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Abstract

Medicinal plants have healing properties and are able to synthesize various chemical compounds. These chemicals (also known as phytochemical compounds) play vital roles in determining the pharmacological properties existing in certain plants.  The phytochemical compounds present in plants are associated with primary and secondary constituents. Most of the time, the secondary constituents exhibit the bioactivities in plants such as antimicrobial, antioxidant, antidiabetic, antibacterial and anti-inflammatory properties. Some common medicinal plants that have been used in curing various diseases by traditional practitioners in Malaysia are Ficus deltoidea Jack, Andrographis paniculata, Curcuma longa, Clinacanthus nutans and Eurycoma longifolia Jack. This review discusses the morphology, phytochemical compounds and phytochemical properties of selected medicinal plants in Malaysia. The plants of focus have been found to possess anti-cancer and anti-diabetic effects. This review, it is hoped will enable Malaysian researchers to explore further on the potential of these plants in investigating new and novel drugs in the future.
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1.
 Introduction

Malaysia is one of the tropical rainforest countries that is rich with its traditional medicines and herbal plants. Herbal plants have been used for many years to cure various diseases including diabetes mellitus, skin rashes, fever, insect and snake bites. As stated by World Health Organization (WHO), each part of the plant is useful and contains active compounds that are important for therapeutic purposes or which are precursors for the synthesis of useful drugs 1()
. These active compounds such as tannins, saponins, alkaloids, terpenoids, steroids and flavonoids produce a definite physiological actions in human 2()
. Some of these active compounds are non-essential towards the plants that produce them 2()
, even though they act as a powerful medicine for human beings. 
Phytochemical compounds can be divided into two categories which are primary and secondary constituents 3()
. Primary constituents consist of chlorophylls, proteins, amino acids and common sugars while the secondary constituents consist of terpenoids, alkaloids and phenolic compounds 3()
. Terpenoids are chemical compounds that are derived from isoprene molecule (C5H8) 4()
. Scientifically, the roles of terpenoids in pharmacological activities are anti-inflammatory, anti-bacterial, anti-protozoan, anti-fungal, anti-viral, anti-allergens, act as immune boosters as well as antineoplastic 3()
. Njeru (2013) stated that by eating vegetables and fruits containing terpenoids, humans might be able to control and manage the obesity-induced metabolic disorders including type 2 diabetes, hyperlipidemia, insulin resistance, cardiovascular diseases (CVD) and lower the prevalence of metabolic syndromes (increase in high blood pressure, high blood sugar level, excess body fat and abnormal cholesterol). 
Alkaloids were first introduced by Meisner in the beginning of nineteenth century to designate natural compounds that react like a base, alkali, since alkaloids are derived from organic nitrogenous bases5(. The alkaloids are plant-derived compounds containing nitrogen and can be found in over 20% of plant species , 6)
. Alkaloids have high impact on human beings in many areas including medical, economics and social affairs 5()
. Phenolic compounds or polyphenolic compounds are one of the secondary constituents that can be found in plants and are involved in defense against ultra-violet radiation and aggression by pathogens 7()
. Chemically, phenolic compounds contain at least 1 aromatic hydrocarbon ring with 1 or more hydroxyl groups attached 6()
. Flavonoids, coumarins, benzoic acids and tannins can be classified as polyphenolic compounds with the flavonoids as the largest and most diverse group 6()
. These secondary constituents are most essential in pharmaceutical developments besides being vital in the adaptations of plants to their environments 8()
. Almost all humans in the world prefer traditional plants as a treatment option and around 80 per cent of the world population rely  on traditional medicines for primary health care 9()
. In Malaysia, a variety of medicinal plants exist including Ficus deltoidea, Andrographis paniculata, Curcuma longa, Clinacanthus nutans and Cinnamomum verum. This paper will discuss the phytochemical compounds present in five selected common traditional plants in Malaysia, namely, Ficus deltoidea, Andrographis paniculata, Cinnamomun verum, Clinacanthus nutans and Curcuma longa.

This review was prepared by searching some databases like PubMed, Medline, Scopus, PLoS and Google Scholar using the keywords phytochemical properties, Ficus deltoidea Jack, Andrographis paniculata, Curcuma longa, Cinnamomun verum and Clinacanthus nutans. For each medicinal plant, the general information about phytochemical compounds, their families, the pharmacological properties and their traditional uses are reported. However, the phytochemical properties of these plants are limited only to that reported by Malaysian researchers.
2.  
Common Medicinal Plants in Malaysia
Table I and Table II have shown the details and morphology, respectively, of some of the medicinal plants that have been used in Malaysia by several of traditional practitioners. The plants included in this review are Ficus deltoidea, Andrographis paniculata, Cinnamomun verum, Clinacanthus nutans and Curcuma longa. 

