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INDIVIDUALITY OF DNA DENATURATION PATTERNS IN HUMAN SPERM 
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Abstract -- Eight monthly semen samples from 45 men not known to be exposed to industrial toxicants were 
measured by the flow cytometric sperm chromatin structure assay (SCSA). This assay determines susceptibility 
of sperm DNA to in situ, acid-induced denaturation and is quantitated by the metachromatic shift of acridine 
orange fluorescence from green (native DNA) to red (denatured DNA). The observed green versus red 
fluorescence scattergram (cytogram) patterns were generally unique between donors and homogeneous within a 
donor over time. Within a donor, the cytogram patterns were the same whether intact sperm cells or detached 
nuclei were measured. For some individuals the cytogram patterns differed for some months and then returned 
to the original pattern, lntraclass correlations for mean and standard deviation of alpha t [cq = red/(red + 
green) fluorescence] were higher (.67 to .90) than any classically measured semen variables, suggesting that 
SCSA results within an individual were more consistent than other measures. Furthermore, average within- 
donor CV of o~ t parameters expressed as a percent of any given individual's means was around 10%, which is 
significantly lower than those derived from common semen measures. The SCSA is an objective, technically 
sound, biologically stable, sensitive, and feasible measure of semen quality. 

Key Words: human semen quality; longitudinal study; flow cytometry; sperm chromatin structure assay; SCSA; DNA denaturation; 
acridine orange; intraclass correlation. 

I N T R O D U C T I O N  

There is growing concern about the reproductive conse- 
quences of exposing humans to the large, complex array 
of environmental and occupational chemicals. It is well 
known that semen quality may be dramatically altered 
by exposure to therapeutically administered chemicals 
(1,2) and some industrial chemicals (3-8). To detect 
toxic effects, it is of prime importance to develop more 
sensitive and practical methods by which putative alter- 
ations in fertility and germ cell quality may be investi- 
gated (9). The criteria established by Overstreet (10) for 
male reproductive risk assessment required that the tests 
be a) objective, b)technically sound, c) biologically 
stable, d) sensitive, and e) feasible. As detailed herein, 
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all of these criteria appear likely to be met by our flow 
cytometric sperm chromatin structure assay (SCSA). 

For studies on toxic exposure, sperm tests have 
received the most attention for monitoring human expo- 
sure to germ cell mutagens and male reproductive 
toxicants, because: 1) sperm can be easily obtained, 2) 
the assay is conducted on cells with paternal genome in 
the form involved in fertilization, 3) they may clearly 
demonstrate germ line damage, resulting from exposure 
to a toxic agent that has taken place in vivo, and 4) in 
contrast to many mutation assays and short term tests for 
carcinogenicity, evaluation of sperm abnormalities and 
changes in sperm count have a place in the conven- 
tional evaluation of compounds for effects on male fer- 
tility (11). 

Considerable interest and research have been di- 
rected towards determining which semen quality tests 
are the best predictors of male fertility. Although there 
are many measures of semen quality employed to diag- 
nose infertility and fertility reductions due to toxicant- 
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induced damage, few studies (12,13) have been con- 
ducted to determine stability or variability of these 
semen parameters among the general population. 

The current investigation was part of a recent 
NIOSH longitudinal study of semen quality of 45 men 
not known to be exposed to industrial toxicants (14). 
The effort here was directed specifically toward mea- 
surements of sperm chromatin structure by means of the 
SCSA (15-17) to determine the stability of sperm 
chromatin structure within a donor over time. Data from 
this assay, which measures the resistance of sperm DNA 
to in situ denaturation, have been shown to correlate 
toxic chemical exposure (17-19), drug exposure (20), 
and disease (21) with aberrations of sperm chromatin. In 
addition, limited studies on human (21,22) and bovine 
(22-24) semen have suggested a relationship between 
sperm chromatin structure and fertility. 

The present study shows that sperm chromatin 
fluorescence staining patterns differed to varying de- 
grees among many of the 45 donors. However, month to 
month similarities of staining patterns within individuals 
were evident. In some cases, varying patterns were seen 
for some of the months within a donor, possibly a result 
of some type of stress that affected spermatogenesis. 

