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At different parts of the world, Red Seaweeds are one component of human diets especially at Southeast
Asia. Red Seaweeds structurally contain bioactive molecules so; we studied the effect of Chondrus crispus
on increasing the male albino rat fertility. Twelve male albino rats are used in this study as two group
pre-treated group and post- treated one each with 6 animals. The pretreated group was dissected before
the post-treated group injection. Each post treated rat injected intramuscular with 1 mg of Chondrus cris-
pus with dose 0.1 ml/ twice per week for 48 day (Mukhtar et al., 2013).
The results showed that increasing on the total testosterone levels insignificantly, sperm motility sig-

nificantly, and decreasing in both FSH and DPPH levels insignificantly and significantly for the MDA levels
in the post-treated group. The morphological appearance and histological examination for the sperm, tes-
tis and liver were normal as the pretreated group. The molecular studies showed absence of any DNA
fragmentation for the testis of both group.
The Red Seaweed has an enhanced effect in the testicular function of the animal which might increase

their fertility and sexual activities.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Many species of marine algae contain significant quantities of
complex structural sulphated polysaccharides that have been
shown to inhibit the replication of enveloped viruses. Other com-
pounds, both of red algae (e.g., the lectin griffithsin and the phyco-
colloid carrageenan), and other sulphated polysaccharides
extracted from green algae (i.e., ulvans) and brown algae (i.e.,
fucoidans) could be potential antiviral therapeutic agents against
SARS-CoV (Pereira and Critchley, 2020).

Seaweeds as brown, red and green in several parts of the world
are important component in human diets especially in Southeast
Asia (Lee et al., 2011; Nwosu et al., 2011). From seaweeds, there
are different biological activities compounds, such as anti-
microbial, anti-inflammatory, anti-coagulant and anti-obesity,
anti-oxidant, anti-cancer, activities (Liu, et al., 2013, Mohamed
et al., 2012). Also, in whole animals’ studies, seaweeds made
neuro-protective action against b-amyloid toxicity (Suganthy
et al., 2010). A cultivated Chondrus crispus (Irish Moss) used in
feeding at several parts around the world with significant benefi-
cial bioactivity (Sangha et al., 2013) and contain various polysac-
charides as carrageenans, fatty acids and sterols (Tasende, 2000).
Chondrus crispus contain bioactive peptides and prebiotics which
is evidence for their health benefit (Harnedy and FitzGerald,
2011; Lordan et al., 2011). Methanolic extraction of chondrius cris-
pus (CCME) showed protection against the oxidative stress in
worm (Tânia Melo et al., 2015).

Historically, some data found from 1830s about Irish moss or
carrageen which is a mixture of naturally co-occurring Chondrus
crispus and Mastocarpus stellatus. This mixture has a large number
of medical applications which still used in Ireland to make tradi-
tional medicinal teas and cough medicines to treat colds, bronchi-
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tis and chronic coughs as it has mucus dislodging action and also
has antiviral properties (Pereira, 2018).

Here we aim to study the effect of Chondrus crispus on increas-
ing the male albino rat fertility.

2. Materials and methods

2.1. Grouping animals

Rattus norvegicus were used in this study as they characterized
by their genetic stability and a very low rate of spontaneous mal-
formation (Tuchmann- Duplessis, 1977). The animals were
selected from a pure strain so that the genetic influence was kept
at constant and uniform level. The standard guidelines of National
Organization for Drug Control and Research (NODCAR) were used
in handling animals. Twelve male albino rat selected with weight
of (150–200 gm). Animals will have free access to food and water
ad libitum. They will be maintained at 21–24 �C and 40–60% rela-
tive humidity with 12-h light–dark cycle. All animals’ procedures
will be performed in accordance to the institutional Ethics Com-
mittee and in accordance with the recommendations for the proper
care and use of laboratory animals. Unnecessary disturbance of
animals will be avoided. Animals will be treated gently; squeezing,
pressure and tough maneuver will be avoided.

2.2. Preparation of Chondrus crispus

Chondrus crispus were collected from the shore of Red Sea, Hur-
gada, Egypt, and then the algae washed to remove any salts or the
sands, dried in a vaccum dryer at temperature of 30 �C until it has
completely dried. Algae were milled to obtain a fine powder, mixed
with ethanol in a concentration of 1/50 ml ethanol. The mixture
macerated for three days with frequent shaking, stirred for 6 h,
sonicated for three hours. The mixture then filtered, ethanol evap-
orated in a rotary evaporator (lab first scientific, China) at temper-
ature of 45 �C at a speed of 50 rpm.

