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Abstract
Constant escalations in the number of diabetics world-wide and the failure of conventional therapy in-spite of tremendous strides in modern medicines, to restore normoglycemia without adverse effects again calls for naturopathy and alternative medicine. Diabetes being multi-factorial and with secondary complications, prevention of hyperglycemia is the central dogma for its management. Till yet no such oral hypoglycemic exists which can achieve tight glycemic control without side effects. Dietary adjuncts, lifestyle interventions and resurgence of interest in phyto-therapy automatically made its way. Natural hypoglycemics attracted attention due to ease of incorporation in everyday diet, easy affordability, less adverse incidences, and safety aspects on a long term basis. Ethno botanical literature reports about more than 800 anti-diabetic plants species. Eucalyptus is well represented in Aboriginal Pharmacoepia for its various pharmacological activities. Its hot aqueous decoction has been used as hypoglycemic in different regions of world. This editorial attempts to compile the data on the hypoglycemic potential of the different eucalyptus species, bring into limelight its natural biomolecules for the prophylaxis and treatment of type 2 diabetes along with their mechanistic actions, shed light on the posology and safety aspects of eucalyptus and assess its applicability as a reinforcement to currently used therapy. 
© 2013 Baishideng. All rights reserved.  
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Core tip: Eucalyptuses, indigenous to different countries of the world have been reported in various Aboriginal, British and European Pharmacoepias with its wide range of phytochemicals depicting its variant pharmacology along with its hypoglycemic actions. Amongst the volatile and non-volatile constituents of Eucalyptus include terpenes and tri-terpenoids, flavonoids, flavanols, gallotannins, quercetin, euglobals, procyanidins, macrocarpals etc.. Pharmacoepias have reported uses of hot eucalyptus leaf decoction as tea to act as hypoglycemic. This editorial attempts to assess and highlight on the eucalyptus species with anti-diabetic potential and the probable biomolecules attributing to it along with their mechanistic role, together with its posology and safety.
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INTRODUCTION
The world diabetic population is expected to show a steady growth of 366 million by 2030, despite the availability of insulin therapy and several synthetic hypoglycemics. Also, the severe side effects associated with the current treatment options cannot be neglected on a long term basis[1,2]. Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia with disturbance of carbohydrate, protein or fat metabolism resulting from defects in insulin secretion, insulin action or both (World Health Organization, WHO, 1999). DM and the major complications associated with it like retinopathy leading to blindness, diabetic foot ulcers necessitating limb amputations, neuropathy, nephropathy leading to end stage renal disease is becoming the third killer of the health of mankind after cancer, cerebrovascular and cardiovascular diseases. Not only it takes a heavy toll of lives around the world but imposes a serious financial burden on the sufferers and their family members. There are two main types of DM, type 1 or insulin dependent diabetes mellitus (IDDM) and Type 2 or non-IDDM both having contrasting clinical and pathophysiologic features (Table 1). However type 2 diabetes is found to be more prevalent which occurs mostly due to combination of insulin resistance and inadequate compensatory insulin secretary response[3-6]. 
Pathophysiologically, type 2 DM doesn’t involve autoimmune destruction of pancreatic β-cells unlike type 1 DM, rather in type 2 diabetics there are multiple disturbances in glucose homeostasis including impaired insulin secretion; peripheral insulin resistance mostly in muscles, liver and adipocytes; abnormalities in liver glucose uptake. The pancreas of type 2 diabetics produces insulin, yet insulin resistance prevents its proper use at the cellular level. Glucose cannot enter target cells and accumulates in the bloodstream, resulting in hyperglycemia. The high blood glucose levels often stimulate an increase in insulin production by the pancreas; thus, type 2 diabetic individuals often have excessive insulin production or hyperinsulinemia. Insulin is a potent anti-lipolytic hormone and restrains the release of free fatty acid (FFA) from the adipocyte by inhibiting the enzyme hormone sensitive lipase[6]. The fat cells of type 2 diabetics are markedly resistant to the inhibitory effect of insulin on lipolysis and despite 2-4 fold increments in plasma insulin levels; the rate of lipolysis in post absorptive phase is still high. The availability of exogenous insulin to inhibit the elevated basal rate of lipolysis and to reduce the plasma FFA concentration is also markedly impaired. The pathogenicity is shown to be further aggravated by the circulating triglycerides which have been shown to impair insulin action in both liver and muscle. The glucose transport mechanism is severely impaired in the adipocytes and muscles of type 2 diabetics. Glucose transporter subtype 4 (GLUT4), mRNA and protein content are markedly reduced and the ability of insulin to elicit a normal translocation response and to activate the GLUT4 transporter after insertion into the cell membrane is decreased[3-6]. 
Although several synthetic hypoglycemics are developed but the safe and effective treatment paradigm is yet to be developed. Herbs are rich sources of bio-active compounds with versatile pharmacology and WHO has recommended traditional plant treatment for diabetes due to safety, effectivity, availability and affordability. Moreover herbs can be used as dietary adjuvant. Hence there has been a great resurgence of interest in phyto-therapy; the NAPRALERT database (NAtural PRoducts ALERT) and the ethno-botanical literature have reported about more than 800 anti-diabetic plant species[3-5,7,8]. Amongst them, this paper attempts to highlight the hypoglycemic potentials of the different species of Eucalyptus which is a diverse genus of flowering trees and rarely shrubs, taxonomically from family Myrtaceae, indigenous to Australia, Tasmania and cultivated mostly in sub-tropical and warm temperate regions of the world. From ancient times the bark and leaves of different species of eucalyptus have been used as folk medicine for the treatment ailments such as cold, fever, toothache, diarrhea and snake bites. Popularly known as “gum tree’’ use of eucalyptus as “herbal tea” have been recorded in Aboriginal, European and British Pharmacoepias. Aqueous hot eucalyptus leaf decoctions have been used in the traditional remedy of DM[9]. Though there are over 500 species of eucalyptus this editorial will focus on four species viz. Eucalyptus globulus (E. globules) (Blue gum or Tasmanian blue gum), Eucalyptus citriodora (E. citriodora) (Lemon scented gum), Eucalyptus camaldulensis (E. camaldulensis) (River red gum or Murray red gum) and Eucalyptus tereticornis (E. tereticornis) (Forest red gum) with the chemo-profiling of their phyto-constituents, study their mechanistic role as hypoglycemic agents and discuss their status in alternative anti-diabetic therapy[9,10].
PHYTO-CHEMICAL PROFILING OF EUCALYPTUS
Eucalyptus contains both volatile and non-volatile fractions; amongst them the terpenoids contribute to be one of the major components constituting most of the essential oil of eucalyptus (eucalyptus oil), imparting to its characteristic odor. Volatile, essential oils obtained by steam distillation shows no less than 70% of 1,8-cineole, as reported by the pharmacopeias of Britain, France, United States, China etc.. Other volatile oil constituents include α-pinene, p-cymene, γ-terpinene. Terpenes like bicyclogermacrene, β-phellandrene are also reported. The chief constituents of essential oil of E. globulus includes: 1,8-cineole/eucalyptol (above 72%), α-terpineol, terpinen-4-ol, linalool, α-pinene, β-pinene, globulol, epiglobulol etc.[10-12].  Citronellal, is found to be the major component of the essential oil of E. citriodora, the other components being cis-geraniol, citronellol acetate, β-bisabolene, Dihydrocarveol acetate, 3-hexen-1-ol, Pregn-5-en-20-one,3,17-dihydroxy-3-acetate. The major components of the essential oil of E. tereticornis are: eucalyptol, 1R-alpha-pinene, isopinocarveol and that of E. camaldulensis included: dihydrocarveol acetate, (-)-spathunelol, cis-nerolidol, megastigma-3, 7(Z), 9-triene, thymol, aromadendrene, α-pinene, α-terpineol, drimenol, cubenol etc. Bioactives isolated from E. camaldulensis include Pentacyclic triperpenoid, camaldulin along with ursolic acid lactone acetate and ursolic acid lactone; eucalyptanoic acid a triterpenoid acid; and several flavonoid glycosides[10-14].

