
 

Published in Journals:  

S.No. Title of the Paper 
Journal Name/Vol.(Issue)/ ISSN/ 

ISBN No. / Page Numbers 
Impact 
Factor 

Year 

International Publication: 10 

1. 
Analysis of Volleyball Serve- A 
Kinematic Study 

International journal of Creative 
Research Thoughts/ Vol. 8(4)/ 
ISSN 2320-2882, 1813-1817 

7.97 2020 

2. 
Kinematics Investigation on 
Different Types of Volleyball 
Serve 

International Journal of Recent 
Scientific Research/ Vol. 
10(9)/ISSN 0976-3031, 34628-
34632, 2019 

7.38 2019 

3. 
Spatio-Temporal Analysis of 
Volleyball Serve 

International Journal of 
Engineering Development and 
Research/ Vol. 7(2)/ISSN 2321-
9939, 805-810, 2019 

4.61 2019 

4. 
Investigate the Manipulation of 
Kinematics on Tennis Serve 
performance 

International Journal of 
Engineering Sciences & Research 
Technology/ Vol. 5(8)/ISSN 2277-
9655, 988-995, 2016 

4.12 2016 

5. 
Influence Of Spatio-Temporal 
Parameters On Gait Speed In 
School Children 

International Journal of Advanced 
Research/ Vol. 4(4)/ISSN 2320-
5407, 768-772, 2016 

 2016 

6. 
Analysis of Fitness Status of 

Maharashtra State 

Academic Sports Scholars/ Vol. 
4(8)/ ISSN 2277-3665, 1-6. 2015 2.11 2015 

7. Influence of Body Kinematics on 
Tennis Serve 

EUROPEAN ACADEMIC 
RESEARCH/Vol. 3(1)/2286-
4822/238-248 

3.45 2015 

8. 
Kinematic Characteristics of Two 
Different Service at Three Varied 
Stages during the Match 

International Journal for Research 
in Applied Science & Engineering 
Technology (IJRASET)/ Vol. 
3(4)/2321-9653/388-404. 

3.40 2015 

9. Construction Of Specific Physical 
Fitness Test For Bowlers 

Academic Sports Scholar/Vol. 
4(1)/2277-3665/1-8. 2.11 2015 

10.
Three Dimensional Analysis of 
Drag-flick in The Field Hockey of 
University Players 

Advances in Physics Theories and 
Applications/ Vol. 29/2225-
0638/87-93 

7.14 2014 

11.
Three Dimensional Analysis of 
Variation between Successful and 
Unsuccessful Drag flick 
Techniques in Field Hockey 

International Journal of Research 
Studies in Science, Engineering 
and Technology/Vol. 1(2)/2349-
4751/74-78. 

1.06 2014 

12.
Three Dimensional Biomechanical 
Analysis of the Drag in Penalty 
Corner Drag Flick Performance 

Journal of Education and 
Practice/Vol. 5(20)/2222-1735/91-
96. 

7.15 2014 

13.
Three dimensional kinematic 
analysis of the drag flick for 
accuracy 

Int. Journal of Applied Sciences 
and Engineering Research/ 
Vol.3(2)/2277  9442/431-435 

--- 2014 

14. Construction Of Specific Physical Horizon Palaestra International --- 2014 



Fitness Test For Batsman Journal of Health Sports and 
Physical Education/Vol. 3(1)/ 
2278 - 2982/31-36 

National  Publication: 01 

1. 
A Comparative Evaluation of 
Anxiety State Among Different 
Levels of Equestrian Players 

Indian Journal of Physical 
Education and Yogic Sciences/ 
Vol 2(2)/2229-3191/26-29. 

--- 
 

2012 

 
Published in Proceedings of Conferences/Seminars:  

S.No. Title of the Paper 
Journal Name/ ISSN/ ISBN No. / 

Page Numbers 
Year 

International: 04 

1. 
Kinematics Analysis of Jumping Sequences 
on Joker Jump 

Sports, Health and Sports 
Economics/978-93-80748-86-3/594-
599. 

2015 

2. Mechanical Efficiency in Tennis Serve 
Sports, Health and Sports 
Economics/978-93-80748-86-3/508-
513. 

2015 

3. 
Identification of Specific Physical Fitness 
Test Items For Cricket Batsmen and 
Bowlers 

Sports, Health and Sports 
Economics/978-93-80748-86-3/721-
727 

2015 

4. 
Psycho-Socio-Biomechanical Perspective 
of Dancing Movement 

Arts Oriented Journal/2395-0315/191-
193. 

2015 

National: 03 

1. 
A Kinematic Study to Show-Jumping 
Event of Equestrian Sports 

Fit and Healthy India/978-93-84869-
24-3/62-64. 

2015 

2. 
Biomechanical variation of Tennis Serve at 
Different Stages of the Match 

Fit and Healthy India/978-93-84869-
24-3/550-553. 

2015 

3. Specific Physical Fitness Test for Crickets 
Fit and Healthy India/978-93-84869-
24-3/1-6 

2015 

 
6. Presentation of paper in Conferences and Seminars:  

S.No. Description Year 
International: 04 

1. 

Presented research paper entitled Biomechanical Investigation of the Changing 
Kinematics in Show Jumping Event  in International Congress on Sports Science 
and Yoga (ICSSY-2017) organized by Lakshmibai National Institute of Physical 
Education, Gwalior, M.P., on 02-04, February 2017, held at New Delhi. 

2016 

2. 

Presented research paper entitled Psycho-Socio-Biomechanical Perspective of 
 in International Interdisciplinary Conference of Music, 

, organized by Department of Physical Education, SantGadge 
Baba Amravati University, Amravati, Maharastra, on 9-10, March, 2015 

2015 

3. 

Presented research paper entitled 
 in the International Conference on SPORTS, HEALTH AND 

SPORTS ECONOMICS,organized by Department of Physical Education and Sports 
Technology, Sri Guru Granth Sahib World University, Fatehgarh Sahib, Punjab 
(INDIA) on March 03-04, 2015. 

2015 

4. Presented research paper entitled 2015 



presented in International 
Conference on Physical Education and Sports Sciences (ICPESS-2012) 
organized by Department of Physical Health & Sports Education, Aligarh 
Muslim University, Aligarh, November, 16-18, 2012. 

National: 07 

1. 

Presented research paper entitled 
in National Seminar on Fit and Healthy India- 

Vision 2020 organized by LNIPE, North East Regional Centre, Guwahati, on 
20-21, February, 2015 

2015 

2. 

Presented research paper entitled Study to Show-Jumping Event of 
E  in National Seminar on Fit and Healthy India- Vision 2020 
organized by LNIPE, North East Regional Centre, Guwahati, on 20-21, 
February, 2015 

2015 

3. 

Presented research paper entitled - A Biomechanical 
 in National Conference on Youth Enrichment Through Sports and Physical 

Education (YES PE) organized by Amity School of Physical Education & Sports 
Sciences, Amity University Uttar Pradesh, NOIDA, on 21, January, 2014. 

2014 

4. 

Presented research paper entitled 
presented in National Seminar on 

Scientific Approach in Sports organized by Department of Physical Health & Sports 
Education, A.M.U. Aligarh, November, 11-12, 2011. 

2011 

5. 

Presented research paper entitled 
presented in All 

India Seminar on Traditional Sports and School Curriculum organized by Degree 
College of Physical Education, HVPM, Amravati, on 19-20, February, 2011. 

2011 

6. 

Presented research paper entitled - presented 
in All India Paper Presentation Contest on Physical Education & Sports Sciences 
organized by Degree College of Physical Education, HVPM, Amravati, on 27-28, 
January, 2011. 

2011 

7. 
Presented research paper entitled presented in National 
Seminar on Physical Fitness & Holistic Life organized by Phulsing Naik 
Mahavidyalaya, Pusad, Maharastra, on 22 January, 2011. 

2011 

 
7. Participated in Conferences and Seminars: 15 

S.No. Discription Year 
International: 06 

1. Participated in the International Interdisciplinary Conference of Music, 
Music for the 

, organized by Department of Physical Education, Sant Gadge 
Baba Amravati University, Amravati, Maharastra, on 9-10, March, 2015 

2015 

2. Participated in the International Conference on SPORTS, HEALTH AND 
SPORTS ECONOMICS, organized by Department of Physical Education and 
Sports Technology, Sri Guru Granth Sahib World University, Fatehgarh Sahib, 
Punjab (INDIA) on March 03-04, 2015. 

2015 

3. Participated in the International Conference on Physical Education and 
Sports Sciences (ICPESS-2012) organized by Department of Physical 
Health & Sports Education, Aligarh Muslim University, Aligarh, November, 
16-18, 2012. 

2015 

4. Participated in the 2011 



 organized by Institute of Professional 
Studies, Gwalior, (MP) INDIA during November, 18-20, 2011 

5. Participated in the International Conference on educational Awareness for 
Social Sector Issues in India (EASSII-2011) organized by Toff Institute of 
Management & Engineering Studies held in Aligarh on 24, July, 2011. 

2011 

6. Participated in the SPORTS MEDCON 2009, organized by Indian Federation of 
Sports Medicine (IFSM) in New Delhi during November 06-08, 2009 

2009 

National: 08 
1. Participated in the National Seminar on Fit and Healthy India- Vision 2020 

organized by LNIPE, North East Regional Centre, Guwahati, on 20-21, 
February, 2015 

2015 

2. Participated in the  National Conference on Youth Enrichment Through 
Sports and Physical Education (YES PE) organized by Amity School of 
Physical Education & Sports Sciences, Amity University Uttar Pradesh, 
NOIDA, on 21, January, 2014. 

2014 

3. Participated in the National Seminar on Scientific Approach in Sports 
organized by Department of Physical Health & Sports Education, A.M.U. 
Aligarh, November, 11-12, 2011. 

2011 

4. Participated in the All India Seminar on Traditional Sports and School 
Curriculum organized by Degree College of Physical Education, HVPM, 
Amravati, on 19-20, February, 2011. 

2011 

5. Participated in the National Seminar on Scientific Innovation in Sports 
organized by Department of Physical Health & Sports Education, A.M.U. 
Aligarh, February, 13-14, 2010. 

2010 

6. Participated in the All India Paper Presentation Contest on Physical 
Education & Sports Sciences organized by Degree College of Physical 
Education, HVPM, Amravati, on 27-28, January, 2011. 

2011 

7. Participated in the National Seminar on Physical Fitness & Holistic Life organized 
by Phulsing Naik Mahavidyalaya, Pusad, Maharastra, on 22 January, 2011. 

2011 

State: 01 
1. Participated in State level Seminar on Psychological Testing and Analysis in 

Physical Education & Sports Research organized by College of Physical 
Education, Wadala, Mumbai. On 10-11, March, 2011. 

