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In the study described here we have revealed an ab-
normal accumulation of porphyrin derivatives in the
kidneys of Long-Evans Cinnamon (LEC) rats, an ani-
mal model for human Wilson’s disease. In addition, we
have confirmed that the derivatives emitted red-or-
ange light in renal sections under UV excitation. This
renal red-orange emission has previously been identi-
fied as luminescence from cuprous metallothioneins
[Cu(1)-MTs], which also accumulate in both the kid-
neys and liver of LEC rats. In this study, we measured
the emission spectra of the luminescence in the kid-
neys using microspectrophotometry. The spectra of
the renal red-orange emission resembled those of por-
phyrin derivatives rather than those of Cu(l)-MTs. We
then extracted these derivatives from the kidneys. An
abundance of porphyrin derivatives was established.
A significant increase in the levels of the derivatives in
the liver and urine of the LEC rats was also confirmed.
These results provide evidence of a heme-metabolism
abnormality in LEC rats. o 1998 Academic Press

Key Words: microspectrophotometry; luminescence;
porphyrin derivatives; metallothioneins; copper; LEC
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Wilson's disease (hepatolenticular degeneration) is
an autosomal recessive disorder of copper (Cu) trans-
port that is characterized by failure to incorporate Cu
into ceruloplasmin in the liver, and failure to excrete
Cu from the liver into bile. This results in the toxic
accumulation of Cu in the liver and kidneys (see re-
views 1-4). The Long-Evans Cinnamon (LEC) rat is an
animal model for Wilson's disease (5-9). An abnormal
accumulation of Cu in the liver and low concentrations

* To whom correspondence and reprint requests should be at Divi-
sion of Life Science, Hokkaido Institute of Public Health, North 19
West 12, Kita-ku, Sapporo 060, Japan. Fax: +81-11-736-9476.

0006-291X/98 $25.00
Copyright © 1998 by Academic Press
All rights of reproduction in any form reserved.

of both ceruloplasmin and Cu in the serum have been
demonstrated to occur in these rats. This accumulation
of Cu is explained by the defective expression of the
Cu-transporting P-type ATPase gene, which is homolo-
gous to the gene for Wilson’s disease (ATP7B) (10-12).

The age-dependent accumulation of Cu in the LEC
rat has been reported to occur not only in the liver but
also in the kidneys, resulting in damage to these organs
(5, 6, 8, 13). Most of the Cu that accumulates in these
organs was discovered to be captured by metallothione-
ins (MTs) (14) as cuprous MTs [Cu(l)-MTs] (15, 16).
MTs are low-molecular-weight proteins that bind un-
usually high amounts of heavy metal ions such as Cu,
Zn, Cd and Hg (17, 18). It is well known that when
illuminated with UV light at room temperature Cu(l)-
MTs emit visible yellow-orange light at around 600 nm
(19-23). Recently, using this unique property of Cu(l)-
MTs, the localization of these proteins was visualized
in the liver (24) and kidneys (25) of LEC rats. The
hepatic yellow-orange luminescence that occurs in 15-
week-old LEC rats has been identified as an emission
from Cu(l)-MTs using three indispensable histochemi-
cal criteria based on the coordination chemical charac-
teristics of MTs, as follows: (i) extinguishment due to
oxidation of Cu(l) ions to cupric [Cu(ll)] ions, (ii)
guenching by protonation to dissociate Cu(l) ions
bound to MTs, and (iii) vanishment due to the displace-
ment of Cu(l) ions bound to MTs by Hg ions. The renal
red-orange and yellow-orange emissions that occur in
30-week-old LEC rats were also verified as lumines-
cence from Cu(l)-MTs with quenching tests using a
Cu(l) ion chelating reagent and Hg ions, and with evi-
dence of the colocalization of cysteine residues or im-
munocytochemistry for MTs.

In this study, we tried to characterize these emis-
sions in renal and hepatic sections of 30-week-old LEC
rats by using microspectrophotometry. The spectral
properties of the renal red-orange emissions resembled
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those of porphyrin derivatives rather than those of
Cu()-MTs, although the renal and hepatic yellow-or-
ange emissions were completely explained as specific
luminescence from Cu(l)-MTs. We then extracted the
derivatives from the kidneys of the LEC rats. An abun-
dance of porphyrin derivatives was established. There-
fore, we conclude that the renal red-orange emission
indicates an abnormal accumulation of porphyrin de-
rivatives, and not of Cu(l)-MTs.

