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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the degree of Doctor of Philosophy 

 

 

NMR-BASED METABOLOMICS FOR QUALITY CONTROL OF DUKUNG 

ANAK (Phyllanthus niruri Linn.) AND IDENTIFICATION OF BIOMARKERS 

FOR ITS DIABETES-RELATED ACTIVITIES  
 

 

By 

 

AHMED MEDIANI 

 

August 2016 

 

 

Chairman : Associate Professor Faridah Abas, PhD 

Faculty : Food Science and Technology 

 

 

Phyllanthus is a plant genus that has been used in traditional medicine due to its 

phytomedicinal metabolites content. However, there is a lack of consistency and 

efficacy of plant of this genus as well as not enough scientific reports to support its 

traditional uses specifically in treating diabetes. The main aim of this study was to 

investigate the antidiabetic properties of Phyllanthus in vitro and in vivo using 

metabolomics approach. The first part of the present study determined the variation 

between two Phyllanthus species (P. niruri and P. urinaria) at different growth 

stages (8, 10 and 12 weeks) using proton nuclear magnetic resonance (1H NMR) 

combined with multivariate data analysis (MVDA). The results revealed that the 

Principal Component Analysis (PCA) and Partial Least Square (PLS) showed ideal 

differentiation between these species, suggesting the contributed metabolites, which 

were responsible for the discrimination. Phyllanthus niruri extracted with 80% 

ethanol possessed high antioxidant and α-glucosidase inhibitory activities compared 

to P. urinaria and 10 weeks was the valuable growth age that provides P. 

niruri extract with the highest content or/and number of bioactive metabolites. Thus, 

P. niruri harvested at 10 weeks was selected in the second part of the study to 

optimize the appropriate drying method and solvent for extracting these bioactive 

components. Three extracting solvents (methanol, ethanol and water) with different 

ratios were assessed for their effects on biological activities of P. niruri subjected to 

three drying treatments (air, oven and freeze). The freeze-dried P. niruri samples that 

were extracted with 80% ethanol exhibited higher biological activity values 

compared to the other extracts. The 80% ethanol extract had the quantities of 

epicatechin (172.0 µg/g), ellagic acid (46.67 µg/g), chlorogenic acid (44.33 µg/g), 

quercetin (1.73 µg/g), catechin (1.63 µg/g), phyllanthin (46.0 µg/g), and 

hypophyllanthin (23.17 µg/g) analyze using high performance liquid 

chromatography (HPLC). In the third part of this study, the correlation was also 

determined among the phytochemical constituents and the bioactivities using PLS 

regression. The identified phenolics and hypophyllanthin were strongly correlated 

with the antioxidant and α-glucosidase inhibitory activities, suggesting their great 

contributions to these activities. The optimized P. niruri extract was further 
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evaluated for in vivo antidiabetic properties at two concentrations (250 and 500 

mg/kg body weight) and compared with metformin. The effect of P. niruri extract on 

the biochemical parameters of obese–diabetic rats was also investigated. The 

development of the obese diabetic model was done by feeding the high fat diet to 

Sprague-Dawley rats and inducing diabetic condition with a low dose of 

streptozotocin (STZ). The in vivo results indicated that P. niruri extracts of 500 

mg/kg bw displayed the management of metabolites disorders of obese diabetic rats 

toward the normal state. The phytochemicals of P. niruri extracts might improve the 

metabolic disorders caused by diabetes. The extract at a concentration of 500 mg/kg 

bw also exhibited a noticeable effect in declining the plasma glucose level and 

improving lipid profile in obese diabetic rats as compared to 250 mg extract/kg bw. 

Both P. niruri doses showed reduction in the plasma cholesterol and low-density 

lipoprotein (LDL) levels and an increase in high-density lipoprotein (HDL). The 

effect of various metabolites in controlling the diabetes syndromes was discussed. 

The present study suggested that P. niruri can be a prominent and constructive 

medicinal plant. In conclusion, 1H NMR-based metabolomics approach was 

successfully used to optimize the postharvest parameters, provide insights into the 

efficacy of P. niruri as a remedy for diabetes, and set the preliminary step towards 

developing this herb into high claim products.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah 

PENDEKATAN METABOLOMIK DALAM MENYIASAT SEBATIAN 

ANTIDIABETIK BAGI EKSTRAK DUKUNG ANAK (Phyllanthus niruri Linn.) 

DAN PENGENALPASTIAN PENANDA BIO DI DALAM TIKUS SPRAGUE-

DAWLEY TERARUH DIABETES 

Oleh 

AHMED MEDIANI 

Ogos 2016 

Pengerusi  : Profesor Madya Faridah Abas, PhD 

Fakulti : Sains dan Teknologi Makanan 

Phyllanthus merupakan genus tumbuhan yang telah digunakan dalam perubatan 

tradisional disebabkan oleh kandungan metabolit fitoperubatannya. Walau 

bagaimanapun, terdapat kekurangan konsistensi dan keberkesanan tumbuhan 

daripada genus ini dan juga laporan saintifik tidak cukup untuk menyokong 

kegunaan tradisional khusus dalam merawat diabetes.Tujuan kajian ini adalah untuk 

menyiasat sifat-sifat antidiabetik Phyllanthus secara in vitro dan in vivo 

menggunakan pendekatan metabolomik. Bahagian pertama kajian ini menentukan 

variasi antara dua spesies Phyllanthus (P. niruri dan P. urinaria ) pada peringkat 

pertumbuhan yang berbeza (8, 10 dan 12 minggu) dengan menggunakan proton 

resonans magnetik nuklear (1H NMR) digabungkan dengan analisis data multivariat 

(MVDA). Keputusan daripada Analisis Komponen Utama (PCA) dan Separa Dua 

Terkecil (PLS) menunjukkan perbezaan yang ideal antara spesies ini, mencadangkan 

metabolit yang menyumbang  terhadap diskriminasi. Ekstrak P. niruri memiliki 

bioaktiviti yang lebih tinggi berbanding P. urinaria dan sepuluh minggu merupakan 

umur bermanfaat yang menyediakan ekstrak P. niruri dengan kandungan tertinggi 

atau/dan beberapa metabolit bioaktif. Oleh itu, P. niruri yang dituai pada 10 minggu 

telah dipilih untuk mengenal pasti kaedah pengeringan dan pelarut yang sesuai untuk 

mengekstrak komponen bioaktif. Tiga pelarut pengekstrakan (metanol, etanol dan 

air) dengan nisbah yang berbeza telah dinilai untuk kesannya terhadap aktiviti-

aktiviti biologi P.niruri tertakluk kepada tiga rawatan pengeringan (udara, ketuhar 

dan sejuk beku). Sampel pengeringan sejuk beku P. niruri yang diekstrak dengan 

80% etanol mempamerkan nilai aktiviti biologi yang lebih tinggi berbanding dengan 

ekstrak lain.  Ekstrak bagi 80% etanol mempunyai kuantiti epikatekin (172.0 μg/g), 

asid elargik (46.67 μg/g), asid klorogenik (44.33 μg/g), kuersetin (1.73 μg/g), katekin 

(1.63 μg/g), filantin (46.0 μg/g), dan hipofilantin (23.17 μg/g) dianalisis 

menggunakan kromatografi cecair berprestasi tinggi (HPLC). Untuk bahagian ketiga 

kajian, korelasi antara juzuk fitokimia dan bioaktiviti ditentukan menggunakan 

regresi PLS. Metabolit-metabolit yang telah dikenalpasti mempunyai kaitan yang 

kukuh dengan aktiviti antioksidan dan perencatan α-glukosidase, menunjukkan 

sumbangan besar mereka kepada aktiviti-aktiviti ini. Ekstrak P. niruri yang telah 
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dioptimumkan seterusnya dinilai bagi pengaruh antidiabetik secara in vivo pada dua 

kepekatan (250 dan 500 mg/kg bw) dan dibandingkan dengan metformin. Kesan 

ekstrak P. niruri kepada parameter biokimia tikus gemuk-diabetes juga disiasat. 