2.1 
Ficus deltoidea Jack

Ficus deltoidea Jack (F. deltoidea) (Figure 1) belongs to the family Moraceae and has the synonyms, F. deltoidea var. angustifolia (Miq.) Corner, F. deltoidea forma angustissina Corner, F. deltoidea var. arenaria Corner, F. deltoidea var. bilobata Corner, F. deltoidea var. borneensis Corner, F. deltoidea forma subhirsuta Corner, F. deltoidea var. kunstleri (King) Corner, F. deltoidea var. lutescens (Desf.) Corner, F. deltoidea forma longipedunculata Corner, F. deltoidea forma subsessilis (Miq.) Corner, F. deltoidea var. peltata Corner, F. deltoidea var. recurvata Kochummen and F. deltoidea var. trengganuensis Corner. The common name for this plants in Malaysia include Mas cotek, serapat, sempitsempit, agoluran, ara burung, ara jelatih, ara tanah and in English it is known as Misletoe Fig and Rustly-leaved bush.

Morphological characteristics

The leaf morphology of Ficus deltoidea (F. deltoidea) varies in dimension, shape, venation, presence and distribution of waxy glands and length of petiole. A recent study by Fatihah et al. reported that the leaf shapes of F. deltoidea are either deltoid, elliptic obovate, spatulate or rhomboid 10()
. As stated by Berg and Corner, there are also variations in leaf lamina as some are oblong, elliptic, obtriangular, oblanceolate, spatulate, linear and suborbicular. The leaf morphology differs among the various species of F. deltoidea since this plant is a complex species with more than 25 species available in Asia 10(, 11)
.
Traditional uses
Traditionally, F. deltoidea has been used commonly as decorative houseplant and as traditional medicines 12()
 to heal ailments including sores, wounds, rheumatism and as an after-birth tonic as well as for diabetes 13()
.
 For many years, the dried leaves of F. deltoidea have been consumed and distributed among Malaysians as herbal tea and capsules. The decoction of the leaves are claimed to have antioxidant, antidiabetic, and aphrodisiac properties as well as in improving the blood circulation and also used in treating gout 

(10, 14, 15)
. 
Phytochemical compounds

Several studies on F. deltoidea leaves have been done in order to identify and isolate the phytochemical constituents of F. deltoidea. Study by Lip et al. using nuclear magnetic resonance (NMR) and mass spectrometers have identified moretenol (C30H50O) in F. deltoidea leaves. Meanwhile, another study by Suryati et al. discovered an antibacterial compound known as lupeol (C30H50O) (Figure 2A) which exhibited toxicity against Staphylococcus aureus, Bacillus subtilis, and Escherichia coli 16(, 17)
. Also, the flavonoid compounds (rutin, quercetin and naringenin - Figure 2B, C, D) present in F. deltoidea leaves were confirmed by using liquid chromatography-mass spectrometry (LC-MS) 18()
.
 

Pharmacological properties

Some of the pharmacological properties present in F. deltoidea are listed below.

Antidiabetic properties

Adam and colleagues evaluated the potential of five extracts and three fractions of F. deltoidea to enhance basal and insulin-stimulated glucose uptake into the Chang liver cell line and found that all F. deltoidea extracts and fractions except for ether extract possessed the ability to enhance either the basal or insulin-stimulated glucose uptake into this cell line 19()
. One of the therapeutic techniques to control postprandial hyperglycaemia is by the inhibition of carbohydrate hydrolysing enzymes such as α-glucosidases and α-amylase 20()
. Farsi et al. evaluated the enzymes inhibitory effect and antioxidant properties of different fractions of methanolic extract obtained from F. deltoidea leaves. The n-butanol fraction revealed significant α-glucosidases and α-amylase inhibitory effects (IC50 values of 15.1 and 39.42 μg/ml, respectively) along with the remarkable antioxidant activity when compared to the other fractions and indicated that F. deltoidea could be a potential source of promising anti-diabetic drug 20()
. Another study was assessed on the ability of the crude extracts and fractions of F. deltoidea as antidiabetic agents to inhibit yeast and mammalian α-glucosidase as well as α-amylase. The results suggested that the crude extracts and fractions of F. deltoidea inhibited both yeast and rat intestinal α-glucosidases in a dose-dependent manner. However, the extracts and fractions of F. deltoidea did not inhibit porcine pancreatic α-amylase 21()
. 

Anti-inflammatory and antinociceptive properties
Study on the anti-inflammatory activity of the aqueous extract of F. deltoidea  in rats using a carrageenan-induced paw oedema test, a cotton pellet-induced granuloma test, and a formalin test showed that there was significant anti-inflammatory activity in every test with a dose-response effect 22()
. Study by Abdullah et al. suggested standardization of extracts of different varieties of F. deltoidea for anti-inflammatory activity using three in vitro assays: lipoxygenase, hyaluronidase, and TPA-induced oedema. The results of the different extracts from three varieties of the plant showed anti-inflammatory activities 23()
. Evaluation of the antinociceptive activity of F. deltoidea aqueous extract by using three models of nociception; acetic acid-induced abdominal writhing, formalin and hot plate test revealed that F. deltoidea leaves’ aqueous extract contained pharmacologically active constituents that possessed antinociceptive activity justifying its traditional therapeutic use in treating conditions related with painful conditions 24()
. 

