
India’s contribution on antioxidants: a bibliometric
analysis, 2001–10

K. K. Mueen Ahmed • B. M. Gupta

Received: 21 February 2012 / Published online: 18 March 2012
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Abstract The study examines India’s performance on antioxidants using several quan-

titative measures such as India’s global publication share, rank, growth rate and citation

quality, its publication share in various sub-fields in terms of national share utilising last

10 year’s (2001–10) publications data obtained from the Scopus database. We have also

determined Indian share with international collaborative papers at the national level as well

as is major international collaborative partners, besides analysing the characteristics of its

high productivity institutions, authors and high-cited papers, etc.
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Introduction

There is a massive global awareness concerning increasing imbalances in natural eco-

system; and therefore various measures are being taken up to correct the root cause of the

imbalance. Human beings regularly struggle against changing environmental conditions to

maintain optimum health and vigour throughout their life. The human body depends on the

enormous holistic interaction between internal and external factors. When this interaction

is in a state of equilibrium, man enjoys health and when it fails, either due to internal

deficiency or hostile environmental factors, the balance is disturbed leading to disharmony

and disease (McCord 1985; Slater 1984).

Humans have evolved with anti-oxidant systems to protect against free radicals. These

systems include some anti-oxidants produced in the body (endogenous) and others obtained
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from the diet (exogenous). The first include: (a) enzymatic defences, such as Se- glutathione

peroxidase, catalase and superoxide dismutase, which metabolize superoxide, hydrogen per-

oxide and lipid peroxides, thus preventing the formation of most of the toxic HO and (b) non-

enzymatic defences, such as glutathione–histidine peptides, the iron binding proteins transferrin

and ferritin and dihydro lipoic acid, reduced CoQ10 melatonin, urate and plasma protein thiols,

with the last two accounting for the major contribution to the radical trapping capacity of

plasma. The various defences are complementary to each other, since they act against different

species at different cellular compartments. However, despite these defence anti-oxidants (able

either to suppress free radical formation and chain initiation or to scavenge free radical and chain

propagation) some ROS still escape to cause damage. Thus the body anti-oxidant system is

provided also by repair anti-oxidants (able to repair damage, and based on proteases, lipases,

transferases and DNA repair enzymes). SOD, Catalase and Glutathione peroxidase are enzy-

matic anti-oxidants of first lines of defence against O2, H2O2 mediated injury. The term ‘‘anti-

oxidants’’ has been defined as ‘‘any substance that delays and inhibits oxidative damage to target

molecule’’ (Halliwell et.al. 1994; Freeman et al. 1982; Halliwell and Gutteridge 1990).

Antioxidants are substances that may protect your cells against the effects of free radicals.

Free radicals are molecules produced when your body breaks down food, or by environmental

exposures like tobacco smoke and radiation. Free radicals can damage cells, and may play

a major role in heart disease, cancer and other diseases. Antioxidants are found in many

foods. These include fruits and vegetables, nuts, grains and some meats, poultry and fish

(http://www.nlm.nih.gov/medlineplus/antioxidants.html). Well established anti-oxidants

derived from the diet are vitamins C, E, A and carotenoids, which have been studied intensely.

Besides these anti-oxidant vitamins, other substances in plants might account for at least a

part of the health benefits associated with the vegetable and fruit consumption. Over the past

decade evidence has been accumulated that polyphenols are an important class of defence

anti-oxidants. These compounds are widespread actually in all plants with often at high levels

including phenolics, phenolic acids, flavonoids, tannins and lignans (Butler 2004).

Various studies have been conducted in the past analysing India’s contribution in different

subject fields and diseases using Scopus database. Kaur and Gupta (2009, 2010) and Bala and

Gupta (2010a, b) analysed India’s contribution in immunology and microbiology during

1999–2008, dental science during 1999–2008 and biochemistry, genetics and molecular

biology during 1998–2007 and neuroscience during 1999–2008. Similarly, Gupta and Bala

(2011a, b) and Gupta et al. (2011) analysed Indian contribution in tuberculosis research during

1998–2009, malaria research during 1998–2009 and diabetes research during 1999–2008.

The current study is aimed to measure the Indian stand on antioxidants research and we

believe these antioxidants play a vital role in human defence mechanism, they are to be

supplied from outside either as food or other ways. Hence, by reducing the burden of free

radicals will further affect disease status as well.

