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Negative Pressure in the Pre-freezing of Ram Semen

Renata Casali, Larissa Goulart Silva, Caroline Cristina Arcego, Fabricio Desconsi Mozzaquatro & Alceu Mezzalira

ABSTRACT

Background: The effect of controlled stress on cells has been widely studied and there is strong evidence that positive 
pressure improves the survival of cryopreserved gametes and embryos. Positive pressure resulted in higher motility of 
frozen boar semen, and increased bull semen cryotolerance. Looking for similar effects, we developed a piece of equip-
ment (Nitrocooler) to apply negative pressure. The “Nitrocooler” increased the cryotolerance in bovine IVP blastocysts. 
Nevertheless, until now, negative pressure has not been tested in sperm cells. This study aimed to determine the effects 
and the best negative pressure intensity to apply in pre-freezing ram semen.
Material, Methods & Results: The ram semen obtained with artificial vagina was immediately diluted (1 + 1.5) in Tris-
egg yolk, and fractioned into 4 experimental groups, Control: Without treatment; P200: Submission to 200 mBar negative 
pressure; P500: Submission 500 mBar negative pressure; P800: Submission to 800 mBar negative pressure. Then, Tris-yolk 
glycerol was added to all groups to obtain a dilution of 1 + 3, and a sperm concentration of 180 million per straw. The 
cooling and freezing procedure was identical for all groups. After thaw, progressive motility (PM) was assessed at zero, 
1, 2 and 3 h of TRT and after Percoll selection (PMPP). Acrosome integrity (ACI) was assessed by FITC PNA staining; 
plasmatic membrane integrity (PMI) by hypo-osmotic test, acrosome integrity post Percoll (ACIPP), membrane integrity 
post Percoll (PMIPP), and cleavage rate after heterologous IVF with bovine oocytes. Data were analyzed by t test (P < 
0.05). Just after thawing, control group showed higher PM (49%) than P200 (40.9%), P500 (38.9%) and P800 (38.9%), 
without differences among them. There were no differences between PM in the Control, P200, P500 and P800 groups 
at 1 h, 2 h and 3 h of TRT, and in ACI, PMPP, ACIPP, PMI and PMIPP. The P500 and P800 groups showed a beneficial 
effect on PM maintenance during the period of TRT. Control and P200 groups showed a decrease in PM at 3 h TRT. The 
submission to a negative pressure of 200 or 500 mBar showed the highest cleavage rates (51.2 and 51.5%, respectively), 
which was similar to Control group (44.3%). On the other hand, the lowest cleavage rate was observed in the P800 group 
(34.5%). Based on obtained data, we concluded that 500 mBar negative pressure is the most appropriate intensity for use 
in pre-freezing of ram semen, by maintaining the PM up to 3 h after thawing and enabling high embryo rates after heter-
ologous IVF with bovine oocytes.
Discussion: The beneficial effect of negative pressure observed in cryopreserved IVF bovine embryos suggests its po-
tential use in pre-freezing ram semen. Considering the lack of standard levels of negative pressure for use in semen, and 
based on our previous results obtained with bovine embryos, we chose to evaluate three levels of negative pressure, 200, 
500 and 800 mBar. Just after thawing, the PM was decreased by all levels of negative pressure tested (200, 500 and 800 
mBar). However, in evaluations carried out during the TRT (1 h, 2 h and 3 h) and after submission to the Percoll gradient, 
these differences disappeared and 500 and 800 mBar groups showed a beneficial effect on PM maintenance during the 
TRT period. The mechanisms involved in the protective effect of controlled stress should be better studied, especially in 
sperm. The data suggest that after thawing, there was not enough time to trigger these actions, and that during the course 
of TRT the actions were triggered. Cleavage rates are a recognized in vitro method to access the in vivo fertility of frozen 
ram semen [1]. Thus, further studies are necessary to assess the feasibility of using in vivo rates of pregnancies after the 
use of frozen ovine semen treated by negative pressure. 
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INTRODUCTION

The use of frozen ram semen is bound to the 
laparoscopy intrauterine insemination method [10]. 
The semen undergoes physical and chemical changes 
during the cryopreservation process, which promotes 
premature capacitation, reducing its motility and vi-
ability.

In recent years, several methods were pro-
posed to increase the efficiency of cell preservation. 
The effect of controlled stress on cell physiology has 
been widely studied, and there is strong evidence that 
positive pressure improves the quality of cryopreserved 
gametes and embryos [9]. Submission to positive pres-
sure increased up to 2.4 times the motility of frozen 
boar semen [6]. Birth of more numerous litters was ob-
tained after insemination with frozen semen submitted 
to positive pressure [3]. The controlled stress induced 
by positive pressure also increased sperm cryotolerance 
in other species, such as cattle [8].