MATERIALS AND METHODS 

Semen samples 
Forty-five men responding to a newspaper adver- 

tisement in Cincinnati were paid to deliver one semen 
sample per month to the Andrology Laboratory at the 
National Institute for Occupational Safety and Health 
(NIOSH), Cincinnati. After an approximate 2-day absti- 
nence period, samples were obtained by masturbation 
into a glass specimen jar and delivered, with protection 
from temperature extremes, to NIOSH within an hour of 
collection. Details of the recruitment procedure and 
semen evaluations by other criteria have been reported 
(14). Semen quality parameters measured at the NIOSH 
facility included sperm count, semen volume, percent 
motile sperm, sperm velocity, sperm morphology, and 
sperm viability, using light microscopy and a CellSoft 
semen analyzer. Flow cytometric measurements of se- 
men began with samples collected on the second month 
of the 9-month study. Upon arrival of semen samples at 
the NIOSH laboratory, 100 pxL aliquots of semen were 
diluted 10-fold with TNE buffer (0.15 M NaC1, 0.01 M 
Tris, 0.001 M EDTA, pH 7.4) containing 10% glycerol 
and frozen at - 100 °C in 1.5 mL microcentrifuge tubes 
(cat. #2075, West Coast Scientific, Hayward, CA). At 
the end of the 9 month collection period, all samples 
were sent on dry ice to South Dakota State University. 

Sperm chromatin structure assay (SCSA) 
Individual semen samples, stored at - 1 0 0  °C, 

were thawed in a 37 °C water bath and then immediately 

placed on crushed liquid ice. All succeeding steps were 
performed at 4 °C. Samples were diluted with TNE 
buffer to obtain a sperm concentration of -< 2 x l0  6 

sperm/mL. A 200 p~L aliquot was removed and admixed 
with 400 ~L of a low pH detergent solution (0.15 M 
NaC1, 0.08 N HC1, 0.01% Triton X - 1 0 0 ,  pH 1.4). 
After 30 sec, 1.2 mL staining solution (6 p~g/mL acri- 
dine orange [AO], chromatographically purified; Poly- 
sciences, Warrington, PA) in 0.2 M NazHPO 4, 1 rnlVI 
disodium EDTA, 0.15 M NaC1, 0.1 M citric acid mono- 
hydrate, pH 6.0] was added, and the stained sample was 
placed into the flow cytometer sample chamber (16,25). 

Semen samples used for instrument calibration 
were from a single human semen ejaculate, not a part of 
the Cincinnati samples, which was diluted in TNE 
buffer + 10% glycerol to a concentration of about 2 x 
10 6 sperm/mL and aliquotted into several hundred 300 
IxL portions in 1 mL polycarbonate snapcap tubes and 
immediately frozen at - 1 0 0  °C. Calibration aliquots 
were thawed and measured at each start-up of the flow 
cytometer, before each donor's set of samples, and after 
every four samples within that set to ensure standardiza- 
tion and stability of the instrument from sample to 
sample and from day to day. Freezing and thawing 
mouse (18) or human sperm (in preparation) as de- 
scribed above have no effect on SCSA data relative to 
fresh samples. Semen calibration standards are advanta- 
geous over fluorescent beads since they are: a) more 
sensitive, especially for SOo~ t values, and b) a biologic 
standard provides an internal control for potential exper- 
imental variables. 

Fluorescence measuredmen~ 

Samples were measured on a Cytofluorograf 30 
system equipped with a 100 mW argon ion laser oper- 
ated at 35 mW and interfaced to a 2150 data handling 
system (Becton Dickinson Immunocytometry Systems, 
Braintree, MA). Green (515 to 530 nm) and red (>  630nm) 
fluorescence values, corresponding to amounts of native 
and denatured DNA, respectively (26), were obtained 
from 5 x 103 cells per sample. Measurements began 3 
min after AO staining with a flow rate of approximately 
250 cells/sec. A single measurement was made for each 
sample, and all samples from an individual were mea- 
sured in sequence, month 2 to 9. Duplicate measure- 
ments were made on one-fifth of the samples. 

