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Summary. We have studied in the telencephalon and 
mesencephalon of  the lizard Gallotia galloti the localiza- 
tion and the chronology of  appearance of the immunore-  
activity due to the presence of a myelin-specific protein: 
the Myelin Basic Protein (MBP). MBP-like immunoreac-  
tivity was present with different degrees of  intensity in 
many  nerve fibers (isolated, in tracts and in commissur- 
ae) and it was apparently more abundant  in mesencepha- 
lon. During ontogeny the earliest MBP-like immunore-  
activity was detected at E.36 in few tracts in mesencepha- 
lon ana  appeared at E.40 in telencephalon, proceeding 
caudo-rostrally and f rom the ventral (basal) to the dorsal 
(alar) regions. Accumulat ion of  MBP continued after 
hatching. Oligodendrocyte cell bodies were not immuno-  
positive, not  even at the youngest ages studied. 
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Introduction 

Immunohis tochemistry  with specific antisera is one of  
the most  clear means for localizing a protein in a tissue 
in which the cellular morphologic  characteristics are 
conserved. Thus myelinated nerve tracts can be detected, 
and myelination can be followed, by using an antibody 
directed against myelin basic protein (MBP), a myelin- 
specific protein present in both central and peripheral 
nervous system (CNS and PNS respectively), (Matthieu 
et al. 1973; Sternberger et al. 1978a, b; Eng and Bigbee 
1978). In addition, in many  species, MBP has also been 
transiently detected, during myelination, in young oligo- 
dendrocyte cell bodies (Matthieu et al. 1973 ; Sternberger 
et al. 1978a, b; Eng and Bigbee 1978) and, in this way, 
oligodendrocyte format ion was followed (Campagnoni  
et al. 1989). Many  papers have been published on the 
identification and/or  localization of MBP in the CNS, 
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particularly in mammals ,  amphibians and birds (Mendel 
and Withaker  1978; Ha r tman  et al. 1979; Nor ton  1981 ; 
Nussbaum and Roussel 1983) but not in reptiles. In the 
present paper  we describe an immunohistochemical  
study on the localization of  MBP in the telencephalon 
and midbrain of  the lizard Gallotia galloti during onto- 
genesis. This study on myelinogenesis continues our stu- 
dies on gliogenesis in the cerebrum of  this reptile. We 
have already reported on the presence and on the ultra- 
structure of  oligodendrocytes during ontogeny and in 
the adult (Monzon-Mayor  et al. 1990d) and, by using 
cell specific antibodies, we have shown the distribution 
and the development of  astrocytes and radial glia in 
this lizard (Monzon-Mayor  et al. 1990a-d;  Yanes et al. 
1990). 

Materials and methods 

Antibodies. The rabbit polyclonal antibody directed against bovine 
MBP (Chemicon, Calif., USA) was raised and kindly given to us 
by Dr M.S. Ghandour. The goat antirabbit immuneserum and 
rabbit peroxydase antiperoxydase (PAP) complex were purchased 
from Sternberger and Meyer (Jarretsville, Md., USA). All other 
chemicals were of analytical grade. 

Animals and tissue fixation. Gallotia galloti (Bischoff 1982) (family: 
Lacertidae; order: Squamata) is a lizard indigenous to the island 
of Tenerife. We used a large number of these lizards of different 
ages (from embryonic stage 32 to adults). The stages of embryonic 
development were defined according to the tables of equivalence 
between the development of the Gallotia galloti (Ramos 1980) and 
of Laeerta vivipara (Dufaure and Hubert 1961). 

Embryos and very young lizards were decapited, and their 
heads immersed for about 2 days in the fixative [2% paraformalde- 
hyde and 0,25% glutaraldehyde in PBS (0.15 M Nacl in 0.1 M 
phosphate buffer, pH 7.2)] while the central nervous system of 
adults was fixed in situ by intracardiac perfusion with the same 
fixative. The skull was then opened and telencephalon and brain- 
stem were excised, cleaned from meninges and then immersed for 
3 to 4 h in the same fixative. 

Handling of the embryo sections were very difficult due to their 
small size, hence the encephalon and brainstem of embryos and 
young animals were embedded in 4% agarose before slicing into 
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sections 50 to 100 gm thick with a Vibratome (Oxford instrument, 
Foster city, USA). Sections were kept at +4~ until processed 
as described below. 

