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1. Introduction

The practice of folk medicine has been known since ancient time across many culture. People
still rely on it to relieve their pains and aches because it's inexpensive, accessible, and generally
considered safe. Rogiere et al (2024) indicated that, 80% of the world's population used the folk
medicine [1]. Various parts of plants such as leaves, seed, or their extracts have been used as a type
of folk treatment .In the same context, folk medicine also includes the utilizing of secretions from
some plants and insects as treatment for various diseases despite the lack of high quality standards for
it's purification [2].Wherein, Efa (2023) reported that the some animals and their products belongs to
mammals, birds, reptiles, amphibians and insects were used as remedies [3]. In Irag and other countries
such as Egypt ,Syria and Turkey the extract of beetle larvae cocoon that known as Tihan (the product
of the salivary glands of larvae of Larinus maculatus ) has been used up to the present time based on
inherited knowledge to treat respiratory inflammation, anti- asthmatic ,viral and bacterial infection
[4,5].However despite its uses , the limited studies available have confirmed the adverse effects of
this extract on certain organs. [6] elucidated that dosing mice with extract of beetle cocoon caused a
negative effect in the liver, spleen, kidney, lung, heart and brain .Similarly, [7] obtained comparable
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results in the liver of rats dosed with 200 and 400 mg.k-1 b.w. of the extract. Furthermore, the extract
showed a significant reduction in most blood parameters, while resulting in an increased WBC account
[6]. Whereas [8] reported that the administrated male mice with Tihan extract showed potential role
in their innate immune response. Additionally, mice treated with hot beetle cocoon extract showed a
significant reduction in normal serum glucose and lipid profile parameters [9]. In previous study
confirmed that, beetle cocoon extract contains a bioactive ingredient, namely polysaccharides, which
enhance phagocytosis and promote the migration of neutrophils to inflammatory site outside the blood
stream [10]. While, [11] reveled that, the bioactive gradients of beetle cocoon extract were analyzed
via Gas Chromatography-Mass Spectrometry (GC-MS) which identified nine ingredients as
follows:(benzoic acid, 2-butanol, hexamethyl-3, purin 6-1, acetophenone, tricyclo , cyclotrisil,
glyceraldehyde and performic acid. These compounds exhibited great antioxidant and cytotoxic
potency against lung cancer cell line A549 at concentration of 600 and 200 mg.ml. The two essential
components of the male reproductive system "testes and epididymides” are responsible for sperm
production within seminiferious tubules of the testes and for synthesizing androgen" testosterone" and
other hormones. The immature and non-motile testicular sperm gain their maturation "motility and
fertilizing capability" as pass through the four regions of the epididymides "initial segment, caput,
corpus, and cauda" through the interaction of sperm with the luminal environment of each region.
Therefore, the importance of epididymides includes concentration, maturation, protection and storage
sperm [12]. Additionally, it is well documented that the male reproductive system is highly sensitive
to reproductive toxic agents,"such as environmental, chemical and physical factors "'. These sensitivity
of reproductive system arises from continuous cell division during spermatogenesis, limited
antioxidant defenses, and exposure to endocrine disrupter. Consequently, these toxic agents are
considered triggering factors for oxidative stress in testicular and epididymal tissues, and subsequently
in sperm via reactive oxygen species ROS elevation. This causes disruption in their membranes,
protein, and DNA, ultimately leading to infertility [13].The impairment of normal physiological
functions resulting from exposure the reproductive organs to toxic agents is termed "reproductive
toxicity"[14].Despite the documented effects of the beetle cocoon extract on some organs " liver,
spleen, lung, heart, kidney, brain and blood parameters™ its impact on reproductive system remains
gap, the present study was designed to investigate for the first time, the influence of beetle cocoon
extract on some physiological and biochemical aspects of the male reproductive system.

Materials and Methods

1.1. Preparation of beetle cocoon extract (BCext.)

Beetle cocoon extract (BCext.) was obtained from local markets in Baghdad, Iraq .It was
confirmed by an insect taxonomist at the natural history museum .Post removing insects from inside
the shells , a hot aqueous extract of beetle cocoon was prepared according to [15] . Ten grams of
cocoon powder were dissolved in 100 ml of D.W. and heated for 2h by magnetic stirrer. The
centrifugation of solution was done at 400g for 30 min, the supernatant was filtered and dried. The
two concentrations of 200 and 400 mg.k ~of BCext. were chosen according to [7] and kept at 4°C
until used.

