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limit was 0.02 ppm. The copper concentrations varied in a wide range in all ADHPs 

between 0.48 to 39.58 ppm except ADHP 5 & 6. Cadmium content was detected some of 

the ADHP samples except ADHP-2, 4, 5, 6 & 7. Unfortunately, ADHP-3, 8, 9 & 10 

samples the cadmium level were more than the level of all permissible limit (WHO, US 

FDA, HAS Singapore and Chinese Pharmacopoeia, Tables 3.3.1 and 3.3.2). Even if we 

consider a more relax permissible limit for cadmium (WHO and US FDA guidelines; 

Table 3.3.2), one-third of the total ADHPs (ADHP-3, 8, 9 & 10) failed to comply with 

the safety limit. The content of lead (Pb) in the analyzed samples ranged from less than 

1.0 to 18.44 ppm. All the ADHP’s samples showed the value of Pb metal below detection 

level (DL=0.00005 ppm) except ADHP-3 and 8. The maximum concentrations of lead in 

ADHP- 3 and ADHP-8 were 0.08 ppm and 18.44 ppm, respectively. 

Arsenic (As) content in the analyzed samples ranged from 0.05 to 0.75 ppm. All the 

ADHP’s samples showed the value of As metal with the highest value in ADHP-7 (0.75 

ppm) & ADHP-8 (0.74 ppm) and lowest value in ADHP-6 (0.05 ppm) as shown  in Table 

3.8.1. The US FDA, WHO, HSA Singapore & Chinese Pharmacopiea maximum 

permissible limit of As in consumed medicinal herbs is 10 ppm, 10 ppm, 5 ppm and 2 

ppm respectively (Table: 3.8.2). The obtained results showed that all the analyzed ADHP 

samples the As contents were below the permissible limits. 

Four organochlorine pesticide’s residue analysis of ADHPs standards namely 4,4-DDE; 

4,4-DDD; 2,4-DDT & 4,4-DDT were used to quantify the pesticides present in 07 

Antidiabetic Herbal Preparations (ADHPs). 4,4-DDE was found in ADHP-1, ADHP-2, 

ADHP-6 & ADHP-7 amounting to 0.203 ng/g, 0.588 ng/g, 1.413 ng/g & 1.838 ng/g, 

respectively. 4,4-DDD amounting  to 0.373 ng/g was found only in ADHP-2. 2,4-DDT 

was found in ADHP-2 and ADHP- 6 amounting to 1.937 ng/g and 0.756 ng/g, 

respectively. And 4,4-DDT was found to be present in ADHP-1, ADHP-2, ADHP-6 and 

ADHP-7 amounting  to 0.971 ng/g, 8.608 ng/g, 3.377 ng/g and 2.917 ng/g, respectively. 

ADHP-03, 04, 05 were free from organochlorine pesticide residues. 

Small amount of metformin HCl was found in all samples of ADHP. Metformin HCl was 

quantified 2.25%, 2.62%, 1.28%, 1.58%, 1.47%, 1.35% & 2.47% in   ADHP-1, ADHP-2, ADHP-

3, ADHP-4, ADHP-5, ADHP-6 and ADHP-7, respectively. Large  amounts of glaclazide (5.74%) 
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discovery, such as antimicrobial, cardiovascular, immunosuppressive and anticancer 

drugs. According to the WHO survey, the international market of herbal products or 

botanicals is estimated to be US$ 62 billion per annum. It is estimated to grow to US$ 5 

trillion by the year 2050. (Govil, et. al., 2006).  The nutraceutical marketplace in Europe 

is estimated to be US$ 9 billion, while in US marketplace it is about US$ 10-12 billion. It 

is expanding at a rate of more than 20% per year. (Patwardhan et. al., 2004 and Govil et. 

al., 2006) 

Natural products chemistry actually began with the isolation of morphine from opium 

(Papaver somniferum) by Serturner. This was followed by the isolation of quinine from 

Cinchona tree in 1860. A German chemist Carl Koler isolated cocaine from Erythroxylon 

coca, the chemical responsible for paralyzing the nerve endings responsible for 

transmitting pain. Reserpine, an anti-hypertensive alkaloid was obtained from Rauwolfia 

serpentine. (Patwardhan et. al., 2004). 

Secondary metabolites which are produced by living organisms (microbes and plants) for 

the purpose of their own survival have a major importance in drug discovery. Secondary 

metabolites with therapeutic indications include cyclosporine (immunosuppression), 

mevinolin (hypercholesterolaemia), avermectin (parasitic disease), artemisinin (malaria), 

vinblastine, vincristine and taxol (cancer) (Adhikari 2014). 

