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Definition of terms used. 

Melanoblasts x cells capable of producing their 
own pigment. 

Secondarily - pigmented cells = cells which are 
pigmented by pigment from the outside, 
which they have acquired by phagocytosis. 

Primary pigmentation = pigmentation by production 
of pigment intra-cellularly. 

Secondary pigmentation = pigmentation by phagocy- 
tosis. 

Primary granules of pigment = granules produced 
intra- cellularly. 

Secondary granules of pigment = phagocytosed 
granules. 

Melanomata are divided into benign and malignant. 

Benign Melanomata may be conveniently sub- 
divided into :- 

(1) Simple Naevus. Patch or Mole. 

(2) Ise l ano t i c Tumour. 

(3) Diffuse Melanosis. 

Malignant Melanomata occur merely in the tumour 

form. 
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List of the comparative ages of the various animals, 

birds, amphibia, and fishes used in this research 

showing the histogenesis of the MELANOBLAST in 

the Uveal Tract. 

A. 

Embryo. Length of Eyes at Birth Approx.age. 
Pregnancy. from Clini- 

cal 
History. 

Mammals. 

1. Human 9 months. 

2. Hamadryas 
Baboon. 7 months. 

open 

open 

Early in the 
6th week 
of Pr- 
nW-1-çJ 

¡' 

1 6 mm. 
wits, 2). 1{r.ß W £i 3 %2 

age at birth 
just short 
of full 
term: 
died soon 
after. 

3. Leopard. 109 days. shut, open age at birth 
8th day. just short 

of full 
term:lived 
18 days. 

age at birth 
full term - 
lived 3 days 

. Dog 9 weeks shut, open 60th day of 
(63 days) 10th day. pregnancy. 

4. Lion 116 days. shut, open 
8th day. 

. Cow 

Aves. 

Chick 

Ampphibia. 

Frog. 

270 days eyes open 

21 days eyes open 

spawn - 
Tadpole. 

eyes shut 

age at birth 
about full 
term. 

13 days 12 
hrs. 

(incuba- 
tion. ) 

10 mm. 
Tadpole. 



T. Histological Section. 
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HISTOLOGY. 

Histogenesis of the Melanoblast. 

Human Embryolearly in the 6th week of preg- 

nancy; J3.6 mm. in length. 
pax r (3) 

Slides 1, 2. Micro Drawing I. Fig. 1, 2 s: 

Micro Photo XXV, XXVI . 4 ' i,f 1 

Slide 1. Section through the eye and orbit. 

The primitive outer wall of the optic cup is seen 

to be well pigmented. The lens vesicle is 

partially filled by primary lens fibres but the 

hyaline capsule of the lens has not yet appeared. 

The anterior chamber has not yet formed. The 

membrane of Bruch has not yet developed between 

the pigmented ectodermic retina and the developing 

mesodermic choroid. 

Slide 2. Horizontal section through the eye. 

The homogeneous layer of the membrane of Bruch 

has not yet formed between the double pigmented 

layer of the pars iridis retinae, and the stroma 

of the iris; so that the pigment layer is in 

direct contact with the stroma. 

Melanin. There are granules of pigment lying 

free, apparently extruded from the melanoblasts of 

the pigment layer. These granules are seen not 

only along the uneven edge of the pigment layer, 

but also scattered sparingly throughout the 

stroma. 



Melanoblasts may be seen in the process of 

separation from the pigment layer. They are 

mostly elongated,but soon change their size and 

shape as they take up various positions in the 

stroma. Some cells are rounded in form and others 

stellate. They suggest that they move to the 

surface till the majority of them arrange them- 

selves in a perpendicular manner on the anterior 

surface of the developing iris. These cells 

contain a centrally -placed vesicular nucleus, 

which is sometimes surrounded by a ring of clear 

cytoplasm. Most of these cells are pigmented, 

with a finely granular pigment. The pigment 

seems to bring into prominence the vesicular 

nucleus and its ring of clear cytoplasm. 

Melanophores or phaocytic cells. These are 

large, flat, pigmented endothelial cells, scattered 

occasionally about in the stroma and also among 

the melanoblasts on the anterior surface, The 

nuclei of these cells are obscured by their 

pigment content. The pigment granules are coarse, 

dark in colour and partly digested. They completely 

fill these large endothelial wandering cells, 

which appear to be the only phagocytes present. 

A few granules are seen lying free in the stroma. 

The polymorphic connective tissue cells of the 

stroma with their small darkly staining nuclei are 

all unpigmented. 
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The Choroid. The pigmented retinal layer has 

an uneven edge and is still in contact with the 

mesodermal stroma,for neither the homogeneous 

membrane of Bruch nor the chorio-capillaris has 

formed. 

¡Melanin Granules of melanin are observed in groups, 

but it is significant that these groups of pigment 

are scarce at this stage of the developing choroid 
Í 

in this specimen. Melanoblasts are seen more or 

less crowded together in the stroma, and still in 

contact with the pigment layer. The melanoblasts 

are of all sizes and shapes. They show, in the 

majority of cases, a fairly large faintly- staining 

Most of them are pigmented 

HITith fine granules of pigment. Melanophores or 

phagocytic cells, large rounded, mononuclear 

endothelial cells are observed scattered about among 

the melanoblasts, and near the free mass of pigment 

granules. These cells occasionally show a darkly - 

staining nucleus; but these nuclei are for the 

most part obscured by their pigment content. The 

pigment granules contained by these cells are 

coarse, dark in colour, and partly digested. 

The connective tissue cells of the stroma are 

spindle -shaped and morphologically indistinguishable 

from the melanoblasts. They are however unpigmented. 



HISTOGENESIS OF THE MELANOBLASTS. 

Higher Vertebrates. 

1. Mammals. Hamadryas Baboon, born with its 

eyes open, short of full term. 

2, Genus Felix. Leopard, born with its eyes shut, 

18 days old. 

Baboon and Leopard. 

(Slides 3, 4, 5. 

Microphoto plate. XXVII, XXVIII, XXIX. 

Iris. 

The homogeneous layer of the membrane of Bruch 

has not yet formed' between the double pigmented 

layer of the pars iridis retinae and the stroma of 

the iris, so that the pigmented layer is in direct 

contact with the stroma. The outer large blood 

channels are in the process of formation. Melanin 

granules of pigment lying free, apparently extruded 

from the melanoblasts. They are seen not only 

along the very uneven edge of the pigment layer, 

but scattered here and there throughout the stroma. 

'IMelanoblasts may be seen, attached here and there 
1 

along the uneven pigmented edge of the pars iridis 

retinae; they invade the whole stroma of the iris, 

but remain most crowded together towards its 

anterior surface. The melanoblasts at first 

retain a cylindrical form, but soon change and 

;become elongated, sometimes throwing out processes. 

Y. 



They contain a centrally placed vesicular nucleus 

with darkly- staining chromatic granules. These 

melanoblasts are pigmented. The pigment appears 

granular, with a binocular microscope, apparently 

bringing the vesicular nucleus of the cell into 

prominence instead of obscuring it. Melanophores 

or phagocytic cells. Among the melanoblasts 

there are other secondarily- pigmented cells; some 

of which are polymorphic connective tissue cells, 

and others large round endothelial cells. Some- 

times the nuclei of these cells can be distinguished, 

and at other times they are obscured by the pigment 

content. When they are discernible, they appear 

oval in the large round endothelial cells, and 

elongated or spindle- shaped in the other cells. 

The nuclei are darkly -staining, and non -vesicular. 

This pigment, in all these phagocytic cells, 

especially when seen with a binocular microscope, 

is dark and the granules run together, giving a 

laked or partly digested appearance. 

Junction of Ciliary Body and Iris. 

Here we find rounded epithelial cells. Some 

are in the process of detachment from the pigmented 

pars ciliaris retinae; others are detached and are 

lying in the stroma. They are circular in shape, 

as they are situated between the powerful ciliary 

muscle and the dilator of the iris. They show 
1 

a vesicular nucleus, which appears centrally placed. 

8 



Some of these cells are unpigmented, while others 

are pigmented with fine granules of pigment. Some 

of the pigmented cells appear in group formation. 

They are the so- called "clump cells." 

Choroid. 

Slide and Photograph of Baboon. 

The pigmented retinal layer has no distinct 

lower edge. The membrane of Bruch and the 

chorio- capillaris have not yet developed. The 

outer layer of large blood sinuses and inner layer 

of small blood sinuses are visible. Melanoblasts 

and pigmented melanoblasts, in all shapes and 

I forms; (cylindrical, circular, stellate), are 

I seen mixed with the stroma. They are most numerous 

in the outer layer with its large blood sinuses. 

Some of them are still attached to the pigment 

layer. The pigment in these cells is finely 

granular, and brings into prominence the somewhat 

large vesicular cell nucleus. Melanophores or 

phagocytic cells are also present. They are 

polymorphic in shape, and only distinguishable 

from the melanoblasts by the character of their 

cell nuclei and their pigment content. The cell 

nuclei are generally obscured by the pigment, but 

when visible they appear vesicular. The pigment 

content shows signs of phagocytosis, for it is 

dark in colour and looks laked or partly digested, 

9 



HISTOLOGY. 

Histogenesis of the Melanoblast. 

Specimen of embryo, Pup, 60th day of pregnancy. 

Slides 6, 7. Micro Photo 
Plate. XXX. 
Figs. I & II. 

