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Abstract

The objective of this study was to evaluate protective effects of hydroethanolic

extracts of Terminalia chebula and Thymbra spicata on viability, lipid peroxidation (LPO)

and DNA integrity of ram fresh semen under normal and oxidative stress (OS) condi-

tions. Antioxidant activities of different concentrations of Terminalia chebula and Thym-

bra spicata extracts were evaluated with DPPH assay. Semen samples were taken from

three fertile adult rams.After diluting semenwithTris-base extender, different concen-

trations of Terminalia chebula and Thymbra spicata (30, 300, and 3000 µg/ml) extracts

were used under normal and induced OS conditions. The group not receiving any sup-

plements was considered as control group. A total of 50 µM hydrogen peroxide was

used to induce OS. MTT solution was added to each of treatment groups which were

kept in an incubator at 37◦C for 2 h. After incubation, readingswere obtained by ELISA

reader. DNA integrity and LPO were determined with acridine orange (AO) staining

and malondialdehyde (MDA) assay. Higher concentrations of Terminalia chebula and

Thymbra spicata extracts preserved viability and DNA integrity while reducing MDA

concentrations compared to other treatment groups. Also, under induced OS, higher

concentrations of both extracts reduced detrimental effects of H2O2. In conclusion,

it seems that addition of Terminalia chebula and Thymbra spicata extracts can reduce

inducedOS in spermatozoa.
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1 INTRODUCTION

Preservation of spermatozoa extends fertility potential of endangered

species by including valuable genetic material of animals that failed to

reproduce naturally or died prematurely. Biobanking allows bridging

time and space in breeding programmes. Frozen sperm can be easily

transported for artificial insemination and can be used years after orig-
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inal collection (Howard & Wildt, 2009). Sperms are cells sensitive to

reactive oxygen species (ROS) attacks. When manipulated in vitro by

the assisted reproductive techniques, these cells run the risk of produc-

ing and being exposed to high levels of ROS (du Plessis et al., 2008). All

cellular components are potential targets of oxidative stress (OS). Also,

OS considerably damages spermatozoa actions due to lipid peroxida-

tion (LPO) induced by ROS. LPO happens readily in the tissues rich in
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highly oxidizable polyunsaturated fatty acids (PUFA) (Chatterjee et al.,

2001;Gandeshmin et al., 2020). Spermatozoahavehigh levels of PUFA;

thus, they are highly sensitive to LPO (Tuncer et al., 2010).

The extent of OS-induced damages depends on the nature and

amount of ROS involved, duration of exposure to ROS and extracellu-

lar factors including oxygen tension, temperature and composition of

the surrounding environment (e.g. ions, proteins and ROS scavengers)

(Agarwal et al., 2008). As internal repair mechanisms are limited in

spermatozoa and as the contribution of seminal plasma antioxidants

is less effective due to semen dilution for the storage, an exogenous

supplement of antioxidants is presumably substantial for preserving

the fertilizing potentials (La Falci et al., 2011).Many researchers stated

that addition of antioxidants to semen diluents has protected semen

quality against damages caused by peroxidation (Hegazy et al., 2020).

It is now known that many medicinal plants, including Terminalia

chebula and Thymbra spicata, have remarkable values of antioxidant

compounds, being used to produce natural antioxidant formulation in

the fields of nutrition andmedicine (Nigam et al., 2020).

Terminalia chebula (family ofCombretaceae) is a native plant of India,

dried fruit of which is widely used to make various kinds of home-

made treatments (Rathinamoorthy & Thilagavathi, 2014). Their con-

sidered health benefits may be attributed to the presence of differ-

ent phytochemicals including terpenes, anthocyanins, polyphenols, gly-

cosides alkaloids and flavonoids (Bag et al., 2013). These also gener-

ally used to remedy different diseases such as paralysis, leprosy, car-

diovascular diseases, ulcers, cancers, cough, fever, arthritis, epilepsy,

gout, skin problems, urinary tract infections, diarrhea, gastroenteritis

and wound infections (Rathinamoorthy & Thilagavathi, 2014; Manos-

roi et al., 2013).

