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Abstract

Optimizing sperm performance can be a differentiating factor in clinical pregnancy rates for assisted reproductive technology (ART) laboratories. Minimizing cellular stress during routine sperm processing by maintaining a precise and stable environment is of great importance in the field. In commercial media, pH of the external cellular culture environment (pHe) is typically maintained at 7.2-7.4 by various buffering reagents, while the internal pH of the cell (pHi) depends on available lactate and amino acids. Combining buffers in solution has been previously shown to be valuable for stabilizing internal and external pH for various biological systems. We hypothesized that a dual-buffer culture medium
might improve sperm performance for ART. Here we demonstrate superior performance of a commercially available dual-buffer solution of HEPES and MOPS: Multipurpose Handling Medium (MHM, Irvine Scientific). Significantly better performance, assessed at 8 and 48 hours, and measured as: sperm viability, total motility, and rapid forward progression, was observed for MHM over single buffer controls. 
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Introduction

Achieving and maintaining high pregnancy rates is a top priority for embryology labs and fertility practices. Optimizing sperm performance can be a key differentiating factor in achieving better clinical pregnancy rates. Human sperm handling procedures for ART are commonly performed under atmospheric conditions, where temperature and CO2, play a significant role in regulating pH. Maintaining a precise and stable pH balance is challenging, as even minor environmental fluctuations can negatively impair human sperm function. HEPES and MOPS are zwitter ionic organic buffers with pKa at 20 °C of ~7.55 and 7.15, respectively. Individually, they have been extensively studied in numerous ART-related processes, including: sperm isolation, oocyte retrieval, ICSI, embryo biopsy, embryo transfer, and cryopreservation. However, recent evidence supports the notion that combining HEPES: MOPS may allow for improved media formulations.


Multipurpose Handling Medium (MHM, Irvine Scientific) is a commercially available dual-buffer solution of HEPES and MOPS used to maintain stable conditions for oocytes, and embryos when being manipulated under atmospheric conditions. Dual- buffer solutions have demonstrated improvements in working pHe, Na+ or K+ concentration, and/or concentration toxicity and osmolality, over single buffer media, and is specially formulated to maintain a physiological pH of 7.2-7.4 over a broad temperature range. We hypothesize that a dual-buffer Multipurpose Handling Medium will better support and maintain sperm viability parameters compared to specimens processed with a single buffer solution.


Here we describe the baseline conditions for human semen samples in three handling media (dual buffer MHM compared to two commercially available single buffer HEPES media: a control sperm washing medium, Sperm Washing Medium (SPWASH, Irvine Scientific), and an ART handling medium, Quinn's Advantage Medium with HEPES (QUINN, Cooper Surgical), by distribution of motility percent and rapid progression percent, and we quantify causal association of motility percent and rapid progression percent to handling medium after 48 hours at room- atmosphere conditions.


Materials and Methods

Sperm collection, preparation and processing

Semen samples from 21 men undergoing routine fertility testing and having normal specimen parameters as defined by the WHO 5th edition [1] were included in this study. Specimens were liquefied for 30-60 minutes and sperm were quantified using a Computer Assisted Sperm Analyzer (CASA; CEROS™ II, Hamilton Thorne). Specimens meeting eligibility criteria were layered over a 50:90% Isolate gradient (Isolate, Irvine Scientific) and centrifuged for 20 minutes at 300xg. Following centrifugation, sperm pellets were suspended with 10ml of SPWASH and centrifuged for 10 minutes at 300xg. This wash step was performed two times for each specimen. The final sperm pellet was quantified using CASA and equivalent concentrations of motile sperm (~5million/ml) were added to the following treatment groups: SPWASH, QUINN, and MHM. All specimens were analyzed under IRB approval.


Data collection and statistics

Following collection, processing, and preparation of participants semen samples in three handling media- labeled and capped tubes were left in a controlled room temperature environment for 48 hours. Assessments were performed at 8, 24, and 48 hours, at which time the concentration, motility percent, rapid motile progression percent, medium motile progression percent, slow motile progression percent, and static motile percent of total sperm were recorded. The mean and standard deviation of the recorded baseline (0-hour) characteristics were calculated to describe the observed location and spread of these variables, by handling medium and overall. The distributions of motility percent and rapid progression percent within each handling medium are summarized in box plots at baseline and each follow-up time.