1.2. Experimental Design

Thirty adult male BALB/c mice (35 days old) were maintained under controlled
conditions (14 h light : 10 h dark cycle, temperature 21 + 1 °C, in animal house of College of Education
for Pure Sciences/ Ibn Al-Haitham, University of Baghdad, Irag. Mice were divided into three groups
(10 animal / group) as follows:
G1:Ten male mice were administrated with 0.1 ml of tap water for 4 weeks ( control) .
G2: Ten male mice were administrated with 0.1 ml of 200mg.k-1 of extract of BC ext. for 4 weeks.
G3: Ten male mice were administrated with 0.1 ml of 400mg.k -1of extract of BC ext. for 4 weeks.
Before sacrificing the animal of all groups, their weights were determined and a heart puncture was
performed to draw blood samples, which centrifuged at 2500 g for 10 min to obtain of sera for
hormonal study. For the purpose of functional and biochemical studies, the eradicated testes and
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caudal epididymides (caudal epi.) were weigh and performed to assessment of caudal epi.sperm
parameters. Also,30 of these organs were kept in -18 ° C for the biochemical studies oxidative stress
(OS) and total protein (TP).

1.3. Examinations of caudal epi. sperms parameter

To release of caudal epi sperm the restricted caudal epi.of each group were minced with
microsurgical scissor in 0.9 %normal saline .One drop of suspension was tested under 40x to study
the sperm parameters ( concentration, motility , viability and morphology) [16,17,18] .

1.4. Hormonal Measurement

Serum testosterone (T), follicle-stimulating hormone (FSH), and luteinizing hormone (LH) levels
were measured using commercial Kits (bioMérieux, France) with the MINI VIDAS automated
immunoassay system [19].

1.5. Biochemical indicators assay

Testes and caudal epi.of each group were homogenized in Phosphate-Buffered Saline (PBS) by
performed a homogenizer at 4° C. Centrifugation of the homogenate was performed at 3000 g for 15
min at 4C°. The function of these organs used for different studies as follows:
1.5.1. Measurement of testicular and caudal epi. Oxidative status

The concentration of Malondialdehyde MDA (the final product of lipid peroxidation) was
determined by method of [20]. While the activity of enzymatic antioxidant catalase CAT was
according to [21].

1.5.2. Assay of testicular and caudal epi. total protein concentration

The total protein concentration in testicular and caudal epi supernatant fraction was estimated by
colorimetric assay that depend on the principle of Biuret. The measurement was performed smart
spectrophotometer BIORAD USA at 450 nm wave length [22].

1.6. Ethical considerations

This work has been approved by the ethical committee of the biology department at University
of Bagdad, College of Education for Pure Sciences/ Ibn Al-Haitham in Baghdad, Irag. On 23/1/2023,
the authorization was acquired under reference number EC-87. The experiments were performed in
accordance with internationally accepted guidelines for the care and use of laboratory animals and
complied with the ARRIVE guidelines.

1.7. Statistical analyses

SPSS version 23 was used for a statistical analysis on the acquired data. A difference was
considered statistically significant if its P value was less than 0.05. The information was presented as
(Mean + Standard Error). One-way analysis of variance (ANOVA) were used to compare the groups
statistically followed by the Least Significant Difference (LSD) post-hoc test for multiple pairwise
comparisons.

2. Results

Weights of testes and caudal epi. post BCext. administration

The results showed that BCext. induced a significant (P<0.001) reduction in the weights of testes and
caudal epi. of treated groups G2 and G3 compared to values of control "G1" ,while no significant
difference (P>0.05) when comparing G2 and G3 (Fig. 1 Aand B).
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Fig. 1.A.B The Effect of BCext. on testicular and caudal epi weight.

The different letters symbolize a significant (P<0.001) difference between experimental groups.

The symmetric letters symbolize non-significant (P>0.05) difference between experimental groups.
The values indicate the mean+ SEM.

Effect of BCext. on sperm parameters

The current study revealed harmful effect of BCext. on function of testes and caudal epi. that
represented by a significant (P<0.001) decrease in sperm parameters (concentration, viability, motility,
and morphology) of G2 and G3 compared to control "G1", while there was no significant (P>0.05)
difference between G2 and G3 in these parameters as demonstrated in Fig. 2 C and D and Fig.3E and
F.
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Fig. 2.C.D The Effect of BCext. on sperm concentration and viability.
The different letters symbolize a significant (P<0.001) difference between experimental groups.

