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observations suggest that thiamin pyrophosphokinase activity is
responsible for the regional distribution of thiamin content,
thiamin influx and thiamin pyrophosphate turnover in rat brain.
In relation to the thiamin transport, our preliminary experi-
ments showed that thiamin uptake into rat brain synaptosomes
was inhibited by pyrithiamin, an inhibitor of thiamin pyrophos-
phokinase, and it did not show a saturability with respect to
external thiamin concentration (data not shown). Furthermore,
the thiamin uptake into cerebellar synaptosomes was higher
than that into cortical synaptosomes (data not shown). These
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findings suggest that the thiamin uptake occurs by a facilitated
diffusion in which thiamin pyrophosphokinase activity is in-
volved. In view of the recent finding'® that a thiamin pyrophos-
phate binding protein is present in the soluble fraction, the
possibility is that a soluble thiamin binding protein might exist
as a carrier for thiamin transport and its complex with thiamin
would be the actual substrate for the thiamin pyrophosphate
synthesis. If so, thiamin pyrophosphokinase activity would be
directly coupled to the transport system for thiamin. Obviously
further studies are required.
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Summary. The microscopic distribution of the potential endoradiotherapeutic drug, 6-[*'' At)-astato-2-methyl-1, 4-naphthoquinol bis
(diphosphate salt) in normal tissues of the mouse has been studied by «-particle track autoradiography. The uptake into critical
radiosensitive tissues, especially bone marrow, colon and lung, was low.
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This is an account of an autoradiographic study of the distribu-
tion of the potential a-emitting endoradiotherapeutic drug, 6-
[?!'At]-astato-2-methyl-1,4-naphthoquinol bis (diphosphate
salt), abbreviated 6-[*!'At]-astato-MNDP (fig. 1), in normal tis-
sues of the mouse. Preliminary results of this development for
experiments in mice with a transplanted chemically induced ade-
nocarcinoma of the rectum are described?. Since then, the results
of therapeutic experiments in mice have been reported™.

Materials and methods. Astatine is the highest member of Group
VIIB in the Periodic Table. It has only radioactive isotopes and
the most suitable of these, i1 At, has a radioactive half-life 7.21 h.
The ranges of the a-particles of *!At in unit density tissue are
either 55 um corresponding to energy 5.87 MeV for 42% of the
disintegrations or 80 pm corresponding to energy 7.45 MeV for
approximately 58% of the disintegrations. *''At was prepared
by the nuclear reaction 2Bi(a, 2n) 2'!At in the Nuffield 1.52 m
cyclotron at Birmingham University, UK., using a 28 MeV
external o-particle beam. The compound 6-[*'"'At]-astato-
MNDP was synthesized initially via a chloromercuri-inter-
mediary® but more recently by an in vacuo heterogeneous isoto-
pic exchange process with 6-iodo-MNDP’. The final astatinated
product was purified by ion-exchange chromatography; 6~
[*!'At]-astato-MNDP was not carrier-free; its specific activity

was approximately 50 uCi/mmole (6-iodo-MNDP). The result-
ing solution of 6-[*''At]-astato-MNDP was buffered to pH 7.4
and then sterilized by membrane filtration (Millipore 0.22 pm)
for injection. Dose aliquots were determined by measurement of
the 77-92 keV *''Po K (K-L, M, N) X-rays using a 2 in Nal (TL)
well crystal.

Male C57BL mice, of weight 25-30 g, bearing a single 0.5-0.8 g
transplanted CMT-93 rectal adenocarcinoma? in the flank, were
used in this study. 1 h prior to the injection of 6-[*'!At]-astato-
MNDP, mice received a s.c. injection of potassium perchlorate
(10 mg kg™") in order to block thyroid function, and so prevent
the uptake of any free 2!'At. Animals received a single 1.p. injec-
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Figure 1. Formula of 6-[2"At]-astato-2-methyl-1,4-naphthoquinol bis
(diphosphate salt), abbreviated 6-[*''At]-astato-MNDP.
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Distribution of origins of a-particle tracks in cells of normal tissues in mice with transplanted adenocarcinoma of rectum after single i.p. injection of