The overall association between motility percent and handling medium was assessed using a linear mixed effects regression model. This model estimates the average motility percent of sperm in each medium, adjusting for the motility percent at baseline and accounting for possible correlation between measurements on the three samples taken from the same individual. Separate models were used to estimate motility percent at 8 hours and at 48 hours. Analogous linear mixed effects models were fit to assess the association between rapid progression percent and handling medium at 8 hours and at 48 hours.


Results

Semen samples from 21 individuals, and each sample was prepared following the same laboratory protocol and divided into three subsamples, one in each of the study media (MHM, QUINN, SPWASH), for a total of 63 samples. The study design is balanced across subjects and sperm handling media, and there is no missing data for the analyzed variables. The mean and standard deviation of baseline characteristics of the samples are shown in Table 1. The concentration of sperm is similar across handling media, and there were no statistical differences in total motility or motility progression categories across the three treatment groups. Box plots comparing the distributions of motility percent in MHM, QUINN, and SPWASH at baseline and at 8, 24, and 48 hours are shown in Figure 1. In these plots, the horizontal black line dividing the box indicates the median (or 50th percentile) of motility percent for samples in the specified medium. The bottom and top of the colored box correspond to the observed 25th percentile and 75th percentile of motility percent values, respectively. This interval is also called the inter quartile range (IQR). The vertical lines extending from the box indicate the range of observed values within a distance of 1.5 times the length of the IQR from the median. Motility percent appears to be similarly distributed across the three media at baseline, but as time progresses, the motility percent declines more in QUINN and SPWASH than it does in MHM.
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Figure 1: Distribution of motility percent, stratified by handling
medium and follow-up time. 





Table 1: 
Mean and standard deviation (SD) of baseline (0-hour)
conditions, overall and by medium type.
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The estimated differences in mean motility percent at 8 hours and at 48 hours, comparing samples of sperm preserved in QUINN to those in MHM and comparing samples preserved in SPWASH to those in MHM are shown in Table 2. Each estimate is accompanied by a 95% confidence interval for the true difference between mediums as well as a p value quantifying the strength of evidence in the data supporting the difference. For example, at 8 hours, the mean motility percent in QUINN is estimated to be 7.12 lower than the mean motility percent in MHM, comparing samples with the same baseline motility percent. We are 95% confident that the true difference in motility percent between the mediums (QUINN minus MHM) at 8 hours is within the interval -10.57 to -3.68. The p value for the statistical test that the true difference is nonzero is p = 1:62 x 10-4: This value estimates the probability that a difference between mediums of -7.12 would be observed if indeed there were no difference in motility percent between the mediums, and the difference in observed values were only due to random chance. A very small p value indicates that the data contain strong evidence that the mean motility percent after 8 hours in QUINN is different from, and in this case lower than, that in MHM. Typically, a p value of less than 0.05 is interpreted as a statistically significant association. The values in the table for the difference in motility percent between QUINN and MHM at 48 hours and for the difference in mean motility percent between SPWASH and MHM at 8 hours and at 48 hours may be interpreted analogously.



Table 2: 
 Estimated difference in mean motility percent of sperm
preserved in QUINN compared to MHM, and in SPWASH compared to
MHM, at 8 hours and at 48 hours.
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Figure 2:   Distribution of rapid progression percent, stratified by
handling medium and follow-up time. 





For example, at 48 hours, the mean motility percent in SPWASH is estimated to be 17.14 lower than the mean motility percent in MHM, comparing samples with the same baseline motility percent, with a 95% confidence interval of (-21.71,-12.57) for the true difference and a p value p = 2:58 x 10-9: Box plots comparing the distributions of rapid progression percent in MHM, QUINN, and SPWASH at baseline and at 8, 24, and 48 hours are shown in Figure 2. As was observed for overall motility percent, the rapid progression percent appears to be similarly distributed for each of the three media at baseline. At each subsequent follow-up time, the rapid progression percent appears to decline more in QUINN and SPWASH than it does in MHM.




Table 3: 
  Estimated difference in mean rapid progression percent
of sperm preserved in QUINN compared to MHM, and in SPWASH
compared to MHM, at 8 hours and at 48 hours.
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The estimated differences in mean rapid progression percent at 8 hours and at 48 hours, comparing samples of sperm preserved in QUINN to those in MHM and comparing samples preserved in SPWASH to those in MHM are shown in Table 3. Each estimate is accompanied by a 95% confidence interval for the true difference between mediums and a p value quantifying the strength of evidence in the data supporting the difference. The interpretations of the results of the linear regression in Table 3 are analogous to those shown in Table 2. For example, at 48 hours, the mean rapid progression percent in QUINN is estimated to be 17.04 lower than that in MHM, comparing samples with the same baseline rapid progression percent. The 95% confidence interval for the true difference in rapid progression percent between QUINN and MHM is (-21.65, -12.44). The p value associated with this estimate is p = 3:38 x 10-9, which indicates very strong evidence in the data supporting the difference in mean rapid progression in QUINN and MHM. As for motility percent above, differences of substantial magnitude and strong statistical significance were observed for rapid progression percent at 8 hours and at 48 hours, between QUINN and MHM and between SPWASH and MHM.