The increased cryotolerance of cells subjected 
to pressure is due to their response to stress, which 
induces changes in gene expression, modification of 
mRNA after transcription, protein modifications by 
post transcriptional factors, and induction and interac-
tion among different proteins and protein DNA [9].

 Looking for similar effects, we developed a 
piece of equipment (Nitrocooler) to apply negative 
pressure. The “Nitrocooler” increased cryotolerance 
in bovine oocytes [11] and bovine IVP blastocysts 
[5]. Nevertheless, until now, negative pressure was not 
tested in sperm cells.

This study aimed to determine the effects and 
the best negative pressure value to apply in pre-freezing 
ram semen.

MATERIALS AND METHODS

A pool of semen was obtained from two adult 
rams from the Lacaune and Milschaff breeds. Five rou-
tines of collection and freezing were performed. Two 
straws were evaluated from each routine of freezing.

Collection and processing of semen

The semen was collected with artificial vagina, 
evaluated under microscope and immediately diluted 
in 1 + 1.5 with Tris-egg yolk. Only ejaculates present-
ing above 80% progressive motility (PM) were used. 
The ejaculates were pooled and fractioned into four 
experimental groups. Control: No treatment applica-

tion; P200: Application of 200 mBar negative pressure; 
P500: Application of 500 mBar negative pressure, and 
P800: Application of 800 mBar negative pressure. The 
negative pressure was applied for three min with the 
aid of Nitrocooler equipment. Just after treatments, all 
groups were additionally supplemented with Tris -yolk 
glycerol resulting in a final 1 + 3 dilution, and a sperm 
concentration of 180 million sperm per straw. Semen 
from all groups was subjected to the same process of 
cooling and freezing performed in a TK30001 equip-
ment. Straws from all groups were stored in a cryogenic 
container until the evaluations.

Evaluations after thawing

The semen was thawed in a water bath at 37°C 
for 20 s and then subjected to in vitro evaluations. First, 
a sample of semen of each treatment was submitted 
to thermal resistance test (TRT) at 37°C for 3 h [2], 
with PM being evaluated at zero, 1, 2 and 3 h. Another 
sample of semen was submitted to plasma membrane 
integrity (PMI) evaluation of hypo-osmotic test and 
acrosome integrity by FITC-PNA2 staining, just after 
thawing and again after selection by Percoll3. To per-
form the hypo-osmotic test, 10 μL of semen was added 
to a solution of 50 mOsm for 15 min. Subsequently, 
200 sperm cells per slide were evaluated under an 
optical microscope. Cells with tail tucked indicated 
intact membrane.

Propidium Iodide2 (PI, P4170) fluorescent 
probes and conjugated lectin from Arachishypogaea 
(FITC - PNA; L7381) were used to analyze the acro-
some membrane integrity. The evaluation was performed 
according to the protocol previously described [12]. 

Finally, the semen selected by Percoll was sub-
mitted to acrosome and plasmatic membrane integrity 
evaluations. Percoll selected semen was also used for 
heterologous in vitro fertilization (IVF) performed 
with bovine oocytes. The heterologous IVF methodol-
ogy was based on previously described methodology 
[1]. Ovaries were collected from a slaughterhouse 
and transported to the laboratory. Follicles between 
2 and 8 mm diameter were punctured with the aid of 
a vacuum pump. The search and selection of oocytes 
were performed in centrifuged follicular fluid under 
stereomicroscope. The oocytes were selected according 
to the morphological aspect [4]. Groups of 25 oocytes 
were randomly allocated to each treatment. Maturation 
was performed in 400 μL of TCM 1993 salts supple-
mented with 26.2 mM NaHCO

3
2, 25 mM Hepes2, 0.2 
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mM sodium pyruvate2, 0.01 UI FSH4, 0.5 μg/mL LH4 
and 10% fetal bovine serum2, in 4-well culture dishes5.

Maturation and culture were performed in an 
incubator at 39°C with 5% CO

2
 and saturated humidity 

during 22 to 24 h.
After maturation, oocytes were partially de-

nuded by successive pipetting, and then subjected 
to fertilization in dishes containing 400 μL of SOF 
medium supplemented with 10% fetal bovine serum, 
sodium pyruvate, PHE2 and BSA2 [1]. Sperm selection 
was performed by Percoll gradient 45 and 90%, and 
used in a concentration of 1x106 sperm/mL medium. 
Incubation of oocytes and spermatozoa was performed 
at 39°C, 5% CO

2
 in saturated humidity for 18 to  

22 h. Then, the presumptive zygotes were mechani-
cally denuded and submitted to culture in SOF medium 
supplemented with 10% fetal bovine serum, antibiotic 
and pyruvate.

