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DISTRIBUTION OF S$%-1.-CYSTINE IN MICE AFTER INTRA-
PERITONEAL INJECTION AS REVEALED BY WHOLE-BODY
AUTORADIOGRAPHY
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Abstract. Analysis of whole-body autoradiograms from
mice injected with S*-L-cystine revealed a very rapid tracer
elimination from the blood compartment and selective up-
take in tissues of cctodermal origin. The pilary system was
outstanding, in terms of label uptake, at cach time inter-
val studied. The findings are discussed with special in-
terest focused on  present knowledge of S*-cystine in-
corporation in hair fibres.

Structural and chemical investigations of fibrous
keratin have been focused, to a large extent, on
the role and importance of sulphur us a factor
responsible for the uniguc chemical and physical
properties of keratinized tissues. In Keratin, the
major part of the sulphur is contained in the
amino acid cystine.

A comprchensive review of chemical studies on
keratin was published by Crewther ct al. (2) and
the relation between the chemical and the physi-
cal properties has been reviewed in the mono-
graph by Mercer (15) and in the papers by Lund-
gren & Ward (12, 13). Autoradiographic investiga-
tions at the light microscope level (1, 14, 18) and
studies of the uptake of labelled compounds as
revealed in chemically separated fractions from
plucked wool fibres have been reported (4, 5). At
the electron microscopic level the $%3-L-cystine in-
corporation in mouse follicles has becn studied
by means of autoradiography (8, 17) and recently
a histochemical study (20) on the cystine-contain-
ing proteins in transverse sections of the human
hair was published. Results of a study of the
H3-cystine incorporation in epidermis of mice have
been published (10). The results reported so far
have not provided a complete picture of the
sulphur incorporation process and have stimulated
further research.

The present investigation aims at obtaining in-
formation about the distribution of S*3-L-cystine
in various organs and tissues of mice sclected for
the cxperiments. Such information can be cor-
related to results obtained with autoradiography
at the clectron microscopic level, as well as to
previous histochemical and autoradiographic in-
vestigations.

Properties of the S3%-1-isotope Relovant to
Auwtoradiography

The S33-isotope chosen which has a half-life
(T'3) of 87 days is a p-emitter with a maximal
energy of 167 keV and a mean energy of 50 keV.
The maximum range in water (hence approxi-
mately to the same degree in organic material) of
the emitted p-radiation is 300 «m. The physical
properties make the isotope suitable for autoradio-
graphy at the light microscopic level (3).

MATERIAL AND METHODS

White mouse litter (NMRI), 6 days old. received an intra-
peritoneal single dose of 15 (Ci §*-L-cysline (spec. act.
31.4 mCi/mmol) in 0.1 ml physiological saline solution.
This roughly corresponded to 3 (Ci $*-L-cystine gram
body weight. The animals were sacrificed at four dif-
ferent times 1, 3, 6 and 22 hours after injection of tracer,
10 provide for an analysis of cystine distribution within
the body as a function of time. The animals were anaes-
thetized, mounted on a microtome stage and dipped into
a large volume of hexane cooled to —76°C. A metal
frame can be fitted around the microtome stage, thus
forming a basin which is filled with a semi-liqguid mix-
ture of carboxymethyl cellulose (CMC) amdl water. The
animal is submerged in this mixture immediately before
freezing. When completely frozen, a preliminary sagittal
whole body sectioning was performed to determine op-
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Table 1. Relative densities in whole hody autoradiograms of mice injected intraperitoneally with S3-v-cystine

1 hour 3 hour

6 hour 22 hour

Hair follicles® 10 >10 (15)
Skin 1-2 1-2
Claws =10 >10
Lens cortex

Lens centre

Retina

Mouth epithelium
Tongue epithelium
Nasal cavity epithelium
Stomach epithelium®
Stomach content
Intestinal lining
Intestinal content
Ocsophagus

Lungs

Liver

Spleen

Bladder content
Bladder epithelium®
Renal cortex

Renal medulla

Salivary glands
Pancreas, exocrine :
Lymphatic glands 10
Lymph nodes of the peritoneum 10
Thymus 4-6
Bone 1
Bone marrow 1-2
Blood

Blood vessel linings
Myocardium

Muscle

Brown fat tissuc

CNS

Plexi chorioides of the CNS?
Hypophysis
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% Only the maximal intensity values over the hair roots are given.

% The lower values are obtained at the oesophagal part of the stomach.

¢ A differentiation between the muscular wall and the lower part of the stratified epithelium was not possible.