Sonication of samples 

Each semen sample was diluted to a final volume 
of 0.5 mL with TNE buffer to obtain a sperm count of 
about 2 x 10 6 ceUs/mL and dispensed into a cryogenic 
vial with a sealed cap (Coming vial no. 25702, Coming, 
NY). A rubber stopper with proper sized hole was used 
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Fig. 1. Green versus red fluorescence cytograms and corre- 
sponding alpha t (c~ t) frequency histograms of sperm from 
donor number 50 measured by the SCSA. The upper portion of 
the figure corresponds to a semen sample obtained one month 
prior to the sample corresponding to the lower portion. In- 
creased red fluorescence (denatured DNA) with concomitant 
loss of green fluorescence (native DNA) is related to the extent 
of DNA denaturation. Cells outside the main population 
(COMPoq) with abnormal chromatin are boxed off in the 
cytogram and corresponding frequency histogram. 

to hold the sample vial on top of a Branson sonicator 
cup horn (VWR Scientific, Danbury, CT) so that it was 
situated just above the bottom of the cup horn cavity. 
Water (4 °C) was circulated in the cup horn to keep the 
sample cool. The sample was sonicated for 30 sec with 
a Branson 450 Sonifier (VWR Scientific) operating at a 
power setting of 3 and utilizing 70% of 1 sec pulses. 
Under these conditions somatic cells are totally dis- 
rupted and -> 95% sperm tails were removed from 
heads. This procedure utilizing sealed tubes provides 
protection from potential aerosolized infective agents in 
the samples. 

Statistical analysis 
Computer-generated means and standard deviations 

of green and red fluorescence and alpha t (a t = red/total 
[red + green] fluorescence) (26) values were analyzed. 
The percentage of cells outside the main population of 
a t (COMPort;16,17) was obtained by delineation of the 
main population of a t and determining the percentage of 
cells inside and outside of it. This is accomplished by 
extrapolating the right hand slope of the oq frequency 
histogram to the x axis. Data points to the left of this 
line are in the main population while those to the right 
are COMPtx t (see Figure 1). Fluorescent debris, found 
near the origin of the cytogram, was in almost all cases 
easily delineated and excluded from analysis. 

The data were analyzed on a Compaq 386 PC 
computer using Statistical Analysis System (SAS;27) 
procedures. Similar to the companion study (14), the 
key statistics calculated, using the NESTED Procedure, 
included between-subject standard deviations (SDB; vari- 
ation from one donor to another); within-subject stan- 
dard deviations (SDw; variation of repeated samples 
within a donor); intraclass correlations (RI; measurement 
of the size of between variance relative to total (between 
+ within) variance, total coefficient of variation (CVT), 
and within-subject coefficient of variation (CVw). 

The intraclass correlation (RI) is a measure of 
repeatability, and a high correlation coefficient indicates 
that repeated measures from the same individual are 
similar. The coefficients of variation, CV x and CVw, 
help assess precision relative to the mean (14). CV x 
provides the relative precision of a parameter value, 
measured once for a single subject, to represent the 
mean of the population over time. CV w is an average of 
the 45 intradonor coefficients of variation for a given 
parameter and tells how precisely a single measurement 
of a parameter represents the true mean (over time) 
within a donor. 

RESULTS 

Data obtained from the sperm chromatin 
structure assay 

Figure 1 shows representative data from the sperm 
chromatin structure assay of human sperm. The cyto- 
gram (scattergram) shows raw data with each point 
representing the coordinate of red and green fluores- 
cence for an individual sperm. The dots in the lower left 
hand comer correspond to sample debris and are ex- 
cluded from data analysis. The ability to differentiate 
debris from sperm signals is essential for accurate 
analysis. Although each sperm normally contains a 
uniform amount of DNA, an elongated distribution of 
green fluorescence is observed due to high refractive 
index and asymmetric shape of the sperm head, and 
the optical configuration of the flow cytometer (28). 
This optical artifact has no significant effect (16,17) on 
the at distribution as evidenced by its low coefficient of 
variation and the narrow frequency histogram. Cells 
outside the main population of the (x t distribution, 
(COMPoq), are boxed off in Figure 1. COMPoq corre- 
sponds to the percentage of cells with abnormal chroma- 
tin structure as measured by the SCSA. The extent of 
chromatin structure abnormality is represented by the 
mean and standard deviation of O£ t (Xoq and SD,~,, 
respectively; 16,17). 

