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development of reticulum and collagen in
treated as well as in control animals, at least
as judged by histologic technics. There is
some evidence that fibroblastic proliferation
is inhibited by corticosteroids(12,13), and a
failure of development of the fibroblast might
be responsible for the lack of organization
and continued inflammatory response noted
in the treated nodules.

Regardless of the mechanism of action of
hydrocortisone, in view of the rapid increase
in nodule size on cessation of therapy, it
would appear that the mouse is incapable of
effectively “detoxifying” silica particles while
on steroids. This failure to inactivate silica
may account for the continued cellular exu-
date noted in treated lesions. Whether this
continued toxicity is directly related to in-
hibition of fibrosis or is due to another effect
of hydrocortisone cannot be determined from
these experiments,

Summary. The effect of treatment with
hydrocortisone upon growth and maturation
of the silicotic nodule has been studied in
mouse liver. Treatment slowed growth of
lesions and development of collagen and reti-
culin regardless of the time at which therapy
was instituted. When hydrocortisone was
discontinued, however, the size of nodules re-
turned close to control level. Histological
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differences were noted between control and
treated nodules after 150 days. These differ-
ences (disorganization and cellularity of
treated nodules) suggest a continuation of
the early inflammatory response in hydrocor-
tisone treated lesions.
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Research on the secretion of administered
I'3! into milk has been reviewed by Brown-
Grant(1). Tt is now well established that
mammary tissue of man and the common lab-
oratory and domestic animals has an active
iodide concentrating mechanism capable of
maintaining an elevated milk:plasma I%%1 ra-
tio. Results in goats(2,3) and in rats(4,5)
suggest that under conditions of limited io-

* Published with approval of the Director, Michi-
gan Agri. Exp. Station as Journal Series No. 3063.

dine intake mammary tissue may actively
compete with the thyroid for available iodine,
resulting in reduced thyroxine formation. Io-
dine secreted into milk ## vivo occurs in part
as iodide and in part as monoiodotyrosine in
peptide linkage in the milk protein(6).
Recently we reported(7) that lactating rat
mammary tissue has the ability to concen-
trate I8! in vitro and defined some of the
conditions influencing this process, but did
not identify the iodinated compounds formed.
It was of interest, therefore, to determine the



MONOIODOTYROSINE SYNTHESIS BY MAMMARY TiISSUE

chemical nature of the iodine concentrated
and to characterize further the enzyme sys-
tems involved.

Materials and methods. Whole mammary
tissue. Whole mammary tissue from lactat-
ing and post-lactating rats (CFN strain) was
prepared as described earlier(7) in 2 ml tis-
sue culture (TC) medium 199(8) or Ringer-
Phosphate (R-P) buffer at pH 7.4 contain-
ing an appropriate amount of carrier-free
I131t,  Samples were incubated 6 hours with
constant shaking at 38°C. After rinsing in
distilled water and blotting on filter paper
the tissues were weighed to 0.1 mg. Radio-
activity of tissue (T) and an aliquot of me-
dium (M) was measured, and T/M ratios
were computed by dividing counts per
minute per 100 mg tissue by counts per
minute per 0.1 ml medium. The tissues were
then placed in 0.5 ml M/15 phosphate
buffer at pH 8.0. After addition of 10
mg pancreatin and 0.2 mg thiouracil they
were digested 24 hours in a constant tem-
perature water bath with constant shaking
at 38°C. Paper strip chromatograms were
run by the ascending method on 20 yl ali-
quots of digest. Developing reagent was 125
parts collidine and 44 parts H,O in an NH-
saturated chamber. Radioactive spots were
outlined from radioautographs prepared with
No Screen X-ray film. Individual spots were
cut out and radioactivity measured in a scin-
tillation well counter connected to a y-ray
spectrometer and scaler. The remainder of
each strip was pooled and counted separately
to determine “diffuse” activity. Preliminary
tests established only 2 clearly defined radio-
active components in the mammary tissue
digests, their R.F. values corresponding to
those of iodide and monoiodotyrosine run at
the same time. Therefore, reference strips
containing radioactive iodide and 3-iodo-L-
tyrosine (MIT) were prepared for each ex-
periment. The non-radioactive MIT was lo-
cated on the reference strips with Pauly’s re-
agent. Finally, the radioactivity of each com-
ponent was computed as percent total radio-
activity on the strip.

