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1. RESUMO

Espécimes adultos (N = 10) do lagarto Iguana iguana foram coletados no Pantanal
brasileiro, com o objetivo de descrever o ciclo reprodutivo anual € o processo de
espermiogénese. s testiculos foram removidos e processados através de técnicas
convencionais para microscopia de luz e eletrénica. Durante o ciclo reprodutivo anual
foram observadas quatro fases da espermatogénese: 1° estadio (outubro a dezembro),
divisdes inicials de espermatogbnias, sendo o tecido intersticial e células de Leydig
extremamente evidentes; 2° estadio (janeiro a margo), periodo de reduzida proliferagdo da
linhagem germinativa ou quiescéncia testicular e inicio da redugfo do tecido intersticial; 3°
estadio (abril a junho) desenvolvimento méaximo das células germinativas, com todos os
graus de maturidade celular, enquanto o tecido intersticial é reduzido; 4° estadio (jutho a
setembro) a espermiagdo ja ocorreu e encontra-se citoplasma residual no lumen dos tiibulos
seminiferos. No processo de espermiogénese sdo formados grupos de estruturas, como o
complexo acrosomal na cabeca, € o complexo axonémico nas pecas intermediéria, principal
¢ terminal. O nicleo sofre uma compactagiio da cromatina, inicialmente em filamentos
grossos e longitudinais. A forma do micleo é determinada pela compactagio e pela
influéncia dos microtiibulos periféricos e circulares, a "manchette”. O complexo acrosomal
¢ formado a partir da fusdo de vesiculas produzidas pelo complexo de Golgi, e pela a
interagio da vesicula pro acrosémica € o nucleo. A peca intermediaria apresenta um par de
centriolos, proximal e distal que sdo rodeados por uma bainha fibrosa e anéis de
mitocdndrias simples e modificadas. Os centriolos sustentam o axonema do flagelo que €
formado na ultima porgio da pega intermedidria. O flagelo é formado pela peca principal,
com o axonema no padric 9 + 2 e cercado pela bainha fibrosa, enquanto na pega terminal, o
axonema se mantém, sendo rodeado apenas pela membrana plasmatica. Concluimos com
esses dados que o lagarto L iguana apresenta um periodo reprodutivo curto e especialmente
adaptado as condi¢bes climaticas do Pantanal, os espermatozdides sdo semelhantes aos
observados em varios outros lagartos, no entanto s3o considerados imaturos
morfologicamente no momento da espermiagio, pela presenga de citoplasma em torno da

cabega e também de corpos densos pouco evidentes na pega intermediaria.



2. ABSTRACT

Adult specimens (N = 10) of the lizard Jguana iguana were collected in the
Brazilian Pantanal with the objective of describing the annual reproductive cycle and the
process of spermiogenesis. The testes were removed and processed with conventional
techniques for light and electron microscopy. During the annual reproductive cycle four
phases of spermatogenesis were observed. Stage 1 (October-December): Initial divisions of
spermatogonia occur, while interstitial tissue and Leydig cells are extremely evident. Stage
2 (January-March): A period of reduced cell proliferation or testicular quiescence and
inicial reduction of the interstitial tissue. Stage 3 (April-June): Maximum development of
the germ cells, with all phases of cellular maturity, while the interstitial tissue is greatly
reduced. Stage 4 (July-September): Spermiation has already occurred and residual
cytoplasm is found in the seminiferous tubule lumen. In the process of spermiogenesis
groups of structures are formed, such as the acrosomal complex in the head, and the
axonemic complex in the middle, principal and terminal piece. The nucleus is compacted,
initially into thickening helicoidal chromatin filaments, which later extend longitudinally.
The chromatin condensation and the influence of the microtubule sheath, in the form of a
"manchette” determine the nuclear shape. The acrosomal complex is formed by the fusion
of Golgian vesicles, followed by interaction of the pro-acrosomic vesicle and the nucleus.
The middle piece presents the proximal and distal centrioles that are surrounded by a
fibrous sheath and rings of simple' and modified mitochondria. The centrioles sustain the
axoneme at the final portion of the flagellar middle piece. The flagellum is formed by the
principal piece, with an axoneme in the standard 9 + 2 microtubule arrangement,
surrounded by a fibrous sheath and the terminal piece, where the axoneme is encircled only
by the plasma membrane. With this data, we conclude that the lizard, /. Jguana, has short
reproductive period specially adapted to the climatic conditions of the Pantanal. The
spermatozoon is similar to  that of other lizards, however it was considered
morphologically immature at spermiation, because of the presence of cytoplasm around the

head, as well as developing dense bodies.



3. INTRODUCAO

3.1. CARACTERIZAGAO DA ESPECIE

O lagarto Jguana iguana (Lineu - 1758) pertence & Familia Iguanidae, Subordem
Sauria, Ordem Squamata, Infraclasse Lepidossauria, Subclasse Diapsida ¢ Classe Reptilia
do Reino Animal. Esta familia reine cinco Subfamilias, 54 Géneros e mais de 700 Espécies
tropicais e subtropicais (Zug, 1993). A espécie /. iguana é comum em regides neotropicais,
com ampla distribuigio do México ao Brasil Central (Robinson & Redford, 1991).
Apresenta caracteristicas marcantes e exclusivas (Fig. 1), como uma crista dorsal que vai da
nuca 4 cauda, uma grande escama redonda em baixo do timpano e uma crista gular. Possui
a cabega curta, rostro arredondado, narina grande, e timpano grande e oval. As escamas da
cabeca sdo lisas e de tamanhos varidveis. As escamas dorsais sio muito pequenas, iguais e
quilhadas. O pescogo possui tubérculos grandes, cdnicos e quilhados, irregularmente
distribuidos. As escamas ventrais so maiores que as dorsais e lisas. A cauda € longa e
comprimida, com escamas quithadas, maiores ventralmente. Apresenta um colorido verde,
ventralmente mais claro, e as superficies dorsais variando entre mais claro e escuro,
podendo mudar e aproximar-se da cor do ambiente (Vanzolini ez al. 1980). Os membros
sio fortes, digitos longos e finos, com garras. Apresentam de 12 a 20 poros femorais,
ventralmente dispostos em cada membro pélvico, cuja secre¢do nos machos € basicamente
constituida de hormdnios e feromdnios, com fungio de demarcag@io de territorio e atrativo
as fémeas no periodo reprodutivo (Alberts ef al., 1992). A idade média destes animais € de
15 anos. Os filhotes medem aproximadamente 30 cm e o adulto pode chegar a 2 metros da
cabeca 4 cauda. S3o arboricolas, territorialistas e poligamos (Bock & Rand, 1989; Pratt ef
al., 1994). Eventualmente nadam, € no chdo correm com velocidade, porém por pouco
tempo e curtas distincias. Aparentemente sd3o herbivoros, no entanto alguns insetos foram
encontrados em seu estdmago, sem se saber se a degluti¢iio foi ou néo voluntiria junto a
folhagem (Vanzolini ef al., 1980). A postura, cerca de 30 a 50 ovos (Hirth, 1963; Klein,
1982; Drumond & Burghardt, 1983), ¢ enterrada na areia (Rand & Dugan, 1980; Brust,

1985), a alguns quildmetros da mata ciliar no Pantanal brasileiro (observagdes pessoais).



3.2.  REPRODUGAO DE LAGARTOS X SAZONALIDADE

E fato conhecido que o ciclo reprodutivo nos diferentes animais estd sob controle
hormonal (Reddy & Prasad, 1970). Entretanto, nos lagartos os fatores extrinsecos tambem
influenciam o ciclo como reguladores (Fox & Dessauer, 1957, Andrews, 1982; Rand &
Bock, 1992). Alguns fatores podem ser enumerados:

3.2.1. FATORES INTRINSECOS

O controle hormonal ¢ um fator intrinseco, cujo mecanismo de atuacfo das
gonadotrofinas ja foi bastante explorado para lagartos por Young ef al (1995a) e
intensamente para varios mamiferos. No inicio do periodo de crescimento gonadal, durante
o ciclo anual, a concentragio de gonadotrofinas circulantes aumenta, em conseqiiéncia do
aumento dos impulsos externos como o aumento da temperatura, fotoperiodo e
pluviosidade (Reddy & Prasad, 1970). A testosterona aumenta progressivamente nos
machos em resposta a secregdo de gonadotrofinas e aumenta conforme se aproxima do
periodo de espermiagiio. O aumento do nivel sangiineo de testosterona provoca também o
final da secrecio de gonadotrofinas, por um efeito retrégrado, o que vai provocar o
esvaziamento dos tibulos apos a espermiacio e a entrada no periodo de repouso (Young ef
al., 1995b).

