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1. INTRODUCTION 

These guidelines have been developed by the Industrial Reproductive Toxicology 
Discussion Group (IRDG) Computer Assisted Sperm Analysis (CASA) Users Group. 
These guidelines relate to the morphological assessment of rat sperm in the testing of 
chemical and pharmaceutical products.  This document is complementary to a guideline 
document previously produced “Use of CASA for the Analysis of Rat Sperm” (January 
1998).   

Morphology can be defined as the structure and form of organisms to include the 
anatomy, histology and cytology at any stage of its life history.  It is important to 
compare this to morphometry, or the measurement of the forms of organisms.  The 
latter, while relating to some aspects of viability is less relevant to the function of an 
organism as an entity. 

Two CASA systems claiming a morphological assessment package are commercially 
available.  One system is more concerned with oval headed sperm species, for example 
human sperm.  The other system also includes hook shaped sperm and so could be 
applied to the rat.  It captures sperm cell images and obtains a large sample base 
subjectively classified as normal or abnormal and then calculates morphometrics based 
on this classification.  In both cases, the data produced is derived from various head and 
tail measurements using combined fluorescent and standard illumination and can be more 
accurately classed as morphometry, rather than the morphology required by the 
regulatory guidelines for toxicity testing.  This is not considered to be useful for 
toxicological evaluation and the group has concluded that rat sperm morphology 
assessment should, at present, be conducted visually.   

CASA technology is continually being developed and the reader should be aware of 
system updates.  A true morphology package would be invaluable for objective analysis 
and time saving. 

The following suggestions for techniques in the preparation and analysis of sperm 
samples may help towards inter-laboratory standardisation.  The resulting subjective 
understanding and interpretation should be used in conjunction with sperm motility 
assessment allowing a more comprehensive evaluation of sperm function. 

2. SPERM SAMPLE PREPARATION TECHNIQUES 

2.1. Introduction 

Safety evaluation studies routinely use the rat for seminology assessment.  For rodents 
there is currently not a satisfactory method for taking samples during life.  Terminal 
sampling is therefore necessary. 

2.2. Species 

Methodology presented in this document relates to the rat only.  Future consideration 
must be given to the mouse, rabbit and dog. 
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2.3. Animal age 

Ideally, animals should be sexually mature at the time of sacrifice and sample collection.  
There are strain differences in attaining sexual maturity for rats.  However, most strains 
are sexually mature by 12-14 weeks. 

In safety evaluation studies where the dosing period is at least 10 weeks, then the males 
will have reached sexual maturity by the time of post mortem examination.  In addition, 
all stages of sperm development will potentially have been exposed to the chemical and 
any perturbations in this process may then be expressed in the epididymal sperm 
population. 

If the dosing period is less than 10 weeks and/or the males are not sexually mature at the 
time of sacrifice then the interpretation of sperm morphology is less straightforward, for 
example: 

1. If the dosing period is less than 10 weeks and there is no effect on sperm it does not 
conclusively indicate that spermatogenesis is unaffected, as there may be insufficient 
time between treatment and sampling for the affected sperm generation to appear in 
the cauda epididymis/vas deferens. 

2. The age of the rat at the start of dosing may influence the outcome of the study.  For 
example, it is known that for some chemicals younger animals are more susceptible 
than more mature animals.  This has been demonstrated to be the case for 
dinitrobenzene (Linder et al, 1990; Brown et al, 1994). 

Overall, the purpose of each study needs to be considered within the various limitations 
of the potential effects of animal age on the conduct and outcome of the study. 

2.4. Post mortem methods 

Carbon dioxide is the normal humane method of euthanasia performed for the majority of 
laboratories and this method does not appear to adversely affect the quality of the 
samples obtained.  However, regardless of the method, it is essential all samples be 
removed promptly after death has been confirmed. 

2.5. Site of sampling 

The preferred sites are: 

1. Cauda epididymis, close to the vas deferens 

2. Vas deferens 

Both sites have advantages and disadvantages, but the cauda is generally considered 
preferable as this is the main storage site in the rat with optimised conditions. 

2.6. Sampling method 

The following are the commonest methods for sampling from the epididymis: 
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1. Stab the area of the cauda epididymis close to the vas deferens and apply gentle 
pressure to exude epididymal contents. 

2. Remove section of cauda epididymis close to vas deferens and place in medium to 
allow sperm to “swim out”. 

3. Express contents of vas deferens into medium. 

4. Epididymis is cut into small pieces in 4mL of medium and then centrifuged at 
500rmp for approximately 3 minutes.  Fat rises to the top, debris sinks and a 
suspension of sperm is left in the middle.  

If other sperm assessments are being performed, an aliquot of the sperm sample obtained 
for the motility evaluation may be subsequently used for morphology determinations. 