Immunohistochemistry. All incubations were carried out at room 
temperature unless otherwise specified. Antibodies were diluted in 
TBS (0.15 M NaCI in Tris HC1 pH 7.4) which contained 0.5% 
BSA, and after each step the sections were washed three times 
(1~15 min each time) in 0.5% BSA in TBS. Free floating sections 
were at first permeabilized with ethanol-acetic acid (95:5, v/v) at 
-20 ~ C for 10 min, then preincubated for l h in small Petri dishes 
containing 4% BSA in PBS, then another hour in 0.1 M glycine, 
and finally incubated overnight either with the primary antibody 
or, for control, with non-immune rabbit serum (both diluted 1:250 
in PBS containing 0.01% NaN3 and 1:100 normal sheep serum). 
Next day, the sections were incubated for 30 rain with goat antirab- 
bit immuneserum (1/80) and then with the PAP complex as de- 
scribed by Sternberger et al. (1970). The peroxidase activity was 
revealed with diaminobenzidine (DAB) according to the method 
of Graham and Karnovsky (1966). Microscopic observations were 
carried out as previously described (Ghandour et al. 1983). 

Antiserum specificity. Antiserum specificity was verified by western 
blot. Briefly, adult Gallotia galloti brain homogenates or rat myelin 
extracts in sodium dodecyl sulfate (SDS) were electrophoresed on 
poIyacrylamide gel (7.5%) in the presence of SDS. The electropho- 
retic pattern was then elect.rotransferred on a cellulose nitrate mem- 
brane (HAWP, Millipore France, Molsheim, France) and immuno- 
reactive bands were reveaied by the PAP method as described 
above. Using this procedure the immune serum revealed a single 
band of 19 kD in the lizard brain homogenate electrophoregram, 
while in the rat three bands (17 kD major, 19 kD, and a minor 
band of 20 kD) were revealed. This is in close agreement with 
the multiple MBP molecular weight forms reported by all the au- 
thors in rat central nervous system, with the single 18.5 kD electro- 
phoretic band previously described by Waehneldt et al. (1986) for 
another reptile (python) and with the predominant 18.5 kD electro- 
phoretic band described by Matthieu et al. (1986) for lizard. We 
did not detect however the very minor 14 kD component observed 
in electrophoregrams of purified lizard myelin extracts (Matthieu 
et ai. 1986) but in any case only MBP and no other protein of 
a different molecular weight was recognized by the antiserum used 
by us. 

Results 

At all ages examined, we never detected any immuno- 
staining in cell bodies, indeed only fibers appeared to 
be immunopositive. 

Adult telencephalon 

Immunoreactivity to an antiserum recognizing MBP was 
studied on sections of  the lizard cerebrum cut as shown 
in Fig. 1 for the adult. 

In the adult telencephalon, MBP immunoreactivity 
was present and strong in well defined tracts (Fig. 2). 
Some MBP-positive fiber systems appeared to be cross 
sectioned; this was the case of  the medial (mfb) and 
of  the lateral (lfb) forebrain bundles which run  ventrally 
to the ventral striatum (Stv) (Fig. 2 a, b) and to the ante- 
rior dorsal ventricular ridge (ADVR) (Fig. 2c). Some 
of  the lib fibers crossing the Strv, (Figs. 2b, 3b) and 
the nucleus centralis amygdalae (Amc) (Figs. 2c, 3d) 
were obliquely sectioned. Another system of immunore- 
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A B C D  E F G  
Fig. 1. Drawing of the brain of the lizard Gallotia galloti CNS 
showing the approximate level of the sections shown in this paper. 
OB, olfactory bulb ; T, telencephalon; D, diencephalon; PT, pretec- 
tal zone; TZ, tegmental zone; OT, optic tectum; C, cerebellum; 
R, rhombencephalon; S, spinal cord. Distance in gm from the 
stria medullaris: A +2610; B -+-2220; C +850; D 000; E --1720; 
F --2,330; G -2,960. Bar 2 mm 

active fibers was that of  the tractus olfactorius lateralis 
(tolf) which delimits ventrally and laterally the Strv and 
the nucleus tracti olfactorii lateralis (Ntol) (Figs. 2 b, 3 e) 
and the nucleus sphericus (NS) (Figs. 2 d, 3 h). 

In the septum, cross- and obliquely-sectioned MBP- 
positive fibers were detected; these were the fibers of  
the septo-hypothalamic tract (tsh) running near the nu- 
cleus septalis anterior (Nsa) (Figs. 2a-c,  3c) and of  the 
tractus paraolfatorius corticalis (tpoc) which begins ros- 
trally to the Nsa (Figs. 2b, c, 3c) and runs ventrally 
to it. 

In the areas corresponding to the comrnissura anteri- 
or (ca) only a few weakly immunoreactive fibers were 
detected (Figs. 2c, 3 f), this is due to limited myelination, 
as indicated by classical myelin-specific histological tech- 
niques such as the Kliiver-Barrera (not shown). By con- 
trast tightly-packed, strongly-immunoreactive fibers 
were present in the commissura pallii anterior (cpa) 
(Figs. 2c, 3f). 