Today, natural product-based drug discovery competes with the combinatorial chemistry, 

which has given a significant complementary way for drug development. It produced 

thousands of compounds of almost similar structures in a single experiment, which are 

immediately available for bio-assay screening. In contrast, plants and microorganisms 

have the potential to synthesize novel chemicals in unpredictable ways. The genes and 

metabolic pathways by which plants and microbes produce novel structures are now 

understood in many cases and this knowledge has been used in drug discovery. Plants 

and microbes used same technique as in combinatorial chemistry to biosynthesize 

secondary metabolites. Natural product biosynthesis is mostly catalyzed by enzymes, 

which result from an enormous gene pool that has evolved over billions of years.      

(Nisbet & Moore 1997) 
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used specifically in certain regions, such as in West Africa (Bever, 1980), Central 

America (Andrade-Cetto & Heinrich, 2005) and Asia (Grover et. al., 2002) exist. It also 

recognizes traditional medicine as ‘an accessible, affordable and culturally acceptable 

form of healthcare trusted by large numbers of people, which stands out as a way of 

coping with the relentless rise of chronic non-communicable diseases in the midst of 

soaring health-care costs and nearly universal austerity’ (WHO, 2013).  

 

1.3 ALPHA -GLUCOSIDASE INHIBITOR  

1.3.1 General Information 

Free radicals are the molecular species that possess a single unpaired electron in the 

outermost atomic orbit. In spite of different types of free radicals, important free radicals 

in biological system are the reactive oxygen species (ROS) which include hydroxyl 

radical, superoxide anion radical, hydrogen peroxide, oxygen singlet, hypochlorite, nitric 

oxide radical, and peroxynitrite (Valko et. al., 2007). Human body has antioxidant 

defense system to cope with the activity of free radicals formed in the body. However, 

the imbalance between the free radical production and the antioxidant defense arises 

when the free radicals are overproduced in the body (Bahorun et. al., 2006). This may 

result in the accumulation of oxidative stress in the body and cause damage to 

macromolecules, such as lipid, protein and nucleic acid. Oxidative damage to these 

molecular species leads to the development of various diseases, such as cardiovascular 

disease, cancer, cataract, diabetes mellitus and Parkinson’s disease (Lobo et. al., 2010, 

Mayne, 2003). 

Diabetes in turn will enhance the oxidative stress in the body of diabetic patient. The 

possible mechanisms leading to enhanced oxidative stress in diabetic patients include 

compromised antioxidant defenses, glucose autoxidation, formation of advanced glycated 

end products and a change in the glutathione redox status (Davison et. al., 2002). The 

enhanced oxidative stress in diabetes leads to its complication with cardiovascular 

disease (Jay et. al., 2006). Hence, consumption of antioxidant rich foods is beneficial in 

relieving diabetes particularly the type 2 diabetes. 
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species. The quest for understanding the oxidation of lipids and its prevention and control 

has continued since historical times and is still on. 

1.4.3 Classification of Antioxidants 

Antioxidants may be broadly grouped according to their mechanism of action: 

a) Primary or chain breaking antioxidants and  
b) Secondary or preventive antioxidants 

Classification of antioxidants (primary and secondary antioxidants) is discussed below. 

1.4.4. Primary Antioxidants  

Primary antioxidants are also referred to as type 1 or chain-breaking antioxidants. 

Because of the chemical nature of these molecules, they can act as free radical 

acceptors/scavengers and delay or inhibit the initiation step or interrupt the propagation 

step of autoxidation. Below the figure illustrates possible events that primary antioxidants 

may interfere along the lipid autoxidation pathway. Primary antioxidants cannot inhibit 

photosensitized oxidation or scavenge singlet oxygen. 

