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Abstract: The hepato-protective potential of Cassia javanica 

methanol extract on paracetamol-induced liver damage in 

experimental rats was investigated. The animals were randomly 

divided into six groups of five animals each. While group I served as 

the normal control, group II-Vserve as the test groups, and group VI 

as C. javanica control group. Hepatotoxicity was induced in the test 

groups via oral administration of paracetamol (2 g/kg b.wt). While 

group III-V were treated for 14 days with 125 mg/kg, 250 mg/kg and 

500 mg/kgb.wt of C.javanica methanol extract respectively, group II 

served as positive control and was left untreated.The degree of 

hepatoprotection was evaluated by estimating the levels of lipid 

peroxidation, reduced glutathione and glutathione S-transferases. 

Histopathological studies were also performed using standard 

laboratory procedures. Group I animals revealed normal 

histological hepatocytes while the positive control group were 

characterized by the occurrence of cell ballooning, necrosis, 

pyknotic nuclei, sinusoidal dilation and acute inflammation. 

Treatment with the extract showed significant dose-dependent 

restoration of the hepatic damage in groups III-V when compared 

to group II as the cell progress towards normalization evidenced by 

the significant decline in the level of lipid peroxidation and an 

increase in reduced glutathione and glutathione S-transferases 

level. Histopathological studies also provide a supportive evidence 

for the biochemical analysis. The findings suggest that methanol 

extract of C.javanica may provide protection against liver damage 

and indeed validated its traditional use in the treatment of liver 

damage. 

 

Keywords : Hepatotoxin,  hepatic damage, antioxidant enzymes,  

hepatoprotection. 

I. INTRODUCTION 

The liver is a vital organ for maintaining homeostasis of 

the body (1). It transforms and excrete many drugs and toxins 

through reaction that occurs in the hepatocytes where they get 

converted into their inactive forms. Hepatic damage is mainly 

caused by alcohol, carbon tetrachloride (CCl4), drugs such as 

paracetamol, antidiabetic drugs etc. by imposing excessive 

stress on the liver filtering function (2,3,4). Hepatic damage 

occurs if the rate of accumulation of toxins exceeds the 

metabolizing activity of liver (5). Therefore, liver damage 

caused by hepatotoxic agents is of great concern. 

Paracetamol, though safe in recommended doses can produce 

fatal hepatic necrosis in toxic doses (6, 7, 9, 10).The 

pathogenesis and progression of paracetamol-induced hepatic 

toxicity are associated with free radical injury and oxidative 

stress, which could be partially attenuated by antioxidants and 

free radical scavengers (11, 12).   
Medicinal plants play an important role in modern 

medicine and have been used by human for centuries in 

folklore medicine (13). Among them  is Cassia is a major 

genus of Caesalpiniaceae, widely used in traditional folk 

medicine and distributed in tropical and subtropical regions 

(14)Many species belonging to the genus Cassia are reported 

to have antidiabetic, antioxidant, antimicrobial activity and 

hepatoprotective potentials (15,16 and 17). Hence liver 

toxicity was induced using paracetamol drug to evaluate the 

therapeutic and hepatoprotective activity of C. javanica 

methanol extract in experimental rats. 

II. MATERIALS AND METHODS 

A. Preparation of plant extract  

This The leaves of C. javanica were collected from 

Pachhunga University College campus, Aizawl, Mizoram and 

was identified and authenticated by taxonomist, Department 

of Botany Mizoram University, Aizwal. The leaves were 

washed and allowed to shade dry at room temperature in clean 

and hygienic conditions and pulverized by using electrical 

blender. Air-dried and finely powdered leaves was then 

soxhlet extracted with methanol, filtered using Whatman filter 

paper no.1 and evaporated to dryness in an oven at 40° C. A 

dark brown extract was obtained and stored at -20º C until 

future use .The extract was then dissolved in normal saline 

and given orally to the animal. 

B. Drugs and Chemicals 

 Paracetamol was procured from local drug store and was 

dissolved in 2 ml normal saline. Biochemical Assay kits and 

all their reagents used in the study were of analytical grade. 

C. Animals and Ethical approval  

 Adult Wistar albino rats of both sexes (weighing 150 -200 

g) were used for the experiment. Animals were housed in 

polypropylene cages containing sterile paddy  husk (procured 

locally) as bedding and allowed to acclimatize to the 

laboratory environment at Animal Care Facility at the 

Department of Zoology, Mizoram University, Aizwal, India  
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The animals were fed with commercially available food 

pellets and water ad libitum. Ethical clearance was obtained 

from the Institutional Animal Ethical Committee, Mizoram 

University, India (MZU/ IAEC/2018/05). 

D. Acute toxicity studies 

 Acute toxicity study was performed as per Organization for 

Economic Co-operative and development (OECD) guidelines 

No. 423.8 (18).The animals were kept fasting for overnight 

before the treatment.C.javanica methanol extract was then 

administered orally as single dose to the experimental rats. 

Animals were first observed individually during the first 30 

minutes and periodically during 24 hours with special 

attention given during the first 4 hours and daily thereafter, for 

a total of 14 days. Administration of 5 g/kg b.wt has no 

toxicity as no mortality was observed for14 days. 

E. Induction of hepatic injury 

 Hepatic damage was induced in experimental animals by 

oral administration of paracetamol 2 g/kg b.wt.daily for 14 

days. 

III. EXPERIMENTAL DESIGN 

Experimental animals were randomized into six groups 

with five animals in each group. Group I animals were 

administered a single daily dose of normal saline (200 µl) and 

served as normal control. All the animals of group II -V 

received paracetamol 2 g/kg, b.wt. While group III-V were 

treated for 14 days with 125 mg/kg, 250 mg/kg and 500 mg/kg 

b.wt of C.javanica methanol extract respectively, group II 

served as positive control and was left untreated. Group VI 

animals served as C.javanica control. Treatment was carried 

out orally for 14 consecutive days. 

On the 15th day, all animals were sacrificed by cervical 

dislocation and livers were collected.The liver was washed 

free of extraneous materials, weighed in electronic weighing 

balance and stored in deep freezer (-20°C) for further use. 

IV. SAMPLE PREPARATION 

Tissue homogenate (5%) was prepared from liver tissue 

(0.1 g) with 2ml of 1x incomplete PBS using a sonicator. It 

was then centrifuged at 10,000 rpm for 10 minutes and the 

supernatant was collected. Lipid peroxidation (LPO), reduced 

glutathione (GSH) and glutathione-S-transferase (GST) level 

of the supernatant were estimated to evaluate the extent of  

hepatic damage inflicted by paracetamol treatment. The LPO 

level was assessed by measuring the thiobarbituric acid 

reactive substances (TBARS) and quantified as 

malondialdehyde (MDA) levels by using1,1,3,3-tetra- 

methoxypropane as the standard (19). The GSH content was 

estimated following the method of Moron et al. (1979) (20) 

and the estimation of GST content followed the method of 

Habig et al. (1974) (21). 

 Histopathological processing of liver was performed 

following the method of Drury and Wallington (1980) (22). 

The prepared sections was stained using Haematoxylin and 

Eosin, mounted with xylene and carefully examined under 

microscope for the evaluation of any histopathological 

changes. 

A. Statistical analysis 

Statistical analysis was performed using one way analysis 

of variance (ANOVA) to test whether there is significant 

variations in the treatment groups followed by Tukey multiple 

comparison of means. The values were expressed as mean ± 

SEM (n=5).The analysis was carried out using SPSS ver. 20. 

The value p<0.05 was considered to be statistically 

significant. 

Number citations consecutively in square brackets [1]. The 

sentence punctuation follows the brackets [2]. Multiple 

references [2], [3] are each numbered with separate brackets 

[1]–[3]. When citing a section in a book, please give the 

relevant page numbers [2]. In sentences, refer simply to the 

reference number, as in [3]. Do not use “Ref. [3]” or 

“reference [3]” except at the beginning of a sentence: 

“Reference [3] shows ... .” Number footnotes separately in 

superscripts (Insert | Footnote).
1
 Place the actual footnote at 

the bottom of the column in which it is cited; do not put 

footnotes in the reference list (endnotes). Use letters for table 

footnotes (see Table I).  

Please note that the references at the end of this document 

are in the preferred referencing style. Give all authors’ names; 

do not use “et al.” unless there are six authors or more. Use a 

space after authors' initials. Papers that have not been 

published should be cited as “unpublished” [4]. Papers that 

have been submitted for publication should be cited as 

“submitted for publication” [5]. Papers that have been 

accepted for publication, but not yet specified for an issue 

should be cited as “to be published” [6]. Please give 

affiliations and addresses for private communications [7]. 

Capitalize only the first word in a paper title, except for 

proper nouns and element symbols. For papers published in 

translation journals, please give the English citation first, 

followed by the original foreign-language citation [8]. 

V. RESULTS AND DISCUSSION 

Significant enhancement in the MDA level (p<0.006) was 

found in positive control group as compared to normal 

control. Treatment of the animals belonging to group III-V 

with varying dose of the extract significantly lowered the 

MDA level which is almost comparable to the control group 

(Fig. 1a). On the other hand, the paracetamol induced liver 

damage significantly reduced the level of GSH (p<0.018) and 

GST (p<0.001) in the positive control group in comparison 

with the normal control rats.  
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Fig.1 Effect of C.javanica methanol extract on paracetamol induced liver damage in rat (a) Malonaldehyde levels to 

assess lipid peroxidation (nmol/gm)  (b) Reduced glutathione (umol/ mg protein) (c). Glutathione-s-transferase activity 

(Unit/ug protein). Means not sharing the same letter are significantly different. C–Normal control group 

PCM–Paracetamol treated group CJ125, 250 & 500 – C.javanica extract treated group (125, 250 and 500 mg/kg b.wt) 

respectively with paracetamol treatment (2 gm/kg) CJ- C.javanica control group  

 

A dose dependent treatment with the extract produced a 

significant enhancement of the antioxidant enzymes (GSH 

and GST) activities except in group III which received lower 

dose of the extract (Fig. 1 b&c). The increase due to treatment 

of C. javanica extract is almost comparable to the normal 

control group. 

MDA level which is almost comparable to the control group 

(Fig. 1a). On the other hand, the paracetamol induced liver 

damage significantly reduced the level of GSH (p<0.018) and 

GST (p<0.001) in the positive control group in comparison 

with the normal control rats. A dose dependent treatment with 

the extract produced a significant enhancement of the 

antioxidant enzymes (GSH and GST) activities except in 

group III which received lower dose of the extract (Fig. 1 

b&c). The increase due to treatment of C. javanica extract is 

almost comparable to the normal control group. 

 

  

Histopathological studies also provide a supportive evidence 

for the biochemical analysis. Liver of the normal untreated 

control rats were without any pathological changes or 

abnormalities (Fig. 2a). However, group II animals 

administered only with paracetamol showed various degrees 

of pathological changes characterized by the occurrence of  

cell ballooning, necrosis, pyknotic nuclei, sinusoidal dilation, 

empty cells and acute inflammation (Fig. 2b). In contrast, 

administration of varying doses of C. javanica methanol 

extract to animals belonging to group III-V exhibited 

significant  liver protection against the toxicantas the cell 

progress towards normalization evidenced by the presence of 

normal hepatic architecture, 
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Fig.2  Histological slides of liver treated with paracetamol and Cassia javanica methanol extract (a) Normal control 

group (b) Paracetamol treated group (c-e) C.javanica extract treated group (125, 250 and 500 mg/kg) respectively with 

paracetamol (2 gm/kg) (f) C. javanica  control group (250 mg/kg) 

 

lesser cell ballooning, empty cells, absence of necrosis, 

inflammation, pyknotic nuclei and sinusoidal dilation (Fig 2c, 

d &e). 

Paracetamol is considered to be the safest non-steroidal 

antipyretic drug if used in recommended doses. However, 

consumption of a single overdoses or chronic  

low dose can caused peroxidative  degradation in the adipose 

tissue  resulting in fatty infiltration of the  hepatocytes thereby 

producing hepatic damage (8, 23, 24 ). Paracetamol affect the 

liver through covalent binding of its toxic metabolite, 

n-acetyl-pbenzoquinone-amine to the sulfhydryl group of 

protein resulting in cell necrosis and lipid peroxidation (25). 

The present study revealed that paracetamol induced 

significant increase in the MDA level and also cause a 

significant decrease in the hepatic GSH and GST level. 

However, a dose dependent treatment with the C. javanica 

methanol extract has brought back the altered levels of these 

biochemical markers to near normal levels. The remarkable 

elevation in the hepatic MDA level and decreased in oxidative 

stress biomarker like GSH and GST in paracetamol 

administered rats reported in this study is also in accordance 

with previous reports on the hepatotoxicity of paracetamol 

(27, 26). An increase in the level of MDA, a product of lipid 

peroxidation in response to administration of a hepatotoxin 

was also reported by Shenoy et al. (2001) (28) and Patrick et 

al. (2007) (29). In fact, in most experiment involving the 

induction of liver injury in experimental animals, 

paracetamol-induced damage produces alteration in the 

antioxidant status of the hepatic tissues and increase in MDA  

level which is manifested by abnormal histopathology. The 

alteration in antioxidative enzymes and increased MDA level 

in rats administered with paracetamol has also been reported 

by Hussein et al. (2010) and Adullah et al. (30, 31). The 

present findings revealed that treatment of rats for 14 days 

with C. Javanica extract at varying dosages to paracetamol 

administration significantly reversed these changes which is 

also evidenced by histological findings. It would be deducted, 

therefore, that the antioxidant effects of C. Javanica extract 

could possibly be its mechanism of hepatoprotection.The 

efficacy of any hepatoprotective drug indeed depends upon 

on its ability to either maintain the normal hepatic 

physiological mechanisms disturbed by a hepatotoxic agent or 

reduce the harmful effects of hepatoxin. 
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Abstract: The native people of Mizoram use Mussaenda 

macrophylla (MM) for the treatment of various health 

problems such as coughs, chronic or obstinate ulcer and for 

the treatment of snake bites. Recent studies have reported its 

therapeutic functions including antibacterial, anticoagulant, 

anti-inflammatory and hepatoprotective activities. The 

present study was carried out to investigate the 

phytochemical composition, free radical scavenging and 

antioxidative potential of various extracts of M. macrophylla. 

The preliminary phytochemical screening revealed the 

presence of alkaloids, cardiac glycosides, saponins, steroids, 

tannins and terpenoids in various extracts of MM. Aqueous 

extract have the highest total phenolic (387.61 ± 8.14 mg 

GAE/g dry extract) and flavonoid (5761.35 ± 3.96 mg 

quercetin/g dry extract) contents. The antioxidant capacity of 

MM extracts was measured by their ability to scavenge 

1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2, 

2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS). 

The scavenging activities of MM extracts for DPPH and 

ABTS occurred in a concentration dependent manner. 

Aqueous extract was found to be the most effective scavenger 

in ABTS assay with an IC50 of 17.20 ± 0.50 µg/ml, more 

effective than the standard ascorbic acid (39.70 ± 0.55 

µg/ml). The DPPH radical scavenging activities was found to 

be similar for aqueous extract (IC50: 25.92 ± 0.33 µg/ml) and 

methanolic extract (IC50: 26.43 ± 0.55 µg/ml) whereas the 

IC50 of chloroform extract was indeterminable within the 

given concentration. Among various extracts of MM, 

methanolic extract was found to exhibit the highest reducing 

power as determined by measuring the transformation of 

Fe3+ into Fe2+. Aqueous extract of MM showed the highest 

inhibitory activities against mice erythrocyte hemolysis and 

lipid peroxidation in liver homogenate with an inhibition rate 

of 80.53 % and 65.33 % respectively.    

I. INTRODUCTION 

When present in moderate concentration, free radicals are 

fundamental to certain physiological functioning of the body 

such as gene expression, cellular growth and defense against 

infection (16) and represent an essential part of aerobic life 

and metabolism (60). However, due to their highly reactive 

property, overproduction of the free radicals including 

reactive oxygen species (ROS) such as superoxide anion  

radicals (O2•-), hydrogen peroxide (H2O2), hydroxyl 

radicals (˙OH) and singlet oxygen (1O2) can hamper the 

antioxidant defense systems of the body leading to a condition 

called ‘oxidative stress’. Oxidative stress can result in tissue 

damage and it is found to be closely associated with several 

lifestyle-related diseases including neurodegenerative 

disorders, arthritis, coronary heart disease, inflammation, 

diabetes, and cancer (59, 38). Despite the presence of small 

antioxidant molecules and several antioxidant enzymes in our 

body, these agents may not be sufficient enough to normalize 

the redox status during increased oxidative stress (50). 

Therefore, maintenance of optimal body function and redox 

homeostasis in cells may require exogenous antioxidants 

supplementation. Medicinal plants have been used for human 

healthcare since the advent of human civilization and have 

been the mainstay of traditional systems of medicine. The 

importance of plants as natural sources of antioxidants and 

free radical scavengers have been reported earlier by various 

researchers (6, 46). Many modern drugs used for the treatment 

of several diseases have been isolated from plants before they 

were synthesized chemically (12). Consumption of natural 

antioxidants, such as those derived from plants, has been 

reported to reduce the risk of cancer and many chronic 

diseases (21). 

II.  MATERIALS AND METHODS 

A. Chemicals 

 Quercetin dihydrate, gallic acid, nicotinamide adenine 

dinucleotide (NADH), nitro blue tetrazolium (NBT), 

phenazinemethosulfate(PMS),2-deoxyribose,2,2’-azino-bis- 

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), di-sodium 

hydrogen phosphate, ferric chloride, sodium nitrite, 

potassium persulfate and hydrogen peroxide (H2O2) were 

obtained from HiMedia Laboratories Pvt., Ltd. 

(Mumbai,India). Thiobarbituric acid (TBA), 

1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) and were 

obtained from Sigma Aldrich Inc (Louis, Germany). 

Folin-ciocalteu’s reagent, trichloroacetic acid (TCA), sodium 

hydroxide, sodiumcarbonate, ascorbic acid and ferrous 

sulphate were obtained from SD fine–chem Ltd. (Mumbai, 

India). Alluminium chloride and sodium dihydrogen 

phosphate were obtained from Merck Specialities Pvt., Ltd. 
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(Mumbai, India). Ethylenediaminetetraacetic acid (EDTA) 

was obtained from Qualigens Fine Chemicals (Mumbai, 

India). Potassium ferricyanide was obtained from 

LobaChemie Pvt., Ltd. (Mumbai, India). 

B.  Collection of plant material and preparation of 

extracts 

M. macrophylla (MM) was collected from Kolasib District, 

Mizoram. The leaves were then dried naturally in a dry and 

dark place with room temperature for about one month and 

pulverized by using mixer grinder. The dried powdered leaves 

were then sequentially extracted with petroleum ether, 

chloroform, methanol and distilled water according to the 

increasing polarity using Soxhlet apparatus at their respective 

boiling points until the solvent becomes colorless. The liquid 

extracts were filtered and concentrated using a rotary 

evaporator (Buchi, Germany) under reduced pressure at 40°C 

for 5 hr. The extracts obtained were then collected and stored 

at 4°C until use. Henceforth, chloroform extract, methanol 

extract and aqueous extract of MM will be called as MMCE, 

MMME and MMAE respectively. 

III. PHYTOCHEMICAL ANALYSIS 

The qualitative phytochemical screening was performed 

for various solvent extracts of M. macrophylla using standard 

protocol (23). 

A. Test for alkaloids 

Different extracts of MM (0.1 g) were treated with 0.5 ml 

of Dragendroff’s reagent (solution of potassium bismuth 

iodide) to detect the formation of reddish brown precipitate 

that indicated the presence of alkaloids. 

B. Test for cardiac glycosides 

The presence of cardiac glycosides was determined using 

Liebermann’s test. Briefly, 2.0 ml each of acetic acid and 

chloroform were added to 0.1 g of MM extract and the 

mixture was then cooled before adding H2SO4. Formation of 

a brown ring indicated the presence of cardiac glycosides. 

C. Test for sponins 

MM extract (0.1 g) was added to 5.0 ml of distilled H2O 

followed by vigorous mixing. The frothing was mixed with 

few drops of olive oil and the appearance of a fairly stable 

emulsion indicated the presence of saponins. 

D. Test for tannins 

Few drops of diluted ferric chloride solution was added to 

the mixture of 2 ml each of MM extract (0.1g/ml) and distilled 

H2O to detect the formation of brownish green or blue-black 

coloration that indicated the presence of tannins. 

E. Test for terpenoids 

The presence of terpenoids was tested using Salkowski’s 

test. The MM extract (5ml; 0.1 g/ml) was carefully mixed 

with 2ml of chloroform and 3 ml of concentrated H2SO4 to 

detect the formation of reddish brown precipitation at the 

interface that indicated the presence of terpenoids. 

F. Test for phlobatanins 

The presence of phlobatanins was determined by adding 2 

ml of MM extract (0.1 g/ml) to 1% HCl to detect the 

formation of red precipitate that indicated the presence of 

phlobatannins.  

G. Total phenolic content 

The total phenolic content was determined using the 

method described by Singleton and Rossi (1996) (57). 1 ml of 

MM extract dissolved in their respective solvent (0.25-8.0 

mg/ml) was mixed with 5 ml Folin-Ciocalteu’s reagent 

(diluted ten-fold). The mixture was then incubated for 5 min 

before addition of sodium carbonate (4 ml, 0.115 mg/ml). 

After 2hr of incubation in the dark at room temperature 

absorbance was measured at 765 nm. Calibration curve was 

also prepared by mixing methanol solution of gallic acid (1 

ml, 0.25–4.0 mg/ml) with the reagents above and absorbance 

was recorded at 765 nm using UV-Visible spectrophotometer 

(SW 3.5.1.0. Bio-spectrometer, Eppendorf India Ltd., 

Chennai). All determinations were carried out in triplicate. 

The total content of phenolic compounds in the extract was 

expressed as gallic acid equivalents (GAE) mg/g of the dry 

extract. 

H. Total flavonoid content 

Total flavonoid content of various extract of MM was 

determined by using the method described earlier (49). 

Briefly, 0.25 ml of extracts dissolved in their respective 

solvent (0.25-8.0 mg/ml) and standard quercetin solution was 

mixed with 1.25 ml of distilled water and 75µl of 5% (w/v) 

sodium nitrite solution. Then, 150µl of 10% (w/v) aluminum 

chloride solution was added and allowed to stand for 5 min 

before the addition of 0.5 ml of 1 M NaOH. Distilled water 

was added to make up the volume to 2.5 ml and mixed well. 

The absorbance was recorded immediately at 510 nm. The 

flavonoid content was expressed as quercetin equivalent 

(mg/g extract). 

IV. DETERMINATION OF FREE RADICAL 

SCAVENGING ACTIVITY IN VITRO: 

A. DPPH radical scavenging activity 

The scavenging activity of MM extracts for DPPH radical 

was determined according to Leong and Shui (2002) (34) with 

minor modifications. Briefly, 0.5 ml of various MM extracts 

(1-400 µg/ml) was mixed with 1 ml of methanol solution of 

0.1 M DPPH and allowed to stand for 30 min in the dark. 

Then, absorbance was measured at 523 nm. The absorbance 

was compared with that of the control prepared as above 

without extract. The antioxidant activity of the extract was 

expressed as IC50, the concentration (µg/ml) of extract at 

which 50 % of the DPPH radicals was inhibited. Ascorbic 

acid (ASA) was used as the positive control. The test was 

repeated at all concentration of each sample in triplicate.  The 
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scavenging activity was then calculated based on the 

percentage of DPPH radicals scavenged using the formula: 
 

Scavenging (%) = [(A blank – A sample) / A blank] X 100 

Where Ablank is the absorbance of the control reaction 

(containing all reagents except the test compound) and A sample 

is the absorbance of the test compound. 

B. ABTS radical scavenging activity 

ABTS assay was performed according to the method of Re 

(48). A stock solution was prepared by mixing equal volumes 

of 7 mM ABTS and 2.45 mM potassium persulfate followed 

by incubation for 12 hr at room temperature in the dark to 

yield a dark-colored solution containing ABTS˙+ radicals. A 

working solution was prepared freshly before each assay by 

diluting stock solution with 50% methanol for an initial 

absorbance of about 0.70 (±0.02) at 745 nm. Free radical 

scavenging activity was then assessed by mixing 150µl of 

different fractions of various extracts of MM (1-200 µg/ml, 

dissolved in their respective solvents) with 1.5 ml of ABTS 

working standard. The decrease in absorbance was measured 

immediately at 745 nm. Experiment was repeated three times 

at each concentration of the sample. Ascorbic acid was used 

as positive control. The scavenging activity was estimated 

based on the percentage of ABTS radicals scavenged using 

the formula: 
 

Scavenging (%) = [ (A blank – A sample) / A blank] X100 
 

Where A blank is the absorbance of the control reaction 

(containing all reagents except the test compound) and A 

sample is the absorbance of the test compound. 