4 Differentiation between the ependymal tissuc and the blood vessels of this tissue was not possible at the resolution allowed

by the method used.

timal thickness of sections and times of exposure. In the
final experiments sagittal whole body sections (20 ym)
were cut and subsequently freeze-dried at - 10°C ac-
cording to the “tape-method™ of Ullberg (21, 22). The
tape-mounted scctions (tape no. 810, 3M, Minncsota)
were pressed against X-ray films (Structurix, Gevaert)
and stored in press for 3, 4 and S days. After removal
of the tape-mounted sections, the films were processed in
a fine grain developer. Most of the sections were kept
on the adhesive tape, unstained and covered with trans-
parent plastic tape strips for protection. A few sections
representing the different time intervals of isotope ex-
posure were stained with hacmatoxylin-cosin and mounted
in Euparal® under cover glass for microscopic identifica-
tion of different organs. In addition. a number of scc-
tions were taken from the same animals, mounted on
tape 688 (3M, Minnesota), freeze-dricd, and were sub-
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sequently mounted on liford G5 nuclear plates (11). About
25 sections were autoradiographed in each time group.
After an exposure time of 4 to 5 days the tape was re-
moved from the specimen-film sandwich by immersion
in xylene. The section-fihn units were subscquently passad
through a decreasing concentration serics of ethanol, de-
veloped, fixed, and rinsed in water. The sections, adhering
to the nuclear plate, were then stainsd with haematoxylin-
cosin and mounted under cover glass in Euparal® (Flat-
ters & Garnett Lid., Manchester, England).

RESULTS
The concentration of tracer shown by the devel-
oped photographic grain distribution and density
in the autoradiographic film, was measured on a



relative scale, i.e. ocular judgement of density in
relation to a step wedge of 21 steps covering a
nominal density range of 0.05-3.05. This step
wedge thus constituted a density function which
could be related to the autoradiographic densities.
The nominal increment per step is 0.15, so chosen
for differentiation of grain density over different
organs. Due to different causes. such as variations
in section thickness and/or devciopment, a slight
fluctuation of the order of two steps sometimes
was recorded in consccutive autoradiograms. Al-
though this classification was a crude one, it
served as a means to analyse the dvnamics of
cystine incorporation of different tissucs. Table 1
shows the cvaluation data obtained referring to
various organs in mouse litter, 6 days old, at dif-
ferent time intervals after the intrapecritoneal in-
jection of S*-1-cystine.

The highest levels of tracer uptake were pre-
ferentially located to organs of ectodermal origin.
The hair follicles were the most active organs in
this respect. A general impression was that of a
correlation between the protein synthetizing ac-
tivity of the cells and the degree of tracer in-
corporation (cf. Fig. 1 d where the lens centre was
relatively inactive and lens cortex which was com-
posed of dividing cells (7) revealed a higher density
in the autoradiograms).

Huair follicles

After 1 hour the autoradiographic image of the
hair follicles revealed a very high grain density
compared with all other sites in the body, with
the cxception of claws. In the hair follicles both
the lower and the upper (proximal and distal)
border of the zone of incorporation were relatively
well defined. The region of isotope uptake cor-
responds to what has been called the suprabulbar
and fibrillar regions (18) or the region of filament
formation (9) (Fig. 2). A maximum grain density
was recorded over this zone 6 hours after the
injection of tracer. This maximum grain density
remained at thc same density level after 22 hours.
However, in the 6 hour animals a tapering tail of
the grain density over the follicles was recorded
which increased in length in the 22 hour animals
corresponding to the increment of thc hair fibre
length produced between 6 and 22 hours. During
the 22 hour experiment the labelled fibrillar arca
moved from a position low in the dermis to reach
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the level of the cornified epidermis with its top-
most part.

A detailed study of the sequence of incorpora-
tion over the bulb (level of matrix cells) reveals
an initial, rclatively high, grain density after 1
hour of label incorporation which subscquently
diminished so as to become almost negligible after
22 hours.

Skin and claws

The skin was characterized by constant and cvenly
distributed tracer (grain density) which appcared
within the first hour. After only 1 hour of tracer
incorporation, located spots of higher density were
seen in the Malpighian layer of the epidermis.
These spots were not found at other times. The
grain density pattern over the claws showed the
same general trend and intensity response as
found in the case of the hair follicles.

Lens

The autoradiograms of the lens cortex reached a
medium density after 1 hour in contrast to the
low density of the centre. Exactly the same density
pattern was found at all times investigated.

The alimentary tract

Over the epithelium of the tongue a high grain
density was recorded. Over the soft palate cpi-
thelium a weak to moderate density was recorded
which changed little during the 22 hour interval.
The oesophagus revealed the same sort of steady
state pattern at a slightly higher density level.
This was also true for the upper (ocsophageal)
part of the stomach whereas the lower (pyloric)
end had a still higher level of tracer incorpora-
tion. The stomach content density was morc or
less constant from (in and after) the 3 hour in-
terval. Over the intestinal tract the grain density
increcased with time in distal direction.

