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As 2 small mammal with an unpigmented skin and lacking 1 sweat
oleands, the white rat (Wistar strain) can be considered ax a paruenlaly
suitable test animal for studying compurative biologieal effe-ts of sunlight
add shade over prolonged periods.  Apart from its academic interest,
bioclimatological work of this nature 1z of very rveal practical significance
especially In a country such as Souch Advica with 1ts clear skies and
abundant sanlight 1o which the vast majority of the human and animal
population is continnously exposed throughout life. In ovder. thercfore,
oain further detailed information on this matier, an experiment was started
ni Uanderstepontt in Qetober, 1941, with Dbatches of young white rats which
were drafted into the investigation v relays over several seasons,

Wherens the goneral owwone of these findings will be published else-
o love, this paper 13 devoted exelusively to an account of the specific skiu
Tesions in these 1ats exnosed to sunheht,

In regard to the planning of this work the following brief deseripiion
nrovides the essential details.

Thies main groups of young male rats, approximately four weeks olid
were drafted into experiment immediately after weaning, the Lody welght
ot the whole series varying between 40 to 50 grams al the start.  Tach group
sas comprised of 10 animals placed in twe standard-sized wire cages with
fve ravs to each cage.  All animals were fed throughout on a well-balanceld

dry ration of standard quality. Both the feeding and the watering were
arranged so as to allow for accurate weekly determination of the intake by
the various groups. Likewise {ihe body weight of all individuals was

recorded weekiv., While one half of the animals in each group was allowed
{o consume unrestricted amount of food, the ration of the other half was
earefully restricted so as to allow for mintmal growth only.

Exvrrivent T (See Tables T and TT).

Animals were divided into group Al (5 animals) on restricted diet, and
oroup A2 (5 animals) on full diet. All these animals were regularly exposed
to sunlight (i.e. on clear days) for w period of 4 hours daily, starting at
sunrise.  After full exposure to the sun during the forenoon the cages were
then vlaced under a hessian shelter thereby allowing sky rodiation only on
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to the animals for the rest of the day. DPrevious short term investigations
had shown that rats exposed to sunlight after midday succumbed as the
result of heat stroke during hot weather.

Exvrrivust 11 (See Table T11),

Animals were divided into group Bl oun restricted diet, and group B2
on full diet.  All animals in this group were exposed daily for 24 Tours only
to sunlight starting at sunrise.  For the rest the treatment was similar 1o
that deseribed for groups Al and AZ2.

Exverwient 111 (See Table 111).

Animals were divided into group (1 restricted diet, and group (2 full
diet.  All animals in this group were continuously shellered in a stable away
from doors and windows, 1n an area constantly provided with o subdued
diffuse daylight, i.e. completely out of reach of any sunlight.

Ixreeest TV,

A further experiment was commenced on 1.4.42 on similar lines
as experiments I, IL and L1, and was comprised of similay groups.

Of 22 rats (see Table I) exposed for 4% lowrs daily to sunlight,
13 developed skin tumours which in the majority of cases affected the ears.
Of the 22 rats exposed for 2§ lours daily, only one rat (No. 68) developed
neoplasms on both ears. The earliest development of a new growth was seen
i rat No. 54, in the form of a nodule on the upper eyelid, and
which appeared approximately 10 months after cxposure. Farlier changes
in the skin of the ears of this rat may not have been observed . The left
Jower eyelid was affected in 4 rats, the left upper eyelid in 2, the right lower
eyelid in 8, the nose in 3, the left foot in I, and the right foot in I rat. Ln
3 rats the noses were involved, and in one both front feet. Oune rat developed
a swelling in the left ventral aspect of the neck, attuched to the angle of
the Juw, under the skin. 1t is not clear whether this was of the nature of
a metastasis or an infiltration. New growths were detected ouly on those
parts of the skin not covered by hair and which were freely exposed to sui-
light.  The skin of the tail, however, wuas in no case involved probably as a
vesult of the degree of protective keratinisation normally present. Tu {he
majority of rals new growths appeared on more than one locality of the skin.
01 the total number of rats exposed for 4% hours daily, 6 ocut of 11 on a
restricted diet developed skin tumours while 8 out of 11 on a full ration were
likewise affected.  Although Doth groups were definitely susceptible there
was some evidence to sugeest that tumour development was slower in the
groups kept on a restricted diet than amongst the others.