Pembentukan model gemuk diabetes dilakukan dengan memberi diet lemak yang 

tinggi sebagai makanan kepada tikus Sprague-Dawley dan mengaruh kencing manis 

dengan dos yang rendah streptozotocin (STZ). Keputusan in vivo menunjukkan 

ekstrak P. niruri sebanyak 500 mg/kg bw memaparkan pengurusan metabolit yang 

terganggu bagi tikus gemuk-diabetes ke arah kondisi normal. Fitokimia ekstrak P. 

niruri mungkin membawa kepada peningkatan tahap insulin, sekali gus merangsang 

β-sel pankreas sedia ada dalam tikus kencing manis. Ekstrak pada kepekatan 500 

mg/kg bw juga mempamerkan kesan yang ketara dalam penurunan paras glukosa 

plasma dan meningkatkan profil lipid dalam tikus gemuk diabetes berbanding 

dengan 250 ekstrak mg/kg bw. Ekstrak P. niruri pada kedua-dua kepekatan 

menunjukkan pengurangan dalam paras kolesterol plasma dan lipoprotein 

berketumpatan rendah (LDL) dan peningkatan dalam lipoprotein berketumpatan 

tinggi (HDL). Kesan sinergi pelbagai metabolit dalam mengawal sindrom diabetes 

telah dibincangkan. Kajian ini mencadangkan P. niruri boleh menjadi tumbuhan 

ubatan yang penting dan berharga. Kesimpulannya, pendekatan metabolomik 

berasaskan 1H NMR  telah berjaya digunakan untuk mengoptimumkan parameter 

lepas tuai, memberi maklumat keberkesanan P. niruri sebagai ubat untuk kencing 

manis, dan menetapkan langkah awal ke arah membangunkan herba ini sebagai 

produk bertuntutan tinggi. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Diabetes mellitus (DM) is the dysregulation in metabolic function of an organism 

characterized by the disorder of the catabolic reaction of organic nutrients. This 

disorder is caused by a disturbance in the excretion and/or action of insulin, which is 

associated with chronic hyperglycemia. The DM is a chronic disease in which the 

pancreas does not produce enough insulin (Type 1) or the body is unable to use the 

insulin effectively (Type 2). Worldwide, 9% of adults aged 18 years and above were 

living with diabetes in 2014. In addition, DM caused 1.5 million deaths in 2013, with 

80% of them occurring in low- and middle-income countries (WHO, 2014). One of 

the practical treatments of diabetes is the reduction of postprandial hyperglycemia by 

the retardation of glucose catabolism via the inhibition of hydrolysis enzymes (α-

glucosidase and α-amylase). This inhibition reaction leads to the prolongation of the 

sugar digestion time and a decrease in the proportion of glucose absorption. These 

inhibitors can be provided by natural products. 

Plant extracts as natural products that contain several phytochemicals are attracting 

more consideration for their potential usage in curing and preventing DM. Numerous 

natural biomolecules and plant extracts have been examined for their antidiabetic 

activities both in vitro and in vivo, and they showed very promising impacts, which 

indicates that phytochemical intake might be a key approach for diabetes prevention. 

Recent studies have indicated that plant substances possess different functions that 

aid to find the prominent candidate for innovative antidiabetic usage (Kordalewska 

& Markuszewski, 2015; Otunola & Afolayan, 2015; Patel et al., 2012).  

The Phyllanthus genus (Euphorbiaceae) has significant medicinal properties used in 

the treatment of different diseases (Markom et al., 2007; Moreira et al., 2013). 

Phyllanthus genus is originally from India, and it spreads in tropical regions, 

including Malaysia (Ali et al., 2006). In Malaysia, it is locally known as ‘dukung 

anak’. Specifically, the genus Phyllanthus has been used historically for the 

treatment of intestinal parasites, problems of the liver, kidney and bladder and the 

treatment of diseases such as infectious diseases (Calixto et al., 1998). This genus 

contains several species, and the most popular ones are Phyllanthus niruri and 

Phyllanthus urinaria (Khatoon et al., 2006; Kumaran & Karunakaran, 2007). 

Phyllanthus niruri has been utilized as a traditional medicine to cure kidney 

problems, diarrhea, fever, diabetes and colic (Kumaran & Karunakaran, 2007). 

Phyllanthus niruri also has the ability to reduce lipids peroxidation and exhibit an 

analgesic effect (Amin et al., 2012; Kumaran & Karunakaran, 2007). In China, this 

plant is used as a traditional folk medicine and is known as ‘pearls under the leaves’ 

(Murugaiyah and Chan, 2009). It has also been acclaimed for its effective remedy to 

treat diabetic sufferers in Nigeria and India (Okoli et al., 2010; Okoli et al., 2011). 

However, P. urinaria has several uses in traditional medicine including liver 
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protection, fever reduction, laxative, cure for inflammation, suppression of 

hyperactivity of the liver, improve eyesight, and urine flow as well as detoxification 

of poisons from the body (Amin et al., 2012; Kumaran & Karunakaran, 2007). 

Currently, P. urinaria is also widely used as an anti-inflammatory and antioxidant 

agent as well as a smooth muscle relaxant (Catapan et al., 2000; Kumaran & 

Karunakaran, 2007). Various bioactive and phytochemical compounds are found in 

P. urinaria, including flavonoids, tannins, lignans and other benzenoid compounds 

(Chang et al., 2003; Khatoon et al., 2006; Kumaran & Karunakaran, 2007). In 

addition, corilagin, gallic acid, caffeoylquinic acid, geraniin, and rutin have been 

isolated from P. urinaria (Khatoon et al., 2006; Kumar et al., 2015). 

Metabolites can have significant variation at several growth stages and may be 

negatively affected by some processing methods, such as drying, in terms of their 

bioactivities and chemical structures. Thermal drying conditions were stated to 

possess wide negative influences on the functionality of plant materials due to a 

significant reduction of its metabolites (Lim & Murtijaya, 2007). A large variability 

was also marked in the biological activity of plants and their metabolite constituents 

as a result of extraction with different solvents (Siddhuraju & Becker, 2003). 

Therefore, it would be valuable to accomplish the conservation, efficiency and 

consistency values of plants and their derivative products against the negative effects 

and changes of these aspects using the appropriate approach. 

Metabolomics is related to the metabolome, which represents the small molecules of 

the cells of organisms. It is a competent approach to study and evaluate the changes 

in the small molecule composition of the biological system under various 

circumstances. Furthermore, metabolomics is a global profiling tool in the detection 

of metabolites and metabolic pathways (Kaddurah-Daouk et al., 2008). Its central 

value is dramatically increased in biological regulation, including the control and 

management of diseases. Metabolomics sheds light on medicine with the help of 

technological advances, which bring it to the point that it can grow rapidly in the 

biological and biomedical areas. New insights and ideas regarding metabolites and 

their mechanisms of action provide the platform to be further used for studying many 

diseases. Proton nuclear magnetic resonance (1H NMR) is emerging as a leading 

analytical tool in metabolomics studies due to the large number and groups of 

identified compounds. Thus, 1H NMR-based metabolomics can be used as an 

approach to assess the variation in phytochemicals content and bioactivity of plant 

material and changes in biofluids (Cevallos-Cevallos et al., 2009; Deja et al., 2013). 

Animal models play an important role in understanding metabolic disorders. Many 

studies have used animal models in simulating diabetic conditions to understand the 

molecular events associated with this disease and its complications (Bakar et al., 

2015; Beckonert et al., 2007). In addition, the metabolic changes of body fluids 

associated with treatment with several herbal drugs can also be evaluated. Recently, 

herbal drugs, herbal drug preparations and herbal medicinal products are extensively 

practiced in most countries. There is thus a need for an appropriate approach for 

rapid screening, identification and preclinical testing. Metabolomics can provide the 

accuracy, reproducibility, selectivity and specificity that are needed by applying 
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different tools as well as coupling these tools (Bilia et al., 2002). Its mission is also 

to detect, identify, and correlate the metabolic variations in the biological system, 

regardless of the individual cell. It can still directly reflect the functionality of the 

cells. Therefore, it is preferred in many cases over genomic and proteomic methods 

for predicting the efficacy of drugs and extracts in the control and management of 

diseases. 

1.2 Scope and objectives 

The current study was initiated to solve several issues that can serve as platforms in 

obtaining valuable extracts for the treatment of DM and the improvement of its 

metabolic disturbances. The main aim of this study was to evaluate the antidiabetic 

activity of Phyllanthus extracts by 1H NMR based metabolomics. To accomplish this 

goal, numerous specific objectives were proposed. The first part of the study aims to 

compare the antioxidant and α-glucosidase inhibitory activities of two Phyllanthus 

species and their phytochemicals content at different growth stages (Chapter 3). The 

most active species at the selected growth age was chosen to evaluate the effect of 

different solvents and drying methods on antioxidant and α-glucosidase inhibitory 

activities and quantifying the metabolites by high performance liquid 

chromatography (HPLC) (Chapter 4). Additionally profiling of the chemical 

constituents of the most desirable and potent extract and correlate the chemical 

profile with biological activities was further evaluated on the active species (Chapter 

5). Then, the animal model of normal- and obese-diabetic rats was optimized and the 

metformin effect was tested (Chapter 6). Finally, the overall bio-markers (in animal 

bio-fluids) relating to the effect of P. niruri in streptozotocin induced diabetic rats 

were evaluated (Chapter 7). 