Effect of abstinence on SCSA values 
The mean abstinence period prior to sample collec- 

tion ranged from 2.64 _+ 1.01 days (August) to 3.07 + 
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Fig. 2. o~ t frequency histograms of three semen samples 
obtained from a single individual following: A) 7 days, B) 2 
days, and C) 0.5 day abstinence. 

1.73 days (December); the range of abstinence for all 
samples was 0.5 days to 11 days (14). Figure 2 shows 
that abstinence times from 0.5 to 7 days had no signif- 
icant effect on a t parameters measured within a single 
individual; COMPot t values ranged from 10% to 11%. 

Cytograms of eight monthly samples obtained from 
15 men 

Figure 3 displays cytograms of 8 successive month- 
ly semen samples obtained from 15 of the 45 men; 
selection of donor cytograms was made on the basis of 
including a variety of the different patterns observed. 
Note the degree of pattern similarity within an individ- 
ual over the months. Note also the similarities and 
differences of signal profiles between some of the 
donors. Subjective classifications can be made for cell 
staining distributions relative to the length of the cyto- 
gram pattern, width of main population, and abnormal 
patterns. Patterns formed by the distribution of cell 
fluorescence include narrow red profiles in main popu- 
lation (donors 2, 4, 50), wider red profiles (donors 20, 
38), high green (donor 45), high green and wide red 
(donors 26, 47), normal green in the main population 
but wide in red fluorescence and a high level of dena- 
turation (donor 33), high green and denatured DNA 
(donor 8), and highly irregular patterns (donor 42). 

When cells exit the main population, they generally 
follow an approximate 45 degree path as best illustrated 
in Figure 1. Cells with highly denatured DNA are 
represented by minimal green fluorescence and varying 
amounts of red fluorescence as illustrated by donors 8 
and 26. The similarity in location of COMPa t cells from 
month to month within a donor demonstrates the repeat- 
ability in degree of DNA denaturation of abnormal cells 
for an individual. Thus, the percentage of abnormal 
cells and the degree of their abnormality are alike from 
month to month within an individual donor. 

Fluorescence pattems from several donors deserve 
mention. Note the unique patterns of donor 20 for which 
the upper portion of the main population is shifted to the 
right. For donor 26, the third cytogram down exhibits a 
sharp narrow line just to the left of the main population; 
this is due to bacteria in the sample. The patient was 
diagnosed as having prostatitis and treated with vi- 
bramycin; note the absence of this population in the next 
month's sample. Donor 50 received cortisone for a back 
problem during month 4 (cytogram 3); a notable change 
in staining pattem is evident which indicates a signifi- 
cant loss of semen quality in month 4 and a return to his 
normal pattem by month 5. 

Effect of sonication on SCSA data 
In other studies (16), some or all semen samples 

are sonicated to separate sperm heads from cytoplasmic 
components to ensure that any increased red fluores- 
cence was not due to abnormally retained RNA in 
cytoplasmic droplets; these studies have shown no sig- 
nificant differences between intact, RNAsed and/or son- 
icated sperm samples. Thus, the assumption has been 
made that increased red fluorescence is due to denatured 
DNA. Due to laboratory safety considerations of possi- 
ble HIV infected samples, sonication was not done in 
the first measurement of samples. After obtaining a 
sonifier that allowed sonication of samples in sealed 
tubes, previously measured samples from the second 
month that had been refrozen were rethawed and mea- 
sured, and sonicated and measured. 

From 38 samples analyzed the cytogram patterns 
were essentially identical before and after sonication 
including parameters such as shape, height, and width 
of the main population, percent of COMPot t, and posi- 
tion of the COMPott cells as illustrated in Figure 4. The 
mean red fluorescence value of the 38 samples was 
reduced by - 4 . 3 %  --- 4.9% following sonication, 
compared to the unsonicated samples. This is considered 
biologically insignificant. 
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Fig. 4. Cytograms of semen samples from three donors 
measured by the SCSA prior to and after sonication. 