Angiogenesis and anticancer properties
Angiogenesis is known as development of new blood vessels and has important roles in pathogenesis of various human diseases including cancer, psoriasis, arterial plaque formation, ocular neovascularization, gastrointestinal ulcers, rheumatoid arthritis, and diabetic retinopathy. Shafaei et al. reported that the antiangiogenic effect of F. deltoidea extract is related to the presence of relatively high contents of ursolic acid, phenolics and flavonoids. The selective cytotoxicity towards colon and breast cancer cell lines, and anti-angiogenic effect indicated the potential anti-cancer effect of F. deltoidea extracts 14()
. Investigation on the cytotoxicity of aqueous and ethanolic plant extracts of F. deltoidea on human carcinoma cells revealed that both extracts could cause apoptosis at a concentration of 1000 µg/ml. An aqueous extract of F. deltoidea promoted cell detachment while the ethanolic tried to inhibit cell proliferation through DNA fragmentation 25()
. 
2.2 
Andrographis paniculata

Andrographis paniculata (Figure 3) belongs to the family Acanthaceae and has the synonym Justicia paniculata. The common name for this plant in Malaysia is Hempedu bumi and in English, it is called ‘Bile of earth’.

Morphological characteristics

Andrographis paniculata (A. paniculata) is a branched annual herbaceous plant that grows erect to a height of 30.0-110.0 cm with a dark green stem. A. paniculata grows in hedgerows throughout the plane lands, hill slopes, waste ground, farms, moist habitat, seashores, roadsides and can be cultivated in a garden. A. paniculata leaves are glabrous, up to 8.0 cm long and 2.5 cm broad, pinnate, acute apex and entire margin by having a smooth edge. Also, A. paniculata It has small white flowers with rose-purple spots on the petals. The stems of A. paniculata are dark green with 0.3-1.0 m in height, 2.0-6.0 mm in diameter, quadrangular with longitudinal furrows and wings on the angles of the younger parts 26()
.
Traditional uses

Traditionally, A. paniculata leaves have always been taken orally to reduce diabetes and high blood pressure. A. paniculata has a broad range of therapeutic properties and hence has been used for many years to treat upper gastrointestinal tract and upper respiratory infections, fever and Herpes 27()
. Based on Roy et al., andrographolide is one of the bioactive components present in A. paniculata and has been reported for its anti-cancer 28()
, anti-HIV 29()
 and cardioprotective properties among others 30()
. 
Phytochemical compounds

Based on previous study studies, the aerial parts of A. paniculata (leaves and stems) were used in the extraction and isolation of the active phytochemical compounds 
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(30, 31)
. The major active phytochemical compound that was found in A. paniculata was andrographolide (C20H30O5) (Figure 4A) 31()
. Andrographolide is colourless, crystalline in appearance that has a bitter taste 28(, 31)
  and exhibit therapeutic effects such as anti-inflammatory, anti-microbial, anti-viral, immuno-stimulatory, anti-platelet aggregation 32(, 33)
, anti-cancer, anti-HIV 27()
, cardio-protective and hepatoprotective effects 
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(27, 30, 34)
. Apart from that, other active phytochemical compounds present in A. paniculata are deoxyandrographolide (C20H30O4), neoandrographolide (C26H40O8) and dehydroandrographolide (C20H28O4) (Figure 4B, C, D-respectively) 35()
. Dehydroandrographolide has properties such as hypotensive effect, vasorelaxant activity, anti-stimulant effect on production of nitric oxide and shows inhibition against human immuno-deficiency virus 33()
. Also, andrographolide, neoandrographolide, and dehydroandrographolide are reported to have viricidal virucidal properties against herpes simplex virus type 1 (HSV-1) 36()
.

Phytochemical properties

A. paniculata possesses various phytochemical properties such as anti-inflammatory, anti-microbial, anti-viral, immuno-stimulatory, anti-platelet aggregation 32(, 33)
, anti-cancer, anti-HIV 27()
, cardio-protective and hepatoprotective effects. 

Anti-inflammatory properties

Study has shown that compounds isolated from the aerial parts of A. paniculata such as andrographolide, dehydroandrographolide and neoandrographolide exhibited anti-inflammatory activity by interfering with COX enzyme activity. Andrographolide (30.1 μM) and dehydroandrographolide (28.5 μM) markedly inhibited COX-1 in ionophore A23187-induced human platelets. Meanwhile, dehydroandrographolide (28.5 μM) and neoandrographolide (20.8 μM) strongly suppressed the LPS stimulated COX-2 activity in human blood. In addition, dehydroandrographolide showed the highest efficacy by modulating the level of LPS-induced TNF α, IL-6, IL-1β and IL-10 secretion in human blood in a concentration-dependent manner 37()
. Many investigators have suggested that compounds of A. paniculata such as andrographolide and neoandrographolide showed anti-inflammatory activities including inhibition of intercellular adhesion molecule-1 expression in monocytes activated by TNF-𝛼 38()
, suppression of inducible nitric oxide synthetase (iNOS) in RAW264.7 39()
, cyclooxygenase-2 (COX-2) expression in neutrophils and microglial cells 40(, 41)
, reduction of ERK1/2 phosphorylation in murine T cells 42()
 and IFN-𝛾, and IL-2 production 43()
, and inhibition of TNF-𝛼 and GM-CSF induced by LPS 44()
.

