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Effect of Rubus coreanus leaf and stem extract on boar spermatozoa
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Rubus coreanus is known to have diverse biological prop-
erties, such as free radical scavenging activity and anti-
bacterial activity. In the present study, Rubus coreanus leaf
and stem extract (RLSE) was used in boar semen preserva-
tion whether it has a beneficial effect on assisted reproduc-
tive technology (ART) in mammals. Boar spermatozoa
were preserved in Beltsville thawing solution (BTS) in the
presence of varying concentrations of RLSE (0-10 pg/mL).
Sperm motility, sperm viability, and intracellular reactive
oxygen species (ROS) levels were examined after 2 days of
preservation. The percentage of total motile spermatozoa
and progressive motile spermatozoa improved in the sper-
matozoa preserved with 0.5 pg/mL RLSE. Higher propor-
tions of viable spermatozoa were seen in the presence of 0.5
and 1 pg/mL RLSE than in the control. Intracellular ROS
levels decreased when the spermatozoa were preserved in
BTS with 0.1-1 pg/mL RLSE. In order to examine the bac-
terial growth, E. coli was added to liquid semen diluted with
antibiotics-free BTS in the presence or absence of RLSE. No
anti-bacterial activity of RLSE against E. coli was observed
during liquid semen preservation. Although there was no in-
hibition of E. coli growth, the addition of RLSE might help
improve sperm motility and viability during boar semen
preservation, suggesting it as a potential reagent for ART in
mammals.
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Introduction
Rubus coreanus (Rosaceae) is mostly distributed in East
Asian countries [1] and has been widely used in folk rem-
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edies for treating urogenital disorders and allergic diseas-
es [2, 3]. As per previous reports, its components include
phenolic acids, organic acids, triterpenoids, flavonoids,
gallotannin, and ellagitannin [4]. In particular, phenolic
and flavonoid compounds have beneficial qualities, such
as free radical scavenging property [5-8], anti-inflamma-
tory response [9], and inhibition of lipoprotein oxidation
[10, 11]. Therefore, diverse biological functionalities of
R. coreanus have been discussed in the context of cellu-
lar environments, including its anti-oxidant, anti-fatigue,
anti-osteoporosis, anti-diabetic, and anti-bacterial prop-
erties [12-16].

As pig farms become larger and more complex, they tend
to conduct breeding through artificial insemination (AI)
rather than natural mating. Thus, a supply of high-quality
liquid semen to pig farms is important for this industry
[17]. Bacterial contamination in extended semen was
associated with decreasing reproductive performances
[17]. In particular, Escherichia coli (E. coli) is a harmful
bacterium commonly found in pig farms and is known to
reduce sperm quality during sperm storage [18]. A previ-
ous study has shown that the administration of unripe R.
coreanus fruit improved the epididymal sperm number
and motility in Wistar rats, suggesting its use as a non-
toxic reagent for enhancing male fertility [19]. Also, R.
coreanus root polyphenols showed strong anti-microbial
activity against pathogenic bacteria [20].

Therefore, in the present study, boar spermatozoa were
preserved in the liquid semen diluent in the presence of
R. coreanus leaf and stem extract (RLSE), which was fol-
lowed by examination of sperm motility, viability, intra-
cellular reactive oxygen species (ROS) levels, and E. coli
growth. The results suggest RLSE as a potential reagent
to enhance fertilization competence in assisted reproduc-
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tive technology for animals.

Materials and Methods

Liquid boar semen preparation

The present study was performed in accordance with the
guidelines provided by the Animal Care and Use Com-
mittee (ACUC) of Chonbuk National University. Boar
semen was collected from Duroc boars twice a week.
Sperm concentrations were estimated using a hemocy-
tometer, and semen was diluted with Beltsville thawing
solution (BTS) [21] with or without (W/O) antibiotics
(penicillin G and streptomycin), to a final concentration
of 1x10" spermatozoa/mL. RLSE extract (with 99.9%
methyl alcohol) was purchased from Korea Plant Extract
Bank (KPEB, Ochang, Chungbuk-do, Korea). Different
concentrations of RLSE (final concentration: 0-10 pg/
mL; dimethyl sulfoxide (DMSO) as a solvent control)
were added to BTS. The diluted semen was stored in a
storage unit at 17°C for 2 days. Unless otherwise not-
ed, all other reagents used in this study were purchased
from Sigma-Aldrich Chemical Co. LLC (St. Louis, MO,
USA).