Objectives

The study analyses on India’s performance as reflected based on its publications related to

antioxidants during 2001–10. In particular, we aimed to analyse: (i) India’s global publi-

cation share, rank and growth rate; (ii) publication distribution and citation impact in

various subject fields; (iii) share of international collaborative papers at the national level

as well identification of significant collaborative partners; (iv) productivity and citation

impact of most productivity institutions; (v) productive and citation impact of most pro-

ductive authors; and (vi) characteristics of its high-cited papers.
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Methodology and source used

This study was done based on the publication data from India and nine other countries in

antioxidants retrieved from the Scopus international multidisciplinary bibliographical

database [http://www.scopus.com/search/] for the last 10 year’s (2001–10). The string used

to retrieve the data on antioxidants was as follows:

Title-Abs-Key [antioxidant* or free radical scavenging or free radical biology] and

Title-Abs-Key [medi* plant* or pharmacological activity*].

The search using the above keywords were used as main search string. For citations

data, 3 year’s, 2 year’s and 1 year citations window has been used for computing average

citations per paper in antioxidants during 2001–8, 2009 and 2010. For searching and

calculating the total international collaborative papers, a separate search strategy, which

combines India’s collaboration with 140 major countries, was also prepared and this string

was combined with the main string to generate India’s total international collaborative

output. For analysing institutional, individual and journals output, the separate search

strategies for generating institutional, author and journal outputs were developed, which

later combined with the main string to generate the desired output.

Analysis

Global publication share and rank

The publications share of the top 10 most productive countries in antioxidants research

ranges from 3.32 to 18.14% during 2001–10. India tops the list, with a publications share

of 18.14% during 2001–10. The USA ranks second, followed by China and South Korea

(their global publications share ranging from 7.31 to 12.76%). Italy, Japan, Spain, Taiwan,

United Kingdom and Brazil ranks at 5–10th positions (their global publications share

ranging from 3.32 to 4.66%) (Table 1).

Among these top 10 countries, the countries showing decline in their publications share

from 2001–05 to 2006–10 are USA (from 16.09 to 11.37%), South Korea (from 7.44 to

7.25%), Italy (from 5.40 to 4.36%), Japan (from 6.28 to 3.18%), Spain (from 4.40 to

3.36%), Taiwan (from 4.04 to 3.46%) and United Kingdom (from 4.80 to 3.06%). As

against this, the countries showing increase in their publication share from 2001–05 to

2006–10 include India (from 14.29 to 19.76%), China (from 7.40 to 12.48%) and Brazil

(from 2.44 to 3.68%) (Table 1).

On comparing citation impact per paper among the top 10 countries, it was observed

that United Kingdom tops the list with citation impact per paper of 12.73, followed by

United States (12.43), Italy (10.78), Spain (10.07), Japan (7.77), Taiwan (7.22), South

Korea (6.47), China (6.19), Brazil (5.80) and India (4.96) (Table 2).

Indian output

India’s cumulative publication output on antioxidants consists of 1,532 papers during

2001–10, which works out to an average annual productivity of 153.2 papers. The Indian

output consists of 1,319 articles (with 86.10% share), followed by reviews (181 papers,

11.81% share), conference papers (12 papers, 0.78% share), letters (9 papers, 0.59% share),

short survey (5 papers, 0.33% share), editorial (3 papers, 0.20% share), article in press (2
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papers, 0.13% share) and note (1 paper, 0.07% share). The cumulative publications output

of India increased from 357 to 1,175 papers from 2001–05 to 2006–10, witnessing a

growth of 229.13%. India’s annual average publications growth rate during 2001–10 was

37.23%. In terms of impact and quality, the average citation per paper registered by India’s

publication output in antioxidants during 2001–10 was 4.96. The average citation per paper

of India’s cumulative publications in antioxidants decreased from 6.91 during 2001–05 to

4.37 during 2006–10 (Table 3).

International collaboration

During the period under study, only 124 papers out of total 1,532 papers on antioxidants

published from India involved international collaboration which is 8.09% of the total. The

international collaborative publications share of India have decreased from 9.80% during

2001–05 to 7.57% during 2006–10 (Table 4).

