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ABSTRACT 

Current study was designed to explore the antioxidant and antidiabetic potential of Cycas revoluta 
(C. revoluta) and Cycas circinalis (C. circinalis) leaf extracts due to their use in local medicinal 
system as possible natural candidates for the management/treatment of diabetes mellitus. The 
extraction was optimized using different combination of water and ethanol (Aqueous, 20% 
ethanolic, 40% ethanolic, 60% ethanolic, 80% ethanolic and pure ethanol). For both the plants, 
60% ethanolic extracts were revealed to be the most potent with optimal antioxidant and anti-
diabetic effects. The highest extract yields of 19.27±0.07% and 20.97±0.20% were obtained with 
60% ethanol for C. revoluta and C. circinalis, respectively. The highest total phenolic contents 
i.e., 125.33±1.28 and 154.24±3.28 mg gallic acid equivalent per gram dry extract were observed 
for leaf extract of C. revoluta and C. circinalis, respectively, whereas total flavonoid contents of 
ethanolic extracts of C. revoluta and C. circinalis were 58.20±1.34 and 78.52±1.65 mg rutin 
equivalent per gram dry extract, respectively being the highest. The 60% ethanolic extracts of both 
plants also exhibited highest 2-diphenyl-1-picrylhydrazyl activity, total antioxidant power, beta 
carotene bleaching and iron chelating activity. The IC50 value for 60% ethanolic extract of C. 
revoluta to inhibit α-glucosidase was 66.80±2.45 µg/mL and for C. circinalis was 58.42±2.22 
µg/mL. The α-amylase inhibitory values for 60% ethanolic extract of C. revoluta and C. circinalis 
were also higher i.e., 82.01±2.1 and 74.11±1.7, respectively. The statistical analysis indicated that 
the values of extract yields, antioxidant activities and enzyme inhibition were significantly higher 
for 60% ethanolic extract (ρ<0.05). The proton nuclear magnetic resonance (1H-NMR) spectra of 
C. revoluta and C. circinalis confirmed the presence of polyphenols due to peaks in relevant 
regions. The ultra-high performance liquid chromatography equipped with mass spectromometer 
(UHPLC-QTOF-MS/MS) analysis confirmed the presence of apigenin diglucoside isomers, 
kaempferol derivative, hexadecenoic acid and citric acid in 60% ethanolic extract of C. revoluta 
while iridoid glucoside, gibberllins A4, O-beta-D-glucosyl-4-hydroxy-cinnamate, 3-methoxy-2-
phyenyl-4-H-furo (2,3-h) chromen-4-one, kaempferol, withaferin A, amentoflavone, quercitin-3-
O-(6”-malonyl glucoside), ellagic acid and gallic acid in C. circinalis leaf extract. The binding 
energy data obtained by molecular docking also confirmed the the possible role of identified 
metabolite to interact/inhibit the α-glucosidase and α-amylase enzymes. The extract dose of 500 
mg/kg b.w. of both the plants lowered the blood glucose level of alloxonated mice sufficiently and 
comparable to attenuation caused by metformin. Improvement in lipid profile was also observed 
but not much effective as was the case with blood glucose. However, the antioxidant and 
antidiabetic efficiencies for C. circinalis were slightly pronounced than C. revoluta. Both the 
plants are proved as good source for naturopathic treatment of diabetes most probably due to 
possible synergistic impact of secondary metabolites, hence may be extended for pharmacological 
and functional food development in future.         
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INTRODUCTION 

1. General 

The behavior of individuals depends on exact transmission between functionalized organs. Cell 

signaling is a complicated avenue based upon hormones and enzymes which cooperatively defend 

the life. The stasis of human body gets disturbed sometimes due to individual or collective 

irregularity due to any reason which further stimulates the inflammation. The system of body is 

properly working. Still sometimes this stasis is disrupted so collectively that regular work and 

system of human body is interrupted and then culminate resulting in inflammation. The imbalance 

may be due to constitutional as well as extraneous infectious substitutes. For example, over 

assembling of reactive oxygen species change physiological pathway and disrupt cell and tissue 

balance. Any damage or over contemporary in human structure could affect the continuous body 

functions. The outcome of these types of diversity may cause infection which may be acute or 

chronic. Enzymatic pathway in human body is necessary to maintain the persisting systems by 

giving intensity with the help of healthy food with proper supply of oxygen.  Metabolism covers 

entire estate of systematic pathway to use calories which are produced through biochemical 

process [1]. As formation of oxygen species (ROS) in individuals is the metabolic pathway and 

these reactive oxygen species play a mandatory role in transfer of signals to cell and maintain body 

equilibrium. Occasionally the electrons from electron transport chain precipitately disciple oxygen 

into ROS like superoxide which commences the development of lipid oxidation. The initial useful 

subjects in homeostasis in body are metabolic and biological pathways and cell signaling 

procedure which support to assist the life, by actuality convoluted in ROS- reactive oxygen 

species. Respectively, when oxygen shifted to superoxides, it causes lipid oxidation. In maintained 

and regulated human system such type of distinct processes is involved [2]. The extra production 

of ROS involved metabolic process, environmental aspects and xenobiotics [3,4]. The ROS are 

linked with inception and pathogenesis of chronic disorders including diabetes mellitus. Natural 

circumstances and xenobiotics are also a source of extra production of ROS and damage biological 

pathways. Interruption in ROS pathway is a reason for chronic disorders like Diabetes mellitus.  
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1.1 Diabetes Mellitus 

Diabetes is the class of metabolic disorder that is caused due to high glucose level in body, which 

may be due to pancreatic dysfunction, insufficient insulin secretion or insulin resistance. The long 

term enhancement in glucose level of diabetes is related to chronic defect, mutilation and defeat 

of different organs, particularly kidneys, eyes, nerves and blood vessels. Many pathogenic 

pathways are elaborated in the evaluation of diabetes mellitus. Such circles from auto immune 

disorder of the pancreatic β-cells with subsequent insulin insufficiency to deformity result in 

obstruction in insulin activity. Insufficient insulin alertness results from lacking insulin action and 

damage tissue feedback to insulin at one or more bits in the complicated process of biological 

activities. Destruction in insulin activity and damage in insulin secretion regularly coincide in the 

same patient, and it is generally imprecise that which irregularity is the initial reason of increase 

glucose level [5]. 

The broad superiority in cases of diabetes declines into two vast etiopathogenetic divisions. In a 

class, type 1 diabetes, the reason is an infinite defect in insulin action. Some peoples have high 

risk of improvement this type of diabetes can often be analyzed by serological test of an 

autoimmune pathologic pathway, appears in genetic markers and defect in the pancreatic islets. In 

the other, furthermore frequent class, type 2 diabetes, the reason is a grouping of inhibition to 

insulin alacrity and an improper offsetting insulin secretary response [6]. 

Diabetes mellitus is alternation of blood glucose level for vast time span in which the patient 

suffers from insulin insensitivity and is also reason of premature death [7,8]. As previously 

mentioned about over triggering of ROS is another problem which lead diabetics with experience 

of retinopathy and to an extreme case blindness, nephropathy (kidney damage), neurocognitive 

complications like dementia [9,10].  

In regular circumstances, when an individual takes in glucose dose, insulin from pancreatic beta 

cells is normally excreted by the body to maintain level of glucose and getting energy for glucose 

intake.  Glucose transfer to muscle cells and adipose tissues, there is another important function 

under the regulation of insulin signaling cascade. This order establishes specific metabolic 

enzymes & proteins which facilitate the natural body function. A harmony is needed between 
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efficiency and toxicity for any type of transplantation process. If we want to transplant islets’ we 

face further problem, that a lot of the current aspects affected beta cells or activate peripheral 

insulin resistance. [11] 

Scientific investigations have revealed that improper diet, obesity, sedentary life style, genetics 

and environment are the major factors to cause DMT2 by destroying beta cells limiting insulin 

production, insensitivity or resistance. All these factors individually or collectively are responsible 

for the exponential growth of this disease. Pancreas plays a vital role to maintain energy 

homeostasis by secretion of an impotent hormone, which is insulin, which promotes the entry of 

blood glucose into cells.  Within the cells, this glucose is converted into energy or extra glucose is 

stored.  The receptor location of cells binds with the insulin chains to deliver configuration 

adjustment in structures for the absorption of glucose. Insulin binds with receptor site at cell 

exterior which brings out signaling procedure by stimulating the protein kinase B (PKB) and the 

phosphoinositide 3 kinase (PI3-K) and. These biological proteins further invite GLUT-4 which 

crunch with the glucose blowing at the cell exterior surface. The GLUT-4 predicament with the 

glucose is a necessary impression to take glucose within the cell. Yet any disruption in insulin 

signaling cascade may decrease the action of GLUT-4 which results in a decrease of glucose 

intake. Basically for development of hyperglycemia glucose compiles in blood. Chronic 

hyperglycemia is due to insulin resistance is nothing else but state of DMT2. There could be much 

logic at the back end of the occurrence of DMT2. Experimental investigations have determined 

that irregular food intake, obesity, inactive life approach, morphological and ecology are the main 

components to cause DMT2. All these elements independently or cooperatively are liable for the 

aggressive growth of this disorder including establishment as well as progression [12]. These 

components are important for the malfunctioning of 훽-cells to check insulin formation and also 

cause insulin disregard or apathy.  

Production of free radicals particularly ROS during diabetes is due to high glucose level, protein 

glycosylation and glucose auto oxidation [13]. Free radicals are produced by work of natural 

cellular metabolism, after all, in certain circumstances are admitted to distract the balance among 

ROS management and biological defense mechanisms. Inequalities can be developed in cell 

defection and dysfunction resulting in tissue destruction. The enhancement in the amount of ROS 
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in diabetes could possibly be due to their expanded formation and decline formation by no 

metabolic and metabolic catalysis (CAT), superoxide dismutase (SOD) and glutathione-

peroxidase (GSH-Px) antioxidants. The level of said antioxidant metabolites gravelly clout the 

awareness of different tissues to oxidative stress and is linked with the evolution of complications 

in diabetes. Similarly, this is regularly applicable and lethal for the beta islet cells amid those 

tissues that have the minimum levels of deep seated antioxidant resistances [14].  Oxidative stress 

is directly advised as a basic tool of diabetes and diabetic complexity. Indication of oxidative stress 

during microorganisms’ diabetes is not merely by oxygen free radical management, but also due 

to nonenzymatic protein glycosylation, self-oxidation of glucose defected glutathione metabolism 

modification in lipid peroxides evolution, antioxidant enzymes, and decline in level of ascorbic 

acid [15] 

1.2 Reactive Oxygen Species: 

Naturally, antioxidant defense conformity is maintained by cells that consist of ROS degrading 

fragments, such as ascorbic acid, uric acid, sulfhydryl consisting molecules and antioxidant 

enzymes, such as catalase, superoxide dismutase, and glutathione peroxidase. In inflammatory 

circumstances, in which extra manufacturing of ROS exceed internal antioxidant defense, 

oxidative stress may permanently have adapted enzymatic micro molecules such as DNA, 

carbohydrates, protein and lipids. Increased formation of O2
− may cause the loss of NO bio-

availability. Both NO and O2
−  species experience a quick radical termination response to yield 

peroxynitrite anion, the secondary oxidizing species and peroxynitrous acid. Mainly, ROS 

activated apoptotic cell death in different cell description, and deregulation of apoptosis is a source 

of analytical disarrangement [16]. ROS comprises of superoxide, singlet oxygen, ozone, 

hydrogen peroxide, hypohalous acids and organic peroxides. ROS perform in development that 

cross all of natural sciences and their research have prospered for more than one-time line. ROS 

are problematic to determine from each other by exact assessment and are protested to calibrate 

[17]. 

All living cells in the climate are encountered with the acuteness and reactivity of effective and 

limited class of oxygen, superoxide anion, singlet oxygen, hydrogen peroxide and hydroxyl radical 
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due to full extermination of cells [18]. Under certain circumstances like ultraviolet radiations, 

ecological stress and environmental action through xenobiotic, the ROS can display intense 

construction. Anyhow, in different cell compartments, notably mitochondria, peroxisomes and 

chloroplast, management of ROS are precisely and continually associated with constitutional 

metabolic activeness. The association between photosynthetic metabolism and ROS assembly are 

regularly important in plants [19].  

Additionally, control of the alignment of intimate ROS has provided the developmental chance of 

ROS as effectors and consequent elemental molecules in advancement, improvement, expansion 

and biotic connections [20]  

Emulsifiable sugars imply to consider a double role with consideration to ROS. Dissoluble sugars 

can be elaborated in, or connected to ROS generating metabolic pathways. In reversion, soluble 

sugars can nourish NADPH generating metabolic pathways, which can devote ROS trailing. 

However, huge level of glucose is linked with inflammation and toxicity through enhance 

formation of ROS by glucose metabolism and glucose auto-oxidation in mammalian cells and 

yeasts [21,22].  

1.2.1 Reactive Oxygen Species (ROS) and Relevance to Diabetes 

The development in the field of radicals and ROS has revealed that oxidative stress and ROS 

individually or collectively damage the functioning of cellular machinery which facilitates the 

initiation and progression of insulin insensitivity and β cell destruction [23]. Oxygen is an essential 

element for life but responsible for the production of ROS [24].  The ROS are produced at cellular 

and sub cellular level and sometimes ROS may leave the mitochondrial orbit to cause serious 

damages to cells and tissues [25].  The ROS which generally include free electron or charge 

carrying oxygen entities like superoxides, peroxides and hydroxyl may be a serious threat to living 

system [26].  

Oxidative stress role has been confirmed in development and elongation of chronic diseases. 

Oxidative stress to the cellular machines, tissues and molecules like DNA and lipids may be 
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possible cause of serious health impacts like diabetes, heart disorders, neural damages and 

inflammations [27-31].  

Whereas the performance of Nicotinamide Adenine Dinucleotide Phosphate (NADPH) oxidase in 

type 1 diabetes is still not reasonable, ROS achieved the first detrimental category in islet cells 

after streptozotocin organization in rodents and may kill islet cells [32]. A new experimental study 

[33] exhibit that establishment of human endothelial cells with erythrocytes confined from sick 

person with type 1 diabetes but not from natural volunteers stimulated endothelial NADPH oxidase 

and enhanced endothelial ROS genesis, which was due to the origination of developed glycation 

end products on the exterior of diabetic erythrocytes. A main pathophysiological change in type 2 

diabetes is insulin resistance and flourishing body of clue deictic the coincidence of endothelial 

destruction and insulin resistance. Endothelial cell defection characterized by enhanced NADPH-

oxidase dependent ROS formation has been demonstrated in animal replicas of diabetes [34,35] 

and subjects with high glucose level. As a conclusion of the effects of aging, high level of lipids, 

hypertension and other components, subjects with type 2 diabetes mainly generate vascular and 

renal complexity. 

1.3 The α-Glucosidase Inhibition 

The α-glucosidase inhibitors are a drug or medicine which is taken orally for type 2 diabetes 

mellitus. These inhibitors function by inhibiting the metabolism of carbohydrates which are 

commonly reformed into primary sugars by α-glucosidase metabolites commenced on cells lining 

of the intestine, permissive monosaccharides to be consumed by the intestine. However, α-

glucosidase inhibitors decrease the percussion of dietary carbohydrates. There are a lot of natural 

sources with α-glucosidase inhibitor activity [36]. 

