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Summary. Light- and elec tron-mi croscopic analyses 
were used 10 id entify and desc ribe th e charac teri s ti c 
features of cells containing pigment in the ov ine pineal 
gland during prenatal deve lopment. 72 ov ine embryos 
(36 male, 36 female) ranging in age from 54 to 150 days 
were used fo r this study. Ce ll s co nt aining pigment 
granules were a constant fea ture in thi s gland . Wh en 
samples from the di f'ferent groups were inspected using 
the naked eye, the detection of pigment was of 61 % in 
groups I (54 to 67 days of prenatal development) and II 
(7 1 to 92 days of prenatal development ), ~3% in group 
III (9t; to 113 days of prenatal development) and 25% in 
gro up IV (II R to 150 days of prenatal deve lopment). 
The morphologica l fea tu res and histochemical properties 
o f the pineal pigment enab led it to be identified as 
me lanin . Several types o f pigme nt granules were 
ultras tru c tura ll y distinguished; th ese varied in size, 
shape and loca tion within pinea l cell populations. The 
pigment g ranul es were de tec ted in pine alocy te s, 
interstitial cells and pigmented ce ll s. The largest amount 
and the widest variety of pigmented granules were found 
in pigment ed ce lls. The prese nce of cells containing 
pigmented gra nules amongst the cell populat ions of the 
developing ov in e pineal gland was a nal ysed a nd 
compared with that of other mammalian species. 

Key words: Pigm ent , Pineal g la nd, Embr yo ni c 
development, Ovine 

Introduction 

The pineal gland has bee n extensively studi ed in 
domestic mammals through a varicty of biochemical, 
ph ys iolog ic a l, ph armac o log ical and hi s to log ica l 
tec hniqu es. Most hi s tol og ical studies focus on th e 
postnatal deve lopment of the pineal gland in a number of 
mammali an species like rabb it (Romijn, 1973), cat 
(Ca lvo et a!.. 1992; Boya et aI., 1995), dog (Zach, 1960; 
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Ca lvo et al., 1988), cow (Santamarina and Meyer
Arendt , 1956; Santamarina, 195t;), and horse (Cozzi and 
Fe rr a ndi , 1984 ; Cozz i, 1986). Few s tudi es have 
addressed th e ov in e pin ea l g la nd develop me nt 
(Anderson , 19(5) and lip until now there is no published 
research on its prenatal development. 

Three classes of pigment are to be found in th e 
pineal gland: melanin , lipofucs in and hac mos iderin 
(Ouay, 11174). Melanin has been id entifi ed by hi sto
chemical method s in the horse (Cozzi and Fe rrandi , 
1984; Cozzi, 1 1l~6), in the dog (Zach, 1960; Ca lvo et aI. , 
19~8), in the cat (Calvo et aI. , 1992), and in the rabbit 
(Romijn, 11l73). In ca ttl e, it has been chemicall y isolated 
and studied lI sing spectrophotometric and cytochemical 
meth ods (Santamarina and Meye r-Are ndt , 1956; 
Santamarina. 1958). 

Thi s paper describes th e hi stochemical and ultra 
s tru ctural analy s is o f cells containing melanin and 
hae mosid erin pigments as well as th e ir di s tribution 
within th e twine pin ea l gland durin g pre na tal 
development. 

Materials and methods 

Animals 

Seventy-two c lini ca ll y-hea lthy ovine embryos at 
differen t stages of devc lopment were used for this study. 
Spec imen s werc arrange d acco rding to age in four 
groups with reference to the C-R length and the most 
revelant histologica l characteristics detected using light 
mi croscopy: g ro up 1 (54 to 67 days of prenatal 
development ), group 2 (71 to 92 days), group 3 (98 to 
113 days) and group 4 (118 to 150 days) (Table I) . 36 
embryos, male and female , ranging in age from 54 to 
150 days, were used for the light microscopic study; the 
remaining 36, of similar ages, were uscd for the electron 
microscopic examination. 