The alveus (alv) exhibited MBP-positive fibers which 
course in the plane of  the section apparently emerging 
from the dorsal region of  the nucleus septalis lateralis 
(Nsl) (Fig. 2b-d).  In the subcortical region, these fibers 
then follow a path parallel to the dorsal ventricular edge 
in the section and finally reach the medial (MC) 
(Fig. 2 ~ d )  and dorso-medial (DMC) cortex (Fig. 2d). 
In the medial cortex (MC) other systems of  MBP-posi- 
rive fibers were observed: these fibers course in the plane 
of the tissue section following paths similar to that of  
the alveus. They constitute the external (epl) and the 
internal (ipl) plexiform layers (Fig. 3g). In contrast im- 
munoreactive fibers in the granular layer (gl) of  the cor- 
tex run, in the tissue section, perpendicular to the dorsal 
edge of  the ventricle. The distribution of MBP-positive 
fibers, particularly those of  the ipl, in the DMC and 
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Fig. 2 a-d. Immunohistochemical localization of MBp in four cross 
sections of the adult telencephalon. The sections are arranged in 
a rostro-caudal sequence from A to D corresponding to the levels 
indicated in Fig. 1. The left half of each section shows the immuno- 
reactivity, and the right half schematically illustrates the nerve 
fibers, the nuclei and the cortex in the section. Bar 200 gm. a 
Most rostral level (corresponds to level A in Fig. 1). Intense and 
compact immunolabel is localized in the following cross-sectioned 
tracts: medial forebrain bundle (mfb), tractus septo-hypothalami- 
cus (tsh), tractus paraolfactorius corticalis (tpoc), and tractus olfac- 
torius (tolf). Also strongly labeled are tangentially sectioned bun- 
dles like the alveus (alv) and tangential fiber in the inner layers 
of the lateral anterior cortex (LC) where they form radial columns 
(arrow head). Other labeled fibers run in the plane of the section 
under the pial surface of the LC and of the medial cortex (MC). 
b Anterior level (corresponds to level B in Fig. 1). The same cross- 
sectioned tracts seen in the previous sections (mfb, tsh, tolf), the 
alv and new tracts like the lateral forebrain bundle (/Jb) are labeled. 

In the cortex, the label is concentrated at the level of the plexiform 
layer of the medial cortex (MC) and it is more superficial in the 
dorsal cortex (DC) where it corresponds to the tangential fiber 
layer (Molowny et al. 1972) but is virtually absent in the lateral 
cortex (LC). The ADVR and the striatum ventralis (Strv) are 
crossed by tangentially cut immunopositive fibers, e Intermediate 
level (corresponds to level C in Fig. 1). The commissura anterior 
(ca) and the commissura pallii anterior (cpa) appear to be labeled 
in addition to the previously mentioned fiber bundles (mfb, /fb, 
tsh, tolf, alv). The immunolabel pattern in the cortex is similar 
to that  observed in more rostral section. The amygdala central 
nucleus (Amc) is crossed by the tangentially cut immunopositive 
fibers of the lfb. d Caudal level (corresponds to level D in Fig. 1). 
The alv and mfb are still labeled while ca become undetectable, 
and the labeled stria medullaris (stm) appears. The pattern of MBP- 
positive fibers in the cortex is similar to that  observed in more 
rostral sections 



Fig. 3a-h.  Details at higher magnification of the cross sections 
of adult telencephalon shown above. Bar 100 gm from a to e. 
a Rostral level: details of myelinated fibers in the tractus septo- 
hypothalamicus (tsh) crossing the nucleus septalis anterior (Nsa). 
b Anterior level: note the intense MBP-immunoreactivity in the 
fibers of the lateral forebrain bundle (/fb) invading the ventral 
striatum (Strv). e Rostral level : note the distribution of MBP immu- 
noreactivity in the fibers of the tractus paraolfactorius corticalis 
(tpoc). d Intermediate level: immunoreactive fibers in the/Jb cross- 

ing the nucleus centralis amigdalae (Amc). e Anterior level: MBP 
presence in cross-sectioned fibers of the tolf  in the nucleus of the 
tractus olfactorius lateralis (Ntol). f Immunoreactive fibers in the 
commissura pallii anterior (cpa). g Positive fibers in the alveus 
(alv), in the internal (ipl) and external (epl) plexiform layers and 
in the granular layer (gO. Bar 200 p,m. h Caudal level : Immunoreac- 
rive cross- and tangentially-sectioned fibers in the tractus olfactor- 
ius (toll) and in the nucleus sphericus (NS). Bar 200 gm 



in the dorsal cortex (DC) (Fig. 3g), is similar to that 
in the MC. In the lateral cortex (LC) immunopositive 
fibers Were numerous and followed many different paths 
(Fig. 2 a-c). 

Adult mesencephalon 

In the adult mesencephalon many more nerve tracts were 
immunoreactive than in the adult telencephalon. The 
major MBP-positive longitudinal tract was the fasciculus 
longitudinalis medialis (tim) (Figs. 4 a, b, 5 a, c, e) which 
goes from the anterior to the caudal end of the midbrain 
running along the surface of the nuclei of the III and 
IV nerves. 