The dry extract then was mixed with buffer pH 7 composed of
Na2HPO4, KH2PO4, NaCl, KCl, added and stirred for 2 h, propylene
glycol was added in a concentration of 1% as a solvent. The final
concentration was 10 mg per ml; each 0.1 ml contains 1 mg of
Chondrus crispus.

2.3. Experimental design

Twelve animals are randomly chosen and divided into two
groups. The 1st group (called pretreated) was kept as a normal con-
trol and received buffer intra-muscularly to examine safety of the
these buffer (composed of Na2HPO4, KH2PO4, NaCl, KCl stirred for
2 h, propylene glycol was added in a concentration of 1% as a sol-
vent) twice per week for 48 day (Mukhtar et al., 2013) then we
scarifies them. After that, the 2nd group (called post-treated)
started injected intra-muscularly with 1 mg of Chondrus crispus
with dose 0.1 ml twice per week (Collén et al., 2014) for 48 day
(Mukhtar et al., 2013).

2.4. Effect of the Chondrus crispus on male fertility

The effect of the Chondrus crispus on male fertility was
studied by epididymal spermatozoa as well as histopathological
examination.

2.5. Sperm analysis

A droplet from epididymal content added to a droplet of sodium
citrate solution (2.9%) on clear glass slide then the slide was gently
warmed. Many fields examined using light microscope with
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magnification (X100) to estimate the percentage of progressive
sperms motility according to Bearden and Fluquary (1980).

Sperm concentration performed by using pipette of counting
erythrocytes (haemocytometer) according to Bearden and
Fluquary (1980). The epididymal content drawn up to the mark
0.1 then the pipette filled up to the mark 101 by sodium citrate
(0.9%) solutions. The content of the pipette mixed and shacked
well. One drop of diluted epididymal content spread between the
haemocytometer chamber and the cover slide and count as R.B.C
counting chambers.

Epididymal sperm abnormalities: for each rat, a droplet from
epididymal content took immediately and mixed with one drop
of Eosin-Nigrosin stain for detection of dead and malformed sperm.
Then films examined at random per slide under � 200 and the type
(live and dead). Also, percentage of sperms abnormalities recorded.

2.6. Histopathological examination

The rat’s testis and livers were fixed in 10% formaldehyde. Pre-
pared the paraffin sections with thickness (4–5 lm) then stained
with hematoxylin and eosin (H&E) stain. The sections examined
under light microscopy for histological changes according to
method described by Banchroft et al. (1996).

2.7. Total testosterone and follicle stimulating hormone (FSH)

Blood collected from rats to estimate sex hormones serum
levels. Serum separated into clean bottles, stored frozen and then
used for the estimation of testosterone and folliclestimulating hor-
mone (FSH) (Tatli-Çankaya et al., 2014).

2.8. Malondialdehyde (MDA) measurements

Reagents and chemicals: TBA (Thiobarbituric acid) purchased
from BDH (England), the MDA salt (malon dialdehyde tetra-butyl
ammonium salt 96%) and methanol (99.8%) both from Sigma-
Aldrich (Germany), glacial acetic acid (99–101%) from Daejung
(Korea), ultra-pure deionized double distilled water with<5mX
was used. Other chemicals and reagents were of an analytical stan-
dard with high purity at NODCAR laboratories.

Preparation of TBA Reagent: standard solution of 4.0 mM of
TBA was prepared in glacial acetic acid by 57.66 mg of TBA dis-
solved in 100 ml of glacial acetic acid. Freshly solution of TBA pre-
pared daily.

Analytical Procedure
We take 0.1 ml of homogenate in a 10 ml test tube and mixed

with TBA (1 ml). The mixture heated in a boiling bath water at
95 �C for 60 min. The test tubes were cooled at room temperature
and then we measure the absorbance at 532 nm against blank
using UV–visible spectrophotometer.

Concentration was calculated from standard curve concentra-
tion of MDA from 5 to 35 ng.

