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ABSTRACT 

The chronological formation and development of three rat 
spermatozoon head components - the nucleus, acrosomic system 
and perinuclear theca - were investlgated by electron mlcroscopy 
durlng spermlogenesls and translt through the ~pldldymls. , 

Chromat1n condensation lnvolves an lntermediate step of coarse 
chromatln fllament.formation. Coarse fllaments aggregate lnto 
coarse chromatln clumps whlch, ln turn, fuse lnto a dense 
homogeneous mass late ln spermlogenesls. The completely formed 
acrosomlc system ls composed of the acrosome and head cap, 
both enclosed in a contlnuous unlt membrane, and a separated 
portlon of the head cap called the ventral flap runnlng on the 
antero-ventral part of the head. Durlng spermlogenesl~, the 
acrosome and head cap are formed as dlstlnct morphologlcal 
entltles, and the ventral flap ls spllt off from the head cap 
durlng step 14 of spermlogenesls. Perlnuclear materlal forms 
adjacent to the nucleus ln three areas whlch eventually become 
connected. The materlal of thls contlnuous layer condenses 
durlng the last steps 18 and 19 of spermlogenesls to form the 
perlnuclear theca, a continuous layer over the nucleus except 
around the attachment sl t.e of the flagellum. 

Name: Mlchael F. Lalll 

Tltle of Thesls: The Head of the Rat Spermatozoon and Its 
Formatlon durlng Spermlogenesls: An Electron 
Mlcroscoplc Study 

Department: Anatomy 

Degree: Doctar of Phllosophy 



THE HEAD OF THE RAT SPERMATOZOON AND ITS FORMATION 

DURING SPERMIOGENESISz AN ELECTRON 

MICROSCOPIC STUDY 

by 

Miohae1 F. La11i 

A thesis submitted to the Faou1ty of Graduate 

Stu4ies and Researoh in partial fu1fi11ment of 

the requirements for the degree of 

Dootor of Phi1osophy 

Department of Anatomy 
MoGi11 University 
Montreal, Canada 

~ Michael F. Lalli 1972 

March, 1972 



~', " ACKNOWLEDGEMENTS 

l would llke to thank Dr. C.P. Leblond, Chalrman of the 
Department of Anatomy, for the prlvllege of worklng ln hls 
department. 

Many thanks to Dr. Y. Clermont, my research director, for 
hls patlent and enthuslastlc guldance durlng the course of thls 
work. 

Mrs. Magdalena Volkov and Mlss Nancy Edson provlded' 
technlcal asslstance; l am deeply grateful for thelr enthuslasm, 
sklll and good nature. 

The lllustratlons are by Mrs. Margot Oeltzschner and the 
plates were photographed by Mr. Anthony Graham. Some of the 
referencematerlal was obtalned through Mrs. l. Kramer. To these 
people l extend my appreclatlon. 

l would llke to thank my wlfe, Carol, for help ln the 
preparatlon of the manuscrlpt and Mrs. J. Strelt for the typlng. 



TABLE OF CONTENTS 

Chapter l 

Introduction 
Nucleus 
Acrosomic System 
Perinuclear Layer (Perforatorium and 

Postnuclear Cap) 
Morphological Changes of Spermatozoa during 

Epididymal Passage 
Ultra structural Changes in the Acrosome and 

Perforatorium (Perinuclear Layer) 
during Fertilization 

Purpose of the Present Study 

Chapter II 

Materials and Methods 
Details of Reagents and Technical Procedures 

Buffers 
Fixation Prooedures 
Dehydration 
Stains 

Page 

1 

1 
3 
8 

12 

19 

21 

23 

24 

24 
27 
27 
28 
29 
30 

Results 31 

Chapter III 32 

Ultrastruoture of the Head of the Mature, 32 
Epididymal Rat Spermatozoon 

Terminology . 32 
Caudal Ep1didymal Spermatozoa 33 

Nucleus and Nuclear Envelope 33 
Perinuclear Theca 36 
Acrosomic System 39 
Plasma Membrane 41 

Caput Epididymal Sperma to' ~oa 42 
Morphological Changes in Spermatozoa 43 

during Transit througt the 
Epididymis 

Chapter IV 45 

Development of Head Structures during Spermiogenesis 45 
Golgi and Cap Phases (steps 1-7) 45 

Nucleus 46 
Acrosomic System 46 
Perinuclear Layer 48 



Acrosomic Phase (Steps 8-14) 
Light Microscopie Observations 
Electron Microscopie Observations of 

Steps 8 through 11 
Nucleus 
Acrosomic System 
Perinuclear Layer 

Electron Microscopie Observations of 
Steps 12 through 14 

Nucleus 
Acrosomic System 
Perinuclear Layer 

Maturation Phase (steps 15-19) 
Electron Microscopie Observations of 

Steps 15 and 16 
Nucleus 
Acrosomic System 
Perinuclear Layer 

Electron Microscopie Observations of 
Step 17 

Nucleus 
Acrosomic System 
Perinuclear Layer 

Electron Microscopie Observations of 
Steps 18 and 19 

Nucleus 
Acrosomic System 
Perinuclear Layer 

page 

49 
49 
50 

50 
52 
52 
54 

54 

~g 
57 
58 

58 
59 
60 
61 

61 
62 
63 
65 

65 
66 
66 

Chapter V 68 

Discussion 68 
Nucleus 68 

Changes in the Chromatin during Spermiogenesis 68 
: .. .Nucleàl!'.Envelope 74 
Acrosomic System 79 
Perinuclear Layer 87 

Summary 94 
Nucleus 94 
Acrosomic System 95 
Perinuclear Theca 96 

Original Contributions 
Nucleus and Nuclear Envelope 
Acrosomic System 
Perinuclear Theca 

References 

Figures (with legendsof figures) 

98 
98 
99 
99 

101 



CHAPTER l 

INTRODUCTION 

1. 

Morphologlcal studles of spermatozoa effectlvely 

commenced wlth Leeuwenhoek, whose flrst mlcroscope provlded 

the necessary optlcal resolutlon to examlne mlnute objects. 

Hls and other early lnterpretatlons of sperm morphology have 

been well chronlcled, and the ensulng controversy between the 

l7th and l8th century "anlmalcullsts" and "ovlsts" la .famllar 

to all blologlsts. Wlth the contlnulng lmprovement of llght 

mlcroscopy, conslderable kn0wledge accumulated about the 

general sperm morphology of many specles, culmlnatlng wlth 

the studles of Retzlus ln the early 1900s. At about thls tlme, 

sclentlflc attentlon became dlrected more toward the func

tlonlng of spermatozoa ln fertlllzatlon and embryologlcal 

development than tQ sperm anatomy, and thls trend contlnued 

untll the advent of electron m'.croscopy ln the 1950s. Sperma

tozoa were agaln among the flrst objects to be examlned by thls 

new technlque, and the capablllty of resolvlng subcellular 

structural detalls led to a renewed and contlnulng lnterest 

ln sperm morphology. The accumulatlng knowledge of sperm 

ultrastructure ls gradually turnlng attentlon back toward 

fertlllzatlon mechanlsms, provlng once agaln that only a 

comblnatlon of anatomlcal and functlonal data can resolve 

blologlcal problems. 

It was establlshed ln the earllest morphologlcal studles 

that a head and flagellum constltuted the baslc dlscernlble 

unlts of spermatozoa from more common anlmals. In 1909, 



Retz1us- pub11shed one of the most comprehens1ve stud1es of 

the general anatomy of mamma11an spermatozoa, 1llustrat1ng 

the d1vers1tl" of the s1ze and shape of spermatozoa from 

numerous spec1es. Desp1te th1s d1vers1ty, mamma11an sperm 

heads can be class1f1ed 1nto three bas1c shapes: spatulate, 

ens1form and falc1form. Recent rev1ews bl" B1shop and Walton 

(1960), Hancock (1966) and Fawcett (1958, 1970) have .. ,. -,~' 

po1nted out th1s tr1morph1sm. 

2. 

The two ma1n components of the head are- the condensed 

nucleus and the acrosom1c system. A per1nuclear layer of 

mater1al mal" be present between the nucleus and the acrosom1c 

system. Th1s per1nuclear layer 1s espec1ally prom1nent 1n 

some rodent spermatozoa, but 1t 1s a matter of controversy 

whether 1t 1s present 1n those of all mammalsm The var1ab1l1ty 

-in size and lor shape of these indiv1dual components deter

mines head shape. 

The spermatozoa of rats, mice, hamsters, lemm1ngs and 

voles are falciform in shape. These an1mals all belong to the 

suborder Myomorpha (fam11ies Muridae and Cricet1dae) and will 

be referred to cOllect1vely as myomorph rodents in the sub

sequent d1scuss1on. The spermatozoa of these animals were 

character1zed by Retz1us (1909) and Friend (1936) by the1r 

falc1form shape and the presence of a dark staining rod on 

the concave surface of the anter10r part of the head. 

Binee the present study deals only with ultrastructural 

changes in the heads of developing rat spermatozoa, the 

follow1ng 11terature rev1ew has been restricted to anatom1eal 



J. 
studies of head structures. Each organelle of the spermatozoon 

head will be described individually. Morphological features 

will be described as they are seen with both the light and 

the electron microscope. Where possible, emphasis will be 

placed upon structures in rat or other myomorph spermatozoa •. 

Nucleus 

Contemporaries of Retzius began studies of rat spermio

genesis, the process by which spermatids of the testis develop 

into mature spermatozoa (Brown, 1885; Niessing, 1897; 

Lenhossék, 1898; Duesberg, 1908). These cytolog1sts described 

the general morphological changes in the size and shape of 

the nucleus and the development of other organelles during 

the transformation of the oval spermatid into the falciform 

spermatozoon. Much later, Leblond and Clermont (1952a, b) 

precisely described the chronological sequence of this process 

by using the periodic acid-Schiff histochemical technique, 

which stains the acrosomic system. They recognized nineteen 

distinct steps of spermatid maturation (Figs. 1 and 2). The 

nuclear affinity for basic stains increased and reached a 

maximum as the nucleus condensed and elongated during steps 

12 through 14 of development. 

Daoust and Clermont (1955) used the Feulgen technique 

to study the distribution of DNA in developing spermatids. 

The nuclei of young spermatids (steps 1-6) oontained DNA in 

fine dust-like granulations and, occasionally, larger 

granules. In steps 7 and 8, the DNA appeared to disperse into 



4. 
flne granules whlch accumulated at opposlte nuclear poles, 

leavlng a llgbt equatorlal zone. As the nuclel beganeto 

elongate ln step 9, the Feulgen-posltlve granules became 

dlstrlbuted more evenly throughout the nucleus, but some 

areas were free of stalnable materlal. These unstalned spaces 

were more apparent ln step$ 10 and Il because the stalned 

area was more reactlve. The nuclear materlal became homo-

geneously stalned ln step 12 and lncreased to lts maxlmum 

stalnlng lntenslty ln steps 13 and 14 as the nucleus attalned 

lts slckle-shape. The nuclel of steps 15-19 spermatlde had 

the same lntenslty of stalnlng as those of steps 13 and 14. 

The stalnable materlal could be removed from nuclel of steps 

1-15 wlth DNAase •. Nuclear materlal of steps 16-19 was reslstant 

to th1s treatment, as lt was ln the mature spermatozoa. 

Early electron microscoplc lnvestlgatlons (Watson, 1952; 

Challlce, 1953) addad llttle lnformatlon to the sequence of 
~ 

chromatln condensatlon as observed by llght mlcroscopy. 

Burgos and Fawoett (1955) and Fawcett and Burgms (1956), uslng 

lmproved technlques, outllned the ultrastructural ohanges 

seen ln the chromatln durlng cat and human spermlogenesls as 

follows: The chromatln appears as flnely packed granules 

(clroa 100 A) ln the early spermatld. Durlng the elongatlon 
. , 

phase, these flne granules are replaced by coarse granules 

wlth lncreased osmophllla. The coarse granules become more 

closely packed as dlfferentlatlon contlnues. Late ln 

maturatlon, these coarse dense granules coalesoe lnto a 

smooth homogeneous mass whlch oontalns some vacuoles. Most 



5. 
authors conslder the nucleus to be wlthout resolvable deta11 

at thls t1me, but Koehler (1970) has shown that the chromat1n 

of the late rabb1t spermat1d ls lamellated. In a brlef rev1ew 

of chromatln condensatlon, Fawcett (1958) po1nted out that 

th1s process 1s slm11ar ln amphlbla, blrds.and mammals. 

Others have substant1ated these flnd1ngs 1n var10us an1mals 

(Horstmann, ,1961; Prokof'Yeva-Bel'Govskaya and Chun-He, 1961; 

Br8kelmann, 196,3; Frank11n, 1968; DeKretser, 1969). 

The nucleus of the mature spermatozoon of all stud1ed 

mammals ls covered by an envelope composed of two un1t membranes. 

The 1nner membrane 1s closely assoc~ated w1th the condensed 

chromat1n over most of the nuclear surface, w1th the outer 

membrane a varlable d1stance from lt (N1cander and Bane, 1962, 

1966). In the reglon of the nucleus where the flagellum 1n

serts, the nuclear envelope reflects a.ay from the condensed 

chromatln and forms long folds of membrane that extend 1nto 

the neck reg10n of the flagellum (Nlcander and Bane, 1962, 

1966; Blom and Blrch-Anderson, 1965; Wu and Newstead, 1966; 

Yanag1mach1 and Noda, 1970a). Th1s redundant nucl~ envelope 

does not always form folds or slmple scrolls, but .may form 

very complex scrolls as 1n the bat (Fawcett and Ito, 1965; 

W1msatt et al., 1966) or the two prlmates, slow loris and bush

baby (Bedford, 1967a). Fawcett (1965) 1nterpreted the s1mple 

folds as result1ng from the reduct10n of nuclear volume dur1ng 

sperm1ogenes1s. Frank11n (1968) studied the formatlon of the 

redundant nuclear envelope 1n monkey spermat1ds and agreed 

wlth Fawcett!s lnterpretatlon of the orlg1n of the nuclear 



membrane fo1ds. Very prominent nuc1ear pores are present in 

these fo1ds in the mature spermatozoon (Nicander and Bane, 

1966; Bedford, 1967a; DeKretser, 1969; Pedersen, 1969a; 

Koeh1er, 1970; Zamboni et al., 1971). 

6. 

Lenhossék (1898) commented on the fact that the part of 

the spermatid nuc1ear membrane covered by the acrosomic granule 

appeared to be considerab1y thicker. Recent investigators have 

noticed the deposition of materia1 against the inner nuclear 

membrane in the area of the acrosomic vesic1e (Fawcett and 

Burgos, 1956; Horstmann, 1961; Hopsu and Arsti1a, 1965; Gardner, 

1966; Franklin, 1968). This modified area under the acrosomic 

vesic1e never contains nuc1ear pores (Franklin, 1968; Bandoz, 

1970). Br!ke1mann (1963) observed that chromatin condensation 

in rat spermatids begins adjacent to this modified area of 

the nuc1ear enve10pe. 

During nuc1ear e10ngation and chromatin condensation, 

areas appearing devoid of nuc1ear materia1 form in the caudal 

part of the nucleus. These araae, containing materia1 of 10w 

e1ectron density, are formed between the condensing chromatin 

and the porous nuc1ear enve10pe (Burgos and Fawcett, 1955; 

Br8ke1mann, 1963; Franklin, 1968). Br8kelmann (1963) believed 

that folds of nuclear enve10pe containing this 10w electron 

density materia1 were budded off into the cytop1asm. These 

folds were recognized by Franklin (1968) as being the precur

sors of the redundant nuclear folds of the mature spermatozoon. 

In both spermatids and spermatozoa, these nuc1ear fo1ds 

contain a material of 10wer electron density than the chromatin 



and, occaslonally, a ,strand of condensed chromatln (André, 
1963; Nlcander and Bane, 1966; Franklln, 1968). André (1963) 
suggested that the karyolymph materlal of low denslty ln the 
nuclear protruslon of a rat spermatld was ln the process of 
belng expelled. Horstmann (1961), studylng human, spermatlds, 
descrlbed two methods whereby electron dense materlal was 
transferred from the nucleus to the cytoplasm. In early 
spermatlds, the electron dense materlal moved from the nucleo
plasm to an area of the nuclear envelope and was subsequently 
budded off as lamellae. Stacks of these lamellae formed the 
lamellar bodles whlch were commonly seen ln these early human 
spermatlds. Thls process ceased ln later spermatlds, and the 
nuclear materlal was then removed from the nucleus by a second 
mechanlsm. Nuclear vacuoles contalnlng mater1al of low electron 
denslty were transferred from the nucleus to the cytoplasm 
surroundlng the caudal part of the nucleus. Many vacuoles of 
th1s type were found ln the' cytoplasm of these spermatlds. 

Another method for the transfer of nuclear materlal to 
the cytoplasm was proposed by Prokof'Yeva-Bel'Govskaya and 
Chun-He (1961). Tubules, whlch they consldered to be canals of 
endoplasm1c ret1culum, supposedly carr1ed nuclear mater1al lnto 
the cytoplasm. From thelr electron mlcrographs, lt appears that 
these tubules were actually mlcrotubules of the caudal tube. 

There lB also other evldence for the exchange of materlal 
across the nuclear envelopeof the late spermatld. L1son (1955) 
observed an 1ncrease ln arglnlne ln the nuclel of step 14-19 
rat spermatlds. Uslng radloact1ve labèled 3H-arg1n1ne, Mones1 
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8. 

(1964,1965) observed bound rad1oact1ve mater1a1 1n,the nuc1e1 

of steps 11-15 mouse spermat1ds. He gave ev1dence that th1s 

was arg1n1ne-r1ch h1stone rep1aclng 1ys1ne-r1ch h1stone. By 

use of h1stochem1ca1 techn1qUes, Vaughn (1966) demonstrated 

the replacement of 1ys1ne-r1ch h1stones w1th those conta1n1ng 

predom1nant1y arg1n1ne in steps 13-16 rat spermat1d nuc1e1. 

The rep1aced 1ys1ne-r1ch h1stone was 1ater found 1n the sphere 

chromatoph11e of the res1dua1 body. The arg1n1ne-r1ch h1stone 

does not turn over and 1s, therefore, found 1n the mature 

spermatozoon (Kope~ny, 1970). 

A mod1f1cat1on of the nuc1ear enve10pe 1s found 1n the 

1mp1antat1on fossa of the flagellum. Bere the nuc1ear membranes 

are regu1arly spaced w1th numerous cross br1dges between them 

(Fawcett and Ph1ll1ps, 1969b; Fawcett, 1970J. A th1ckened 

layer of mater1a1 1s closely app11ed to the outer nuc1ear 

envelope. Th1s 1s the basal plate wh1ch sta1ns strong1y w1th 

phospho-tungst1c ac1d (N1cander and Bane, 1962, 1966). The 

1mp1antat1on fossa has a spec1es sp~c1f1c shape, but the 

structural compbnents are s1m1lar 1n al1 mammals (Blom and 

B1rch-Anderson, 1965; N1cander and Bane, 1966; DeKretser, 1969; 

Pedersen, 1969a; Zambon1.and Stefan1n1,1971). 

Acrosom1c System 

The aC~Dsom1c system of mamma11an spermatozoa covers the 

1atera1 and ap1ca1 surfaces of the nucleus. It usually extends 

beyond the nucleus 1n a th1ckened ap1cal segment of var1able 

volume wh1ch depends on the spec1es (Fawcett, 1958, 1970.; Fawcett 
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and Phl111ps, 1970; Hancock, 1966). For descrlptlve purposes the 

acrosomlc system can be dlvlded lnto three reglons: the apical 

projectlng anterlorly beyond the edge of the nucleus; the ~ 

segment extendlng back over the anterlor and 1atera1 portlons of 

the nucleus; and a thlnner eguatorlal segment caudal to the maln 

segment (Fawcett, 1970; Fawcett and Phll11ps, 1970). Earlyelec

tron mlcroscoplc studles demonstrated that the aerosomlc system 

ls enclosed ln a,contlnuous unlt membrane (Burgos and Fawcett, 

1955; Horstmann, 1961; Nlcander and Bane, 1962; Bedford, 1964). 

Recently Plko (1969) polnted out that a small separate veslcle 

resembllng the thln latera1 surface of the acrosomlc system, ls 

located on the ventral surface of the rat and mouse spermatozoon. 

Many lnvestlgatlons wlth the electron mlcroscope have 

shown that the acrosomlc system ln the mature spermatozoon of 

most anlmals contalns an electron dense, homogeneous materla1. 

Investlgatlons of the spermatozoa of gulnea plgs (Fawcett and 

Hol1enberg, 1963; Fawcett and Phl1l1ps, 1969a) and lemmlngs 

(Hopsu and Arstlla, 1965) have proved an exceptlon to thls 

general flndlng. In these specles, the apical portlon of the 

acrosome has two zones of dlfferlng electron denslty, even ln 

fully mature spermatozoa. 

Early lnvestlgators, such as Lenhossék (1898) and 

Duesberg (1908), recognlzed the assoclatlon of the Golgl 

apparatu~, more speclflcally the ldlosome, wlth granules close 

to the nucleus of the early spermatld. These granules appeared 

to fuse and form a larger acrosomlc granule,: whlch spreads 

over the nucleus as a nuclear cap (Lenhossék, 1898). 
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Lenhossék (189~) considered that this granular structure 

attached ta the nuclear envelope should be named by an 

appropriate Greek terme He chose the name "akrosoma" because 

of its position over the nucleus. This term was then applied 

by.other authors to the anterior portion of the mature sperma

tozoon head. This structure was also called the perforator1um 

by Waldeyer (1906); the use of the term perforatorium w111 be 

d1scussed 1n more deta11 later. Bowen (1924) used the term 

acrosome for the structure or1g1nat1ng from the GOlg1 appa

ratus. He objected to the term perforator1um and 1ts 1mp11ed 

mechan1cal funct1on, for he assumed that the acrosome had a 

phys1ochem1cal role 1n fert111zat10n. 

Leblond and Clermont (1952a, b) used the h1stochem1cal 

technique, per10dlc ac1d-Schiff, to study the formation of 

the acrosomlc system 1n rodents. Th1s study was later extended 

to other mammals (Clermont and Leblond, 1955). As a result of 

their stud1es, a precise term1nology was devised for 'the head 

structures 1n the spermatid and the mature spermatozoon (see 

glossary in Leblond and Clermont, 1952b). 

In the young spermat1d, proacrosom1c granules are formed 

1n the Golg1 apparatus. These granules fuse to form the 

acrosom1c granule wh1ch 1s app11ed to the nuclear envelope. 

The acrosom1c granule has an 9uter and an inner zone. The 

outer zone spreads over the nucleus form~ng the head cap and 

the '1nner zone forms the acrosome proper., 

Early electron microscop1c studies clearly showed the 

or1g1n of proacrosomic granules from the Golg1 apparatus and 
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the1r subsequent fus10n 1nto "a larger acrosom1c granule 

(Burgos and Fawcett, 1955; Clermont, 1956; Fawcett and Burgos, 

1956). The acrosom1c granule appeared as a ves.1cle 1n electron 

m1crographs. Th1s membrane bound structure has an electron 

dense, f1nely granular center wh1ch 1s surrounded by 11ght 

flocculent and granular mater1al. 

In 1965, Fawcett proposed that the term "head cap" be 

dropped and that the ent1re acrosom1c system be called acrosome 

or acrosomal cap. H1s reasons were later g1ven 1n deta11: 

" ••• early electron m1croscopic stud1es have shown that the 

acrosome 1s not a body conf1ned to the t1p of the head, but 

1s a membrane-11m1ted structure that forms a cap over the 

anter10r two-th1rds of the nucleus. Thus, 1t becomes obv1ous 

that the 'acrosome' and the 'head-cap' of class1cal cytology 

are not separate ent1t1es but a s1ngle cap-11ke structure 

1nvest1ng the anter10r port1on of the sperm nucleus" (Fawcett 

and Ph1ll1ps, 1969a). 

