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Little is known about the effect of prolonged heat
on human connective tissue components within the
physiological range. Such a study would appear
to be of interest in relation to chronic illnesses
associated with intermittent periods of pyrexia,
which sometimes persist for many years. Again,
though much has been written on the reaction of
the intact skin to ultra-violet light (UVL), prior
sensitization even producing a generalized systemic
reaction in the vascular and connective tissue
systems, little is known about the effect of direct
application to the unprotected dermis. The bac-
teriocidal effect of UVL .s well known: hence the
benefit in acne vulgaris. Though the penetration
of intact skin is reputed to be feeble, UVL is some-
times used on raw surfaces, such as ulcers, as an
adjuvant to bring about a more rapid response to
healing. However, in patients suffering from
active pulmonary tuberculosis or disseminated lupus
erythematosus, exposure to sunlight may precipitate
a flare-up of the disease. Cortisone diminishes the
weal and flare after UVL and greatly reduces the
intensity and duration of the skin reaction to
irradiation (Holti, 1956).

Gillman, Penn, Bronks, and Roux (1955, a, b)
report a systematic histological survey of the dermal,
epidermal, and blood-vessel changes found in a
variety of conditions. Details of the dermal con-
nective tissue were given in chronic ultra-violet
irradiation dermatitis, in roentgen-irradiation
lesions, and in old burn scars. They show, both
tinctorially and morphologically, that the so-called
"increase in elastic tissue" or "basophilic degenera-
tion of the collagen", frequently described in many
pathological situations (e.g. blood vessel walls),
are not increases in "true" or "normal" elastin, but
fall into the category termed "elastotically degener-
ated fibres". These stain with the usual elastic
stains as well as with dye-mixtures which do not

* Empire Rheumatism Council Research Fellow.

stain ' normal" elastic membranes, but fail to stain
with other dyes which delineate the latter. They
appear to be derived from altered collagen, and
the degenerated fibre masses found in the dermis
(following irradiation, burns, etc.) appear to be rich
in mucopolysaccharides as demonstrated tinctorially.
Mallory's P.A.H. proved useful in outlining collagen
fibrils which became altered to "fibrinoid degenera-
tion" and often extended into these chromophobic
elastotically degenerated masses. This abnormal
elastin stained yellow with the picric acid in Van
Gieson's mixture and the range of structures studied
conformed to the elacin, collacin, and collastin
described by Unna (1896).
Two types of normal elastic fibres were described

for skin: coarse, membrane-like structures lying
between the thick collagen bundles in the stratum
reticularis of the dermis, and very fine dendritic-like
fibres in the subepidermal elastic network. In aged
facial skin, and after chronic ultra-violet, x-ray,
or radium injuries to the dermis, this subepidermal
network disappears, and the stratum papillaris is
replaced by a thick layer of tissue containing round
cells, mast cells, young fibroblasts, and reticulum
fibres, together with coarse fragments or granules
of apparently degenerated elastin. In addition,
a broad band of "elastotically degenerated" fibres
appears between the modified stratum papillaris
and the residual stratum reticularis of the dermis.
This band takes up the usual elastic stains but is
chromophobic towards Mallory's P.A.H.

In view of these considerations, concurrent
experiments were conducted on both fresh whole
dermis and prepared dermis from human abdominal
skin from different age groups, different samples of
each substrate being either subjected to irradiation
with UVL or serving as heat controls. In both sets
of experiments, the substrate was suspended in
water or in normal saline. Particular attention was
paid to the state of the collagen fibrils and the
numbers of elastin-like structures seen, a minimum
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

of 1,250 microscopic fields being scrutinized from
each specimen.

PART I. EFFECT OF PROLONGED HEAT

Materials and Method

Starting Materials
(a) The dermis from upper abdominal human

post-mortem skin of different age groups was carefully
dissected from the epidermis and subcutaneous tissue,
fragmented in water, and examined. This starting
material was then treated in the ways described below.

(b) Samples of the same prepared dermal substrates
from upper abdominal skin used in previous work
(Keech, 1954, 1955; Keech, Reed, and Wood, 1956)
were employed in a similar manner.

Experiment 1 (a).-Fresh whole dermis from two
children aged 7 and 10 years and from a 61-year-old
adult, as well as prepared collagen from a subject aged
9 years, were teased in water, suspended in sterile
distilled water (pH 6-8), and incubated for 6 days at
29c C. Samples were taken for electron microscopic
examination and the tubes were then re-incubated for a
further 10 days (Experiment 1 (b)).

Experiment 2.-Two samples of prepared collagen
from a 36-year-old adult were suspended in sterile
distilled water (pH 6-8) and normal saline (pH 6-4)
respectively and incubated for 14 days at 28 C.

Experiment 3. Another sample of the same substrate
as was used in Experiment 2 was incubated in normal
saline for 33 days at 283 C.

Experiment 4.-Two samples of prepared collagen
from a 7-year-old child were suspended in water and
normal saline respectively and incubated for 14 days at
28c C.

Experiment S (a). Samples of fresh whole dermis from
an infant aged 5 months, a child aged 7, and an adult
aged 66 years, were suspended both in water and in
normal saline and incubated for 14 days at 28 C.
Specimens were taken for electron microscopic examina-
tion and the tubes were then re-incubated for a week at
37° C. (Experiment 5 (b)).

Experiment 6. The same adult fresh dermis as was
used in Experiment 5 was incubated in sterile distilled
water for 4 days at 37 C.

Experiment 7.-Fresh samples from the same 3 sub-
strates used in Experiment 5 were each incubated in
water and in normal saline for 11 days at 37^ C.

Experiment 8.-Another sample from the same adult
fresh dermis as was used in Experiments 5 to 7 was
incubated in water for 14 days at 37° C. After sampling,
the tube was re-incubated for a further 12 days at 44 C.

Antibiotics
0-05 ml. of a penicillin and streptomycin mixture was

added to each test tube in the above experiments. This
successfully prevented bacterial contamination.

Samples for Electron Microscopic Examination
These were ground gently in a tissue grinder until a

milky suspension was obtained; drops were placed on

collodion-covered 200-mesh copper grids, drained with
filter paper, allowed to dry, washed with distilled water,
shadowed with chromium, and examined in a Siemen's
electron microscope, type UM60C.

