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Protective Effects of Chia Seeds and Omega-3 
Fatty Acid against Cyclophosphamide-Induced 
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Risks of Adverse Drug Interaction with Chia 
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Objectives: The aim of this study was to investigate whether chia (Salvia hispanica) seeds, which are rich 
in omega-3 fatty acids, amino acids, and vitamins with antioxidant properties, can mitigate the negative 
effects on male reproductive function caused by cyclophosphamide, a frequently used chemotherapeutic 
agent. Methods: Male wistar rats are divided into seven groups (n=6). All groups except the normal 
control (NC) received cyclophosphamide (30mg/kg, i.p.) for the first 5 days. The standard group received 
clomiphene citrate (0.25 mg/kg, p.o.). Treatment groups T1%, T5%, T10%, and ω-3 received 1%, 5%, and 
10% chia seeds in the diet, and 880 mg/kg omega-3 fatty acid (p.o) respectively for 15 days. The effect 
on the reproductive system was evaluated by analysis of epididymal sperm characteristics, biochemical 
parameters, and serum testosterone level. Results: Clomiphene citrate improved oligospermia via hormone 
mediated effect. Chia seeds and omega-3 fatty acid treatment also showed improvement in reproductive 
parameters including oxidative stress and histological features of the testes. Omega-3 fatty acid treatment 
was more effective for the prevention of cyclophosphamide toxicity on testes as compared to chia seeds. 
Nasal bleeding was noted in several animals subjected to chia seed treatment. This occurrence might 
be attributed to chia seeds’ impact on coagulation and/or platelet function, potentially heightened due 
to chemotherapy associated bone marrow suppression. Conclusions: In our study, chia seeds as well as 
omega-3 fatty acid treatment were found to be protective against cyclophosphamide-induced reproductive 
toxicity in rats. However, the adverse effect of hemorrhage associated with drug interaction of chia seeds 
with cytotoxic chemotherapeutic drugs needs careful attention and further investigation.

Copyright © 2023 455

*To whom all correspondence should be addressed: Dr. Archana M. Navale, Ph.D. Associate Professor, Department of 
Pharmacology, Parul Institute of Pharmacy, Parul University, Gujarat, India; Email: archanachavan_83@yahoo.co.in; ORCID: 0000-
0003-3604-477X.

Abbreviations: WHO, World Health Organization; CP, cyclophosphamide; WBC, white blood cell; CAT, Catalase Activity; GSH, 
reduced glutathione; HSD, hydroxysteroid dehydrogenase; NAD, nicotinamide adenine dinucleotide; DC, disease control; NC, 
normal control; Std, Standard treatment; DTNB, 5,5’-dithio-bis-(2-nitrobenzoic acid); PBS, phosphate buffer solution; SD, standard 
deviation.

Keywords: Chia seeds, Cyclophosphamide, omega-3 fatty acid, oligospermia, drug interaction

Author Contributions: All authors have accepted responsibility for the entire content of this manuscript and approved its submission.



Vaghela et al.: Effect of chia seeds on cyclophosphamide induced oligospermia456

Graphical Abstract

INTRODUCTION

According to the the World Health Organization, 
(WHO) the total number of cancer cases worldwide was 
19.3 million in 2020 and it is estimated that the number 
of new cases will increase to 30.2 million by 2040. The 
estimated number of cancer-related deaths from 2020 to 
2040 is 9.96 million to 16.3 million. The number of can-
cer cases in India in 2020 was around 1.32 million, while 
the number of cancer-related fatalities was nearly 0.852 
million, as per the WHO [1].

Chemotherapeutic agents are used to treat cancer in 
patients but they cause significant adverse effects. The 
seminiferous epithelium of the testicles is severely dam-
aged in more than 50% of male patients receiving chemo-
therapy for a variety of solid tumors and in some cases 
results in irreversible damage [2].

Cyclophosphamide (CP), a cyclic phosphoramide 
ester, is a potent antineoplastic and immunosuppressive 
drug widely used for cancer chemotherapy [3]. Alkylat-
ing agents’ primary pharmacological action is to interfere 
with cell division, development, and function, primarily 
by cross-linking DNA strands. The therapeutic effects 
of CP and many of its toxic properties are based on its 
capacity to interfere with all rapidly proliferating tissues 
[4].