The slides and photographs chew the developing iris 

and part of the ciliary body. The double pigmented 

layer of the pars iridic retinae is still in contact 

with the metodermic stroma, as the membrane of Bruch 

has not yet developed. 

Melanoblasts may be seen in process of separation 

from the ectodermic pigment layer, and one fairly 

large melanoblast, polymorphic in shape, is seen to 

be to its source of origin. 

Plate XXX. Fug, 2 shews most of the melanoblasts 

to be thin and elongated in shape on their way 

through the stroma, thus exhibiting the elastic and 

amoeboid properties of the epithelial melanoblast. 

It will be noticed that towards the anterior surface 

of the iris, where some of them appear to become 

stabilised, they change their shape and become 
1 

Stellate. These cells contain a vesicular nucleus 

'and discrete granules of primary melanin, which 

bring the nucleus into prominence. 

Melanin Granules of pigment are lying free, 

apparently extruded from the melanoblasts of the 

pigment layer. 

io 



HISTOGENESIS OF TIM MELANOBLAST. 

Mammals - Calf. Born with eyes open. Age - short 
of full term. 

Slide 8 Micro Photo 
Plate XXXI. 

Iris. Melanoblasts are seen, polymorphic in shape. 

Some are elongated, others are branching. Some have 

'long processes. These melanoblasts are scattered 

throughout the stroma. One melanoblast, stellate 

in shape, can be seen in process of detachment from 

the pigmented pars iridis retinae. 

The layer of the membrane of Bruch has not yet 

formed, so that the ectodermic pigmented layer of 

the iris, is in contact with its mesodermic stroma. 

The melanoblasts shew a round vesicular 

'nucleus, and the pigment contained in the cytoplasm 

of the cell is granular, bringing the nucleus into 

prominence rather than obscuring it. 

There is comparatively little pigment lying 

'free amongst the connective tissue cells. Some 

(granules of melanin are seen in the muscle fibrillae 

of the ectodermic sphincter muscle. 

The anterior surface of the iris shows the 

interwoven processes of the melanoblasts, which have 

wandered thus far from their source of origin. 

If 



HISTOGEDTESIS OF THE MELL NOBLA_ST. 

Innocent melanoma of the choroid of a lion cub. 

Slides 9, 10. Micro- Drawing II Fig. I. 

Specimen of the eye of a lion cub aged three 

days, born at full term with its eyes closed. 

Drawing chews a naevus, situated in the connect- 

ive tissue stroma of the choroid, between the chorio- 

capillaris and the middle layer of the vessels. 

The developing chorio- capillaris separates the 

naevus from the retinal epithelium. The eye is in 

a late stage of development, for all the vascular 

layers of the choroid, present in the adult, are 

distinguishable and the choroid is separated from 

¡the ate( 4 ix' lie 1e iiincvu£ ( 3ïue/. 
1 

jChoroid. The naevus is seen to be composed of a 

group of melanoblasts. These all shew a vesicular 

nucleus. The majority of them are unpigmented. 

The few that are pigmented shew a few discrete 

granules of fine pigment in their cytoplasm. Free 

granules of pigment may be seen scattered in the 

stroma, mostly in the outer layers of the choroid. 

The melanoblasts in this specimen shew a 

similar appearance to the basal cells of the rete 

halpighii in the skin of a two and a half months' 

foetus, as drawn by Schafer in his microscopic 

anatomy. 



Drawing of section of epidermis from skin of a foetus 

of two and a half months. Copied from microscopic 

anatomy of E.A.Schafer, page 450. 

Fig. 654. Micro-Drawing II. Fig. II. 

The drawing shows the basal cell layer of the rete 

malpighii. It consists of a layer of protoplasmic 

cells, small, cubical, and tending to become columnar. 

Each cell shows a vesicular epithelial nucleus. 

If this drawing is compared with the drawing of the 

retina of the lion cub, the similarity of the basal 

cells of the rete malpighii of the epidermis to 

the cells of the pigmented layer of the retina 

will be plainly observed. 

13. 



HISTOLOGY. 

Histogenesis of the Melanoblast. 

Bird. Green Finch. late embryo after the 
formation of Bruch's membrane. 

Slide No. I. Micro Drawing. III. Micro Photo 

late. XXXII. 

Green Finch. 

There are melanin granules in the form of 

delicate rods, (see Salzmann), in Bruch's membrane 
S.acnti also a5 . M into clno.a vw-( 1I nie did 

w,of 14 day chick. Melanablasts may be seen passing 

down to the outer side of the vascular sinus. The 

connective tissue cells form a delicate choroidal 

stroma ,Ur te remain unpigmented. The pigment in the 

perichondrium, lining the vascular sinus of the 

choroid, is phagocytosed pigment. 



. i1aphib i a . 

Specimen of a Tadpole, 10 m,m. in length. 

Slide 12. Micro -- drawing IV. Micro -photo XXXIII 

Slide, drawings and photographs show approximately 

an oblique section through one eye. On either side 

of the eye a portion of adjoining skin is seen. 

The lower portion of the slide, (seen also in 

drawing and photograph), shows developing muscle. 

Skin. 

HISTOGrETíTESIS OF THE iu1EI,ANOBLAST. 

fikc;,w`c.tei jo/ ainci 

áx-boid. 

Melanoblasts of the basal cells of the rete 

malpighii of the skin are seen in the process of 

separation. They are all pigmented. They come 

together, and form a continuous sheet, "the 

primary pigmented sheet ", in the transition zone 

between the epidermis and dermis. 

Lye. 

Melanoblasts are observed separating them- 

selves from the pigmented layer of the retina and 

passing into the stroma of the choroid, at the 

junction of the skin and eye. These melanoblasts 

appear to join the melanoblasts of the rete mal - 

pighii which enter into the formation of the 

pigmented sheet. This illustrates the relation 

between the choroid and the pigmented sheet. 

Granules of melanin are found lying free in the 

/5 



fluid between the cells. 

Muscle. 

Sarcolemm&: of the muscle fibres are seen 

here and there to contain phagocytosed pigment. 

The pigment is clumped and partly digested in 

appearance. 

t6 



HISTOLOGY. 

HI3TOGENESIS OF THE MELANOBI,AST . 

Amphibia. Specimen of skin of an adult female 

frog. 

Slide 18, 19. Micro -drawing V. Micro -photo XXXIV. 

Slide and drawing show a transverse section 

through the skin of an adult frog. The drawing 

may be divided into three portions: - the top 

portion being the epidermis, the middle the tran- 

sition zone, and the lower portion the dermis. 

Epidermis. The epidermis shows granules of 

pigment in the epithelial cells. These cells 

appear to present features resembling basal cells 

Transition Zone. Melanoblasts are seen in 

the transition zone forming the continuous pig - 

mented sheet. They are U.xegular .. in shape and 

show fine processes. They are all pigmented with 

granules of fine pigment. One melanoblast shows 

very clearly its vesicular nucleus. 

Mesodermic cells are observed here and there 

in the transition zone. 

Dermis. A few melanoblasts, which have 

migrated, are here seen lying in the stroma. One 

or two show their clear vesicular nucleus. They 

are pigmented with fine discrete granules of 

pigment. A mass of free granules is also to be seen. 



H IST OLOGY 

Polymorphism of the Melanoblast 

Crustacean 

Slide 15 

Cray fish 

Micro Photo 
Plate XXXVI. 

Clephalopod Cuttlefish. 

Slide 17. Micro photo 
Plate XXXVI. 

The slides and microphotographs shew the extreme poly- 

morphism of the melanoblast in the Crustacean and 

Cephalopod. 

1 



HISTOLOGY. 

Secondary or Phagocytosed Melanin. 

Skin of a Tadpole 10 mm. 

Slide No. 20. Micro- drawing VI. 

Slide and drawing sheaving a longitudinal 

section through the skin of a tadpole. The 

drawing may be divided into two portions. The top 

portion shews a small section of epidermis, and 

the lower main portion muscle fibres cut longitudi- 

nally. 

Epidermis shews one or two melanoblasts, which 

are branching in form. They are pigmented with 

discrete granules of fine pigment. 

Muscles. Muscle fibres are shewn cut longi- 

tudinally. The sarcolemma of the muscle fibres 

are seen to contain masses of phagocytosed pigment. 

These masses are formed by the discrete granules, 

which become fused and appear partly digested in 

the process of phagocytosis. A few branching 

melanoblasts are observed containing discrete 

granules of fine pigment. 



PHAGOCYTOSED MELANIN. 

Ainphibia. 1. Urodela. Newt, late embryo. 

2. Rana temporaria. Developing Tadpole 

10 m.m. in length. 

Slides and drawings illustrate phagocytosed pigment. 

The Newt. 

í 

Slide 13 and Micro Photo 1 üX.._V l l show phago- 

;cytosed pigment in the sarcolemma forming the outer 

;wall of the choroidal sinus. 

The Tadpole. Slide XXI. Micro drawing VII. 

;Fig. Photograph, slide, and drawing show 

;melanin granules situated in the sarcolemma of the 

Imuscle. The sarcolemma nuclei show proliferation. 

The muscle substance itself contains no melanin. 

The pigment melanin shows signs of being phago- 

cytosed. The slide and drawing might be compared 

with the drawing next mentioned. 

Micro Drawing copied from Dawson's Thesis on the 

"Healing of Incised Wounds . " 1908. VII. Fig. 1. 

This drawing shows the intense phagocytic 

action of the sarcolemma sheath. Muscle fibres are 

;replaced bar cells "which give the impression of 

;having resulted entirely from the proliferation of 

;the sarcolemma nuclei, and of having surrounded. 