No entanto, em lagartos existe um hormédnio que exerce forte influéncia no ciclo
gonadal: a melatonina. Este é um horménio elaborado pela glandula pineal e derivado de
um aminoicido essencial, o triptofano. A Pineal teve suas propriedades biquimicas
conhecidas no final do século passado e foi apontada como o “terceiro olho” das aves
(Haldar & Thapliyal, 1980). A glindula pineal ¢, também para os lagartos, um orgéo
fotorreceptor. Esta glindula, através do nervo éptico, é capaz de informar as partes internas
do organismo sobre as condi¢Oes de iluminacdo do ambiente. Desta forma, de acordo com a
intensidade de luz que recebe, a glindula pineal libera no organismo a melatonina
(Berthelot et al, 1991). Nos lagartos esse horménio sinaliza as mudangas sazonais,
podendo estimular ou inibir o “crescimento” gonadal (Dekoninck, 1991). Essa
caracteristica é observavel de forma mais determinante no ciclo gonadal de lagartos em
regides temperadas, cujas estagBes climaticas sdo bem definidas. Nio € objetivo desta tese
explorar este aspecto, no entanto € interessante saber que foi verificada uma intensa ligagdo

entre os fatores hormonais e ambientais influenciando o ciclo reprodutivo.



3.2.2. FATORES EXTRINSECOS

Os padrdes de fotoperiodo, além de temperatura e pluviosidade, funcionam como
estimulos extrinsecos (Bartholomew, 1950; Fox & Dessauer, 1957; Licht, 1967a; 1967b).
Estes levam consigo um ritme endégeno, ou entfio, acionam diretamente as modificagdes
fisiologicas do sistema reprodutor durante a estagdo reprodutiva. Estes fatores externos
também sdo influenciados por mecanismos endécrinos e neuroendocrinos, assim sdo
equilibrados continua e reciprocamente.

Nio existe um padrio de fotoperiodos e temperaturas ideais para desencadear a
espermatogénese. Esses valores variam de acordo com a espécie e o local onde habitam.
Para os lagartos Anolis carolinensis (Licht, 1967 e 1970), Chemidophorus leminicatus (Del
Conte, 1972) em regides temperadas, além de Sceloporus mucronatus (Mendez de La Cruz
et al., 1988), Barisia imbricata (Guillete ef al., 1987) e Sceloporus torquatus (Guillette et
al., 1993) em regides tropicais, o comprimento de fotoperiodo varia em torno das 12 horas.
As temperaturas variam em torno dos 20°C nos paises temperados, e em torno dos 15°C em
paises tropicais. Estes dados confirmam que em paises tropicais a temperatura ndo
desempenha funcio desencadeante, visto que esta condigdo climatica € relattvamente
constante. A pluviosidade é o fator determinante. Estas variagdes demonstram o potencial
adaptativo destes animais.

Em varias espécies de lagartos, em especial os habitantes de regides temperadas, a
variagfio no fotoperiodo é o principal estimulo ambiental, na sincronizacfo da reprodugéo
com a sazonalidade (Licht, 1970). A variagio na temperatura ambiental pode influenciar e
até modificar o efeito estacional do fotoperiodo sobre a fung@io reprodutiva (Fox &
Dessauer, 1957; Licht, 1970). O ciclo de machos e fémeas de lagartos parece estar adaptado
as condigBes de temperatura necessarias ao desenvolvimento do embrido e crescimento do
recém nato (Fitch, 1970).

3.2.3. FATORES INIRINSECOS X FATORES EXTRINSECOS

Os efeitos do fotoperiodo envolvem, pelo menos, dois mecanismos separados.
Primeiro existe uma acdo direta do eixo hipofise - hipotalamo. Os niveis de gonadotrofinas
atingem um njvel méximo durante o periodo reprodutivo, ¢ diminuem durante o periodo de
repouso. Secundariamente, existe uma modificagio simultinea, na sensibilidade do sistema

nervoso central ao mecanismo retrogrado dos esteroides. Impulsos nervosos sio gerados,



em consequéncia de variagOes na incidéncia de luz sobre os fotorreceptores da retina. Esses
impulsos luminosos sdo transmitidos para a gldndula pineal, que comanda a sintese e a
secre¢io de melatonina, iniciando a cascata de eventos que induzem a atividade gonadal
{(Haldar & Thapliyal, 1980; Young, 1995a ; 1995b).

Portanto, ¢ consideravel a importancia da luz solar e da temperatura em relacéo a
periodicidade na reprodugiio de lagartos, observados também em estudos experimentais
(Bartholomeu, 1953; Licht, 1970). Entretanto, ha muitos outros fatores que influenciam a
atividade gonadal, como precipitagdo pluviométrica, suprimento alimentar, predacio,
formacio de casais e territoriaismo (Fitch, 1940; Rand & Bock, 1992). E a uniio desses
varios fatores controladores as caracteristicas adaptativas de cada espécie de lagarto que

determina quando e como ocorre a génese dos gametas, principalmente em machos.

3.3.  CICLOREPRODUTIVO DE LAGARTOS

O processo de divisdo, proliferacdo e maturagio das células germinativas segue um
ciclo anual bem definido em todos os lagartos. As variagGes observadas entre as diferentes
espécies dependem basicamente dos fatores externos que exercem maior influéncia, e do
potencial adaptativo de cada espécie a esses fatores externos.

Para varios autores (Bartholomew, 1950; Fox & Dessauer, 1957, 1958; Wilhoft &
Quay, 1961; Wilhoft, 1963; Hahn, 1964; Goldberg & Lowe, 1966; Licht, 1967, Rand &
Bock, 1992) o estimulo da variagiio de temperatura anual € o fator desencadeante da
atividade testicular. Geralmente, o aumento da temperatura ambiental associada a um
aumento do fotoperiodo, caracteristicos do verfo, sdo propicios para o periodo de
reprodugfo. Essa caracteristica é marcante para lagartos de clima temperado (Sanyal &
Prasad, 1965; 1967, Childress, 1970, Licht, 1970; Mayhew & Wright, 1970; Ballinger &
Nietfeldt, 1989; Gavaud, 1991). Em regibes de chima tropical o ciclo reprodutivo de
lagartos também apresenta caracteristicas semelhantes, no entanto o fator externo mais
preponderante € a vartagdo pluviométrica e a disponibilidade de alimento (Goldberg, 1970;
Marion & Sexton, 1970; Licht & Gorman, 1975; Ortega & Barbault, 1984; Guillette &
Sullivan, 1985; Guillette & Casas-Andreu, 1987, Ramirez-Pinilla, 1991).

Portanto, o ciclo reprodutivo de lagartos é definido pela unido de fatores externos,

que influenciam diferentemente a atividade fisiologica, estimulando ou imibindo o periodo



de reprodugdo. Cada espécie desenvolve uma adaptagio ao ambiente de acordo com a
preponderancia de determinados estimulos.

Essa variagio de ciclos, para locais com condigdes climaticas diferentes, pode ser
observada dentro de varias espécies (Hirth, 1963; Licht, 1970; Dugan, 1982; Klein, 1982;
Pratt ef al., 1994). Por essas razdes ¢ importante avaliar o ciclo reprodutivo de uma mesma
espécie em diferentes locais, tanto para efetuar uma anilise comparativa, quanto para

iniciar outros estudos mais detalhados como, por exemplo, a espermiogénese.

3.4, ESPERMIOGENESE EM LAGARTOS

Apesar do processo de espermiogénese ser relativamente semelhante entre os
Iguanideos: Anolis carolinensis (Guraya, 1971) Tropidurus torquatus (Cruz-Landim &
Cruz-Hofling, 1977) Iguana delicatissima (Saita et al., 1988) e os Lacertideos: Calotes
versicolor (Ghasay & Bandapadhyay, 1983), Lacerta vivipara (Courtens & Depeiges,
1985). Existem pequenas modificacdes que possibilitam observar diferengas entre as
espécies. As semelhancas e diferencas observadas entre os lagartos Podarcis taurica
(Butler & Gabri, 1984), Agama stellio (Al-Hajj et al., 1987), Cnemidophorus sexlineatus
(Newton & Trauth, 1992); Sphenodontes (Healy & Jamieson, 1994); Serpentes (Hamilton
& TFawcett, 1968, Al-Dokhi, 1997); Crocodilianos (Jamieson ef al, 1997); ChelGnios
(Yasuzumi & Yasuda, 1968); assim como em Aves (Asa ef al., 1986, Sprando & Russel,
1988) e Mamiferos (Fawcett & Phillips, 1970; Fawcett ef al., 1971; Phillips, 1972; Baccetti
et al., 1980) demonstram que a ultra-estrutura do espermatozoide pode ser uma importante
. informac#io para a filogenia destes grupos (Baccetti, 1986).