The five specific objectives of the study are presented below: 

1. To determine the antioxidant and α-glucosidase inhibitory activities of 

Phyllanthus niruri and Phyllanthus urinaria and their phytochemicals 

content at different growth ages (8, 10 and 12 weeks) using 1H NMR-

based metabolomics. 

2. To profile the chemical constituents of the most desirable and potent 

extract and quantify the metabolites by HPLC and correlate the chemical 

profile with biological activities. 

3. To determine the effect of different solvents and drying methods on 

antioxidant and α-glucosidase inhibitory activities of P. niruri and its 

phytochemical constituents using 1H NMR-based metabolomics. 

4. To evaluate the metabolic disorders associated with Type 1 and Type 2 

DM on the urine composition of obese- and normal-diabetic rats as well as 

the effect of metformin treatment. 

5. To identify the metabolic disorders in obese diabetic rats and evaluate the 

functionality and benefits of P. niruri extract on ameliorating the 

complications associated using a 1H NMR-based metabolomics approach. 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

134 

9 BIBLIOGRAPHY 

Abas, F., Lajis, N. H., Israf, D., Khozirah, S., & Kalsom, Y. U. (2006). Antioxidant 

and nitric oxide inhibition activities of selected Malay traditional vegetables. 

Food Chemistry, 95(4), 566-573. 

Abas, F., Shaari, K., Israf, D., Syafri, S., Zainal, Z., & Lajis, N. H. (2010). LC–

DAD–ESI-MS analysis of nitric oxide inhibitory fractions of tenggek burung 

(Melicope ptelefolia Champ. ex Benth.). Journal of Food Composition and 

Analysis, 23(1), 107-112. 

Abdel-Farid, I., Sheded, M., & Mohamed, E. (2014). Metabolomic profiling and 

antioxidant activity of some Acacia species. Saudi Journal of Biological 

Sciences, 21(5), 400-408. 

Ado, M. A., Abas, F., Leong, S. W., Shaari, K., Ismail, I. S., Ghazali, H. M., & 

Lajis, N. H. (2016). Chemical constituents and biological activities of 

Callicarpa maingayi leaves. South African Journal of Botany, 104, 98-104. 

Ahmed, O. M., Moneim, A. A., Yazid, I. A., & Mahmoud, A. M. (2010). 

Antihyperglycemic, antihyperlipidemic and antioxidant effects and the 

probable mechanisms of action of Ruta graveolens infusion and rutin in 

nicotinamide-streptozotocin-induced diabetic rats. Diabetologia Croatica, 

39(1), 15-35. 

Alberti, Kurt George Matthew Mayer, Zimmet, P., & Shaw, J. (2006). Metabolic 

syndrome a new world wide definition. A consensus statement from the 

international diabetes federation. Diabetic Medicine, 23(5), 469-480. 

Albrecht, C., Stander, M., Grobbelaar, M., Colling, J., Kossmann, J., Hills, P., & 

Makunga, N. (2012). LC–MS-based metabolomics assists with quality 

assessment and traceability of wild and cultivated plants of Sutherlandia 

frutescens (Fabaceae). South African Journal of Botany, 82, 33-45. 

Ali, H., Houghton, P., & Soumyanath, A. (2006). α-Amylase inhibitory activity of 

some Malaysian plants used to treat diabetes; with particular reference to 

Phyllanthus amarus. Journal of Ethnopharmacology, 107(3), 449-455. 

Ali, Imen Ben El Hadj, Bahri, R., Chaouachi, M., Boussaïd, M., & Harzallah-Skhiri, 

F. (2014). Phenolic content, antioxidant and allelopathic activities of various 

extracts of Thymus numidicus Poir.organs. Industrial Crops and Products, 62, 

188-195. 

Amin, Z. A., Abdulla, M. A., Ali, H. M., Alshawsh, M. A., & Qadir, S. W. (2012). 

Assessment of In vitro antioxidant, antibacterial and immune activation 

potentials of aqueous and ethanol extracts of Phyllanthus niruri. Journal of the 

Science of Food and Agriculture, 92(9), 1874-1877. 

Antuna-Puente, B., Feve, B., Fellahi, S., & Bastard, J. (2008). Adipokines: the 

missing link between insulin resistance and obesity. Diabetes & Metabolism, 

34(1), 2-11. 

Bagalkotkar, G., Sagineedu, S. R., Saad, M. S., & Stanslas, J. (2006). 

Phytochemicals from Phyllanthus niruri Linn. and their pharmacological 

properties: a review. Journal of Pharmacy and Pharmacology, 58(12), 1559-

1570. 



© C
OPYRIG

HT U
PM

135 

Bailey, N. J., Wang, Y., Sampson, J., Davis, W., Whitcombe, I., Hylands, P. J., 

Croft, S. L., & Holmes, E. (2004). Prediction of anti-plasmodial activity of 

Artemisia annua extracts: application of 1H NMR spectroscopy and 

chemometrics. Journal of Pharmaceutical and Biomedical Analysis, 35(1), 

117-126. 

Bailey, N. J., Sampson, J., Hylands, P. J., Nicholson, J. K., & Holmes, E. (2002). 

Multi-component metabolic classification of commercial feverfew preparations 

via high-field 1H-NMR spectroscopy and chemometrics. Planta Medica, 68(8), 

734-738. 

Bain, J. R., Stevens, R. D., Wenner, B. R., Ilkayeva, O., Muoio, D. M., & Newgard, 

C. B. (2009). Metabolomics applied to diabetes research: moving from 

information to knowledge. Diabetes, 58(11), 2429-2443. 

Bakar, M. H. A., Sarmidi, M. R., Cheng, K., Khan, A. A., Suan, C. L., Huri, H. Z., & 

Yaakob, H. (2015). Metabolomics–the complementary field in systems 

biology: a review on obesity and type 2 diabetes. Molecular BioSystems, 11(7), 

1742-1774. 

Bansal, P., Paul, P., Mudgal, J., Nayak, P. G., Pannakal, S. T., Priyadarsini, K., & 

Unnikrishnan, M. (2012). Antidiabetic, antihyperlipidemic and antioxidant 

effects of the flavonoid rich fraction of Pilea microphylla (L.) in high fat 

diet/streptozotocin-induced diabetes in mice. Experimental and Toxicologic 

Pathology, 64(6), 651-658. 

Bao, Y., Zhao, T., Wang, X., Qiu, Y., Su, M., Jia, W., & Jia, W. (2009). 

Metabonomic variations in the drug-treated type 2 diabetes mellitus patients 

and healthy volunteers. Journal of Proteome Research, 8(4), 1623-1630. 

Bavarva, J. H. & Narasimhacharya, A. (2007). Comparative Antidiabetic, 

Hypolipidemic, and Antioxidant Properties of Phyllanthus niruri. in Normal 

and Diabetic Rats. Pharmaceutical Biology, 45(7), 569-574. 

Beckonert, O., Keun, H. C., Ebbels, T. M., Bundy, J., Holmes, E., Lindon, J. C., & 

Nicholson, J. K. (2007). Metabolic profiling, metabolomic and metabonomic 

procedures for NMR spectroscopy of urine, plasma, serum and tissue extracts. 

Nature Protocols, 2(11), 2692-2703. 

Bernhoft, A. (2010). A brief review on bioactive compounds in plants. Bioactive 

Compounds in Plants-Benefits and Risks for Man and Animals, 11-17. 

Berregi, I., Santos, J. I., del Campo, G., & Miranda, J. I. (2003a). Quantitative 

determination of (−)-epicatechin in cider apple juices by 1H NMR. Talanta, 

61(2), 139-145. 

Berregi, I., Santos, J. I., del Campo, G., Miranda, J. I., & Aizpurua, J. M. (2003b). 

Quantitation determination of chlorogenic acid in cider apple juices by 1H 

NMR spectrometry. Analytica Chimica Acta, 486(2), 269-274. 

Bhattacharjee, R. & Sil, P. C. (2007). Protein isolate from the herb, Phyllanthus 

niruri L. (Euphorbiaceae), plays hepatoprotective role against carbon 

tetrachloride induced liver damage via its antioxidant properties. Food and 

Chemical Toxicology, 45(5), 817-826. 