C. Reducing Power 

The reducing power of MM extracts was determined using 

the method given by Oyaizu (44) with minor modifications. 

MM extracts (1- 400 µg/ml; dissolved in their respective 

solvent) were mixed with 2.5 ml of 0.2 M phosphate buffer 

(pH- 6.6) and 2.5 ml of 1% potassium ferricyanide solution. 

2.5 ml of 10% TCA was added to the mixture after incubation 

at 50°C for 20 min. The mixture was then centrifuged at 3000 

rpm for 10 min. The supernatant (2.5 ml) was mixed with 2.5 

ml of distilled water and 0.5 ml of 1% ferric chloride solution. 

Absorbance was measured at 700 nm. The increase in 

absorbance indicated increasing reducing power of the 

extract.  

V. EX VIVO ANTIOXIDANT ASSAY 

A. Anti-hemolytic activity 

The inhibition of mice erythrocyte hemolysis by various 

extracts of MM was measured to determine their antioxidative 

potential (36). Blood was collected from Swiss albino mice of 

same age group (10-12 w) and body weights (25-27 g) by 

heart puncture in a heparinized tube. The mice erythrocyte 

hemolysis was induced with H2O2 that serve as free radical 

initiator. To 0.5 ml of 5% (v/v) suspension of RBC in PBS, 

0.4 ml (0.5 mg/ml) of different extracts and 100 µl of 1 mol/L 

H2O2 was added. The reaction mixture was gently mixed 

while being incubated at 37°C for 3 hr. It was then diluted 

with 4 ml of PBS and centrifuged at 2000 rpm for 10 min. The 

supernatant was collected and absorbance was recorded at 

540 nm. The rate of inhibition of erythrocyte hemolysis was 

calculated using the formula: 
 

Inhibition rate (%) = [1 - (A1 – A2)/ A0] × 100 

Where, A0 is the absorbance of control (without sample), A1 

is the absorbance in the presence of the extract and A2 is the 

absorbance without sample (RBC). 

B. Inhibition of Lipid Peroxidation 

 The inhibition of lipid peroxidation by MM extracts was 

measured according to the method given by Rajinder and 

Thukral (2010) (47) using mice liver. Liver was excised from 

Swiss albino mice and 1% liver homogenate was prepared and 

centrifuged at 3000 rpm at 4ºC for 10 min. The supernatant 

(0.5 ml) was mixed with 0.5ml (0.5 mg/ml) of extracts, 

0.25ml each of 0.5mol/L FeCl2 and H2O2 and incubated at 

37°C for 1 hr. Absorbance was measured at 535nm and the 

rate of inhibition of lipid peroxidation was calculated using 

the formula: 
 

Inhibition rate (%) = [1 - (A1 – A2)/ A0] × 100 

Where, A0 is the absorbance of control (without sample), A1 is 

the absorbance in the presence of the extract and A2 is the 

absorbance without liver homogenate. 

VI. ANIMALS 

Colony of inbred Swiss albino mice is being maintained 

under controlled conditions of temperature (22∘C ± 5∘C) 

and 12 h light-dark cycles (Frontier Euro Digital Timer, 

Taiwan) at the Animal Care Facility of the Department of 

Zoology, Mizoram University, Aizwal, India. The animals 

were fed with commercially available food pellets and water 

ad libitum. The animal care and handling were carried out 

according to the guidelines given by WHO, Geneva, 

Switzerland. The study was approved by the Institutional 

Animal Ethical Committee, Mizoram University, India vide 

approval No. MZU-IAEC/2018/09. 

 

VII. STATISTICAL ANALYSIS 

 Data are expressed as mean ± standard error of mean. The 

IC50 values were calculated using Graph pad prism software 

ver. 6.0 by plotting the % inhibition of free radicals against 

the log doses. One-way analysis of variance(ANOVA) was 

performed to test the significant variations on phytochemical 

contents and the antioxidative potential of various extracts 

followed by Tukey multiple comparisons of means. 
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SPSSver.16.0 software (SPSS Inc, Chicago, Illinois, USA) 

and Graph pad prism software ver. 6.0 were used for the 

statistical and graphical evaluations. A p-value of less than 

0.05 was considered statistically significant. 

VIII. RESULTS AND DISCUSSION 

A. PHYTOCHEMICAL ANALYSIS 

The preliminary phytochemicals screening revealed the 

presence of various naturally occurring compounds such as 

alkaloids, cardiac glycosides, saponins, steroids, tannins and 

terpenoids in MM extracts (Table 1). These compounds, 

belonging to polyphenolic group, have been reported 

toexhibited several pharmaceutical potentials. For example, 

tannins as antioxidants and anti-inflammatory (15), alkaloids 

as anti-hypertensive and anti-malarial (65), terpenoids as 

anti-ulcer and anti-microbial (33, 17) and saponins as 

anti-microbial (31).  

B. TOTAL PHENOLIC AND FLAVONOID CONTENTS 

The total phenolic content of MM extracts increased in a 

concentration dependent manner (Figure1). At 8 mg/ml, 

significant variation in total phenolic content was observed 

between different extracts of MM (F2,6 =252.14; p < 0.001). 

MMAE has significantly higher (p<0.001) total phenolic 

content (387.61 ± 14.10 mg gallic acid equivalent/g of dry 

extract) as compared to MMME (301.29 ± 21.73 mg gallic 

acid equivalent/g of dry extract) and MMCE (118.81 ± 0.85 

mg gallic acid equivalent/g of dry extract). Similarly, the total 

flavonoid content of MM extracts increased with increase in 

concentration (Figure 2). At 8 mg/ml, there was a significant 

variation (F2,6=11898.39; p<0.001) in the flavonoid contents 

among MM extracts. MMAE has the highest flavonoid 

content (5761.65 ± 3.96 mg quercetin equivalent/g of dry 

extract) followed by MMME (4864.68±6.75mg quercetin 

equivalent/g of dry extract) and MMCE (4830.09±2.99 mg 

quercetin equivalent/g of dry extract). 

Phytochemicals Reagent Colour Indication MMCE MMME MMAE 

ALKALOIDS Dragendorff’s Reagent Reddish brown precipitate  -  +  + 

          

CARDIAC  

GLYCOSIDES 

Glacial Acetic Acid Brown ring  -  +  + 

Ferric Chloride       

Sulphuric Acid       

          

SAPONINS Olive oil Whitish emulsion  -  +  + 

          

STEROIDS Sulphuric Acid Red colour  -  +   - 

          

TANNINS Ferric Chloride Brownish green or blue-black  +   -   + 

          

TERPENOIDS Sulphuric acid Reddish brown  -  +   - 

          

PHLOBATANNINS Hydrochloric acid Red precipitate  -   -  - 

Table 1: Preliminary phytochemical screening of different extracts of M. macrophylla. (+ indicates presence of 

phytochemicals and – indicates absence of phytochemicals). 

 

 

 Due to the presence of conjugated ring structures and 

hydroxyl groups, the phenolic compounds have antioxidants 

potential by scavenging or stabilizing free radicals involved in 

oxidative processes through hydrogenation or complexing 

with oxidizing species (14, 5). Compounds containing 

phenols have been reported to exhibit cardioprotective, 

anti-inflammatory, anti-allergenic, anti-artherogenic, 

anti-microbial, anti-thrombotic and vasodilatory effects (41, 

4). Similarly, flavonoids are having antioxidants, free radical 

scavenging, metal chelating and lipid peroxidation inhibitory 

properties due to their unique structural conformations (11). 

 

 

C. Free Radical Scavenging Activity In Vitro 

The methanolic and aqueous extracts of MM showed a 

concentration dependent increase in the scavenging of DPPH 

radicals as indicated by the discoloration of DPPH. Maximum 

scavenging was observed at a concentration of 400 µg/ml for 

both methanolic and aqueous extracts. Log-doses of various 

extracts of M. macrophylla and standard ascorbic acid (ASA) 

were plotted against DPPH inhibition (%) for the calculation 

of IC50 (Figure 3). The aqueous extract (IC50: 25.92 ± 0.33 

µg/ml) and methanolic extract (IC50: 26.43 ± 0.55 µg/ml) 

were found to have similar DPPH radical scavenging activity 

(Figure 4) whereas the IC50 of chloroform extract could not 

be determined within the given concentration. 
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 Figure 1: Total phenolic content of various extracts of M. 

macrophylla determined as gallic acid equivalent. Values are 

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

 

 
Figure 2: Total flavonoid contents of various extracts of M. 

macrophylla determined as gallic acid equivalent. Values are 

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

 

Figure 3: Plots of log-doses of various extracts of M. 

macrophylla and standard ascorbic acid (ASA) against DPPH 

inhibition (%) for the calculation of IC50. ABTS•+ radical 

scavenging activity of MM extracts also increased in a 

concentration dependent manner as indicated by discoloration 

of the ABTS•+. Maximum scavenging activity was observed 

at a concentration of 200 µg/ml for all the MM extracts. 

Log-doses of various extracts of M. macrophylla and standard 

ascorbic acid (ASA) were plotted against ABTS•+ inhibition 

(%) for the calculation of IC50 (Figure 5). 

 

Figure 4: IC50 (µg/ml) for DPPH of various extracts of M. 

macrophylla and standard ascorbic acid. Values are expressed 

as Mean ± SEM, n=3. Different letters indicate significant 

variation. 

 

 

Figure 5: Plots of log-doses of various extracts of M. 

macrophylla and standard ascorbic acid (ASA) against ABTS 

inhibition (%) for the calculation of IC
50. 

 

 MMAE showed the highest scavenging activity (lowest 

IC50; 17.20 ± 0.50 µg/ml) followed by MMME (IC50; 25.95 

± 0.068 µg/ml) and MMCE (IC50; 197.16 ± 0.12µg/ml). The 

aqueous and methanolic extracts were found to be more 

effective in scavenging ABTS•+ radical than the standard 

ascorbic acid (39.70 ± 0.55 µg/ml) (Figure 6). 
 

 

Figure 6: IC50 (µg/ml) for ABTS of various extracts of M. 

macrophylla and standard  as corbic acid. Values are 

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

The reducing power of various extracts of MM was 

determined by measuring the transformation of Fe3+ to Fe2+. 

The reducing activity of MM extracts increased in a 

concentration dependent manner (Figure 7). At 400 µg/ml, 

the highest reducing activity was recorded for MMME (1.098 

± 0.0003) followed by MMAE (0.731 ± 0.002) and MMCE 

(0.527 ± 0.0008). The reducing activity of MMME was found 

to be higher than the standard ascorbic acid (0.87 ± 0.02). 
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Figure 7: Reducing power of various extracts of M. 

macrophylla and the standard ascorbic acid (ASA). Values 

are expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

 

The antioxidant property of natural compounds such as 

plant extracts can be evaluated through their ability to reduced 

methanolic DPPH solution to non-radical form DPPH-H. In 

the present study, the antioxidative potential of MM extracts 

was determined by their ability to scavenge DPPH radicals, 

and MM extracts were found to be active radical scavengers. 

Compounds such as polyhydroxyl aromatic compounds, 

cysteine, tocopherol, glutathione and ascorbic acid have been 

known to have the ability to reduce DPPH due to their 

hydrogen donating ability (Blois 1958; Moon et al. 2000). 

Several plant extracts including Agele marmelos, Croton 

caudatus, Oroxylum indicum and Syzygium cumini have been 

reported to effectively scavenge the DPPH free radicals in 

vitro (27, 26, 51, 32). The antioxidative activity of various 

extracts of MM was also determined by measuring their 

ability to convert the blue colored ABTS•+, which is formed 

by the interaction of ABTS and potassium ferricyanide, to 

ABTS. The effectiveness of this conversion depends on a 

number of characteristics such as number of aromatic rings, 

nature of hydroxyl group’s substitution and the molecular 

weight of phenolic compounds (Hagerman et al. 1998). The 

study demonstrates MM extracts as potent antioxidants and 

their ABTS•+ scavenging activity might be due to the 

presence of high molecular weight phenolics such as catechin, 

and rutin derivatives. The reducing power of compounds 

could be used as an indicator of their potential antioxidant 

property (39). The higher absorbance at higher concentrations 

showed the high reducing power potential of the extracts. The 

reducing activity of MMME being higher than the standard 

ascorbic acid indicates the strong redox potential of the 

extract.  The graded increase in percentage inhibition as the 

concentration of the plant extracts increases indicates that 

percentage scavenging effectiveness strongly depends on the 

extracts concentrations. 

D. EX VIVO ANTIOXIDANT ASSAY 

The anti-hemolytic activity of various extracts of MM was 

determined at 0.5 mg/ml. There was a significant variation in 

the anti-hemolytic activity of different extract of MM (F2,6= 

7.19; p < 0.05). MMAE showed the highest (p < 0.05) 

inhibitory activity against erythrocyte hemolysis with an 

inhibition rate of 80.53 % followed by MMCE (70.91 %) and 

MMME (69.17 %) (Figure 8). 

 

 

Figure 8: Anti-hemolytic activity of various extracts of M. 

macrophylla. Values are expressed as Mean ± SEM, 

n=3.Different letters indicate significant variation. 

 

The lipid peroxidation inhibition potential of MM extracts 

was also estimated at 0.5 mg/ml in mice liver homogenate. 

Significant variation was observed among MM extracts in 

their inhibitory activity against lipid peroxidation (F2,6= 

8342.13; p < 0.001). MMAE showed the highest inhibitory 

activity with an inhibition rate of 65.33% followed by 

MMME (54.38%) and MMCE (49.83%). 

 

 

 

Figure 9: The inhibitory activity of various extracts of M. 

macrophylla. Values are expressed as Mean ± SEM, 

n=3.Different letters indicate significant variation. 

 

Hemolysis occurs due to membrane damage caused by the 

action of free radicals on erythrocytes that are the major target 

of free radicals (64, 18). Free radicals also cause lipid 

peroxidation by inducing membrane damage through 

peroxidation of lipid moieties, particularly the 

polyunsaturated fatty acids in a chain reaction (30). In vitro 
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peroxidation of the liver homogenate was induced by 

FeCl2-H2O2. The formation of Malonaldehyde (MDA) 

serves as a marker of lipid peroxidation and oxidative stress. 

Various extracts of MM showed significant anti-hemolytic 

and lipid peroxidation inhibition potential which could be due 

to the presence of numerous amounts of phenols and 

flavonoids. Certain phenolic compounds have been reported 

to partition in cell membrane, hindering diffusion of free 

radicals and consequently decreased the kinetics of free 

radical reactions (56). Flavonoids have been reported to 

inhibit lipid peroxidation in the erythrocytes membrane and 

improved their integrity against lyses by binding to the 

membrane (10).  
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Abstract: This study evaluates the phytochemical 

constituents, free radical scavenging activities and 

antioxidative potential of the tuber extracts of Stemona 

tuberosa (ST) Lour. The preliminary phytochemical 

screening revealed the presence of alkaloid, cardiac 

glycosides, saponins, steroids, tannins and terpenoids from 

various solvent extracts of ST. The methanolic extract of ST 

showed the highest phenolic (715.20 ± 2.42 mg GAE/g dry 

extract) and flavonoid (3864.25 ± 7.54 mg quercetin/g dry 

extract) contents. S. tuberosa extracts were analyzed for their 

scavenging activities based on 1,1-diphenyl-2-picrylhydrazyl 

(DPPH), 2, 2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 

acid (ABTS), and superoxide anions (O2
•-)  in a cell free 

system. Different extracts of ST inhibited the generation of 

DPPH, ABTS and O2
•- in a concentration dependent manner. 

Among the various extracts of ST, the methanolic extract 

showed the highest scavenging activities for ABTS and O2
•- 

with IC50 of 36.20 ± 0.832 µg/ml and 98.93 ± 3.37 µg/ml 

respectively. The scavenging activity of methanolic extract 

for ABTS and O2
•-

 was significantly higher than the standard 

ascorbic acid. However, chloroform extract was found to 

possess the highest scavenging activity for DPPH with IC50 

of 7.36 ± 0.081 µg/ml. The total reducing power of ST 

extracts was also determined by measuring the 

transformation of Fe3+ into Fe2+ and the methanolic extract 

was found to exhibit the highest reducing power. The extracts 

were also analyzed for their anti-haemolytic activity and 

inhibitory effect on lipid peroxidation in an ex vivo condition 

using mice erythrocyte and liver, respectively. The 

anti-haemolytic activity of ST extracts also increased with the 

increase in concentration of the extract. Chloroform extract 

was found to possess the highest anti-haemolytic activity with 

68.81 % inhibition followed by methanolic extract (38.57 %) 

and aqueous extract (20.81 %). Methanolic extract showed 

the highest inhibitory activity on lipid peroxidation (80.5 %) 

followed by chloroform extract (67.8 %) and (62.63 %).  Our 

study suggests that ST extracts have free radical scavenging 

and antioxidative potential, probably due to their high 

phenolic and flavonoid contents. 

 
 

 

 

I. INTRODUCTION 

 During normal cellular metabolism, molecular oxygen 

results in production of reactive oxygen species (ROS) such 

as superoxide (O2
•-), hydrogen peroxide (H2O2), hydroxyl 

radicals (˙OH) and singlet oxygen (
1
O2). At low to moderate 

concentrations, ROS are fundamental in modulating various 

physiological functions of the body, representing an essential 

part of aerobic life and metabolism (16, 44). However, 

excessive generation of ROS hampers the antioxidant defense 

systems of the body leading to a condition called ‘oxidative 

stress’ ensuing tissue damage, and have been reported to be 

associated with diseases including coronary heart disease, 

neurodegenerative disorders, diabetes, arthritis, 

inflammation, lung damage and cancer (43; Maxwell 1995). 

Certain plants have been reported to contain various 

phytochemicals that are generally non-toxic, act as natural 

antioxidants and useful for the treatment of different diseases 

(7). Since, antioxidants are capable of preventing oxidative 

damage, use of plants and plant-derived products as a source 

of natural antioxidants has been employed as a conventional 

method for maintaining oxidative balance in the body. 

 Stemona tuberosa is an elegant plant belonging to the 

family Stemonaceae. It is native to China, Southeast Asia, 

North-east India and New Guinea, and is one of the 50 

fundamental herbs used in traditional Chinese medicine (26). 

Roots of S. tuberosa has been traditionally used for the 

treatment of cough and chest pains (31), infestations with lice 

and treatment of enterobiasis, and in revitalization of the body 

and provision of sexual stimulant (19). Among the genus 

Stemona, S. collinsae has been reported for its antifungal 

property (32), S. japonica for its antimicrobial activity. Other 

species such as S. sessifolia and S. curtisii have also been 

reported to contain certain alkaloids that may possess 

antifungal, anti-inflammatory and antitussive activities (14). 

Antioxidative potential is widely used as a parameter to assess 

medicinal property of natural products or the bioactive 

components of plants. In vitro screening methods have been 

commonly used for chemical elucidation and 

pharmacological investigations of medicinal plants 

(El-Zalabani et al. 1999). Therefore, the present study aimed 

to evaluate the free radical scavenging activity and 
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antioxidant potential of the tuber extracts of Stemona 

tuberosa.  

II. MATERIALS AND METHODS 

A. Chemicals Used 

Gallic acid, Quercetindihydrate, methanol, ferric chloride, 

Sodium nitrite, nitrobluetetrazolium (NBT), nicotinamide 

adenine dinucleotide (NADH), phenazinemethosulfate 

(PMS),2-deoxyribose,2,2’-azino-bis-(3-ethylbenzothiazolin

e-6-sulfonic acid) (ABTS), di-sodium hydrogen phosphate, 

potassium persulfate and hydrogen peroxide (H2O2) were 

obtained from HiMedia Laboratories Pvt., Ltd.(Mumbai, 

India). 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) and 

thiobarbituric acid (TBA), were obtained from Sigma 

Aldrich Inc (Louis, Germany). Trichloroacetic acid 

(TCA),Folin-ciocalteu’s reagent, sodium hydroxide, sodium 

carbonate, ascorbic acid and ferrous sulphate were obtained 

from SD fine–chem Ltd. (Mumbai, India). Alluminium 

chloride and sodium di-hydrogen phosphate were obtained 

from Merck Specialities Pvt., Ltd.(Mumbai, India). 

Ethylenediaminetetraacetic acid (EDTA) was obtained from 

Qualigens Fine Chemicals (Mumbai, India). Potassium 

ferricyanide was obtained from LobaChemie Pvt., 

Ltd.(Mumbai, India). 

B. Preparation of Extracts 

 The plant Stemona tuberosa (ST) was identified and 

collected from Phura, Siaha District, Mizoram. The roots 

were washed and chopped into smaller pieces and then shade 

dried at room temperature. The dried roots were grounded to 

powder using a mixer grinder and then sequentially extracted 

with petroleum ether, chloroform, methanol and distilled 

water based on their increasing polarity using Soxhlet 

apparatus at their respective boiling points for a minimum of 

40 cycles each. The liquid extracts were filtered, allowed to 

evaporate and finally freeze dried so as to obtain a fine 

powder of the extract. Henceforth the chloroform extract, 

methanolic extract and aqueous extract of ST will be called 

as STCE, STME and STAE respectively. 

C. Phytochemical Analysis 

The following phytochemicals were screened for their 

presence in various extracts of S. tuberosa using standard 

protocols. 

i. Alkaloids 

The presence of alkaloids in ST extracts was confirmed by 

employing the Dragendorff’s test. Briefly, 0.1 g of different 

extracts of ST was mixed with 0.5 ml of Dragendorff’s 

reagent. The development of reddish brown precipitate 

indicates the presence of alkaloids (17). 
 

ii. Cardiac glycosides  

ST extract (0.1 g) was treated with 2 ml of glacial acetic 

acid containing one drop of ferric chloride solution with an 

under laying of 1 ml of concentrated H2SO4. The appearance 

of brown ring at the interface indicated the presence of 

deoxysugar, which is a characteristic of cardenolides 

(Doughari 2012). 
 

iii. Saponins 

 ST extracts (0.1 g) was mixed with 3 drops of olive oil and 

shaken vigorously for few min. The formation of a fairly stable 

emulsion indicated the presence of saponins (10). 
 

iv. Steroids  

 The presence of steroid in various extracts of ST was 

determined by Salkowski’s test. Briefly 0.1 g of ST extract 

dissolved in their respective solvents was mixed with a few drops 

of concentrated H2SO4. The development of red colour at lower 

layer indicated the presence of steroids (17). 
 

v. Tannins 

 Presence of tannin was determined by Ferric chloride test. 

Brieftly, 0.1 g of ST extract was dissolved in their respective 

solvents and a few drops of 0.1% ferric chloride were added. The 

formation of brownish green or a blue-black colour indicated the 

presence of tannins (10).  
 

vi. Terpenoids  

 The presence of terpenoids in various extracts of ST was 

detected using Salkowski’s test. 5 ml of each extract (0.1 g/ml) 

was mixed with 2 ml of chloroform followed by careful addition 

of 3 ml concentrated H2SO4 so as to allow the formation of a 

layer. The formation of a reddish brown colour at the interface 

confirmed the presence of terpenoids (17). 
 

vii. Phlobatannins 

Different extracts of ST (0.1g) was boiled in 1% aqueous 

hydrochloric acid and deposition of a red precipitate indicated the 

presence of phlobatannins (10). 

D. Quantitative Estimation Of Phytochemicals 

i.  Determination of total phenolic content 
 

The total phenolic content of various extracts of ST was 

determined using the method described earlier (42). Briefly, 5 

ml of Folin-ciocalteau reagent (diluted ten-fold) was mixed 

with 1 ml of plant extracts (STCE, STME, STAE), dissolved 

in their respective solvent, at the concentration ranging from 

0.25-8.0 mg/ml.. Sodium carbonate (4 ml, 0.115 mg/ml) was 

added to the mixture after 5 min of incubation at room 

temperature. Then, the mixture was incubated for 2 hr in the 

dark at room temperature followed by measuring the 

absorbance at 765 nm using UV-Visible spectrophotometer 

(SW 3.5.1.0. Bio-spectrometer, Eppendorf, India Ltd., 

Chennai) Calibration curve was also prepared by mixing 

methanolic solution of gallic acid (1 ml, 0.25–4.0 mg/ml) with 

the reagents above and absorbance was measured at 765 nm. 

All determinations were carried out in triplicate. The total 

phenolic content in each extract was expressed as gallic acid 

equivalents (GAE) mg/g of the dry extract. 
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ii. Determination of the total flavonoids 

Total flavonoid content was determined using the method 

described by Sakanaka et al. (2005) (39). Briefly, 0.25 ml of 

different fractions of the extract (0.25-4.0 mg/ml; dissolved in 

respective solvent) and quercetin standard solution was mixed 

with 1.25 ml of distilled water followed by the addition of 

75µl of 5% (w/v) sodium nitrite solution. After few min, 150 

µl of 10% (w/v) aluminum chloride solution was added and 

allowed to stand for further 5 min before the addition of 0.5 

ml of 1 M NaOH. The mixture was then made up to 2.5 ml 

with distilled water and mixed well. Absorbance was 

measured immediately at 510 nm. The result was expressed as 

quercetin equivalents (mg/g extract) All estimations were 

performed in triplicate. 

