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Summary: Two methods of measuring human sperm viability, the stain exclusion 
assay and the hypoosmotic swelling (HOS) test, were evaluated. Human sperm were 
pretreated with 2.0% glutaraldehyde or 0.1% Triton X-100 and compared to untreated 
controls. Approximately one half of the sperm were found to be viable in the control 
samples and nearly all sperm were non-viable in the Triton X-100 treated samples by both 
the stain exclusion and HOS assays. After glutaraldehyde pretreatment, presumably 
inactivating the spermatozoa, the HOS test revealed that most sperm were not viable, while 
the stain exclusion test found no difference between glutaraldehyde pretreated sperm 
and control sperm. Investigations with scanning and transmission electron microscopy 
demonstrated that the HOS test caused the membrane of the sperm tail to swell and the 
tail fibers to coil several times within the swollen membrane. It is concluded that the 
stain exclusion assay merely measures the structural integrity of the sperm membrane, 
whereas the HOS test also provides an indication of the physiological integrity of the 
sperm membrane. 

Spermatozoen-Lebensfahigkeit: Vergleich von analytischen Methoden 

Zusammenfassung: Es werden zwei MeSmethoden fiir die Lebensfalhigkeit menschli- 
cher Spermatozoen ausgewertet : Die Fae-AusschluB-Methode und der hypoosmotische 
Schwellungs-Test (HOS). Menschliche Spermatozoen wurden mit 2,0% Glutaraldehyd 
oder mit 0,1% Triton X-100 vorbehandelt und gegen Kontrollen verglichen. Anniihernd 
die Hiilfte der Spermatozoen wurden in den Kontrollen lebensfalhig gefunden; nahezu 
alle Spermatozoen aus der Triton X-100Cruppe waren sowohl in der Farbe-AusschluS- 
als auch in der HOSMethode nicht lebensfhig. Nach Clutaraldehyd-Vorbehandlung, 
wodurch die Spermatozoen offensichtlich inaktiviert wurden, offenbarte der HOS-Test, 
daB die meisten Spermatozoen nicht lebensffig waren, wiihrend der Farbe-Ausschlus 
Test weder bei Glutaraldehyd- noch bei der Kontrolle eine Differenz zeigte. Untersuchun- 
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gen mit dem Raster- und Elektronenmikroskop demonstrierten, daS der HOS-Test eine 
Schwellung der Membran der Spennatozoengeifkl verursacht und die Geifklfibern sich 
einige Zeit in der geschwollenen Membran schliingeln. Es wird die Schlul3folgerung gezo- 
gen, da6 der Fiirbe-Ausschlul3-Test lediglich die strukturelle Integritat der Spermatozoen- 
membran f i t ,  wiihrend der HOS-Test adkrdem eine Indikation der physiologischen 
Integritat der Spermatozoenmembran liefert. 

Introduction 
Viability of spermatozoa can be determined by a stain exclusion method, which was 

originally developed by Lasley et al. (1942) and later modified to evaluate human sperm 
(Eliasson and Treichl - 1971). The basis of this assay is that the living cell membrane acts 
as a barrier to stain penetration thus not allowing nuclear staining. Recently, a new viability 
assay (Jeyendran et al. - 1984) was introduced which evaluated sperm response to hypo- 
osmotic stress (hypoosmotic swelling test - HOS test). When a viable sperm is exposed to 
hypoosmotic conditions, the tail curls and bulges due to the influx of fluids. This change 
in tail morphology can be identified under phase contrast microscopy and quantified by 
determining the proportion of sperm that undergo this change in tail morphology. The 
correlation between the two methods, while significant, is surprisingly low with a corre- 
lation coefficient of r = 0.52 (Jeyendran et al. - 1984). Martin and Taylor (1982) reported 
that no significant correlation existed between the stain exclusion assay and fertilizing 
capacity as measured by sperm penetration into zona-free hamster eggs. By contrast, the 
correlation between the results of the HOS and zona-free hamster egg penetration is very 
high (r = 0.90; Jeyendran et al. - 1984). Since both assays purportedly measure membrane 
integrity of “living” sperm. the current study was undertaken to clarify the apparent 
difference between the two assays. Two chemicals which are known to affect the sperm 
membrane were used: glutaraldehyde, a spermatocide and fixative of cell membranes 
(Could - 1980); and Triton X-100, a detergent which dissolves the outer sperm cell 
membrane (Wooding - 1973). 

Scanning and transmission electron microscopy were used to clarify whether this 
change in tail morphology is due to coiling of the tail fibers within the outer sperm 
membrane or due to coiling of the tail along with the outer membrane. 

