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Abstract-The platinum(I1) tetrachlorodianion and two molecules of rhodamine- associate to form 
a neutral tight ion pair. To examine the intracellular fate of this ionic complex, the levels of uptake 
after a 1-hr exposure to a 100 m concentration of each component of the complex, the complex itself 
and cis-diamminedichloroplatinum(I1) (CDDP) were measured in SCC-25 cells. The uptake of Pt(Rh- 
123)* was measured by two independent methods: fluorescence and ‘95mPt gamma-counting. There was 
excellent agreement between these two methods as to the amount of Pt(Rh-123), which was taken up 
by the cells, indicating that the Pt(Rh-123)2 is probably entering cell intact. Association with Rh-123 
increased the amount of platinum which entered the cells by about 70-fold compared to CDDP and 
increased by about 700-fold the amount of platinum which entered the cells compared to K,PtCl,. The 
subcellular distributions of Pt(Rh-123),, Rh-123, CDDP and K,PtCl, were also examined. When 
measured by fluorescence or 195mPt gamma-counting, 40-54% of the Pt(Rh-123), was in the nuclei of 
the SCC-25 or SCC-25/CP cells and 27-35% was in the cytosol of the cells. There was excellent 
agreement between the findings of fluorescence and 195mPt gamma-counting regarding the amount of 
Pt(Rh-123), in each of the subcellular fractions immediately after incubation with the drug and over the 
time course of observation after drug removal, indicating that the Pt(Rh-123)2 is probably remaining 
largely intact intracellularly. On a per mg protein basis, there was about a 55-fold greater amount of 
platinum in the nuclei of the SCC-25 cells exposed to Pt(Rh-123), compared to cells exposed to CDDP. 
In the SCC-25/CP cells, there was about 258-fold greater platinum in the nuclei of cells exposed to 
Pt(Rh-123), than those exposed to CDDP because CDDP was taken up to a much lesser extent by the 
SCC-25/CP cells. Association of Rh-123 with potassium tetrachlorodianion forms a tight ion pair, which 
enters cells in relatively high amounts and is selectively concentrated in the nuclei of the cells. 

In an effort to develop platinum complexes for use 
as antineoplastic agents and radiosensitizers [l-4], 
we prepared a series of complexes of tetra- 
chloroplatinate with positively charged dyes [5,II, 71. 
These complexes have demonstrated good anti- 
cancer activity7 and are effective radiosensitizing 
agents both in vitro and in vivollf[. A human squa- 
mous carcinoma cell line (SCC-25/CP), which is 
resistant to cis-diamminedichloroplatinum(I1) 
(CDDP) and to the second generation platinum com- 
plexes, carboplatin (JM-8, CBDCA) and iproplatin 
(JM-9, CHIP), is as sensitive to the platinum-posi- 
tively charged dye complexes as is the parent (SCC- 
25) cell line [5,1]. The complex of tetrachloro- 
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platinate with two molecules of rhodamine- 
[Pt(Rh-123)*] was selected for more detailed bio- 
logical analysis because the low level of whole animal 
toxicity and high level of anticancer and radio- 
sensitizing activity made it the most likely candidate 
for further development. 

As determined by X-ray crystallography, the struc- 
ture of Pt(Rh-123), is a tight ion pair with two 
molecules of rhodamine- around the platinum 
tetrachlorodianion. * * These experiments were 
carried out to determine if Pt(Rh-123), entered cells 
intact, if the molecular components of Pt(Rh-123)2 
move together or separately intracellularly, and 
where each component of Pt(Rh-123)2 localizes 
within cells. Two cell lines, SCC-25 human squamous 
cell carcinoma and SCC-25/CP, a subline resistant 
to CDDP [6-81, were examined. 

MATERIALS AND METHODS 

Drugs. Rhodamine- (Rh-123) was purchased 
from Kodak Laboratory Chemicals (Rochester, 
NY). Potassium tetrachloroplatinate (K,PtCl,) and 
cis-diamminedichloroplatinium(I1) (CDDP) were 
gifts from Johnson Matthey Inc. (West Chester, PA). 