The presence of rapidly dividing cells makes the re-
productive system extremely sensitive to this medication 
[5]. CP treatment has been observed to result in biochem-
ical and structural disruption in the testes and epididymis 

of male rats. Apart from these structural and functional 
changes, oligospermia and azoospermia are also common 
consequences of CP exposure as observed in experimen-
tal animals [6-8]. Male patients receiving CP showed ab-
normal gonadotropin secretion and reduced testosterone 
levels linked to testicular damage [9].

Chemotherapy-induced infertility has a significant 
negative effect on the quality of life; as a result, special 
attention must be paid to protecting germ cells during and 
after chemotherapy [10].

Chia (Salvia hispanica) seeds contain phytochem-
icals, such as chlorogenic acid, caffeic acid, myricetin, 
quercetin, and kaempferol [11]. All of these phytocon-
stituents are proven to be potent antioxidants [12-16]. As 
oxidative stress plays an important role in the pathogen-
esis of oligospermia [17], the antioxidant effect provided 
by chia seeds may play a protective role in this process. 
Omega-3 fatty acid has been shown to improve semen 
quality parameters and increase testosterone levels in 
male volunteers in several earlier studies [18]. Chia seeds 
due to the high content of omega-3 fatty acids may also 
have a beneficial effect on testicular physiology.

Many dietitians claim that chia seeds are good for 
the male reproductive system, but there is no scientific 
evidence available. In this study, we plan to evaluate the 
effect of chia seed and omega-3 fatty acid supplementa-
tion on epididymal sperm characteristics, oxidative stress 
parameters, and hormonal parameters including blood 
testosterone levels.
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MATERIALS AND METHODS

Experimental Animals
All the animal experiments were approved by the 

Institutional Animal Ethics Committee (IAEC) (PIPH 
02/22) and animals were used according to the Committee 
for the Purpose of Control and Supervision of Experimen-
tation on Animals (CPCSEA) guidelines. Experiments 
were performed on healthy adult male Sprague-Dawley 
rats (200-300 g). The rats were supplied by Jai Research 
Foundation, Vapi. Animals were kept at controlled en-
vironmental conditions with room temperature (22 ± 2 
◦C), humidity (50 ± 10%), and a 12-hour light-dark cycle. 
Rats were allowed to access the food and water ad libitum 
and acclimatized at least for 1 week in the experimental 
conditions prior to the start of the experiment.

Chemicals and Materials
Cyclophosphamide (Zydus Oncoscience); Nicotin-

amide adenine dinucleotide (Loba chem., CAS No 53-
84-9); DTNB, Ellman’s Reagent (Sigma Aldrich, CAS 
No 69-78-3); Dehydroepiandrosterone (Loba chem., 
CAS No 53-43-0); GSH (HiMedia, CAS No 70-18-8); 
Testosterone (HiMedia, CAS No 58-22-0); Bovine serum 
albumin (HiMedia, CAS No 9048-46-8); and Trypan blue 
solution (Sigma Aldrich, CAS No 72-57-1).

Experimental Design
Animals were randomly categorized into seven 

groups, with six animals in each group to ensure suffi-
cient statistical power. Groups 2-7 received cyclophos-
phamide (30mg/kg, i.p.) for day 1-5 [19] and respective 
treatments (from day 1 to 15) as mentioned below.

Group 1 (normal control (NC): Saline (5 ml/kg, day 
1 to 15);

Group 2 (disease control (DC)): Cyclophosphamide 
(30mg/kg, i.p., day 1 to 5)+ saline (5 ml/kg, day 1 to 15);

Group 3 (standard treatment): Cyclophosphamide 
(30mg/kg, i.p., day 1 to 5)+ Clomiphene citrate (0.25 mg/
kg, i.p., day 1 to 15) [20];

Group 4 (T1%): Cyclophosphamide (30mg/kg, i.p., 
day 1 to 5) + chia seeds (1% in diet, oral, day 1 to 15);

Group 5 (T5%): Cyclophosphamide (30mg/kg, i.p., 
day 1 to 5) + chia seeds (5% in diet, oral, day 1 to 15);

Group 6 (T10%): Cyclophosphamide (30mg/kg, i.p., 
day 1 to 5) + chia seeds (10% in diet, oral, day 1 to 15);

Group 7 (ω-3): Cyclophosphamide (30mg/kg, i.p., 
day 1 to 5) + omega-3 fatty acid (880 mg/kg, i.p., day 1 
to 15).