O estudo da espermiogénese pode auxiliar no entendimento da funcionalidade de
determinadas por¢des do espermatozoide, como também do momento em que esta célula
esta apta para desempenhar sua fungdo de fecundar o 6vulo. O espermatozdide nem sempre
encontra-s¢ “madurc” no testiculo. As modificagdes posteriores desta célula em seu
percurso nos canais condutores do macho e até no receptaculo seminal da fSmea,
geralmente séo em nivel de receptores de membrana (Conner and Crews, 1980, Bouresli ef
al., 1981; Halpert et al., 1982; Adams and Cooper, 1988; Srinivas ef al., 1995) ¢ ndo foram
registradas mudancas na morfologia do espermatozoide em Lacertilios. Devemos

considerar que o grupo Squamata reline um namero relativamente grande de espécies, as



quais, na sua maioria, nio foram estudadas e pouco se sabe sobre as diferencas e/ou
semelhangas existentes dentro deste grupo quanto ao ciclo reprodutive ¢ formacio de
gametas. Esses estudos podem oferecer importantes informagdes para estudos tagxondmicos

e/ou filogenéticos.



Figura 1: Macho adulto de Iguana iguana.
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4, OBJETIVOS

O presente trabalho tem o proposito de descrever os processos de espermatogénese
e espermiogénese durante o ciclo reprodutivo anual de /. iguana e verificar se ha
correlagbes com variagdes climaticas do Pantanal Sul Matogrossense.

As informacgdes de espermatogénese foram cothidas com a intengdo de contribuir
para trabalhos ﬁlturbs de ecologia, etologia e preservagio que dependam do conhecimento
do ciclo reprodutivo de I iguana na regiio do Pantanal. Trabalhos de sistematica ¢
filogenia podem ser beneficiados com os dados descritos da espermiogénese tanto para a

familia Iguanidae como para outros Répteis.
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ABSTRACT

Adult specimens (N= 10) of the lizard Iguana iguana were collected the different
seasons in the Brazilian Pantanal. Their testes were removed and processed by conventional
techniques for light and scanning eletron microscopy. During the annmual reproductive
cycle, an inversely proportional relationship was observed in the development of
seminiferous tubules versus interstitial tissue, thus characterizing four stages, which
alternate between a maximal peak and a minimal low point of spermatogenesis. The first
stage (October-December) is the low point of spermatogenesis, with only the initial
divisions of spermatogonia, while the interstitial tissue and Leydig cells are extremely
evident. This condition continues during the second stage (January-March) a resting period
and reduction of the interstitial tissue. The third stage (April-June) is the maximal peak of
germ cell activity with all degrees of cell maturation present while the interstitial tissue is
reduced. In the last season (July-September) spermiation has already occurred, with large
amounts of residual cytoplasm still in the seminiferous tubule lumen. The possible

responses verified for this cycle in relation to group behavior and seasonal ecological

alterations.
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The reproductive cycle of tropical lizards show great variability (Van Sluys, 1993).
The variation of testis development, morphologically established, is conditioned to seasonal
periodicity, which is an ecologically important characteristic (Fitch, 1970). Species of
temperate zones have been described as to their reproductive cycle by De Wolte and
Telford (1966); Sanyal and Prasad (1967), Kasinathan and Basu (1973), Schrank and
Ballinger (1973}, Gavaud (1991).

Morphological variations are characteristic of the testes at different times in the
annual reproductive cycle of lizards. The developmental stages of germ cells are observed
concomitantly as to the variation in quantity and metabolic activity of the interstitial tissue
(Fox and Dessauer, 1958; Wilhoft and Quay, 1961; Wilhoft, 1963; Hahn, 1964; Del Conte,
1972), so that these can be inversely proportional (Goldberg and Lowe, 1966).

There are several factors that determine this cycle, both intrinsic and extrinsic to the
lizard, but the preponderant factor in the I iguana seems to be climatic variation
(photoperiod, temperature and precipitation), which appears to induce their reproductive
period (This was also verified for other lizards by Fox and Dessauer, 1958, Hahn, 1964,
Licht, 1967a; 1967b; 1970; Mayhew and Wright, 1970; Licht and Gorman, 1975).

The behavior of both sexes during the reproductive cycle of 1. iguana demonstrates
their adaptability to conditions essential for reproductive success in temperate regions
(Dugan, 1982; Klein, 1982; Rodda, 1991, 1992; Pratt ef al., 1994). For Hirth (1963), 1.
iguana is a lizard that usually reproduces in conditions of higher temperatures. However,
according to Rand (1968) and Fitch (1970) this feature can be modified, depending on
climatic conditions of the region where this species lives.

I iguana (Lineu, 1748) is a large green herbivorous lizard, about 1.6 meters long,
with an arboreal habitat, that inhabits the neotropics. In Brazil, it is found in the Amazon
Basin, along the Cerrado Rivers, and in the Pantanal region (Robinson and RedFord, 1991).

Based on this knowledge, the present work describes the annual reproductive cycle
of I iguana males, using structural and ultrastructural characteristics of the testes, and

considering the seasonal variations in the Brazilian Pantanal. This study is a contribution
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toward the understanding of testis morphology of I iguana, during their annual
reproductive cycle. Little is known about this process in tropical, regularly flooded areas
such as the Brazilian Pantanal Our data may contribute to ecological and behavioral

studies.

MATERIALS AND METHODS

Study area— Adult specimens of I iguana (N = 10) were collected in the
“Pantanal” region of the state of Mato Grosso do Sul, Central Brazil (see Figure 1), during
the ;Seriod of September 1998 to July 2000. The Pantanal is the largest regularly flooded
area in the center of South America, with approximately 168,000 km?, between 14°-22°S
and 53°-61°W (Carvalho, 1984), and is composed of diverse systems strongly conditioned
by seasonal floods (Brown, 1984). The land slopes very gently, which hinders rainwater
drainage (Prance and Schaller, 1982). The climate is of the tropical, sub humid type with
annual temperatures oscillating between 23 and 42° C. The annual rainfall reaches an
average of 1,500mm (Alvarenga et al., 1984) with alternation of the rainy period from
October to March, and the dry from April to September. So that, based on the flood cycle,
we have four seasons: the Flood ("Cheia™), Drainage ("Vazante”), Drought (“Seca™) and
Tnundation (“Enchente™) (Adamoli, 1984).

Light microscopy.— The specimens were anesthetized by ethyl ether inhalation and
first measured for biometry data (see Table 1). The testes were individually removed and
measured. They were fixed for 12 hours in Bouin, Camoy or Alfac (80% alcohol, 15%
formol and 5% acetic acid) solutions, cut in half, and returned for another 6 hours in the
fixatives. After dehydration in a graded ethanol series, they were embedded in paraffin.
Sections were cut at 5 pm and stained with hematoxylin-eosin.

Scanning eletron microscopy.— Bouin’s fixed testes were also washed in 0.1IM
cacodylate buffer for two days, then infiltrated in progressively more concentrated sucrose
solutions, up to 3%. After fracturing in liquid nitrogen, they were post fixed in 1% osmium
tetroxide and dehydrated in an ethanol series. They were critical point dried, sputter coated

with gold, and observed with a Jeol JSM-5800LV Scanning Electron Microscope.
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RESULTS

Male reproductive system. — The organs of the male reproductive system of L
iguana are located dorso-longitudinally in the abdominal cavity (Fig. 2A). The rounded
testes are connected to the epididymis and vas deferens, which contact the kidneys,
posteriorly in the body cavity. These organs were histologically identified. The vas
deferens ducts reach the copulating organ, which is inserted in the tail base, and everted
during copulation.

Testis morphology. — The testis of 1. iguana are enveloped by a mesothelium and a
tunica albuginea, but the seminiferous tubules are not arranged in parallel within the testes
(Figs. 2B-2C). The seminiferous tubules are surrounded by a layer of myoid cells and germ
cell (Figs. 3A and 3D). Inside the tubules, the germinal epithelium is made up of two types
of cells, the nutritive or Sertoli cells and the germ cells (Figs. 2D, 3A-3D). The different
cell stages in the germinal epithelium are found depending on the phase of testicular
development. Within the seminiferous tubule, the germ cells are distributed from the
periphery to the central lumen, according to their degree of maturity (Figs. 3A-3D and 4A-
4D). The seminiferous tubules are sustained by interstitial tissue, made up of a loose
connective tissue, rich in veins, nerves and Leydig cells (Figs. 3A, 4C, 4D). These cells are
large, numerous, round or polygonal, with granular cytoplasm, and are usually arranged in
groups.