Thymbra spicata L. (Labiaceae) is distributed in the East Mediter-

ranean to central Asia. Thymbra spicata has small blue flowers emerg-

ing on the upper part of branches up to 60-cm tall (Yousefzadeh &

Naghdi Badi, 2017). Essential oil of Thymbra spicata is chiefly used

by perfumery, beverages, cosmetics, food and flavouring industries

(Tonutti & Liddle, 2010) and extracts from aerial parts are used as

cough relieving, carminative, expectorant, simulative and antispas-

modic agent while being used to cure certain skin diseases and chronic

bronchitis (Chopra et al, 1956; Inan et al., 2011). Thymbra spicata

contains different polyphenolic compounds. Fathiazad & Hamedeyaz-

dan (2011) reported different flavonoids including apigenin, luteolin

quercetin, diosmin, and their glucosides and phenolic compounds such

as syringic, p-hydroxybenzoic, protocatechuic, ferulic, chlorogenic and

caffeic acids.

The sperm quality can be better maintained by addition of various

antioxidants to semen extender compared to control (Zanganeh et al.,

2013). There is no document studying the effect of medicinal plant

extracts, such as Terminalia chebula and Thymbra spicata extracts, as a

pool of antioxidants on sperm quality during different conditions.

Therefore, present study was conducted to determine the effects

of different concentrations of hydroethanolic extracts of Terminalia

chebula and Thymbra spicata, as antioxidant agents, on ram fresh semen

under normal andOS conditions.

2 MATERIALS AND METHODS

2.1 Chemicals

All chemicalswere obtained fromSigma-Aldrich (USA); otherwise, they

are specified within the text.

2.2 Preparation of Terminalia chebula and Thymbra
spicata extracts

To prepare Terminalia chebula and Thymbra spicata extracts, plantswere

purchased fromherbsmarket. In brief, driedplants ofTerminalia chebula

and Thymbra spicata (50 g)were powdered and soaked in 250ml of 70%

ethanol for 72 h. Then, the mixture was filtered throughWhatman no.

1 filter paper and the filtratewas evaporated tobedried under reduced

pressure at 40◦C using a rotary evaporator. The extracts were freeze-

dried and stored at 4◦C to be used later.

2.3 DPPH radical scavenging assay

Fresh methanolic solution of DPPH (0.2mM) was prepared and incu-

bated in the dark for 2 h prior to the analysis. Extracts and the ascorbic

acid powder, as the standard, were dissolved individually in their corre-

sponding extracting solvent. Total free radical scavenging capacity of

the extracts from two plant samples was estimated according to the

methodof Liyana-Pathiranan andShahidi (2005). Solutionof 0.135mM

DPPH inmethanolwas prepared, 1.0ml ofwhichwasmixedwith 1.0ml

of different concentrations (30, 300 and 3000 µg) of two extracts in

methanol. The reaction mixture was vortexed thoroughly and left in

the dark at room temperature for 30 min. Mixture absorbance was

measured at 517 nm spectrophotometrically. Synthetic antioxidant

ascorbic acid was included in experiments as a positive control. Inhi-

bition of free radical DPPH was calculated in percent by the following

formula:

Inhibition % =
ABlank − ASample

ABlank
× 100.

2.4 Animals and semen collection

Ejaculates from three adult fertile rams were used in this study. Ejac-

ulates were collected from rams with the help of an artificial vagina

twice a week according to AI standard procedures. Semen samples

were pooled in order to obtain sufficient sperm for the experiment

and also to eliminate the ram effect. Then, they were incubated

in a water bath at 34◦C to be evaluated for semen quality micro-

scopically in the laboratory. Ejaculates were assessed within 20 min

after they were collected. Only ejaculates containing minimally 80%

motile andmorphologically 90%normal spermatozoawere used in this

research.
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F IGURE 1 DPPH radical scavenging
activity of Terminalia chebula and Thymbra
spicata extracts

2.5 Diluent preparation

A Tris-based extender (tris 297.58 mM, fructose 82.59 mM, citric acid

105.35 mM, 20% egg yolk, 6% glycerol) was used as extender. Each

pooled ejaculate sample was divided into eight equal aliquots and

diluted (37◦C) with the base extender containing different concentra-

tions of hydroethanolic extracts of Terminalia chebula and Thymbra spi-

cata (30, 300 and 3000 µg/ml) under normal and induced OS condi-

tions. A total of 50 µM hydrogen peroxide was used to induce OS.