The α-glucosidase inhibitors decrease the activity of metabolism and digestion of carbohydrates 

by aggressive hold up of digestion. Therefore, the crest combination of blood glucose is decreased 

and the blood glucose level comes under compliance. The α-glucosidase inhibitors can attempt 

much dominance and has been praised by the Third Asia-Pacific Region Diabetes Treatment 

Guidelines as the first-line of analysis for lowering postprandial high glucose level [37]. 
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The α-glucosidase inhibitors are mainly saccharides that work as  metabolic enzymes necessary to 

digest carbohydrates, especially  α-glucosidase enzymes in the broom boundary of small 

intestines. The exterior shell of intestinal α-glucosidases hydrolyzes oligosaccharides and 

disaccharides to glucose and other monosaccharides in the small 

intestine. Pancreatic  amylase resolve complex starches to oligosaccharides in the small intestine 

lumen. 

To slow down the digestion of carbohydrates through metabolic pathways, low level of glucose is 

digested as the carbohydrates are not inseminated into glucose molecules. In diabetic subjects, the 

acute effect of this medicinal treatment is to low the blood glucose levels and the chronic 

consequence is a small degradation in hemoglobin A1c amount [38]. 

Exclusively sufficient α-glucosidase inhibitors are applicable economically. All of them consist of 

sugar affiliation and their construction comprises annoying multistep process. Clinically they have 

been communicated with chronic gastrointestinal effects. Yet, it is important to inquire for 

opportunity that can exhibit α-glucosidase inhibitory pathway but without side effects. In past 

years, enterprise attempted to detect compelling non-sugar based α-glucosidase determinants from 

normal pathways, have accepted colossal attention due to the availability in nature and their 

promising biological actions [39]. 

1.4 The α-Amylase Inhibitor  

The α-amylase inhibitor is belonging with a group of proteins which prohibit mammalian  α-

amylases specially, by construction of a strong stoichiometric 1:1 complex with α-amylase. This 

class of inhibitors has no activity on microbial α-amylase and plant. The α-amylase inhibitors 

universally authorized the different classes of antidiabetic promoters and adequately control the 

postprandial glucose amount. These operators apparently involve the effective locations of α-

amylase present in large broom boundaries of small intestine [40]. 

Neither terminal glucose residues nor the α-1,6- linkages can be broken by α-amylase [41]. The 

last amount and product of α-amylase activity are oligosaccharides with flexible dimension with 

an α-limit dextrin and α configuration [42], that establish a dough of maltotriose, maltose and spiral 
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oligosaccharides of 6–8 glucose group that carry both α-1,6 and α-1,4 linkages. Therefore, the 

improvement of α-amylase inhibitor is a necessary for the prohibition of this operation. [43]. 

Alpha amylases organize the determination of starch via a double deracination process implicate 

the arrangement and decomposition of a β-glycosyl enzyme, covalent intermediate by applying 

operating station carboxylic acids for this. For this, the Asp300, Asp197 and Glu233 were defined 

as catalytic residues [44]. 

1.5 Phytochemicals of Medicinal Importance 

An initial metabolite is precisely elaborated in natural development, expansion, and 

reconstruction. It commonly acts as a biological and metabolic activity in the morphon (i.e. an 

essential action). An initial macromolecule is normally expressed in countless organisms or cells. 

Plant secondary metabolites are usually assigned to as aggregate that have no central performance 

in the management of life pathways in the plants, but they are necessary for the plant to link with 

its ecology for variation and protection. In plants a large type of secondary metabolites is 

manufacturing from constitutional metabolites (e.g., carbohydrates, lipids and proteins). They are 

essential in plant protection across fruitarian and bugs. Generally, they may advice preservation 

across ecological accent. Aggregation of metabolites usually appears in plants and applicable to 

significant account with different conspicuous and salient molecules. Secondary metabolites have 

important factual functions in curing, ail-mental and corrective scheme relevance in plant accent 

morphology for transformation. The treatment aspects and performance of alkaloids, tannins and 

phenolic from plants are major subjects acknowledged in progress of nutraceuticals [45]. 

1.6 Alkaloids 

Alkaloids are a kind of compounds that normally consist of primary nitrogen atoms. This class 

also combine few complementary particles with neutral [46] and yet delicate acidic estate. They 

can be clear from coarse extracts by acid-base extraction. Alkaloids have a vast amount 

of medicinal activities which include ant malarial, antiasthma and anticancer [47]. The barrier 

among nitrogen possessed natural components and alkaloids is not mordant. Some components 
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such as proteins, amino acid, nucleic acid, nucleotides  and antibiotics are normally not alkaloids 

[48]. 

1.7 Flavonoids 

Structurally speaking, flavonoids have the basic arrangement of a 15-carbon structure, which 

contains two phenyl brims (A and B) and a heterocyclic brim (C). The three flavonoid types 

consistes of ketone like components for example anthoxanthins [49]. 

Flavonoids are extensively allocated in plants, which are playing main responsibility. Flavonoids 

are the essential important  pigments of plants for flower complexion, outturn yellow or red/blue 

coloration in stalk pattern to fascinate the pollinate bugs. In secondary herbs, flavonoids are 

elaborated infiltration of UV radiation, coactive nitrogen preoccupation and flower coloration. 

They might be move as micro molecular mediators, biological messenger, and cell cycle precursor 

[50]. 

1.8 Phenolic Acids 

Phenolic acid is class of aromatic acid aggregates which consists of phenolic ring with the 

organic carboxylic acid activity. Hydroxycinnamic acids and hydroxybenzoic acids are two 

naturally occurring types of phenolic acids and borrowed from non-phenolic fragments 

of cinnamic and benzoic acid. The phenolic acids are accepted for physiological actions like 

antioxidant operation, antidiabetic activity, anticancer behaviors and anti-inflammatory action 

[51]. 

1.9 Metabolomics as Helping Tool: 

Metabolomics is the experimental data of enzymatic procedures involving metabolites, the narrow 

particle act as a mediator and production of metabolism. The metabolomics serves as full form of 

metabolites in an organic cell, tissue and organism involving various biological pathways [52]. 

Contrarily, metabolic draft can give a spontaneous photo of the morphology of that cell, and hence, 

metabolomics arranges an explicit "utility readout of the morphological category" of an organism 

[53]. 
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The newel genomic stage is automatically exploit interspersed hugely adequately, active and cost 

energetic scientific methods to achieve the assignment of metabolite investigations in strong 

mechanism. There has been little bickering over the correct discrepancy bounded with 

metabolomics and metabonomics. The change among the two conditions is not correlated to prime 

of experimental pulpit, even metabonomics is more linked with NMR spectroscopy and 

metabolomics with mass spectrometry based technology, this is easy due to control between many 

classes that have promoted the distinct conditions [54]. 

1.10 Plant Based Treatment of Diabetes Mellitus  

There are numerous synthetic medicines available in market to treat DMT2. These compounds are 

extremely useful to lower the elevated glucose levels in body, although the mechanism involved 

may differ. Despite their efficiency, the side effects of these drugs are very serious and need to be 

addressed [55]. Plants, on the other hand, provide a trove of effective ingredients which are known 

to treat diabetes. These ingredients or phytochemicals play through various modes to control blood 

glucose levels. There may be enzyme inhibitors, insulin mimic or pancreas curing agents in plants, 

responsible for the cure of diabetes. The plant based treatment is usually cheap, reliable, effective, 

acceptable and comparatively safe. Many plants are being explored for this purpose and many are 

in queue [56]. 

1.10.1 Cycas revoluta (C.revoluta) 

C. revoluta is a species of gymnosperm and its family is Cycadaceae. Cycad is only plant that is 

associated with the bona fide palms (Arecaceae) that both are seed plants. This very 

commensurable herb supports an apex of glossy, full green leaves on a broad furry stamp that is 

frequently about 20 cm in diameter [57]. The plant consists of good starch, and it is used for 

building sago. Before using the plant starch contained in pith are carefully washed to remove out 

toxins [58]. 

The actual juvenile stalks are digestible and the juice of delicate leaves is effective for the 

medication of vomiting and flatulence [59]. It was stated that the tincture from leaves of C. 

revoluta consist of obstruction of cytochrome P 450 aromatase hence may be effective in treatment 
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of estrogen dependent carcinoma [60]. Most of the articles on this type of herbs concentrated on 

the seeds of which crop contained neurotoxic chemicals [61]. Small amount of data could be drawn 

as to the segregation of secondary metabolites from the leaves [62]. A previously reported study 

explored strong antimicrobial and antioxidant activity of Cycas revoluta leaves [63]. The 

methanolic extract of Cycas revoluta was reported to exert anti-cancer potential in DMH induced 

colon cancer in rats [64]. These reported medicinal properties of Cycas revoluta emphasized on 

the need to investigate this plant for other diseases like diabetes mellitus.  

1.10.2 Cycas circinalis (C.circinalis) 

C. circinalis is a species of cycad and also named as the queen sago. C. circinalis is the only 

gymnosperm species raised amid native Sri Lankan flora. The seed is reported as lethal. The fetal 

poison in the seeds is detached by dipping them in water. Leaflets of C. circinalis contains 

of biflavonoids [65]. 

The chunk of C. circinalis is oppressed for their fluffy leaves which are depleted in the regional 

flower vend; the plants are also choped by the district to extract the pith from the stem due to its 

healing properties. In Kerala, the regional, yet, do not process the destructive chopping of stems 

for treatment.  Hence, there are very long communities along the beach and have been unified 

within town, therefore, they are left undefined [66]. 

Fig.1.1.  A view of Cycas revoluta       Fig.1.2.  A view of Cycas circinalis 

Cycas revoluta Cycas circinalis
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Table 1.1 Scientific classification of Cycas revoluta and Cycas circinalis 

Scientific Classification 

Cycas revolute Cycas circinalis 

Kingdom; Plantae Kingdom; Plantae 

Division: Cycadophyta Division: Cycadophyta 

Class: Cycadposida Class: Cycadposida 

Order: Cycadales Order: Cycadales 

Family: Cycadaceae Family: Cycadaceae 

Genus: Cycas Genus: Cycas 

Species: Revoluta Species: Circinalis 



Introduction 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 14 
 

1.11 Objectives: 

The major objectives of this study included, 

 Freeze drying and ultrasonication use to enhance extract yields from leaves. 

 Use of variable composition of hydroethanol solvent system for high recovery of 

polyphenols. 

 Determination of TPC, TFC, antioxidant and antidiabetic activities of extracts 

 Determination of metabolite profiles of most active extract. 

 Evaluation of antidiabetic potential of most active extract in diabetic mice. 



Review of Literature 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 15 
 

CHAPTER 2 

 

 

 

 

 

REVIEW OF LITERATURE 

  



Review of Literature 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 16 
 

REVIEW OF LITERATURE  

Diabetes mellitus is known as one in five leading causes of death in the world. Its prevalence is 

expected to increase to 5.5% by 2030 specifically targeting developing states as per WHO 

statement. 60-80% of individuals prefer plant based remedies in controlling diabetes. Several 

plants of bio-therapeutic potential have been researched upon and categorized as anti-diabetes. 

Another reason to the increasing interest on complementary and alternative medications is due to 

the high cost of existing available drugs, microbial resistance, side effects and lack of cure based 

treatments because majority of the medicines commercially accessible for chronic ailments do not 

cure it, rather manage the symptoms associated with respective disease, minimize the pain etc. 

States like China, Korea and Japan are leading in investment related initiatives on organic drugs 

formulations [67]. The mitochondrial production of ROS is involved in cell signaling. However, 

the over production of ROS is the reason for establishment of oxidative stress. The oxidative stress 

was characterized as major of many chronic health problems. It was emphasized that in antioxidant 

defense system of body must be improved by taking non-enzymatic antioxidants to encounter the 

oxidative stress [68]. 

The oxidative stress was reported as a main cause behind various health disorders like insulin 

insensitivity and dysfunction of beta cells of pancreas leading to diabetes mellitus type II. The high 

glucose intake and modern life style lacking exercise were said to be major cause of ROS over 

production and oxidative stress. High glucose levels were responsible for glycated end products in 

body which reduced the efficient function of molecules and might be a cause of diabetes related 

complications. Similarly, it was reported that vascular functioning was improved by lowering the 

blood glucose load [69]. The use of commercial drugs to treat diabetes is not free from side effects. 

Herbal treatment of this metabolic disorder was reported as a workable strategy to manage diabetes 

and its complications. The plants are more acceptable due to the chances of very low or no toxicity 

levels. The antioxidant activity of plants made them very effective in curing oxidative stress 

oriented health problems [70]. 
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Many plant species are being explored for the presence of phytochemicals of therapeutic nature. 

A study from Iran reported the DPPH scavenging, total phenols, α-glucosidase and α-amylase 

inhibitory potential of 11 herbs. Among all plants the Parrotia persica, Heraceleum persicum, 

Smilax excels, Pyrus boissieriana and Primula heterochroma extracts exhibited substantial 

antidiabetic properties higher than standard drug acarbose. The Pyrus boissieriana and Primula 

heterochroma also exhibited high antioxidant activity regarding DPPH scavenging, greater than 

butylated hydroxyl anisole [71]. Use of natural antioxidants to encounter the oxidative stress is an 

acceptable choice to deal with stress oriented diseases like diabetes. The extracts from roots of 

Aristolochia longa were evaluated for enzyme inhibition activities against the α-glucosidase or β-

galactosidase. The antioxidant potentials of plant extracts were assessed by DPPH, FRAP and 

ABTS assay. Phytochemical profiling was also done for understudy extracts. The aqueous extract 

was very rich regarding antioxidant activities where ethyl acetate part was very active against α-

glucosidase. The phenolic contents were also observed to be very high. The findings suggested the 

root extracts as a rich source of medicinally important compounds [72]. The antidiabetic activities 

of aqueous plant extracts of Spilanthes Africana, Portulaca oleracea and Sida rhombifolia was 

evaluated as these plants were used against diabetes in West Cameroon, Africa. Aqueous mixtures 

of these plants in equal ratio were prepared and subjected to in vivo trial in streptozotocinated 

diabetic mice. The 21 days trial revealed that extract significantly reduced the blood glucose level, 

triglycerides, total cholesterol, AST and ALT. Each extract also demonstrated strong antioxidant 

potential regarding DPPH and hydroxyl radical scavenging. The mixture of plant extract was 

proved as efficient hypoglycemic and hypolipidemic to manage diabetes [73]. 

A study explored the antidiabetic potential of Otostegia persica by testing its methanolic extract 

with dose of 300 mg/kg and 400 mg/kg in comparison with glibenclamide and insulin. The 

methanol and ethyl acetate fractions showed antioxidant properties. The methanolic extract was 

further investigated and three apigenin derivatives were identified. In ethyl acetate fraction, 

chrysoeriol was also identified and isolated. The antioxidant activity of chrysoeriol exhibited quite 

comparable with vitamin E and butylated hydroxyl toluene [74]. 

There is large class of chemical compounds in these medicinal plants which are still unexplored. 

Genomic research is an ideal choice for exploring it. Gene identification in these plant genomic 
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systems will assist in studying unknown enzymes, pathways and secondary metabolites of same 

attribute. This genome knowledge is so precious that it won’t just discover new molecules but will 

also help in developing an understanding of diversity, regulations and evolutionary implications 

[75]. Scientific advancements have overcome the barriers in studying genomics of plants due to 

huge genome size, large number of repetitive sequences, poly ploidy etc. By developing 

inexpensive next generation sequencing technologies (NGS) and advanced computational 

methods, thus accessing transcriptomes of recalcitrant medicinal plant genomes [76]. 