Bilia, A. R., Bergonzi, M. C., Lazari, D., & Vincieri, F. F. (2002). Characterization 

of commercial kava-kava herbal drug and herbal drug preparations by means 



© C
OPYRIG

HT U
PM

136 

of nuclear magnetic resonance spectroscopy. Journal of Agricultural and Food 

Chemistry, 50(18), 5016-5025. 

Calixto, J. B., Santos, A. R., Filho, V. C., & Yunes, R. A. (1998). A review of the 

plants of the genus Phyllanthus: their chemistry, pharmacology, and 

therapeutic potential. Medicinal Research Reviews, 18(4), 225-258. 

Catapan, E., Otuki, M. F., Viana, A. M., Yunes, R. A., Bresciani, L. F., Ferreira, J., 

Santos, A. R., Calixto, J. B., & Cechinel-Filho, V. (2000). Pharmacological 

activity and chemical composition of callus culture extracts from selected 

species of Phyllanthus. Die Pharmazie, 55(12), 945-946. 

Cevallos-Cevallos, J. M., Reyes-De-Corcuera, J. I., Etxeberria, E., Danyluk, M. D., 

& Rodrick, G. E. (2009). Metabolomic analysis in food science: a review. 

Trends in Food Science & Technology, 20(11), 557-566. 

Chan, E., Lim, Y. Y., Wong, S. K., Lim, K., Tan, S., Lianto, F., & Yong, M. (2009). 

Effects of different drying methods on the antioxidant properties of leaves and 

tea of ginger species. Food Chemistry, 113(1), 166-172. 

Chang, C., Lien, Y., Liu, K. C. C., & Lee, S. (2003). Lignans from Phyllanthus 

urinaria. Phytochemistry, 63(7), 825-833. 

Chao, M., Zou, D., Zhang, Y., Chen, Y., Wang, M., Wu, H., Ning, G., & Wang, W. 

(2009). Improving insulin resistance with traditional Chinese medicine in type 

2 diabetic patients. Endocrine, 36(2), 268-274. 

Chen, J., Zhao, X., Fritsche, J., Yin, P., Schmitt-Kopplin, P., Wang, W., Lu, X., 

Häring, H. U., Schleicher, E. D., & Lehmann, R. (2008). Practical approach for 

the identification and isomer elucidation of biomarkers detected in a 

metabonomic study for the discovery of individuals at risk for diabetes by 

integrating the chromatographic and mass spectrometric information. 

Analytical Chemistry, 80(4), 1280-1289. 

Chen, Y., Lo, Y., Chen, Y., Lai, N., Lin, N., Chung, T., Chen, W., & Tzen, J. T. 

(2015). Magnesium lithospermate B improves metabolic changes in high-fat 

diet-fed rats with metabolic syndrome. Journal of Functional Foods, 14, 163-

173. 

Cheng, Q., Zhang, X., Wang, O., Liu, J., Cai, S., Wang, R., Zhou, F., & Ji, B. 

(2015). Anti‐diabetic effects of the ethanol extract of a functional formula diet 

in mice fed with a fructose/fat‐rich combination diet. Journal of the Science of 

Food and Agriculture, 95(2), 401-408. 

Cheng, Z., Su, L., Moore, J., Zhou, K., Luther, M., Yin, J. J., & Liangli (Lucy) Yu. 

(2006). Effects of postharvest treatment and heat stress on availability of wheat 

antioxidants. Journal of Agricultural and Food Chemistry, 54(15), 5623-5629. 

Cheng, H. Y., Yang, C. M., Lin, T. C., Lin, L. T., Chiang, L. C., & Lin, C. C. (2011). 

Excoecarianin, Isolated from Phyllanthus urinaria Linnea, Inhibits Herpes 

Simplex Virus Type 2 Infection through Inactivation of Viral Particles. 

Evidence-Based Complementary and Alternative Medicine : eCAM, 2011, 

259103. 

Chethan, S., Sreerama, Y., & Malleshi, N. (2008). Mode of inhibition of finger 

millet malt amylases by the millet phenolics. Food Chemistry, 111(1), 187-

191. 



© C
OPYRIG

HT U
PM

137 

Choi, H., Choi, Y. H., Verberne, M., Lefeber, A. W., Erkelens, C., & Verpoorte, R. 

(2004). Metabolic fingerprinting of wild type and transgenic tobacco plants by 
1H NMR and multivariate analysis technique. Phytochemistry, 65(7), 857-864. 

Choi, Y. H., Sertic, S., Kim, H. K., Wilson, E. G., Michopoulos, F., Lefeber, A. W., 

Erkelens, C., Prat Kricun, S. D., & Verpoorte, R. (2005). Classification of Ilex 

species based on metabolomic fingerprinting using nuclear magnetic resonance 

and multivariate data analysis. Journal of Agricultural and Food Chemistry, 

53(4), 1237-1245. 

Cnop, M., Welsh, N., Jonas, J. C., Jörns, A., Lenzen, S., & Eizirik, D. L. (2005). 

Mechanisms of pancreatic β-cell death in Type 1 and Type 2 diabetes many 

differences, few similarities. Diabetes, 54(suppl 2), S97-S107. 

Coman, C., Rugina, O. D., & Socaciu, C. (2012). Plants and natural compounds with 

antidiabetic action. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 40(1), 

314. 

Connor, S. C., Hansen, M. K., Corner, A., Smith, R. F., & Ryan, T. E. (2010). 

Integration of metabolomics and transcriptomics data to aid biomarker 

discovery in type 2 diabetes. Molecular Biosystems, 6(5), 909-921. 

Cortés, M. E., Vigil, P., & Montenegro, G. (2011). The medicinal value of honey: A 

review on its benefits to human health, with a special focus on its effects on 

glycemic regulation. Cien Inv Agr, 38, 303-317. 

Dai, Y., Li, Z., Xue, L., Dou, C., Zhou, Y., Zhang, L., & Qin, X. (2010). 

Metabolomics study on the anti-depression effect of xiaoyaosan on rat model 

of chronic unpredictable mild stress. Journal of Ethnopharmacology, 128(2), 

482-489. 

Dan, M., Su, M., Gao, X., Zhao, T., Zhao, A., Xie, G., Qiu, Y., Zhou, M., Liu, Z., & 

Jia, W. (2008). Metabolite profiling of Panax notoginseng using UPLC–ESI-

MS. Phytochemistry, 69(11), 2237-2244. 

De Souza, T. P., Holzschuh, M. H., Lionço, M. I., González Ortega, G., & Petrovick, 

P. R. (2002). Validation of a LC method for the analysis of phenolic 

compounds from aqueous extract of Phyllanthus niruri aerial parts. Journal of 

Pharmaceutical and Biomedical Analysis, 30(2), 351-356. 

Deja, S., Barg, E., Młynarz, P., Basiak, A., & Willak-Janc, E. (2013). 1 H NMR-

based metabolomics studies of urine reveal differences between type 1 diabetic 

patients with high and low HbAc1 values. Journal of Pharmaceutical and 

Biomedical Analysis, 83, 43-48. 

Deutschländer, M., Van de Venter, M., Roux, S., Louw, J., & Lall, N. (2009). 

Hypoglycaemic activity of four plant extracts traditionally used in South 

Africa for diabetes. Journal of Ethnopharmacology, 124(3), 619-624. 

Diao, C., Zhao, L., Guan, M., Zheng, Y., Chen, M., Yang, Y., Lin, L., Chen, W., & 

Gao, H. (2014). Systemic and characteristic metabolites in the serum of 

streptozotocin-induced diabetic rats at different stages as revealed by a 1H-

NMR based metabonomic approach. Molecular BioSystems, 10(3), 686-693. 

Dias, M. A., Campos, A. H., Yunes, R. A., & Calixto, J. B. (1995). Analysis of the 

mechanisms underlying the contractile response Induced by the hydroalcoholic 



© C
OPYRIG

HT U
PM

138 

 

extract of Phyllanthus urinaria in the guinea‐pig urinary bladder in‐vitro. 

Journal of Pharmacy and Pharmacology, 47(10), 846-851. 

Diaz, S. O., Pinto, J., Graça, G., Duarte, I. F., Barros, A. S., Galhano, E., Pita, C., 

Almeida, M. d. C., Goodfellow, B. J., & Carreira, I. M. (2011). Metabolic 

biomarkers of prenatal disorders: an exploratory NMR metabonomics study of 

second trimester maternal urine and blood plasma. Journal of Proteome 

Research, 10(8), 3732-3742. 

Dineshkumar, B., Mitra, A., & Manjunatha, M. (2010). A comparative study of 

alpha amylase inhibitory activities of common anti-diabetic plants at 

Kharagpur 1 block. International Journal of Green Pharmacy, 4(2), 115. 