Non-volatile constituents like flavonoids, triterpenoids, and tannins have been isolated from different eucalyptus species. An important group of phenolic compounds of eucalyptus are the formylated phloroglucinol compounds notable being euglobals, macrocarpals, sideroxylonals, robustadials with a wide range of biological actions like anti-bacterial, antioxidant, anti-inflammatory, HIV-RTase inhibitory, anti-malarial and anti-tumor promoting activities[9-11,15,16]. Osawa and Namiki[17] reported the presence of strong antioxidants in the leaf wax of different eucalyptus species. 4-hydroxytritriacontane-16,18 dione, a very powerful antioxidant isolated from the leaf wax of E. globulus by Osawa and Namiki[18] and the leaf wax content in E. globulus species being more than 0.3%,  E. globulus is suggested to serve as an abundant source of powerful antioxidants. Phenolics like tannins, flavonol glycosides, acylated flavonol glycosides have been isolated from the species E. camaldulensis. Five bioactive compounds, macrocarpals A-E detected in the ethanol extracts of the leaves of E. globulus showed HIV-RTase inhibitory activity[9-11]. Along with their antibacterial actions, macrocarpals A, B, C, D have been shown to inhibit aldose reductase in the concentration range of 2-2.8 μmol, the target enzyme in the control of diabetic complications[9,10,18-21]. Euglobals are cyclo-adducts of formyl phloroglucinol; Euglobal-III have been first isolated from buds of E. globulus. E. tereticornis has reported the presence of euglobal-T1. Twelve euglobals isolated from the leaves of E. globulus showed stronger anti-inflammatory potential than indomethacin and similar inhibitory effect to berberine. Flavonols (Quercetin, myricetin, kaempferol), proanthocyanidins, anthocyanins have been isolated from leaves of the eucalyptus species[9-13,15,16,18-20]. 
Cumulative details of the active phyto-constituents of the four eucalyptus species have been provided in Table 2. 