Table 1 Publication output and share of top 10 countries in antioxidants research, 2001–10

Country Number of papers Share of papers

2001–05 2006–10 2001–10 2001–05 2006–10 2001–10

India 357 1,175 1,532 14.29 19.76 18.14

USA 402 676 1,078 16.09 11.37 12.76

China 185 742 927 7.40 12.48 10.98

South Korea 186 431 617 7.44 7.25 7.31

Italy 135 259 394 5.40 4.36 4.66

Japan 157 189 346 6.28 3.18 4.10

Spain 110 200 310 4.40 3.36 3.67

Taiwan 101 206 307 4.04 3.46 3.63

UK 120 182 302 4.80 3.06 3.58

Brazil 61 219 280 2.44 3.68 3.32

World 2,499 5,947 8,446 100.00 100.00 100.00

Table 2 Contribution and
citation impact of top 10
countries in antioxidants,
2001–2010

TP total papers, TC total
citations, ACPP average
citations per paper

Country Number of papers

TP TC ACPP

India 1,532 7,605 4.96

USA 1,078 13,395 12.43

China 927 5,740 6.19

South Korea 617 3,994 6.47

Italy 394 4,247 10.78

Japan 346 2,687 7.77

Spain 310 3,123 10.07

Taiwan 307 2,217 7.22

UK 302 3,862 12.79

Brazil 280 1,624 5.80

World 8,446 61,278 7.26
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Among the major international collaborative partners, as reflected through its interna-

tional co-authored papers, 10 countries have published two or more collaborative papers

with India during 2001–10 (Table 5). USA was one of the major collaborating partner of

India during 2001–10 by contributing 52.42% publications share with India’s total inter-

national collaborative output on antioxidants, followed by UK (with 8.06% share), Japan

(6.45% share), South Korea and Taiwan (5.65% share each), Saudi Arabia (4.84% share),

Malaysia, Italy and Germany (2.42% share each) and Israel (1.61% share).

Antioxidants research output in context of different subjects

India’s publication output on antioxidants during 2001–10 has been published in context of

eight subjects (as reflected in database classification based on journal subject), with highest

publications output coming from pharmacology, toxicology and pharmaceutics (913 papers

and 59.60% publications share), followed by biochemistry, genetics and molecular biology

(470 papers and 30.68% publications share), medicine (383 papers and 25.00% publica-

tions share), agricultural and biological sciences (369 papers and 24.09% publications

share), chemistry (167 papers and 10.90% publications share) and so on (Table 6). On

analysing the quality and impact of antioxidants research output under different subjects, it

was found that neurosciences had scored the highest impact (9.48 citations per paper),

followed by chemistry (7.77 citations per paper), agricultural and biological sciences (5.74

citations per paper), environmental sciences (5.32 citations per paper), biochemistry,

genetics and microbiology (5.11 citations per paper), immunology and microbiology (5.09

citations per paper), medicine (4.40 citations per paper) and pharmacology, toxicology and

pharmaceutics (4.20 citations per paper) (Table 6).

Research profile of most productive Indian institutions in antioxidants

The top 15 most productive Indian institutions involved in antioxidants research have

published 18 and more papers each during 2001–10. The publications profile of these 15

Indian institutions along with their research output, citations received and h-index values

are presented in Table 7. These 15 Indian institutions involved in antioxidants research

together have contributed 38.74% share (with 594 papers) in the cumulative publications

Table 3 Indian publications
output and citation quality in
antioxidants, 2001–2010

TP total papers, TC total
citations, ACPP average citations
per paper

Year TP TC ACPP

2001 29 162 5.59

2002 41 247 6.02

2003 70 455 6.50

2004 96 803 8.36

2005 121 801 6.62

2006 125 1,000 8.00

2007 170 1,380 8.12

2008 198 1,307 6.60

2009 242 871 3.60

2010 440 579 1.32

2001–05 357 2,468 6.91

2006–10 1,175 5,137 4.37

2001–10 1,532 7,605 4.96
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output of India, with an average of 39.6 papers per institution. Only six Indian institutions

have registered higher publications share than the group average. These are Annamalai

University, Annamalainagar with 103 papers, followed by University of Madras, Chennai

(81 papers), Jamia Hamdard, Delhi (56 papers), National Botanical Research Institute,

Lucknow (46 papers), Bhabha Atomic Research Center, Mumbai (46 papers), and Manipal

College of Pharmaceutical Sciences (38 papers) (Table 8, 9).