E. In Vitro Antioxidant Assays 

i. DPPH radical scavenging activity 

DPPH radical scavenging activity was carried out 

according to the method described earlier (22) with slight 

modifications. To different concentrations of various extracts 

of ST (0.5 ml, 1-400 µg/ml), 1 ml of methanolic solution of 

0.1 mM DPPH was added. The mixture was then allowed to 

stand in the dark for 30 minutes and absorbance was measured 

at 523 nm. Methanol was utilized as the baseline correction. 

The results were compared with that of the control prepared 

as above without sample. The antioxidant activity of the 

extract was expressed as IC50, the concentration (µg/ml) of 

extract that inhibited 50 % of DPPH radicals. Ascorbic acid 

was used as the positive control and each study was 

performed in triplicate. The scavenging activity was then 

estimated using the formula: 
 

% scavenging = [( Ablank – Asample) / Ablank]  100 

Where Ablank is the absorbance of the control reaction 

(containing all reagents except the test compound) and Asample 

is the absorbance of the test compound. 
 

ii. Superoxide radical scavenging activity 

Superoxide scavenging activity was determined by the 

nitrobluetetrazolium (NBT) reduction method (18) with 

minor modifications. To the reaction mixture containing 0.2 

ml of NBT (1mg/ml in DMSO) and 0.6 ml of extract (1- 800 

µg/ml), 2 ml of alkaline DMSO (1 ml DMSO in 5 mM NaOH) 

was added to give a final volume of 2.8 ml. The absorbance 

was recorded at 560 nm.  The blank consisted of pure DMSO 

instead of alkaline DMSO. Ascorbic acid was used as the 

standard and the ability of ST extracts to scavenge the 

superoxide radical was calculated using the formula: 
 

% scavenging = (Ae - Ao/ Ae) × 100 

Where Ao is absorbance without sample and Ae is 

absorbance with sample. 

iii. ABTS radical scavenging activity 

The scavenging activity of ST extracts for ABTS radical 

was determined using the method of Re et al. (1999) (37). A 

stock solution was prepared by mixing equal volumes of 7 

mM ABTS solution and 2.45 mM potassium persulfate 

solution. The solution was incubated at room temperature in 

the dark for 12 hr to yield a dark-coloured solution containing 

ABTS˙+ radicals. A working solution was prepared freshly 

before each assay by diluting the stock solution with 50% 

methanol for an initial absorbance of about 0.700 (±0.02) at 

745 nm. The scavenging activity was then assessed by mixing 

150 µl of different fractions of various extracts (1-200 µg/ml, 

dissolved in their respective solvents) with 1.5 ml of ABTS 

working standard. The decrease in absorbance was measured 

immediately at 745 nm. Each experiment was done in 

triplicate. Ascorbic acid was used as positive control. The 

scavenging activity was then estimated based on the formula: 
 

% scavenging = [( Ablank – Asample) / Ablank]  100 
 

Where Ablank is the absorbance of the control reaction (containing 

all reagents except the test compound) and Asample is the 

absorbance of the test compound. 

iv. Reducing power 

The reducing power of ST extracts was determined using 

the method described earlier (Oyaizu 1986) with slight 

modifications. Different extracts of ST dissolved in their 

respective solvent (1- 1000 mg/ml) was mixed with 2.5 ml of 

0.2 M phosphate buffer (pH- 6.6) and 2.5 ml of 1% potassium 

ferricyanide solution. The mixture was incubated at 50°C for 

20 min after which 2.5 ml of 10% TCA was added. The 

mixture was then centrifuged at 3000 rpm for 10 min and 2.5 

ml of the supernatant was mixed with 2.5 ml of distilled water 

and 0.5 ml of 1% ferric chloride solution. Absorbance was 

measured at 700 nm. Increased absorbance of the reaction 

mixture indicated increase in reducing power of the extract. 

F. Ex Vivo Antioxidant Assay 

i. Anti-hemolytic activity 

 The antioxidant activity of different extracts of ST was 

measured according to the inhibition of erythrocyte hemolysis 

(23). Blood was collected from mice of same age group 

(10-12 w) and body weights (25-27 g) by means of heart 

puncture in a heparinized tube. The mice erythrocyte 

hemolysis was performed with H2O2 as free radical initiator. 

To 0.5 ml of 5% (v/v) suspension of RBC in PBS, 0.4 ml (0.5 

mg/ml) of different extracts and 100 µl of 1 mol/L H2O2 was 

added. The reaction mixture was shaken gently while being 

incubated at 37°C for 3 hr. After incubation the reaction 

mixture was again diluted with 4 ml of PBS and centrifuged at 

2000 rpm for 10 min. The supernatant was collected and 

absorbance was measured at 540 nm.  
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The rate of inhibition of erythrocyte hemolysis was 

calculated using the formula: 
 

Inhibition rate % = [1 - (A1 – A2)/ A0] × 100 
 

Where, A0 is the absorbance of control (without extract), A1 

is the absorbance in the presence of the extract and A2 is the 

absorbance without sample (RBC). 
 

ii. Lipid Peroxidation Inhibition Assay 

Lipid peroxidation in mice liver was induced by 

FeCl2-H2O2 (36). Briefly, liver was excised from mice and 

1% liver homogenate was prepared. The liver homogenate 

was centrifuged at 3000 rpm at 4ºC for 10 min and the 

supernatant was used for the assay. The supernatant (0.5 ml) 

was mixed with 0.5 ml (0.5 mg/ml) of extracts and then 

incubated at 37ºC for 1 hr after mixing with 0.25 ml each of 

0.5 mol/L FeCl2 and H2O2. After incubation, the formation 

of malonaldehyde (MDA) was measured at 535 nm. The 

inhibitory effect was calculated as: 
 

Inhibition rate % = [1 - (A1 – A2)/ A0] × 100 
 

Where, A0 is the absorbance of control (without extract), A1 is the 

absorbance in the presence of the extract whereas A2 is the 

absorbance without liver homogenate. 
 

iii. Animals model 

The inbred Swiss albino mice colony is being 

maintained under controlled conditions of temperature 

(22∘C ± 5∘C) and 12 h light-dark cycles (Frontier Euro 

Digital Timer, Taiwan) at the Animal Care Facility of the 

Department of Zoology, Mizoram University, Aizawl, India. 

The animals were fed with commercially available food 

pellets and water ad libitum. The animal care and handling 

was carried out according to the guidelines issued by World 

Health Organization, Geneva, Switzerland. The study was 

approved by the Institutional Animal Ethical Committee, 

Mizoram University, India vide approval No. 

MZU-IAEC/2018/09. 
 

iv. Statistical Analysis 

Data are expressed as mean ± standard error of mean. The 

IC50 values were calculated using Graph pad prism software ver. 

6.0 by plotting the values against the log doses. One-way analysis 

of variance (ANOVA) was performed to test the significant 

variations on phytochemical contents and the antioxidant assays 

of various extracts followed by Tukey multiple comparision of 

means. SPSSver.16.0 software (SPSS Inc, Chicago, Illinois, 

USA) and Graph pad prism software ver. 6.0 were used for the 

statistical and graphical evaluations. A p-value of less than 0.05 

was considered statistically significant. 

III. RESULT AND DISCUSSION 

A. Phytochemical Analysis 
 

Qualitative screening revealed the presence of various active 

and naturally occurring phytochemicals such as alkaloids, cardiac 

glycosides, saponins, steroids, tannins and terpenoids in different 

extracts of S. tuberosa (Table 1). These phytochemicals belongs 

to polyphenolic compounds and have been reported to possesses 

numerous pharmacological values including anti-malarial (47), 

astringents (35), anti-inflammatory (9), anti-ulcer and 

antimicrobial activities (11). 

 

 

Table 1: Phytochemical screening of various extracts of S. tuberosa. (+ indicates presence of phytochemicals and –  

Indicates absence of phytochemicals). 
 

Phytochemicals Reagent Colour Indication STCE STME STAE 

Alkaloids Dragendorff’s Reagent Reddish brown precipitate + + + 

Cardiac glycosides 
Glacial Acetic Acid       

Ferric Chloride Brown ring  +  +  + 

Sulphuric Acid       

Saponins Olive oil Whitish Emulsion  +  +  + 

 

Steroids Sulphuric Acid Red Colour  +   -   - 

 

 

Tannins Ferric Chloride 

Brownish Green or 

blue-black  +   +   + 

 

Terpenoids Sulphuric acid Reddish Brown  +  +   + 

Phlobatannins Hydrochloric acid Red precipitate  -   -  - 

      



 
Assessment of free radical scavenging activities and antioxidative potential of the tuber extracts of Stemona tuberosa Lour. 

 

18 

B. Total phenolic and flavonoid contents 

The total phenolic content of ST extracts increased in a 

concentration dependent manner (Figure. 1). At 8 mg/ml, 

STME has significantly higher (p<0.001) total phenolic 

content (715.20 ± 2.42 mg gallic acid equivalent/g of dry 

extract) than that of STCE (549.49 ± 16.67 mg gallic acid 

equivalent/g of dry extract) and STAE (367.92 ± 2.47 mg 

gallic equivalent/g of dry extract). The total flavonoid content 

of various extracts of ST also increased with the increase in 

concentration of the extracts (Figure 2). At 8 mg/ml of 

extracts, STME has the highest (p<0.001) total flavonoid 

content (4890.13 ± 8.97 mg quercetin equivalent/g of dry 

extract) as compared to other fractions of the ST extracts 

(4556.94 ± 13.70 mg quercetin equivalent/g of dry extract for 

STAE; 2902.48 ± 6.26 mg quercetin equivalent/g of dry 

extract for STCE). The present study indicated the presence 

of significant amounts of flavonoid and phenolic compounds 

in ST extracts. Phenolic compounds have been reported to 

show antioxidant activity by scavenging or stabilizing free 

radicals due to their conjugated ring structures and presence 

of hydroxyl groups (8, 2). Phenolic compounds have also 

been reported to exhibited antiallergenic, antimicrobial, 

anti-artherogenic, antithrombotic, anti-inflammatory, 

vasodilatory and cardioprotective effects (28, 1). Similarly, 

flavonoids are also reported to have antioxidative action 

through scavenging or chelating process (6). 

  
Figure 1: Phenolic content of various extracts of S. tuberosa 

determined as gallic acid equivalent. Values are expressed as 

Mean ± SEM, n=3. Different letters indicate significant 

variation. 
 

 
Figure 2: Flavonoid content of various extracts of S. tuberosa 

determined as Quercetin equivalent. Values are expressed as 

Mean ± SEM, n=3. Different letters indicate significant 

variation. 

C. In Vitro Antioxidant Assay 

i. DPPH radical scavenging activity 

Various extracts of ST showed a concentration dependent 

increase in the scavenging of DPPH radicals as indicated by the 

discoloration of DPPH. Maximum scavenging was observed at 

a concentration of 200 µg/ml for all the extracts. Log-doses of 

various extracts of S. tuberosa and standard ascorbic acid 

(ASA) were plotted against DPPH inhibition (%) for the 

calculation of IC50 (Figure 3). STCE showed the highest 

scavenging activity (lowest IC50; 7.36 ± 0.08 µg/ml) followed 

by STME (IC50; 13.46 ± 0.04 µg/ml) and STAE (IC50; 18.41 

± 0.16 µg/ml). The IC50 of STCE does not significantly differ 

(p > 0.05) from that of the standard ASA (IC50; 6.57 ±1.01 

µg/ml) (Figure 4). It has been reported that the reducing 

capability of the methanolic DPPH solution to a non-radical 

DPPH-H form by various compounds such as cystein, 

glutathione, ascorbic acid and tocopherol was due to their 

hydrogen donating ability (3, 30). In the present study, various 

solvent extracts of ST effectively reduced the stable radical 

DPPH to the yellow-colored diphenyl-picrylhydrazine 

probably due to presence of certain active compounds that are 

capable of donating hydrogen to a free radical in order to 

remove odd electron.  

 
Figure 3: Plots of log-doses of various extracts of S. tuberosa 

and standard ascorbic acid (ASA) against DPPH inhibition (%) 

for the calculation of IC50. 

 

 
Figure 4: IC50 (µg/ml) for DPPH of various extracts of S. 

tuberosa and standard ascorbic acid. Values are  

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 
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ii. Superoxide radical scavenging activity 
 

Superoxide radical scavenging activity of various extracts 

of ST showed a concentration dependent inhibition of 

superoxide radical generation. Maximum O2
•-scavenging 

activity was observed at a concentration of 800 µg/ml for 

STME and STAE. STME possessed the highest scavenging 

activity (IC50; 98.93 ± 3.37 µg/ml) followed by STAE (241.83 

± 3.15 µg/ml) while the IC50 of STCE was indeterminable 

within the given concentration (800 µg/ml). The IC50 of 

STME and STAE are significantly higher (p < 0.01) than that 

of the standard ascorbic acid (IC50; 262.20 ± 4.25 µg/ml) 

(Figure 6). Superoxide (O2
•-
) radical serves as a precursor of 

most of the reactive oxygen species (20) and can be 

decomposed to form stronger oxidative species such as singlet 

oxygen and hydroxyl radicals, which are very harmful to the 

cellular components and can initiate lipid peroxidation (48). 

Thus, neutralization of superoxide radical will inhibit the 

chain of ROS generation and protect the cells from oxidative 

stress. It has also been reported that antioxidant properties of 

some flavonoids are effective mainly through scavenging of 

superoxide anion radical (38). Thus, the presence of 

significant amount of flavonoids in ST extracts might be 

responsible for their scavenging activity against superoxide 

radical. Interestingly, the scavenging potentials of STME and 

STAE were even better than the standard ascorbic acid. 

 
Figure 5: Plots of log-doses of various extracts of S. tuberosa 

and standard ascorbic acid (ASA) against superoxide radical 

inhibition (%) for the calculation of IC50. 
 

 
Figure 6: IC50 (µg/ml) for superoxide radical inhibition of 

various extracts of S. tuberosa and standard ascorbic acid. 

Values are expressed as Mean ± SEM, n=3. Different letters 

indicate significant variation. 

iii. ABTS radical scavenging activity 

ABTS•+ radical scavenging activity of ST extracts increased 

in a concentration dependent manner as indicated by 

discoloration of the ABTS
•+

, which was measured 

spectrophotometrically at 745 nm. Maximum scavenging 

activity was observed at a concentration of 200 µg/ml for all 

the extracts. Log-doses of various extracts of S. tuberosa and 

the standard ascorbic acid (ASA) were plotted against 

ABTS
•+

 inhibition (%) for the calculation of IC50 (Figure 7). 

Among the various extracts, STME possessed the highest 

ABTS•+ scavenging activity (IC50; 36.20 ± 0.83 µg/ml) 

followed by STAE (IC50; 45.12 ± 0.79 µg/ml) and STCE 

(IC50; 66.8 ± 1.04 µg/ml) (Figure 8). The effectiveness of any 

compound in stabilization of the preformed ABTS 
•+

 to ABTS 

depends on the molecular weight of phenolic compounds, the 

number of aromatic rings and nature of hydroxyl group’s 

substitution than the specific functional groups (15). Hence, 

the ABTS
•+

 scavenging activity of ST extracts might be due to 

the presence of high molecular weight phenolics such as 

catechin, and rutin derivatives. 

 

 
Figure 7: Plots of log-doses of various extracts of S. tuberosa 

and standard ascorbic acid (ASA) against ABTS inhibition 

(%) for the calculation of IC50. 

 

 
Figure 8: IC50 (µg/ml) for ABTS of various extracts of S. 

tuberosa and standard ascorbic acid. Values are expressed as 

Mean ± SEM, n=3. Different letters indicate significant 

variation. 
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iv. Reducing Power 
 

The reducing power of various extracts of ST was 

determined by measuring the transformation of Fe3+ to Fe2+. 

The reducing activity of ST extracts increased in a 

concentration dependent manner (Figure 9). At 1000 µg/ml, 

the highest reducing activity was shown by STME (1.975 ± 

0.002) followed by STCE (1.952 ± 0.005) and STAE (1.016 ± 

0.007). The reducing power of a compound may serve as a 

significant indicator of its potential antioxidant activity. 

However, the activity of antioxidants has been assigned to 

various mechanisms such as prevention of chain initiation, 

binding of transition-metal ion catalysts, decomposition of 

peroxides and prevention of continued hydrogen abstraction, 

reductive capacity and radical scavenging (13). The dose 

dependent increase in the reducing power of the ST extracts 

also suggested their potent antioxidant activity. 

 

 
Figure 9: Reducing power of various extracts of S. tuberosa. 

Values are expressed as Mean ± SEM, n=3.Values are 

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

D. Ex-Vivo Antioxidant Assay 

i. Anti-hemolytic activity 
 

Erythrocytes were considered to be the major target of free 

radicals, leading to membrane damage and consequently to 

hemolysis (46, 12 ).The anti-hemolytic activity of various 

extracts of ST increased in a concentration dependent manner 

(Figure 10). At 1 mg/ml, STCE possessed the highest (p < 

0.001) inhibitory activity against erythrocyte hemolysis with 

an inhibition rate of 68.82 % followed by STME and STAE 

with the inhibition rate of 38.58 % and 20.81 % respectively 

(Figure 10). The protective effect of ST extracts on 

erythrocyte hemolysis could be due to the presence of 

significant amounts of phenolic and flavonoid compounds. 

Certain phenolic compounds have been reported to partition 

in the cell membrane, hindering diffusion of free radicals and 

consequently decreasing the kinetics of free radicals reactions 

(41). In addition, flavonoids upon binding to the erythrocytes 

membrane inhibit lipid peroxidation and improved their 

integrity against cell lyses (4). The study indicated that the 

tuber extracts of ST contains molecules that might interacts 

with the membrane lipids of erythrocyte membrane and 

providing protective action against hemolysis. 

 

 
Figure 10: Anti-hemolytic activity of various extracts of S. 

tuberosa. Values are expressed as Mean ± SEM, n=3. 

Different letters indicate significant variation. 
 

ii. Lipid peroxidation inhibition 
 

In biological systems, lipid peroxidation generates certain 

degradation products such as MDA that are considered to be 

an important cause of cell membrane destruction and cell 

damage (Rajinder and Thukral 2010).S. tuberosa extracts 

exhibited moderate activity against lipid peroxidation 

inhibition in liver homogenate. At a concentration of 0.5 

mg/ml, inhibition rates were significantly different among 

various extracts of ST (F2,6=514.95) and STME possessed 

the highest (p<0.001) inhibitory activity against lipid 

peroxidation with an inhibition rate of 80.55 % followed by 

STCE and STAE with the inhibition rate of 67.81 % and 

62.64 % respectively (Figure 11). 

 

 
 

Figure 11: Lipid peroxidation inhibition of various extracts 

of S. tuberosaat a concentration of 0.5 mg/ml. Values are 

expressed as Mean ± SEM, n=3. Different letters indicate 

significant variation. 

IV. CONCLUSION 

 The present study revealed the presence of significant 

amounts of flavonoid and phenolic compounds along with 

various active polyphenolic compounds such as alkaloid, 

cardiac glycosides, saponins, steroids, tanninsand terpenoids. 

This study also demonstrates that various solvent extracts of 

Stemona tuberosa exhibit a concentration dependent 

inhibition of free radicals, ferric reducing power, 

anti-hemolytic and inhibitory action against lipid 

peroxidation. The radicals scavenging activity and the 
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antioxidative property of ST might be due to presence of 

significant phytochemical contents. However, efforts to 

understand the mechanism(s) through which ST exerts 

antioxidant activities need to be investigated further. 
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Abstract:  

Objective: 

Lead is a known as multi organ toxicant majorly on neuronal 

system. The objective of the study was to study the protective effect 

Ocimum sanctum leaf extracts on lead induced oxidative stress in 

different parts of the brain.  

Methods: 

There are four groups of rats and each group consists of 10rats. The 

Ocimum sanctum leaf extract at 100 and 200 100mg/kg along with 

500ppm of lead acetate was given by oral route for four weeks. The 

rats belonging to control, exposed and treated will be sacrificed and 

separate different regions cerebellum, hippocampus, frontal cortex 

and brain stem after four weeks. The antioxidant enzymes (SOD, 

CAT and GST), non-enzymatic antioxidants (GSH), lipid 

peroxidation (TBRS), metal content and protein carbonyl content 

(PCO) were measured in all pates of the brain. And delta ALAD was 

estimated in the blood. Finally the histopathology was conducted 

for all the selected parts of the brain. 

Results: The treatment with Ocimum sanctum showed significant 

elevation of antioxidant enzymes (SOD, CAT and GST) and 

compared to that of lead acetate control group. The lipid 

peroxidation and PCO were found to be lowered with the treatment 

with Ocimum sanctum in lead acetate induced brain toxicity.  The 

results indicating that the effect was found more in cerebellum and 

hippocampus compared with the other parts of brain. The 

histopathological studies of the selected parts of the brain indicated 

that the Ocimum sanctum showed marked amelioration of damaged 

structure of brain caused by the lead acetate in rats. 

Conclusions: The protective   effect of Ocimum sanctum might be 

due to the antioxidant activity. 

I. INTRODUCTION 

Lead is a non-essential, persistent and toxic metal 

reported to be present in all spheres of environment, posing a 

major public health problem (24, 44). It is a multi-organ 

toxicant (44) targeting the vital organs such as brain (34), 

liver (38), kidney (5), and testis (45). It has already been 

reported in the literature and also demonstrated in our 

laboratory that lead causes oxidative stress (8, 30), alters 

glutathione system (8, 43) and induces apoptosis (26, 37 and 

38).   

Several plants and their products have been screened for 

 
 

their efficacy to offer protection against metal toxicity in 

various animal models. Some of the most recent 

investigations that yielded positive results include: Bacopa 

monniera (50), puerarin (a flavonoid) (33), Mangiferin (a 

flavonoid) (32), pomogrenate peel (1), black grapes (29), 

tannic acid (52), quercetin (12), Coriander sativum (50), 

zinger (46), naringin (20) and nanocurcumin (44). Ocimum 

sanctum Linn. (Labiatae), commonly known as holy basil, is 

an herbaceous plant found throughout the South Asian region. 

The oil of Ocimum sanctum possesses antibacterial, 

antifungal, antioxidant and radioprotective properties. 

Ancient Hindu literature is abundant with the medical actions 

of Ocimum sanctum (Hannan JMA ., 206). Considering the 

beneficial effects of natural products in attenuating the 

oxidative damage caused by metals, this present study was 

designed to investigate the role of garlic extract (Ocimum 

sanctum) against lead toxicity in rats. 

II. PROCEDURE FOR PAPER SUBMISSION 

A. Chemicals 

 Lead acetate (99.8%), Thiobarbituric acid (TBA), 2, 7 

Dichlorofluorescein diacetate (DCF-DA), Meso-2, 

3-dimercaptosuccinic acid (DMSA) and Guanidine 

hydrochloride, 5-Aminolevulinic acid hydrochloride was 

purchased from Sigma Chemical Co. (St. Louis, MO, USA). 

All other chemicals were obtained from SISCO Research 

Laboratories Private Limited (Mumbai, India). 

B. Ocimum sanctum extract 

 The aqueous extract of O. sanctum was a gift sample 

obtained in the form of dried powder from M/S. Laila 

Nutraceuticals, Vijayawada, India. The paste was dried under 

shade and made in to coarse powder. This was reconstituted in 

distilled water, and then administered to animals orally using 

a blunt needle. 

C. Animals and treatment 

The male Wistar rats (100-120 g) were purchased from 

Mahaveer Enterprises (Hyderabad, India) and they were                     

maintained in the animal facility for                     

four days before they were used for experiments. The rats 
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were given free access to feed (Pranav Agro Industries, India) 

and water ad libitum.  

 This study was approved by the Institutional Animal 

Ethical Committee (IAEC). Control rats received 1000 mg/l 

sodium acetate for two weeks; exposed rats were treated with 

1000 mg/l lead acetate (50) for two weeks; O. sanctum treated 

rats (ALOS) were given O. sanctum extract of 200 mg/kg 

body weight/day orally for two weeks along with lead acetate 

and O. sanctum extract of 400 mg/kg body weight/day orally 

for two weeks along with lead acetate. Rats were sacrificed by 

cervical dislocation and isolated immediately on ice. These 

tissues were washed in cold normal saline (0.85% NaCl) 

solution. Different regions of the brain namely cerebellum, 

hippocampus, frontal cortex and brain stem were separated on 

ice. These tissues were used for different biochemical and 

metal analysis. Rat blood was drawn by cardiac puncture and 

preserved in heparinized vials at 40C for estimation of delta 

aminolevulinic acid dehyratase activity. 