3365 



3366 B. A. TEICHER et al. 

Pt(Rh-123), was prepared in our laboratory by reac- 
tion of appropriate molar equivalents of potassium 
tetrachloroplatinate and rhodamine- in water. 
[19smPt]-ci.s-diamminedichloroplatinum(II) in iso- 
tonic saline and [‘95mPt]-potassium tetrachloropla- 
tinate were made available by Dr. Hoeschele and 
Dr. F. F. Knapp, Jr. at Oak Ridge National Lab- 
oratories, Oak Ridge, TN [8,9]. [195mPt]-CDDP and 
[195mPt]-K2PtC1, were received with specific activities 
of 145-165 mCi/mmole and 203-227 mCi/mmole 
respectively. The half-life of 195mPt is 4.02 days; 
therefore, experiments were carried out immediately 
upon receipt of the materials. Pt(Rh-123), was pre- 
pared by reaction of 2.1 molar equivalents of Rh- 
123 with [ 195mPt]-K2PtCl, plus non-radioactive 
K,PtCl, to allow preparation of sufficient material 
to use. 

Cell lines. SCC-25 and SCC-25/CP human squa- 
mous carcinoma of the head and neck cells grow as 
monolayers in Dulbecco’s modification of Eagle’s 
medium (Flow Laboratories, McLean, VA) sup- 
plemented with antibiotics (Gibco, Grand Island, 
NY) and 5% fetal bovine serum (Hyclone Lab- 
oratories, Logan, VT) [7]. These cell lines have a 
doubling time of 48-50 hr in vitro [6]. 

Cellular fractionation. Two million SCC-25 and 
SCC-25/CP cells per plate were seeded in DME 
medium containing 5% fetal bovine serum overnight. 
Cells were incubated with 100 ,uM Rh-123, Pt(Rh- 
123)*, CDDP or K,PtCl, for 60 min at 37” in humidi- 
fied air with 8% COz. Plates were washed six times 
with phosphate-buffered 0.9% saline, fresh medium 
containing serum was added, and plates were 
replaced in a 37”, 8% CO2 incubator for 0, 3, 6 or 
24 hr. At the end of each time period, cells were 
suspended using 0.05% EDTA/0.125% trypsin, 
centrifuged at 500 g, resuspended in water, and lysed 
by sonication on ice. 

The fractionation procedure of Sharma and 
Edwards [lo] was performed at 4” and the final 
pellets were resuspended in water. Lysed cells were 
centrifuged at 1OOOg for 10 min. The pellet was 
resuspended in 0.25 M sucrose/l .8 mM CaCl& % 
Triton X-100 solution. An equal volume of 0.34M 
sucrose/O. 18 mM CaC12 solution was added to the 
bottom of the tube, pushing the lighter solution up. 
After centrifugation at 600 g for 10 min, the nuclear 
pellet was obtained. The supernatant fraction from 
the first 1OOOg spin was centrifuged at 3500g for 
10 min to obtain the mitochondrial pellet. This super- 
natant fraction was centrifuged at 16,000 g for 20 min 
to obtain the lysosomal pellet. This supernatant frac- 
tion was, in turn, spun at 10,OOOg for 60min to 
obtain the microsomal pellet. The final supernatant 
fraction contained the cytosol. 

Fluorescence measurements. All resuspended pel- 
lets were sonicated to release the contents of the 
organelle into the solution. The fractions were then 
centrifuged again at 100,OOOg for 60 min. The 
amount of Rh-123 or Pt(Rh-123)2 in the final super- 
natant fractions was determined using a Perkin- 
Elmer MPF-4 fluorescence spectrophotometer. The 
excitation maximum used for both Rh-123 and 
Pt(Rh-123)* was 522nm. The amounts of Rh-123 
and Pt(Rh-123)? were determined by comparison to 
standard curves prepared for each drug in the same 

solvent. Each point represents the mean of five inde- 
pendent determinations. 

Gamma emission measurements. 195mPt content 
was determined using a Beckman Gamma 4000 
Counter. The amounts of [195mPt]-CDDP, [195mPt]- 
K,PtCl, and [195mPt]-Pt(Rh-123)2 were determined 
by comparison to standards. For the drug exposure to 
the cells, 100 PM CDDP was 14.04 &i/ml, 100 PM 
Pt(Rh-123)* was 10.86 &i/ml and 100 PM K,PtCl, 
was 10.64 &i/ml. Each point represents duplicate 
determinations in two independent experiments. 

Protein determinations. Protein content of the 
cellular fractions was measured using a modified 
biuret assay (Sigma Diagnostics, Sigma Chemical 
Co., St. Louis, MO). 