;themselves with sarcoplasm, while at the same time 

they are intensely phagocytic to the remaining 
I 

myoplasm." 
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HISTOLOGY 

PHAGO CYTOS IS . 

Amphibia. Eye of Adult Frog. 

Slide 14 

The specimen spews the outer wall of the 

;choroidal sinus to be composed partly of perichon- 

drinm and partly of muscle fibres. 

The sarcolemma sheath of the muscle and the 

perichondrium of the cartilage are seen to contain 

phagocytosed melanin. This secondary melanin is 

seen to be partly- digested -looking; the pigment 

granules run together in contrast to the discrete 

character of the primary granules occurring in the 

melanoblast of the retina, 

21. 



Pisces 

Slide i6. 

HISTOLOGY 

Phagocytosed Melanin. 

Eye of Stickleback. 

Micro Photo 
Plate XXXVIII. 

Slide and Photograph of the eye of the stickleback 

spew partly- digested looking secondary or phagocytosed 

melanin, in the perichondrium of outer wall of 

choroidal sinus. 



HISTOLOGY. 

Aves . 

Specimen of embryo chicks during various stages of 

development. 

Age 12 days 12 hours. Slide 22. 

Slide shows the developing eye of an embryo chick. 

The pigmented layer of the retina has formed. 

The iris and choroid are in process of development. 

There is no evidence of the formation of the mem- 

brane of Bruch. 

Melanin. Melanin granules in the form of acicular 

crystals may be seen extruded from the melanoblasts 

of the pigmented retina, and passing into the 

mesodermic choroid. 

Age 13 days 12 hours Slide 23, 24. Micro- drawing 

VIII. Micro photo XX V . 

Slide and drawing show a stage further than the 

previous slide. The pigmented layer of the retina 

has formed. The iris and choroid are developing. 

There is still no evidence of the membrane of 

Bruch. 

Melanoblasts are seen in the process of separation 

from the pigmented layer of the retina. They are 

not very numerous, however. They pass into the 

surrounding mesoderm, and are distinct and easily 

distinguished from the red blood corpuscles in the 

embryonic blood sinuses of the developing choroid. 



Age 14 days. Slide 25, Micro -drawing VIII. 

Slide and drawing show further stage of development 

of the iris and choroid. The membrane of Bruch is 

in process of development. 

When suitably stained, two layers are discernible, 

suggesting its double origin: (1) a homogeneous 

layer, which is adherent to the ectodermic retinal 

epithelium; and (2) a layer of fine elastic fibres 

and spindle-shaped connective tissue cells, which 

arrange themselves parallel and in contact with the 

homogeneous layer. This layer is obviously con- 

tributed by the mesodermic choroid. Melanin 

granules, in the form of acicular crystals, are 

seen in these areas passing through the homogeneous 

layer of the membrane of Bruch, where the membrane 

has been newly formed. 

15th. day, Slide 26.1r 1.7 

Slide shows the stage after the development of the 

membrane of Bruch. Slide, stained with Mallory's 

fluid, shows the reticular character of the homo- 

geneous layer, and that it has all the appearance 

of being laid down by the retinal epithelium. 

Melanoblasts. A slide, stained with haematin and 

eosin, shows the migrating melanoblasts which have 

passed through the developing choroid and come to 

rest in its outer layers. 



GENERAL MELANOSIS. 

Specimen of Calf, age 6 weeks. Slides 28,29,30,31,32.33. 

Clinical History, furnished by Prof, Gofton of 

Edinburgh. 

,Calf was slaughtered in the ordinary way for food. 

There was no evidence of a growth. 

;Slides and drawings show general melanosis of the 

various tissues. The differences between primary 

granules of melanin and melanin granules, which 

have been phagocytosed, are best distinguished 

with a binocular microscope. 

Eye.,,s Iris shows melanoblasts, polymorphic in 

shape and pigmented with fine granular pigment. 

This pigmentation brings into evidence the vesicular 

nuclei of the melanoblasts. 

Melanophores, endothelial cells carrying pigment 

which they have phagocytosed, are best seen on the 

anterior surface of the iris. Some are large, 

round and flat. Their nuclei which are small, and 

darkly staining, are obscured by pigmentation. 

The Pigment consists of granules of melanin which 

appear partly digested. The granules do not appear 

discrete, but run together, and are coarser and 

darker in colour. 

Choroid shows melanoblasts, elongated in shape, and 

pigmented with fine granules of pigment. They show 

a vesicular nucleus, and lie in the stroma of the 

ar 



choroid mingled with phagocytic cells. Melanophores': 

endothelial cells, with darkly staining nuclei, are 

observed scattered irregularly in the stroma of the 

choroid mixed with melanoblasts. They are pigmented' 

,with melanin, which they have phagocytosed. The 

pigment appears liked, and has no discrete granular 

appearance. 

Melanin.- Free granules of melanin may be seen 

lying in the fluid between the cells. 

Tongue: .- "31. 

Melanin.- Discrete granules of pigment are seen 

lying in the basal cells of the epidermis. 

Spinal Correa: - side 3o 

Melanin.- Free granules of melanin are found lying 

in the spaces between the cells. 

Melanophores . - Connective tissue cells, forming the 

covering of the cords, act as melanophores and 

,phagocytose the free granules of melanin; thus 

they appear pigmented. The pigment shows signs of 

phagocytosis, and appears laked and dark. 

Optic Nerve:- sf, ap. 

Melanin.- Free granules of pigment are seen here 

and there in groups or heaps, lying in the fluid 

between the nerve bundles. Here, as in the spinal 

cord, connective tissue cells act as melanophores 

and contain laked melanin. 



3i- 

Melanin - Free granules of melanin may be seen in 

the fluid between the cells. 

Melanophores, large wandering cells and some of the 

connective tissue cells in the fibrous tissue 

septa between the alveoli, are pigmented by pigment 

which they have phagocytosed with obvious signs 

of the process. If the slide of a lung;- showing 
5( %433 

silicosiq, is compared with this slide of lung 

showing general melanosis, it will be observed 

that the silica particles remain discrete although 

they are phagocytosed by the connective tissue 

and large wandering cells. Further, the whole 

area of silicosis shows much fibrous tissue. 

Fibrous tissue surrounds the intensely irritating 

silica particles, and thus the affected area or 

nodule is isolated by fibrous tissue. In these 

slides of general melanosis the absence of fibrous 

tissue shutting off the digested and therefore 

non-irritating particles of melanin is significant. 



II. Pathological Section. 



SIMPLE MELANOMA OF IRIS. 

Slide (Dutch) - property of Mr Mulock Houwer 

Micro -drawing Plate. IX 

Micro -photo Plate. XIX 

Simple Melanoma of the Iris. 

This is seen as a pigmented patch or fleck. 

It extends from the anterior surface of the iris 

to a depth of half way down the stroma. It shows 

no connection with the pars iridis retinae. 

It is seen to consist chiefly of two types of 

pigmented cells, melanoblasts and phagocytic cells. 

The melanoblasts radiate down in various directions, 

and penetrate deeply into the mesoblastic stroma. 

They are spindle- shaped, and contain a large oval 

pale -staining nucleus. Some of the cells show the 

nucleus to be vesicular, surrounded by a ring of 

clear cytoplasm. The majority of these melanoblasts 

are pigmented. Fine light -yellow granules of 

pigment are seen in their cytoplasm, and they 

extend throughout the processes. The granules of 

pigment may be observed to be loosely packed to- 

gether. They remain discrete, and do not appear 

clumped, laked, or partly -digested. 

The Phagocytes. These are large round endothelial 

cells, the majority being pigmented. The pigment 
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is characterised by its dark coarse appearance. 

The granules run together, giving a clumped or 

laked appearance, obscuring the nuclei of the cells. 

A few of these large round phagocytic cells are 

unpigmented; and contain a large, more or less 

rounded, darkly- staining nucleus. Here and there 

are a few coarse granules of pigment, lying free 

in the stroma, which contains distinct hyaline 

blood vessels. The connective tissue between the 

cells is fine in character. 

Ito 



BENIGN MELANOMA OIL CHORO ID . 

Dutch Slide. Property of Mr Mu.lock Houwer-. 

Micro- drawing Plate X. 

The slide shews an elongated patch roughly 

oval in shape, which lies in the external layers of 

the choroid. The chorio- capillaris and the retina 

are not involved. 

The melanoma is made up of both spindle - 

shaped and round cells. These cells are closely 

packed with discrete granules of pigment, which 

sometimes obscure their aiuclei. The nuclei, which 

are not obscured, are vesicular. That these cells 

are melanoblasts is clear from the character of 

their pigment content. 

Apparently there is an absence of secondarily - 

pigmented phagocytic cells. 

It is also of interest that the same eye shows 

a leio- fibro- -myoma of the ciliary body.M:c.h.o-d.r...),,,p..(-a77 

al, 



BF;NIGTJ MELANOMA. 

SIMPLE NAEVUS OP SKIN (human) 

Slide the propdrty of the late Mr Rd. Muir. 

Micro- Drawing Plate XI. 

S; Ì S o(e S6_ß rrt (s &4 L) 

A simple cutaneous melanotic tumour of naevoid 

cells; these cells lie in the corium, in groups 

situated close to the surface epithelium, each 

group being separated from the other by delicate 

strands of connective tissue. 