Four stages of the annual spermatogenic cycle can be distinguished (Figs. 3.A-3D),
which correspond to the four annual seasons. Two peaks were observed (Figs. 4A-4D). In
stage 1, December, the initial division of germinal cells begins. Spermatogonia are
abundant and primary spermatocytes make up the intervening layers to the tubule lumen.
The interstitial tissue and Leydig cells are quite evident (Fig. 3A and 4A, 4C), making this
the peak of interstitial tissue activity. March (stage 2) is a resting period. The testicular
structure is similar to the previous period, although the interstitial tissue, specially the
Leydig cells diminish, while spermatogenic cells begin to divide (Fig. 3B). A maximum
peak of spermatogenetic activity marks June (stage 3). Germ cells in all maturation stages
are present and numerous sperm are in the lumen. The interstitial tissue is almost absent

(Fig. 3C and 4B, 4D). In September (stage 4), soon after the copulation, mature germ cells
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are absent. Some primary spermatocytes and spermatogonia are still present. Large
amounts of residual cytoplasm are observed in the lumen (Fig. 3D). The graph (Fig. 5)
concisely shows the correlation of seasonal changes in the Pantanal (involving temperature

and precipitation) with the testis dimentions.

DISCUSSION

The division, proliferation and maturation of germinal cells, foliow a cycle with a
short maximum peak, and long periods of stability, resulting in a characteristic annual
testicular cycle in I. iguana. This is similar to the process previously described for lizards.
However, most authors affirm that the maximum spermatogenetic peak occurs in Summer
for the lizards of temperate climates (Goldberg, 1970; Ballinger and Nietfeldt, 1989,
Gavaud, 1991). In these lizards, the reproductive cycle has 2 peak of spermatogenic activity
in conditions of high temperatures and long phototoperiods (Goldberg and Lowe, 1966;
Sanyal and Prasad, 1967; Kasinathan and Basu, 1973).

For some authors, spermatogenesis and spermiation is only triggered by exposure to
long photoperiods, occurring in natural conditions, during the long summer days (Fox and
Dessauer, 1958; Licht, 1967a), always associated with high temperatures, usually above
30°C (Hahn,1964; Mayhew and Wright, 1970, Gavaud, 1991). These conditions are
necessary 1o stimulate germ cell proliferation and spermiation. This has been demonstrated
in experimental conditions, for the lizard Anolis carolinensis, (Licht, 1967b; 1970), which
inhabits the tropics. This species in experimental conditions has a long reproductive period,
from March to August (Licht and Gormam, 1975).

Other researchers believe in the possible association of some extrinsic factors, such
as diet conditions, hormonal factors (Wilhoft and Quay, 1961), the amount of rain (De
Wolfe and Telford, 1966) or variations in altitude (Licht and Gorman, 1975) to determine
the reproductive cycle. Lizards, such as the Australian Leiolopisma rhomboidalis (Wilhoft,
1963), have a slower process of spermatogenesis, extending throughout the year, but
spermiation occurred only in Spring. Another lizard with continuous spermiogenesis was

Cnemidophorus lemniscatus (Del Conte, 1972).
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Tropical lizards present a noticeable adaptive capacity to different climatic
conditions; thus these lizards present different needs for reproduction and development
(Marion and Sexton, 1971; Licht and Gorman, 1975; Ortega and Barbault, 1984; Guillette
and Sullivan, 1985; Guillette and Casas-Andreu, 1987, Ramirez-Pinilla, 1991). For the
genus Sceloporus, inhabitants of different tropical areas, the cycle is quite variable, with the
reproductive period usually occurring in Summer (Sanyal and Prasad, 1967; Goldberg,
1970; Ortega and Barbault, 1984; Méndez-de la Cruz ef al., 1988; Guillette and Méndez-de
la Cruz, 1993). Similar patterns were found for Liolaemus huacahuasicus in Argentina
(Ramirez-Pinilla, 1991) and Barisia imbricata in the mountains of Mexico (Guillette and
Casas-Andreu, 1987). However, Sceloporus formosus in Mexico reproduced in Spring
(Guillette and Sullivan, 1985), while for Sceloporus malachiticus from Costa Rica, the
oycle was found to occur in Summer (Marion and Sexton, 1971). Thus it is clear that the
reproductive cycle of the different species in tropical countries is very homogeneous if we
consider the high temperature and the longer photoperiod as the most important
environmental factors. Precipitation can also be an important fator (Guillette and Casas-
Andreu, 1987).

The I. iguana is known to adjust efficiently to environmental conditions, resulting in
variations of several corporal characteristics, as was observed by some authors (Fitch,
1970; Trajano and Ghiringuello, 1978). We also observed such adaptions. The body size
and weight were not directly related to variations in testis size during the cycle, contrary to
the descriptions of the above authors. However, testis data are directly related to variations
in climate, as it can be observed in Table 1. However the microscopical variations (Figures
3 and 4) demonstrate these modifications even more clearly.

Some authors found a relation between adaptive behavior and atmospheric
conditions for 1. iguana (Hirth, 1963; Dugan, 1982; Klein, 1982; Pratt et al, 1994). The
reproductive process must be adapted to environmental needs to guarantee the successful
development of embryo and the young lizard (Rand, 1968, Fitch, 1970). However, there is
little information relating the testicular microscopic morphology of [ iguana to
environment, and few places present the environmental conditions, with periodic floods as
in the Brazilian Pantanal. Some speculations can be made on the reproductive process of

male green iguana in the Brazilian Pantanal. This cycle seems to be the result of a series of
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physiological solutions to adapt this group to its environmental conditions. This
arrangement permits the meeting of couples, followed by mating, oviposition and
appropriate conditions for embryonic development (Hirth, 1963; Fitch, 1970; Klein, 1982).
The environment, characterized by the hot fiood season and cold drought, only happens in
this area, which makes comparisons difficult.

The maximum peak of spermatogenic production occurred in the Pantanal drainage
season (June), characterized by low temperatures and a short photoperiod. However the few
rains and the drying out of the forests bordering the rivers now permit the meeting and
formation of couples for copulation. This would have been impossible during the flood
period (March), even though the high temperatures and longer photoperiod are usually
considered favorable for lizard reproduction (field observations).

The spermiation period in male /. iguana, in reality precedes the reproductive cycle
of iguana females by about six to seven months, permitting egg development inside the
ovary after copulation. The probable storage of sperm in follicles should be investigated.
The laying of eggs, about 30 on the average, is carried out in holes in sun exposed sand,
distant from the forests, since high temperatures are necessary for embryo development.
The birth period, about 7 to 8 months after copulation, also must have high temperatures to
guarantee the survival of the young lizards which are highly sensitive to temperature
variations. The food supply is much larger in the flood period. Neonatal iguanas are bright
green and do not yet present the adult's ability to change color according to their
environment. Therefore the environment with many green plants also protects them from
predators. The dislocated reproductive cycle of the males provides favorable seasonal
conditions for the development of embryos and the young (field observations). Fitch (1970)
alsi observed this, in part.

Some authors showed that the interstitial tissue also presents an annual cycle (Fox
and Dessauer, Wilhoft and Quay, 1961; Wilhoft, 1963; Hahn, 1964). The Leydig cells have
been observed to increase cyclically in volume and activity (Goldberg and Lowe, 1966; Del
Conte, 1972).

Thus, it is very clear that the iguana's reproductive activity is influenced by external
factors (also noted by Rand and Bock, 1992), being strongly adaptable to environmental

conditions (Fitch, 1970). Hormonal variation can influence the annual reproductive cycle in
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lizards (Reddy and Prasad, 1970). However, this variation is influenced by atmospheric
conditions, temperature and photoperiod (Bartholomew, 1950; Fox and Dessauer, 1957;
Licht, 1967a; 1967b; Duvall et al., 1982). In tropical areas, the increase or reduction of
precipitation is particularly important (Guillette and Sullivan, 1985; Guillette and Casas-
Andreu, 1987, Méndez-de la Cruz, 1988; Guillette and Méndez-de la Cruz, 1993).

The reproductive cycle of I Iguana is annual, and the period of maximum testis
development is relatively short, occuring in the months of July to the September. It is
important to mention that pertinent literature shows that lizards (exactly in tropical regions)
typically have their reproductive period in the summer. The high temperatures were
considered the stimulating factor of spermatogenesis. On the other hand, for /. Jguana, the
seasonal drought and flood seasons stimulated and adaptation to the period that permis the
formation of couples for copulation followed by a warmer period adequate for egg and
embryonic development.

The correlation of testis morphology during the reproductive cycle, taking in
consideration behavior and the relationships of several lizard groups, as well as the

morphology of the female reproductive tract, deserves further attention.
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TABLE 1
Environmental conditions of the Brazilian Pantanal during the period studied,

Macroscopic biometry of I iguana (body wet mass and snout-vent length = SVL) and

testes (length and width).