The first changes observed appeared as a roughening or thickening of
the skin, 1.e. a form of hyperkeratosis which subsequently Decame {rans-
formed into a new growth which wuas either wart-like or of the nature of
an indurated nodule and frequently light reddish in colour. Sonie of these
were no larger than a pin’s head. It was most remarkable how quickly these
neoplasms increased in size after they Lad made their appearance. In some
instances the whole ear (Rat AIT/58) became involved 1n a large growth,
with an ulcerating bleeding surface. In the case of the nose (Rat AL/46),
the growth caused so much disfiguration, that it was difficult to leeate the
external nares. In one rat the eye was completely closed by a neoplasm
which had developed on the right lower evelid. 1t was raised above the
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smiface to an extent of about 1 em., with infiltration into the surrounding
tissues (Rat A1/38).  In the majority of these large growths there
was ulceration, and haunoulmoe from the surface and in some cases neerosis
and for imflammatory changes extended into the mass of the new growth. On
section ihese ]lOOpldhlllb were greyish white and marrowlike in consistence,
and on pressure pitted easily. Sowme of the rals, (especially in K xperiment
IV, which were not killed oy which did not die as a sequel to the neoplasms,
developed a characteristic lung complication. This also ocerirred amongst
the rats kept in the shade, and was of the nature of a focal mweo-catarrhal
pneumonia (Quin, 1945). They lost weight vapidly, while gurgling sounds
hecame aundible over the thorax. This condition is apparently well known in
America and is said to be due probably to a genetically transmitted lethal
factor. It should be stressed that one rat (Rat BO26), exposed for 25 fiowrs
deaily from 7.10.41 revealed wartlike growths on hoth ears on 18.5.43 and
microscopically these were diagnosed as an epidermold careinoma.

AMaicroscoric PIicrvre.,

The carliest changes seen microscopeally avere of the nature of
eprthelial pearls, concentrically laminated with epidermotd cells on the out-
side, and pertially or fully Leratinized cells on the inside. In some instances
this was associated with hyperkeratosis.  The nuclel of these cells varied
greatly, only wmulti-nucleated cells were commonly scen. In many of the
scetions studied, the cells showed marvked anaplasia, varying in shape and
size, frome spindle-shaped cells arranged tn whorls to those polyliedral in
character, especially tn the depth of the new growth. Giant cells witle giant
nuclei were not uncommon in such situations. The nuclet also varied in size,
shape and number, some containing more than one nucleus and many show-
ing d{rreqular mitosis.  Some nucler were round, sowme spindle-shaped, and
others polyliedral.

In places the colls and  Eheir arrangement resembled  spindlecell
sarcomata.  In every case evamined the weoplasm was of the nature of an
epidermoid carcinoma (Acanthoma, or Squamous cell carcinomay. Some of
them passed throwgh the prelvminary papillomatous stage as described by
Faring (1928), wlercas otlicrs were flal, depressed, indurated, and infiltrat-
ing from an carly period onward.  In the more advanced xfu(/m m hoth types
there awes erosion and wleeration.

Putschar and TToltz (1930) believe they were the fivst to show that skin
cancer 1 rats can be regularly produced by the effect of ultraviolel rays
(Quartz Lamp). The ratls used in theiy investigations showed no evidence
of <nontancous skin neoplasms and amongst 1,000 rats one animal died of u
peritoneal sarcoma (see reference to Rat BL/GO).  They also rvefer (o
a variable picture, such as swollen ears with enlarged edges, eyelids thickened
thus obseuring the conjunctiva, and eyeball opacities. Several changes were
encountered in the same animal, affecting the nose, ears, feet, etc., result-
ing thereby in a grotesque appearance. There 18 no doubt that these naked
eve characters referred to by them closely resembled the picture seen in the
Ouderstepoort rats, Theyv also mention the polymorphous nature of {he cells,
and arrived at a diagnosis of an undifferentiated sarcoma-like growing
careinoma.  They identified metastasis only in 3 animals, in areas situated
subeataneously and regionally near to the eve. It is not known whether the
metastasis was into lx‘mpn olands, because these tissues were not identified.