RESULTS 

The structure of Pt(Rh-123), is shown in Fig. 1. 
This complex is a tight ion pair formed between the 
platinum(I1) tetrachlorodianion and two molecules 
of Rh-123 to give a neutral species. To examine the 
intracellular fate of this ionic complex, first the levels 
of uptake after 1 hr of exposure to a 100 ,uM con- 
centration of each component of the complex 
(K,PtCl, and Rh-123), the complex itself [Pt(Rh- 
123*], and CDDP were measured in SCC-25 cells 
(Table 1). Rhodamine- entered cells quite 
readily. Fluorescence measurements showed that 
9.25 nmoles was taken up per lo6 cells. The uptake 
of Pt(Rh-123), was measured by two independent 
methods. Fluorescence allowed measurement of the 
Rh-123 portion of the Pt(Rh-123, and 195mPt gamma- 
counting allowed measurement of the PtCl, portion 
of Pt(Rh-123),. There was excellent agreement 
between these two methods of measurement as to 
the amount of Pt(Rh-123), which entered the cells, 
2.13 nmoles/106 cells by fluorescence and 
2.27 nmoles/106 cells by 195mPt gamma-counting. The 
agreement of these determinations indicates that the 
complex is probably entering cells intact. Association 
with the PtCl,*- reduced by about 2-fold the amount 
of Rh-123 which was taken up by the cells. Thirty 
picomoles of CDDP and only 3 picomoles of K,PtCl, 

Hd 
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C’\ Pt /C’ 
a \cT 

Pt(Rh-1231, 

Fig. 1. Structure of Pt(Rh-123),. a complex formed by the 
tetrachloroplatinate dianion and two molecules of rho- 

damine-123. 
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Table 1. Intracellular concentration of platinum complexes and rhodamine-123* 

Drug 

Rh-123 
Pt(Rh-123)? 
Pt(Rh-123),§ 
Pt(NH&Cll§ 
K,PtCl, 

Measurement method 

Fluorescencet 
Fluorescencet 
issmPt gamma-counting 
‘95mPt gamma-counting 
IgCmPt gamma-counting 

Concn 
(nmoles/W cells) 

9.25 k 0.35$ 
2.13 k 0.28 
2.27 -+ 0.17 
0.03 + 0.007 

0.003 f 0.0005 

* SCC-25 cells were exposed to 100 PM drug for 1 hr. 
: Fluorescence emission was 525 nm for Rh-123 and 522 nm for Pt (Rh-123)r. 
$ Values are means for three experiments 2 S.E.M. 
5 rsrmPt concentration was approximately 1.8 &i/ymole. Pt(NH&CI, is CDDP. 

were taken up by the XC-25 cells after 1 hr of 
exposure to each of these drugs. Therefore, associ- 
ation with Rh-123 increased the amount of platinum 
which entered the cells by about 70-fold compared 
to CDDP and increased by about 700-fold the 
amount of platinum which entered the cells com- 
pared to KrPtCl,. 

The subcellular distribution of Pt(Rh-123)r as 
measured by 1g5mPt gamma-counting is shown in Fig. 
2. About 48% of the drug in the SCC-25 cells was in 
the nucleus at time 0 hr and about 54% of the drug 
was in the nuclei of the SCC-25/CP cells. The cytosol 
of both cell lines contained 27-35% of the drug and 
the remainder was in the other cellular components. 
Overall, after 24 hr about 10% of the drug was 
retained by the cells. When measured by fluores- 
cence, about 45% of the Pt(Rh-123), was in the 
nuclei of the SCC-25 cells and about 47% was on the 
nuclei of the SCC-25/CP cells (Fig. 3). There was 
excellent agreement between the findings by fluor- 
escence and 1g5mPt gamma-counting regarding the 
amount of Pt(Rh-123)r in each of the subcellular 
fractions immediately after incubation with the drug 
and over the time course of observation after drug 
removal. This indicates that the complex Pt(Rh- 
123)r was probably remaining largely intact 
intracellularly. 

Rhodamine- cellular distribution is shown in 
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Fig. 2. Pt(Rh-123)2 content of various subcellular fractions 
of XC-25 and SCC-25/CP cells as measured by 195mPt 
gamma-counting. Cells were exposed to 100 fl drug for 
1 hr. Zero time was immediately after removal of the drug. 
The symbols are: cytosol (A), nuclei (O), mitochondria 

(0), lysosomes (m) and microsomes (0). 