The group not receiving any supplements was considered as control

group.

2.6 MTT reduction assay

MTT assay was carried out routinely (Aitken et al., 2020). Two hun-

dred microliters of diluted semen in tris-base extender plus 20 µl of
MTT stock solution (5 mg of MTT/ml of PBS) were placed in a 1.5-ml

microtube. Concentration of sperm cells was adjusted to about 15 ×

106 cells/ml. Reaction vials were put in an incubator at 37◦C for 2 h.

Then, they were left open to allow for oxidative phosphorylation. MTT

reduction rates were recorded immediately and after incubation using

anELISA reader at awavelength of 570nm.MTT reduction rate of each

sample was calculated by determining the difference between the first

and second readings of the spectrophotometer.

2.7 Acridine orange (AO) staining

Spermatozoa from each subject were smeared separately on

glass slides, air-dried and fixed overnight in Carnoy’s solution

(methanol/acetic acid, 3:1). Once rinsed and air dried, slides were

stained for 5 min with freshly prepared AO stain as follows: 10 ml of

1%AO in distilledwater was added to amixture of 40ml of 0.1M citric

acid and 2.5 ml of 0.3 M Na2HPO47H2O. Then, they were washed

with distilledwater and examined under fluorescentmicroscope at the

excitation wavelength of 450–490nm.

2.8 Malondialdehyde measurement

LPO was detected using thiobarbituric acid (TBA). Using appropri-

ate kits (TPR INNOVATIVE), malondialdehyde (MDA) concentrations

were measured according to the manufacturer’s instructions. The

absorbance was measured at 532 nm. Concentrations of MDA were

expressed as µM.

2.9 Statistical analyses

Results are presented as the mean ± standard deviation (SD). Data

were analysed by statistical variance (ANOVA) analysis using SPSS16.0

software; p< 0.05was considered as statistically significant.

3 RESULTS

In our study, after the preparation of both hydro-ethanolic extracts

(Terminalia chebula and Thymbra spicata), their antioxidant activities

were evaluated by DPPH. DPPH functions are reduced by a hydrogen-

donating compound which results in DPPH dis-coloration from dark

violet to light yellow, which can be recorded by a spectrophotometer.

Results for DPPH radical scavenging activity of both extracts are as

shown in Figure 1. Based on the results, there were no significant dif-

ferences in DPPH reduction between two extracts (p> 0.05).

Under normal and/or induced OS conditions, the percentage of

sperm viability in higher concentrations of both extracts (3 mg/ml)

increased significantly in comparison with other treatment groups

(p< 0.05; Figure 2). Also, positive effects of both Terminalia chebula and

Thymbra spicata extracts on viability were observed at intermediate
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F IGURE 2 Analysis of ram semen samples usingMTT test after addition of Terminalia chebula and Thymbra spicata extracts under normal or
induced oxidative stress conditions

concentrations (300µg/ml) compared to the control group.Higher con-

centrations ofTerminalia chebulaandThymbra spicataextracts (3mg/ml)

preserved viability significantly (p < 0.05) compared to lower concen-

trations (30 and 300 µg/ml) under inducedOS conditions (Figure 2).