compound 62" At-astato-MNDP, with thyroid blocking with KCIO,

Normal Time and dose Counts of track Cells of track Percentage or fraction Assessment of uptake
tissue origins and number origin of track origins in of compound in
of cells (also as nucleus including tissue
percentage) nuclear membrane
Colon 30 min after 45/ca 375,000 cells Acinar cells 58% (18/31) Very low
200 kBq (5.4 uCi) (0.0120 £ 0.0018%) (31/41, 76%)
Smooth muscle cells
(10/41, 24%)
3 h after 7/1271 cells Acini Low
740 kBq (20 uCi) (0.55 £ 0.21%)
6 h after 0/1159 cells Acini Very low
1.85 MBq (50 uCi) 12/1167 cells Stained area 5/12 Small but definite
(1.03 £ 0.30%) excluding acini
12 h after 28/1083 cells Acini 64% (18/28) Definite (no muscle
3.77 MBq (101.8 pCi) (2.59 = 0.48%) seen in these section)
Femoral 30 min after 1 track in Probably a Extremely low
bone marrow 200 kBq (5.4 uCi) 15 sections myeloblast
3 h after 10/1379 cells 9/12 Low
740 kBq (20 uCi) (0.73 £ 0.23%)
6 h after 10/808 cells . 7/10 Definite though
1.85 MBq (50 uCi) (1.24 £ 0.39%) relatively low
12 h after 26/1242 cells 54% (14/26) Definite
3.77MBq (101.8 uCi)  (2.09 £ 0.41%)
Liver 30 min after 48/3103 cells Hepatocytes 94%, (45/48) Definite
200 kBq (5.4 uCi) (1.55+£0.22%) (90/104, 86.5%)
R.E. and Kuppfer
cells (14/104, 13.5%)
3 hafter 24/1171 cells Hepatocytes 8/24 Definite
740 kBq (20 pCi) (2.05 % 0.41%)
12 h after 43/1286 cells Hepatocytes 69.8% (30/43) Definite
3.77 MBq (101.8 uCi)  (3.34 £ 0.50%)
Spleen 30 min after Malpighian bodies: 81.5% (53/65) Definite
200 kBq (5.4 uCi) 67/1897 cells
(3.53£0.42%)
Pulp:
5/1112 cells
(0.45 +£0.20%)
6 h after Pulp: Low (very few
1.85 MBq (50 pCi) 5/1420 cells tracks none dense)
{0.35 £ 0.16%)
(most of sections
lost)
12 h after Malpighian bodies: High
3.77MBg (101.8 uCi)  87/1048 cells
(8.30 £ 0.86%)
Pulp: Relatively low
10/1124 cells
(0.89 £ 0.28%)
Lung 30 min after Lung, including a Type II 54% (7/13) Low
200 kBq (5.4 uCi) respiratory pneumocytes
bronchiole (alveolar cells)
13/1188 cells
(1.09 £ 0.30%)
3 hafter Expanded tung: Type II 5/8 Low
740 kBq (20 uCi) 8/1136 cells pneumocytes
(0.70 £ 0.25%) (alveolar cells)
6 h after Expanded lung: Type IT 51% (27/53) Relatively high
1.58 MBq (50 uCi) 53/1116 cells pneumocytes
(4.75 £ 0.64%) (alveolar cells)
Dense area adjacent Type I 70% (50/74) Substantially the
to respiratory pneumocytes same as expanded
bronchiole: (alveolar cells) lung
74/1590 cells

(4.65+ 0.53%)



Experientia 41 (1985), Birkhduser Verlag, CH-4010 Basel/Switzerland 927
Continued
Normal Time and dose Counts of track Cells of track Percentage or fraction Assessment of uptake
tissue origins and number origin of track origins in of compound in
of cells (also as nucleus including tissue
percentage) nuclear membrane
Area of solid lung: Possible error in
33/605 cells cell counts
(5.45 £ 0.92%)
12 h after Expanded lung: Type II 37% (26/71) Relatively high
3.77 MBgq (101.8 uCi) 71/1105 cells pneumocytes
(6.43 £ 0.74%) (alveolar cells)
Testis 3 h after Very few long tracks
740 kBq (20 pCi)
6 h after 3/329 cells Spermatogonia No long dense tracks
1.85 MBq (50 pCi) (0.9%) but some fine tracks
with > {0 small grains
12 h after 56/1285 Spermatogonia 9% (37/47) Definite
3.77 MBq (101.8 uCi) (4.36 £ 0.57%) Interstitial tissue 7/9