Genomic and omic data in combination plays its part in improving the success rate of drug 

discovery for chronic ailments including diabetes. With relevance to it, Ocimum sanctum L 

commonly named Holy basil in India and genome of bitter gourd, Momordica charantia of tropical 

and subtropical regions have been sequenced recently. O sanctum has copalyl disphosphate 

synthases possessing bioactivity potential which has not been implicated so far. Bitter gourd has a 

unique gene that interestingly produces insulin-like molecules, which can help to control type I 

and type II diabetes naturally. It is expected that by investigating plant genomes of medicinal value 

for biotherapeutics, we can develop advances in the field and can discern right molecules as anti-

diabetics [77]. A major impeding factor in developing anti-diabetes drugs is low production levels 

of metabolites or loss of source due to extinction. As of late 2007, nearly hundred plant derived 

compounds are in clinical experiments. Previously, yew tree bark was used to produce taxol which 

stopped completely in 1990s due to the loss of source. Taxol would have been acted as an ideal 

precursor to convert it into an active drug. Considering such losses, referring to more generalized 

solutions like metabolic engineering of effective plants are urgently required for ensuring a 

development of bank of plant-derived compounds, they appear ideal as they can cater broad 

biological activities for medicinal purposes [78]. 

Researchers are concentrating on less explored fields of herbs like genetic background, agricultural 

characters and therapeutic perspective, with an emergence of new area of study under the tag of 

herbal genomics. Genomic data along with proteomic, transcriptomic and metabolite information 

can be helpful in predicting metabolic pathways of plants. It is important to investigate for 

pharmacological purposes. Unfortunately, since now only a small proportion of plant metabolites 

has been investigated for development of new medications. Plants naturally produce class of 
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compounds belonging to alkaloids, terpenoids and phenolics, and for developing an understanding 

of metabolic pathways and specific compounds, Herb Genome project has been initiated, but very 

few have been well assembled till now because of their extreme complexity [79]. Few valuable 

models in studying plant genomics do exist like that of Ganoderma lucidum, Salvia miltiorrhiza, 

Catharanthus roseus. They have been employed for developing pharmaceutical compounds like 

triterpene, diterpene, quinone and indole alkaloid. Moreover, therapeutically important flavenoids 

and phenolics have been obtained from Z. jujuba [80]. 

A study investigated the α-glucosidase inhibition of 411 compounds from plants. The α-

glucosidase inhibitors have antidiabetic properties as they delay the breakdown of carbohydrates 

for onward absorption. The way of action of these inhibitors was competitive and slow degradation 

of carbohydrates resulted in reduced blood glucose level [81]. The α-amylase and α-glucosidase 

inhibition properties of green tea, white tea and grape seed were compared with acarbose. The 

results indicated that grape seed extract was potent inhibitor of these dietary enzymes. The IC-90 

and IC-50 values were considered. The catechin gallates were identified as active α-glucosidase 

inhibitor [82]. The effect of fractionation of crude ethanolic extracts of Zataria multiflora, Salvia 

mirzayanii and Otostegia persica was evaluated for α-glucosidase inhibition. The ethanolic 

extracts were further extracted with organic solvents, petroleum ether, butanol and chloroform. 

The IC-50 values were compared for conclusion. The findings indicated that ethyl acetate fraction 

obtained from crude ethanolic extract of Zataria multiflora was most effective inhibitor of α-

glucosidase [83]. 

The antioxidant and hypoglycemic attributes of Passiflora ligularis aqueous extracts were 

determined in streptozotocinated diabetic mice. The extracts were administrated orally and its 

impact on blood proteins, albumin and globulin was noted. The extract at dose of 400 mg/kg was 

observed for 30 days period which increased the serum antioxidant level in diabetic rats. At the 

same time, lipid peroxidation was also assessed and compared with control [84]. The identification 

of phytochemicals or metabolites responsible for medicinal properties of plants is a matter of 

interest and a way to lead for drug development and establishment of herbal formulations. Herbal 

formulations are cost effective and with minimal side effects that is the reason they are 

satisfactorily opted. O sanctum possesses antidiabetic, anticancer, antifertility and analgesic 
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potential. In addition to it, Azadirachta indica stem, leaves and seeds have hypoglycemic potential 

by enhancing insulin secretion. Grewia asiatica also are helpful in controlling blood glucose levels 

by scavenging radicals by employing antioxidants. There is a huge list of such plants with 

medicinal value, but unfortunately there are not many biologically active drugs which are being 

utilized commonly [85]. As dietary enzyme inhibition is also a good strategic option to assess the 

antidiabetic potential of plants. A study involved the measurement of α-amylase and α-glucosidase 

inhibitions by various extracts of Psiadia punctulata and Meriandra bengalensis. Both plant 

extracts increased the glucose used by yeast cell. The thin layer chromatography based 

phytochemical analysis explored the presence of flavonoids, saponins, alkaloids, tannins and 

carbohydrates. The 15 and 17 spots on TLC plates were observed for both plant species [86]. 

A study from South Africa reported the antidiabetic role of Brachylaena elliptica aqueous plant 

extract in HepG2 cells. The plant extract was also tested against glycated protein formation and 

toxicity evaluation was carried out. The low toxicity was observed for the extract. The 

concentration dependent reduction in NO production in macrophages was also observed. The 

results suggested this Brachylaena elliptica as antidiabetic plants which worked independent of 

insulin [87]. 

Cissus cornifolia extracts were also tried for in vitro α-glucosidase and α-amylase inhibition 

activity. The aqueous and ethanolic extracts from root and leaves were evaluated and cytotoxicity 

was also determined in human kidney cell line HEK 293. Both types of extracs exhibited mild, 

moderate and strong α-amylase and α-glucosidase inhibitions however the aqueous extract was 

found slightly toxic. Final findings indicated that ethanolic leaf extract exhibited strong α-

glucosidase and moderate α-amylase inhibitory properties [88]. 

The antidiabetic activity of methanol fraction of Vinca rosea was determined in alloxan induced 

diabetic rats. The trial was comprised of 14 days period and plant extract doses at 500 and 300 

mg/kg body weight were tested against blood glucose level. The extract dose of a mg/kg body 

weight showed a considerable reduction in blood glucose of diabetic mice. The same extract dose 

also developed the lipid profiling of diabetic mice under study. The histopathological testing 

indicated that pancreatic beta cells were regenerated and this recovery was defined as principle 

cause behind the antdiabetic potential of Vinca rosea [89].     
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Another investigation showed the antioxidant potential and inhibition of α-glucosidase by 

methanol extracts of some plants of subtropical origin. The DPPH scavenging, H2O2 and beta 

carotene linoleic acid system assays were performed to evaluate antioxidant activities of plant 

extracts. In addition to this, total phenols were also calculated. The results indicated that 

methanolic extract of Elaeocarpus sylvestris, Distylium racemosum, Acer mono Maxim and 

Liquidambar styraciflua possessed noticeable polyphenol contents, antioxidant, antiradical and 

anti α-glucosidase properties. These plant species were noticed as possible source of important 

functional metabolites of antioxidant and antidiabetic nature [90]. A study reported in 2016 

explored antioxidant activity, flavonoids, vitamin C and E, total phenolic contents, nutritional 

composition, α-amylase and α-glucosidase inhibition by leaves and fruits of Breynia retusa. The 

fruit contained relatively high starch, minerals, amino acids and proteins contents when compared 

with the proximate of leaves. However, leaf extract scavenged DPPH radical more effectively and 

results of other antioxidant activities like FRAP and lipid oxidation were also more pronounced. 

The methanolic leaf extract effectively checked the α-amylase and α-glucosidase enzymatic 

activities [91].  Alcoholic and Aqueous extracts of Mimosa pudica leaves were subjected to see 

their impacts on red blood cells, Hb, platelet, hematocrit, corpuscular Hb, while blood cells, 

lymphocytes and monocytes of diabetic and normal rats. The various doses of extracts (500, 250 

and 125 mg/kg body weight) were orally administrated and results showed that 250 mg/kg body 

weight dose had significant glucose lowering in fasting blood glucose of diabetic rats (ρ<0.05). 

However, extracts did not exhibit any impact on red blood cells, hemoglobin, platelet, hematocrit, 

corpuscular hemoglobin, while blood cells, lymphocytes and monocytes. However, a reduction in 

white blood cells and mean corpuscular volume was observed during the study. The outcomes of 

work confirmed the ethnopharmacological consumption of Mimosa pudica to treat diabetes 

mellitus [92]. 

As phytochemicals show an important role in inhibition of metabolic diseases. The palm juice 

phenolics were described to have antidiabetic potential. The Nile rats were used in type 2 diabetic 

model study and palm fruit juice was ensured for daily intake of 170mg, 720 mg gallic acid 

equivalents / kg body weight. The random fasting blood glucose levels along with variations in 

animal body weights were measured during period. The palm fruit juice effectively showed 
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hyperglycemic impact with improvements in lipid profile when comparison was made with control 

diabetic rat. It was suggested that juice may be consumed in diet to improve insulin secretion [93]. 

Recently, an ornamental plant Conocarpus erectus was explored for total phenolic contents, total 

flavonoids, antioxidant, in vitro anti alpha glucosidase activity and in vivo antidiabetic potential. 

The various hydroethanolic solvent systems were utilized and it was reported that 60% ethanol 

was best suitable choice for phytochemical extraction. The 60’% ethanol exhibited high values for 

polyphenols and in vitro assays. The extract dose 0f 450 mg/kg body weight substantially reduced 

the blood glucose level of alloxanated diabetic mice and results were quite comparable with 

metformin group and normal non diabetic mice group [94]. The Ferula assafoetida extract was 

also tested against β-cells dysfunction in alloxanated diabetic rats. It was observed that plant 

extract showed significant reduction of blood glucose in diabetic rats and a steady increase in 

insulin level of serum was also noticed. The results further revealed the lowering of blood glucose 

in treated diabetic rats from 10.28±0.85 mmolL-1 to 6.75±0.31 mmolL-1 upon extract intake. An 

increase in insulin level of serum indicated some improvement in function of pancreas and this 

finding confirmed the antidiabetic properties of Ferula assafoetida [95]. 

The assessment of responses and changes at metabolic level has never been easy to determine. 

Many techniques and styrategies were adopted to solve the issues related to complex mixtures like 

plant extracts and animal metabolome. Recently metabolomics has been developed as novel, 

reliable and practical approach to identify and quantify the complex mixture of metabolites. Due 

to its efficiency, metabolomics is widely adopted method of study [96]. 

Analytical techniques like nuclear magnetic resonance spectroscopy (NMR), gass chromatography 

attached with mass spectrometry (GC-MS) and liquid chromatography equipped with mass 

spectrometry (LC-MS) are playing their leading role in recent advances of metabolomics. The 

metabolome study is becoming viable due to efficiency of these techniques. As phytochemicals 

are secondary metabolites are well reported for medicinal properties of plants. Their identification 

with more accuracy is now possible due to advancement in analytical techniques. For example, a 

study reported the Clinacanthus nutans antioxidant and α-glucosidase inhibition properties. 

Aqueous, ethyl acetate, butanol and hexanic fractions were evaluated for the purpose. The 

antioxidant activities were determined by DPPH and FRAP assays. Findings of α-glucosidase 
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activity inhibition reflected the antidiabetic activity. The phytochemical analysis was performed 

by gas chromatography equipped with quadrupole time of flight mass spectrometer (GC-QTOF-

MS). The results of assays revealed that butanol and ethyl acetate fraction was most effect to inhibit 

the activity of α-glucosidase. The phytochemical analysis confirmed the presence of organic acids 

(α-hydroxyl acids, dicarboxylic acids), fatty acids, polysiloxanes, glycosides, terpenes, inositols, 

coumarins, phytosterols, phenolics and polyols [97]. Metabolite profiling has become an important 

aspect of metabolomics and related studies. A recent report revealed the identification of secondary 

metabolites in leaves of Hyophorbe lagenicaulis which were perhaps responsible for the reported 

α-glucosidase and antioxidant activity.  The metabolite profiling was done by UHPLC-QTOF-

MS/MS technique and rutin, kaempferol, kaempferol-coumaroyl-glucoside, hesperetin 5-O-

glucoside, Isorhamnetin-3-O-rutinoside, luteolin 3-glucoside, citric acid and trimethoxyflavone 

derivatives were identified as major secondary metabolites of functional nature. Such finding was 

helpful to move for development of antidiabetic functional foods [98]. 

Metabolite profiling and metabolomic studies are now extensively carried out to develop natural 

and safe methods of treatments to cure diabetes. Metabolomics tools for identifications of plant 

metabolites and biomarker responses in diabetes mellitus have gained a huge importance in recent 

past.  The Paederia foetida L from family Rubiaceae was explored using metabolomic tool to 

confirm its antidiabetic properties. The gass chromatograph equipped with mass spectrometer was 

used to profile secondary metabolites. Different solvent fractions hexane, chloroform and 

methanolic fractions of twigs were analyzed for α-amylase and α-glucosidase inhibition potential. 

Results generated by loading column scatter plot of orthogonal partial least square (OPLS) model 

highlighted the presence of 12 molecules, namely, dl-α-tocopherol, n-hexadecanoic acid, 2-hexyl-

1-decanol, stigmastanol, stigmast-4-en-3-one, stigmasterol, 2-nonadecanone, cholest-8(14)-en-3-

ol, 4,4-dimethyl-, (3β,5α)-, 1-ethyl-1-tetradecyloxy-1-silacyclohexane, ɣ-sitosterol, stigmast-7-en-

3-ol, (3β,5α,24S)-, and α-monostearin. In silico molecular docking was also performed using the 

crystal structure α-amylase (PDB ID: 4W93) and α-glucosidase (PDB ID: 3WY1) [99]. 

The UHPLC-Q-TOF-MS/MS technique was used as a metabolomic technique to identify 

secondary metabolites in hyrdoethanolic extract of Hyophorbe indica. The metabolite profile 

included compounds like catechin, procyanidins, kaempferol, gallic acid and quinic acid derivative 
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and apigenin glycoside in leaf extract. The hyrdoethanolic extract was also reported to has a 

positive impact on blood glucose level of alloxan indiced diabetic mice. The 60% ethanolic extract 

exhibited highest phenolic and flavonoid contents among all extracts. The antioxidant and α-

glucosidase inhibitory properties made Hyophorbe indica as a good source of natural metabolites 

for diabetes management [100].  A metabolomic based study was conducted in Canada on 17 cree 

plants for antidiabetic effect on molecular level. The ethanolic extract and hot water decoctions 

were studied to assess the impact on glucose midulation. The in vitro metabolomic tool was used 

to establish the link between the antidiabetic behavior and plant metabolites or phytochemicals. 

The ethanolic extracts of many plants were observed to increase the glucose uptake by muscular 

cell and also reduced the activity of hepatic G6Pase activity. However, few water extracts 

completely lost their antidiabetic potential when compared with ethanolic extracts of same plant. 

The ethanolic extracts of R. groenlandicum, A. incana and S. purpurea were substantially 

enhanced the glucose uptake. The mechanism behind this uptake was AMPK and GLUT4 

activation at genetic level.i Metabolite profiling identifiedquercetin-3-O-galactoside and quercetin 

3-O-α-L-arabinopyranoside as biomarkers of hot water exracts that stimulate glucose uptake in 

vitro in cell lines [101]. 