One important therapeutic intervention to treat diabetes is to reduce post-prandial hyperglycemia by inhibiting the actions of carbohydrate hydrolyzing enzymes like α-amylase and α-glucosidase. Several biomolecules of phyto-kingdom have been found to be potent α-amylase and α-glucosidase inhibitors[22-25]. Amongst the major components isolated from the eucalyptus species under study the flavonoids mostly quercetin, kaempferol, myricetin; phenolics like tannins, ellagic acid, gallic acid; terpinoids like ursolic acid, oleanolic acid, p-cymene, 1,8-cineole, 1-(S)-α-pinene are found to exhibit strong α-amylase activity and polyphenols, proanthocyanidins, anthocyanins are found to be potent natural α-glucosidase inhibitors. Other enzymes such as dipeptidyl peptidase 4 (DPP4), aldose reductase (AR), angiotensin converting enzyme (ACE), peroxisome proliferator activated receptor (PPAR)-γ also play significant role in diabetes[16]. AR, a member of the aldo-keto-reductases of the super family, is the first and rate limiting enzyme in the polyol pathway and reduces glucose to sorbitol, utilizing NADPH as a cofactor. Sorbitol is then metabolized to fructose by sorbitol dehydrogenase. In DM, due to increased availability of glucose in insulin in-sensitive tissues such as lens, nerves, retina there is increased formation of sorbitol through the polyol pathway. Intracellular accumulation of sorbitol is implicated in chronic complications of diabetes like cataract, retinopathy and neuropathy. AR-inhibitors prevent the conversion of glucose to sorbitol and are capable to control diabetic complications[16]. Limited literature data have shown that natural biomolecules with potent aldose reductase inhibitory actions are: flavonoids like Quercetin, Quercitrin, Myricitrin, coumarins, monoterpenes, stilbenes etc.[16,26]. Molecular docking analysis have shown that the binding energies of phyto-chemicals like myrcene, citral, geraniol being -8.76 kcal/mol, -7.24 kcal/mol and -7.93 kcal/mol respectively are capable for inhibiting the activity of aldose reductase[27]. Results of in-silico docking studies have shown that flavonoids with binding energy ranging between -9.33 kcal/mol to -7.23 kcal/mol contributed to AR inhibitory properties[28]. The four species of eucalyptus chosen for study with hypoglycemic potential is found to contain a number of flavonoids and monoterpenes and AR inhibition may be one of the suspected modes for hypoglycemic actions of eucalyptus[16,26]. 

  Again increase in the level of reactive oxygen species (ROS) is another pathogenic factor in type 2 diabetes. Attenuation in ROS level may be due to increased production/diminished depletion by enzymic catalase, glutathione peroxidase, and superoxide dismutase antioxidants. Natural antioxidants which scavenge free radicals may be acting synergistically with their hypoglycemic activity in exerting an overall anti-diabetic action. The presence of powerful antioxidant compounds in E. globulus contributes significantly to its hypoglycemic potential[16,18-20]. 

PPAR-γ is a key receptor in lipid and glucose homeostasis because of its ability to reduce the plasma FFA and phyto molecules can exert their insulin sensitizing actions with their high affinity for the receptor PPAR-γ and hence can act as therapeutic target for type 2 diabetes. Terpinoids are found to act as PPAR modulators regulating carbohydrate and lipid metabolism and hence a successful therapeutic target for type 2 diabetes. Chemo-profiling of the eucalyptus species under studies depicted the presence of several terpenoids and PPAR antagonism may also be a suggested mode for hypoglycemic action of eucalyptus[29]. ACE is an important enzyme involved in vascular tension and hence associated with hypertension, a long term complication of diabetes. Along with oxidative stress, ACE plays a key role in diabetes. ACE activates histidyl leucine dipeptide called Angiotensin-І into a potent vasoconstrictor called Angiotensin-ІІ. Angiotensin-ІІ influences aldosterone release which increases blood pressure by promoting sodium retention in distal tubules. Thus biomolecules with ACE inhibitory activities can be considered as useful therapeutic targets against diabetes as evidenced by United Kingdom Prospective Diabetes Study study[30]. Natural biomolecules like flavonoids, flavonols, anthocyanins, tri-terpenes are found to be potent ACE inhibitors, and finds use in controlling hypertension, one of the associated problems with DM. Molecular docking studies also recommends the use of herbal ACE inhibitors in the management of DM[31]. 