Period N Body wet mass SVL Testes

(8) (em) (cm)
September /1998 (Drought) 2 500 28 2.0x0.5
1500 45 2.3x1.5
December /1998 (Inundation) 2 1000 33 2.0x0.5
2500 41 2.4x1.0
March /1999 (Flood) 1 500 33 0.5x0.8
June /1999 (Drainage) 2 2000 40 3.0x2.0
2000 39 2.5%x2.0
October /1999 (Inundation) 2 2500 41 1.4x0.9
1800 36 1.5%x0.9

July /2000 (Drought) 1 2315 38 2.8x1.3
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FIGURE LEGENDS

Figure 1: Map locating the study area. A. Arrow indicates the Brazilian Pantanal, on the
South American continent. B. Detailed map of this region, bordered by the principal rivers.

Figure 2: A. Male reproductive system of I. iguana. The testes (T) have reached their
maximum size during the reproductive period. Epididymis (E). The vas deferens (D) are
intimately associated with the kidneys (K). The copulating organ is inserted in the tail
(curved arrow). Natural size. B. Testis section observed with light microscopy, shows
tangential sections of the seminiferous tubules, confirming their irregular arrangement
(arrows). X64. C. Seminiferous tubules observed with SEM, are twisted in different
directions (arrows). Capsule that covers the testis (arrow head). X320. D. Seminiferous
tubule, under the SEM, where the germinal epithelium, during the reproductive period, 1s
organized in columns. It is possible to observe spermatogonia (G), spermatocytes {(C) and

spermatozoa (Z) regions. X800,

Figure 3: Transverse sections of the testis in different stages of spermatogenesis. A. Stage
1, with spermatogonia (G) and primary spermatocytes (P) reaching to the lumen; interstitial
tissue (IT) is abundant and Leydig cells (L) are large. B. Stage 2, the germ cells initiate
proliferation while the interstitial tissue (IT) begins to diminish. Notice the spermatogonia
(G), primary spermatocytes (P), secondary spermatocytes (S) and a few spermatids (T). C.
Stage 3 with all stages of germ cells present. Spermatozoa (Z) are abundant near the lumen.
Interstitial tissue (IT) is almost absent. D. In stage 4, mature cells have been eliminated,
leaving a great amount of residual cytoplasm (R). Only spermatogonia (G) are observed.

Interstitial tissue (IT) is developing. Hematoxylin-Eosin staining. X600.

Figure 4: SEM micrographs. A. Lumen of a seminiferous tubule (L) in stage 1, with
spermatogenic cells in reduced proliferation and some spermatocytes (C) reaching the
lumen (L). Interstitial tissue (IT) surrounds the tubule (arrows). X1600. B. Lumen of a

seminiferous tubule in stage 3 with a well developed germ cell layer. (Z - spermatozoa).
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X1600. C. Interstitial tissue (IT) of testis in stage 1. Fibrous tissue increases (arrow) as the
seminiferous tubules’ diameter (ST) is reduced. X5400. D. Interstitial tissue (IT) of testis in
stage 3. Is reduced (arrows) surrounding the developed seminiferous tubules (ST). X5400.
Figures C. and D. Bars indicate the different thicknesses of the interstitial tissue (IT).

Figure 5: Graph concisely showing the seasonal variation in testis size (stars) correlated to
climatic changes, i.e. temperature (lines) and precipitation (vertical bars) in the Pantanal.

Modified from Tarifa er al.(1986). These data are relatively constant from year to year.
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ABSTRACT

Iguana iguana spermiogenesis was studied by transmission and scanning electron
microscopy. During this process, grouped structures such as the acrosomal complex in the
spermatid head and the axoneme complex in the middle and principal pieces of the
flagellum are formed. The nuclear content is compacted initially into thick, longitudinal
chromatin filaments. Nuclear shape is determined by further compaction and by the
manchette, a layer of microtubules surrounding the head. The acrosomal complex
originates from Golgi vesicles and the interaction between the pre-acrosomal vesicle and
the nucleus. The middle piece presents a centriolar pair, surrounded by a fibrous sheath and
rings of simple and modified mitochondria. The centrioles sustain the axoneme that appears
at the end of the middle piece. It extends throughout the principal piece of the flagellum
with the 9 + 2 pattern, still surrounded by the fibrous sheath. In the end piece, the axoneme
continues, surrounded only by the plasma membrane. In the seminiferous tubules' Iumen,
the spermatozoa still retain plentiful residual cytoplasm, which classifies them as immmature

at the moment of spermiation.

Key words: Spermiogenesis, testis, electron microscopy, /guana iguana, Reptilia, Sauria.
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Spermiogenesis is the process of biochemical and structural modifications of
spermatids that results in the production of spermatozoa (Fawcett ef al, 1971). The
spermatozoon is usually a smail, highly compact cell specialized in ovum fertilization
(Clark, 1967). Several authors describe spermiogenesis in Lacertilia (Guraya, 1971; Cruz
Landim and Cruz Hefling, 1977; Courtens and Depeiges, 1985; Saita ef al., 1988; Al-
Dokhi, 1997), many with emphasis on the head formation (Clark, 1967; Butler and Gabri,
1984; Al-Hajj ef al., 1987, Cruz Hofling and Cruz Landim, 1978) and the sgermatozodn
ultrastructure of Squamata (Furieri, 1970, Newton and Trauth, 1992a; Healy and Jamieson,
1992; Oliver ef al., 1996; Jamieson ef al., 1996). Some specially focus on the Sertoli cells
(Dufaure, 1971; Saita ef al., 1988). Other studies use the spermatozoan morphology as an
instrument for phylogeny (Jamieson and Healy, 1992; Healy and Jamieson, 1994; Harding
et al., 1995, Teixeira ef al., 1999a; 1999b). The final spermatozoon maturation related to
the reproductive cycle in the reproductive tract of lizards has been described (Fox, 1963;
Cuellar, 1966, Conner and Crews, 1980; Adams and Cooper, 1988; Carcupmo er al., 1989,
Newton and Trauth, 1992b). This research was undertaken to describe the process as a

whole and detail some ultra-structural aspects of intra-testis spermiogenesis of Jguana

iguana.

MATERIAL AND METHODS
Male specimens of /. iguana were collected in the Pantanal (14°-22°S and 53°-
61°W) of Mato Grosso do Sul, Brazil, in the center of South America. The animals were
anesthetized by ethyl ether inhalation; the testes removed and fixed ovemight with
solutions containing 4% glutaraldehyde, 4% paraformaldeyde in 0.1M cacodylate buffer
(pH 7.2), others fragments were fixed in 4% glutaraldehyde and 1% tannic acid in 0.1M
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phosphate buffer (pH 7.2) with 1,8% sucrose. They were post-fixed with 1% osmium
tetroxide in the same buffer at 4°C, dehydrated in acetone and embedded in Epon 812 resin.
The sections were stained in uranyl acetate and lead citrate and observed with a Zeiss LEO
906 Transmission Electron Microscope {(TEM). Other fixed testis fragments were washed
in 0.1M cacodylate buffer for two days, then infiltrated in progressively more concentrated
sucrose solutions, up to 3%. After fracturing in liquid nitrogen, they were post fixed in 1-%
osmium tetroxide and dehydrated in an ethanol series. They were critical point dried,
sputter coated with gold, and observed with a Jeol JSM-5800LV Scanning FElectron
Microscope (SEM).

RESULTS

Several events, during the modification of spermatids, are sequential The initial
spermatids are larger and round, with a irregular surface (Figs. 1A, 1B). When cellular
prolongation begins the flagellum is already formed (Figs. 1C).

Many small vesicles (Fig. 1D) originating from the Golgi complex and endoplasmic
reticulum are scattered in the cytoplasm of the primary spermatocyte. Later, some of these
vesicles fuse into a larger vesicle, lateral to the nucleus (Fig. 1E). Gradual modification of
its size and content forms, a clear pro acrosomic vesicle equal in size to the nucleus (Fig.
1F). This vesicle persists with its initial characteristics during a good part of the elongation
process, surrounding part of the nucleus (Figs. 1G, 1H). The acrosomal complex is located
over the initial portion of the nucleus of spermatids (Fig. 1H, 11, 2B, 3A). It is made up of
the acrosome and the perforatorium (Fig. 3A, 3C). The acrosome in late spermatids
presents an acrosomic vesicle constituted by a narrow, clear cortex, and a wide,
homogeneous, electron dense core (Fig. 3A) covering the sub acrosomic cone (Figs. 2A,
3A, 3B, 3C). Below the sub acrosomic cone, is a narrow layer known as the epinuclear
zone, fill by an eletron transparent substance (Figs. 3A, 3B, 3C). Inside the pro acrosomic
vesicle, an electron dense granule occurs, which will later form the perforatorium (Fig. 1F).
This granule elongates into the area between the vesicular and nuclear membranes,

undergoing modifications (Figs. 2A, 3A, 3C). The perforatorium in early spermatids is
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located between the clear epinuclear zone and the nucleus (Fig. 2A, 3A, 3B). It becomes
rod-like filled with fibrous material (Figs. 3A, 3C), and its elongation occurs at the same
time as that of the nucleus and acrosome (Figs. 1G, 1H, 2A_ 3A).