Also immunoreactive are the tractus tecto-thalamicus 
dorso medialis anterior (ttd) and ventrolateralis (ttv) 
(Fig. 4a), the tractus opticus lateralis (tol) (Fig. 4a, b, 
d), marginalis (tom) and basalis (tob) (Fig. 4a, b), the 
tractus tecto-tegmentalis (ttt) and profundus mesence- 
phalicus (tmp) (Fig. 4b). Among the tracti tecto-bul- 
bares are MBP-positive the ventralis rectus (tbv) 
(Fig. 4a, b) and the intermedius rectus (tbi) which run 
across the deep nuclei (Figs. 4a, b, 5a, e), the tractus 
tecto-bulbo-spinalis rectus (tbs) which runs at the border 
of the nuclei of the torus semicircularis (TS) (Fig. 4a, 
b), the dorsalis rectus (tbd) (Figs. 4b, 5a, e) near the 
oculomotor nuclei, and finally the dorsalis cruciatus 
(tbc) (Figs. 4b, 5a, e) which crosses the red nucleus 
(Rub) (Fig. 4 b). 

In the tectum the MBP immunoreactivity clearly de- 
fined the six typical strata described by Huber and 
Crosby (1933a, b; 1934): s. album periventriculare 
(SAP), s. griseum periventriculare (SGP), s. album cen- 
trale (SAC), s. griseum centrale (SGS), s. fibrosus and 
griseum superficiale (SFGS) and s. opticum (SO) 
(Fig. 4a, b, f). Similarly the 14 layers described by Ra- 
mon (1896) can be distinguished (Fig. 4a, b, f). At the 
median border of the SGP the trigeminal nucleus (nV) 
is located (Fig. 4 a, b). 

The cranial nerves are intensely immunolabeled as 
can be seen for the oculomotor nerve (III) (Fig. 4c) 
emerging from its nucleus (nIII) situated between the 
red nucleus and the interpeduncular nuclei (Ip) (not 
shown). The trochlear nerve (IV) is also intensely immu- 
noreactive (Fig. 4 e). Its nucleus (nIV) is located laterally 
to the isthmic nuclei (Ic and Isp) (Fig. 5 e). 

All commissural tracts are positive, i.e., the com- 
missura dorsalis tegmentalis (cdt) between oculomotor 
and interpeduncular nuclei (Figs. 4a, b; 5 a, c) and the 
commissura colliculi (cc) near the colliculi inferiores 
(Fig. 5 a-d). 

In caudal mesencephalic sections MBP-positive fibers 
are those of the lemniscus lateralis (11) (Fig. 5 a, b) cross- 
ing the isthmic nuclei and of the lemniscus medialis (lm) 
(Fig. 5 a) located below the reticular nuclei. A fine net- 
work of positive fibers criss-crosses the corpus quadrige- 
minus posterior (ccp) (Fig. 5a, c) while in the com- 
missura colliculi (cc) and in the tti MBP-positive fibers 
are more dense (Fig. 5a, b, d). Other immunoreactive 
tracts are the tractus mesencephalicus trigemini (tmt) 
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(Fig. 5 a, b) and the more ventrally located tracti tecto- 
bulbaris, namely the intermedius (tbi), the dorsalis (tbd) 
and the cruciatus (tbc). 

Telencephalon during prenatal development 

During the embryonic development of the lizard no 
MBP-immunoreactivity was detected until stage E.32. 
At E.40 few positive fibers were detected in the lfb at 
the caudal and intermediate levels of telencephalon (not 
shown), but in the optic chiasma packets of strongly 
immunoreactive fibers were already apparent; the inten- 
sity of their immunoreactivity increased until hatching 
(Fig. 6b). 

Telencephalon during postnatal development 

During the postnatal development other fiber systems 
became positive. At postnatal day 5 the lfb at the anteri- 
or levels of telencephalon contained a few weakly posi- 
tive fibers spreading in all directions (Fig. 6d) while the 
same bundle at more caudal levels displayed numerous 
and strongly immunoreactive fibers (Fig. 6c, e). At this 
same level only weakly positive fibers are detected in 
the dorsal cortex (Fig. 6c). Starting from postnatal day 
15, the immunoreactivity increases until the pattern de- 
scribed for the adult is attained. 

Mesencephalon during prenatal development 

At E.36 only the flm (in the basal plate), the tractus 
mesencephalicus trigemini (tmt) and the stratum album 
centrale (SAC) in the alar mesencephalon are weakly 
immunostained (not shown). 