Counts of the different "elastin" structures were made
by carefully scanning two grids from each sample.
Between Experiments 3 and 4, the specimen holder and
scanning device were re-adjusted to visualize 25 squares
of the grid, and each part of each square was examined
in sequence. As each square was scanned at a magnifi-
cation of 11,000 and as about 25 fields were needed to
cover each square, a minimum of 2 x 625 fields were
scrutinized from each specimen. In Experiments 1 to 3
a minimum of 800 microscopic fields were examined
from each specimen.

Attempts were made to obtain approximately the same
amount of deposit on all the grids from all the samples,
so that valid comparisons could be made. This proved
difficult, but the majority of the grids were classified as
bearing a "heavy" deposit, and where variations in
density affect comparisons in the counts, this has been
indicated in both tables and text.

Terminology
The presence of several types of "elastin" in the

materials used in this study is somewhat confusing.
For clarity they have been classified as follows:

(a) Naturally-occurring elastin or fully-formed elastin,
as described previously (Keech, Reed, and Wood, 1956;
Keech, 1957), comprises three variants (skin-type, fila-
menting, and natural networks) which are found in
fresh whole dermis and prepared dermis from all age
groups, aorta, tendon, and ox ligamentum nuchae. This
type appears in the text without quotation marks.

(b) Morphologically similar structures seen after the
application of heat are referred to as naturally-occurring
"elastin" or elastin-like structures. There is much
evidence that these structures resemble the naturally-
occurring elastin described under (a) in chemical pro-
perties as well as in morphology (Burton, Hall, Keech,
Reed, Saxl, Tunbridge, and Wood, 1955; Hall, Keech,
Reed, Saxi, Tunbridge, and Wood, 1955). However,
until this point is fully established, quotation marks
are used.

(c) A larger form, which will be termed transformation
structures (TS),* consisted of a very thick, dense portion
splaying out into one of the naturally-occurring variants.
Some were fairly large, stretching over two microscopic
fields, and measured 20,u in length (Figs 12-19). These
TS occurred in small numbers in all the starting materials
together with the naturally-occurring elastin, but were
seen in much larger numbers after the application of
heat (vide infra).

(d) The manufactured networks (MN) were similar
to those described previously (Keech and others, 1956,
1957). They were usually small or of medium size,
but larger examples were found in the fresh dermis from
the infant aged 5 months (infantile-type; Figs 27, 28,
30, 31, and 32).

* The reason for this will become apparent later.
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200 ANNALS OF THE RHEUMATIC DISEASES

Results unaltered throughout. The electron microscopic
Macroscopically all the substrates appeared to be findings are summarized in Table I.

TABLE I

ANALYSIS OF EXPERIMENTS PERFORMED ON FRESH WHOLE DERMIS AND PREPARED COLLAGEN FROM
DIFFERENT AGE GROUPS

Fully-
Experi- ~~Treatment formed Manu-

mxent Sustat Age Elastin Trans- facturedIGrid Fine
No. (yrs) Structures Nt- Deposit Threads olaeEasi

Time Temp.1 Solu- S F N works
i(days) C. Ition

(a) 7 6 29 H20 104 5 1 H None

(b) 16 29 H-20 *44 3 5 3 2 H Verv
scanty Some degenera- Mostly small

tion pieces
(a) Fresh 10 6 29 H20~ 79 -2 H Very very,

Dermis scanty
(b) 16 29 H90 32 1 2 13 11 H

(a)
61

6 29 Hq0 119 3 7 VH None Very little Larger pieces
61 ~~~~~~~~~~~~~~~~~~~degeneration

(b) ~~~16 29 H20 39 6 11 56 5 VH Very
scanty

(a) Prepared 6 29 H9,0 76 6- 10 H Very Some degenera-~Mostly small
Collagen 9 scanty tion pieces