 

 

 

 

 

 

 

 
 

 

 

 

Figure-1.5: Possible interactions of primary and secondary antioxidants with lipid oxidation 
pathway in foods. (Figure mentioned in Science, Technology, and ApplicationsChapter · July 
2005, P. K. J. P. D. Wanasundara&F. Shahidi) 
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Table-1.2: Primary Antioxidants that are commonly used in Foods 

      Natural         Synthetic 

Carotenoids 

Flavonoids 

Phenolic acids 

Tocopherols and tocotrienols 

Butylatedhydroxyanisole (BHA) 

Butylatedhydroxytoluene (BHT) 

Ethoxyquin, Propyl gallate (PG) 

Tertiary-butylhydroquinone (TBHQ) 

 

1.4.5: Secondary Antioxidants 

Secondary antioxidants are also classified as preventive or class II antioxidants. They 

offer their antioxidant activity through various mechanisms to slow the rate of oxidation 

reactions. The main difference with primary antioxidants is that the secondary 

antioxidants do not convert free radicals into stable molecules. They act as chelators for 

prooxidant or catalyst metal ions, provide H to primary antioxidants, decompose 

hydroperoxide to nonradical species, deactivate singlet oxygen, absorb ultraviolet 

radiation, or act as oxygen scavengers. They often enhance the antioxidant activity of 

primary antioxidants. Table-1.3 provides examples of some of these compounds that 

exhibit secondary antioxidant activity 

Table-1.3: Compounds that Exhibit Secondary Antioxidant Activity 

      Mode of Activity                  Compounds in use 

Metal chelation Cirtic, Malic, Succinic and Tartaric acids Ethylene 

diamine tetraacetic acid, Phosphates 

Oxygen scavenging and 

reducing agents 

Ascorbic acid, Ascorbylpalmitate, Erythorbic acid, 

Sodium erythorbate, Sulfites 

Singlet oxygen quenching Carotenoids (b-Carotene, Lycopene and Lutein 
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The trend of uses of antidiabetic herbal preparations (mostly based on Ayurvedic and 

Unani formulary) is increasing day by day among the population of Bangladesh. In 

parallel, there is a rising concern regarding the safety and efficacy of these herbal 

preparations as most of them contain different contaminants including microbial 

contaminants and heavy metals (particularly in Ayurvedic preparation). In most of the 

developed countries, herbal preparations are defined as dietary supplement. As a result, 

unlike pharmaceutical preparations, manufacturers are producing, selling, and marketing 

herbal preparations without any evidence based scientific study regarding their safety and 

efficacy (Bent, 2008). Although in several countries herbal medicine (a part of 

complementary and alternative medicine) is the officially approved system, there is no 

guidelines and regulations for assuring the safety of these preparations. The safety of 

these herbal preparations is very important because Ayurvedic formulation contains 

several heavy metals as therapeutic ingredients. But the use of these heavy metals beyond 

the limit could be toxic. Therefore, it is important to evaluate the safety of these 

antidiabetic herbal preparations based on relevant scientific investigation. This research 

focused on the safety of antidiabetic herbal preparations available in Bangladesh 

particularly related to heavy metal contamination. 

In Bangladesh, several antidiabetic herbal preparations are readily available and are being 

used, but studies of heavy metal content in locally produced herbal preparations are 

limited. Therefore, it is necessary to evaluate the heavy metal content in some locally 

produced and widely used herbal preparations. In this study, the level of heavy metal 

content present in antidiabetic herbal preparations widely used and formulated in 

Bangladesh have been investigated. 

 

1.8 ORGANOCHLORINE PESTICIDES (OCPS) 

1.8.1 General Information 

 Pesticides are a group of chemicals made for the purpose of killing or otherwise 

deterring “pest” species. The word pesticide may refer to insecticides, herbicides, 

fungicides, or other pest control formulations. Pesticides are inherently toxic and often 

associated with adverse health effects in non-target organisms (USEPA, 2009). 
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             Allyl propyl disulfide (25)              Diallyl disulfide oxide (26)  

 

 

 

 

               

                   Hypoglycin A (27)                                  Hypoglycin B (28) 

 

1.12 DRUGS AVAILABLE FOR THE TREATMENT OF DIABETES  

Insulin is the most widely used modern drug in the treatment of diabetes mellitus which 

is being used as a regimen of daily injection for Type 1 diabetes. Several different 

preparation of bovin, porcine and human insulin (29) are now available in the market. 

Whereas Type 2 diabetic patients are treated by changing their lifestyle and diet, physical 

exercise and the use of oral hypoglycemic agents. Sometimes insulin is also used for the 

treatment of Type 2 diabetic patients. There are two chemical classes of hypoglycemic 

agent, sulfonylureas and biguanides. Tolbutamide (30), tolazamide, chlorpropamide (31), 

gliclazide (32), glipizide, glyburide, etc. belong to sulonylurea group and phenformin 

(33), metformin (34) etc. belongs to biguanide group. Another type of oral hypoglycemic 

agent known as acarbose (34a) (precose) is used to treat type 2 (noninsulin-dependent) 

diabetes when high blood sugar levels cannot be controlled by diet alone. Precose works 

by slowing the body's digestion of carbohydrates so that blood sugar levels would not 

surge upward after a meal.  