The average citation per paper registered by the total papers of these 15 Indian insti-

tutions was 6.42 during 2001–10. Only seven Indian institutions have registered higher

impact than the group average. The highest impact of 10.05 citations per paper was scored

by the Bose Institute, Kolkata, followed by Central Food Technological Institute, Mysore

(9.76 citations per paper), Bhabha Atomic Research Center, Mumbai (8.74 citations per

Table 4 Indian output and its
share of international collabora-
tive papers in antioxidants,
2001–2010

TP total papers, ICP international
collaborative papers

Year TP ICP % ICP

2001 29 1 3.45

2002 41 4 9.76

2003 70 7 10.00

2004 96 11 11.46

2005 121 12 9.92

2006 125 11 8.80

2007 170 14 8.24

2008 198 8 4.04

2009 242 22 9.09

2010 440 34 7.73

2001–05 357 35 9.80

2006–20 1,175 89 7.57

2001–10 1,532 124 8.09

2008 198 8 4.04

Table 5 India’s collaboration with top 10 countries in antioxidants, 2001–2010

Collaborating country Number of international collaborative
papers

Share of international collaborative
papers

2001–05 2006–10 2001–10 2001–05 2006–10 2001–10

USA 22 43 65 62.86 48.31 52.42

UK 2 8 10 5.71 8.99 8.06

Japan 4 4 8 11.43 4.49 6.45

South Korea 0 7 7 0.00 7.87 5.65

Taiwan 2 5 7 5.71 5.62 5.65

Saudi Arabia 0 6 6 0.00 6.74 4.84

Malaysia 0 3 3 0.00 3.37 2.42

Italy 0 3 3 0.00 3.37 2.42

Germany 1 2 3 2.86 2.25 2.42

Israel 1 1 2 2.86 1.12 1.61

Total of India 35 89 124 100.00 100.00 100.00
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paper), Annamalai University, Annamalainagar (7.78 citations per paper), National

Botanical Research Institute, Lucknow (7.70 citations per paper), All India Institute of

Medical Sciences, New Delhi (7.59 citations per paper), and Jawaharlal Nehru University,

New Delhi (6.68 citations per paper).

The average h-index value of these 15 Indian most productive institutions was 12.67

during 2001–10. The six Indian institutions have scored higher h-index value than group’s

average of 12.67. The highest h-index value (22) was achieved by Annamalai University,

Annamalainagar, followed by Bhabha Atomic Research Center, Mumbai (18), University

Table 6 Contribution and impact of Indian papers on different subjects of antioxidants, 2001–2010

S. No Broad subject TP TC ACPP

1 Pharmacology, Toxicology and Pharmaceutics 913 3,832 4.20

2 Biochemistry, Genetics and Molecular Biology 470 2,403 5.11

3 Medicine 383 1,686 4.40

4 Agricultural and Biological Sciences 369 2,118 5.74

5 Chemistry 167 1,298 7.77

6 Environmental Science 98 521 5.32

7 Immunology and Microbiology 54 275 5.09

8 Neuroscience 29 275 9.48

Total of India 1,532 7,605 4.96

TP total papers, TC total citations, ACPP average citations per paper

Table 7 Contribution and impact of top 15 Indian organisations contributing to research on antioxidants,
2001–10

S.No Name of the organisation TP TC ACPP H-Index

1 Annamalai University, Annamalainagar 103 801 7.78 22

2 University of Madras, Chennai 81 441 5.44 17

3 Jamia Hamdard, Delhi 56 282 5.04 15

4 National Botanical Research Institute, Lucknow 47 362 7.70 16

5 Bhabha Atomic Research Center, Mumbai 46 402 8.74 18

6 Manipal College of Pharmaceutical Sciences 41 162 3.95 11

7 Jadavpur University, Kolkata 38 185 4.87 9

8 Amla Cancer Hospital & Research Center, Trissur 34 175 5.15 12

9 All India Institute of Medical Sciences, New Delhi 32 243 7.59 16

10 Central Food Technological Institute, Mysore 21 205 9.76 11

11 Bose Institute, Kolkata 20 201 10.05 11

12 The Maharaja Sayajirao University of Baroda, Vadodara 19 72 3.79 6

13 University of Calcutta, Kolkata 19 69 3.63 5

14 Jawaharlal Nehru University, New Delhi 19 127 6.68 11

15 Kasturba Medical College, Manipal 18 88 4.89 10

Total 594 3,815 6.42 12.67

Total of the country 1,532

Share of top 15 institutions in country total 38.77

TP total papers, TC total citations, ACPP average citations per paper
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of Madras, Chennai (17), National Botanical Research Institute, Lucknow and All India

Institute of Medical Sciences, New Delhi (16 each) and Jamia Hamdard, Delhi (15).