2.7. Medium 

A physiological medium should be used to avoid distortion of the sperm.  If only 
morphology is being assessed, a saline such as Hanks balanced salt solution is suitable.  
If the sample is also being used for motility analysis, a sperm support medium as 
suggested in the guideline document “Use of CASA for the Analysis of Rat Sperm” 
(January 1998).  A suggested medium is 1% M199 in Hank’s Salts with 20mM HEPES 
buffer without sodium bicarbonate and L-Glutamine with 5% BSA added. 

2.8. Dilution 

This will vary between laboratories.  Dilution should allow a suitable number of sperm 
per field of view so that each sperm can be clearly seen.   

Suggestions: 

1. 1:10 in formalin of the sample used to assess motility and then approximately 1:1 
with stain for slide preparation.  

2. 100µL of suspension prepared in (2) of sampling method (section 2.6) is placed into 
1mL of formalin.  This is then used to prepare a smear 

3. 1mL of the sperm suspension prepared in (4) of sampling method (section 2.6) is 
smeared over 2 slides. 

2.8.1. Staining 

The sample prior to smear preparation or the prepared smear should be stained with a 
suitable stain or a mixture of stains to aid visualisation of the sperm.  Commonly used 
stains are nigrosine or eosin. 

A suggested method for staining uses 1mL of sperm suspension which is transferred to a 
test tube.  Two drops of 1% eosin Y are added to the test tube and mixed by gentle 
agitation.  Sperm are incubated at room temperature for approximately 45-60 minutes to 
allow for staining and then resuspended with a pasteur pipette. 
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2.9. Slide preparation 

Slides should be cleaned with detergent, washed in water followed by alcohol and dried 
before use. 

Samples should be mixed and a smear prepared avoiding potential damage to sperm.  
Generally air dried smears are used. 

A suggested method is a modification of blood smear preparation.  One to two drops of 
the stained sperm suspension are placed approximately 1cm from the frosted end of a pre-
cleaned microscope slide lying on a flat surface.  A second slide is held in the right hand 
with the slides’s long edge gently touching across the width of the sperm slide and pulled 
across to produce a sperm smear.   Two to four slides are prepared from each sperm 
suspension.  These additional slides may be used in confirming any preparation artefacts 
or to have additional sperm to evaluate if sperm numbers are low. 

2.9.1. Fixation 

Samples may be fixed either before or after the smear is prepared.  Commonly used 
fixatives are formalin or methanol.  A cover slip can be applied using permount or 
another suitable medium for long term storage.   

3. ASSESSMENT 

Two hundred to one thousand sperm per animal are morphologically examined at 400-
1000X magnification.   

The sperm along the periphery of the slide are normally excluded from examination, 
because there is a greater tendency for preparation artefacts to occur in this region (eg 
clumping of sperm and the presence of broken sperm).  It is usual to examine at least 5 
fields of view covering the whole slide. 

Under most circumstances up to 500 sperm can be counted on one slide.  However, any 
additional slides prepared may be useful to confirm morphological abnormalities.  They 
may be used, for example, to verify that an increased incidence of detached sperm heads 
or headless tails are not artefacts of preparation. 

Slides prepared for sperm morphology are initially scanned over the entire field for 
quality of preparation.  In general, common artefacts that interfere with conducting sperm 
morphology evaluations involve preparing slides that contain too many sperm, clumps of 
sperm, or an improperly prepared sperm smear. 

Some laboratories use coded slides to minimise scorer bias. Where practicable, a single 
operator will examine all samples for a study to minimise operator differences.   

4. CLASSIFICATION 

The assessment and classification of rat sperm morphology is a subjective technique 
which should be monitored by peer review.  Sperm morphology has been shown to be 
sensitive to reproductive toxicants, however the biological significance of any changes in 
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morphology should be considered.  The possibility of preparation artefacts should also be 
taken into consideration when assessing sperm smears. 

There is currently no standard classification system available for rat sperm.  The 
following descriptions are intended to provide key examples only. 

4.1. Structure 

The head of the rat sperm is approximately 2.5µm long and resembles a hook.  It contains 
a dense nucleus and has a less dense tip referred to as the acrosome.  The mid-piece 
contains the centrioles and a spirally coiled sheath of mitochondrial material.  The tail 
contains a long axial filament that becomes vibratile for a brief period when the 
spermatozoon is mature.  It should be noted that occasionally the centriole may be 
visible, and is seen approximately halfway along the tail and should not be noted as an 
abnormality. 

 

Diagram 1:  
From: The rat as a small mammal.  HGQ Rowett.  Third edition, 1974.  Published by Jon Murray, 
London. 
 