CO2H

NH2

CO2H

NH

O

NH2

CO2H

CH2=CH-CH2-S-S-CH2-CH2-CH3 CH2=CH-CH2-S(    O)-S-CH2-CH=CH2



Introduction  

54 
 

ameliorating these disease processes. Phlogacanthus thyrsiflora Nees has prominent free 

radical scavenging property (Kshirsagar & Upadhyay, 2009). Phlogacanthus thyrsiflorus 

Nees is used in herbal recipe during ‘Bohag Bihu’, the main festival of Assam (Begum  

& Gogoi, 2007). Fresh extract of the leaf, 2-3 tea spoons early in the morning is 

traditionally use by local people of Kokrajhar District of Bodoland Territorial Council, 

India for treatment of diabetes (Swargiary, et. al., 2013). The flower of the plant is eaten 

as vegetable by the ethnic communities of Tinsukia district of Assam, which is said to be 

useful in rheumatism, anemia and cough (Buragohain, 2011). 

The leaves are reported to contain diterpene lactone, Phlogantholide, flavanoids and 

saponins (Khare, 2007, Singh & Singh, 2010). A new diterpene glucoside, 

phloganthoside has been isolated from Phlogacanthus thyrsiflorus and its structure has 

been established as phlogantholide-A-19-O-��-dglucopyranoside (Barua et. al., 1985). 

Another diterpene lactone Phlogantholide-A isolated from the leaves of Phlogacanthus 

thyrsiflorus �K�D�V�� �E�H�H�Q�� �G�H�W�H�U�P�L�Q�H�G�� �D�V�� �������� ������������-trihydroxy-ent-labd-8(17),13-dien-16-oic 

lactone by chemical and spectroscopic means (Barua, et. al., 1985). It was found that 

powdered stem bark of Phlogacanthus thyrsiflorus on extraction with methanol and then 

partioned between chloroform and petroleum ether, two labdane diterpenes namely 19 –

hydroxy-labda 8(17),13-diene-15,16-olide and ent-labd-8(17), 13-dien-15,16-olide-19-oic 

acid (pinusolidic acid) and one triterpene betulin were isolated (Singh & Singh, 2010). 

Aqueous extracts of the plant show the presence of tannin, saponin, flavonoid, steroid, 

triterpenoid and phenol (Barua et. al., 1985). Due to presence of this phytochemicals the 

plant is of medicinal value. 

Phlogacanthus thyrsiflorus Nees has good Hypoglycemic activity (Ilham, et. al., 2012; 

Chakravarty & Kalita, 2012), Hypolipidaemic activity (Tassa et. al., 2012), 

Hepatoprotective activity (Chakravarty & Kalita, 2012), Anti-nociceptive activity (Ilham, 

et. al., 2012), Antioxidant activity (Tassa et. al., 2012), Analgesic activity (Mukherjee, et. 

al., 2009), Antibacterial activity (Ahmed et. al., 2010) and Anti-asthmatic activity 

(Paharia  & Pandurangan, 2013). 

Phlogacanthus thyrsiflorus Nees , locally known as Titaphool or Bagha tita is available at 

different places of Assam in India. It is also distributed in the different parts of 
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Some antidiabetic herbal predations (ADHPs) are producing by the different herbal 

medicines producers in Bangladesh. A short description of these ADHPs is given in 

Table 1.4 (page 33). 

 

ADSP-08 (Phlogacanthus thyrsiflorus Nees) 

Phlogacanthus thyrsiflorus Nees has good hypoglycemic activity (Ilham S, et. al., 2012; 

Chakravarty & Kalita, 2012), hypolipidaemic activity (Tassa, et. al., 2012), 

hepatoprotective activity (Chakravarty & Kalita, 2012), anti-nociceptive activity (Ilham, 

et. al., 2012), antioxidant activity (Tassa, et. al., 2012), analgesic activity (Mukherjee , et. 

al., 2009), antibacterial activity (Ahmed, et. al., 2010) and anti-asthmatic activity 

(Paharia  & Pandurangan , 2013). 