The symmetric letters symbolize non-significant (P>0.05) difference between experimental groups.
The values indicate the mean+ SEM.
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Fig. 3.E.F The Effect of BCext. on sperm motility and morphology.

The different letters symbolize a significant (P<0.001) difference between experimental groups.
The symmetric letters symbolize non-significant (P>0.05) difference between experimental groups.
The values indicate the mean+ SEM.

Effect of BCext. on hormonal profile.

The data demonstrated that, BC ext. administration induced a significant (p<0.001) reduction in T,
FSH and LH levels of male mice of G2 and G3 compared to control G1 table 1

Table 1. Effect of BCext. on serum hormones levels.

EXxp. groups T 1 FSH 1 LH 1
ng. mi miuU.mi mliuU.ml

Gl 2.240.19+% 1.2+£0.07 2 1.6+0.13°

G2 1.3+0.18° 0.7£0.08 ° 0.840.11°

G3 1.0+0.22° 0.6+0.09 ° 0.6£0.14°

The values indicate the mean+ SEM.
The different letters symbolize a significant (P<0.001) difference between experimental groups.
The symmetric letters symbolize non-significant (P>0.05).

Effect of BCext. on oxidative stress "OS" status

Findings displayed that, there was a significant (p<0.05) increase in the concentration of testicle and
caudal epi. MDA in treated groups G2 andG3 compared to control G1 .Meanwhile, there was a
significant (p<0.05) reduction in the activity of anti-oxidant agent CAT enzyme activity in G2 andG3
compared to control G1 and when comparing between G2 andG3 Table 2.

Table 2. Effect of BCext. on testicular and caudal epi. oxidative markers of experimental

groups.
Tissue Testicular tissue Caudal epis. tissue
MDA con. CAT activity MDA con. CAT activity
Exp. groups pumol.L? Uml? pumol.L? Uml?
Gl 3.50+0.03? 12.20+0.03? 5.09+0.04% 14.12+0.01°
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G2 19.51+0.10° 6.10+0.02° 16.00£0.22" 7.50+0.31°
G3 30.70+0.02° 2.21+0.05° 27.06+0.30¢ 1.20+0.04°

The values indicate the meant SEM.
The different letters symbolize the a significant (P<<0.05) difference between groups.

Effect of BCext. on testicular and caudal epi. total protein concentration "TPC"

The results showed that, the testicular and caudal epi. TPC reduced significantly in
BCext.- treated mice "G2 and G3" than control "G1"(P<0.001).And, the reduction was significant
(P<0.001) in G3 compared to G2 Table 3.

Table 3. Testicular and caudal epi. total protein concentration of experimental groups.

Tissue Testicular tissue TPC. Caudal epis. tissue TPC.
-1 41 -1 43

Exp. groups mg.g™* tissue mg.g™* tissue

Gl 20.51+0.792 16.44+0.69 2

G2 15.51+0.52 ° 13.79+0.50 °

G3 11.38+0.54 ¢ 12.344+0.53 ¢

The values indicate the mean+ SEM.
The different letters symbolize a significant (P<:0.001) difference between experimental groups.

3. Discussion

It was known that weight of reproductive organs was an indicator of their maturity. In this regard,
Spears et.al (2013) mentioned that, the weight of testicles was a valuable indicator of their growth,
and it was related to the number of germ cells that made up the testes [23]. Therewith, the weight
reduction in the weights of testes and caudal epi. of treated groups could be represented atrophy
resulting from adverse structural and functional changes in both treated organs. We could able to link
the low weight of these organs to hormonal disorder "T,FSH, and LH" (as revealed by the current
study) given to their important role in the maturation and function. Hence, the decrease in serum T
hormone levels of treated groups "G2and G3 "confirmed the decline of the structural and functional
organs followed by their weight loss, because of its anabolic role in reproductive organs. Wherein,
[24] mentioned the crucial role of T hormone in the development and function of testis. Additionally,
it was known that, the epididymis growth and its function controlled by androgen through interaction
with its receptors in the epithelial and stromal layers of all epididymal regions. Also, [25] referred to
the formation and function of the epididymis was androgen dependent. As, it was possible to link the
decrease in both FSH and LH levels to a decrease to the low weight of testes and caudal epi. given
their crucial role in the maturity of these organs. Whereas, [26] reported that FSH was responsible of
testicular development and maintenance by stimulated the growth of germ cells and reducing the cell
death of them. While, [27] reported that, LH stimulated steroidogenesis by leydig cells to produce
androgen. Meanwhile, the low weight of studied organs could be explained depending on the status
of BC ext. induced testicle and caudal epi. oxidative stress (OS) that increased with high BC ext.
concentration as showed by this study. And so, the OS status could be negatively affected the cellular
components, including their membranes, proteins and DNA of testes and caudal epi.as well as, the
decrease in total protein concentration of tissues of these organs confirmed this interpretation.