Detection of DNA damages in ram spermatozoa by Acridine orange

test provides unfragmented DNA green fluorescence against yellow–

orange fluorescence for fragmentedDNA (Figure 3). Addition of higher

concentration (3 mg/ml) of Terminalia chebula to semen extender pre-

served DNA compared to 30 and 300 µg/ml of Terminalia chebula and

Thymbra spicata and control group under normal and induced oxida-

tive stress conditions, but there was no difference between 3mg/ml of

Terminalia chebula and 3 mg/ml Thymbra spicata although there was a

numerical increase (Figure 4). There was a significant decrease in per-

centage of intact DNA when sperm cells were treated with H2O2 (to

induce oxidative stress) compared to the control and other treatment

groups (Figure 4). SpermDNA fragmentationwas changed significantly

by acridine orange staining as a result of treatments with Terminalia

chebula and Thymbra spicata extracts under induced oxidative stress

conditions. The highest rate of DNA preservation was observed after

treatments with higher concentrations of both herbal extracts (Fig-

ure 4).

Lipid peroxides are derived from the peroxidation of polyunsatu-

rated fatty acids, themost abundant of which isMDA (Rao et al., 1989).

MDA concentrations in sperm groups treated with higher concentra-

tions of Terminalia chebula and Thymbra spicata extracts decreased sig-

nificantly (p<0.05) in comparisonwith the control andother treatment

groups. MDA levels are shown in Figure 5. Under induced OS condi-

tions, mean MDA concentration was significantly higher compared to

other treatment groups (Figure 5; p < 0.05). Results obtained by the

present study showed that seminal plasma concentration of MDAwas

significantly lower when higher concentrations of Terminalia chebula

and Thymbra spicata extracts (3mg/ml) were added underOS condition

compared with other concentrations under the same conditions (Fig-

ure 5).

4 DISCUSSION

Spermatozoa generate low amounts of ROS that take a considerable

part in plenty of the sperm physiological processes including capacita-

tion, hyper-activation and sperm-oocyte fusion (Gupta et al., 2021;Wu

et al., 2020). However, ROSmust be continuously inactivated so that its

lower concentration, which is essential for preserving normal cell func-

tions, can be kept constant. Over-production of ROS in sperm cells can

cause damages to them due to its structurally particular composition

(Celik-Ozenci et al., 2020). Residual cytoplasm includes high level of

specified cytoplasmic enzymes (G6PDH, SOD), which are also a source

of ROS (Gomez et al., 1996). Cytoplasm deficiency results in reduced

antioxidant defence. This process is associated with low sperm qual-

ity and increased ROS. In vitro studies have shown that antioxidants

eliminated free radicals including hydrogenperoxide, hydroxyl radicals,

superoxide ion and peroxyl (Ashrafi et al., 2013). Because of acting as

chelating agents in being the hydroxyl group to metal ions, phenolic

compounds inhibit free radical activities (Osawa, 1994). Incorporation

of antioxidants into semen diluents can solve this problem. A variety

of antioxidants have been evaluated to either scavenge ROS directly
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F IGURE 3 Fluorescent microscopy of acridine orange-stained cells displays that spermatozoa showing green fluorescence were found to have
normal DNA content, whereas spermatozoa displaying a spectrum of yellow–orange to red fluorescence were considered to have damagedDNA
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F IGURE 4 DNA integrity of fresh ovine spermatozoa after addition of Terminalia chebula and Thymbra spicata extracts under normal or induced
oxidative stress conditions using acridine orangemethod
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F IGURE 5 Comparison ofMDA concentrations after addition of Terminalia chebula and Thymbra spicata extracts under normal or induced
oxidative stress conditions

or effects of counter ROS toxicity in semen of a variety of mammalian

species (Asadpour et al., 2011). In the present study, as alternatives to

these antioxidant additives, we tested effects of Terminalia chebula and

Thymbra spicata extracts added directly to ram semen, obtaining pos-

itive effects on sperm viability, DNA integrity and LPO status under

normal and induced OS conditions. In this study, antioxidant effects of

Terminalia chebula andThymbra spicata extractswere investigated using

DPPH assay. Then, OS conditions were induced by hydrogen peroxide

to investigate beneficial antioxidant effects of Terminalia chebula and

Thymbra spicata extracts. We found that addition of Terminalia chebula

and Thymbra spicata extracts to ram semen extenders enhanced sperm

viability and preserved DNA integrity while reducing LPO under nor-

mal and inducedOS conditions. There is no study evaluating the antiox-

idant effects of any of these extracts on sperms (under different normal

and OS conditions) as well as on fresh or frozen semen. For this pur-

pose, some comparison wasmade on effects of other herbal extracts.