The omega-3 fatty acid dose for group 7 was select-
ed to replicate the omega-3 fatty acid content present in 
a 5% chia seed diet, aligning with the chia seed dosage 
administered to group 5. All animals were euthanized 24 

h after the last day of treatment (ie, day 16) by anesthesia 
with ketamine (60 mg/kg, i.p.) and xylazine (5 mg/kg, 
i.p.). Dosing was done between 9 to 10 am every day. 
Determination of parameters was done in the morning on 
specified days. The dosing and testing were carried out 
in a randomized manner, with each animal handled in a 
different sequence each day. On the day of final assess-
ment the animals were assigned random numbers and the 
samples for analysis were identified with these numbers 
to eliminate bias during assessment of parameters.

ANALYSIS OF EPIDIDYMAL SPERM 
CHARACTERISTICS

Total Sperm Count
Took a small piece of cauda from the right epididy-

mis in a petri plate containing 0.9% normal saline (5 ml) 
at room temperature. Allowed spermatozoa to ooze out 
in the petri plate (2-5 min). The resultant solution was 
referred to as suspension A from here onwards. To derive 
the total sperm count, took a 100 μL sample from sus-
pension A and added 1.9 mL of 0.9% normal saline (20 
times dilution) in a microcentrifuge tube. Mixed contents 
gently by rotating the tube on the palm. Charged hemocy-
tometer with a properly mixed sample. Kept the hemocy-
tometer chamber at room temperature for 2-3 minutes for 
proper distribution of the sample. Total sperm from white 
blood cells (WBC) counting squares under 10x objective 
was counted. Calculated the total sperm count as follows:

Where N = total sperm counted in four WBC count-
ing squares.

Sperm Viability
For observation of sperm viability, we took 10 μL 

from suspension A on a clean glass slide. Added 10 μL 
of 0.9% w/v normal saline and 10 μL of trypan blue 
solution. Mixed contents by swift swirl action and with 
the help of a micropipette tip. Applied coverslip and ob-
served viable/non-viable sperm under 40x objective on 
a microscope. Viable sperm remained non-stained/color-
less whereas non-viable sperm took pink/faint red color. 
A total of 200 sperm (viable and non-viable) were count-
ed and sperm viability (%) calculated, as follows:
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Sperm Motility
For observation of sperm motility, the hemocytom-

eter was charged with 10 μL from suspension A. Mo-
tile and non-motile sperm were present in all four WBC 
counting squares and were counted under 40x objective. 
If sperm concentration was very high or low, which may 
obscure observation of motility, then the hemocytometer 
was loaded with a fresh sample.

Sperm Morphology
For sperm morphology, we took a 100 μL sample 

from suspension A and 1 mL 10% neutral buffered forma-
lin (NBF) where added in a microcentrifuge tube. Gently 
mixed contents. Added 2-3 drops of 1% eosin added and 
mixed contents gently. Kept the tube at room tempera-
ture for 30-45 minutes to allow staining of sperm. Added 
1-2 drops of the stained sample added on a clean glass 
slide. Appropriate size coverslip was applied. A mini-
mum of 100 sperm from different 4-5 fields on a glass 
slide were observed. Recorded abnormalities like tailless 
sperm, headless sperm, no hooked head sperm, double 
tail, coiled tail, double head, bent tail, and any other ab-
normality. Calculated the % abnormal sperm as below:

BIOCHEMICAL ASSAYS

Preparation of Tissue Homogenate
Testes were immediately removed, cleared of ad-

hering connective tissue, washed in 0.9% saline, blotted 
on filter paper, and weighed. One testis was set aside for 
histological processing and immersed in a 10% neutral 
formalin solution. The whole tissue was homogenized in 
saline at a concentration of 1 ml saline/100 mg tissue and 
centrifuged at 10,000g for 30 min at 4°C. The clear su-
pernatant was used for quantitative estimation of catalase 
(CAT) activity and reduced glutathione (GSH) level.

Quantification of Reduced GSH Content in Testes
Mixed the tissue homogenate (100 μL) with 400 μL 

of phosphate buffer solution (PBS) (0.2 M, pH 7.4). To 
this 1.5 mL of DTNB (0.1 mM) solution was added. The 
mixture was incubated at room temperature for 10 min 
followed by recording absorbance at 412 nm. Total GSH 
concentration in the samples was determined based on 
the standard curve and used linear regression. The total 
GSH concentration was expressed as μM mg-1 protein. 

The background rate was determined used a sample blank 
lacking GSH or sample [21].

