other hand, Astragalus genus has a
long flowering period. While several herbaceous plants enter summer dormancy due to lack of
moisture and warm temperature, this genus still produce nectar. This properties gives them a
significant role in honey production in the Central and Eastern Anatolian Regions, especially in Siirt
and Bitlis provinces which are famous for Astragalus’ honey in Turkey. On the other hand, the genus
provides a habitat for a lot of insects, especially Lepidoptera (Anon., 2014), that are essential for
ecosystem function.

6. MANAGEMENT IMPLICATION

Although A. eriocephlus are used for different goals such as medicine, industry, fire igniter and etc.,
we regard the plant only from a natural resource management perspective. The plant is noted in many
semi-arid parts of Turkey as an invasive dwarf shrub species and it covers large areas especially in the
Eastern Anatolia and the Central Anatolia. In the past, the plant was considered totally as an invasive
plant from the range management perspective. Nowadays, this consideration is not realistic especially
with respect to environmental conservation, because the plant have crucial role in erosion control and
wildlife protection. In reality, the plant drastically causes a carrying capacity on the rangelands, thus
the plant control can be considered on the area as having high grazing potential especially on the flat
areas with deep soil profile, but the plant coverage needs to be totally conserved or even increased on
the area with slope and shallow soil profile. This is essential for both soil conservation and wild life
because rangelands provide different benefit beyond grazing with respect to ecosystem stability.

The plant control can be made by different methods such as mechanical, cultural, biological, and
chemical on the area having high grazing potential. Mechanical control techniques either remove the
entire plant or physically damage shoots, roots, or root crowns of plants to the point where they can no
longer survive. Mechanical control methods include hand pulling, hoeing, tilling, mowing, grubbing,
chaining, cutting, and bulldozing. These techniques can be expensive, and they disrupt the soil,
creating disturbed sites prone to invasion. Astragalus eriocephalus is generally destroyed manually by
digging out the roots and seedlings, and fire burning the stems to ground level (Gokkus 1987).
Mechanical top removal results in only big plant suppression of Astragalus eriocephalus, and gives
the species competitive advantage. However, root plowing or root plowing fallowed by raking
temporarily reduced its density (Personal observation by Koc and Erkovan). On the other hand,
dormant season fire can be an effective and cheapest tool to control Astragalus spp. on the rangelands,
because dormant season fires do not have a harmful effect on the grasses of highland steppe
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rangelands (Erkovan et al., 2015). Chemical control is not suggested for Astragalus spp. control,
because besides environmental pollution, herbicides used for Astragalus spp. control will also
suppress other leguminous plants that are essential to meet the animal nutritional needs during the
dormant season and to improve the soil fertility. Biological control might not be suggested for
Astragalus spp. control because biological control agents can spread to untargeted areas.

In conclusion, A. eriocephalus and other thorny species of the genus are undesired plants on the areas
with high grazing potential without erosion risk, but it is essential to save its coverage area with
erosion risk. This is necessary to save the ecosystem stability on highland steppes.

REFERENCES

Anonymous 2013, Astragalus (Locoweed), http://www.rootcellar.us/wildflowers/astrag.htm. 2013/07-
05.

Anonymous 2014, Astragalus, http://www.en.wikipedia.org/wiki/Astragalus.htm.2014/11-21

Arevalo, JR Alfonso, L Naranjo, A & Salas M 2010, ‘Invasion of the Gran Canaria ravines ecosystems
Canary Islands) by the exotic species Vachellia farnesiana’, Plant Ecol vol. 206, pp. 185-193.

Bakoglu, A Bagci, E Erkovan, HI Koc, A & Kocak, A 2009, ‘Seed stocks of grazed and ungrazed
rangelands on the Palandoken Mountains of Eastern Anatolia’, J Food Agric. Environ. vol. 7, pp. 674-
678.

Bedir, E Calis, | Zerbe, O & Sticher, O. 1998a, ‘Cyclocephaloside I: A novel cycloartane-type
glycoside from Astragalu smicrocephalus’ Journal Natural Products vol. 61, pp. 503-505.

Bedir, E Calis, | Aquino, R Piacente, S & Pizza, C. 1998b, ‘Cycloartanetriterpene glycosides from
roots of Astragalus brachyterus and Astragalus microcephalus’, Journal Natural Products vol. 61, pp.
1469-1472.