The nucleus in early spermatids is large and central, with filaments of fine
chromatin, dispersed or in clots (Figs. 1E). In advanced spermatids the chromatin is
organized in dense fibers, which appear initially in a helical arrangement (Fig. 1G, 11, 1J),
and later extend longitudinally (Fig. 1H). They become progressively thicker and more
tightly packed, finally forming a long, completely dense nucleus (Figs. 2A, 2B, 2C, 2D).
The nucleus in the immature spermatozoa is cylindrical and slightly curved (Fig. 2B, 2C,
2E). The acrosome is conical, surrounding the anterior nuclear portion and accompanying
its curvature (Figs. 2B, 3A).

In the central portion of the nucleus of late spermatids and immature spermatozoa, a
transition can be found between the gouged anterior portion and the lower cylindrical
nucleus, which has been called the nuclear shoulders, and marks the limit of the acrosomal
complex (Figs. 1H, 2A, 2B, 3A). Longitudinal and cross sections of immature spermatozoa
show many layers that surround the nucleus, including the acrosomal complex, the
spermatid's plasma membrane and the Sertoli cell's plasma membrane (Figs. 3A, 3B, 3C).
The Sertoli cell emits cytoplasmic process throughout the seminiferous tubules, covering
the head area of the spermatids and immature spermatozoa (Fig. 3E, 3F).

The microtubules are helically arranged around the nucleus in early spermatids,
while in advanced spermatids the microtubules are longitudinally disposed (Figs. 2A, 2B,
2C, 3C, 3D), forming a structure known as the "manchette". This structure is associated
with the spermatids embedded in the Sertoli cell (Fig. 3C, 3E, 3F), surrounding the
acrosome and nucleus (Figs. 1], 2C, 3C, 3D), lying parallel to the chromatin fibers during
nuclear compaction (Figs. 1J, 2C) and to the acrosomic complex in formation (Figs. 1H, 11,
24, 3C).

Early spermatids present an invagination in the nuclear base, in which the middle
piece is implanted, containing the two centrioles at the flagellar base (Figs. 2C, 2D, 4E). A
typical proximal centriole is central and perpendicular to the nucleus, while the distal one
extends parallel to the nucleus (Figs. 4A, 4B, 4C). Microtubules extend from this centriole
forming the axoneme (Fig. 4A, 4B, 4F, 4G, 4H, 4I). Still in the neck region, the first dense
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bodies are being formed by the deposition of electron dense material in some mitochondria
(Fig. 4C, 4F).

During the elongation of the spermatids several mitochondria move to the nuclear
base (Fig. 2D, 4A) and are modified, becoming larger, with transverse cristae (Figs. 4A,
4B, 4F, 4G). The middle piece or neck area is made up of mitochondria in circular arrays
around the initial portion of the axoneme, alternating with dense bodies, that are
mitochondria modified at the end of spermiogenesis (Figs. 4C, 4F). The mitochondria are
organized around the distal centriole, above the fibrous sheath (Figs. 4B, 4F, 4G). The
transition of the middle piece to the principal piece is marked by the annulus, an electron
dense fold of the plasma membrane (Figs. 4B, 4F). The flagellum is long and cylindrical
(Figs. 1C, 3E, 4B, 4D, 4E), mostly made up of the principal piece, which consists in the
axoneme surrounded by peripheral dense fibers, a fibrous sheath, cytoplasm and the plasma
membrane (Figs. 4B, 4F, 4H, 4I). The axoneme is composed of associated microtubules in
a 9 + 2 pattern, of nine doublets surrounding a pair of single microtubules. Each doublet in
the middle piece is linked to a peripheral dense fiber (Figs. 4F, 4G), specially well
developed for the doublets 3 and 8, which are linked to the annulus and the fibrous sheath
below it (Fig. 4F, 4G). These fibers are not observed in the flagellum, after the initial
portion of the axoneme (Fig. 4H, 4I). These are surrounded by the fibrous sheath, seen in
cross section as regular, separate rings (Fig. 4B, 4H). The end piece is the narrowest area of
the flagellum (Fig. 4J), consisting only in the axoneme, with its typical patten and the
plasma membrane.

The spermatozoa are liberated in the lumen of the seminiferous tubule still with a
certain amount of cytoplasm, particularly around the head (Fig. 4K). Large mitochondria
can be found in the middle piece, and the dense bodies are not fully differentiated (Figs.
4C, 4F).

DISCUSSION
During the spermiogenesis of 7 iguana, several cytoplasmic and nuclear changes

can be seen. Some are common to the several species and others only to Lacertilia. The
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spermatids can be classified in several types (Courtens and Depeiges, 1985, Healy and
Jamieson, 1994). However, it is important to observe that sequences of events exist, several
of them simultaneous, so that it is difficult to establish the exact beginning and ending of
each stage. The acrosome is an organelle rich in enzymes, which permits the entrance of the
spermatozoon into the ovum (Baccetti and Afzellius, 1976). In most Squamata this
organelle presents a wide variation of sizes, forms and layers (Furieri, 1970). In lizards, the
acrosome is long and curved, with an acrosomal vesicle and the typical sub-acrosomal cone
(Fawcett ef al., 1971; Baccetti et al., 1980). The acrosome can be homogeneous and
electron dense (Furieri, 1974; Cruz Landim and Cruz Hofling, 1977, Cruz Hofling and
Cruz Landim, 1978) or in I iguana and other species with a clear cortex and an electron
dense core (Al-Hajj ef al., 1987, Jamieson, 1995; Oliver ef al., 1996). The sub-acrosomal
cone is a structure only found in Squamata (Jamieson and Scheltinga, 1993). The
epinuclear zone is evident in most of the spermatozoa of Lacertilia (Jamieson et al., 1996;
Oliver ef al., 1996).

The early spermatids of /. iguana present a slightly dense area between the sub-
;lcrosomal cone and the acrosome, similar to that found in Tropidurus semitaeniatus, T.
torquatus (Teixeira ef al., 1999a) and in Amphisbaena alba (Teixeira et al., 1999b). The
perforatorium in terrestrial animals is formed by filamentous actin, which permits its
extraordinary extension capacity (Baccetti and Afzellius, 1976; Baccetti ef al, 1980). This
organelle, according to some authors, acts only as a support for the acrosome (Baccetti et
al., 1980), but it is more probable to have a mechanical function during ovum penetration
and during the acrosome reaction {Shiroya ez al., 1986). During the extension process the
filaments are rearranged from a helical to a parallel arrangement. This happens due to the
sliding of actin filaments (Baccetti, 1979; Shiroya er al, 1986). The origin of the
perforatorium during the spermiogenesis is not known and no enzymatic activity has been
detected in it (Guraya, 1971). It is a common structure in spermatozoa of non-passeriformes
birds and all the Squamata (Sprando and Russel, 1988). Their origin from the electron
dense granule inside the early pro acrosomic vesicle has been described (Clark, 1967; Cruz
Landim and Cruz Hofling, 1978; Saita et al., 1988) as also happens in birds (Nagano, 1962;
Humphreys, 1975). The granule seems to appear at the point of contact between nucleus

and pro acrosomic vesicle (Del Conte, 1976; Courtens and Depeiges, 1985), or by the
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association of actin filaments in this contacting area (Al-Hajj ef al., 1987). In lizards the
perforatorium is anterior to the nucleus, or it can be located covering the nuclear tip (Butler
and Gabri, 1984; Courtens and Depeiges, 1985; Saita er @/, 1988, Healy and Jamieson,
1994). However in Sphenodontia (Healy and Jamieson, 1992; 1994; Jamieson and Healy,
1992), Crocodilia (Saita ef al, 1987) and Chelonia (Sprando and Russel, 1988) the
perforatorium is inside a nuclear channel.

The principal characteristic of the spermatozoon nucleus in Lacertilia is the extreme
compacting of the nuclear material and its long, thin format (Bergstrom and Arnold, 1974
Jamieson ef al, 1996; Oliver et al, 1996; Teixeira et al., 1999a). This shape favors
mobility and the compacting protects the genome from physical and chemical influences
during the storage and transport to the ovum (Krause, 1996).