Ceratonia siliqua extract reduced detrimental effects of vitrification

on sperm parameters and chromatin quality of normozoospermic aged

men (Faramarzi et al., 2020). In the study by AL-Helal et al. (2018),

the effects of different concentrations of Opuntia ficus-indica hydro-

alcoholic extract (0, 0.5, 1, 1.5, 3%) on the characteristics of spermafter

freezing-thawing processeswere evaluated. They showed that 1%con-

centration of Opuntia ficus-indica extract outperformed other concen-

trations in freezing sperms of Awassi rams, which is in agreement with

our results (AL-Helal & Hobi, 2018; Faramarzi et al., 2020). Supple-

mentation of bull semen extenders with 10% and 20% pomegranate

juice provided good chilling and improved frozen-thawed semen qual-

ity (Reda et al., 2016). Addition of 100µg/ml of oregano extract to

sperm-freezing extenders increased total motility and viability and

decreased the percentage of 2′,7′-dichlorofluorescein-positive cells

and MDA levels (Shiri et al., 2020). Supplementation of human semen

extenders with 40 and 50 mg/ml of Tribulus terrestris extract signifi-

cantly enhanced total sperm motility, number of progressive motile

spermatozoa and curvilinear velocity over 60–120min of holding time

(Khaleghi et al., 2017).

5 CONCLUSIONS

Further studies are needed to identify the role of Terminalia chebula

and Thymbra spicata extracts during sperm storage or cryopreserva-

tion. Also, it is suggested that the Terminalia chebula and Thymbra spi-

cata extracts should be purified to discover new effective antioxidants

for improving sperm cryopreservation processes.

ETHICS

Animal husbandry and handling were conducted in accordance

with the guidelines of Animal Ethics Committee (Permission

number: IR.RAZI.REC.1399.027) of Razi University, Kermanshah,

Iran.



1784 MOHAMMADI AND SOLTANI

AUTHOR CONTRIBUTIONS

Hereby we declare that all individuals contributed equally to this

research in study design, data analysis, and paper drafting.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

TayebehMohammadi https://orcid.org/0000-0002-8460-8261

Leila Soltani https://orcid.org/0000-0002-5007-5110

REFERENCES

Agarwal, A., Makker, K., & Sharma, R. (2008). Clinical relevance of oxida-

tive stress inmale factor infertility: An update.American Journal of Repro-
ductive Immunology, 59(1), 2–11. https://doi.org/10.1111/j.1600-0897.
2007.00559.x.

AL-Helal, A. M. A., & Hobi, A. A. (2018). Effect of alcoholic extract of

Opuntia ficus indica on semen quality in post thawed of Awassi rams.

Research Journal of Pharmaceutical Biological and Chemical Sciences, 9(5),
844–850.

Asadpour, R., Jafari, R., & Tayefi-Nasrabadi, H. (2011). Effect of various lev-

els of catalase antioxidant in semen extenders on lipid peroxidation and

semen quality after the freeze-thawing bull semen. Veterinary Research
Forum, 2(4), 218–221.

Ashrafi, I., Kohram, H., & Ardabili, F.F. (2013). Anti-oxidative effects of

melatonin on kinetics, microscopic and oxidative parameters of cryopre-

served bull spermatozoa.Animal Reproduction Science, 139, 25–30. https:
//doi.org/10.1016/j.anireprosci.2013.03.016.

Aitken, R. J., Gregoratos, D., Kutzera, L., Towney, E., Lin, M., Wilkins, A., &

Gibb, Z. (2020). Patterns of MTT reduction in mammalian spermatozoa.

Reproduction, 160(3), 431–445.
Bag, A., Bhattacharyya, S. K., & Chattopadhyay, R. R. (2013). The devel-

opment of Terminalia chebula Retz. (Combretaceae) in clinical research.