MATERIALS AND METHODS

Chemicals. Tris hydroxymethyl aminomethane (Tris) and Entel-
lan neu were obtained from Sigma Chemical Co. (St. Louis, MO) and
Merck (Darmstadt, Germany), respectively. Coproporphyrin, uro-
porphyrin and protoporphyrin fluorescence standards were pur-
chased from Porphyrin Products (Logan, UT).

Animals. Thirty-week-old male LEC rats were used in this study.
Age-matched Long-Evans Agouti (LEA) male rats were utilized as
controls. Animals from the domestic line of Hokkaido University and
from Charles River Japan (Tokyo, Japan) were used for this study.
They were kept on a laboratory diet and tap water ad libitum, and
were housed in a facility that was maintained at 22°C with a 12-h
light-dark cycle. All procedures were carried out on laboratory rats
according to the regulations of the National Institutes of Health
Guide for the Care and Use of Laboratory Animals. The animals
were perfused transcardially with a solution of 40 mM Tris-20 mM
HCI containing 152 mM NaCl (500 ml/kg) after being administered
an overdose of pentobarbital anesthesia (60 mg/kg, intraperitoneally
injected). Their livers and kidneys were quickly removed, frozen with
liquid nitrogen, and stored at —80°C until they were analyzed.

Microspectrophotometric analysis. The preparation of sections
was performed as described in our previous report (24). We chose
Entellan neu as a rapid embedding medium to avoid quenching the
luminescence, since the medium possesses characteristics of low ab-
sorbance at the 300 nm region, faint emission at the visible region,
high chemical stability under UV excitation, and because it enables
the use of easily recyclable quartz cover slips and slides. Cu(l)-MTs
for the emission spectrum in vitro were obtained from 30-week-old
LEC rat livers and kidneys as described in our previous report (26),
but with slight modifications. After gel filtration of the cytosol using
a Superdex 75 column HR 10/30 (Pharmacia Biotech, Uppsala, Swe-
den), the fractions containing Cu(l)-MTs were pooled and then re-
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chromatographed using the same column. The main single peak of
absorbance and Cu concentration was collected and utilized in this
study (data not shown). For the microspectrophotometric analysis of
Cu(l)-MTs in vitro, Cu(l)-MTs were precipitated with cold acetone
and embedded with Entellan neu.

A microscope photometer (MPM 800; Carl Zeiss, Oberkochem, Ger-
many) was used for the measurements. It was equipped with a 100-
W Hg-xenon high-pressure lamp. By selecting the appropriate filter
units (an excitation filter of 300 = 30 nm for spectrum scanning, or
of 340 + 30 nm for photographic recording, a 400-nm dichroic mirror
and a 420-nm barrier filter), the specimens were viewed, and the
emission spectra of the luminescence were recorded in the visible
region from 500 to 700 nm at room temperature. All of the microspec-
trophotometric experiments were performed within 6 h of the embed-
ding. All of the spectra shown in this study were corrected using the
blank spectrum of the embedding medium.

Porphyrin analysis in tissues and urine. The porphyrin deriva-
tives in the livers and kidneys were extracted as total porphyrins
according to a modification of the method of Abbritti and De Matteis
(27, 28). The frozen tissues were thawed and homogenized in 20
volumes of 1.0 M perchloric acid-methanol (1:1, v/v) at 20,000 rpm
for 1 min on ice with a Polytron (PTA 10TS-Tl; Kinematica AG,
Luzern, Switzerland). The homogenate was centrifuged at 10,000 X g
for 10 min at 4°C. The emission spectrum of the obtained supernatant
between 500 and 700 nm under excitation at 405 nm was recorded
as the extracted fraction including total porphyrins with the use of a
fluorescence spectrophotometer (Model F-3000; Hitachi, Ltd. Tokyo,
Japan).

