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ABSTRACT

Normal and Ehrlich ascites carcinoma cell (EAC cell) bearing Swiss albino
mice, 6-8 weeks old were treated with desferrioxamine (DFO) at doses of 125
and 250 mg/kg/day body weight. Some of the mice in each group were in-
jected with doxorubicin (DOXO0) (15 mg/kg) and killed 30 h after the last
DFO treatment. The total proteins and nucleic acids were analyzed in the
liver and testes of normal mice and EAC cells in the ascetic mice. DFO treat-
ment was found to be devoid of any significant effect on protein and nucleic
acids in hepatic and testicular cells of normal mice and the EAC cells of as-
cetic mice. Pre treatment with DFO at a single dose failed to protect the
biochemical « hanges induced by DOXO, whereas DFO treatment for 7 days
was found to piovide significant protection against the DOXO induced chan-
ges in nucleic .cids in normal mice, but it does not interfere with the an-
tineoplastic effect of doxorubicin. The protective effect of DFO may be ad-
vantategous in cancer therapy involving drugs which binds to DNA and cause
ncoplastic changes.

INTRODUCTION

The anthracycline antibiotic doxorubicin (DOXO0), isolated from Streptomyces
peucetius var Cesius is used as a polent anticancer agent against a variety of neoplastic
lesions (Di Marco et al., 1969; Wang et al., 1971; and Alberts and Salmon, 1975). How-
ever, DOXO, like most anticancer drugs, is known to induce genetic effects in mam-
malian cell systems (Marquardt ef al, 1976 and Rosselli ef al, 1990) and Xenopus
laevis (Riscly and Phorenec, 1991) and produce renal tumors, mammary fibro-
adenoma, breast carcinomas and adenocarcinoma in female rats (Sternberg et al,
1972 and Bertazzoli et al., 1971) and hepatocellular carcinoma in Bufo regularis (El-
Mofty et al,, 1991).
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Recurrence of cancer due to clastogenecity of cytotoxic drugs is major draw back
in long term survivors of both radiotherapy and « o motherapy (Harrs, 1976). Several
chemical agents including vitamins glutathione, propylgaliate, retmylacetate, ger-
manium oxide, B-carotene, cinnamaldchyde, phenols, coumarims etc, have been ex-
perimented for their antimutagenic potentials (Ames, 1983). Simce wom is implicated
in the production of free radicals and stimulation of lipid pcromdation (Weitberg and
Corverse, 1989), considerable efforts are focused on using chelators to alleviate the
genotoxic effects of mutagens, carcinogens and cvtotomc dregs. Desferrioxamine
(DFO, deferoxamine methan-sulfonic, desferalm)) is an woa chelator solated from
Streptomyces pilosus and treated chemically to obtain the metal free Bgand. DFO is
used immensely in the treatment of chronic iron over load discases Bke thalassemia
and haemochromatoris (Hussain er al., 1976; Propper et al, 1977 amd Mordente el al.,
1990). Although a large number of papers have been published os the effect of DFO o
DNA single strand breaks (ssb) inducéd by different known metagens @ cultured cells
or isolated tissues (Wahba ef al., 1989, 1990 and Carsicns ¢r &, 1990) and the protcc-
tive effect of DFO against DOXO induced cardiac and hacsasologscal toxicity (Al-
Harbi et al, 1992), the literature on biochemical effects of DFO agsmst anticancer
drugs in vive is scanty. Since iron- anthracycline compicx = knsows 10 gencrale free
radicals, which induces genctic damage through Epid perossdation (Wesberg and Cor-
verse, 1989). The present study was designed to mwestigste the effect of desfer-
rioxamine on the biochemical changes induced by dosorsbucie = Bwer and testes of
normal and Ehrlich ascetic carcinoma cell bearing mice.

MATERIAL SAND METHODS

Drugs and Chemicals:

Desferrioxamine (DFO) was obtained from Ciba Geigy Lad_ Basle Switzerland
and Doxorubicin (DOXO) was provided by Farmitalia Cascllo Esba, Italy. All other
chemicals were obtained cither from Sigma Chemicals (S Lows, MO, USA) or BDH
Chemicals Ltd. (Poole, England).

Animals:

Female and male Swiss albino mice (SWR) aged 56 weciks and wesghing 20-25 g
were obtained from the Experimental Animal Care Costez, Komg Samd University,
College of Pharmacy, Saudi Arabia. The animals were fod om 2 perma Chow dict and
water ad libitum and were maintained under costrofied Smperatars (24°C + 1),
humidity range 40 to 45 percent and 12 b light ‘dark cucle (laght Soms 8600 to 1800 h).