Contributions and impact of most productive authors in Indian antioxidants

Among the leading Indian contributors to research on antioxidants, 15 authors have con-

tributed 10 and above papers. Of these 15 authors, 5 each are affiliated to Annamalai

University, Annamalainagar and National Botanical Research Institute, Lucknow, and 1

each to Manipal College of Pharmaceutical Science, Manipal, Jamia Hamdard, Delhi,

Bhabha Atomic Research Center, Mumbai, Mahatma Gandhi University, Kottayam and

Bose Institute, Kolkata.

These 15 authors together contributed 228 papers with an average of 15.2 papers per

author and account for 14.88% share in the cumulative publications output of India during

2001–10. Six authors have published higher number of papers than the group average

(15.2). These are: A. Shirwaikar and S. Sultana with 23 papers each, followed by L. Pari

Table 8 Contribution and impact of top 15 Indian authors contributing to research on antioxidants,
2001–10

S.No Name Affiliating organisation TP TC ACPP h-
index

1 A. Shirwaikar Manipal College of Pharmaceutical Science,
Manipal

23 124 5.39 11

2 S. Sultana Jamia Hamdard, Delhi 23 101 4.39 10

3 L. Pari Annamalai University, Annamalainagar 20 172 8.60 12

4 R. Govindarajan National Botanical Research Institute,
Lucknow

18 144 8.00 10

5 A.K.S. Rawat National Botanical Research Institute,
Lucknow

17 90 5.29 8

6 T.P.A.
Devasagayam

Bhabha Atomic Research Center, Mumbai 16 164 10.25 9

7 M. Vijayakumar National Botanical Research Institute,
Lucknow

14 120 8.57 9

8 M. Latha Mahatma Gandhi University, Kottayam 14 92 6.57 11

9 P C. Sil Bose Institute, Kolkata 13 151 11.62 10

10 S. Mehrotra National Botanical Research Institute,
Lucknow

13 77 5.92 7

11 P. Subramanian Annamalai University, Annamalainagar 12 41 3.42 4

12 P. Pushpangadan National Botanical Research Institute,
Lucknow

12 88 7.33 8

13 C A. Jaleel Annamalai University, Annamalainagar 12 263 21.92 10

14 R.
Panneersetvam

Annamalai University, Annamalainagar 11 262 23.82 10

15 S. Nagini Annamalai University, Annamalainagar 10 92 9.20 6

Total 228 1,981 8.69 9.00

Total of the country 1,532

Share of top 15 authors in country total 14.88

TP total papers, TC total citations, ACPP average citations per paper
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(20 papers), R. Govindarajan (18 papers), A.K.S. Rawat (17 papers) and T.P.A. Deva-

sagayam (16 papers).

Considering the quality/impact of papers, these productive authors have received a total

of 1,981 citations for 228 papers with an average of 8.69 citations per paper. Five authors

have registered higher impact than the average impact of papers of all authors (8.69).These

are: R Panneerselvam with 23.82 citations per paper, C A Jaleel (21.92 citations per paper),

P C Sil (11.62 citations per paper), T.P.A. Devasagayam (10.25 citations per paper) and S

Nagini (9.20 citations per paper).

Measuring the performance of these authors on the basis of h- index, 8 authors have

achieved the higher h-index value than the group average of 9.0. These authors are L.Pari

with h-index of 12, followed by A. Shirwaikar and M Latha (11 each) and S.Sultana,

R.Govindarajan, P C Sil, C A Jaleel and R Panneerselvam (10 each).