 

ADSP-09 (Salvia haematodes Linn ) 

S. haematodes, known as red sage, was found to posses significant central nervous 

system (CNS) depressant (anticonvulsant) properties (Akbar et. al., 1985). Further 

pharmacological screening revealed a broad variety of pharmacological effects. When 

tested in animal models, the ethanolic extract of red sage showed anti-inflammatory and 

analgesic effects, hypothermic response in non-pyretic rats and enhancement of the 

wound healing process (Akbar et. al., 1984). The ethanolic extract of S. haematodes had 

significant inotropic and chronotropic effects on isolated rabbit hearts. It also had a 

parasympathomimetic effect on isolated rabbit duodenum. Unfortunately, active 

substances responsible for these effects have been so far unknown, although different 

constituents are probably involved. 

2.1.2 Antidiabetic Study on T2DM Rats 

2.1.2.1. Animals 

Adult Long Evans rats weighing 190-260 g were included in the study. The animals were 

bred at Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and 

Metabolic Disorders (BIRDEM) and BUHS animal house, Dhaka, Bangladesh, 

maintained at a constant room temperature of 22±50C with humidity of 40-70 % and the 
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2.1.3.7. Chronic experimental protocol for administration of 07 ADHPs 
extracts 

It was a case control intervention study and was conducted according to following 
protocol:            ADHP’s extracts (n=38) 

Water (n=13) 
Glibenclamide (n=13) 

        Oral administration each day, from 0th to 28th  
 

            Subchronic Rat model of T2DM 
 

 

0 day  2nd day  90th day 

 
 

 
                              0 day                 7th day        14th day              21st day  28th ay 
 

 

 

 

 

 

     

 

 

 

 

 

 

                    

Figure-2.1.4 Experimental design of the study 
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of fasting 
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Cervical 
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blood 
collection. 

Collection of 
rat liver, 
kidney and 
spleen. 

Determination of 
fasting serum glucose, 
cholesterol, TG, HDL-
C and insulin. 

Estimation of 
plasma MDA and 
erythrocyte GSH. 

Estimation of 
liver glycogen. 

Statistical analysis 
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�x Estimation of hemoglobin in blood by hemoglobincyanide method. (Van-Kampen 

and Zijlstra, 1961) 

�x Estimation of plasma Malondialdehyde (MDA) level by thiobarbituric acid 

method (Janero, 1990). 

�x Estimation of reduced Glutathione (GSH) concentration in erythrocytes by 

Ellman’s method. (Ellman, 1959) 

 

2.1.4.1 Serum Glucose Estimation by Glucose Oxidase peroxidase (GOD-POD) 
Method  (Boehringer-  Mannheim Gmbh) 

Principle 

The a�O�G�H�K�\�G�H�� �J�U�R�X�S���R�I�� ��-D-glucose is oxidized by glucose oxidase to produce gluconic 

acid and hydrogen peroxide. Hydrogen peroxide is further broken down to water and 

oxygen in the presence of peroxidase and in presence of an oxygen acceptor (i.e., phenol) 

to produce a colored compound. The reaction of GOD-POD reagent with glucose 

produces 4-aminophenazone, a red colored compound (Barham et al., 1972).                                         

 ��-D-glucose + O2 + H2O    Glucose  oxidase                   Gluconic acid + H2O2 

2H2O2 + 4-aminophenazone + Phenol  Peroxidase         4-(p-benzoquinone- mono-     

      imino) phenazone + 4H2O. 

Reagents: 

(a) Buffer   : Phosphate buffer (0.1 mol/l, ph 7.0), 

Phenol (11mol/l) 

(b) GOD-POD Reagent : 4-aminophenazone (0.77 mmol/L), 

Glucose oxidase ( �•�����������N�8���O���� 

Peroxidase (�•���������N�8���O�� 

(c) Standard Glucose (5.55 mmol/L). 
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Materials:  

Micro-centrifuge tube 

Micropipettes and pipettes 

Automatic Analyzer (Boehringer Mannheim, 704; HITACHI) 

Procedure: 

Serum and reagents were taken in specific cup or cell. They were arranged serially. Then 

ID number for each test was entered in the Automatic Analyzer. 5 �Pl sample and 500 �PL 

reagent were mixed and incubated at 370C for 5 min within the Auto Analyzer. The 

reaction occurred in reaction cell or cup. The absorbance of the sample and the standard 

against the reagent blank were measured at 500 nm within 60 min. 

Calculation of result: 

Concentration of cholesterol in sample was calculated by using software program with 

the following formula and expressed in mg/dl. 