Th1s new term1nology has not been accepted by some 

1nvest1gators for a number of reasons, some of wh1ch w1ll be 

put forth 1n the d1scuss1on of th1s thes1s. In l1ght of the 

above d1scuss1on, the 1nner zone of the acrosom1c granule 

obv1ously corresponds to the electron dense area of the 

acrosom1c ves1cle wh1ch 1s called the acrosom1c granule. The 

more electron lucent area of the ves1cle corresponds to the 

outer zone of the acrosom1c granule. The d1fference 1n h1sto

chem1cal sta1n1ng of these two zones as seen w1th l1ght 

m1croscopy (Leblond and Clermont, 1952a, b; Clermont and 
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Leblond, 1955) and electron m1croscopy (Sus1 et al." 1971) 

warrants careful consideration of the roles of these two zones 

before new term1nology 1s c~ns1dered. This 1s espec1a1ly true 

in an1mals such as the gu1nea p1g wh1ch has the two distinct 

morpholog1ca1 zones in the acrosome of the mature apermatozoon 

(Fawcett and Ho11enberg, 1963). 

The equator1a1 segment, a mod1f1ed portion of the head 

cap, 1a another morpho1og1cal1y distinct area of the acrosom1c 

syst~m that has rece1ved 1ncreas1ng attention because of 1ts 

possible ro1e in fert1l1zat1on. N1cander and Bane (1962, 1966) 

have 1nvest1gated th1s structure in a number of mamma11an 

spec1es. They have detected t~e equator1a1 segment w1th the 

electron microscope in spec1es in wh1ch 1t had not been reported 

in prev10us l1ght microscopie stud1es. The contents of th1s 

th1nner segment of the head cap has a greater e1ectron dens1ty 

and a lower aff1n1ty for per1od1c ac1d-Schiff sta1n than the 

contents of the rema1nder of the acrosomic system (N1cander and 

Bane, 1966). The formation of the equator1a1 segment has not 

been systemat1cal1y stud1ed, but 1t appears to form late in 

sperm1ogenes1s at about the t1me of sperm re1ease (Fawcett and 

Ph1111ps, 1969a; Bedford and N1cander, 1971). 

Per1nuc1ear Layer (Perforatorium and Postnuc1ear Cap) 

Any discussion of the perinuc1ear layer becomes extreme1y 

confused beoause of the use of the terms perforatorium and post

nuc1ear oap. The term perforator1um has been used by light 

m1oroscop1sts to des1gnate a struoture anter10r to the t1p of 



the nucleus of myo~orph spermatozoa. This term has been 

vigo~ous1y attacked by some investigators because of its 

functiona1 connotation. 

The term perforatorium was introduced by Wa1deyer (1906) 

to designate a structure on the anterior tip of the sperm head 

which he tbo~ght had a boring or cutting function. This same 
, , . 

structure was ca11ed the acrosome by some of his contemporar~es 

(Lenhossék, 1898; Duesberg, 1908). This structure was usua11y 

exc1usive1y referred to as the acrosome after Bowents (1924) 

description of 1ts format1on from the Golgi apparatus, a1though 

Br&ke1mann (1963) considered acrosome a~d perforator1um 

synonymous terms in his e1ectron microscopie study. 

The structure that 1s recognized as the perforatorium to

day was first descr1bed as a rod in the ,anterior portion of the 

rat sperm head (Niess1ng, 1897; Duesberg, 1908; Retzius, 1909; 

Fr1end, 1936). Thls rod was ca11ed the perforatorlum by B1andau 

(1951) and Odor and B1andau (1951) to de scribe a structure ln 

the ferti1ized egg separate from the nucleus. Austin and 

Sapsford (1952) studled rat spermatozoa which had been dlgested 

in NaOH and found a rod-1ike structure which resisted hydro1ysis, 

but they considered this as part of the acrosome. Leb10nd and 

Clermont (1952a, b), in their study of the acrosomic system of 

rat spermatids and spermatozoa, po1nted out an iron hematoxy1in 

stain1ng structure separate from the acrosom1c system. They 

recogn1zed this as the seme structure ca11ed the perforetor1um 

by B1andau (1951). 

The perforator1um of the rat spermatozoon was investigated, 
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not homogeneous 1n the hamster but conta1ns an area of greater 

electron dens1ty covered by one of lesser electron dens1ty 

(Frank11n et al., 1970a). 

It seems qu1te clear that, 1n the falc1form spermatozoa of 

myomorph rodents, there 1s a structure 1n the anter10r t1p of 

the head separate from the aerosom1c system and the nucleus. 

Fawcett (1970) has quest10ned whether a s1m1lar structure 1s 

present as a d1st1nct morpholo'g1cal ent1 ty 1n mamma11an 

spatulate spermatozoa, although a number of other 1nvest1gators 

have descr1bed such a layer at the electron m1croscop1e level 

1n rabb1 t, boar and bull spermatozoa,. It has been suggested 

that th1s layer 1s homologouà,w1th the myomorph rodent per

forator1um (Mor1card, 1961; N1canderand Bane, 1962; Bedford, 

1964; Blom and B1rch-Andersen, 1965). Hadek (1963) descr1bed 

a cytoplasm1c layer between the nucleus and acrosom1e system 

of rabb1t spermatozoa. Th1s layer becomes obv1ous when the 

spermatozoon 1s 1n the v1c1n1ty of the v1tel11ne membrane 

(Hadek, 1969). Bane and N1cander (1963) and N1cander and Bane 

(1966) found an electron opaque mater1al 1n the spaee under 

the acrosome of a number of mamma11an spec1es. They concurred 

w1th Aust1n and B1shop's (1958a) content1on that a structure 

homologous to the perforator1um oceurs 1n all mamma11an sperm. 

Th1s 1s at var1ance w1th the v1ews of Fawcett (1965) who 

used the term subacrosomal space to descr1be th1s area 1n 

sperm of an1mals other than rodents. He objects to the term 

perforator1um because of the funct10nal 1mp11cation. More 

recently, Fawcett and Ph1ll1ps (1969a) used the term sub-
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us1ng a number of techniques, by Clermont et al. (1955). They 

concluded that the perforator1um was a tr1angularly shaped 

structure, w1th 1ts three-pronged caudal extension close1y 

appl1ed to the nuc1ear apex. Because both the nuc1ear membrane 

and the perforator1um res1sted a1ka11ne hydrolys1s and both 

were ac1doph111c, they conc1uded that the perforator1um was an 

extension of the nuc1ear membrane. Austin and Bishop (1958a) 

1nvest1gated the perforator1a of a number of mur1ne and 

cr1cet1ne rodents and substant1ated the f1nd1ngs of Clermont 

et al. (1955). They a1so postu1ated that the perforator1um 

m1ght be present in the spermatozoa of a1l mamma11an spec1es, 

but in a 1ess distinct forme 

Electron m1croscop1c investigation of the rat sperm head 

proved that the above description of the shape and location of 

the perforator1um had been correct (P1ko and Tyler, 1964a, b). 

The perforator1um was descr1bed as be1ng composed of densely 

packed f1brous mater1a1 enclosed by the outer nuclear membrane 

and 1nner acrosomal membrane. The d1agrams and the few m1cro~ 

graphs of P1k6 and Tyler fa1led to substant1ate the cont1nu1ty 

between the nuclear envelope and the perforator1um. 

A more complete electron m1croscop1c description has been 

g1ven of the perforator1um in hamster spermatozoa (Franklin et 

~., 1970a, b; Yanag1mach1 and NOda, 1970b). These workers have 

descr1bed an electron dense layer of mater1al surround1ng and 

extend1ng beyond the anter10r t1p of the nucleus. As in the 

rat, th1s layer of mater1al lies between the 1nner acrosomal 

membrane and the outer nuc1ear membrane. The perforator1um 1s 
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acrosomal space ln order to de-emphaslze the lmplled homology 

between the subacroso~lc materlal,ln other specles and the 

perforatorlum of myomorph rodents. These authors suggested 

that thls subacrosomal layer of materlal ls probably conce~ed 

vlth malntalnlng the coheslon between the nucleus and the 

acrosomlc system, rather than belng dlrectly lnvolved ln the 

peDforatlon or lysls of egg membranes durlng fertlllzatlon. 

Zambonl et al. (1971), dlscusslng human and monkey spermatozoa, 

agreed wlth thls lnterpretatlon. They stated that the materlal 

ln the subacrosomal space represented a cytoplasmlc reglon 

whlch had been trapped bet_een the nucleus and acrosome durlng 

sperm dlfferentiatlon. 

The development of that part of the perlnuclear layer 

whlch forms the so-called perfo~atorlum has been superflc1ally 

lnvestlgated. Leblond and Clermont (1952a, b) observed that a 

space developed anterlor to the tlp of the nucleus and under 

the acrosomlc system durlng step 17 of rat spermlogenesls. The 

perforatorlum formed ln thl~ space durlng the last steps of 

spe~mlogenesls. Franklln et al. (1970b) observed that the per

foratorlum resulted from alateral (anterlor ln the termlnology 

used below) extenslon of the subacrosomal space and lts contents' 

late ln spermlogenesls. Br8kelmann (1963) reported the same 

phenomenon and mentloned that the space anterlor to the tlp of 

the nucleus had a fllamentous appearance. He then confused thls 

space wlth the acrosomlc system and, because lts shape was 

slmllar to that of the perforatorlum descrlbed by Clermont ~ 

al. (1955), he assumed that the perforatorlum and the acrosomlc 

system vere the same structure. 
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Hopsu and Arst11a (1965) observed that a" space developed 

between the condens1ng nucleus and the acrosom1c system 1n the 

late spermat1d of the Norweg1an lemm1ng. In th1s space was a 

large osmopij111c format10n of tubular and 1amellar structures 

wh1ch they 1dent1f1ed as the perforatorlum. They hypotheslzed 

that the mater1al located ln th1s space resu1ted elther from " 

local metabollsm or the fold1ngs of nuclear envelope durlng a 

late phase of sperm10genes1s. 

In the early mouse spermat1d, Sandoz (1970) observed that 

a small space conta1nlng granular materla1 forms between the 

develop1ng acrosom1c system and the Ducl~ar envelope. As the 

nucleus condenses, th1s space expands and st tlmes contalns 

scrolls of nuclear mater1al; the perforatorlum forms in th1s 

space. 

Gatenby and Wlgoder (1929) stud~ed gulnea pig spermatozoa " 

uslng a s11ver staln1ng techn1que. They demonstrated, for the 

f1rst t1me, a d1st1nct layer of mater1al over the poster1or part 

of the sperm nucleus not covered by the acrosom1c system. N1cander 

aad Bane (1962, 1966) observed an electron dense, homogeneous 

layer of mater1al between the t1ghtly adher1ng plasma membrane 

and the nuclear envelope 1n the postacrosomal area of the sperm 

head. Th1s mater1al 1s not a complete cap for 1t does not cover 

the nucleus at the 1nsertlon of the flagellum (Fawcett, 1958,1965, 

1970; N1cander and Bane, 1962, 1966). A number of 1nvest1gators 

descr1bed dlscrete structures 1n th1s postacrosoma1 dense 

layer. Blom and B1rch-Andersen (1965) and Wu and Newstead 

(1966) reported tubules 1n th1s layer 1n bull spermatozoa. 
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Koehler (1969, 1970) descrlbed orlented cords of partlc1es ln 

rabblt spermatozoa uslng the freeze-etch technlque. A septate 

desmosome arrangement has been reported in the postacrosomal 

layer ln the sperm of bats (Fawcett and Ito, 196'5), mlce 

(Stefanlnl et al., 1969) and man and monkeys (Zambonl et al., 

1971) • 

The contlnulty of thls layer of materla1 over the post

acrosomal, or postnuclear, cap reglon wlth that layer under the 

acrosomlc system was mentloned by Hadek (1963, 1969),· Stefanlnl 

et al. (1969), Frankl1n et al. (1970a), Yanaglmachl and Noda 

(1970a), and Zambonl et al. (1971). The materla1 ln these two 

layers may be chemlca11y slml1ar, for the post acrosomal layer 

of a varlet y of sperm (N1cander and Bane, 1962, 1966) and the 

materla1 under the acrosomlc system of human and gulnea plg 

sperm (Gordon, 1969) both staln wlth phosphotungstlc acld. 

The caudal tube ls a structure assoclated wlth the sperma

tld nucleus durlng nuclear elongatlon. The term "caudal tube" 

derlves from a dlrect translatlon by Ollver (1913) of Retzlus' 

(1909) "Schwanr8hre •• The caudal tube arlses from the nuclear 

rlng, a rlng of cytoplasm enclrcllng the nucleus at the caudal 

llmlt of the head cap (Ollber, 1913; Gresson and Zlotnlk, 1945; 

Burgos and Fawcett, 1955). The caudal tube ls composed of 

mlcrotubules whlch lnsert ln a granular mass of materlal wlthln 

the nuclear rlng and extend lnto the caudal cytoplasm formlng 

a sheath around the posterlor part of the nuëleus (Courot and 

Flechon, 1966; Fawcett and Phllllps, 1'967; Kessel and Spazlanl, 

1969; Pedersen, 1969b). The fate of the caudal tube has not been 
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comp1etely studled, but 011ver (1913) cla1med that lt contr1-

buted to the format1on of the connect1ng plece of the flagellum, 

and Br8kelmann (1963) observed the breakdown of the mlcrotubules 

lnto granules 1n the reg10n of the neck plece. 

Gresson and Zlotnlk (1945) concluded that the format1on 

of the postnuclear cap began at the nuclear r1ng and spread 

caudally. The most posterlor part of the cap was formed by the 

development of a second nuclear rlng around the most poster1or 

part of the nucleus. In the elongated mouse spermatld, a deDse 

layer forms agalnst the plasma membrane, whlle at the same tlme 

a slmllar layer develops aga1nst the nuclear envelope; these 

two layers compose the postnuclear cap (Bandoz, 1970). Blom and 

B1rch-Andersen (1965) speculated that the tubular components 

observed ln the bull sperm postnuclear cap mlght be remnants of 

the caudal tube. Das (1962) confused the caudal tube w1th the 

postnuclear cap and assumed that they were the same'structure. 

Morphologlcal Changes of Bpermatozoa dur1ng Epld1dymal Passage 

Bpermatozoa atta1n thelr full fert1l1zlng capac1ty durlng 

passage through the epldldymls (Young, 1931). It has been assumed 

that th1s 1nvolved a physlologlcal or blochemlcal change ln the 

spermatozoon (Young, 1931; Blandau and Rumery, 1961, 1964). 

Blandau and Rumery (1964) demonstrated a change 1n flex1b1l1ty 

and patterns of flagellar movement durlng sperm maturatlon. A 

change ln pos1tlon of the cytoplasmlc droplet durlng ep1dldymal 

passage was observed by Young (1931) ,and many later lnvestl

gators. 
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The flrst demonstratlon of a morphologlcal change ln the 

sperm head durlng epldldymal passage was that of Fawoett and 

Hollenberg (1963). In thls and a subsequent study (Fawoett 

and Phllllps, 1969a), lt was demonstrated that the aplca1 

segment of th~ gulnea plg and ohlnohl1la aorosomlc system 

(aorosome proper of Leb10nd and Clermont, 1952a, b) was re

mode1éd durlng epldldyma1 passage. There ls a dramatlc change 

ln shape of the chlnohl1la and gulnea plg spermatozoon from 

the tlme of sperm re1ease from the germlnal eplthellum untll 

lt attalns lts deflnltlve shape ln the cauda epldldymldls. A 

slmllar, but 1ess dramatlc, change takes place ln a comparable 

area of the acrosomlc system of the rabblt spermatozoon durlng 

translt through the epldldymls (Bedford, 1965). The change ln 

the acrqsomlc s~stem of the gulnea plg ls c1ose1y corre1ated 

wlth a partlcu1ar reglon of the epldldyma1 duct (Fawcett and 

Ho11enberg, 1963). The corre1atlon of the change ln the 

acrosome wlth the level of the duot ls not as preclse ln the 

rabblt, as there are varlatlons ln the shape of the acrosomlc 

system wlthln a partlcu1ar reglon of the epldldymls (Bedford, 

1965). 

These studles have demonstrated a morpho1og1ca1 character

lstlc of mature spermatozoa whlch has on1y been a1luded to ln 

the foregolng dlscusslon; thls ls the re1atlonshlp of the 

plasma membrane to the structures of the head. Bedford (1965) 

polnted out that the plasma membrane loosely covers the 

acrosomlc system ln the mature sperm but ls tlghtly bound to 

the postnuc1ear cap, or postacrosoma1, area. In the caput 
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epldldymldls, the plasma membrane closely covers the acrosomlc 
sys~em. Thls loosenlng of the plasma membrane over the acro
somlc system durlng epldldymal passage also was shown by 
Fawcett and Phl11lps (1969a). 

It ls now commonly accepted that the plasma membrane 
loosely covers the acrosomlc system and flts very closely to 
the postacrosomal or postnuclear cap reglon ln the mature epl
dldymal or ejaculated mammallan spermatozoon. However, Zambonl 
and Stefanlni (1968) studled the conflguratlon of the plasma 
membrane in the mature epld1dymal spermatozoon and concluded 
that the loosenlng of the plasma membrane observed by other 
lnvestlgators was due to inproper fixation. 

Ultrastructural Changes ln the Acrosome and Perforatorium 
(Perlnuclear Layer) during Fert111zatlon 

The changes ln the head components durlng fertl11zatlon 
have been extenslvely revlewed (Dan, 1967; Austin, 1968; Radek, 
1969; PlkO, 1969; Bedford, 1970; Franklln, 1970) and wl11 only 
be commented on briefly here to 111ustrate the importance of 
the structures to be dealt wlth ln the present thesls. Most of 
the materlal of the sperm acrosomlc system ls released before, 
or durlng, sperm penetration of the cumulus oopherus' layer 
(Austln and Blshop, 1958; Plkô and Tyler, 1964a, b; Bedford, 
1967b, 1968; Frank11n et al., 1970a; Yanaglmachl and Noda, 
1970c). The materlal of the acrosomlc system ls released from 
the sperm head by the formatlon'of multlple fuslons and vesi
culatlons between the plasma membrane and the outer acrosoma1 
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membrane (Barros et al., 1967). The equatorlal segment of the 
acrosome appears unchanged dur1ng the passage through the 
cumulus (Barros et al., 1967; Bedford, 1967b, 1968; Franklln 
et al., 1970a). Therefore, after passage through the c~ulus, 
the anterlor tlp of the sperm ls covered by the perfortatorlum, 
whlch ln turn ls oov.ered by the lnner acrosomal membrane. The 
plasma membrane fuses to the acrosomal membrane at the anterlor 
border of the acrosomal segment (Bedford, 1970; Franklln et al., 
1970a). 

Yanaglmachl and Noda (1970c) clalmed that the equatorlal 
segment contalns the zona lysln and that the perforatorlum 
performs an lmportant meohanlcal functlon ln the penetratlon of 
the zona pelluclda. However, most authors would probably agree 
wlth Bedford (1970) that locatlon and nature of the zona lys ln 
and the functlon of the perforatorlum are not known. 

The concept of the acrosome reactlon descrlbed above has 
been questloned by Zambonl (1971). He dlsagrees on the basls 
that lnsufflclent data are aval1able to determlne preclsely 
when the acrosome reactlon occurs durlng the fertlllzatlon 
process. He does agree that the fertlllzlng spermatozoon lacks 
an aorosomlc system when lt contacts the egg membrane. 

Sperm entry lnto the vltellus has been observed by a 
number of lnvestlgators. There ls general agreement that fuslon 
takes place ln the postnuclear (postacrosomlc) cap area of the 
sperm (Plko, 1964; Plko and Tyler, 1964a, b; Stefanlnl et al., 
1969; Yanaglmachl and NOda, 1970b, d) or ln the comparable 
"mld-lateral" ares (Barros and Franklln, 1968). 



The apparently lntact perforatorlum was recognlzed ln 

fertl1lzed eggs by Blandau (1951) and Odor and Blandau (1951). 

A number of ~nvestlgators have used electron mlcroscopy to 

follow the fate of the perforatorlum ln the ~ertl1lzatlon 

process and have seen 11ttle or no change ln lts structure 

(Plko, 1964; Plko and Tyler, 1964a, b; Bedford, 1968; 

Yanaglmachl and NOda, 1970b, cl. 

Purpose of the Present study 

The purpose of thls study was to correlate the 'ultra

structural appearanoe of rat spermatlds wlth the 11ght mlcro

scoplc olassiflcatlon of Leblond and Clermont (1952a, b) ln 

order to follow the chronologlcal development of spermatozoon 

head components'durlng spermlogenesls. Emphasls was placed upon 

the descrlptlon of the formatlon of the acrosomlc system and 

the changes ln nuclear morphology. Partloular attentlon was 

glven to those structures or events whlch may contrlbute to an 

understBndlng of the str*oture and formatlon of that layer 

adjacent to the nucleus whlch has been varlously called 

perforatorlum, subacrosomlc layer and postnuclear oap. 
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MATERIALS AND METHODS 

24. 

Test1cular and epld1dymal t1ssues were collected from ten 

rats of the Sherman stra1n. They ranged from 90 to 120 days 6ld 

and we1ghed approx1mately 400 g. These an1mals were housed 1n 

metal cages 1n a temperature controlled room (800F ± 20 ), w1th 

11ght1ng on a l2-hour on-off cycle. The d1et was Pur1na Laboratory 

Chow; food and tap water were ava1lable ad l1b1tum. 

T1ssues were collected 1n early spr1ng or early fall, w1th 

the except10n of those from one rat wh1ch was sacr1f1ced 1n late 

January. The gross anatom1cal and h1stolog1cal features of the 

reproduct1ve tract were normal 1n a11 an1mals. ·For the co11ect10n 

of t1ssue, an1mals were anesthet1zed with ether and a large 

1nc1s10n was made 1n the abdom1nal m1d-11ne. Each test1s and 1ts 

attached ep1d1dym1s .as pu1led gently, and w1thout tors1on, 1nto 

the abdom1nal oav1ty by the ep1d1dymal fat pad. From th1s po1nt 

on, the 'procedure var1ed with the type of f1xat1on ut111zed. 

The ep1d1dym1des were f1xed by 1mmers1on 1n all cases • 
• 

F01low1ng l1gat1on of blood vessels, the test1s and ep1d1dym1s 

were removed 1n toto from one s1de of the an1mal. The ep1d1dym1s 

was separated qu1ckly from the test1s and cleaned of connect1ve 

t1ssue and fat. The test1s was processed 1mmed1ately 1f 1t were 

to be f1xed by 1mmers10n; 1f not, 1t was d1scarded~ The cleaned 

ep1d1dym1s then .as placed 1n a large drop of f1xat1ve on a str1p 

of dental wax. Each ep1d1dym1s was eut 1nto cross sect10ns 

represent1ng f1ve d1fferent levels: prox1mal oaput ep1d1dym1d1s; 

m1ddle caput ep1d1dym1d1s; the area of the d1stal end of the caput 
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and·prox1mal end of the corpus; the area of the d1stal end of 

the corpus and prox1mal end of the cauda; and a small area of 

the d1stal cauda ep1d1dym1s. Each tissue block was transferred to 

a drop of f1xat1ve on an 1nd1v1dual p1ece of dental wax, and then 

eut 1nto smaller p1eces by oppos1ng mot10n of two razor blades. 

The t1ssue speclmens were flushed 1nto flxatlve bottles from the 

wax plates. Care .as taken to ensure that spermatozoa from one 
, 

epld1dymel level were not transferred mechan1cally to samples from 

other levels. In Most cases, one test1s of each an1mal was f1xed 

by perfus10n and the procedure out11·ned above was followed to 

sample the contralateral ep1d1dym1s. 

Samples f~om one ep1d~dym1~ were flxed for 2~ hours at 40c 

tn a tlxatlve'composed ot 2.5~ glutaraldehyde 1n 0.1 M Serensen's 

phosphate butter w1th a pH of 7.2. All other ep1d1dym1des were 

flxed 1n an undlluted Karnovsky~s f1xat1ve (1965) at room 

temperature for ~ to ~ hours. The f1xat1ve was changed ln all 

samples after about one hour. Follow1ng f1xatlon, the tlssues were 

washed overnlght ln ~hree'ohanges of 0.1 M phosphate butfer. The 

next morn1~g; t1ssues were postflxed ln osm1c aCld, dehydrated 1n 

a graded serles ot aoetone, and embedded 1n Epon 812. 