2011 

 
8. Participated in Workshop: 08 

S.No. Description Year 
International: 02 

1. 
Participated in International Workshop on Well-being Through YOGA organized 
by Department of Physical Education, Aligarh Muslim University, Aligarh, on 21, 
June, 2015 

2015 

2. 
Participated in International Workshop on Sports Psychology organized by 
Department of Physical Education and Sports Technology, Sri Guru Granth Sahib 
World University, Fatehgarh Sahib, Punjab (INDIA) on March 03-04, 2015.  

2015 

National: 05 

1. 
Participated in Digital Apps & Statistical Computation for Research 
Management organized by DRS-I, Department of Sociology, Aligarh Muslim 
University, Aligarh, on 29 February to 05 March, 2016 

2016 



2. 
Participated in Skill Development in Digital Census/Excel Use for Social 
Research organized by DRS-I, Department of Sociology, Aligarh Muslim 
University, Aligarh, on 24 to 29 August, 201 

2015 

3. 
Participated in National Workshop on Videographic Technique for Sports 
Motion Analysis organized by Department of Physical Education, Aligarh Muslim 
University, Aligarh, on 22 to 24, November, 2013 

2013 

4. 
Participated in National Workshop on Bio-Feedback in Sports organized by 
Department of Physical Education, Aligarh Muslim University, Aligarh, on 
November 13, 2011 

2011 

5. 
Participated in All India Workshop on Traditional Sports and School Curriculum 
organized by Degree College of Physical Education, HVPM, Amravati, on 19-20 
Feb. 2011 

2011 

State: 01 

1. 

Participated in State level Workshop on Psychological Testing and Analysis in 
Physical Education & Sports Research organized by College of Physical 
Education, Wadala, Mumbai. On 10-11, March, 2011. 

 

2011 

9. Program / Course Participation 
S.No. Description Year 

1. 

Participated in Data Analysis/SPSS and MINITAB organized by Center for 
Academic Leadership and Education Management, UGC Human Resource 
Development Centre (HRDC), Aligarh Muslim University, Aligarh, on 29 December 
to 04 January, 2016 

2016 

2. 
Participated in Personality Development organized by UGC Human Resource 
Development Centre (HRDC), Aligarh Muslim University, Aligarh, on 10 to 16, 
December, 2015 

2015 

3. 
Participated in Induction Course organized by UGC Human Resource Development 
Centre (HRDC), Aligarh Muslim University, Aligarh, on 08 to 14, October, 2015 2015 

4. 
Participated in Data Analysis/SPSS and MINITAB organized by UGC Human 
Resource Development Centre (HRDC), Aligarh Muslim University, Aligarh, on 09 
to September, 2015 

2015 
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Abstract

A member of the flavonoid class, Quercetin, can be found universally in vegetables, fruits and other plant sources. 
Quercetin is the focus of interest due to its diverse biological activities viz. antioxidant, anti-inflammatory, anticancer 
and antimicrobial properties. But Quercetin faces limitations, including poor water solubility, low bioavailability and 
rapid metabolism and demands novel delivery systems development. Delivery and efficacy of Quercetin can be 
improved by means of nanotechnology. Zinc has such unique properties as biocompatibility, biodegradability and the 
potential for synergistic effects with Quercetin that make it an attractive material for the formulation of nanoparticles. 
In the current study, recent applications and developments of Quercetin loaded zinc nanoparticles are reviewed, 
including their synthesis techniques, characterization techniques, and diverse applications in drug delivery, wound 
healing, food preservation, cancer therapy and antimicrobial action. We also outline possible future direction in this 
emerging area, with a reflection of the current literature to fill the gaps.

Keywords- Quercetin; Nanotechnology; Zinc; Nanoparticles; Applications

1. Introduction

Quercetin, a member of the flavonoid class, is universally distributed in a variety of vegetables, fruits, and other plant 
sources [1,2,3]. Due to its diverse and potential biological activities, Quercetin has been the subject of interest. Its 
inherent antioxidant, anti-inflammatory and antimicrobial properties constitute a multifaceted therapeutic potential, 
thereby making it an important subject of research and development for use in various biomedical applications [2,4,5]. 
However, Quercetin possesses limitations, including poor water solubility, low bioavailability and rapid metabolism 
and these limitations restrict it from being therapeutically effective in its native form [4,5,6]. As a result, it requires the 
development of novel delivery systems to overcome these challenges and unlock its full therapeutic potential. 

These limitations are being overcome using nanotechnology, as a promising means. Delivery and efficacy of Quercetin 
can be improved by means of nanotechnology.  Recent advances have focused on improving confines of Quercetin 
through innovative nanoparticle formulations as Quercetin can be encapsulated in nanocarriers, namely nanoparticles, 
nanoliposomes or nanomicelles, which increase its solubility, stability and bioavailability. These nanocarriers enhance 
the Quercetin absorption by protecting it from degradation while its passage through the gastrointestinal tract, and thus 
promote delivery of the compound to the target tissues. Additionally, Quercetin nanocarriers can give targeted delivery 
of Quercetin to distinct places inside the body, boosting treatment effectiveness whilst lowering negative effects. One of 
the additional ways that Quercetin can be used therapeutically is its controlled release from nanocarriers, that will 
prolong its therapeutic effects and maximize the impact while minimizing the frequency of administration [2,3].
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Zinc has unique properties, such as biocompatibility, biodegradability that renders it functionally biodegradable within 
biological and medical frameworks and potential synergistic effects with Quercetin. These properties make it an 
attractive material for nanoparticle formulation. The solubility of Quercetin is increased by zinc nanoparticles which 
otherwise is low in aqueous environments. It is important for its bioavailability in biological systems [7]. Incorporating 
zinc nanoparticles into formulations show ability to shield Quercetin from degradation [4].

The objective and scope of the review is to provide a comprehensive understanding of the advancements in Quercetin-
loaded zinc nanoparticles, their applications, and the future perspectives necessary for their effective therapeutic use. 
In the current study, recent applications and developments of Quercetin loaded zinc nanoparticles are reviewed, 
including their synthesis techniques, characterization techniques, and diverse applications in drug delivery, antioxidant 
and anti-inflammatory properties, food preservation, cancer therapy and antimicrobial action. We will also have a look 
of the current literature to identify the gaps and future directions in this emerging area of research.

2. Methodology

To find every study that examined Quercetin-loaded zinc-based nanomaterials, their applications, and advancements 
during the previous ten years, a search technique was developed. Using a variety of search terms, we searched the 
Scopus, ScienceDirect, Pub-Med, and Google Scholar databases to find and gather the pertinent study literature. The 

-

-relevant studies were 
removed. The final selected papers were those for which the full text was available and which fitted the objectives of 
the review. Fig 1 shows screening process of methodology.

Figure 1 Screening process of methodology

3. Synthesis Methods of Quercetin-Loaded Zinc Nanoparticles

Quercetin loaded zinc nanoparticles have been synthesized by several methods. The most common method is the 
homogenous precipitation method in which the Quercetin is added at the time of formation of ZnO nanoparticles. The 
method is to allow controlled precipitation of zinc ions with Quercetin resulting in the entrapment of Quercetin in the 
ZnO nanoparticle matrix. There are various specific conditions (pH, temperature, reactant concentrations) that govern 
the size, morphology and the Quercetin loading efficacy of the resulting nanoparticles [8]. 

Another method is the chemical synthesis of ZnO@Quercetin nanoparticles (quercetin functionalized wurtzite type zinc 
oxide nanoparticles) confirmed by DRS UV-vis spectroscopy. The ZnO@Quercetin nanoparticles were hexagonal, 
monocrystalline with an average size of 20 25 nm as confirmed by XRD and Raman spectroscopic analysis [9].
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The Quercetin drug delivery matrix was developed by one study which used sonochemical methods to synthesize 
Zn/SBA-15 (silica based mesoporous material functionalized with zinc nanoparticles). The precursor for SBA-15 
preparation was rice husk ash, a readily available and inexpensively source of silica. This, with a relatively simple and 
scalable sonochemical approach, enabled the controlled nanoparticle synthesis with precise size and morphology [10]. 
In another study by Trendafilova et al., the incipient wetness impregnation method was used to synthesise similar Zn-
modified SBA-15. The pores of Zn modified SBA-15 were loaded with Quercetin. This method efficiently exploited the 
benefits of Zn modification and the high loading capacity of Quercetin, thus making the resulting delivery system a 
promising dermal application [11].

Quercetin functionalized bimetallic nanoparticles, in particular, iron and zinc oxide (zinc ferrite) nanoparticles were 
prepared using another synthesis method involving co precipitation.  This method offers a convenient route for the 
production of bimetallic nanoparticles with predetermined properties, albeit with the need for careful optimization of 
reaction parameters to achieve consistent results [12].  

A notable progress is reported in the synthesis of zeolitic imidazolate framework-8 (ZIF-8) nanoparticles using zinc 
ions. In this method, Quercetin is encapsulated using the properties of a metal organic framework, ZIF-8, to undergo 
controlled drug release [13].  

In another approach, a cellulose nanofiber Quercetin complex was made incorporating zinc ions, forming a Quercetin 
loaded cellulose nanofiber composite (CNF Zn QT) with improved properties and high loading capacity for use in 
various applications [14]. Additionally, a study made use of a novel complex of metal ions (including zinc) with quercetin 
which increased its antioxidant properties. Then, polycaprolactone based nanoparticles were synthesised, vitamin E 
was loaded onto them and an enhanced antioxidant profile was achieved [15].  

ZnO nanoparticle synthesis was explored using green synthesis techniques using plant extracts. These methods provide 
an environmentally friendly route for the preparation of nanoparticles with improved biocompatibility and stability, as 
compared to the conventional chemical methods. However, the yield and control over nanoparticle characteristics may 
differ with plant extract as well as with specific synthesis conditions [16, 17]. The various approaches show versatility 
of zinc in forming Quercetin-loaded nanoparticles with varying and customized properties. Table 1 summarizes the 
comparison, advantages and disadvantages of different synthesis methods of Quercetin loaded zinc nanoparticles. 

Table 1 Comparison of different synthesis methods for Quercetin-loaded zinc nanoparticles 

Technique  Process Advantage Disadvantage Quercetin Loading Reference 

Homogeneous 
Precipitation 
 

This method involves 
the gradual 
development of 
ZnNPs in a uniform 
solution by managing 
factors like pH, 
temperature, and the 
concentration of 
precursors. 

It yields 
consistent 
nanoparticles 
with precise 
morphological 
control. 

It necessitates 
exact conditions 
to prevent issues 
related to 
agglomeration 
and precipitation. 

Quercetin can be 
added during or 
after the 
precipitation 
process, influencing 
its dispersion and 
bioavailability. 

[8] 

Chemical 
Synthesis 
 

This approach 
employs chemical 
precursors (such as 
zinc salts) that are 
reduced by agents 
like sodium 
borohydride to 
create ZnNPs. 

It is simple, 
scalable, and 
capable of 
producing small 
nanoparticles. 

It involves the use 
of hazardous 
reducing agents 
and stabilizers, 
raising potential 
environmental 
concerns. 