Donath, M. Y., Størling, J., Maedler, K., & Mandrup-Poulsen, T. (2003). 

Inflammatory mediators and islet β-cell failure: a link between type 1 and type 

2 diabetes. Journal of molecular medicine, 81(8), 455-470. 

DuPont, M. S., Bennett, R. N., Mellon, F. A., & Williamson, G. (2002). Polyphenols 

from alcoholic apple cider are absorbed, metabolized and excreted by humans. 

The Journal of Nutrition, 132(2), 172-175. 

Edmands, W. M., Beckonert, O. P., Stella, C., Campbell, A., Lake, B. G., Lindon, J. 

C., Holmes, E., & Gooderham, N. J. (2011). Identification of human urinary 

biomarkers of cruciferous vegetable consumption by metabonomic profiling. 

Journal of Proteome Research, 10(10), 4513-4521. 

Erdmann, J., Kallabis, B., Oppel, U., Sypchenko, O., Wagenpfeil, S., & 

Schusdziarra, V. (2008). Development of hyperinsulinemia and insulin 

resistance during the early stage of weight gain. American Journal of 

Physiology.Endocrinology and Metabolism, 294(3), E568-75. 

Eriksson, L., Antti, H., Gottfries, J., Holmes, E., Johansson, E., Lindgren, F., Long, 

I., Lundstedt, T., Trygg, J., & Wold, S. (2004). Using chemometrics for 

navigating in the large data sets of genomics, proteomics, and metabonomics 

(gpm). Analytical and Bioanalytical Chemistry, 380(3), 419-429. 

Eriksson, L., Kettaneh-Wold, N., Trygg, J., Wikström, C., & Wold, S. (2006). Multi-

and megavariate data analysis: Part I: basic principles and applications. 

Fang, S., Rao, Y. K., & Tzeng, Y. (2008). Anti-oxidant and inflammatory mediator's 

growth inhibitory effects of compounds isolated from Phyllanthus urinaria. 

Journal of Ethnopharmacology, 116(2), 333-340. 

Felgines, C., Talavera, S., Texier, O., Gil-Izquierdo, A., Lamaison, J., & Remesy, C. 

(2005). Blackberry anthocyanins are mainly recovered from urine as 

methylated and glucuronidated conjugates in humans. Journal of Agricultural 

and Food Chemistry, 53(20), 7721-7727. 

Ferreira, A. S. (2009). Diagnostic accuracy of pattern differentiation algorithm based 

on Chinese medicine theory: a stochastic simulation study. Chinese Medicine, 

4, 24-8546-4-24. 

Firuzi, O., Lacanna, A., Petrucci, R., Marrosu, G., & Saso, L. (2005). Evaluation of 

the antioxidant activity of flavonoids by “ferric reducing antioxidant power” 

assay and cyclic voltammetry. Biochimica Et Biophysica Acta (BBA)-General 

Subjects, 1721(1), 174-184. 



© C
OPYRIG

HT U
PM

139 

 

Fischer, U. A., Carle, R., & Kammerer, D. R. (2011). Identification and 

quantification of phenolic compounds from pomegranate (Punica granatum 

L.) peel, mesocarp, aril and differently produced juices by HPLC-DAD–

ESI/MS n. Food Chemistry, 127(2), 807-821. 

Gami, B. (2011). Hemorrhoids–a common ailment among adults, causes & 

treatment: a review. International Journal of Pharmacy and Pharmaceutical 

Sciences, 3(Suppl 5), 5-13. 

Gandhi, G. R., Ignacimuthu, S., Paulraj, M. G., & Sasikumar, P. (2011). 

Antihyperglycemic activity and antidiabetic effect of methyl caffeate isolated 

from Solanum torvum Swartz. fruit in streptozotocin induced diabetic rats. 

European Journal of Pharmacology, 670(2), 623-631. 

Gao, P. (2008). The advantages of TCM syndrome type differetiation in diabetic 

retinopathy. Beijing Journal of Traditional Chinese Medicine, 27(5), 325-326. 

Gavaghan, C. L., Holmes, E., Lenz, E., Wilson, I. D., & Nicholson, J. K. (2000). An 

NMR-based metabonomic approach to investigate the biochemical 

consequences of genetic strain differences: application to the C57BL10J and 

Alpk: ApfCD mouse. FEBS Letters, 484(3), 169-174. 

Gedulin, B. R., Nikoulina, S. E., Smith, P. A., Gedulin, G., Nielsen, L. L., Baron, A. 

D., Parkes, D. G., & Young, A. A. (2005). Exenatide (exendin-4) improves 

insulin sensitivity and β-cell mass in insulin-resistant obese fa/fa Zucker rats 

independent of glycemia and body weight. Endocrinology, 146(4), 2069-2076. 

Giridharan, P., Somasundaram, S., Perumal, K., Vishwakarma, R., Karthikeyan, N., 

Velmurugan, R., & Balakrishnan, A. (2002). Novel substituted 

methylenedioxy lignan suppresses proliferation of cancer cells by inhibiting 

telomerase and activation of c-myc and caspases leading to apoptosis. British 

Journal of Cancer, 87(1), 98-105. 

Glauber, H. S., Rishe, N., & Karnieli, E. (2014). Introduction to personalized 

medicine in diabetes mellitus. Rambam Maimonides Medical Journal, 5(1), 

e0002. 

Gotoh, M., Li, C., Yatoh, M., Okabayashi, N., Habu, S., & Hirooka, Y. (2006). 

Hypothalamic monoamine metabolism is different between the diabetic GK 

(Goto-Kakizaki) rats and streptozotocin-induced diabetic rats. Brain Research, 

1073, 497-501. 

Grebenstein, C., Choi, Y. H., Rong, J., de Jong, T. J., & Tamis, W. L. M. (2011). 

Metabolic fingerprinting reveals differences between shoots of wild and 

cultivated carrot (Daucus carota L.) and suggests maternal inheritance or wild 

trait dominance in hybrids. Phytochemistry, 72(11–12), 1341-1347. 

Heyman, H. & Meyer, J. (2012). NMR-based metabolomics as a quality control tool 

for herbal products. South African Journal of Botany, 82, 21-32. 

Hirst, J. A., Farmer, A. J., Ali, R., Roberts, N. W., & Stevens, R. J. (2012). 

Quantifying the effect of metformin treatment and dose on glycemic control. 

Diabetes Care, 35(2), 446-454. 

Holmes, E., Nicholls, A. W., Lindon, J. C., Connor, S. C., Connelly, J. C., Haselden, 

J. N., Damment, S. J., Spraul, M., Neidig, P., & Nicholson, J. K. (2000). 



© C
OPYRIG

HT U
PM

140 

 

Chemometric models for toxicity classification based on NMR spectra of 

biofluids. Chemical Research in Toxicology, 13(6), 471-478. 

Hsu, B., Coupar, I. M., & Ng, K. (2006). Antioxidant activity of hot water extract 

from the fruit of the Doum palm, Hyphaene thebaica. Food Chemistry, 98(2), 

317-328. 

Ichiyanagi, T., Kashiwada, Y., Shida, Y., Sekiya, M., Hatano, Y., Takaishi, Y., & 

Ikeshiro, Y. (2013). Structural elucidation and biological fate of two 

glucuronyl metabolites of pelargonidin 3-O-β-D-glucopyranoside in rats. 

Journal of Agricultural and Food Chemistry, 61(3), 569-578. 

Ifeoma, O., Samuel, O., Itohan, A. M., & Adeola, S. O. (2013). Isolation, 

fractionation and evaluation of the antiplasmodial properties of Phyllanthus 

niruri resident in its chloroform fraction. Asian Pacific Journal of Tropical 

Medicine, 6(3), 169-175. 

Ilangkovan, M., Jantan, I., Mohamad, H. F., Husain, K., & Abdul Razak, A. F. 

(2013). Inhibitory effects of standardized extracts of Phyllanthus amarus and 

Phyllanthus urinaria and their marker compounds on phagocytic activity of 

human neutrophils. Evidence-Based Complementary and Alternative 

Medicine, 2013, 1-9. 

Iqbal, S. & Bhanger, M. (2006). Effect of season and production location on 

antioxidant activity of Moringa oleifera leaves grown in Pakistan. Journal of 

Food Composition and Analysis, 19(6), 544-551. 

Jalil, A. M. M., Ismail, A., Pei, C. P., Hamid, M., & Kamaruddin, S. H. S. (2008). 

Effects of cocoa extract on glucometabolism, oxidative stress, and antioxidant 

enzymes in obese-diabetic (Ob-db) rats. Journal of Agricultural and Food 

Chemistry, 56(17), 7877-7884. 