Glucagon like peptide -1 (GLP-1) is a remarkable anti-diabetic gut hormone due to its combinatorial actions of stimulating insulin secretion, increasing beta cell mass, inhibiting glucagon secretion, reducing the rate of gastric emptying and inducing satiety. GLP-1 is rapidly deactivated by DPP4 and animal studies have shown that inhibition of DPP4 is shown to improve glucose tolerance and increase insulin secretion. Thus natural biomolecules with DPP4 inhibitory activity will help to increase the levels of endogenous active GLP-1 and act as an important therapeutic bullet against type 2diabetes. Molecular docking studies have suggested the use of herbal DPP4-inhibitors as a therapeutic target against diabetes and suggest mostly tri-terpenoids, steroids and phenolic constituents responsible for the activity[32].
HYPOGLYCEMIC POTENTIAL OF EUCALYPTUS
Though the eucalyptus species exhibits variant pharmacological actions (Table 2) central focus of this editorial is on the hypoglycemic potentials of eucalyptus. E. globulus is used in the traditional treatment of diabetes. In STZ-induced diabetic mice, incorporation of E. globulus in diet (62.5 g/kg) and drinking water (2.5 g/L) reduced the hyperglycemia and associated weight loss. Gray et al[33], suggested that an aqueous extract of E. globulus (0.5 g/L) enhanced 2-deoxy-glucose transport by 50%, glucose oxidation by 60%, and incorporation of glucose into glycogen by 90% in abdominal muscle of mice and a 20 min incubation of the above extract (0.25-0.5 g/L) evoked a step-wise, 70%-160% enhancement of insulin secretion from the clonal pancreatic beta-cell line. Basak et al[34], 2009 studied on the anti-diabetic actions of the essential oil of E. camaldulensis and found that it inhibited both α-amylase and α-glucosidase in a non-competitive manner and also exhibited significant antioxidant potentials better than butylated hydroxyl toluene and curcumin giving further evidence in support of its hypoglycemic actions. Nakhaee et al[35], 2009 evaluated the effects of E. globulus (20 g/kg in diet and 2.5 g/L in drinking water) on lipid peroxidation, protein oxidation and antioxidant power in plasma and liver homogenate and glycated hemoglobin and suggested that E. globulus possess antidiabetic and antioxidant property, reduces oxidative stress mostly by reducing plasma glucose level in diabetic rats, which prevents excessive production of free radicals through glycation of the proteins. Khazraji et al showed that E. globulus possess hypoglycemic actions with concurrent hypolipidemic effect by studying the effect of aqueous leaf extract (150 mg/kg body wt) on blood gluco-lipid profile in alloxan-induced diabetic rats. As per the findings of the study it was reported that the decrease in blood gluco-lipid profile by the aqueous extract of E. globulus in the dose 150 mg/kg body wt is comparable with the reminiscent effect of sulphonylureas that promotes insulin secretion by closure of K+ ATPase channels, membrane depolarization and stimulation of Ca2+ ion influx, an initial key step in insulin secretion. Ability of E. globulus in restoration of body wt in alloxan treated diabetic rats may be due to its hypoglycemic effect and the hypolipidemic effect is due to inhibition of endogenous synthesis of lipids. In alloxan-induced diabetic models, due to metabolic aberration there’s a high turnover of triglycerides and phospholipids and E. globulus is suspected to antagonize this metabolic aberration and restore normal metabolism by tilting the balance from high lipids to high carbohydrate metabolism in alloxan diabetic rats. Arjun et al[36] showed the antidiabetic activity of the aqueous extract of E. citriodora leaf in alloxan-induced diabetic rats. Aqueous extract of leaves of E. citriodora exhibited significant antidiabetic activity which was comparable with the standard drug Glibenclamide. Vallasensor et al[37] showed that E. tereticornis exhibit hypoglycemic activity upon using oral glucose tolerance test in a dose of 5 mg/20 mg mice. Experimentations carried out by Shahraki et al[38] showed that eucalyptus aqueous extract decreased blood glucose level but increased liver enzyme activities in STZ-induced diabetic male rats. The probable hypoglycemic effect may be due to water soluble compounds present in the aqueous extract of eucalyptus which effected on glucose metabolism in fat or skeletal muscle cells and decreased blood sugar by increasing the glucose influx in the cells. Moreover effect on glycolysis and increase in glucose consumption in fat and skeletal muscles are also suggested for decrease in blood glucose. Gallagher et al[39] investigated on the administration of eucalyptus extract on intestinal absorption cultured in rat cells where the extract decreased glucose in the culture environment and increased glucose uptake by the cells. Sugimoto et al[40] have shown that E. globulus leaf extract (10 g/kg diet) inhibited intestinal fructose absorption and suppress adiposity due to dietary sucrose in rats. The E. globulus leaf extract inhibited intestinal fructose absorption in a dose dependent manner and simultaneously reduced plasma and hepatic triacylglycerol concentrations. The suggested mechanism states that fructose is transported across the intestinal brush border membrane by the specific transporter GLUT5 and by inhibiting intestinal fructose absorption adiposity can be prevented in subjects consuming large amounts of sucrose and fructose. Fructose is metabolized in the liver by fructokinase which later gets splited by the action of aldolase B into glyceraldehydes and dihydroxyacetone phosphate, the intermediates of glycolytic sequence. Fructose can provide carbon atoms for both glycerol and acyl portions of the TG molecules and is considered to be more lipogenic than glucose. E. globulus leaf extract is found to inhibit the activities of fructokinase and G6PDH and prevents the activation of fructose metabolism and fatty acid synthesis induced by dietary sucrose. E. globulus leaf extract simultaneously inhibits intestinal fructose and sucrose absorption showing enough potentiality to be used as natural food additives in fructose/sucrose rich junk foods[40,41]. H. Mahmoudzadeh-Sagheb et al[42] showed that incorporation of E. globulus in the diet (20 and 62.5 g/kg) and drinking water (2.5 g/L aqueous extract) of STZ-induced male wistar rats ameliorates diabetic states in a dose dependent manner with partial restoration of pancreatic β-cells and repair of STZ-induced damage in rats. Thus this study recommends E. globulus as an effective anti-hyperglycemic dietary supplement which can compensate in dose dependent manner STZ-induced cell damage of pancreatic β-cells[42]. Studies carried out by Perez et al[43] showed that oral and i.p administration of eucalyptus extract (25, 50, 75, 100 g per 250 mL water) in alloxan-induced diabetic mice showed hypoglycemia up to 36% (oral) and 25% (ip). Ahlem et al[44] showed significant reduction in blood glucose in alloxan-induced diabetic rats with E. globulus extract (130 mg/kg body wt) but since liver glycogen level is not restored does not recommend the insulin stimulatory effect of eucalyptus, rather highlights on the antioxidative potential of E. globulus.
TOXICOLOGY AND POSOLOGY OF EUCALYPTUS:

Limited research data are available on the posology and toxicology of eucalyptus. Shalaby et al[45] reported that the essential oil from E. globulus in its undiluted form showed a LD50 value (median lethal dose) of 2334.4 mg/kg body wt and considered it to be moderately hazardous as per WHO specifications. The European Medicines Agency Assessment Report, 2012 on Eucalyptus globulus gave some clinical and non-clinical data on the posology and toxicology of eucalyptus. Other than the traditional use of eucalyptus leaf decoction as herbal tea there is no such specific medicinal product mentioned in pharmaceutical market overview using eucalyptus leaf or preparation as a single active ingredient. However there are herbal preparations in literature and monographs using dried leaf infusion or hot infusion mostly as inhalant, herbal tea, powdered whole drug and aqueous alcoholic extracts or tinctures of varying strengths, as one of the ingredient of polyherbal preparations mostly for the treatment of cough associated with cold[47]. Aboriginal Pharmacoepias and other earlier citations have recommended use of eucalyptus in treating fever, neuralgic pain, asthma, lung tuberculosis, UTIs, antisepsis, rheumatism, malaria, fevered diarrhea, gum bleeding, anti-helminthic, wound, acne, poorly healing ulcers, gonorrhoea[7,46]. Available data on the posology of eucalyptus is highly variant and inconsistent. Still as per the indications of the European monographs, British Herbal Compendium, German Pharmacoepia, Spanish literature and literature citations it have been found that dosage regimen of infusions for oral single use is from 1.5-3 g herbal substance and daily use is 2.5-20 g herbal substance. Posology given by Pharmacopee Francaise recommends use of herbal tea prepared with 1.5-3 g of eucalyptus leaves in 150 mL of boiling water, steeping time 10-15 min, 4 times a day. For inhalations the posology ranges from 2-3 g single dose up to 3 times a day. For the oral use of tinctures the posology data widely varies from 1-10 g a day, however the most cited data is 2.5 g tincture 1-3 times a day which corresponds to 0.5g herbal substance as a single dose and 0.5-1.5 g herbal substance a day[46]. 
Similarly, toxicological data on the eucalyptus are scare and most reporting’s are on 1, 8-cineole which is the main constituent of the essential oil of the eucalyptus species. Jenner et al[47] reported the LD50 oral dose to be 2480 mg/kg body wt; De Vincenzi et al[48] mentioned it to be 2400 mg/kg/d, however encapsulated cineole showed a dose-related histopathological alteration in liver, kidney and parotid gland at a maximal dose of 5607 mg/kg/d. Kristiansen et al[49] found that administration of 1,8 cineole at doses 500 and 1000 mg per day for 28 d caused renal lesions in Wister rats. In any case use of concentrated extract or undiluted oil is not recommended. Pharmacokinetically, 1,8-cineole is very well absorbed orally, topically, via mucosa and reaches a peak plasma concentration within 1-3 h and subjected to renal and pulmonary excretion. The Commission E monograph cites a number of side effects of eucalyptus following oral administration like allergic skin reaction, shock, tremor, ataxia, aphasia, vomiting, dizziness, urticaria, diarrhea, epigastric pain, topical reactions may be pustular rash. Its co-administration is to be avoided with barbiturates, benzodiazepines, anti-depressants. The side effects being severe with a number of contraindications use during pregnancy and lactation is best to be avoided/follow strict medical supervision since enough safety data is not available on humans[46].
CONCLUSION
The species of eucalyptus discussed in the manuscript, with their detailed chemo-profiling and available literature supporting their hypoglycemic potentials shows enough promise to use eucalyptus or its bio-active phytomolecules as important therapeutic target against type 2 DM. The species presenting a wide range of phyto-chemicals needs further screening via latest combinatorial/bioinformatic/ computational approaches along with the aid of latest analytical methodologies applying hyphenated techniques for the search of novel lead compounds and study their hypoglycemic potential mechanistically. However despite immense potentials popularity of herbal medicines are always hindered due to traditional approaches of their delivery techniques which in many cases not only causes patient in-compliance but results in reduced efficacy of the drug due to bioavailability problems, organoleptic unacceptability etc. Keeping in mind the hypoglycemic potentials of eucalyptus attempts are to be made to develop definitive dosage formulations with eucalyptus bio-actives and nano-technical approaches can be exploited for their delivery so as to minimize the side effects, bioavailability and organoleptic problems associated with them so as to promote the popularity of eucalyptus against type 2 DM.
REFERENCES
1 Coman C, Rugina OD, Socaciu C. Plants and Natural compounds with Antidiabetic action. Not Bot Horti Agrobo 2012; 40: 314-325
2 Aggarwal N, Amin RM, Chung D, Parwani AV. Tumor-to-tumor metastasis: case report of a pulmonary adenocarcinoma metastatic to a clear cell renal cell carcinoma. Pathol Res Pract 2012; 208: 50-52 [PMID: 22100749]