(b) 16 29 H20 62 6 8 71 41 H Moderate

- ~~~~~~~Starting Material 96 2 12 H None IMixedwithamor-i
phous material

2 Prepared 36 14 ~28 N 38 4 1 MH NoneiMotysalr
Collagen A little de- moeaeiz

14 28 H20 138 5 4- Very generation
scanty

3 Prepared 36 33 29 NS 65 6 MH None A little de- Mostly small or

Collagen ______________- -generation moderate size

Starting Material 61 4 1 H Mixedwithamor- Mostly small
phous material pieces

Very very
4 Prepared 7 14 28 NS 100 74 9 7 H scanty

CollagenISome degenera- A few large
14 28 H0 95 3- 3 MH tion pieces

Starting Material 90 12 2 1 H None In clumps with Long pieces
amorphous filamenting-
material type elastin.

otherwise tiny
pieces

I(a) Fresh 5y 12 14 28 NS 168 2 43 VH Large infantile-
Dermis Noetype manu-

None factured

(b) 7 37 NS 59 11 10 11 H degenratio
(a) 14 28 H0 197 1 8 H NoeMostly small hut
(b) -7 37 H20 161 13 25 7 H Scanty some large

Starting Material 62 6- 7 H Very very Mixed with
scanty amorphous

material

51(a) Fresh 7 14 28 NS 196 8 3 MH Very Mostly small
Dermis scanty pieces

(b) 7 37 NS 131 2 1 1 MH Very very
scanty Some de-

generation
(a) 14 28 H20l~ 104 10 4 2 H Very very

scanty
(b) -7 37 H20 92 - 1 4 H None

Starting Material 89 5 - 3 VH Very very Clean and
scanty unaltered

(a) Fresh 66 ~14 7 28 NS 252 1 1 VH Several large
Dermisa None pieces

(b) -_7 37 NS 178 5 3 7 H Very little
degeneration

(a) 14 28 H20aO375 3 1 - H 'None
(b) +7 37 H20 168 81 H Scanty

I .-'I -1 . .:z- -- . -
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS 201

Fully-
Treatment formed Manu-

Experi- Age Elastin Trans- factured Grid Fine
ment Substrate (yrs) formation Net- Deposit; Threads Collagen Elastin
No. Time Temp. Solu- S F N Structures works

(days) 'C. tion _

Starting Material 71 12 1 I1 VH Very Clean and
scanty unaltered

Mostly small
6 Fresh 66 4 37 H20 72 7 - - VH None Very little pieces

Dermis degeneration

11 37 NS 140 5 2 32 - H Scanty
5/12 11 37 H20 150 9 8 19 - VH Very

scanty Some
degeneration Some large trans-

7 Fresh 7 11 37 NS 91 7 4 25 - MH I formation
Dermis 11 37 H20 235 9 13 51 - H Scanty structures

66 1 1 I 37 NS 138 4 7 70 1 H Scanty Very little
11 37 H20 96 3 5 39 - VH Very degeneration

_- -] - -l4,-scanty

(a) 66 14 37 H20 214 3 4 41 H Very little
degeneration

(b) 1--12 44 H20 136 3 1 64 - H Very little Somelargetrans-
8 Fresh None degeneration formationDermis Reduction in; structures

amorphous
material

In Experiments 1-3 a minimum of 800 microscopic fields were examined for each specimen. The scanning device was then readjusted to
cover a larger area, so in Experiments 4-8 a minimum of 1,250 microscopic fields were scrutinized for each specimen.

* Only 1 grids scanned. t Only one grid scanned.
S=skin-type elastin; F=filamenting-type elastin; N=large natural elastin network; H=heavy; VH=very heavy; MH=moderately heavy.

Starting Materials (Figs 1-6).-Age-differences
were marked in the fresh whole dermis as well as in
the prepared substrates. The majority of the
collagen in the fresh dermis from the 5-month-old
infant was in clumps mixed with, and masked by,
the plentiful amorphous material. In the fresh
dermis from the 61-year-old and 66-year-old adults,
the collagen fibrils were clean and easily seen, and
there was less amorphous material. The substrates
from the children presented an intermediate picture.
In addition, a proportion of the collagen in each
age group was in compact bundles, the fibrils being
matted together with amorphous material (Fig. 4).
Large, dense, square-ended fibres (Figs 1, 5, and 6)
were present in all the starting materials, but were
larger and more numerous in the adult specimens.
The pieces of elastin were smaller in the younger
substrates and larger in the adults, and the infant
dermis contained several long pieces of the filament-
ing variant. Angular dense bits were present in all
the starting materials, being more numerous and of
smaller size in the dermis from the infant. A very
few (1-7) transformation structures (TS) were
found in nearly all the starting materials (Fig. 26).
They were similar to those described previously, but
were not so large or so numerous as after treat-
ment with phthalate, etc. (Keech, 1957). A few
globules, presumably fat, were seen in some of
the specimens of fresh dermis, but were easily

recognized and caused no practical difficulty. Such
globules, however, were not observed in the pre-
pared derma. The prepared substrates presented
essentially the same picture as the fresh derma.
Since the starting materials for Experiment 1 were
examined in an RCA electron microscope at a much
lower magnification, the elastin counts were
omitted from Table I. However, all the sub-
trates exhibited a similar picture with the same age
differences as those already described.

Experiment I.-After incubation in H20 for 6 days
at 29° C., a small proportion of the collagen from the
three younger individuals showed evidence of early
degeneration (similar to those illustrated in Figs 24, 31,
32, and 33). The affected fibrils presented a granular
appearance but were not swollen and still bore evidence
of striations. The adult collagen was relatively un-
affected (similar to Figs 34-37). The figures in the first
three columns (fully-formed "elastin") showed a signifi-
cant decrease after incubation for a further 10 days,
whereas the counts in the next two columns (trans-
formation structures and manufactured networks)
showed a rise. This rise was particularly marked in the
fresh dermis from the 61-year-old adult and in the
9-year-old prepared substrate, but in each case over half
the total comprised the TS form illustrated in Figs 10
and 11. This TS form resembles the large, unbranched,
square-ended, dense fibres previously described in all the
prepared and fresh starting materials (Figs 1, 5, and 6).
However, it lacks the dense coating of amorphous
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202 ANNALS OF THE RHEUMATIC DISEASES
THE SCALE MARKED ON ALL THE FIGURES REPRESENTS I/i, AND ALL THE PREPARATIONS ARE SHADOWED WITH CHROMIUM.
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Figs I and 2.-Fresh whole dermis from a 5-month-old infant. This starting material shows the striated collagen fibrils
mixed with, and partially obscured by, the plentiful amorphous material and small dense bits. Note the two large, dense,
square-ended fibres (Fig. 1) and the tiny piece of elastin (Fig. 2), all partly masked by the amorphous material.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

Fig. 3.-Fresh whole dermis from a 66-year-old adult. In contrast to Figs I and 2, the substrate consists of bundles
of clean collagen fibrils with less amorphous material.

Fig. 4.-Prepared dermis from a 9-year-old child, showing one of the compact bundles seen in all the starting materials.
The collagen fibrils and some tiny pieces of elastin appear to be matted together with amorphous material, and the

indistinct, irregular outline of the bundle is characteristic.
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ANNALS OF THE RHEUMATIC DISEASES

A.

_%x..

A.

I,,

Figs 5 and 6.-Fresh whole dermis from a 10-year-old child, showing examples of the large dense,