In order to obtain embryos at various s tages of 
development , caesa rea n section was performed after 
sy nchroni za ti on of estrus, using hormonal tec hniqucs 
and ut er ine flu shing . Fluorogesterone acetate was 
administered 14 days before introduction of males. Thcn 
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(i()OIU of pregnant mare se rum globulin (PMSG) we re 
inoculated. Caesarian sec tion was perfo rm ed fro m day 
54 fo ll ow in g introdu c ti on of ma le s. A nim als we re 
tranquili zed with an intramu sc ul a r inj ec ti o n o f 0. 5 
mgl lOO kg of body we ight propionyl phenothiaz ine, and 
anaesthesia was induced by an intrave nous inj ec tion of .5 
cc of sodium thiopental (4g as a 20O/C- aqueous solution). 
Once se paratcd fro m maternal linking. embryos we re 
cuthanizcd by umb ilica l ve in administration of 2 cc of 
sodium thiopental (4 g as a 20'k aqu cous solution). 

Light microscopy 

Sampl es for light mi croscopy were fix ed in I Do/,· 
form alin and embedded in paraffin. In order to ohtain 
longitudinal sections of the pineal gland . se ri al sections 
(6 pm thick) we re obta ined from hlocks cut along the 
sagittal plane. Melanin id entifi ca ti on was perfonn ed 
using a method involving hydroge n peroxide hleaching 
(Rodriguez and McGravan, 19(9). Fo r thi s. one g land 
from each of the groups was trea ted in th e following 
mann er: 40 ml of pineal g land homoge nate diluted in 
di still ed water was added to a test-tube containing 10 ml 
of 10°.i hydrogen peroxide and left for 4K h. 

The Masson -Fontana s ilver technique and the Pcrl s ' 
meth od we re al so used to demonst ra te me lanin and 
haemosiderin pigments respecti ve ly. Some sections we re 
st ain ed with hae matoxylin and eos in for routine light 
microscopic examinati on. Granular size was determined 
in se ri ated micrographies of the same resolution us ing a 
semi automatic image analyse r (Oli ve tti M-24. us ing a 
VlDS [V program). In eve ry g land IO() g ranul es wc re 
studied. Glands were class ified according to mean size 
and clectTondensity of the granules. 

Electron microscopy 

Pineal g lands were fi xed in 2.5%, g lut araldehyde in 
0.1 M cacodylate buffer (pH 7.2). Aft er 12 h of fi xa tion 
at room tcmperature, tissue blocks were postfixed for 2 h 
in I % osmium tetrox ide in 0. 1 M cacodylate buffer (pH 
7.2). S ampl es we re dehydrat ed in g rade d e than o l 
soluti ons (SO, 70, 90 and 100%) and fin all y embedded in 
epoxy res in. Ultrathin secti ons were cut. stained with 
lead citrate and uranyl ace tate , and examin ed in a l eo l 
l em 100 S-X transmiss ion electron mi croscope. 

Results 

Wh en pineal g lands of the different gro ups we re 
inspec ted lIsin g the nak ed eye, th e detec ti on of th e 
percent ages of the pineal glands containing pigment was 
6 1 % in groups [ (54 to 67 days of prenatal deve lopment ) 
and II (7 1 to 92 days of prenatal deve lopment). R3% in 
group II[ (YS to J L3 days of prenatal deve lopment ) and 
25 % in g ro up IV (11 8 to ISO days o f pre na ta l 
development) . 

Hydroge n pero xide bl eaching of g landul ar homo
ge nate revea led gradu al disco lourati on ove r 48 h of 

Tabte 1. Experimental design and details of age, crow·to·rump length 
(C ·R). and number of speCimens. 

GROUP AG E (DAYS) C·R LENGTH (cm) No. OF SPECIMENS 

I 
II 
III 
IV 

54 to 67 
71 to 92 
98 to 113 

118 to 150 

9 to 14.5 
16 to 24 
26 to 33 
36 to 42 

18 
18 
16 
20 

trea tment. Loss of stain was more ev ident in group III. 
where embryos showed intense ev idence of pigment. 

Light microscopy 

A simil a r patt e rn of spati al distributi on o r ce lls 
containing pigment in the pinea l gland was recorded in 
g roups I, I[ and III. Differences detec ted we re purely 
quantit ati ve . the ce lls with pigment being more abundant 
in g ro up III. [n a ll three g ro up s. th ese ce ll s \Ve re 
obse rved below the g landular capsule. in the dorsal and 
ve ntral reg ions and in c lu sters on th e surface of th e 
pineal recess (Fig. I ). [n group IV (Fig. 4). these ce ll s 
wc re obse rved in th e v icinit v of the midline of the 
sag itta l pl ane of th e g land. Bes ides th e prese nce o f 
pi g me nt g ranul es. li g ht microsco py revea led no 
morphological diffe rences between pigmented and non
pigmented pinea l cells. 