Dose and Route of Administration:
The doses of DFO are 125 and 250 mg/kg'day winch s apprommately 1/8 and
1/4 of LDsy of DFO (Pitt, 1981). Doxorubecs dese (15 mglg? was sclected as
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reported in previous study (Al-Harbi, 1993). The route of administration of DFO was
intraperitonal in normal mice and subcutancously in Ehrlich ascetic mice.
Doxorubicin was administered intraperitonally in both normal and Ehrlich ascetic

mice,

Studies on hepatic and testicular cells of normal mice:

The study constituted acute (single dose) and subacute (seven days) treatment of
aqueous solution of DFO. A total of 60 male mice were randomly assigned into 12
groups (5 mice in each group). Either acute or subacute treatments constituted 6
groups of mice. The different groups under each treatment were: (1) untreated con-
trol (distilled water); (2) DFO (125 mg/kg/day); (3) DFO (250 mg/kg/day); (4) DOXO
(15 mg/kg); (5) DFO (125 mg/kg/day) pretreatment plus DOXO (15 mg/kg); (6) DFO
9250 mg/kg/day pretreatment plus DOXO (15 mg/kg). Groups 2, 3, 5 and 6 were
treated with DFO cither with a single dose or 7 repeated doses. Groups 4, 5 and 6
were injected ip. with DOXO 30 h before sacrifice. After sacrificing the animals
under cther anesthesia, the liver and testes were quickly excised, frozen in liquid
nitrogen and stored at -20°C till analyzed for total proteins and nucleic acids.

Estimation of protein and nucleic acids:

Total protein was determined by method of Lowry ef al, 1951. The method
described by Bregman (1983) was used to determine the levels of nucleic acids. Tis-
sucs were homogenized and the homogenate was suspended in ice-cold trichloroacetic
acid (TCA). After centrifugation, the pellet was extracted with cthanol before a hot
TCA extraction. The levels of DNA were determined by treating the nucleic acid ex-
traction with diphenylamine reagent and reading the intensity of blue colour at 600
nm. For quantification of RNA levels, the nucleic acid extract was treated with orcinol
and the green colour was read at 660 nm. Standard curves were used to determine the
amounts of nucleic acids present.

Studies on Ehrlich ascites carcinoma cell bearing mice:

Ehrlich ascites carcinoma cells (EAC cells) supplied through the courtesy of Dr.
C. Benckuijsen, Amsterdam, Holland. EAC cells were maintained by serial implanta-
tions in female Swiss albino mice(SWR, bred at the Experimental Animal Care
Centre, King Saud University, Saudi Arabia) every 8 days. A total of 60 female mice
were randomly allotted to different control and treatment groups (10 mice in each
group) for evaluation of the parameters on cytotoxicity and biochemistry. EAC cells
(25 x 10° cells/mouse) were implanted (i.p.) into all experimental mice which were
used in the present study. The treatment was started after an incubation period of 6
days. The experimental groups of Ehrlich ascetic mice consisted of the following: (1)
positive control (distilled water); (2) DFO (125 mg/kg/day); (3) DFO (250 mg/kg/day);
(4) DOXO (15 mg/kg); (5) pretreatment with DFO (125 mg/kg/day) plus DOXO (15
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mg/kg); (6) pretreatment with DFO (250 mg/kg/day) plus DOXO (15 mg/kg). Group
2, 3, 5 and 6 were treated with 7 repeated doses of DFO. DOXO was injected simul-
taneously with the last dose of DFO. Then the animals were killed, under ether anes-
thesia, 30 h after the last treatment. Samples of peritoneal fluid were collected for

analysis of cytotoxicity, viability and for biochemical parameters.

Cytotaxicity and viability:

The samples of peritoneal fluid were collected and studied for the viability and
cytotoxicity of EAC cells with hemocytometer using a dye exclusion technique (Kal-
tenbach et al., 1958).

Biochemical parameters:
The frozen peritoneal fluid samples were used for estimation of nucleic acids and
total proteins.