Frequently involves 
post-synthesis 
functionalization 
through ligand 
exchange or direct 
integration during 
the synthesis phase. 

[9] 

Sonochemical 
Method
 

This technique 
utilizes ultrasonic 
waves to create 
cavitation, leading to 
localized high 
temperatures and 

The process is 
quick, energy-
efficient, and 
results in well-
dispersed 
nanoparticles. 

It requires 
specialized 
equipment and 
may produce 
inconsistent 
particle sizes. 

Quercetin can either 
be co-synthesized 
with ZnNPs or added 
after synthesis. 
 

[10,11] 
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pressures that 
facilitate 
nanoparticle 
generation. 

Co-
precipitation
 

This involves the 
simultaneous 
precipitation of 
ZnNPs and quercetin 
in a carefully 
controlled 
environment 
(considering pH and 
ionic strength). 

It is simple, cost-
effective, and 
permits greater 
encapsulation of 
quercetin. 
 

There is a risk of 
particle 
aggregation and 
variations 
between batches. 
 

Direct incorporation 
during the synthesis 
improves the 
efficiency of drug 
loading. 
 

[12] 

Green 
Synthesis 

This method employs 
plant extracts, 
bacteria, or fungi as 
reducing and 
stabilizing agents to 
create ZnNPs in an 
environmentally 
friendly way. 

It is 
biocompatible, 
avoids toxic 
substances, and 
enhances 
bioactivity. 

Controlling 
particle size and 
morphology can 
be more 
challenging 

Quercetin can be 
integrated into 
biosynthesized 
ZnNPs using plant-
derived 
polyphenols, 
boosting antioxidant 
properties. 
 

[16,17] 

3.1. Characterization Techniques for Quercetin- Loaded Zinc nanoparticles 

Physicochemical properties of Quercetin loaded zinc nanoparticles are studied using various characterization 
techniques.  

The presence and concentration of zinc nanoparticles within the matrix is confirmed using X-ray fluorescence (XRF) 
and X-ray diffraction (XRD). XRF and XRD are used to assess the purity and crystalline structure of the ZnO-NPs. The 
results of a study [18] indicated that high-purity ZnO-NPs were successfully fabricated. The results show that the 
crystalline structure is essential for determining the stability and reactivity of the nanoparticles, which can impact their 
performance in biomedical applications. 

Detailed information on nanoparticle size, morphology and distribution is obtained using transmission electron 
microscopy (TEM) [10,18]. In the study conducted by Azizah et al. [10], it was observed that zinc nanoparticles ranging 
from 4-14 nm and were located on the surface of the mesoporous channels of SBA-15. In another study [18], the average 
size of the ZnO-NPs was determined to be 45.924 ± 27.910 nm, with hexagonal and rod-like shapes observed. The results 
show that the size and distribution of nanoparticles are crucial for their effectiveness in drug delivery. Smaller 
nanoparticles can enhance the surface area and improve interaction with the drug, which is essential for achieving 
higher encapsulation efficiency. Smaller particles also enhance bioavailability and improve the solubility of compounds 
like diosgenin [18]. 

Scanning electron microscopy (SEM) provides understanding of surface morphology and particle aggregation [12]. It 
corroborates the findings from TEM, confirming the nanoscale dimensions and shapes of the particles. The surface 
characteristics observed through SEM can influence the interaction of ZnO-NPs with biological systems, affecting their 
efficacy as drug delivery vehicles. 

Various techniques such as ultraviolet visible spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FTIR), 
and dynamic light scattering (DLS) are known to be used to ascertain zeta potential, particle size, and surface 
functionality [1,6,19]. These characterization methods are essential for ensuring the consistency and quality control of 
synthesized nanoparticles and for the understanding of their response to Quercetin. The measurement of the zeta 
potential, for example, reveals information on the colloidal stability of the nanoparticles, which is key for the long-term 
storage and effective delivery [10]. 

UV-Vis Spectroscopy technique measures the concentration of released Quercetin at specific time intervals. The 
percentage of drug release over time provides insights into the release kinetics, which is essential for evaluating the 
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effectiveness of the drug delivery system. A slower release rate can indicate better control over drug delivery, which is 
beneficial for therapeutic applications [10]. 

The FTIR analysis allows to identify the presence of the functional groups inside and their interactions between the 
nanoparticles; thereby, it gives information about the encapsulation and drug release mechanism. Understanding the 
interactions between Quercetin and Zn is vital for assessing how well the drug can be loaded and released from the 
carrier. The chelation suggests a strong bond between the drug and the carrier, which can influence the drug's release 
profile [6]. 

Therefore, the synthesized nanoparticles and their properties require multiple characterization techniques to make a 
complete understanding. Predicting their behaviour under biological systems and perhaps optimising their therapeutic 
efficacy require these techniques. 

3.2. Applications of Quercetin-Loaded Zinc Nanoparticles 

The exceptional blend of the bioactivity of Quercetin and delivery capability of zinc nanoparticles has unlocked a myriad 
of applications (Fig 2). 

 

Figure 2 Applications of Quercetin-Loaded Zinc Nanoparticles 

3.3. Drug Delivery 

Enhanced drug delivery is the primary application. Quercetin is a low bioavailable compound which requires 
development of efficient delivery systems [4,5]. This problem is solved by zinc nanoparticles, which can enhance 
solubility and targeted delivery [10,13]. To illustrate, Azizah et al. showed Zn/SBA-15 to be a potential Quercetin 
delivery matrix, where Quercetin loading was 28.30mg/g and release was 33.64%, after 240 minutes. It was shown that 
Zn/SBA-15 was capable of sustaining Quercetin's therapeutic effect over an extended period with an improved efficacy. 
In this study, sonochemical route was used to synthesize SBA-15 using rice husk ash as a sustainable silica precursor 
and a well-ordered mesoporous material was obtained. Post-synthesis impregnation was used to incorporate zinc into 
the SBA 15 framework and XRD and FTIR analyses confirmed there was change in physicochemical characteristics of 
the material as affected by varying metal loadings. In addition to that, FTIR spectroscopy showed that quercetin and 
ZnSBA-15 interact via chelation of the carbonyl (C=O) and hydroxyl (C OH) groups, suggesting strong host guest 
interactions. It was shown that the diffusion rate of quercetin could be slowed by reducing pore diameters and by 
potential ZnO formation on SBA-15. The controlled release profile generated by ZnSBA-15 supports its ability to be used 
as an effective drug delivery platform for sustained topical delivery of quercetin with long photoprotective effect [10]. 
Additionally, in a separate study, ZIF-8 nanoparticles were also used in pH-responsive release of Quercetin to protect 
chondrocyte, both from inflammation and apoptosis in osteoarthritis and to enhance cartilage structural integrity [13].  

In another study, a co-biopolymer hydrogel containing zinc oxide nanoparticles improved Quercetin delivery to brain 
cancer cells by increasing penetration through the blood-brain barrier [20].  
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Sathishkumar et al. conducted a study by developing an advanced drug delivery system using zinc oxide-Quercetin 
(ZnO-Quercetin) nanocomposite. The ZnO nanoparticle successfully loaded a large amount of Quercetin (210 µg/mg) 
and release of Quercetin from ZnO nanoparticles is faster in acidic conditions like those found in cancer environments. 
Here, specific molecular interactions between Quercetin and its receptor were identified. Interactions at 5 OH in the A 
ring, 3 OH in the C ring of Quercetin were most important. Based on these results, this study provides a promising 
design concept for the development of smart drug delivery systems based on metal oxides and hydrophobic natural 
drugs for cancer therapy [21]. 

Another study concerned the manufacture of a new hydrogel formulation consisting of Quercetin extracted from onion 
peel waste via embedding green synthesized ZnO nanoparticles into a chitosan matrix. Electrostatic and hydrophobic 
interactions between QE an
loading. Results showed that ratios of QE/chitosan and ZnO/chitosan, but not DAC/chitosan, had significant impact to 
loading efficiency. The drug release was Fickian diffusion showing that the drug release was diffusion controlled. 
Moreover, the hydrogel showed high biocompatibility to normal cells and selective cytotoxicity on cancer cells with 
potential use of topical therapies in infections and cancer. The research succeeded in demonstrating the ability of this 
green nanohybrid hydrogel formulation made from ZnO NPs and onion peel waste in controlled drug release, 
antimicrobial and anticancer applications. This formulation could be a promising alternative in biomedical field 
especially for topical applications [22]. These studies demonstrate the usefulness of zinc nanoparticles to deliver 
Quercetin to specific target sites and thereby, enable enhanced therapeutic effect and suppress its limitations. 

3.4. Wound Healing 

Quercetin has been proposed as a promising agent for wound healing due to its antioxidant and anti-inflammatory 
properties [2, 12]. Promising results for incorporating Quercetin loaded zinc nanoparticles into the wound dressings 
have been demonstrated [12]. In a rat model, Yadav et al., showed that Quercetin functionalized bimetallic (zinc ferrite) 
nanoparticles promoted wound healing. Molecular docking studies indicated strong binding affinity of quercetin with 
numerous wound healing protein targets, thus suggesting a molecular mechanism for its therapeutic effect. This synergy 
of the bioactivity of Quercetin with the nano delivery of zinc nanoparticles combines to offer a unique approach to 
enhancing wound healing when the tried-and-true treatments fail [12].  

Further advancement of this application is the development of injectable hydrogels that comprise Quercetin modified 
zeolitic imidazolate framework-8 (ZIF-8@QCT) which enhances tissue regeneration and remediate challenges in 
alveolar bone restoration in periodontitis [23].  

In mice, quercetin offered a means of mitigating testicular toxicity caused by zinc oxide nanoparticles. It lowered 
inflammation and oxidative stress markers, restored normal testosterone levels, suggesting its protection from 
nanoparticle induced reproductive toxicity [24]. Zinc ion containing cellulose nanofiber composite had superior 
antioxidant activity and sustained quercetin release. In addition, the composite demonstrated improved antibacterial 
properties, which would support its use in long term antioxidant and antimicrobial applications [14]. 

In a separate study, zinc oxide nanoparticles loaded with Quercetin (Quercetin@ZnO NPs) were created to deliver 
photoprotective effects from UVA induced damage to HaCaT cells. The research demonstrated that these nanoparticles 
played a dual role in the delivery of Quercetin and in reducing the toxic effects of free iron in skin cells. The findings 
suggest that Quercetin@ZnO NPs can markedly lower expression of inflammatory markers associated with photoaging 
and possibly make a potent therapeutic agent in skincare products. An approach of enhancing skin protection and 
tackling oxidative stress resulting from UV exposure was presented by the study [8]. While all of this show much 
promise for Quercetin-loaded zinc nanoparticles, a number of challenges about cytotoxicity and oxidative stress 
inherent with nanoparticles need to be overcome. Further research and development in nanotechnology is necessary 
in order to optimise these formulations for use in safe and efficient therapeutic applications [2]. 