[n embryos from group 11[ , cells cont aining pi gment 
we re a lso obse rve d out s id e th e pin ea l g land . These 
extrapinea l pigmented cell s were mainl y located in the 
pos teri or and caud al co mmissures and in th e adj ace nt 
meningea l space, and their morphology was s imil ar to 
that of ce lls within the pineal gland . 

Pi gment exhibited a nega tive reac tion to the Perl s" 
staining technique, and reacted positi ve ly to the Masso n
Font ana s il ve r stain . Thi s positive res ponse was most 
marked in cells with pigment from group III (Fig. 3). In 
general terms, pigment granules were rounded or ovoid 
in shape, dark-brown to blackish in co lour and we re 
observed intracellularly (Figs. 2- 4). 

Ce ll s cont aining pigment were scarce in group IV 
(Fig. 4), moderate in groups [ (Fig. I) and \I (Fig. 2) and 
abund a nt in gro up II[ (Fig. 3 ). Ncve rth e less. th ese 
findin gs we re cl ose ly re lated to g ross obse rva ti ons . 
Vasc ul a ri za ti o n app ea red to increase thr o ug ho ut 
ontoge nesis; howevcr. it should be noted that a close lin k 
betwee n g landul ar pi g ment and vasc ulari za ti o n was 
detec ted within s imil ar age-groups. Therefore. g lands 
show ing a g reater degree of pigmentat ion (g roup 1\ [) 
we re al so the most highl y-vasculari zed. while g land s 
belonging to group [V showed ve ry little vascul ari zation. 

Electron microscopy 

The ultrastructural analys is enabled the cl ass ificati on 
of the ce ll types containing pigment. In groups [ and II. 
the pineal gland contained pigment in pinea locytes (Figs. 
5-7). From YS days to 150 days (groups II[ anc! IV). the 
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pi g me nt o f the pin ca l g la nd was co nt a in ed in 
pineal llcy tes (Figs. 10 and 13). interstitial ce ll s (Figs. 8 
and II ) and pigmentcd ce ll s (Figs. 9. 12 and 14). 

T he ult rastructu re of pinea locytes (Figs. 5-7. 10. 13) 
rc ma in ed simil ar throughout embryo ni c deve lopment 
va rying onl y in te rms of changes in the amount of their 
organe ll es. T hese ce ll s we re cha rac te ri se d bv th e 
prese nce of one or two typ ical cy topl asmic ex tensions. 
and an ova l o r lobul ated nucl eus in w hi ch he te ro
chromat in was obse rved close to the nuclea r enve lope. 
One or two nucleoli were prese nt. Cytopl asm was ri ch in 
free rihosomes and contained few smooth endopl asmic 
re ti cul um c istern ae. Both Go lg i appara tu s and rou gh 
endopl asmic reti culum we re abundant. though the latt er 
was confined to the perinuclear area . Mitochond ria we re 
e longated or ova l. w ith a moderate lv elec tron-dc nse 
matrix. A few microfil aments were de tected. Macul ae 
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adh e re nt s we re so me tim es v is ible be twee n t he 
cy toplasmi c projections of adjaccnt pinea locy res. 

Int erstiti al ce ll s (F igs . 8 and I L) remain ed ult ra 
s tru c tur a ll y homoge neo us thro ug ho ut ontoge ncs is, 
varyin g onl y in th eir deg ree of maturit y. T hese ce ll s 
we re loca ted in the pe ri vasc ul ar sp ace . a nd we re 
ge nerall y less elec tro n-dense than pinca locytes. Nuclei 
were small. ova l and elec tron-d ense. w ith a de lica te 
ribbon of chro mat in surrounding the nuclear membrane. 
One nu cleo lu s was visi bl e. T he cy topl as m co ntain ed 
g lycogc n gra nul es and microfilaments. Regarding other 
cy topl asmi c organell es, no significa nt di ffe rcnces were 
obse rved betwee n interstitial ce lls and pinea locy tes. 

The ontoge netic maturing pattern of pigmented ce ll s 
was s imil ar to that dcscr ib ed fo r th e o th c r two ce ll 
popul ations (Figs. 9. 12 and 14). These ce ll s contained 
an ovo id nucleus and abund ant heterochromatin clusters. 