Assessment of sperm motility

Sperm motility was examined using a computer-assisted
sperm analysis system (Sperm Class Analyzer®, Microp-
tic, Barcelona, Spain). Spermatozoa were incubated for
30 min at37.5°C, and a 1 pL aliquot of sperm sample was
then placed on a pre-warmed (38°C) Leja counting slide
(Leja products B.V., Nieuw-Vennep, The Netherlands).
Ten fields were analyzed at 37.5°C, assessing a minimum
of 500 spermatozoa per sample. The proportion of total
motile spermatozoa (%), progressive motile spermatozoa

Table 1. Analysis of sperm motility in BTS with RLSE'

(%), and hyperactive spermatozoa (%) was determined.
The kinetic parameters measured for each spermatozoon
included: curvilinear velocity (VCL, um/s), straight-line
velocity (VSL, um/s), average path velocity (VAP, um/s),
percentage linearity (LIN, %), percentage straightness
(STR, %), and the wobble percentage (WOB, %).

Measurement of sperm viability and intracellular
ROS in spermatozoa

Incubated spermatozoa (1x10° cells/mL) were washed
twice with phosphate-buffered saline containing 0.1%
(w/v) polyvinyl alcohol (PBS-PVA). Sperm viability
was assayed using the LIVE/DEAD®™ Sperm Viability
kit (Molecular Probes, Eugene, OR, USA), which con-
tains DNA dyes SYBR14 (100 nM) and propidium io-
dide (PI; 10 uM), following manufacturer’s protocol. The
spermatozoa were stained, and images were acquired
using a fluorescence microscope (Nikon Eclipse Ci mi-
croscope, Nikon Instruments Inc., Seoul, Korea) with
camera (DS-Fi2, Nikon) and an imaging software (ver-
sion 4.30, Nikon). The spermatozoa were classified and
counted as viable (SYBR14) or dead (PI). The level of
intracellular ROS in spermatozoa was assayed using |
uM carboxy-DCFDA (Invitrogen, Eugene, OR, USA).
The fluorescence intensity was measured using a mul-
timode microplate reader (Spark™ 10 M, Tekan, Min-
nedorf, Switzerland) with excitation (ex.) at 485 nm and
emission (em.) at 520 nm.

Bacterial count

E. coli (ATCC 8739) were cultured in nutrient broth for
18 h at 37°C and harvested by centrifuging the cultured
broth three times with PBS (pH 7.2) at 1000 x g for 10
min. E. coli stock suspension was prepared by resuspend-
ing the final pellets. Initial £. coli population ranged 1.5

Parameters RLSE (ug/mL) in BTS

0 0.1 0.5 1 2 5 10 DMSO
Total motile spermatozoa (%) 857441  862+32%  937+14°  889+3.6™  864+29° 8424350 8554330 824438
Progressive motile spermatozoa (%)~ 70.6+58° 730460  854+18  760+64° 737500 702+49% 6834450 672464
Hyperactive spermatozoa (%) 38+33 20420 0.0+0.0 37+37 22+22 25+25 2424 57+29
Kinetic values? ~ VCL (ums) N2+100 727423 72.6+08 BI+57 72663 713458 681453 771446
VSL (um/s) BI£20  323+78 458430 343+80 363492 352484 331484 270494
VAP (um/s) 459+38>  495+54%  601+£03° 52336 525+£64°  508+41P 486+34% 485435
LIN (%) 345467 444+106  607+42 4704124 498+123  490+123  467+125  37.1+138
STR (%) 50657  61.0£83 79+45  618+100 6454101  644+102  6LI£107  533:128

WOB (%) 65.0+60  67.8+85 81.0£04 714£90 72383 71.1£8.0 70.1 £8.0 63.8+7.6

! Experiments were repeated three times with three different boars. Values are expressed as mean + SEM.
2 VCL: curvilinear velocity, VSL: straight-line velocity, VAP: average path velocity, LIN: linearity, STR: straightness, and

WOB: wobble.