t Purchased from Oak Ridge National Labora-
tories, Oak -Ridge, Tenn.
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Tissue homogenates. Soluble system. The
procedure was similar to that used by Cun-
ningham and Kirkwood for salivary tissue
(9). 0.2 g tissue was ground with 4 ml cold
distilled H;O in a Potter-Elvehjem homoge-
nizer. The homogenate was centrifuged at
17,000 X g for 30 minutes at 0°C and the
supernate was used in the subsequent experi-
ments. Each 15 ml centrifuge tube was sup-
plied with 1.0 ml tissue extract, 1 ml M/10
phosphate buffer at pH 7.4 and 0.1 ml car-
rier-free radioiodide containing 50 uc of ac-
tivity and, unless otherwise noted, 0.2 ml
0.04 M Na-L-tyrosine. Metal ions were sup-
plied where indicated by adding 0.1 ml of
0.04 molar CuCl; or MnCl,. H,0O was added
to bring the volume to 2.9 ml, and the sam-
ples were incubated aerobically with shaking
at 38°C for 2 hours. At the end of this step,
0.1 ml of solution containing 0.2 mg of thiour-
acil was added and the samples refrigerated
overnight; 20 ul of each reaction mixture
were chromatogrammed directly as already
described:

Mitochondrial system. Mitochondria were
prepared by the procedure of Taurog et al.
(10); 2 g tissue was ground with 18 ml ice-

cold Krebs-Ringer-bicarbonate buffer, centri-

fuged at 600 X g for 10 minutes at 0° to re-
move cell debris and nuclei, and then at
25,000 X g at 0° for 30 minutes to bring
down the mitochondria. It should be noted
that this fraction contains some microsomes.
The precipitate was resuspended in 0.75 ml
of the above buffer and incubated with car-
rier-free radioiodide for 1 hour at 38°. The
mixture was digested with pancreatin, chro-
matogrammed, and radioactivity measured
as described for whole tissue.

Results and discussion. Lactating mam-
mary tissue concentrated I!3' when incu-
bated in either TC medium or R-P buffer
(Table I). T/M ratios were enhanced by
cold storage of tissue, reduced to about unity
by boiling or addition of thiouracil or thio-
cyanate, and decreased progressively during
mammary involution.

In fresh lactating mammary tissue (Exp.
I, II, III) 44.2 to 52.4% of the I’3! taken
up was found as MIT. The variable quan-
tity of diffuse activity is probably due to
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TABLE I. I** Distribution in Pancreatin Digests of Rat Mammary Tissue Incubated with
I Under Various Conditions.

Exp T/M MIT Todide diffuse
No. ratio (%) (%) (%) Remarks
I 2.8 52.4 37.3 10.3 Fresh tissue, 17 days lactation.
Ia 6.8 55.9 17.5 26.6 Stored 6 days at 7°C.
Ih 8.2 48.4 26.7 24.8 Idem.
11 2.8 44.2 49.9 5.6 Fresh tissue, 15 days lactation,
1I .8 0 100.0 0 Tissue boiled 5 min.
IT 1.1 0 100.0 0 Thiouracil, .04 mg/ml.
I 9 1.9 98.1 0 KSCN, .1 mg/ml.
ITI 4.0 51.4 35.9 12.7 Fresh tissue, 21 days lactation.
11T 2.2 17.1 69.9 12.9 10 days involution.
III 1.7 8.3 79.8 11.9 2 mo. ”

Samples in Exp I and Ia were incubated in TC 199 Medium. The remainder were incubated
in Ringer-Phosphate buffer. pH of both media was 7.4. Each sample was chromatogrammed
in duplieate and results were averaged. Like Roman numerals indicate tissues from the same rat.

persistence of MIT peptides resulting from
incomplete  hydrolysis with  pancreatin.
Clearly deéfined spots for organic compounds
other than MIT were not found. MIT for-
mation was blocked by boiling or adding thi-
ouracil, and reduced by thiocyanate.