The levels of porphyrin derivatives in the urine of the LEC or LEA
rats were also measured as total porphyrins by using the method
described above. The urine was collected into a foil-wrapped 50-ml
polypropylene tube with a metabolic cage (Lab Products Inc., May-
wood, NJ) for 24 h. The collected urine was centrifuged at 10,000 X
g for 10 min at 4°C. Methanol (5.0 ml) and 10 M perchloric acid (0.50
ml) were added to the urinary supernatant (5.0 ml). After mixing
well, the mixtures were re-centrifuged at 10,000 X g for 10 min at
4°C. The emission spectrum of the obtained supernatant between
500 and 700 nm under excitation at 405 nm was also recorded as
the fractions including total porphyrins.

The spectral property of the obtained supernatant was compared
with three standard porphyrins (i.e., coproporphyrin, uroporphyrin
and protoporphyrin) dissolved in 1.0 M perchloric acid-methanol (1:1,
v/v). The concentration of total porphyrins in the tissues and urine
was then determined by the method of standard additions by adding
appropriate amounts of the porphyrin that was identical with the
spectral property of the obtained supernatant. The excitation wave-

FIG. 1.

Photomicrographs of luminescence from acetone-precipitated cuprous metallothioneins [Cu(l)-MTs] from a 30-week-old Long-

Evans Cinnamon (LEC) rat liver (a) and kidney (b). Also shown are photomicrographs of yellow-orange emissions in a liver section (c), and
red-orange light (d) and yellow-orange light (e) in a renal section from a 30-week-old LEC rat. Fig. 1f shows a photograph of the same
region of an age-matched Long-Evans Agouti (LEA) rat kidney as shown in Fig. 1e. White spots in the photographs indicate measurement
points (a diameter of 10 um) for the emission spectrum analysis shown in Fig. 2a and b. Magnification, X100. Bar = 50 ym.
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FIG. 2.

(a) Emission spectra of the regions indicated by the white spots shown in Fig. 1a and c. (b) Emission spectra of the regions

indicated by the spots shown in Fig. 1b, d, e and f. (c) Difference spectra between the yellow-orange light in the LEC rat kidney (Fig. 1e)

and control emissions in the LEA rat kidney (Fig. 1f).

length was set at 405 nm and the emission was detected at 596 nm
or 600 nm. The statistical significance of the difference between the
results obtained for the LEC and LEA rat groups was evaluated by
Student'’s t-test.

RESULTS

Microspectrophotometric analysis of sections. The
yellow-orange luminescence from the Cu(l)-MTs ob-
tained from the liver and kidney of a 30-week-old LEC
rat is shown in Figs. 1la and b, respectively. The lumi-
nescence observations in the sections of the LEC rats
are shown in Fig. 1c-e. In the livers of 30-week-old LEC
rats, brilliant yellow-orange luminescence was also ob-
served as described in our previous study (24). The
emissions from the hepatic sections were observed in
the cytoplasm and in some vacuolated nuclei of the
hepatoparenchymal cells, and in the spherical granules
(i.e., lysosome-like organelles) in both these and Kupf-
fer cells. The most intense emissions were observed in
the lysosome-like organelles. The luminescence satis-
fied completely the three indispensable histochemical
criteria of Cu(l)-MTs (data not shown). In the Kidneys
of the LEC rats, strong ring-shaped red-orange emis-
sions were observed predominantly in the outer stripe
of the outer medulla. The emissions were found in the
nuclei and cytoplasm of the proximal straight tubular
cells of segment 3. Yellow-orange light was detected
in lysosome-like organelles in the proximal convoluted
tubule cells of segments 1 and 2, adjacent to the glomer-
uli in the cortex. These renal observations were exactly

the same as those described in a previous report (25),
and this luminescence also satisfied the quenching
tests for Cu(l)-MTs (25).