Modern and advanced techniques like UHPLC-MS/MS and 1HNMR are an important 

metabolomic tool to study metabolic disorders and role of plants to cure them. In this context, 

leaves of Melicope lunu-ankenda were subjected to antidiabetic properties assessment in rat model 

fed on high fat diet and made diabetic by streptozotocin. The metabolomic study of animal serum 

by 1HNMR highlighted the biochemical changes in serum. It was observed that an intensive 

increase in HDL of diabetic rats was noticed but effectively reduced by Melicope lunu-ankenda 

leaf extract. Metabolomic analysis revealed the presence of hydroxybutyrate, glycerol, 

acetoacetate, α-glucose, β- glucose, creatine, choline, and taurine were major metabolites in obese 

diabetic rats, while isoleucine, acetate, succinate, allantoin, valine, 2-oxoglutaratem and hippurate 

were the most dominant metabolites in serum samples of normal diet rats. This discrimination 

helped out to study the metabolome difference under diseased condition [102]. 

Extraction methodology also plays a vital role in yields of metabolites that is consequently 

reflected as improvement in biological activities. The use of freeze drying and ultrasonication has 
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emerged as a novel approach to enhance the extraction of phytochemicals and other secondary 

metabolites. The use of ultrasonication was reported to increase extract yields, phenolics and 

antioxidant potential of alcoholic extracts of star fruit [103]. An extraction optimization study 

reported the effect of ultrasonication on freeze dried, air and oven-dried black currant fruit to 

address extraction efficiency. The 60% ethanol having 0.15% HCl in 15:1 proportion was used as 

solvent system. The ultrasonication significantly enhanced the concentration of phenolics in free 

dried sample and the amounts of targeted compounds (anthocyanin and ascorbic acid) were 

statistically highly significant when compared with air dried and oven dried samples. The 

ultrasonication in combination with freeze-drying proved as best extraction choice [104]. Recent 

trends in food modifications have generated the term functional foods. The concept of food is 

changing and only quality is not considered as the only aspect of good food but adequate 

availability of neutraceuticals in food for treatment of chronic ailments and preventions is the most 

emerging part. Metabolomics being an omic technology has not been fully utilized to move for 

functional food development from plant sources. There is severe need to exploit plant based 

compounds for the development of functional foods [105].   

Pakistan is rich in medicinal flora and lacking its share in functional food market. So natural 

potential in this regard may be exploited on commercial scale to provide suitable natural 

ingredients for functional food development in the future. 
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CHAPTER 3 
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3.0 General 

The section includes the details of reagents, chemicals, equipment, apparatus and methodologies 

used for extraction and to explore the chemical composition of C. revoulta and C. circinalis leaves. 

As the extract yield, chemical composition of the extracts, its biological activities and metabolite 

profiling varied with the extraction methods, processes as well as with different solvents and their 

concentrations. Hence the best available methodologies and equipment including, Ultrasonicator, 

Freeze Dryer, 1H-NMR spectroscopy and ultra-high performance liquid chromatography equipped 

with quadrupole –time of flight mass spectrometry were used in this study to explore the primary 

and secondary metabolites of the selected plants. 

3.1. Chemicals and Reagents: 

All types reagents and chemicals used were of high purity and procured mainly by Sigma and 

Merck companies. The main chemicals and reagents included, methanol, ethanol, gallic acid,  

sodium carbonate (Na2CO3), gallic acid (C7H6O5), sodium hydroxide (NaOH), liquid nitrogen, 

hydrochloric acid (HCl), ascorbic acid (C6H8O6), (CHCl3), Folin Ciocalteu reagent, sodium nitrite 

(NaNO2), aluminum chloride (AlCl3), sodium chloride (NaCl), rutin (C27H30O16), gallic acid, 

phosphoric acid (H3PO4), 2,2-diphenyl-1-picrylhydrazyl (DPPH), ρ-nitrophenol glucopyranoside, 

disodium phosphate (Na2HPO4),  monosodium phosphate (NaH2PO4), α-glucosidase, tris 

(hyroxymethyl) amine methane (Tris), acarbose (C25H43NO18), sulphuric acid (H2SO4), 

ammonium molybdate ((NH4)2MoO4), , butylated hydroxyanisole (C11H16O2), β-carotene, linoleic 

acid, chloroform, tween 40. 

3.2. Collection and Identification:  

The plant specimen were collected from botanical garden and identified vide specimen voucher 

no. GC.Herb. Bot. 3599 and GC.Herb. Bot. 3600 for Cycas Revoluta and Cycas Circinalis. Fresh 

leaves of C. revoluta and C. circinalis were collected, washed and quenched with liquid nitrogen 

to preserve the metabolites.  

 

 



Experimental 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 28 
 

 

 

     

 

 

 

 

 

 

 

 

 

Fig. 3.1. Schematic diagram of Experimental Processes 

3.3. Green Extract Preparation 

The leaves of both the selected plants were crushed and grinded mechanically and the fine leafy 

powder was lyophilized on Christ Alpha 1-4 LD Germany for 48 hours. Equally, 100gm of the 

freeze dried material was dissolved in different water, ethanol concentrations as given below in 

table 3.1. 
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Table 3.1. Detail of solvent system used for extraction 

Solvent Compositions Water Ethanol 
1 100% 0% 
2 80% 20% 
3 60% 40% 
4 40% 60% 
5 20% 80% 
6 0% Pure ethanol 

 

The mixture were allowed to stay for 2 days in dark and then sonicated at low temp (˂10C) for 

30 min on Soni prep-150. The mixture then shaked for 2 hrs, filtered and the solvent then 

evaporated on rotary evaporator to get the extract. The extract were freeze dried at -68 C till the 

complete removal of water contents. 

The extract yield was calculated by using the formula; 

Yield (%) = W1 / W2 × 100 

Where, W1 is the weight of extract in gram 

And W2 is weight of plant material taken 

3.4. Determination of total phenolic (TPC) and flavonoid contents (TFC) 

 Spectrophotometric method was used for the determination of TPC with slight modifications in 

method of Folin Ciocalteu reagent based method. Concisely 0.25 µL of plant extract (1 mg in 1 ml 

methanol) was added to 1 mL of Folin Ciocalteu reagent followed by addition of 2 mL of 10% 

Na2CO3 solution along with 2 mL distilled water and the mixture remained for two hours at 

ambient temperature. After that absorbance was determined at 765 nm with Schimadzu, Japan, 

UV-1700. The results were calculated as gallic acid equivalent (GAE) mg/g of dried extract after 

making standard Gallic acid curve [106]. 

Total flavonoid contents were evaluated by already established AlCl3 colorimetric method. The 

0.1 mg of the extract was mixed in methanol (2 mL) followed by addition of 5 ml distilled water. 

Then 0.5 mL of NaNO2 (5%) was introduced to mixture then added 10% AlCl3 solution. And after 

10 min NaOH (1molar) was added to the mixture and were shaken vigorously, absorbance was 
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determined at 510 nm and the results were noted as rutin equivalent mg/g dried extract (RE mg/DE) 

[107]. 

3.5 Antioxidant activities 

The antioxidant activities were determined by adopting widely used methods like 2,2-diphenyl-1-

picrylhydrazyl (DPPH), total antioxidant power and β-carotene linoleic acid assays.  

3.5.1 The DPPH assay 

Antioxidant potential of plant extracts were measured by DPPH scavenging assay with little 

modifications. [108]. Following this method, 1 mg plant extract was solubilized in methanol and 

different dilutions from 50-200 ppm were prepared followed by the addition of 10 ml DPPH 

solution (0.001 M). The absorbance was known at 520 nm after 30-minute incubation in dark at 

room temperature. For comparison, BHA was used as standard control and measurements were 

run in triplicates and standard deviation was applied. 

 

DPPH scavenged % =  (Absorbance of Control ˗ Absorbance of sample ) ×  100 
      Absorbance of control 
 
3.5.2 Total antioxidant power assay 

For total antioxidant power assay, the method of formation of Phosphomolybdenum complex was 

adopted with slight modifications as reported previously [109]. By this method, extracts (250 

µg/mL) were mixed with 4 mL of reagent solution (0.6 M H2SO4 plus 4 mM ammonium molybdate 

and 28 mM sodium phosphate) in vials. The mixtures were incubated in water bath at 950C for 90 

minutes along with blank solution. The samples were cooled down to bring temperature normal 

and absorbance were measured at 695 nm. A standard curve of ascorbic acid was drawn for 

calculation of results. The results were represented as ascorbic acid equivalent per gram dried 

extract (ASE/g DE). 

 

3.5.3 Beta Carotene Bleaching Assay 

 Antioxidant activity of plant extracts was also determined by assessing the bleaching of β-

carotene yellow color in presence of linoleic acid.  Briefly 2 mg of β-carotene were dissolved in 

10 mL of chloroform followed by subsequent addition of 0.02 mL of linoleic acid and 0.2 mL of 



Experimental 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 31 
 

Tween 40. Plant extracts (0.2 mL) were added in the prepared mixtures and a control was also run. 

The resultant mixtures were incubated at 20 ᵒC for 15 min. Chloroform was removed at rotary 

evaporator at 40ᵒC and 50 mL of distilled water was added. The obtained mixture was shaken for 

2 min to form emulsion. The absorbance for all samples was measured immediately (0 time) at 

470 nm and after the incubation for 120 min at 50ᵒC.  

퐴퐴% = [1−
퐴표 − 퐴푡
퐶표 − 퐶푡] × 100 

 Where the Ao and Co are the absorbances of sample and control at zero time. The At and Ct are 

the absorbance values of sample and blank after 120 min of incubation. Positive control contained 

BHA under the same set of conditions [110]. 

 3.5.4. Iron chelating activity 

Iron chelating activity was performed by adopting a previously reported method [111]. Concisely, 

of 2 mM FeSO4 was prepared and 100 µL of this was mixed with 0.2 mL of 5 mM ferrozine 

followed by mixing with 2 mg/mL of plant extract. The reaction mixture was allowed to stand for 

10 min at room temperature and absorbance was known at 562 nm. Greater absorbance values 

reflected low chelating activity of the plant extracts. Iron chelating activity was measured by 

following equations, 

Iron chelating activity =  (Absorbance of Control ˗ Absorbance of sample ) ×  100 
     Absorbance of control 
 
All reagents were added in control except plant extract and EDTA was used as positive control 

in this assay. 

3.6 Enzyme inhibition assays 

The plant extracts were investigated for their inhibition potential against α-amylase, α-glucosidase. 

3.6.1 The α-glucosidase inhibition activity 

 In order to know in vitro antidiabetic potential, plant extracts inhibition potential was measured 

against α-glucosidase. For this purpose, various extract concentrations (200 ppm) were mixed to 

phosphate buffer solution with 70 µL of 50 mM and after that added α-glucosidase at concentration 

of 1 unit/mL, 5 mM of ρ-nitrophenol glucopyranoside was added at 37 0C after ten-minutes 
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incubation period. The absorbance was found at 405nm after 30 minute. Standard reference 

Acarbose was used and results were denoted as IC50 (µg/mL) values for each plant extract [112]. 

 

% inhibition = Ab    -   As ×100 
                        Ab 
Where, 
 
Ab = Absorbance of blank 

As = Absorbance of Sample 

3.6.2 The α-amylase inhibitory assay 

The previously reported method was used to measure the inhibition of α-amylase activity by plant 

extracts [113]. Extracts of each plant (1-10 mg) were dissolved in methanol and 250 μL of each 

were added to porcine α-amylase solution (0.5 mg in 5 ml of 0.02 M phosphate buffer having pH 

6.9). The obtained mixtures were incubated for 10 min at 250C to initiate the reaction.  After 

incubation, the reaction discontinued by adding dinitrosalicylic acid (DNS) then further incubated 

for 5 min. Each resultant mixture was finally diluted with 5 ml distilled water and absorbance was 

found at wavelength of 540 nm. Acarbose was used as standard material and a blank having no 

plant extract was also proceeding under the same conditions.  

The percentage inhibitions were calculated by this equation. 

% inhibition = Ab    -   As ×100 
                        Ab 
 
Where Ab is Absorbance of blank. 

and As is Absorbance of sample.  

Results were expressed a-s IC50 (µg/mL) values. 
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3.7 Metabolite Profiling 

The metabolites were studied on the basis of 1H-NMR and were profiled on the basis results 

obtained using UHPLC-Q-TOF-MS/MS technique.  

 

3.7.1  1H-NMR prediction of metabolites 

Initially 25 mg of most effective leaf extract (60% ethanol) was mixed with CH3OH-d4 without 

using internal standard and with 0.375 mL of KH2PO4 buffer having pH = 6.0 in D2O containing 

TSP as 0.1 %. After 1-minute vortex shaking, ultra-sonication was performed for 15minutes at 35 
0C. The solution was centrifuged at 13000 rpm for l0 minutes. Supernatant in amount of six 

hundred (600) μL was received in NMR tube and 1HNMR analysis was performed. INOVA 500 

MHz spectrometer (Varian Inc, CA), at 499.887 MHz frequency was applied for the generation of 

spectrum at 26 0C and tetramethylsilane (TMS) was used as the internal standard. The spectrum 

was interpreted with MestRenova 11.0 and Chenomyx software.  

 

3.7.2 UHPLC-Q-TOF-MS / MS analysis 

Plant extract was filtered using plastic filter (pore size 0.45 µm) by extracting it with suitable 

solvent. The sample was then analysed by UHPLC-Q-TOF-MS/MS (AB Sciex 5600-1, equipped 

with Eksigent UHPLC system) with the scanning limit of 50-1200 m/z for MS/MS (negative 

ionization mode), column Thermo Hypersil Gold (100 mm× 2.1 mm × 3 µm). The mobile gradient 

phase with composition (acetonitrile and water) each having 0.1% formic acid along with 5 mM 

ammonium formate was used. Mobile phase flow rate was set at 0.25mL/min with gradient profile 

started fro-m 10% acetonitrile to 90% acetonitrile. De-solvation point (TEM) was 500 ᵒC with ion 

spray voltage -4500 V.  

 

3.8. Docking Studies 

Molecular docking of identified compounds in plant extract was performed by Molecular 

Operating Environment (MOE 2016.08.) for α-glucosidase and α-amylase as reported by our 

research group [114]. The discovery studio visualizer and MOE were used for graphical 

representation of molecular docking results. 
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3.9 Cytotoxicity evaluation 

The plant extract was subjected to cytotoxicity assay based upon hemolytic process as per reported 

scheme [115].  The extract (1000 µg/ml) was added to the solution of NaCl (0.85%) and 2% human 

erythrocyte suspension. The mixture allowed to stay at room temperature for 30 min. After that 

centrifugation was carried out and supernatant was subjected to read absorbance at 540 nm. 

Positive control and negative control were also run which contained 0.1% Triton X-100 and 

phosphate buffer saline. The measurements were made in triplicate and hemolytic % were 

calculated by following formula.  

 

퐻푒푚표푙푦푡푖푐 % =
퐴푏푠 표푓 푠푎푚푝푙푒 − 퐴푏푠 표푓 푛푒푔푎푡푖푣푒 푐표푛푡푟표푙

퐴푏푠 표푓 푝표푠푖푡푖푣푒 푐표푛푡푟표푙
 × 100        

 

3.10 The Anti-Hyperglyce-mic and Hypolipidemic Activities 

To determine the anti-hyperglycemic and hypolipidemic activities, diabetic mice model was used. 