square-ended fibres found in all the starting materials.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS 205

Figs 7 and 8.-Fresh dermis from a 66-year-old adult after irradiation with ultra-violet light (UVL) for 7 days at 37° C. in water (Fig. 7)
and in normal saline (Fig. 8). These demonstrate the first stage in the formation of a transformation structure (TS), a small part of

the large, dense fibre having been converted into elastin-like material.
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ANNALS OF THE RHEUMATIC DISEASES

Fig. 9.-Example of an early transformation structure (TS) from the fresh dermis of a 7-year-old child after irradiation with ultra violet
light for 9 days at 280 C. in water.

material which allows its filamentous nature to be seen.

The remainder of the structures recorded in the TS
column consisted of the usual transformation structures,
i.e. thick, dense portions splaying out into one of the
variants of fully-formed "elastin" (similar to those
illustrated in Figs 12-19).

Experiments 2 and 3.-These show the results of pro-
longed incubation of the 36-year-old prepared substrate
in both water and normal saline, below body tempera-
ture. Although the collagen was mainly unaltered, a

very small proportion showed evidence of early degener-
ation after 14 days and a slightly greater proportion after
33 days. Owing to the differences in the density of the
grid deposits, it is difficult to draw firm conclusions from
the "elastin" counts.

Experiment 4.-This shows the effect of incubating
prepared collagen from a 7-year-old child in normal
saline and in water for 14 days below body temperature.
Some of the collagen fibrils exhibited early signs of
degeneration and there was a moderate increase in all
the "elastin" counted.

Experiment S(a) and (b).-This compares the effect
of incubating fresh dermis from different age groups
both in normal saline and in water at two different

temperatures, 280 C. and 370 C. respectively. There
was a definite age difference in the reaction of the collagen
towards heat. A fair number of the infant fibrils showed
signs of early, granular degeneration after 2 weeks at
28° C. (Figs 31 and 32), which was slightly accentuated
after incubation for a further 7 days at body temperature.
Only a small proportion of the collagen from the 7-year-
old child showed evidence of degeneration at either
temperature, and that from the adult was practically
unaltered. Throughout there was no difference between
incubation in water or saline. The 280 C. samples all
showed a significant rise in the counts of fully-formed
"elastin", with a subsequent fall after further incubation
at 370 C. In contrast, the 370 C. samples gave the
highest counts of TS. These TS were virtually absent
in the adult, although quite a number of the unaltered,
square-ended, large, dense fibres (similar to those
illustrated in Figs 1, 5, and 6) were seen throughout.
Manufactured networks (MN) were absent from all
three starting materials, but appeared in the two younger
substrates after incubation. The large number found in
the 5-month-old dermis after 14 days in normal saline
at 280 C. included some very large examples (infantile-
type) which stretched over one or two microscopic fields
(Figs 27 and 28). These were only seen in this very
young substrate.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS
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Figs 10 and 11.-Partial removal of the dense coating of amorphous material from the large, dense fibres allows their underlying
filamentous nature to be seen. These examples of early transformation structures were from 66-year-old fresh dermis (Fig. 10) and

9-year-old prepared dermis after heating in water for 16 days at 28° C. (Fig. 11)
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ANNALS OF THE RHEUMATIC DISEASES

Fig. 12.-Typical transformation structure (TS) from fresh dermis of 66-year-old adult after incubation in normal saline for 7 days at

370 C.

Experiments 6-8.-The collagen both from the infant
and from the 7-year-old child showed slight evidence of
degeneration after incubation for 11 days at 37° C.,
whereas the collagen from the adult was practically
unaltered. All three substrates exhibited a definite rise
in the counts of fully-formed "elastin" and TS, although
MN were virtually absent.
The fresh dermis from the 66-year-old adult showed

very little difference, either in the appearance of the
collagen or in the "elastin" counts, after 4 days in H20
at 37° C. A few collagen fibrils showed evidence of
slight degeneration after 11 and 14 days at 37° C., and a
slightly increased number after 12 days at 44° C., but the
great majority remained unaltered (Figs 34-37). There
was an increase in the counts of fully-formed "elastin"
and TS after incubation for 11 days at 37' C. (both in
water and saline), and a further rise after 14 days (in
H20). The fully-formed "elastin" decreased after 12
days at 44° C., and the amount of amorphous material
was reduced, but there was a slight increase in TS.
Some of the latter were large, covered several micro-
scopic fields, and terminated in large "elastin" networks;
they resembled those reported after treatment with
phthalate, etc. (Keech, 1957).

Manufactured Networks (MN).-These were
similar to those described previously (Keech and
others, 1956; Keech, 1957) and appeared after pro-
longed heat, either in water or in normal saline, but
were almost confined to substrates from children
(fresh dermis and prepared collagen). The large
examples (infantile-type) were found only in the
dermis from the 5-month-old infant (Figs 27, 28,
30, 31, and 32).

Fine, Thread-like Structures (Keech and others,
1956, 1957).-These were either absent or extremely
scanty throughout the present investigation, except
after prolonged incubation of the 9-year-old pre-
pared collagen at 29° C. (Experiment 1 (b)).

Discussion
The following points deserve further comment:
(1) The age differences;
(2) The fact that prolonged heat, even below body

temperature, can cause some collagen degeneration
in the younger age groups;
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EFFECT OF HEAT AND ULTRA- VIOLET LIGHT ON HUMAN DERMIS 209
Figs 13 to 16 demonstrate that the appearance of a transformation structure depends on the thickness of the

dense coating of amorphous material.
Where this coating thins out, the underlying "elastin" filaments are revealed.

Fig. 13 is fresh dermis from the 5-month-old infant after incubation in water for I I days at 370 C.

Fig. 14 is fresh dermis from the 7-year-old child after UVL irradiation for 9 days at 28° C. in water.
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ie 5-month-old infant after UVL irradiation for 9 days at 280C.
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Fig. 16 is prepared collagen from the 36-year-old adult after UVL irradiation for 19 days at

28° C. in normal saline. Arrow indicates effect of tension on a striated collagen fibril as

described previously (Keech, Reed, and Wood, 1956).
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