RESULTS AND DISCUSSION

The results showing the effect on nucleic acids and proteins in hepatic and tes-
ticular cells after treatment with DFO and DOXO in normal mice are presented in
Table 1 and 2. DFO treatment did not show any significant effect on proteins, RNA
and DNA concentrations of hepatic and testicular cells in both the acute and subacute
studies. The known cytotoxic and prooxidant property of DOXO are confirmed
(Voest et al, 1993; Tewey et al, 1994). Thus the inhibitory effect of DOXO on
proteins and nucleic acids is attributed to the iron-DOXO complex which the later
generates free radical (Mayers er al, 1982). The pretreatment with a single dose of
DFO failed to inhibit the DOXO induced reduction of protcins, RNA and DNA
levels. However, pretreatment with DFO for 7 days was found to protect the inhibition
of nucleic acids in both hepatic and testicular cells induced by DOXO treatment. The
protection in DNA levels of liver (p < 0.01) and testis (p < 0.05) was statistically sig-
nificant only at the higher dose of DFO 9250 mg/kg). Although related studies on
DFO are scanty, this protective effect of DFO is supported by earlier reports where
DFO was found to inhibit DNA single strand breaks induced by hydroxy- and
hydroperoxy- eicostatracnoic acids in human lymphocytes (Weitbergand Corvese,
1989), tetrachlorodibenzo-p- dioxin in hepatic nuclei of rats (Wahba er al, 1989),
tetrachlorohydroquinone in human fibroblasts (Carsteas er al, 1990). The cxact
mechanism of inhibition of DOXO induced biochemical changes observed in the
present study is not known. However, it appears that the chelating action of DFO
might have prevented the iron dependent formation of hydroxyl radicals and lipid
peroxidation (Halliwell, 1985). Further, the pretreatment of DFO may be a result of
the conversion of divalent form of iron to trivalent which the later is known to inhibit
the prooxidant activity by forming a stable coordination complex with DFO (Graf et
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al., 1984). The result obtained in this studies on EAC cells bearing mice after treat-
ment with DFO and DOXO in different experimental group are presented in Table 3
and 4. The treatment with DFO failed to reduce the total number of EAC cells and
alter their viability. The concentration of nucleic acids and proteins were also not sig-
nificantly affected. However, the treatment with DOXO reduced significantly the
number of viable cells and inhibit their nucleic acids and proteins levels. These results
confirmed the known antineoplastic activity of DOXO (Di Marco et al., 1969; Wang et
al., 1971 and Alberts Salmon, 1975). Pretreatment with DFO for 7 days failed to alter
the inhibition of proteins and nucleic acids in the EAC cells of DOXO treated Ehrlich
ascetic mice. The lack of inhibition of nucleic acids and proteins in EAC cells in not in
agreement with our earlier observation in hepatic and testicular cells of normal mice
in the same experiment, where DFO was found to protect the DOXO induced deple-
tion of nucleic acids and proteins. The discrepancy between the results obtained in the
studics on hepatic and testicular cells of normal mice and those on malignant EAC
cells might have been due to increased production of free radicals in the later (Borek,
1988). Previous reports have suggested that drug sensitivity may reflect differences in
the intracellular concentration of cnzymes and mediators of various target biochemi-
cal processes or repair mechanism (Biuck, 1984).

The results obtained in the present study suggested that the pretreatment with
DFO protects the DOXO induced inhibition of nucleic acids in normal hepatic and
testicular cells. However, DFO does not interfere with the antineoplastic effect of
doxorubicin. In view of the fact that DOSO binds strongly to DNA (Halliwell and Gut-
tridge, 1987) and causes neoplastic changes (Strenberg ef al., 1972; Bertazzoli et al.,
1971; El-Mofty et al., 1991), the protective effect of DFO observed in the present study
may be advantageous to minimize the toxicity of doxorubicin in these organs and in
particular the testes. Further studies are warranted to clucidate the protective effects
ofDFOonlhcfunctionsoflhcs‘organsmdelucidatemamadeofaaionbefore
possible clinical use as an adjunct in cancer therapy.



Table 1

Influence of Desferrioxamine

Effect of acute treatment of desferrioxamine (DFO) on doxorubicin (DOXO)
induced biochemical changes in hepatic and testicular cells of normal mice

Treatment & Organ Total RNA DNA
dose (mg/kg) Protein
1. Control a- liver 1580+ 023 617.77 £ 347 21429 + 388
(distilled water) b-testes 1098024 261.23*11.73 341.24+11.29
2. DFO (125) a- liver 1555021 612562016 21980 950
b- testes 11.06 021 26567 £9.76 337.58 £ 12.80
3. DFO (250) a- liver 1565019 61848 £1838 224.26 + 7.15
b- testes 1110 £ 0.14 26945+ 836  330.62 + 13.26
4. DOXO (15) a- liver 14.11 £ 0.17° 51980 = 1630° 17092 % 4.72°
b-testes 976 =0.19 22024 + 7.12* 287.64 = 11.68°
5. DFO (125) a- liver 1408 £0.12 50117 +2930 169.74 + 403
plus DOXO (15) b-testes  10.05 £ 024 21855+ 842 28523 + 10.24
6. DFO (250) + a- liver 1417 £ 0.18 49382 £ 3047 170.04 £ 4.51
DOXO (15) b- testes 9.88 = 0.46 22812+ 8.79 28645 = 1024

A total of 5 mice were used in each group.
Groups 2, 3 and 4 were statistically compared with group 1.
Groups 5 and 6 were statistically compared with group 4.