Determination of Catalase Activity in Tissue 
Homogenate

Mixed the tissue homogenate (0.1 mL) with 1.9 mL 
of PBS. One mL of H2O2 solution was added to the buffer. 
The decrease in extinction at 240 nm at 1 min with an 
interval of 3 min measured. Added 0.1 ml of tissue ho-
mogenate and 2.9 mL of the buffer added in the reference 
cuvette as ample control. Utilized the molar extinction 
coefficient at 43.6 to determine the catalase activity. In 
terms of millimoles of H2O2 consumed/min/mg of protein 
sample, we defined the specific activity at 25°C [22].

Assay of Testicular 3β-hydroxysteroid 
dehydrogenase (HSD) Activity

The testicular activity of 3β-HSD was measured 
biochemically. At a tissue concentration of 100 mg/mL, 
the tissue was carefully homogenized while keeping a 
chilling condition at 4°C in 20% spectroscopic-grade 
glycerol containing 5 mM potassium phosphate and 1 
mM EDTA, and centrifuged at 10,000 g for 30 min at 
4°C. The incubation mixture was made up of the super-
natant (1 mL), 1 mL of 100 µM sodium pyrophosphate 
buffer (pH 8.9), 0.04 mL of ethanol containing 30 µg of 
dehydroepiandrosterone, and 0.96 mL of 25 milligram% 
bovine serum albumin. After adding 0.1 mL of 0.5 µM 
nicotinamide adenine dinucleotide to the tissue superna-
tant mixture in a spectrophotometer cuvette at 340 nm, 
enzyme activity was measured against a control (without 
nicotinamide adenine dinucleotide (NAD)). A change in 
absorbance of 0.001/min at 340 nm is equal to one unit of 
enzyme activity [23].

Assay of Testicular 17β-HSD Activity
The testicular activity of 17β-HSD was measured 

biochemically. For the evaluation of 17-HSD activity, the 
same supernatant as used for the 3β-HSD test (above) was 
used. This supernatant (1 mL) was combined with 3 ml 
of the incubation mixture, which included 0.96 milliliters 
of 25 mg % BSA, 0.04 ml of ethanol containing 0.3 µM 
testosterone, and 1 ml of 0.44 mM sodium pyrophosphate 
buffer (pH 10.2). After 0.1 mL of 0.5 µM NAD was added 
to the stirring mixture, the enzyme activity was assessed 
at 340 nm against a control. (without NAD). A change in 
absorbance of 0.001/min at 340 nm is equal to one unit of 
enzyme activity [23].
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1B).
Cyclophosphamide treatment resulted in a signifi-

cant reduction in epididymal sperm motility and viability 
as observed in the rats of the DC group (32.00 ± 30.232% 
and 42.16 ± 21.507% respectively) compared to the NC 
group (87.16 ± 3.764% and 94.66 ± 1.211% respective-
ly). All other treatment groups except T1% demonstrated 
significant improvement in motility (82.83 ± 2.701, 62.83 
± 8.519, 76.66 ± 6.022, 86.33 ± 4.719 in standard, T5%, 
T10%, and ω-3 treated groups respectively) as well as in 
viability (83.00 ± 5.177, 75.66 ± 7.448, 80.33 ± 8.017, 
91.00 ± 3.286 in standard, T5%, T10%, and ω-3 treated 
groups respectively). (Figure 1 (C, D)).

EFFECT OF TEST TREATMENTS ON 
BIOCHEMICAL PARAMETERS

Effect on Oxidative Stress Parameters
The reduced glutathione (0.38 ±  0.081 in NC vs 

0.13 ±  0.042 in DC) and catalase (7.32 ±  0.482 in NC 
vs 1.08 ±  0.148 in DC) levels in testicular tissue were 
reduced in disease-control rats pertaining to cyclophos-
phamide treatment. Only T5%, T10%, and omega-3 fatty 
acid treatment were able to reduce the oxidative stress 
associated with cyclophosphamide-induced oligospermia 
(GSH: 0.23 ± 0.054, 0.26 ± 0.040, 0.35 ± 0.080, respec-
tively), (CAT: 4.31 ± 1.602, 5.35 ± 1.499, 7.53 ± 1.853, 
respectively). (Figure 2A, 2B).

Effect on Hormonal Parameters
A remarkable decrease in serum testosterone level 

was observed in the DC group as compared to the normal 
rats. A significant increase in testosterone levels was seen 
in the standard as well as ω-3 fatty acid-treated group and 
T10% group. A notable inhibition was seen in the testic-
ular 3β-HSD and 17β-HSD enzyme activities in the DC 
group, as compared to that in the NC group. Both stan-
dard and ω-3 fatty acid treatment significantly increased 
these enzyme activities in respective animals as well as 
T10% group also increase the enzyme activities, but not 
as much as Std or ω-3 (Table 1).