Fig. 17.-Two adjacent fields showing part of a large transformation structure found in the 7-year-old fresh dermis after UVL irradiation
for 7 days at 37° C. in water.

(3) The lack of difference between the irradiated
specimens and the heat controls;

(4) The opposing trends of the counts made on
fully-formed "elastin" and transformation structures.

(1) Age differences were demonstrated in all the
starting materials, both in fresh whole dermis and in
prepared dermis. In young subjects, amorphous
material and angular dense bits were abundant and
partially masked the collagen fibrils, which were
frequently found in clumps or matted together in
compact bundles. The appearance of these bundles
suggested that the fibrils were cemented together
with the amorphous material. In adults, on the
other hand, the collagen fibrils were clean, amor-

phous material was scanty, and both the elastin
structures and the dense bits were larger than those
seen in the children. The infant dermis contained
long pieces of filamenting elastin, and, after the
action of prolonged heat, large infantile-type
manufactured networks (MN) appeared, which
were not seen in any of the older substrates. It
should be noted, however, that nearly all the MN
counted were confined to the younger age groups.

Prolonged heat alone, either in water or normal
saline, even below body temperature, produced
evidence of early degeneration of the collagen fibrils.
The proportion affected was again age-dependent,
being fairly high in the infant and very low in the
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ANNALS OF THE RHEUMATIC DISEASES

Fig. 18.-Fresh dermis from the 66-year-oid adult after incubation in normal saline for 7 days at 37' C. Arrows indicate areas of
tension along two collagen fibrils emerging for the dense elastin-like structure. The one nearest the magnification mark is also raised

above the surface of the grid as demonstrated by the direction of the shadow (Keech, Reed, and Wood, 1956).

adults. There was no obvious difference between
the results after incubation in water or in normal
saline, either in morphology or in "elastin" counts,
as indeed would be expected when using such
reagents with a pH value just below 7 0.
The total "elastin" counts were smaller in Experi-

ments 1 to 3 than in Experiments 4 to 8 because of
the smaller area available for examination as des-
cribed above. Thus the figures in these two groups
are not strictly comparable, although the figures with-
in each group can be compared. However, the
same trends prevailed throughout all the experi-
ments, and with both fresh and prepared substrate.
As explained in the paragraph headed "Termin-

ology", the types of elastin structures listed in
Table I were classified separately for clarity and
convenience. It should be realized that some of
these structures may appear after certain pro-
cedures, may be characteristic of a particular age
group, or may react differently to the same treat-
ment. Close examination of these structures
indicates that they may well be closely allied, since
a gradation of morphology can be seen. In fact,

all these structures found in all the starting materials
would be compatible with a large, elastin network
or sheet broken up into portions of varying size by
grinding during the preparation of specimens for
the electron microscope. The thicker portions
would appear as large, dense fibres, and the thinner,
smaller, more compact portions would appear as
skin-type, filamenting, or natural networks, depend-
ing on the amount of the electron-opaque material
coating the "elastin" filaments. Heat alone (as
shown in the present study) or heat plus other
reagents (Keech, 1957) can first strip off some
of this amorphous coating from the large, dense
fibres (as illustrated in Figs 10 and 11) and then
partially transform them into structures morpho-
logically similar to those included under the heading
of fully-formed "elastin". Thus, these transforma-
tion structures (TS) can terminate as elastin net-
works, filamenting elastin, or the thicker variant
called skin-type elastin. The amorphous material
has been called elastomucin (Hall, Reed, and
Tunbridge, 1955) and forms an integral part of
elastic tissue at all sites.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

Fig. 19.-Three adjacent
fields illustrating part of
a large transformation
structure found in the
5-month-old fresh dermis
after UVL irradiation
for 9 days at 28- C. in

normal saline.

Fig. 20.-Piece of filamenting elastin from the 9-
year-old prepared dermis after incubation in Xwater for

16 davs at 28 C.
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ANNALS OF THE RHEUMATIC DISEASES

'I:

Fig. 21.-Part of a large bundle of filamenting "elastin" seen in the 5-month-old fresh dermis after tJVL irradiation for 9
days at 28' C. in normal saline.
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Fig. 22.-Part of a large "elastin" network found in the 7-year-old fresh dermis after incubation in normal saline
for 7 days at 37° C.
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215EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

M"I-

Fig. 23.-Piece of elastin from the starting material of the 36-year-old
prepared dermis. Arro indicates part o' a collagen fibril under
tension and raised above the surtace of the arid as demonstrated bv

the shadow (Keech. Reed. and \\ ood. 1956).

FiHr. 24.-Tran-formation 'truuT re ITS) front the >-montlt-old frci
dermi- alter inCLlItion in water fb(r 11 davs at 37 C. Notec

d egenerate appcalance oft colicern.

F i .---TrantJormation -trLCture (TS) tro.m the 66-eaxr old
fre-h deinik alter \ L irradiation for 7 davx at t7- C. in water.

Fi2. '6.-- Ea rl- transformation strctture from the 36-Year-old prepared
startinE material.
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ANNALS OF THE RHEUMATIC DISEASES

The numbers of TS were directly proportional to
the length of incubation, and were more plentiful at
body temperature than below (Experiments 1 (a)
and (b) and 5 (a) and (b)). The largest numbers
were seen in the experiments performed at 370 C.
throughout (Experiment 7). The only experiment
in the present study incubated above body tempera-
ture (8b) produced larger examples which termin-
ated in large "networks" covering several micro-
scopic fields. They were the nearest approach to
those described after treatment with various reagents
(Keech, 1957). However, the complete transforma-
tion picture produced by various reagents, such as

phthalate, etc., was absent. The concurrent reduc-
tion in amorphous material noted in experiment
(8b) at 440 C. could have revealed the "elastin" net-
works. At the same time, the amorphous material
removed could well have provided further com-

ponents for building such networks.
As shown in Table I, the counts of fully-formed

"elastin" showed an initial rise after heating both
fresh or prepared dermis, in water or saline, at or
below body temperature, for 6-14 days. However,
subsequent incubation of the same samples revealed
a fall in numbers in all the substrates examined and
in all the experiments. At first sight this proved