Mean monthly a t values 
F i g u r e 5  A - C  shows the distribution and mean 

values for Xot t, C O M P a t ,  and S D a  t for the 45 men 
during the 8-month collection period• The mean values 
are relatively constant over time, suggesting no signifi- 
cant seasonal effect, although not all months are repre- 
sented. 

Within- and between-donor variation 
Figure 6 A - C  plots the individual values for X a  t, 

SDa  t, and C O M P a  t obtained for each of  8 months. The 
values for individuals are more tightly clustered than the 
values between individuals• Table 1 shows values for 
intersubject and intrasubject variation in DNA denatur- 
ability. Standard deviations of FCM parameters between 
donors (SDB) are larger than within a donor (SDw), 
indicating that (2/. t parameters are much more highly 
repeatable within than between individuals. This is also 
evidenced by the high intraclass coefficients (RI; ranging 
between 67 and 90). Note also that most CV x (20% 
range) and CV w (10% range) values are small, indicat- 
ing low variability relative to the mean. 

All of  the data reported are based on a single 
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measurement of  each sample. However, semen samples 
from two different months for each of  36 men were 
independently measured twice. The repeatabilities be- 
tween observations for X a  t, SDa  t and COMPa  t were 
0.99, 0.99, and 0.97, respectively, and are in agreement 
with previous studies on bull semen (24). 

Correlation of  SCSA DNA denaturation variables with 
conventional semen parameters 

Table 2 shows low but significant negative correla- 
tions between most SCSA variables and sperm concen- 
tration, total sperm count, or percent abnormal sperm 
head morphology. Correlations between ott parameters 
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Fig. 6. at values by donor• The points represent ott distribution 
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(SDott, COMPort, and Xott) and percent motile (range of 
- . 4 1  to - . 4 3 ,  P < 0.001) and % hypoosmotically 
swollen sperm (range of - . 5 7  to - . 6 3 ,  P < 0.001) 
were negative and significant. Very little correlation was 
found between ott variables and percent viable (un- 
stained) sperm (range of - . 2 2  to - . 2 6 ,  P < 0.001). 

DISCUSSION 

The most interesting observation in this study was 
the consistency of unique AO staining patterns within 
individuals, suggesting that SCSA data can, in the 
absence of specific testicular stress, provide a baseline 
measurement of semen quality for individuals• Further- 
more, if a baseline is established for an individual, 
deviations from that pattern may indicate the presence of 
testicular stress as has been observed in previous studies 
(18). The staining patterns illustrated by the cytograrns 
are generated from green (native DNA) and red (dena- 
tured DNA) fluorescence of 5 × 103 acid-treated, 
AO-stained cells• The primary interest of this study is 
the measurement of low pH induced shift from green to 
red fluorescence which has been concluded to represent 
a shift from native DNA to denatured DNA. This and 
previous studies (16) provide evidence that the shift is 
not due to retention of cytoplasmic RNA or, if cytoplas- 
mic RNA is present, that its contribution to red fluores- 
cence is minimal relative to the increase of red fluores- 
cence due to denatured DNA. Another cytogram pattern 
observed is one with abnormally increased intensity of 
green fluorescence (donor 45, Figure 3), likely due to 
increased native (nondenatured) DNA binding sites, 
perhaps resulting from abnormal exchange of histones 
for transition proteins and/or protamines (16). Other 
patterns include increased red fluorescence in the main 
population leading to a wider signal (donor 20), proba- 
bly resulting from minor levels of increased DNA 

Table I.  Descriptive statistics for flow cytometric measurements  

FCM Parameter Mean SD~ SD w R I CV T CV w 

Xat 222.3 38.9 21.8 76 20 7 
SDot t 155.3 38.7 18.0 82 28 10 
COMma_ ctt 16.8 7.2 5.0 67 52 23 
Red X 136.4 23.2 11.7 80 19 7 
Red SD 88.9 19.8 11.6 75 26 11 
Green X 506.2 29.8 18.5 72 7 3 
Green SD 153.1 32.2 11.6 89 22 7 
Total X 321.3 18.0 6.3 89 6 2 
Total SD 76.4 13.1 4.5 90 19 5 

