Int. J. Biol. Sci. 2009, 5 466

International Journal of Biological Sciences

2009; 5(5):466-473
© Ivyspring International Publisher. All rights reserved
Research Paper

Histopathological eifects of cisplatin, doxorubicin and 5-flurouracil (5-FU)
on the liver oi male albino rats

Hassan | El-Sayyad' >, Mohamed F Ismail', F M Shalaby', RF Abou-El-Magd', Rajiv L Gaur2, Augusta
Fernando?, Madhwa HG Raj3, Allal Ouhtit!2>

2. Department of Pathology and Department of Genetics, Stanley S. Scott Cancer; Louisiana State University Health Science
Center, New Orleans, Louisiana, USA;

3. Department of Ob-GYN, Stanley S. Scott Cancer; Louisiana State University Health Science Center, New Orleans, Louisi-
ana, USA;

1. Department of Zoology, Faculty of Science, Mansoura University, Egypt

b4 Correspondence to: Allal Ouhtit, M Ph, Ph D or Hassan I El-Sayyad, PhD, Stanley S. Scott Cancer Center, Louisiana State
University Health Science Center, CSRB Building, Room# 748C, 533 Bolivar Street, New Orleans, LA 70112. Ph:
1-504-568-2896 (Office); Fax: 1-504-568-2932; aouhti@lsuhsc.edu or elsayyad@mans.edu.eg

Received: 2009.02.07; Accepted: 2009.06.11; Published: 2009.06.28

Abstract

Cisplatin, doxorubicin and fluorouracil (5-FU), drugs belonging to different chemical classes,
have been extensively used for chemotherapy of various cancers. Despite extensive investi-
gations into their hepatotoxicity, there is very limited information on their effects on the
structure and ultra-structure of liver cells in vivo. Here, we demonstrate for the first time,
the effects of these three anticancer drugs on rat liver toxicity using both light and electron
microscopy. Light microscopic observations revealed that higher doses of cisplatin and
doxorubicin caused massive hepatotoxicity compared to 5-FU treatment, including dissolu-
tion of hepatic cords, focal inflammation and necrotic tissues. Interestingly, low doses also
exhibited abnormal changes, including periportal fibrosis, degeneration of hepatic cords
and increased apoptosis. These changes were confirmed at ultrastructural level, including
vesiculated rough endoplasmic reticulum and atrophied mitochondria with ill-differentiated
cisternae, dense collection of macrophages and lymphocytes as well as fibrocytes with col-
lagenous fibrils manifesting early sign of fibrosis, especially in response to cisplatin and
doxorubicin -treatment. Our results provide in vivo evidence, at ultrastructural level, of di-
rect hepatotoxicity caused by cisplatin, doxorubicin and 5-FU at both light and electron mi-
croscopi. These results can guide the design of appropriate treatment regimen to reduce the
hepatotoxic effects of these anticancer drugs.
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Introduction

Chemotherapy involves the use of chemical
agents to stop the growth and eliminate cancer cells
even at distant sites from the origin of primary tumor.
However, it does not distinguish between a cancer
and normal cells, and eliminates not only the
fast-growing cancer cells but also other fast-growing

cells in the body, including, hair and blood cells. More
than half of all people diagnosed with cancer receive
chemotherapy regimen, that usually include drugs to
treat cancer as well as drugs to help support the com-

pletion of the cancer treatment at the full dose on
schedule (1, 2).
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Cisplatin, doxorubicin and 5-FU have been ex-
tensively used for chemotherapy of various cancers,
including that of the liver (3-5). However, while they
generate acceptable outcome in chemotherapy of
some cancers, they also exhibit severe toxicity and
undesirable side effects (6-8). Extensive investigations
have been conducted on the hepatotoxicity as well as
general organ toxicity of these three anticancer drugs
(9-10). These include light and electron microscopic
studies of various organs and biochemical studies of
liver enzymes (11-14). However, there is very limited
information on the effects of these drugs on histopa-
thology and ultrastructure of liver cells. Further, a
variety of agents including anti-oxidants have been
shown to attenuate the hepatotoxicity of these three
compounds (15-17). Also, analogues of these com-
pounds have been synthesized and shown to be much
less toxic (18).