puzzling, particularly in view of the steady increase
in TS. However, re-examination of "elastin"
counts made on some heat controls done in previous
work, may provide a clue (Table II). These were
the controls mentioned in relation to the progressive

gelatinization of collagen after increasing the
temperature to 1000 C. (Keech and others, 1956),
but the "elastin" counts were not published. Table
II shows a progressive decrease in elastin-like
structures as the temperature increased, throughout
all age groups. It could be argued that the resulting
gelatin obscured the "elastin". This would not
appear to be the correct explanation, however, as
the component filaments of the "elastin" were
particularly well defined. As discussed previously,
this is presumably due to the thermal dispersion of
the binding elastomucin. In addition, a number of
large, unaltered, square-ended, dense fibres (similar
to those illustrated in Figs 1, 5, and 6) were seen in
all the 750 and 100° C. samples from all three
substrates, whereas MN were absent throughout.
The rapid heat at higher temperatures for short

(hourly) intervals used in the experiment just
described produced a decrease in fully-formed
elastini" without the production of any TS or MN.
Perhaps the prolonged heat at or below body
temperature produces a similar, though slower,
reduction in the fully-formed "elastin", together
with transformation of the large, square-ended,
dense fibres. Certainly the rapid heat (1 hour at
750 and 1 hour at 1000 C.) was insufficient to alter
the large, dense fibres present in all the three sub-
strates described above. Published work describing
the thermal properties of elastin has been done
almost entirely on ligament elastin, chiefly ox
ligamentum nuchae. Perhaps the minute, scattered

TABLE II

RESULTS OF SHORT-TERM HEAT ON PREPARED SUBSTRATES FROM DIFFERENT AGE GROUPS. A MINIMUM OF 800
MICROSCOPIC FIELDS WERE EXAMINED AT EACH TIME-INTERVAL

Fully-formed Elastin Trans- Grid
Substrate Age Treatment formation Deposit Collagen

(yrs) S F N Structure Deoi

Prepared Collagen 2 Starting material 108 4 6 MH

1 hr 55° C. in H20 157 2 5 H Starting to gelatinize

Further hr 75° C. in H20 50 1 - MH Mostly gelatinized

Further hr 100° C. in H20 50 5 All glue

Prepared Collagen 9 Starting material 177 5 - H

1 hr 55° C. in H20 94 2 5 MH Starting to gelatinize

Further hr 75° C. in H20 119 1 - _ H Mostly gelatinized

Further hr 100'C. in H20 46 - - All glue

Prepared Collagen 78 Starting material 75 1 6 H

1 hr 55° C. in H20 54 _ H Mostly unaltered

Further hr 75' C. in H20 57 1 H Mostly gelatinized

Further hr 100' C. in H20 *15 _ -_ All glue

* Only one grid examined. S=skin-type elastin; F=filamenting-type elastin; N=large natural networks; H=heavy; MH=moderately
heavy.
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EFFECT OF HEAT AND ULTRA- VIOLET LIGHT ON HUMAN DERMIS

Figs 27 and 28.--Part of the large manufactured networks (infantile-type) found only in the 5-month-old fresh dermis after the application
of heat. These examples were seen after incubation in normal saline for 14 days at 28° C.

pieces of morphologically similar material found in
the dermis may be more susceptible to the action
of heat, than the bulky mass of ligament.
The present study confirms and extends other

work on the effect of heating prepared collagen
from different age groups in water at 370 C. for
IIo to 24 hours (Keech, 1957). An increase in
fully-formed "elastin" was found in all age groups,
being more marked in the younger substrates but
without the production of a transformation picture.
Again, occasional MN were seen sporadically
throughout this work at 370 C., but the present
study is the first time they have been demonstrated
below body temperature. They appeared after
prolonged heat almost exclusively in the younger age
groups which exhibited some degree of collagen
degeneration, the largest examples being found in
the infant dermis. This is in conformity with their
production in larger numbers by the various
collagen-destroying reagents reported previously
(Keech and others, 1956).

The paucity of fine, thread-like structures through-
out the present investigation again confirms this
previous work. As would be expected, only very
scanty examples were seen, because the experiments
were performed just below the neutral pH value.

PART II. IRRADIATION WITH ULTRA-VIOLET LIGHT
The results given in Table I were, in fact, the

control experiments for concurrent studies em-
ploying irradiation with ultra-violet light (UVL).
In the experiments which paralleled Experiments
1 to 5 in Table I, separate samples of the same
substrates were suspended in water or normal
saline in glass tubes (30 x 5 mm.), the corks being
sealed with collodion to prevent evaporation.
These were affixed to a white index card and hung
vertically in a fugitometer which emitted the
equivalent of British June noon sunshine (3,000-
8,000 A). The carbon arc was covered by a pyrex
globe surrounded by a water-jacket, and a fan
helped to maintain a constant humidity and tem-
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218 ANNALS OF THE RHEUMATIC DISEASES

Fig. 29.-Fresh 61-year-old dermis after UVL irradiation for 14 days at 28' C. in water. Transformation structure intimately associ-
ated with large dense bits. the elastin-like material resembling manufactured networks (MN).

Fig. 30 (a), (b), and (c).-Typical examples of manufactured networks (MN) found after the application of heat. These were seen much
more frequently in the younger age groups, being very scanty in the adults.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON.' HUMAN DERMIIS

VW,

Fie3 '1 and 32.-Fresh 5-month-old dermis after incubation irl
w-ater for 14 davs at 28- C. These show degeneration of the

collagen fibrilIs and several manufsictured networks \1N).

4.

I.i 400,
4~

t. .1

Fig. 33-Fresh 5-month-old dermis after incubation in water for

II dass at 37- C. showing part of a bundle of filamenting "elastin
and some degenerate cLolagen.

peratUre. These earlier experiments were con-
ducted at 28-29 C.. and it proved impossible to
raise the temperature in this machine to 37 C.
without drastically altering the humidity. So the
studies which paralleled Experiments 6 to 8 were
performed in a fadometer containing a carbon

r arc with identical strength for fading dyed cloth
standards, but without a wvaterjacket or fan.
r l this machine it proved difficult to keep the

temperature as low as 37 C. and to maintain
it at any given level. The substrates for these
fadometer experiments were suspended in quartz
tubes (50 8 mm.). and the corks were again

q sealed with collodion.
In spite of all the technical difficulties (such as

the variable burning-life of each carbon. wvith
consequent periods at room temperature inside
the instrument at weekends and between irradi-
ation, not included in the irradiation time
recorded). full "elastin" counts were made from
each specimen. These irradiation results formed
a pair with each line printed in Table 1. They
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I
ANNALS OF THE RHEUMATIC DISEASES