At E.37 the immunoreactivity increases in the tim, 
trot, SAC and SO and appears in the SFGS and cc 
(Fig. 7a, c). Tracti in the tegmentum and basal zone 
also begin to display immunolabeling in some fibers, 
i.e., fibers of the tbs, of the msp and of the tob (Fig. 7 a, 
c), of the tol (Fig. 7a), III nerve, cdt, ttt, tmp, tbi, tbd. 
By contrast a greater density of MBP-positive fibers is 
detected in the tbc, although at caudal levels this tractus 
is weakly immunoreactive (not shown). The most inten- 
sely labeled tracts are the tim, the SAC and the nerve 
bundles in the basal pretectal region such as the tgp, 
the tgd, the ttd and the ttv (Fig. 7 a, c). 

At E.40 the different tectal layers are immunoreac- 
tive, especially the layers 9 and 12 (Fig. 7b). The immu- 
noreactivity of all the above described tracti in the teg- 
mentum increases, particularly in the ttt, trap, tbi and 
tbd (Fig. 7 b). At more caudal levels the immunoreactivi- 
ty begins to appear in the 11, lm, tti, tst and tsc (not 
shown). Thus at E.40, as at E.37, MBP-positive struc- 
tures are more abundant in the tegmentum than in the 
tectum. 

At hatching the immunoreactivity of all the structures 
described above is more intense than at younger ages, 
particularly in the tim and in the III and IV nerves 
(Fig. 7 d, e) as well as in the cdt (Fig. 7 d). Also the immu- 



Fig. 4a-f .  MBP-immunoposit ive fibers in cross-sections of pretec- 
turn and mesencephalon in adult lizards demonstrated by the PAP 
or the immunofluorescence method (for a, b, d, and f Bar 200 gm; 
for e and e Bar 50 ~xm). Half  sections as in Fig. 2. a Section at 
the medial pretectal level (approximatively between levels D and 
E in Fig. 1). Note the clearly defined immunoposit ive fiber layers 

in the tectum also shown in greater detail in f. b Section at the 
medial mesencephalic level (approximately level F in Fig. 1). e 
Higher magnification of a section at the level of the oculomotor 
nerve (III) showing longitudinally sectioned immunopositive fibers 
(short bold arrow) and immunopositive rings around cross-sec- 
tioned nerve fibers (thin long arrow), d Detail at high magnification 



Fig. 5a-e.  MBP-immunoposit ive fibers in a caudal cross section 
of mesencephalon in an adult lizard at approximately half way 
between levels F and G in Fig. 1. Bar 200 gm. a Overall view at 
low magnification, b, e, and e, details of the same (or of contiguous) 
tissue section(s) observed at higher magnification. Notice the in- 
tense immunostain in the cross-sectioned fim (a, e, and e), tbc, 

< 

of a zone in the mesencephalon (left antero-lateral) at the same 
level as in b showing the tractus opticus lateralis (toO, the stratum 
album centrale (SAC)  and the tractus mesencephalicus profundus 
(trap). e Immunofluorescence in trochlear nerve (IV) fibers. Note 
that  this immunofluorescence is discontinuous, the non-fluorescent 
bands probably corresponding to nodes of Ranvier. f Detail of 

tbd, tbi (a and e). Other immunoreactive fibers coursing, at least 
partially, in the plane of the section are those of the cc (a, b and 
d), tmt, tti  and ll (a and b), lm (a) and cdt (a and e) in the basal 
area. Notice the fine network of weakly reactive fibers in the ccp 
(a and d) 

the tectum at high magnification of a section at the same level 
as in a showing the MBP-positive fiber " b a n d s "  in the six strata 
defined by Huber and Crosby (1933a, b 1934). Immunolabeled 
colummns in S G C  and S A C  are made of cross-sectioned fiber bun- 
dles 
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Fig. 6a-e. Immunohistochemical localization of MBP in cross sec- 
tions of developing telencephalon. Bar 200 gm for a, b and e, and 
100 gm for d and e. a Anterior level at E.37. The medial, dorsome- 
dial and dorsal cortex is labeled, b Mid-telencephalon section at 
hatching: a positive immunoreaction is detected in the lib and 
in the optic chiasma (Ch opt). In the medial and dorsal cortex 
a layer of tangential submeningeal fibers is immunopositive, e Cau- 

dal section of telencephalon at postnatal day 15; also at this age 
only the /fb and the Ch opt are labeled. Superficial fibers in the 
dorsal cortex and the stm are weakly positive, d Detail of a section 
at anterior level at postnatal day 15; note the individual positive 
fibers which do not exhibit a preferential direction, e Caudal level: 
detail at great magnification of the/fb shown in e 

n o r e a c t i v i t y  o f  ll, lm,  tti,  ts t  a n d  tsc increases ,  b u t  in 
th is  case  t he  p o s t n a t a l  i nc r ea se  is v e r y  i m p o r t a n t .  