Asian Pacific Journal of Tropical Biomedicine, 3(3), 244–252. https://doi.
org/10.1016/S2221-1691(13)60059-3

Celik-Ozenci, C., Sati, L., & Huszar, G. (2020). Role of sperm-hyaluronic acid

binding in the evaluation and treatment of subfertile men with ROS-

affected semen. In S. Parekattil, S. Esteves, &A.Agarwal (Eds.),Male infer-
tility (pp. 695–706). Springer.

Chatterjee, S., De Lamirande, E., & Gagnon, C. (2001). Cryopreservation

alters membrane sulfhydryl status of bull spermatozoa: Protection by

oxidized glutathione.Molecular Reproduction and Development, 60, 498–
506. https://doi.org/10.1002/mrd.1115.

Chopra, R. N., Nayar, S. L., & Chopra, I. C. (1956).Glossary of Indian medicinal
plants. CSIR.

du Plessis, S. S., Makker, K., Desai, N. R., & Agarwal, A. (2008). Impact of

oxidative stress on IVF. Expert Review of Obstetrics & Gynecology, 3, 539–
554.

Faramarzi, A., Aghaz, F., Bakhtiari, M., & Khazaei, M. (2020). In vitro applica-

tion ofCeratonia siliqua improved spermparameters and chromatin qual-

ity after vitrifacation in normozoospermic agedmen.Middle East Fertility
Society Journal, 24, 6. https://doi.org/10.1186/s43043-019-0007-9.

Fathiazad, F., & Hamedeyazdan, S. (2011). A review on Thymbra spicata L.:
Composition and biological activities. African Journal of Pharmacy and
Pharmacology, 5(8), 1959–1966.

Gandeshmin, A. P., Sharafi, M., & Alizadeh, A. (2020). Enhancement of

rooster semen freezing ability with the use of dietary sources of omega-

3 and omega-6 fatty acids. Animal Feed Science and Technology, 268,
114598.

Gupta, S., Finelli, R., Agarwal, A., & Henkel, R. (2021). Total antioxi-

dant capacity—Relevance, methods and clinical implications. Andrologia,
53(2), e13624.

Gomez, E., Buckingham, D. W., Brindle, J., Brindle, J., Lanzafame, F., Irvine,

D. S., & Aitken, R. J. (1996). Development of an image analysis sys-

tem to monitor the retention of residual cytoplasm by human sperma-

tozoa: Correlation with biochemical markers of the cytoplasmic space,

oxidative stress, and sperm function. Journal of Andrology, 17, 276–
287.

Hegazy, M. M., Ibrahim, A. F., Badawy, M. I., & Awady, H. G. (2020). Antiox-

idative effect of adding taurine and leptin to tris-extenders on freezing

and fertilizing abilities of buffalo-semen. Journal ofAnimal andPoultry Pro-
duction, 11(7), 261–266.

Howard, J. G., & Wildt, D. E. (2009). Approaches and efficacy of arti-

ficial insemination in felids and mustelids. Theriogenology, 71, 130–
148.

Inan, M., Kirpik, M., Kaya, D. A., & Kirici, S. (2011). Effect of harvest time on

essential oil composition of Thymbra spicata L. growing in flora of Adıya-
man. Advances in Environmental Biology, 5(2), 356–358.

Khaleghi, S., Bakhtiari, M., Asadmobini, A., & Esmaeili, F. (2017). Tribulus

terrestris extract improves human sperm parameters in vitro. Evidence-
Based Complementary and Alternative Medicine Journal, 22(3), 407–412.
https://doi.org/10.1177/2156587216668110.

La Falci, V. S., Yrjö-Koskinen, A. E., Fazeli, A., Holt, W. V., & Watson, P. F.

(2011). Antioxidant combinations are no more beneficial than individ-

ual components in combating ram sperm oxidative stress during stor-

age at 5◦C. Animal Reproduction Science, 129, 180–187. https://doi.org/
10.1016/j.anireprosci.2011.12.006.

Liyana-Pathirana, C. M., & Shahidi, F. (2005). Antioxidant activity of com-

mercial soft and hard wheat (Triticum aestivum L.) as affected by gastric

pH conditions. Journal of Agricultural and Food Chemistry, 53(7), 2433–
2440. https://doi.org/10.1021/jf049320i.