Nuclear shape is established and maintained during spermiogenesis, by the
aggregation pattern of the chromatin (Fawcett ef al, 1971) and by the appearance of a
structure called "manchette", composed of microtubules associated around the nucleus
(Clark, 1967; Myles and Hepler, 1977, Cruz Hofling and Cruz Landim, 1978; Courtens and
Depeiges, 1985, Al-Dokhi, 1997). The manchette is a common structure during
spermiogenesis of all the Lacertilia and can have an helical formation (Al-Hajj er al., 1987),
longitudinal (Courtens and Depeiges, 1985; Saita et al., 1988; Al-Dokhi, 1997) or initially
circular, becoming longitudinal (Clark, 1967, Cruz Landim and Cruz Héfling, 1977, Cruz
Hofling and Cruz Landim, 1978; Butler and Gabri, 1984), as was also found for 7. iguana
spermiogenesis.

At the transition point, between the anterior portion to the main part of the nucleus,
there is a tapered region called the nuclear shoulders, and it is very evident in /. iguarna. It
occurs in several lizards (Cruz Landim and Cruz Héfling, 1977, Cruz Hofling and Cruz
Landim, 1978; Butler and Gabri, 1984, Jamieson ef al., 1996, Oliver et al., 1996; Teixeira
ef al., 1999a). It 1s discreet in Anolis carolinensis (Clark, 1967) and Cremidophorus
sexlinearus (Newton and Trauth, 1992a; 1992b), and observed with difficulty in Agama
stellio (Al-Hajj, 1987) and Sphenodon punctatus (Healy and Jamieson, 1992).

The neck area is short in most Squamata, where the centrioles are involved in the
formation of the axonemic complex (Furieri, 1970). In Lacertilia the distal centriole is

shorter than in Chelonia and Sphenodontia (Jamieson and Healy, 1992; Healy and
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Jamieson, 1994; Jamieson, 1995; Jamieson ef al., 1996; Oliver ef al., 1996). The function
of the distal centriole can be compared to one of the basal corpuscles at the axoneme base,
where it acts as a mold for the pattern of the flagellum microtubules (Fawcett and Phillips,
1970). The distal centriole does not exist in mammals (Fawcett, 1970; Phillips, 1972), but it
is common in Anura (Furieri, 1975; Amaral et al., 1999) and in birds (Asa and Phillips,
1987, Asa et al., 1986). In some Squamata, birds and mammals, a laminate structure is
observed close to the proximal centriole, resulting from the polymerization of molecular
subunits (Phillips and Olson, 1975; Jamieson e al., 1996, Oliver ez al., 1996) and observed
in /. iguana.

In most animals, the middle piece is quite long (Phillips and Asa, 1993), however,
in Squamata it is small or moderately long (Hamilton and Fawcett, 1968, Jamieson, 1995,
Jamieson ef al., 1996; Oliver ef al., 1996) as was observed in early [ iguana spermatids.
The total number of mitochondria (Phillips and Asa, 1993) determines the length of the
middle piece. The mitochondria of early spermatids in Squamata are rounded (Cruz Landim
and Cruz Hofling, 1977, Saita ef al., 1988; Newton and Trauth, 1992a), column shaped (Al-
Dokhi, 1997), tubular and sinuous (Furieri, 1970; Jamieson ef al., 1996; Teixeira et al.,
1999a) or between round and columnar as in spermatids of 1. Iguana and other Lacertilia
(Courtens and Depeiges, 1985; Oliver et al., 1996). In all lizards, transverse sections of the
middle piece show mitochondria forming either complete rings around the axoneme
(Courtens and Depeiges, 1985; Oliver et al., 1996) or, in the case of Squamata, incomplete
rings interrupted by dense bodies, as also occurs in /. iguana (Furien, 1970; Healy and
Jamieson, 1992; Jamieson ef al., 1996, Oliver et al., 1996; Al-Dokhi, 1997; Teixeira ef al.,
1999b). It has been suggested that dense bodies are formed by mitochondrial modification
(Carcupino et al, 1989; Healy and Jamieson, 1992; Jamieson and Healy, 1992). In L
iguana the formation of the dense bodies is one of the last events of spermiogenesis. In
Squamata there are dense bodies forming complete rings (Jamieson ef al, 1996),
longitudinal arrays (Furieri, 1970), in a spiral (Oliver ef al, 1996) or irregularly dispersed,
as was observed in /. iguana, (Harding et al., 1995, Teixeira ef al, 1999a). The function of
the dense bodies 1s not known.

In I iguana, the slightly dense areas found between the mitochondna are interpreted

as being dense bodies in formation. The total modification of the mitochondria of 1. iguana
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appears only to happen after the spermatozoon has left the testis. Perhaps energy is
necessary for the immature spermatozoon to leave of the testis and arrive in the spermatic
ducts and all the mitochondria initially need to be active. After final maturation of the
spermatozoon, some mitochondria differentiate into dense bodies, in order to reduce the
size of the middle piece and consequently of the spermatozoon as a whole. In Sphenodontia
the dense bodies are small and located in the center of the mitochondria (Healy and
Jamieson, 1992; Jamieson and Healy, 1992). As in all the Squarnata, the mitochondria of 1.
iguana spermatids have transverse cristae (Guraya, 1971, Cruz Landim and Cruz Hoéfling,
1977, Courtens and Depeiges, 1985; Saita et al, 1988; Al-Dokhi, 1997). However, in
Sphenodontia, Crocodilia and Chelonia (Yasuzumi and Yasuda, 1968; Furieri, 1970,
Phillips, 1970; Saita et al, 1987; Healy and Jamieson, 1992; 1994; Jamieson and Healy,
1992) the mitochondria present transverse cristae only during initial spermiogenesis,
acquiring cristae in a concentric arrangement, with a dense central body in early
spermatids. According to Yasuzumi and Yasuda (1968) the concentric cristae in
Sphenodontia provide an increased surface area, and possibly have appeared in response to
conditions demanding great mitocondrial activity. For Healy and Jamieson (1992) the
spermatozoon of birds, mammals and other Squamata developed during evolution, some
form of cristae modification at the end of spermiogenesis.

The annulus is a common structure in Squamata (Jamieson ef al., 1996; Oliver et
al., 1996; Al-Dokhi, 1997, Teixeira ef al., 1999a) and in many invertebrates (Baccetti and
Afzellius, 1976). This structure, formed by a group of intimately associated filamentous
units (Furieri, 1970) seems to impede the displacement of mitochondria from the middle
piece along the flagellum during the movement (Fawcett, 1970).

The 9+2 structure of the axoneme is typical of most anmimals and all Reptiles
(Jamieson ef al., 1997). The peripheral dense fibers originate by protein deposition and a
motor function associated to that of the axoneme has been attributed to this
structure.(Hamilton and Fawcett, 1968; Phillips, 1972; Phillips and Olson, 1975). In most
of the lizards a connection of the two opposing fibers onto the fibrous sheath is observed
along the whole axonemic complex (Jamieson ef al., 1997, Teixeira et al., 1999a; Teixeira

et al., 1999b), but in /. iguana this connection is observed only in the middle piece.
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The fibrous sheath is originated by the accumulation of an amorphous laver between
the axonemic complex and the plasma membrane during spermiogenesis (Fawcett and
Phillips, 1970; Soley, 1994). The sheath has elastic properties, which may contribute
towards flagellar mobility (Fawcett, 1970). For most vertebrates, this sheath appears only
below the flagellar middle piece (Jamieson, 1995). However, in some Lacertilia the fibrous
sheath is formed starting from the middle piece (Newton and Trauth, 1992b; Al-Dokhi,
1997), as also happens in /. iguana. In the immature spermatozoa of I iguana, the
axonemic complex at the end of the middle piece still maintains a connection between the 4
and 8 doublets of the axoneme with the fibrous sheath, as has been commonly observed in
lizards (Teixeira ef al., 1999a; 1999b; Jamieson et al., 1996; Oliver ef al., 1996). However,
in the rest of the flagellum this connection does not exist and a considerable space is
observed between the axoneme and the fibrous sheath. The flagellum end piece is reduced
in diameter, with the end of the fibrous sheath, while the same microtubule pattern remains,
as in other Lacertilia (Jamieson et al., 1996; Oliver ef al., 1996; Teixeira ef al., 1999a).

During spermatid differentiation, these cells are embedded in the Sertoli cell
cytoplasm; thus this cell gives support, nutrition, protection and the hormonal supply
during all spermiogenesis (Butler and Gabri, 1984; Courtens and Depeiges, 1985; Al-Hajj
et al., 1987, Saita et al., 1988). All the structures common to a spermatozoon of Lacertilia
(Furieri, 1970, Healy and Jamieson, 1992; Jamieson and Healy, 1992; Jamieson and
Scheltinga, 1996, Oliver et al, 1996, Teixeira et al., 1999b) are formed during the
spermiogenesis of /. iguana. However we observed a large amount of cytoplasm around
luminal spermatozoa in the seminiferous tubules. As a result, we can call these "immature”
spermatozoa. Structural modifications will probably occur during their passage through the
reproductive tract, although this is held to be a rare event in Vertebrates. Spermiogenesis
completed in the reproductive tract has been verified in other Squamata (Conner and
Crews, 1980; Boureshi ef al., 1981; Halpert ez al., 1982; Adams and Cooper, 1988; Srinivas
et al., 1995). These post-testis modifications have not been located along the reproductive
tract, and they possibly are not essential for greater spermatozoon mobility.