Histopathological Examinations of Testes
The testes from the NC group of rats shows normal 

tissue architecture with seminiferous tubules (T), differ-
ent kinds of germ cells, including spermatogonia (SG), 
primary spermatocytes (Pc), spermatids (St), and Sertoli 
cells (Sc), interstitial tissues (IT) containing interstitial 
cells and Leydig cells (Lc), and spermatozoa (SZ) pres-
ent in the lumen. The testes section from DC rats shows 
vacuolation (V), a reduced number of germ cells, or oli-
gospermia, and germ cells with pyknotic nuclei (PN). 
The testes section from the standard treatment group and 

Serum Testosterone Assessment
Blood was collected by retro-orbital plexus route un-

der light anesthesia. Measurement of serum testosterone 
level was done by chemiluminescence immunoassays 
(CLIA).

Histopathological Examinations of Testes
Testes tissue was taken and fixed in 10% formalin, 

embedded in paraffin wax. Sections were cut at 5 m thick-
ness and stained with hematoxylin and eosin (H&E). The 
sections were then viewed under a microscope for histo-
pathological changesin structures such as, seminiferous 
tubules (T), the presence of different kinds of germ cells, 
including spermatogonia (SG) primary spermatocytes 
(Pc), spermatids (St), and Sertoli cells (Sc), spermatozoa 
(SZ) in the lumen, interstitial tissue (IT) containing inter-
stitial cells, and Leydig cells (Lc).

Statistical Analysis
All values are expressed as mean ± SD. One-way 

ANOVA with Dunnett’s post-test was performed using 
GraphPad Prism version 8. Statistical values with P < 
0.05 were considered statistically significant.

RESULTS

Effect on Testis Weight
Cyclophosphamide treatment resulted in a signif-

icant reduction in testis weight normalized against the 
body weight of the rats. Treatment with omega-3 fatty 
acid could preserve the testis’s weight in the animals as 
indicated in Table 1.

Effect on Epididymal Sperm Characteristics
Epididymal sperm count in the DC group (28.33 ± 

13.38×106/mL) was significantly lower in comparison 
with the NC group (138.00 ± 12.31×106/mL) indicating 
oligospermia associated with cyclophosphamide expo-
sure. Sperm count in the T5%, T10%, and ω-3 group 
(59.00 ± 12.313×106/mL, 68.00 ± 11.815×106/mL, and 
97.66 ± 17.918×106/mL, respectively) were significant-
ly higher than the DC group, Standard treatment group 
(61.66 ± 18.545×106/mL) also demonstrated a significant 
improvement in sperm count as compared to disease con-
trol group as indicated in Figure 1A.

The percentage of abnormal sperm in the DC group 
(15.83 ± 2.639) increased significantly in comparison to 
the NC group (5.16 ± 0.753), while that in all the other 
treated groups were significantly improved as compared 
to the disease control group (6.33 ± 1.506, 11.33 ± 4.274, 
10.16 ± 2.927, 6.83 ± 1.472 and 6.00 ± 1.414 in standard, 
T1%, T5%, T10%, and ω-3 group respectively) (Figure 
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Figure 1 A,B,C,D. Analysis of epididymal sperm characteristics. Each value is the mean ± SD of six observations 
in each group. Data were analyzed by One-way ANOVA followed by Dunnet’s Post hoc Analysis. $$$. (P<0.001, 
when compared to NC), *** (P<0.001, when compared to DC), ** (P<0.01), * (P<0.05) when compared to DC), NC: 
normal control group, DC: disease control group, Std: standard treatment, T1%: 1% chia seeds in diet, T5%: 5% chia 
seeds in diet, T10%: 10% chia seeds in diet, ω-3: omega-3 fatty acid.

Figure 2 A,B. Effect of test treatments on oxidative parameters (Reduced Glutathione and Catalase Activity) 
in rats. Each value is the mean  ±  SD of six observations in each group. Data were analyzed by One-way ANOVA 
followed by Dunnet’s Post hoc Analysis. $$$. (P<0.001, when compared to NC), *** (P<0.001, when compared to 
DC), ** (P<0.01), * (P<0.05) when compared to DC), NC: normal control group, DC: disease control group, Std: 
standard treatment, T1%: 1% chia seeds in diet, T5%: 5% chia seeds in diet, T10%: 10% chia seeds in diet, ω-3: 
omega-3 fatty acid.
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omega-3 fatty acid-treated group animals demonstrate 
well-preserved histological features as compared to the 
disease group. Similarly, test treatment also shows the 
preservation of histological structure in a dose-dependent 
manner. It would be important to note that omega-3 fatty 
acid-treated rat testes shows notably better histological 
features as compared to that of the 5% chia seed treat-
ment group (Figure 3).