III. BIOCHEMICAL ASSAYS 

 
 Protein concentration in samples was estimated by Lowry 

et al. (1951) using bovine serum albumin as standard. Total 

protein carbonyl content (TPCC) was quantified in tissues by 

a slightly modified method of Levine et al. (1990). 10% tissue 

homogenate was made in cold buffer (50 mM Phosphate 

buffer containing 1mM EDTA, pH 6.7). The homogenate was 

centrifuged for 15 min at 10,000 xg (40 C) and the 

supernatant was precipitated with equal volumes of 20% 

trichloroacetic acid and incubated for 5 min on ice. The tubes 

were centrifuged at 10,000 xg for 10 min at 40 C and the 

supernatant was discarded. The pellet was dissolved in 500 µl 

of 10 mM 2,4-dinitrophenyl hydrazine (DNPH) in 2 M HCl 

and incubated at room temperature for 1hr, with vortexing 

every 10 min at 40 C and the pellet was washed three times 

with ethanol:ethyl acetate mixture. After all the washes, the 

pellets were dissolved in 500 µl of 6 M guanidine 

hydrochloride (pH 2.3). The contents were incubated for 15 

min at 370 C and were centrifuged at 10,000 xg for 10 min at 

40 C. Carbonyl content was measured in a spectrophotometer 

(Rayleigh UV- 9200) by reading the samples at 360 nm 

against a reagent blank. The results were presented as 

nanomol of carbonyl/mg protein. 

 Delta-amino levulinic acid dehydratase (ALAD) activity 

was estimated following Berlin and Schaller (1974). The 

blood samples from rats were drawn into heparinized vials 

using cardiac puncture. The samples were preserved at 40 C 

until analysis. Blood was hemolyzed initially with water for 

10 min at 370 C. To the blood sample, potassium phosphate 

buffer and ALA (12 mM) were added and allowed to react for 

90 min at 370 C. After incubation, the enzyme activity was 

inhibited with the addition of 10% TCA (10 mM HgCl2). 

Later the blood samples were centrifuged at 6000 rpm for 10 

min and to the supernatant, 1 ml of Erlich reagent was added 

and incubated for 20min. Then, 0.5 ml of distilled water was 

added and the color was read at 555 nm in a 

spectrophotometer (Rayleigh, UV-9200). The results were 

expressed as nmol PPB (Porphobilinogen) formed/hr/ml. 

IV. STATISTICAL ANALYSIS 

 The data were shown as mean ± SD. The mean values (n=8) 

with standard deviations were calculated. The significant 

differences between control, exposed and treated groups were 

determined using one-way ANOVA at p<0.05 followed by 

Bonferroni’s Multiple Comparison test. One-way ANOVA 

was performed using GraphPad Prism version 5.0 for 

Windows, GraphPad Software, San Diego California USA, 

www.graphpad.com. 

V. DISCUSSION 

 The current investigation was aimed to test the efficacy of 

Ocimum sanctum in lead-induced oxidative stress in brain of 

male rats. Tissue lead accumulation in brain might have 

caused an increase in oxidative stress releasing more ROS 

which in turn resulted in enhancement of LPP and TPCC.  The 

decrease in delta-ALAD activity in blood was an indicator of 

lead toxicity. 

In the present study there was significant (p<0.05) increase in 

ROS levels in brain parts on lead exposure indicating 

oxidative stress. Metal ions are one of the important 

exogenous sources of cellular ROS generation. These ions not 

only produce ROS directly and/or stimulate ROS generation 

by endogenous sources, but also have toxic and oxidative 

properties. Metals such as lead are toxic even at low levels of 

exposure. Although the exact mechanism of lead induced 

oxidative stress is not clearly known, but many investigations 

support the ROS mediated damage to cell membrane and 

depletion of antioxidant reserves. One of the possible 

mechanisms for lead-induced oxidative damage is by the 

direct formation of ROS including singlet oxygen, H2O2 and 

hydroperoxides. Another mechanism of lead-mediated 

oxidative stress is depletion of cellular antioxidants like 

glutathione, which was demonstrated earlier in our laboratory 

(Bokara et al. 2009) and elsewhere (30). Lead is known to 

induce cellular damage and cause cancerous tumors in kidney 

and liver (30). The ROS produced during oxidative stress 

damage biomolecules, such as DNA, proteins and lipids and 

eventually leads to degenerative diseases such as Alzheimer’s 

and Parkinson’s disease (30).  However, disturbance in the 

levels of endogenous antioxidants by ROS may also lead to 

neurodegenerative diseases (49). Excess generation of ROS is 

predominantly suppressed by endogenous antioxidants as 

well as by exogenous secondary antioxidants, such as 

vitamins and polyphenolic compounds (30).   

 LPP increased significantly (p<0.05) in brain of lead 

treated rats. Lipid peroxidation, an index of oxidative stress 

damages the cell membrane and alters membrane fluidity. 

Oxidative stress induces damage to polyunsaturated lipids by 
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lipid peroxidation, a chain reaction that results in increase of 

degradation product, malondialdehyde (MDA) (40). 

Lead-induced increase in LPP levels has been demonstrated 

in our laboratory (8). ALOS protects the nervous system by 

inhibiting the neuronal damage induced by ischemia in rat 

brain, probably by inhibiting lipid peroxidation (41). 

Antioxidants perform a vital role in the body via reducing 

oxidative damage. Especially non-enzymatic antioxidants 

such as vitamin-C, α-tocopherol protect the internal organs 

and tissues from oxidative damage by reactive oxygen species 

and nitrogen species (3). Garlic extract contains phenolic 

compounds, flavonoid aglycones, vitamins and sulfur 

compounds and these may be responsible for the antioxidant 

capabilities. In the present investigation, administration of 

ALOS restored the levels of LPP almost back to normal in 

brain, liver and kidney. However, maximum protection was 

seen in ALOS group suggesting dose dependent recovery. A 

similar restoration of LPP levels was reported by Sharma et 

al. (2010a, 2010b) in lead intoxicated mice on garlic 

treatment. 

 The present study showed a significant (p<0.05) decrease 

in delta-ALAD activity on lead exposure. Lead inhibits 

delta-ALAD activity when it binds to its active center. 

Delta-ALAD is a vital enzyme in heme biosynthesis and 

catalyses the asymmetric condensation of two molecules of 

delta-aminolevulinic acid to porphobilinogen (18). Inhibition 

of delta-ALAD enzyme activity leads to accumulation of 

ALA, which may auto-oxidize to form ROS and induces lipid 

peroxidation (15, 17). The restoration of delta-ALAD activity 

by ALOS treatment might have reduced the production of 

ROS, indicating the protection against oxidative stress. 

 Overall, the results showed region and tissue specific 

increase in oxidative stress (increase in ROS, LPP, TPCC and 

decrease in delta-ALAD activity). The restoration pattern was 

dose-dependent and also organ and tissue specific showing 

different levels of protection in rat tissues on treatment with 

ALOS extract. The present study reveals that the protective 

action of ALOS might be due to the interaction of the various 

vital constituents such as eugenol, rosmarinic acid, apigenin, 

and carnosic acid showing their synergistic effect in 

ameliorating lead-induced oxidative stress.  

VI. RESULTS 

Table 1: Effect of Ocimum sanctum in  δ- ALAD activity in 

lead induced brain toxicity in rats. 

 

Groups 
ALA-D activity 

(nmol PBG/h/mL blood) 

Control 336.94 ± 3.94 

Lead acetate 103.9 ± 5.16 

LA+ALOS 

(200mg/kg) 
289.19 ± 4.21* 

LA+ALOS 

(400mg/kg) 
333.94 ± 3.42* 

P<0.05* significance followed by one way ANOVA followed 
by DUNNETT’s multiple comparison test when compared 
with toxicant group. 
 

 

 

   Table 2: Effect of Ocimum sanctum in antioxidant enzymes in lead induced brain toxicity in rats. 

 

Groups SOD CAT GPx 

 Cerebellum Hippocampus Cerebellum Hippocampus Cerebellum Hippocampus 

Control 11.20±0.94 8.44±0.66 61.23±1.23 49.81±0.66 6.84±0.61 2.03±0.23 

Lead 

acetate 
5.12 ±0.49 4.26±0.97 31.01±1.64 27.64±0.42 4.20±0.49 3.84±0.49 

LA+ALOS 

(200mg/kg) 
8.26±0.86* 6.19±0.57* 42.16±0.94* 40.97±0.77* 5.84±0.54* 2.87±0.94* 

LA+ALOS 

(400mg/kg) 
10.64±0.54* 7.67±0.79* 54.94±1.89* 46.94±0.84* 6.31±0.77* 2.24±0.84* 

  SOD, CAT and GPx expressed as U/mg protein 

 
  P<0.05* significance followed by one way ANOVA followed by DUNNETT’s multiple    comparison   test when  
    compared with toxicant group. 
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  Table 3: Effect of Ocimum sanctum in antioxidant enzymes in lead induced brain toxicity in rats. 

Groups SOD CAT GPx 

 
Frontal 

cortex 
Brain stem 

Frontal 

cortex 
Brain stem 

Frontal 

cortex 
Brain stem 

Control 12.12±0.94 7.91±0.94 64.20±0.74 48.94±0.21 6.41±0.64 5.94±0.82 

Lead 

acetate 
6.17 ±0.54 4.64±0.77 33.33±0.84 29.94±0.32 3.64±0.88 3.10±0.64 

LA+ALOS 

(200mg/kg) 
9.46±1.13* 6.36±1.02* 49.99±1.23* 36.46±0.17* 4.64±0.72* 4.21±0.75* 

LA+ALOS 

(400mg/kg) 
10.11±1.47* 6.84±0.84* 54.91±0.94* 42.94±0.80* 5.55±0.91* 4.82±0.60* 

  SOD, CAT and GPx expressed as U/mg protein.  
 

  P<0.05* significance followed by one way ANOVA followed by DUNNETT’s multiple comparison   test when      
  compared with toxicant group. 
 

 Table 4: Effect of Ocimum sanctum in non enzymatic antioxidants and lipid peroxidation in lead induced brain toxicity  

   in rats 

Groups LPP GSH PCO 

 Cerebellum Hippocampus Cerebellum Hippocampus Cerebellum Hippocampus 

Control 3.21±0.34 2.94±0.67 9.72±0.67 8.84±0.88 3.49±0.07 3.33±0.71 

Lead 

acetate 
7.51±0.49 6.34±0.98 4.80±0.12 4.21±0.64 7.28±0.16 6.48±1.00 

LA+ALOS 

(200mg/kg) 
3.94±0.91* 3.22±0.84* 8.94±0.77* 7.84±0.71* 4.26±1.02* 4.94±0.79 

LA+ALOS 

(400mg/kg) 
3.44±0.88* 3.01±0.77* 9.46±0.87* 8.71±0.44* 3.55±0.71* 3.77±0.88 

  LPO expressed as µg/g of tissue, GSH expressed as ɳmol/mg of protein, PCO expressed as nmol/mg   of  protein. 
   
  P<0.05* significance followed by one way ANOVA followed by DUNNETT’s multiple comparison   test  when   
  compared with toxicant group. 
 

   
 Table 5: Effect of Ocimum sanctum in non enzymatic antioxidants and lipid peroxidation in lead induced brain     
 toxicity in rats 

Groups LPP GSH PCO 

 
Frontal 

cortex 

Brain 

stem 

Frontal 

cortex 
Brain stem 

Frontal 

cortex 
Brain stem 

Control 3.10±0.74 2.71±0.71 4.13±0.84 4.04±0.91 3.41±0.24 3.12±0.64 

Lead 

acetate 
6.66±0.74 5.23±0.98 2.22±0.97 2.13±0.84 6.66±0.19 6.32±0.71 

LA+ALOS 

(200mg/kg) 
2.94±0.84* 2.96±0.87* 3.44±0.77* 3.42±0.74* 4.36±1.08* 4.02±0.87* 

LA+ALOS 

(400mg/kg) 
3.64±0.74 2.66±0.74* 3.84 ±0.94* 3.94±0.67* 3.84±0.87* 3.44±0.71* 

 
 LPO expressed as µg/g of tissue, GSH expressed as ɳmol/mg of protein, PCO expressed as nmol/mg of protein. 
 
 P<0.05* significance followed by one way ANOVA followed by DUNNETT’s multiple comparison test when compared with 
 toxicant group. 
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Abstract: Proteins and amylase plays a crucial role in the 

metabolism of carbohydrates. The levels of protein and 

amylase in the body may have substantial role in monitoring 

of individuals with type 2 diabetes. The presence of albumin 

in the urine is a predictor for poor renal function and is 

common among diabetics. The current research aims to find 

out if protein, amylase or microalbumin can act as a 

diagnostic marker and if these profiles can be used to monitor 

diabetes.  The study included 200 type II diabetes mellitus 

(T2DM) patients- 50 cases (newly diagnosed - Group I), 50 

cases (1-2 years diagnosed - Group II), 50 cases (more than 3 

years - Group III) and 50 healthy controls (Group IV). 

Protein and amylase levels from the saliva and serum along 

with urine microalbumin from each group were analyzed 

using standard protocols. The parameters were analyzed by 

statistical analysis using SPSS 20.0 version, (IBM corp, 

Armonk, NY) software package. Intra-group correlation of 

amylase and total protein concentration was done by 

One-way ANOVA. Paired t-Test was performed to find the 

inter-group correlation for Urine microalbumin. Significant 

difference in the proteins of saliva and serum were observed 

between the diabetic groups and no correlation in the 

amylase level of saliva and serum. Microalbumin levels tend 

to increase with the duration of diabetes. We conclude that 

Saliva may serve as a possible diagnostic fluid to monitor the 

changes in total protein type 2 diabetic patients. 

 

Keywords : Protein, amylase, Type 2 diabetes mellitus, 

microalbuminuria.  

I. INTRODUCTION 

Type 2 Diabetes mellitus is a metabolic syndrome which 

may be characterized by hyperglycemia due to relative or 

absolute deficiency of insulin [1]. The prevalence of diabetes 

is increasing at an alarming rate. In 2016, the World Health 

Organization reported that the global prevalence 

(age-standardized) of diabetes has nearly doubled since 1980, 

rising from 4.7% to 8.5% in the adult population [2]. In 2017, 

International Diabetic Federation later reported that there 

were over 72.946.400 cases of diabetes in India [3].The 

 
 

prevalence of diabetes in northeast India is 5.9% and the 

prevalence of prediabetes in Mizoram is 6.0% [4] 

Analyzing blood glucose levels is the main primary method 

used for the diagnosis of diabetes which, however, maybe 

invasive and traumatic to the patients [5]. Hence, an 

alternative and noninvasive procedure for glucose 

measurement is very essential [6]. Saliva has been known to 

contain unique and complex body fluids, like serum and 

plasma. Collection of saliva is non-invasive as well as 

inexpensive. However, the diagnostic value of saliva depends 

upon structure of the gland, flow and components because 

whole saliva contains serum components and locally 

produced substances which can be used for understanding of 

their oral manifestations as well as the diagnosis of a variety 

of systemic diseases [7,8]. The oral environment in patient 

with Type 2 diabetes are closely related with Salivary 

parameters like amylase, glucose and total proteins [9] 

.Amylase helps in the  digestion of carbohydrates, which in 

turn acts as a potential factor in streptococcal adhesion to 

teeth and in plaque formation [10]. Salivary total protein may 

comprise of proline rich proteins, amylase, mucin, 

antibacterial factors, immunoglobulins and statherins which 

are responsible for the functioning of saliva [11]. Progressive 

increase in the excretion of protein from the urine which may 

comprise mainly of albumin, changes in the systemic blood 

pressure and glomerular filtration rate leads to diabetic 

nephropathy which in turn causes end-stage renal failure [12]. 

The risk of mortality in diabetic patients with diabetic 

nephropathy diagnosed after the age of 45 years is estimated 

to be twofold higher that in non-diabetic patients [13]. 

 The aim of the current research is to study the influence 

type 2 diabetes mellitus on concentration of total protein and 

amylase and to understand the possible effect of the disease 

with the microalbumin levels. In India, as the studies 

performed on the salivary composition of diabetic individuals 

are limited and the results reported so far were contradictory 

in several aspects which suggest the need for further 

investigative studies. Also this study aims to look out the 

possibility of using saliva rather than serum, as a diagnostic 

fluid and to determine the role of saliva as a diagnostic tool. 

II.  MATERIALS AND METHODS 

This study included three (3)groups of diabetic patients, 50 

cases newly diagnosed ,50 cases 1-2 years diagnosed and 50 
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cases more than 3 years type II diabetes mellitus 

(T2DM).These groups were matched with age matched 

healthy individuals  of 50 controls. A total of 200 individuals 

with age between 30 to 70 participated in the study. The 

participants were taken into account that they belong only to 

Mizo ethnic tribe. 

A. Inclusion inertia 

Patients visiting Genesis laboratory, Aizawl were included 

in the study: 

• The selection of cases was done using the disease 

 confirmed by a diabetologist and expert committee on the 

 diagnosis [14] 

• Symptoms of diabetes mellitus such as polyuria, 

 polydipsia etc.  

• Fasting plasma glucose levels >120 milligram per 

 deciliter (mg/dl) 

• Control group comprised of nondiabetic subjects without 

the symptoms of diabetes mellitus, blood glucose 

levels within normal limits (below < 120 mg/dl) 

B. Exclusion criteria 

 

Patients with severe diabetic complications, other serious 

illness, smokers and alcoholics, persons having complications 

of the head and neck region, and persons with any oral lesions 

were excluded from the study. 

The study protocol was explained and informed consent 

was obtained from the patients. Blood samples and 

unstimulated salivary samples were collected from each 

participant. 

III. SAMPLES 

A. Saliva and serum 

Fasting whole blood was collected (5.0 ml) from the 

patients and healthy individual, stored in a plain vacutainer 

containing anticoagulant at room temperature for 1 hr. The 

tube was centrifuged (3000×g) for 10 minutes, the clear serum 

was pipetted into clear dry tube and then stored at (-20)°C for 

subsequent analysis . Fasting whole saliva is collected using 

passive drool method in a polypropylene tube, after 

thoroughly rinsing the mouth with saline solution [15]. It was 

centrifuged (3000×g) for 15 minutes and the supernatant was 

stored at (-20) °C for further analysis. 

B. Urine 

Fasting urine samples was collected (~3 to 5ml) in a clean 

and sterile urine collection container for further investigation. 

C. Total protein determination 

Total protein estimation was performed using Bradford 

method where Bovine serum albumin (BSA) was used as the 

standard protein [16]. Various concentrations of standard 

protein (0.2ml,0.4, 0.6,0.8 &1ml) were taken and the volume 

was made up to 1ml.0.2ml of sample(saliva/serum) was taken 

in a test tube and the volume was made up to 1 ml. To this, 

5ml of coomassie brilliant blue was added and the solution 

was mixed by vortexing. It was then incubated at room 

temperature for about 10 to 30 minutes. The absorbance was 

read at 595nm using a spectrophotometer against a suitable 

blank. The Values obtained were expressed as mg/dl. 

D. Estimation of Amylase Activity 

Amylase activity was performed using Amylase enzyme 

activity assay where starch was used as the substrate 

[17].0.5ml of substrate (starch) and 0.2ml of 1%Nacl were 

taken in a clean and dry test tube and pre-incubated at 37°C 

for 10 minutes.0.3ml (saliva/serum) was added and incubated 

at 37°C for 15 minutes after which,1 ml of DNS (Dinitro 

Salicylic acid) was added and kept in boiling water for about 

10 minutes. It was then cooled and diluted with 10ml of 

distilled water. The colour developed was read at 520 nm 

using spectrophotometer using a suitable blank. The Values 

obtained were expressed as mg/dl. 

The Mean absorbance change per minute for protein 

estimation and amylase activity was calculated and expressed 

as units per liter [18,19,20] . 

E. Urine Microalbumin 

10-20µl urine samples were taken and TruCal Albumin 

U/CSF(Diasys) kit was used and was run in Sys 200 chemistry 

Analyser for microalbumin estimation. 

IV. STATISTICAL ANALYSIS 

All statistical analysis were performed using SPSS 20.0 

version,( IBM corp, Armonk, NY) software package. Values 

were expressed as means ± standard deviation and a P ≤ 0.05 

was considered significant. Intra group correlation were of 

amylase, and total protein was done by using Anova. For 

Urine microalbumin, Paired t-Test was performed to find the 

intra group correlation. 

V. RESULTS 

The study samples include 200 patients 50 cases newly 

diagnosed, 50 cases 1-2 years diagnosed ,50 cases more than 

3 years  type II diabetes mellitus (T2DM) and 50 healthy 

controls. The salivary pH falls between 6 to 7.The mean age 

of the study group was 50 ± 5 years. The result obtained from 

the total protein concentration and amylase activity from both 

the serum and saliva were compared between Group I,II and 

III against Group IV. 

The mean salivary protein level was found to be lower in 

newly diagnosed (0.043±0.038), slight increase in 1-2 years 

diagnosed (0.058±0.048), and the level of protein drops in 

more than 3 years diagnosed (0.022±0.022) when compared 

to control groups (0.058±0.016). The analysis was done using 

Anova, which showed a statistical significance with a P < 

0.0001 and F-value of 10.290. [Table 1][fig.1]. 
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Table 1: Comparison of type 2 diabetes mellitus and control 

groups with respect to salivary protein (mg/dl ) using One way 

ANOVA. 

GROUPS N MEAN SD P F-VALUE 

CONTROL 

 

50 0.058 0.016   

NEWLY 

DIAGNOSED 

 

50 0.043 0.038 0.01  

1-2 YEARS 

DIAGNOSED 

 

50 0.058 0.048 0.01 10.290 

MORE 

THAN 3 

YEARS 

50 0.022 0.022 0.01  

 

 

 
 

Fig 1: Graphical representation of Type 2 diabetes mellitus 

and control groups with respect to salivary protein levels 

(mean± standard error) 

 

The mean serum protein level was also found to be lower in 

the patient diabetic groups, newly diagnosed (0.089±0.016), 

the protein level slightly rise in 1-2 years diagnosed 

(0.106±0.010), and it drops in more than 3 years diagnosed 

(0.076±0.016) when compared to control groups 

(0.117±0.023). The analysis was done using ANOVA and 

F-value of 55.857, which showed a statistical significance 

with a P < 0.0001 [Table 2][fig 2]. 

 

 

Table 2: Comparison of type 2 diabetes mellitus and control 

groups with respect to serum protein (mg/dl ) using ANOVA 

GROUPS N MEAN SD P F-VALUE 

CONTROL 

 

50 0.117 0.023   

NEWLY 

DIAGNOSED 

 

50 0.089 0.016 0.00  

1-2 YEARS 

DIAGNOSED 

 

50 0.106 0.010 0.006 55.857 

MORE 

THAN 3 

YEARS 

50 0.076 0.016 0.000  

 

 

 
 

Fig 2: Graphical representation of Type 2 diabetes mellitus 

and control groups with respect to serum  protein (mean± 

standard error) 

 

There was no relevant differences between newly 

diagnosed (0.042±0.037), 1-2 years diagnosed 

(0.063±0.091), more than 3 years diagnosed (0.036±0.033) in 

comparison to the control groups (0.044±0.037) for amylase 

activity in saliva. For amylase activity in serum, newly 

diagnosed (0.606±0.250), 1-2 years diagnosed 

(0.592±0.177), more than 3 years diagnosed (0.608±0.341) 

and controls (0.519±0.519) has no significant relation. The 

analysis was performed using Anova, however no significant 

differences were observed from both the saliva and serum for 

amylase activity. 

For Urine microalbumin, with taking control as reference 

the mean value of Newly diagnosed (47.50±20.20), 1-2 years 

diagnosed (102.2±23.77) and More than 3 years 

(311.45±83.53)[Table 3][fig.3]. From the result obtained we 

observed that the levels of microalbumin tends to increase 

with duration of diabetes. 

 

 

Table 3: Comparison of type 2 diabetes mellitus and control 

groups with respect to microalbumin (mg/dl ) using Paired T- 

test  
 

GROUPS N MEAN SD P t-VALUE 

CONTROL -NEWLY 

DIAGNOSED  

50 47.50 20.2

0 

0.

0 

16.621 

CONTROL -1-2 

YEARS  

50 140.02 23.7

7 

0.

0 

41.643 

CONTROL -MORE 

THAN 3 YEARS 

50 311.45 83.5

3 

0.