~ .. Fig. 1. Sagittal • t section of pineal 
gland. embryo 
10 em (group I). 
Cluster of cells 
wi th melanin on 
the gland surface. 
showing marked 
tropism for the 
subcapsular space 
and pineal recess. 
Masson·Fontana 
(M-F). 
Bar: 300 11m . 

Fig. 2. Sagittal 
section of pineal 
gland. embryo 
17 em (group II). 
Irregular 
distribution of 
pigment with 
intracellular 

",' 
location . 

,~ Haematoxylin-

· tt Eosin (H-E). 
Bar: 200 11m . 

r 

-~ Fig. 3. Intensive 
accumulation of 

,tl! cells con taining 
melanin (arrows) . 

~ 
Sagittal section of 
pineal gland . 
embryo 26 em 
(group III). M-F . 
Bar: 200 11m. 

Fig. 4. 
Arrangement of 
cells containing 
few melanin 
(arrow) on the 
sagittal plane 
midline. embryo 39 
cm (group IV) . M-
F) . Bar: 2OOl1m . 
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toge th er with one or two small nucleo li. Cy toplas m 
cont ain ed abundant RER cistern ae and mit oc hondri a 
with electron-dense matri x and a we ll-dcveloped Golgi 
apparatus, the latter ex hibiting clusters of cisternae and 
associated vcs icl cs. Centrioles and microtubul es were 
identifi ed in a reas adj ace nt to th e Go lg i apparatus. 
Occasional Iysosomes and microtubul es were observed 
in the cytoplasm. No microfilaments were visibl e. 

Pi gme nt ed g ranul es va ri ed in s ize, shape and 
loca ti on within pinea l gland ce ll popul ati ons. Three 
types of small granules (0. 7±0.3 .urn) were distinguished 
in terms of electron-densit y, which was either homo
geneous (type I-granule) or lamellar (type 2-granule), or 
even a mi xture of homogeneous and lamellar types (type 
3-granule). Large granules (1.5±0.5 11m) were classified 
into three groups according to the sa me crite ri a, and 
were designated type 4, type 5 and type 6. The loca tion 
of these di fferent granule types within the pineal gland 
was as fo llows: group I contained granule types I, 2, 3 
and 4 in pinealocytes (Figs. 5 and 6). The pinealocytcs 
of group II (Fig. 7) showed granule types 1-6. In group 
III , all granule types were observed in pinealocytes (Fig. 
10), pigmented cclls (Figs. 9 and 12) and interstitial cells 
(Figs. 8 and 11). In group IV, granule types 1-3 we re 
observed in both pinealocy tes (Fig. 13) and pigmented 
ce lls (Fig. 14); pigment was not detected in interstitial 
ce lls from group IV. 

Discussion 

T he s tainin g reac ti o ns and th e ultr as tructura l 
morphology indicate with a fair degree of certainty the 
prese nce of pigment during ontogenesis of th e ov in e 
pinea l gland, which can thus be included in that group of 
mamm als in whi c h pin ea l pi g me nt s have bee n 
demonstrated. This group currentl y includes the rabbit 
(Romijn , 1973), ca t (Ca lvo et aI. , 1992: Soya et aI. , 
1(95 ), dog (Zach , 1960; Ca lv o e t aI. , 1988), co w 
(Sa nt amarina and Meyer-Arendt , 1956; Santamarin a, 
1958), and horse (Cozz i and Ferrandi , 19ti4; Cozzi , 
J 986). This is the first report of the presence of melanin 
during ovine embryonic development. 

Appreciable amounts of melanin were found (group 
Ill ). This finding agrees with the results reported in the 
tree shrew (Hwang, 1982), in nocturnal mamm als (Pevet 
et aI. , 1977; Pevet and Racey, 1981), in rabbit (Romijn, 
1973), in cow (Santamarina and Meyer-Arendt , 1950; 
Santamarin a, 1958), and horse (Cozz i and Ferrandi , 

1984; Cozzi, 1980). However, the present findings do 
not co ncur with th ose reported in ca ts (Ca lvo et al.. 
1992) and in dogs (Zach, 1960; Ca lvo et aI. , I 98ti) in 
which the amounts of melanin detected were rela tive ly 
small. 