3.5. Food Preservation and Packaging 

Quercetin has antioxidant capacity that can be used for food preservation. Quercetin-loaded zinc nanoparticles increase 
the antioxidant activity of polyvinyl chloride (PVC) films and can be used to prolong the shelf life of fatty foods [25]. 
Braga et al. have shown that PVC films containing zinc nanoparticles loaded with quercetin have enhanced structural, 
morphological, optical, and thermal properties, which are desired for food packaging applications. By this approach, a 
new strategy in food preservation is offered for active food packaging materials that prevent the food from undergoing 
oxidative processes, preserve the food quality, and mitigate food processing waste. With this application, quercetin 
loaded zinc nanoparticles are shown to have potential to be used as a shelf-life extension agent of food products, to 
reduce spoilage as well as to enhance food safety [25]. A further study was successful in developing a versatile packaging 
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material formed from methylcellulose (MC) and chitosan nanofibers (CNFs) combined with the addition of zinc oxide 
nanoparticles (ZNPs), quercetin (Qu), and natamycin (NAT). The purpose of this material is to be multifunctional, 
showing antibacterial, anti-fungal and antioxidant properties, which are essential for food preservation and safety. 
These green multifunctional packaging films are suitable as a promising alternative to traditional plastic packaging [26].

3.6. Cancer Therapy 

The anticancer properties of quercetin and the targeted delivery potential of zinc nanoparticles provide the scope for 
novel cancer therapies [2,5]. Zinc oxide nanoparticles (ZnONPs) were incorporated into a hydrogel nanocomposite, 
which resulted in increased quercetin loading and improved controlled release, with cytotoxic effects on breast cancer 
cells. Targeted drug release was mediated due to the pH sensitivity of formulation. This facilitated an increase in number 
of apoptotic cancer cells [27]. Sadhukhan et al. studied phenylboronic acid (PBA) conjugated Zinc oxide nanoparticles 
(PBA-ZnO) with quercetin (PBA-ZnO-Q) for treating cancer. PBA-ZnO-Q significantly increased quercetin bioavailability 
and improved anticancer properties. Better tumor inhibition was seen using this formulation than PBA-ZnO or free 
quercetin alone. Targeted delivery to cancer cells inducing the apoptotic cell death via oxidative stress was achieved 
with the help of the PBA moieties. PBA-ZnO-Q acted selectively cytotoxic to cancer cells but was not cytotoxic to vital 
organs by impeding redox homeostasis. The chemotherapeutic potential with reduced tumor associated toxicity was 
significant for this nanoformulation and thus represents a promising candidate for clinical development [28]. In another 
study, wurtzite type zinc oxide (ZnO) nanoparticles were synthesized and functionalized with quercetin 
(ZnO@Quercetin) for ovarian cancer treatment. Excellent efficacy was demonstrated by ZnO@Quercetin nanoparticles 
for inducing intracellular oxidative stress and depolarizing mitochondrial membrane potential in human ovarian cancer 
cells. Dual staining assay further showed that the apoptosis triggered in PA-1 cells by ZnO@Quercetin was mediated by 
the intrinsic apoptosis signaling pathway. Overall, the results suggest that ZnO@Quercetin nanoparticles may represent 
a viable therapeutic for human metastatic ovarian cancer [9]. Majority of the studies explore quercetin 
nanoformulations for cancer treatment [1,2,5,29], whereas literature related to the quercetin loaded zinc nanoparticles 
in this context is still lacking. Nevertheless, the promising biocompatibility of such systems in drug delivery and the 
success of alternative zinc-based nanoparticle systems indicate a strong potential for future development [13,20]. 

3.7. Antimicrobial Therapy 

Study done by Choi et al., successfully bio-conjugated zinc oxide nanoparticles (ZnO NPs) with quercetin (Q), to enhance 
its antibacterial efficacy. Formations of ZnO@Q nanocomposites were confirmed using advanced techniques. Overall, 
the resulting ZnO@Q NCs had greatly enhanced antibacterial activity against Staphylococcus species when compared to 
the Q and ZnO NPs alone. Bacterial membranes were disrupted and biofilm formation was also prevented by the 
nanocomposite. It showed that ZnO@Q NCs can act as an effective antibacterial agent in association with antibiotics 
with a low level of cytotoxicity, suggesting a strategy for combating antimicrobial resistant strains while improving 
bactericidal efficacy [30]. In another study, the researchers synthesized ZnO NPs using pure Quercetin extracted from 
Ipomoea batatas to study the organic dye reduction as well as antimicrobial and antioxidant evaluation [31]. 

Liu et al. developed a hydrogel (QPQH) made of quercetin (QT), quaternary ammonium salt chitosan (QCS) and 
polydopamine coated zinc oxide nanoparticles (PDA@ZnO NP) in a matrix of Polyacrylamide-Poly(2-acrylamido 2 
methyl 1 propanesulfonic acid (PAM-co-AMPS), which showed exceptional adhesion and mechanical properties, 
adhering thoroughly to lesions. It induced high efficiency sterilization of bacteria, Staphylococcus aureus and Escherichia 
coli, using its photothermal properties and Zn2+ release, combined with QCS. Antioxidant properties reducing oxidative 
stress and inflammation were also provided by Quercetin. This hydrogel was compatible with blood and cells, and 
therefore assisted in wound repair, angiogenesis and collagen deposition, making it a good candidate for treating 
bacteria infected wounds in clinical use [32].  

Another developing area is antiviral potential of Quercetin loaded nanoparticles. Most research in this area relates to 
other types of nanoparticles [33], however the inherent antioxidant and anti-inflammatory properties of Quercetin, in 
conjunction with the enhanced delivery provided by zinc nanoparticles, make a strong case for antiviral applications 
[34]. Mechanisms of action and efficacy of Quercetin loaded zinc nanoparticles against different viruses need to be 
further investigated. 

Additionally, a recent study investigated the combined therapeutic effects of a quercetin-zinc (Q/Zn) complex and 
mesenchymal stem cells (MSCs) in a diabetic rat model with pulmonary dysfunction. The findings revealed that this 
combination therapy significantly improved glycemic control, enhanced antioxidant defenses, and reduced oxidative 
stress and genotoxicity. Notably, the treatment also ameliorated structural alterations in pancreatic and lung tissues, 
suggesting potential benefits for diabetic patients with respiratory complications, including those associated with 
COVID-19 [35]. 
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Future Directions and Limitations

Promising applications of this combination, however, are met with several research questions, limitations and 
challenges that warrant further investigation. Synthesis method and formulation parameters (such as Zn ion 
concentration, pH, nanoparticle mass, surfactant concentration) play an important role in encapsulation efficiency and 
kinetics of drug release from Quercetin loaded zinc nanoparticles [10,13]. Knowledge of these factors is essential for 
optimal nanoparticle design and the consistency of therapeutic outcome. Understanding how quercetin and zinc oxide 
molecules interact, will optimize their combined protective effects. A thorough evaluation of the lasting toxic effects on 
cells, along with environmental assessments of these nanoparticles, must be conducted to maintain their safety and 
sustainable nature. 

In addition, some formulations require improved long-term stability [36].  The need is to carefully evaluate the potential 
toxicity of zinc nanoparticles especially under high concentrations or prolonged exposure [2, 37].  

Rigorous toxicity studies of these nanoparticles are crucial to demonstrate that they are safe and biocompatible for 
clinical uses. In future research, synthesis methods should be optimized to improve efficiency of encapsulation and 
control release of the drug, to develop more stable formulations, and to provide comprehensive toxicity studies. 
Additionally, the synergistic effects when combining quercetin loaded zinc nanoparticles with other therapeutic agents 
should enhance the therapeutic efficacy [34].  

The mechanisms of action of quercetin loaded zinc nanoparticles in various biological systems need to be investigated 
specifically to understand their therapeutic potential and to guide the formulation of more effective ones. Finally, more 
research is also needed to decode promising findings of these in vitro, and preclinical data into clinical trials, to assess 
whether these nanoparticles are effective and safe in humans. Although ZnO NPs hold promise for the enhancement of 
Quercetin's bioavailability and stability, long term safety issues concerning nanoparticles in biological systems, as well 
as the possible cytotoxicity of nanoparticles, deserves further study. Efficacy and safety, in balance, remains a major 
issue throughout the development of nanoparticle drug delivery systems. 

4. Conclusion 

Zinc nanoparticles loaded with Quercetin represent a major breakthrough achievement in nanomedicine and a potential 
solution for improving the bioavailability and therapeutic efficacy of Quercetin. The versatile applications in drug 
delivery, wound healing, food preservation, cancer therapy and antimicrobial therapy adds to the diversity of potential 
uses of this approach. Nevertheless, future work needs to be devoted to issues such as encapsulation efficiency, release 
kinetics, long term stability and toxicity. Future investigation of these mechanisms of action and development of suitable 
formulations will prepare this novel technology for broader clinical uses and the translation into effective therapeutics. 
Exciting future advancements in several fields d

new synthesis techniques need to be explored, more sophisticated characterization tools need to be developed, and the 
rigorous toxicity and efficacy studies need to be conducted. 
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Abstract

Plant secondary metabolites have been of interest to man for a long time due to their pharmacological relevance. In this search 
Terminalia chebula is widely used to enhance the natural resistance to various diseases. It is called the “king of medicines” and 

and hypolipidemic agent. The present review is an attempt to highlight the various ethnopharmacological and traditional uses 
as well as phytochemical and pharmacological aspect of Terminalia chebula.     

Keywords: Terminalia Chebula

Abbreviations: ITM: Iranian Traditional Medicine; 
STZ: Streptozotocin; IFHP: Isolated Frog Heart Perfusion 
Technique; LDL: Low Density Lipoprotein; VLDL: Very Low 
Density Lipoprotein; HDL: High Density Lipoprotein; MIC: 

Terminalia Chebula; 

Tetrazolium; MT: Mother Tincture.

Introduction

Terminalia chebula is a native to various parts of Southern 

Malaysia and Vietnam [1]. It is found all over India from 
eastern to western region and is commonly known as “black 
‘Myroblans’” in English and ‘Harad’ in Hindi. It is known as the 
“king” of Mongolian and Tibetan medicines, a drug for a wide 
range of diseases [2]. This tree is known in Iranian traditional 

Terminalia chebula is 
considered to destroy all diseases and eliminate all waste 

in the treatment of any kind of gastric infection in any part of 
the body. It is found to be an effective product for infections 
caused by E. coli and other parasites of the digestive system. 
Recent studies have demonstrated that T. chebula
wide range of biological activities including cardioprotective 

scavenging [7] and hypolipidemic [8]. Its antimicrobial [9], 

antidiabetic [14] activities.

Habitat

Terminalia chebula is a deciduous tree growing upto 30 
mts. tall with a trunk up to 1 mt. diameter. The leaves are 
alternate to sub opposite in arrangement, oval, 7-18 cm 
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long and 4.5-10 cm broad with a 1-3 cm petiole. The fruit is 
drupe-like, 2-4.5 cm long, 1.2-2.5 cm broad and blackish with 

Figure 1: Leaves of T. chebula. Figure 2: Fruits of T. chebula.