0 

26.365 
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Fig 3: Graphical representation of Type 2 diabetes mellitus 

and control groups with respect to microalbumin(mean± 

standard error) 

VI. DISCUSSION 

Type 2 diabetes mellitus involves a complicated endocrine 

disorder which can clinically impair organs and tissues due to 

hyperglycemia and it is being considered one of the foremost 

health concerns in the world [21]. People with diabetes are 

attributed by conditions such as pancreatic disorders, 

malnutrition, infections, certain drugs or toxins and 

immunological state[22]. Saliva as a diagnostic tool has some 

definite and noticeable advantages as it can be collected 

noninvasively, no special equipment is needed for collection 

and no trained individuals are required. The use of saliva for 

diagnosis is recently been proposed and become an increasing 

trend rather than blood. By using salivary analysis, diagnosis 

of the disease becomes potentially valuable for older adults 

and children, since the collection involves lesser conformity 

problems when compared with collection of blood [8]. 

In the current study for both the saliva and serum, the 

diabetic participants are classified into three groups ie., newly 

diagnosed (diabetic drug naïve),1-2 years diagnosed and 

more than three years diagnosed. This classification is done 

with the assumption of whether the prescribed diabetic drug 

have any effect on the protein and amylase levels in the saliva 

as well as serum along with the duration of diabetes. For both 

the saliva and serum we observed a fluctuation in the total 

protein concentration levels (Table 1 &2). The total protein 

concentration decreases with the newly diagnosed patients, 

slight increase in 1-2 years diagnosed patients and the total 

protein levels  drops again when the patient is diagnosed for 

more than 3 years.  In general, it has been reported that the 

variation in protein concentration can occur due to any of 

following three changes:- in the rate of their anabolism, rate of 

their catabolism, and in the volume of distribution [23]. Each 

protein is known to have a distinctive half-life when it is 

circulated; an example of this is that the half-life of fibrinogen 

in normal healthy adult is approximately 4 days and in certain 

diseases, in this case like type 2 diabetes mellitus, the half-life 

of the protein is known to be altered [24]. This matter can be 

added to the observed fluctuation in protein concentration. 

The slight increase in protein concentration for patients with 1 

to 2 years diagnosed can be explained that due to medications 

consumed by diabetes patients, pharmacokinetics of the 

metabolic pathways involved in protein metabolism might be 

controlled [25,26] . However, since type 2 diabetes mellitus 

can influence the plasma protein-binding of some drugs, 

which may be through glycosylation or displacement of 

proteins [27]. This may explain the decrease in protein 

concentration when the patient is diagnosed for more than 3 

years. Although some studies like Indira et al .in 2015 and 

Panchbhai et al. in 2010 reported significance in salivary 

amylase levels in patients with type 2 diabetes mellitus 

[28,29]. However, from our study we observed no significant 

differences between the diabetic groups and healthy control 

groups. The contradiction with these studies can be explained 

by the fact that might have integrated different methodology 

and different status of the patients, different diabetic disease 

stages or different type of saliva [30]. 

From our study we also observed that, the levels of 

microalbumin increases with the increase in duration of 

diabetes. Several studies have reported that the prevalence of 

microalbuminuria can reflect the major chances of ethnic 

population groups and their susceptibility to diabetic 

nephropathy [31,32]. According to some studies, the levels of 

several blood proteins can indicate the likeliness of the 

diabetic patients in developing serious kidney problems in the 

future. 

VII. CONCLUSION 

To our knowledge, this is the first report to focus on the 

possible role of saliva as a diagnostic tool from Mizoram, 

Northeast India. Our study aims to understand the impact of 

diabetic disease on protein and amylase levels in the different 

stages of diagnosis and duration of the disease. In conclusion, 

Diabetes mellitus affects the total protein in serum and saliva 

and it also affects the microalbumin levels at different degree. 

The duration of the disease also plays an important role in 

predicting the levels of protein and microalbumin. Thus, 

Saliva may serve as a possible diagnostic fluid to follow the 

changes in total protein type 2 diabetic patients. 
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Abstract: Paper This work deals with the synthesis, 

crystallization and the interpretation of 2, 

2'-(ethane-1,2-diylbis(oxy))dibenzaldehyde (3). The quantitative 

analysis of the compound (3) has been performed through single 

crystal X-ray diffraction and Hirshfeld surface analysis. 2, 

2'-(ethane-1,2-diylbis(oxy))dibenzaldehyde fleximer have studied to 

analyze the role of flexibility in non-covalent interactions. Both 

substituted phenyl rings are linked with ethylene linker. 2, 

2'-(ethane-1,2-diylbis(oxy))dibenzaldehyde have Z = 2 in the 

crystal packing and stabilized by intermolecular non-covalent 

interactions like C-H…O, C-H…л, л…л etc.  . 

 

Keywords : Crystal forms, Crystallization, non-covalent, 

weak interactions.  

I. INTRODUCTION 

Non-covalent interactions are very important in drug 

design and biological activity of compounds. It is also very 

important in strategic design of solid materials with desirable 

architectures. Structural biology and X-ray crystallography 

had been provided very useful information in the 

development of new drugs. Usually, it has been established 

that for good activity and selectivity, compounds should have 

key pharmacophore (favourable functional groups) [1]. All 

these pharmacophore are based on weak interactions.  

Aromatic interactions among other non-covalent interactions 

play subtle role in drug receptor binding mechanisms. Since 

majority of biologically active components consists of 

aromatic and hetero-aromatic units, which provide a basis for 

weak interactions of C-H---π, and π---π types other than 

conventional H-bonds [2, 3]. These aromatic interactions are 

neither too strong nor too weak and therefore, they are a kind 

of balanced forces, which are required to retain the stable 

drug-receptor complex [4, 5, 6]. Understandings of these 

interactions are very important in drug design and 

development of drug.   

 The use of polymethylene as synthetic spacer for the 

detection of stacking interactions among nucleic acid bases 

was pioneered by Leonard [7, 8].  Shorter chains length would 

not allow the face to face stacking while longer chains would 

presumably result in decreased interaction due to an entropy 

effect. Leonard attempted to investigate the interaction of 

 
 

fleximers like antimalarial alkaloid chloroquine with nucleic 

acid bases by studying the quinoline moiety linked to 

guanidine, adenine and thymine by a trimethylene 

linker/bridge. The results of their interactions suggested that 

the action of chloroquine is related to its binding to DNA by 

stacking interactions with purine deoxy-ribonucleotides. This 

report deals with the crystallization, studied comparative 

structural property of 2, 2'-(ethane-1,2-diylbis(oxy)) 

dibenzaldehyde new polymorph (3).   

II. EXPERIMENTAL 

A. Synthesis of 2, 2'-(ethane-1,2-diylbis(oxy)) 

dibenzaldehyde (3):     
 

An equimolar mixture of o-hydroxy benzaldehyde (1), 
K2CO3 and dibromoethane (2) in DMF (15 ml) was mixed in 
round bottom flask and the mixture was stirred for the 12 hour 
to complete the reaction (as monitored by TLC). After 
completion of the reaction, compound was extracted with 
chloroform and solvent was evaporated with rotary 
evaporator.  Compound (3) was recrystallized by slow 
evaporation method from ethyl acetate solution.  
 
Scheme-I 
 

 
 

B. Crystal structure determination and Hirshfeld Surface 

Analysis 

i. X-ray Crystallography 

Single-crystal X-ray data for compounds (3) were collected 
with an Oxford Diffraction Xcalibur CCD diffractometer. 
Crystallographic details of compounds (3) have been 
summarized in Table 1  
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Table 1: 
Crystal data, data collection, and structure refinement for  

(3) (CCDC 1935303)   

Compound  Crystal data (3) (CCDC 1935303)  
Chemical formula C16H14O4  

Mr 270.29 
Crystal colour colourless 
Temperature 296(2) K 

Wavelength 0.71073 Ao 
Crystal System, Space 

Group 
Triclinic, P -1 

a, b, c (Ao )  7.7752 (12), 8.4484(13), 
11.4749(18) 

 α, β, γ  82.984(5), 75.121(4), 
67.225(4) 

Cell Volume, V 671.47 Ao3 
Radiation type MoKα 

µ (mm-1) 0.10 mm−1 
Data collection 
Diffractometer 

Bruker APEX-II CCD 

Absorption correction multi-scan 
No. of measured, 
independent and 

observed [I > 2σ(I)] 
reflections 

11929, 3625, 2875 

No. of reflections 3625 
No. of parameters 181 
No. of restraints 0 

H-atom treatment H atoms treated by a 
mixture of independent 

and constrained 
refinement 

F(000) 284.1719 
Crystal Size 0.30 X 0.28 X 0.22 mm 

Z 2 
R Factor (%) 4.71 

Theta range for data 
collection 

2.62-28.64 

Limiting Indices 
 

-10≤  h ≤ 10, -11 ≤ k ≤ 11, 
-15 ≤ l ≤ -15 

Rint 0.024 
Final R Indices [F2 > 2σ (F2)], 

wR(F2), S 
0.047, 0.149, 1.09 

 
R Indices (all data) R1=0.0587, wR2 = 0.149 
∆ρmax, ∆ρmin (e A°-3) 0.22,− 0.28 

 
Computer programs: Bruker APEX2 [9], Bruker SAINT [9], 
SADABS [10] SHELXT 2014 [11], SHELXL2014 [11], Bruker 
SHELXTL [9], and publCIF [12] , OLEX2 [13]. 
 

ii.
 Hirshfeld Surface, finger-plot and interaction energy 

analysis
 

The Hirshfeld surface analysis is performed by using 
CrystalExplorer 17 [14] to explore the space occupied by 
molecule in crystalline solid state for the purpose to know the 
electron density into molecule. Fingerprint plot of the 
molecules were used to explore the packing modes and 
non-covalent interactions in the molecule. Interaction 
energies for (3) were calculated employing the CE-B3LYP/6- 

31G(d,p) functional/basis set combination [15-18].   

III. RESULT AND DISCUSSION 

Compound (3) was crystalized in ethyl acetate solution at 
room temperature by slow evaporation method. Compound 
(3) having Z =2 in crystal packing. The perspective view of 
compound (3) ORTEP diagram at a 50% probability along 
(010) view is shown in Figure 1. Packing diagram of a unit 
cell of compound (3) is shown in figure 1b.   

 

 
Fig. 1 (a) ORTEP diagram of compound (3) with atom 

numbering at a 50% probability level (010 view) (b) packing 

diagram of compound along a view (3) 

 
The hydrogen bonding network for (3) and crystal packing 

is in Fig. 2. Compound (3) is dimer of –CH2OC6H4CHO but 

it exists in unsymmetrical pattern in crystal packing. Due to 

unsymmetrical packing in crystal lattice electronic 

distribution varies and having different non-covalent 

interactions from one end to another in the dimer. Both rings 

exist in gauche conformation rather than staggered 

conformation in ethylene linker of the molecule. In compound 

(3) only one formyl group oxygen (O4) of the molecule is 

involved in hydrogen bonding, whereas linker oxygen (O1 & 

O2) and formyl group oxygen (O3) are not involved in any 

kind of weak interactions. O4 is only having bifurcated 

C-H…O interactions with two neighboring molecules in sheet 

formation of the molecule (figure 2).  In addition to C-H..O 

interactions in extended structure of compound (3) are having 

intermolecular C-H..л interactions in the crystal packing 

between C6H6a, H14 and pi-electrons of the ring of adjacent 

molecule (Table 2).  Compound (3) also exhibit 

intermolecular л…л interactions among adjacent ring of 

neighbor molecules (figure 3). In pi-pi interactions both rings 

orientation are opposite in term of the position of substituent 

in the ring (figure 3). Compound is having both face to face 

Cg(C8….Cg (C7 C8 C9 C10C13 C14)…Cg(C8….Cg (C7 C8 
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C9 C10C13 C14) and displaced {(C8….Cg (C7 C8 C9 

C10C13 C14)} pi-pi interactions in the crystal packing of the 

molecule. Dihedral between the both rings in the compound 

(3) is 77.16. This dihedral angle is close to gauche 

conformation angle but it is not exactly in gauche 

conformation with respect to ethylene linker.    

 

 

 
Figure 2. Part of the crystal structure of compound (3), 
showing the formation of a hydrogen-bonded/non covalent 
interactions in sheet along b axis   

Table 2 Hydrogen-bond geometry (Å) for (3). Cg is the 
centroid of the ring. 

D-H…A D-H H…A D….A D-H..A 
(angle) 

C3-H3…O4(i) 0.930 2.484 3.288 144.91 
C9-H9…O4(ii) 0.930 2.719 3.459 137.11 
 C6-H6a…. Cg 
(C7 C8 C9 
C10C13 C14)(iii)    

0.930 3.817 4.027 96.33 

C6-H6a…. Cg 
(C7 C8 C9 
C10C13 C14)(iv)   

0.970 2.834 3.703 149.52 

Cg (C7 C8 C9 
C10C13 C14) 
…. Cg (C7 C8 
C9 C10C13 
C14)(v)   

 3.722   

C8 …. Cg (C7 
C8 C9 C10C13 
C14)(vi)  

 3.450   

Symmetry codes:   i. -1+x,y,z, ii. x,y,-1+z,   iii iv 1-x,1-y,-z,  iv 
1-x,1-y,-z,  v 1-x,1-y,-z, vi 2-x,1-y,-z, 

 

 

Figure 3. Part of the crystal structure of compound (3), 
showing the formation of a C-H..pi, pi..pi, C-H…O  
interactions, in sheet along b axis    

Hirshfeld surface analysis is useful in exploring packing 

modes and intermolecular interactions in molecular crystals. 

The 2D fingerprint plots obtained from this analysis provide a 

summary of each combination of non-covalent interactions 

with respect to de and di across the surface of the molecule 

and it also provides relative area of the surface corresponding 

to each interaction. The 2D fingerprint plots, Hirschfield 

surface d form are shown in Fig. 4a and shape index and 

curvedness are shown in figure 5. The fingerprint analysis of 

compound (3) shows the percentage contribution of 

intermolecular interactions are H-H for around 41.8% , O-H 

for 27.5%, C-H for 19.8%, C-O for 2.6 and C-C for 8% of the 

close contacts in the Hirshfeld surfaces.  

 

 
Fig. 4 Hirshfeld surgace and fingerprint plots of compound (3)  

 
There are red bins in the fingerprints and di + de (<3.6 Å) are 

indicating the presence of pi-pi stacking. There is prominent 

wing in the fingerprint indicates the vital contribution of 

C–H…pi interactions in the crystal lattice which are 

prominent between di + de = 2.7–3.3 Å. There is sharp peak in 

the fingerprint plots for O…H interactions in the crystal 

lattice, which are prominent in between di + de = 2.3–3.4 Å in 

the 2D plot of compound (3).   Decomposed  fingerprints of 

compound (3) are showing their characteristic distribution of  
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coloured bins for various interactions. The shape index of 

compound (3) 

 clearly indicated the nature of interactions (i.e. donor and 

acceptor property) (Figure 5a). The red and blue areas of the 

shape index indicated the acceptor and the donor property 

respectively. Surface morphology of the shape index of 

compound (3) showed that the the molecule were involved in 

unsymmetrical way with neighbouring molecules.  

Curvedness plots showed the presence of flat surface patches 

above the aromatic rings, this is the evidence of planar 

stacking between the molecules. Red hollows over aromatic 

rings were observed due to the involvement of these rings in 

the C–H…pi interactions. 

 
Table 3.  Interaction energies (kJ mol-1) calculated for (3).  

Interaction(s)  

E’ele           

E’po

l 

E’dis E’re

p 

   Etot 

C3—H3…O4/C9
—H9…O4  

-10.7 -3.5 -8.7 10.
2 

-15.2 

          -4.2 -1.6 -5.3 3.4 -8.1 
 -3.2 -2.0 -13.5 8.1 -11.6 
Cg (C7 C8 C9 
C10C13 C14) …. 
Cg (C7 C8 C9 
C10C13 C14)  

-11.4 -1.8 -50.7 29.
5 

-39.3 

C8 …. Cg (C7 C8 
C9 C10C13 C14)  

-12.5 -1.7 -54.7 36.
6 

-39.4 

C6-H6a…. Cg 
(C7 C8 C9 
C10C13 C14)  

-10.9 -3.7 -41.7 27.
2 

-33.8 

  -4.0 -1.3 -5.5 2.6 -8.4 
 2.3 -1.2 -8.3 1.6 -4.8 
 1.1 -0.5 -8.7 4.6 -3.9 
 -11.1 -3.0 -11.5 3.9 -21.5 

  
-15.7 -5.5 -58.2 37.

3 
-48.2 

 0.8 -0.3 -2.3 0.1 -1.3 
 -9.1 -2.8 -9.7 6.7 -16.0 

Scale factors used to determine Etot: kele = 1.057, kpol = 0.740, 
kdis = 0.871, and krep = 0.618 (Mackenzie et al., 2017). See 
Section 2.2.2 for calculation details. 

 

          (A) 

 

          (B) 

Fig. 5 Interaction energy in Hirshfeld analysis (a) pi..pi 

interactions and other weak interactions (b) pi..pi and C-H..pi 

interactions 

 

  Table 3 shows the results of the interaction energy 

calculations for (3).  The strongest involves a pair of 

C—H…л, л…л interactions between molecules (Fig. 6). 

There is the larger dispersion component calculated for these 

interactions, presumably a result of the aromatic electronic 

distribution in the compound.  Another interaction of interest 

is these weak H-bonds (C3-H3…O4 and C9-H9…O4) 

making a non-covalent interactions among neighbor molecule 

ring. There is the larger electrostatic component calculated 

for this interaction, presumably a result of the charge 

distribution in the aldehyde functional group and the 

polarization of the phenyl ring by its substituents.  

IV. CONCLUSION 

 Weak interactions play important role in molecular system 
and its property. Weak interactions are very complicated due 
to many facts involved in this interaction. Symmetrical dimer 
was synthesized for present study to get the model compounds 
but molecular interactions and other internal properties are 
not symmetrical in both the aromatic ring. Both CH=O group 
are having similar connectivity but due to uneven electronic 
distribution in the compound both oxygens are not taking part 
in non-covalent interactions in the molecular crystal. 
Aromatic rings are taking part in stacking interactions due to 
–CHO group in the ring. Opposite orientation of the aromatic 
ring in the crystal packing supports that it is due to un even 
electronic distribution in the system stacking occurs between 
the aromatic rings in the molecular system. Molecular 
flexibility is also increasing the probability of weak 
interactions in the molecular system.  It results the gauche 
conformation in the system at ethylene linker.  All these 
results may be helpful in drug design and development of new 
materials in the field of crystal engineering.   

 
SUPPLEMENTARY MATERIAL 

Crystallographic data (including structure factors) of the 

structure reported in this paper has been deposited with the 
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supple-mentary publication no. CCDC 1935303. Copies of 
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http://www. ccdc.cam.ac.uk/conts/retrieving.html (e-mail: 
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Abstract: ZnO nanorods were synthesized through a green 

microwave-assisted method utilizing cell-free aqueous 

extract of microalgae Scenedesmus dimorphus. The optical 

and surface properties of green synthesized ZnO nanorods 

were analyzed by UV-VIS spectroscopy, Fourier-transform 

infrared spectroscopy (FT-IR), X-ray diffraction analysis 

(XRD), scanning electron microscopy (SEM) and X-ray 

photoelectron spectroscopy (XPS). The UV-VIS 

characterization technique indicates that the synthesized 

ZnO nanorod shows an absorption peak at 363 nm with a 

bandgap energy 3.10 eV. XRD characterization technique 

suggested that the nanostructure was a crystalline hexagonal 

nanorod having crystalline size 27.37 nm. The XPS spectra of 

ZnO nanorod showed characteristic peaks at binding energy 

1043, 1020, 496, 137, 87, and 8 eV with corresponding 

elemental components Zn2p1/2, Zn2p3/2, ZnLMM, Zn3s, 

Zn3p, Zn3d, respectively. The synthesized ZnO nanorods 

were also used to study its photodegradation potential by 

degrading model organic pollutant methylene blue (MB) in 

aqueous solution under sunlight irradiation. The colour 

removal of MB was studied kinetically using 

Michaelis-Menten kinetics. The results indicated that the rate 

of colour removal depends on the concentrations of ZnO, pH 

and sunlight irradiation and maximum rate of MB 

degradation (16.44 mg/L/min) was achieved at 108.2 min of 

sunlight irradiation whereas initial rate of degradation was 

achieved as 0.151 mg/L/min.  

 

Keywords : Microalgae, ZnO nanorod, Photodegradation, 

Michaelis-Menten kinetics, XPS. 

.  

I. INTRODUCTION 

Algae are microscopic organism present in both aquatic 

and terrestrial environment and found to be rich source of 

several metabolites such as alkaloids, terpenoids, pigments, 

polysaccharides, lipids, cyclic peptides, phenols and vitamins 

 
 

(1, 2). The presence of metabolites in algae shows exciting 

biological properties including antifungal, anti-inflammatory, 

antibacterial, antioxidants, anticoagulant, anticancer, 

antiprotozoal and antiviral. Therefore, microalgae gained 

more attention in food, cosmetic, pharmaceutical, drug 

discovery and nutraceutical industries (3). The presence of 

bioactive compounds such as; dolastatins, carrageenan, 

apratoxins, cryptophycin in algae provide an excellent 

opportunity for new drug discovery (2). The presence of 

β-carotene (4), acetic acids (5), agars (6), polyunsaturated 

fatty acids (7) increase its application in cosmetic industry, 

pharmaceutical industry, biofuel production, aquatic feed, 

animal feed, natural pigments, biofertilizer, anticancer drugs 

etc. In the environment, microalgae are also used for 

environmental toxicants monitoring and bioremediation (8, 

9). Most important applications of microalgae include 

mitigation of carbon dioxide (CO2) emission and wastewater 

treatment (10, 11).  

In wastewater treatment plants, algae are used to remove 

toxic minerals such as As, Br, Hg, Cd, Sc, Sn and Pb ions 

individually or in a mixture (12, 13). According to Ketife et 

al. (14) microalgae Chlorella vulgaris removed 73% and 69% 

of heavy metal ions Cu2+ and Pb2+ respectively through the 

mechanism of bio assimilation combined with 

bioaccumulation. Furthermore, algae are also used to degrade 

hazardous azo dyes that are released into the pure water 

through various textiles, pharmaceutical, leather, food, paper, 

and cosmetic industries (15, 16, 17). EI-Sheekh et al. (16) 

reported that microalgae Chlorella vulgaris degrade 55.22% 

of azo dye (Disp. Orange 2RL) whereas Aphanocapsa 

elachista degrade only 49.16% of reactive yellow 3 RN (azo 

dye) after 7 days of incubation. This indicates that the algae 

based degradation of azo dyes is species specific, toxicant 

dependent and time consuming. Therefore, to overcome this 

problem, nanostructures increase the interest of researchers 

for its easy operation, pollution-free and cost-effective nature 

(18, 19, 20). 

 The application of nanostructures depends upon the mode 

of synthesis. According to available literature nanomaterial’s 

can be synthesized through different physical and chemical 

methods such as; sol-gel, hydrothermal, electrolysis and 
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actinic reduction, precipitation methods (12, 21, 22). But 

these methods of nanomaterial synthesis are hazardous, 

lengthy, unsafe, and not cost-effective (23, 24, 25). Therefore, 

green synthesis of nanomaterials utilizing biological 

organisms (algae, cyanobacteria, plants, etc.) received an 

immense interest of researchers due to their easy and 

cost-effective process, high specific surface area, favourable 

chemical interactions with pollutants (26, 27, 28). The major 

drawback of green method of synthesis is that they are slow 

compared to chemical methods of synthesis. This limitation 

can be overcome by incorporating the microwave chemistry 

with biomediated methods. Microwave-assisted green 

synthesis using aqueous extract of microalgae is a viable 

method for rapid and easy synthesis of ZnO nanostructures. 

Microwave irradiation causes rapid and uniform heating of 

the reaction medium and thus provides homogeneous 

nucleation and growth conditions resulting in monodispersed 

nanostructures in short reaction time (29). Therefore, in this 

present work, we have synthesized ZnO nanostructures 

through microwave-assisted method using aqueous extract of 

freshwater microalgae S.  dimorphus. 

The green synthesized nanostructure shows a variety of 

properties like, antibacterial, antifungal, photocatalytic, 

anticancer etc., that increase its application in modern 

technology. The photocatalytic efficiency of nanostructure 

utilized light energy to degrade various organic pollutants 

present in wastewater. The major advantage for the use of 

nanostructure as photocatalyst is that the nanostructure can 

undergo a complete degradation of organic pollutants within a 

short period of time due to its large surface to volume ratio. 

Khalafi et al (30) reported that ZnO nanoparticles (0.01 g/L) 

synthesized using microalgae Chlorella vulgaris degrade 97% 

of Dibenzothiophene (DBT) contaminant in neutral pH at 

mild conditions. This photocatalytic property of green 

synthesized nanostructures is considered as a green chemistry 

method for the degradation of dyes and other organic 

pollutants in wastewater (31, 32, 33). But most of the 

photocatalytic studies have been carried out using UV- lamps 

rather than solar light and thus could not be considered as a 

fully green process. 