Materials and Methods 

Semen specimens from 11 healthy men were obtained by masturbation after 3 to 5 
days of sexual abstinence. After 30 minutes to allow complete liquefaction, each semen 
specimen was divided into 3 aliquots. One was kept as a control and the remaining 
aliquots were treated with equal volumes of either 2% glutaraldehyde or 0.1% Triton 
X-100 (Sigma Chemical Company, St. Louis) in 0.15 M phosphate buffer for 10 min. 
All three aliquots were centrifuged at 1000 g for 3 min and the supernatant solution was 
discarded. The sperm p d e t  was resuspended to the original aliquot volume with 0.15 M 
phosphate buffer (pH 7.4) and aliquots from each of these samples were tested by both 
viability assays. 

Viability by stain exclusion was determined using a method modified from Eliasson 
and Treichl(1971), in which a drop of sperm suspension and a drop of 0.5% Eosin Y 
stain (Sigma Chemical Co., St. Louis) in 0.15 M phosphate buffer (pH 7.4) were mixed 
together. The number of unstained (viable) sperm appearing bluish-white and the number 
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CONTROL FLUTARALDEHYDE ’ TRITON x-100 ’ 
Fig. 1: The viability of sperm treated with Glutaraldehyde, Triton X-100 or controls assayed by the 
two methods. The hatched bars represent the percentage unstained (“alive”) by the stain exclusion 
assay. The white bars represent the percentage swollen (‘‘aLive’3 by the HOS assay. 

of stained (non-viable) appearing reddish-yellow to yellow were counted using phase 
contrast microscopy within five minutes after staining. The percent viable was calculated 
after evaluating a minimum of 200 sperm cells per sample. 

Viability by HOS was determined as outlined by Jeyendran et al. (1984), where 0.1 mL 
of sperm suspension was mixed with 1.0 mL of hypoosmotic solution consisting of equal 
volumes of 150mOsm sodium citrate and 150mOsm fructose. The mixture was incubated 
for at least 30 min at 37” C and the percent with swollen (coiled) tails was assessed using 
phase contrast microscopy after counting at least 200 sperm per sample. 

Statistical significance was determined using analysis of variance. 
In order to determine if the sperm membrane was intact, transmission electron 

microscopy was used. Aliquots of each of the three treatments (control, glutaraldehyde, 
or Triton X-100) were fixed (Schrader et al. - 1981) in 3% glutaraldehyde in 0.2 M 
cacodylate buffer and washed 3 times in this buffer. The sperm were post-fixed in 1% 
osmium tetroxide in 0.2 M cacodylate buffer and washed 3 more times in the buffer. 
The samples were dehydrated in a water acetone series and embedded in Spurr’s resin 

Fig. 2: Scanning Electron Micrograph of an untreated human spermatozoa X3,300. 
Fig. 3: Scanning Electron Micrograph of a hypoosmotic stresses sperm. 
3a -whole sperm X3,300 
3b - Enlargement of tail X l l ,  900. 
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(Spurr - 1969). Sections were cut on a Reichart OMB 3 ultramicrotome and stained with 
uranyl acetate and lead citrate for 10 min each. The stained sections were examined with 
a RCA 3F transmission electron microscope at an accelerating voltage of 100 kV. 

For scanning electron microscopy, one mL of the suspension was deposited on a 25 mm 
Nucleopore membrane filter with a pore size of 2.0 micrometers and vacuum filtered. The 
cells were then rinsed with distilled water. The filter was air dried and affixed to a carbon 
planchet with colloidal graphite paint. The sample was then sputter coated with a gold/ 
paladium conductive layer. The samples were viewed in a Hitachi S-570 scanning electron 
microscope at an accelerating voltage of 15 kV using secondary electron imaging. 