Testloular tubules trom flve an1mals were f1xed by 1mmers1on 

for ~ hours ln t~e m1xture of 2.5% glutaraldehyde ln 0.1 M 

Serensen's phosphate bufter ment10ned above. This tubular materlal 

was obtalned by qulckly remov1ng the test10ular capsule 1n.a petr1 

dlsh of 1ce-oold flxat1ve and teas1ng small lengths of tubules 

from the testlcular parenchyme. These tubules then were wasned, 

postf1xed, dehydrated and embedded as above. 
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One testis trom each of five anima1s was perfused through 

'the testicu1ar artery, using the ~ethod of Christensen (1965) • 
I~ the rat, the testicu1ar artery enters the superior po1e'of 
the test1s and fo11ows a straight course a10ng the posterior 
medial bord,er (Harrison, 1949). It is poss1ble to enter this 
artery wi th a c,annu1a made trom a b1Ullted 26 gauge hypodermic 
neêdle (Dim, persona1 communication). A normal cannu1ation 
procedure, consisted of ma~ing an incision 'in the te~tlcu1ar cap
sule over the, testicu1ar artery, p1acing a 100p of thread through 
the capsule and around the arter7 distal to the lntended entrance 
po~nt of 'the cannu~a, and .then'pl~c1ns a 100p prQx1ma1 to th1s 
p01nt on theartery entering ~he test1s. Tens10n was p1aced on 
the 100p around the enter1ng artery, a small opening was made in 
the artery between the two 10~ps ot thread, and the cannula then 
was 1nserted. The cannu1a was tled lnto place wlth the dlstal loop. 
The 100p proxlma1 to the cannu1a was a1so tled off qulck1y to, 
preTent b100d trom enter1ng the 1nterst1t1a1 space of the testls. 
The sp~rmat1c cord was 'Qut at th1s t1me to al10w rap1d egress ot 
the perfusate tijrough the testlcu1ar Te1ns. 

Test1cu1ar vesse1s .ere cleared ot blood by pertuslng 
appro~1mate17.l0 ml of s~llne so~ut10n through the perfuslon 
apparatus ahead of the tlxat1ve. The flxatlve then was pertused 
for 30 mlnutes by gravlty-teed through a bottle 120-130 cm above 
the table. The f1xatlve .as 2.5% glutara1dehyde ln 0.1 M S8rensen's 
phosphate butter wlth a pH ot' 7.2, or 5% glutaraldehyde ln s
co11ldlne butter (Bennett and Luft, 1959) wlth an pH of 7.4. 
Fo11owing perfuslon, the testls was cut lnto sma11 b10cks whlch 
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were put into tresh fixative and stored at 40 c for 30 minutes. 

The fixat~ve and sallne solutlon were at room temp~~ature untll 

thls tlme. After refrlgeratlon, the materlal was washed four to 

flve t-1mes ln one hour wlth 40C buffer. Then lt elther was stored 

overnlght, or,prooessed and embedded the same day. 

Tissue blocks were trlmmed and sectlons of 1 '~ were cut wlth 

glass knlves on an LKB ultramlcrotome. These seotlons were afflxed 

to glass slldes and stalned wlth toluldlne blue. The acrosomlc 

system ot the varlous steps ot spermlogenesls could be readlly 

ldentlfled l~ thls materlal, as well as the stages of spermato

genesls desorlbed by Leblond and Clermont (1952a, b). 

Small pyramld-shaped blocks were trlmmed from epldldymal 

and testlcular tubules. Thln sectlons (s11ver-gray) were out trom 

these blocks wlth a dlamond knlfe and placed on copper, 300 mesh 

grlds. One thlok seotlon was cut trom each blook and stalned wlth 

toluldlne blue as a record of the stage' ot spermatogenesls. Thln 

seotlons were stalned wlth uranyl acetate (Watson, 1958) followed 

by lead oltrate accordlng to the method of Reynolds (1963) or 

Venable and Coggeshall (1965). Unstalned sectlons or sectlons 

stalned wlth lead cltrate alone were used occaslonally. All 

seotlons were examlned ln a Slemens Elmlskop l. 

Detal1s of Reagents and Teohnlcal Procedures 

Butfers 

1. Serensen's phosphate butfer, pH 7.5, 0.2 M (Ll11le, 1965) 

0.2 ~ NaH2~04 14 parts 

O.2M Na2H~04 86 parts 



0.2 M NaH2P04.H20 = 27.60 g/llter 

0.2 M Na2~P04.7H20 = 5;.62 g/llter 

Mlx ln above proportlons to obtaln a 0.2 M buffer 

solutlon of pH 7.5. 

2. S8rensen's phosphate buffer, pH 7.2, 0.1 M 

0.2 M NaH2P04 24 parts 
0.2 M Na2HP04 76 parts 

28. 

Dllute wlth an equal volume of dlstllled water to make 

a 0.1 M buffer· solutlon of pH 7.2. 

;. S-oollldlrie buffer, Eastman Organl0 Chemloals (Bennett 

and Luft, 1959) 

a. 2.67 ml of s-oollldlne ln 50 ml of dlstl11ed H20 

b. Lower pH to 7.4 wlth lN HCl 

o. Add H20 to make total volume 100 ml. 

Flxatlon Prooedures 

1. Karnovsky's flxatlve (Karnovsky, 1965) 

a. ·2 g of paraformaldehyde 

b. 25 ml of H20 (60-700 C) 

o. 1-; drops of lN NaOH 

d. Cool to room temperature 

e. 5 ml of 5% glutaraldehyde 

f. Add 0.2 M phosphate buffer, pH 7.5, to make volume 

50 ml 

g. Flnal pH should be 7.2, wlth an osmolallty of 

approx1mately 2000 ml1llosmols/kg. 
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2. The osmolar1ty of 2.5% glutaraldehyde in phosphate or 

s-coll1d1ne buffer 1s about 550 m1ll1osmols/kg. 

J. Postf1xat1on 

The mater1al was postf1xed in 1% osmium (Os04) after 

the per10d of wash1ng ment10ned in the texte This was 

done by m1x1ng equal volumes of 2% Os04 solution in 

d1st1lled water w1th 0.2 M phosphate buffer or, if the 

fixation was in s-coll1d1ne buffer, two portions of buffer 

to one of 2% Os04 in d1st1lled water. This procedure was 

carr1ed out at 400. 

Dehldrat10n 

After postf1xat1on, the mater1al was washèd in ~.o, one

minute changes of cold JO% acetone. Dehydrat10n was cont1nued 

in the follow1ng graded series of acetone: 

a. 50% cold acetone allowed to warm to room temperature 

for 10 minutes. 

b. 70% acetone (room temperature) for 10 minutes. 

c. 90% acetone for 10 minutes. 

d. 100% acetone, J changes of 10 minutes each. 

e. One part acetonea 1 part Epon for 1 hour. 

f. One part acetone: 2 parts Epon overn1ght. 

g. The next day, two changes of pure Epon of one hour 

each; then the tissue was embedded. 
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Stalns 

1. Uranyl acetate (Watson, 1958) 

2. 

a. 100 ml of 70% ethyl alcohol 

4 g of uranyl acetate 

b. F1lter before using. 

Lead cltrate (Reynolds, 1963) 

a. 1.33 g lead nitrate 

1.76 g sodium cltrate 

30 ml dlstllled water (boiled and cooled) 
,'-

b. Shake lnterm1ttently tor 30 mlnutes 

c. Add a.o ml of lN HaOH; shake 

d. When clear, add bolled and cooled 4lstllled R20 

to make SO ml of solut1on. 

3. Lead cltrate (Venable and Coggesball, 1965) 

a. 0.3 g lead c1trate added to 10 ml dlstllled H20 

ln a screw-cap centrlfuge tube 

b. Add 0.1 ml lON NaOH; close tube and shake v1gorously 

untll all the lead citrate is dlssolved 

c. Use only concentrated NaOR solutlons or NaOR 

pellets to prevent preclpitation 

d. Makes 10 ml of staln. 
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RESULTS 

The results wlll be presented ln two separate chapters. 
The detal1ed u1trastructure of mature spermatozoa from thé cauda 
epldldymldls wlll be °glven ln the flrst chapter. In addltlon, 
the ultrastruoture of the spermatozoa ln the oaput epldldymldls 
and themorpho1og1ca1 changes whlch take place ln the spermato
zoa durlng passage through the epldldymls wll1 be dlscussed. 
In the seoond chapter, a descrlptlon of~those structural com
ponents of the spermatld whlch develop lnto the organelles of 
the head of the spermatozoon wll1 be systematlcally examlned 
at the varlous steps of spermlogenesls. Speolal attentlon wlll 
be glven to the nucleus, the nuclear enve1ope, the acrosoml0 
system, and that layer of materla1 whlch ls lmmedlately applled 
to the nucleus and ls ca11ed the perlnuolear layer ln thls 
thesls. Parts of thls layer have also been called the perfora
torlum, the postnuclear cap, subacrosomal space, and subacrosomlc 
layer. 



CHAPTER III 

ULTRASTRUCTURE OF THE HEAD OF THE MATURE, 

EPIDIDYMAL, RAT SPERMATOZOON 

Termlnolog! 

32. 

It ls generally agreed that, ln flagellated memmallan 

spermatozoa, the part of the head closest to the lnsertlon of 

the flagellum ls the caudal reglon and the opposlte end of the 

head ls the anterlor reglon. The orlentatlon of the other 

surfaces ls dlfflcult to determlne, and these surfaces have 

been deslgnated arbltrarlly. The descrlptlve terms used ln the 

followlng dlscusslon are those used by Leblond and Clermont 

(19S2a, b) to descrlbe the rat spermatozoon. 

The head of a rat spermatozoon ls falclform or slckle

shaped when vlewed on lts lateral surface (Flg •. 4). The polnted 

anterlor extremlty ls referred to as the apex, whlle the wlder 

caudal extremlty ls at the lnsertlon of the flagellum. The 

convex surface of the spermatozoon head has been deslgnated as 

dorsal and the concave surface as ventral. The ventral surface 

termlnates caudally at the ventral angle, that polnt at wblch 

the angle of curvature changes abruptly. On the dorsal surface, 

the caudal extremlty of the head ls termed the dorsal angle. 

The lncurved surface between the dorsal and ventral angles ls 

referred to as the caudal surface (Flg. 4). The flagellum ln

serts lnto a speclallzed area of the caudal surface called the 

lmplantatlon fossa. The lmplantatlon fossa covers the anterlor 

port1on of the caudal surface, w1th the anter10r border of the 
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fossa at the ventral angle (Fig. 4). 

When v1ewed on the lateral surface, the head of the rat 

spermatozoon 1s a long (average s1ze, 12 ~), narrow (averag1ng 

2 ~ at 1ts w1dest part), smoothly curved structure (F1gs. 3 

and 4). The bulk of the head 1s made up of the condensed 

nucleus wh1ch has the same falc1form shape as the head. The 

nucleus does not extend 1nto the apex of the head but ends 

bluntly approx1mately 3 ~ from the apex. The apical portion 

of the head, surround1ng the anter10r t1p of the nucleus and 

extend1ng anter10r to 1t, 1s composed of a dense structure 

that has been called the perforator1um. Another head structure, 

the acrosom1c system, covers all of the dorsal and lateral 

surfaces of the perforator1um and most of the nuclear surface. 

The acrosom1c system does not, however, cover a small caudal 

area of the nucleus. A prom1nence on the ventral head surface, 

called the ventral spur, 1s located approx1mately 2.5 ~ 

anter10rly to the ventral angle (F1gs. 3 and 4). 

The anter10r one-th1rd of the head of the spermatozoon 1s 

tr1angular in cross section, wh1le the rema1n1ng two-th1rds are 

oval ~n section (Fig. 3). The head 1s w1dest in the apical 

tr1angular reg1on, becomes narrower at the point where the 

tr1angular shape changes to oval, then w1dens aga1n prox1mally 

to the flagellum. 

Caudal Ep1d1dymal Spermatozoa 

Nucleus and Nuclear Envelope 

As ment10ned prev1ously, the nucleus 1s a dense structure 
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comprlsllng the major part of the head of the spermatozoon. The 
nucleus ls falclform-shaped whenvlewed laterallyand ls oval 
ln cross-sectlonal outllne (Flgs. 7-15). In t~e aplcal thlrd 
of the head, the narrower part of the oval polnts ventrally 
(Flgs. 8 an~ 9). In the caudal reglon of the nucleus, lncludlng 
that part of the nucleus whlch projects dorsally over the 
flagellum, the nuclear orlentation ls reversed wlth the wlder 
nuclear ~urface faclng ventrally and the narrower surface 
palntlng dorsally (Flgs·. 14 and 16). In the, central reglon of 
the head, the nucleus has a symmetrlcally elllptlcal shape 
(Flgs. 10 and 13). 

The chromatln ls compact and extremely electron dense; 
lt ls homogeneous and shows no fllamentous or crystalllne 
lnfrastructure. There are, however, small areas of rarefactlons 
ln the chromatln wh1ch have the appearance of small vacuoles. 
These areas of rarefact10n are not membrane bound and are 
d1str1buted throughout the nucleus (F1gs. 9, 15, 16, and 19). 
A thln layer of chromat1n w1th 1ncreased electron dens1ty ls 
found on the 1nner surface of the nuclear membrane at the 
1mplantat1on fossa (F1g. 16). 

The condensed chromat1n has a very smooth, clearly de
l1neated border under most of the nuclear surface. The 1nner 
un1t membrane of the double un1t membrane formlng the nuclear 
envelope 1s app11ed to the surface of the chromat1n w1th a 
small space bet_een the 1rregular1tles of the membrane and the 
condensed chromat1n. The outer membrane of the nuclear envelope 
1s also 1rregular and lles at a small var1able dlstance from 



the lnner membrane. The nuc1ear enve10pe ls modl~led at two 

areas of the nucleus whlch wl11 be descrlbed be1ow. 

In the lmp1antatlon fossa, the membranes o~ the nuc1ear 

enve10pe become very regu1ar and.a narrow regu1ar space ls 

formed between them (Flg. 16). The lnner membrane adheres 

tlght1y to the chromatln. The chromatln agalnst thls lnn~r 

membrane ls modlfled and forms a thln layer wlth lncreased 

e1ectron denslty. A thlck layer of dense granu1ar materla1 on 

the outer nuc1ear membrane forms the basal plate (Flgs. 16 

and 19). 

The second reglon of modlfled nuc1ear enve10pe enclrc1es 

the nucleus lmmedlate1y adjacent to the lmp1antatlon fossa. 

Thls reglon ls clrcumserlbed by a sma11 groove runnlng on the 

ventral head surface ha1f-way between the ventral angle and 

the ventral spur. Thls groove ~orms a comma-shaped 11ne across 

the 1atera1 head surfaces and passes under the caudal surface 

a sma11 dlstance ~rom the lmp1antatlon fossa (Flgs. J, 4, ·14, 

15 and 16). The modlfled area 11es between thls 11ne and the 

lmp1antatlon fossa, thus formlng a co11ar of modlfled nuc1ear 

enve10pe around the fossa. For the purposes of descrlptlon, 

thls modlfled reglon wl11 be ca11ed the perlfossa co11ar. 

The nuc1ear enve10pe ln the perlfossa co1lar shows severa1 

modlflcatlons. The space between the unlt membranes ls wlder 

than e1sewhere, and flne granu1ar materla1 ls found wlthln thls 

space (Flgs. 14, 15 and 16). The nuc1ear enve10pe loose1y covers 

the nucleus and occaslona11y forms long fo1ds that extend lnto 

the neck reglon of the flagellum (Flg. 16). A dlstlnctlve 



feature of the nuclear envelope ln the perlfossa collar ls 

the presence of nuclear pores '(Flgs. 14 and 16). 

36. 

The surface of the chromatln adjacent to the modlfled 

nuclear envelope ln the perlfossa collar ls lrregular, ln 

contra st to the smooth chromatln surface ln other reglons. A 

flne granular or flocculent materlal ls found ln the space 

between the nuclear envelope and condensed chromatln; thls 

materlal ls also present ln the nuclear membrane folds that 

extend lnto the neok reglon of the flagellum (Flgs. 14, 15 

and 16). 

Perlnuclear Theoa 

Examlnatlon of a serles of cross sectlons, through varlous 

levels of the head of the spermatozoon, reveals an electron 

dense layer of materlal adjacent to the nuclear envelope (Flgs. 

7-17). Thls layer, that wlll be called the perlnuclear theca, 

surrounds all of the nucleus except ln the perlfossa oollar 

and lmplantatlon fossa. In the aplcal thlrd of the head, the 

perlnuclear theca ls most promlnent where lt extends aplcally 

beyond the tlp of the nucleus. Thls aplcal part of the perl

nuclear theca stalned heavlly wlth lron hematoxylln ln llght 

mlcroscoplc preparatlons and was called the perforatorlum by 

Leblond and Clermont (1952a, b). In subsequent dlscu'sslon, 

only the term perlnuclear theca wlll be used. Thls term encom

passes the aplcal extenslon, or perforatorlum, the layer ad

jacent to the nuclear surface under the acrosome, and the 

postnuclear cap. 
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The basal plate of the lmplantatlon ,fossa, whlch ln some 

ways ls structurally slml1ar to the perlnuclear theca, seems 

to be more closely related to the flagellum ln functlon and 

mode of formatlon (see Chapter IV). Therefore, lt wl11 not be 

consldered part of the perlnuclear theca ln thls descrlptlon. 

The perlnuclear the ca ln the aplcal thlrd of the head ls 

a trlangularly shaped structure (Flgs. 7, 8, 9 and 18) wlth a 

sllghtly concave ventral surface (Flgs. S, 6a, 6b). The the ca 

ls electron dense wlth a flne granular texture whlch ls homo

geneous except ln a few small areas where the granules appear 

less densely packed (Flgs. 6b, 7, 8 and lSb). As wl11 be seen 

later, the theca ls closely covered by the acrosomlc system and 

the plasma membrane, but ls not dellmlted by a membrane of lts 

own. 

The head has an asymmetrlcal appearance ln the area where 

lts trlangular cross-sectlonal shape changes to oval (Flgs. 9 

and 18). Thls results ln a thlckened ventral layer of the perl

nuclear theca on the ventral surface of the nucleus. 

The quantlty of materlal formlng the per1nuclear theca 

1n the mlddle thlrd of the head ls conslderably less than that 

ln the aplcal thlrd. The theca ls espec~.ally th1n on the lateral 

surfaces of the nucleus (Flgs. 10, 12 and 13). On the dorsal 

surface of the nucleus, 'there 1 s a trlangularly shaped 

th1cken1ng of the per1nuclear theca w1th a somewhat dlstorted 

ap1cal tlp (F1gs. 10 and 13). On the rounded ventral surface of 

the head, whlch ls not covered by acrosomlc system, the per1-

nuclear theca ls also th1cker than on the lateral surfaces 
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(Flgs. 10, 12 and 13). The perlnuclear the ca ls not homogeneous 

ln thls thlckened ventral layer; that part o~ the theca agalnst 

the plasma membrane ls sllghtly denser than that reglon whlch 

11es closer to the nuclear envelope (Flgs. 10, 12 and 13). Thls 

thlckeBed area of the perlnuclear the ca ~orms a locallzed pro

mlnence, the ventral spur (Flg. 13). 

In the caudal portlon of the head, more of the lateral 
. . 

nuclear surface ls covered by a relatlvely thlcker layer of the 

perlnuclear theca (Flgs. 14, 15 and 16). As mentloned above, 

/ thls reglon of the the ca also has a dense layer adjacent to the 

coverlng plasma membrane. As can be clearly seen ln Flgures 14, 

15 and 16, the perlnuclear theca ends at the groove on the 

lateral head surface whlch dellneates the perlfossa collar. 

No materlal comparable to that of the perlnuclear theca was 

séen ln the perlfossa collar. The perlnuclear theca appears to 

be homogeneous over the most caudal part of the nucleus (Flg.17). 

To summarlze, the perlnuclear theca ls a nuclear coverlng 

of electron dense·granular materlal. The theca ~orms a con-

tlnuous cover over the nucleus except at the lmplantatlon fossa 

and ln tneperlfossa collar. The theca 18 a promlnent trlangular 

structure ln the apical reglon of the head. It extends through

out the'mld and caudal head areas as a trlangular rldge on the 

dorsal nuclear surface and as a relatlvely thlck coverlng on 

the ventral surface. In these head reglons, only a thln layer 

of theca covers the lateral surfaces o~ the nucleus. 



Acrosomlc System 

The acrosomlc system ls a membrane bound organelle 

coverlng a large area of the perlnuclear theca. As lt was 

polnted out ln the lntroductlon, the acrosomlc system ls derlved 

from a secretory-11ke granule, the acrosomlc veslcle, whlch ls 

elaborated from the Golgl apparatus. Durlng spermlogenesls, 

the acrosomlc veslcle dlfferentlates lnto two dlstlnct zones; 

one zone ultlmately forms the acrosome and the other forms the 

head cap. The fully formed acrosome and head cap of later 

spermatlds and spermatozoa remaln bound by a slngle membrane, 

but the two reglons may have dlstlnctly dlfferent cytochemlcal 

propertles. 

The materlal of the acrosomlc system appears homogeneous 

ln electron mlcroscoplc preparatlons of mature spermatozoa. 

Therefore, an attempt was made to deflne the two areas of the 

acrosomlc system by shape alone. The acrosome corresponds to 

the thlckened part of the acrosomlc system on the dorsal sur

face of the head (Flgs. 6b, 7-10, 13-15, 18). The head cap 

corresponds to the thlnner portlons of the acrosomlc system 

on the lateral (Flgs. 6-15, LHC) and ventral surfaces (Flgs. 

6-9, 11, lSb, VHC) of the head. 

One surface of the acrosomlc system unlt membrane always 

faces the perlnuclear theca; thls surface ls contlnuous wlth 

that faclng the plasma membrane (Flgs. 9-12). That surface 

faclng the perlnuclear theca has been called the lnner acrosomlc 

membrane, and the one faclng the plasma membrane ls the outer 

acrosomlc membrane. 
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At the aploal extremlty of the head, the perlnuolear theoa 

ls oovered only by the head oap (Flgs. 5 and 6a). More oaudally, 
as the trlangular oross-sectlonal outllne of the head becomes 
larger, two features beoome apparent (Flg. 6b): flrstly, a 
globular swell1ng on the dorsal surfaoe whloh corresponds to 
the most aplcal portlon of the aorosome; and seoondly, a small 
separate portlon of the head oap on the ventral çonèave surface 
of the head. Thlsseparated ventral portlon of the head oap al
ways ls the same thlokness as the lateral components of the 
head oap. 

Even more caudally, where the nuoleus beglns to appear ln 
seotloned materlal, the aorosome ls very promlnent and forms 
two thlokenlngs on elther slde of the dorsal rldge of the perl
nuolear theoa (Flgs. 8, 9, l5b, 18). In thls same head reglon, 
the lateral surfaoes of the perlnuolear theoa are oompletely 
oovered by the head.oap (Flgs. 5-8, l5b, 18). The separate 
ventral portlon of the head oap, whlch,has a medlan posltlon 
ln tha aploal part of the head, has now shlfted to l1e laterally 
of the nucleus (Flgs. 6-9, l5b, 18). 

The aorosome ls st1ll promlnent ln the mlddle thlrd of the 
head, or that reglon where the head la oval ln oross sectlon. 
However, the shape of the aorosome ls ohanged sllghtly, and lt 
ls larger and also asymmetrloal (Flgs. 10 and 13). The head oap 
oovers less of the lateral surfaoes of the perlnuolear theoa, 
and the ventral part of the head oap ls absent at thls level 
of the head (Flgs. 10, 12 and 13). The lateral oomponents of 
the head oap are often unequal ln slze (Flg"s. 10, 12, 13). 
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In the caudal th1rd of the head, the acrosom1c system 

decreases in s1ze. The acrosome decreases in volume caudally 

and ends at the level of the implantation fossa. The head cap 

covers only'a small part of the lateral surfaces of the per1-

nuclear theca (F1gs. 14, 15a, 16) and decreases in s1ze caudally, 

end1ng sl1ghtly anter10r to the acrosome caudal extrem1ty. 