Antimicrobial properties

Andrographolide is a compound isolated from A. paniculata and this compound possesses antimicrobial activity. Modern studies have investigated A. paniculata  for its antimicrobial activities against various bacteria, viruses and parasite 36()
. As stated by Yadav, andrographolide is active against Aspergillus and Fusarium 31()
. Nakanishi et al. investigated the antibacterial activity of aqueous methanol (50% v/v) extract of whole plant A. paniculata against Bacillus subtilis and Proteus vulgaris and has reported negative result against E. coli 45()
. However, Mishra et al. reported that the ethanol extracts of aerial parts of A. paniculata were found to be effective in inhibiting E. coli growth along with other ten gram positive and gram negative bacteria 46()
. The chloroform extract of A. paniculata showed antimicrobial activity against 9 bacterial strains including five gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella typhimurium, Enterobacter cloacae), and four gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis, Enterobacter faecalis, Staphylococcus epidermidis). The chloroform extract of A. paniculata showed better inhibition effect on gram-negative bacteria 27()
.
Immunomodulatory properties

Immune responses can be defined as proliferation of lymphocytes, antibody production and cytokines secretion regulated under normal conditions 35()
. Andrographolide compound in dichloromethane extract of A. paniculata  enhanced proliferation and IL-2 secretion in human peripheral blood lymphocytes (hPBL) 32()
. Sheeja and Kutan reported that andrographolide enhances secretion of IL-2 and IFNᵧ by T cells and stimulates the production of cytotoxic T lymphocytes 28()
. A study by Amroyan et al. in 2004 suggested andrographolide as an effective compound in preventing the clumping of blood platelets that lead to heart attacks and also plays an important role on activating the general defence functions of immune system by stimulating the production of antibodies and increased macrophage phagocytosis 47()
. 

Anticancer properties

Many studies have shown that andrographolide possesses strong anticancer properties by inducing cell differentiation in mouse myeloid leukaemia cells 48()
 and showed potent cytotoxicity activity against KB (human epidermoid leukaemia) and P388 (lymphocytic leukaemia) cells 49()
. Andrographolide isolated from A. paniculata was reported to inhibit the proliferation of various cell lines including leukaemia, breast cancer, lung cancer, melanoma cells and inhibited the cell cycle progression of human colorectal carcinoma LoVo cells 
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(50-53)
. Kumar et al. investigated the anticancer activities of petroleum ether and dichloromethane extracts of A. paniculata  on colon cancer cells (HT-29) and the extracts inhibited the proliferation of HT-29 cells with a GI50 value of 46 and 10 µg/ml respectively 32()
. Dichloromethane crude extract of A. paniculata possessed anticancer activity by inhibiting the proliferation of colon cancer cells and augmentation of the proliferation of human peripheral blood lymphocytes at low concentration 32(, 54)
. 

Hepatoprotective properties

A. paniculata plants have been widely used in Ayurvedic and Unani medicine as treatment for hepatic disorders and also  as hepatoprotective agent and stimulating agent for multiple enzymes of the liver 44()
. Ethanol extract of A. paniculata was reported to have an effect on restoration of different enzyme after CCL4- induced liver injury 44(, 55)
. Study on the effect of andrographolide and the leaf extract of A. paniculata against tetrachloride- (CCL4-) induced hepatic microsomal lipid peroxidation in vitro was completely protected by the leaf extract but not by andrographolide, indicating that the hepatoprotective effect is not solely due to the presence of andrographolide 44(, 56)
. Other compounds of A. paniculata extracts such as neoandrographolide and dehydroandrographolide have also  been reported to possess hepatoprotective effect 44()
. 

2.3 
Clinacanthus nutans

Clinacanthus nutans (Figure 5) belongs to the family Acanthaceae with synonyms, Clinacanthus nutans var. robinsonii Benoist, Clinacanthus burmanni Nees, and Justicia nutans Burm. f. The common name for this in Malaysia is Belalai gajah and in English, it is known as Sabah snake grass. 
Morphological characteristics

Clinacanthus nutans (C. nutans) is a perennial herb or shrub that grows around 1.0-3.0 m in height with pubescent or short hair branches. The stem of C. nutans is straight green with white internodes and vertical strips throughout the entire stem while the leaf of C. nutans is pale green, simple, opposite, narrowly elliptic oblong or lanceolate with a diameter 0.5-1.5 cm and 2.5-13.0 cm long. Flowers of C. nutans are in dense cymes at the top of the branches, often terminating drooping horizontal branches but themselves being erect. Flower of C. nutans has grandular-pubescent calyx, corolla grandular-pubescent, about 3.5 cm, dull red with green base and yellow streaks on lower lip 57()
.
Traditional uses