SD a = between-donor standard deviation. 
SDw = within-donor standard deviation. 
R I = intraclass correlation coefficient x 100. 
CV x = total coefficient of variation as a percentage of the overall mean. 
CVw = average within-donor coefficient of variation expressed as a percentage of any given 
individual's mean. 
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T a b l e  2 .  C o r r e l a t i o n  b e t w e e n  cq p a r a m e t e r s  a n d  o t h e r  s e m e n  p a r a m e t e r s  

F C M  Parameter  Conc.  Coun t  % Normal  % Mot i l e  % Swo l l en  % L ive  

S D a  t - .34 a - .  16 b - .  30 a - .43 a - .57 a - . 2 2  a 

X a  t - .  26 a - .  10 - .  29 a - .42 a - .  60 a - .  25a 

C O M P a  t - .  29 a - .  16 u - .  36" - . 4 1  a - .63 a - .  26 a 
Red  X - .23 a - .  12 c - .31 a - .45 ~ - .64 a - .33a 

Red  SD - . 2 4 "  - .  11 c - .32 a - . 4 3 "  - .64 a - .  31 a 

Green  X .07 - .  16 b - .03 .04 .13 ° - .01 

Green  SD - . 3 4  a - . 2 7  a - . 4 3  ~ - . 4 7  ~ - . 5 7  ~ - . 2 0  ~ 

Total  X - . 0 8  - . 2 4 "  - . 2 4  a - . 2 7 "  - . 3 2  a - . 2 4  ~ 

Tota l  SD - . 3 3 "  - . 3 1 "  - . 5 0  a - . 4 8  a - . 5 6  a - . 2 0  a 

S Da t . .Z  s tandard dev ia t ion  at .  X a t  = mean  a t. C O M P a t  = cells outs ide main  popu la t ion  a t. 

Red  X__and SD = mean  and standard dev ia t ion  o f  red f luorescence ,  respect ive ly .  

Green._X and SD = mean  and s tandard dev ia t ion  o f  green f luorescence ,  respect ive ly .  

Tota l  X and SD = mean  and standard dev ia t ion  o f  total  (red + green) f luorescence,  respect ive ly .  
ap < 0 .001 ,  bp  < 0 .01 ,  cp < 0 .05 .  

denaturation relative to those samples exhibiting thin 
profiles. 

Cytograms exhibiting a small percentage of 
COMPo~ t that consistently appears in the same cytogram 
location from month to month indicate the same degree 
of deviation from normal. Speculation allows several 
possible explanations for this phenomenon. Perhaps a 
small percentage of stem cells carry a mutation that 
results in a consistent proportion of germ cells having 
altered genes for regulating chromatin structure. Wy- 
robek et al. (29) have suggested that a complex of about 
25 genes controls mouse sperm head morphology. Stud- 
ies in this laboratory have shown a high correlation 
between toxicant-induced sperm head morphologic ab- 
normalities and altered sperm chromatin structure in the 
mouse (16, 18, 19). Also, an altered reproductive tract 
environment (gonadal or extragonadal) may affect de- 
veloping germ cells in a manner that results in abnormal 
cytogram profiles. 

The standard deviations of flow cytometric mea- 
surements were observed to repeat at least as well as the 
means of the measurements (Table 1). Previous studies 
on toxicant-altered mouse sperm (16, 18, 19) and bull 
semen quality (23,24) have shown S D o t  t t o  be more 
highly correlated with toxicant dose and fertility poten- 
tial, respectively, than the mean a t values. S D o L  t is 
strongly influenced by the extent of DNA denaturation, 
even if the population of cells exhibiting DNA denatur- 
ation is small, that is, low COMP~ t. The observation 
that the degree of damage in a small percentage of cells 
may provide the best correlation to toxicant damage or 
fertility potential also suggests that the extent of damage 
to cells outside the main population is reflective of 
submeasurable damage in the main population. 