GENERAL OBSERVATIONS AND 
MORTALITY

The general health parameters were regularly ob-
served throughout the period of the experiment. Signs 
of nasal and ocular bleeding were observed in several 
animals treated with chia seeds. Bleeding was observed 
in four animals of T1% chia seed-treated animals out of 
which mortality was observed in three animals. Bleed-
ing and mortality were observed in animals belonging to 
the T5% and T10% test groups in two and three animals, 
respectively. The lost numbers of animals were replaced 
with new animals in the respective treatment groups to 
fulfill the minimum sample size of six animals per group. 
A total 50 animals were used in study.

DISCUSSION

Chemotherapy drugs, specifically alkylating agents, 
have been linked to reproductive toxicity due to their 
genotoxic nature. These drugs target spermatogenic cells, 
which have high mitotic activity and can cause damage 
during the early stages of spermatogenesis. As a result, 
strategies to minimize the side effects of cancer medica-
tions while maintaining their chemotherapeutic efficacy 
are highly anticipated.

CP is an anti-cancer and immunosuppressive thera-
py. The use of CP is limited by testicular toxicity, result-
ing in reproductive organ atrophy and reduced fertility in 
male patients receiving CP chemotherapy [24]. CP has 
been shown to cause defective spermatogenesis and al-
tered histology of the testes, reducing sperm viability and 
motility in animals treated with CP [4,5,25].

CP treatment in our experiment caused a significant 
reduction in testes weight to body weight ratio. This re-
duction in testes weight is likely to be due to atrophy of 
seminiferous tubules, as observed in previous studies 
[26,27]. Treatment with 10% chia seed showed a signifi-
cant improvement in this ratio, indicating a preserved tes-
ticular structure as compared to CP-treated animals.

The control of male gonadal function is governed 
by the hypothalamic–pituitary–gonadal axis. This begins 
with the hypothalamus secreting GnRH, prompting the 
pituitary to release FSH and LH. These hormones also 
regulate Leydig cell activity, which generates testoster-Ta
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levels in the testes in our experiment, which is in line with 
previous studies showing oxidative damage induced by 
CP [35]. It interferes with the body’s antioxidant defens-
es by generating significant quantities of reactive oxygen 
species along with its detrimental metabolite, acrolein. 
This leads to elevated oxidative stress, resulting in a no-
table decrease in total antioxidant capacity, glutathione 
peroxidase levels, and rise in malondialdehyde levels 
[36]. In our study, chia seed-treated rats especially higher 
dose group demonstrated a lower oxidative stress level 
as compared to that in the disease control group animals. 
Previous studies conducted with chia seeds have also 
demonstrated a strong antioxidant effect [37-39].

one in males [28]. CP substantially lowers testosterone 
levels, even at a single dose of 100 mg/kg [29,30]. Our in-
vestigation also unveiled CP’s effects on both spermato-
genesis and the pituitary–testicular axis as indicated by 
significant reduction in testosterone level in CP-treated 
group. Chia seed therapy significantly increased serum 
testosterone levels along with 17- and 3β-HSD activity. 
Similarly, quercetin [30], morin [31,32], rutin [33], and 
omega-3 fatty acids [34] are found to augment testoster-
one levels, backed by prior animal research. Thus, chia 
seeds’ protective influences likely stem, at least partially, 
from their flavonoids and omega-3 fatty acids.

CP-treated animals showed elevated oxidative stress 

Figure 3 A,B. Effect of test treatments on the histological aspects of testes in rats. (A) H & E stain. 
Magnification 10X. Seminiferous tubules indicated as T (B) H & E stain. Magnification 40 X. Different kinds of germ 
cells, including spermatogonia (SG) primary spermatocytes (Pc), spermatids (St), and Sertoli cells (Sc). Interstitial 
tissue (IT) containing interstitial cells and Leydig cells (Lc). Spermatozoa (SZ) are present in the lumen, vacuolation 
(V), and Germ cells with pyknotic nuclei (PN).The red bar at right lower corner represents 10µM.
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However, the adverse effect of hemorrhage associated 
with drug interaction of chia seeds with cytotoxic che-
motherapeutic drugs need careful attention and further 
investigation.
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