Figs 34 to 37.-In contrast to Figs 31-33, these illustrate the minimal effect of prolonged heat on the collagen fibrils
from the 66-year-old adult.
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Fig. 34 is taken after UVL irradiation for 7 days at 37' C. in water.
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Fig. 35 is taken after incubation in water for 14 days at 37' C. followed by a further 12 days at 44' C.
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS 221

Fig. 36 is taken after UVL irradiation for 7 days at 37° C. in normal saline.

Fig. 37 is taken after incubation in normal saline for 11 days at 37° C. Note the piece of "elastin".
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ANNALS OF THE RHEUMATIC DISEASES

were omitted for two reasons: to prevent further
complication of the Table, and because they did not
differ significantly from the counts made after
testing the action of heat alone. They too
showed an increase in "elastin" depending on
the length of incubation, and a morphological
picture similar in all respects to that found in the
heat controls.

Contrary to the results of the preliminary experi-
ments in the fugitometer (and mentioned previously,
Keech and others, 1956), no significant increase in
elastin-like structures was observed over and above
that which could be accounted for by heat alone.
This first (misleading) experiment was performed
during a heat wave and during staff holidays, and it
is almost certain that, unknown to the staff con-
cerned, there was a considerable rise of temperature
within the machine. The possible criticism that the
UV waves never penetrated the small glass tubes (in
spite of being only 5 mm. in diameter) during the
earlier experiments is discounted by the similar
results obtained in the later work using tubes made
of quartz. In England one is fortunate to get 12
hours of noon June sunshine per year, so that
continuous irradiation in the fugitometer even for
1 week (168 hours) gives an extremely concen-
trated dose of UVL, which should be sufficient
to evoke a response in suspensions of exposed
dermal collagen (without the protective epider-
mis), should such a response occur at these temper-
atures.
One interesting point arises from the UVL study

which paralleled Experiment 8 (Table I). In the
first part of the experiment, both irradiated and heat
control substrates were maintained at 370 C., and
the "elastin" counts and morphological picture were
almost identical, showing a considerable increase in
elastin-like structures as compared with the starting
material. On re-incubation, although the fado-
meter started at 440 C., the temperature quickly
rose and the tube was removed after 21 hours at
580 C. Examination showed that both the "elastin"
counts and the morphological picture were almost
identical to those seen in the heat control, which
had been incubated for 12 days at 440 C. Thus it
would appear that the very short incubation at
the higher temperature was equivalent to the more
prolonged incubation at 440 C. This can be
adduced as further evidence that the changes found
in the irradiated specimens were due to the action
of heat alone.
The lack of difference between the irradiated

specimens and the heat controls. could be due to
insufficient exposure time or to exclusion of rays
shorter than 3,000 A by the pyrex globe in the

fugitometer. It is difficult to draw comparisons
with the marked pathological picture described by
Gillman, Penn, Bronks, and Roux (1955a) for
dermis from chronic UVL irradiation dermatitis with
or without superimposed carcinomata. The present
study in vitro lacked the inflammatory tissue
response with its altered metabolism, upset enzyme
systems, invasion by fibres and cells, and alteration
in local pH values. However, several points appear
to be worthy of comment. Both the present
investigation and previous work (Burton and others,
1955; Hall and others, 1955; Keech and others,
1956, 1957) demonstrated that dermal collagen can
be transformed into elastin-like structures by
various treatments: incubation in alkaline buffer
(pH 8 8), phthalate buffer (pH 5 0), or periodate
(pH 5 0) at 370 C.; or heating in water alone for
short intervals above body temperature, or for
longer intervals at or below body temperature.
As with the light microscope, the electron micro-
scope revealed a range of elastin-like structures,
merging one into the other, each structure consisting
of two components: filaments and dense amorphous
material (elastomucin). The morphology of any
particular structure depended on the relative
quantities of these two components (vide supra).
It is possible that the varieties present in all the
starting materials may be derived from those
described histologically for normal skin. The fine,
dendritic-like fibres of the sub-epidermal network
may give rise to the fully-formed elastin; the
coarser elastic membranes situated deeper in the
dermis, may be broken up, during the grinding
required to obtain a sufficiently fine suspension for
electron microscopic examination, to give the
gradation of structures as postulated above. In
the experimental conditions outlined, suspensions
of fresh whole dermis or prepared dermis alter (the
extent of the alteration depending on the reagent
used) to give a marked increase in "elastin",
morphologically similar to that found in the
starting material, together with the appearance of
new elastin-like structures. As with the light
microscope, so these newly-formed fibres appear to
stem from degenerate collagen, which was then
either coated with amorphous material (elasto-
mucin) or transformed to varying degrees into
typical "elastin" filaments. Some of the same
incubated specimens examined under the electron
microscope in the present investigation were also
examined histologically (H. Saxl, personal com-
munication) and were found to contain a proportion
of collagen which stained yellow with the picric acid
in Van Gieson's mixture, as mentioned by Gillman
and others (1955a).
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EFFECT OF HEAT AND ULTRA-VIOLET LIGHT ON HUMAN DERMIS

Conclusion

Although this paper reports the results of test-tube
experiments, a word might be said on their possible
physiological application. The reaction of human,
fresh, whole dermis to incubation in water was

similar in every way to incubation in normal saline,
which is nearer body milieu. The fact that early
degenerative changes could be produced by pro-

longed incubation at or below body temperature
(albeit only a very small proportion of the total
fibrils present were affected), and that the effect was
more pronounced the younger the individual, may

have some bearing on the normal physiology of
growth and on the pathology associated with pro-

longed fever. It would appear that only a very

small fraction of the total collagen present needs to
degenerate in order to provide sufficient breakdown
products with which to build up some elastin-like
material, which, in turn, seems susceptible to pro-

longed heat. In the living body, enzyme systems
also play a part, of course, in both the breakdown
and the synthesis of tissue structures. For example,