Liver, pancreas and salivary glands

The time series of autoradiograms from the liver
revealed a steadily decreasing grain density pat-
tern. Exocrine pancreas primarily showed a high
uptake which seerned constant for 6 hours, to
decrease after 22 hours. As cxpected, due to the
cystine content of insulin, the islets of Langer-
haans had considerable tracer uptake although
lower than the exocrine gland. Salivary glands
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autor
mice

iograms from 20 ,m sections
after inlrnperimne;xl injection
of S*.L-cystine. (a) Section taken | hour after injection.
Exposure time: 4 days. (h) Section taken 3 hours after

through 6-day-old

starting on a low density level decreased in grain
density progressively.

The renal system

Initially the kidney cortex had a rather high radio-
activity in the 1 and 3 hour animals. Subscquently
the recorded radioactivity decreased progressively
in the 6 and 22 hour animals. The amount of
tracer grains over the renal medulla was con-
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the injection. Exposure time: 4 days. (¢) Section taken 6
hours after the injection. Exposure time: 4 days. (d) Scc-
tion taken 22 hours after the injection. Exposure time:
4 days. x2.17.

stant at all times and represented a very low den-
sity level. The bladder epithelium exposed a low
but relatively constant level of grain density dur-
ing the experiments.

Lymphatic and haematopoetic tissue

he lymph nodes of the peritoneum showed a
very high grain density after 1 hour and therc was
a faint increase in activity during the first 6
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hours. However, the autoradiograms showed that
at 22 hours the release of label was almost com-
plete. Lymphatic tissue at other sites in the body
showed the same general pattern although the de-
crease in radioactivity was faster. On the other
hand the autoradiograms representing the thymus
region slowly built up the grain density to reach
a maximum at 3 hours followed by a decrease in
density that slowly ebbed to a low density value
at 22 hours. The bone marrow reached a low
grain density maximum after 3 hours which re-
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mained constant during the experimental period.
The blood was immediately deprived of any ap-
preciable amounts of tracer and the grain density
over the blood in the large vessels could hardly
be differentiated from the gencral background.

Blood vessel linings

The tissue had comparatively high uptake that
reached a peak at 6 hours followed by a slight
decrease at 22 hours.
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FULLY KERATINIZED
FIBER

REGION OF WATER
DEPRIVATION

500pm — |
'. REGION OF FILAMENT
FORMATION
LEVEL OF l
MATRIX
CELL
Fig. 2. Schematic representation of growing hair fibre.

Region of filament formation denotes thz region where
protein synthesis cccurs. In Region of water deprivation
morphological signs of protein synthesis, ic. ribosomes,
are not at hand and a constriction of the fibre diameter
may bz recorded.

Muscles and brown far tissue

The isotope uptake of skeletal muscles was slightly
higher than the background density in the auto-
radiograms. The tracer uptake over the myocar-
dium was more conspicuous although the density
was barely recognizable in comparison with the
background. Brown fat tissue had a low uptake.

Central nervous system

The tracer uptake in CNS was a shade higher
than that of the general background at all time
intervals. The plexi chorioides of the CNS re-
vealed a grain density slightly higher than that
of the blood. This grain density was constant
within the experimental period.

DISCUSSION AND CONCI.USIONS

The fate of S*-L-cystine after intraperitoneal in-
jection into mouse litters was followed in whole-
body autoradiograms. By observing the distribu-
tion and the density of the photographic grains
in whole-body autoradiograms information is ob-
tained about the uptake in different tissucs as
well as a rough estimatc of the incorporation of
the isotopically labelled compound in the tissues

Acta Dermatovener (Stockholn) 51

during a 22 hour experimental period. There is
evidence from previously reported autoradio-
graphic experiments that once cystine enters the
circulating blood it appears in the hair follicle
within a matter of seconds (18). From the blood
the amino acid freely (actively or passively) and
preferentially diffuses into organs of ectodermal
origin with the exception of the central nervous
system. As measured by the present technique
the blood was quickly deprived of any recogniz-
able amount of the S3?-L-cystine: hencz the tracer
grains associated with the blood produced a very
weak grain density in the autoradiograms. After
an intraperitoneal injection it is likely that the
tracer amino acid was absorbed, at least partly,
by the mesenteric blood vesscls. The initial high
activity measurcd over the liver conforms to this
idea. As registered in the present investigation the
lymphatic vessels of the mesenterium were also
actively involved. This is shown by the high ac-
tivity secn over the mesenteric lymph nodes.