Research communication in high productive journals

The 20 most productive Indian and foreign journals publishing Indian research papers

together contributed 575 papers in antioxidants, which accounts for 37.53% of the total

Table 9 Media of communication of Indian scientists on antioxidants, 2001–2010

S.No Name of the journal Number of papers IF
2010

2001–05 2006–10 2006–10

1 Journal of Ethnopharmacology 32 46 78 2.466

2 Pharmacologyonline 0 72 72

3 Phytotherapy Research 32 13 45 1.878

4 Pharmaceutical Biology 11 31 42 0.638

5 Indian Journal of Experimental Biology 13 24 37 0.702

6 Molecular & Cellular Biochemistry 8 28 36 2.168

7 Food and Chemical Toxicology 2 29 31 2.602

8 Pharmacognosy Reviews 0 24 24

9 Journal of Medicinal Food 5 16 21 1.461

10 Phytomedicine 12 8 20 2.662

11 Pharmacognosy Journal 0 18 18

12 Food Chemistry 1 17 18 3.458

13 Research Journal of Pharmaceutical Biological and
Chemical Sciences

0 18 18

14 Journal of Natural Remedies 3 15 18

15 Indian Drugs 7 11 18

16 International Journal of Pharmtech Research 0 17 17

17 International Journal of Pharmaceutical Sciences Review
and Research

0 16 16

18 Chemico Biological Interactions 1 15 16 2.832

19 Journal of Pharmacy and Pharmacology 5 10 15 1.918

20 International Journal of Pharmacology 0 15 15

Total 132 443 575

Total of the country 357 1,175 1,532

Share of top 20 journals in country output 36.97 37.70 37.53
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output of India during 2001–10. The cumulative share of these 20 journals in total pub-

lications output of India in antioxidants have increased from 36.97% during 2001–05 to

37.70% during 2006–10.

Analysis of Indian high cited papers on antioxidants, 2001–2010

There are 49 Indian papers, which have received 50 or more citations since their publi-

cation till October 2011. These are referred here as high cited papers. Of the 49 high cited

papers, 28 have appeared as articles, 19 as reviews and 1 each as conference paper and

short survey. Of the 49 high cited papers, eight were international (bilateral) collaborative,

10 involved national collaboration and 33 were zero-collaborative. Of the 49 high cited

papers, two papers falls in the citation range of 201–250, three papers falls in the citation

range of 150–199, six papers falls in the citation range of 100–149, seven papers falls in the

citation range of 75–99, and 31 papers falls in the citation range of 50–74. These 49 high

cited papers have received 4,114 citations, with an average of 83.96 citations per paper and

the citation range of these papers varies from 50 to 220.

These 49 high cited papers involve 30 Indian organisations. Among them, the largest

number of papers (6) are contributed by Bhabha Atomic Research Centre, Mumbai, fol-

lowed by National Botanical Research Institute, Lucknow (5 papers), Aligarh Muslim

University (3 papers), Annamalai University (3 papers), Amla Cancer Research Centre,

Trichur (2 papers), Banaras Hindu University, Varanasi (2 papers), Central Food Tech-

nological Research Institute, Mysore (2 papers), Industrial Toxicologal Research Centre,

Lucknow (2 papers), Jadavpur University, Kolkata (2 papers), Panjab University, Chan-

digarh (2 papers), University of Pune (2 papers), All India Institute of Medical Sciences,

New Delhi (2 papers), and one paper each by 18 other Indian Organisations. These 49 high

cited papers have appeared in 33 journals. Among them, the largest number of papers (7)

appeared in Journal of Ethnopharmacology, followed by Phytotherapy Research (5

papers), Plant Science (4 papers), Phytomedicine (2 papers), Fitoterapia (2 papers), Bio-
logical and Pharmaceutical Bulletin (2 papers), and one paper each in 27 other journals.

A list of top 20 high cited papers are listed in Table 10.

Summary and conclusion

Indian authors have contributed a total number of 1,532 papers in antioxidants during

2001–10, with an average annual productivity of 153.2 papers. Its annual average publi-

cations growth rate during 2001–10 was 37.23%. India’s originated publications on anti-

oxidants registered an average citation impact per paper of 4.96 during 2001–10, which

decreased from 6.91 during 2001–05 to 4.37 during 2006–10. India has topped among 10

most productive countries in antioxidants during 2001–10 with global publication share of

18.14%, which increased from 14.29 to 19.76% from 2001–05 to 2006–10. The interna-

tional collaborative share of India in its total publishing output in antioxidants constituted

8.09% share during 2001–10, which decreased from 9.80 to 7.57% from 2001–05 to

2006–10. Among India’s collaborating partners, the largest share (52.4%) of international

collaborative papers are contributed by United States during 2001–10, followed by UK

(with 8.06% share), Japan (6.45% share), South Korea and Taiwan(5.65% share each),