Initially 60 healthy mice (8 weeks old) were selected and kept at 28°C ± 2.0°C temperature for ten 

days. The average value of relative humidity was 68.75% ± 4.5% during the study period. The 

permission to carry the animal trial was granted by ethical committee of GC University Lahore 

vide letter number GCU-HB-2204 dated 17-10-2017. After ten days’ period of acclimatization, 

mice were weighed on digital balance.  

 

3.10.1 Oral glucose tolerance test 

The 18 hours fasted normal mice were administrated 2g of glucose per kg of body weight after 

administrating vehicle, drug and plant extract as per designed doses. The blood glucose levels were 

measured by glucometer through ruptured tail at 0, 30, 60 and 120 min of treatment [116].    

3.10.2 Anti-hyperglycemic assessment 

The 24 hours fasted mice were injected with alloxan monohydrate at a dose of 150 mg/ kg body 

weight. The blood glucose level (mg/dL) was measured by gluco meter to ensure the induction of 

diabetes.  Mice with blood glucose level >200 mg/dL were considered as diabetic [117]. The 60 

mice were divided into two groups each having 30 mice for C. revoluta and C.circinalis set of 
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experiment. The distribution of mice, temperature and humidity conditions of animal house are 

given in table 3.2. 

 

Table 3.2. Experimental conditions during in vivo study 

Name of Plant No of mice Average body 

weight (g) 

Average 

temperature ᵒC 

Relative 

Humidity % 

Light and 

Dark cycle 

(Hour) 

C. revolute 30 28.53 ± 1.80 28°C ± 2.0 68.75% ± 4.5 12 

C. circinalis 30 28.66±1.75 28°C ± 2.0 68.75% ± 4.5 12 

 

The 30 mice of each group were further split into 5 groups of 6 each. The details of sub-groups are 

given as under. 

NG = Normal group (Mice having no injection of Alloxan) 

DG = Diabetic group (Mice having no treatment) 

MG = Metformin group (Treated with metformin dose at 250 mg/kg body weight) 

HG = Half dose group (Treated with plant extract dose of 250 mg/kg body weight) 

FG = Full dose group (Treated with plant extract dose of 450 mg/kg body weight) 

 

Blood glucose levels were measured by rupturing the lateral vein in mice tail after every seven 

days for 28 days.  

3.10.3 Hypolipidemic activity 

After the completion of 28 days trial, mice blood from vein in tail was used to determine various 

hematological parameters. These parameters were blood hemoglobin (Hb), total cholesterol (Tc), 

high density lipoproteins (HDL) and low density lipoproteins (LDL). 
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3.11 Proximate analysis 

The Moisture contents (%) of fresh leaves were calculated by heating the aerial parts of C. Revoluta 

and C. Circinalis 105°C for 24 hours. The moisture contents were computed by measuring the 

difference of weights before and after oven drying. Muffle furnace with temperature programming 

was used to find ash contents. Briefly, 100 g of leafy material was heated with temperature 

programming (100 °C for 3 hrs, 300 °C for 3 hrs, 600 °C for 9 hrs and 950 °C for 3 hrs). The 

weight of remaining ash was calculated and values were expressed in %w/w [118]. 

A reported method with little changes was followed for protein content estimation [119]. The 100 

g of leafy material was digested in Sulphuric acid (conc.) at 370°C. A chunk of potassium sulphate 

was added to increase the boiling point of Sulphuric acid. After complete digestion, the mixture 

was cooled up to ambient temperature and diluted up to 100 ml with distilled water. The NaOH 

was added to convert NH4
+ ions into NH3 gas which was collected in flask having 100 ml of 5% 

boric acid. The collected NH3 was titrated with HCl (0.1 N) and end point was noted by using pH 

electrode (Sensorex). The following mathematical relationship was used for Nitrogen (%) 

calculation, 

%N = (ml of acid used for sample - ml of acid for blank) x 0.1 Nx1.4007 
Sample in grams 

The %N obtained was multiplied by a 6.25 factor to calculate protein contents (%). 

The crude fat (%) was calculated by hexane extraction from 5 g of leaves in soxhlet apparatus for 

about 6 hours. The carbohydrates were calculated by routine difference method. 

Carbohydrates % = 100 % - (Ash contents + Moisture contents + Crude fat + Protein contents) 

The nutrition status in Kcal/g of plant material was computed by considering following energy 

values. 
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Table 3.3. Nutritive proportion of nutrients in Kcal/g 
Sr. No Nutrients Energy value Kcal/g 
1 Proteins 04 
2 Carbohydrates 04 
3 Lipids 9 

The formula to calculate nutritive value (Nv) is given as under, 

Nv (Kcal/g) = (9x Fat contents + 4x Protein contents + 4x Carbohydrate contents) 

3.12 Mineral Composition 

The mineral composition of leafy parts of C. revoluta and C. circinalis were found by an 

established method [120]. The 1 g of each sample was mixed in 10 mL of concentrated HNO3 and 

HCLO4 (1:1). The mixture was then heated at 150°C for 120 min and up to 200°C to enhance the 

digestion efficiency. The digestion was considered as completed by appearance of transparent 

color. The mixture was then cooled and water is added to it and filtered on Whatman filter paper 

# 42 and again diluted to make a total 100 ml solution.  

The trace metals (Pb, Ni, Co, Fe, Mn and Zn) were determined by Atomic Absorption 

Spectrophotometer (Perkin Elmer Analyst 800). The Mg and Ca were determined by EDTA based 

titration while Na and K were determined by emission spectrometry (Flame Photometer Corning 

410). 

3.13 Statistical Analysis 

The standard deviation was applied to multiple values of results. The analysis of variance 

(ANOVA) was applied to see the significant difference of means (ρ<0.05). Minitab 16.0 software 

was used for statistical analysis. 
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Results and Discussion 

4.0.  General 

This chapter includes all the necessary details of experimental findings of current study pertaining 

to antioxidant, α-amylase and α-glucosidase inhibition assays along with metabolite identification 

of C. revoluta and C. circinalis leaves for logical support to antioxidant activities and dietary 

enzyme inhibitions and comparison of metabolite profiles. Computational tools like docking 

simulations were applied to analyze the clear picture of molecular interactions. The results were 

represented in form of tables and figures and were interpreted and justified where deems necessary 

using suitable references from published literature of previous studies. In addition, the in-vivo 

hypoglycemic and hypolipidemic potential of plant extracts were also evaluated. Moreover, the 

statistical analysis was also applied to estimate the significance variances in results. 

4.1. Extract yields 

Ultrasonic assisted lyophilization was used for the extraction of plant material with different 

aqueous ethanol concentrations. Ethanol being the most suitable solvent for extraction of 

nutraceuticals was selected for extraction of polyphenols from the both plants under study, C. 

revoluta and C. circinalis. The mixture of aqueous medium and organic solvent was used to 

enhance the efficiency of extraction of freeze dried leaves of both the plants. The 60% ethanol 

composition was observed as the most efficient solvent concentration for extraction of both the 

plant material. The results indicated that maximum extract yield of 19.27% was observed in 60% 

ethanol solvent for C. revoluta and C. ciricinalis showed the highest extract yield of 20.97% when 

compared to other solvent fractions (p<0.05), as shown in table 4.1. However, for the aqueous 

solvent, the lowest extract yield was resulted. It was evident that the combination of polar solvent 

ethanol combined with water was a useful scheme for good extraction from aerial parts of C. 

revoluta and C. circinalis. It was also observed from the findings of current study that extract yield 

was increased to a great instant by a relative increase of ethanol concentration in solvent mixture. 

However, after 60% ethanol concentration, a sudden decline in extract yield was observed. This 

variation of response to solvent composition was probably due to the most important feature, the 

solvent polarity. The polarity of compounds to be extracted from plant organs is also an important 
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feature [121]. Water alone was not effective for efficient extraction of plant material. However, 

water has a supporting role to soft the tissues so that the organic phase can interact with 

phytochemicals [122]. That is why the combination of water and ethanol was quite successful to 

improve extraction process. The findings of current work showed the combination of organic and 

aqueous fractions to enhance extract yield was a practical choice. Some previous studies also 

reported the impact of 60% ethanol on extract yields from leaves and other aerial parts of plants. 

These studies confirmed that solvent polarity was the major factor which operated to enhance 

extract yields [94,98]. Few reports also contradicted the current findings, though ethanol was 

reported as good choice for extraction due to its safe nature and polarity [123,124].  

 

Table 4.1. Results of Extract yields from leaves of C. revoluta and C. circinalis with different 

solvent compositions 

 
Solvent 

Composition 

Extract yield (%)  

C. revoluta  C. circinalis 

Aqueous 09.72 ± 0.02d 11.58 ± 0.38e 

20% etanol 11.05 ± 0.04cd 14.00 ± 0.47d 

40% etanol 14.25 ± 0.05c 17.33 ± 0.20c 

60% etanol 19.27 ± 0.07a 20.97 ± 0.20a 

80% etanol 17.11 ± 0.05ab 18.66 ± 0.35b 

Pure etanol 13.68 ± 0.05c 18.06 ± 0.17bc 
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4.2. Total Phenolic Contents (TPC) and Total Flavonoid Contents (TFC) 

The results of Total Phenolic Contents (TPC) for C. revoluta and C. circinalis are given in table 

4.2. The highest TPC value of 125.33 mg GAE/g DE was obtained in 60% ethanol for C. revoluta 

while154.24 mg GAE/g DE were obtained in the same solvent concentration for C. circinalis. 

Hence, the TPC yielded by 60% ethanol by both plants were significantly higher when compared 

with aqueous and other hydro-ethanolic fractions (p<0.05). The results clearly showed the 

influence of solvent composition on yields of Total Phenolic Contents. The 60% ethanol produced 

the highest extract yields from both plants and subsequently, the TPC. So, high extract yields were 

responsible for high TPC values.  

The values of TFC for C. revoluta and C. circinalis are given in Table 4.3 and the results of TFC 

followed approximately the same trend as was observed in case of TPC. The 60:40 ethanol-water 

represents highest flavonoid yields for both plants and statistical analysis also revealed that the 

TFC for 60% ethanolic extract was significantly higher amongst all extracts (p<0.05).  

Both the Phenolic and flavonoid are collectively termed as polyphenols. The solvent composition 

effectively extracted the amounts of polyphenols in the extracts of C. revoluta and C. circinalis. 

The polyphenols have reported antioxidant and pharmacological properties. The medicinal 

properties of plants and phytochemical products are mainly due to the presence of these polyphenol 

compounds. The structural features of polyphenols are responsible for their biological activities 

[125,126]. The purpose of optimizing the extract yields is actually to enhance the amount of 

polyphenols for better extraction of natural medicinal compounds. 
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Table 4.2. Results of TPC from leaves of C. revoluta and C. circinalis with different solvent 

compositions. 

Solvent composition TPC (mg GAE/g DE) C. 
revoluta 

TPC (mg GAE/g DE) C. 
circinalis 

Aqueous 28.50 ± 0.33 f 53.59 ± 1.41f 

20% ethanol 50.25 ± 1.07 e 82.70 ± 2.12e 

40% ethanol 70.85 ± 1.05 c 112.64 ± 2.36c 

60% ethanol 125.33 ± 1.28 a 154.24 ± 3.28a 

80% ethanol 83.74± 1.62 b 122.84 ± 2.93b 

Pure ethanol 66.77 ± 1.60cd 91.36 ± 0.85d 

 

Table 4.3. Results of TFC from leaves of C. revoluta and C. circinalis with different solvent 

compositions. 

Solvent composition TFC (mg RE/g DE) C. 
revoluta 

TFC (mg RE/g DE) C. 
circinalis 

Aqueous 5.12 ± 0.01e 21.94 ± 0.28f 

20% ethanol 15.22 ± 0.14d 34.57 ± 0.61e 

40% ethanol 38.77 ± 0.56b 57.16 ± 0.76c 

60% ethanol 58.20 ± 1.34a 78.52 ± 1.65a 

80% ethanol 40.42 ± 0.96b 68.06 ± 2.47b 

Pure ethanol 27.30 ± 0.65c 46.51 ± 2.15d 
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Sonication assisted freeze drying or lyophilization has a vital role in better extraction of 

nutraceutical compounds. Studies show that the cell rupture in ultrasonication by using ultrasound 

radiation ranging from 20 KHZ and above emerged as important approach for optimal extraction 

of plant material [127,128]. Also, freezing the parts of plant material by using liquid nitrogen and 

then the lyophilization is an important protocol for the preservation of phytochemicals. This 

combination is used by some plant researchers during such kind of experimentations [129]. 

Ethanol is the least toxic proved as green solvent for extraction purpose. Depending upon the 

nature of extractable substances, the solvent polarity based on solvent composition is reported as 

important parameter to get enhanced extract yield under similar operating conditions [130]. 

Statistical analysis indicated that 60:40 ethanol-water composition was the most suitable solvent 

for high extract yields (ρ<0.05). 

4.3. Antioxidant activities 

4.3.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 

Radical scavenging activity of both the plant extracts were evaluated by DPPH assay, as the 

method is very simple and fast, reported to have potential applications in antioxidant screening 

(131). Radical scavenging potential of both plants extracts is shown in fig.4.1 and fig 4.2 and the 

results are given in IC50 value. The highest IC50 value of 78.10±2.34 µg/mL was noted for 3:2 

ethanol-water extract of C. revoluta. Similarly, IC50 value of 59.68±2.82 observed for 60% 

ethanolic extract of C. circinalis which was highest among other solvents extract like 20% ethanol, 

40% ethanol, 80% ethanol and 100% ethanol solvents. The statistical analysis showed that the 

DPPH radical scavenging for 60% ethanolic extract was significantly greater among all extracts 

(ρ<0.05). Both the plant extracts having potent antioxidant activity in 3:2 ethanol-water solvent 

fractions. The least DPPH scavenging was noted for pure aqueous extract for both plants. The high 

DPPH radical scavenging expressed by 60% ethanolic extract might be due to high TPC and TFC 

extracted in this solvent ratio. 
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Figure 4.1. DPPH assay for antioxidant potential of leaf extracts of C. revoluta. 

The antioxidant activities of a particular plant extract predict about the possible medicinal 

potential. The oxidants or ROS are free radicals which damage the living tissues, cells and 

biochemical machinery. These destructive impacts of ROS are leading cause of oxidative stress 

and related disorders [132]  

 

Figure 4.2. DPPH assay for antioxidant potential of leaf extracts of C. circinalis 
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 The antioxidants are the compounds which absorb or interact with ROS to minimize their 

concentration. The stabilization of ROS by antioxidant molecule is helping to remove or reduce 

the oxidative stress both under normal and disease conditions [133]. There are many synthetic 

antioxidants are available in market with promising antioxidant properties but their long term use 

may not be safe. The butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and ter-

butylhydroquinone (TBHQ) are powerful synthetic antioxidants but their toxicity is of big concern 

among consumers [134]. Therefore, plants are being explored for potential metabolites of 

antioxidant nature which can replace the synthetic one with low or no toxicity. 

The DPPH radical scavenging assay is used as a routine and most practicing method to assess the 

radical scavenging potential of substances. The DPPH radical has free electron which gets stable 

by proton donating effect of polyphenols present in extract. This proton transfer is reflected by 

color change and absorption intensity [135]. A previous study on C. revoluta leaves compared the 

DPPH radical scavenging of hydro-alcoholic and chloroform extracts. The study showed that 

hydro-alcoholic extracts were more powerful radical scavenger than chloroform extract [63].  