The lamp-driven photocatalysis process mostly needs 

expensive cylindrical photobioreactors hindering the 

application of photocatalysis processes in destroying the 

pollutants after their discharge in natural water bodies. Khare 

et al. (34) suggested that compared to an artificial source of 

visible light (60W incandescent bulb), the sunlight-induced 

photodegradation using the pollutant petrol soot derived 

water-soluble graphene nanosheets (wsGNS) had shown ˜ 1.5 

times higher the rate of photodegradation. A potential 

solution to lamp-driven photocatalysis could involve 

sunlight-driven photocatalysis as a cost-effective and green 

method of degradation of pollutants in a large area. 

In this article, we have explored the photocatalytic 

properties of ZnO nanorod synthesized by 

microwave-assisted green method. This is the first time for the 

synthesis of ZnO nanorod using freshwater microalgae S. 

dimorphus through microwave-assisted method. However, in 

this study, we have demonstrated sequential removal of model 

organic pollutant MB under sunlight irradiance using ZnO 

nanorods and proposed a mechanism of photocatalytic 

degradation.  

II. EXPERIMENTAL 

A. Materials 

Zinc chloride (ZnCl2.2H2O) was purchased from Himedia, 

India, and Sodium hydroxide (NaOH) and Polyvinyl 

pyrrolidone (PVP) bought from Merck, India. All materials 

were utilized moving forward without any more treatment or 

filtration. The freshwater microalgae S. dimorphus, isolated 

from stagnant water of streams of Mizoram, India, and 

deposited at Mizoram University culture collection (no. 

MZUCC/17/024) was selected as the test organism and grown 

axenically in 250-ml Erlenmeyer flasks containing autoclaved 

Chu-10 medium (pH 6.8 ± 0.1). The culture was grown in an 

air-conditioned culture room at 17°C under 10 hours light: 14 

hours dark cycles. The pH of the culture medium was adjusted 

at 6.8 ± 0.2 using 0.1 N NaOH or 0.1 N HCl. The culture was 

hand-shaken thrice daily at regular intervals to avoid cell 

adherence on the wall of flasks. 

B. Preparation of algal extract 

The biomass of freshwater microalgae S. dimorphus were 

harvested through centrifugation (2000 g, 10 min) and 

washed threefold with sterilized Milli-Q water to evacuate 

any trace of nutrients and cell trash. The 0.40 g (fresh weight) 

biomass was re-suspended in 100 ml of Milli-Q water 

followed by heating at 80°C on the top of a hot plate. The 

suspension was cooled down at room temperature and filtered 

using 0.45µm Whatman’s filter paper. Then the resulting 

extract was kept at 4°C for further usage. 

C. Synthesis of ZnO nanorod 

 
ZnO nanorods were synthesized through a novel 

microwave synthesis method. For this, 20 ml of 5 M of 

ZnCl2.2H2O was taken in a glass Petri plate and heated at 

110°C for 20 sec in a microwave (IFB 20 L solo microwave 

oven, 20PM1S). The 10 ml of 1% of PVP and 10 ml of 

aqueous extract were added to the hot reaction mixture. The 

above reaction mixture was exposed to another round of 

microwave irradiation for 20 sec at the setting as depicted 

previously. Thereafter, pH was maintained at 10.5 ± 0.2 using 

2.0 M NaOH and exposed to microwave heating for another 

20 sec. The formation of a white colour precipitate indicates 

the formation of ZnO nanostructure. The white colour 

precipitate was decanted into another glass Petri plate and 

kept in a microwave at 110°C until constant weight. 
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D. Characterization of ZnO nanorod 

i. UV-VIS spectroscopy 

The UV-visible spectra of synthesized ZnO nanorods were 
recorded using UV-VIS-NIR spectrophotometer (Hitachi, 
U4100L). The 10 mg of ZnO nanopowder was dispersed in 10 
ml of Milli-Q water, and wavelength scan was performed for 
the 300-450 nm. The bandgap energy (Eg) in eV was 
calculated by using “Tauc” equation (35): 

 
                 (1) 
 

Where, A, α and n indicate the optical constant, absorption 
coefficient and an index, respectively. We have taken n = 2 
for direct bandgap material. The photon energy Eg for each 
wavelength of wavelength scan was calculated by using the 
formula described by Mahana et al. (36). Then the bandgap 
(eV) was determined by extrapolating the linear portion of the 
curve to the zero absorbance after plotting the Eg (eV) on the 
x-axis and (αhν) 2 on the y-axis. 

 

ii. FT-IR spectroscopy 

FT-IR spectrum of the synthesized ZnO nanorod was 
recorded in the range of 4000-400 cm-1 using an infrared 
spectrophotometer (IRAffinity-1S WL, Schimadzu). The 0.1 
mg of dry ZnO nanopowder was used directly without dilution 
with KBr powder. The functional groups and vibrations 
present in different peaks were identified on the basis of 
available published literature (37, 38). 

 

iii. X-ray diffraction (XRD) 

The crystal structure of ZnO nanorod was characterized by 
an X-ray powder diffractometer (Phillips X’Pert Pro) at the 
wavelength of 1.540589A°. The XRD was performed in 2θ 
range 10°-80° at generator voltage 45 kV and tube current 40 
mA with a divergence slit of 0.76 mm in continuous scanning 
mode. The generated XRD pattern was compared and indexed 
with a freely available MATCH database (MATCH No. 
96-210-7060, http://www.crystalimpact.com/match/).  

 

iv. SEM imaging 

The morphology of synthesized ZnO nanorod was studied 
by scanning electron microscope (SEM) (JEOL-JSM-6360). 
Sample for SEM characterization was prepared by fixing 
nanorod on a sample holder using double-sided carbon 
conductive tape. The gold coating of the sample was 
produced by vapour deposition in a sputter. Size distribution 
and the average diameter of the nanorods were estimated by 
using Image J software (version 6). The average size 
(diameter) of ZnO nanorod was calculated by fitting data to 
Gaussian distribution. 

 

v. XPS analysis 

The surface chemical analysis of synthesized ZnO 
nanostructure was performed by X-ray photoelectron 
spectroscopy (XPS) using PHI 5000 VersaProbe III. The 
binding energy was corrected for the charge shift using the 

C1s peak of graphite carbon (BE = 284.6 eV) as a reference. 
The atomic concentrations of all the elements (Zn and O) 
were determined using CASA XPS software (version 
2.3.22PR1.0). The C1s peak was analyzed by xpspeak 
software (version 4.1). 

E. Photocatalytic properties of ZnO nanorod 

i. Preparation of MB solution 

The MB was purchased from Himedia, India, and used 
without further purification. The stock solution of MB was 
prepared by dissolving 0.02 g of dye in 1 L of Milli-Q water to 
get the concentration of 20 mg/L. The required concentrations 
of MB solutions were then obtained by serial dilution 
techniques using Milli-Q water. 

 

ii. Kinetics of photocatalytic degradation of MB 

A time-course study of photocatalytic degradation of MB 
(10 mg/L, pH 10.5) was carried out under the sunlight 
irradiation (February, between 11.0 to 13.00 hours) in a 50-ml 
Erlenmeyer flask with continuous stirring using a 
reciprocating shaker (Spinix, Tarson). The ZnO nanorods (50 
mg/L) were dispersed in MB solution and ultrasonicated 
(Labsonic-P, Sartorius, Germany) for 2 min for the thorough 
disruption. The sample was kept in dark for 30 min to 
facilitate the adsorption of the dye onto the surface of the 
catalyst. After dark incubation, samples were transferred to 
natural sunlight and 10 ml reaction mixtures were withdrawn 
at different time intervals (0 to 180 min). The samples were 
centrifuged at 6,000 g for 15 min in a cooling centrifuge, and 
the residual concentration of MB was determined in the 
filtrate. 

 

iii. Equilibrium studies 

Photocatalytic degradation of MB (10 mg/L, pH 10.5) was 
further studied at pH 3.5, 4.5, 5.5, 6.5, 7.5, 8.5, 9.5, and 
10.5.The pH of the solution was adjusted using 0.1N HCl or 
0.1N NaOH. The pH optimization study was performed with 
50 mg/L of prepared ZnO nanorods under natural sunlight for 
2 h with continuous stirring. In another set of experiment, the 
effect of concentration of ZnO nanorod on photocatalytic 
degradation of MB was investigated. ZnO nanorods were 
dispersed in 20 ml of MB (10 mg/L, pH 10.5) to give final 
concentrations as 0.0, 5.0, 10.0, 20.0, 50.0 and 100.0 mg/L. 
The photocatalytic reaction was stopped after 120 min of 
sunlight irradiance. After optimization of pH, catalysts 
loading and time of irradiance exposure, photocatalytic 
degradation of MB was studied at different concentrations of 
MB. Prepared ZnO nanorods (100 mg/L) were added to MB 
solutions having concentrations 0, 1.5, 2.5, 3.5, 5.0, 7.5, and 
10.0 mg/L. The photocatalytic degradation was calculated by 
using the following expression: 
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iv. Statistical analysis 

All the experiments were carried out with a minimum of 
three replicates. The mean values of different observations 
were analyzed using “Microsoft office excel- 2007” and 
represented as mean ± SE. The graphs were plotted using the 
software SigmaPlot (version 11.0). 

III. RESULTS AND DISCUSSION 

A. Synthesis of ZnO nanorod 

Work on the fabrication of ultrafine powder and 
nanoparticles have been going on for a number of years. 
Chemical, mechano-chemical and thermo physical methods 
are the three significant and typical methods of fabrication of 
nano-size particles and catalysis particles (40, 41).  In recent 
years there has been a great interest in exploring biological 
routes of metal oxide nanoparticle fabrication using plants as 
well microbes (42; 43; 36; 44). Although biological methods 
offer several advantages over physical and chemical methods, 
nanoparticles synthesized using biological approaches are 
most often not mono-dispersed. Further, biological methods 
are relatively lengthy and uncontrolled. In present study, the 
above restrictions were overcome by inclusion of a short 
pulse of microwave in the route of nanoparticle synthesis as a 
novel approach.  The addition of 10 ml of algal aqueous 
extract to 20 ml ZnCl2.2H2O followed by a brief microwave 
exposure and subsequent heating resulted into synthesis of 
highly dispersed ZnO nanorod (Fig. 1). The resulting 
nanostructure was further confirmed as ZnO nanorods as 
described in following sub-sections. 

 

 
(A)         (B)        (C) 

Fig.1 Synthesis of ZnO nanorod. (A) ZnCl2.2H2O solution 
(colourless). (B) Formation of white colour precipitate 
indicating the synthesis of ZnO nanorod and the end of 
reaction. (C) ZnO nanorod in powder form. 

B. Optical analysis 

The presence of ZnO nanorod was further confirmed by 
UV-VIS spectrophotometric analysis that showed a strong 
peak at wavelength 363 nm. Fig. 2A shows the UV-VIS 
spectrum along with Tauc plot (Fig. 2B) of nanorod.  By 
employing Tauc plot, the bandgap energy of synthesized ZnO 
nanorod was determined as 3.10 eV.  Because of 
wide-band-gap, ZnO can be used as a wide-band-gap 
semiconductor in various applications such as UV-light 
emission, high voltage resistance, high radiation resistance, 
optoelectronics,  photodetectors and photodynamic therapy, 
etc. (45, 46, 47).  However, some studies have shown inverse 

relationship between wide-band-gap and photocatalytic 
efficiency (48). Nonetheless, there have been several attempts 
to improve the photocatalytic efficiency of wide-band-gap 
ZnO by the modification of its optical properties, doping 
metal/non-metal atoms, coupling carbon material etc. (48). 

 

 

 
Fig.2 UV visible spectra and corresponding “Tauc” plot of 
ZnO nanorods synthesized by using aqueous extract of S. 
dimorphus. Plots (A) and (B) correspond to the absorption 
spectra and the corresponding “Tauc” plot, respectively.  
 

C. FT-IR spectroscopy of ZnO nanorod 

The functional groups present in the aqueous extract of 

microalgae play significant roles in the reduction and/or 

stabilization of nanorods. The FT-IR spectrum of ZnO shows 

the transmitance peak at 3379, 2358, 1646, 1455, 1220, 772, 

and 419 cm-1(Fig. 3). The corresponding functional groups 

and vibrations are given in Table 1. The presence of an 

exceptionally broad peak at wavenumber 3379 cm-1 indicates 

the key role of polyphenols in the reduction of zinc ions. The 

previous study has also indicated the range of functional 

groups in the extracts of algae (49). Although this study 

suggests the key role of phenols in the synthesis of ZnO 

nanorod, it is remarkable that Zn in ZnO is in the same 

oxidation state (Zn2+) as in ZnCl2, the reductive mechanism 

of ZnO nanorod seems negligible. However, in this study 

whole-cell extract was employed, reduction of Zn2+ to 

metallic Zn (zero oxidation state) by constituents present in 

extract like flavonoids, phenols, reducing sugars, etc. cannot 

be ruled out. While chemical methods require chemical 

agents for reduction, nucleation and further cluster formation, 

use of cell extract replaced all above requirements. 
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Fig. 3 The FT-IR spectrum of ZnO nanorod synthesized from 
aqueous extract of S. dimorphus.  
 
Table 1 FT-IR peaks and functional group assignment.  

Wavenumber 

(cm-1) 

Functional 

group 

Vibration 

3379 Phenols & 

Alcohol 

hydrogen-bonded O-H 

stretch 

2358 Carbon 

dioxide 

O=C=O stretching 

1646 Alkene C=C stretching 

1455 Alkane C=H bending 

1220 Vinyl ether C-O stretching 

772 1,2- 

disubstituted 

C-H bending 

419 Metal oxide Zn-O stretch 

 

D. X-ray diffraction study 

 The XRD pattern of synthesized ZnO nanorod is shown in 

Fig. 4. The ZnO nanorod exhibited diffraction peaks at 2θ = 

31.75, 34.45, 36.27, 45.48, 47.56, 56.58, 62.89 and 67.97 

with corresponding lattice planes (100), (002), (101), (012), 

(110), (013), (200) and (112) of hexagonal Zn O nanocrystal 

(MATCH No. 96-210-7060). The comparison of XRD data 

obtained in the present study was compared with the MATCH 

database. No significant difference can be observed between 

XRD data obtained in the present study and XRD data of 

hexagonal Zn O in the MATCH database. Based on the above 

comparison, we conclude that prepared nanostructure is a 

hexagonal crystallite nanostructure. 

 We further determined the lattice parameter dhkl (space 

between planes of Miller indices h, k, and l) using Bragg’s law 

(50) as described as follows; 

                          (3) 

Where, n is 1, λ = X-ray wavelength (1.540598 A°). 
Further, we determined the lattice constants a and c, by using 

the following equation (51), 
 

 

      (4) 
 

  

According to the first order of thermodynamics, n =1; 

 

(5) 

Therefore, the constants ‘a’ and ‘c’ for the plane 100 and 002 

were calculated using the following equation: 

 

        (6) 

From equation (6), the value of lattice constants a and c were 

calculated as 3.251 A° and 5.202 A°, respectively, and c/a as 

1.600. 

 Further, we performed a comparison of values of d-spacing 

calculated for the prepared ZnO crystals in the present study 

with d-spacing data for hexagonal Zn O nanocrystals in 

MATCH database (MATCH No. 96-210-7060). There was 

no significant deviation between d-spacing values obtained 

for the prepared ZnO crystals and hexagonal Zn O crystals of 

MATCH data. 

The crystalline size of ZnO nanocrystal was determined using 

Scherer’s equation (52): 

              (7) 

 Where, K is Debye-Scherer constant (the shape factor = 

0.9), λ is the wavelength of incident CuKα radiation (i.e., λ= 

0.1540598 nm), βhkl is the FWHM of the respective peak; D 

is the crystalline size, and θ is the Bragg diffraction angle. 

According to equation (7), the crystalline size of the ZnO 

nanorod was estimated as 27.37 nm. Mydeen et al. (53) 

reported that the crystalline size of biosynthesized ZnO 

nanoparticles using fresh leaf extract of Prosopis juliflora as 

31.80 nm. Khalafi et al. (30) also reported that the crystalline 

size of ZnO nanoparticle synthesized by using microalgae 

(Chlorella sp) as 19.44 nm. 

The SEM technique was used to study the formation of 

ZnO nanorods and visualization of the shape and size of the 

nanorod. The micrograph is shown in Fig. 5A indicates that 

the synthesized nanorod is a hexagonal rod in shape as evident 

by XRD analysis. The size (diameter) of ZnO nanorod was 

determined as 55.42 ± 3.72 nm by adopting the Gaussian 

distribution model (Fig. 5B). This result agrees well with an 

existing study on the synthesis of ZnO nanoparticles 

(diameter range from 30 to 57 nm) using an extract of a 

marine alga Sargassum muticum (15). However, it is 

remarkable that slight variation in the synthesis pathway 

experimental conditions may result in large variation in the 

shape and size of obtained nanostructures. 

 

 

 

 

 



Free Radical- Medicated Degradation of Methylene Blue under Sunlight using ZnO Nanowires Catalyst Synthesized in a Microwave-assisted 

Biological process 

 

43 

 

North East (India) Academy of Science and Technology 
 

 

 
Fig. 4  XRD pattern of ZnO nanorods synthesized using 
aqueous extract of S. dimorphus.  

 

E. SEM results 

 
(A) 

 
(B) 

Fig. 5 (A) The SEM image of ZnO nanorods showing 

morphological features. (B) The Gaussian size distribution of 

ZnO nanorods.  

F. X-ray photoelectron spectroscopy  

The surface elemental composition and oxidation state of 

Zn and O of ZnO nanorod were analyzed by XPS. It is evident 

from the complete survey spectrum (Fig. 6A) that the sample 

contains Zn, O, and C peaks. This result indicated that the 

carbon is related to the adsorption on the surface during the 

exposure of the sample to the ambient atmosphere (54). In 

survey spectra, the presence of Zn was identified through 

characteristic peaks at binding energy 1043, 1020, 530, 496, 

284, 137, 87, and 8 eV with corresponding elements Zn2p1/2, 

Zn2p3/2, O1s, ZnLMM, Zn3s, Zn3p, Zn3d, respectively. The 

fitting of Zn2p1/2 and Zn2p3/2indicates that the chemical 

valence of Zn present in ZnO nanorod is +2 oxidation state. 

The unique binding energy of different elemental components 

(Zn2p1/2, Zn2p3/2, ZnLMM, Zn3s, Zn3p, Zn3d) indicated a 

slight variation on the surface morphology (54). The observed 

difference of binding energy could be typically attributed to 

two key reasons; (1) the chemical environment interaction 

with the surface atom (the composition of the 5 nm top 

thickness of the surface) and (2) the variation with texture 

coefficients with morphology. The summary of XPS analysis 

including binding energy (eV) for the core levels Zn2p1/2, 

Zn2p3/2, ZnLMM, Zn3s, Zn3p, Zn3d and O1s for their 

corresponding position (B.E. eV) along with atomic 

concentrations (%) is shown in Table 2.  

The O1s spectrum (Fig. 6B) of XPS data was also studied 

to follow the morphology of ZnO nanorod. The O1s spectrum 

was fitted with Gaussian-fit which indicates two distinctive 

species of oxygen; (1) located at the lower binding energy of 

530.5 eV and is assigned to O2- ions in the Zn-O bonding of 

the ZnO nanorod, and (2) the other peak located at 535.9 eV is 

related to OH group absorbed onto the surface of the ZnO 

nanorod (55). 

G. Photocatalytic activity 

The synthesized ZnO nanorods were examined for their 

potential in photocatalytic degradation of organic dye MB as 

a model organic pollutant of aquatic environment. It is well 

established that photocatalytic degradation of MB can occur 

through photolysis under sunlight without any external 

catalyst. We performed the experiments to test the essentiality 

of light in the degradation of MB. As shown in Fig. 7, there 

was negligible degradation of dye in dark with and without a 

catalyst. At the same time, significant degradation of MB was 

observed under sunlight when catalyst ZnO was absent. 

However, the inclusion of ZnO nanorods in reaction mixture 

significantly enhanced the degradation of dye under sunlight. 

The above results are justified with published literature (56, 

57). According to Pai et al. (56) the ZnO nanoparticles 

synthesized by utilizing aqueous leaf extract of Peltophorum 

pterocarpum enhanced photocatalytic degradation of MB 

(95%) in the presence of ZnO (50 mg /100 ml) within 120 min 

of sunlight irradiation. Vinayagam et al. (57) also reported 

that ZnO nanostructure synthesized from aqueous leaf extract 

of Calliandra haematocephala degrade 88% of MB in the 

presence of photocatalyst ZnO (50 mg/100 ml) within 270 

min of sunlight irradiation. Therefore, we can suggest that for 

the optimum degradation of dye, both the sunlight and catalyst 

(ZnO nanorods) are essential requirements. 

The pH is an important factor that exerts a strong 

effect on photocatalytic degradation of dyes (58; 59).  pH of 

the solution alters the surface-charge properties of the catalyst 

and also affects the oxidation states of various ions in the 

solution. Alkaykh et al. (60) reported that increasing pH from 
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2 to 9 removes MB from 15% (at pH = 2) to 60% (at pH = 9) 

in the presence of MnTiO3 nanopowder (0.005 g). Therefore, 

experiments were carried out to study the effect of pH ranging 

from 3.5 to 10.5 on photocatalytic degradation of MB under 

sunlight. In this experiment the concentration of dye and 

catalyst was fixed at 10 mg/L and 50 mg/L, respectively. As it 

could be seen in Fig. 8, alkaline pH favoured the 

photocatalytic degradation of dye while at acidic pH the 

photocatalytic degradation was significantly decreased. The 

highest photocatalytic degradation was observed at pH values 

9.5 and 10.5. At alkaline pH, the surface of ZnO nanorod is 

negatively charged, which causes an electrostatic absorption 

between negative charge surfaces of ZnO and cationic dyes 

but in an acidic medium, the surface charge of nanorod 

remains positive resulting in a decreased adsorption and 

thereby photodegradation of the dye on the surface. 
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Fig. 6 XPS study of green synthesized ZnO nanorods. (A) The 

XPS wide survey spectrum of ZnO nanorods (B) O1s spectra 

of XPS data of ZnO nanorods.  

 

 

 

 

Table 2: The XPS survey spectrum analysis results of green 

synthesized ZnO nanorod.  

Peak Position (B.E. 
eV) 

Atomic conc. (%) 

Zn 
2p1/2 

1043 1.629 

Zn 
2p3/2 

1020 3.051 

O1s 530 9.233 

ZnLMM 496 50.552 

C1s 284 16.463 

Zn3s 137 3.907 

Zn3p 87 10.509 

Zn3d 8 4.655 
 
 Further, we investigated the effect of ZnO nanorod loading 

on photocatalytic degradation of MB under sunlight in a 

saturation binding experiment where the concentration of MB 

was fixed (10 mg/L) and concentration of ZnO catalyst varied 

(0, 5, 10, 15, 20, 25, 50 and 100 mg/L). The pH was 

maintained at 9.5 and incubation time was 2 h. The results are 

shown in Fig 9 where photodegradation data was fitted to 

nonlinear form of one site specific binding equation as given 

below : 

                   (8) 

 

 Where Bmax is concentration of specific binding sites 

(mg/L), Kd is equilibrium binding concentration (mg/L) 

defined as the concentration of ZnO needed to achieve a half 

maximum binding at equilibrium, Ci is initial concentration of 

ZnO (mg/L), and Y is photodegradation of MB at 

equilibrium. From the nonlinear curve fitting of experimental 

data Bmax was determined as 9.899 mg/L and Kd as 0.418 

mg/L (R2= 0.951). Therefore, in further experiments the 

concentration of ZnO nanorods was fixed to 1.0 mg/L i.e. 

higher than double of Kd value. 

 
Fig. 7 Degradation of MB in dark (with and without ZnO 

nanorods) and sunlight (with and without ZnO nanorods).  

The degradation in reaction mixture was monitored upto  

2 h. The initial concentration of MB was 10 mg/L and ZnO 

concentration  

was 50 mg/L. 
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As shown above, solar irradiation was an essential 

requirement of degradation of MB, an experiment was 

performed to study the effect on irradiation time on the 

photocatalytic degradation of the dye. Although we noticed 

about 20% removal of MB in dark (with and without ZnO), 

exposure of reaction mixture to sunlight significantly 

enhanced the degradation of MB (Fig 10). Longer irradiation 

time resulted into higher degradation of the dye. The 100% 

degradation of MB (initial concentration 10 mg/L) was 

observed after 2 hours of irradiation of the sample. The initial 

rate of MB degradation was determined by fitting 

experimental data to the nonlinear form of Michaelis-Menten 

kinetics which is expressed as: 

           

               (9) 

 

  

 

 

 

 

 

 

 
 
 
 

Fig. 8 Effect of pH of reaction mixture on the degradation of 

MB using ZnO nanorod at a concentration of 50 mg/L. The 

degradation in reaction mixture was monitored upto 2 h. The 

pH of the reaction mixture ranges from 3.5 to 10.5. 