Saudi Arabia (4.84% share), Malaysia, Italy and Germany (2.42% share each) and Israel

(1.61% share). In terms of subject-wise distribution of Indian papers on antioxidants

during 2001–10, the largest share (59.60%) came from pharmacology, toxicology and
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Table 10 List of top 20 high cited papers on antioxidants, 2001–10

S. No Authors Title Source No. of
citations

1 Shah K., Kumar
R.G., Verma S.
et al.

Effect of cadmium on lipid
peroxidation, superoxide anion
generation and activities of
antioxidant enzymes in growing rice
seedlings

Plant Science 2001,
161(6), 1135–44

220

2 Reddy A.R.,
Chaitanya K.V.,
Vivekanandan
M.

Drought-induced responses of
photosynthesis and antioxidant
metabolism in higher plants

Journal of Plant
Physiology 2004, 161
(11), 1189–1202

205

3 Sabu M.C., Kuttan
R.

Anti-diabetic activity of medicinal
plants and its relationship with their
antioxidant property

Journal of
Ethnopharmacology
2002, 81(2), 155–60

181

4 Verma S., Dubey
R.S.

Lead toxicity induces lipid
peroxidation and alters the activities
of antioxidant enzymes in growing
rice plants

Plant Science 2003,
164(4), 645–55

163

5 Garg A., Garg S.,
Zaneveld L.J.D
et al.

Chemistry and pharmacology of the
citrus bioflavonoid hesperidin

Phytotherapy Research
2001, 15(8), 655–69

156

6 Grover J.K.,
Yadav S.P.

Pharmacological actions and potential
uses of Momordica charantia: a
review

Journal of
Ethnopharmacology
2004, 93(1), 123–32

133

7 Devasagayam
T.P.A., Tilak
J.C., Boloor
K.K. et al.

Free radicals and antioxidants in
human health: current status and
future prospects

Journal of Association of
Physicians of India Oct
2004, 52, 794–804

132

8 Azam S., Hadi N.,
Khan N.U., Hadi
S.M.

Prooxidant property of green tea
polyphenols epicatechin and
epigallocatechin-3-gallate:
implications for anticancer
properties

Toxicology in Vitro
2004, 18(5), 555–61

116

9 Arora R., Gupta
D., Chawla R.
et al.

Radioprotection by plant products:
present status and future prospects

Phytotherapy Research
2005, 19(1), 1–22

109

10 Auddy B., Ferreira
M., Blasina F.
et al.

Screening of antioxidant activity of
three Indian medicinal plants,
traditionally used for the
management of neurodegenerative
diseases

Journal of
Ethnopharmacology 3
Feb 2003, 84, 131–38

109

11 Naik G.H.,
Priyadarsini K.I.,
Satav J.G. et al.

Comparative antioxidant activity of
individual herbal components used
in ayurvedic medicine

Phytochemistry 2003,
63(1), 97–104

103

12 Banerjee S.K.,
Mukherjee P.K.,
Maulik S.K.

Garlic as an antioxidant: the good, the
bad and the ugly

Phytotherapy Research
2003, 17(2), 97–106

90

13 Singh S., Eapen
S., D’Souza S.F.

Cadmium accumulation and its
influence on lipid peroxidation and
antioxidative system in an aquatic
plant, Bacopa monnieri L.

Chemosphere 2006,
62(2), 233–46

84
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pharmaceutics, followed by biochemistry, genetics and molecular biology (30.68% share),

medicine (25.00% share), agricultural and biological sciences (24.09% share), chemistry

(10.90% share), etc. In terms of citation impact, however, the largest citation impact per

paper (9.48) was made by neurosciences during 2001–10, followed by chemistry (7.77),

agricultural and biological sciences (5.74), environmental sciences (5.32), biochemistry,

genetics and microbiology (5.11), immunology and microbiology (5.09), medicine (4.40)

and pharmacology, toxicology and pharmaceutics (4.20).

The top 15 most productive Indian institutions involved in antioxidants research have

together contributed 38.74% share in the cumulative publications output of India, with an

average of 39.6 papers per institution. The average citation per paper and h-index regis-

tered by the total papers of these 15 Indian institutions was 6.42 and 12.67 during 2001–10.