Several other authors refer to the production of skin neoplasms in rats
following exposure to ullraviolet light. IFindlay (1929) refers fo rapidly
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growing papillomata, and Wahlgren (1932) mentions {wo main types of
neoplasms observed in mice: («) a more or less Cornifying Squamous-cell car-
cinoma, and (6) an undifferentiated Sarcoma-like turnuour built up of polymor-
phous, often fusiforw cells. From this it seemed probable that even this
sarcoma-like type was of an epithelial nature. Martin and Stewart (1935) state
that the epithelial orvigin of this spindle-cell epidermoid careinoma had been
well vecognised in the Buropean literature. Rusch and Bawmann (1939 vefor
to tiie wide variation of the cells, not only in dificrent weoplasms, but even
i diflferent paris of the same growth.  Although epithelial In origin some
resemble sarconwta. Some were invasive, and an occasional metastasis was
ehserved in the neck.  No sceondary growths were found in the viscera. The
extreme anaplasia of these growths ave referred to by Brookes 1943y, dle
deseribes typical squamous  carcinoma cells with a  slHoht wmount of
keratinisation amongst the decper lavers of fusiforn cells.

exposure to the sun. Up fo then such neoplasms hod only been experi-
mentally brought about by ultraviolet Heht.  Six hundred rats were fhus
exposed for about 5 hours daily.  These rodenta being very suscepiible i
heat were nwot exposed between 11w, and 1 pan. After 3 months
e observed hyperkeratosis, brown patches, and dilataiion of ihe blood
vessels, - Malignaney commenced after 7 to 8 months.  Neoplasiis oceunred
i the hairless parts of the body, mosty on {he ears, followed by evellds,
nose, tail, and digits of the frout feet. In some situalions careinomata
cevurred, while in others spindle-cell sarcomata were deseribed.  Thae i s
stated that in the same animal carcinonia occurred on the car, and sareoni
on the eyvelids.  The gencral concensus of  opinion, however, 1s that
the growths desciibed by Roffo were not sarcomata, bui spindle-coll-like
epidermond careinomata.

Rofto (1933) was able to cause malionant neoplasms in rois and nice he
) 2 1

)

Boffo also refers {0 a hypercholesterinaemin in the non-protecied parts

of the body, which sets in after a few days’ exposure.  He considers this
miportant, becauwse cholesterin is o nutvitive photoaciive and heliotropic
sihstance. Baumann and Rusel (1939) maintain {hat cheir experiments do

not support the theory that cholesterol 15 a primary fuctor in the produsiion
of meoplasms in the albino mice.  Although the neoplasms were readily pro-
duced by dreadiation, the cholestercl content of the skin, and of the cars wis
vot increased, and mice on 2 per cent. cholesterol in their diet developed
neoplasins at exactly the same rate as those on the stock diet.  The
cholesterol content of the skin was incveased by irradiation in {the rat, but
2ol 1 the mouse.

These expertments on mice by Roffo of Buenos Aires caused so mich
publicity that the Academy of Medicine in Paris appointed a committee to
verify these observations.  Seeing that rats and wmice displived  «u-h
sensitivity to ultraviolet rays, the committee concluded by direciing the
attention of individuals who abuse sun baths to the potential danger of such
exposures.,

Beard, Boggess and von Haam (1936), Lowever, did not share the far-
reaching conclusions of the Academy of Medicine of Paris, that sunlight
and sunbaths may have dangerous carcinogenic possibilities for the humian
race. Since the normal hubitat of the rat is darkness, aud one vear in the life
of the rat is comparable to 30 years in man, seven months conntinuous radiation
required in the rat to produce neoplasms, would he equivalent to 20 hours
daily ultraviolet irvadiation for about 18 years in man. This illusirates {ho
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necessity of careful consideration in interpreting the results oblaineld
experimentally in laboratory animals and then applying these to man,

SUMMARY.

1. Skin cancer in rats (and in mice) can be produced by exposing then

daily for definite perviods to wltraviolet Light.

2. Rotfo produced identical neoplasms in rals by exposing them daly
tor 5 hours to sunlight. This was confirmed in the experiments at Onderste-
poort, where 1ats were daily exposed for 45 hours to sunlight.  In
one instance o new growth developed in a rat exposed daily for only 2} hours.

3. So far no spontaneous skin cancer have heen observed 1n the rats ai
Onderstepoort when kept under sheltered conditions but in one rat in these
experiments, o fibroblastic sarcoma was found in the liver, lTung, and
cmentun.