The emission spectra of the emissions presented in
Fig. 1 are shown in Figs. 2a and b. The emission
maxima of both hepatic and renal Cu(l)-MTs in vitro
were located at around 600 nm. These peaks were
broad. The maximum of the yellow-orange lumines-
cence in the liver sections was detected at around
600 nm, which was identical with that of Cu(l)-MTs
in vitro. However, the red-orange emission in the re-
nal sections consisted of two peaks at around 625 and
650 nm, respectively. The longest previously demon-
strated emission maximum of Cu(l)-MTs was re-
corded at approximately 630 (29, 30) or 623 nm (31).
No emission maximum of a wavelength longer than
630 nm has been reported. Moreover, the two renal
peaks at around 625 and 650 nm were very sharp.
Their spectral characteristics resembled those of por-
phyrin derivatives (32-39) rather than those of Cu(l)-
MTs, both in vitro and in the liver. These results,
therefore, indicate that the chemical species emitting
red-orange light in the LEC rat kidneys were porphy-
rin derivatives, and not Cu(l)-MTs.

No distinct peaks of the yellow-orange emission in
the proximal convoluted tubule cells of the renal cortex
were detected. However, the emission intensity be-
tween 500 and 700 nm was stronger than that in the
same areas in the renal sections of age-matched LEA
male rats (a photograph of the measuring spot in the
LEA rat kidney is shown in Fig. 1f). The difference
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FIG. 3.

(a) Comparison between the emission spectra of the total-porphyrin fraction extracted from a 30-week-old LEC rat kidney and

of three standard porphyrins (i.e., coproporphyrin, uroporphyrin and protoporphyrin) under excitation at 405 nm. (b) Comparison between
the emission spectra of the urinary extract of the LEC rat and of three standard porphyrins under excitation at 405 nm.

spectrum between the LEC and LEA rats was also ana-
lyzed (Fig. 2c). The spectrum clearly demonstrates the
existence of a small emission maximum at around 600
nm from Cu(l)-MTs in the yellow-orange light.

Porphyrin analysis in tissues and urine. According
to our microspectrophotometric data of the renal red-
orange emission, we extracted porphyrin derivatives
from the kidneys and livers. As in a previous report
(40), the derivatives were detected as the emission be-
tween 580 nm and 700 nm under this condition. The
characteristic of these emission peaks was nearly iden-
tical with that of uroporphyrin, and not coproporphyrin
or protoporphyrin (Fig. 3a). We also determined the
concentration of total porphyrins in the tissues using
uroporphyrin fluorescence standard (Table I). A strik-
ing increase in the concentration of total porphyrins
was revealed in the kidneys of the LEC rats. The con-
centration was about 19 times higher than that of age-
matched LEA rat kidneys. Although the level of total
porphyrins in the LEC livers was also elevated signifi-
cantly, this hepatic concentration was about as low as
that of the control rat kidneys. In addition, we deter-
mined the concentration of total porphyrins in the
urine. Since the emission characteristic of the urinary
extract was nearly identical with that of coproporphy-
rin, and not uroporphyrin or protoporphyrin (Fig. 3b),
the concentration of total porphyrins in the urine was
determined using coproporphyrin fluorescence stan-
dard. The concentration of total porphyrins in the urine

of the LEC rats was also significantly higher than that
of the control rat urine (Table I). These results, there-
fore, indicate an abnormal renal accumulation of por-
phyrin derivatives, mainly uroporphyrin, and a heme-
metabolism abnormality in 30-week-old LEC rats.

DISCUSSION

We have established the existence of a heme-metabo-
lism abnormality in 30-week-old LEC rats. In addition,
we have confirmed that the red-orange emission that
occurs in the LEC rat kidneys indicates an abnormal
accumulation of porphyrin derivatives, and not of
Cu(l)-MTs.

In a previous report (25), both the yellow-orange and

TABLE 1

Concentration of Total Porphyrins in the Kidney, Liver,
and Urine of 30-Week-Old LEC and LEA Rats

LEC LEA
Samples (n=6) (n=4)
Kidney (ug/g of wet tissue) 10.2 + 5.47* 0.53 + 0.02
Liver (ug/g of wet tissue) 0.64 + 0.07** 0.23 + 0.01
Urine (ug/day) 29.5 + 3.29* 13.0 = 0.70