The reduction in the studied sperm parameters reflect the toxic effect of the beetle cocoon extract on
the male reproductive organs . Apparently, the reduction in the weight of testes and caudal epi. of
treated groups was indicator of decline in the capability of germ cells to produce sperm and
deterioration in sperm quality(reduction in sperm concentration, motility, viability, and morphology).
Furthermore, the regressed in sperm quality of BC ext.-treated groups could be linked to a shortage
in the hormonal concentration of "T,FSH, and LH" which is necessary for the production of normal
sperm as noted in this study. Whereas, the study of [28] revealed the importance role of intratesticular
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testosterone in modifying the molecular mechanism that directly participates in spermatogenesis,
spermiogenesis, spermation, sperm quality control and sperm motility. Also, other study [29] reported
that, LH/T and FSH were necessary for quantitatively normal spermatogenesis. Ditto, [30] mentioned
that an excessive or deficiency of FSH and T levels affected sperm quantity and quality leading to
male infertility. Additionally, our findings could be attributed to the elevation of testicle and caudal
epi. oxidative stress "OS" status (as shown in this study) which, negatively affected sperm parameters
because these organs represented the necessary environments for production and maturation. Wherein,
[31] reported that, low epididymal sperm density was one of the indicators of a decline in
spermatogenesis resulting from any toxic factors. Therefore, sperm in BCext.-treated groups may have
been directly affected by increased oxidative stress (a high ROS level) due to their sensitivity to those
extrinsic source of ROS, given to a lack of their anti-oxidant defense systems owing to the small
amount of sperm cytoplasm. As it was known, sperm membranes with a high polyunsaturated fatty
acids "PUFAs", hence ROS could be attacked the sperm membranes by lipid peroxidation "LP" which
made the membranes lose their integrity, Also, ROS could be attacked the sperm protein and DNA
causing protein oxidation "PO™ and DNA fragmentation . Thus, the LP and PO may be responsible
for motility failure of G2 and G3 because each of these oxidation resulting in passive influence in
fluidity of sperm membranes and decrement of ATP production which necessary for sperm motility.
Wherein, [13] reported that, the negative of LP on structural and functional integrity of sperm
membranes led to a reduction in sperm motility. Also, [32] reported that, MDA in plasma membrane
caused a decrease in sperm motility, count and viability and increase the morphological abnormalities
via oxidative damage of lipids in biological membranes. Many previous studies confirmed the
positively correlated between the reduction of sperm viability and DNA fragmentation. Whereas [33]
emphasized use of sperm viability testing due to its low cost instead of expensive DNA fragmentation
testing to ensure male fertility potential.

The present study established that, the BCext. could induced hormonal imbalance in treated groups as
a reflection of its toxic effect . This finding indicated a dysfunction of hypothalamic —pituitary-gonads
"HPG " axis, contrary to what was previously well known that the secretion of these hormones were
regulated by HPG axis via a negative feedback mechanism as scientifically proven [34]. The cause of
this dysfunction may be attributed to direct or indirect negative impact of byproducts (excessive
ROS )and the final products "MDA" of OS in the hypothalamus or pituitary and gonads leydig cells
i.e. (the source of T hormone production) which preventing GnRH or Gn and T hormone secretion.
Whereas, [35] mentioned that, OS led to a defect on adenohypophysis. As [26] indicated that, it was
possible a high oxidative stress in the blood suppressed FSH production. And it was reported that,
chronic stress had an suppressive effect on the HPG axis by inhibiting secretion of GnRH which
inhibited the releasing of LH [36] .Furthermore, the high MDA concentration in BCext. treated groups
may caused a lesion in the cellular components of HPG axis which led to a shortage in the hormones
of this axis. Wherein, it was referred that, MDA could react on cellular protein or DNA causing
biomolecular damage [37].