In summary, the acrosome e.xtends along the dorsal head 

surface from 1ts apical ttp to the ievel of the implantation 

fossa. The lateral components of the head cap cover all of the 

lateral surfaces of the per1nuclear theca in the apical tr1-

angular reg10n of the head. The head cap covers less of the 

lateral surfaces in the m1ddle th1rd of the head and only small 

areas in the caudal th1rd. A small separate portion of the head 

cap 1s found on the ventral surface in the apical reg10n of 

the head. 

Plasma Membrane 

A plasma membrane covers the whole cell 1nclud1ng the 

flagellum. This membrane has been referred to above as be1ng 

closely bound.$o the pe~1nuclear the ca in those areas where the 

theca 1s not cover.ed by the acrosomic system. The plasma mem

brane very loosely covers the acrosom1c system, 1nclud1ng the' 

ventral flap, and lies loosely over the mod1f1ed nuclear en

velope in the per1fossa collar. Under the groove del1neat1ng 

the per1fossa cOllar, at the l1m1t of the per1nuclear theca, 

the plasma membrane lies espec1ally close to the nuclear envelope 

(F1gs. 14, 15, 16). 
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Drawlngs of a longltudlnal sectlon of the rat spermatozoon 

plus cross sectlon at var10us levels of the head are shown ln 

Flgure 24. The locatlon and extent of the varlous components 

of the head can be revlewed ln thls flgure. 

Caput Ep1dldymal Spermatozoa 

Spermatozoa from the caput ep1dldymld1s can be dlstlngulshed 

readl1y from spermatozoa of the cauda by acrosome slze and the 

relatlonshlp of the plasma membrane to the acrosomlc system. 

Based on measurements from electron mlcrographs, acrosomes of 

spermatozoa from the caput are approxlmately twlce the helght 

of those of the cauda epldldymldls spermatozoa •. Cross sectlons 

revesl that the acrosome volume ls also greater ln caput 

spermatozoa. Thls feature ls even more strlklng when compared 

to other acrosom1c components, whlch are morphologlcally 

ldentlcal ln spermatozoa from both epldldymal areas. The extent 

and thlckness of the head cap and ventral flap, and the total 

head area covered by the acrosomlc system, remaln unchanged 

durlng the passage through the epldldymls. 

Accompanylng the change ln acrosome slze ls a change ln 

the tlghtness of flt of the plasma membrane over the acrosomlc 

system. In the caput epldldymldls, the plasma membrane covers 

the acrosomlc system closely wlth a small space between lt and 

the outer acrosomlc memprane. Thls space wldens, wlth the plasma 

membrane becomlng very loose and lrregular ln spermatozoa of the 

cauda epldldymldls. In both caput and cauda spermatozoa, the 

plasma membrane ls bound tlghtly to that perlnuclear theca 



materlal not oovered by ·'acrosomlc system. 

The morphology of the perlnuclear theca was examlned 

carefully ln sect~ons,of varlous planes of out, taken from the 

oaput epldldymldls. There were no morphologlcal dlfferenoes ln 

the perlnuclear theca of caput and cauda spermatozoa. 

Morphologlcal Chanses ln Spermatozoa durlng Translt through 

the Epldldymls 

The acrosome appears to change very llttle untll the 

spermatozoa reach the upper part of the corpus epldldymldls. 

Durlng thelr translt through the corpus, the spermatozoa undergo 

varlous changes and attaln morphologlcal maturlty ln the cauda 

epldldymldls. A deorease ln acrosome volume ls aocompanled by 

a loosenlng of the plasma membrane overlylng the aorosomlc 

system. It should be polnted out that the plasma membrane also 

becomes looser over the ventral flap, whloh does not appear to 

decrease ln volume. Sampllng of the varlous areas of the epl

dldymls reveals that. ln any one area, the spermatozoa seem to 

form a homogeneous populatlon; 1.e., the maturatlon gradatlons, 

as far as acrosome slze ls concerned. do not appear to be mlxed 

together. 

As mentloned prevlously. spermatozoa from varlous lev'els of 

the epldldymls show no morphologlcal dlfferences ln the perl

nuolear theca or membranes, other than loosenlng of the plasma 

membrane. Further. there are no dlfferences ln the spatlal re

latlonshlps of the varlous organelles. T~e nuclear shape remalns 

constant, as does the general head shape wlth the exceptlon of 
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the decreased dorsal r1dge due to reduct10n of the acrosom1c 

volume. Thus, the only major morpholog1cal change 1s the 

d1fferenoe in head shape due to the change in the acrosome. 



CHAPTER IV 

DEVELOPMENT OF HEAD STRUCTURES DURING SPERMIOGENESIS 

Thls chapter wlll be concerned wlth the formatlon and/or 
- . 

transformatlon of the nucleus, acrosomlc system, and perl-

nuclear theca. Organelles whlch are assoclated wlth. thls 

developmental process, such as the Golgl apparatus and caudal 

tube, wlll be brlefly descrlbed. The developmental steps of 

thls descrlptlon wlll be glven ln chronologlcal order followlng 

the steps of spermlogenesls as des9rlbed by Leblond and Clermont 

(1952a, b), and they wlll be dlvlded lnto three parts encom

passlng the four phases of spermlogenesls descrlbed by these 

authors. A phase ls a perlod of spermlogenesls, contalnlng a 

varlable number of steps, ln whlch a domlnant··:,,::: event occurs. 

Golgl and Cap Phases (Steps 1-7) 

Flgure 2 shows spermatlds ln steps 1 through 7 of spermlo

genesls, as they are seen wlth the 11ght mlcroscope. The 

formatlon and development of the acrosomlc system can be fol

lowed ln llght mlcroscop1c:preparatlons Of. 1 1.1 thlck Epon 

sectlons stalned wlth toluldlne blue. Images seen wlth thls 

method are slmllar to those drawn ln Flgure 2. Blue-stalnlng 

granules lle close to the spherlcal nucleus ln the GOlgl zone 

of step 2 spermatlds. A large granule composed of two zones 

forma agalnst the nucleus of step J spermatlds. Thls granule 

spreads over the surface of the nucleus to form the head cap. 

The acrosomlc system ls well developed ln step 7 spermatlds 
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when the Golg1 apparatus detaches from 1t. Electron m1crographs 
of spermat1ds 1n steps 1-7 are seen 1n F1gures 25-31. 

Nucleus 

The chromat1n of early spermat1ds appears as f1ne f1laments' 
and granules, w1th larger granules (250-400 A} 1nterspersed 
among them. A th1n, electron dense, granular layer 1s adjacent 
to a mod1f1ed ares of the nuclear e~velope wh1ch w1ll be 
descr1bed below. 

The nuclear envelopeof the'early spermat1ds (1-7) 1s com
posed of undulat1ng un1t membranes separated, by a var1able space 
of 125-450 A. The nuclear envelope 1s mod1f1ed 1n areas approx1-
mated by the acrosom1c system as follows: l} the membranes are 
close together w1th a narrow regular space between them torm1ng 
an'euvelope of approx1mately 125 A 1n th1ckness; 2} there 1s a 
th1n layer of electron dense mater1al formed aga1nst the chro
mat1n s1de ot the 1nner membrane; and 3} obv1ous nuclear pores 
are absent 1n the mod1f1ed nuclear envelope. Pores are seen 
1nfrequently in the other areas of the nuclear envelo~e. 

The Gotg1 apparatus 1n the early'spermat1ds 1s composed of 
several stacks of flattened saccules (F1gs. 25-3l). These stacks 
are arranged 1n a hem1spher1cal shape v1th the 1nner or concave 
surface tac1ng the nucleus 1n the step 2-7 spermat1ds (F1gs. 
27-3l) • 

Acrosom1c System 

Bmall ves1cles, wh1ch bud oft trom the 1nnermost Golg1 
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saccules, presumably fuse ln step l of spermlogenesls to form 

larger veslcles, the proacrosomlc veslcles (Flg. 25). These 

proacrosomlc veslcles contaln an electron dense center, the 

proacrosomlc granule. The granule ls surrounded by materlal of 

lower electron denstty, contalnlng a retlculum of small thread-

11ke fl1aments whlch radlate from the granule to the 11mltlng 

membrane of the veslcle. By step 2, these small veslcles have 

apparently fused to form two to four larger proacrosomlc 

veslcles contalnlng larger proacrosomlc granules, also formed 

by fuslon (Flg. 27). In step 3, there ls only one large acro

somlc veslcle contalnlng a large acrosomlc granule (Flg. 26). 

Materlal formed ln the GOlgl apparatus ls contlnually added to 

the veslcle durlng thls phase. 

In steps 4 through 7 of spermatld maturatlon (cap phase), 

the head cap ls formedby the centrlfugal growth of a th ln 

layer from the edge of the acrosomlc veslcle over the nuclear 

surface (Flgs. 28-31). The head cap materlal ls ldentlcal and 

contlnuous wlth that materlal surroundlng the acrosomlc granule. 

Thls materlal l's composed' of a flne thread-llke network ln a 
1 • 

matrlx of low electron denslty (Flg. 28). The granularlty and 

electron denslty of the head cap materlal lncreases ln steps 6 

and 7 of thls phase (Flgs. 29-31), but lt never becomes as dense 

as the acrosomlc granule. Although secretory materlal from the 

Golgl apparatus ls added contlnuously to the acrosomlc system 

ln thls phase, the acrosomlc granule does not appear to change 

ln volume over that seen ln step 3 spermatlds. 

Modlflcatlon of the nuclear envelope occurs concurrently 
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wlth the growth of the acrosomlc system over the nucleus. 

Bmall modlfled areas occur where the proacrosomlc veslcles of 

steps l and 2 spermatlds approach the nucleus (Flg. 25). Thls 

modlfled area then lncreases concomltan~ly wlth the lncrease 

ln slze of the acrosomlc system. 

Perlnuclear Layer 

A dlstlnct layer of materlal ls formed ln the space between 

the acrosomlc veslcle and the modlfled nuclear envelope of step 

3 spermatlds (Flg. 26). In steps 1 and 2 spermatlds, a comparable 

space appears between the modlfled nuclear ~nvelope and those 

acrosomlc veslcles whlch approxlmate the nucleus. In these 

developmental steps, thls space contalns materlal slmllar ln 

appearance to the background cytoplasmlc matrlx (Flgs. 25 and 27), 

and lt ls only ln step 3 and later steps that an obvlous sub

acrosomlc layer appears (Flgs. 26, 28-31). 

Thls subacrosomlc layer forms concurrently wlth the growth 

of the head cap over the'nucleus. The subacrosomlc layer ls 

composed of flne granular and flocculent materlal, and proflles 

of what appear to be flne fllaments are seen occa~lonally. The 

thlckness (approxlmately 250 A) and composltlon of thls layer 

do not appear to change from the step 3 to' the step 7 spermatld 

except for a small speclallzed area whlch becomes promlnent ln 

the step 7 spermatld. At thls step of development, a furrow 

develops ln the nucleus under the caudal edge or margln of the 

head cap (Flg. 31). Thls creates a wldened marglnal area ln the 

subacrosomlc layer. 
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The materlal ln thls marglnal area of the subacrosomlc 

layer ls dlstlnctly dlfferent from the rest of the layer. Thls 

dlstlnctlon ls stl11 evldent ln later steps of spermlogênesls 

as wl11 be polnted out ln the subsequent dlscusslon. Structures, 

whlch appear to be sectlons of large granules, are surroUnded by 

granular materlal Whlch ls somewhat coarser than the rest of the 

subacrosomlc layer (Flgs. 32 and 33). The se ,large coarse granules 

appear as short thlck rods ln obllque sectlons through the 

marglnal area. 

The subacrosomlc layer ends abruptlY at the caudal llmlt of 

the head cap. Veslcles of varlous slzes are seen occaslonally ln 

the cytoplasm close to the edge of the subacrosomlc layer (Flgs. 

28 and 31). 

Acrosome Phase (steps 8-14) 

Llght Microscoplc Observatlons 

During the acrosome phase of development, steps 8-14 (Flg. 

2), the spermatid nucleus changes from spherical to elongate 

and the chromatln begins to condense. The acrosomic system 

remains closely assooiated wlth the nucleus, and it changes ln 

shape as the nucleus elongates. As the nuoleus begins to 

elongate ln step 9, the form of the mature spermatozoon beglns 

to appear and surface deslgnatlons used ln the mature spermato

zoon can now be employed. The fully developed head cap spreads 

over part of the lateral and dorsal nuclear surfaces and the 

acrosomlc granule sprea~s along the dorsal surface. 

In step 8, the orlentatlon of the spermatid nuclel ln the 
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semlnlferous eplthellum ls no longer random; ln aIl spermatlds, 
the surface of the nucleus covered by acrosomlc system now 
polnts toward the,tubular wall. Thls orlentatlon of the nuclel 
perslsts throughout the remalnder of spermlogenesls. The 
spherlcal nucleus transforms lnto an aval shape and comes to 
Ile wlth the acrosomlc system close to the plasma membrane. At 
the same tlme" the bulk of the cytoplasm, lncludlng the Golgl ap
p~ratus,J whlch became dlssoclated from the acrosomlc system late 
ln step 7, mlgrates toward the opposlte pole of the celle 

The caudal tube, whlch began formlng late ln step 7, ls 
clearly vlslble ln the cytoplasm of acrosome phas~ spermatlds 
stalned vlth elther lron hematoxylln or toluldlne blue (Flg. 2). 
The caudal tube ls shaped llke a truncated cone with the apex 
surroundlng the mlddle of the nucleus of the late step 7 and 
step 8 spermatld and w~th the base extendlng lnto the cytoplasm 
posterlor ta the nucleus. The apex of the cone actuallY surrounds 
the nucleus at the caudal margln of the head cap; thls ls seen 
clearly ln the step 9 spermatld. In the subsequent developmental 
steps of the acrosome phase, the caudal tube changes lts orle~ 
tatlon to the elongatlng nucleus, whlle malntalnlng lts relatlon
shlp wlth the head cap as the acrosomlc system ls molded over 
the nucleus. 

Electron Mlcroscoplc Observatlons of steps 8 through 11 
Nucleus 

The chromatln of the acrosome phase spermatlds has the same 
granulo-f1lamentous appearance as that of the ear11er Golgi and 
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cap phase spermatlds. The electron dense layer adjacent to the, 

modl~led nuolear envelope,'whlch ls assoclated wlth the acrosome, 

ls apparent durlng the early steps of the acrosome phase '( steps 

8-11). In step 8-10 spermatids, the larger coarse granules of 

chromatln aocumulate ln an lrregular layer adUacent to that part 

of the nuclear envelope whlch ls not covered by the acrosomlc 

system (Flgs. 32 and 33). Clumps of fused coarse granules o~ 

chromatln are spread throughout the nucleus of step 10 and 11 

spermatlds (Flgs. 33 and 34). The remalnder of the chromatln 

becomes more fllamentous ln step 11, and each fllament also 

becomes thlcker (Flgs. 34 and, 35). 

The nuclear envelope ls modlfled on that surface whlch ap

proxlmates the caudal tube (Flgs. 32, 33 and 35). Thls modlfled 

nuclear envel~pe has an appearance slmllar to the modlfled area 

Jmder2":thel:'i&oro~ome. The two membranes have a regular space be

tween them and ~orm an envelope approxlmately 200 A ln thlckness, 

whlch ls sllghtly vlder than the modlfled area under the acrosome 

(approxlmately 150 A) (Flgs. 32, 33 and 35). The electron dense 

layer, whlch lles agalnst the lnner membrane of the envelope 

under the acrosomlc system, ls not present on that part of the 

envelope covered by the caudal tube (Flgs. 32, 33 and 35). 

Only a small area of the nuclear envelope ls not covered by 

acrosomlc system or assoclated wlth the oaudal tube. Thls small 

ares ls around the lmplantatlon fossa of the flagellum where the 

nuclear envelope ls approxlmately 450 A ln thlckness. Pores are 

seen ocoaslonally ln thls ares of the nuclear envelope ln step 

8-10 spermatlds. 
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Acrosomic System 

The orientation of the head cap relative to the acrosomic 
granule changes in the acrosome phase. In the cap phase spermatid 
(steps 4-7), the head cap is symmetrically distributed around 
the acrosomic granule (Fig. 33). As the nucleus elongates in 
step 10, only part of the head cap elongates to cover the dorsal 
nuclear surface. The acrosome remains at the anterior tip of the 
nucleus, spreading along the dorsal surface later in the acrosome 
phase. 

In the early acrosome phase (steps 8-11), the thickness of 
the head cap decreases and the electron density of the head cap 
increases over that of the step 7 spermatid (Figs. 32-35). The 
material of the acrosome is distinguishable from that of the 
head cap in step 10 spermatids (Fig. 33), although the distinc
tion is not as clear as it is in the cap phase spermatids. In 
electron micrographs of step 11 spermatids, the head cap material 
appears very similar to that of the acrosome (Fig. 34). 

Perinuclear Layer 

The subacrosomic layer of the step 8-11 spermatids is 
similar in appearance to that of the cap phase spermatids. This 
granulo-filamentous layer has a prominent distinct region at the 
margin of the head cap (Figs. 32-35). The distinctive granularity 
of this marginal region is seen in the enlarged parts of Figures 
32 and 33 and is also obvious in the more flattened spermatids 
(Figs. 34 and 35). A granular layer of material is beginning to 
form between the caudal tube and the nuclear envelope during 
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th1s phase of sperm1ogenes1s (F1gs. 32, 33 and 35). 

The caudal tube appears as a collect1on of m1crotubules 1n 

electron m1crographs (F1gs. 32, 33 and 35). These m1crotubules 

1nsert ~n a spec1a11zed area of cytoplasm at the caudal marg1n 

of the head cap (F1gs. 32 and 33). Th1s area has been called the 

nuclear r1ng 1n l1ght m1croscop1c stud1es, but electron m1cro

scopie stud1es have shown that th1s 1s not a nuclear structure 

as the tterm 1mp11es. A more appropr1ate term, wh1ch w1ll be used 

1n th1s presentat1on, would be the caudal tube 1nsert1on r1ng. 

The caudal tube 1nsert1on r1ng becomes more prom1nent 1n step 11 

and later steps of sperm1ogenes1s (F1gs. 34, 35, 37, 41). 

After the oytoplasm m1grates caudally 1n the step 8 sperma

t1d, thé' ;plasma membrane of the spermat1d covers the acrosom1c 

system very olosely. The structures 1n the Serto11 cell cyto

plasm oppos1te the acrosom1c system become mod1f1ed 1n a 

character1st1c manner. C1sternae of smooth endoplasm1c ret1culum 

form a layer a short d1stance from, and parallel to, the plasma 

membrane of the Serto11 celle A dense layer of f1ne f1laments 

develops between, and parallel to, the c1sternae of smooth endo

plasm1c ret1culum and the plasma membrane (Insert of F1gs. 32 

and 33). The area of Serto11 cell cytoplasm fac1ng the acrosom1c 

system of the spermat1d always has th1s arrangement of smooth 

endoplasm1c ret1culum c1sternae and f1laments wh1ch 1s estab

l1shed 1n step 8 and pers1sts unt1l sperm release 1n step 19. 
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Electron Mlcroscoplc Observatlons of Steps 12 throughO 14 
Nucleus 

Chromatln condensatlon proceeds at a rapld rate ln these 
steps of deve1opment. Thls ls a contlnuatlon of Othe process 
begun ln steps 10 and 11, ln whlch the scattered granular chro
matln areas act as focl around whlch flne chromatln flbers forme 
These granu1ar areas become more numerous, and the flbers pro
gresslvely larger, durlng development. Soon the flbers become 
very cmarse and accumulate lnto lrregular granular masses. Flne 
flbers curl between these masses glvlng the whole structure the 
appearance of 1ambs' woo1 (Flgs. 36-38; 40-42). Thls condensatlon 
continues untll a contlnuous granular mass ls formed ln the 
nuc1el of step 14 spermatids (Flg. 39). These chromat1n changes 
a1ways begin ln the apex of the nucleus and progress caudally 
to the posterlor area (Flgs.3?, 40). These changes also usually 
begln adjaèent to the modlfled nuc1ear envelope under the acro
somlc system and spread lnto other areas of the nucleus. Chro
matln condensatlon always takes place ln the same manner, but 
there ls some varlabi11ty ln the degree of condensatlon amongst 
spermatlds ln any one step of deve1opment. 

In the caudal part of the nucleus of step 12-14 spermatlds, 
an area of low electron denslty, wlthout chromatln fllaments or 
granular chromatln materlal, ls seen between the condensed chro
matln and the nuclear envelope in that area of the nucleus not 
covered by the acrosomlc system (Flgs. 3?, 38b, 39-42). On part 
of the future caudal surface of the head, 1.e. that area of the 
nucleus whlch projects caudally over the lnsertlon of the 
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flagellum, numerous nuclear pores are evldent (Flgs. 39-42). 

The flne granular and flocculent materlal, whlch forms the area 

of low electron denslty, ls seen on both sldes of the nuclear 

pores as well as wlthln the pores (Flgs. 37, 39-42). Chromatln 

condensatlon takes place adjacent to the nuclear envelope ln 

the implantation fossa ln an ldentlcal manner to the condensa

tlon under the acrosomic system (Flgs. 39 and 40). 

The nuclear volume decreases as a result of the chromatln 

condensatlon. As there ls no concomltant decrease ln the sur

face aréa of the nuclear envelope, an extenslve fold of super

fluous envelope appears ln the anterlor and mlddle portlons of 

the head. Thls superfluous nuclear membrane ls drawn out ven

trally and ls covered laterally by the head cap and subacrosomlc 

materlal (Flgs. 34, 36 and 38a). A thln layer of granular and 

flocculent materlal ls seen between the apposed lnner nuclear 

membranes of the ventral fold (Figs. 36 and 38a). Thls material 

ls contlnuous with the condenslng chromatln. 

In the step 14 spermatld, a fold of nuclear envelope pro

jects anterlorly from the nuclear tlp. Thls fold of envelope ls 

ldentlcal and continuous wlth the superfluous envelopeon the 

ventral nuclear surface. 

Acrosomlc System 

In the step 12 and 13 spermatids, the acrosome extends from 

the apex of the nucleus to about the middle of the nucleus. The 

acrosome forms a very promlnent triangularly shaped rldge at the 

anterlor tlp of the nucleus, becomlng dome-shaped ln the mld-
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portlon of the nucleus. The head cap covers most of the dorsal 

surface ln the mlddle and caudal parts of the nucleus and ex

tends to lts most posterlor tlp (Flg. 40). The head cap also 

covers most of the lateral surfaces of the nucleus as well as 

almost all of the superfluous nuclear envelope. The head cap 

coverlng of the superfluous nuclear envelope has a thlckenlng 

on lts ventral margln (Flgs. J6 and J8a). 

The acrosome of the step 14 spermatld covers most of the 

dorsal surface of the nucleus. The head cap covers the most 

anterlor and posterlor parts of the dorsal surface as well as 
\ 

most of the lateral surfaces of the nucleus. Late ln step 14 

and early in step 15, a longitudinal :is1ure on one of the two 

lateral surfaces of the head" cap separatrs a small portlon of the 

head cap from" the remalnder of the acrosomlc system. Thls small 

part of the acrosomlc system ls destlned to become the ventral 

component of the head cap. More detalls about thls process wlll 

be dlscussed when the step 15 spermatld ls descrlbed. 

Perlnuclear Layer 

The subacrosomlc layer ls composed of granular and floc cu

lent materlal wlth a few flne fllaments, as in the prevlous st,ps 

of development. The dlstlnct, marglnal, coarse granular zone of 

the subacrosomlc layer ls evldent ln steps 12 through 14 (Flgs. 

J6, J1a, J8a, J8b). ~ome of these coarse granules a~e ln reallty 

sectlons through short thlck flbers. Thls can be shown by obllque 

sectlons through the marglnal area of the subacrosomlc layer 

(Flg. J1a). The 19yer ls formed of two zones ln the caudal por

tlon of the head (Flgs. J1b, 41). The part of the subacrosomlc 
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layer adjacent to the nuclear envelope is more electron dense 

than that part of the layer adjacent to the acrosome. 

