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There are numerous commercially available sperm 
washing and resuspension buffers (SWBs) used 
for sperm preparation and insemination. All are 
widely considered to provide similarly suitable 
conditions to support sperm function prior to assisted 
reproduction. This article provides an overview of 
our work exploring SWB formulations to identify 
whether we can optimize SWB composition in 
relation to two factors that we have identified as 
potentially important – namely, pH and bicarbonate.

Essential properties of SWBs include balancing the 
requirement for long-term motility and capacitation 
support with the need to ensure that the acrosome 
reaction does not happen prematurely, and that 
sperm do not metabolically ‘burn-out’ too early. 
As there is a general assumption that the majority 
of SWBs perform to a similar standard, product 
choice from the perspective of the embryology 
laboratory is often simply influenced by cost, or 
by an historical or personal preference. Yet this 
idea that performance does not vary between 
commercial SWBs may be because subtle but 
important differences between products exist that are 
difficult to detect using manual motility estimates. 

Furthermore, sperm velocity, measured linearly or 
curvilinearly, has been consistently demonstrated to be 
fundamental to predicting conception1,2, either natural 
or assisted. As such it should always be considered 
when evaluating SWB performance. Arguably, manual 
estimates of sperm velocity are subjective and lack 
standardization; for reliable assessments a suitable 
computer assisted sperm analysis, or CASA, system 
provides an accurate technical alternative3. To explore 
the parameters of SWBs that affect sperm motility 
and velocity, for this study we chose to use the SAMi 
software system. 

 
Important Parameters For Sperm Function

As part of a performance review/validation exercise in 
our laboratory, we determined that washed-prepared 
donor sperm demonstrated subtle differences for both 
percent progression and progressive velocity when 
incubated with three commercially available media. 
This finding prompted further investigation since it 
potentially has implications for the unit’s relative success 
of IUI using partner or donor sperm. In terms of basic 
solute composition, osmolality, and viscosity, there 
appeared to be few differences between products.  
However, two factors stood out as potential targets for 
further investigation: bicarbonate content and pH. 

Both of these parameters have, for some time, been 
known to play an important role in suppressing 
sperm motility while they mature in storage 
in the epididymis, and in their activation and 
hyperactivation3,4,5. However, high bicarbonate 
levels have been associated with metabolic burn-
out. Furthermore, manufacturers' data indicate that 
wide variations exist between SWBs in terms of pH 
stability. Understanding the effects of bicarbonate 
concentrations and pH on sperm in vitro with respect 
to sperm motility and velocity is therefore important if 
we are to optimize our use of sperm washing buffers.
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Key finding

Sperm thrive in different conditions from oocytes 
and embryos.  Sustaining a high level of motility and 
velocity in vitro depends on pH and bicarbonate 
concentration, or both acting synergistically. 



How did we investigate?

To investigate the effect of pH and bicarbonate on 
sperm progression and motility, six pharmaceutical-
grade test media were formulated (by CooperSurgical 
Research and Development) using the same base 
medium, but with differing pH (7.0-8.5) and different 
bicarbonate levels (0-30mmol). Human serum albumin 
(HSA) concentration was kept constant across all 
formulations. These media were tested before use and 
at the end of the test period of six weeks to determine 
pH change.   

Testing involved preparation of sperm from 20 donors 
with proven fertility using our standard density gradient; 
each donor’s sperm samples were then resuspended in 
each of the six test media formulations. Each experiment 
was therefore internally controlled by exposing the 
same test-sample to each media combination. Sperm 
motility and curvilinear velocity were then quantified 
using the SAMi CASA system (Procreative Diagnostics) 
at 0, 3, 6 and 24 hours. A single technician blind to 
media composition during testing performed all  
20 experiments. 

What We Have Found So Far 

Data from our de facto pH tests indicate that pH levels 
did vary with time for the test media (see Figure 1, 
above), with pH increasing across all formulations, 
but that all test media formulations were relatively 
stable over the six-week testing period in this respect. 

Regarding progressive motility, significant differences 
were observed between the test media. Analysis 
also revealed significant correlations for both 
progression and velocity with pH and bicarbonate 
levels over time: High pH, high bicarbonate (or 
both) maintained sperm with the highest percent 
sperm progression and velocity (Figure 2).

Our Initial Conclusions

The ‘take-home’ message is both simple yet significant, 
and one which is certainly not universally appreciated. 
This straightforward but effective experiment 
demonstrated that either pH, bicarbonate (or both 
acting synergistically) is important for sustaining a high 
level of sperm motility and velocity in vitro. 

Six test derivatives from the same base medium but 
with differing pH and containing different levels 
of bicarbonate were tested for influence on sperm 
motility and curvilinear velocity. Both these variables 
were shown to correlate with the formulation changes 
made. These results may have implications for 
SWB composition for both clinical and laboratory 
applications, and for diagnostic semen analysis.  

A number of authors have utilized CASA to demonstrate 
the importance of sperm swimming speed for 
establishing fertilization and pregnancy, and have 
suggested that simple reporting of progressive motility 
provides an ‘incomplete picture’ when it comes to 

Figure 1: pH of the six test media (TM1 - TM6) tested at week one and week six post-production of six TM media.
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assessing a sperm sample's viability in terms of potential 
IVF success.2,6,7,8. Therefore, it would seem logical 
that we should take into account both sperm motility 
and velocity as viable measures when attempting to 
improve SWB composition by varying factors (such 
as pH and bicarbonate levels) that are known to 
affect these functions in ways that  impact on oocyte 
fertilization. Furthermore, as CASA systems appear to 
provide a reliable means of quantifying sperm motility 
and velocity, their consistent use in research into media 
optimization would allow for better data comparison 
across studies. 

Although many laboratories would not contemplate 
incubating sperm for extended periods, there may be 
situations where it may be useful; overnight incubation 
where insemination has not been possible, for example. 
Also, perhaps, extended incubation could be useful 
for comprehensive toxicity testing of laboratory 

consumables9 or even healthcare products, such as 
specimen collection condoms or gel lubricants10. 

One concern was that excessive bicarbonate could 
have a detrimental effect on sperm function longer 
term, leading to ‘burn out’ or over-performance with 
a subsequent loss of essential nutrients required to 
maintain a high level of motility. This issue was not 
observed experimentally, nor was there any evidence 
of adverse effects on other end-point measures such as 
the acrosome reaction.  

Follow-up experiments are planned which should 
help to optimize the pH and bicarbonate composition 
of SWBs that both maximizes motility/velocity yet 
minimizes the potential of sperm ‘burn out’ due to 
increased metabolism. Overall, our preliminary work 
indicates that more needs to be understood about 
optimal SWB formulation. 
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Figure 2: Progressive curvilinear sperm velocity (µm/s) for six test media over 24 hours.
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