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida

Order: Myrtales
Family: Combretaceae
Genus: Terminalia
Species : Terminalia chebula

S. No. Chemical constituent
Plant 
part

Pharmacological 
activity

References

1. Fruit
Immuno- suppressive 

effects

[20]
[39,40,41]

[46,47]

2. [10]

3.

Terpinolene

[10]
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4.

Terpinen-4-ol

[10]

5. Fruit

6.

Corilagin

[47]

7. Fruit Hepatoprotective
[45]
[47]
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8.

Ethyl Gallate

Fruit [49]

9. Fruit
[47]
[49]

10. [46]

11. Fruit
[40]

[46][47]
[49]

12.

Punicalagin

[47]
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13. Fruit [48]

14. Fruit
[37]
[49]

15.

Galloyl Glucose

[9]

16. Fruit
[9,10]

[47,49]
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17. [40]

18.

acid

[40]

19. [10]

20. [10]
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21.

Eugenol

[10]

22.

Isoquercetin

[10]

23.

Oleic acid

Fruit
[10]
[48]

24.

[Ca]2+ Ca-phellandrene

[10]

25. [10]
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26. Hepatoprotective [45]

27. Fruit [47]

28.

Neochebulinic acid

[47]
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29.

1,2,3,4,6-penta-o-galloyl-beta-d-glucose

Fruit [47]

30.

Palmitic acid

Fruit [48]

31.

2,4-Chebulyl-beta-d-glucopyranose

Fruit [49]

32.

Luteolin

[49]
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33.

1,3, 6-Tri-O-galloyl-ß-D-glucose

[51]
[55]

34.

Castalagin

[52]

35.

Flavogallonic acid

[52]
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36. [52]

37. Fruit [37]

38.

Casuarinin

Fruit [53]
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39.

Chebuloside II

Fruit [54]

40. Fruit [53]

41.

Saponin

Fruit [55]
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42. Leaves [56]

43. Leaves [56]

44 Leaves [56]

Chemical Constituents Table.
Table 1: Phytochemical Constituents Isolated from Terminelia
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Ethnic Uses

 Plants of the genus Terminalia are amongst the most 
widely used plants for traditional medicinal purposes 
worldwide [16]. Plant-derived medicines have been a part 
of our traditional health care system and the antimicrobial 
properties of plant-derived compounds are well documented. 

Terminalia 
chebula, Terminalia belerica, and 

digestive ailments. It is also useful in asthma, mouth ulcers, 
stomach infections, gastritis, hepatitis, skin diseases, piles 

mucous membrane of mouth. Its paste with water is found 

healing capacity for wounds. Its decoction as a lotion is used 
in surgical dressing for healing the wound earlier. The dried 
ripe fruit of herb has traditionally been used as a popular folk 

cardiotonic treatments [16,17]. 

Study of Pharmacological Effects

 In recent years, there is an upsurge in the clinical usage 

antibiotics resistant strains and various side effects caused 
by the synthetic drugs has prompted scientists to look for 
herbal immunomodulators to treat various infections [18]. 
Herbal drugs are believed to enhance the natural resistance 
of the body against infection and their immunomodulatory 
activities have been reported in numerous plants [19]. Herbs 
are selected and combined for their ability to inhibit microbial 
overgrowth in various parts of the body and support those 
organ systems responsible for immune functions [20].

Anticariogenic Effect

T. chebula is used as a mouth 

mouth rinse of 10% concentration was prepared by diluting 
T. chebula in 

assessed by testing on 50 salivary samples. Salivary samples 
were collected from subjects assessed to be at high risk for 
caries. Salivary pH, buffering capacity and microbial activity 
were assessed before rinsing, immediately after, and 10 min, 
30 min and 1 h after rinsing. There was an increase in the pH 
and buffering capacity and decrease in microbial count [21].

increase in pH till 45 minutes post-rinse when compared to 
Terminalia 

Chebula
reduction between the pre-rinse and post-rinse samples 
[22].

Activity Against Anaphylactic Shock

T. 
chebula fruit was tested in an anaphylactic shock model 
in vivo

mins after decreased the mortality dose dependently. Oral 

7.8 %. From the rat mast cells the release of histamine was 
hindered in a dose dependent manner [13].

Gastrointestinal Activity 

 Terminalia chebula is a commonly advocated agent in 

agents were injected intramuscularly, 30 mins before the 

Terminalia chebula

emptying was measured 20 mins later. Gastric emptying 

Terminalia chebula was found to increase the percent 

study it appears that Terminalia chebula can serve as a useful 
alternative to prokinetic drugs available today [23]. 

The antimicrobial action of Teminalia chebula especially 
on gastrointestinal tract is considered in supplementation 
of soothing to mucosal lining. Ellagic acid present in T. 
chebula has a potent inhibitory action on microorganisms 
like  and E. coli. It is commonly advocated 
for increasing the gastrointestinal motility thus relieving 
the symptoms of gastroparesis for better bioavailability 
and fast absorption of the micronutrient. The presence 
of anthraquinone and sennoside are responsible for the 
purgative action. Studies have also shown the additional 
antibacterial activity of T. chebula on Helicobacter pylori. 

T. chebula to be effective 
against a broad spectrum of pathogens comprising of both 
gram positive as well as gram negative microorganisms [24].
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Immunosuppressive Effects

 Gallic acid and chebulagic acid, isolated from fruits of T. 
chebula inhibited the killing activity of CD8 and CTL clones at 
IC50

in response to anti-CD3 stimulation was also blocked by both 
substances at the equivalent concentrations [25]. Chebulagic 
acid from immature seeds of T. chebula was found as a potent 

induced by subcutaneous immunization with bovine type II 
collagen on days 0 and 21. Chebulagic acid was administered 

after disease onset. In both the prophylactic and either in 
the therapeutic model, all clinical scores, like serum levels 
of total and anticollagen IgG and levels of interleukin-10 
and interleukin-6 were reduced. The serum levels of the 
transforming growth factor beta were markedly elevated. The 
number of the granulocytes was reduced, but the proportion 
of CD4+, CD25+ T cells was greater in the knee joints of the 
chebulagic acid-treated mice. It concludes that chebulagic 

disease in mice [26].

The biologically active compounds such as chebulagic 
acid, gallic acid and ellagic acid make T. chebula highly potent 
antioxidant, which may be responsible for its immunomodulatory 

stimulate additional neutrophils and macrophages at site 

Antidiabetic Effects

T. chebula seed powder, 

in Streptozotocin-induced diabetic rats using short term and 
long term study protocols. In short term studies, T. Chebula 

at 4 h with doses of 100, 200 and 300 mg/kg respectively, 

group. While the long term administration of T. chebula 

end of 4th week, T. chebula 

glycogen content decreased to 75 % and 62.2 % in the 
diabetic controls. In the in vitro investigation the pancreatic 
islets showed that the insulin release was nearly two times 
more than that in untreated diabetic animals. The treatment 
did not bring any unfavourable effects on the other blood 
parameters of the liver and the kidney function tests. The 
LD50 value was above 3 g/kg. There were no deaths of animals 
even at this dose [31].

reduced the levels of blood glucose and glycosylated 

diabetes in rats. Electron microscopic studies showed 

abnormalities were normalized after treatment with T. 
chebula

T. chebula fruit has potential hypoglycemic action 
in STZ-induced diabetic rats and the effect was found to be 
more effective than glibenclamide [32]. 

 Study was conducted to evaluate the anti-diabetic 
Terminalia chebula Retz. Fruits 

-1 
-1 

500 mg kg-1 
samples were performed under parameters like biochemical 

showed the granular cytoplasm, dilatation, shrunken nuclei 

-1 
of epithelium in the pancreas was observed in diabetic rats, 
which was reduced. From the evaluation of the present study 

against the diabetic condition, even though the mechanism 

Terminalia chebula

with standard drug, metformin. The effective dose was 200 
to 400 mg/kg [34]. 

Terminalia chebula 
Retz. Has been evaluated for its antidiabetic activity in 

with a known drug, tolbutamide. Oral administration of 200 
T. chebula daily 
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once for two months reduced the elevated blood glucose 

content decreased by 75% and 62.9% respectively in 
diabetic controls, these alterations were partly prevented 

compared to the healthy controls. The in vitro studies with 
pancreatic islets showed that the insulin release was nearly 
two times more than that in untreated diabetic animals. The 
treatment did not have any unfavorable effect on other blood 
parameters of liver and kidney function tests [35].

 Chebulagic acid, isolated from T. chebula proved to be a 
reversible and non-competitive inhibitor of maltase with a 

the inhibition is greatly affected by its origin [36].

Cardiotonic Activity

T. chebula
cardiotonic activity when tested on isolated frog hearts. 

cardiotonic activity, though at high doses because they were 

fairly potent cardiotonic activities. These all gave easily 
dispersible solutions, produced dose-dependent positive 
isotropic effects and an increase in the cardiac output. There 

being tested here stimulated the isolated perfused frog heart 
without inducing depression [37].

of Terminalia chebula was studied by using isolated frog 

both normal and hypodynamic hearts. Calcium free Ringer 
solution was used as vehicle for administration of aqueous 

Terminalia chebula

produced cardiac arrest at 3 mg/ml, a higher concentration, 

Terminalia 
chebula showed wide therapeutic window [38]. 
 

T. chebula

activity of the myocardial marker enzymes decreased with 

a concomitant increase in the activity of the serum. The 

retained the activities of the diagnostic marker enzymes [39].

The fruits of T. chebula are claimed to be useful against 

+, K+ and Mg2+

dose of 1 mg is enormous. It is higher than that caused by 

Wound Healing

T. chebula was 
topically administered on dermal wounds of rats. The 
treated wounds healed much faster, indicated by improved 
rates of contraction and a decreased period of epithelisation. 

in these tissues also increased up to 8 days post-wounding. 

 and 
effects of T. chebula

T. Chebula fruit was 

wound area when compared to controls which was 40%. 

as compare to controls. The wet and dry granulation tissue 

in diabetic rats and further evaluation of this activity in 
humans is suggested [41].

Different concentrations of various organic and aqueous 
T. chebula

(L929) and keratinocytes cells to evaluate its biocompatible 
concentration by using MTT 
2,5-diphenyltetrazolium bromide] and live-dead viability/

decreasing the ammonia accumulation in the media, thereby 

control. In conclusion, we have demonstrated the effect of 
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T. chebula on both types of skin cells and 
optimized concentration in which it could be used as a bioactive 
component for wound healing applications by increasing cell 
proliferation and decreasing free-radical production without 

[42].

Hypolipedemic Effect

Hypercholesteremia is one of the risk factors for 
coronary artery disease. The present study highlights the 

rats. Four groups of rats were employed namely control, 

increase in the total cholesterol, LDL, VLDL, and free fatty 

in Triphala treated hypercholesteremic rats [43]. 