The granular layer between the caudal tube and the nuclear 

envelope, which began to appear in sections of the early 

aorosome phase spermatids, ls more promlnent ln the step 12-14 

spermatlds (Flgs. 38b, 40, 42). The slze and granularlty'of the 

caudal tube insertlon rlng have both lncreased (Flgs. 37b, 

38b, 41). 

Many smooth-surfaced veslcles are seen ln the cytoplasm sur

roundlng the flagellum of the step 12-14 'sper~tids (Flgs. 

39-42). These veslcles are lrregular in shape and contaln a flne 

granular and flocculent material. The number of these vesicles 

and the poroslty of the nuclear envelope ln thls area both in

crease as chromatln condensation progresses throughout the 

acrosome phase. 

Maturation Phase (steps 15-19) 

Durlng thls final phase of spermlogeneBis, the head of the 

spermatld acqulres the definitlve sickle shape of the mature 

spermatozoon. The acrosomic system shifts over the nucleus to 

occupy the same relative position to the nuèleus that lt has ln 

the fully formed spermatozoon (Flg. 2). 

The acrosomic system covers most of the nucleus ln the step 

15 and 16 spermatld, extending from the apex of the nucleus to 

the dorsal angle (Flg. 2). In the step 17 spermatld, the acro

somic system shitts anterlorly overthe nucleus, leaving a space 

between lt and the anterlor tlp of the nucleus. This shlft ln 

• 
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posltlon leaves part of the caudal nuolear surfaoe devold of a 

coverlng of aorosomlc system. The structure called the perfora

torlum, whlch stalns lntensely wlth lron hematoxylln and tolul

dlne blue, ls formed ln the spaoe anterlor to the ~lp ot the 

nucleus. The perforatorlum enlarges ln the step 18 spermatld. 

Electron Mlcrosoopl0 Observatlons of steps 15 and 16 

Nucleus 

The chromatln of the step 15 and 16 nuclel has condensed 

to a coarse granularlty. These coarse granules are usually more 

closely packed ln the aplcal than ln the oaudal areas of the 

nucleus (Flg. 43). Dlspersed throughout the chromatln are 

numerous small vacuoles, or areas where the ooarse granules of 

ohromatln are absent. Materlal of flner granularlty, and less 

closely paoked than the o~romatln, ls present ln ~hese vacuoles 

(Flgs. 50-52). These vacuoles are more prevalent ln the caudal 

area of the nucleus (Figs. 43, 50-52). Materlal of a slmllar 

flne granularlty ls present ln an extenslve fold of nuclear 

envelope, or nuclear protruslon, whlch forms around the lm

plantatlon fossa ln the se developmental steps (Flgs. 43, 48,-

50-52). A small amount of flne granular materlal ls also present 

ln the fold of superfluous nuolear emvelope of the anterlor part 

of the nuoleus (Flgs. 43-47). 

In the step 15 and 16 spermatlds, the ventrally projectlng 

superfluous nuolear envelope ls stlll promlnent ln the anterlor 

portlon of the nucleus (Flgs. 43-47). In addltlon to the super

fluous nuclear envelope ln thls area, a w1de fold of nuolear 
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envelope surrounds the lmplantatlon fossa ln these spermatlds 

(Flgs. 43, 48, 50-52). Thls ls ·the beglnnlng of the formatlon 

of the perlfossa collar seen ln the mature spermatozoon. The 

nuclear envelope of thls .1de· fold contalns promlnent nuclear 

pores (Flgs. 49-52), and lt ls the only area of the nuclear 

envelope where pores are seen ln these steps of development. 

Pores are no longer present ln the nuclear envelope whlch covers 

the caudal surface cf the nucleus projectlng over the flagellum 

(Flgs. 43 and 50). 

Aorosomlc System 

The oaudal dlsplacement of the acrosome contlnues ln the ~ 

step 15 and 16 spermatlds, causlng the anterlor tlp of the nuc~ 

leus to be oovere~ by the head cap only (Flgs. 44-46).· The 

aorosome ls promlnent overthe caudal part of the nucleus and 

at the dorsal angle (Flgs. 43, 50, 52). In the mlddle portlon 

of the head, the acrosome forms a trlangularly shaped promlnence 

on the dorsal surface of the nucleus (Flgs. 48a and 48b). 

The separate head cap portlon,·whlch.as formed from the 

remalnder of the head cap late ln step 14, now lles as .a 

flattened sac on the lateral surface of the head ln early step 

15 spermatlds (Flgs. 44 and 45). Thls flattened sac appears ln 

cross seotlon as a rounded structure late ln step 16 (Flg. 46). 

The remalnder of the head cap bas a slmllar appearance to that 

of the acrosome phase spermatlds, exoept that the promlnence on 

the ventral edge ls smaller or laoklng entlrely (Flgs. 48a, 48b, 

and 52). 



60. 

Perlnuclear Layer 

The relatlonshlp of the caudal tube to the'nucleus changes 

ln step 14 and early step 15. The c'audal tube prevlously covered 

those lateral surfaces of the nucleus not covered by acrosomlc 

system. A granular layer of materlal formed between the caudal 

tube and the nucleus durlng the acrosome phase of spermlogenesls. 

In step 14 and early 15, the caudal tube and the caudal tube ln

sertlon rlng are dlsengaged from the nuclear surface, leavlng 

the granular layer adjacent to the nuèlear envelope covered by 

plasma membrane only (Flgs. 48b, 49, 52). The denslty of the 

layer ls greatest adjacent to the nuclear envelope and the plasma 

membrane. 

Thls granular layer, wh1ch formed under the ,caudal tube, ls 

contlnuous wlth the subacrosomlc layer and the cytoplasm of the 

spermatld. Thls layer ls also contlnuous wlth a granular layer 

whlch forms on the caudal surface of the nucleus project1ng over 

the flagellum (Flgs. 43 and 50). Therefore" a layer comparable 

to the perlnuclear theca of the mature spermatozoon ls flrst 

seen 1n steps 15' and 1'6 of development. 

The subacrosom1c layer con~a1ns the sarne elements as ln the 

acrosome phase of development, but the arrangement and texture 

of the layer ls somewhat changed. The layer has a sllghtly 

larger volume, and 1t 1s less t1ghtly packed 1n the anter10r 

port1on of the head (F1gs. 1,,4-47). Coarse granules are more 

w1dely d1spersed throughout the layer, and 1t also st11l con

ta1ns f1ne granules and f1ne f11amentous mater1al (F1gs. 44-46). 

The marg1nal reg10n of the subacrosom1c layer 1s obv10us 1n 
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some, but not all, sections (Figs. 45, 48a, 48b, 52). 

The spermatid cytoplasm in these s~eps contains many of 

the smooth-surfaced, irregularly shaped vesicles seen in the 

late acrosome phase spermatids. The microtubules of the caudal 

tube d1sint.egrate into coarse granules in the cytoplasm around 

the connecting piece of the flagellum (Figs. 43, 50-52). The 

proximal centr10lar adjunct disintegrates into the same type of 

granules (Figs. 43, 50-52). 

Electron Microscopie Observations of Step 17 

Any descriptio~ of step 17 spermatid components has to be 

done in light of the major change in the shape of the anterior 

part o~ the head. This change is in add1t1on to the format1on 

of the space anter10r to the t1p of the nucleus. Electron micro

graphs of the an~er1or reg10n of the head show that 1t has a 

tr1angular cross-sect1onal shape (F1gs. 53-57). Th1s change 1n 

shape, from the flattened oval appearance to a tr1angular one, 

results 1n a reor1entat1on of the head components wh1ch $.111 

be descr1bed below. 

Nucleus 

The superfluous nuclear envelope undergoes a change 1n ap

pearance in the step 17 spermat1d. The ventral and anter10r 

project1on of the envelope 1s reduced 1n s1ze, and the mater1al 

between the opposed 1nner membranes has a hya11ne rather than 

granular appearance (F1gs. 55-57). Nodular mater1al, apparently 

degenerat1ng nuclear envelope, 1s seen on the ventral edge of 
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the superfluous membrane (Flg. 57)'. 

The fold of nuclear envelope around the lmplantatlon fossa 

ls larger ln thls step than ln steps 15 and 16, and lt forms 

long projectlons around the neck reglon of the flagellum (Flgs. 

49, 53, 60, 61). As ln the prevlous steps (15 and 16), the 

nuclear envelope surroundlng the lmplantatlon fossa bas pro

mlnent nuclear pores. A small nuclear membrane fold ls seen 

occaslonally ln the mlddle portlon of the nucleus, but lt does 

not contaln nuclear pores (Fig. 58). 

The chromatln granules have become closely packed ln step 

17 spermatlds and, ln some nuclel, they have fused to form a 

smooth homogeneous masse Vacuoles are present throughout the 

chromatln. The chromatln materlal ln the nuclear protruslon 

around the lmpla'ntatlon fossa bas a dlfferent appearance from 

that ln the step 15 and 16 nuclel. A dense layer of flne 

granules lles adjacent to the condensed chromatln (Flgs. 49, 

.59-61). Large coarse granules are sometlmes present ln thls dense 

layer of flne granules (Flgs. 60 and 61). The rema!nder of the 

nuclear fold contalns loosely packed flne granules, slmllar to 

the materlal seen ln thls area of the step 15 and 16 spermatlds. 

Acrosomlc System 

Accompanylng the change ln shape of the anterlor part of 

the head, the acrosomlc system twlsts ln such a way that both 

lateral surfaces of the head cap are agaln symmetrlcally placed 

on each slde of the nucleus. The separated ventral flap of the 

head cap becomes centrally placed on the ventral head surface 
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(Flgs. 53-57). The head cap for-ms a th ln layer on the lateral 

head surfaces ln the anterlor one-thlrd of the head, but ln 

the other two-~hlrds of the head lt ls thlcker wlth a thlckenlng 

on lts ventral margln (Flg. 53). The thlckness of the head cap 

ln the caudal two-thlrds of the head ls a dlstlngulshlng 

feature of step 17 spermatlds. 

The acrosome extends from a small dlstance caudal to the 

apex of the head to the poster1or llmlt of the acrosomlc system. 

The acrosome~extends closer to the anterlor tlp of the head 

than lt dld ln step 15 and 16 spermatlds, and lt now forms a 

small promlnence along the dorsal surface ln the anterlor th1rd 

of the head (F1gs. 55-57). In the m1ddle th1rd of the head,' the 

acrosome 1s a very prom1nent structure wlth 1ts contents usually 

show1ng two dlfferent densltles (Flgs. 58-61). The slze of the 

acrosome decreases ln the caudal thlrd of the nucleus (Flgs. 

49 and 62). 

Perlnuclear Layer 

A pertnuclear layer was descrlbed ln the step 15 and 16 

spermatlds. Th1s layer or1g1nated from three reglons: the sub

acrosomlc layer, the granular layer between the caudal tube and 

the nuclear envelope, and a small area whlch formed adjacent to 

that caudal surface of the nucleus faclng the cytoplasm. Thls 

perlnuclear layer ln step 17 spermat1ds wlll be descrlbed as 

lt ls seen ln these three reglons. 

The subacrosomlc layer ls cons1derably lncreased ln slze as 

the acrosomlc system shlfts over the nucleus and creates a 
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tr1angularly-shaped space around and anter10r to the nuclear 

t1p. The subacrosom1c space 1n the anter10r th1rd of the head 

1s fllled w1th f1ne granular and flocculent mater1al, w1th some 

coarse ·granules seen occasionally (F1gs. 53-57). The granular1ty 

of the layer 1s s11ghtly denser along the lnner acrosom1c mem

brane on the lateral and dorsal surfaces, on the 1nner surface 

of the ventral flap, and on the plasma membrane cover1ng the 

ventral surface (F1gs. 53-57). Some f1ne f1laments are also 

seen 1n th1s layer. Mye11n f1gures, whlch were never seen ln 

thls area ln other steps of development, are frequently present 

ln the step 17 spermatlds (Flgs. 55 and 56). 

The materlal ln the subacro:somlc . layer under the rema1nder 

of the acrosomlc system 1s s1mllar, and lt contalns granular, 

flocculent and some fllamentous mater1al. The marglnal reg10n 

at the ventral l1mlt of the head cap ls not recognlzed ln thls 

step of development. 

The granular layer, whlch was between the caudal tube and 

the nuclear envelope ln the acrosome phase spermat1ds, ls clearly 

seen on the lateral and part of the ventral surface of the nuclel 

of step 17 spermat1ds. The granular layer ls actually composed 

of two layers, one a dense granular layer adjacent to the plasma 

membrane and the other a less dense layer slmllar to the sub

acrosom1c layer (Flgs. 49, ~8-62). Occaslonally a thlck layer 

forms agalnst the nuclear envelope, oppos1te the thlck layer 

adjacent to the plasma membrane (F1gs. 58 and 59). 

A dense, flnely granular layer forms on that caudal surface 

of the nucleus project1ng over the flagellum (F1g. 62). Thls 
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per1fossa collar, as a relat1vely t1ghtly f1tt1ng coyer. The 

superfluous nuclear envelope 1s no longer present on the ventral 

surface of the nucleus. Ne1ther remnants of the superfluous 

envelope, nor ev1dence of 1ts s1te of attachment on the nuclear 

envelope, can be seen. The nuclear envelope 1n the per1fossa 

collar conta1ns pores, as 1t d1d 1n the prev10us steps of 

sperm1ogenes1s (15-17), and does 1n the mature spermatozoon 

(F1gs. 69 and 71). 

Acrosom1c System 

The acrosom1c system covers an 1dent1cal area 1n the head 

of a step 18 or 19 spermat1d that 1t does 1n the mature sperma

tozoon. The shape of the acrosom1c system, or more spec1f1cally 

the shape of the acrosome, 1s the only major d1fference between 

late spermat1ds and mature spermatozoa. The 11m1t of the acrosome, 

where 1t 1s attached to the head cap, 1s more clearly seen 1n 

the step 18-19 spermat1ds than 1n those of step 17 (F1gs. 64-71, 

73-75). The ventral flap portion of the head cap 1s now flattened 

on the ventral surface of the head and 1s about equal 1n th1ck-
u 

ness to the major part of the head cap. (F1gs. 65-67, 73). The 

contents of the acrosom1c system are a homogeneous f1ne granular 

mater1al s1m11ar 1n appearance to the contents of the acrosom1c 

system of the mature spermatozoon. 

Per1nuclear Layer 

The per1nuclear layer takes on the appearance of a theca 

dur1ng step 19 of sperm1ogenes1s. The layer has the appearance 



layer dlrectly faces the cytoplasm. 

A few caudal tube mlcrotubules and part of the caudal tube 

lnsertlon rlng are frequently seen ln the spermatld cytoplasm 

(Plgs. 49, 53, 60-62). The nuclear protruslon around the lm

plantatlon fossa ls always covered by a thln layer of cytoplasm 

durlng thls step of dev.elopment. The smooth-surfaced ves1cles, 

whlch w~re prevlously present ln the cytoplasm of thls area, 

are seldom seen ln step 17 spermatlds. 

Electron Mlcroscoplc Observatlons of steps 18 and 19 

The step 18 and 19 spermatlds are very slmllar to the 

fully formed spermatozoa present ln the head of the epldldymls. 

The flnal form of the perlnuclear theca and 'chromatln materlal 

ls achleved ln these steps. The shape of the spermatld head ls 

now slmllar to the deflnltlve head shape of spermatozoa of the 

caput epldldymldls. 

Nucleus 

The chromatln of step 18 and 19 spermatlds forms a dense 

homogeneous mass ldëntlcal ln appearance to that of a mature 

spermatozoon (Flgs. 67-76). Vacuoles, or rarefactlons, are 

present ln thls condensed chromatln. Usually these vacuoles are 

more prevalent ln the caudal thlrd of the nucleus (Flgs. 68, 

69 and 76). The fold of nuclear envelope ln the per1fossa collar 

contalns granular and some flocculent materlal (F1gs. 69 and 

71). 

The nuclear envelope covers the nucleus, except ln the 
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of loosely packed granular and flocculent material contatning 
fine filaments in both step 18 and early step 19 (Figs. 63-69). 
At the very end of step 19, this material condenses and takes 
on the electron dense granular appearance of the perinuclear 
theca ot the mature spermatozoon (Figs. 73-76). The layer under 
the aorosome changes in shape in steps 18 and 19. A regular, 
tairly wide layer was present between the acrosome and dorsal 
area ot the nucleus in the step 17 spermatid (Figs. 59-62). 
This layer becomes somewhat triangular in shape in steps 18 and 
19 (Figs. 67-71, 73-75). The ventral spur is comp1ete1y formed 
by 1ate step 19, and the shape ot the perinuc1ear theca ot the 
mature spermatozoon is attained. 



CHAPTER V 

DISCUSSION 

68. 

Th1s study has shown for the f1rst t1me the chronolog1cal 

development of the major structural components of the rat 

spermat1d head. Most of the nuclear mod1f1cat1ons occur 1n

dependently of other changes 1n the spermat1d head and there

fore w1ll be rev1ewed and d1scussed f1rst. Structural mod1f1-

cat10ns and spat1al rearrangements of the acrosom1c system are 

pr1mar11y dependent upon changes 1n nuclear shape and w1ll be 

descr1bed second. The th1rd major component, the per1nuclear 

theca, forms 1n assoc1at1on v1th both the nucleus and acrosom1c 

system. 

Nucleus 

Changes in the Chromat1n during Sperm10genesis 

The remarkable changes in nuclear morphology of rat sperma

t1ds, wh1ch result from a profound mod1f1cat1on of the ch~omat1n 

dur1ng sperm1ogenes1s, will f1rst be systemat1cally rev1ewed. 

The spermatid nucleus undergoes very few morpholog1cal 

changes dur1ng the Golg1 and cap phases of sperm1ogenes1s. How

ever, modif1cat1ons do take place 1n those parts· of the nuclear 

envelope and karyoplasm wh1ch l1e adjacent to the develop1ng 

acrosom1c system. 

In step 3 of spermat1d development, an electron dense layer 

of nuclear mater1al develops aga1nst the 1nner membrane of the 

nuclear envelope wh1ch faces the cover1ng acrosom1c vesicle. 

Th1s layer cont1nues to spread as more of the nuclear envelope 

becomes mod1fied dur1ng the growth of the acrosom1c ves1cle over 
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the nuclear surface. Thls entlre process ceases ln step 7 of 

development, but the electron dense layer remalns an lntegral 

part of the modlfled nuclear envelope durlng nuclear elongat1on. 

The layer becomes obscured by condenslng chromat1n 1n step 12. 

A mod1flcatlon or th1cken1ng of the nuclear envelope 

fac1ng the acrosom1csystem had been noted by Horstmann (1961) 

1n human spermatlds and by Gardner (1966) 1n mouse spermat1ds. 

Br&kelmann (1963) and Pl&en (1971), study1ng rat and rabb1t 

spermatlds respect1vely, recogn1zed that the th1cken1ng faclng 

the acrosom1c system was composed of both modlfled nuclear en

velope and an assoc1ated electron dense layer of karyoplasm. As 

1n Many other mammall~n spec1es, the rema1nder of the karyoplasm 

1n the GOlg1 and cap phases 1s composed of f1ne f1laments and 

granules wlth clumps of coarse granules 1nterspersed occaslonally 

(Burgos and Fawcett, 1955; Fawcett and Burgos, 1956; Horstmann, 

1961; Franklln, 1968; Pl&en, 1971). 

Recogn1zable changes 1n the chromat1n, wh1ch May be con

sldered as the beg1nn1ng of condensat1on, take place ln steps 8 

through 10. In these steps of development, coarse chromatln 

clpmps form a th1n lrregular layer adjacent to that area of 

nuclear envelope whlch 1s not covered by the acrosom1c system. 

Slm1lar chromat1n clumps are d1spersed throughout the nucle1 of 

steps 10 and 11. The or1g1n of the chromatln clumps has not been 

determ1ned, but they MaY result from an accumulatlon of the 

coarse granules wh1ch are already present 1n the nucleus. The 

progress1ve th1cken1ng of f1laments 1nto coarse chromat1n clumps, 

as w1ll be descr1bed 1n later steps of sperm1ogenes1s, was not 
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seen in steps 8 through 11. 

In the step 11 nucleus, the remaining uncondensed chromatin 

becomes more filamentous and each of the filaments are thicker 

than in the previous 'steps. Therefore, the nucleus acquires a 

more dense overall appearance than in the step 8 and 9 spermatids. 

As the spermatid evolves, the filaments become coarse f1bers 

which, in turn, appear ta transform into coarse chroma tin clumps. 

These chroma tin clumps form the bu1k of the nuclear material in 

the steps 12 and 13 nuclei. The karyoplasm between the clumps 

contains flocculent materia1 and a network of fine fibers. This 

progressive modification of the chromatin can be observed in 

longitudinal sections of individual nuclei. The more advanced 

condensation or granular area ia in the anterior part of the 

nucleus, while the least advanced or fibroua area is in the 

caudal ~art. 

By the end of step 14, the chromatin clumps become more 

closely packed and this coarse granular chromat1n now occup1es 

most of the nucleus. However, there are re1at1vely large nuclear 

areas of low electron dens1ty wh1ch conta1n filaments and f1ne 

granules. These low dens1ty areas are always present and can be 

cons1dered to occur normal1y dur1ng chromat1n condensat10n; 1t 

1s un11kely that these areas are f1xation artifacts, as stated 

by Br8kelmann (1963). 

Progressive packing of the chroma tin granules cont1nues 1n 

steps 15 and 16. The polarity of these changes 1s obv10us as 

the anter10r part of the nucleus conta1ns more closely packed 

chromat1n than the caudal area. Smal1 areas of low electron 
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denslty are spread throughout the nucleus but are more numerous 

in the caudal third. These are vacuoles, or rarefactions, which 

are present in the nuclei of aIl the subsequent steps of 

development and in the mature spermatozoon. These areas of low 

electron density conta in fine granular and flocculent material. 

A similar material is present in the nuclear protrusion which 

forms around the insertion point of the flagellum in these steps 

of development. 

The chromatin granules are more closely packed in step 17 

nuclei, and the density of the nucleus is more uniform than in 

the previous developmental steps. In some nuclei, the chromatin 

appears to have fused into a dense homogeneous masse This process 

of condensation continues in steps 18 and 19 spermatids and, 

consequently, the nucleus at the time of sperm release has the 

same morphological appearance as that of a mature spermatozoon. 

In most other mammalian species, the sequential chromatin 

changes taking place subsequently to the cap phase of development 

have been described as: fine granules of the karyoplasm being 

replaced by coarser granules, and the coarse granules becoming 

more closely packed with eventual coalescence into a homogeneous 

mass late in spermiogenesis (Burgos and Fawcett, 1955: Fawcett 

and Burgos, 1956; Fawcett, 1958; Horstmann, 1961; Franklin, 1968; 

DeKretser, 1969). Chromatin changes in steps Il through 14 r.at 

spermatids differ from the above descriptions in that most of the 

granular clumps seem to be formed by the fusion of coarse chro

matin fibers. P16en (1971) also has noted this fibrous step of 

chromatin condensatlon ln the acrosome phase of rabblt spermatids. 
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It is uncertain whether this intermediate step of filament 

formatlon durlng chromatln condensatlon ls a pecullarlty of 

rat and rabblt spermatlds, or whether 1t has been overlooked 

in other species. 

A definite polarity of chromatin condensation is established 

in steps 10 and 11 after initial condensation has begun. Con

densation begins. in the apex and spreads caudally, independent 

of the irregular chromatin layer formed adjacent to the nuclear 

envelopeüin steps 8 through 10. There is a slight difference in 

the degree of chromat1n condensat10n between spermatlds in any 

one step of development, but the polarlty is so constant that 

the levels of sections through the heads of steps 12 through 14 

spermatlds can be dèterm1ned by the relatlve extent of chromatln 

condensatlon. 