C. nutans has been utilized traditionally to treat various diseases including lesions caused by Herpes simplex, diabetes mellitus and as diuretics 58()
. In Malaysia, C. nutans is used to treat skin rashes, scorpion and insect bites; while in China, the whole plant is used to treat inflammatory conditions such as haematoma, contusion, strains and sprains of injuries and rheumatism 59()
. Traditionally, C. nutans has been used as an antivenom, anti-inflammatory, analgesic, antidiabetic, antirheumatism, antiviral and antioxidant 60()
.
Phytochemical compounds

Teshima and colleagues isolated six C-glycosyl flavones from methanolic extract of C. nutans leaves including vitexin, isomollupentin 7-O-β-glucopyranoside, orientin, isoorientin, schaftoside (C26H28O14) and isovitexin (Figure 6A, B, C, D, E, F-respectively) 61()
. These compounds possessed significant pharmacological properties such as antimicrobial activity (isoorientin and vitexin), hepatoprotective activity (isoorientin) and antioxidant activity (isovitexin) 61()
62(. Gas chromatography mass spectrometry (GCMS) analysis of chloroform extract of C. nutans identified the major compound which was 1, 2-benzenedicarboxylic acid, mono (2- ethylhexyl) ester. This phytochemical compound contributes to the medicinal activity and possesses anti-microbial, antioxidant and antiproliferative properties )
. Previous studies of the active phytochemical compounds of C. nutans extracts also discovered stigmasterol, β-sitosterol, lupeol 63()
 and betulin 64()
 (Figure 7A, B, C, D, E-respectively). 

Pharmacological properties

C. nutans plants possess variety of pharmacological properties including anti-venom, anti-inflammatory, analgesic, antidiabetic, anti-rheumatism, antiviral and antioxidant properties. Anti-inflammatory properties

Traditionally, C. nutans has been used as anti-inflammatory agent for the treatment of insect bites and allergic responses though there is a limited study on the investigation of anti-inflammatory activity of C. nutans. A study by Wanikiat et al. proposed the anti-inflammatory properties of C. nutans extract on human neutrophils using two neutrophil-dependent acute inflammatory models. The results suggested that there was significant inhibition of myeloperoxidase (MPO) activity in the inflamed tissue showing that the anti-inflammatory effect of the C. nutans extracts is related to reduced neutrophil migration 65()
. 

Antiviral properties

Many researchers suggested C. nutans to be used as antiviral agent against Herpes simplex virus (HSV). Kunsorn et al. suggested C. nutans to be an anti-HSV agent and their results revealed that n-hexane, dichloromethane and methanol extracts of C. nutans can inhibit the plaque formation of HSV-1 and HSV-2. Phytochemical compounds from C. nutans leaves such as polyphenolic, glycosides and terpenes were found to possess antiviral properties against HSV 57()
. Sakradat et al. in 2009  discovered the inhibitory activities of C. nutans as an antiviral agent against HSV-1F in pre-viral entry step 66()
.  The meta-analysis study by Kongkaew et al. reported that C. nutans extract possessed potential beneficial antiviral properties in the treatment of Herpes genitalis and Herpes zoster 67()
. 

Antioxidant properties

Investigation of C. nutans (chloroform, methanol and water) extracts on diphenyl-1-picrylhydrazyl (DPPH), galvinoxyl radical, nitric oxide, and hydrogen peroxide scavenging assays revealed that C. nutans extracts contained antioxidant agents that were capable of negating free radicals 62()
. However, the antioxidant activities of the extract varied for each test due to the solubility of the extracts in different testing systems and the stereo selectivity of the radicals 62()
. A study by Yuann et al. inspected the antioxidant activity of C. nutans extracts on plasmid DNA integrity in E. coli. The antioxidant activities, DPPH radical scavenging activity, reducing power activity, SOD activity, and total phenolic contents of C. nutans were lowered when compared with green tea. However, C. nutans leaf extract showed better retention of the integrity of super-coiled plasmid DNA under riboflavin photochemical treatment compared to extracts of green tea 68()
.
2.4 
Cinnamomum verum


Cinnamomum verum (Figure 8) belongs to the family Lauraceae with a synonym of Cinnamomum zeylanicum. The name for this plant in Malaysia is Kulit kayu manis and in English it is known as Cinnamon.
Morphological characteristics

Cinnamomum verum (C. verum) is a small evergreen tropical tree that grows up to 10.0-15.0 m tall. The leaves of C. verum has leathery appearance and usually opposite, glabrous on both surfaces while the  leaf blade is greenish white abaxially, green and shiny adaxially, ovate or ovate-lanceolate, 11.0 to 16.0 cm long, with pointed tips 69()
.  C. verum has only a thin inner bark, has a finer, less dense, and more crumbly texture, and is considered to be less strong than cassia 70()
. (???- need explaination)
Traditional uses