The naevoid cells, some of which are pigmented 

while others are unpigmented, are small, oval or 

polymorphic in shape; they have a large vesicular 

nucleus, centrally situated in a scanty amount of 

cytoplasm. The pigmented cells contain discrete 

granules of melanin, which bring into prominence 

the vesicular nucleus. They do not shew any con- 

nection with the basal cells of the rete malpighii, 

most of the cells of which are similarly pigmented 

with discrete granules of primary melanin bringing 

into prominence an oval vesicular nucleus. 



A STUDY IN TYPES OF PIGMENTATION 

- in- 

I N'l'EA-O CULAR TUMOURS. 

I Areolar -like arrangement of the pigment. 

II Feathery, whorled arrangement of the. pigment. 

III Punctate arrangement of the pigment. 

Slide G Micro -Drawing Plate XI,I. G. 

I Areolar -like arrangement. 

Neoplastic cells, polymorphic in shape, are 

seen to have arranged themselves around a centrally 

placed blood sinus. 

At the periphery of each zone are rings of 

deeply pigmented cellular elements, which are in 

contact with one another. The high power shews 

that the cells composing these dark peripheral 

rings are large endothelial -like cells, containing 

dark,partly digested-looking coarse granules of 

melanin. The nucleus of the cell is obscured by 

the melanin. Also, it is noticeable that in the 

outer part of the zone of comparatively unpigmented 

cells, which is adjacent to the dark rings of 

coarse partly -digested melanin, the neoplastic cells 

are more loosely packed, and a fair number of free 
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discrete granules of melanin are seen in the 

fluid between the cells. Here and there throughout 

the zone a neoplastic cell can be distinguished 

with a vesicular nucleus, containing discrete 

granules of hard looking melanin which seem to 

bring the nucleus into prominence rather than 

obscure it. 

We have here demonstrated two types of melanin 

pigment: - 

1, Primary melanin, occurring as discrete hard 

looking granules in the melanoblast of epithelial 

origin. 

2. Secondary melanin, occurring as phagocytosed 

partly-digested looking coarse granules, occurring 

in endothelial cells of mesoblastic origin. 
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2, A Feathery whorled arrangement. 

Slide No. H. Micro- Drawing Plate XII. H. 

The tumour here shows a pigmented whorled arrange- 

ment of its cells, reminiscent of a curled feather. 

A certain amount of degeneration appears to have 

set in, with chromolysis of the melanin, which 

only stains the outlines of the degenerated spindle 

shaped cells, giving the feathery look to the 

degenerating mass. 

Here too we see two kinds of pigment: - 

Light brown primary pigment, 
both undergoing 

Dark brown phagocytosed pigment, 

chromolysis with the degeneration of the tumour, 

but each remaining distinct in colour. 

3. Punctate arrangement. 

Slide No. I. Micro- Drawing Plate XII. I. 

This slide shews a round -celled neoplastic 

growth, undergoing a certain amount of degeneration. 

Here also there is chromolysis of pigment, staining 

only the outlines of the dead cells. 

Pale brown punctate masses suggest death of primary 

pigmented round cells. 

Dark brown punctate masses suggest death of 

secondarily pigmented, round or large endothelial 

cells. 

3á 



Summaxy. . 

From this study on pigmentation, we learn 

that the cells of any given intra- ocular pigmented 

tumour contain two types of melanin pigment - 

(a) Pale granular type, contained in proliferating 

neoplastie cells, so scantily arranged as to 

bring into prominence the vesicular nucleus of 

the cell surrounded with its ring of clear cyto- 

plasm; i,e, primary pigmentation, contained in 

neoplastic cells of epithelial origin. 

(b) Dark laked or partly-digested, phagocytosed 

type, contained in cells indistinguishable 

morphologically from the cells mentioned in (a); 

but, unlike these cells, they are unable to 

manufacture their own pigment. The cells con-- 

taining this dark laked pigment obscure their 

nuclei as the pigment completely fills thee. 

They are mostly found where free pigment 

granules lie in the stroma, and also where the 

structure of any tumour in question appears loose 

in the arrangement of its cells as at the peri- 

phery of the lobule. This type of pigment is 

mostly absent in those parts where proliferation 

and not pigmentation is the chief function of the 

neoplastic cell, as at the centre of the lobule. 

This type.of pigmentation may be clearly seen 

the endothelial cells lining blood channels; 



i.e. secondary pigment phagocytosed by cells of 

mesoblastic origin. 

Where degeneration has set in, both types of 

pigment become cbromolysed, but remain distinct in 

colour. 

In each case, only the outlines of the dead 

cells are stained, and therefore the extreme 

morphology of each type is ably illustrated. They 

are found identical. The only means of different- 

iation between the primary pigmented cells of 

epithelial origin and the secondary pigmented 

phagocytic cells of mesoblastic origin, once 

degeneration has set in, is therefore one of colour 

only. 

317 



Method of S read of Primar Mali_nant Melanotic 

Carcinomata. 

A. Lymphatic spread of malignant melanoblasts from 

a growth of known epithelial origin - pigmented 

moiie on skin of back - compared with 

B. Lymphatic spread of malignant melanoblasts, 

from an intra- ocular growth of questioned origin, 

epithelial (ectodermic) or connective tissue 

(mesodermic) - i.e. carcinoma or sarcoma. 

A. Lymphatic spread of a melanotic carcinoma - 

Slide K Micro- Drawing Plate XIV. 

(The late Prof. Sir Thomas Fraser's Case) 

Clinical History 

Patient, a woman who stated that a pigmented 

birth mark on the small of her back had begun to 

give trouble. 

Microscopic examination of. Slide K. (L.P.) shows 

fine perivascular lymphatic vessels, filled with 

pigmented neoplastic cells, (H.P.) The pigmented 

melanoblasts are seen to be polymorphic in shape, 

mostly polygonal, but some are rounded while others 

resemble endothelial cells. They all contain a 

fair amount of cytoplasm, a large centrally -placed 

vesicular nucleus, with sometimes also a nucleolus. 
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The pigment in these cells is primary pigment, 

occurring as discrete granules of golden brown 

which brings into prominence the vesicular nucleus. 

Some of these cells may also be seen invading 

nerve tissue. They are melanoblasts, spreading 

via the perivascular lymphatics, from the primary 

focus, - a melanotic carcinoma,- on the skin of 

back. 

B. Lymphatic spread of an intra- ocular melanotic 

neoplasm. 

Slide Property of Dr. A. Piney, Cancer Hospital, 
London. 

Micro- Drawing Plate XV. Micro -Photo Plate, XL. 

Clinical History. 

This intra- ocular tumour was found accident- 

ally during a postmortem examination. It was the 

only neoplasm. The Micro -Drawing and Photograph 

spew a vertical section of the head through the 

orbit, eye ball, and brain - disclosing an intra- 

ocular melanotic growth lying in the midst of 

orbital tissues, in situ in the skull. The spread 

of the pigmented neoplastic cells, in the fine 

.perivascular lymphatic vessels as they lie in the 

orbital tissues, is well seen. 
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]vETASTATIC CARCINOMA A OF CHOROID 

- with - 

PRIMARY FOCUS IN BREAST. 

Slide E Micro- Drawing Plate XVI.2 E 

Micro -Photo plate. XLI. Specimen E. 

Clinical History by Mr. Adams of Oxford, who has 

very kindly given me the specimen. 

The patient had an eye removed for an intra- 

o cul ar growth. She was found to have ve had an 

unoperated scirrhus of the breast of long standing, 

and from which she died. 

Naked eye description of the specimen - This is a 

lenticular- shaped tumour, near the posterior pole 

of the eye, and attached by its base to the 

sclerotic. It projects into the vitreous, and is 

covered by the pigmented layer of the retina. 

Pigmentation of the growth is irregular. Parts 

of the growth are pigmented, while other parts are 

unpigmented. 

Microscopic Examination chews the character of the 

neoplastic cell to be mostly spindle- shaped; but 

here and there they change their shape and become 

rounded, cubical, or polygonal. At one part 
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(shown in photo) the spindle- shaped cells take up 

a perithelial arrangement. 

These neoplastic cells, in their various 

sizes and shapes, chew a centrally - placed vesicular 

nucleus and sometimes also a nucleolus. 

The granules of melanin are found in the 

fluid between the neoplastic cells, not within the 

cells themselves. This pigment is derived probably 

from the retinal epithelial cells, as they are 

best seen where the growth has replaced the normal 

retina. 

These retinal melanoblasts contain discrete 

granules of primary pigment, which they extrude. 

Phagocytic endothelial cells are well seen 

(vide drawing) as they lie in the dilated 

lymphatics, containing partly-digested-looking 

granules of melanin. At one part they occur in 

ring formation, where the dilated vascular 

lymphatics are seen in cross section. These cells 

are also seen to have invaded the growth and are 

found near granules of free pigment, which they 

phagocytose and drain into the perivascular 

lymphatics, and then into the larger lymphatics. 

This specimen is a metastasis from a primary 

scirrhous carcinoma of the breast, sheaving 

secondary pigmentation, as the primary focus had 

its origin in non- melanoblastic epithelial elements 

fikL 1,0-kJ/ rZs(di sj ò Tr,L/ joejtâd 
a.. a (T silk . 
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PRIIïARY M4T,IÚNANT 1VIr,i,A.NOMATA. i 
1 

Without evidence of congenital defects. 

Slide A Micro-Drawing Plates XVII ,X6* 

I! i crospopic examination of a melanotic carcino- 

ma of the retinal epithelium, probably arising 

from melanoblasts in situ. 