2.9. 2,2-diphenyl 1- picrylhydrazyl (DPPH) evaluation

0.5 ml of homogenate was added to 1.5 ml of DPPH reagent,
incubated at 37 �C in incubator for 30 min. The initial absorbance
of blank or the DPPH solution was measured against air (purple
colour).

The absorbances, then were read against air to find the decrease
in the absorbances, correlated with the electron scavenging activ-
ity and the color has changed from purple to yellowish purple.

The electron scavenging activity calculated as follow

A intial� A final
A intial

� 100



Fig. 1. Each value indicates the mean ± S.E.M. Statistical analysis was carried out by
using unpaired t-test at level of significance P < 0.05. Pre-treated group received
buffer intramuscularly twice per week for 48 day, Post-treated group injected intra
muscular with 1 mg of Chondrus crispuswith dose 0.1 ml/ twice per week for 48 day.
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2.10. DNA fragmentation methods

2.10.1. Extraction of genomic DNA
The DNA fragmentation assay (DNA extraction and detection of

apoptosis) were done by the methods of Salting out extraction
which used by Aljanabi and Martinez (1997) with some modifica-
tions of Hassab El-Nabi et al. (2004).

2.10.2. DNA fragmentation assay
These made by using agarose gel electrophoresis as the DNA

(isolated genomic) for the experimental animals were fractionated
on 1.8% agarose gel electrophoresis according to Surzycki, 2000
then about 15 lg of the sample with 5 ll of the loading dye and
marker DNA were loaded carefully in to the respective wells with-
out disturbing the gel. Then conduct the electrophoresis at 50 mV,
the agarose gel was photographed using gel doc.

2.11. Statistical analysis

All the Statistical analysis values were presented as
means ± standard errors of the means (S.E.M.) by using unpaired
t-test at level of significance P < 0.05. Graph Pad Software Instate
(version 5) was used to carry out the statistical tests (Armitage
and Berry, 1987).
Fig. 2. Each value indicates the mean ± S.E.M. Statistical analysis was carried out by
using unpaired t-test at level of significance P < 0.05. Pre-treated group received
buffer intramuscularly twice per week for 48 day, Post-treated group injected intra
muscular with 1 mg of Chondrus crispuswith dose 0.1 ml/ twice per week for 48 day.
3. Results

3.1. Sperm analysis

3.1.1. Morphological examination
Normal sperm is highly motile body. It consists of (1) head

which is pyriform shape and mainly formed of nucleus. The ante-
rior of the nucleus is covered by the acrosomal cap, (2) the mid-
piece contains tightly packed mitochondria and (3) the tail which
is formed of the axial filament. Both the pretreated and post-
treated groups have large percentages of normal morphological
appearance for the sperms. The head abnormalities are signifi-
cantly decreased in post-treated group by 51% than the pre-
treated group. Also, coiled tails and dead sperms are decreased
insignificantly in post-treated group than pretreated one (Table 1).

3.1.2. Sperm motility and count
The sperm count and motility for post-treated group increases

significantly by 36.6% and 35% than pre-treated group respectively
(Figs. 1 and 2).

3.2. Histopathological examination

3.2.1. Testis examination
The histological architecture of testes of pre-treated and post-

treated groups (Fig. 3) is covered with a connective tissue coat,
the tunica alboginea; which is followed by a thin layer of highly
vascular loose connective tissue, the tunica vasculosa. The testes
are composed of a large number of seminiferous tubules which
Table 1
Each value indicates the mean ± S.E.M. Statistical analysis was carried out by using
unpaired t-test at level of significance P < 0.05. Pre-treated group received buffer
intramuscularly twice per week for 48 days, Post-treated group injected intramus-
cularly with 1 mg of Chondrus crispus with dose 0.1 ml/ twice per week for 48 days.

Groups Parameter

Head abnormalities (%) Coiled tail (%) Dead sperm (%)

Pre-treated 2.602 ± 0.3397 1.382 ± 0.1474 1.297 ± 0.1877
Post-treated 1.273 ± 0.2101* 1.896 ± 0.2523 0.8270 ± 0.2368
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appear as round or oval structure. Each tubule consists of a germi-
nal epithelium (containing spermatogenic stages) resting on base-
ment membrane and is surrounded by a thin connective tissue
layer. The seminiferous tubules are long and extremely convoluted.
Each seminiferous tubule is lined with germinal epithelium resting
on a thin basement membrane and consisting of several rows of
spermatogenic cells with supporting cells of Sertoli cells scattered
in between. The spermatogenic cells include the successive stages
of spermatogenesis i.e. spermatogonia, primary spermatocytes,
secondary spermatocytes, spermatides and spermatozoa.