Results are expressed as mean * S.E. of proteins (mg/100 mg) and nucleic acids

(4g/100 mg).

a-p<005b-p < 001;c-p < 0001 (Student’s t-test).
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Table 2

Effect of subacute treatment of desferrioxamine (DFO) on doxorubicin (DOX0)
induced biochemical changes in hepatic and testicular cells of normal mice

Treatment & Organ Total RNA DNA
dose (mg/kg) Protein
1. Control a- liver 1668 = 042 62333+ 1767 23933+ 506
(distilled water) b-testes 1104 = 057 26467 £ 623 326,67 = 7.69
2. DFO (125) a- liver 1627 £ 037 617.18 £ 1650 224.60 + 6.48
b-testes 979032 23136+ 1176 304.78 =986
3. DFO (250) a- liver 1607 020 608.17 £27.71 22867 + 7.07
b-testes 969 %026 24400 £ 743 31467 = 11.57
4. DOXO(15)  a-liver 1502+ 029" 466.50 = 13.86° 178.67 = 8.71°
b-testes  9.05 015" 22667 49" 286.83 + 10.99°
5. DFO (125) a- liver 15292019 47600 = 11.72 20167 = 7.14
plus DOXO (15) b-testes 9312035 2396779  306.67 = 11.76
6. DFO (250) a- liver 1539 £ 008 51167178 221.83 = 631°
plus DOXO (15) b-testes 929 x0.18 25133 =917  329.50 = 8.03°

A total of 5 mice were used in each group.
Groups 2, 3 and 4 were statistically compared with group 1.
Groups 5 and 6 were statistically compared with group 4.

Results arc expressedas mean * S.E. of proteins (mg/100 mg) and nucleic acids

(ug/100 mg).

a-p < 005b-p < 0.01; c- p < 0.001 (Student’s t-test).
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Table 3
Effect of subacute treatment of desferrioxamine (DFO)" oa the cytotoxicity
and viability iInduced by doxorubicin (DOXO)bhwmm

cells in mice
Treatment & Dose Total number of cells Perceatage of viable cells
(mg/kg) (mean = S.E.) x 10° (mean = SE) X 10°

1. Positive control 4524 £ 3843 91.27 + 1.49
(distilled water)

2. DFO (125) 47125 £ 37.11 9026 = 2.15
DFO (250) 4012 + 2832 8875 + 2.12
DOXO 3114 £ 36.71* 8255 + 2.74*
DFO (125) plus 2888 + 281 85.05 = 1.67
DOXO (15)

DFO (250) plus 275.6 + 1648 865277
DOXO (15)

A total of 5 mice were used in each group.

a =Treatment with DFO (for 7 days) mnuteditunﬂ.npenodo“days
of tumor implantation.

b = DOXO was injected simultancously with last dose of DFO.

Groups 2, 3 and 4 were statistically compared with group 1.

Groups 5 and 6 were statistically compared with group 4.

*p < 0.05.
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Table 4
Effect of subacute treatment with desferrioxamine (DFQ)® on doxorubicin (DOX0)®
induced depletion of nucleic acids and total protein levels of Ehrlich ascites

carcinoma cells in mice
Treatment & Dose DNA RNA Total protein
(mg/kg)

1.  Positive control 176.27 £ 9.92 427.76 = 26.24 14.75 = 0.41
(distilled water)

2. DOXO(15) 112,19 = 13.89** 19067 = 11.21*** 1274 = 0.17**
DFO (125) 18232 = 10.11 405.44 = 29.03 14.45 = 037
DFO (250) 190.46 = 11.67 43125 = 29.21 1451 £ 0.42
DFO (125) 132.68 + 13.59 22198 = 17.67 13.00 = 0.39
plus DOXO (15)

6. DFO (250) 141.33 = 10.42 232.01 = 17.07 13.12 £ 0.21
plus DOXO (15)

A total of 5 mice were used in each group.

a = Treatment with DFO (for 7 days) was started after an incubation period of 6 days
of tumor implantation.

b = DOXO was injected simultancously with last dose of DFO

Groups 2, 3 and 4 were statistically compared with group 1.

Groups 5 and 6 were statistically compared with group 2.

**p < 0.01and *** p < 0.001 (Student’s t-test).
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