Similarly, the top 15 Indian authors together contributed 14.88% share in the cumulative

publications output of India, with an average of 15.2 papers per author. The average

citation per paper and h-index registered by the total papers of these 15 Indian authors was

8.69 and 9.0 during 2001–10. The 20 most productive Indian and foreign journals pub-

lishing Indian research papers together accounted for 37.53% share in the total output of

India during 2001–10, which has increased from 36.97% during 2001–05 to 37.70% during

2006–10. Among the Indian research output, there were 49 papers (known as high cited

papers), which have registered 50 and above citations since their publications, with cita-

tions varying from 50 to 220 and registering an average citations of 83.96 per paper.

Among these 49 high cited papers, only eight involve international bilateral collaboration

and 10 national collaboration. These 49 high cited papers received contribution from 30

Table 10 continued

S. No Authors Title Source No. of
citations

14 Govindarajan R.,
Rastogi S.,
Vijayakumar M.
et al.

Studies on the antioxidant activities of
Desmodium gangeticum

Biological and
Pharmaceutical
Bulletin 2003, 26(1),
1424–27

84

15 Babu B.H.,
Shylesh B.S.,
Padikkala J.

Antioxidant and hepatoprotective
effect of Acanthus ilicifolius

Fitoterapia 2001, 72(3),
272–77

84

16 Pradhan S.C.,
Girish C.

Hepatoprotective herbal drug,
silymarin from experimental
pharmacology to clinical medicine

Indian Journal of
Medical Research
2006, 124, 491–504

83

17 Mukherjee P.K.,
Maiti K.,
Mukherjee K.
et al.

Leads from Indian medicinal plants
with hypoglycaemic potentials

Journal of
Ethnopharmacology
2006, 106(1), 1–28

79

18 Yogeeswari P.,
Sriram D.

Betulinic acid and its derivatives: a
review on their biological properties

Current Medicinal
Chemistry 2005, 12(6),
657–66

79

19 Srivastava M., Ma
L.Q., Singh N.
et al.

Antioxidant responses of hyper-
accumulator and sensitive fern
species to arsenic

Journal of Experimental
Botany 2005, 56(415),
1335–42

73

20 Ravishankara
M.N.,
Shrivastava N.,
Padh H. et al.

Evaluation of antioxidant properties of
root bark of Hemidesmus indicus R.
Br. (Anantmul)

Phytomedicine 2002,
9(2), 153–60

73
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Indian organisations including six papers from Bhabha Atomic Research Centre, Mumbai,

five papers from National Botanical Research Institute, Lucknow, three papers each from

Aligarh Muslim University, Annamalai University, etc. These high cited papers were

published in 33 journals, including seven papers from Journal of Ethnopharmacology, five

papers from Phytotherapy Research, four papers from Plant Science, etc.

Investigations and studies on biological sciences reveal that consumption of antioxidant

dietary supplements reduces harm to cells and biochemical burden due to the free radicals

(Silva and Soysa 2011). Hence, reducing the free radicals burden will positively play a

major role in the prevention of many diseases such as cancer, diabetes, hypertension, etc.

(Chung et al. 2011). Recently, there are plenty of plants showing marked antioxidant

activities (Hudaib et al. 2011; Wintola and Afloyan 2011; Gozleckci et al. 2011; Pochapski

et al. 2011; Zhang et al. 2011). This study will also enhance the scientific research on

medicinal in quest of many unfound antioxidants available in vast natural resources within

India, which could possibly used for treatment of various diseases and disorders generated

by free radicals.

References

Bala, Adarsh, & Gupta, B. M. (2010). Mapping of Indian neuroscience research: a scientometric analysis of
research output during 1999–2008. Neurology India, 58(1), 35–41.

Bala, Adarsh, & Gupta, B. M. (2011). Research activities in biochemistry, genetics and molecular biology
during 1998–2007 in India: a scientometric analysis. DESIDOC Journal of Library & Information
Technology, 30(1), 3–14.

Butler, M. S. (2004). The role of natural product chemistry in drug discovery. Journal of Natural Products,
67(12), 2141–2153.

Chung, J., Kim, J., & Kim, S. (2011). Antioxidative effects of cinnamomi cortex: a potential role of iNOS
and COX-II. Pharmacognosy Magazine, 7, 314–319.

Freeman, B. A., & Crapo, J. D. (1982). Biology of disease: free radicals and tissue injury. Laboratory
Investigation; a journal of technical methods and pathology, 47(5), 412–426.
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