¢ ® Means in the same row with different superscripts differ significantly (p<0.05).
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x 10* CFU/mL was added by diluting the stock suspen-
sion, and the cell concentration was determined by the
spreading plate method with incubation for 24 h at 37°C.
During the experiments, 0.1 mL solution was withdrawn
from each experimental sample and diluted 1/10 times to
measure E. coli abundance. Three replicate plates were
used at each dilution step.

Statistical analysis

Values are expressed as mean + standard error of the
mean (SEM). Data were analyzed using one-way anal-
ysis of variance (ANOVA) using the SAS package 9.3
(SAS Institute Inc., Cary, NC, USA) in a completely ran-
domized design. Duncan’s multiple range test was used
to compare values for individual treatments when the F-
value was significant (p<0.05).

Results and Discussion

Improvement of sperm motility in BTS in the pres-
ence of RLSE

Boar spermatozoa were preserved with different con-
centrations of RLSE in BTS for 2 days. Sperm motil-
ity was determined after 30 min of incubation. Table 1
represents the sperm motility parameters across the treat-
ment groups. The proportion of total motile spermatozoa
was significantly higher in the treatment with 0.5 pg/mL
RLSE than in the other groups (p<0.05; Table 1). Simi-
larly, the percentage of progressive motile spermatozoa
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Fig. 1. Assessment of sperm viability and intracellular ROS
production after sperm preservation. Different concentrations of
RLSE (0-10 pg/mL; DMSO as a control) were added to liquid
boar semen, and then sperm viability (A) and intracellular ROS
production (B) were examined. Experiments were repeated three
times with three different boars. The values are expressed as
mean + SEM. The different superscripts (a—c) denote a significant
difference between treatments at p<0.05.

was significantly higher in the treatment with 0.5 pug/mL
RLSE (p<0.05; Table 1). Kinetic values were not signifi-
cantly different among the groups, except the VAP in 0.5
pg/mL RLSE treatment (p<0.05; Table 1). Significantly
lower levels of motile spermatozoa, progressive motile
spermatozoa, and VAP were seen in the DMSO treat-
ment, a negative control (Table 1). The administration of
R. coreanus fruit extract in male rodents has been shown
to improve their epididymal sperm number, sperm mo-
tility, and the expression of cAMP-responsive element
modulator (CREM) associated with sperm maturation
[19, 22]. CREM proteins have also been detected in the
connecting piece of ejaculated boar spermatozoa [23]. In
this study, improved sperm motility was observed upon
direct addition of RLSE to the diluent. Thus, this effect
might be related to sperm function, and could prove ben-
eficial in maintaining or improving sperm motility during
liquid semen preservation.

Sperm viability and intracellular ROS generation
in boar spermatozoa preserved with RLSE

For the assessment of sperm viability, preserved sperma-
tozoa were stained with SYBR 14 and PI, followed by the
counting of viable and dead spermatozoa under a fluo-
rescence microscope. As shown in Fig. 1, significantly
higher live cells were recorded in the treatments with
0.5 and 1 pg/mL RLSE (p<0.05). In contrast, the level
of viable spermatozoa gradually decreased from 2 pg/mL
RLSE onwards, and a significantly high percentage of
dead spermatozoa were observed at 10 pg/mL RLSE (p<
0.05; Fig. 1A). Excessive ROS levels can affect sperm vi-
ability and fertilization [24, 25]. In order to measure the
intracellular ROS levels, preserved spermatozoa stained
with carboxy-DCFDA were subjected to fluorometric as-
say. The fluorescence intensity was significantly lower in
the treatments with 0.1, 0.5, and 1 pg/mL RLSE than in
controls and at 2—10 pg/mL concentrations (p<0.05; Fig.
1B). A recent report demonstrated that R. coreanus seed
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Fig. 2. The levels of growth in E. coli population in liquid boar
semen in the presence of RLSE (0-10 pg/mL; DMSO as a control)
after 2 days of preservation. Experiments were repeated three
times with three different boars. Values are expressed as mean
+ SEM. The superscripts (a & b) denote a significant difference
between treatments at p<0.05.
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extract effectively protects DNA and protein damage
by inhibiting ROS generation, owing to its polyphenol
content [26]. Similarly, increased total phenolic content
in Kalopanax pictus leaves resulted in better protection
against DNA damage [27]. Meanwhile, total polyphenol
and total flavonoid content was higher in the water ex-
tract of R. coreanus stem and leaf than the unripe water
extract [28]. Therefore, RLSE could protect sperm DNA
damage and regulate ROS levels during sperm preserva-
tion.