tion of 6-[*'' At]-astato-MNDP (74 kBq-3.77 MBq [2-102 uCi)),
and were sacrificed, using ether, at intervals over 12 h.
Autoradiography was carried out on frozen sections of tissues of
thickness about 3 um, prepared in a cryostat with freeze-dehy-
dration to minimize the diffusion of radioactivity. Sections were
then transferred to microscope slides and coated with 1:1 diluted
warmed liquid Iiford Emulsion K2 or K0 to give final thickness
of the emulsion layer about 2.5 or S um. Exposures were from 15
to 24 h at 2°C. The sections were fixed histologically in 1:3 v/v
acetic-alcohol for 10 min.

After photographic development and the use of a 1% acetic acid
stop bath, the slides were dipped in 0.5% gelatin solution, in
order to deep the sections stuck on the slide, with subsequent
drying in air. This was then followed by photographic fixation
and washing. The slides were then transferred to acetate buffer
of pH 4.2 and stained with methyl green/pyronin mixture in 1%
solution for 30 min at room temperature®. In these experiments,
the emulsion density was found to be 1.5-2.5 g/ml.

Control experiments were carried out both in the absence of
radioactivity and on sections after the completion of a-decay. A
detailed histopathological examination was undertaken on all
tissue specimens.

As far as possible, all the cells in tissue sections were examined
for a-particle tracks; at least 10 grains were required to define a
track. a-particle tracks were counted in specific areas, using a
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Figure 2. Autoradiographs of sections of some normal tissues of mice
after i.p. injection of therapeutic doses of 6-*!'At]-astato-MNDP.
x 1600. a Lung: shows the origin of the a-particle in the nuclear mem-

defined grid-system. Cellular photomicrography was also car-
ried out concomitantly.

Parallel bio-distribution studies have been carried out by mea-
surement of the radioactivity of macroscopic specimens'®.
Aspects of the physical behavior of a-particle tracks in nuclear
emulsions, within the context of the problem of quantitative
autoradiographic analysis, have been fully discussed in connec-
tion with the uptake and intracellular distribution of 6-[*'' At]-as-
tato-MNDP in tumor tissue®.

Results and discussion. The cellular, intracellular and temporally
related distribution of the origins of a-particle tracks emanating
from 6-{*'At]-astato-MNDP or its active metabolite(s) in
normal tissues from tumor-bearing mice is shown in the table.
Examples of autoradiographs of frozen sections of normal tis-
sues of mice 30 min after i.p. injection of 200 kBq (5.4 pCi) of the
compound, 6-[*''At}-astato-MNDP are shown in figure 2. Paral-
lel histological studies provided supporting evidence for the
identification of the cells.

These results are consistent with the biodistribution studies'
and give a more detailed picture of the distribution of the com-
pound in different cells and tissues, including the proportion of
track origins in the nucleus and nuclear membrane.

The most striking findings are the very low levels of uptake in the
normal colon and bone marrow. They are supported by the

brane of a cell; probably a pneumocyte Type II, in a partially collapsed
area. b Spleen: shows the origin of the a-particle in plasma membrane of a
cell of splenic pulp; probably a reticular cell.
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qualitative results of the autoradiographs with tritiated MNDP
for normal human tissues''"™">,

Conclusion. a-Particle track autoradiography provides a useful
method for evaluating the detailed localization of the compound
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in cells and tissues. The uptake into critical tissues such as bone
marrow, colon and lung was low.

These results are important from the point of view of the devel-
opment of this endoradiotherapeutic drug.
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Transfer of oligosaccharide from oligosaccharide pyrophosphoryl dolichol to endogenous acceptor proteins in human
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Summary. We have prepared dolichylpyrophosphoryl-[*C]-oligosaccharide (Dol-PP-oligosaccharide) from calf thyroid. Micro-
somal fractions from human breast tissues catalyzed the transfer of labeled oligosaccharide to endogenous acceptor proteins.
Malignant tumors showed higher activity of the oligosaccharide transferring enzyme than normal tissue. With kojibiose (Kj), and
inhibitor of (Glc;)-glucosidase, an increase in the radioactivity associated with glycoprotein was observed.
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The fact that glycosylation of eucaryotic proteins involves lipid-
linked saccharides as intermediates is well documented2 The
final step in this metabolic pathway is the transfer ‘en bloc’ of the
oligosaccharide from Dol-PP-(GlcNAc),ManyGlc; to an aspar-
agine residue of a protein acceptor.