Both T/M ratio and percent MIT forma-
tion decreased progressively during mam-
mary involution (Exp. IIT), indicating that
the enzyme systems for both iodide concen-
tration and MIT formation are correlated
with the lactation process.

The 3-fold increase in I'3! uptake of mam-
mary tissue after 6 days cold storage was
paralleled by MIT formation to about the
same percent as in fresh tissue. Increase in
activity under these conditions can perhaps
be accounted for by (1) greater availability
of iodine oxidizing enzyme accompanying de-
clining respiration of tissues or (2) loss of an
inhibitor during storage. Further research is
needed to define the mechanisms involved.

Results with subcellular fractions (Fig. 1)
demonstrate a soluble heat labile tyrosine
iodinase in lactating mammary gland, but
not in liver, comparable to that in salivary
tissue. Confirming an earlier report(10),
mammary gland mitochondria formed con-
siderable MIT without addition of tyrosine
or Cutt. This remained at the origin in
chromatograms of whole material, but was
identified as MIT after pancreatin digestion,
suggesting MIT was in peptide combination.

Soluble system from mammary tissue (Fig.
2) showed no MIT formation without added

tyrosine. Formation of small amounts of
MIT with either no extract or boiled extract
was probably due to aerobic oxidation of
part of the radioiodide. Although control
extract showed appreciable activity, this was
greatly enhanced by Cutt and increased
further by Cut+ plus Mn++. Mn*+ alone
did not increase MIT formation appreciably
above that in control extract.

Our results show that the soluble mam-
mary system has substrate and metallic ion
requirements, insofar as they have been
tested, that are similar to those of the sol-
uble systems in thyroid(11) and salivary
glands(9,12). Considerably more evidence
will be needed, however, to determine whether
these systems are identical.

Summary. Lactating mammary tissue was
incubated with I'31-iodide at 38°C in TC 199
Medium or Ringer-Phosphate buffer at pH
7.4 and digested overnight with pancreatin
at pH 8.0. Iodinated compounds were sepa-
rated by paper chromatography, radioauto-
graphed, and the radioactive spots counted
separately. In fresh tissue 44 to 52% of
I8! taken up was found in monoiodotyro-
sine. Mammary tissue stored at 7°C for 6
days prior to iodination showed a 3-fold in-
crease in I'¥! accumulation, but proportion
of MIT formed was similar to that in fresh
tissue.  Both I'¥! uptake.and percentage
MIT formation decreased progressively dur-
ing mammary involution, indicating that
mammary iodine metabolism is related to lac-
tation. MIT formation was blocked by boil-
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FIG. 1. MIT formation by subecellular fractions
of lactating mammary and submaxillary salivary

(] tissues, Tyrosine and Cu*+ were added to soluble
40+ system but not to mitochondrial system.
FIG. 2. Influence of tyrosine substrate and
metallic ions on MIT formation by soluble system
35+ from lactating mammary gland.
301 — ing, by thiouracil (0.04 mg/ml) and reduced
by KSCN (0.1 mg/ml). Tissue homogenates
251 were separated into soluble and mitochon-
Q a x drial-microsomal fractions by centrifugation.
20°¢ WXl 3 (9 Soluble fraction from parotid and lactating
QYRS ¢ lands, but not from liver, formed
Qxrolda E mammary glands, but not from liver, forme
/5 (Lf, Q I MIT from added tyrosine. MIT formation
8 RN 35 N was catalyzed by Cut+ and increased fur-
/of & % & < 3:( Q Q ther by Cut+ 4+ Mn+*+. Mitochondrial
& & > g § § l"\‘,’ l:j‘ fraction from lactating mammary tissue
52 2 IR R S S formed MIT without addition of tyrosine
NSNS uwwIRQ Q substrate or metal catalyst. All except traces
=t a1 I OO I O I O of MIT in this system was in combined form
SOLUBLE SYSTEM\MAM. GLAND until released by hydrolysis with pancreatin.
@ (TV/‘?OS/NE + CUC[z) MITOCHOND. The author wishes to acknowledge the technical
' SYSTEM assistance of Mr. H. W. Kaczkofsky.
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