In atherogenic diet induced hyperlipidemic model, 
Terminalia 

chebula
triglycerides, total protein and elevation of high density 
lipoprotein cholesterol. The results also suggest that 
Haritaki at 1.05 and 2.10 mg/kg b.wt. concentrations is an 

dietary management in the prevention of atherosclerosis in 
hyperlipidemic patients [44]. Treatment with Terminalia 
chebula ameliorated the biochemical parameters, histological 
and histochemical results [45].

Antibacterial 

T. chebula fruit was tested for 
its activity against methicillin-resistant and methicillin-
sensitive  strains from clinical isolates. 

with an inhibition zone size of 11 to 27 mm, against all the 
test bacteria. There was a synergistic interaction of the crude 

on the basis of spectroscopic evidence [47].

T. chebula and black 
Teminalia chebula Retz) were tested against 

Helicobacter pylori in an agar diffusion test. The water 

mg/L. Plant powder, incorporated in agar gave higher MIC 

concentration of 1-2.5 mg/L inhibited the activity of urease 
T. chebula strongly inhibited 

the growth, the sucrose induced adherence and the glucan-
induced aggregation of Mouth rinsing 

the total bacterial counts and the total streptococcal counts 
in the saliva samples. It successfully inhibited glycolysis of 
salivary bacteria for up to 90 min after rinsing [9,21].

Terminalia chebula fruit was studied 
for its antibacterial activity against clinically important 
standard reference bacterial strains. The antimicrobial 
susceptibility was screened using the disc diffusion 

was determined using the broth micro dilution method. 
The results showed that it was active against both gram-
positive and gram-negative bacteria. The T. chebula fruit 

 Salmonella typhi SSFP 
4S,  MTCC 3615, 

 ATCC 25923,  MTCC 441 and 

determined as 1 mg/ml for S. typhi. These results indicate that 
the T. chebula dry fruit possesses a potential broad spectrum 

strong antimicrobial activity against all the test isolates and 
found to be most effective over others. Phytochemical analysis 
revealed the presence of high concentration of phenolics and 

in mice at recommended dosage level and 24 h LD50 was 
found to be >4 g/kg, p.o. in mice. The results provide that 
Terminalia chebula fruit could be useful for the development 
of alternative/complementary medicine for multidrug–
resistant uropathogens [49].

Antiviral 

pathogen that causes lifelong latent infection of sensory 
neurons. Non-nucleoside inhibitors that can limit 
HSV-1 recurrence are particularly useful in treating 
immunocompromised individuals or cases of emerging 

T. 
chebula showed a strong anti-HSV-1activity in combination 
with acyclovir. With doses, corresponding to the human use 
it limited the development of skin lesions and prolonged the 
mean survival times of infected mice compared with both 
acyclovir and with the mice treated alone with the herbal 

stronger anti-HSV-1 activity in the brains than in the skin, 
in contrast to acyclovir treatment alone. The combination 



International Journal of Pharmacognosy & Chinese Medicine
18

Terminalia Chebula. Int J 
Pharmacogn Chinese Med 2020, 4(3): 000208.

Copyright©  Kumar M, et al.

and inactivated HSV-1 viral particles and could prevent 
binding, penetration, and cell-to-cell spread, as well as 
secondary infection. Results indicated that both blocked 
interactions between cell surface glycosaminoglycans and 
HSV-1 glycoproteins [51,52]. 

Chebulagic and chebulinic acids have higher direct 

attachment and penetration to the host cells as compared to 
acyclovir. Hence, it may be a useful candidate for developing 

HSV-2 infection [53]. 

Chebulinic acid and chebulagic acid can effectively inhibit 

act as neuraminidase inhibitors and show antiviral potency 

Chebulagic acid and/or its hydrolysis fragments as new 

yeast and inhibits in vitro
of M2 sequence [55].

T. chebula
cytomegalovirus activity in vitro and in vivo. In vitro they 
inhibited the replication of human cytomegalovirus. In vivo 
they were tested in an infection model on immune suppressed 

treated with 50 mg/kg cyclosporine for one day before the 

reduction of the virus yield in the lung. The T. chebula

treated mice compared with the water treated animals [10]. 

Antioxidant and Cytoprotective Effects 

Treatment and pretreatment of the hepatocytes with the 
T. chebula t

in vitro 
and 2,2-diphenyl-1-picryhydrazyl free radical-scavenging 
activities. The in vivo study showed that pretreatment with 

single dose of t
the serum levels of the hepatic enzyme markers aspartate 
aminotransferase, alanine aminotransferase and reduced 

liver lesions, including hepatocyte swelling and neutrophilic 

t

with Fe2+ ascorbate were 85.5, 27, 74, and 69 µg/mL in vitro. 

continued daily administration sustained the effect [14].
 

T. chebula fruits was tested for its 
radio protective ability. The free radical neutralizing ability 

breaks. The administration of 80 mg/kg prior to whole body 

membrane lipids in the mice liver from radiation-induced 

in vitro by 2 Gray [56]. It inhibits 

protect cell organelles from radioinduced damages [57].
 

found 95.84% at 25µg/mL of Terminalia chebula aqueous 

the injury in a dose-dependent manner. On treatment 

the cell viability increased and lactate dehydrogenase 
release decreased in a concentration dependent manner. 
This study indicates that T. chebula is a potential candidate 
for phytotherapy against urolithiasis as it not only has a 

crystals but also has a cytoprotective role [58].

T. chebula fruits was evaluated 

50 mL), 

50 30.51 
activity (IC50  in vitro conditions. 

was also measured by determining the total phenolic, 

the standard ascorbic acid, and its activity is concentration-
dependent. It is concluded that a polyphenolic-rich fraction 
of T. chebula



International Journal of Pharmacognosy & Chinese Medicine
19

Terminalia Chebula. Int J 
Pharmacogn Chinese Med 2020, 4(3): 000208.

Copyright©  Kumar M, et al.

[59].

Antimutagenic 

Tannin fractions and gallic acid from the dried pulp of 
T. chebula were evaluated for their antimutagenic potential. 

fractions; the monomeric gallic acid was the least effective 
T. chebula fruits inhibited 

the direct acting mutagens sodium azide and 4-nitro-o-

Salmonella typhi murium and S9-dependent 

T. chebula

Study showed that ethyl acetate portion of of Emblica 
, Terminalia chebula and T. bellirica

two major compounds, gallic acid and ellagic acid which might 
be responsible for potent antimutagenic activity induced by 

[63].

Terminalia chebula

mutagenic activity. In MN formation test, single application 
of Terminalia chebula 
doses of 50, 100 and 150 mg/kg dry weight 24 hours prior 

the same time increased the % degree of protection in dose 
dependent manner in bone marrow cells of mice as compared 
to CP alone treated group. However Terminalia chebula fruit 

and/or micronucleus formation. The anti-mutagenic activity 
observed in this study can be attributed to the presence of 

to treat cancer without inducing mutations in healthy body 
cells [64].

Protective Drugs against Stress

The IC50

Terminalia chebula in vitro

of HETC with valproate and phenytoin showed complete 
protection. In addition, it also attenuated the seizure induced 

as compared to PTZ and MES treated group. 

activity and also potentiated the subtherapeutic dose of 
phenytoin and valproate indicate its usefulness as an adjuvant 
to antiepileptic drugs with an advantage of preventing 

 
T. chebula is 

found to retain near normal activities of lysosomal enzymes 
in rats compared with isoproterenol alone. Isoproterenol 

altered lysosomal enzyme activities. Results showed that 
T. chebula
prevents myocardial damage [66].

Immune Activation

In recent years, much attention is being focused on 
the immunological changes occur during stress. The 
immunomodulatory activities of Triphala were assessed 
by testing the various neutrophil functions like adherence, 

alter the neutrophil functions. The neutrophil function tests 
and corticosterone levels were carried out in eight different 
groups of animals, namely control, Triphala, noise-stress, 
Triphala noise-stress, and corresponding immunized groups 

Triphala group, while the remaining neutrophil functions 
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corticosterone levels were observed in both the noise-stress 
and the noise-stress immunized groups. These noise-stress 

administration in both the Triphala noise-stress and the 
Triphala noise-stress immunized groups. Hence study has 
divulged that oral administration of Triphala appears to 
stimulate the neutrophil functions in the immunized rats and 
stress induced suppression in the neutrophil functions [67].

T. 
chebula
in mice. TCE was administered orally for 10 consecutive 

immunized mice. The percentage of CD4+ cells and delayed-
type hypersensitivity response also increased in these mice. 
Treatment is reported to increase lymphocyte proliferation 
and macrophage phagocyte response, but decrease nitrite 

increased in the treated mice. None of the group showed any 

dose-dependent Th1 response [68].
 

Immunomodulatory activity of ripe T. chebula fruits 

play important roles in immunity. This phenomenon also 
enhances the concentration of melatonin in pineal gland as 

which play important roles in immunity [69].

by Terminalia chebula Retz. fruits was investigated. The 

intestinal maltase inhibitory activity, whereas neither 
intestinal sucrase nor isomaltase activity was inhibited 

to possess potent intestinal maltase inhibitory activity, with 
the IC50 , 97  and 36 , respectively. 
The intestinal maltase inhibitory activities of 2 and 3 were 
even higher than that of 1,2,3,4,6-penta-O

50

1,2,3-O

galloyl groups mostly affected the potency. Kinetic studies 

revealed that 2, 3, and 4 inhibited maltose-hydrolyzing 

by 1, 2 and 3 isolated from T. chebula fruits. These results 
 T. chebula fruits for managing 

Type 2 diabetes [70].

Chebulagic acid, isolated form Terminalia Chebula 
proved to be a reversible and non-competitive inhibitor of 
maltase with a Ki 

The magnitude of -glucosidase inhibition by chebulagic 
acid was greatly affected by its origin. These results show 
a use for chebulagic acid in managing type-2 diabetes [36]. 
Compounds, 23-O 50

23-O-galloylarjunolic acid 28-O-
IC50 Terminelia chebula also showed potent 

-glucosidase 

50

[71].

Anticancer Activity

Homeopathic preparations of Terminalia chebula known 
MT

cells. However, other homeopathic preparations of Terminalia 
chebula 3X, 6C and 30C
breast cancer cells without affecting the viability of the non-

MT, 3X, 6C and 30C, reduced 

1:10 dilution at 24, 48 and 72 h. Under SEM, MT appeared 
as a mesh-like structure whereas under TEM, it showed 
presence of nanoclusters. On the other hand, 6C potency 
contained 20 nm sized nanoparticles. The current study 
reports the anticancer activity of homeopathic preparations 
of Terminalia chebula against breast cancer and reveals their 
nano particulate nature. These preliminary results warrant 
further mechanistic studies at both in vitro and in vivo levels 
to evaluate the potential as nanomedicine in breast cancer 
[72].