The descriptive statistics show a higher degree of 
repeatability for flow cytometry measurements of chro- 
matin structure (Table 1) than for semen parameters 
measured in the parallel study (14). From the previous 

measures of sperm count, semen volume, sperm veloc- 
ity, percent mature sperm, percent normal morphology, 
percent viable sperm, and percent hypoosmotic swollen 
cells, the highest intraclass correlation was .62 for 
sperm count, indicating that a man with a relatively high 
sperm count would tend to continue to have a high 
sperm count, and a man with a relatively low sperm 
count would continue to have a low sperm count. 
However, the average coefficient of variation for within- 
subject sperm count was 44%, indicating that variability 
within a man is large relative to the mean, which, as 
stated by the authors (14), makes a precise measurement 
of sperm count difficult. In contrast to the above study 
(14), the range of intraclass correlations in the present 
study for the chromatin structure measures was .67 to 
.90 indicating a high repeatability of DNA susceptibil- 
ity to in situ denaturation. The SCSA variable most 
useful in our studies (16) for correlations between 
chromatin measures, and fertility or toxicant damage 
w a s  SDoLt ,  which had an intraclass correlation in this 
study of 0.82 and a CVw of 10%. Mean green fluores- 
cence, reflecting native DNA stainability and degree of 
chromatin condensation, had an intraclass correlation 
coefficient of .72 and a CV w of 3%. These values 
indicate a very high repeatability for an individual 
regarding sperm nuclear maturation. The low CV w 
represents the relative precision of a single measurement 
of a parameter for representing the mean over time of 
the same individual (14). 

SCSA data are independent measurements of se- 
men quality that may or may not correlate well with 
other semen quality measurements. Previous reports 
(30) as well as unpublished observations of infertility 
clinic semen samples have shown that samples with 
good to excellent values for conventional semen quality 
tests (sperm count, morphology and motility) may ex- 
hibit poor chromatin quality. In this study, correlations 
between DNA denaturability and semen quality mea- 
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sures  ob ta ined  in the  c o m p a n i o n  s tudy (14) r a n g e d  f rom 

poo r  to modera te .  S p e r m  concen t r a t i on ,  count ,  and  

m o r p h o l o g y  va lues  show low but  s ign i f ican t  cor re la t ions  

wi th  S C S A  va lues  (Tab le  2). F low cy tomet r i c  measu re -  

men t s  cor re la ted  bes t  wi th  p recen t  spe rm swol len  in 

h y p o o s m o t i c  m e d i a  ( -  0 . 57  to - 0 . 6 3 ,  P < .001),  bu t  

d id  not  cor re la te  wi th  pe rcen t  uns ta ined ,  l ive  cel ls  

( - 0 . 2 2  to 0 .26 ,  P < .001).  

The  S C S A  shou ld  be  sui ted  to tox ico logy  f ield 

s tudies  and  also ana lyses  o f  infer t i l i ty  in an  andro logy  

c l in ic  set t ing.  Typ ica l ly  50 to 100 p~L of  s emen  are 

p l aced  into buf fe r  and  s tored f rozen  unt i l  measu red .  

Al t e rna t ive ly ,  r aw s e m e n  can  be  f rozen ,  sh ipped  on  dry 

ice to a f low cy tome t ry  faci l i ty ,  and  di lu ted at  t ime  o f  

m e a s u r e m e n t .  N o r m a l  S C S A  data  obv ious ly  do not  

ensu re  d o n o r  fert i l i ty.  H o w e v e r ,  ou r  cur ren t  op in ion ,  

ba sed  on  t h o u s a n d s  o f  m e a s u r e m e n t s  f rom an imals ,  

(bul ls ,  s ta l l ions) ,  and  h u m a n s ,  is tha t  p o o r  qual i ty  spe rm 

c h r o m a t i n  s t ructure  is h igh ly  ind ica t ive  o f  ma le  subfer-  

tility. B e c a u s e  the  S C S A  measu re s  a charac ter i s t ic  o f  

spe rm that  c a n n o t  p resen t ly  be  d e t e r m i n e d  accura te ly  by  

any  o ther  me thod ,  it shou ld  be  o f  par t i cu la r  s ign i f icance  

in iden t i fy ing  defec t ive  samples  tha t  appea r  no rma l  by  

o the r  s e m e n  qual i ty  cri teria.  
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