Spermatogonia are considered as the mother cells of the whole
series of spermatogenic stages. They are numerous rounds or
hemispherical cells lying adjacent to the basement membrane of
the seminiferous tubules. The primary spermatocytes are produced
by the growth of the daughter spermatogenic cells observed in
seminiferous tubules.

The secondary spermatocytes are much smaller than the pri-
mary spermatocytes and possess proportionally smaller nuclei .



Fig. 3. Histological section of testis: (A) normal pre-treated rats. (B &C) post-treated group. Both groups showed normal spermatogenesis where, normal spermatogonia
(black thin arrow), normal spermatocytes (white block arrow), and normal spermatides (arrow head) (H&E X40).

N.M. Ibrahim, S.R. Ibrahim, O.H. Ashour et al. Saudi Journal of Biological Sciences 28 (2021) 3864–3869
which are round or ovoid in shape and contain one or more nucle-
oli. The spermatides are the smallest spermatogenic cells that con-
stitute the most superficial layers of the germinal epithelium and
are lying usually in groups close to the lumina of seminiferous
tubules. The spermatozoon is specialized cells that are efficiently
packed to carry the paternal DNA condensed in the head to the
ovum clusters of spermatozoa are found in abundance with their
deeply staining heads directed towards and embedded in the cyto-
plasm of the Sertoli cells.
3.2.2. Liver examination
The pre-treated group and post-treated group (Fig. 4) shows

hepatic lobules which are separated from each other by hardly dis-
tinct connective tissue. It is covered with thin connective tissue.
Each hepatic lobule contains a central vein from which radiate
branching cords or strands of hepatic cells.

The hepatic lobules are composed of hepatocytes arranged in
cords or strands, each being one or two cells thick. Each cell pos-
sesses homogeneous finely granulated acidophilic cytoplasm and
a large spherical nucleus containing one or more distinct nucleo-
liand chromatin.
Fig. 4. Histological section of liver: (A &B) pre-treated group, (C & D) post-treated
rats, both showing normal archicture, normal central vien (double head arrow) and
normal hepatocytes.
3.3. Biochemical analysis

3.3.1. Total testosterone and follicle stimulating hormone (FSH)
In the post-treated group, the total testosterone hormone was

increased significantly than the pre-treated group by 22.6% and
also the FSH was decreased insignificantly than the pre-treated
group by 19.3%. The results is representing in Figs. 5 and 6.
3.3.2. 3-Melandialdihyde (MDA) and 2,2, diphenyl 1- picrylhydrazyl
(DPPH)

Both the MDA and DPPH are decreased significantly in the post-
treated group by18.2% and 11.7% respectively than the pre-treated
group (Figs. 7 and 8).
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3.4. Molecular studies

Both the pre-treated and post-treated group show normal DNA
without any fragmentation (Fig. 9).



Figs. 5 and 6. Each value indicates the mean ± S.E.M. Statistical analysis was carried
out by using unpaired t-test at level of significance P < 0.05. Fig. 5, FSH hormone
level, Fig. 6, total testosterone hormone. In both figure, Pre-treated group received
buffer intra-muscularly twice per week for 48 day, Post-treated group injected
intra-muscular with 1 mg of Chondrus crispus with dose 0.1 ml/ twice per week for
48 day.

Figs. 7 and 8. Each value indicates the mean ± S.E.M. Statistical analysis was carried
out by using unpaired t-test at level of significance P < 0.05. Fig. 7 for MDA level,
Fig. 8 for DPPH level. In both figure, Pre-treated group received buffer intramus-
cularly twice per week for 48 day, Post-treated group injected intra muscular with
1 mg of Chondruscrispus with dose 0.1 ml/ twice per week for 48 day.