Benchadi, W Haba, H Lavaud, C Harakat, D & Benkhaled M 2013, ‘Secondary metabolites of
Astragalus cruciatus Link. and their hemotaxonomic significance’, Records of Natural Products vol. 7,
no. 2, pp. 105-113.

Bewley, JD & Black, M 1994, Seeds physiology of development and germination, 2nd edn, Plenum
Press, New York.

Chu, DT Lin, JR & Wong, W 1994, ‘“The in vitro potentiation of LAK cell cytotoxicity in cancer and
AIDS patients induced by F3 — a fractionated extract of Astragalus membranaceus’, Zhonghua Zhong
Liu Zazhi, vol. 16, pp. 167-171.

Davis, PH 1970, Flora of Turkey and the East Aegean Islands, Edinburgh University Press,
Edinburgh.

DiTomaso, JM 2000, ‘Invasive weeds in rangelands: species, impacts, and management’, Weed
Science vol. 48, pp. 255-265.

El Sissi, HI El Ansari, MA & EI Negoumy, SI 1973, ‘Phenolics of Vachellia farnesiana.
Phytochemical reports’, Phytochemistry, vol. 12, pp. 23-03.

Erkovan, HI Tan, M Halitligil, MB & Kislal, H 2008, ‘Performance of white-clover grasses mixtures:
Part-1 Dry matter production, botanical composition, nitrogen use efficient, nitrogen rate and yield’,
Asian Journal of Chemistry, vol. 20, pp. 4071-4076.

Erkovan, HI 2005, ‘Baz1 ¢ok yillik baklagil ve bugdaygil yem bitkileri saf ekim ve karigimlarinda
verim ile azot fiksasyonu ve transferinin nlkleer tekniklerle belirlenmesi’, Doktora Tezi, Atatlirk
Universitesi, Fen Bilimleri Enst. Tarla Bitkileri Anabilim Dali, Erzurum.

Page 272


http://www.scientific-publications.net/

Ecology & Safety Journal of International Scientific Publications
ISSN 1314-7234, Volume 9, 2015 www.scientific-publications.net

Erkovan, S Gullap, MK Erkovan, HI & Koc, A 2015, ‘The effect of fire on vegetation and soil
properties in the exclosured shortgrass steppe rangeland of the Eastern Anatolia region of Turkey’,
Turkish Journal of Agriculture and Forestry, (impress)

Fenner, M & Thompson, K 2005, The ecology of seeds, Cambridge University Press, Cambridge.
Frodin, DG 2004, “History and concepts of big plant genera’, Taxon, vol. 53, no. 3, pp. 753-776.

Garcia, R & Mejia, M 2000, Unaespecie de Acacia (Mimosaceae) nuevapara la ciencia. Moscosoa,
vol. 11, pp. 7-10.

Gokkus, A 1987, ‘Cayir-mera 1slahinda yakmanin 6nemi’, Atatiirk Univ. Ziraat Fak. Dergisi, vol. 18,
pp. 149-155.

Gokkus, A Koc, A & Comakli, B 2001, Cayir-mera uygulama kilavuzu, Atatirk Universitesi Ziraat
Fakiiltesi Yayinlari, Erzurum.

He, Z & Findlay, J 1991, ‘Constituents of Astragalus membranaceus’, Journal Natural Products, vol.
54, pp. 810-811.

Hong, CY Ku, J & Wu, P 1992, *Astragalus membranaceus stimulates human sperm motility in vitro’,
Am J Chin Med., vol. 20, pp. 289- 294.

Jiao, Y Wen, J & Yu, X 1999, ‘Influence of flavonoid of Astragalus membranaceus’ stem and leaves
on the function of cell mediated immunity in mice’, Zhongguo Zhong Xi Yi Jie He Za Zhi, vol. 19, pp.
356-358.

Koc, A Gullap, MK & Erkovan, HI 2013, ‘The soil seed bank pattern in highland rangelands of
Eastern Anatolian Region of Turkey under different grazing systems’, Turkish Journal of Field Crops,
vol. 18, no. 1, pp. 109-117.

Koc, A Comakli, B Gokkus, A & Tahtacioglu, L 1994, ‘Azot ve fosforla giibreleme ile korumanin
Giizelyurt Koyl (Erzurum) mer'asinin bitki Ortiisiine etkileri’, Tarla Bitkileri Kongresi Cayir-Mera
Yem Bitk. Bildirileri, 1zmir, Turkey, pp. 78-82.