Like Calvo et al. (1 988, 1992) in dogs and ca ts, we 
failed to correlate the amount of pigment and sex of the 
animals. Howeve r a correlation was detected between 
age and amount of pigment (l arger amounts in group 
III), even though Zach (1 960) reported pigmented ce lls 
in half the dogs studied and Calvo et al. (1 98ti) obse rved 
onl y a small number of pigmented ce lls in relation to the 
total cell number. 

The di ffe rences regarding the location of pigment in 
the va rious cell populations of the pinea l gland pro mpt 
two questions. First, are pigmented ce lls a special type 
of pineal ocyte, or are they ultrastructurall y distinct? The 
ultrastructural observations reported here would tend 10 
supp o rt Sh eridan and Reit e r (1973), who defin ed 
pigmented ce lls as a new cell type whose characteri sti cs 
differ from those of pinea locy tes. These authors base 
their assertions on the absence of microfilamcnts and the 
prese nce of pigment granules in pigmented ce ll s. 

On the other hand, the absence in pigmented ce lls of 
th e tw o cy to pl as mi c proj ec ti o ns c harac te ri s ti c of 
pin ea locy tes wo uld run co unte r to th e hypoth es is 
adva nced in the rabbit (Romijn , 1973), in nocturn al 
mammals (Pevet et ai. , 1( 77), in the horse (Cozz i and 
Ferrandi , 1984) , and in the dog (Calvo et aI. , 1985) and 
cat (Calvo et aI. , 1(92), in which the pigmcnted ce ll is 
considered as a spec ial type of pinealocyte. 

The second questi on is: if pigment granul es have 
bee n detected, to a grea ter or lesser degree, in all pinea l 
gland ce ll types, which of these cells pl ays a major role 
in the biosynthesis of melanin? Two findings appea r to 
co nfirm th e th eo ry th a t pi g me nted ce ll s pla ya 
fund a me nt a l part in me lanin bi osy nth es is : a) th e 
variabilit y of pigment granules detected in these ce lls, 
and b) the negligible presence of lysosomes. The activity 
o f pi gment ed ce ll s durin g embryo nic deve lopm ent 
would appea r to be foc used on th e producti o n and 
storage of pigment. Only during postnatal development 
lysosome digestion would ensure a constant amount of 
pi gme nt ; thi s has bee n re po rt ed durin g pos tn a ta l 
development of cat pineal gland (Calvo et ai. , 1992). 

The di fferent types of pigment granules observed in 
the present study are likely to represe nt di ffe rent stages 
of maturity of a single granul e type, as sugges ted by 

Fig. 5. Pineal gland, embryo 10 cm (group I) . Pinealocyte containing pigment granule types 1 (1), 2 (2) and 4 (4). x 16,000 

Fig. 6. Pineal gland, embryo 13 cm (group I). Pinealocyte with pigment granule types 1 (1), 2 (2) , and 4 (4). x 15,000 

Fig. 7. Pineal gland, embryo 20.5 cm (group II). Pinealocytes containing pigment granule types 1 (1), 2 (2) , 3 (3) and 6 (6). x 10,000 

Fig. 8. Pineal gland, embryos 26 cm (group III). Perivascular intersti tial cell with pigment granule types 1 (1),2 (2) and 6 (6) . x 6,000 

Fig. 9. Pineal gland, embryos 27 cm (group III). Pigmented cell showing granule types 1 (1) , 2 (2). 4 (4) and 5 (5). x 11 ,000 

Fig. 10. Pineal gland, embryos 28 cm (group III). Pinealocyte containing pigment granule types 2 (2) , 4 (4), 5 (5) and 6 (6). x 16,000 
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Fig . 11 . Pineal gland. embryos 30.5 cm (group III) . Interstitial cell with pigment granule types 1 (1) . 3 (3) and 4 (4) . x 12.000 

Fig. 12. Pineal gland. embryos 30.5 cm (group III). Pigmented cell showing granule types 1 (1) and 4 (4) . x 18.000 

Fig . 13. Pineal gland. embryos 36 cm (group IV) . Distribution of pinealocytes over the pineal recess surface. pigment granule types 1 (1).2 (2) . and 3 
(3). x 9.500 

Fig. 14. Pineal gland , embryos 40 cm (group IV) . Pigmented cell showing granule types 1 (1) . 2 (2) and 3 (3) . x 17.500 .. 
Romijn (1973) fo r rahhit pineal g land. and subsequently 
uiscussed by Ca lvo e t al. (JlJSR) in dogs. The 
progressive storage of pigment throughout emhryonic 
development wo uld gover n both the size a nd the 
c!cctro n-uens it y. wh ich in turn would g ive rise to the 
morphol\lgical var iati ons reported in pigmcnt granul es 
(Ca lvo et al. . IlJR8) . The ultras tructure of pigment 
gra nul es here was broadly similar to that descrihed for 
ot her species of uomestic mammals. Moreover. gran ule 
content c lo se ly resembles the hl ack ne urom e la nic 
substa nce deserihed by Moses et a l. (llJ()() and 
Lukaszyk and Reiter (1975) and later discussed hy Calvo 
et al. ( IlJKH). 