Note. Each value represents a mean = S.D. Significant differences
from control values of LEA rats are indicated by *p < 0.005; **p <
0.001.
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red-orange emissions observed in 30-week-old LEC rat
kidneys were identified as specific luminescence from
Cu()-MTs with the aid of several quenching tests, as
well as biochemical, immunocytochemical and histo-
chemical confirmation. In addition, the distribution of
the red-orange emission was also in accord with the
localization of MT mRNA. From those examinations,
the renal red-orange emission of the LEC rat was be-
lieved to be that of abnormally accumulated Cu(l)-MTs.
There is no doubt that abnormal accumulation of Cu(l)-
MTs occurs in the LEC rat kidneys. However, our pres-
ent results indicate that not only Cu(l)-MTs but also
porphyrin derivatives are abnormally accumulated in
the same region of the LEC rat kidneys, and that the
porphyrin derivatives, not the Cu(l)-MTs, emitted red-
orange light in the renal sections under UV excitation.
This finding was revealed by our microspectrophoto-
metric analysis of the emissions in the sections. There-
fore, we emphasize the importance of examining the
spectral properties of the emissions to avoid any seri-
ous mistake such as confusing porphyrin derivatives
with Cu(l)-MTs.

The localization of the red-orange-emitting materials
in the LEC rat kidneys was nearly identical to that
previously demonstrated for accumulated porphyrins
in renal porphyria (41-45). Although the mechanism of
the accumulation of porphyrin derivatives in the LEC
rat kidneys is unknown at present, we believe that
there are three possible explanations. The first one is
metal-induced porphyria (i.e., Cu-induced renal por-
phyria). This type of disorder is well-known to result
from renal intoxication by lead, arsenic and inorganic
or methyl Hg (41, 45-51). Acute intermittent porphyria
as a result of Cu-poisoning has also been reported to
occur (52). The second is a secondary phenomenon that
occurs in the rats as a result of spontaneous hepatic
injury. There are many reports on the interactions be-
tween hepatic injury and porphyria (44, 45, 53-56). It
has been suggested that the mechanism of this type
of disease depends upon faulty enzyme control in the
hepatic biosynthesis of heme (55). The third possibility
is that this accumulation of porphyrin derivatives is
the result of a hereditary disease in the rat. We are
currently investigating all of these possibilities.

The LEC rat is a promising animal model for Wil-
son’'s disease because these animals exhibit many clini-
cal, biochemical and molecular-biological features that
are similar to those which occur in the human disorder.
In Wilson’s disease, no case of renal porphyria has yet
been demonstrated, although there has been one report
on the disease complicating porphyria cutanea tarda
(57). However, our results suggest that Wilson's dis-
ease might be accompanied by renal porphyria as a
possible symptom in addition to the large accumulation
of Cu, and that abnormal levels of porphyrin deriva-
tives in the urine might make possible a new method
of urinary diagnosis or screening for the disease. There-
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fore, we believe that the association of these two symp-
toms should be studied as a priority.

ACKNOWLEDGMENTS

We are indebted to Dr. Y. Sano and Mr. H. Aizawa for their techni-
cal advise on microspectrophotometry. We are grateful to Profs. N.
Kasai, M. Nakamura, Drs. T. Tsuzuki, K. Jin, T. Okui, T. Hayashi
for their support during this study. We also thank our colleagues,
especially Mr. F. Takenaka for his helpful animal management.

REFERENCES

1. Sternlieb, I. (1980) Gastroenterology 78, 1615—-1628.
2. Danks, D. M. (1991) Eur. J. Pediatr. 150, 142-148.

3. Alt, E. R,, Sternlieb, 1., and Goldfischer, S. (1990) Int. Rev. Exp.
Pathol. 31, 165-186.

4. Scheinberg, I. H., and Sternlieb, 1. (1996) Am. J. Clin. Nutr. 63,
842S-845S.

5. Li, Y., Togashi, Y., Sato, S., Emoto, T., Kang, J. H., Takeichi, N.,
Kobayashi, H., Kojima, Y., Une, Y., and Uchino, J. (1991) J. Clin.
Invest. 87, 1858—1861.

6. Li, Y., Togashi, Y., and Takeichi, N. (1991) in The LEC rats
(Mori, M., Yoshida, M. C., Takeichi, N., and Taniguchi, N., Eds.),
pp. 122-132, Springer-Verlag, Tokyo.