Fig. 4. Most of the drug was in the cytosol of the 
cells (81-86%). It appears that Rh-123 is largely 
excluded from the nuclei since only 0.3-0.7% of 
the drug was found in the nuclear fractions. The 
mitochondria contained 67% of the drug. After 
24 hr, 4-5% of the drug was retained by the cells. 
Potassium tetrachloroplatinate was also largely 
found in the cytosol (7677%) (Fig. 5). The nuclear 
concentrations of this drug were low with 3.3-8.5% 
of KrPtCl, being found in the nuclei. By complexing 
Rh-123 to PtCl$-, a new molecular species was 
formed which, unlike the components from which it 
was made, enters the nuclei of cells to a greater 
degree than expected. 

Protein determinations were made on each of the 
cellular fractions of the SCC-25 and SCC-25/CP cells 
(Table 2). These measurements may be used as an 
approximation of the cellular volume occupied by 
each of the cellular components. Therefore, the 
nucleus was about E-15% of the cellular volume; 
mitochondria, lyrosomes and microsomes were 5,6- 
7 and 5-7% of the cellular volume respectively; and 
the cytosol was 67-69% of the cellular volume in 
both cell lines. Using this information, the amount 
of each drug present in the cellular fractions was 
calculated on a per mg protein basis (Table 3). Of 
the drugs examined, CDDP and Pt(Rh-123), were 
concentrated intracellularly. CDDP and Pt(Rh-123)* 
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Fig. 3. Pt(Rh-123), content of various subcellular fractions 
of SCC-25 and SCC-25/CP cells as measured by fluores- 
cence emission at 522nm. Cells were exposed to 100pM 
drug for 1 hr. Zero time was immediately after removal 
of the drug. The symbols are: cytosol (A), nuclei (O), 
mitochondria (0), lysosomes (m) and microsomes (Cl). 
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Fig. 4. Rhodamine- content of various subcell~ar frac- 
tions of SCC-25 and SCC-25/U ceils as measured by 
fluorescence emission at 522 nm. Cells were exposed to 
1OOpM drug for 1 hr. Zero time was immediately after 
removal of the drug. The symbols are: cytosol (A), nuclei 
(O), mitochondria (0), lysosomes (M) and microsomes 

were relatively concentrated in the nuclei. There was 
about a 55fold greater amount of platinum in the 
nuclei of SCC-25 cells exposed to Pt(Rh-123), com- 
pared to cells exposed to CDDP. In the SCC-2SjCP 
cells, however, there was about 258-fold greater 
platinum in the nuclei of cells exposed to Pt(Rh- 
123)? than those exposed to CDDP because CDDP 
was taken up to a much lesser extent by the SCC- 
25/P cells. The relatively small amount of Rh-123 
which entered the nuclei of the cells was retained 
there to a greater extent (3747%) after 24 hr. 
Although less CDDP was taken up by the SCC-251 
CP cells than the SCC-25 cells, all of the other drugs 
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Fig. 5. Potassium tetrachloroplatinate content of various 
subcellular fractions of XC-25 and SCC-25/P cells as 
measured by ig5mPt counting. Cells were exposed to 100 @vl 
drug for 1 hr. Zero time was immediately after removal 
of the drug. The symbols are: cytosol (A), nuclei (e), 
mitochondria (0), lysosomes (H) and microsomes (Cl). 

Table 2. Protein content of subcellular fractions 

Cellular 
fraction 

Protein content 
S~~_25(mg/106 cells) 

SCC-25jCP 

Nuclei 0.058 2 0.001 0.058 + 0.005 
Mitochondria 0.023 i 0.005 0.0183 + 0.007 
Lysosomes 0.0378 i: 0.002 0.027 zk 0.001 
Microsomes 0.030 +- 0.005 0.018 rt 0.053 
Cytosol 0.308 + 0.072 0.271 It 0.053 
Whole cells 0.457 * 0.050 0.391 2 0.030 

Measurements are the means of three determinations 
tS.E.M. 