At the magnification generally used for assessment of sperm morphology it is difficult to 
distinguish the midpiece.  Also few abnormalities of the mid-piece have been reported for 
rat sperm.  Hence, it will not be dealt with separately, but included as part of assessment 
of the sperm tail. 

 

Diagram 2: 
Spermatozoon as seen at magnification X400. 
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Normal sperm 

These are two photomicrographs of normal sperm. 

 

 

Photomicrograph of a normal sperm 

This photomicrograph is a normal sperm with a visible centriole.   
This is not considered an abnormality as it is the remnant of the cytoplasmic droplet 
which is present during the development of the sperm. 
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4.2. Examples of abnormalities 

Headless sperm 

Alternative names include decapitated or detached head. 

It is seen as a tail without head.  Free heads are usually seen in a sperm smear but are not 
counted unless a tail and head are seen together. 

 

Photomicrograph of headless sperm 
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Flattened head 

Alternative names include reduced hook or banana head.  This can be seen as varying 
degrees of reduced curvature of the head with occasionally complete absence of 
curvature. 

Diagram of flattened head 

 

 

Photomicrographs of sperm with flattened heads 



 Page 11 

Pinhead 

The head resembles the head of a pin or nail and may be off-set or slanting. 

Diagram of pinhead sperm 

 

Photomicrograph of a pinhead sperm 

Bent neck 

Alternative names include kinked or coiled neck or midpiece. 

Varying degrees of bending can be seen, from slight to greater than 180o. 

 
Photomicograph of a sperm with a bent neck 
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Photomicrographs of sperm with bent necks 
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Bent tail 

Alternative name is kinked tail. 

This is usually seen at the junction of the midpiece and tail where it may be turned 
eccentric insertion.  It can sometimes be seen as bending or coiling near the tip of the tail. 

Diagram of bent tail 

 

Photomicrograph of a sperm with bent tail 

Multiple abnomalities 

It should be noted that it is possible for multiple abnormalities to be seen for a single 
sperm.  For example, bent neck and tail as illustrated below. 

 

Photomicrograph of a sperm with multiple abnormalities (bent neck and tail) 
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5. STATISTICAL ANALYSIS 

5.1. Introduction 

Sperm morphology assessment has the benefit of the human eye, and unexpected findings 
may cause the assessor to introduce new descriptions.  Analysis should involve a 
dialogue between the statistician and the assessor. 

5.2. Data collection 

5.2.1. Numbers of sperm analysed 

Current guidelines recommend that a minimum of 200 sperm per animal are assessed.  
Some assessors consider that a larger sample size is required. 

A sample size of 200 sperm per animal is probably sufficient for routine screening 
studies.  However, where there is an expected or apparent effect, the use of a larger 
sample size should be considered. 

5.2.2. Parameters to be assessed 

The sperm will be classed as normal/abnormal, and abnormal sperm described.  The 
descriptions will usually originate from a standard list of 3-6 “common” abnormalities 
(see section 2.4), although new descriptions may be included if the standard list is 
inadequate/unsuitable for a particular study. 

Abnormalities may affect the head, mid-piece or tail.  Some abnormalities may be 
mutually exclusive (e.g. banana-shaped head, absent head), and some sperm may have 
more than one abnormality. 

5.3. Data Analysis 

5.3.1. Summary data 

Of the several abnormalities that can be detected, it must be decided which to combine 
and which to separate.  If there is an increase in a low-frequency abnormality, this can be 
masked by the natural variation in a more frequent abnormality if abnormalities are 
combined.  Conversely, the effects of a material that produces an increase in several types 
of abnormality may be missed if these abnormalities are considered separately rather than 
combined. 

For screening studies, it is usually sufficient to provide the incidence per animal of the 
abnormal sperm.  Because tail abnormalities are seen most frequently, the numbers of 
abnormalities can be expressed including or excluding tail abnormalities. 

Where a particular abnormality is present in higher than expected numbers (or might 
reasonably be predicted to be) then consideration should be given to the separate 
presentation of that abnormality. 
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5.3.2. Statistical Methods 

For very low frequency abnormalities, defined here as abnormalities that are not present 
in at least 50% of the Control animals, the most suitable method will normally be a 
Fisher’s Exact Test.  The “affected” animals are those with one or more sperm with that 
abnormality. 

As the normal frequency of abnormality increases, the Fisher’s Exact Test is still valid, 
but the definition of “affected” animals is amended to those with more than a given 
number of abnormal sperm; this given number would not normally be present in more 
than half of the Control animals. 

If the “abnormality” might better be described as a variant, where all animals would have 
some variant sperm, then the affected sperm for each animal would be analysed by 
Kruskal-Wallis test. 
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