3 Bailey CJ, Day C. Traditional plant medicines as treatments for diabetes. Diabetes Care 1989; 12: 553-564 [PMID: 2673695 DOI: 10.2337/diacare.12.8.553]

4 Makheswari MU, Sudarsanam D. Database on Antidiabetic indigenous plants of Tamil Nadu, India. Int J Pharm Sci Res 2012; 3: 287-293
5 Swanston-Flatt SK, Day C, Bailey CJ, Flatt PR. Traditional plant treatments for diabetes. Studies in normal and streptozotocin diabetic mice. Diabetologia 1990; 33: 462-464 [PMID: 2210118 DOI: 10.1007/BF00405106]

6 DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. Med Clin North Am 2004; 88: 787-835, ix [PMID: 15308380 DOI: 10.1016/j.mcna.2004.04.013]

7 Ghisalberti EL. Australian and New Zealand plants with Antidiabetic Properties. Traditional Medicines for Modern times: Antidiabetic plants. Taylor & Francis group 2006: 243-256
8 Patel DK, Kumar R, Laloo D, Hemalatha S. Natural medicines from plant source used for therapy of diabetes mellitus: An overview of its pharmacological aspects. Asi Paci J Trop Diseas 2012: 239-250
9 Konoshima T, Takasaki M. Chemistry and bioactivity of the non-volatile constituents of eucalyptus. Biological and End use Aspects. Taylor & Francis group 2002: 1-23
10 Nagpal N, Shah G, Arora NM, Shri R, Arya Y. Phytochemical and Pharmacological aspects of eucalyptus genus. Int J Pharm Sci Res 2010; 1: 28-36
11 Kumar HD, Laxmidhar S. A review on phytochemical and pharmacological of Eucalyptus Globulus : A multipurpose tree. Int J Res Ayur Pharm 2011; 2: 1527-1530
12 Dayal R. Phytochemical examination of eucalyptus-A review. J Sci Ind Res 1988; 47: 215-220
13 Olayinka AJ, Olawumi OO, Olalekan AM, Abimbola AS, Idiat ID, Theophilus OA. Chemical composition, antioxidant, and cytotoxic effects of Eucalyptus Globulus grown in north-central Nigeria. J Nat Prod Plant Resour 2012; 2: 1-8
14 Singab AN, Ayoub N, Al-Sayed E. Phenolic constituents of Eucalyptus camaldulensis Dehnh, with potential antioxidant and cytotoxic activities. Rec Nat Prod 2011; 5: 271-280
15 Kumar S, Kumar V, Rana M, Kumar D. Enzyme inhibitors from plants: An alternate approach to treat diabetes. Pharmacog Communi 2012; 2: 18-33 doi: 10.5530/pc.2012.2.4 

16 Bedgood DR, Bishop AG, Prenzler PD, Robards K. Analytical approaches to the determination of simple biophenols in forest trees such as Acer (maple), Betula (birch), Coniferus, Eucalyptus, Juniperus (cedar), Picea (spruce) and Quercus (oak). Analyst 2005; 130: 809-823 [PMID: 15912226 DOI: 10.1039/b501788b]

17 Osawa T, Namiki M. A novel type of antioxidant isolated from leaf wax of Eucalyptus leaves. Agric Biol Chem 1981; 45: 735-739 doi: 10.1271/bbb1961.45.735

18 Osawa T, Namiki M. Natural antioxidants isolated from Eucalyptus leaf waxes. J Agric Food Chem 1985; 33: 777-779 doi: 10.1021/jf00065a001 doi: 10.1021/jf00065a001

19 Osawa K, Yasuda H, Morita H, Takeya K, Itokawa H. Eucalyptone from Eucalyptus globulus. Phytochemistry 1995; 40: 183-184 [PMID: 7546549 DOI: 10.1016/0031-9422(95)00233-W]

20 Singh AK, Khare M, Kumar S. Non-volatile constituents of eucalyptus: a review on chemistry and biological activities. J Med Arom Plant Sci 1999; 21: 375-407
21 Yamakoshi Y, Murata M, Shimizu A, Homma S. Isolation and characterization of macrocarpals B--G antibacterial compounds from Eucalyptus macrocarpa. Biosci Biotechnol Biochem 1992; 56: 1570-1576 [PMID: 1369057 DOI: 10.1271/bbb.56.1570]

22 Sales PM, Souza PM, Simeoni LA, Silveira D. α-Amylase inhibitors: a review of raw material and isolated compounds from plant source. J Pharm Pharm Sci 2012; 15: 141-183 [PMID: 22365095]

23 Lamba HS, Bhargava CS, Thakur M, Bhargava S. α-glucosidase and Aldose reductase inhibitory activity in vitro and anti-diabetic activity in vivo of Tribulus terrestris L. (Dunal). Int J Pharm pharm Sci 2011; 3: 270-272
24 J Bachhawat A, Shihabudeen MS, Thirumurugan K. Screening of fifteen Indian Ayurvedic plants for alpha-glucosidase inhibitory activity and enzyme kinetics. Int J Pharm Pharm Sci 2011; 3: 267-274
25 Adefegha SA, Oboh G. In vitro inhibition activity of polyphenol-rich extracts from Syzygium aromaticum (L.) Merr. & amp; Perry (Clove) buds against carbohydrate hydrolyzing enzymes linked to type 2 diabetes and Fe(2+)-induced lipid peroxidation in rat pancreas. Asian Pac J Trop Biomed 2012; 2: 774-781 [PMID: 23569846 DOI: 10.1016/S2221-1691(12)60228-7.]