4. The skin cancers oecurred on the hairless parts of the skin, and
the majority of rafs new growths appeared in more than one place on the
Bodv. The ears were most frequently affected.

O, MThere was no definite occurrence of metastasis 1nto other organs.

G. The carliest appearance of a new growth, to which attention is drawn,
was -+ 10 months after exposure of the rats to sunlight.

T In all the new growths o micrvoscopical dingnesis of an epidermond
carcinoma was made.  The statement by Roiffo that some of these neoplasms
were of the nature of sarcomata could not be confirmed at Onderstepoort.

8. The earlier lesions revealed the wsual characleristios of an acanthoma
associated in some cases with hyperkeratosis, while m the large actively
growing neoplasms there wax much evidence of anaplasia.
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APPENDIX 1.
In this report a deseription will be given only of the development of skin tumours as noted in
the individual animals,
GROUP AL (ON RESTRICTED DIET) EXPOSED TO SUNLIGHT FOR 41 HOURS DAILY.
On 29/11/41.—One rat (No. 51) died from heat stroke following exposuve on a very hot day.

On 31/1/42.—Another one rat (No. 635) died from heat stroke, Consequently this group was
left with three animals only for the rest of the experimental period.

1240 Augasd, 1942,

Rar No. dd—Left eve, top lid small, round, bright ved swelling, size of small round shot
(photographed), removed completely for microscopic examination. Right cye, lop lid, also slightly
roughened.

No. 33.—-Leit eye, lower lid, large, round, red swelling size of pea and covered with red scab, sye
somewhat watery. Right eyc—mnothing definite.

No. 58.—Right eye cornea opaque, no tumour formation.

4th Seplember, 1942,

No. 33.—Lett eye, lower lid, round tumour, about sizs of pea, smooth, pinkish red, except onter
surtace which shows thick greyish scab. Whitish secretion from the eye. which is partly closed. Right
eye, lower lid, very slightly roughened, just visible. Right ear shows a small, round, hard, hutton-like
thickening, light grey in colour.

No. 58.—Opacity cornea right cye, very distinct. Left eyve, lower lid slight ronghening.  Slight
opacity cornca. Both ecars show thickening, slight wartlike growth somewhat sunken. .

nl

No. 534.—Right exye, upper lid, small but distinct roughening duc to proliferation of epitheliom.
Left cove, slight oparcity cornea. Kyes small.  Slight thickening both ears.
28th September, 1942,

No. b4 Left eve normal.  Right eye, top lid, small papiila, on Lind corner.

No. 58.—-Right eye opaque, middle of top lid diffusely red papilla, size of small pin’s head.  Left
eve small. opaque, otherwise normal.  Left car thickened, showing horny outgrowtli. Right ear also
slightly thickened.

No. 33.—-Left cye lower lid, tumour slightly enlarged. only top covered with scab, bleeding.
Slight whitish secrotion from eye. Right eye apparently normal.

Oth October, 1042,

No. 33.—Left eye, Iower lid, tunmour approximately the saxme size, no tendency to enlarge. Outer
surfuce raw, bleeding somewhat through scratching.  Right eye nothing definite.  Right ear, bntton-
tike thickening, hardening, slightly purplish on inside.  Left ear slicht thickening.

No. b8.—Nyves opague and small. Right eve, upper lid rounded, thickering, sizo of pin’s head,
bright pink.  Left car, marked thickening, horny outgrowth, bright pink.

No. 54—Eyas smali, somewhat watery,  Left eyelid nothing definite.  Right eye, sm1l pavilla,
slight thickening.
15th November, 1942,

No. 33.—Tumour on left eve showing marked enlargement with tendency to hleed.

No. 58.—Thickening both cars, with hornlike outgrowths from inner surface. Frequently
scratched with tendency to bleed.

No. 54.—Diffuse round swelling middle toe of right foot, size of small pea, bright red. Also
small diftuse thickening on right side of nose.

21st December, 1942,

No. 33.—Enlarged tumour left eye, completely closing the eye. Definite tendency to bleed.
Subcutaneous swelling on left ventral side of nock.

No. 54.—Tumour on right foot markedly enlarged involving whole foot which is partly eroded
away through constant licking by animal. Diffuse enlargement on right side of nose.
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Tanrw 111,

91

vy

Hours to Sunlight from 7T.10.41 (With «
Control Group kept in the Shade.

No. Date Speci-

Group. of of men Remarks.