Traditionally, the aromatic, astringent, expectorant and carminative bark of C. verum is used to treat stomach cramps, gastric irritation, dysentery, diarrhoea 70()
, neuralgia, rheumatism, toothache and paralysis of the tongue. C. verum stimulates the uterine muscles by reducing the difficulties in deliveries due to inadequate contractions, promotes regular and easy menstruation and is taken as a warming herb for cold conditions. Apart from that, C. verum is very famous in its applications as spices, used for flavouring in liquids, cakes, curries, tomato ketchup and sauces. C. verum is also used as traditional remedy for aching muscles and other symptoms of viral conditions such as colds and flu 71()
.
Phytochemical compounds
Previous studies have shown that the major active phytochemical compounds that can be identified in C. verum are eugenol (C10H12O2) 72()
, linalool (C10H18O), cinnamaldehyde (C9H8O) 73()
, coumarin (C9H6O2) 70()
and benzyl benzoate (C14H12O2) 69(, 74)
. Coumarins are active compounds that can be found naturally in plants including C. verum and possess anticoagulant properties. High percentage of coumarin in plants can lead to health risks and become toxic to the liver if this compound is consumed in higher quantity on a regular basis. However, C. verum only contains low percentage of coumarin and still considered as safe and  free from causing health risks 75()
. Meanwhile, the inhibitory activity by C. verum extract is due to the presence of cinnamaldehyde 76()
. Previous study has also shown that, sensitive and resistant bacteria strain of Helicobacter pylori was completely inhibited by cinnamaldehyde compound 76(, 77)
. These active compounds of C. verum are very important as they possess important pharmacological properties as shown in Table I.
Pharmacological properties

For many years, C. verum has been used widely all around the world in culinary as spices as well as in therapeutic treatments. Previous studies on C. verum reported various important pharmacological properties such as antidiabetic, antinociceptive, astringent, diuretic activities and antifungal activities in bark and leaves 
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(78, 79)
. 

Antioxidant properties
Antioxidant is very essential to human body in order to neutralize free-reactive oxidant species (ROS) and acts as a health protecting agent. Previous studies have reported that various C. verum extracts such as ether, aqueous and methanolic extracts possess antioxidant activities 80(, 81)
. Based on Shobana and Naidu (2002), different flavonoids isolated from C. verum have free radical scavenging and antioxidant properties 81(, 82)
83(. Commonly, antioxidative reaction of C. verum or any plant is due to the phenolic compounds present in it. Total phenolic content (TPC) in acetone and methanol extracts of C. verum was determined by Folin-Ciocalteu method and the TPC for acetone and methanol extracts of  C. verum were 30.52 μg gallic acid equivalents/g of plant material and 32.31 μg gallic acid equivalents/g of plant material respectively )
. Murcia et al. compared antioxidant properties of C. verum with those of common food antioxidants which were butylated hydroxyanisole (BHA) (E-320), butylated hydroxytoluene (BHT) (E-321) and propyl gallate (E-310) and the results showed that C. verum exhibited a higher percentage of inhibition of oxidation as tested by the lipid peroxidation assay 84()
.

Antimicrobial properties

Antimicrobial properties can be divided into 2 types which are antifungal and antibacterial. Yong et al. investigated the antimicrobial properties of C. verum and other herbs. Based on the study, the minimum inhibitory concentration of the fatty acids and essential oils were determined against 6 types of bacteria; Brochothrix thermosphacta, Carnobacterium piscicola, Lactobacillus curvatus, Lactobacillus sake, Pseudomonas fluorescens, and Serratia liquefaciens. C. verum was one of the most effective essential oils that showed inhibition by using 1/100 dilution of the oils against the selected bacterial species. The results verified the presence of eugenol and cinnamaldehyde as the main cause for the inhibitory effect of essential oils 85(, 86)
. The disk-diffusion method was applied in determining the zone of inhibition of C. verum extracts (ethyl acetate, acetone and ethanol) against several bacteria such as Klebsiella pneumonia, Bacillus megaterium, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, Enterobacter cloacae, Corynebacterium xerosis, Streptococcus faecalis. The results of the study suggested that C. verum extracts had high antibacterial activity with inhibition zone ranging from 7 to 18 mm for the application of 30 µL 87()
.