Cholesterol concentration (mg/dl) = standard ofion Concentrat
standard 

 sample 
�u

�'�$
�'�$

 

2.1.4.3 Estimation of serum Triglyceride (TG) by Enzymatic Colorimetric Method 

Serum triglyceride was measured by enzymatic colorimetric (GPO-PAP) method in the 

Automatic Analyzer, Hitachi 704, Hitachi Ltd., Tokyo, Japan using reagents of Randox 

Laboratories Ltd., UK. 

Principle:  

Sample triglycerides incubated with a lipoprotein lipase liberate glycerol and fatty acids. 

Glycerol is converted to glycerol-3-phosphate by glycerol kinase and ATP. Glycerol-3-

phosphate oxidase (GPO) oxidizes glycerol-3-phosphate into dihydroxy acetone 

phosphate and H2O2. In the presence of peroxidase, hydrogen peroxide oxidizes the 

chromogen-4-aminoantipyrine and 4-chlorophenol to a violet colored complex. The 
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                              RISS: Rat insulin stock solution, D 2: Diluent 2 

Note: The working insulin standards were prepared using the polypropylene test tube 

because polypropylene test tube shows the minimum adsorption of insulin. Working 

insulin standards were discarded after use. 

C. Assay procedure: 

 First reaction: 

a). The microplate well module was taken out from the sealed foil pouch after the pouch 

has been equibrated to room temperature. Then it was set in a fixing frame. 

b). Each well was washed with 300 ���/  washing buffer and then the buffer was aspirated. 

Washing procedure was repeated again. After the last wash, remaining buffer was 

removed by inverting the plate on a clean paper towel. 

c). To each well, 50 ���/  Guinea pig Anti-insulin reconstituted by Diluent 2 was 

dispensed. 
 

d). After dispensing of 45 ���/  of Diluent 2, pipetting of 5 ���/  sample (or 0, 156, 313, 625, 

1250, 2500, 5000 working insulin standards and 10000 pg/mL Rat insulin stock solution) 

to the well. Total volume of the first reaction became 100 ���/ . 

e). The micro-plate was covered with a plastic micro-plate cover, and kept to stand 

overnight (16-20 hours) at 40C.  

 

 

                   Insulin concentration (pg/ml) 

5000       2500       1250        625         313         156          0 

RISS 

D 2 

 

 

Total 

30 ���/  

30 ���/      30 ���/       30 ���/       30 ���/       30 ���/        30 ���/      60 ���/      

               30 ���/      30 ���/        30 ���/       30 ���/        30 ���/       

  

  

60 ���/         60 ���/       60 ���/     60 ���/       60 ���/     60 ���/    60 ���/  
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c) 1ml of the filtrate was taken in 2 mL 10N KOH in a test tube (pyrex) and was 

mixed by shaking. For standard and blank 1 mL of 5% TCA in 2 mL 10N KOH 

was taken. 

d) Both sample and standard were kept in boiling water (1000C) for 1 hour. 

e) After that they were made cool by using ice-cold water to stop the reaction. 

f) In the next step 1 mL glacial acetic acid was added in each [sample, standard, 

blank (2 blanks and 7 standards were used)] test tube and made each solution as 

10 mL with deionized water. For standard, glucose solution was added and then 

made each solution to 10 mL. Shaking mixed all the solutions very well. 

g) 1 mL of this solution was added in 2 mL of anthrone slowly and was mixed by 

shaking carefully as it became hot. All the test tubes were kept on ice. 

h) Again the test tubes were kept in boiling water exactly for 10 min. 

i) The test tubes were made cool on ice-cold water to stop the reaction. 

j) 200 ���/  solutions from each tube were added in a micro-titer plate and took the 

absorbance at 650 nm.  

k) Using liner-liner graph paper, a standard curve was created by plotting the 

absorbance (Y) of each Reference Standard against its corresponding 

concentration (X) in mg/100 mL. 

 

Figure-2.1.16: Standard curve for glycogen. 

l) The average absorbance was used of each serum sample to determine the 

corresponding glucose value by simple interpolation from this standard curve 

(multiply the value by the initial sample dilution, if necessary). 
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Standard curve for estimation of plasma MDA 

Standard MDA calibrator was prepared by dissolving 1 mL MDA standard in 1 mL 

deionized water. MDA was dissolved thoroughly by inverting the measuring cylinder 

repeatedly. From this solution different strength (0, 0.50, 0.75 and 1.25 and 2.5 

���P�R�O���PL) calibrators were prepared. The absorbance of MDA was measured by 

spectrophotometer at 532 nm and the reading was placed in a graph paper to produce a 

calibration curve.  