On day two of culture (D0 = IVF) oocytes/zy-
gotes were evaluated for cleavage rate. The structures 
were fixed in 400 μL of formaldehyde6, and stained in 
Bisbenzimide Thihydrochloride2. Groups of zygotes (n 
= 5) were added to a 10 μL drop of glycerol2 on a slide 
covered with coverslips. Evaluations were performed 

in an epifluorescence microscope (Olympus BX 51)7 

under WU filter with 450-490 nm excitation and 520 
nm emission at 1000x magnification. The result was 
defined by presence or absence of male and female 
pro nucleus.

Statistical analysis

The cleavage rate after heterologous IVF, post 
thaw motility, and motility at 1, 2 and 3 hours of TRT 
and after Percoll; the acrosome integrity after thawing 
and after Percoll; and integrity of the plasma membrane 
after thawing and after Percoll were evaluated by t test 
with 5% significance level by Jump statistical pro-
gram. The post-Percoll motility and times of the TRT 
variables were normalized by arcsine transformation.

RESULTS

The post-thaw progressive motility was re-
duced by negative pressure (40.9%, 38.9% and 38.9%, 
P200, P500 and P800 respectively) compared with 
Control group (49%). However, in the further evalua-
tions performed at 1 h, 2 h and 3 h of TRT, and after 
Percoll selection (MPPP), no differences were ob-
served between treatments and control group (Table 1). 

Table 1. Percentages and standard error of progressive motility (PM) in post-thaw, and after 1 h, 2 h and 3 h of Term Resistance Test (TRT), and post 
Percoll selection (PP), of ram semen frozen after submission to negative pressure of zero (control), 200, 500 or 800 mBar. Data from 5 replications 
each one with 200 spermatozoa evaluated.

GROUP

EVALUATIONS (%)

PM 
(post-thaw)

PM 
(TTR 1h)

PM 
(TTR 2h)

PM 
(TTR 3h)

PM
PP

Control 49.0 ± 3.3ª 43.5 ± 4.3 ª 40.8 ± 4.8ª 34.8 ± 4.8ª 66.0 ± 1.9ª

P200 40.9 ± 4b 37.9 ± 3ª 31.8 ± 3.7ª 28.7 ± 3.7ª 59.2 ± 4.6 ª

P500 38.9 ± 3.3b 36.9  ± 3.8ª 34.8 ± 4ª 33.8 ± 3.7ª 59.2 ± 8.6ª

P800 38.9 ± 3.3b 37.9 ± 4.4ª 36.8 ± 7.1ª 29.8 ± 3.7ª 63.2 ± 4.1ª
Different letters in the same column indicate statistical difference (P < 0.05).

As TRT of semen progressed, an interesting 
and distinct behavior was observed among groups. 
While a significant reduction in progressive motility 
was verified in Control and P200 groups, the P500 and 
P800 maintained their motility throughout the course 
of TRT (Figure 1).

In the acrosome integrity (ACI) evaluations, 
no differences were observed at post-thaw and post-
Percoll examinations. Similarly, the plasma membrane 

integrity (PMI) evaluations at post-thaw and post-
Percoll showed similar results (Table 2).

The submission to a negative pressure of 
200 or 500 mBar showed the highest cleavage rates 
(51.2 and 51.5%, respectively), which did not differ 
from control group (44.3%). On the other hand, the 
lowest cleavage rate was observed in P800 group 
(34.5%), which was similar to the control group 
(Table 2).
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Figure 1. Percentage of progressive motility (PM) at 0 h, 1 h, 2 h, and 3 h of TRT, of 
thawed ram semen previously submitted to a negative pressure of zero (control), 200, 
500 or 800 mBar. Different letters indicate statistically differences (P < 0.05) in the 
treatment of TRT over time, the absence of letters in groups P500 and P800 indicate 
similarity over time.

Table 2. Percentage and standard error of acrosome integrity (ACI) and plasmatic membrane integrity (PMI) after thawing and post Percoll gradient 
observed in ram frozen semen submitted to different intensities of negative pressure (5 replications/200 spermatozoa each), and cleavage rate after 
IVF with heterologous bovine oocytes.