Javadi, N., Abas, F., Hamid, A. A., Simoh, S., Shaari, K., Ismail, I. S., Mediani, A., 

& Khatib, A. (2014). GC‐MS‐Based Metabolite Profiling of Cosmos caudatus 

Leaves Possessing Alpha‐Glucosidase Inhibitory Activity. Journal of Food 

Science, 79(6), C1130-C1136. 

Jimenez, P., Cabrero, P., Basterrechea, J. E., Tejero, J., Cordoba-Diaz, D., Cordoba-

Diaz, M., & Girbes, T. (2014). Effects of short-term heating on total 

polyphenols, anthocyanins, antioxidant activity and lectins of different parts of 

dwarf elder (Sambucus ebulus L.). Plant Foods for Human Nutrition, 69(2), 

168-174. 

Kaddurah-Daouk, R., Kristal, B. S., & Weinshilboum, R. M. (2008). Metabolomics: 

a global biochemical approach to drug response and disease. Annual Review of 

Pharmacology and Toxicology, 48, 653-683. 

Kang, B., Racicot, K., Pilkenton, S. J., & Apostolidis, E. (2014). Evaluation of the In 

vitro Anti-hyperglycemic Effect of Cinnamomum cassia Derived Phenolic 

Phytochemicals, via Carbohydrate Hydrolyzing Enzyme Inhibition. Plant 

Foods for Human Nutrition, 69(2), 155-160. 

Kassuya, C. A., Leite, D. F., de Melo, L. V., Rehder, V. L. G., & Calixto, J. B. 

(2005). Anti-inflammatory properties of extracts, fractions and lignans isolated 

from Phyllanthus amarus. Planta Medica, 71(8), 721. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiLzIKBj43MAhXDjZQKHaMqCc0QFgglMAA&url=http%3A%2F%2Fwww.annualreviews.org%2Fjournal%2Fpharmtox&usg=AFQjCNEzuUmG1jB2YxGvhygUMgRyWDwEGA&sig2=Flhqk45e9FQrggz9jw3dGA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiLzIKBj43MAhXDjZQKHaMqCc0QFgglMAA&url=http%3A%2F%2Fwww.annualreviews.org%2Fjournal%2Fpharmtox&usg=AFQjCNEzuUmG1jB2YxGvhygUMgRyWDwEGA&sig2=Flhqk45e9FQrggz9jw3dGA


© C
OPYRIG

HT U
PM

141 

 

Kemsley, E. K., Le Gall, G., Dainty, J. R., Watson, A. D., Harvey, L. J., Tapp, H. S., 

& Colquhoun, I. J. (2007). Multivariate techniques and their application in 

nutrition: a metabolomics case study. British Journal of Nutrition, 98(01), 1-

14. 

Khanna, A., Rizvi, F., & Chander, R. (2002). Lipid lowering activity of Phyllanthus 

niruri in hyperlipemic rats. Journal of Ethnopharmacology, 82(1), 19-22. 

Khatoon, S., Rai, V., Rawat, A. K. S., & Mehrotra, S. (2006). Comparative 

pharmacognostic studies of three Phyllanthus species. Journal of 

Ethnopharmacology, 104(1), 79-86. 

Kim, H. K., Choi, Y. H., Erkelens, C., Lefeber, A. W., & Verpoorte, R. (2005). 

Metabolic fingerprinting of Ephedra species using 1H-NMR spectroscopy and 

principal component analysis. Chemical and Pharmaceutical Bulletin, 53(1), 

105-109. 

Kim, J., Kwon, C., & Son, K. H. (2000). Inhibition of Alpha-glucosidase and 

Amylase by Luteolin, a Flavonoid. Bioscience, Biotechnology, and 

Biochemistry, 64(11), 2458-2461. 

Kim, K., Nam, K., Kurihara, H., & Kim, S. (2008). Potent α-glucosidase inhibitors 

purified from the red alga Grateloupia elliptica. Phytochemistry, 69(16), 2820-

2825. 

Kim, S., Yang, S., Kim, H., Kim, Y., Park, T., & Choi, H. (2009). 1H-nuclear 

magnetic resonance spectroscopy-based metabolic assessment in a rat model of 

obesity induced by a high-fat diet. Analytical and Bioanalytical Chemistry, 

395(4), 1117-1124. 

Knowler, W. C., Barrett-Connor, E., Fowler, S. E., Hamman, R. F., Lachin, J. M., 

Walker, E. A., Nathan, D. M., & Diabetes Prevention Program Research 

Group. (2002). Reduction in the incidence of type 2 diabetes with lifestyle 

intervention or metformin. The New England Journal of Medicine, 346(6), 

393-403. 

Kordalewska, M. & Markuszewski, M. J. (2015). Metabolomics in cardiovascular 

diseases. Journal of Pharmaceutical and Biomedical Analysis, 113, 121-136. 

Kumar, S., Chandra, P., Bajpai, V., Singh, A., Srivastava, M., Mishra, D., & Kumar, 

B. (2015). Rapid qualitative and quantitative analysis of bioactive compounds 

from Phyllanthus amarus using LC/MS/MS techniques. Industrial Crops and 

Products, 69, 143-152. 

Kumaran, A. & Karunakaran, R. J. (2007). In vitro antioxidant activities of methanol 

extracts of five Phyllanthus species from India. LWT-Food Science and 

Technology, 40(2), 344-352. 

Lanza, I. R., Zhang, S., Ward, L. E., Karakelides, H., Raftery, D., & Nair, K. S. 

(2010). Quantitative metabolomics by 1H-NMR and LC-MS/MS confirms 

altered metabolic pathways in diabetes. PloS One, 5(5), e10538. 

Lawal, U., Mediani, A., Maulidiani, H., Shaari, K., Ismail, I. S., Khatib, A., & Abas, 

F. (2015). Metabolite profiling of Ipomoea aquatica at different growth stages 

in correlation to the antioxidant and α-glucosidase inhibitory activities 

elucidated by 1H NMR-based metabolomics. Scientia Horticulturae, 192, 400-

408. 



© C
OPYRIG

HT U
PM

142 

 

Lee, S. Y., Mediani, A., Nur Ashikin, A. H., Azliana, A. B. S., & Abas, F. (2014). 

Antioxidant and α-glucosidase inhibitory activities of the leaf and stem of 

selected traditional medicinal plants. International Food Research Journal, 

21(1), 165-172. 

Li, H., Xie, Z., Lin, J., Song, H., Wang, Q., Wang, K., Su, M., Qiu, Y., Zhao, T., & 

Song, K. (2008). Transcriptomic and metabonomic profiling of obesity-prone 

and obesity-resistant rats under high fat diet. Journal of Proteome Research, 

7(11), 4775-4783. 

Lim, Y. Y. & Murtijaya, J. (2007). Antioxidant properties of Phyllanthus amarus 

extracts as affected by different drying methods. LWT - Food Science and 

Technology, 40(9), 1664-1669. 

Liu, J., He, T., Lu, Q., Shang, J., Sun, H., & Zhang, L. (2010). Asiatic acid preserves 

beta cell mass and mitigates hyperglycemia in streptozocin‐induced diabetic 

rats. Diabetes/Metabolism Research and Reviews, 26(6), 448-454. 

Lordan, S., Smyth, T. J., Soler-Vila, A., Stanton, C., & Ross, R. P. (2013). The α-

amylase and α-glucosidase inhibitory effects of Irish seaweed extracts. Food 

Chemistry, 141(3), 2170-2176. 

Luo, H. & Chen, J. (2007). Metabonomics and CM syndrome type research. Chinese 

Journal of Information on TCM, 14(5), 3-5. 

Luthria, D. L., Lin, L., Robbins, R. J., Finley, J. W., Banuelos, G. S., & Harnly, J. M. 

(2008). Discriminating between cultivars and treatments of broccoli using 

mass spectral fingerprinting and analysis of variance principal component 

analysis. Journal of Agricultural and Food Chemistry, 56(21), 9819-9827. 

Lv, H., Zhu, Y., Tan, J., Guo, L., Dai, W., & Lin, Z. (2015). Bioactive compounds 

from Pu-erh tea with therapy for hyperlipidaemia. Journal of Functional 

Foods, 19, Part A, 194-203. 

Määttä-Riihinen, K. R., Kamal-Eldin, A., & Törrönen, A. R. (2004). Identification 

and quantification of phenolic compounds in berries of Fragaria and Rubus 

species (family Rosaceae). Journal of Agricultural and Food Chemistry, 

52(20), 6178-6187. 