The growth is a definite solid rounded mass. 

At one part the retina is so closely co- operated in 

the growth, that it seems probable that the growth 

has arisen from the retinal epithelium. The cut, 

surface presents a whorled arrangement very like 

that seen in a psammorîa. The cells composing the 

whorls vary in form and size. Those near the centred 

appear either flat or oval in form, while those in 

the outer zone are more spindle or oat -shaped. 

There are two kinds of cells; one, cells capable 

of producing melanin, melanoblasts; the other, 

cells which have acquired their pigment by 

phagocytosis, secondarily -pigmented cells. 

Most of the melanoblasts appear to have ful- 

filled their function of producing melanin. They 

are pigmented with pale granular pigment, but the 

pigmentation allows the vesicular nucleus of the 

cell to be seen. A few granules are seen lying 

free. The secondarily -pigmented cells are found, 
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for the most part, to lie in the vicinity of the 

free granules of pigment. These cells contain 

pigment which is dark in colour and laked in 

appearance. This laked pigment completely fills 

the cell, obscuring the nucleus. 

The drawings and photographs depict a part of 

the growth sheaving two phases of development running 

concurrently; (1) a proliferative malignant 

process in the original naevus cells in the corium 

(choroid); (2) a genetic process in the super- 

ficial epidermis, (retina of eye); these two 

processes being characteristic of cutaneous 

melanomata. 



j_. 
Primary melanotic carcinoma of choroid reaching 

from the ora serrata to the optic disc. 

Slide B. Micro -Drawing Plate XIII . rig Micro - 

Photo Plate XLII. 

13 

The specimen shows a lenticular growth 

reaching from the ora serrata to the optic disc, 

closely applied to the sclerotic without apparently 

invading it. The growth is pigmented in varying 

degrees, while an area in the centre is almost 

unpigmented. 

Slide B. shows an excessive proliferation of the 

neoplastic cell, with polymorphism of the cell as 

the dominant feature, and pigment- formation present 

to a limited extent only. Most of the cells are 

spindle -shaped. They generally show a single 

vesicular nucleus, though some show more than one. 

In places, the cells may be seen to be streaming 

along to make spindle-celled strands. There are 

again present two kinds of cells; the majority 

melanoblasts, the rest secondarily -pigmented cells. 

The melanoblasts, undergoing excessive proliferation 

to a great extent, have not carried out their 

specific function of producing melanin, so com- 

paratively little primary pigmentation is seen in 

the growth. The melanoblasts, which have produced 

melanin, are seen to contain in their protoplasm 



finely granular pigment of a light- brown colour. 

The nuclei of these pigmented melanoblasts are 

not obscured by their pigment. The secondarily - 

pigmented cells contain much pigment, which is 

dark in colour and laked in appearance. The 

majority of these pigmented cells appear to be 

large endothelial -like cells with their nuclei 

obscured by the phagocytosed pigment. Granules 

of pigment are also seen to be lying free in the 

fluid between the cells, and they arrange them- 

selves in the perivascular lymphatics; (see 

photo). 



ir 
(con, 

Two distinct Primary Ivlelanotic Carcinomata 

of the Choroid. 

Slide C. Micro- Drawing Plate. XVIII. 

The low power of the microscope shows two 

choroidal growths, with a fair amount of haemorrhage 

into the vitreous. With the high power, we find 

the growth to be made up of sheets of neoplastic 

cells with no definite arrangement. The shape the 

cells assume seems to be dependent on their numbers 

in space. Thus, the cell is spindle -shaped where 

the cells are tightly packed together; but, where 

the packing is loose, an oval or round form is 

assumed. Some'of these cells show a vesicular 

nucleus with granules of primary pigment, but the 

majority of the cells are unpigmented. Phagocytosed 

pigment, dark and laked, completely filling the 

cell containing it, is seen to be contained in 

large endothelial -like cells which lie scattered 

about in the growth. This phagocytosed pigment 

is best seen in the endothelial cells lining the 

blood vessels. These endothelial cells phagocytose 

and partly digest the irritating discrete melanin 

granules, rather than let them irritate their walls. 

It is noteworthy that the part of the retina 

and choroid between the growths is quite normal. 



This suggests that the growths are both primary in 

origin, like the case of Rochat mentioned in the 

text. The hyaline membrane of Bruch is still 

in place, and only invaded in one or two places. 

In these areas of invasion, neoplastic unpigmented 

epithelial cells may be seen lying in the structure. 

Amongst the neoplastic cells, rod -shaped crystals 

and granules of melanin are seen. It is interesting 

to compare the invasion by melanin granules of 

the membrane of Bruch, during malignancy, with the 

slides of the green finch and chick (14th day of 

incubation) which sheer the same phenomenon in late 

embryonic life. 

Drawing (Slide C. Micro- Drawing XVIII) shows 

part of the growth, where we find a concurrent 

genetic and proliferative process, as is found in 

all the slides of melanotic carcinoma. Amongst 

the cells,,, - skewing a genetic process, are retinal 

pigmented epithelial cells and cancer cells, some 

multi-nucleated, some vacuolated, and others shew- 

Ing primary granules of melanin. 

There are also a fair number of red blood cells 

lying in the vitreous. 



cont) 

Primary Melanotic Carcinoma of Choroid - 

arising from melanoblasts in stroma. 

Slide D. Micro- Drawing Plate XIII.Y Micro - 

Photo Plate XLIII. 

The neoplastic cells forming the growth are 

mostly of the round -cell type. Some of these cells 

appear to swell up, to undergo degeneration, and 

then seem to be identical with the "foamy" cells 

of Prof. Lorrain Smith (very well brought out by 

the drawing), denoting a lipoid degeneration of 

the growth in these parts. 

Further along the growth, the neoplastic cell 

changes its shape and becomes spindle -shaped (see 

photos), chewing a diversity in the neoplastic 

cell in the same growth; the nucleus of which is 

either round or spindle- shaped, according to the 

shape of the cell. When round, it strikes one 

as being rather large in comparison with the rest 

of the cell, but it is vesicular with darkly- 

staining chromatic granules. The growth is 

moderately pigmented, and melanoblasts with discrete 

granules of primary pigment are easily picked out 

as they lie scattered about in the growth. 

Phagocytic cells, with partly -digested looking 

pigment, completely filling the cell and obscuring 

the nucleus, are best seen at the periphery of the 

growth. 



,(conk.) 

Primary Melanotic Carcinoma (buried in muscles 

of the thigh). 

Slide M Micro- Drawing Plate XX. 

History. Dr, Galt, pathologist of the Royal 

Sussex County Hospital, states that the growth, 

situated deeply in the muscles of the thigh, was 

found accidently when the patient was being opera- 

ted upon for something else (hernia). There was 

no history of the growth, no history of a wound, 

etc. There were no signs of a mole or mark on the 

skin over the swelling. The patient was alive and 

well for several years after removal, and is 

probably still alive. 

Microscopic examination. The growth, situated 

deeply in the muscle fibres, consists of cells 

varying in size and shape with an alveolar arrange- 

ment. The cells are loosely packed, and show a 

centrally- placed vesicular nucleus surrounded by a 

ring of clear cytoplasm. Most of the large poly - 

morphic cells contain granules of primary melanin. 

Phagocytic cells are also present. 

This illustrates the potential melanoblasts, 

derived from the basal epithelial cells of the 

rete epithelial processes, lying dormant in the 

muscle fibre, forming Cohnheim's rest and later 

becoming active without there being any indication 

of their presence. 



Primary Mali 2nant Melanomata:With evidence of a 

Congenital Aìlomaly. 

(a) Malignant Melanoma of Iris . 0 ,; 

Slide (Dutch), the property of Mr Mulock Houwer. 

Micro -Drawing Plate XXI. Micro -Photo plate XLIV. 

Malignant Portion The growth is composed of cells 

arranged in whorls, which are cut across in 

various directions. The majority of the cells are 

spindle- shaped, though some assume a rounded form. 

The fibres of the stromal network appear 

coarser than in the henign portion of the growth, 

which is described later. The amount of pigment 

present is scanty. Only a few cells show a fine 
s 

granular pigment in their cytoplasm. This neoplám, 

therefore, appears to be composed of melanoblasts, 

the majority of which are unpigmented.. 

Scattered throughout the growth, and especially 

in the region of the angle of the anterior chamber, 

are large round cells. These contain coarse dark, 

partly- digested granules of pigment, which obscure 

the nucleus. These cells are phagocytic cells 

which have acquired their pigment. 

The great vascularity of the growth is much in 

evidence. 

Benign Portion. 

At the root of the iris clusters of cells are 

present; these are irregular in shape, round and 
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branched. The majority of the cells are rather 

deeply pigmented, so that their nuclei are indis- 

tinguishable. A few of the cells are unpigmented 

and show a vesicular nucleus. The clusters and 

individual cells are separated from each other by 

very fine strands of connective tissue. 

A few phagocytic cells are scattered about, and 

are round in shape. Their phagocytosed pigment 

is characterised by its laked or partly- digested 

appearance. These cells are specially well seen, 

as they lie in the perivascular lymphatics. 

This portion forms the mother tissue or pigmented 

mole. It is composed of clusters of naevus or 

clump -cells, containing granules of primary pigment. 

It has probably given rise to the malignant growth, 

as suggested by Mr Mulock Houwer. 

(b) IVIELANO T I C CARCINOMA OF THE CHOIO ID . 

Slide. (Dutch). Property of Mr Mulock Houwer. 