Rat. Death. No. }

Group Bl exposed for 24 | 30 5/6/43 ‘ 20284 l Pneamonia.
hours from sunrise {(on 38 2/9/43 —
restrictod diet) 48 — — Discharged,
61 2/10/43 | 29765 ) Spindle-cell sarcomata lung, liver, omentum,
| right ear slight widening of epidermis,
G 22/12/42 | 28633
Growp B2 esposed for 22 | 24 — [ Discharged.,
hewrs (on full diet) 41 2/9/43 — —

44 /8743 ‘ 20521 Pneumonia.

50 26/8./'43 — Pneumonia.

GO 18/5/43 | 20215 Both ears with noduleg, one with hyperbera-
tosis and early stages of epidermoid carei-
noma.

Group Cline shade (on vo- 40 2, Pneamonia.
strictedl diet) ; 43 —- — Discharwed,

it 576743

55 1274743 — Prewmonia.

64 22/12/42 — —

22w shade (on full © 35 1734 Pneumonia and abseess on head.
[ 39 21374 -—
} 45 27474 } Pnoumonia,
i 49 6/4/43 | 20071 7 Pneamonia.
[t 1674743 ‘ — -
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Tapre IV

Albine Rats exposed 1o Sunlight jrom 1.
in the Shae

WIILTE RATS IN SOUTII AFRICA.

4.42 (with a Control Group kept
le.

No Date Speci- J
Group. of of ‘ en Remarks,
‘ Rat. Death. No. |
{ \ !
Group Ao. exposcd for 4% 16 43 ‘ 28709 ‘ Preamonia ;  ncoplasm  right car 2 cm.
hours (on restricted diet) ‘ 31 23/6/45 ) 29356 diameter :  Epidermoid  carcinoma  with

r
\
|

hacmorrhage and uleeration.

35 6/9/43 29626 ‘ Hormy outgrowth left car, 3 em. in diamter :
! Epidermoid carcinoma with necrosis.
©39 21/9/43 | 29716 | Wart-like growths both ears: One carly
‘ 33 — — ( leston of epidermoid carcinoma with lyper-
33 — — | keratosis, one with inflammatory changes
‘ €0 NeCToss
{ [ e i | — - S
Group A3, exposed for 41 | 9 — — -
hours (on full diet) 34| 22/11/43 | 20950 | Pneumonia;  wartlike growth right car:
‘ Rarly lesions of epidermoid carcinoma with
hyperkeratosis.
[ 36 18/5/43 | 20213 —
44 9/4/43 | 29949 | Pneumonia; new growths nose and ear:
} Nose epidermoid carcinoma ; ecar early.
‘ 49 17/9/43 1 20694 | Pneumonta : abscess  right inner ear :
‘ Lesions, laminated appearance and inflam-
mation.
[T 24/11/43 | 20048 Pneumonia ; new growths on ear: Early
‘ i lesions  of epidermoid  carcinoma  with
‘ [ [ hyperkeratosis.
—_— . [ C o S
Group Bo, exposed for 23 J 4 20/3/43 — —
hours (on restricted diet) 5 — — Discharged.
‘ 10 — — Discharged.
15 11/5/43 e -—
54 5/6/43 | 29282 | Pneumonia.
" 95 23/10/43 | 20838 | Pneumonia.
—_— . - . |—— ——— S S — JE—
Group B3, oxposed for 21 | ! — — Discharged.
hours (on full diet) ‘ 18 | 21/8/43 | 29568 | Neoplasm serotal region—Fibroblastic sar-
coma.
38 | 19/11/43 — Pneumonia.
r 43 9/10/43 — -
46 7/2/43 — J Pneumonia.
i 48 ( 14/5/43 “ - | Pneumonia.
Group Co, shade (restricted ‘ 8 28/10,/43 — -
diet) 11 10/6/43 — —
’ 41 ) 22/11/43 1 20946 | Pneumonia.
45 — —
‘ 50 | 29214 | Pneumonia.
‘ 51 29/7/43 — —
! e
Group (U3, shade (tull dict) 3 —— — Discharged.
‘ 6 17/9/43 | 29693 Pneumonta.
19 14/7/43 — —
. 33 2/7/43 | 29393 Pneumonia.
/ 40 | 26/11/43 | 20945 | Pneumonia.
' D9 —_ —
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