Madsen, R., Lundstedt, T., & Trygg, J. (2010). Chemometrics in metabolomics—a 

review in human disease diagnosis. Analytica Chimica Acta, 659(1), 23-33. 

Mahdi, E. S., Noor, A. M., Sakeena, M. H., Abdullah, G. Z., Abdulkarim, M., & 

Sattar, M. A. (2011). Identification of phenolic compounds and assessment of 

in vitro antioxidants activity of 30% ethanolic extracts derived from two 

Phyllanthus species indigenous to Malaysia. African Journal of Pharmacy and 

Pharmacology, 5(17), 1967-1978. 

Maisuthisakul, P., Pasuk, S., & Ritthiruangdej, P. (2008). Relationship between 

antioxidant properties and chemical composition of some Thai plants. Journal 

of Food Composition and Analysis, 21(3), 229-240. 

Markom, M., Hasan, M., Daud, W. R. W., Singh, H., & Jahim, J. M. (2007). 

Extraction of hydrolysable tannins from Phyllanthus niruri Linn.: Effects of 

solvents and extraction methods. Separation and Purification Technology, 

52(3), 487-496. 



© C
OPYRIG

HT U
PM

143 

 

Matsui, T., Ebuchi, S., Fujise, T., Abesundara, K. J., Doi, S., Yamada, H., & 

Matsumoto, K. (2004). Strong antihyperglycemic effects of water-soluble 

fraction of Brazilian propolis and its bioactive constituent, 3, 4, 5-tri-O-

caffeoylquinic acid. Biological and Pharmaceutical Bulletin, 27(11), 1797-

1803. 

Maulidiani, M., Sheikh, B. Y., Mediani, A., Wei, L. S., Ismail, I. S., Abas, F., & 

Lajis, N. H. (2015). Differentiation of Nigella sativa seeds from four different 

origins and their bioactivity correlations based on NMR-metabolomics 

approach. Phytochemistry Letters, 13, 308-318. 

Maulidiani, H., Khatib, A., Shaari, K., Abas, F., Shitan, M., Kneer, R., Neto, V., & 

Lajis, N. H. (2012). Discrimination of three pegaga (Centella) varieties and 

determination of growth-lighting effects on metabolites content based on the 

chemometry of 1H nuclear magnetic resonance spectroscopy. Journal of 

Agricultural and Food Chemistry, 60(1), 410-417. 

Maulidiani, Abas, F., Khatib, A., Shaari, K., & Lajis, N. H. (2014). Chemical 

characterization and antioxidant activity of three medicinal Apiaceae species. 

Industrial Crops and Products, 55, 238-247. 

Maulidiani, Abas, F., Khatib, A., Shitan, M., Shaari, K., & Lajis, N. H. (2013). 

Comparison of Partial Least Squares and Artificial Neural Network for the 

prediction of antioxidant activity in extract of Pegaga (Centella) varieties from 
1H Nuclear Magnetic Resonance spectroscopy. Food Research International, 

54(1), 852-860. 

Mediani, A., Abas, F., Khatib, A., Maulidiani, H., Shaari, K., Choi, Y. H., & Lajis, 

N. (2012a). 1H-NMR-based metabolomics approach to understanding the 

drying effects on the phytochemicals in Cosmos caudatus. Food Research 

International, 49(2), 763-770. 

Mediani, A., Abas, F., Khatib, A., & Tan, C. P. (2013). Cosmos Caudatus as a 

potential source of polyphenolic compounds: Optimisation of oven drying 

conditions and characterisation of its functional properties. Molecules, 18(9), 

10452-10464. 

Mediani, A., Abas, F., Ping, T. C., Khatib, A., & Lajis, N. H. (2012b). Influence of 

Growth Stage and Season on the Antioxidant Constituents of Cosmos 

caudatus. Plant Foods for Human Nutrition, 67(4), 344-350. 

Micali, S., Sighinolfi, M., Celia, A., De Stefani, S., Grande, M., Cicero, A., & 

Bianchi, G. (2006). Can Phyllanthus niruri affect the efficacy of 

extracorporeal shock wave lithotripsy for renal stones? A randomized, 

prospective, long-term study. The Journal of Urology, 176(3), 1020-1022. 

Mkele, G. (2013). A review of metformin and its place in the diabetes guidelines. 

South African Family Practice, 55(6), 504-506. 

Moreira, J., Klein-Júnior, L. C., Cechinel Filho, V., & de Campos Buzzi, F. (2013). 

Anti-hyperalgesic activity of corilagin, a tannin isolated from Phyllanthus 

niruri L.(Euphorbiaceae). Journal of Ethnopharmacology, 146(1), 318-323. 

Murugaiyah, V. & Chan, K. (2009). Mechanisms of antihyperuricemic effect of 

Phyllanthus niruri and its lignan constituents. Journal of Ethnopharmacology, 

124(2), 233-239. 



© C
OPYRIG

HT U
PM

144 

 

Musabayane, C., Tufts, M., & Mapanga, R. (2010). Synergistic antihyperglycemic 

effects between plant-derived oleanolic acid and insulin in streptozotocin-

induced diabetic rats. Renal Failure, 32(7), 832-839. 

Naik, A. D. & Juvekar, A. R. (2003). Effects of alkaloidal extract of Phyllanthus 

niruri on HIV replication. Indian Journal of Medical Sciences, 57(9), 387-393. 

Nardini, M., Cirillo, E., Natella, F., & Scaccini, C. (2002). Absorption of phenolic 

acids in humans after coffee consumption. Journal of Agricultural and Food 

Chemistry, 50(20), 5735-5741. 

Nemoto, T., Ando, I., Kataoka, T., Arifuku, K., Kanazawa, K., Natori, Y., & 

Fujiwara, M. (2007). NMR metabolic profiling combined with two-step 

principal component analysis for toxin-induced diabetes model rat using urine. 

The Journal of Toxicological Sciences, 32(4), 429-435. 

Nicholson, J. K. & Lindon, J. C. (2008). Systems biology: metabonomics. Nature, 

455(7216), 1054-1056. 

Okoli, C., Ibiam, A., Ezike, A., Akah, P., & Okoye, T. (2010). Evaluation of 

antidiabetic potentials of Phyllanthus niruri in alloxan diabetic rats. African 

Journal of Biotechnology, 9(2), 248-259. 

Okoli, C., Obidike, I., Ezike, A., Akah, P., & Salawu, O. (2011). Studies on the 

possible mechanisms of antidiabetic activity of extract of aerial parts of 

Phyllanthus niruri. Pharmaceutical Biology, 49(3), 248-255. 

Otsuka, R., Tamakoshi, K., Yatsuya, H., Murata, C., Sekiya, A., Wada, K., Zhang, 

H. M., Matsushita, K., Sugiura, K., & Takefuji, S. (2006). Eating fast leads to 

obesity: findings based on self-administered questionnaires among middle-

aged Japanese men and women. Journal of Epidemiology, 16(3), 117-124. 

Otunola, G. A. & Afolayan, A. J. (2015). Antidiabetic effect of combined spices of 

Allium sativum, Zingiber officinale and Capsicum frutescens in alloxan-

induced diabetic rats. Frontiers in Life Science, 1-10. 

Pandey, K. B. & Rizvi, S. I. (2009). Plant polyphenols as dietary antioxidants in 

human health and disease. Oxidative Medicine and Cellular Longevity, 2(5), 

270-278. 

Park, S., Sadanala, K. C., & Kim, E. K. (2015). A metabolomic approach to 

understanding the metabolic link between obesity and diabetes. Molecules and 

Cells, 38(7), 587-596. 

Patel, P., Harde, P., Pillai, J., Darji, N., & Patel, B. (2012). Antidiabetic herbal drugs 

a review. Pharmacophore, 3(1), 18-29. 

Patel, J. R., Tripathi, P., Sharma, V., Chauhan, N. S., & Dixit, V. K. (2011). 

Phyllanthus amarus: Ethnomedicinal uses, phytochemistry and pharmacology: 

A review. Journal of Ethnopharmacology, 138(2), 286-313. 

Phinney, K. W., Ballihaut, G., Bedner, M., Benford, B. S., Camara, J. E., 

Christopher, S. J., Davis, W. C., Dodder, N. G., Eppe, G., & Lang, B. E. 

(2013). Development of a Standard Reference Material for metabolomics 

research. Analytical Chemistry, 85(24), 11732-11738. 

Punithavathi, V. R., Prince, P. S. M., Kumar, R., & Selvakumari, J. (2011). 

Antihyperglycaemic, antilipid peroxidative and antioxidant effects of gallic 



© C
OPYRIG

HT U
PM

145 

 

acid on streptozotocin induced diabetic Wistar rats. European Journal of 

Pharmacology, 650(1), 465-471. 