Table 3. SubceIlular content of platinum complexes and rhodamine-1~ at various times post- 
treatment 

Drug 
Cellular 
fraction 

Drug 
( pmoles/mg protein) 

see-25 SCC-25,‘CP 
Ohr 24 hr 0 hr 24 hr 

Pt(Rh-123),* Cells 4,773 596 3,448 438 
Nuclei 19,256 1,956 12,524 1,644 
Cytosol 2,575 317 1,343 180 

Pt(Rh-123)*t Cells 4,679 527 5.453 621 
Nuclei 16,526 1,836 12,486 1,689 

Cytosol 2,697 297 3,701 338 

Rh-123 Cells 20,326 787 13,721 1,251 
Nuclei 510 239 638 239 

cytosoi 25,828 856 16,072 946 

K,PtCl,* Cells 6.80 0.80 7.64 0.94 
Nuclei 1.71 0.26 4.39 0.31 

Cytosol 7.44 0.75 8.54 0.98 

CDDP* Cells 65.7 8.1 17.0 2.9 
Nuclei 331 25.9 46.5 5.5 
Cytosol 20.8 3.4 8.1 1.5 

* Pt(Rh-123),, KrPtCl, and CDDP as measured by rssmPt gamma-counting. 
t Pt(Rh-123), and Rh-123 as measured by fluorescence emission at 522 and 525 nm respectively, 
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examined were taken up in equal levels by both cell and studies of the interaction of this drug with cellular 
lines. DNA are in progress. 

DISCUSSION 

In has been known for some time that platinum 
complexes can act as radiosensitizers of hypoxic 
tumor cells [2-4]. This phenomenon depends upon 
the quantity of platinum(I1) present in the cells at 
the time X-rays are delivered [3]. The examination of 
the radiosensitizing potential of platinum complexes 
was hindered by the potent cytotoxicity of CDDP. 
The advent of less cytotoxic platinum complexes 
such as carboplatin and iproplatin has enabled inves- 
tigators to take greater advantage of radiosen- 
sitization by platinum in addition to direct antitumor 
activity by the drugs [II]. We have found that the 
new platinum complex Pt(Rh-123)z, which is much 
less toxic than CDDP, enters cells more readily than 
does CDDP and, like CDDP, concentrates in the 
nuclei of cells. 

RETRENCH 

1. E. B. Douple, Pharmac. Ther. 25, 297 (1984). 
2. E. B. Douple and R. C. Richmond, Znt. J. Radiat. 

Oncol. Biol. Phys. 8, 501 (1982). 
3. E. B. Douple and R. C. Richmond, in Cisplatin (Eds. 

A. W. Prestayko, S. T. Crooke and S. K. Carter), pp. 
125-47. Academic Press, New York (1980). 

4. E. B. Douple and R. C. Richmond, Br. J. Cancer 
37(Suppl. III), 98 (1978). 

5. S. A. Holden, B. A. Teicher, C. A. Cucchi and E. Frei 
III, Proc. Am. Ass. Cancer Res. 26, 343 (1985). 

6. E. Frei III, C. A. Cucchi, A. Rosowsky, R. Tantravahi, 
S. Bernal, T. J. Erwin, R. M. Ruprecht and W. A. 
Haseltine, Proc. natn. Acad. Sci. U.S.A. 82. 2158 
(1985). 

7. J. G. Rheinwald and M. A. Beckett, Cancer Res. 41, 
1657 (1981). 

The distribution of platinum in cells treated with 
CDDP has been studied previously using scanning 
transmission electron microscopy in conjunction with 
X-ray probe microanalysis, By this method, Kahn 
and Sandler 1121 noted high concentrations of plati- 
num in the nucleolus and inner side of the nuclear 
double membrane. Using fluorescent probes, it was 
shown that DNA and histone #3 are the major 
targets of platinum(I1) complexes in nucleosomes 
[ 131. Intracellular platinum levels in cells from tissues 
of animals treated with CDDP, especially liver and 
kidney, have been examined IlO, 141. Berry et al. 
[ 141, using electron microscopy techniques, found 
that platinum concentrates in the lysosomes of kid- 
ney tubules, from which it can be re-released into 
the cytoplasm and thus cause necrosis in the region. 
Sharma and Edwards [lo] found that about 25% of 
platinum is bound to the metallothionein-like protein 
in the liver as well as the kidneys. It may be possible 
that in tissues which are especially developed for 
dealing with xenobiotics that platinum may be 
metabolized before reaching the nucleus. 