In several human malignant cell lines a 70 % methanolic 
T. chebula fruits decreased the cell viability, 

inhibited the cell proliferation and induced the cell death 
in a dose dependent manner. In lower concentrations some 
apoptosis was induced, but at higher concentrations necrosis 
was the major mechanism of the cell death. The following 
IC50 values could be revealed: Chebulinic acid: 53.2+/-0.16 
µM, tannic acid 59.0+/-0.19 µM, ellagic acid 78.5+/-0.24 µM, 
respectively [14].



International Journal of Pharmacognosy & Chinese Medicine
21

Terminalia Chebula. Int J 
Pharmacogn Chinese Med 2020, 4(3): 000208.

Copyright©  Kumar M, et al.

In both the prophylactic and therapeutic Chebulagic acid 

and IL-6 were reduced, while serum levels of transforming 

of granulocytes was reduced, but the proportion of CD4+, 
CD25+ T cells was greater in the knee joints of CHE-treated 

and TGF 

dosing model. It concludes that 

represent a new strategy in the development of therapies 

diseases [26]. 

Study assessed T. chebula extract-dependent protein 
expression changes in 

T. chebula extract 

1, and insulin-like growth factor 1 receptor kinase were 
T. chebula extract-treated 

T. chebula
 activity and affected the proteomic 

Conclusion

Terminalia chebula

the key bioactive phytochemicals isolate from it and 
their role in various system of traditional medicine to 
cure various diseases. Phytochemical constituents of 
this plant show anticariogenic effect, gastrointestinal 
activity, immunosuppressive effects, antidiabetic effects, 
hypolipedemic effect, antimutagenic, glucosidase inhibitor, 

summarizes the ethnic use, pharmacological activities of 
Terminelia Chebula for last 

40 years.
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Research Article 

Triterpenoids of shows Antifertility effect in Male Albino Rats

Maheep Kumar*

Abstract: Antifertility activity of methanolic extract of the stem of was carried out on male 
albino rats. After the careful experiments, the results revealed that oral administration of methanolic extract of the 
stem of affected male fertility by two means, antispermatogenic and antiandrogenic action. It 
might be due to the presence of some triterpenoids compounds. So it could be a scope of developing an ideal male 
contraceptive, due to its antispermatogenic effects.

Keywords: Methanolic extract, Triterpenoids, Antifertility.

1. Introduction

Over a long period, several approaches for the 
induction of infertility have been investigated. 
However, no suitable method has emerged that is 
effective and free from side-effect [1,2]. Although 
contraceptives containing estrogen and progesterone are 
effective and popular. The risks associated with these 
drugs have paved the way to develop newer compounds 
from medicinal plants. Hence, there is a need for 
searching suitable products from indigenous medicinal 
plants that could be effectively used in the place of 
contraceptive pills. Compounds isolated from 

have been reported for antimicrobial activity 
[3], anti-inflammatory activity [4], anticancer activity 
[5,6], CNS-depressant activity [7] and neuroprotective 
effects [8]. Effect of the sap of on 
male fertility and spermatogenesis in tobacco budworm
( ) [9] motivate toward the 
antifertility activities So, this study is preliminarily 
concerned with antifertility activity of dry methanol 
extract of the stem of on male albino 
rats.

2. Material and Methods 

2.1  Animal model
For this study, colony bred, healthy, fertility 

proven adult Wistar rats ( ) of 60 days 
aged were selected. Before using the animals for 
experiments, their initial body weights were recorded 
and blood samples were examined. Supervision of 
qualified veterinarian was available throughout the 

study. The animals were kept in plastic cages and well-
ventilated room under controlled conditions (12 hrs 
light: 12 hrs dark) [10]. The rats were maintained on 
pellet standard rat feed supplemented with soaked 
gram, wheat and water were provided. Two 
experiments were conducted during the course of study 
with dry methanol extract of the stem of 

. A suspension was prepared daily (100 and 
200mg/ml) before administration. The required drug 
was administered orally for a period of 60 days.
 
2.2 Plant material 

Plant material of was collected 
from the roadside lining, Jaipur (India). It is abundantly 
available in this part of the country. 

2.3 Isolation of marker
stem was collected from the 

roadside lining, Jaipur (India). Herbarium, Department 
of Botany, University of Rajasthan, Jaipur, India had 
authenticated and identified this Plant material. 1.0 kg 
Plant material was crushed then, shocked in methanol 
overnight, boiled exhaustively for 24 hours and finally 
filtered. The filtrate was concentrated under the reduced 
pressure and obtained (65gm) methanol extract of this 
plant for the experiment. A part of this extract (solvent-
free) was fed to rats at 100 and 200mg/kg body weight 
per day [11].

 
2.4 Tests for the presence of triterpenes 

On treatment with Liebermann-Burchard and 
Noller’s reagents fraction [petroleum ether: benzene 
(1:1)] gave a positive test showing its triterpenoid 
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nature. It also gave a positive test with TNM, which 
confirms that the given fraction is unsaturated 
triterpenoids. 

2.5  Treatment protocol for antifertility activity 
study
Methanolic extract were orally fed to know about 

its hormonal nature and antifertility effect.  Animals 
were distributed into two treatment groups, each 
consisting of 6 animals. 

Group-A: Only sterile distilled water were given orally 
for 60 days to animals of this group. This group served 
as a control-treated vehicle. 
Group-B: Animals of this group were orally fed with 
methanol extract at the dose of 100mg/kg body weight 
per day, for 60 days. Doses were freshly prepared and 
administrated orally during the study. 
Group-C: Animals of this group were orally fed with 
extract at the dose of 200mg/kg body weight per day for 
60 days.

A suspension of the triterpenoids was made every 
day in DMSO and the required drug was administered 
orally with a glass syringe fitted with a feeding needle. 

2.6  Study parameters

2.6.1  Sperm motility and density 
For determining sperm motility and sperm 

density, 100mg of cauda epididymis was minced in 1ml 
of physiological saline within a scarification period of 5 
minutes. The motility percentage was determined by 
counting motile and immotile spermatozoa per unit area 
[12]. Next cauda epididymis sperm density was 
determined by routine procedure and expressed as 
million/mm3 of suspension [12].

2.6.2 Fertility test
Successful mating was carried out in all animals 

(male-female ratio 1: 2). The mated females were 
allowed to complete the gestation period. Five days 
prior to sacrifice period, numbers of pups were 
recorded. After this litter size and percent of fertility 
were calculated [11].

2.6.3 Body and organ weights
The initial and final body weight of the animals 

were recorded. Then the testes, epididymis, seminal 
vesicle and ventral prostate were dissected out and 
weighed accurately up to milligram level. 

2.6.4  Serum biochemistry
Serum was isolated and stored for the detection 

of protein content [13], total cholesterol [14], 
phospholipids [15], alkaline phosphatase [16] and LDH 
[17] by respective calculations. 

2.6.5  Hormone assay 
Blood samples were collected for estimation of 

serum testosterone, FSH and LH by using 
radioimmunoassay. Serum samples were separated by 
standard procedures and stored at -20°C for subsequent 
analysis. Serum levels of testosterone, FSH and LH 
were assayed in duplicate by using radioimmunoassay 
kit [18].

2.6.6 Hematology 
The blood samples from the heart were also 

collected and analyzed for blood urea [19], blood sugar 
[20] RBC, WBC and hematocrit levels [21].
 
2.6.7 Histological Study

Contralateral side of the testis, epididymis, 
seminal vesicle, kidney and liver were fixed in Bouin's 
fluid, dehydrated in graded ethanol, cleared in xylene 
and embedded in paraffin wax. Sections were cut at 6µ 
was stained with Harris's hematoxylin and eosin to 
observe under a light microscope. The same sections 
were used for percentage of normal tubules. Similarly, 
seminiferous tubules and intertubular areas were 
observed, finally expressed of seminiferous tubules, 
intertubular area and sertoli cell nuclear area [22] was 
also determined. 
 
2.6.8 Statistical Analysis 

Data are expressed as mean ± S.E. and analyze 
for statistical significance by using student's “t” test. 
The data are considered as significant at 
non-significant at 3].
 
3. Results
 
3.1 Body and organ weight 

The weight of testes, epididymis, vas deferens and 
seminal vesicle of rats treated with methanol extract of 
the stem of at the dose level of 
100mg/kg body weight (Group-B) (  -
significantly changed while treatment at the dose level 
of 200mg/kg body weight (Group-C) weight of testes 
significantly reduced (   0.001) as compared to 
control intact rats (Group-A) (Table 1). The weight of 
ventral prostate, kidney, heart, liver and adrenal gland 
did not alter at any significant level in rats following 
methanol extract of the stem of 
treatment (Group-B and C) as compared with control 
rats (Group-A) (Table 1).  
 
3.2 Sperm motility and density

The sperm motility of cauda epididymis and sperm 
density in cauda as well as testes of rats after treatment 
of methanol extract of the stem of for 
60 days at the dose level of 100mg/kg body weight 
(Group-B) were changed non-significantly (
while treatment at the dose of 200mg/kg body weight 
(Group-C) sperm motility and density were decreased 
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significantly as compared to control (Group-A) (Table 
2).

3.3 Fertility
It was observed that the fertility was significantly 

( 0.001) reduced in methanol extract of the stem of 
treated rats at the dose level of 

100mg/kg body weight and 200mg/kg body weight
(Group-B and C) respectively by 77.77% & 46.66% 
(Table 2).

3.4  Hematological observations
The hematological parameters, i.e. hemoglobin, 

W.B.C., R.B.C, hematocrit, MCHC, blood sugar and 
blood urea were observed within normal range (  
in rats after 60 days treatment with methanol extract of 
the stem of in all groups (Group-B 
and C) as compared to control rats (Group-A) (Table 3).

3.5 Serum biochemistry 
Changes in protein, cholesterol, triglycerides and 

phospholipids level in serum of all treated rats at dose 
levels (100 and 200mg/kg body weight), were non-
significant (
hematological indices and serum biochemistry 
parameters are free from side effects (Table 4).

3.6  Hormone levels 
The levels of luteinizing hormone, follicle-

stimulating hormone and testosterone hormones were 
significantly decreased (  0.001) at the dose of 
200mg/kg body weight of methanol extract of the stem 
of  (Group-C) as compared to control 
rats (Group-A), while LH level in other groups (Group-
B) were non-significantly changed after treatment (
ns) (Table 4). 

3.7 Tissue biochemical analysis 
The protein level of testis, cauda, seminal vesicle 

in rats at the dose level of 100mg/kg body weight 
(Group-B) was non-significantly (
protein level in rats treated at the dose levels of 
200mg/kg body weight (Group-C) was significantly 
decreased ( 0.001) as compared to protein level of 
control intact rats. The protein level of ventral prostate 
was non-significantly (
groups as compared to protein level of control intact 
rats (Table 5).

It was observed that cholesterol level in adrenal 
was significantly decreased (   0.001) at the dose level 
of 100 and 200mg/kg body weight (Group-B and C) in 
dose-dependent manner as compared to cholesterol 
level in testis of control intact rats (Group-A). 
Cholesterol levels of testes, liver and heart were non-
significantly ( s as 
compared to cholesterol level of control intact rats 
(Table 5).   

