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study of structural anomalies of outer dense fibres of human
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Motility disorders due to tail defects are often seen in clinical andrology. Sperm motility should be assessed
with regard to the morphology of the flagellum. Since suitable longitudinal sections are rarely obtained by
routine transmission electron microscopy (TEM) and in view of the importance of densefibres in modulating
sperm motility and providing tensile strength, a detailed, study of human sperm flagellum by negative
staining and TEM was attempted. The study was undertaken in two groups of men (I) fertile and (ll)
asthenozoospermic.The study revealed that outer dense fibres extend to 50-60% of the principal piece.
Normal dense fibres were seen in 83% sperms and 23% sperms in groups I and II respectively. The
characteristics seen were variation in diameter, breakage or degradationwith lacking or extended endpiece.
The negative staining method provides an easy and useful analytical tool for identifying the defects of dense
fibres and quantifying them.

1. Introduction

could be responsiblefor asthenozoospermia
(Chemeset at
1987).
There
are
a
number
of
c~e
reports
on ultrasUltrastructural studies have been used extensively to
tructural alteration of flagellar structures (Holstein and
study mammalian spermatozoa.Abnormalities have been
described in detail by Zarnboni (1987). Human semen Schirren 1979; Ross et at 1973; Wilton et at 1992) but
is heterogenousin nature with reference to' sperm count there is no systematic evaluation of particular flagellar
and morphology even when motility is -normal. This, defects. Analysis of sperm motility, needs assessmentof
coupled with limitations in measurementof structural flagellar substructuresin addition to quantitation of motile
alterations,h~ madethe assessmentof causeand possible spermatozoa.Since suitable longitudinal sections are only
therapy of asthenozoospermiadifficult. Different kinds rarely obtained by routine transmission electron microsof abnormalities have been reported in patients with copy (TEM) and in view of the importance of dense
fibres in modulating sperm motility and providing tensile
asthenozoospermiaand/or teratozoospermia(Wiliarnsons
et alI984). Among themthe "Kartegener's" or "Immotile strength a detailed study of human spermatozoa using
cilia syndrome" has been well documented.This is a negative staining and TEM was attempted.
congential defect with either lack of dynein arms
2. Materials and methods
(Pedersenand Rebbe 1975) and/or lack of radial spokes
and central microtubules or transposition of ciliary Semensampleswere obtained by masturbationfrom men
microtubules (Bacetti et al 1979). Ultrastructural studies enrolling at the male infertility clinic of our Institute
have reported that defects of fibrous sheath, i.e., hyper- (with 3-5 days of sexual abstinence).Routine analysis
plasia, and disorganization and fibrous sheath dysp!a~ja was carried out for different seminalparametersaccording
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Figure 1. (A) Low power view of negative staining of human spermatozoa(x 670). (B) The normal spermatozoaas seen by
negative staining with normal oval head, mid piece and principal piece (x 1100). (C,D) Structural shaft defects with disruption
of outer dense fibres and fibrous sheath,the axonemeremaining intact (C x 10,000; D x 6700). (E) Low and high magnification
electromicrographof normal principal piece (proximal) of human sperm tail (x 6700; x 14,000). (F) Low and high magnification
electronmicrographof abnormal principal piece of human sperm in which outer densefibres are missing, the axonemeis clearly
visible (x 6700; x 14,000). (G) Normal end piece of human sperm tail as seen by negative staining (x 2400). (8) Abnormal end
piece of human sperm tail showing membranousextensions of the tail (x 2400).

Negative staining for outer densefibres of human sperm
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Figure 2. (A,B) Human sperm head as seen by negative staining showing vacuoles in the acrosomal region (A x 6000; B
x 10,000). (C,D,E) Mid piece abnormalities of human spermatozoashowing cytoplasmic droplet (C x 4000; D x 10,000)
mitochondrial abnormalities (E x 2400). (F) Tail abnormalities of human spermatozoashowing coiled tail (x 1400) as seen by
negative staining. (G,H) Negative staining of human spermatozoashowing bacterial attachmentover the principal piece region
(G x 4000) and at the post-acrosomalregion (D x 5200).
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to the WHO Manual (1992). After initial analysis the
samples were fixed in toto in Karnovsky's fluid washed
in cacodylate buffer, post fixed in osmium tetroxide and
laid on fomvar coated grids, The grids were stained with
1 % aqueous phosphotungstic acid for 5 min. The grids
were dried and observed under Philips TEM-400T.
The study was conducted in two groups, I normal
fertile (n = 25) and II samplesshowing asthenozoospermia
(motility < 10%) (n = 30).

1995). The negative staining method normally used for
identification of viruses provides us a useful analytical
tool for identifying and quantifying the defects of outer

densefibres.
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Results and discussion
Suitable longitudinal sections were seen in sufficient
numbers to perform a quantitative comparison
(figure lA). The course and extensionof inner structures
could be easily studied. The study reveals that outer
dense fibres extend to 50-60% of the principal piece
(figure IB) which is similar to the reports of Haidl
(1993) and Serres et al (1986). In group I the normal
dense fibres were seen in 83% of samples whereas in
group II it was seen only in 23%. The disturbancesof
outer dense fibres could be easily characterizedby the
abnormal staining pattern. The normal dense fibres of
the principal piece could be seen as uniformly darkly
stained band (figure IE) whereascharacteristicsseen in
the abnormal principal piece were breakage or degradation, malformed or missing dense fibres (figure lC,D,F)
along with variation in diameterand surface irregularity.
Flagellar changes were isolated or in association with
head abnormalities. The extension and course of inner
flagellar substructures were clearly seen by negative
staining. The study of ultrastructural features and quantification of the results becomes much less time consuming, specially in a large group of samplesand with
a large number of spermatozoa.Apart from the flagellar
defects the negative staining also gives a clear picture
of head abnormalities (figure 2A,B) (vacuolation), mid
piece abnormalities (cytoplasmic droplet, bent necks and
mitochondrial abnormalities) (figure 2C;D,E), tail abnormalities (figure 2F), endpiecedetails (extensions)(figure
1G,H) and bacterial attachment to spermatozoa(figure
2G,H). The study revealed that poorly developed or
missing outer dense fibres seen in group II might also
contribute to poor motility in the group apart from
mitochondrial and axonemaldefects (GopaIKi"ishnan
et al
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