Micro- Drawing Plate XIX. Micro -Photo plate XLV. 

The slide shows an elongated cellular 

pigmented growth, which occupies the whole thick- 

ness of the choroid. It is composed of spindle - 

shaped cells, which are markedly pigmented, with 

fine granules of discrete pigment. These melano- 

blasts are seen in various directions around the 

blood vessels. At the margin of the growth they 
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appear to invade the normal choroidal tissue. 

Large round secondarily-pigmented cells, which 

contain partly-digested coarse granules of pigment, 

are seen scattered throughout the growth. They 

are particularly in evidence in the perivascular 

lymphatics near the margin of the growth. They 

may also be picked out further afield in the more 

healthy tissue of the choroid. They appear to 

drain away the pigment from the growth. 

There appears no definite evidence of mother 

tissue, or simple melanoma, to which this primary 

malignant melanotic carcinoma of the choroid 

could be ascribed. 

There are then two possibilities 

(1) That the growth may have arisenJaccording to 

Mr Mulock Houwer, from a simple melanoma of the 

choroid, of which there is now no histological 

evidence. 

(2) That the growth has arisen, like the choroidal 

tumours in my own slides, from .bnormal melanoblasts 

which have given no evidence of their abnormality. 
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LEUCOSARCOMA OF nOROID ar i s g from the 

mesoblastic connective tissue cells of the 

ehoroid, she wing secondary pigmentation. 

Slide F Micro- Drawing Plate. XXII 

Micro -Photo plate XLV I . Fig. 1, '2. 

Specimen iL bottle F. 

Kindly given b, ? Mr. Adams of Oxford. 

Naked Eye - shews a densly white lenticular 

tumour lying aloe.,, the 'sclerotic, and ending at 

the prominence of the nerve fibres at the optic 

disc, in a globular head. 

Microscopic Examination - The structure under low 

power is that of a spindle- celled growth, while 

the high power shews the neoplastic cell to be an 

elongated spindle with a centrally- placed darkly - 

staining oval nucleus and nucleolus. 

.Fine fibrils protrude from the cell, and they 

interlace with similar ones from other cells. 

There is no trace of melanin anywhere in 

these neoplastic cells; but, where the growth 

abuts on the sclerotic, the retina has been invaded 

and replaced,by new growth. Some of the retinal 

melanoblasts are seen incorporated in the growth, 

and are distinguished by their discrete pale 

_granules of melanin, and a prominent vesicular 

nucleus. Deep in the tumour, melanin granules 



are seen - free, clumped, and digested looking, 

lying in the fluid between the cells. Near these 

free granules, are somewhat large round endothelial 

cells, withphagocytosed melanin granules, clumped 

together and digested looking, obscuring the 

nucleus of the cell. 

It is interesting in this specimen to note 

the difference between the consistency of the 

granules in these phagocytic cells and the con- 

sistency of primary granules in the melanoblasts 

of the retina remaining in situ although surrounded 

by growth. 

Excessive vascularity of the growth is noted; 

the veins are engorged, and a dilated artery is 

well seen. Here and there are dilated capillary 

channels in the midst of the growth. 

A genetic process is not evident in the 

retina, concomitant with proliferation of the 
/108 

neoplastic cell, as/been found in all the carcino- 

maid. 

This intra- ocular tumour is therefore a leuco- 

sarcoma of the choroid, arising from connective 

tissue elements. 

It is a true sarcoma, shewing some secondary 

pigmentation. Metastasis in this case would 

naturally be the same as the primary focus, un- 

pigmented or white. 



A LEIO- FIRROMA. OF CILIARY BODY. 

A new growth of plain non-striped. muscle fibres 

and connective tissues of the ciliary body, 

occurring in an eye with a benign melanoma of the 

choroid. 

Slide (Dutch) , property of Mr Mulock Houwer. 

Micro - Drawing Plate XXIII. 

nn: s -"2e (sQ L 5 slw.ùt N,e a F;Ltvt I of w;;_ 4 atgaiúe hsxl' f a6F. 

This simple growth appears to start in the 

iris, and to spread down through the ciliary body 

forming a pear-shaped cellular growth between the 

pars ciliaris retinae and the sclerotic. The 

growth is mainly composed of spindle -shaped cells 

with oval nuclei, a good many of them shewin.g a 

fibrillar cytoplasm. There are, however, a fair 

number of roi..md cells, spindle cells cut across 

(resembling the nuclear layers of the retina), a 

few of these being larger and rounder, with a 

vacuolated cytoplasm. The absence of pigment 

throughout the growth is marked. 

There is a dense amount of elastic tissue 

throughout the cellular area, and, because this 

slide has not been differentially stained by the 

Van Geison stain, it is almost impossible to 

distinguish between connective tissue and non - 

stripped muscle fibres. 

Compare the accompanying slide (.slide 'T) of 
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a lelo fibroma of the uterus (stained by Van 

Geison method). The blood supply will be seen to 

be normal and regular, as also the relationship 

of the various cells, while none of the cells 

shew a mitotic division. Therefore we have a 

simple growth, growing from the connective tissue 

cells and non -strip ed muscle cells of the 

ciliary muscle, and histologically it is non- 

malignant. 

Slide J. Jeca r'6 y a 

This simple tumour of the non -stripped 

muscle of the uterus compares well with the former 

slide. 

nuscle cells stain yellow and are spindle 

in shape, sheaving an oval nucleus and nucleolus, 

darkly stained. Where these cells are cut across, 

the muscle cells and nuclei are round. 

The fibrous tissue (stained pink) runs 

throughout the growth in dense bands, as a 

supporting structure throughout the muscular 

tissue. 
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MELANIN PIGMENT IN MALARIAL BLOOD. 

Micro-Drawing Plate XXIV illustrating melanin 

phagocytosed by blood cells in specimen of blood 

from a patient suffering with malaria. 

Melanin pigment found in an erythrocyte in 

malarial blood is produced by unicellular 

protozoa (germoplasm). The merozoite can be 

traced through its various stages. It is unpig- 

mented before entering the erythrocyte but, after 

entering it, the organisms undergo a ring 

formation. Later a schizont formed showing 

melanin pigment within the parasite. A further 

stage shows a dividing schizont when a number of 

merozoites cluster like a daisy head round a 

central mass of melanin. Soon the erythrocyte 

breaks down and the melanin is extruded into the 

blood stream, from which it is phagocytosed by 

large mononuclear cells. 
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SUMIvIAR.Y and CONCLUSIONS. 

This research may be divided into two 

sections; one which concerns melanoblasts and 

their origin, the other which concerns melanomata 

(both benign and malignant). 

Melanoblasts. Cells which are capable of manu- 

facturing their own pigment, melanin, have been 

called melanoblasts. These cells are polymorphic 

in shape. Various drawings, submitted herewith, 

illustrate in some measure the various shapes 

which these cells assume. There does not appear 

to be any characteristic shape distinctive of 

any one species. Some of them are stellate, others 

elongated, others branching, and some with very 

long processes. They have a vesicular nucleus, 

and their pigment content varies in amount. 

In the iris, melanoblasts lie in branched 

formation, stretching out arms in every direction. 

They hardly ever lie in one plane, even in the 

anterior layer where the cell bodies lie flatly. 

The cells, in general, accommodate themselves to 

their surroundings. In the immediate vicinity 

of the blood vessels, they follow the contour of 

the veins. Melanoblasts of the ciliary body are 

found lying in the free stroma. All the layers 



of the choroid also contain melanoblasts, with 

the exception of the two innermost layers, namely 

the chorio- capillaris and the lamina vitrea 

(membrane of Bruch). In the free stroma of the 

choroid, the melanoblasts are irregular in shape, 

stellate, or branching. The cells of the pigment 

epithelium, which really belongs to the retina, 

are regular and hexagonal. The nucleus of each 

cell is unpigmented, and the protoplasm contains 

an abundance of melanin. 

Melanins are pigments found in man and other 

mammals, vertebrates and invertebrates, in normal 

and pathological conditions. They are black or 

brown in colour, and generally in the form 

of granules. They have a great resistance to 

different solvents and chemical re- agents. Their 

chemical composition varies, for an infinity of 

melanins appear to exist, associated with varying 

degrees of impurity. For ocular melanins, Landot 

gives the following percentages : - C ̂ 54.48, 

EE5.35, N12.65, 0- 27.52. The production of 

melanins has been much studied. The general con- 

clusions may be briefly emphasised as follows :- 

(1) Melanogenesis is a fermentative process, 
and melanins are formed during disinteg- 
ration of protein molecules. 

(2) The specialised Oxidases or ferments are 
localised in the melanoblasts. 
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(3) In the presence of oxygen, these oxidases 
act on an acceptor or mother substance 
circulating in the blood, to trans- 
form it into melanin. 

(4) The whole process of melanogenesis is 
governed by definite physical and 
chemical conditions, as follows. 
Oxygen is indispensable. In the 
presence of free oxygen, a specia- 
lised oxidase acts on an acceptor, 
to transform it into melanin. 
Greater importance is attached to 
the concentration of hydrogen ions. 
A slight alkalinity is necessary 
for the action of the ferment, and 
the precipitation of the melanin. 
Temperature has a very great in- 
fluence on the formation of pigment. 
Verne believes that, apart from 
the influence that light may have 
by its calorific rays, it must either 

hydrolysis protein sub- 
stances which produces a suitable 
chromogen, or it energises the 
oxidising ferment. 