Despite the fibrillar content ohserved in some types 
of pi gment g ranul e. no ev idence was detected of the 
str iat ed f ihril s characteristic of cutaneous melanocytes 
reported in horses (Cozz i, 1986). Attention is also drawn 
to the ahsence of lipid co ntent in th ese gra nules . as 
reported in dog pineal g land (Calvo et aI. , IlJK8). an d 
earl ier in hum ,ln piamater and plexus eoroideus (Moses 
et <II .. 1966). 

A further two qu est ions a ri se with regard to th e 
hiosynthesis of melanin . Do pinealoeytes. as Cozzi and 
Ferrand i (19K4) ha ve suggested, playa major role in 
hiosy nthes is ') Or are they simply the final morphological 
suhstrate in whi ch peptide biosynthesis is developed'! 
Our res ul ts tend to suggest that the role or pinealocytes 
in mc\;t nin biosynthesis is not a fundamental one. since 
th e pigment has bee n detected in ot her ce ll types. 
Moreover. th e re is morph olog ica l ev id ence (in tense 
deve lopment of rough endop lasmic reticulum, Go lg i 
appara tus and abundant mitochon dria) of suhstantial 
protein biosynthesis in one cell type: the pigmented 
ce ll s . Thesc are also the cells ex hibitin g th e g reatest 
var iation in pigment granule populations. 

The functional role of the pinea l gland in melanin 
biosynthesis is a matter of so me debate. While Quay 
( I <)74) has argued that this functional role is ve ry 
limit ed , Santamarina (195R) s ugges ts a direct 
relationship between pigmentation and vascul arisat ion. 
Our mvn observa ti ons support the latte r th es is, since 
mnst pigmented glands were highl y vascular ised (group 
III ). 

Moreover. the se lecti ve location of pigmented ce lls 
observed in the canine pineal gland (Calvo et £II., 1988). 
and the int e nsive development of ce ll o rga ne ll es 
invo lved in protein biosynthesis (Cozzi, IlJ84) clearly 
agree with the present result s. sugges tin g a possible 
fun ct ional role of th e pineal g la nd in me la nin 
bi osy nthes is. 

Rece ntly. Schraermeyer (1996) hipot hes ized that 
pigment ce lls may use protein matrices from different 
ce llular pathwa ys in me la noge nes is : I ) th c protein 
ma trix ri ch in ty ros in e res idu es; and 2) th e mat rix 
resulting from lysosomal protein degradation. 

In co nclu s io n. th e most s trikin g morph o logica l 
findings in this study we re as follows: 

a) Co nfirm at ion of the prenatal differentiation of 
ce ll s co ntaining pi gme nted g ranules. as suggested by 
Ca lvo et al. ( 19<)2) in dogs. It should be noted, however. 
that these a uthors treat pigmented ce ll s gener ica ll y. 
without distinguishing betwee n the var ious ce ll 
populations of the pineal gland . 

b) The ex istence of morph ologica l ev id ence ( i.e. 
strong development of cellular orga nell es involved in 
protcin biosynthesis, larger population of pigmcnted 
gra nul es) th at the rol e of pigmented ce lls in the 
bi osy nthesis of melanin is more significant than th at of 
pinealocytes and interstitial ce ll s. 

c) The absence of pigmented granules in inters titi al 
cells in group IV suggests that the role of these ce ll s in 
melanin biosynthesis is secondary with respect to that of 
pigmented cells and pinealocytes. 

Fu ther neuroendocr inological studies are required to 
determine more c lear ly the functional ac ti v ity of the 
pinea l g land in melanin biosynthesis. and above a ll to 
ascertain the role of pigmented ce ll s as di st inc t from that 
o f other ce ll popUlations in wh ich mclanin has also been 
detected . 
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