Br8kelmann (1963) claimed that chromatin condensatlon ln rat 

spermatlds spreads from the periphery to the center of the nu

cleus and from the reglon below the acrosom~c system to the dls

tal part of the spermat1d nucleus. In the precedlng dlscussion, 

lt was p01nted out that an lrregular layer of condensed chromatln 

first forms adjacent to some areas of the nuclear envelope ln 

steps 8 through 11; some chromat1n clumps also are dispersed 

throughout the karyoplasm. These areas do not necessarl1y act as 

focl for continued chromat1n condensation, as Br6kelmann 1mplled. 

Fawcett et al. (1971) have 1ndlcated from a study of many 

animal specles that the shape of the spermatozoon head ls not a 

consequence of external model'ing brought about by cytoplasmlc 

elements such as the caudal tube. They belleve that shape 1s 
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largely det.erm1ned from w1th1n the nuoleus, by a genet10ally 

oontrolled pattern of aggregat10n of the molecular subun1ts of 

DNA and prote1n dur1ng ohromat1n oondensat1on. This v1ew oon

trasts w1th that of Kessel and Spaz1an1 (1969) who oonoluded 

that both the oaudal tube and the Sertol1 oell oomplex, wh10h 

lies adjaoent to the spermat1d head, determ1ned nuolear shape. 

In the present study, there was no ev1denoe that the caudal tube 

or any other cytoplasm1c structure 1nfluenoed the progressive 

modification of the chromat1n and shap1ng of the nucleus. 

Dur1ng the rap1d chromat1n condensation in steps 12 through 

14, a large space 1s formed between the condensed chromat1n and 

the nucle'a:r membrane in the caudal reg10n of the nucleus not 

covered by the acrosom1c system. This space conta1ns granular 

and flocoulent mater1al s1m11ar in appearance to the mater1al in 

the low eleotron dens1ty areas d1spersed throughout the condens1ng 

chromat1n. Br8kelmann (1963) and Andre (1963) also descr1bed 

a spaoe conta1n1ng mater1al of low electron dens1ty in the caUdal 

area of rat spermat1d nucle1. Fr~nkl1n (1968) stud1ed the develop

ment of th1s space in maturation phase monkey spermat1ds. His 

description of the evolut1on of th1s space and 1ts assoc1ated 

nuclear envelope 1s s1m1lar to the fOllow1ng description in rat 

spermat1ds. 

The nuolear envelope forms a doughnut-shaped bulge, or 

nuclear protrus1on, around the insertion point of the flagellum 

of the step 15 and 16 spermat1ds. This area conta1ns granular 

. and flooculent mater1al of low eleotron dens1ty wh10h 1s s1m11ar 

to the mater1al present between the condens1ng chroma tin and the 
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nuc1ear enve10pe ln the oauda1 reglon of step 12-14 spermatlds. 

The nuo1ear protruslon of .the step 17 spermatld a1so contalns 

large coarse granules and flbers of what appears to bechromatln 

materla1. Some granu1ar and f10ccu1ent materla1 ls present as we11 

ln the nuo1ear protrUslon area of the step 18-19 spermatld and 

ln the mature spermatozoon. 

The nature of thls materla1 of 10w e1ectron denslty, whlch 

ls present ln steps 12 through 19 spermatlds and mature sperma

tozoa, ls not known. Thls materla1 MaY be hlstones resu1tlng 

from t~e rep1aoement of 1yslne-rlch hlstone by arglnlne-rlch 

hlstone ln the 1ast phases of spermlogenesls (Llson, 1955; Monesl, 

1964. 1965; Vaughn, 1966). 

In summary, the flrst morpho10g1ca1 evldence Qf chromatln 

condensatlon ls seen ln steps 8-10 wh en coarse chromatln c1umps 

appear ln the nucleus. Chromatln fl1aments form ln step 11; 

these fl1aments become thlcker ln steps 12 and 13 and begln to 

accumu1ate lnto coarse granu1ar masses. The coarse granu1ar 

masses gradua11y fuse, so that by steps 18 and 19 the ohromatln 

forms a densè homogeneous masse Chromatln condensatlon ls a 

hlgh1y ordered process whlch takes place wlth an anterlor to 

caudal polarlty. 

Nuclear Enve10pe 

The nuc1ear enve10pe undergoes changes and rearrangements 

whlch paral1e1, although wlth some delay, the changes tâklng 

place wlthln the nuoleus. These modlflcatlons wl1l now be dls

cussed. 
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The wavy ~embranes of the ear1Y spermatid nuo1ear enve10pe 

beoome regu1ar1y spaoed where they lie adjaoent to the deve1gping 
aorosomio system. A oomponent of this modified nuo1ear enve10pe 
was referred to above as the e1eotron dense karyop1asm layer 
adjaoent to the inner nuc1ear membrane. This modified area of 
the nuo1ear enve10pe a1ways oorresponds to the area oovered by 
the aorosomio system. Sandoz (1970) has said that the modifioa
tion of the mouse spermatid nue1ear enve10pe precedes the ap
proaeh of aerosoma1 vesic1es during the ear1y spermi9.genesis 
steps. The morpho1ogiea1 evidenee from the present study in
dieates that, in the ear1y steps of spermiogenesis (steps 1 and 
2), the nuelear enve10pe is modified simu1taneously with the 
attaehment of aorosomic and proaorosomic vesioles. The present 
observations on the rat agree with those of Franklin (1968) who 
has pointed out that the modifioation of the nuolear envelope in 
monkey spermatids a1ways oorresponds to the area oovered by the 
forming aorosomio system. 

A somewhat simi1ar regu1ar-spaoing of the nuc1ear enve10pe 
membranes occurs adjaoent to the caudal tube and the basal plate 
of the implantation fossa. The electron dense layer does not 
form against the inner membrane in these areas, a1though the area 
adjacent to the implantation fossa acts as a minor focus for 
chromatin condensation in steps 12 and 13. 

In the discussion on chromatin condensation, the formation 
of a nuc1ear protrusion around the implantation fossa in steps 
15 and 16 was mentioned. The nuclear protrusion increases in 
size up to early step 17. This ia probab1y due to the reduetion 
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in size of the nucleus resulting from chromatin condensation 

without concomitant loss of nuclear envelope. 

The nuclear protrusion becomes reduced in size during late 

step 17 d1Î1.e to a loss of nuclear membrane, vide infra. It ls, 

therefore, of reduced size in steps 18 and 19, but it still 

contains granular and flocculent material. The nuclear protrusion 

is' obviously the precursor of the folded nuclear envelope seen 

in the perifossa collar of the mature spermatozoon. This agrees 

with the conclusion of Franklin (1968) on the origin of the 

redundant nuclear envelope in the neck region of the monkey 

spermatozoon. 

Nuclear pores are present in that area of the nuclear en

velope not modified by acrosomlc system, caudal tube or basal 

plate. The pores are inconsplcuous until the step 10 and 11 

spermatids. In the nuclei of step 12 through 14 spermatids, the 

future caudal surface of the nucleus contains a large number of 

pores. These disappear from thls area between steps 14 and 15, 

and pores now appear in the nuclear protrusion. There is no 

lndication of a shift in the nuclear envelope over the nucleus; 

therefore, the character of the envelope must change, with pores 

forming in one area and di sappearliJ.g: .in another. Similar changes 

have not been reported in spermatids of other species, although 

similar nuclear pores have been recognized in the caudal regions 

of spermatid nuclei in many mammals (Horstmann, 1961; DeKretser, 

1969; Bandoz, 1970; Rattner and Brinkley, 1971). Nuclear pores 

are present in the region of the membrane which will form the 

redundant nuclear envelope in the mature spermatozoon (Franklin, 
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1968; Hattner and Br1nkley, 1971). Nuclear membrane folds or 

redundant nuclear envelope in the mature spermatozoon always 

conta1n pores (N1cander and Bane, 1962, 1966; Franklin, 1968; 

Pedersen, 1969a; Koèhler, 1970; Hattner and Br1nkley, 1971; 

Zambon1 et al., 1971). These f1nd1ngs agree very well w1th the 

observations on rat spermat1ds and spermatozo~ in th1s study. 

The str1k1ng features of the nuclear pores in rat sperma

t1ds are that they become prom1nent dur1ng chromat1n condensa

tion and are always assoc1ated w1th a nuclear area conta1n1ng 

mater1al of 10w electron dens1ty. The l1kely poss1b111ty 1s 

that th1s nuclear mater1al of 10w electron dens1ty 1s be1ng 

expelled through pores, poss1bly account1ng for the reduct10n 

in nuclear volume dur1ng these steps of sperm1ogenes1s. There 

was no morpholog1cal ev1dence in th1s study wh1ch would support 

th1s hypothes1s. Franklin (1968) also bel1eved that there wes 

only indirect ev1dence that ma~er1al was be1ng expelled from 

monkey spermat1d nucle1. Histone synthes1s and turnover take 

place dur1ng these steps of sperm1ogenes1s (Lison, 1955; Mones1, 

1964, 1965; Vaughn, 1966), and 1t 1s possible that the prom1nent 

nuclear pores are 1nvolved w1th the transport of th1s mater1al 

across the nuclear envelope. 

~ny smooth-surfaced ves1cles become prom1nent in the 

cytoplasm around the caudal surface of the nucleus in steps 12 

through 16. The mater1al in these ves1cles 1s very s1m11ar to 

the low electron dens1ty nuclear mater1al fac1ng the nuclear 

pores. These ves1cles are s1m1lar to those descr1bed by 

Horstmann (1961) in a comparable area of the maturation phase 
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human spermatld. He belleved that the materlal ln these 

veslcles was nuclear materlal whlch was belng transport"ed from 

the nucleus to the cytoplasm. None of theobservatlons ln the 

present study can substantlate thls clalm, although lt ls an 

attractlve hypothesls because of the slmllarlty of veslcular 

materlal wlth the low electron denslty nuclear materlal. 

In the precedlng dlscusslon, the formatlon of the nuclear 

protruslon d~rlng reductlon of the nuclear volume was mentloned. 

There ls a slmultaneous formatlon of superfluous nuclear en

velope ln the anterlor and ventral part of the condenslng nucleus. 

This beglns ln steps 10 and 11 and becomes obvlous ln steps 12 

and 13. In nuclel of steps 12 and 13, the anterlor superfluous 

e;nvelope forms a ventrally projectlng plate of two opposed layers .. 

of nuclear envelope separated by a thln layer of electron dense 

materlal. A small anterlor component, which ls contlnuous with 

the ventral projectlng superfluous envelope, forms ln step 14. 

Br8kelmann (1963) also reported the presence of a ventral nuclear 

component ln the rat, but the formatlon of superfluous nuclear 

envelope on such a large scale has not been reported ln other 

specles. 

The superfluous nuclear envelope in the anterlor part of 

the spermatld nucleus, and also a part of the envelope ln the 

nuclear protruslon, degenerate ln step 17. The superfluous en

velope appears to degenerate lnto myelin figures. Consequently, 

after step 17 the nuclear protrusions are reduced ln size and 

now appear slmllar to the nuclear protrus1ons found ln mature 

spermatozoa. Br8kelmann (1963) reported that the nuclear 
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protrus10n budded-off lnto the cytop1asm of the late spermat1d, 
carrylng nuc1ear contents along. It appears that Brekelmann 
mlstakenly ldentlfled sections through lrregular elongatlng 
nuclear protrusions as separate vesicle-11ke structures. An 
analys1s of the present material dld not show loss of nuclear 
membrane or nucle~r materlal by a buddlng-off process •. However, 
Battner and Br1nkley (1971) have also descrlbed the 10ss of 
nuc1ear envelope ln marmoset spermatlds by a plnchlng-off 
process. 

In summary, chromatln condensatlon and the reductlon of 
nuclear slze up to step 17 ls not accompanled ·by a concom1tant 
reductlon ln surface area of the nuclear envelope. Thls results 
ln the formatlon of a large area of superfluous nuclear envelope 
ln the anterlor and ventral parts of the nucleus and a nuclear 
protrus10n around the implantatlon fossa. AIl the superfluous 
nuclear envelope and part of the envelope of the nuclear pro
truslon dlslntegrate in step 17. Porous nuclear envelope is 
always adjacent to nuclear materlal.of 10w e1ectron denslty. 

Acrosomlc System 

Electron microscop1c ·studles have revea1ed that ear1y 
formatlom of the acrosomic system ls slmllar ln al1 mammals so 
far stud1ed. Burgos and Fawcett (1955) and Fawcett and Burgos, 
(1956) f1rst descrlbed the genera1 process of acrosom1c system 
format10n ln cat and human spermat1ds, respect1vely. They ob-
served that proacrosom1c veslcles, each contalnlng an electron 
dense proacrosomlc granule, first coalesced to form a large 
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acrosomlc veslcle contalnlng an,acrosomlc granule. Thls acro

somlc veslcle attached to the nuclear envelope. Vesicles from 

the GOlgl apparatus eventually fused with the acrosomlc veslcle 

as lt contlnued to grow over the nuclear surface. Thls process 

has also been descrlbed recently by Bandoz (1970) and Susl !i 

!l. (1971). 

In rat spermatIds, the proeess of acrosomlc system forma- , 

tlon takes place during steps 1 through 7. The slze of the 

acrosomlc granule does not appear to lncrease after step 3. al

though the less electron dense head cap materlal lncreases ln 

volume as the aerosomlc system enlarges. Fawcett and Hol'lenberg 

(1963) referred to the acrosomlc granule and head cap as two 

dlstlnct areas, or zones, of the developing gulnea pig acrosomlc 

system. They suggested that these two arass developed durlng two 

temporally dl stlnct phase of GolgI apparatus~: actI~lvy • 

The morphologleal dlfferences between the acrosomlc granule 

and head cap have also been lnvestlgated by hlstoehemlcal 

technlques. In a light mlcroscoplc study, Clermont and Leblond 

(i955) demonstrated a dlfference ln PAS stalnlng of the outer 

and lnner zones of the developlng rat acrosomlc system.Dlfferen

tla~ stalnlng of the two acrosomlc system components was also 

demonstrated by Susi et al. (1971), uslng PA-sllver and electron 

mlcroscopy. In the Ir study, the acrosomlc granule stalned weaklY 

wlth PA-sllver, whlle the head cap materlal was haavlly stalned. 

They attrlbuted this stalnlng dlfferentlal to posslble dlfferences 

ln the concentratlon or nature of the glycoproteln contalned ln 

the two structures. 
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Both the morphologlcal and hlstochemlcal evldence lndlcate 

that the acrosomlc system may be composed of at least two sub

stances or two forms of the same substance. Thls ls probably not 

due to two temporally dlstlnct phases of Golgl actlvlty as pro

posed by Fawcett and Hollenberg (1963), but rather to a brlef 

productlon of acrosomlc granule materlal through step 3 and a 

contlnuous productlon of head cap materlal through step 7. 

The dlsplacement of the acrosomlc system over the falclform 

rat spermatld nucleus ls conslderably dlfferent than lt ls ln 

those anlmals wlth spatulate or enslform-shaped spermatozoa. 

In addltlon to the flattenlng and elongatlon whlch take place 

ln the developlng spermatlds of the latter anlmals, the rat 

spermatld nucleus becomes ourved so that the acrosomlc system 

lles over the long axls of the nucleus. Also, the entlre acro

somlc system shlfts over the nucleus ln step 17 of development. 

Durlng the shaplng of the spermatld head, the deflnltlve acrosome 

changes lts posltlon relatlve to that of the head cap. 

The acrosome materlal ls morphologlcally dlstlnct from the 

head cap materlal through step 11 of development. In later steps, 

the electron denslty of "the head cap materlal ls slmllar to that 

of the acrosome. In thls study, the acrosome materlal has been 

ldentlfled ln steps 12 through 19 spermatlds and ln mature 

spermatozoa by followlng chronologlcally the locatlon of the 

materlal derlved from the acrosomlc granule. The acrosome 

materlal ls located over the apex of the nucleus ln step 11. 

The bulk of thls materlal appears to mlgrate to the mlddle area 

of the nucleus ln steps 12 and 13, and by steps 14 and 15 some 
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of thls materlal forms a promlnence olose to the dorsal angle of 

the nucleus. Then some of thls acrosome materlal flows anterlorly 

so that, ln step 17, the acrosome ocouples the same relatlve 

posltlon ln the acrosomlc system as lt does ln the mature sperma

tozoon. Thls redlstrlbutlon of the acrosome materlal was flrst 

demonstrated ln the developlng rat spermatld by Leblond and 

Clermont (1952a, b). Forces causlng thls change ln aorosome 

posltlon were not determlned ln the present study. ~hange ln 

nuclear shape whlch, ln turn, could cause rearrangement of 

acrosomlc structures does not seem to be a factor. That ls, ln 

steps 13 to 14, the bulk of the acrosome materlal flows approxl

mately one-half the length of the nucleus, whlle the change ln 

nuclear shape ls barely perceptlble. 

"The head cap accommodates to the change ln nuclear shape 

ln steps 8 through 11. Beglnnlng ln step 12, the anterlor part 

of the nuoleus condenses and forms the ventral plate of super

fluous nuclear envelope. The head cap does not decrease ln:.slze 

and contlnues to cover the lateral surfaces of the redundant 

nuclear envelope. In step 14, a part of the head cap coverlng 

one of these lateral surfaces becomes separated from the 

remalnder of the head cap. Thls separated struoture wlll form 

the ventral flap. In steps 15 and 16, the future ventral flap 

lles on the lateral nuclear surface and moves toward the ventral 

surface as development proceeds through step 16. In step 17, the 

acrosomlc system undergoes a spatlal change over the nucleus; 

thls results ln the ventral flap rotatlng to the ventral nuclear 

surface, the anterlor part of the head becomlng trlangular ln 
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shape, and the head cap aga1n symmetr1cally cover1ng the lateral 
head surfaces. These changes take place as the ent1re acrosom1c 
system 1s sh1fted forward over the nucleus, thus creat1ng a 
space under the acrosom1c system anter10r to the t1p of the 
mucleus. 

The head cap and ventral flap both flatten and their contents 
become sl1ghtly more electron dense dur1ng steps 18 and 19. At 
the t1me of sperm release, these components are 1dent1cal in 
appearance to those of the mature spermatozoon. 

P1ko (1969) reported that rat and mouse spermatozoa have a 
small separate ves1cle, located on the ventral nuclear surface, 
wh1ch 1s s1m1lar to the th1n lateral portion of the head cap. 
Br8kelmann (1963) was the f1rst to recogn1ze th1s structure in 
rat spermat1ds. He thought that 1t resulted from the prol1fera~ 
t10n of one of the lower edges of the head cap ("acrosome cap") 
and thus was part of the acrosom1c system. The present study a1so 
shows that the ventral flap 1~ part of the acrosom1c system, 
be1ng der1ved from the head cap by a spl1tt1ng rather than by a 
prol1ferat1on·of one of 1ts edges. 

A spec1a11zed area of,the acrosom1c system, cal1ed the 
equator1al segment, has been descr1bed in e1ectron microscopie 
stud1es of the spermatozoa of a number of mamma1s (N1cander and 
Bane, 1962, 1966). The equator1a1 segment 1s located on the 
ventral edge of the head cap area; 1t 1s s11ghtly narrower and 
more electron dense than the head cap (N1cander and Bane, 1966; 
Fawcett and Ph1111ps, 1969a; Franklin et al., 1970a; Yanag1mach1 
and NOda, 1970a). The equator1al segment rema1ns morpholog1ca11y 



84. 
lntact after the acrosome reactlon (Barros et al., 1967), and 

lt ls the most stable part of the acrosomlc system durlng sperm 

degeneratlon (Franklln et al., 1970a; Yanaglmachl and Noda, 

1970c). 

It mlght be assumed that the equatorlal segment and ventral 

flap are homologous structures because both are derlved from, 

or are modlflcatlons of, the head cap. The lnformatlon aval1able 

ls not adequate to test thls assumptlon, although some comparlsons 

can be made between the two structures. The fate of the ventral 

flap has not been followed durlng the acrosome reactlon, or durlng 

any part of the fertl1lzatlon process; thus lt can not be compared 

wlth the equatorlal segment whlch remalns lntact after the acro

some reactlon. Unllke the equatorlal segment, both the wldth of 

the ventral flap and the denslty of lts enclosed materlal are 

slml1ar to those of the remalnder of the head cap. Flna11y, the 

ventral flap formatlon occurs ~t a dlfferent tlme and ln a dlf

ferent ~er durlng spermlogenesls than the formatlon of the 

equatorlal segment. The equatorlal segment ls formed at the end 

of spermlogenesls, at about the tlme of sperm release, by a pro

cess of attenuatlon and condensatlon (Fawcett and Phl11lps, 

1969a). 

The flnal shaplng of the acrosome takes place ln the epl

dldymls. As ln the gulnea plg (Fawcett and Hollenberg, 1963), 

chlnchl11a (Fawcett and Phl111ps, 1969a) and rabblt (Bedford, 

1965), the rat acrosome undergoes a dlmlnutlon ln slze durlng 

tiranslt through the epldldymls. Thls change in size changes the 

shape of the spermatozoon by reducing the dorsal ridge formed 
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by the acrosome. The spatial relat1onsh1ps of the spermatozoon 

oomponents rema1n oonstant dur1ng passage through the ep1d1dym1s. 

The s1ze of the aorosome changes 1ndependently of the other com

ponent s, exoept for the ohange in f1't of t~e plasma membrane. 

In the rat, as in the gu1nea pia (Fawoett and Hollenberg, 

1963), the s1ze of the aorosome ohanges dur1ng a short distance 

of travel in the ep1d1dym1s. The area of the ep1d1dym1s in wh1ch 

the morpholog1cal ohange takes place 1s restr1oted, and the 

spermatozoon population 1s morpholog1oally homogeneous in any 

one area of the ep1d1dym1s. This oontrasts w1th the situation in 

the ep1d1dym1s of the rabb1t, in wh1ch morpholog1oally mature 

and immature spermatozoa may be seen at the same level (Bedford, 

1965) • 

Therefore, the ohange in shape of the spermatozoon head 

dur1ng transit through the ep1d1dym1s 1s ,the result of a ohange 

in shape of one oomponent of the head, the aorosome. The change 

in aorosome s1ze does not affeot the morpholog1oal appearanoe of 

the other head components, wh10h do not change after release 

from th'e sem1n1ferous ep1 thel1um. 

Leblond and Clermont (1952a, b) used the term aorosom10 

system to desor1be a group of structures produced by the sperma

t1d Golgi apparatus. These struotures 1ncluded the proacrosom10 

granules, aorosom10 granule, head oap, and aorosome. Aooording 

to th1s description, the aorosom1c system cons1sted only of head 

oap and acrosome in the matur1ng spermat1ds and in spermatozoa. 

The use of th1s term1nology was challenged by Burgos and Fawcett 

(1955), Fawcett (1958, 1965), Fawcett and ,Ito (1965) and Fawcett 
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and Ph1ll1ps (1969a). Theyargued that the acrosome and head cap 

mater1al was morpholog1cally s1m1lar 1n electron m1crographs of 

mature spermatozoa,and that both struotures were enolosed 1n a 

s1ngle oont1nuous membrane. Thus, they proposed that the struc

tures called the acrosome and head cap by Leblond and Clermont 

(1952a, b) be collect1vely des1gnated the aorosome or aorosomal 

cap. Most recent authors have adopted th1s term1nology. 

Th1s s1mp11f1oat10n of term1nology 1s not just1f1ed and has 

not been followed 1n the present work. At the t1me th1s s1mp11f1ed 

term1nology was proposed, there were already eleotron m1croscop1c 

1nvest1gat10ns 1nd1cat1ng the complex1ty of the acrosom10 .system. 

Fawcett and Hollenberg (1963) had 1nd1cated the presence of an 

1nner and outer zone 1n the develop1ng acrosom1c ves1cle. They 

further demonstrated that the part of the acrosome der1ved fror 

the outer zone underwent a dramat1c mod1f1cat10n dur1ng ep1d1-

dymal trans1t. The demonstrat10n of N10ander and Bane (1962) 

that the narrowed equator1al segment of the head cap was an area 

of 1ncreased electron dens1ty, and thus d1ffered from the re

ma1nder of the head oap mater1al, also was not cons1dered. 