In the present study, we investigated the effects
of Cisplatin, doxorubicin and 5-FU belonging to dif-
ferent chemical classes on rat liver toxicity. We
showed that the drugs induced drastic abnormalities
with respect to body and liver weight changes as well
as the histology and the ultrastructure of liver tissue.
We further identified pathological features at both
structural and ultrastructural levels, which could be
used to adjust the dose and duration of treatment.

Materials and methods
Animals studies and drug treatment

All of the procedures involving animals in this
study were approved by the institution’s animal wel-
fare regulatory committee. Thirty five adult fertile
inbred male albino rats were divided into seven
groups (n=5). The first and second group of rats was
treated intraperitoneally with low (0.2mg/kg) or
therapeutic (1mg/kg) doses of cisplatin, respectively.
The third and the fourth group of rats were treated
intraperitoneally with low (0.2mg/kg) therapeutic
(Img/kg) doses of doxorubicin alone, respectively.
The fifth and sixth group of rats were treated intrap-
eritoneally with low (10mg/kg) or therapeutic
(20mg/kg) doses of 5-FU alone, respectively. The re-
maining group of rats (n=5) received vehicle (PBS)
alone. Body weights were measured twice weekly to
determine weight changes during the course of
treatment.

Histological studies

At the end of treatment both control and ex-
perimental rats were euthanized using carbon diox-
ide. The livers were collected from all the groups,
fixed in 10% formalin in saline, dehydrated in as-
cending grades of ethyl alcohol, cleared in xylol and

mounted in molten paraplast at 58-62°C. Five micron
sections were obtained, stained with Harris Hema-
toxylin & Eosin and evaluated for any structural
changes under a bright field microscope.

Electron microscopy analysis

Liver tissue from both control and treated
groups were immediately fixed in 2.5% glutaralde-
hyde and 2% paraformaldehyde in 0.1 M cacodylate
buffer (pH 7.4). After rinsing in 0.1 M cacodylate
buffer, samples were post fixed in a buffered solution
of 1% osmium tetroxide at 4°C for 1.5 hour. This was
followed by dehydration in ascending grades of ethyl
alcohol (30%, 50%, 70%, 90%, and absolute) and em-
bedded in epoxy-resin. Ultrathin sections were ob-
tained with a diamond knife on a LKB microtome and
mounted on formvar-coated grids, stained with
uranyl acetate and lead citrate and evaluated for
structural abnormalities with a Joel Transmission
electron microscope.

Statistical analysis

Means and standard deviations were calculated
from the five replicates per each group. Student’s
t-test was performed and the differences were con-
sidered significant when P < 0.05.

Results
Body weight

Body weights were measured twice weekly at 1,
4, 8, 12, 16 and 20 days post-treatment. The results
demonstrate that treatments with both low and
therapeutic (Fig. 1) doses of cisplatin, doxorubicin and
5-FU caused inhibition in the percentage of weight
gain as compared to controls, indicating retardation in
growth. 5-FU treatment exhibited the least adverse
effects (Fig. 1). The results of low doses were quite
similar to those of therapeutic treatment doses.