The origin of melanoblasts. The previous researches 

which are dealt with in an earlier part of this 

monograph, are numerous and their results conflic- 

ting. The salient points may be briefly sum- 

marised as follows: -- 

Early observers believed that melanoblasts 

are mesoblastic in origin, and that they are 



capable of amoeboid movement, and move from one 

site to another; hence their location in non - 

mesoblastic structures. Recent investigators, 

however, tend to dispose of this line of thought. 

The supporters of the dual theory 

believe that melanoblasts of epithelial origin are 

to be found in the pigment epithelium, while 

melanoblasts which lie in the rest of the uveal 

tract, arise from the mesoblast. 

Other observers believe that melanoblasts 

arise purely from Oithelial structures. Thus 

melanoblasts, in the skin of man and higher 

vertebrates, are said to arise from the,basal cell 

layer of the rete malpighii. Dawson, who belongs 

to this school, suggested that the choroid may 

be regarded as the corium of the retina, and that 

the pigmented cells in the choroid and other 

portions of the uveal tract are embryogenetically 

cells of the pigmented layer of the retina which 

have migrated and become stabilised in the uveal 

tract. Most recent investigators submit that, in 

man and other mammals, melanoblasts of the skin 

are of epithelial origin. If this is accepted, it 

becomes difficult to deny melanoblasts in the 

ocular tissues a similar origin or to ascribe to 

them a double origin, and thus give to two kinds of 

tissue one specific function. 



The Main Arguments adduced against the epi- 

thelial theory are as follows 

The fact that pigment in the choroidal melanoblasts 

is not discernible immediately or synchronously 

with the retinal epithelial pigment has been, 

taken as evidence against their both being of the 

same origin. This, however, is not very conclu- 

sive. We have seen that the formation of melanin 

is essentially a chemical process, governed by 

physical and chemical conditions. Melanoblasts 

contain ferments or oxidases which, given the 

proper conditions, act on an acceptor or mother - 

substance circulating in the blood. Sometimes 

the acceptor may be temporarily wanting; the 

ferment and other conditions being present. In 

other cases, the oxidising ferment may not be 

active. Again ther&rxta,y be some factor lacking 

in the physical or chemical conditions. Thus, ,in 

animals dwelling underground in the absence of 

light, Verne states that the absence of ferment 

or at any rate- its non- energisation by light 

determines temporary albinism_ If these animals 

are exposed to light, melanin can be observed 

forming in their skins. One observer finds that 

the influence on pigment production exercised by 

the nervous system is due to oxygen. This 

influence is particularly clear in melanin found 
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in the choroid, which is subject less to the 

activity of nerve terminals than the retina. 

Differences in these physical and chemical condi- 

tions account for large differences in the time 

of production, or the amount of the product from 

cells of similar inherent character. Thus, from 

these facts, the later appearance of melanin in 

choroidal melanoblasts, and the small amount of 

pigment in melanoblasts of the iris in the newly 

born, can be 'understood. 

It is suggested that the differences in the 

physical characters of the pigment in the uveal 

tract and the retina suggest a difference in the 

origin of the melanoblasts. Now, the acceptors 

or mother -substances, which are acted upon by the 

oxidases, are always a compound possessing at 

least one aromatic nucleus provided with phenol 

and amine functions, and capable of being welded 

into a thick chain more or less long. Such com- 

pounds are formed in the course of disintegration 

of protein matters, and most authors agree in 

considering melanin as formed at the expense of 

protein matter. Verne states that, in order to 

give rise to the oxidation followed by condensation 

which characterises the formation of melanin, it 

seems necessary that the aromatic group, on which 
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the chemical action bears, should be liberated. 

At least certain brdrils and certain amines 

must be free. The various groups which can be 

related to an aromatic nucleus take part in the 

condensation and the constitution ofinelanin 

pigment. This explains the great variety of 

its chemical composition, and especially its 

variable content of nitric acid, sulphur, and 

iron, and also, therefore, of its physical appear- 

ances. 

Further critical observers of the epithelial 

school who incline to the dual theory suggest that 

in embryological specimens no one has so far 

observed the migration of retinal epithelial cells 

outwards through Bruch's membrane. As against 

this, special emphasis is laid on certain drawings 

and slides submitted in this research. The slides 

and drawings relating to the histogenesis of the 

melanoblasts, and especially the slides of the 

human embryo, the baboon, and the tadpole, are 

important as depicting the migration of cells 

from the retinal epithelium into the iris, ciliary 

body, and choroid; and as indicating that migra- 

tion ordinarily takes place before the formation 

of the membrane of Bruch. In the slides and 

drawings alluded to, melanoblasts are seen attached 

to the retinal epithelial layer, other melanoblasts 



just detached, and others further down in the 

stroma. The cells appear to detach themselves 

and by virtue of their elastic and amoeboid proper.. 

ties to migrate into the mesodermie stroma of 

the uveal tract. This stage of detachment and 

migration of the melanoblasts occurs in early 

embryonic life in the case of the human embryo, 

and in late embryonic life in that of other species) 

but is antecedent to the formation of the membrane 

of Bruch, which itself occurs at different times 

in different species. 

The period of time at which detachment takes 

place appears to be short: the process will not 

be observed unless the precise period is hit 

upon. In the case of the human embryo it appears 

to occur early in the sixth week of pregnancy. 
punCL 

In the case of the chick the detachment was feed 

(in the strain of chicken used) in a specimen of 

an embryo 13 days 12 hours: it was not found 

before or after. 
nIs Q 

Critics wla make the further point that in 
A 

later life the passage of pigment granules through 

the membrane of Bruch has not been observe 

This criticism becomes of less importance, if it 

is accepted that melanoblasts become detached 

from the retinal epithelium and pass down before 



the formation of Bruch's membrane. The criticism 

was probably intended to suggest that the membrane 

is impenetrable. But the nature of the structure 

does not militate against the possibility of it 

being penetrable, and, as a fact, in two slides 

and drawings which are submitted, namely those 

of the green finch and the chick, acicular granules 

of melanin are seen passing through the membrane of 

Bruch. 

My general conclusion is that the views of 

the epithelial school are correct. Melanoblasts 

in the uveal tract are of epithelial origin and 

give rise to primary intra. ocular melanomata. 

Whether the cell fulfils primarily its function of 

producing melanin is not material to the question, 

for the formation of melanin is a chemical process 

(dependent on environment. 

Benign Melanomata. In the iris, benign melanomata 

occur in the form of pigmented patches/ e.g. 

naevi,or of tumours, or in a diffuse melanosis. 

Naevi arise at the papillary border, in the 

stroma and in the anterior limiting membrane. The 

smallest naevus, looking like a mere fleck, is 

composed simply of a group of melanoblasts. The 

larger ones, or patches, show in addition to 

melanoblasts phagocytic cells. The distinguishing 



features of the two kinds of cells are mentioned 

below in relation to malignant types. The inter- 

cellular substance is delicate. 

Melanotic tumours, which are either solid or 

cystic, appear at the pupillary border. The solid 

types are regarded as being congenital. The 

cystic ones are also attributed to developmental 

irregularities, particularly to a separation of 

the two layers of the optic vesicle at the back of 

the iris. 

General melanosis of the iris frequently 

occurs in association with that of the eyeball, and 

also with the presence of naevi in the eye itself 

or elsewhere. 

In the ciliary body pigmented patches have 

been found in the ciliary muscle. Here they are 

- described as consisting of clump cells, and cells 

in. transition between branching cells, and cells 

without branches. 

In the choroid, benign melanomata also occur 

in the form of pigmented flecks or patches while 

unpigmented naevi are occasionally encountered. 

They arise in the outer layers where melanoblasts 

normally occur; are roughly circular in outline 

with a blunt or feather edge; and microscopically 

are identical with similar lesions of the iris. 
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Origin o: benign j.ntra .ocular melanomata. Pigmented 

naevi of the iris are derived according to certain 

authorities either from melanoblasts or from the 

cells of the retinal epithelium. Another 

authority suggests that pigmented naevi arise from 

the endothelium lining the anterior surface of the 

iris, and in association with clump cells. 

Parsons states that the consensus of opinion which 

he believes is supp:nalted by fact is that naevus 

cells in general originate from epithelial cells 

although there is no epithelium near the surface 

of the iris. Pigmented naevi of the ciliary body 

are attributed to clump cells. Pigmented naevi 

of the choroid are believed by the majority of 

observers to be similar in structure to those of 

the iris. Dawson suggested that naevi of the 

uveal tract are similar to cutaneous naevi. Just 

as naevus cells in the corium are embryogenetically 

basal epithelial cells which at some stage migrate 

into the corium, so the pigmented cells found in 

the choroid, which is really the corium of the 

retina, are embryogenetically cells of the pigmented 

layer of the retina which have similarly migrated 

and become stabilised in the choroid. Parsons 

differs from this view. Melanotic tumours of the 

iris and ciliary body are ascribed to melanoblasts 



or to retinal epithelial cells. Another observer 

states that both solid and cystic melanotic 

tumours are of epiblastic formation. Similar 

tumours of the choroid are said to arise from 

melanoblasts and from endothelium found in the 

spaces of the lamina supra- choroidea. In brief 

benign melanomata are said to be derived from 

endothelial cells, clump cells, epithelial cells, 

more especially retinal epithelial cells, and 

melanoblasts. The scope of the term naevus 

includes an aggregation of pigmented cells 

melanoblasts. On the other hand endothelial cells 

are never found alone in any naevus and are there- 

fore unnecessary for their formation. Clump cells 

are really irregular melanoblasts. Disposing 

then of endothelium and clump cells we have left 

the view which ascribes the origin of benign melaD- 

omata to epithelial cells, more particularly 

retinal epithelial cells or to melanoblasts. The 

former view is not in conflict with the view 

supported by this research which ascribes the 

origin of benign melanomata to melanoblasts, if the 

conclusion previously stated that melanoblasts are 

derived from the retinal epithelium is accepted. 