Manosroi, A., Jantrawut, P., Ogihara, E., Yamamoto, A., Fukatsu, M.,

Yasukawa, K., Tokuda, H., Suzuki, N., Manosroi, J., & Akihisa, T. (2013).

Biological activities of phenolic compounds and triterpenoids from the

Galls of Terminalia chebula. Chemistry and Biodiversity, 10, 1448–1463.
https://doi.org/10.1002/cbdv.201300149.

Nigam, M., Mishra, A. P., Adhikari-Devkota, A., Dirar, A. I., Hassan, M.

M., Adhikari, A., Belwal, T., & Devkota, H. P. (2020). Fruits of Termina-
lia chebula Retz.: A review on traditional uses, bioactive chemical con-

stituents and pharmacological activities. Phytotherapy Research, 34(10),
2518–2533.

Osawa, T. (1994). Novel natural antioxidants for utilization in food and bio-

logical systems. In I. Uritani, V. V. Garcia, & E.M.Mendoza, (Eds.), Posthar-
vest biochemistry of plant foodmaterials in the tropics (pp. 241–251). Japan
Scientific Societies Press.

Rathinamoorthy, R., & Thilagavathi, G. (2014). Terminalia chebula—Review

on pharmacological and biochemical studies. International Journal of
PharmTech Research, 6, 97–116.

Rao, B., Soufir, J. C., Martin, M., & David, G. (1989). Lipid peroxidation in

human spermatozoa as related to midpiece abnormalities and motility.

Gamete, 24, 127–134.
Reda, I. E., Gamal, A. E., & Walid, S. E. (2016). Effects of pomegranate juice

in Tris-based extender on cattle semen quality after chilling and cry-

opreservation. Asian Pacific Journal of Reproduction, 5, 335–339. https:
//doi.org/10.1016/j.apjr.2016.06.001.

Shiri, E., Abolhassani, F., Khosravizadeh, Z.,Najafi, A., Khanezad,M., Vazirian,

M., Fallahi, P., Rezaeian, Z., & Hedayatpour, A. (2020). AqueousOriganum
vulgare extract improves the quality of cryopreserved human spermato-

zoa through its antioxidant effects. Biopreservation and Biobanking, 18(4),
329–336. https://doi.org/10.1089/bio.2020.0008.

Tonutti, I., & Liddle, P. (2010). Aromatic plants in alcoholic beverages. Flavour
and Fragrance Journal, 25, 341–350. https://doi.org/10.1002/ffj.2001.

https://orcid.org/0000-0002-8460-8261
https://orcid.org/0000-0002-8460-8261
https://orcid.org/0000-0002-5007-5110
https://orcid.org/0000-0002-5007-5110
https://doi.org/10.1111/j.1600-0897.2007.00559.x
https://doi.org/10.1111/j.1600-0897.2007.00559.x
https://doi.org/10.1016/j.anireprosci.2013.03.016
https://doi.org/10.1016/j.anireprosci.2013.03.016
https://doi.org/10.1016/S2221-1691(13)60059-3
https://doi.org/10.1016/S2221-1691(13)60059-3
https://doi.org/10.1002/mrd.1115
https://doi.org/10.1186/s43043-019-0007-9
https://doi.org/10.1177/2156587216668110
https://doi.org/10.1016/j.anireprosci.2011.12.006
https://doi.org/10.1016/j.anireprosci.2011.12.006
https://doi.org/10.1021/jf049320i
https://doi.org/10.1002/cbdv.201300149
https://doi.org/10.1016/j.apjr.2016.06.001
https://doi.org/10.1016/j.apjr.2016.06.001
https://doi.org/10.1089/bio.2020.0008
https://doi.org/10.1002/ffj.2001


MOHAMMADI AND SOLTANI 1785

Tuncer, P. B., Bucak, M. N., Büyükleblebici, S., Sarıözkan, S., Yeni, D.,

Eken, A., Akalın, P. P., Kinet, H., Avdatek, F., Fidan, A. F., & Gün-
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