The current study demonstrated that, the BCext. induced oxidative stress in reproductive organs,
resulting in redox imbalance between pro-oxidant and antioxidant. Accordingly, the significant
elevation of MDA concentration in the testicular and caudal epi. tissues of treated groups with BCext.
G2 and G3 than G1 can be explained by the fact that —as established in previous study —it is one of the
major end product of excessive lipid peroxidation. This process requires an over production and
intracellular accumulation of types of reactive oxygen species "ROS" such as O, *OH, NO« and
ONOO~ which possess highly reactive unpaired electrons that drive lipid peroxidation, consequently
MDA serves as a key biomarker for oxidative stress [38,39,40]. Meanwhile, living cells contain
various endogenous enzymatic and non- enzymatic antioxidant that regulate ROS levels, such as
catalase "CAT", Superoxide dismutase "SOD", and Glutathione peroxidase "GPX"[41,42,43]. The
important role of CAT was to prevent damage caused by accumulation of ROS in cells by converting
H20; in to H,0 and O, "[44,45].

While, a significant decrease in antioxidant CAT activity indicated by the administration of Beetle
cocoon extract "G2 and G3", indicates to a failure defense system against oxidant agents. Thus, the
significant elevation of MDA concentration, coupled with a marked decreases in antioxidant CAT
activity, provides evidence of sever oxidative stress within the testes and caudal epididymides tissue.
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And severity of the observed oxidative stress status followed a dose- dependent manner, being
significantly higher at 400 mg.k “b.w. dose compared to the 200 mg.k -1b.w. dose.

Paradoxically, despite the established antioxidant properties of beetle cocoon extract, the
administration dose induced significant toxicity in the treated mice. This result is attributed to the"
antioxidant paradox" where high concentration of antioxidants can shift the cellular environment
toward pro-oxidant state, causing oxidative damage instead of protection.

Proteins have been played a vital role in maintaining the structural and functional integrity of
reproductive organs. It was well known the importance of proteins for tissues and organs, so the
previous studies revealed that the gene expression of protein had structural and functional importance
in the testes, epididymides and sperm of human and rodents [39,46,47,48,49,50].However, the results
of the present study revealed a significant decline in TPC following BCext. administration .This
reduction was closely linked to the triggered state of oxidative stress, where ROS-mediated protein
oxidation. Accordingly, the reduction in TPC may be due to the observed high concentration of MDA
in treated groups which may had instigated changes in chemical properties of proteins that led to its
loss. Wherein, the previous studies confirmed the negative properties of MDA on cellular activity due
to its toxicity and being a predisposition to oxidation[45,51]. On the other hand , the reduction in TPC
could be attributed to the OS-induced low T hormone in treated groups"G2 and G3", given the role of
hormone in enhancement of protein synthesis.Wherein, other study [52] reported that the promotion
of T hormone in tissue protein synthesis would be via androgen receptors. Despite what some studies
have confirmed that Beetle cocoon extract " Tihan" as an antioxidant, the current finding reveal a
biphasic effect, where high dose yielded paradoxical outcomes. The deterioration in sperm quality and
reproductive organs (testes and caudal epi.) weights demonstrates the pro-oxidant effect of Beetle
cocoon extract at high concentration, evidenced by elevation of MDA and the reduction in CAT
activity. Furthermore, this impairment could be attributed to direct disruption of hypothalamic-
pituitary-gonadal (HPG) axis or the induction of reproductive stress, which interfered with vital
physiological processes of the reproductive tissues independently of the expected antioxidant pathway.

4. Conclusion

It can be concluded that, the high dose induced a state of oxidative stress, as evidence by
imbalance between MDA concentration and CAT enzyme activity. This oxidative state negatively
impacted the other studied hormonal, biochemical and physiological parameters, ultimately leading to
the observed decline in sperm quality and the reduction in reproductive organs weight. This study
recommend avoiding the long- term or high dose consumption remedy without medical supra-
physiological dose trigger oxidative stress that adversely affect the reproductive system. Subsequent
research could be focus on histopathological study to investigate testicular and epididymal structural
alternations induced by BCext.- treated oxidative stress.
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