However, in contrast another investigation on C. revoluta leaves and female cones explored that 

chloroform extracts showed better antioxidant activity than hydro-alcoholic [136]. A preliminary 

study reported the antioxidant potential of C. circinalis which was comparable to standard ascorbic 

acid [137]. The enzyme assisted extraction of starch from C. circinalis was reported to have better 

antioxidant activity than starch obtained through conventional methods [138]. 

The excellent DPPH radical scavenging activities by extracts of C. revoluta and C. circinalis were 

clear indications of strong antioxidant potential. However, more screening for antioxidant activity 

may be carried out using other established protocols.     

4.3.2. Total antioxidant power assay 

The subject assay was evaluated by phosphomolybdenum technique as reduction of Mo (VI) to 

Mo (V). A green color complex resulted in this reduction which absorbed at 695 nm. This method 

is used for quantitative study of antioxidant potential. The antioxidant ability of various ethanolic 

fractions was tested for C. revoluta and C. circinalis leaf extract. It was noted that the value of Mo 

reduction by 60:40 ethanol-water extract of C. revoluta was 245.21 ± 2.11 mg ASE/g PE, which 
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shows highest reduction of Mo (VI) to Mo (V). Pair wise statistical analysis indicated that 80% 

and 20% ethanolic extracts were not significantly different (ρ>0.05). 

Almost similar trends in Mo (VI) reduction were found for activity of C. circinalis leaf extract 

regarding solvent concentration-dependent extraction efficiency. The highest value of 226 ± 2.133 

mg ASE/g PE was noted for the most efficient solvent ratio, 60% ethanolic extract of C. circinalis, 

which was found higher than other aqueous-ethanolic concentrations as well as the pure aqueous 

concentration of the extract. Graphical representation of various aqueous ethanolic fractions of 

both the plant extracts are shown in fig. 4.3 and fig. 4.4 respectively. Statistical study reveals the 

fractions were not significantly different from each other (ρ>0.05). 

 

 

 

 

 

 

 

 

 

Figure 4.3 Total antioxidant activity of Cycas revoluta leaf extract. 
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Figure 4.4 Total antioxidant activity of Cycas circinalis leaf extract. 

 

4.3.3. Beta carotene bleaching assay 

In β-carotene-linoleic assay, antioxidant potential of plant extracts was measured by evaluating 

the inhibition of conjugated dienes formation from oxidation of linoleic acid.  This method is 

believed to be a quick screening test for antioxidant activity especially in perspective of foods 

[139]. 

During the experimentation, it was observed that 60 % ethanolic fraction of C. revoluta indicated 

greater efficiency of inhibition as 72.95 ± 1.25% that was statistically significant when compared 

with BHA for which the inhibition value was 93.93 ± 2.45% (ρ < 0.05). Comparison of data 

analyzed also revealed the 80% and 40%, 100% and 20% ethanolic extracts were not significantly 

diverse from each other (ρ > 0.05) shown in fig 4.5. 

Due to better extraction efficiency of 3:2 ethanol-water solvent concentration, C. circinalis leaf 

extract in 60 % ethanol also showed a similar trend of peroxide inhibition as it was measured as 

78.03 ± 1.03 %. The results were statistically non-significant from BHA as shown in fig. 4.6. 
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4.5. Beta carotene bleaching assay for Cycas revoluta 

 

4.6. Beta carotene bleaching assay for Cycas circinalis 

 

The screening for antioxidant activity is of great interest to move for futuristic pharmacological 
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mechanism of action, the final goal is almost same in all cases. The antioxidants are wonderful 

approach to minimize the undesirable consequences of ROS. Plant extract having high antioxidant 

activities reflects the presence of some important metabolites which may be of medicinal 

importance [140].  

4.3.4. Metal Chelating Activity  

Antioxidant properties of natural extracts can be estimated from their ability to chelate metal ions 

especially by Fe and Cu. As the complex formation between Fe and ferrozine can be compromised 

by the presence of other complexing agents which may decrease the red color intensity of metal 

complexes. For example, dihydroxy groups present in polyphenols can conjugate the transition 

metals preventing the metal induced radical formation [141]. 

In this study Fe ion chelating by ferrozine is performed to assess the ability of plant extract in Fe 

ions chelation. Induction and formation of free radicals was tested for plant extract of C. revoluta 

which revealed that 3:2 ethanol-water extract resulted 60.91± 0.65 % chelating activity which was 

highest amongst all the extracts as shown in fig. 4.7. The comparison indicates that the 80% and 

40%, 100% and 20% ethanolic extracts were pointedly different from each other (ρ < 0.05) shown 

in fig. 4.7. 

The 60% ethanolic extract of C. circinalis shows 55.85 ± 0.92 % chelation ability which was 

highest among all other aqueous ethanolic extract concentrations of this plant extract as the more 

antioxidant compounds were extracted by this ethanolic concentration. Statistics shows 

significantly different trends (ρ < 0.05) as shown in fig. 4.8. 
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4.7. Metal chelating activity of Cycas revoluta 

 

 

 

4.8. Metal chelating activity of Cycas circinalis 
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assessment of medicinal potential of plants. The excess iron in body is known to produce free 

radicals. The iron load is involved in  ROS production which may induce damage to beta cells of 

pancreas and liver [142]. The AMPK activation glucose uptake and reduces gluconeogenesis in 

liver. Both processes are also affected by iron concentration [143]. A study on Conocarpus erectus 

linked metal chelating activity with antidiabetic properties, most probably due to reduction in iron 

load to reduce free radical production [144] and anti-inflammatory properties. The antioxidant 

activity of plants is very important signal to explore the plant for further in vitro and in vivo 

activities. The results of current work explored that both C. revoluta and C. circinalis have 

excellent antioxidant activities which emphasized to analyze these extracts for further activities. 

4.4 Enzyme Inhibition 

4.4.1 The α-glucosidase and α-amylase inhibitions 

The α-glucosidase is enzyme which acts upon the carbohydrates to break them into simple sugars 

like glucose for rapid absorption in intestine to become part of blood stream. The inhibition of α-

glucosidases is a conventional but productive and effective strategy to control the blood glucose 

level. The α-glucosidase inhibition is a potential protein target to treat diabetes mellitus [145]. The 

phytochemicals interact with the active sites of this protein to reduce its activity. The α-glucosidase 

activity decrease delays the digestion of carbohydrates and their consequent absorption in intestine. 

This delay helps to reduce or control the blood glucose concentration especially after taking food. 

Some studies have reported the role of phytochemicals in α-glucosidase inhibition in light of 

binding affinity data [129,146]. 

Similarly, the α-amylase is the enzyme which hydrolyzes the complex structure of starches present 

in diet. This hydrolysis also increases the glucose or sugar contents of blood. The inhibition of α-

amylase just like α-glucosidase is also considered as an effective approach to control blood glucose 

level. Plants produce metabolites which may reduce the α-amylase activity by binding to its active 

sites or modifying the structure [147].  

The current findings regarding α-glucosidase and α-amylase activity of C. revoluta and C. 

circinalis were very stimulating to proceed for phytochemical or metabolite screening of most 

potent extracts, because the polyphenols and related phytoconstituents seems the only reason 
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behind antioxidant, metal chelating activity, α-glucosidase and α-amylase inhibition by C. revoluta 

and C. circinalis leaf extracts. 

The results indicate that maximum α-glucosidase inhibition was noted in 60:40 ethanol-water 

solvent extract of C. revoluta as 66.80± 2.45 b (IC-50 µg/mL) as compared to other extract 

concentrations of this plant. Statistical analysis shows that the results are not significantly different 

(ρ > 0.05) as shown in fig 4.9. 

A similar trend of α-glucosidase inhibition was observed in case of C. circinalis the optimized 

concentration shows better inhibition as 58.42±2.22 with compared to other aqueous ethanol 

extract concentration. Also, the results are non-significantly diverse are shown in fig 4.10 (ρ > 

0.05).  

  

Figure 4.9. Anti-α-glucosidase activity of Cycas revoluta 

 

G

F

E

B
C D

A

0

20

40

60

80

100

120

140

160

100%
water

20%
ethanol

40%
ethanol

60%
ethanol

80%
ethanol

100%
ethanol

acarbose

IC
-5

0 
va

lu
e 

µg
/m

L



Results and Discussion 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 53 
 

 

Figure 4.10. Anti-α-glucosidase activity of Cycas circinalis 

 

The results of α-amylase inhibitory assay are given as fig 4.11 and fig 4.12 for C. revoluta and C. 

circinalis, respectively. The results indicated that 3:2 ethanol-water extract exhibited maximum 

inhibition of α-amylase. 

 

Fig 4.11. α-amylase inhibition activity of Cycas revoluta 
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Fig. 4.12. α-amylase inhibition activity of Cycas circinalis 

Many plants have been explored and many under consideration for their possible α-glucosidase 

and α-amylase potential as screening test for antidiabetic properties. Eight Malaysian plants were 

reviewed for their antidiabetic potential based on α-glucosidase inhibition. Their α-glucosidase 

potential was due to presence of various phytochemicals [148]. A study compared the α-

glucosidase inhibition of eighteen Sudanese plants and their IC50 values were ranged from 1.33 

µg.mL to 623.99 µg/mL [149]. Another study reported the isolation and characterization of 9 

compounds from Wedelia chinensis and their α-glucosidase and α-amylase inhibition as IC50 was 

also determined. Lowest IC50 values of 785.9 µg/mL α-glucosidase and 112.8 µg/mL for α-amylase 

was calculated [150]. A recent report on Vitex negundo L confirmed its ethnopharmacological use 

to treat diabetes through the route of α-glucosidase inhibition. Keeping in view the reported 

literature, the IC50 values of α-glucosidase and α-amylase obtained in current study for C. revoluta 

and C. circinalis were quite reasonable and might be further explored (151). The findings of in 

vitro studies emphasized the identification of secondary metabolites in most potent extract (60% 

ethanol) of C. revoluta and C. circinalis to find some logical reasons for the excellent antioxidant 

and dietary enzyme inhibitory properties. 
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4.5. Phytochemical Profiling 

4.5.1 1HNMR based class identification 

Various analytical techniques are used for quantitative and qualitative analysis of plant metabolites 

in complex mixtures. 1HNMR is one of the most important and reliable technique for 

phytochemical analysis and identification of organic compounds. 1HNMR makes use of proton 

response against applied magnetic field to generate signals which are presented as chemical shift 

values in ppm. The chemical shift value range is divided into few groups which provide a confirm 

information about the nature or class of compounds [152]. Therefore, this technique can confirm 

the presence of various compounds of diverse nature in particular plant extract. The 1HNMR region 

ranging from 6-9 ppm is termed as an aromatic region because most of the polyphenols response 

in this region. The peaks in 6-9 ppm region show the presence of aromatic and phenolic protons 

of phenolic and flavonoids [153]. 

Similarly, the 1-3 ppm range express signals due to organic acids including fatty acids and amino 

acids. The 4-6 ppm region may have peaks of carbohydrates, water and some organic compounds. 

This region is usually very complex and intense overlapping is observed in it. Polyphenols may 

also have some characteristic peaks in this region [154].  

The 1HNMR analysis was carried out only for 60% ethanolic extract of C. revoluta and C. 

circinalis has given from fig. 4.13 and fig. 4.14 respectively. 

The peaks were observed in all major regions of 1HNMR spectrum. The peaks present in acid 

region might be due to fatty acids and amino acids which add functionality in nutritional aspects 

of both plants.  Pyruvic acid (2.35s), choline (3.22s, 3.02 s, 3.51 m), creatinine (3.94s, 3.04s) and 

quinic acid (1.89 (dd), 2.04m) might be the possible metabolites (155) in C. revoluta and C. 

circinalis. 

 

A recent study linked the pancreatic lipase inhibition properties and metal chelating activity of C. 

erectus to the potential metabolites of phenolic nature. The chemical shift values in aromatic region 

were highlighted and predicted as polyphenols, a major cause of metal chelating and enzyme 
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inhibition [144]. So this technique is also used to add reliability to possible classes of compounds 

in plant extract. 

 

Fig. 4.13 1HNMR of 60% ethanolic extract of Cycas revoluta 

 

Fig. 4.14. 1HNMR of 60% ethanolic extract of C. circinalis 
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4.6 UHPLC QTOF/MSMS Analysis 

By NMR analysis and in vitro study, it was conceived that 60% ethanol plant extract of Cycas 

revoluta and Cycas circinalis are more active than other fractions of aqueous ethanol, hence 60% 

ethanol fraction was selected for further analysis of bioactive compounds from extracts by using 

UHPLC-MS/MS. The compounds identification was based upon the matching with the library and 

reported literature. The fragmentation patterns were also studied for the confirmation of 

compounds. 

4.6.1 UHPLC-MS/MS analysis of C. revoluta 

The fragmentation spectrums of compounds identified in 60% ethanolic leaf extracts by using 

UHPLC QTOF-MS/MS were represented in fig 4. Major identified compounds were apigenin C-

hexoside C-hexoside, apigenin C-hexoside C-hexoside isomer, citric acid, kaemferol derivative 

and octadecenedioic acid. 

The chromatographic and mass fragmentation details of compounds including molecular ion peak, 

main fragments and retention time in C. revoluta along with molecular formula were given in table 

4.4. And, the detailed mass spectrum and possible fragmentation patterns of identified compounds 

are given from fig 4.16 to fig 4.20. 
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Fig 4.15. Full spectrum of compounds in 60% ethanolic leaf extracts of C. revoluta 

 

 

 

 

  



Results and Discussion 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 59 
 

Table 4.4. Peak assignments by UHPLC-MS/MS in negative mode for identified compounds 

Sr. No Name of Compound Rt 
(min) 

Molecular 
ion peak 
(m/z) 

Main fragments ion 
(m/z) 

Molecular 
formula 

      

1 Citric Acid 1.411 191.05 191.01, 111.01, 87.01 C6H8O7 

2 Apigenin C-hexoside 

C-hexoside isomer 

7.940 593.15 575.14, 503.12, 473.10, 

365.06, 383.07, 353.06, 

325.07 

C27H30O15 

3 Unknown 8.545 439.18 393.18, 247.11, 265.09, 

205.07, 163.06, 89.02 

C18H32O12 

4 Apigenin C-hexoside 

C-hexoside  

8.595 593.15 503.12, 473.10, 383.07, 

353.06 

C20H34O20 

5 Apigenin-6,8-C-

diglucoside  

9.198 593.16 473.10, 413.09, 311.05, 

293.04 

C20H34O20 

6 Octadecenedioic acid 14.465 312.22 311.22, 293.21, 213.15, 

183.14, 58.00 

C18H32O4 

7 Kaempferol 

derivative 

19.700 654.30 653.30, 487.25, 447.13, 

285.12, 78.96 

C29H50O16 

Rt = retention time in mints 
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Fig 4.16. Mass spectrum and fragmentation pattern of apigenin C-hexoside C-hexoside. 
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Fig 4.17. Mass spectrum and fragmentation pattern of citric acid. 
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Fig 4.18. Mass spectrum and fragmentation pattern of kaempferol glucoside. 
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Fig 4.19. Mass spectrum of octadecanoic acid. 

 

Fig 4.20. Mass spectrum of unknown compound with m/z 439. 
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The analysis showed the presence of 7 bioactive compounds namely Apigenin C-hexoside C-

hexoside, Apigenin C-hexoside C-hexoside isomer, Citric Acid, Kaemferol derivative, Apigenin-

6,8-C-diglucoside and an unknown compound with molecular ion peak at m/z 439.18.  