7. Ono, T., Abe, S., and Yoshida, M. C. (1991) in The LEC rats
(Mori, M., Yoshida, M. C., Takeichi, N., and Taniguchi, N., Eds.),
pp. 133—141, Springer Verlag, Tokyo.

8. Okayasu, T., Tochimaru, H., Hyuga, T., Takahashi, T., Takek-
oshi, Y., Li, Y., Togashi, Y., Takeichi, N., Kasai, N., and Aras-
hima, S. (1992) Pediatr. Res. 31, 253-257.

9. Mori, M., Hattori, A., Sawaki, M., Tsuzuki, N., Sawada, N., Oya-
mada, M., Sugawara, N., and Enomoto, K. (1994) Am. J. Pathol.
144, 200-204.

10. Wu, J., Forbes, J. R., Chen, H. S., and Cox, D. W. (1994) Nature
Genetics 7, 541-545.

11. Sasaki, N., Hayashizaki, Y., Muramatsu, M., Matsuda, Y., Ando,
Y., Kuramoto, T., Serikawa, T., Azuma, T., Naito, A., Agui, T.,
Yamashita, T., Miyoshi, I., Takeichi, N., and Kasai, N. (1994)
Biochem. Biophys. Res. Commun. 202, 512-518.

12. Yamaguchi, Y., Heiny, M. E., Shimizu, N., Aoki, T., and Gitlin,
J. D. (1994) Biochem. J. 301, 1-4.

13. Tochimaru, H., Akutsu, Y., Nagata, Y., Takekoshi, Y., Matsu-
moto, S., and Takeichi, N. (1991) in The LEC rats (Mori, M.,
Yoshida, M. C., Takeichi, N., and Taniguchi, N., Eds.), pp. 103—
113, Springer-Verlag, Tokyo.

14. Sugawara, N., Sugawara, C., Katakura, M., Takahashi, H., and
Mori, M. (1991) Experientia 47, 1060—1063.

15. Sakurai, H., Nakajima, K., Kamada, H., Satoh, H., Otaki, N.,
Kimura, M., Kawano, K., and Hagino, T. (1993) Biochem. Bio-
phys. Res. Commun. 192, 893-898.

16. Suzuki, K. T. (1995) Res. Commun. Mole. Pathol. Pharmacol. 89,
221-240.

17. Nordberg, M., and Kojima, Y. (1979) in Metallothionein (Kagi,
J. H. R., and Nordberg, M., Eds.), pp. 41-124, Birkhauser-Ver-
lag, Basel.

18. Ka&gi, J. H. R. (1993) in Metallothionein 111 (Suzuki, K. T., Imura,
N., and Kimura, M., Eds.), pp. 29-56, Birkhauser-Verlag, Basel.

19. Beltramini, M., and Lerch, K. (1981) FEBS Lett. 127, 201-203.

20. Stillman, M. J., Gasyna, Z., and Zelazowski, A. J. (1989) FEBS
Lett. 257, 283-286.

21. Stillman, M. J. (1992) in Metallothioneins (Stillman, M. J.,

168



Vol. 242, No. 1, 1998

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.
34.

35.

36.

37.

Shaw, I11. C. F., and Suzuki, K. T., Eds.), pp. 55-127, VCH Pub-
lishers, New York.

Stillman, M. J., and Gasyna, Z. (1991) Methods Enzymol. 205,
540-555.

Gasyna, Z., Zelazowski, A., Green, A. R., Ough, E., and Stillman,
M. J. (1988) Inorg. Chim. Acta 153, 115-118.

Nakayama, K., Okabe, M., Aoyagi, K., Yamanoshita, O., Okui,
T., Ohyama, T., and Kasai, N. (1996) Biochim. Biophys. Acta
1289, 150-158.

Okabe, M., Nakayama, K., Kurasaki, M., Yamasaki, F., Aoyagi,
K., Yamanoshita, O., Sato, S., Okui, T., Ohyama, T., and Kasali,
N. (1996) J. Histochem. Cytochem. 44, 865-873.

Nakamura, M., Nakayama, K., Shishido, N., Yumino, K., and
Ohyama, T. (1997) Biochem. Biophys. Res. Commun. 231, 549—
552.