Fig. 9. Agarose Gel Electrophoresis of Genomic DNA from testis of pre-treated (1)
and post-treated groups (2) showing:normal DNA bands for both group.
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4. Discussion

Algae is one of most widely used in many parts of the world as a
source of nutrients for human because it contain many essential
compound, also it is used for the cosmetic and pharmaceutical
industries (Thomas and Kim, 2011). Due to their protein excellent
quality, they are source of proteins as algae contain all the essential
amino acids; polyunsaturated fatty acids especially as the omega-3
family and other essential fatty acids (Paul and Pohnert, 2011).

Vo et al. (2012) reported that algae also contain a lot of vita-
mins; carbohydrates; dietary fibers (alginates, agar and car-
rageenans) minerals (magnesium and calcium) and bioactive
secondary metabolites (phytosterols and polyphenols).

Brewer et al. (1974), reported that chondrius crispus at doses
(250 and 500 g wet wt/wk) is not acutely toxic. In the present
study, chondrius crispus used with only dose 1 mg of Chondrus
crispus and injected twice per week for 48 day (Collén et al., 2014).
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Our result of this study revealed that chondrius crispus admin-
istration caused decreasing in the sperm head abnormalities, coiled
tail and dead sperm. Also, the histopathlogical structures of testis
were kept normal within pre-treated and post-treated group which
is evidence for the chondrius crispus was not toxic substance. Sea-
weed is considered as basic diet item in China, Korea and Japan
since prehistoric times. In 600 BCE. Every day at Japan, about 21
species of algae is cooked (six of them since the 8th century
(Indergaard, 1983).

Chondriuscrispus consists of multiple bioactive compounds.
Also, it has neuroprotective effect in C. elegans, due to the effect
of the unsaturated fatty acids, glycolipids, floridoside, isothionic
acid and other components such as pigments and free amino acids.
Interestingly, the major component of C. crispus, j-carrageenan,
was recently shown to have potentials for anti-inflammation (Liu
et al., 2013) and preventing the neurodegenerative processes
(Barbosa et al., 2014). Liu et al. (2015) found that dietary
supplementation of C. crispus enhanced the oxidative stress toler-
ance in C. elegans due to the up-regulation of the stress response
genes sod-3 and significant increase in the skn-1 gene expression.
SKN-1 was involved in homeostatic functions that extend more
than Nrf2 which is the best known regulator of antioxidant and
xenobiotic defense responses to acute stress (Jinghua et al., 2015).

On the other hand, SKN-1 has important role in C. ele-
gans longevity suggesting that mechanisms regulated by SKN-1
may be of conserved importance in aging. These C. elegans studies
predict that mammalian Nrf/CNC protein functions and regulation
may be similarly complex and that the proteins and processes that
they regulate are likely to have a major influence on mammalian
life- and health span (Keith et al., 2015).

Sangha et al. (2015) reported that, the extraction of chondrius
crispus showing strong anti-inflammatory properties due to the
presences of Floridoside and isethionic acid by percentage 7.51%
and 9.08%, respectively (Sangha et al., 2015) and both have antiox-
idant potential (Li et al., 2010). These agree with our histological
results as the post-treated testis (injected with chondrius crispus)
showed normal structure without any inflammation.

Usually, aging of male is accompanied with decrease in serum
testosterone concentration (Sangha et al., 2015). The level of
testosterone hormone in serum can be affected by many physio-
logical and biochemical factors related with aging (Abidi et al.,
2008). Many studies showed that the level of ROS increase in Ley-
ding cells with aging, particularly lipid peroxidation-mediated
damage to cell membrane, is related with intracellular cholesterol
transport, which may weaken the Leyding cells function leading to
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decreased steroidogenesis (Hanukoglu, 2006). Floridoside which
present as 7.51% in C. crispus has the ability to suppress pro-
inflammatory responses in lipo-polysaccharide (LPS)-activated
microglia cells via blocking p38 and MAPK signaling pathways (Li
et al., 2010). Activation of both p38 MAPK ? COX2 and NF-jB ?
COX2 signaling pathways are functionally linked to the oxidative
stress response and chronic inflammation during aging, and medi-
ate their inhibitory effects on testosterone production (Pereira,
2018; Kim et al., 2013). So, C. crispus injection in our results
showed increasing in the total testosterone hormone.

5. Conclusion

The Red Seaweed induces significant changes in the testicular
function of the animal which might increase their fertility and sex-
ual activities.
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