In conclusion, the process of spermiogenesis of I Jguana involves a series of
ultrastructural modifications that culminate in the production of organelles essencial to the

spermatozoon. In general, free spermatozoa are considered to have completed all their
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necessary morphological features. However for this species, the spermatozoa liberated by
spermiation are not mature. This conclusion was based on the fact that the dense bodies in
the middle piece are not yet eletron dense and that cytoplasm is still abundant around the

spermatozoon head.
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FIGURE LEGENDS

Figure 1: A. B. and C. SEM micrographs. A. Seminiferous tubule with developing germ
cells (s) and the thick wall that covers the tubule (arrow) X1800. B. Rounded early
spermatids (ES), and elongated spermatids (LS) with a flagellum (). X6300. C. Late
spermatids (LS) free in the seminiferous tubule lumen, with a long flagellum (f). X5950.
Figure D, - J. TEM micrographs. D. Spermatocyte with cytoplasm rich in Golgian vesicles
(v). The nucleus presents chromatin in clots (*) and the initial chromosome attachment to
the synaptonemic complex (arrow), typical of meiosis. X7500. E. Initial spermatid, with the
formation of two vesicles (v), that will contribute to the acrosome, associated with the
nucleus (N). Observe the accumulation of substances at the nuclear - cytoplasm border
(arrows). X8400. F. Early spermatid, with a electron dense granule (g) inside the pro
acrosomal vesicle (v). In the area between vesicle and nucleus, notice an electron dense
area (arrow) which possible originates the sub acrosomal cone. X7500. G. Spermatid
during nuclear elongation: the chromatin begin to condense at the nuclear apex (a), forming
thick and helically arranged filaments (arrow). The nuclear tip is now surrounded by the
pro acrosomic vesicle (v). X32300. H. Spermatid in final chromatin condensation into
thick, longitudinal filaments (arrow). The nuclear shoulders appear (NS), and at the nuclear
apex, the sub-acrosomal cone development (c) is concomitant to the acrosome (a), still
covered by the pro acrosomic vesicle (v). X18000. Figures L and J. Transverse sections of
the areas marked in figure H I Apical section of the nucleus (N): notice the thick
chromatin filaments, encircled by the sub-acrosomal cone (c), lucid zone (z), pro acrosomic
vesicle (V) and plasma membrane of the spermatid (MS). X50000. J. Medial section of the
nucleus (N) where the manchette is observed (mt) following the same helical arrangement

as the chromatin filaments (arrows). X33500.

Figure 2: A. B. C. and D. TEM micrographs. Longitudinal sections of a late spermatid
head. A. Observe the nucleus (N) with highly compacted chromatin. Initial formation of the
acrosomal complex, that begins to show the perforatorium (p), epinuclear zone lucid (e),

sub-acrosomal cone (c) surrounded by the clear zone (z) and the acrosome (a) at the apex



52

cell. Around the whole cell, is the manchette (mt). X13950. B. In this image it is possible to
have an idea of the nuclear length (N), the nuclear shoulder location (NS) and the
acrosomal complex, consisting in the sub-acrosomal cone (c) and the acrosome (a).
X83600. C. The nucleus (N) is surrounded by the manchette (mt) along its entire length. At
the nuclear base is the implantation fossa of the middle piece (IF). X12000. D.
Cytoplasmatic extensions (arrows), with mitochondria (m) arranged around the middle
piece and the implantation fossa (IF). X10800. E. SEM micrographs. Late spermatids (Ls)
and flagellum (f). The broken line outlines the closer spermatid. X5400.

Figure 3: TEM micrographs. A. Longitudinal section of the spermatozoon. Nucleus (N),
nuclear shoulders (INS) and acrosomal complex with several layers: perforatorium (p),
epinuclear zone (e), sub-acrosomal cone (¢), clear zone (z), acrosome (a) constituted by the
narrow, clear cortex, and a homogeneous, electron dense core. The whole cell is covered by
the plasmic membrane spermatozoa (MS) and immersed in the Sertoli cell (SC). X25000.
B. C. and D. Transverse sections of the different areas indicate i figure A. B. Mid
acrosomal complex. X64700 C. Base of the acrosomal complex. X50000. From the
external layers toward the center can be identified: Sertoli cell (SC), plasmic membrane of
the spermatozoon (MS), microtubules {(mt), acrosome (a), clear zone (z), sub acrosomal
cone (c), epinuclear zone (e), perforatorium (p) and the nucleus (N). D. Nucleus (N)
surrounded longitudinally by the manchette (mt) and the Sertoli cell (SC). X38800. E. SEM
micrograph. Late spermatid (Ls) with the head embedded in the Sertoli cell (SC) and the
flagellum (f} free in the lumen. X7200. F. Section near the seminiferous tubule lumen (L)
where the abundant cytoplasm of several late spermatids (Ls) is embedded in prolongation

of the Sertoli cells (SC). X2300.

Figure 4: A. Differentiation of the middle piece (MP) where mitochondria (arrows) are
arranged around the distal centriole. X13950. B. Longitudinal section of a late spermatid.
Middle piece formed by the proximal (PC) and distal centrioles (DC) surrounded by

mitochondria in rings (m). Transition area of the middle piece to the flagellum is marked by
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the annulus (AN). Making up the flagellum is the axoneme (AX) encircled by rings of the
fibrous sheath (FS). X15500. C. Late spermatid with nucleus (N), and middle piece
including the proximal (PC) and distal centrioles (DC), and showing initial dense bodies
(arrows) as a modification alternating among the mitochondrial rings (m). X23300. D. and
E. SEM micrographs. D. Spermatozoon, where the head (h), middle piece (mp) and
flagellum (f) are observed. X11500. E. Criofracture where the head of the spermatozoon
was removed, showing the flagellum (f) and implantation fossa (IF). X4500. F. and G.
Transverse sections of different areas of the middle piece indicated in figure B. F. Observe
the axoneme (AX), the peripheral dense fibers (PF) and the annulus (AN), the
mitochondrial ring (m) with a dense body (arrow) in differentiation. X43100. G. The
axoneme (AX) is surrounded by a ring of fibrous sheath (FS) and another of mitochondria
(m). Notice the contact of the larger dense fibers 3 and 8 with the fibrous sheath. X41750.
H. Axonemic complex that forms the flagellum, composed of the axoneme (AX) and rings
of the fibrous sheath (FS), covered by the spermatozoon's plasmic membrane (MS)
X30000. L Transverse section of the principal piece of the flagellum with the axonemic
complex. Notice the leak of dense fibers associated with the doublets. X30000. J.
Transverse section of the flagellum's end piece; the axoneme (AX) maintains its (9+2)
pattern, but is no longer encircled by fibrous sheath rings. X72000. K. Spermatozoa (*) in
the lumen of the seminiferous tubule (L). Notice the great amount of cytoplasm around the

nucleus (*) and free flagella (arrows). X3000.
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7. CONCLUSOES FINAIS

v O ciclo reprodutivo da espécie I iguana é anual, ¢ o periodo de maximo
desenvolvimento dos testiculos ¢ relativamente curto, ocorrendo nos meses de Julho a
Setembro. E importante reforgar que a literatura pertinente demonstra que lagartos
(mesmo em regides tropicais) tém o periodo reprodutivo no verdo. As altas
temperaturas sio consideradas por muitos o fator estimulador da espermatogénse. Para
esta espécie, o ciclo sazonal de cheias e secas estimulou uma adaptagio visando um
periodo adequado para a formagio de casais para a copula, € um posterior periodo

adequado & gestagio e desenvolvimento embrionario.

v" O processo de espermiogénese da espécie I iguana envolve uma série de modificagdes
ultra-estruturais, que culminam na produgio de organelas necessarias ao
espermatozoéide. Acredita-se que 0s espermatozoides liberados no lumen dos tibulos
seminiferos apresentam todas as suas caracteristicas morfologicas bem definidas. No
entanto para esta espécie os espermatozoéides liberados na espermiagdo ndo estdo
maduros. Essa concluséio pode ser tomada com base nos corpos densos em formacgao na
peca intermediaria também pela presenga de citoplasma em torno da cabega de

espermatozdides livres no lumen dos tubulos seminiferos.