Lin, LZ He, XG & Lindenmaier M 2000, ‘Liquid chromatography-electrospray ionization mass
spectrometry study of the flavonoids of the roots of Astragalu smongholicus and A. membranaceus’, J
Chromatogr, vol. 876, pp. 87- 95.

Luo, HM Dai, RH & Li, Y 1995, ‘Nuclear cardiology study on effective ingredients of Astragalus
membranaceus in treating heart failure’, Zhongguo Zhong Xi Yi Jie He Za Zhi, vol. 15, pp. 707-7009.

McKenna, DJ Hughes, K & Jones, K 200, ‘Astragalus’, Int J Integr Med, vol. 4, pp. 40-46.
Mills, S & Bone, K 2000, Principles and practice of phytotherapy. Churchill Livingstone, Edinburgh.

Motooka, PL Ching, L & Nagai, G 2002, Herbicidal weed control methods for pasture and natural
areas of Hawaii, Cooperative Extension Service, College of Tropical Agriculture and Human
Resources, University of Hawai’i.

Pigott, JP Brown, PH & Williams, MR 1992, Comparison of invertebrates and vertebrates as
removers of native tree seed on established pasture sites in the W.A. wheat belt, Department of
Conservation and Land Management, Western Australia.

Podlech, D 2008, ‘The genus Astragalus L. (Fabaceae) in Europe with exclusion of the former Soviet
Union’, Feddes Repertorium, vol. 119, pp. 310-387.

Rasmussen GA Scifres, CJ & Drawe, DL 1983 *Huisache growth, browse quality, and use fallowing
burning’, Journal of Range Management, vol. 36, pp. 337-342.

Reece, PE & Moser, CP 1985, Nebraska poisonous range plants, Cooperative Extension Service
University of Nebraska.

Page 273


http://www.scientific-publications.net/

Ecology & Safety Journal of International Scientific Publications
ISSN 1314-7234, Volume 9, 2015 www.scientific-publications.net

Rezaee, MB Jaimand, K & Karimi, M 2006, ‘Chemical constituents of essential oil from Astragalus
microcephalus Willd.”, J. Essential Qil Research, vol. 18, pp. 84-85.

Rolston, MP 1978, ‘Water imperable seed dormancy’, Bot Rev, vol. 44, pp. 365-396.

Serin, Y Zengin, H Tan, M Koc, A Erkovan, HI Avcioglu, R Soya, H Geren, H Gemici, Y Kendir, H
Sancak, C Ozaslan-Parlak, A & Oztekin, M 2005, Cayir ve mera bitkileri klavuzu, T.C. Tarim ve
Koyisleri Bakanlig1 Yayinlari, Ankara.

Serin, Y & Tan, M 2001, Forage crops. Ataturk University, Faculty of Agriculture Publ. Erzurum.

Shu, HQ Langran, X & Podlech, D 2010, ‘Astragalus Linneaus, sp.’, Flora of China, vol. 10, pp. 328-
453.

Toda, S & Shirataki, Y 1999, ‘Inhibitory effects of Astragali radix, a crude drug in Oriental medicines,
on lipid peroxidation and protein oxidative modification by copper’, J Ethnopharmacol, vol. 68, pp.
331-333.

Tran, VN & Cavanagh, AK 1984, *Structural aspects of dormancy’, in D.R. Murray (ed.) Seed
Physiology, Academic Press, Melbourne, pp. 1-44.

Vasquez, EA James, JJ Monaco, TA & Cummings, DC 2010, ‘Invasive plants on rangelands: a global
threat’, Rangelands, vol. 32, pp. 3-5.

Venterink, HO 2011, ‘Does phosphorus limitation promote species-rich plant communities?’, Plant
and Soil, vol. 345, no. 1-2, pp. 1-9

Wang, D Shen, W & Tian, Y 1996, ‘Protective effect of active components extracted from Radix
Astragali on human erythrocyte membrane damages caused by reactive oxygen species’, Zhongguo
Zhong Xi Yi Jie He Za Zhi, vol. 21, pp. 746-748.

Wang, L Waltenberger, B Pferschy-Wenzig, EM Blunder, M Liu, X Malainer, C Blazevic, T
Schwaiger, S Rollinger, JM Heiss, EH Schuster, D Kopp, B Bauer, R Stuppner, H Dirsch, VM
Atanasov, AG 2014, “‘Natural product agonists of peroxisome proliferator-activated receptor gamma
(PPARY): areview’, Biochem Pharmocol, vol. 14, pp. 424-429.

Page 274


http://www.scientific-publications.net/