 
Fig. 9 Effect of concentrations of catalyst ZnO nanorod on the 

degradation of MB fitted to nonlinear form of one site specific 

binding equation. The pH of the reaction mixture and 

incubation period was 9.5 and 2 h respectively.  

 

  

 where Vmax is maximum rate of degradation of dye 

(mg/L/min), Km is irradiation time (min) required to achieve 

half of Vmax and C is estimated initial rate (mg/L/min) of MB 

degradation. The time-course data of MB photocatalytic 

degradation was fitted to above equation and parameters 

Vmax, Km and C were determined by nonlinear regression 

and results are shown in Table 3. 

 

 

Table 3 The Michaelis-Menten kinetics parameters of photocatalytic degradation of MB under sunlight irradiation. 

Initial 

concentration of 

MB 

(mg/L) 

ZnO nanorod 

concentratio

n 

(mg/L) 

pH Michaelis-Menten  kinetics parameters 

   Vmax (mg/L/min) Km (min) C (mg/L/min) R2 

10.0 1.0 10.5 16.44 108.2 0.151 0.968 

 

 
Fig. 10 Michaelis-Menten kinetics study of photocatalytic 

degradation of MB (initial concentration 10 mg/L) with 

different irradiation time. 

 

The photocatalytic degradation of MB was further studied at 

varying initial concentrations of MB ranging from 0 to 10 

mg/L and a fixed concentration (1.0 mg/L) of ZnO nanorod. 

The irradiation time was 2 hours and pH was maintained at 

10.5. Results showed that rate of photocatalytic degradation 

of MB under solar irradiance increased with increasing 

concentrations of MB in the solution (Fig 11). However, in 

the studied range of concentration (0 to 10 mg/L) of MB, a 

typical saturation point was not observed. It is well known 

that in basic medium MB is not adsorbed on the surface of 

catalyst (Soltani and Entezari, 2013), therefore, we applied 

Michaelis-Menten enzyme kinetics model to the experimental 

data assuming that reaction mixture has no other competing 

substrate. The Michaelis-Menten equation in absence of any 

inhibitor can be expressed as: 
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                    (10) 
 

 Where V[S] is rate of MB degradation (mg/L/min) at 

equilibrium, Vmax is maximum rate of degradation of MB 

(mg/L), Km is concentration of MB corresponding to 

Vmax/2, and [S] is equilibrium concentration of MB. The 

experimental results obeyed the Michaelis-Menten model 

(R2= 0.998). Employing nonlinear curve fitting method 

Vmax and Km  for MB photocatalytic degradation were 

determined as 4.29 mg/L/min and 265 mg/L, respectively. 

These results indicated very high photocatalytic degradation 

efficiency of ZnO nanorods. 

 

 
Fig. 11 Michaelis-Menten enzyme kinetics model fitted to 

photodegradation of MB under sunlight irradiance with 

increasing concentrations of MB in the reaction mixture. 

  

 Experiments were carried out to understand the possible 

mechanisms of photocatalytic degradation of MB in presence 

of ZnO catalyst under sunlight irradiance. As stated earlier, 

solar irradiance significantly enhance the degradation of MB. 

Although present study has not examined, previous studies 

has demonstrated that temperature has negligible effect on 

degradation of MB in sunlight (61, 62). The above study has 

also demonstrated that presence of O2 is essential for the 

photocatalytic degradation of MB. Further, we have 

demonstrated that in absence of ZnO, the MB degradation 

was negligible. Therefore, it can be concluded that for the 

degradation of MB, the light, O2, HO and ZnO nanorods are 

essential requirements. In present study we have 

demonstrated that basic medium favours the photocatalytic 

degradation of MB. Previously it has been suggested that 

highly reactive hydroxyl radicals produced due to solar 

irradiance could directly react with MB (45, 63). In present 

study some experiments were carried out to confirm the role 

of hydroxyl radicals in the solar light-driven degradation of 

MB in presence of ZnO nanorods. Photocatalytic degradation 

of MB was studied in a reaction mixture containing either of 

three different free radical scavengers butylated hydroxyl 

tolune (BHT), isopropyl alcohol (IPA) and ascorbic acid. All 

the three free radical scavengers significantly decreased the 

photocatalytic degradation of MB under solar irradiance (Fig 

12). The above results proved that photocatalytic degradation 

of MB involved the participation of hydroxyl radicals. 

 

 
Fig 12 Comparative study on the degradation of MB using 

ZnO nanorods and other free radical scavengers (BHT, IPA 

and AsA) under sunlight irradiance. 

H. Mechanism of photocatalytic degradation 

 A proposed mechanism for the degradation of MB using 

ZnO nanorod under sunlight irradiance is represented in Fig. 

13. During the process of photodegradation an electron-hole 

pair is created in the semiconductor photocatalyst ZnO 

nanorod in the presence of photon energy (hv) of direct 

sunlight, as shown in equation 11 (64, 65). That results in the 

excitation of mobile electrons from its valence band (VB) to 

the conduction band (CB). The transfer of electrons generates 

an equivalent quantity of holes in the VB. In VB the water 

(H2O) molecule generates the active °HO free radicals as 

shown in equation 12. Similarly in CB, the presence of 

excited electrons converting O2 to -O2° eventually converts 

into the °HO free radicals in the presence of H2O molecules. 

The reactions in CB to form °HO free radicals are given in 

equations 13 and 14. The productions of active °HO free 

radicals result in the oxidative degradation of MB 

(C16H18ClN3S, 3H2O) to form colourless leucomethylene 

blue (C16H19N3S), carbon dioxide (CO2) and H2O as 

shown in equation 15 (66; 67; 68). 
 

       (11) 

          (12) 

      (13) 

     (14) 
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        (15) 

 

 
Fig. 13 A proposed mechanism for the degradation of model 

organic pollutant MB in the presence of green synthesized 

ZnO nanorod to produce colourless leucomethylene blue, 

carbon dioxide and water. 

IV. CONCLUSION 

 In the present study, the aqueous extract of freshwater 

microalga S. dimorphus was used as a reducing agent for the 

synthesis of ZnO nanorod through a rapid and easy 

microwave-assisted method and characterized by different 

modern analytical techniques. The results indicated that the 

green synthesized ZnO nanostructure was a hexagonal rod in 

shape with 3.10 eV energy bandgap and +2 surface oxidation 

state. The synthesized ZnO nanorods efficiently catalyzed the 

sunlight-driven photodegradation of model organic pollutant 

MB. The colour removal of MB is studied kinetically using 

Michaelis-Menten kinetics. The results on photodegradation 

indicated that the rate of colour removal depends on the 

concentrations of ZnO, pH and sunlight irradiation and 

maximum rate of MB degradation (16.44 mg/L/min) was 

achieved at 108.2 min of sunlight irradiation whereas the 

initial rate of MB degradation was achieved as 0.151 

mg/L/min.  
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Abstract: This paper focusing on reversible 

watermarking of digital images using difference expansions 

based algorithms. This proposed algorithm is named as 

modified difference expansion (MDE). It has the advantage to 

present the watermarked image which has the highest 

payload size with respect to the original image without taking 

any user defined threshold value. Since the payload size is 

high, the PSNR (peak-signal-to-noise-ratio) is also highest 

between the host image and corresponding watermarked 

image. An automatic control scheme on DE was proposed.  

The VLSI implementation of modified difference expansion is 

also presented.  

I. INTRODUCTION 

The growth of high speed computer networks and that 

of Internet, in particular, has explored means of new business, 

scientific and social opportunities [1]. Ironically, the cause for 

the growth is also of the apprehension use of digital formatted 

data. Digital media offer several distinct advantages over 

analog media, such as high quality, easy editing, high fidelity 

copying. The ease by which digital information can be 

duplicated and distributed has led to the need for effective 

copyright protection tools. In Fig. 1 generates an original 

image and watermarks it before passing it. If received person 

claims the image and sells copies to other people, sending 

person can extract his/her watermark from the image proving 

his/her copyright to it. Watermarks have to be detectable or 

extractable to be useful. Depending on the technique the 

watermark is inserted and the characteristics of the 

watermarking algorithm, the technique used can engage very 

divergent approaches. In a number of watermarking 

algorithms, the watermark information can be extracted in its 

accurate form. The method can call watermark extraction. In 

further cases, identify only whether an explicit specified 

watermarking signal is available in an image, a practice can 

call watermark detection. It must be well-known that 

watermark extraction can establish ownership whereas 

watermark detection can only authenticate ownership. 

Watermarks and watermarking process can be alienated 

into a diversity of categories according to the different ways: 

according to working domain, according to type of document, 

according to human perception and according to applications 

[3-6]. In recent years a special kind of digital watermarking is 

discussed widely, called reversible watermarking [7-10]. It 

not only provides the protection of the copyright by 

embedding the assigned watermark into the original image but 

also can recover the original image from the suspected image. 

The retrieved watermark can be used to determine the 

ownership by comparing the retrieved watermark with the 

assigned one. Similar to conventional watermarking schemes, 

reversible watermarking schemes have to be robust against 

the intentional or the unintentional attacks, and should be 

imperceptible to avoid the attraction of attacks and value lost.  

 

 

Fig. 1. Example showing use of watermarking 

 

In this paper presented the VLSI architecture of reversible 

watermarking encoder and decoder that can achieve 

reversible watermarking using MDE and a comparative 

analysis is made between software and hardware 

implementation based on both MDE and IRI.  

II.  DIFFERENCE EXPANSION 

In this section the proposed MDE algorithm is briefly 

explored. The basic working principle behind the MDE 

algorithm for both data embedding and data extraction 

processes can be divided into three parts. For data embedding, 

they are reversible integer transform, expandable and 

changeable difference values and data embedding algorithm 

[11]. Similarly the data extraction part has same three parts 

except their input and output differ from 

 data embedding. 
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For an 8 bits gray scale-valued pair (x,y), x, y ∈ z, 0 ≤x, 

y≤255 describe their integer average and difference as, 

( ) / 2l x y = +   and h x y= −                  (1) 

The inverse transform of (1) is 

( )1 / 2x l h ′ = + +     and    / 2y l h′ = −          (2) 

At first, the original image is assembled into pairs of pixel 

values. A pair is consisting of two neighbouring pixel values 

or two with a little difference value. The pairing may be 

finished horizontally with pairing the pixels on the similar row 

and following columns (i, 2j-1) and (I, j), otherwise vertically, 

or else through a key-based specific pattern. The pairing can 

be through the entire pixels of the image otherwise just a 

section of it. Then apply the integer transform (1) to each and 

every pair. Throughout data embedding process, transform all 

changeable difference values, through either adding a fresh 

LSB (via the difference expansion) or transforming its LSB. 

The recuperation of the accurate image is finished by using 

inverse integer transform. 

The set of expandable and changeable difference value are 

determined from boundary conditions. They are given as 

follow 

Expandable: 

( ) ( )( )2 min 2 255 , 2 1h b l l× + ≤ − +
 

 (for both b = 1,0) 

' 2h h b= × +  
Changeable: 

( ) ( )( )2 min 2 255 , 2 1
2

h b l l× + ≤ − +
 

(for both b = 1,0) 
 

 

' 2
2

hh b = × + 
 

 

By definition, we can get that: 

● If h   is changeable, 
'h   is still changeable. 

● If h  is expandable, h  is changeable. 

● After the difference expansion, the expanded 

difference value 
'h  is changeable. 

● If h =  0 or -1, the circumstances on expandable and 

changeable are equivalent. 
           

III. RESULT AND DISCUSSION 

The hardware implementation of the entire architecture is 

carried out on device XC3S100E using VIVADO design suite 

of Xilinx. Fig. 2 shows the result of encoding which shows the 

timing waveforms and the value of the cover images for first 

eight pixels only from an (8 × 8) image size that consists each 

of 8-bits. The register transfer logic (RTL) circuit shown in 

Fig. 3. Similarly Fig. 4 and Fig. 5 showing the hardware 

implementation result of the decoding part for the first eight 

pixels out of (8 × 8) image size that consists each of 8-bits 

pixel intensity value and its RTL circuit respectively.  

The approach is first verified using software like MATLAB 

2016a. The quality of services is also measured using this 

software. We considered eight (256 × 256) gray images as the 

test images. The eight tested images are shown in Fig. 14. 

Following tables (Table 2 to 3) shows the quality factor of 

each tested image with their corresponding watermarked 

images for different partition threshold values for partitioning 

EN set. There are many ways to calculate the quality of 

services. 

 

 

Fig. 2. Timing diagram for encoding 
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Fig. 3. RTL schematic of the embedding process (DE based RW) 

 

 
 

Fig. 4. Timing diagram for decoding 

 

 
 

Fig. 5. RTL schematic of the decoding process 
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Fig. 14. The eight test images (Image 1, Image 2, Image 3, Image 4, Image 5, Image 6, Image 7, Image 8) 

 

                         Table 7: Average Difference 

 

Image No T = 5 T = 15 T = 20 T = 30 T = 40 

Image 1 1 1 1 1 1 

1 1 1 1 1 

Image 2 1 1 1 1 1 

1 1 1 1 1 

Image 3 1 1 1 1 1 

1 1 1 1 1 

Image 4 1 1 1 1 1 

1 1 1 1 1 

Image 5 1 1 1 1 1 

1 1 1 1 1 

Image 6 1 1 1 1 1 

1 1 1 1 1 

Image 7 1 1 1 1 1 

1 1 1 1 1 

Image 8 1 1 1 1 1 

1 1 1 1 1 

 
Table 8: Structure Content  

 

Image No T = 5 T = 15 T = 20 T = 30 T = 40 

Image 1 1 1 1 1 1 

1 1 1 1 1 

Image 2 1 1 1 1 1 

1 1 1 1 1 

Image 3 1 1 1 1 1 

1 1 1 1 1 

Image 4 1 1 1 1 1 

1 1 1 1 1 

Image 5 1 1 1 1 1 

1 1 1 1 1 

Image 6 1 1 1 1 1 

1 1 1 1 1 

Image 7 1 1 1 1 1 

1 1 1 1 1 

Image 8 1 1 1 1 1 

1 1 1 1 1 
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IV. CONCLUSION 

The VLSI architecture of reversible watermarking encoder 

and decoder chips that can perform reversible watermarking 

using MDE and a comparative analysis is made between 

software and hardware implementation. An automatic control 

scheme on DE was proposed. It is noticed that this algorithm 

has the advantage to present the watermarked image which 

has the highest payload size with respect to the original image. 

Since the payload size is high, the PSNR is also highest 

between the original or host image and corresponding 

watermarked image. This method is a simple and efficient 

reversible data-embedding method for digital images. The 

current results shows a greater way for the future scope of 

study on elegant techniques for digital watermarking. 
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Abstract: An analytical investigation on slot defected ground 

structure (DGS) with rectangular and cross type head has been 

carried out and compared to find the optimum DGS configuration 

to yield broad band low cross polarized radiation. Defects are 

incorporated in such a way that it reduces the radiation from 

non-radiating edges as well as the radiation from patch corners. 

Through and methodical analysis is presented for clear 

understanding to the readers. Both the antennas are simple in 

structure and easy to manufacture. The present study is beneficial 

for scientific and research community looking for broad band 

antenna with improved polarization purity.  

Keywords : Microstrip antenna (MA), defected ground structure 

(DGS), polarization purity, bandwidth. 

 

I. INTRODUCTION 

Microstrip patch antenna (MPA) is the most suitable 

candidate for wireless communication due to its light weight, 

small size and low cost. In modern wireless communication 

system antenna with large impedance bandwidth and low 

cross polarization are the two desirable characteristics [1-2]. 

A conventional microstrip patch antenna radiates 

co-polarized (CP) fields in the broadside direction in its 

fundamental TM10 mode. Along with this co-polarized 

radiation, orthogonal radiation called as cross-polarization 

(XP) fields are also radiated simultaneously by the antenna 

which is most prominent in first higher order orthogonal mode 

i.e. TM02. On the other hand improvement of impedance 

bandwidth is always an area of research as the conventional 

patch provides on 2-3% impedance bandwidth [3]. 

Researchers have reported various techniques to improve 

impedance bandwidth such as L-probe feed inverted EE-H 

shaped slotted MPA [4], E [5] and Ψ [6] shaped patch 

antenna. Impedance bandwidth reported in those articles is 

21.15%, 30%, and 54% respectively. All the above structures 

suffer from poor polarization purity (CP-XP isolation). Some 

significant research results show the investigation for 

reduction of XP radiation by modifying the feed structure 

[7-8] and ground plane structure [9-10]. 10 – 20 dB CP-XP 

isolation is reported in those articles without any 

 
 

improvement in impedance bandwidth. Recently defected 

ground structure (DGS) and defected patch surface (DPS) 

based on electronic band gap (EBG) theory have been used to 

improve the XP radiation purity of 10-15dB is reported in 

those articles. In [13] a Dumbelled shaped DGS is studied for 

the improvement of XP radiation of rectangular microstrip 

antenna (RMA). The article discussed about the position of 

the defect to achieved optimum XP performance but fails to 

solve the problem of low impedance bandwidth.  

In the present investigation, a comparative study between 

two existing methods (rectangular headed dumbbell DGS 

integrated RMA [13] and cross headed dumbbell DGS 

integrated RMA [14]) has been presented. The present paper 

aims to offer the reader a clear insight into two methods and 

proposes best method amongst them for improvement of 

antenna performance. Besides this, an analysis has been 

presented for placement of DGS beneath the patch. 

II. THEORETICAL INSIGHT 

 A RMA of length L and width W with a dielectric substrate 

of dielectric constant εr is fabricated on defected ground 

plane.  A rectangular microstrip patch is actually an open 

resonator. Its top and bottom walls are bounded by electric 

plates and the four side walls are considered to be the 

magnetic plates. The ground plane serves as base or bottom 

boundary. Hence, a defect on the ground plane under the 

patch should perturb the electromagnetic fields, causing a 

number of changes in field profile under the patch. 

Consequently, it affects the radiation property of RMA. A 

recent investigation by one of the present authors [15] clearly 

illustrate that the XP radiations are typically from the non 

radiating edges of a patch, resonating at its fundamental 

TM10 mode. Moreover, the next higher order orthogonal 

mode TM02, which is in fact another key factor of XP 

radiation from a patch, also be located in these regions. 

Therefore, the defect has been incorporated near non 

radiating edges to perturb the fields that are located in those 

regions. Due to the placement of the DGSnear non-radiating 

edges of RMA cross polarized radiation of the structures 

change from its conventional pattern.  
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(a) 

(b) 

                                                      

(c) 

Fig. 1. Schematic representation of (a) RMA with slots on the 

non-radiating edges (b) rectangular headed dumbbell DGS 

integrated RMA (c) Cross headed dumbbell DGS integrated 

RMA 

 

Two thin slots of dimension (Dl x Dw) is placed just 

beneath the non-radiating edges of the patch. However, the 

placement of the defect near non-radiating edges is a crucial 

factor to determine for the improvement in polarization purity 

of RMA. In Fig. 1(a) the parameter x is of critical importance 

in view of coupling of DGS with RMA along with complete 

elimination of higher order orthogonal modes.  

In higher order orthogonal modes, fields are oscillating 

laterally following the width of the RMA. Therefore, the said 

defect definitely perturb such higher order orthogonal 

resonance (TM02 mode) and will try to be coupled with slot 

DGS. It results in the decrement of effective width (W+2∆W).  

 

 

The coupling between microstrip and the slot at 

ground plane is given by [13] 

                                                                   

 

            (1) 

 

and                            

 

 

where, Zd =  input impedance of dipole resonator 

complementary to the slot.  

The characteristic impedance of MPA structure can be written 

as [16] 

    

                            

 

If the fringing is introduced, the effective width of the patch 

becomes  

             (3)
 

 

And equation (2) is modified as [13]  
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Effective dielectric constant for TMmn mode can be found 

from [17], [18].  

When the air gap of height h2 is introduced between the 

substrate (thickness h1, dielectric constant εr) and ground 

plane, the equivalent dielectric constant of the medium below 

the patch becomes 

  

 

              (5) 

 

The dynamic dielectric constant εrdyn is given by [19] 
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0.1=mγ  for 0=m  

    3525.0=  for 1=m  

    2865.0=  for 2=m  
    2450.0=  for 3=m  
And q01 is the fringing factor when εr =1 

Thus, based on the above equation the effective dielectric 

constant εreff can be obtained from [20]. The operating 

frequencies of fundamental TM10 mode and TM02  mode can 

be written as[13]. 

reff

TMr
LL

c
f

ε)2(2
)(

10 ∆+
=                (8)  

)2(

1
)(

02 WW

c
f

reff

TM ∆+
=

ε
             (9)      

 Where, ∆L and ∆W are the fringing length and width.  

               

As the defect is laterally displaced beneath the patch by an 

amount i, the new effective width comes as [13] 

)22( iWWWen −∆+=               (10) 

And equation (9) will be modified to [13] 

)22(

11
)(

02 iWW

c

W

c
f

reffenreff

TM −∆+
==

εε
          (11) 

Therefore from equation (11) it is clear that as i increases 

02
)( TMf

moves towards higher side of the spectrum. Hence, the 

effect of TM02 gradually decreases which in turn reduces XP 

due to TM02 mode. The variation of the TM02 mode 

frequency as a function of i has been depicted in Fig. 2. 
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Fig. 2. Schematic representation of (a) RMA with slots on the 

non-radiating edges (b) rectangular headed dumbbell DGS 

integrated RMA (c) Cross headed dumbbell DGS integrated 

RMA 
  

It is interesting to note that the corner of the patch gives 

birth to the orthogonal component of dominant mode in RMA 

[21]. Therefore, to address the corner fields, defect may be 

incorporated in those places to nullify the electric fields. Two 

types of defect such as rectangular and cross geometries have 

been incorporated at the two ends of the above mention linear 

slots. The effect of two geometries (i.e. rectangular and cross) 

has been studied vividly and discussed in the following 

sections.  

III. RESULTS AND DISCUSSION 

Two models using [22] has been designed with patch length 

L = 18.2 mm, width W = 28 mm on PTFE substrate of 

permittivity εr = 2.33, height h = 1.575 mm to operate around 

C band. The chosen dimension of the ground plane is 80 x 80 

mm2. In the first model, two pairs of rectangular headed 

dumbelled type defects have been placed at four corners of 

the patch. In the second model, two pairs of cross headed 

dumbelled type defects have been placed at four corners of 

the patch. The defects have been placed at four corners of the 

patch in such a way that, the centers of the defects coincide 

with the corners of the patch. The schematic representation of 

the proposed structure is shown in Fig. 1. The results obtained 

from both the optimum structure are documented in this 

section. 
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Fig. 3.  Reflection coefficient profile of rectangular headed 

dumbbell DGS integrated RMA and Cross headed dumbbell 

DGS integrated RMA 
 

Fig. 3 shows the reflection coefficient profile of both 

structures. It is clear from the figure that the -10dB bandwidth 

of the cross headed dumbbell DGS integrated RMA is much 

wider than the rectangular headed dumbbell DGS integrated 

RMA. Around 22% impedance bandwidth is achieved with 

cross headed dumbbell integrated RMA while for rectangular 

headed dumbbell DGS integrated RMA the impedance 

bandwidth is only around 4%.  

 Fig. 5(a) shows a comparative H plane radiation pattern of 

the conventional and rectangular headed dumbbell DGS 

integrated RMA. Fig. 5(b) shows a comparative H plane 

radiation pattern of the conventional and cross headed 

dumbbell DGS integrated RMA. The CP radiation pattern of 

conventional, rectangular headed dumbbell DGS integrated 

RMA and cross headed dumbbell DGS integrated RMA is 

almost same i.e. the co-polarized gain does not hamper due to 

the introduction of  the defect while the XP performance of 

DGS structures is much better than  the conventional 

microstrip antenna. Around 20dB improvement of 

polarization purity is confirmed from the rectangular headed 

dumbbell DGS integrated RMA while polarization purity is 

27dB in case of cross headed dumbbell DGS integrated RMA. 
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Fig. 4. Comparison of simulated H plane radiation pattern at 

resonate frequency (a) rectangular headed dumbbell DGS 

integrated RMA and conventional RMA (b) Cross headed 

dumbbell DGS integrated RMA and conventional RMA 

 

The detailed comparison between rectangular headed and 

cross headed dumbelled DGS integrated RMA has been 

presented in Table I. 