In the present study, there 1s morpholog1cal ev1dence to 

support the use of the term acrosom1c system to des1gnate a com

plex structure. In the develop1ng acrosom1c system of the early 

spermat1d, the separate components that become the head cap and 

acrosome are clearly d1st1ngu1shable. The acrosome undergoes a 

change 1n s1ze dur1ng trans1t through the ep1d1dym1s, and th1s 

change 1s completely 1ndependent of the other stable acrosom1c 

system components. In the rat, the use of the term acrosom1c 
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system would be justlfled, lf for no other reason than to ln

dlcate a collectlve term whlch lncludes the ventral flap, a part 

of the acrosomlc system. 

Perlnuclear Layer 

The presence of varylng amounts of materlal between the 

lnner acrosomlc membrane and the nuclear envelope (subacrosomal 

space) has been reported ln the spermatozoa and spermatlds of a 

varlet y of mammals (Nlcander and Bane, 1962; 1966; Bane and 

Nlcander, 1963). These authors equated the subacrosomal materlal 

wlth the perforatorlum of rat spermatozoa. Hadek (1963) and 

Bedford (1964) reported the presence of subacrosomal materlal 

ln rabblt spermatozoa and lmplled that lt was homologous wlth 

the rat perforatorlum. The homology of subacrosomal materlal ln 

most mammals and the perforatorlum ln rodents was questloned by 

Fawcett and Phllllps (1969a). 

A number of recent lnvestlgatlons have concluslvely demons

trated the presence of subacrosomal materlal ln mature spermato

zoa of a number of specles (Stefanlnl et al., 1969; Franklin 

et al., 1970a; Sandoz, 1970; Yanaglmachl and NOda, 1970a; 

Bedford and Nlcander, 1971; Zambonl et al., 1971). These studles, 

plus the present study, have also demonstrated the contlnulty of 

thls subacrosomlc layer wlth the layer over the caudal area of 

the nucleus, commonly referred to as the postnuclear cap. 

Observatlons in the present study lndlcate that the forma

tlon of a subacrosomlc layer beglns ln step 3 and contlnues as 

the head cap spreads over the nucleus ln steps 4 through 7. Thls 
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subacrosomic layer forms in the same manner in mouse spermatids 

(Bandoz, 1970). Bedford and Nicander (1971) have observed sub

acrosomal material in cap phase monkey and rabbit spermatids. 

The subacrosomic layer is heterogeneous in the rat and contains 

fine filaments, granules of varying sizes, and flocculent 

material. In step 7 of development, a widened area forms in the 

subacrosomic layer under the marginal region of the head cap. 

Coarse granules and small rods develop in this area and remain 

in the spermatid until step '17. Bimilar material has been ob

served in this area of developing mouse spermatids (Bandoz, 1970). 

During the acrosome phase (steps 8-14) as the spermatid head 

elongates and the nucleus condenses, the subacrosomic layer ap

pears to increase in thickness. The composition of the layer re

mains the same as in earlier steps. Brekelmann (1963) and Bandoz 

(1970) reported a widening of the subacrosomic layer in the 

spermatids of rats and mice, respectively, during comparable 

steps of development. According to the drawings and electron 

micrographs of Pl&en (1971), rabbit spermatids also have a sub

acrosomic layer comparable to the one described above in the rat. 

During maturation phase (steps 15-19), distinctive changes 

take place in the subacrosomic layer of rat spermatids, and 

probably those of other myomorphs, which do not occur in mammalian 

spermatids without a perforatorium. As judged from previously 

published electron micrographs, the subacrosomic layer appears 

to change very little in maturation phase spermatids of the 

rabbit (Pl&en, 1971), guinea pig and chinchilla (Fawcett and 

Phillips, 1969a), and monkey (Franklin, 1968). There appears to 
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be only a meager amount of subacrosomlc materlal, whlch does 

not lncrease durlng the maturatlon pha~e of spermlogenesls, ln 

these anlmals whlch lack a consplcuous perforatorlum. 

In steps 15 and 16~ the subacrosomlc layer beglns to en

large around the anterlor tlp of the nucleus, and lt appears to be 

bla lower electron denslty than.ln the prevlous steps (8-14). 

In order to dlscuss the further development of thls part of the 

subacrosomlc layer, the formatlon of the postnuclear cap, whlch 

ls contlnuous wlth thls layer, wl11 be descrlbed flrst. 

The postnuclear cap (postacrosomal dense lamlna) materlal 

ls flrst seen ln steps 8-11 of development, when a granular layer 

of materlal ls deposlted between the caudal tube and the nuclear 

envelope. Thls layer becomes more promlnent ln steps 11-14. 

Fawcett et al. (1971) observed the p~esence of slml1ar materlal 

ln the spermatlds of a number of mammallan specles. Thls electron 

dense layer appears to become entrapped·between the plasma mem

brane and the nuclear envelope as the caudal tube lnsertlon rlng 

and the caudal tube move caudally over the nucleus ln steps 14 

and 15. other authors have assoclated the formatlon of the post

nuclear cap wlth the mlgratlon of the cau4al tube ln spermatlds 

of dogs (Gresson and Zlotnlk, 1945), mlce (Sandoz, 1970), and 

rabblts (P18en, 1971). 

The postnuclear cap ls not homogeneous durlng the maturatlon 

phase of spermlogenesls but shows an area of lncreased electron 

denslty agalnst both the plasma membrane and the nuclear envelope. 

These areas of lncreased denslty wcre also noted ln mouse sperma

tlds (Sandoz, 1970). In the rat, the area of lncreased electron 
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denslty agalnst the nuclear envelope ls not promlnent ln the 

mature spermatozoon~ but the area adjacent to the plasma membrane 

remalns obvlous ln some'areas of the head. A perlàdlc organlza

tlon, such as that descrlbed by Fawcett and Ito (1965) ln bat, 

Koehler (1970) ln rabblt and Zambonl et al. (1971) ln monkey and 

human spermatozoa, was not observed ln the caudal area of the 

perlnuclear layer of rat spermatlds or spermatozoa. 

An addltlonal area of the nucleus becomes covered wlth 

granular materlal ln steps 14 and 15. Thls ls the caudal surface 

of the nucleus overlylng the flagellum. Thls area of the nucleus 

was never covered wlth acrosomlc system or caudal tube and there

forels.not covered by a layer formed ln assoclatlon wlth these 

structures. The nuclear envel~pe on thls surface contalned 

mumerous.pores prlor to step 14, but these pores dlsappear durlng 

step 14 and the envelope becomes contlnuous. An electron dense 

layer th en forms agalnst thls surface ln steps 14 and 15. 

Therefore, the nuclel of the steps 15-16 spermatlds are 

covered by a contlnuous layer of materlal. Thls layer can be 

dlvlded lnto three reglons, dlffering on the basls of whlch 

structure they were assoclated vlth durlng formatlon. The layer 

under the acrosomlc system becomes contlnuous wlth the layer 

developlng over the caudal reglon of the nucleus as the caudal 

tube becomes dlsassoclated from the nucleus. 'Thls caudal reglon 

also becomes contlnuous wlth the layer whlch forms over the 

caudal surface adjacent to the spermatld cytoplasm. 

The orlg1ns of the varlous reglons of the perlnuclear layer 

were not determlned. It ls unllkely that the subacrosomlc reglon 
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results trom s1mple trapp1ng ot cytoplasm between the acrosom1c 

system and the nucleus, tor 1ts dens1ty 1s tar greater than the 

surround1ng cytoplasm. There 1s no'morpholog1cal eVldence, such 

as nuclear pores, to 1nd1cate transter ot mater1al to the sub

acrosom1c layer trom e1ther the ,nucleus or the acrosom1c system. 

That part ot the layer wh1ch forms 1n the area adjacent to the 

caudal tube appears to be formed 1n two steps. F1rstly, as 

descr1bed above, a layer ot mater1al torms betweeu the m1cro

tubules of the caudal tube and the nuclear envelope 1n steps 8-

14. The or1g1n of the mater1àl ls probably cytoplasm1c, as there 

are no nuclear pores present adjacent to th1s reg10n durlng 1ts 

development. Secondly, mater1al appears to be added to thls 

layer from the caudal tube 1nsertlon r1ng, as the rlng moves 

caudally over the nucleus. The small part of the laye~ on the 

caudal sprface of the nucleus appears to torm by the depos1tlon 

of mater1al d1rectly trom the surround1ng spermatld cytoplasm. 

In step 17, the poslt10n ot the acrosom1c system changes 

relatlve to the nucleus, and a large trlangular space ls created 

under the acros'ome, around and anterlor to the nuclear t1p. Th1s 

ls an enlargement ot part ot the subacrosom1c layer. A s1ml1ar 

enlargement ot the subacrosomlc layer ln the late, hamster sper

mat1d was noted by Franklln et al. (i970b). 

The contents of th1s sPace decrease ln electron dens1ty as 

the space 1s created (steps 16 and 17), and then rapldly 1ncrease 

1n dens1ty so that a dense homogeneous appearance 1s acqu1red by 

step 18. As the volume of the space appears to rema1n constant 

dur1ng these steps, th1s lncrease 1n dens1ty must be due to 
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addltlon of materla1 to thls space anterior to the nuc1ear tlp. 

The addltion of materla1 to the perinuc1ear layer ln step 17 of 

deve10pment ls probab1y dlfferent than it was during steps J-15. 

The orientation of the head structures now 1s dlfferen~ for, as 

descrlbed above, the varlous reglons are contlnuous and the' who1e 

perlnue1ear layer ls connected to the spermatld cytoplasm over 

the caudal 11mlt of the nucleus. Nuclear materlal no. has dlrect 

aceess to the perlnuclear layer through those pores of the nuclear 

protruslon whlch face the perlnuclear layer and the' cytoplasm. 

Based upon thls morphological arrangement of head structures, 

the source of perlnuclear materlal formed ln step 17 cou1d be of 

elther nuc1ear or cytop1asmle orlg1n, or both. In addltlon to 

the se sources, the degeneratlng superf1uous nuc1ear envelope may 

also contrlb~te materla1 to 'the perlnuc1ear layer. Nuc1ear mem

brane whorls, comparab1~ to the superf1uous nuc1ear membrane, 

have been seen ln the anterlor part of the form1ng head ln sper-

'matlds of rabblts (Radek, 196J)~ 1emmlngs (Hopsu and Arstl1a, 

1965) and mlce (Bandoz, 1970). Franklin et al. (1970b) have re

portedthat the subacrosoml0 space of hamster spermatlds con

t.~ns e1ements of nuc1ear enve10pe as we11 as cytop1asmlc 

materla1. 

A chrono10Blcal ana1ysls of the deve10pment of the perl

nuclear layer has not been done ln other mammallan specles but, 

ln the electron mlcrographs of Frank11n (1968), the contlnulty 

of the perinuclear layer wlth the cytoplasm can clearly be seen 

ln maturatlon phase monkey spermatlds. The nuclear protruslon 

also ls close1y assoclated wlth the perlnuc1ear layer at the 
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junctlon of the layer and the cytoplasm. As polnted out above, 

an lncrease ln volume of the perlnuclear layer comparable to 

that ln the rat does not occur ln maturatlon phase spermatlds 

of mammals other than mlce and hamsters. Wlth the exceptlon of 

thls lncrease ln volume of the perlnuclear layer, the develop

ment of thls layer ln other specles appears to be slmllar to 

that of myomorph rodents. 

The perlnuclear layer condenses lnto an electron dense 

granular theca and acqulres lts mature morphology late ln step 

19 prlor to sperm release. The the ca has a homogeneous granular 

appearance except ln an area of lncreased electron denslty agalnst 

the plasma membrane ln the caudal reglon. That part of the theca 

usually referred to as the perforatorlum dlffers ln hamster 

spermatlds ln that lt has two dlstlnct electron densltles 

(Franklln et"al., 1970a)." The rat perlnuclear theca covers aIl 

of the nucleus except ln the lmplantatlon fossa and a small area 

lmmedlately eurroundlng lt. A small ventral promlnence, 'the 

ventral spur, forme late ln spermlogenesls due to a locallzed 

accumulatlon of perlnuclear layer materlal. 

In summary, the nucleus of the rat spermatozoon ls covered 

by a perlnuclear the ca except for a small area ln ab4 around the 

lmplantatlon fossa. The the ca develops from a perlnuclear layer 

whlch, ln turn, ls formad in three separate nuclear reglons. 

After theee reglons become contlnuous, the perlnuclear layer en

larges anterlor to the tlp of the nulceus. Thls anterlor enlarge

ment ls a dlstlnctlve feature of myomorph spermatozoa. 
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SUMMARY 

The fo1~owlng major deve10pmenta1 steps ln the format10n 

of spermatozoa head oomponents were e1uoldated by the use of 

electron mlcroscopy. 

Nucleus 

The chromatln appears as flne fl1aments and granules w1th 

a few olumps of coarse granuies ln the nuc1el of Go1g1 and cap 

phase spermatlds. The flrst morpho10g1ca1 evldence of chromatln 

condensatlon appears ln steps 8 through 10'when coarse chromatln 

c1umps form a10ng that part of the nuc1ear enve10pe whlch ls not 

covered by the acrosoml0 system. C1umps of fused chromatln 

granules are dlspersed throughout the nuc1el of steps 10 and 11 

spermatlds. The chromat1n becomes more fl1amentous ln step 11. 

In steps 12 and 13, these f11ament's become very thlck an4 acoumu-

1ate lnto lrregu1ar granu1ar c1umps. The chromatlnelumps become 

progresslve1y more c10se1y packed ln steps 14 through 16. Fuslon 

of the olumps,beg1ns ln step 17, and by steps 18 and 19 the 

chromatln has a dense homogeneous appearance except for a few 

rarefactlons or vacuoles whlch form between the fuslng c1umps. 

The formatlon of large chromatln f1bers, as an lntermed1ate step 

ln chromatln condensatlon, 1s unusua1 ln mamma1s. Dur1ng chroma

tln condensatlon, nuc1ear mater1a1 of 10w e1ectron denslty forms 

ln the caudal reglon of the nucleus between the condenslng 

chromatln and the nuc1ear enve1ope. Thls materla1 ls seen, a1-

though ln lesser quantltles, ln the nuc1ear protruslons of 1ate 
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spermatld~ and ln the nuclear folds of mature spermatozoa. 

As a result of nuclear condensatlon, superfluous nuclear 

enve10pe ls formed ln the anterlor and ventral parts of the 

nucleus and a nuclear protruslon appears around the lmp1antation 

fossa. The superfluous enve10pe and part of the nuclear pro

truslon dlslntegrate in step 17. The nuclear envelope of the 

remalnder of the nuc1ear protruslon 'becomes the nuclear membrane 

folds whlch are seen ln the perlfossa collar and neck reg10n of 

mature spermatozoa. Nuclear pores are promlnent ln steps 12 

through 19 spermatlds and ln mature spermatozoa. These pores are 

always assoclated, durlng chromatln condensatlon, wlth the 

nuc1ear materla1 of 10w electron denslty ln the caudal reglon 

of the nucleus. Nuclear po~es form ln the envelope of the nuc1ear 

protruslon and remaln ln the nuc1ear membrane fo1ds of the mature 

spermatozoon. 

Acrosomlc System 

The formatlon of the acrosomlc system ln the rat ls slml1ar 

to that descrlbed ln other mamma1s. The formlng acrosomlc system 

ls composed of two morphologlcally dlstlnct components, the 

acrosomic granule and the head cap. The acrosomic granule is 

formed by the Golgi apparatus materia1 produced in steps 1 

through 3 and the head cap by Go1g1 materia1 formed in steps 1 

through 7. The acrosomic granule becomes the acrosome which 

forms a promlnent dorsal rldge in the late spermatid and in the 

spermatozoon. The acrosome is the only head structure that under

goes morphologlca1 modification during epididymal transit. This 
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change ls a reductlon ln acrosome volume lndependent of the 

remalnder of the acrosomlc system. Burlng step 14 of spermlo

genesls part of the head cap ls split off to form the ventral 

f1ap of the acrosomlc system. The ventral f1ap comes to 11e ln 

the ventral mld11ne of the 'anterlor part of the head durlng a 

change ln sper~at1d shape 1n steps 16 and 17. 

Perlnuclear theca 

The perlnuc1ear theca forms from the condensatlon of the 

per1nuc1ear layer materla1 late 1n sper,mlogenes1s. The per1-

nuclear layer ls formed 1n three reglons of the nucleus: the 

area between the nuclear enve10pe and the form1ng acrosom1c 

system; the area between the cau4a1 tube and the nuc1ear enve1ope; 

and a sma1l area on the caudal surface of the nucleus whlch was 

covered by nelther the acrosom1c system nor the caudal tube. 

These areas become cont1nuous over the nucleus and connect 

d1rect1y to the spermat1d cytop1asm 1n steps 15 and 16. The 

large porous nuc1ear protrus1on 11es 1n the area of the connect1on 

of th1s layer w1th the cytop1asm. In step 17, that part of the 

perlnuc1ear layer under the acrosomlc system and anter10r to the 

nuclear tlp en1arges. That part ~f the perlnuc1ear layer wh1ch 

has been referred to ln the past as the perforatorlum forms ln 

thlsBn1arged area dur1ng step 17. The addlt10n of mater1a1 to 

the per1nuc1ear layer dur1ng the maturatlon phase of sperm1o

genes1s probab1y occurs on1y ln myomorph rodents. When the perl

nuclear layer undergoes condensat1on 1ate ln spermlogenesls, the 

layer between the nuc1ear protrus1on and the plasma membrane 



dlsappears, fherefore, the nuclear folds of the perlfossa 

cOllar, whlch form from the nuclear protruslon, are not covered 

wlth perlnuclear theca ln the mature spermatozoon. 
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ORIGINAL CONTRIBUTIONS 

Th1s study 1s a deta1led ohronolog1oal analys1s of the 

ultrastruotural format1on, development and struotural trans

format1on of three head oomponents of the rat spermatozoon, 

1.e. nuoleus, aorosom10 system and per1nuolear theoa, dur1ng 

sperm1ogenes1s and passage through the ep1d1dym1s. The follow1ng 

observat1ons prov1de new 1ns1ght 1nto th1s prooess 1n the rat 

and 1nd1oate some features wh10h may be found to ooour generally 

1n mamma11an sperm1ogenes1s. 

1) Nuoleus and Nuolear Envelope 

As 1n other speo1es, the early rat spermat1d nuoleus (steps 

1 through 10 of sperm1ogenes1s) oonta1ns f1ne f1lamentous and 

granular mater1al. Insteps 11 through 13, d1st1not1ve changes 

take place 1n chromat1n condensat1on; the chromat1n f1rst becomes 

coarsely f1lamentous, then these.l. f1laments aggregate to form 

electron dense granul.~ clumps. Dur1ng steps 14 through 16, the 

granular clumps become c~osely packed, and 1n steps 17 through 

19 the clumps fuse 1nto a dense homogeneous mass. Thus, nuclear 

condensat1on 1s olearly an elaborate and stepw1se process. 

Nuolear condensat1on results 1n an accumulat10n of excess 

nuclear envelope 1n the anter10r and ventral parts of the nucleus 

and 1n the format1on of a nuclear protrus1on around the 1m

plantat10n fossa of the flagellum. All the.excess nuclear en

velope 1n the anter10r and ventral areas of the nucleus and part 

of the envelope 1n the nuclear protrus1on degenerate 1n step 17 

of sperm1ogenes1s. The rema1nder of the nuclear envelope 1n the 



99. 

nuc1ear protruslon, whlch shows characterlstlc nuc1ear pores, 

perslsts as thè so-ca11ed nuc1ear fo1ds s~en around the lm

p1antatlon fossa of the mature spermatozoon. 

2) Acrosomlc System 

The formatlon and chrono1og1ea1 deve10pment of the acrosome 

appears to be lndependent of the head cap. The materla1 p~duced 

from the acrosomlc granule, formlng the acrosome, f10ws a10ng 

the dorsal edge of the nucleus dur1ng spermlogenesls and ls 

se1ectlve1y condensed and remodeled durlng passage through the 

epldldymls. 

A portlon of the head cap seen on one 1atera1 surface of 

the nucleus ls sp11t off ln step 14 of spermlogenesls. Thls 

sp11t-off portlon of the head cap was fo11owed chrono1og1ca11y 

and was seen to form the dlstlnct structure ea11ed the ventral 

f1ap of the head cap. The ventral f1ap 11es ln the antero

ventral portlon of the spermatozoon head. 

3) Perlnuc1ear Theca 

It was demonstrated that a we11 deve1oped, dense1y packed 

layer, tentatlve1y ca11ed the,perlnuc1ear theea, covers the 

nucleus of the mature spermatozoon except for a sma11 area ln 

and around the lmp1antatlon fossa. The theca lnc1udes those 

structures, whlch have been ca11ed by. other authors the perfora

torlum located ln the subacrosoma1 space and the postnuc1ear cap 

seen caudal to the acrosomlc system. The formatlon of thls perl

nuc1ear layer was studled chrono1og1ca11y from the beglnnlng of 
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the formation of the subaorosom10 layer in step 3. The sub

aorosom10 layer becomes oont1nuous w1th a layer of mater1al 

formed betwen the caudal tube and the nuolear envelope, so that 

by steps 16 and 17 there 1s a cont1nuous layer of mater1a1 

oover1ng the nucleus. This layer of mater1al oondenses at the 

very end of sperm1ogenes1s (steps 18-19) to form a oompact, 

seem1ngly r1g1d layer referred to as the per1nuclear theca. 
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Flg. 1 A dlagrammatlc representatlon of the 14 stages of the 

cycle of the rat semlnlferous eplthellum. The cellular 

components of each stage are shown ln the vertlcal 

columns deslgnated by roman numerals. The 19 steps of 

spermlogenesls are deslgnated by arable numerals. Note 

that the flrst 14 steps of spermlogenesls can be used 

to ldentlfy the 14 stages of the cycle. 

Al-A4' type A spermatogonia; lm, intermediate spermato

gonia; B, type B spermatogoriia; AM' lM' BM' spermato

gonia mitoses; Pl, preleptotene spermatocytes; L, 

leptotene spermatocytes; Z, zygotene spermatocytes; 

P, pachytene sp.ermatocytes; Di, diplotene; II, 

secondary spermatocytes. 
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Flg. 2 Llght m1oroscoplc drawlngs ofspermatlds ln:',the 19 
steps of spermlogenesls as seen ln paraffln sectlons 
flxed 1n Flemmlng's fluld and stalned with 1ron 
hematoxylln (from unpubllshed work of Dr. Y. Clermont). 
There ls a great slmllar1ty of thls materlal to that 
of Bpon embedded materlal flxed ln glutaraldehyde 
and stalned wlth elther lron hematoxylln or toluldlne 
blue. A detalled descrlptlon of the spermatld ls 
glven ln the texte 
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Fig. 3 A latera1 view of a mature spermatozoon cut at two 

different levels of the head to show the regional 

differences in cross-sectional shape and the genera1 

arrangement of the head components. A, acrosome; 

F1, flagellum; FO, perifossa collar; HO, head cap; 

N, nucleus; PM, plasma membrane; PT, perinuclear 

theca. 
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F1g. 4 A long1tud1nal sect10n through a fully formed 

spermatozoon at the t1me of sperm release from the 

semln1ferous ep1thel1um. Part of the head structures, 

at the apex, have been drawn on the electron m1crograph 

ta complete the falc1form shape of the head. The dorsal 

and ventral surfaces are 1nd1cated. A, acrosome; DA, 

dorsal angle; FI, flagellum; N, nucleus; P, perfora

tor1um; R.Cyto., res1dual spermat1d cytoplasm; VA, 

ventral angle; VS, ventral spur. 





For orientation of the plane of sectlonshown in Figures 5-17 a 

fold-out orientation drawing is provided ln Figure 23. . ,~. 

Fig. 5 A section through the anterior tip o.f the spermatozoon 

head. HC, head cap; 'PT, perlnuclear theca. (50,000 x) 

Fig. 6 Two sections of the anterlor part of the head (see 

Figure 23). ].n section (b) the three components of the 

acrosomic system can be seen: LHC, the lateral head cap 

component; VHC, the ventral head cap component; A, the 

acrosome proper; PT, perinuclear theca. (50,000 x) 

Fig~ 7 A 'section through the anterior tip of the nucleus (N). 