26 Guzman A, Guerrero RO. Inhibition of aldose reductase by herbs extracts and natural substances and their role in prevention of cataracts. Rev Cubana Plant Med 2005; 10: 1-7
27 Vyshali P, Thara Saraswati KJ, Sanakal R, Kaliwal BB. Inhibition of Aldose activity by essential phytochemicals of Cymbopogon Citratus (DC.) Stapf. Int J Biometr Bioinfor 2011; 5: 257-267
28 Madeswaran A, Muthuswamy UM, Kuppusamy AK, Sivasanmugam T, Varadharajan SD, Puliyath J. In-silico docking studies of aldose reductase inhibitory activity of commercially available flavonoids. Bangladesh J Pharmacol 2012; 7: 266-271 DOI: 10.3329/bjp.v7i4.12314
29 Goto T, Takahashi N, Hirai S, Kawada T. Various Terpenoids Derived from Herbal and Dietary Plants Function as PPAR Modulators and Regulate Carbohydrate and Lipid Metabolism. PPAR Res 2010; 2010: 483958 [PMID: 20613991 DOI: 10.1155/2010/483958.]

30 Parichatikanond W, Pinthong D, Mangmool S. Blockade of the renin-angiotensin system with delphinidin, cyanin, and quercetin. Planta Med 2012; 78: 1626-1632 [PMID: 22872589]

31 Priya V, Jananie RK, Vijayalakshmi K. Molecular docking analysis of compounds present in Trigonella foenum graceum with angiotension converting enzyme in-silico analysis. J Chem Pharm Res 2011; 3: 129-139 ISSN: 0975-7384.

32 Geng Y, Lu ZM, Huang W, Xu HY, Shi JS, Xu ZH. Bioassay-guided isolation of DPP-4 inhibitory fractions from extracts of submerged cultured of Inonotus obliquus. Molecules 2013; 18: 1150-1161 [PMID: 23325103 DOI: 10.3390/molecules18011150.]

33 Gray AM, Flatt PR. Antihyperglycemic actions of Eucalyptus globulus (Eucalyptus) are associated with pancreatic and extra-pancreatic effects in mice. J Nutr 1998; 128: 2319-2323 [PMID: 9868176]

34 Basak SS, Candan F. Chemical composition and in vitro antioxidant and antidiabetic activities of Eucalyptus camaldulensis Dehnh. Essential oil. J Iran Chem Soc 2010; 7(1): 216-226 doi: 10.1007/BF03245882

35 Nakhaee A, Bokaeian M, Saravani M, Farhangi A, Akbarzadeh A. Attenuation of oxidative stress in streptozotocin-induced diabetic rats by Eucalyptus globulus. Indian J Clin Biochem 2009; 24: 419-425 [PMID: 23105871 DOI: 10.1007/s12291-009-0075-1]

36 Patra A, Jha S. Antidiabetic effect of the aqueous extract of E. citriodora in alloxan induced diabetic rats; Pharmacog Mag 2009; 5: 51-54
37 Villaseñor IM, Lamadrid MR. Comparative anti-hyperglycemic potentials of medicinal plants. J Ethnopharmacol 2006; 104: 129-131 [PMID: 16253452 DOI: 10.1016/j.jep.2005.08.067]

38 Shahraki A, Shahraki M. The comparison of eucalyptus aqueous extract and insulin on blood sugar and liver enzymes in diabetic male rats. Zahedan J Res Med Sci 2013; 15: 25-28
39 Gallagher AM, Flatt PR, Duffy G, Abdel-Wahab YH. The effects of traditional anti-diabetic plants on in vitro glucose diffusion. Nutr Res 2003; 23: 413-424 doi: 10.1016/S0271-5317(02)00533-X 

40 Sugimoto K, Suzuki J, Nakagawa K, Hayashi S, Enomoto T, Fujita T, Yamaji R, Inui H, Nakano Y. Eucalyptus leaf extract inhibits intestinal fructose absorption, and suppresses adiposity due to dietary sucrose in rats. Br J Nutr 2005; 93: 957-963 [PMID: 16022767 DOI: 10.1079/BJN20051436.]