collagenase-activity has recently been demon-
strated in dog pancreatic juice (Ziffren and Hosie,
1955). This is the first time that collagenase
has been demonstrated in mammals. Perhaps, in
addition to the more active body components
usually considered in physiological and pathological
turn-overs, the more static connective tissue com-

ponents may have a greater normal metabolic turn-
over and a greater potential transformation capacity,
and be more affected by pyrexia than is at present
realized. Further work along these lines (preferably
with living tissue) may explain how much of the
damage to or alteration of the fibrous connective
tissue components is due to the intermittent fever
in the group of so-called "collagen diseases", and
how much is secondary to alterations in the
surrounding milieu.

Summary

(1) The effect of prolonged incubation at 28-29°
and 370 C. of fresh whole dermis and prepared
dermis from human abdominal skin of different
age groups was studied both in water and in normal
saline. Particular attention was paid to the state
of the collagen fibrils and the numbers of elastin-
like structures seen, a minimum of 1,250 micro-
scopic fields being scrutinized from each specimen.

(2) Different samples of the same substrates were

suspended in H20 or normal saline and subjected to
irradiation by ultra-violet light. Contrary to the
results of preliminary experiments, irradiation did

not increase the "elastin" counts above that which
could be accounted for by heat alone.

(3) Age differences were noted, not only in the
fresh and prepared starting materials, but also in
their reactivity to heat.

(4) No difference was found between incubation
in water and in normal saline, and a comparable
response occurred in substrates of the same age,
whether they were fresh whole dermis or prepared
collagen.

(5) A rise in the quantity of fully-formed "elastin"
was found in all substrates up to 14 days' incubation,
but after this time the amount decreased.

(6) In contrast, the numbers of transformation
structures were directly proportional to the length
of incubation, and were more plentiful at body
temperature than below.

(7) A possible explanation for these findings,
together with their bearing on normal physiology
and intermittent pyrexia, is briefly discussed.

It is a pleasure to thank Professor R. E. Tunbridge,
O.B.E., for his sustained encouragement throughout
this work, and Dr. H. E. Nursten for obtaining the
UVL irradiation facilities.

REFERENCES

Burton, D., Hall, D. A., Keech, M. K., Reed, R., Saxl, H., Tunbridge,
R. E., and Wood, M. J. (1955). Nature, 176, 966.

Gillman, T., Penn, J., Bronks, D., and Roux, M. (1955a). A.M.A.
Arch. Path., 59, 733.

(1955b). Brit. J. Cancer, 9, 272.
Hall, D. A., Keech, M. K., Reed, R., Saxl, H., Tunbridge, R. E., and

Wood, M. J. (1955). J. Gerontol., 10, 388.
Reed, R., and Tunbridge, R. E. (1955). Exp. Cell. Res.,
8, 35.

Holti, G. (1956). Clin. Sci., 15, 41.
Keech, M. K. (1954). Yale J. biol. Med., 26, 295.

(1955). Annals of the Rheumatic Diseases, 14, 19.
(1957). Ibid., 16. In the press.

, Reed, R., and Wood, M. J. (1956). J. Path. Bact., 71, 477.
Unna, P. G. (1896). "The Histopathology of the Diseases of the

Skin", trans. N. Walker. Clay, Edinburgh.
Ziffren, S. E., and Hosie, R. T. (1955). Proc. Soc. exp. Biol. (N. Y.),

90, 650.

Etude au microscope electronique de l'effet de la chaleur
prolongee et de la lumiece ultra-violette sur le derme

humain provenant de groupes d'ges different
RESUME

(1) L'effet d'incubation prolongee A 28°-29° et 370 C.
de dermes frais entiers et de dermes prepares provenant
de peau abdominale humaine de groupes dAges differents
fut 6tudi6, dans 1'eau ainsi qu'en solution aqueuse
physiologique. Une attention particuliere fut pretee
a 1'6tat des fibrilles collagenes et A la quantitM notee de
structures ressemblant a de l'elastine, un minimum de
1250 champs microscopiques ayant &6 examines pour
chaque pr6lvement.

(2) De differents 6chantillons des mdmes substrata
furent suspendus dans 1'eau pure ou physiologique
et soumis A 1'irradiation ultra-violette. Contrairement
aux rdsultats d'expdriences preliminaires, l'irradiation
n'augmenta pas les quantities d"'e1astine" au delA de
celles que la chaleur seule suffisait A expliquer.
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ANNALS OF THE RHEUMATIC DISEASES
(3) Les differences d'age furent notees, non seulement

pour les materiaux de depart frais et prepares, mais
aussi pour leur reaction A la chaleur.

(4) Aucune difference ne fut trouvee entre l'incubation
dans l'eau pure et dans l'eau physiologique, et une
reaction comparable se produisit dans les substrata de
meme age, soit qu'ils fussent des dermes entiers frais
ou du collagene prepare.

(5) Une augmentation de la quantity d'..lastine"
completement formee fut trouvee dans tous les substrata
jusqu'A 14 jours d'incubation, mais au delA, la quantity
decroissait.

(6) Par contre, les quantities de structures de trans-
formation furent directement proportionnelles au temps
d'incubation, et elles furent plus abondantes A la tem-
perature corporelle qu'en dessous.

(7) On discute brievement une explication possible
de ces donnees ainsi que leur importance physiologique
et en relation A la pyrexie intermittente.

Estudio al microscopic electronic del efecto del calor
prolongado y de la luz ultravioleta sobre la dermis humana

procedente de grupos de edades diferentes
SUMARIO

(1) Se estudi6 el efecto de incubaci6n prolongada a
28-29° y 370 C. de dermis frescas enteras y de dermis
preparadas procedentes de la piel abdominal humana de
grupos de edades diferentes, en al agua asi como en

soluci6n acuosa isot6nica. Se prest6 atenci6n particular
al estado de las fibrillas colagenas y al numero de estruc-
turas parecidas a la elastina, examinando un minimo de
1250 campos microsc6picos por cada espeeimen.

(2) Varias muestras de los mismos substrates fueron
suspendidas en H2O o en soluci6n acuosa isot6nica y
sometidas a la irradiaci6n ultravioleta. Contrariamente
a los resultados de los experimentos preliminares, la
irradiaci6n no aument6 las cantidades de "elastina" por
encima de las que el calor solo hubiera podido producir.

(3) Las diferencias de edad fueron notadas, no s6lo
para los materiales de partida frescos y preparados,
sino tambien respecto a su reacci6n al calor.

(4) No se encontr6 diferencia alguna entre la incuba-
ci6n en el agua y en soluci6n acuosa isot6nica, y una
reacci6n comparable se produjo en los substrates de la
misma edad, tanto en las dermis enteras frescas cuanto
en el colageno preparado.

(5) Se encontr6 una aumentaci6n de la cantidad de
"elastina" enteramente formada en los substrates hasta
a 14 dias de incubaci6n, pero despues de este periodo
la cantidad disminuia.

(6) Por otra parte, el numero de las estructuras de
transformaci6n fue directamente proporcional al tiempo
de incubaci6n, siendo mayor a la temperature del
cuerpo que debajo de esta.

(7) Se discute brevemente una explicaci6n posible de
estos datos asi como su importancia fisiol6gica y en
relaci6n a la pirexia intermitente.
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