We have already demonstrated the conversion of GDP-Man and
UDP-Glc to Dol-P-Man and Dol-P-Glc respectively, catalyzed
by the microsomal fraction from human breast tissues>*. In
addition, differences were detected between normal, benign and
neoplastic samples®,

Due to the present interest in glycoproteins as possible biological
markers in human breast neoplasia®*® we extended our studies to
the reaction involving the membrane-bound oligosaccharide
transferring enzyme.

Materials and methods. Chemicals and substrates. All organic
solvents were analytic grade. ["*C]-Glc (360 uCi/pmol) was from
New England Nuclear. Kojibiose was supplied by Koch Light.
All culture media were from GIBCO Laboratories. The hen
oviduct Dol-PP-oligosaccharide, heterogeneous, consisting of
four species with the composition Glc, ,Man,GicNAc, and
Glc,- as a major component, used in the experiments described
in tables 1 and 2, was kindly supplied by Dr Quesada.
Preparation of ["“C}-oligosaccharide-lipid. Calf thyroid slices
(4 g) were incubated as described by Spiro et al.? with 250 pCi of
[*C)-Glc for 3 h at 37°C. The tissue was washed 3 times with
0.25 M sucrose and homogenized in 0.2 M EDTA, pH 7.7.
Chloroform and methanol were then added to achieve a mixture
of chloroform/methanoljwater (C/M/W) 3:2:1. To obtain the
oligosaccharide-lipid, the interphase pellet was extracted as de-
scribed by Spiro et al.’.

Preparation of human breast microsomal fraction. Human
breast tissues, obtained from mastectomy specimens or biopsies,
were classified as benign or malignant according to their anato-

mopathological characteristics. The ‘normal’ sample was peritu-
moral tissue from the same patient. The tissues were homoge-
nized as described’. Two types of membrane preparations were
used. ‘Unwashed” membranes were prepared as previously de-
scribed?, and ‘washed’ membranes according to Lucas et al.’9,
omitting the incubation treatment.

Assay for transfer of labeled oligosaccharide from oligosaccha-
ride-lipid to endogenous acceptor proteins. Standard reac-
tion mixtures contained radiolabeled oligosaccharide-lipid
(6-10 x 10° cpm), 100 mM Tris-HCI pH 7.5, 8 mM MgCl,,
8 mM MnCl,, 2 mM EDTA, 40 mM 2-S-ethanol, 0.2% Triton
X-100, with or without 1 mM Kj. The reactions were initiated by
adding 350-500 pg of microsomal protein to the incubation
mixture to a final volume of 50 pl, and incubated at 15°C for
5-15 min. The reaction was stopped with 1 ml of C/M 3:2 and
processed as described’. The ‘lower phase’ of the Folch’s parti-
tion contains the lipid-bound monosaccharides and oligosaccha-
rides up to 7-8 hexoses'!, while sugars are in the ‘upper phase’.
The extract C/M/W 10:10:3 contains polyprenyl-PP-oligosac-
charides with more than seven hexoses'? and the ‘hot TCA
resistant’ material is considered as glycoprotein®.

Other methods. Mild acid hydrolysis, radioactivity and protein
determination, paper chromatography and microanalytic
DEAE-cellulose chromatography used here were previously de-
scribed>.

Results and discussion. In our previous studies™* the procedure
used to assess protein glycosylation was based on the transfer of
Man or Glc from GDP-["*C}-Man or UDP-["C}-Glc respec-
tively, to the endogenous protein fraction. In these studies the
optimum temperature for glucoprotein formation was 15°C.
Based on this observation we incubated microsomes from malig-
nant and benign human breast tumors with labeled hen oviduct
Dol-PP-oligosaccharide at 15°C. Table 1 shows negligible radio-