 

Figure 2.1.23 Standard Curve for estimation of plasma MDA 

 

2.1.4.8.3 Estimation of Reduced Glutathione (GSH) Concentration in Erythrocyte 

Reduced glutathione was assayed by Ellman’s method (Ellman, 1959). 

Principle 

5,5-Dithiobis-2-nitrobenzoic acid (DTNB) is reduced by –SH groups and form 1 mole of 

2-nitro-5-merceptobenzoic acid per mole of –SH. DTNB is a disulfide chromogen that is 

readily reduced by –SH compounds to an intensely yellow compound. The absorbance of 

the reduced chromogen is measured at 412 nm by spectrophotometer and is directly 

proportional to the GSH concentration. 
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Figure-2.3.4: Standard gallic acid calibration curve for total tannin content. 

 

2.3.6: Methods Used for Determination of Antioxidant Activity 

There are various well known methods which can be followed to determine the 

antioxidant properties of plant extracts. The antioxidant activity of different extracts of 07 

ADHPs and 02 ADSPs obtained was evaluated by the following methods: 

�¾ Total antioxidant capacity determination  

�¾ DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activity. 

�¾ ABTS [2,2�•-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] scavenging 

activity. 

�¾ Reducing power assay.  
 

2.3.6.1. Total antioxidant capacity determination  

The total antioxidant capacity was evaluated by the phosphomolybdenum assay method 

(Prieto et. al., 1999) which is based on the reduction of Mo (VI) to Mo (V) and the 

subsequent formation of a green phosphate-Mo (V) complex in acidic condition. Each 

extract (0.3 mL) was allowed to mix with 3.0 mL of the reagent solution (0.6M H2SO4, 

28mM Na3PO4 and 4mM ammonium molybdate). This reaction mixture was incubated at 

950C for 90 min. After letting the solution cool back to room temperature, the absorbance 

was measured at 695 nm using a spectrophotometer against a blank solution. The total 

y = 0.32x - 0.12
R² = 0.9971
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2.5.5 Total aerobic bacterial plate count  

The method as mentioned by Brown, Poxton and Wilkinson was used (Brown et. al., 

1989). For liquid drugs 1:10 dilutions were made. For tablets and capsules 1 g was 

dissolved in 10 mL normal saline and then 1:10 dilutions were made.  The dilute sample 

solutions (100 µL each) were placed on the surface of plates and spread widely with 

sterile inoculation wire. The count was calculated from average colony count/plate 

(Brown et. al., 1989). 
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Flow Rate: 1.0 mL/ min 

Solvent System (Mobile Phase): ACN: Buffer = 52::48 

Column: C18 column (250 mm x 4.6 mm) 

Detector: PDA  

Wavelength: 230 nm 

HPLC used for Separation and Isolation: 

High performance liquid chromatography (HPLC) was carried out in Shimadzu HPLC 

system using single pump (SCL-10A vp) which was coupled with a column oven (CTO-

10 AS vp) and a detector (SPD-10A vp). The detecting signal was processed by a Class 

10 Avp software. Luna 5 µm packs of RP-C18 and DB Silica analytical and semi-

preparative column were used. The pumps, detector and column oven were controlled by 

a system controller (LC- 10Avp). 

Flow Rate: 1.0 mL/ min 

Solvent System (mobile phase): ACN : H2O = 70 :: 30 and different ratio of MeOH : 

H2O, IPA : n-hexane were used. 

Column: C18 column (250 mm x 4.6 mm) and DB Silica (250 mm x 4.6 mm) columns 

were used. 

Detector: UV-Vis   

Wavelength: 210 nm, 230 nm and 254 nm etc 

2.7.6 Ultraviolet spectroscopy (UV) 

The UV absorbance was measured in ethanol or MeOH using a PERKIN ELMER 

LAMBDA -25, UV/VIS spectrophotometer by selecting the particular wavelength for the 

particular fraction / compound.  