GROUP ACI (POST-
THAW)

ACI (POST- 
PERCOLL)

PMI (POST-
THAW)

MI (POST- 
PERCOLL)

CLEAVAGE 
RATES

Control 55.4 ± 5.9ª 46.4 ± 2.1ª 36.6 ± 3ª 45.4 ± 4.8ª (57/131) 44.3 ± 3.9ª b

P200 52.4 ± 2.6ª 45.7 ± 1.8 ª 30.2 ± 2.6a 39.9 ± 2.2ª (72/140) 51.2 ± 5.4ª
P500 49.5 ± 3.1ª 46.2 ± 2.6ª 34.3 ± 3.1ª 47.3 ± 4.2ª (70/136) 51.5 ± 2.9ª
P800 49.8 ± 5.1ª 49.3 ± 4.0ª 30.4 ± 3ª 41.1± 4ª  (48/137) 34.5 ± 5b

Different letters in the same column indicate statistical difference (P < 0.05).

DISCUSSION

The beneficial effect of positive hydrostatic 
pressure used in porcine and bovine semen has already 
been reported in the literature for some years [7]. 
However, this is the first communication of the use of 
negative pressure on semen. Negative pressure showed 
beneficial effects on the cryopreservation of in vitro 
produced bovine embryos [5]. 

Considering the lack of standard parameters 
for the use of negative pressure, and based on previ-
ous results obtained with bovine embryos, we elected 
an exposure of three min to evaluate three different 
intensities of negative pressure, 200, 500 and 800 mBar. 

Just after thawing, the three levels of negative 
pressure used (200, 500 and 800 mBar) reduced the 
progressive motility of thawed semen when compared 
to control. However, in later evaluations carried out 
during the course of TRT (1 h, 2 h and 3 h) and after 
submission to Percoll gradient, no differences between 

the control group and the groups subjected to pressure 
were observed. The three pressure intensities tested had 
a similar performance when assessed by progressive 
motility of spermatozoa in TRT, plasma membrane 
integrity and acrosome integrity after thawing and 
after Percoll selection, and were not different from 
control. It is assumed that the benefits of submission 
to controlled stress are determined, at least in part, by 
changes in gene expression, modification of mRNA 
after transcription, protein modifications by post tran-
scriptional factors, induction, and interaction among 
different proteins and proteins from DNA [9]. The 
mechanisms involved in the formation of protective 
proteins should be better studied, especially in sperm 
cells. Our data suggest that just after thaw, there was 
not enough time to trigger these actions which occurred 
during the TRT submission period. So, more studies 
to understand the mechanisms of action of negative 
pressure in spermatozoa are needed.
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An important observation was the mainte-
nance of sperm motility during the TRT performance 
observed with submission of 500 mBar and 800 mBar 
negative pressure. The prolonged maintenance of 
sperm motility suggests higher viability of these cells 
and may encourage its use in cervical AI in ewes. 
Nevertheless, this hypothesis should be tested in an 
in vivo study.

Cleavage rate after heterologous fertilization 
is a recognized in vitro method to predict the in vivo 
fertility of frozen ram semen [1]. After assessing the 
rate of sperm penetration in vitro (cleavage), obtained 
by the pro nucleus formation, we observed that nega-
tive pressure of 500 mBar and 200 mBar resulted in 
higher cleavage rates than 800 mBar. Cleavage rates 
are a foundation for demonstrating a beneficial effect 
of negative pressure in the cryotolerance of ram semen.

Therefore, the application of negative pressure 
800 mBar was seen to be detrimental to embryonic 
development. The negative pressure of 800 mBar was 
shown to be harmful to ram semen, reducing their abil-
ity to produce embryos, suggesting that it is excessive 
for use in the pre-freezing of ram sperm.

In summary, while 800 mBar negative pres-
sure should be discarded as excessive pressure for 
use in ram semen, 200 mBar negative pressure is not 
adequate, possibly because it is an insufficient stressor, 

as suggested by its inability to maintain progressive 
motility during TRT.

CONCLUSIONS

Based on obtained data, we concluded that 
500 mBar negative pressure is the most appropriate 
intensity for use in pre-freezing of ram semen, by 
maintaining the PM up to 3 h after thawing and en-
abling high embryo rates after heterologous IVF with 
bovine oocytes.

In vivo evaluations, as determined by preg-
nancy rates after insemination with frozen semen, may 
indicate more precisely the real efficiency of the use of 
500 mBar negative pressure to improve the cryotoler-
ance of ram semen. Thus, further studies are needed 
to assess the feasibility of using in vivo semen and the 
effect on pregnancy rate after the use of semen treated 
by negative pressure.
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