Note that the plasma membrane (PM) loosely covers the 

acrosomic system and is tlghtly adherent to the 

perinuclear the ca (PT) on the ventral surface. 

(50,000 x) 

Fig. 8 At this level of the head the nucleus (N) has a definite 

aval cross-sectlonsl shape. The arrowheads designate 

the limit between the acrosome and lateral component 

of the head cap. The nucleus 1s encased 1n a tr1angular 

layer of electron dense materlal, the perinuclear the ca 

(PT). (50,000 x) 
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Fig. 9 A section through the spermatozoon head where the cross

sectional configuration changes from a triangular to an 

oval outline. HC, head cap; N, nucleus; P~, plasma mem

brane; PT, perinuclear theca. Note the rarefaction or 

vacuole in the nucleus. (50,000 x) 

Fig. 10 Th1s sect10n 1s from the m1ddle reg10n of the head where 

the cross-sect1onal shape 1s ovale The arrowheads point 

out the boundary between acrosome (A) and head cap (HC). 

The per1nuclear theca (PT) forms a th1ck layer on the 

ventral surface. Th~ volume of the per1nuclear theca 

1s reduced on the dorsal and lateral surfaces of the 

nucleus (N) compared to that seen in the section 1n 

Fiture 9. Note that the ventral port1on of the head 

cap is not present 1n th1s sect1on. (50,000 x) 

Fig. 11 An enlarged portion of Figure 8.showing the tr11am1nar 

membranes de11miting the acrosomic system, the plasma 

membrane and the double membranes of the nuclear 

envelope. N, nucleus; PT, perinuclear theca; VRC, 

ventral head cap. (100,000 X) 

Fig. 12 An enlarged se'ction of Figure 10. A thin layer of 

perinuclear theca (PT) lies between the 1nner acrosomic 

membrane and the outer membrane o'f the nuclear envelope. 

Note that the plasma membrane (PM) is closely bound to 

the perinuclear theca on the ventral surface. 

(100,000 X) 
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Flg. 13 A sectlon thre'llgh the ventral spur (VS) reglon of the 

head. Note that the perlnuclear theca (arrow) ls 

bl1amlnated wlth an electron dense layer adjacent to 

the plasma membrane on the lateral surface and a less 

dense layer close to the nucleus. Note also that the 

head cap (HC) covers less of the lateral surface of 

the head than lt does ln the anterlor part of the head. 

(50,000 X) 

Flg. 14 Thls sectlon passes through the perlfossa collar 

reglon just anterlor to the lnsertlon of the flagellum. 

The asterlsks, whlch face an lndentatlon of the plasma 

membrane, mark the dorsal llm1t of "the perlfossa 

collar. The perlnuclear theca (PT) ls present dorsal 

to the asterlsks, but ls absent ventrally where the 

plasma membrane loosely covers the porous nuclear 

env el ope across the ventral surface formlng the perl

fossa collar. N, nucleus; NP, nuclear pores. (50,000 x) 

Flg. 15 (a) A seotlon slml1ar to F1gure 14. Ast~rlsks show the 

lndentatlon of plasma membrane dellmltlng the per1fossa 

collar. 

(b) A sectlon slm11ar to Flgure 8. Note the slml1ar 

eleotron dens1.ty of the p:erlnuclear theca (PT) at these 

two levels of the head. The arrowheads deslgnate the 

llmlt between the 'acrosome (A) and lateral component 

of the head cap (HC). (50,000 X) 
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Flg. 16 An obllque cut through the spermatozoon head and 

connectlng plece of the flagellum (Fl). Porous 

nuclear protruslons (p) extend Into the connectlng 

plece of the flagellum. The basal plate (BP) 11es 

agalnst the outer nuclear membrane ln the Implant

at~on fossa. The asterlsks mark the dorsal 11mlt of 

the perlfossa collar. N, nucleus; NP, nuclear pore; 

PT, perlnuclear theca. (50,000 x) 

Flg. 17 A sectlon.through the posterlor tlp of the head 

and flagellum (FI). Thls .:1:s ,posterlor to the 11ml t 

of the acrosomlc system and the nucleus (N) ls 

cove~ed only by perlnuclear theca (PT) and plasma 

membrane (PM). (50,000 X) 
. ' 
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Fig. 18 A section through the ~permatozoon head where the 

cross-sectional shape changes from triangular to ovale 

It ,illustra tes the continui ty of the perinuclear theca 

(PT) around thenuc1eus (N), even in the area where 

the inner acrosomic membrane close1y approximates the 

outer nuclear membrane (arrows). A, acrosome; He, head 

cap; PM, plasma membrane. (120,000 X) 
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Fig. 19 A longitudinal seotion through the posterior part of 

the head and the flagellum (Fl). The basal plate (BP) 

of the implantation fossa oan be seen. The anterior 

and posterior limits of the perifossa oollar are 

marked by asterisks. The per1nuolear theoa (PT) ends 

abruptly at these points. A oomma-shaped curve oon

neoting these two points would give the dorsal 

boundary of the fossa oollar. (50,000 x) 
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Flgs. 20, 21, 22 These sectlons 111ustrate the appearance of 

the cap~t epldldymal spermatozoa., Notlce that the 

plasma membrane (PM) ls more regular and closely applled 

to the acrosomlc system than lt ls ln the more mature 

spermatozoon. The large slze of the acrosome (A) ls 

also strlklng ln these spermatozoa. The electron 

d.enslty of the perlnuclear theca (PT) ls slml1ar to 

that of spermatozoa from the cauda epldldymls. 

(50,000 x) 
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Fig. 23 A diagrammatlc lateral view of the head and part of 

the flagellum of a rat spermatozoon illustrating the 

planes of sections whlch appear in Figures 5 through 

17. 





Fig. 24 A drawing of longitudinal and cross sections through 

the head and part of the flagellum of a caudal 

epididymal rat spermatozoon. The shape of the nucleus 

and the disposition of the perinuclear theca and 

acrosomic system around the nucleus can be followed 

in this summary drawing. 
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Flg. 25 The"i.Golgl area of a step 1 spermatld. The undulatlng 

nuclear membrane ls modlfled at the polnts lndlcated 

by arrows. G, Golgl apparatus; N, nucleus; PAG, pro

acrosomlc granules. (45,000 x) 

Flg. 26 A step 3 spermatld. The nuclear envelope ls modlfled 

between the arro.s. Note the condensatlon of electron 

dense materlal agalnst the lnner nuclear membrane. 

The subacrosomlc layer can be seen between the outer 

nuclear membrane and the acrosomlc veslcle (AV). 

AG, acrosomlc granule; G, Golgl apparatus; N, nucleus. 

(30,000 x) 

.... , 





Flg. 27 A step 2 spermatld sectloned through the Golgl 

âpparatus (G) and two acrosomlc veslcles (AV), one 

of whlch contalns an acrosomlc granule (AG). Between 

the two arrows ls a modlfled area of nuclear envelope 

adjacent to an acrosomlc veslcle. N, nucleus. 

(45,000 X) 
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Flg. 28 A step 5 spermatld. AG, acrosomlc granule; G, GOlg1 

apparatus; HO, head cap; N, nucleus. Note that the 

narrow space between the nuclear envelope and the 1nner 

acrosomic membrane contalns a flnely granular materlal 

(arrows). (25,000 X) 

Flg. 29 A step 6 spermatid. Abbrevlatlons as ln F1gure 28. 

Note the lncreased denslty of the head cap mater1al 

compared with that of the previous step. An electron 

dense layer ~an be seen adjacent to the inner nuclear 

membrane ln the modlfléd portlon of the nuclear 

envelope which 1s covered by the acrosomlc system. 

(Jo,OOO X) 





F1g. 30 A step 6 spermat1d. Note the re1at1onsh1p of the. Go1g1 

saccules (G) to the edge of the head cap (HC). The 

1nterface between the e1eotron dense subacrosom1c 

layer and the surround1ng cytop1asm 1s marked by the 
1 • 

arrow. AG, acrosom1c granule; N, nucleus. (40,000 X) 

. F1g. 31 An ear1y step 7 spermat1d. The arrow po1nts out the 

form1ng marg1na1 fossa. Note the marked d1fference 

1n the configurat1on of the nuc1ear enve10pe under 

the acrosom1c system (to the 1eft of the arrow) and 

fac1ng the cytop1asm (to the r1ght of the arrow). 

G, Go1g1 apparatus; HC, head cap; N, nucleus. 
" 

(45,000 X) 
1 
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Flg. ')2 A step 9 spermatld sectloned to the slde of the 

acrosome so that only the head cap (HC) part of the 

acrosomlc system appears ln the sectlon. CT, caudal 

tube; N, nucleus. Note the f1ne granular mater1al 

between the nuclear envelope and the caudal tubee 

(arrows). ()O,OOO X) 

The lnset of Flgure.)2 ls.an enlargement of the 

marglnal fossa reglon. The arrowhead polnts out the 

lnner 11mlt of the marglnal fossa. Note that the 

materlal of the marglnal fossa has a dlfferent 

appearance than that of the remalnder of the sub

acrosomlc layer. ER, endoplasm1c ret1culum of Sertoll 

cell; F, fllaments; SC, Sertoll cell cytoplasm; SF, 

Sertoll cell fllaments. (45,000 X) 
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Flg. 33 A longltudlnal sectlon of a step 10 spermatld. The 

anterlor-dorsal 11mits' of the acrosome (A) are pointed 

out by arrows. CB, chromatold body; CT, caudal tube; 

HC, head cap; IF, implantatlon fossa; N, nucleus. 

(15,000 X) 

The marglnal fossa area of the subacrosomlc layer ls 

enlarged ln the lnset. The Sertoll cell fl1aments are 

lndlcated wlth an asterlsk. (30,000 X) 





Flg. 34 A seotlon through the anterlor thlrd.and a small part 
1 

of the oaudal area of step 11 spermatids. A, aorosome; 

CIR, oaudal tube lnsertlon rlng; CT, oaudal tube; HC, 

head oap; SL, subaorosomlé layer. The asterlsk ln-

dlcates a small ventral fold on the nuolear envelope. 

The dorsal llmlt of the marglnal fossa ls marked by 

the two llnes. (40,000 X) 

Flg. 35 The caudal portlon of a step 11 spermatld. CIR, caudal 

tube insertlon rlng; CT, caudal tube; Fl, flagellum; 

HC, head cap. Note that the head oap ls the only part 

of the acrosoml0 system present at thls level of the 

head ln ~tep 11. (30,000 X) 





Flg. 36 A sectlon through the anterlor portlon of a step 12-13 

spermatide A, aorosome; ER, 'endoplasmlc retlculum of 

Sertoll cell; N, nucleus wlth partly condensed 

chromatln; NE, nuclear envelope; SF, Sertoll cell 

fl1aments; SL, subacrosomlc layer. The dorsal 11mlt of 

the marglnal fossa ls lndlcated by two vertlcal 11nes. 

(40,000 X) 

Flg. 37 This sectlon through two levels of the head of step 

12-13 spermatlds 111ustrates that chromatln condens

atlon ls more advanced ln the anterlor part of the 

nucleus (a) than ln the caudal part (b). The lmage of 

the ohromatln ln figure (b) changes to that of flgure 

(a) as chromatln condensatlon takes place. The asterlsk 

polnts out the appearance of the ooarse materlal ln 

the marglnal fossa when lt ls cut tangentlally. CIR, 

caudal tube lnsertion rlng; CT, caudal tube. (30,000 X) 





Flg. 38 Sectlons through two spermatlds ln steps 12-13. 

Flgure (a) ls more anterlor ln the head than flgure 

(b) and the chromatln ls sllghtly more condensed. 

The arrows polnt ta a flnely granular dense layer 

between the nuclear envelope and the caudal tube. 

The asterisks lndlcate an area of low denslty ln 

the nucleus between the condenslng chromatln and 

the nuclear membrane. Compare wlth Flgure 40. At 

acrosome; CIR, oaudal tube lnsertlon rlng. (30,000 x) 

Flg. 39 A seotlon through the lmplantatlon fossa and the 

caudal tube (CT) of a step 14 spermatld. An, annulus; 

Fl, ~lagellum; PC, proxlmal oentrlo1e. The nuolear 

pores (NP) are on the oaudal surfaoe of the head whloh 

projects over the flagellum. The asterlsk lndlcates 

the area of low electron denslty ln the nucleus 

adjacent to the nuolear pores. (30,000 x) 
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Fig. 40 A longitudinal section, through the caudal ha1f of the 

head of a step 12-1J spermatld. Chromatln condensatlon 

ls more advanced ln the anterlor part of the nucleus 

than lt ls ln the caudal reglon of the Ducleus. The ' 

asterlsk ls over an area of the nucleus of 10w e1ectron 

denslty adjacent to the caudal tube (CT) (see Flgure 

Jab). A slml1ar area adjacent to the nuc1ear pores on 

the caudal surface ls not as promlnent as lt ls in the 

comparable area of the step 14 spermatld (compare wlth 

Flgure J9). An, annulus; Fl, flagellum; HC, head cap; 

PC, proxlma1 centrlole with centrio1ar adjunct; SL, 

subacrosomlc layer. (19,500 x) 
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Figs. 41, 42 Cross sections through the caudal part of the head 

of step 12-1) spermatids. Figure 41 is a little more 

anterior than Figure 42 and shows a portion of head 

cap (HC). Note the abundance of smooth-surfaced 

vesicles around the flagellum (Pl) within the caudal 

tube (CT). CIR, caudal tube insertion ring; N, nucleus; 

NP, nuclear pore. (30,000 x) 





Fig. 43 A longitudinal section through the head of a step 15 

spermatide The superfluous nuclear envelope (NE) in 

the anterior part of the head projects ventrally. The 

caudal tube is less promlnent at this step of develop

ment and only the anterior region of the caudal tube 

insertion ring (CIR) appears in this section. Note 

the numerous nuolear vaouoles ln the chroma tin. Coarse 

electron dense granules are seen ln the neck region of 

the flagellum (arrow). A, acrosome; P, nuclear 

protrusion; PC, proximal centriole; 8F, 8ertoli oell 

filaments. (15,000 X) 
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F1gs. 44-47 Cross sect10ns through the anter10r port1on of the 

head of step 15 (F1gures 44, 45, 47) and step 16 

(F1gure 46) spermat1ds. F1gure 44 1s s11ght1y more 

anter10r 1n the head than F1gure 45 wh1ch, 1n!~urn, 1s 

anter10r to F1gure 47. F1gure 46 1s at the same level 

of the head as F1gure 45 but at a 1ater step of 

deve1opment. F1gure 47 1s at the anter10r 11mlt of the 

acrosome Just poster1or to the f1ssure wh10h separates 

the ventral head cap from the rema1nder of the head 

cap. A, acrosome; F, f11aments; HC, head cap; NE, 

superf1uous nuc1ear enve1ope; SL, subacrosomlc layer; 

VHC, ventral head cap. (40,000 X) 
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Fig. 48 Step lS spermat1ds cut atvtwo levels of the head: 

(a) 1mmed1ately poster1or to the level of the head 

shown in Figure 47 and (b) 1mmed1ately anter10r to the 

implantation fossa. The arrows point out areas of 

1ncreased electron dens1ty' in the layer on the ventral 

and lateral surfaces of the head wh1ch 1s cont1nuous 

w1th the subacrosom1c layer (SL). The caudal tube 

insertion ring (CIR) 1s becom1ng detached from the 

head and 1s more spongy and granular than in the 

prev10us steps. A, acrosome; HC, head cap; P, nuclear 

protrus1on. (30,000 x) 

Fig. 49 A section of a step 17 spermat1d through the con

nect1ng p1ece of the flagellum show1ng the arrangement 

of the nuclear protrus1ons(P) in th1s area. There are 

mater1als of d1fferent dens1t1es in the protrus1ons. 

Note the large granules around the flagellum. A, 

acrosome; CIR, caudal tube insertion ring; HC, head 

cap; SL, subacrosom10 layer. (30,000 x) 
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Flg. 50 A longltudlnal section of the caudal part of the step 

15 spermatid head. The porous caudal surface of the 

nucleus of the step 14 spermatld seen ln Figure 39 ls 

no longer present. The arrows point to a dense granular 

layer againstthe nuclear envelope of the caudal sur

face. The sâbacrosomlc layer (SL) has a flbrous ap

pearance ln thls section. Many areas of low electron 

density are present ln the condensing chromatin. An, 

annulus; CIR, caudal tube insertion ring; Fl, flagellum; 

NP, nuclear pore; P, nuclear protrusion; SF, Sertoli 

cell filaments. (30,000 x) 
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F~g. 51 The lmplantatlon fossa reglon of a step 15 spermatld 

showlng two sectlons through the nuclear protruslon 

(p). Note the flbrous appearance of the subacrosomic 

layer (SL). BP, basal plate; CT, caudal tube; PC, 

proxlmal centrlole. (45,000 x) 

Flg. 52 A cross section at the lmplantatlon fossa of a step 

15 spermatld. The arrows polnt to the dense layera of 

granular materlal agalnst the nuclear envelope and the 

plasma membzane. The lncreased helght of the acrosome 

(A) llL~thls sectlon ls normal for thls reglon of a 

step 15 spermatld (see drawlng ln Flgure 2). P, nuclear 

protruslon; SL, subacrosomlc layer. (45,000 x) 
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Fig. 53 Sections through varlous levels of the head of step 17 

spermatids. The two sections at the top are from the 

apical thlrd of the spermatlds, the mlddle section 

goes through the mid-portlon of a spermatid and the 

lower sect10n goes through the caudal thlrd of the 

spermatide These sections demonstrate the triangular 

shape of the anterior part of the head ln thls step. 

A space continuous .wlth the subacrosomic layer is 

present around and anterlor to the tip of the nucleus. 

A, acrosome; Fl, flagellum; HC, head cap; P, nuclear 

protruslon; SL, subacrosomic layer; VHC, ventral head 

cap. (25,000 X) 





Figs. 54-57 Cross sections through the anter10r triangular 

portion of the head of step 17 spermat1ds. The super

fluous nuolear envelope (NE) undergoes degenerat1ve 

ohanges as 1nd1cated by the mye11n f1gures seen olose 

to (F1gures 55, 56) or asso01ated w1th the nuclear 

membrane (F1gure 57). Note that the subaorosom10 layer 

(SL) has an area of 1noreased denslty along the 1nner 

aorosom10 and plasma membrane. A, aorosome; He, head 

cap; N, nuoleus; VRC, ventral head oap. (F1gure 54: 

30,000 X; F1gures 55-57: 20,000 X) 





Flgs. 58, 59 Sectlons through the mlddle portlons of the head 

of step 17 spermatids. The acrosome (A) ls very 

. promlnent ln thls reglon. The layer of materla1, whlch 

surrounds the nucleus ventral to the head cap, shows 

an area of lncreased denslty agalnst the nuclear 

enve10pe and agalnst the plasma membrane (arrows). 

A sma11 nuclear protruslon (p), wlthout pores, ls 

sometlmes present ln thls reglon. He, head cap; SL, 

subacrosomlc layer. (40,000 x) 
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Fig. 60 This section of a step 17 spermatid is at the level 

just anterior to the implantation fossa and shows the 

large nuolear protrusion (p) in this area. Note that 

the nuclear protrusion contains nuclear material of 

varying densities. Nuolear pores, although indistinct 

in this section, are present in the protruded nuclear 

membrane. Note also that the subacrosomic layer plus 

the layer on the lateral surface of the head ventral 

to the head cap are continuous with the spermatid 

oytoplasm. Tl:;..;: protruded nuclear envelope degenerates 

into myelin type figures (asterisk) which are commonly 

seen in this step of development. A, aorosome; CIR, 

remnant of caudal tube insertion ring; HC, head cap; 

SL, subacrosomic layer. (45,000 x) 
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Fig. 61 A section through the head of a step 17 spermatid 

anterior to the insertion of the .flagellum. The large 

nuclear pro~rusion (p) contains nuclear pores (NP). 

The granules of chromatin in this spermatid nucleus 

have fused to form a homogeneous dense mass containing 

some vacuoles. Some cross sections through the micro-

tubules (M) of the caudal tube are still present along 

with a remnant of the caudal tube insertion ring (CIR) • 

Fl, flagellum of an adjacent step 17 spermatide 

(45,000 x) 
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Flg.62 A cross sectlon through the caudal part. of a step 17 

spermatld showlng a sectlon of the caudal part of the 

nucleus and mldd1e plece of the flagellum (F1). Three 

components of the perlnuc1ear theca can be seen on 

thls sectlon: (1) the subacrosomlc layer (SL), 

(2) the layer on the 1atera1 surface of the head 

ventral to the head cap (asterlsk); thls layer was 

covered by caudal tube ear1ler ln spermlogenesls, and 

(3) the layer agalnst the caudal surface of the nucleus 

(arrow) whlch was never covered by acrosomlc system or 

caudal tube. (45,000 x) 





F1g. 63 A sect10n through the anter10r t1p of the head of an 

early step 19 spermat1d. The subacrosom1c mater1al 

1ncreases 1n dens1ty and takes the appearance of the 

per1nuclear the ca (PT) of the fully formed spermat1d. 

Double walled tubules (T) are seen 1n the Serto11 

cel1 cytoplasm (SC). (40,000 X) 

F1g. 64 A section through the m1d-port1on of the head of an 

ear1y step 19 spermat1d. The chromat1n of the nucleus 

(N) 1s a fully condensed homogeneous masse A tubule 

(T) 1n the Serto11 ce1l cytoplasm (SC) 1s,assoc1ated 

w1th the spermat1d. A, acrosome; He, head cap; PT, 

per1nuclear theca. (40,000 X) 

F1g. 65 A sect10n through the anter10r tr1angular part of the 

head of an ear1y step 19 spermat1d show1ng the assoc1a

ted Serto11 celle M1crotubules (M) and tubules (T) are 

present 1n the cytoplasm of the Serto11 celle PT, 

per1nuclear theca; SC, Serto11 cell cytoplasm. 

(40,000 X) 
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Figs. 66-69 Sections through various levels of the head of 

early step 19 spermatids. The nuc1ear chromatin has 

condensed to a homogeneous mass in aIl spermatids by 

this step of development. Many areas of rarefactions 

are seen in the ohromatin. The materia1 surround1ng 

the nucleus has not yet oondensed comp1etely 1nto the 

dense granular material that forms the per1nuo1ear 

theca (PT). In Figures 68 and 69 there are some areas 

of the perinuclear theca that are more electron dense 

than others. The ventral spur (VS) becomes recogn1zab1e 

at th1s step of deve1opment. The nuclear protrusion (p) 

1n the area of the implantat10n fossa contains some 

coarse granular nuolear materia1. A, aorosome; HC, 

head cap; NP, nuc1ear pore; VHC, ventral head cap. 

(F1gures 66 and 67: 40,000 X; Figures 68 and 69: 

30,000 X) 





F1gs. 70-72 Seot1ons through the mld and caudal reglons of the 

step 19 spermat1d. The Sertoll oell oytoplasm (SC) 1s 

beg1nnlng to dlsso01ate from the head of the spermatld. 

The per1nuolear theoa (PT) ls more oondensed than in 

Flgures 66-69. Resldusl oytoplasm of the spermat1d ls 

present around the nuolear protruslon (p) and the 

flagellum (Fl). A, acrosome; HC, head oap. (40,000 X) 
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F1gs. 73-76 Sect10ns of ,late step 19 spermat1ds at the po1nt 

of be1ng released 1nto the lumen of the sem1n1ferous 

tubule as spermatozoa. The acrosom1c system 1s s1m1lar 

1n appearance to that of oaput ep1d1dymal spermatozoa. 

The per1nuclear theoa (PT) 1s s1m1lar 1n appearance 

and dens1ty to that of a mature spermatozoon. Two 

d1fferent dens1t1es of the per1nuclear theca can be 

seen 1n the ventral spur (VS) 1n Figure 74. Streamers 

of Serto11 cell cytoplasm (SC) are st1ll attached to 

some areas of the spermat1d. A, acrosome; HC, head 

cap. (F1gure 73: 50,000 X; F1gures 74-76: 37,500 x) 
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