Sperm motility and bacterial growth in antibiotic-
free BTS in the presence of RLSE

Bacteria are rarely found in the semen of healthy pigs.
However, bacterial inflow may occur through the prepu-
tial diverticulum, during excretion or via dirty skin dur-
ing semen collection, or due to contamination in the sam-
pling site [29]. Bacterial contamination of semen causes
sperm agglutination, acrosome damage, and decrease in
sperm motility, resulting in decreased sperm viability and
longevity [30, 31]. E. coli is one of the most common
bacteria identified in liquid boar semen [31]. In the pres-
ent study, E. coli was added to liquid semen diluted with
antibiotics-free BTS. Overall, the levels of total motile
spermatozoa, progressive motile spermatozoa, and sperm
kinetic parameters decreased significantly in sperm sam-
ples preserved without antibiotics than in spermatozoa
preserved with antibiotics (p<0.05; Table 2). Among
the groups treated with different concentrations of the
extract, addition of 0.5 or 1 pg/mL RLSE significantly
improved the sperm motility (»p<0.05; Table 2). Bacterial
growth was completely inhibited in BTS containing an-
tibiotics (Fig. 2). Although it did not differ significantly

among the spermatozoa preserved in antibiotic-free BTS,
the bacterial abundance was higher in groups treated with
the extract than in treatments with no extract. Thus, no
anti-bacterial activity of RLSE against E.coli was ob-
served during liquid semen preservation (Fig. 2). Accord-
ing to Cha et al. [12], R. coreanus leaf extract with 80%
methanol exhibited higher anti-bacterial activity against
Bacillus cereus than unripe or ripe fruit extracts, but no
anti-bacterial activity was observed against E. coli, Sal-
monella typhimurium, and Staphylococcus aureus, which
is in agreement with our result (Fig. 2). Therefore, RLSE
is expected to be effective against bacteria other than E.
coli found in liquid semen, and higher concentrations of
RLSE should also be tested.

In conclusion, the addition of RLSE in the diluent im-
proved sperm motility and viability, and modulated the
ROS level during liquid semen preservation. However,
there was no inhibition of E. coli growth, and the anti-
bacterial activity of RLSE warrants further investigation.
Overall, the results suggest that RLSE is a potentially
beneficial reagent for assisted reproductive technology in
mammals.
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Table 2. Analysis of sperm motility in antibiotic-free BTS in the presence of RLSE!

Parameters Antibiotics RLSE (ug/mL) in antibiotic-free BTS
nBTS 0 0.1 05 | 2 5 10 DMSO
Total motile spermatozoa (%) 87008 595+46™  608+89%  700+39° 67027 593370 500:28% 438709 423+91¢
Progressive mofile spermatozoa (%) 708+52%  23842.0%  25550%  315£34°  324£85°  256+25%  200£60%  90+20° 337149
Hyperactive spermatozoa (%) 02£02 04+04 1608 18403 20£08 2108 1.1£0.6 0.6+03 1207
Kinetic values2 VL (um's) 694+56"  41£12% 43538 479+33%  505:89° 464100 376£79%  269:26° 30017
VSL (um's) 203423 9809 100£09%  106£02° 1142300 106£10°  85+£21%  53£08°  79£04%
VAP (umls) WTE34 1944110 199£18  20S5+11d 230£50° 201100 17.0£43%  106£15°  169£08%
LIN (%) U821 205£34% 01£12®  209+44% 177433 174218%  180£20%  123:19°  166+23%
STR (%) 4521 455430 4765090 4424430 42142 47£250 4504120 418+40° 4154350
WOB (%) 2170 406£29%0 4184080 418£350 300428 368+£19%  376£26°  294£33%  366+20%

! Experiments were repeated three times with three different boars. Values are expressed as mean + SEM.
2 VCL: curvilinear velocity, VSL: straight-line velocity, VAP: average path velocity, LIN: linearity, STR: straightness, and

WOB: wobble.

¢ Means in the same row with different superscripts differ significantly (p<0.05).
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