Mesencephalon during postnatal development 

T h e  M B P - p o s i t i v e  layers  in t he  t e c t u m  b e c o m e  m o r e  
i n t ense ly  i m m u n o p o s i t i v e .  T h e  s a m e  is t r u e  fo r  all  the  
a b o v e  d e s c r i b e d  t rac t s ,  fasc ic les  a n d  n e r v e s  o f  the  p re t ec -  
ta l  z o n e  a n d  t e g m e n t u m .  M o r e  p rec i se ly  the  t i m  (Fig.  8 a, 
c - e ) ,  t he  t m t  (Fig.  8a ,  b),  a n d  the  S A C  ( n o t  s h o w n )  
w h i c h  a re  t he  ear l ies t  to  be  f o r m e d  a re  a l so  the  m o s t  
i n t ens l ey  i m m u n o l a b e l e d ;  t he  o t h e r  f ibers  a r e  t h o s e  o f  

Fig. 7a-e. Immunopositive fibers in pretectal and mesencephalic 
cross sections in lizards at E.37, E.40 and at hatching. Bar 200 gm. 
a Section at the rostral pretectal level at E.37, note the weak im- 
munopositivity of the nerve fiber systems in the tectum and basal 
zone. b Section at the medial mesencephalic level at E.40; the nerve 
fiber systems in the tectum and tegmentum are still weakly 
immunopositive, c Higher magnification of a section at the same 
level as in a at E.37 showing details of positive fine fibers in the 
tracts of the pretectal zone. d Note the intense immunostaining 
on the nervus oculomotorius (III), the commissura dorsalis tegmen- 
talis (cdt) and of thef/m at hatching, e Note the strong immunor- 
eaction in the fibers of the trochlear nerve (IV) and of the f/m 
at hatching 
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Fig. 7 a--e 
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Fig. 8a-e. MBP-positive fibers (PAP method) in a caudal cross 
section of mesencephalon in a lizard at postnatal day 15. Bar 
200 pm. a Overall view at low magnification, b, e, and e Details 
of the same or of contiguous tissue section(s) observed at higher 
magnification. Notice the intense immunostaining in the cross-sec- 

tioned f/m (a, e, fl, and e), tbc, tbd, tbi, tsc and tst  (a and d). 
Other immunoreactive fibers coursing, at least partially, in the 
plane of the section are those of the ce and tm t  (a and b), lm 
(a and d) and cdt  (a, e and e) 
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the oculomotor nerves and of the cdt (Fig. 8a, c), of 
the cc and the tmt (Fig. 8a, b) and of the tbc, tbd and 
tbi located laterally to the oculomotor nuclei (Fig. 8a, 
d). 

Discussion 

MBP accounts for about 30% of the protein of mamma- 
lian CNS myelin (Kies et al. 1965; Eng et al. 1968). This 
protein has been thouroughly characterized (Mendel 
et al. 1978; Norton 1981) sequenced (Carnegie 1971 in 
man; Eylar et al. 1971 in cattle; Dunkley and Carnegie 
1974 in rat) and cloned (Campagnoni 1988; Campag- 
noni et al. 1989). The protein appears first in Elasmo- 
branchia and is present in all Gnathostomata (Waehneldt 
et al. 1986). Phylogenetic studies have shown that MBP 
forms of different molecular weight are present in differ- 
ent species, or can coexist in the same species, but all 
these MBP isoforms are recognized by the same antise- 
rum (Marteson et al. 1971; Kerlero De Rosbo et al. 
1984; Matthieu et al. 1986; Tai et al. 1986). 

Adult 

Hartman et al. (1979), by using immunohistochemistry 
with an antiserum directed against MBP, determined 
that MBP in chick CNS is present only in areas corre- 
sponding to myelinated nerve fibers, and could not be 
detected in areas without myelinated fibers. MBP was 
also absent in the somata or dendrites of neurons, in 
astrocyte cell bodies or processes, and in microglia. By 
using the same approach we confirm here, with a strictly 
specific antiserum, that the same occurs in the lizard; 
we could follow the path of nerve fibers forming com- 
missures and bundles in the lizard telencephalon and 
midbrain, and as far as we can judge all tracts and com- 
missures that have been previously described in the liter- 
ature are myelinated and MPB-immunopositive. Strik- 
ingly evident is the absence of corpus callosum which 
is a common feature of reptilian brain (Ariens-Kappers 
et al. 1965). 

Development 

Onset of myelination 

In the rat, glial cell proliferation is very intense before 
the onset of myelination, and decreases during myelina- 
tion (Bignami and Dahl 1973), while myelination of 
nerve fibers (Hartman et al. 1979) begins after axons 
have established their connections. Axon myelination is 
due to the presence of oligodendrocytes and oligoden- 
droblasts along nerve tracts and fascicles. From these 
cells emerge the s0-called trapezoid processes which 
wrap around the axons. It is the membrane of this pro- 
cess which undergoes biochemical transformation (in- 
cluding the incorporation of MBP) and becomes "mye- 
lin". In the rat, immunohistochemistry with anti-MBP 
antibodies has been used to monitor myelination. This 

technique appeared to be more sensitive than the Weigert 
hematoxylin stain, and thus made it possible to detect 
myelin formation more precociously than with the classi- 
cal histological techniques (Rozeik and Von Keyserlingk 
1987). 