Malignant Melanomata. Distribution. In the 

iris primary melanotic neOplasms are uncommon. In 



the majority of collected cases, the primary seat 

of the tumour is in the lower half. Secondary 

growths are more numerous. They usually arise by 

continuity; they may also be metastatic, in which 

case the invasion is probably via the lymph stream. 

Local metastases and mere infiltration without 

tumour formation are not infrequent when the 

primary focus is situated either in the ciliary 

body, or more usually in the choroid. 

In the ,ciliary body melanotic neoplasms are 

rare. It is very frequently difficult to distin- 

guish a primary peripheral choroidal focus from 

one situate in the ciliary body. Secondary growths 

generally arise by continuity from the iris and 

choroid, 

In the choroid, where primary melanotic 

neoplasms occur with comparative frequency, they 

spring mostly from the layer of the large veins 

where melanoblasts are most numerous. Some arise 

from the layer of medium-sized vessel,.s, where 

melanoblasts are not so numerous; and a few from 

the supra- choroidea where again melanoblasts are 

fewer. They arise from all layers of the choroid, 

with the exception of the chorio.- capillaris where 

melanoblasts do not exist. Secondary melanotic 

growths are not infrequently reported; they 



usually are metastatic, from a primary focus in the 

breast. 

The Eistolo ical structure of nia1i nant 

melanomata cannot be readily summarized. The 

salient points are 

(1) Irregular pigmentation. In advanced 

growths, extensive areas of necrosis alternate with 

more or lees extensively pigmented areas. In some 

tumours pigment may appear profusely in certain 

areas, and be scanty or absent in others. In others 

pigmentation may be diffuse. Whether these neo. 

plastic melanoblasts fulfil their function of pro- 

ducing melanin, in addition to their proliferation, 

depends upon the presence or absence of requisite 

conditions or the state of the ferments and 

acceptors. In addition to melanins, blood pigment 

is also present, especially where blood extravasa- 

tions have occurred. These melanotic growths are 

exceedingly vascular, especially those of the 

choro id. . 

(2) Great diversity of cell arrangement and 

form. The cells are arranged in the fora of sheets, 

eolmms, alveoli, groups, or irregular masses. 

They assume polymorphic shapes. Two types of cells 

are observed in all these tumours:- (a) True 

tumour cells, which manufacture pigment ( melanoblasts.) 

(b) Phagocytic cells which acquire their pigment 



by phagocytosis. 

The similarity in appearance of these two types is 

often. great. Melanoblasts, however, as a rule are 

spindle -- shaped or fusiform; they possess branching 

processes and contain a vesicular nucleus. When 

pigmented, their melanins appear as fine golden - 

brown discrete granules. Phagocytic cells, which 

may be connective tissue, endothelial or wandering 

cells, are generally rounded in form and contain a 

large more or less rounded, darkly staining,, 

nucleus which is obscured when pigmentation is 

profuse. Melanins which have been consumed by 

1 

these cells appear darker brown; the granules 

are more or less packed together and appear laked. 

This appearance is best brought out by the stereo-- 

scope view obtained by using the binocular 

'microscope. 

The great diversity in the histological 

structure of melanotic malignant growths is 

explained by the power,of the cell to undergo 

change. Two primary forms of change are,described: 

anaplasia and metaplasia. 

The term anaplasia has been given to a change 

produced by a stimulus which makes a cell lose its 

differentiated form, assume a more embryonic state, 

and proliferate to form a growth. The cells do not 



return to a completely undifferentiated embryonic 

state, and the lines of re- differentiation are in 

agreement with the previous degree of de- different- 

iation. 

Metapiasia assumes the transformation of one 

tissue or cell into another related type,, by a 

process which is not direct, but which can be 

brought about only by a preliminary reversion to a 

vegetative type of cell. 

A third process of cell transformation - 

desmoplasia - is attributed to epithelial cells 

only. The supporters of this theory find a true 

genetic relationship between epithelium and 

connective tissue, and suggest that epithelial cells 

have the power of assuming connective tissue cell 

character and function. The period of desmoplasia 

of a single cell is reckoned in weeks and months. 

The structural cell character of the transformed 

epithelial cell depends on the stage of the des - 

moplastic process, and thus accounts for the 

varied histological structure of the tumour. 

The theory of metaplasia,,,, and the theory of 

desmoplasia both denote a physiological transforma- 

tion. The latter is not widely supported nor 

indeed is the former without considerable qualifica- 

tions. Anaplasia of itself is adequate to explain 

the variety of histological structure which is 

found. 
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Cellu],ar Origin. Some observers suggest that 

there first occurs a proliferation in non -pigmented 

adventitia cells and perivascular endothelial cells, 

and that these cells stimulate proliferation in all 

neighbouring cells including melanoblasts. But, 

more generally, the origin of malignant melanomata has 

been referred to melanoblasts and endothelium. 

The facts in support of a melanoblastic origin 

are briefly:.' 

(1) The essential feature of these tumours 

is their pigmentation. 

(2) Melanin pigments are only produced by 

melanoblasts; and pathological formation of melanins 

occurs only in places where they are produced 

normally. 

(3) Malignant melanomata arise where 

melanoblasts are normally present; they arise most 

frequently where melanoblasts are most numerous, for 

instancejein the layer of large veina of the choroid, 

while they do not grow in the chorio capillaris 

where the melanoblasts are absent. 

Therefor,-the assumption that melanoblasts 

alone give rise to these pigmented tumours seems 

accurate. If it be accepted that melanoblasts are 

epithelial in origin, so are malignant melanomata. 

The fact that these tumours present such great 
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diversity in their cell- shape, size and arrangement, 

and that they more often morphologically resemble a 

mesoblastic neoplasm does not militate against 

their epithelial nature. The old criteria whereby 

a mesoplastic neoplasm, a sarcoma, used to be dis- 

tinguished from an epithelial one, a carcinoma, are 

no longer recognised as valid. Sarcomatous cells 

and carcinomatous cells may show the same micros- 

copic appearance, and the relation of the epithelial 

cells of carcinoma to connective tissue may be 

just as close as that of sarcomatous cells. The 

malignant epithelial cell, without undergoing 

actual physiological transformation into connective 

tissue form, may undergo such alteration as to 

become morphologically indistinguishable from.: the 

connective tissue cells. 

Histological pictures of melanotic neoplasms 

show melanoblasts and endothelial cells. The 

proliferative activity of these endothelial cells, 

particularly in tumours of the choroid where 

endothelium is abundant, suggested their endothelial 

origin. It has been shown however that, during the 

development of melanotic neoplasms, two processes 

occur; one the actual tumour formation, and the 

other a reaction (in the nature of an inflammatory 

reaction) in the cells of the neighbourhood. The 



first is the substantive process and should be 

attributed to the melanoblasts; the second is 

subsidiary, and is explained by the proliferative 

activity of the endothelial and non pigmented 

adventitia cells in the neighbourhood. 

Whether malignant melanomata are gpnerallj or 

invariably preceded by innocent forms. Long before 

Cohnhein's time, the capacity of certain congenital 

defects to give rise to malignant tumours was 

appreciated by pathologists. For example, in 1853 

Paget noticed the proneness of 'melanoid cancer' 

to grow first in or beneath a pigmentary mole. This 

peculiarity, he states, may make us suspect that 

there may be other, though invisible, defects of 

first formation in our organs, which may render 

them or even small portions of them peculiarly 

apt for the seat of malignant and other specific 

diseases. Cohnhein built up a comprehensive 

theory, viz: that all tumours originate from 

hxterotopic elements, detached from their normal 

connection during prenatal life. Recently Sampson 

Handley and bdulock Houwer have held that malignant 

melanomata are always preceded by innocent forms. 

In the slides and specimens examined in this 

research, a certain proportion of malignant 

melanomata showed evidence of preceding benign 



growths, such as naevi; the rest did not. 

It is quite conceivable that the cells which give 

rise to a tumour may show no signs of their 

abnormality and that there is no necessity for 

preceding naevi. There is however, as Hansemann 

observed, something inherently abnormal in the cell 

which causes it to form a tumour. The same 

stimulus, acting on a normal cell, would cause 

hyperplasia and not a tumour. 

Unpigmented Tumours. It may be well to mention, 

in conclusion, that =pigmented tumours are also 

found, though rarely, in the uveal tract. They 

may be either benign or malignant. A micro- 

drawing is submitted of a leio.- fibromyoma, 

was found situated in the ciliary muscle. 

Unpigmented malignant growths are sarcomatous and 

arise from mesoblastic structures. They have 

been found by some observers most generally in 

the chorio-- capillaris, where melanoblasts are 

absent. A specimen, micro. drawing, and slides of 

a leuco -- sarcoma in the choroid are included. 

The metastasis arising from an =pigmented tumour 

is also unpigmented. Unpigmented tumours, however, 

lie outside the scope of this study which is 

designed to link the melanoma with the abnormal 

visimory melanoblast and the melanoblast with the . 

epithelial cell. 
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