Antidiabetic properties

A study by Babu et al. in 2006 showed that when cinnamaldehyde from C. verum aqueous extract was tested at different dosages (5, 10 and 20 mg/kg) for 45 days to streptozotocin (STZ) (60 mg/kg) induced male diabetic Wistar rats, it was found that the plasma glucose concentration was significantly (p<0.05) decreased in a dose-dependent manner (63.29%) compared to the control. The results suggested that cinnamaldehyde possesses hypoglycaemic and hypolipidemic effects in STZ-induced diabetic rats and contain antidiabetic agents 86(, 88)
. Oral administration of cinnamaldehyde showed significant antihyperglycaemic effect and lowered both total cholesterol and triglyceride levels. Also, it helped to increase HDL-cholesterol in STZ-induced diabetic rats. HDL is an anti-atherogenic lipoprotein that transports cholesterol from peripheral tissues into the liver and at the same time acts as a protective factor against coronary heart disease 88()
. Based on Ranasinghe et al. (2012), C. verum improves the ability of the body to handle glucose load and cinnamon has the ability to potentiate insulin-regulated glucose utilization via enhancing insulin signalling 75(, 89)
. Shen et al. (2010) also stated that cinnamon prevented diabetes by enhancing the catabolism of glucose through up-regulation of the uncoupling protein-1 (UCP-1), protein in brown adipose tissue (BAT) and glucose transporter 4 (GLUCT4) was translocated to the plasma membranes in both BAT and muscle.

Anti-ulcer properties

Asad in 2014 carried out a study on the antiulcer effect of C. verum in rats with different ulcer indices; acetic acid induced chronic gastric, pylorus ligation induced gastric, ethanol induced gastric, stress induced gastric, indomethacin induced gastric and cysteamine induced duodenal ulcers. When higher dose of cinnamon bark (100 mg/kg) was applied to all of the models, they showed significant protection in the development of the gastric ulcers while the low dose (10 mg/kg) was not effective in any of the models 90()
. Amr and Masya (2010) suggested that the oral administration of cinnamon aqueous extract in rats showed significant reduction in volume of gastric juice compared to positive and control groups (treated with Zantac drug) 91()
.

Anti-inflammatory properties

C. verum is an old herbal medicine that is always related with anti-inflammatory activity 92()
. Study by Gunawardena et al. proposed E-cinnamaldehyde and o-methoxycinnamaldehyde as components that might be useful in the treatment of inflammatory conditions. Based on the results, E-cinnamaldehyde and o-methoxycinnamaldehyde were responsible for anti-inflammatory activities of C. verum 93()
.
2.5 
Curcuma longa 

Curcuma longa (Figure 9) belongs to the family Zingiberaceae and has a synonym by name Curcuma domestica Valeton. In Malaysia, the common name is Kunyit and in English, it is called Turmeric.

Morphological characteristics
Curcuma longa (C. longa) is a perennial herb that grows up to 1.0 m high with a short stem and distributed throughout tropical and subtropical regions of the world 94()
. The leaf of C. longa is glabrous, elliptical-lanceolate in shape and around 30.0 cm long and 10.0 cm broad. The leaf of C. longa has aromatic scent with light green colour and alternately arranged. The inflorescences of C. longa are made up of light green to whitish, cone or oblong in shape with 10.0-15.0 cm long and 5.0-7.0 cm wide. The rhizomes of C. longa are orange-brown and dark-yellow to bright orange pulp in colour arising from the tuber and branch out at right angle as secondary rhizomes 94()
.
Traditional uses

Traditionally, C. longa has been used in Ayurveda (traditional Indian medicine) and other traditional systems of medicine for the prevention and treatment of various diseases 95()
. In Ayurvedic treatment, both fresh and dried preparations of the plants are useful and the plants are used as antiseptic, wound healing, and anti-inflammatory compounds 96()
.
Phytochemical compounds

Based on previous studies, the major phytochemical compounds that can be identified in C. longa are α-turmerone (C15H22O) and β–turmerone 
 ADDIN EN.CITE 

(97-100)
 (Figure 10A, B-respectively). Another study also has reported the presence of aromatic-turmerone, aromatic-curcumene and alpha-santalene (Figure 10 C, D, E-respectively) in dry rhizome oil 99()
. The pharmacological properties of aromatic-turmerone are antimicrobial, larvicidal and antioxidant properties 101()
. Turmerone possesses variety of pharmacological activities such as antioxidant, anti-inflammatory, anti-tumor, anti-proliferative and anti-depressant activity 
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(102, 103)
.

The major phenolic compounds identified in C. longa are curcuminids which can be divided into three types; curcumin (curcumin I), demethoxycurcumin (curcumin II) and bisdemethoxycurcumin (curcumin III) 101(, 104)
. These curcuminoids play an important role as anti-tumor agent 101()
 and are responsible for the yellow colour of turmeric 105(, 106)
. Based on Nisar et al., curcumin can be defined as yellow orange crystalline substance that is insoluble in water. Table II shows curcuminoid derivatives and its pharmacological activities.

Pharmacological properties

The phytochemical compounds present in C. longa possess cardio-protective, anti-inflammatory, anti-tumor, antifungal, immunomodulatory, antioxidation, antimutagenic activities, has a protective effect against aflatoxin B1 (AFB1) induced toxicity, antibacterial activities and anti-human immunodeficiency virus activity and neuro-protective properties that will benefit Alzheimer’s diseases and anti-HIV-1 activities 107()
.