Previous work (Yanes 1985; Yanes et al. 1987, 1989) 
has shown that, in Gallotia galloti, distinct nerve bundles 
emerging from the different nuclei begin to be distin- 
guished at E.33 in telencephalon and E.32 in midbrain. 
By using immunohistochemistry with an antiserum di- 
rected against MBP we have established that myelination 
begins at E.40 in the lizard telencephalon, and at E.37 
in midbrain. This coincides with the previously reported 
first appearance of active oligodendrocytes (Monzon- 
Mayor et al. 1990d). 

In contrast to many reports in mammals, chick or 
amphibians, we never detected immunoreactive oligo- 
dendrocyte cell bodies in Gallotia galloti at any age. This 
result is at variance with the described presence of MBP 
immunoreactivity in the cell body and processes of mam- 
malian oligodendrocytes during myelination (Stern- 
berger et al. 1978a, b) although Bjelke and Seiger (1989) 
did not find MBP-positive oligodendrocytes in develop- 
ing rat CNS. Many possible explanations are available: 
the simplest are at the technical level, for example the 
low ammounts of MBP from the cell bodies could have 
been extracted by the ethanol-acetic acid permeabiliza- 
tion treatment of the sections; alternatively we can sup- 
pose an insufficient penetration of antibodies in the oli- 
godendrocyte cytoplasm. Other explanations could de- 
pend on interspecific differences, such as a concentration 
of antigen in the lizard oligodendrocyte cell body much 
lower than in other myelinating animal species, and so 
low as to be below the threshold of detection by our 
method. Hartman et al. (1979) suggested that, in adults, 
MBP is not detectable in cell bodies because it is trans- 
ported to the trapezoid processes at such a great velocity 
that all neosynthesized MBP is rapidly removed from 
the oligodendrocyte cell body as soon as it is synthesized. 
More recently it has been shown that mRNA coding 
for MBP is present in oligodendrocyte processes (Zeller 
et al. 1985) indicating the possibility of MBP synthesis 
occurring practically in loco following the transport of 
the messenger RNA and not of the transcription prod- 
uct. It is possible then that these transport processes 
are very active in this lizard. Finally we can suppose 
that the MBP present in the perinuclear region of rat 
myelinating oligodendrocytes consists of low molecular 
weight isoforms (so called SBP). In fact in our western 
blots we have not detected low molecular weight 
isoforms of lizard MBP which, thus, appear to be absent 
or more probably too minor to be detected in whole 
brain extracts. Complex in situ hybridization studies 
with probes of MBP mRNA on brain sections and in 
cultured cells in conjunction with the use of monoclonal 
antibodies specifically recognizing distinct epitopes pres- 
ent or absent in the different MBP isoforms are needed 
for choosing between the different possibilities. 

We have also used an antibody directed against car- 
bonic anhydrase II, an oligodendrocyte marker in mam- 
mals, but could not detect any immunoreaction, probab- 
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ly because of  interspecific differences of  the enzyme mol- 
ecule (not shown). 

Regional chronology o f  myelination 

During chick or rat development, the first fibers reacting 
with an anti-MPB immune serum are those located in 
the spinal cord, and the last are those localized in the 
cerebral cortex (Hartman et al. 1978). In the lizard, MBP 
appears at E.37 in the midbrain and at E.40 in telence- 
phalon as a very weak immunoreactivity in the caudal 
level of  the lateral bundle. This confirms our former 
morphological data (Yanes 1985). It appears then that, 
as in the chick and rat, the lizard myelination proceeds 
from the most caudal regions to the most rostral. Also 
at each level myelination proceeds from the ventral (or 
basal) to the dorsal (or alar) regions. 

Myelination in the chick begins at incubation day 
14, and is completed 2 or 3 days before hatching, while 
in mammals brain myelinogenesis is mainly postnatal, 
and is completed in the rat at the end of  the 3rd postnatal 
week (Hartman et al. 1979; Bjelke and Seiger 1989). In 
lizards myelination begins at late prenatal stages and 
progresses after hatching at least until the 15th postnatal 
day. 