In mice at an age of 6 days all hair follicles
arc actively producing hair fibres (in 2nagen). In
agreement with previously reported results (1, 35,
14, 18) a high concentration of tracer was found
in the keratogenous zone (region of filament forma-
tion) whereas the tracer concentration in the bulb
was low. An uptake of S¥3-L-cystine in nuclei is
shown by previous studies of nuclear protcin met-
abolism (19) and a recent autoradiogrzphic study
at the electron microscopic level (8) a'so reveals
such an uptake of S3%-rL-cystine in the nuclei and
cytoplasm of cells in the bulb region.

The present experiments indicate that the hair
follicle uptake of tracer following a single dose
of radioactive S3%3-r-cystinc is continuocus for at
least 6 hours. This result agrees with an auto-
radiographic experiment at the clection micro-
scopic level (8) and confirms data previously pub-
lished. In the hair follicles the top cnd of the
actively incorporating zone is relatively well de-
fined whereas the lower end revealed a tapering
pattern. This probably indicates that the blood
concentration of tracer decreases slowly during
the experimental period. Such a phenomenon can
be expected when the uptake of the labelled com-
pound from the injected deposit is low, when a
re-utilization process is involved and/or when
the target organs can be saturated below the
blood level of amino acid present. At 3 hours
and later, no indication of labelled compound in



the peritoneal cavity was observed. The cystine
dose given in these experiments corresponds to
a total of only 0.15 mg cystine per animal. Thus
the sccond alternative given above secms to be
the most plausible.

The main pathway of the mctabolized cystine
most probably goes via a reabsorption of the
tracer amino acid from the content of the in-
testine which contains a significant amount of
labelled ccll remains cmanating from the in-
testinal mucous membranes. The present investiga-
tion indicates that the rcabsorption through the
renal tubuli contributed to maintaining the slowly
decreasing blood level of tracer. The possible error
of cystinc-feeding, through the milk by the mother
mouse which might have comsumed c¢xcrements
from the litter containing tracer, is considered
ncgligible due to the dilution factor caused by the
discriminating uptake of cystine when the tracer
compound passes her body.

A rough estimation of thc hair growth per
unit time is obtained from a registration of the
position of the top end of the zone of incorporated
tracer at different time intcrvals in comparison
with the bulb bottom, bearing in mind that in-
dividual differences may occur. The value ob-
taincd was of the order 0.3-0.4 mm per 24 hours,
a figure which is consistent with results obtained
by other authors (16).

When all hair follicles arc in anagen, the up-
take of tracer is low in thc thin cpidermis as
compared with the uptake of the hair follicles
(1). Only during the first hour werc spots of
rather high activity seen in the Malpighian layer.
Otherwise, the cpidermis had a homogeneous
grain density distribution that remained constant
during the time periods under investigation. In
contrast, an increasing tracer cystinc uptake in
the anagen hair follicle was registered during a
period between injection and autopsy of roughly
6 hours. Although all cell layers with the cxcep-
tion of stratum corncum contained tracer | hour
after injection, stratum corncum is known to show
signs of tracer incorporation only about 4-6 days
(6) after injection, whercas the fast-growing ana-
gen hair follicles produce a fully mature hair
fibre segment with incorporated tracer that rcaches
the surface of the stratum corncum in about 24
hours. The density relation bctween the mature
hair fibre and the epidermal cell layer was ex-
aggerated (15/1) in comparison with the known
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data of sulphur content of these tissues (2/1).
This is partly explainable because the horny layer
is very thin and reliable measuremcnts are not
obtained with ths technique used.

It has been observed previously (6, 10) that
some tracer is distributed over the cntire cpidermis
with the exception of stratum corneum within 1
hour of injection of the labslled compound. As
revealed by previous reports and the present study,
a high uptake of tracer was recorded in the cortex
cells of hair fibres shortly (within 1 hour) after
intraperitoneal injection of tracer. There is pres-
ently no indication that the tracer amino acid
might be transported over the external and internal
root sheaths via the intercellular spaces of these
cellular layers (8). The (tracer) amino acid trans-
portation through these cellular fayers might there-
fore be a complex passage via membranes and
cytoplasm, by means of a possible carricr(s), ac-
tive or passive diffusion, or combinations of such
mechanisms. The fact that the Henle layer of the
inner root sheath is fully consolidated at tha
levels in the hair follicle (8), where ths tracer in-
corporation mechanism occurs, underlines the
nced for information about the transportation of
amino acids to the cortex cells.

The present investigation gives support to the
concept that the amino acid cystinc is preferen-
tially incorporated into growing hair follicles and
claws. In other forms of ¢pithelia the incorpora-
tion appears to be related to the czll turnover
and the protein synthesis activity in specialized
epithelial cell forms such as glandular cells.
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