Discussion

Replicating physiological homeostasis minimizes cellular stress during routine sperm handling, generating optimal outcomes for assisted reproductive procedures, such as: IUI, ICSI, and IVF [2]. During insemination, gametes and embryos are readily maintained at ideal temperature, humidity, and CO2 levels.The CO2 gas concentration regulates external pH. pHe is easily manipulated and measured; therefore, optimal pHe has been extensively examined for embryo and gamete culture. However, handling, processing, and preparation steps are typically performed outside of an incubator, where sperm are exposed to atmospheric conditions, and the risk of even minor changes in pHe can lead to undesirable outcomes in sperm viability and performance, and by extension fertility outcomes [3].

 

 
Zwitter ionic buffers, such as HEPES and MOPS, can act as either an acid or a base and are commonly used to stabilize pHe in cell culture media. It has been shown that pHe influences cells in culture through its impact on intracellular pH (pHi; 4,5). pHi in turn, regulates a variety of cellular processes including enzymatic activity, cell division, differentiation, membrane transport, protein synthesis, cell communication, cytoskeleton elements and microtubule dynamics [3]. Cells contain intrinsic pHi regulatory mechanisms, (HCO3- /Cl- exchanger, Na+ /H+ antiporter, and Na+ dependent HCO3-/Cl- exchanger); however, in culture, pHi initially follows the external pH of media. For clinical use, buffers should be stable, easily prepared, and consistent lot-to-lot. HEPES and MOPS can be obtained as a free acid, or conjugated to various salts; like sodium and potassium. Combining free acid and salt forms of the same buffer in various ratios offers the ability to adjust the working pHe of the medium during formulation, without the need to adjust with an acid or base later, improving consistency of the media formulation [4].


Multipurpose Handling Media (MHM, Irvine Scientific) combines HEPES and MOPS for an improved formulation that does not require the use of a CO2 incubator to maintain physiological pH 7.2-7.4 and osmolality over a broad temperature range. Additionally, MHM solution also contains glycine and taurine to maintain cellular homeostasis through regulation of pHi [5]. Combining HEPES and MOPS for embryo culture demonstrated that the use of both buffers provide buffering at a point between HEPES or MOPS alone, and yielded similar blastocyst formation and cell number compared to the individual buffers [6]. Furthermore, preliminary studies suggest that a combination buffer of HEPES/MOPS may be useful for procedures such as ICSI, as it yielded similar rates of normal fertilization of human oocytes (71%) abnormal fertilization (5%) and blastocyst development (74%) as media buffered with HEPES alone (63%, 12%, 52%, respectively; 6).


Human sperm bioassays are highly sensitive when both motility and the quality of sperm motility (motility grade) are taken into consideration [7]. The American Association of Bioanalysts (AAB) chose an assay time of 48 hours for identifying the quality of ART culture media, we used 48 hours as an endpoint to be consistent with this guidance, and assayed motility percent and rapid progression percent, to sensitively quantify causal association of sperm performance to handling medium. The experimental design of this study enabled the causal association between handling medium and rapid and total sperm motility percent. However, it is important to carefully assess whether any unmeasured factors or factors not analyzed could explain part or all of the observed differences in motility percent andm rapid progression percent between the handling media. Precise handling of cells and supplies within the lab, as well as tedious attention to detail are just as important as the media formulation to outcomes. We took care to minimize any differences across
media in the handling of samples throughout the experiment and in the measurement tools or procedures used at baseline or
during follow-up, so as not to introduce bias into the data.

 

Conclusion

Differences of substantial magnitude and strong statistical significance were observed for mean motility percent between QUINN and MHM, and between SPWASH and MHM, at both the analyzed follow-up times. Here for the first time, we have demonstrated superior performance of a commercially available dual buffer solution of HEPES and MOPS for human sperm handling. Sperm viability, motility percent, and rapid progression in MHM displayed significantly better performance than single buffer controls, presumably due to synergistic pHe and pHi stabilization afforded by a dual-buffered system.
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