8. J. D. Hoeschele, T. A. Butler, J. A. Roberts and C. 
E. Guyer, Radiochimica Acta 31, 27 (1982). 

9. N. P. Johnson. J. D. Hoeschele and R. 0. Rahn. Chem. 
&of. Interact.‘30, 151 (1980). 

10. R. P. Sharma and I. R. Edwards, Biochem. Pharmac. 
32, 2665 (1983). 

11. J. A. O’Hara, E. B. Douple and R. C. Richmond, Inf. 
J. Radiat. Oncol. Biof. Phys., in press. 

12. M. V. A. Khan and P. J. Sadler, Chem. Bioi. Interact. 
21, 227 (1978). 

13. L. M. Thompson, M. Arquila and H. Simpkins, 
Biochim. biophys. Acta 698, 173 (1982). 

14. J. P. Berry, P. Brille, A. F. LeRoy, Y. Gowveia, P. 

15‘ 

16. 

17. 

18. 

Rh-123 has been described as mitochondrial 
poison [14-261. Carcinoma cells, when treated with 
Rh-123, specifically accumulate and retain the drug 
in their mitochondria [19,24,25]. Non-tumo~genic 
cells accumulate less Rh-123 in their mitochondria 
and lose the dye very quickly [Ml. Recently, it was 
shown that, in cells sensitive and resistant to Rh-123, 
cytotoxicity does not correlate with inhibition of 
oxidative phosphorylation in mitochondria isolated 
from each cell line [27]. In our studies, Rh-123 was 
found in highest amounts in the cytosol and in rela- 
tively low amounts in the nuclei of both cell lines. 

Association of Rh-123 with platinum tetra- 
chlorodianion forms a tight ion pair which enters 
cells in relatively high amounts and is selectively 
concentrated in the nuclei of cells. This property of 
Pt(Rh-123)z makes it a very favorable candidate 
for development both as an antitumor agent and a 
hypoxic cell radiosensitizer. The ionic complex 
Pt(Rh-123)r appears to stay intact intracellularly, 

19. 

20. 

21. 

22. 

23 

24 

35 

Ribaud, P..Galle and G. Mathe, &ncer Treat. Rep. 
66, 1529 (1982). 
L. V. Johnson, M. L. Walsh and L. B. Chen, Proc. 
natn. Acad. Sci. lJ. S.A. 77, 990 (1980). 
L. V. Johnson, M. L. Walsh. B. J. Brockus and L. B. 
Chen, J. Cell kol. 88, 526 (1981). 
L. V. Johnson, I. C. Summerhayes and L. B. Chen, 
Cell 28, 7 (1982). 
I. C. Summerhayes, T. J. Lampidis, S. D. Bernal, J. J. 
Nadakavukaren; K. K. Nadakavukaren, E. L. 
Sheohard and L. B. Chen, Proc. natn. Acad. Sci. 
U.S:A. 79, 5292 (1982). 
S. D. Bernal, T. J. Lampidis, I. C. Summerhayes and 
L. B. Chen. Science 218. 1117 (19821. 
Z. Darzynkiewicz, F. Traganos: L. Staiano-Corco, K. 
Kapuscinski and M. R. Melamed, Cancer Res. 42,799 
(1982). 
S. D. Bernal, H. M. Shapiro and L. B. Chen, Int. J. 
Cancer 30, 219 (1982). 
L. B. Chen, I. C. Summerhayes, L. V. Johnson, M. L. 
Walsh, S. D, Bernal and T. J. Lampidis, Cofd Spring 
Harb. Symp. euant. Biot. XLVI, 141 (1982). _ _ 
S. D. Bernal, T. J. Lampidis, R. M. McIsaac and L. 
B. Chen, Science 222, 169 (1983). 
T. J. Lampidis, S. D. Bernal, I. C. Summerhayes and 
L. B. Chen, Cancer Res. 43, 716 (1983). 

__. K. K. Nadakavukaren, J. J. Nadakavukaren and L. B. 
Chen, Cancer Res. 45, 6093 (1985). 

26. J. S. Modica-Napolitano, M. J. Weiss, L. B. Chen and 
J. R. Aprille, Biochem. biophys. Res. Commun. 118, 
717 (1984). 

27. S. Abou-Khalil, W. H. Abou-Khalil, L. Planas, H. 
Tapiero and T. J. Lampidis, Biochem. biophys. Res. 
Commun. 127, 1039 (1985). 