Antimicrobial properties

C. longa was claimed to inhibit growth of most microorganisms such as Sarcinia, Gaffkya, Corynebacterium, Streptococcus and Bacillus strains. Curcumin acted as a bacteriostatic agent against Staphylococci. Chandarana et al. (2005) reported that C. longa is active against B. subtilus, S. aureus and E. coli due to the phenolic compounds present in it. A study revealed the antibacterial, antifungal, antiviral and anti-protozoan properties of chloroform and ether extracts of C. longa. The essential oil and other extracts of C. longa showed antibacterial activities against Bacillus coagulans, Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli 105(, 108)
.

Antioxidant properties

A study revealed that the presence of a heat stable anti-oxidant protein in the aqueous extract of C. longa is highly significant in relevance to its dietary consumption in Asia and the anti-oxidant protein in C. longa can protect tissue from the peroxidative damage 109()
. Previous study on antioxidative properties of curcumin and its three derivatives (demethoxy curcumin, bisdemethoxy curcumin and diacetyl curcumin) suggested that these substances provide a protection of haemoglobin from oxidation at a concentration as low as 0.08 mM, except the diacetyl curcumin, which has little effect in the inhibition of nitrite induced oxidation of haemoglobin 110()
. Aromatic-turmerone and α-turmerone are major compounds in essential oil and oleoresin with effective antioxidant activities. Study by Singh et al. (2010) revealed that essential oil and oleoresin fresh rhizomes of C. longa showed higher antioxidant properties compared to dry rhizomes of C. longa. They concluded that  the amount of β-turmerone and α-turmerone in dry rhizomes was less than that of fresh rhizomes and that the antioxidant activity of C. longa in dry state was less effective compared to fresh state 99()
. 

Anti-inflammatory properties
A study showed that curcumin modulated the inflammatory response by down-regulating the activity of cyclooxygenase-2 (COX-2), lipoxygenase and inducible nitric oxide synthase (iNOS) enzymes. Curcumin also inhibited the production of the inflammatory cytokines TNF-α, IL1, IL2, IL6, IL8, and IL12, monocyte chemoattractant protein (MCP), and migration inhibitory protein and down-regulated mitogen-activated and Janus kinases 111()
.
3. 
Conclusions

Medicinal plants are still being practiced utilised by traditional practitioners as folk medicines rather than using the conventional medicines as remedies in treating various diseases. This is due to the presence of beneficial chemical compounds that have healing properties in addition to combat microbial infections and other diseases. This review article highlights on the phytochemical properties present in five medicinal plants in Malaysia. Most of the medicinal plants have phytochemical properties such as antimicrobial, anticancer, antidiabetic and anti-inflammatory properties though some have their own traditional functions as an afterbirth tonic and as an additive in energy drinks. Hence, the phytochemical properties that are exhibited by these medicinal plants could be a new source of finding new drugs in economical ways. 
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Table I: Phytochemical compounds present in C. verum and their pharmacological properties
	Compounds
	Structure
	Pharmacological properties

	
	
	

	Eugenol
	[image: image6.png]CH,
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	· Anaesthetic

	
	
	· Anti-ulcer

	
	
	· Antispasmodic

	
	
	· Antioxidant

	
	
	· Anti-inflammatory

	 
	
	 

	Linalol
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	· Analgesic

	
	
	· Anaesthetic

	
	
	· Antispasmodic

	
	
	· Anti-allergic

	
	
	· Anti-inflammatory

	 
	
	 

	Benzyl benzoate
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	· Antitumor 

	
	
	· Antispasmodic 

	
	
	· Myorelaxant 

	
	
	· Hypotensive 

	
	
	· Antiasthmatic 

	 
	
	 

	Cinnamaldehyde
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	· Antimicrobial 

	
	
	· Antidiabetic 

	 
	
	 

	Coumarin
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	· Anticoagulant

	 
	
	 


Table II: Curcuminoid derivatives and its pharmacological activities
	Compounds
	Structure
	Pharmacological activities

	
	
	

	Curcumin
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CH,

OH

CH,
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	· Antibacterial

	
	
	· Anti-HIV

	
	
	· Antioxidant

	
	
	· Anti-inflammatory

	
	
	· Antitumor

	
	
	

	demethoxycurcumin
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	· Antioxidant 

	
	
	

	
	
	

	Bisdemethoxycurcumin
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	· Antioxidant 

	
	
	


Suggestions/comments
· State in the abstract that this is a review.
· Figures and photos not included.
· If possible, present data in table form, comparing the major components of the extracts from the plants and their benefits and how they are used traditionally. Major groups of phytochemicals found in the different plants can be compared in tables, making comparisons between the plants much easier. As such the review is rather difficult to digest since it is not easy to make comparisons when everything is in words located in different paragraphs. 
· Presenting major finding in tables and graphics should reduce the length of the paper.
· Focus should be on Malaysian papers as the title suggest.

· Research trends in Malaysia?

· Research focus in Malaysia?
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