Myelination and astrocytes 

As in the rat, the glial cell population in Gallotia galloti 
(Yanes et al. 1990; Monzon-Mayor  et al. 1990a, b) in- 
creases noticeably before the beginning of  myelination, 
and decreases in the post-hatching period when myelina- 
tion is well advanced (Monzon-Mayor  et al. 1990c, d; 
Yanes, unpublished results). Immunohistochemical ex- 
periments have shown that the increase involves astro- 
cytes (Monzon-Mayor  et al. 1990a, b; Yanes et al. 1990). 
At later ages abundant  astrocytes are seen along the 
nerve fiber tracts. This was noticed by early authors 
who suggested-a role for astrocytes in myelinogenesis. 
Also, electron microscopy has shown the presence of  
oligodendrocytes, astroblasts and astrocytes during mye- 
lination of bundles and commissures of  lizard telence- 
phalon (Yanes, unpublished results) and midbrain 
(Monzon-Mayor  etal.  1990c, d). Bignami and Dahl 
(1973) suggested that in cerebral cortex the G F A P  pro- 
tein appears simultaneously with or just before the be- 
ginning of  myelin formation. In our case, we have also 
observed that during the development of  Gallotia galloti 
cerebrum the apparition of  G F A P  and of  glutamine syn- 
thetase in glial cells and the formation of  myelin in the 
same region are concomitant. Whether this is a simple 
coincidence or is the indication of  a partnership between 
oligodendrocytes and astrocytes (or a class of  astrocytes) 
in the process of  myelination remains to be ascertained 
by future experiments. 

Abbreviations: A, Aquaeductus (Cerebral Aqueduct); ADVR, Hy- 
perstriatum anterior (anterior dorsal ventricular ridge); alv, alveus; 
Amc, nucleus centralis amygdalae; Aml, nucleus lateralis amygda- 
lae; ca, commissura anterior; ec, commissura colliculi; ccp, corpus 
quadrigeminus posterior; cdt, commissura dorsalis tegmentalis or 
decussatio tegmentalis; Ch opt, chiasma opticum; cpa, commissura 

pallii anterior; DC, cortex dorsalis (dorsal cortex); DMC, cortex 
dorsomedialis (dorso medial cortex) ; epl, stratum plexyforme exter- 
num (external plexiform layer); gl, Stratum granulare (granular 
layer); tim, fasciculus longitudinalis medialis; Ic, nucleus isthmi, 
pars magnocellularis caudalis; Ip, nucleus interpeduncularis; ipl, 
stratum plexyforme internum (internal plexiform layer); Isp, nucle- 
us isthmi, pars parvocellularis; LC, cortex lateralis (lateral cortex); 
/Jb, tractus telencephalicus lateralis (lateral forebrain bundle); ll, 
lemniscus lateralis; lm, lemniscus medialis; MC, cortex medialis 
(medial cortex); mfo, tractus telencephalicus medialis (medial fore- 
brain bundle); rasp, fasciculus mesencephalicus periventricularis 
(mesencephalic periventricular system); nIII, nucleus nervii oculo- 
motorii (III nerve pair); nIV, nucleus nervii trochlearis (IV nerve 
pair); nV, nucleus nervii trigemini (V nerve pair); NS, nucleus 
sphaericus; Nsa, nucleus septalis anterior; Nsd, nucleus septalis 
dorsalis; Nsl, nucleus septalis lateralis; Ntol, nucleus tracti olfactor- 
ii lateralis; Pr, nucleus profundus mesencephali rostralis; PT, Pre- 
tectum (Pretectal zone); RIS, nucleus reticularis isthmi; Rub, nucle- 
us ruber; rM, Radiations of Meynert; SAC, stratum album cen- 
trale; SAP, stratum album periventriculare; SFGS, stratum fibrous 
et griseum superficiale; SGC, stratum griseum centrale; SGP, stra- 
tum griseum periventriculare; SO, stratum opticum; stm, stria me- 
dullaris; Strv, striatum ventralis; tbc, tractus tecto-bulbaris crucia- 
tus; tbd, tractus tecto-bulbaris dorsalis rectus; tbi, tractus tecto 
bulbaris intermedius rectus; tbs, tractus tecto-bulbo spinalis rectus; 
tbv, tractus tecto-bulbaris ventralis; tgd, tractus geniculatus descen- 
dens; tgp, tractus geniculatus pretectalis descendens; trap, tractus 
mesencephalicus profundus; trot, tractus mesencephalicus trige- 
mini; tob, tractus nuclei opticus basalis; tol, tractus opticus latera- 
lis; tolf, tractus olfactorius; torn, tractus opticus marginalis; tpoc, 
tractus paraolfacto-corticalis; TS, torus semicircularius; tsc, trac- 
tus spino-cerebellaris; tsh, tractus septo-hypothalamicus; tst, trac- 
tus spino-thalamicus; ttd, tractus tecto-thalamicus dorso medialis 
anterior; tti, tractus tecto-isthmalis; ttv, tractus tecto-thalamicus 
ventrolateralis; ttt, tractus tecto-tegmental; TZ, Tegmentum (Teg- 
mental zone); III, nervus oculomotorius (III nerve pair); IV, nervus 
trochlearis (IV nerve pair) 

Abbreviations are from Ariens-Kappers (1965), Barbas-Henry and 
Lohman (1986), Huber and Crosby (1933a, b), P~rez-Clausell 
(1988), Smeets et al. (1986), Ten Donkelaar et al. (/984) and Yanes 
et al. (1987). 
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