41 Sugimoto K, Hosotani T, Kawasaki T, Nakagawa K, Hayashi S, Nakano Y, Inui H, Yamanouchi T. Eucalyptus leaf extract suppresses the postprandial elevation of portal, cardiac and peripheral fructose concentrations after sucrose ingestion in rats. J Clin Biochem Nutr 2010; 46: 205-211 [PMID: 20490315 DOI: 10.3164/jcbn.09-93,]

42 Gireesh G, Thomas SK, Joseph B, Paulose CS. Antihyperglycemic and insulin secretory activity of Costus pictus leaf extract in streptozotocin induced diabetic rats and in in vitro pancreatic islet culture. J Ethnopharmacol 2009; 123: 470-474 [PMID: 19501280]

43 Pérez RM, Ocegueda A, Muñoz JL, Avila JG, Morrow WW. A study of the hypoglycemic effect of some Mexican plants. J Ethnopharmacol 1984; 12: 253-262 [PMID: 6533411 DOI: 10.1016/0378-8741(84)90054-0] 
44 Ahlem S, Khaled H, Wafa M, Sofiane B, Mohamed D, Jean-Claude M, Abdelfattah el F. Oral administration of Eucalyptus globulus extract reduces the alloxan-induced oxidative stress in rats. Chem Biol Interact 2009; 181: 71-76 [PMID: 19540215]

45 Shalaby Sh EM, Eldin MM, Abo-Donia SA, Metwally M, Attia ZA. Toxicological effects of essential oils from eucalyptus Eucalyptus globulus and Clove Eugenia Caryophyllus on albino rats. Polish J Environ Stud 2011; 20: 429-434
46 Assessment Report on Eucalyptus globulus Labill., folium. Committee on Herbal Medicinal Products. European Medicines Agency, 2012
47 Hagan EC, Hansen WH, Fitzhugh OG, Jenner PM, Jones WI, Taylor JM, Long EL, Nelson AA, Brouwer JB. Food flavourings and compounds of related structure. II. Subacute and chronic toxicity. Food Cosmet Toxicol 1967; 5: 141-157 [PMID: 6068552 DOI: 10.1016/S0015-6264(64)80192-9]

48 De Vincenzi M, Silano M, De Vincenzi A, Maialetti F, Scazzocchio B. Constituents of aromatic plants: eucalyptol. Fitoterapia 2002; 73: 269-275 [PMID: 12048025 DOI: 10.1016/S0367-326X(02)00062-X]

49 Kristiansen E, Madsen C. Induction of protein droplet (alpha 2 mu-globulin) nephropathy in male rats after short-term dosage with 1,8-cineole and l-limonene. Toxicol Lett 1995; 80: 147-152 [PMID: 7482582 DOI: 10.1016/0378-4274(95)03390-7]

P-Reviewer Rafiq K S-Editor Gou SX   L-Editor    E-Editor

Table 1 Contrasting clinical and pathophysiologic features of types 1 and 2 diabetes

	Features
	Type 1 DM
	Type 2 DM

	Age at onset
	Early, below 35 yr
	Late, after 40-45yr

	Type of onset
	Abrupt and severe
	Gradual and insidion

	Frequency of occurrence
	10%-20%
	80%-90%

	Family history
	Less than 20%
	About 60%

	Pathogenesis 
	Autoimmune destruction of β-cells
	Insulin resistance, impaired insulin secretion

	Body weight
	normal
	Obese/non-obese

	Genetic locus
	unknown
	Chromosome 6

	Condition of islet cells 
	Insulitis, β-cell destruction
	No insulitis, later fibrosis of islets

	Blood insulin level
	Decreased insulin
	Normal or increased insulin

	Clinical management
	Insulin and diet
	Insulin, oral drugs, diet, exercise


DM: Diabetes mellitus.
Table 2 Phyto-chemicals and pharmacology of four eucalyptus species

	Eucalyptus species
	Major phyto-chemicals
	Pharmacological actions

	E. globulus (Blue gum/Tasmanian blue gum)
	Euglobals, essential oils(1,8 cineole, carvone, citral, citronellal, geranyl acetate, α-pinene, α-pinocarvone, β-pinene), hydrocarbons(4-hydroxytritriacontane-16, 18-dione, 16-hydroxy B tritriacontanone, n-Tritriacontane 16,18-dione), Macrocarpals H,I,J
	Anti-diabetic, anti-bacterial, anti-plaque, anti-tumor, anti-viral, anti-fungal, anti-histaminic, anti-inflammatory, anti-oxidant, anti-malarial

	E. citriodora (Lemon scented gum)
	Essential oils (cineole, citronellal, citronellic acid), sterols (9β-sitosterol)
	Anti-diabetic, analgesic, anti-fungal, anti-inflammatory, bone resorption inhibition, natural repellant

	E. camaldulensis (River Red Gum/Murray red gum)
	Essential oil (aromandendrene, myrtenal, borneol, camphene, carvacrol, citronellal, citronellyl acetate, cryptone-α, terpenyl acetate), Flavonoids (apigenin, chrysin, flavone, luteolin, eriodictyol, hesperetin, naringenin, pinocem-brin), triterpenoids (oleanolic acid, maslinic acid, camaldulic acid, camaldulensic acid)
	Anti-diabetic, anti-microbial, anti-nociceptive, anti-oxidative, cytotoxic

	E. tereticornis (Forest red gum)
	Essential oils (1,8-cineole, camphene, carvone, citral, citronellal, geranyl acetate, limonene, linalool oxide), phloroglucinol monoterpene derivatives (euglobal-T1, euglobal IIc), urosolic acid, triterpene esters (tereticornate A and B)
	Anti-diabetic, hepatoprotective, myorelaxant


E. globules: Eucalyptus globules; E. citriodora: Eucalyptus citriodora; E. camaldulensis: Eucalyptus camaldulensis; E. tereticornis: Eucalyptus tereticornis.
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