Abbritti, G., and De Matteis, F. (1971) Chem.-Biol. Interact. 4,
281-286.

Kennedy, S. W., Wigfield, D. C., and Fox, G. A. (1986) Anal. Bio-
chem. 157, 1-7.

Li, Y. J., and Weser, U. (1992) Inorg. Chem. 31, 5526-5533.
Pountney, D. L., Schauwecker, I., Zarn, J., and Vasak, M. (1994)
Biochemistry 33, 9699—-9705.

Green, A. R., Presta, A., Gasyna, Z., and Stillman, M. J. (1994)
Inorg. Chem. 33, 4159-4168.

Gouterman, M. (1978) in The porphyrins, 111 (Dolphin, D. Eds.),
pp. 1-165. Academic Press, New York.

Lamola, A. A. (1982) Acta Dermatolovener 100, 57-66.
Valcarcel, M., Hens, A. G., Rubio, S., and Petidier, A. (1987) Clin.
Chem. 33, 1826-1831.

linuma, S., Farshi, S. S., Ortel, B., and Hasan, T. (1994) Br. J.
Cancer 70, 21-28.

Larralde, C., Sassa, S., Vanderkooi, J. M., Koloczek, H., Laclette,
J. P., Goodsaid, F., Sciutto, E., Owen, C. S. (1987) Mol. Biochem.
Parasitol. 22, 203-213.

Polo, C. F., Frisardi, A. L., Resnik, E. R., Schoua, A. E. M., and
Batlle, A. M. C. (1988) Clin. Chem. 34, 757-760.

38.

39.
40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54,

55.

56.

57.

169

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Sassaroli, M., De Costa, R., Vaananen, H., Eisinger, J., and Poh-
fitzpatrick, M. B. (1992) J. Lab. Clin. Med. 120, 614-622.

Kuzelova, K., and Brault, D. (1994) Biochemistry 33, 9447—-9459.
Granick, S., Sinclair, P., Sassa, S., and Grieninger, G. (1975) J.
Biol. Chem. 250, 9215-9225.

Woods, J. S. (1988) Semin. Hematol. 25, 336—348.

lvanov, E., Todorov, D., Adjarov, D., and Dimitrov, P. (1976)
Nephron 17, 396—401.

Day, R. S., Eales, L., and Disler, P. B. (1981) Nephron 28, 261—
267.

Czitober, H., Denk, H., and Schnack, H. (1970) Klin. Wschr. 48,
59-60.

Zawirska, B., and Medras, K. (1972) Archiwm. Immun. Therap.
Exp. 20, 257-272.

Fowler, B. A, Oskarsson, A., and Woods, J. S. (1987) Ann. New
York Acad. Sci. 514, 172-182.

Oskarsson, A., and Fowler, B. A. (1987) Ann. New York Acad.
Sci. 514, 268-277.

Woods, J. S., and Southern, M. R. (1989) Toxicol. Appl. Pharma-
col. 97, 183-190.

Woods, J.S., Bowers, M. A., and Davis, H. A. (1991) Toxicol.
Appl. Pharmacol. 110, 464—-476.

Miller, D. M., and Woods, J. S. (1993) Chem.-Biol. Interact. 88,
23-35.

Garcfa-Vargas, G., Cebrian, M. E., Albores, A., Lim, C. K., and
De Matteis, F. (1995) Human Exp. Toxicol. 14, 475-483.
Downey, D. (1992) J. Prosthet. Dent. 67, 5—6.

Thompson, R.P.H., Nicholson, D.C., Farnan, T., Whitmore,
D. N., and Williams, R.(1970) Gastroenterology 59, 779-783.
Keczkes, K., and Barker, D. J. (1976) Arch. Dermatol. 112, 78—
82.

O'reilly, K., Snape, J., and Moore, M. R. (1988) Clin. Exp. Derma-
tol. 13, 44-48.

Tidman, M. J., Higgins, E. M., Elder, G. H., and MacDonald,
D. M. (1989) Br. J. Dermatol. 121, 503—-505.

Chesney, T. M. C., Wardlaw, L.L., Kaplan, R.J., Chow, J.F.
(1981) J. Am. Acad. Dermatol. 4, 64—66.