The identified compounds in Cycas revoluta like apegenin, kaemferol are already considered to 

reduce the oxidative stress and to exhibit antidiabetic potential [98,100]. 

Citric acid appeared at Rt 1.411 with parent peak at m/z 191 [M-H]-, which on further breakdown 

generated daughter ion peak at m/z 111 due to removal of CO2 and H2O. Apigenin C-hexoside C-

hexoside and two other apigenin derivatives were recorded at Rt 7.940, 8.595 and 9.198 with 

specific m/z 593. The collision energy generated fragment ions with specific m/z. The peak at m/z 

473 [M-C4H7O4-H], m/z 383 [m/z 473-C2H3O3-H]-, m/z 353 [m/z 383-CH2O2.-H]- , and m/z 

325[m/z 383-C2H4O2.-H]- and the fragmentation pattern corresponded to typical apigenin C-

hexoside C-hexoside mass spectrum. Kaempferol glucoside was recorded at Rt 19.700 with 654.30 

m/z. The fragment ion peaks were analyzed for possible pattern. The peak at 285 m/z arrived due 

to removal of hexose moiety with mass 162 amu [M-Glucoside- H]- , characterized as kaempferol 

glucoside. The peak at 255 [m/z 285-M-CH2O- H]-, 227 [m/z 255-CO- H]- were recorded. Peak 

at 151 m/z was due to cleavage of heterocyclic C-ring. Kaempferol glucoside belongs to flavonoid 

class of compounds.  
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4.6.2 UHPLC-MS/MS analysis of C. circinalis 

The chromatogram of 60% ethanolic extract of C.circinalis is given as fig 4.21. The 

chromatographic and fragmentation retails of compounds are given in table 4.8. 

 

Fig 4.21. Full spectrum of compounds in 60% ethanolic leaf extracts of C. circinalis 
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Table 4.5. UHPLC QTOF-MS/MS analysis information for 60% ethanolic extract of C. circinalis 

Sr. 
No
. 

Compounds 
R. 
time 
(min) 

Molecular 
ion peak 
(m/z) 

Major fragments 
(m/z) 

Molecular 
formula 

1 Iridoid Glucoside 18.623 421 403, 335, 294, 266, 
265, 238, 237,  80 

C25H26O
6 

2 Unknown 12.137 389 329, 295, 269, 251, 
227, 183, 159, 117 

C22H14O
7 

3 Unknown 12.829 387 327, 325, 291, 214, 
195, 165, 117, 59 

C20H36O
7 

4 Gibberllins A4 15.435 331 316, 287, 213, 199, 
190, 163, 161, 148 

C19H24O
5 

5 

O-Beta-D-
Glucosyl-4-
Hydroxy-
Cinnamate 

12.431 325 307, 277, 183, 168, 
153, 97 

C16H22O
7 

6 

3-Methoxy-2-
phyenyl-4-H-Furo 
(2,3-4) Chromen-4-
one 

14.612 293 
237, 236, 221, 220, 
205, 192, 177, 164, 
148 

C18H12O
4 

7 Kaempferol 15.901 285 205, 206, 189, 79.9 

C10H22O
9 
/C17H18
O4 

8 Withaferin A 16.094 471 
456, 453, 409, 391, 
373, 309, 211, 189, 
171 

C28H40O
6 

9 Amentoflavone  12.981 537 443, 417, 399, 375, 
331 

C23H22O
15 

10 Quercitin-3-O-(6”-
Malonyl Glucoside) 14.116 551 399, 375, 331, 307, 

217, 173 
C24H22O
15 

11 Elagic Acid  9.571 301 300, 299, 283, 229, 
173, 96 C14H6O8 

12 Gallic Acid  22.079 169 125, 124 C7H6O5 

 

The individual mass spectrum and possible fragmentation patterns of identified compounds 

are given from fig 4.22 to fig 4.33. 
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Fig 4.22. Fragmentation pattern and mass spectrum of kaempferol. 
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Fig 4.23. Mass spectrum and fragmentation pattern of karanjin. 



Results and Discussion 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 69 
 

 
O

O-

OO
HO

HO

OH

OH

O

O-

OO

HO

OH

OH

-OH

O

O -

OO

OH

OH

Chemical Formula: C15H16O7
•-

Exact Mass: 308.09

Chemical Formula: C14H13O6
2•-

Exact Mass: 277.07

-COH

 

Fig 4.24. Mass spectrum and fragmentation pattern of O-Beta-D-Glucosyl-4-Hydroxy-cinnamate 
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Fig 4.25. Mass spectrum and fragmentation pattern of gibberellin A. 
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Fig 4.26. Mass spectrum of unknown compound of m/z 387. 

 

Fig 4.27. Mass spectrum of unknown compound of m/z 390. 
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Fig 4.28. Mass spectrum of iridoid glucoside. 
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Fig 4.29. Mass spectrum and fragmentation pattern of withaferin A. 



Results and Discussion 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 74 
 

 

Fig 4.30. Mass spectrum of Amentoflavone. 

 

Fig 4.31. Mass spectrum of quercitin-3-O-(6”-Malonyl Glucoside). 
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Fig 4.32. Mass spectrum and fragmentation pattern of ellagic acid 



Results and Discussion 
 
 

 

Department of Chemistry, GC University, Lahore, Pakistan 76 
 

 

HO

OH

OH

O OH

OH

OHHO

m/z 125m/z 169Gallic acid

H H

 

Fig 4.33. Mass spectrum and fragmentation pattern of gallic acid. 

 

Some of the identified compounds in optimized solvent extracts of C. revoluta and C. circinalis 

are of great medicinal significance. The Apigenin and its derivatives, kaempferol, quercetin, gallic 

acid, ellagic acid and amentoflavone are well known antioxidants and α-glucosidase and α-amylase 

inhibitors [98,100,156]. To get some important information on the site specific interactions of 

identified compounds, docking studies were conducted against α-glucosidase and α-amylase. 
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4.6.3. Comparison of Metabolites  

The identified metabolites and their derivatives belonged to different classes of compounds. The 

major compounds identified in 60% ethanolic extract of C. revoluta were namely apigenin C-

hexoside C-hexoside, apigenin (Flavonoid) C-hexoside C-hexoside isomer, citric acid (Organic 

acid), kaempferol (Flavanol) derivative and octadecenedioic acid (Saturated fatty acid). The 

apigenin di hexoside and its isomers were the most important polyphenol of flavonoid origin.   

The UHPL-QTOF-MS/MS analysis of 60% ethanolic extract of C. circinalis confirmed the 

presence of iridoid glucoside (monoterpenoid) , gibberllins A4 (lactone), O-beta-D-glucosyl-4-

hydroxy-cinnamate (carboxylic acid), 3-methoxy-2-phyenyl-4-H-furo (2,3-h) chromen-4-one 

(furanoflavanol: a flavonoid), kaempferol (flavanol), withaferin A (steroidal lactone), 

amentoflavone (biflavanoid), quercitin-3-O-(6”-malonyl glucoside) (flavonoid derivative), ellagic 

acid (phenolic acid) and gallic acid (phenolic acid). The comparison of metabolites of C. revoluta 

and C. circinalis indicated that C. circinalis extract contained more variety of compounds 

belonging to different classes of compounds like flavonoid, phenolic acids and lactones.  

4.7. Molecular Docking 

The results of molecular docking studies for α-glucosidase are represented as fig 4.34 (A-U). For 

docking studies, in this study homology modelled yeast α-glucosidase was used. Three-

dimensional diagram of apigenin -6,8-C diglucoside superposed over acarbose is shown in fig 2a. 

Two dimensional and 3D interaction plot of the compound is shown in fig 2 b-c. Fig 2 b-c revealed 

that the compound has shown six hydrogen bonding interactions with the active site amino acid 

residues.  It interacts with Asp214, Glu276, Pro309, Arg312, His 348 and Arg439. The computed 

binding affinity of the compound is -8.4839 kcal/mol. While the computed binding of standard 

drug acarbose is -9.2756kcal/mol. 
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   T      U  

Withaferin A 

Fig. 4.34. The 2D and 3D docking poses of indentified compounds within α-glucosidase. 

The binding affinity data and potential amino acid residues which can be targeted are given in 

table 4.9. The maximum binding energy of -9.3048 kcal/mol for α-glucosidase was shown by 

Quercitin-3-O-(6”-Malonyl Glucoside), slightly higher than standard drug acarbose for which the 

value was -9.2756 kcal/mol. Amentoflavone, gallic acid, ellagic acid, apigenin-6,8-diglucoside 

and kaempferol also exhibited reasonable binding energies probably due to presence of 

considerable hydrogen bonding with amino acid residues of enzyme. The findings of current work 

highlighted the possible sites in enzyme structure which could be blocked by the functional 

features present in structure of identified compounds. Hence, these site specific interactions 

supported the in vitro α-glucosidase inhibition by plant extracts. Docking analysis is an excellent 

in silico tool to assess the viability of compounds present in a mixture to explore their possible 

role to inhibit the α-glucosidase activity by interacting at functional residues [129]. 
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Tabl-e 4.6. Binding energy data of identified metabolites and their possible interactions, alpha 

glucosidase 

Compound Binding Energy 
kcal/mol 

Amino acid residues 

Apigenin-6,8-diglucoside -8.4839 Asp314, Glu276, Pro309, Arg312, His348, 
Arg349 (H-bonding). 

Gibberellin A4  
-6.9364 

Phe310 (H-bonding), Arg312, 
Phe157(alkyl), Phe311(C-H bonding). 

O-Beta-D-Glucosyl-4-
Hydroxy-Cinnamate 

 
-7.8268 

Asp349, Arg312, Asn241, His239, Pro309 
(H-bonding), Glu304, Arg439(C-H 
bonding). 

3-Methoxy-2-phyenyl-4-H-
Furo (2,3-4) Chromen-4 one 
(keranjin) 

 
-3.449 

His239, His279, Phe157 (π-π), Phe310(
π-lone pair), Pro240(C-H bonding), 
Lys155(π-alkyl). 

Kaempferol  
-8.1145 
 

Asn241(H-bonding), His279(C-H 
bonding), Phe157(π-π), Arg312, Pro240, 
Lys155(π-alkyl). 

Withaferin A  
 

 
-4.3434 

Phe310 (H-bonding), Phe311, Asp349(C-H 
bonding), Phe300, Phe157, Arg312 (alkyl). 

Amentoflavone  
-9.0155 

Ser156 (H-bonding), His279, Phe158 (π-
π), Arg312, Pro309 (π-alkyl), Asn241, 
His239, Phe300, Thr215, Phe177, Asp349, 
Asp408, Phe430, Phe311 (Van der Waals), 
Arg439 (C-H bonding). 

Quercitin-3-O-(6”-Malonyl 
Glucoside) 

-9.3048 Arg212, Asp349, Glu304, Asn246, Gly217 
(H-bonding), Phe157(π-π), Ala278, 
Leu218(π-alkyl), His245(π-lonepair), 
His279, Phe300, Ser156, Asn347, Glu276, 
Val277, Asp214 (Van der Waals). 

Ellagic acid -8.5386 His279 (H-bonding), Arg312 (C-H 
bonding), His239, Phe157 (π-π), Pro240, 
Lys155 (π-alkyl). 

Gallic acid -8.8238 Arg349, Asp214, Asp349 (H-bonding), 
Tyr71 (π-π), Asp68(C-H bonding). 

Acarbose -9.2756 Asp214, Arg312, Ser308, Ala278, Phe300 
(H-bonding). 
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The images of α-amylase docking for identified compounds are given as fig 4.35. 
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Withaferin A 

Fig. 4.35. The 2D and 3D poses of identified compounds in α-amylase. 

 

The α-amylase inhibitory potential of identified metabolites in C. revoluta and C. circinalis was 

also assessed by adopting the in silico molecular docking. The binding energies and relevant amino 

acid residues involved in interactions are given in table 4.10. 

Quercitin-3-O-(6”-Malonyl Glucoside), Amentoflavone, ellagic acid and apigenin-6,8-diglucoside 

shown exceptional binding to stop the enzyme activity as indicated by their binding energies 

(Table 4.10). The binding energies shown by Amentoflavone, apigenin-6,8-diglucoside and 

quercitin-3-O-(6”-Malonyl Glucoside) were higher than standard compound acarbose. These 

compounds were most probably responsible for the in vitro α-amylase inhibition by the extracts of 

C. revoluta and C. circinalis. Different kinds of molecular interactions at various amino acid 

residues were observed which mainly included conventional hydrogen bonding and π electrons 

interactions. Apigenin and its derivatives was reported in ethanolic extract of Butea monosperma 

as potent inhibitor of α-amylase [157]. Apigenin diglucoside, kaempferol and gallic acid were 

identified as important constituents of plant having antidiabetic properties [98,100]. The flavone 

moiety was reported as most potent structural feature to inhibit α-amylase activity among 

flavonoids [158].  
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Table 4.7. Binding energy data of identified metabolites and their possible interactions for α-

amylase 

Compound Binding Energy 
kcal/mol 

Amino acid residues 

Apigenin-6,8-diglucoside -14.0589 Ser105, Val163, Gly306 (H-bonding), 
Gln63, His201(C-H bonding), Val163 (π-
R bonding) 

Gibberellin A4 -12.9240 Asp197, Ala198 (H-bonding), His101 (R, 
C-H bonding), Val163, Leu162, Ile235, 
His201 (C-bonding) 

O-Beta-D-Glucosyl-4-
Hydroxy-Cinnamate 

 
-11.9724 

Gly106, Gly164 (H-bonding), Val163 (π-
R bonding), Trp58, Asp356 (π donor H 
bonding) 

3-Methoxy-2-phyenyl-4-H-
Furo (2,3-4) Chromen-4 one 
(keranjin) 

 
-9.6515 

His101, Tyr62 (C-H bonding), Tyr62 (π-
π T shaped), Ala198 (π-R bonding) 

Kaempferol -12.6708 Tyr151, Trp59 (H-bonding), Trp59 (Van 
Der Waals), Leu165, Ala198, Leu162, 
Val163 (π-R bonding), His101 (π donor) 

Withaferin A  
 

-12.41645 Gly306 (H-bonding), His101, Leu162, 
Val163, Leu165, Tyr62, Trp59, Trp58 (C-
bonding) 

Amentoflavone -14.0291 Asp300, Tyr151, Asp197 (H-bonding), 
Ala198 (C-H bonding), Val163, Leu165 
(C-bonding) 

Quercitin-3-O-(6”-Malonyl 
Glucoside) 

-13.6781 Asp197, Tyr151, Asp356, Gly306, Gly308 
(H-bonding), His101, Gly304, Ala307 (C-
H bonding), Ala198 (π-R bonding), 
His305 (π- π stacked bonding) 

Ellagic acid -13.5124 Gly306 (H-bonding), His201 (C-H 
bonding), Ala198, Ile235 (π-R bonding)  

Gallic acid -11.0436 Ala198, Asp300 (H-bonding), Tyr62 (π- 
π bonding) 

Acarbose -13.6580 Trp59, Gln63, Arg195, Asp197, Lys200, 
His201, Glu233, Glu240, Asp300, Gly306 
(H-bonding). 
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4.8. Toxicity Evaluation 

The hemolytic assay was used to assess the toxicity of plant extracts. The results are given as fig 

4.36. 