Results 

Figure 1 illustrates the measurements of the two assays for each treatment. The mean 
(+ standard deviation) percent alive found with the stain exclusion assay was 56.9 f 9.7% 
for control, 58.5 f 17.85 for the glutaraldehyde treated and 0% for Triton X-100 treated 
spermatozoa. The mean (f standard deviation) percent alive determined by the HOS test 
was 48.2 f 11.2 for controls, 5.3 f 1.9% for glutaraldehyde treated and 3.2 f 1.8% for 
Triton X-100 treated. There were no significant differences found between the control 
samples and the glutaraldehyde treated samples using the stain exclusion assay; however, 
there was a difference (p < 0.01) between these treatments using the HOS assay. Both 
assays indicated a significant difference (p < 0.01) between the control samples and the 
Triton X-100 treated samples. There was no significant difference between the glutaral- 
dehyde treated samples and the Triton treated samples using the HOS test while the 
difference was significant using the stain exclusion assay (p < 0.01). Scannning electron 
micrographs of normal (Fig.2) and hypoosmotic swollen sperm (Fig.3 a and b) demonstrate 
a noticeable shortening of the sperm tail. This shortening is often as much as a 3 to 4 
fold reduction in the length of the swollen sperm tail compared to the normal sperm tail. 
Transmission electron microscopy revealed the status of the sperm membrane. Figure 4 
is a cross section of a glutaraldehyde fixed sperm subjected to HOS. The sperm membrane 
is intact around each axoneme. Figure 5 is a cross section of sperm treated with Triton 
X-100 and then subjected to HOS. It is interesting to note the lack of a sperm membrane 
around the axoneme. Figure 6 is a cross section of the control sample subjected to HOS. 
The sperm membrane is swollen and surrounds 4 to 5 axonemes. Figure 7 (a and b) is a 
longitudinal section of a hypoosmotically stressed (HOS test) sperm. The outer sperm 
membrane appears to be intact and is continuous around the periphery of the coiled tail 
fibers. The cell membrane is seen only on the outside of the loop in Figure 7 and not 
along both sides of the tail structure as is seen in normal spermatozoa. The axoneme of 
the tail appears to disassemble under hypoosmotic stress (note arrows in Figure 6). 
Furthermore, the long microtubules can be seen free of the axoneme (note arrows in 
Figure 7 b). 

Discussion 

We have investigated two methods of assessing sperm viability. While both of these 
methods are thought to be based on differences of the outer cell membrane between the 

Fig. 4: Transmission Electron Micrograph - cross section of an untreated sperm tail X71, OOO. 
Fig. 5: Transmission Electron Micrograph -cross section of a Triton X-100 treated sperm tail X79,OOO. 
Fig. 6: TransmissionElectron Micrograph -cross section of a hypoosmotic stressed sperm tailX35,700. 
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live and dead sperm, it appears that they each evaluate different characteristics of the 
membrane. Spermatozoa subjected to Triton X-100 were identified as dead, as indicated 
by bothviability assays, and electron microscopy revealed that the outer sperm membrane 
had been removed. A major difference between the two viability methods was seen when 
the sperm were treated with glutaraldehyde. 

Spermatozoa pretreated with glutaraldehyde did not absorb Eosin Y and appeared 
alive even though glutaraldehyde is known to kill mammalian cells rapidly (Dawes - 1980). 
It should be noted that glutaraldehyde treated spermatozoa washed and resuspended in 
buffer were not motile. The HOS test, however, indicated that the glutaraldehyde treated 
sperm were nonviable, as demonstrated by a lack of a functioning osmotic membrane. 
It appears that as long as the sperm membrane is intact, stain is excluded even if the 
membrane is physiologically inactive and the spermatozoa are nonviable. By contrast, the 
HOS test apparently measures the ability of the membrane to transfer fluid, i.e., a physio- 
logical activity. 

The electron microscopy data indicate that the outer sperm membrane of the tail 
bulges and swells in response to hypoosmotic stress. This swelling is most likely due to 
the influx of fluids. In response to changes caused by fluid influx, the tail fibers curl 
within the swollen outer membrane of the tail. It also appears that the 3 t o 4  fold reduction 
in the length of the sperm is due to repeated coiling of the tail fibers within the plasma 
membrane as seen in Figures 6 and 7. 

If a cell’s membrane is physically disrupted, the cell will not swell in a hypoosmotic 
medium. Therefore, some correlation should exist between the stain exclusion test and 
the HOS test as our results have indicated (r = 0.52; Jeyendran et al. - 1984). However, 
a membrane may be structurally intact but physiologically altered. A physiologically 
altered membrane may not be able to undergo the many required changes that occur 
during capacitation and the acrosome reaction before the spermatozoa are capable of 
fertilization. An ability of the sperm membrane to transport fluid is only one of the 
many physiological properties of the membrane. However, based on the high corre- 
lations between the HOS test and both the zona-free hamster egg test (Jeyendran et al. - 
1984) and in vitro fertilization of intact human oocytes (Van derVen et al. - 1986), it appears 
that the fluid transport capacity of the sperm membrane reflects other physiological 
activities related to the fertilizing capacity of spermatozoa. No significant correlations 
were reported between the stain exclusion test and the zona free hamster egg assay 
(Martin and Taylor - 1982). 

The present data indicate that the stain exclusion test measures the structural 
integrity of the sperm membrane, whereas the HOS test is an indicator of its physiological 
integrity. It is therefore concluded that these two viability tests evaluate different 
characteristics of the sperm membrane. 

Acknowledgements: This research was supported in part by National Institute of Health grant 
PHS-HD 19555. 

Fig. 7: Transmission Electron Micrograph of Longitudinal Section of Hypoosmotic Swollen Tail. b 
7a - Sperm midpiece and tail X12,700. 
7b - Enlargement of tail X26,300. 
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