The glycogen content of rats in testis was 
decreased significantly at the dose level of 200mg/kg 
body weight (Group-C) while glycogen contents were 
non-significantly reduced ( dose level of 
100mg/kg body weight (Group-B) as compare to 
glycogen level of control intact rats. The glycogen 
levels of liver and heart were non-significantly (  
change in all treated groups as compared to cholesterol 
level of control intact rats (Table 5).  

The fructose level of seminal vesicle in rats treated 
at the dose level of 100 and 200mg/kg body weight 
(Group-B and C) was decreased non-significantly (
ns) as compared to control intact rats (Group-A) (Table 
5).

Table 1: Changes in the body and various organ weight of rat after 60 days of treatment of dry methanolic extract of Kaner (Nerium 
oleander).

Treatment 
Initial
b. wt.
(gm.)

Final 
b. wt. 
(gm.)

Testes
mg/100gm 

b. wt. 

Epididymides 
mg/100gm 

b. wt. 

Vas 
Deferens 

mg/100gm
b. wt. 

Seminal 
vesicle

mg/100gm 
b. wt.

Ventral
prostate 

mg/100gm
b. wt. 

Kidney
mg/100gm

b. wt. 

Heart 
mg/100gm

b. wt. 

Liver 
mg/100gm

b. wt. 

Adrenal 
mg/100gm

b. wt.

Group-A
Control 103.33±2.10 165.00±1.82 1091.39±23.18 473.62±11.05 153.31±2.33 400.53±23.25 95.84±2.57 567.66±16.49 272.84±12.76 2355.29±38.72 19.39±0.56

Group-B
100mg/kg

b. wt.
103.33±2.11 166.67±2.11 1065.11±17.55 ns 455.57±10.13 ns 146.18±1.80 ns 359.80±9.09 ns 84.87±3.25 ns 559.90±17.66 ns 265.10±11.15 ns 2325.69±44.51 ns 17.71±0.35 ns

Group-C 
200mg/kg

b. wt.
105±2.23 173.33±1.66 971.87±27.00* 421.43±11.87* 136.68±4.14* 315.38±13.50* 83.96±3.48 ns 536.97±18.75 ns 258.70±12.76 ns 2237.36±38.95 ns 17.50±0.32 ns

Data exposed as Mean ± S.E, ns = non-significant, * Significant (p 0.01), ** Highly Significant (p 0.001).



Antifertility effect of Nerium oleander              Maheep Kumar

J. Adv. Lab. Res. Biol. (E-ISSN: 0976-7614) - Volume 10 4 October 2019                                                                                            Page | 107  

Table 2: Effect on sperm motility, density and fertility after treatment of dry methanolic extract of Kaner (Nerium oleander) in male rats. 

Treatment Sperm motility
% 

Sperm density
No. of Pups 
delivered

Fertility
%Cauda 

(million/mm3)
Testes 

(million/mm3)
Group-A
Control 

72.32±0.62 14.72±0.18 2.97±0.06 45 100 %

Group-B
100mg/kg b. wt 69.96±0.78 ns 14.11±0.20 ns 2.68±0.11 ns 35 77.77 %

Group-C 
200mg/kg b. wt 62.14±0.58* 13.97±0.07* 2.35±0.12* 21 46.66 %

Data exposed as Mean ± S.E, ns = non-significant, * Significant (p 0.01), ** Highly Significant (p 0.001).

Table 3: Blood biochemical changes in control and dry methanolic extract of Kaner (Nerium oleander) treated male rats.

Data Exposed as Mean ± S.E, ns = non-significant, * Significant (p 0.01), ** Highly Significant (p  0.001). 

Table 4: Serum biochemical changes in control and dry methanolic extract of Kaner (Nerium oleander) treated male rats.

Treatment
Protein 
gm %

Cholesterol
mg/dl 

Triglycerides 
mg/dl

phospholipids
mg%

Testosterone 
ng/ml 

LH 
mIU/ml

FSH
mIU/ml

Group-A
Control

10.86±0.58 125.00±7.21 133.28±0.48 123.81±5.35 2.09±0.08 3.38±1.90 4.80±0.16

Group-B
100mg/kg b. wt. 10.76±0.40 ns 131.25±5.35 ns 133.28±0.47 ns 124.99±2.60 ns 1.82±0.06 ns 2.83±0.10 ns 4.33±0.15 ns

Group-C 
200mg/kg b. wt. 10.84±0.58 ns 125±7.21 ns 133.28±0.47 ns 123.80±5.35 ns 1.61±0.07* 2.35±0.14* 3.55±0.16*

Data exposed as Mean ± S.E, ns = non-significant, * Significant (p 0.01), ** Highly Significant (p 0.001).

Table 5: Tissue biochemical analysis after the treatment of dry methanolic extract of Kaner (Nerium oleander), in male albino Rats. 

Treatment

Protein
mg/gm 

Cholesterol 
mg/gm 

Glycogen
mg/gm 

Fructose 
mg/gm

Testes Cauda Seminal 
Vesicle

Ventral 
prostrate Testes Liver Heart Adrenal Testes Liver Heart Seminal 

vesicle
Group-A 
Control 380.70±7.75 343.67±13.51 329.60±13.10 231.83±27.72 12.60±0.46 15.20±0.67 15.41±0.41 8.85±0.69 3.11±0.16 4.98±0.34 3.88±0.04 7.77±0.97

Group-B
100mg/kg 334.78±14.81 ns 292.56±17.68 ns 274.04±15.25 ns199.98±22.68 ns 11.04±0.34 ns 16.14±0.46 ns 16.14±0.37 ns 6.14±0.37* 2.46±0.17 ns 4.77±0.25 ns 3.96±0.05 ns 4.57±0.73 ns

Group-C
200mg/kg 

324.41±14.28* 278.49±9.57* 282.19±6.56* 151.09±5.50 ns 9.47±0.91ns 16.25±1.71ns 16.25±1.59 ns 6.35±0.10* 2.11±0.24* 4.38±0.19 ns 3.59±0.17 ns 4.51±0.55 ns 

Data exposed as Mean ± S.E, ns = non-significant, * Significant (p 0.01), ** Highly Significant (p 0.001).

3.8  Histological observations 
Photomicrograph of control rats (Group-A) testes 

showing well-developed structure of highly convoluted 
seminiferous tubules lined by a stratified germinal 
epithelium, which contained all spermatogenic cells 
(spermatogonia,  primary spermatocytes, secondary 
spermatocytes, spermatid and mature spermatozoa) and 
sertoli cell with their distinctive nuclei present in the 
basal lamina. The spermatogonia can see close to the 
basal lamina. The seminiferous tubules are well 
developed and supported by loose connective tissue 
containing leydig cells, blood vessels and nerves. 
Photomicrograph of testis of rats treated at the dose 

level of 100mg/kg body weight of methanol extract of 
the stem of show testicular lesions and 
degenerative changes in germinal epithelium of 
seminiferous tubules, number of spermatids and 
spermatozoa was reduced and lumen is devoid of 
mature sperms. At the dose level of 200mg/kg body 
weight of methanol extract of the stem of 

treatment, spermatogenesis was completely 
arrested and atrophied in treated rats. Cellular debris 
appears in the lumen is normal, seminiferous tubules 
were reduced and intertubular in between seminiferous 
tubules space increase (Group-B and C) (PLATE-1).

Treatment HB  
%

WBC
th/mm3

RBC
mill/cu.mm 

Hematocrit 
% 

MCHC 
gm/dl

Blood Sugar 
mg/gl

Blood urea
mg/dl 

Group-A
Control 

12.96±0.57 11.07±0.28 5.54±0.10 38.59±2.58 34.50±3.09 96.66±2.70 26.67±1.67

Group-B
100mg/kg b. wt. 13.00±0.36 ns 11.36±0.29 ns 5.58±0.07 ns 39.68±1.71 ns 33.01±1.42 ns 98.56±2.52 ns 29.33±1.68 ns

Group-C
200mg/kg b. wt. 12.96±0.56 ns 11.86±0.38 ns 5.46±0.19 ns 38.58±2.57 ns 34.49±3.09 ns 96.66±2.70 ns 26.66±1.68 ns
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PLATE 1: Testis. Fig. 1: Photomicrograph shows normal histoarchitecture of testis, seminiferous tubules contain all the stages of 
spermatogenesis from spermatogonia to spermatozoa. Spermatozoa were clearly visible in the lumen. Sertoli cell in tubules in interstitial 
tissue and leydig cell also seen (200 X HE). 

PLATE 1: Testis. Fig. 2: Photomicrograph of testis of rats treated with Nerium oleander stem at 100mg/kg body weight for 60 days shows 
degenerative changes in spermatogenesis, inhibition of primary spermatocyte stage and spermatozoa (200 X HE). 

PLATE 1: Testis. Fig. 3: Photomicrograph of testis of rats treated with Nerium oleander stem at 200mg/kg body weight for 60 days shows 
reduced number of spermatids and spermatozoa, clearly visible cellular debris in lumen and lumen was devoid of sperm (200 X HE).

Control 

100mg 

200mg
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4. Discussion

This study was conducted to elucidate the effect of 
the association of biological activities with triterpenoids 
from on male reproductive system. 
The result of this investigation demonstrated that the 
triterpenoids interfere with the structure and function of 
major elements of male fertility as reflected by a 
marked decrease in the rate of fertility. The plant-based 
contraceptive, inhibit male fertility after administration 
of (200mg/kg body weight) methanolic extract of 

exhibited a marked reduction in 
counts and motility of cauda epididymal sperms in 
dose-dependent manner. The reduction of sperm 
density is confirmed by histological and hormonal 
investigation of testis and serum of the animals. The 
testes of the treated animals revealed the arrest of 
spermatogenesis. Size of seminiferous tubules appeared 
to be reduced. Vacuolization was observed in the sertoli 
cells, spermatogonia and spermatocytes. The significant
decrease in sperm motility, density, weight of testis, 
epididymis and seminal vesicle may occur due to 
significant reduction of testosterone, luteinizing, and 
follicle stimulating hormone. After treatment of 
methanolic extract of , there is no 
significant change was observed in serum biochemistry 
and hematological parameters of treated group of 
animal which showed triterpenoids are free from side 
effects. However, the treatment resulted in the 
reduction of fertility and number of pups, indicating the 
fertilization might be due to stored epididymal sperms. 
It is histologically evident that the treatment arrested 
spermatogenesis.

5. Conclusion 

The oral administration of triterpenoids from 
at 100 and 200mg/kg body weight in 

male albino rats did produce antifertility effects. The 
results revealed that oral administration of methanol 
extract of the stem of affected male 
fertility in two ways, antispermatogenic and 
antiandrogenic action. From the foregoing account, it 
can be conjectured that methanol extract of the stem of 

could be a scope of developing an 
ideal male contraceptive, due to its antispermatogenic 
effects and no untoward side effect on the general 
health of the animal.
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