The hemolytic % was computed and compared with standard phosphate buffer saline (PBS) and 

triton x-100. The extracts of C. revoluta and C. circinalis showed negligible toxicity than triton x-

100. The test is based upon the ability of a compound or mixture to destroy the blood cell by 

releasing hemoglobin. 

 

Fig. 4.36. The hemolytic toxicity of extracts. 

4.9. In-vivo Trials in Albino Mice 

4.9.1 Oral glucose tolerance 

The oral glucose tolerance test was performed by administrating 2g of glucose orally to normal 

mice having treatments as per designed before having injection of alloxan monohydrate. The BGL 

of mice increased after glucose intake and reached maximum after 30 min. The slow reduction in 

BGL of mice was observed till 60 min. However, after 60 min BGL decreased sharply and reached 

normal levels after 180 min. All the mice successfully regained their normal BGL within 180 min 

but the decrease in BGL during 60 to 120 min was sharp for M1 and M2 (Table 4.11). 
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Table 4.8. Results of oral glucose tolerance test 

Time 

(min) 

Blood glucose levels of mice in mg/dL 

M0 M1 M2 M3 

0 112.10±2.50 102.25±2.60 106.05±3.05 98.67±3.17 

30 276.52±4.18 266.24±3.72 274.23±3.11 268.79±4.03 

60 244.06±3.88 219.63±3.03 240.12±2.84 230.33±3.11 

120 166.78±2.13 130.10±2.05 158.44±2.92 147.17±1.87 

180 115.45±2.80 108.77±2.07 118.10±2.08 116.56±2.33 

 

The mice fed with 2000 mg/kg body weight extract dose to assess the oral toxicity of extract. No 

sign of irritation, vomiting, dizziness, diarrhea or death was observed. It reflected that the lethal 

dose might be greater than 2000 mg/kg body weight, much higher than the test dose of current 

study.  

4.9.2. Changes in Blood Glucose of Mice 

The effect of treatment doses on BGL of mice are given as fig 4.37 and fig 4.38 for C. revoluta 

and C. circinalis, respectively. The BGL of alloxan induced diabetic mice were monitored after 

every seven days till five weeks by rupturing the lateral vein in tail. The high extract dose of plant 

extract brought the blood glucose level of diabetic mice to normal range at the end of five-week 

research trial and the value was quite comparable with metformin. The results of animal study 

revealed a gradual decline in BGL of diabetic mice upon having plant extracts over the study 

period. The decrease in blood glucose level for high extract dose (500 mg/kg b.w) was more rapid 

than low dose of 250 mg/kg b.w. This trend reflected the dose dependent behavior of extracts. The 

reduction in BGL for metformin in the early days of treatment was relatively fast however at the 
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end of experiment there was not a significant difference between HED and MFT groups.  This 

reduction in BGL may be associated with the α-glucosidase and α-amylase inhibition by extracts.  

 
Fig.4.37. Changes in blood glucose of mice receiving C. revoluta extract and metformin. 

 

Fig.4.38. Changes in blood glucose of mice receiving C. circinalis extract and metformin. 

The substantial activity loss of α-glucosidase and α-amylase by 60% ethanolic extracts as observed 

in in vitro assays. This finding was of significant importance that confirmed the dietary enzyme 

inhibition was most probable mode of action supplementing the antidiabetic attributes of C. 

revoluta and C. circinalis. The BGL of diabetic mice was observed and effect of plant extract 
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doses of 250 mg/kg b.w and 500 mg/kg b.w were compared with standard drug metformin (Figure 

2). The extract dose of 500 mg/kg b.w (HED) efficiently reduced the blood glucose and the values 

of final BGL at the end of experimental protocol were quite comparable to that where metformin 

was administrated. The BGL of LED mice was also reduced but the trend was not efficient as was 

with HED which was a dose dependent aspect. However, the blood glucose lowering impact of C. 

circinalis extract was more pronounced than C. revoluta. This difference of activity may be due to 

presence of different kinds of phytochemicals in leaf extracts. The phytochemicals which are 

secondary metabolites usually bind with the active sites of α-glucosidase and α-amylase enzymes 

to reduce their activity. Apigenin and its derivatives were the dominant compounds in C. revoluta 

leaf extract. Whereas UHPLC-QTOF-MS/MS analysis revealed the presence of some high valued 

compounds like Iridoide glucoside, gibberllins A4, O-beta-D-glucosyl-4-hydroxy-cinnamate, 3-

methoxy-2-phyenyl-4-H-furo (2, 3-4) chromen-4-one, kaempferol, withaferin A, amentoflavone, 

quercitin-3-O-(6”-malonyl glucoside), ellagic acid and gallic acid in 60% ethanolic leaf extract of 

C. circinalis. Many of these natural molecules were known to have medicinal potential including 

antioxidant and hyperglycemic properties. The withaferin A was reported to have excellent 

resistance against streptozotocin induced diabetic albino mice through Nrf2/NFκB signaling [159].  

Similarly, the synergistic effect of ellagic acid, gallic acid and kaempferol present in plant extract 

to reduce the BGL of diabetic mice as observed in current study cannot be ignored [160,161]. The 

considerable reduction in BGL of diabetic mice upon administration of plant extract might be due 

to enhanced insulin secretion or peripheral glucose uptake modulated by plant secondary 

metabolites [162]. A cumulative time based impact of Sorbus decora ethanolic crude extract were 

reported in streptozotocin induced diabetic rats which confirmed that the plant extract based 

treatment of diabetes may take some time to reach full efficacy [163]. The lowering of blood 

glucose level by plant extracts usually followed dose dependent mechanism and usually high 

extract doses remained effective. A study reported that 450 mg/kg b.w dose of Conocarpus erectus 

leaf extract was more effective than its lower dose (250 mg/kg b.w) [94]. Another study explored 

the Ajuga remota Benth for in-vivo antidiabetic properties due to its ethnopharmacological use. 

The results confirmed the blood lowering impact of the plant extract at dose of 500 mg/kg in 

alloxan induced diabetic mice. The presence of polyphenols, flavonoids, tannins and saponins was 

confirmed by chemical testing and attributed as major contributing factor to antidiabetic properties 
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of Ajuga remota Benth [164]. The functional properties of secondary metabolites in pancreatic and 

extra pancreatic biochemical processes may impart significant role in improving the working of 

cellular machinery. The mechanisms may be very complex but the free radical scavenging and 

dietary enzyme (α-glucosidase and α-amylase) inhibition by the secondary metabolites are the 

major factors responsible for the antidiabetic properties of C. revoluta and C. circinalis leaves 

[165].  

4.9.3. Lipid profile of mice 

The results of changes in TC, HDL and LDL of understudy mice are given in table 4.12 and table 

4.13 for C. revoluta and C. circinalis. The TC, HDL and LDL of diabetic mice were modified 

upon providing the C. revoluta extract and metformin. However, the improvement in lipid profile 

due to C. revoluta extract (LED and HED) was not impressive as for NMG and MFT group. 

Similarly, the lipid profile variation in case of LED and HED was statistically non-significant 

(ρ<0.05). It reflected that dose variation did not affect the lipid profile to considerable extent. 

Metformin exhibited better results than C. revoluta extract. It meat that the plant extract showed 

week hypolipidemic potential. 

 Table 4.9. Results of TC, HDL and LDL variations for C. revoluta. 

Treatment 
groups  

TC (mg/dL)  HDL (mg/dL)  LDL (mg/dL)  

NMG  49.50 ± 2.25 d  30.11 ± 2.81 d  18.22 ± 1.11 c  

DUT  124.57 ± 3.05a  97.19 ± 2.67 a  25.25 ± 1.05 a  

MFG  77.55 ± 2.05 c  50.12 ± 2.04 c  26.02 ± 1.01 ab  

LED  95.08 ± 3.02 b  68.80 ± 2.20 b  17.15 ± 0.55 d  

HED  94.25 ± 2.25 b  67.06 ± 2.01 b  17.02 ± 0.88 d 

 

The C. circinalis leaf extract showed moderate hypolipidemic effect and improvement in lipid 

profile of diabetic mice was considerable. The metformin also reduced the TC and its efficiency 

was little higher than HED. However, the HDL for HED and MFT were statistically non-
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significant (ρ>0.05). Overall observation was that the C. circinalis extract improved lipid profile 

better than C. revoluta but no extract could bring the TC near to NMG. This difference of activity 

may be due to difference in nature and functionality of secondary metabolites of C. revoluta and 

C. circinalis. 

Table 4.10. Results of TC, HDL and LDL variations for C. circinalis 

Treatment 

groups 

Total cholesterol 

(TC) in mg/dL 

HDL (mg/dL) LDL (mg/dL) 

NMG 47.92 ± 2.05 e 28.11 ± 2.10 d 16.60 ± 0.50 d 

DUT 105.32 ± 2.78a 29.51 ± 0.90 c 70.30 ± 3.08 a 

MFG 80.88 ± 3.22 d 37.06 ± 2.01 c 43.74 ± 2.36 b 

LED 96.65 ± 2.40 b 45.22 ± 2.11 b 48.38 ± 1.72 b 

HED 85.02 ± 2.02 c 48.50 ± 1.92 c 36.29 ± 1.63 a 

The hyperglycemia was known to disturb the lipid metabolism and energy homeostasis resulting 

in high HDL levels than HDL. In present study, it was observed that the high BGL were associated 

with high levels of TC and HDL. The temporal reduction in BGL upon administrating the plant 

extract was also linked with reduction in HDL and consequent improvement in TC and LDL. The 

hypoglycemic and hypolipidemic commotions observed in current study were functionally 

interlinked. It was noticed that polyphenols of plant exerted their ability to reduce the oxidation of 

LDL through ROS detoxification. Hence, plants are able to improve the lipid profile during 

diabetic diseased conditions due to antiradical and hypoglycemic potential. The biomarkers 

modulation and metabolomics indicators have their roots in genetic regime because the CAT gene 

regulation was known to improve the antioxidant catalase enzyme due to the functional role of 

phytochemicals [166]. A study on Cycas ruminiana reported that at the end of 28 days protocol, 

there was no difference in the total cholesterol of treatment and control groups of diabetic mice 

[167]. However, the findings of current work highlighted the moderate hypolipidemic impact of 

C. revoluta and C. circinalis. The current investigation explored the antidiabetic and 

hypolipidemic aspects of C. revoluta and C. circinalis leaf extract which might be of great 
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significance. The findings confirmed the ethnopharmacological use of these plants to treat 

hyperglycemia. 

4.10. Proximate analysis 

The results of proximate analysis are given in table 4.14. The percent composition revealed the 

amounts of moisture, ash, carbohydrates, proteins and lipids in leaves of C. revoluta and C. 

circinalis. The mineral composition of C. revoluta and C. circinalis leaves is given in table 4.15. 

Table 4.11. The proximate analysis of C. revoluta and C. circinalis leaves. 

Name of 
Plant 

Moisture 
content% 

Ash 
content% 

Protein 
content% 

Fat 
content% 

Carbohydrate% Nutritive 
value 

(kcal/g) 

C. revoluta 16.88 7.10 10.10% 0.95% 64.97 308.83 

  C. circinalis 17.92 6.06 13.24% 1.02% 61.76 309.18 

 

Table 4.12. Mineral composition of C. revoluta and C. circinalis leaves. 

Name of 
Plant 

Pb Ni Co Mn Fe  Zn Ca Mg Na K 

(mg/kg) 

C. revolute BDL 0.010 BDL 0.09 04.10 2.78 101.67 12.24 79.50 14.27 

  C. circinalis 0.055 0.010 BDL 0.08 2.22 2.04 133.10 15.56 92.10 16.87 

The results of proximate analysis and mineral composition emphasized upon the utilization of 

these plants as a tonic rich in nutritive value and useful minerals like Zn, Mg, K and Mn. The use 

of C. revoluta parts as flour in many diseases might be due to its nutritive value and minerals 

present [168]. Proximate analysis and mineral composition of Alhagi maurorum, Datura alba, 

Chenopodium album, Tecomella undulata, Withania coagulans and Berberis lyceum was reported 

in a study and fat contents of C. revoluta and C. circinalis obtained in current study were lower 
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than these previously reported values. Moreover, the nutritive values of C. revoluta and C. 

circinalis were higher than Datura alba and Withania coagulans [169]. The protein and 

carbohydrate contents of C. revoluta and C. circinalis obtained in current study were 

comparatively higher than five medicinally important plants of Pakistan namely Datura innoxia, 

Solanum surattense, Solanum nigrum, Withania coagulans and Withania somnifera [170]. 

However, the mineral composition and proximate parameters may vary to some extent due to soil 

and environmental factors [171]. 

4.11. Conclusions 

The current study was performed to assess the antidiabetic and antioxidant potential of C. revoluta 

and C. circinalis leaves. The extraction was optimized by using different hydro-ethanolic solvent 

fractions (20%, 40%, 60% and 80%), distilled water and pure ethanol. The extract yields indicated 

that 60% ethanol was the most suitable solvent system for good extraction from leaves of C. 

revoluta and C. circinalis. 

The TPC and TFC were also determined and values for 60% ethanol were the optimal. The results 

of DPPH assay, total antioxidant assay, metal chelating assay and beta carotene assay also 

confirmed the potency of 60% ethanolic extract which might be due to high phenolic and flavonoid 

contents. The in-vitro α-glucosidase and α-amylase assays also affirmed that the 60% ethanolic 

extract was the most potent extract to inhibit enzyme activity. 

The metabolite profiling was performed to explore the secondary metabolites of most potent 

extract (60%) which might be strong pharmacological agents. 1H-NMR analysis of both extracts 

showed the presence of signals in all important regions of spectra which predicted the presence of 

important metabolites. The UHPLC-QTOF-MS/MS analysis revealed the presence of apigenin-di-

hexocides and its isomers, kaempferol derivative, citric acid and octadecanoic acid in 60% 

ethanolic extract of C. revoluta. UHPLC-QTOF-MS/MS analysis also confirmed the presence of 

some high valued compounds like Iridoide glucoside, gibberllins A4, O-beta-D-glucosyl-4-

hydroxy-cinnamate, 3-methoxy-2-phyenyl-4-H-furo (2, 3-4) chromen-4-one, kaempferol, 

withaferin A, amentoflavone, quercitin-3-O-(6”-malonyl glucoside), ellagic acid and gallic acid in 

60% ethanolic leaf extract of C. circinalis. The majority of these compounds were of great 

medicinal worth. To confirm their dietary enzyme inhibitory role, α-glucosidase and α-amylase 
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docking were also carried out. The binding energy data confirmed that majority of identified 

compounds were excellent to good inhibitors of α-glucosidase and α-amylase.  

The excellent antioxidant and in vitro antidiabetic activities were extended to animal study model. 

The blood glucose levels of diabetic mice were assessed and impacts of plant extract on these 

glucose levels were evaluated. The high extract dose of 500 mg/kg b.w was very effective to 

control the elevated blood glucose of diabetic mice. The plant extracts also improved the lipid 

profiles of diabetic mice to moderate rate. The antidiabetic and hypolipidemic potential of plant 

extracts was probably due to the identified secondary metabolites. The findings confirmed the 

pharmacological potential of C. revoluta and C. circinalis and highlighted their potential to 

develop naturopathic treatment of hyperglycemia and functional food development. The findings 

of current work may be extended in future to isolation of identified compounds, their quantification 

and as such extract utilization for medicinal purposes. 
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