2.7.7 Infrared spectroscopy (IR) 

 A Shimadzu FT-IR, 8400 S, IR-Prestige spectrometer was used for recording infrared 

spectrum. Major bands (Vmax) were recorded in wave number (cm-1) as potassium 

bromide (KBr) pellets.  
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2.7.15.2 Extraction of Flower of Phlogacanthus thyrsiflorus Nees with different 
solvents (Scheme 2.7.3) 

The flower powder (800 g) of P thyrsiflorus was extracted with aq 80% ethanol (3L X 6) 

at room temperature using a special stainless steel tank. The extract was filtered and the 

filtrate was concentrated. The concentrated extracts were combined, evaporated to 

dryness and finally dried in a freeze-dryer to give 144 g of ethanol extract. Then 02 gm 

aq 80% EtOH was kept in freeze and rest of the extract (142 g) was used for solvent-

solvent extraction.   

2.7.15.2.1 Extraction of residue with DCM: 
The residue, after aq 80% ethanol extraction was extracted with DCM (2 L X 5) at room 

temperature for five days by changing DCM each day. The extract was filtered and the 

filtrate was evaporated to dryness and finally freeze-dried to give 13 g DCM extract and 

this amount of DCM were mixed with another DCM part. So the total amount of DCM 

part is 50 g. 

2.7.15.2.2. Solvent-solvent partition of ethanol extract of the flower  

The aq 80% ethanol extract of flower (142 g) was suspended in water (500 mL), 

ultrasonicated and partitioned with DCM (500 mL X 3). The DCM soluble part was 

concentrated, evaporated to dryness and added with another DCM part from residue of aq 

80% EtOH.  Finally dried in a freeze - dryer to give 49.87 g of DCM soluble part. Then 

this DCM soluble part was suspend with aq 90% MeOH and partition 3 times with n-

hexane and collected both fractions. n-hexane soluble part was evaporated to dryness and 

finally dried in a freeze-dryer to give (11.95 g) of n-hexane soluble part. The aqueous 

90% MeOH was evaporated to dryness and finally freeze-dried to give 34.96 g of aq 90% 

MeOH soluble part. From these two parts, 1H-NMR was taken and stored the fractions 

for isolation of compound(s). 

The H2O part aq 80% of EtOH (after partition with DCM) was again partition with 1-

BuOH for three times and collected both of these parts in different conical flask. Then 

both of these parts were evaporated to dryness and finally freeze-dried to give 54 g of 1 

BuOH soluble part and 53.55 g of aqueous part. From these two parts, 1H-NMR was 

taken and stored the fractions for isolation of compound(s).  



M
aterials and M

ethods
 

138 
             2.7.17 Isolation of C

om
pounds 4-7 from

 D
C

M
 soluble m

aterial of flow
er extract of 

P
hlogacanthus thyrsiflorus N

ees  (S
chem

es 2.7.6) 

F
irst colu

m
n  

T
he D

C
M

 extract of flow
er of P thyrsiflorus Linn (8.1g) w

as chrom
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silica gel [S
charlau G-60 (spain)] co

lum
n and eluted gradually w

ith n
-hexane, E

tO
A

c and 

m
ethano

l m
ixtures o

f increasing polarity w
hich gave 

fourteen fractions.  

 T
he fifth fraction of the first colum

n w
as again fractionated over a norm

al phase silica gel 

colum
n (2

nd co
lum

n) and eluted gradually w
ith n-hexane and the polarity w

as increased 

by adding E
tO

A
c &

 m
ethano

l in different proportion. T
he fifth co

lum
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ed 

needle shaped crystal
s. C

o
m

pound 4 w
as iso

lated by w
ashing the crystal w

ith n
-hexane 

and m
ethano

l. 
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2
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 2.9.1 S
am

ple preparation:  

A
bout 10 g of A

D
H

P
’s sam

ple w
as taken separately in a conical flask containing 10 g 

silica and 5 g anhydrous N
a

2 S
O

4  and w
as m

ixed thoroughly in a m
ortar. A

bout 50 m
L 

ethyl actate w
as added and filtered. T

he extraction w
ith

 ethyl acetate w
as repeated three 

tim
es. T

he filtrates w
ere com

bined and concentrated to 5 m
L. T

he concentrated 
filtrate 

w
as reconstituted to 2 m

L w
ith the help of n-hexane in a screw-capped vial. A

bout 2 m
L 

of concentrated sulfuric acid w
as added and inverted 40

-50 tim
es. T

he total so
lution w

as 

centrifuged and 1 m
L of upper layer w

as collected for analyzing pesticide residues by 

G
as C

hro
m

atography 
[G

C
- 2010 (S

H
IM

A
D

Z
U

)]. T
he sam

e procedure w
as fo

llow
ed for 

each of the A
D

H
P

 sam
ple.
 

 
 
























































































































