 

Structure 
Bandwid

th (%) 

CP-XP isolation 

(dB) 

Angular 

Region 

Gain 

(dBi) 

       fr10 

         (GHz) 

Rectangular 

headed 

dumbelled 

DGS 

integrated 

RMA 

4 20 ±1400 7.75 4.77 

Cross headed 

dumbelled 

DGS 

integrated 

RMA 

22 27 ±1500 7.5 4.89 

TABLE I.  COMPARISON BETWEEN RECTANGULAR HEADED 

DUMBELLED DGS INTEGRATED RMA AND CROSS HEADED 

DUMBELLED DGS INTEGRATED RMA 

IV. CONCLUSION 

An investigation on two established DGS integrated 

antenna has been methodically studied. The geometry of DGS 

is a critical factor for the input & radiation properties of the 

antenna, is documented. It is concluded that the Cross headed 

dumbbell DGS integrated RMA gives much better 

performance than rectangular headed dumbbell DGS 

integrated RMA. Therefore adequate care must be taken by 

the researchers or practicing engineers to work with DGS 

integrated RMA. 
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Abstract: The present experiment was carried out  at 

Mizoram University, Aizawl, Mizoram to study the effect of 

micronutrients on growth and  yield of broccoli cv.  Harumi 

188. Altogether eleven treatments were undertaken for the 

study. Micronutrients viz  T1: ZnSo4(0.5%),  T2: CuSo4 

(0.5%),  T3: Ammonium Molybdate (0.5%),  T4: MnSo4, T5: 

FeSo4 (0.5%), T6: Borax (0.5%), T7: Zn + Mo + B (0.5%), 

T8: Cu + Fe + Mn (0.5%), T9: All Mixture (0.5%), T10: All 

Mixture (1 %) and T11: Control(Water). The micronutrients 

had significant influence on different growth parameters, 

yield attributing characters and yield of Broccoli. Among all 

the micronutrients, the treatment combination of Zn + Mo + 

B  (0.5%) produced maximum plant height, leaf size, plant 

spread. Similarly the same treatment also effective in yield 

attributing characters like days to head initiation, 50% head 

formation and head maturity Micronutrients also had a 

significant influence on the stalk length, head diameter and 

stalk number. In these parameters, Borax has proved to be 

the highest influence. The highest harvest index was also 

recorded in Borax. Head weight, Cull Head number and 

Total yield per plant was highest in Borax treated plants. On 

the other hand, Cull Head weight was highest in 0.5% all 

mixture. Yield also significantly affected by the application of 

micronutrients. Out of all treatments, Borax and combination 

of Zn + Mo + B on yield was satisfactory. Among the different 

treatments, the maximum yield of 15.87t/ha was recorded in 

Borax which was 46.45 per cent higher than control. The 

highest income of Rs. 8,91,870.27 per hectare was observed 

in Borax with a benefit cost ratio of 2.36. It was followed by 

the combination of Zn + Mo + B (1.88) with a net income of 

Rs 801824.17 per hectare. From the results of the present 

investigation, it can be concluded that Borax (0.5%) is the 

most effective micronutrient for growth and yield of Broccoli.  

 

Keywords : Broccoli, growth, micronutrients, Mizoram, 

Yield.  

I. INTRODUCTION 

Broccoli (Brasica oleraceaa var italica L) or Italian 

broccoli is an important Cole crop of Europe, USA & 

Australia. The word ‘Broccoli’ is derived from the Latin word 

“Brachium’’ meaning an arm of branch. In Broccoli, the main 

head is produced terminally on a fleshy, branching & 

elongated stem.  

There are 3 types of broccoli viz. green, white & purple. 

Among them, Italian green sprouting or Calabrese type is 

most popular. Broccoli is highly nutritious. It contains 90 g 

moisture, 3.6 g protein, 0.3g Fat, 1.6 g total sugar, 0.4 g other 

carbohydrates, 3800 IU Vit A, 0.11 mg Vit B1, 0.10 mg Vit 

B2, 0.6 mg niacin, 110mg Vit C, 78mg Ca, 1.0 mg Fe, 39 mg 

Mg, 74mg P, 360 mg K, 40mg Na and yielding about 23 

Calorie energy in 100g fresh edible portion. Moreover, 

broccoli regulates body temperature & is known as Anti 

carcinogenic [1]. 

In India, broccoli is not yet considered as a commercial 

crop and is one of the rare vegetable cultivated in small scales. 

But of late, there has been a growing consciousness among the 

consumers and growers regarding its palatability, nutritive 

value and high market price. Its demand is increasing in big 

cities. It has a premier place in luxury hotels and tourist 

resorts. 

The micronutrients play an important role in crop 

production. In recent years, the importance of micronutrients 

to crop plant in increasing production has been greatly 

realized. But so far, their effects on quality of crops have been 

largely ignored. It is therefore essential that fertilizer use in 

relation to quality of the produce should receive urgent 

attention.  

 Foliar feeding is one of the important milestones in 

vegetable production; phenomenal increase in yield could be 

achieved through foliar feeding of nutrients. Application of 

fertilizers to crop plant as foliar spray is gaining popularity in 

increasing crop yield and quality. The nutrient solutions are 

sprayed on the foliage where complex chemical reactions are 

often a great interference. Sprays of minor elements correct 

the nutritional disorders. It has been observed  

that the foliar sprays of Zn, Fe, Cu and Mo are often more 

effective than soil application, because these elements are not 

highly soluble in the soil. It has also proved that, foliar 

feeding of nutrients is found many times more effective than 

soil application. 

EFFECT OF MICRONUTRIENTS ON 
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(Brasica oleraceae var. Italica L.) 

Pc. Lalnghahsangi and T. K. Hazarika 
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In recent years, foliar application of major and 

micronutrients become popular as a supplement to soil 

applied nutrients, to rectify certain specific disorders, and also 

to improve the yield, quality and shelf life of produce. 

Keeping in view all the above considerations, the present 

investigation was initiated to study the response of foliar 

application of micronutrients on growth and production of 

broccoli. 

II.  MATERIALS AND METHODS 

The present study was conducted in a farmer’s field at 

Bethlehem Vengthlang, Aizawl, Mizoram. The experimental 

was designed randomized block design with three 

replications. The crop was raised in with a spacing of 45 cm 

between rows and 45cm plant to plant. The space between 

each plot was kept at 60 cm in both sites. Altogether eleven 

treatments were undertaken for the study. Micronutrients viz  

T1: ZnSo4(0.5%),  T2: CuSo4 (0.5%),  T3: Ammonium 

Molybdate (0.5%),  T4: MnSo4, T5: FeSo4 (0.5%), T6: 

Borax (0.5%), T7: Zn + Mo + B (0.5%), T8: Cu + Fe + Mn 

(0.5%), T9: All Mixture (0.5%), T10: All Mixture (1 %) and 

T11: Control(Water).  The cultivar selected for the 

experiment was Harumi 188, F1 hybrid produced by East 

West Seed International.  Standard protocols were followed 

for growth, yield attributing characters and yield of Broccoli. 

III. RESULTS AND DISCUSSION  

The deficiency or non- availability of micronutrients is 

posing a great problem in the soils of Mizoram. It is evident 

that due to high rainfall in Mizoram, there has been extensive 

leaching of plant nutrients. In addition, continuous use of high 

analysis fertilizers with less use of organic manures 

aggravates the loss of micronutrients in this region. 

Rectification of micronutrient deficiencies by exogenous 

supply of micronutrients can easily be achieved through foliar 

application of micronutrients has been proved by various 

scientists [2]. The salient findings of the present investigation 

are being discussed in this chapter with logistic view in 

appropriate headings. 

A. Growth and Development characters 

Data represented in Table 1 showed the plant height in 

different growth stages of Broccoli i.e from 30 days upto 60 

days at 15 days interval and at harvesting.  Plant height of 

Broccoli was found to increase gradually with advancement 

of growth stage.  At 30 days after planting, there was no 

significant difference in plant height between different 

treatments, however at 45 & 60 days of planting, there was 

significant difference in plant heights among the treatments. 

At 45 days of Planting, the highest  height was obtained in the 

plants treated with Borax (44.80cm) and which was 

significantly higher than all other treatments except 

combination of Zn + Mo + B (44.50cm) with which it was 

statistically at per. At 60 days of planting, the highest plant 

height was observed in Zn +Mo + B(53.86 cm), which was 

significantly higher than all other treatments and it was 

followed by Cu +Fe+ Mn( 52.95 cm). The significant effect of 

Zn +Mo + B and all mixture might be due to the cumulative 

effect of its constituent nutrients elements viz., Zinc, 

Molybdenum, Boron, Copper, Manganese and Fe in balanced 

proportion. Similar effect on the growth of pineapple by foliar 

application of Polymax was also observed by [3, 4]. 

Table 1  represents that the number of leaves at different 

growth stages. It was observed that with the advancement in 

growth, the number of leaves also increases gradually in case 

of all the treatment with variable rate. At 30, 45 and 60 DAP 

the highest number of leaves were recorded in Borax (14.33, 

16.27 and 18.28 respectively) and it was significantly higher 

than all other treatments. It was followed immediately by ZN 

+ Mo + B. Control recorded the lowest number of leaves at 

harvest.  This might be due to the effect of Borax in rapid 

cell division and enlargement of the plant. This was also in 

agreement with the findings of [4,5]. 

 Leaf size index was observed at different growth stage, 

Table 1 expresses different leaf size index in centimeter. Leaf 

size index was also recorded at different growth stage i.e. at 

30, 45 and 60 days after planting and at harvesting. At 30 days 

after planting, there was no significant difference in leaf size 

index between different treatments, however at 45 & 60 days 

of planting, there was significant difference in leaf size index 

among the treatments. At 45 days of Planting, the highest leaf 

size index was recorded in all mixture (659.67) and which was 

significantly higher than all other treatments except 

combination of Zinc + Molybdenum + Boron (654.67) with 

which it was at par. At 60 DAP,   combination of Zn + Mo + B 

recorded a highest value of 858.45cm, which was 

significantly higher than all the treatments. This might be due 

to the cumulative effect of its constituent nutrients elements 

viz., Zinc, Molybdenum and Boron in balanced proportion. 

Accumulative increase in length and breadth of leaves with 

increased vigour of the plant resulted in larger area of the 

leaves which accounted for higher leaf size index [6,7]. 

There was significant difference between treatments in 

canopy spread. At 45, 60 DAP, and at harvest, the highest 

value was obtained in Zn + Mo + B (56.13 cm, 79.40 cm and 

90.73 cm respectively (Table 2). This might be due to the 

cumulative effect of its constituent nutrients elements viz., 

Zinc, Molybdenum and Boron in balanced proportion. At 

higher rate of assimilation there is more production of 

carbohydrates, which are metabolized into amino acids and 

proteins which allowed the plants to grow faster and more 

vigorously causing increased plant vigour and spread. 

[6,8,9,10].   

B. Yield attributing characters  

Micronutrients have significant influence of different yield 

parameters of Broccoli. This might be due to stimulative 

effect of micronutrients on the photosynthesis reaction and 

reproduction of genetic material (DNA) during cell division, 

chlorophyll production, energy transfer within plant, 
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influence on certain disease resistance, stem strength and 

drought tolerance and in the activation of enzymes involved in 

nitrate reduction; and also micronutrient effect in sugar 

transport, cell wall properties that influence cell growth or 

expansion. These in turn, accelerated the growth and 

development processes and ultimately increased the yield of 

the crop. 

Days to head initiation, 50% head formation and head 

maturity was earliest in combination of Zn +Mo +B which 

was 80.80, 87.60, 95.67 days respectively (Table 2). This 

might be due to the combined effect of these three 

micronutrients on their influence on reproduction of genetic 

material (DNA) during cell division, this was in agreement 

with the findings of [11]. Better photosynthates induced under 

the combined effect of micronutrients might have initiated the 

diversion of metabolites and photoassimilites for early head 

initiation as well as maturity. But plants under control had a 

poor vegetative growth and lack of sufficient carbohydrates 

produced in the leaf might be the cause of late heading as well 

as late maturity. 
Significant variation was observed among the treatments 

for head diameter and stalk diameter (Table 3) and Zn + Mo + 

B recorded the highest value of 19.78cm and 3.39 

respectively, which was significantly higher than all other 

treatments. Among the treatments, control recorded the 

lowest value for both the parameters. The possible reason for 

the above trend might be due to combined effect of these three 

micronutrients for making larger photosynthetic area for 

greater production and mobilization of photosynthates which 

ultimately increased the head as well as stalk diameter. 

Similarly, the highest stalk number was recorded in the 

treatment combination of Zn + Mo + B with a value of 16.13 

which was significantly higher than all other treatments. 

Among the treatments, control recorded the lowest value of 

stalk number. 

Highest fresh weight was recorded in combination of Zn + 

Mo + B with 842.00 g which was significantly higher than that 

of most of cultivars. It was followed by Borax with a value of 

838.00 but the difference between these two was not 

significant. The lowest value of 486g/plant was recorded in 

Control. 

Out of all treatments, Borax registered the highest harvest 

index value of 37.93 which was significantly higher than most 

of the treatments. It was followed by Cu + Fe + Mn (37.23), 

Zn + Mo + B (37.04) and all mixture (0.5%) (36.82) but these 

do not differ statistically. The lowest value of harvest index 

(28.60) was recorded in Amm. Molybdate. This might be due 

to the development of large sized heads. 

C. Yield parameters  

Head weight per plant gives an idea of marketable 

standard, since there is a direct relationship between head 

weight and yield. Head weight was found  to be highest in 

treatment Borax (389.13 g/plant), followed by Zn + Mo + 

B(367.60)  and declined significantly  to control (193.80 g).  

The increased head weight could be related to the favourable 

influence of vegetative growth parameters more particularly 

the numerical increase in leaves and total biomass production. 

This could be expected to promote a balanced and increased 

rate of growth and development resulting in efficient 

partitioning of assimilates to the sink(head) and development 

of a larger and strong sink (head). [4] observed that the 

average weight of cabbage heads increased with the 

application of Borax. 

Significantly higher cull head number were associated with 

the plants treated with Borax (8.60). 0.5% all mixture 

immediately followed it  (8.27).Increase in cull head number 

with Borax might be due to enhanced vegetative growth 

including the production of side shoots which provided more 

sites for increasing the cull head number.  

Out of all treatments, the highest cull head weight 

(131.20g) was found in 0.5 % all mixture. It was statistically 

higher than all other treatments except Zn + Mo + B (127.47g) 

with which it was statistically at par. Significantly lowest cull 

head weight was observed in control with 44.07grams. Like 

cull head number, increase  in cull head weight  might also 

due to combined effect of all micronutrients in enhanced 

vegetative growth including the production of side shoots 

which provided more sites for cull head production and 

ultimately increase the cull head weight. 

Significant variation was observed among the cultivars in 

total yield per plant (Table 4.7) and Yield per hectare. The 

Yield per plant ranges from 237.87gm to 512.07gm. Among 

all treatments, Borax application produced significantly 

higher total yield per plants. Total yield was also higher in Zn 

+ Mo + B. Similarly, the highest Yield per ha was recorded in 

plants treated with Borax.(15.87 t/ha) The highest  head yield 

in Borax might be attributed due to larger head weight  and 

higher numbers of cull heads; This might be attributed to the 

higher rate of assimilation and ultimately more production of 

carbohydrates and their translocation to storage organs like 

head. Application of Boron stimulated and enhanced the rate 

of absorption of NPK and other nutrients. Moreover Borax 

took part in sugar translocation which ultimately might lead to 

increase in yield. This was in accordance with the findings of 

[12] Increased yield of cabbage by application of Borax was 

also observed by [4, 13, 14]. 

D. Economics of cultivation  

 Since, the commercial growing of broccoli is guided by it 

benefit cost ratio and it is necessary to work out the economics 

of each treatment and compared with each other to identify 

the most profitable treatment. For this purpose, the benefit 

cost ratio of each treatment was separately worked out and 

compared.  
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     Table 1: Effect of micronutrients on growth characteristics of Broccoli cv. Harumi 188 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments Plant Height  No of leaves  Leaf size index (cm)  

30DAP 45DAP 60DAP At harvest 30DAP 45DAP 60DAP At harvest 30DAP 45DAP 60DAP At harvest 

T1 25.60 31.32 38.70   46.24 9.40 11.67 14.60 16.08 324.33 453.67 597.50 639.58 

T2 25.85 32.32 38.70   50.27 9.67 11.73 15.07 17.16 299.67 442.33 643.73 685.82 

T3 25.81 38.78 42.50   54.70 9.27 13.13 15.73 16.47 303.43 604.67 756.60 797.20 

T4 25.83 35.40 48.77   49.53 9.40 11.13 14.13 16.35 308.00 513.00 693.78 735.86 

T5 26.12 32.06 36.30   43.83 9.40 12.80 14.33 15.02 314.00 463.67 562.55 604.63 

T6 25.16 44.80 52.95   56.57 9.33 12.80 16.27 18.28 304.33 644.00 802.34 844.43 

T7 26.16 44.50 53.86   55.58 9.47 14.33 16.27 17.47 313.00 654.67 858.45 900.53 

T8 25.49 40.85 52.95    55.25 9.20 13.67 16.20 17.32 293.33 621.33 749.51 791.60 

T9 25.44 43.57 50.76   57.32 9.73 14.00 16.13 17.23 300.00 659.67 818.70 860.78 

T10 25.46 32.90 34.50   42.25 9.47 11.67 13.60 15.42 303.33 425.67 522.55 564.64 

T11 25.68 30.43 35.58   40.92 9.40 13.80 14.53 15.03 309.67 414.00 497.99 540.07 

S.Ed(±) 0.54 0.72 0.42   0.73 0.24 0.93 0.68 0.27 8.47 6.50 14.52 14.29 

CD0.05 1.14 1.51 0.88   1.53 0.48 1.96 1.43 0.56 17.79 13.66 30.50 30.01 



 
EFFECT OF MICRONUTRIENTS ON GROWTH AND YIELD OF BROCCOLI 

64 

 

 
Table 2: Effect of micronutrients on developmental characteristics and yield attributing characters of Broccoli cv. Harumi 188 

 

Treatments Plant spread (cm)  Days to  

head initiation 

Days to  

50% head 

formation 

Days to  

head maturity  30DAP 45DAP 60DAP At harvest 

T1 27.75 52.80 70.57 80.85 82.07 91.20 99.07 

T2 26.63 54.13 70.70 78.83 83.67 93.20 101.20 

T3 27.25 43.83 72.50 76.92 84.13 93.93 101.87 

T4 27.71 42.83 70.90 75.53 85.60 93.20 100.93 

T5 27.72 44.33 67.20 71.08 82.73 90.13 98.13 

T6 28.09 50.43 70.07 79.60 83.53 92.07 99.73 

T7 28.69 56.13 79.40 90.73 80.80 87.60 95.67 

T8 28.97 53.73 75.73 81.52 84.47 91.07 99.33 

T9 27.91 52.80 67.67 75.45 83.33 90.40 98.40 

T10 28.31 35.33 44.27 55.35 83.47 91.33 99.27 

T11 27.98 33.50 42.47 52.08 84.80 93.40 101.27 

S.Ed(±) 0.80 0.54 0.54 1.66 0.95 0.88 1.15 

CD0.05 1.68 1.13 1.13 3.49 2.00 1.85 2.41 
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        Table 3: Effect of micronutrients on Yield attributing characters and yield of Broccoli cv. Harumi 188 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments Head 

Diameter 

 (cm) 

Stalk  

diameter 

(cm)  

Stalk 

No. 

Fresh 

weigh

t 

(g/pt) 

Harvest 

Index  

Head  

Weight 

(g/plant) 

Cull 

Head  

no/plan

t 

Cull 

Head  

weight 

(g/plant) 

Cull 

head  

yield 

(t/Ha) 

Yield 

t/Ha  

T1 
13.91 2.19 7.27 595.33 33.46 242.47 6.33 55.80 1.73 9.25 

T2 
14.27 2.42 7.13 718.33 29.43 214.60 7.47 85.07 2.64 9.29 

T3 
16.23 2.72 11.93 821.33 28.60 268.87 6.87 90.00 2.79 11.12 

T4 
16.95 2.34 8.93 726.67 29.36 220.80 7.20 82.33 2.55 9.40 

T5 
15.33 2.37 6.47 562.00 35.23 223.27 6.73 83.53 2.59 9.51 

T6 
18.68 3.00 14.07 838.00 37.93 389.13 8.60 122.93 3.81 15.87 

T7 
19.78 3.39 16.13 842.00 37.04 367.60 7.53 127.47 3.95 15.35 

T8 
18.92 2.62 13.73 729.67 37.23 310.60 7.13 121.27 3.76 13.39 

T9 
19.51 3.27 14.67 813.00 36.82 343.20 8.27 131.20 4.07 14.71 

T10 
15.11 2.15 11.47 487.67 35.03 249.00 4.67 73.40 2.28 8.06 

T11 
12.96 1.62 5.00 486.00 32.84 193.80 4.60 44.07 1.37 7.37 

S.Ed(±) 
0.30 0.06 0.51 14.78 0.84 7.04 0.30 3.85 0.12 0.27 

CD0.05 
0.62 0.13 1.07 31.04 1.77 14.79 0.63 8.09 0.25 0.57 
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        Table 4: Economics of cultivation of Broccoli cv. Harumi 188 (1 hectare)

Sl. 

No. Operations/Inputs Unit 

Rate 

 

(Rs.)/H

a 

Treatment wise total cost (Rs./ha)    

ZnSo4 CuSo4 

Amm. 

Molybdate MnSo4 FeSo4 Borax 

Zn + Mo 

+ B 

Cu + Fe 

+ M 

All 

Mixture  

(0.5%) 

All 

mixture 

 (1%)  Control 

1 Seed cost  gm 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 

2 Land preparation  MD 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 

3 Vermicompost Kg 8810 8810 8810 8810 8810 8810 8810 8810 8810 8810 8810 8810 

4 

Application of vermicompost, 

 other nursery operations, sowng of seeds MD 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 

5 Weeding, watering etc. MD 21143 21143 21143 21143 21143 21143 21143 21143 21143 21143 21143 21143 

6 Ploughing  MD 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 

7 Tilling MD 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 10571 

8 Slaked lime  Kg 7341 7341 7341 7341 7341 7341 7341 7341 7341 7341 7341 7341 

9 Formalin  Bottle 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 20556 

10 Polyethene sheet 

Metre

s 29365 29365 29365 29365 29365 29365 29365 29365 29365 29365 29365 29365 

11 Application of formalin, slaked lime, solarization MD 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 

12 Vermicompost Kg 105714 

10571

4 

10571

4 105714 

10571

4 

10571

4 105714 105714 105714 105714 105714 105714 

13 Urea  Kg 1527 1527 1527 1527 1527 1527 1527 1527 1527 1527 1527 1527 

14 SSP Kg 3054 3054 3054 3054 3054 3054 3054 3054 3054 3054 3054 3054 

15 MOP Kg 470 470 470 470 470 470 470 470 470 470 470 470 

16 Application of vermicompost, 

and fertilizers  MD 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 7048 

17 Planting  MD 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 14095 

18 Cultural operations  MD 28190 28190 28190 28190 28190 28190 28190 28190 28190 28190 28190 28190 

19 Plant protection chemicals  Ml 11746 11746 11746 11746 11746 11746 11746 11746 11746 11746 11746 11746 

20 Cost of micronutrient gm 1879 3054 37564 1703 840 1562 44318 5615 49932 99864 0 

Sub-total  

33787

4 

33904

8 373558 

33769

8 

33683

4 337557 380312 341609 385927 435859 335994 

21 
Interest on fixed capital  

@12% per year and calculated for 4 months      40545 40686 44827 40524 40420 40507 45637 40993 46311 52303 40319 

  Total in '000(A)     378 380 418 378 377 378 426 383 432 488 376 

  

Income from sale of heads 

 @ Rs. 80/Kg in 1000s (B)      739.71 743.18 890.00 751.76 760.86 

1269.9

3 1227.77 1071.04 1176.51 644.48 589.92 

  Net income ( C )  =  (B-A)     361.29 363.45 471.61 373.54 383.61 891.87 801.82 688.44 744.27 156.32 213.60 

  Benefit cost ratio (C/A)     0.95 0.96 1.13 0.99 1.02 2.36 1.88 1.80 1.72 0.32 0.57 
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of Rs 8,91,870.27 per hectare. This might be due to lower cost 

of borax compared to other inputs and higher yield. It was 

followed by the combination of Zn + Mo + B (1.88) with a net 

income of Rs 801824.17 per hectare. The lowest benefit-cost 

ratio was observed in Ammonium molybdate, this is due to 

higher cost of Ammonium molybdate and low returns. 

IV. CONCLUSION 

The results of the present investigation reveals that among 

the different micronutrient combinations, Borax (0.5%) was 

the most effective in growth, yield attributing characters and 

yield of Broccoli cv. Harumi 188 in Mizoram condition.  
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