Rani, S. & Kumar, B. (2015). Glycemic control efficacy of Phyllanthus niruri. Linn 

extract in Diabetic Mice model. Int.J.Curr.Microbiol.App.Sci, 4(4), 599-609. 

Rastija, V. (2011). An overview of innovations in analysis and beneficial health 

effects of wine polyphenols. Mini Reviews in Medicinal Chemistry, 11(14), 

1256-1267. 

Ribeiro, P. R., Willems, L. A., Mudde, E., Fernandez, L. G., de Castro, R. D., 

Ligterink, W., & Hilhorst, H. W. (2015). Metabolite profiling of the oilseed 

crop Ricinus communis during early seed imbibition reveals a specific 

metabolic signature in response to temperature. Industrial Crops and Products, 

67, 305-309. 

Ribnicky, D. M., Kuhn, P., Poulev, A., Logendra, S., Zuberi, A., Cefalu, W. T., & 

Raskin, I. (2009). Improved absorption and bioactivity of active compounds 

from an anti-diabetic extract of Artemisia dracunculus L. International Journal 

of Pharmaceutics, 370(1), 87-92. 

Rochfort, S. (2005). Metabolomics reviewed: a new “omics” platform technology for 

systems biology and implications for natural products research. Journal of 

Natural Products, 68(12), 1813-1820. 

Rofiee, M., Yusof, M., Hisam, E. A., Bannur, Z., Zakaria, Z., Somchit, M., Teh, L., 

& Salleh, M. (2015). Isolating the metabolic pathways involved in the 

hepatoprotective effect of Muntingia calabura against CCl 4-induced liver 

injury using LC/MS Q-TOF. Journal of Ethnopharmacology, 166, 109-118. 

Roos, G., Roseler, C., Buter, K. B., & Simmen, U. (2004). Classification and 

correlation of St. John's wort extracts by nuclear magnetic resonance 

spectroscopy, multivariate data analysis and pharmacological activity. Planta 

Medica, 70(8), 771-777. 

Russell, C., Rahman, A., & Mohammed, A. R. (2013). Application of genomics, 

proteomics and metabolomics in drug discovery, development and clinic. 

Therapeutic Delivery, 4(3), 395-413. 

Sabir, S. & Rocha, J. (2008). Water-extractable phytochemicals from Phyllanthus 

niruri exhibit distinct in vitro antioxidant and in vivo hepatoprotective activity 

against paracetamol-induced liver damage in mice. Food Chemistry, 111(4), 

845-851. 

Salek, R. M., Maguire, M. L., Bentley, E., Rubtsov, D. V., Hough, T., Cheeseman, 

M., Nunez, D., Sweatman, B. C., Haselden, J. N., Cox, R. D., Connor, S. C., & 

Griffin, J. L. (2007). A metabolomic comparison of urinary changes in type 2 

diabetes in mouse, rat, and human. Physiological Genomics, 29(2), 99-108. 

Shaham, O., Wei, R., Wang, T. J., Ricciardi, C., Lewis, G. D., Vasan, R. S., Carr, S. 

A., Thadhani, R., Gerszten, R. E., & Mootha, V. K. (2008). Metabolic 

profiling of the human response to a glucose challenge reveals distinct axes of 

insulin sensitivity. Molecular Systems Biology, 4(1), 214-223. 

Sharma, P., Gujral, H. S., & Singh, B. (2012). Antioxidant activity of barley as 

affected by extrusion cooking. Food Chemistry, 131(4), 1406-1413. 



© C
OPYRIG

HT U
PM

146 

 

Sharma, V., Dhillon, P., Wambolt, R., Parsons, H., Brownsey, R., Allard, M. F., & 

McNeill, J. H. (2008). Metoprolol improves cardiac function and modulates 

cardiac metabolism in the streptozotocin-diabetic rat. American Journal of 

Physiology.Heart and Circulatory Physiology, 294(4), H1609-1620. 

Shetty, A., Rashmi, R., Rajan, M., Sambaiah, K., & Salimath, P. (2004). Antidiabetic 

influence of quercetin in streptozotocin-induced diabetic rats. Nutrition 

Research, 24(5), 373-381. 

Shuib, N. H., Shaari, K., Khatib, A., Maulidiani, Kneer, R., Zareen, S., Raof, S. M., 

Hj. Lajis, N., & Neto, V. (2011). Discrimination of young and mature leaves of 

Melicope ptelefolia using 1H NMR and multivariate data analysis. Food 

Chemistry, 126(2), 640-645. 

Siddhuraju, P. & Becker, K. (2003). Antioxidant properties of various solvent 

extracts of total phenolic constituents from three different agroclimatic origins 

of drumstick tree (Moringa oleifera Lam.) leaves. Journal of Agricultural and 

Food Chemistry, 51(8), 2144-2155. 

Song, L., Liu, H., Wang, Y., Wang, Y., Liu, J., Zhou, Z., Chu, H., Zhuang, P., & 

Zhang, Y. (2015). Application of GC/MS-based metabonomic profiling in 

studying the therapeutic effects of Huangbai–Zhimu herb-pair (HZ) extract on 

streptozotocin-induced type 2 diabetes in mice. Journal of Chromatography B, 

997, 96-104. 

Soong, Y. Y. & Barlow, P. J. (2005). Isolation and structure elucidation of phenolic 

compounds from longan (Dimocarpus longan Lour.) seed by high-

performance liquid chromatography–electrospray ionization mass 

spectrometry. Journal of Chromatography A, 1085(2), 270-277. 

Srinivasan, K. & Ramarao, P. (2007). Animal models in type 2 diabetes research: an 

overview. Indian Journal of Medical Research, 125(3), 451. 

Srinivasan, K., Viswanad, B., Asrat, L., Kaul, C., & Ramarao, P. (2005). 

Combination of high-fat diet-fed and low-dose streptozotocin-treated rat: a 

model for type 2 diabetes and pharmacological screening. Pharmacological 

Research, 52(4), 313-320. 

Sudjaroen, Y., Hull, W. E., Erben, G., Würtele, G., Changbumrung, S., Ulrich, C. 

M., & Owen, R. W. (2012). Isolation and characterization of ellagitannins as 

the major polyphenolic components of Longan (Dimocarpus longan Lour) 

seeds. Phytochemistry, 77, 226-237. 

Suhre, K. (2014). Metabolic profiling in diabetes. The Journal of Endocrinology, 

221(3), R75-85. 

Sulaiman, S. F., Sajak, A. A. B., Ooi, K. L., Supriatno, & Seow, E. M. (2011). Effect 

of solvents in extracting polyphenols and antioxidants of selected raw 

vegetables. Journal of Food Composition and Analysis, 24(4–5), 506-515. 

Sultana, B., Anwar, F., & Przybylski, R. (2007). Antioxidant activity of phenolic 

components present in barks of Azadirachta indica, Terminalia arjuna, Acacia 

nilotica, and Eugenia jambolana Lam. trees. Food Chemistry, 104(3), 1106-

1114. 



© C
OPYRIG

HT U
PM

147 

 

Sultana, B., Anwar, F., & Ashraf, M. (2009). Effect of extraction solvent/technique 

on the antioxidant activity of selected medicinal plant extracts. Molecules, 

14(6), 2167-2180. 

TA, S. (2014). Diagnosis and classification of diabetes mellitus. Diabetes Care, 37, 

S81. 

Talavéra, S., Felgines, C., Texier, O., Besson, C., Mazur, A., Lamaison, J., & 

Rémésy, C. (2006). Bioavailability of a bilberry anthocyanin extract and its 

impact on plasma antioxidant capacity in rats. Journal of the Science of Food 

and Agriculture, 86(1), 90-97. 

Talaviya, P. A., Rao, S. K., Vyas, B. M., Indoria, S. P., Suman, R. K., & Suvagiya, 

V. P. (2014). A review on: Potential antidiabetic herbal medicines. 

International Journal of Pharmaceutical Sciences and Research, 5(2), 302. 

Tarachiwin, L., Masako, O., & Fukusaki, E. (2008). Quality evaluation and 

prediction of Citrullus lanatus by 1H NMR-based metabolomics and 

multivariate analysis. Journal of Agricultural and Food Chemistry, 56(14), 

5827-5835. 

Teul, J., Rupérez, F. J., Garcia, A., Vaysse, J., Balayssac, S., Gilard, V., Malet-

Martino, M., Martin-Ventura, J. L., Blanco-Colio, L. M., & Tuñón, J. (2009). 
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