Histological effects

Light microscopic observation revealed that the
control hepatic tissue showed normal large polygonal
cells with prominent round nuclei and eosinophilic
cytoplasm, and few spaced hepatic sinusoids ar-
ranged in-between the hepatic cords with fine ar-
rangement of Kupffer cells (Fig. 2A). In contrast,
groups receiving cisplatin or doxorubicin at doses of
0.2 mg/kg or 5-5-FU at 10mg/kg on alternate days for
20 days showed massive hepatotoxicity, particularly
with therapeutic doses. However, cisplatin and
doxorubicin exhibited increased hepatotoxicity in
comparison to 5-FU treatment. The most pronounced
histopathological abnormalities observed in rats
treated with 1mg/kg body weight involved dissolu-
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tion of hepatic cords, which appeared as empty vacu-
oles aligned by strands of necrotic hepatocytes (Fig.
2B). The hepatic tissues showed the presence of dense
focal inflammatory cells or necrotic tissues (Fig. 2C
and 2D). Low dose-treatment of the drugs resulted in
common histo-pathological alterations including
perivascular round cell infiltration, associated with
membrane changes of endothelial lining cells mani-
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festing periportal fibrosis, marked degeneration of
hepatic cords, increased incidence of vacuolar degen-
eration and apoptotic cell death (Fig. 2C-H). Doxoru-
bicin treatment showed higher tendency for liver fi-
brosis manifested by the presence of many spots of
focal cellular granulomatous lesions (Figs. 2E and 2F).
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Figure |. Chemotherapeutic treatment with cisplatin, doxorubicin and 5-FU influences the percentage of body weight gain
in the rat. A: Percentages of body weight gain post treatment with low doses of cisplatin (0.2 mg/Kg), doxorubicin (0.2
mg/Kg) and fluorouracil (10 mg/Kg). B: Percentages of body weight gain post treatment with either cisplatin (I mg/Kg),
doxorubicin (I mg/Kg) and fluorouracil (20 mg/Kg). Body weights were measured twice weekly at |, 4, 8, 12, 16 and 20 days
post-treatment. Body weight gains during the course of the treatment of both control and experimental groups were

determined. (*P < 0.05).
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Figure 2. Histopathological effects of cisplatin, doxorubicin and 5-FU in rat liver. A: Histology of normal control rat liver.
B-D: Pronounced histopathological abnormalities seen in rats treated with cisplatin (1.0 mg/kg body weight). E-F:
Doxorubicin-treated rat liver showing higher tendency for liver fibrosis manifested by the presence of many spots of focal
collected cellular granulomatous lesions. G: Low dose treatment with 5-FU (10 mg/kg body weight) showed lower density
of periportal inflammatory cells. H: Higher dose (20 mg/kg body weight) showed focal collection of inflammatory cells and
loss of hepatic tissue structural pattern. CV, Central vein; BS, Blood sinusoids; DHC, Degenerated hepatic cord ; PF, Pe-
riportal fibrosis; FHN, focal hepatic necrosis; PPRCI, Periportal round cell infiltration; MBH, Massive breakdown hepato-
cytes; V, vacuole; RCl, round cell infiltration. Magnification: A&F, X400; B-E, X250, CX160.
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Control hepatocytes were normal polygonal
with oval-shaped nuclei, cytoplasm crowded with
organelles, particularly rough endoplasmic reticulum,
smooth endoplasmic reticulum, golgi apparatus, ri-
bosomes, mitochondria and glycogen particles (Figs.
3A and 3B). In contrast, the hepatocytes of liver from
group treated with cisplatin showed pyknotic nuclei
with irregular nuclear membrane, the cytoplasm
contained vesiculated rough endoplasmic reticulum
and atrophied mitochondria with ill-differentiated

470

cisternae (Figs. 3C-F). The hepatic tissue showed nu-
merous spots of densely collected inflammatory cells
composed mainly of macrophages and lymphocytes
at the center and a number of fibrocytes at the pe-
riphery; the collagenous fibrils appeared markedly
distributed in the necrotic foci (Figs. 3C-F). Doxorubi-
cin (Figs. 4A and 4B) and 5-FU (Figs. 4C and 4D)
treatments revealed similar cytological alterations as
in cisplatin treatment.

Figure 3. Ultrastructural pathological effects of cisplatin in rat liver. A- B: Hepatic tissue of the control normal liver. C-F:
Section of rat liver treated with cisplatin, showing dense collection of inflammatory cells including macrophages (M) and
fibrocytes (F) forming pattern of cirrhotic liver (Lead citrate and uranyl acetate X 7500). The cytoplasm also contained
vesiculated rough endoplasmic reticulum (VER) and atrophied mitochondria (Ma) with ill-differentiated cisternae.
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Figure 4. Ultrastructural pathological effects of doxorubicin and 5-FU in rat liver. Doxorubicin (A-B) and 5-FU (C-D)
treatments revealed similar cytological alterations as in cisplatin treatement (Lead citrate and uranyl acetate X 7500).

Discussion

Although a number of studies have demon-
strated some side-effects of the chemotherapeutic
drugs cisplatin, doxorubicin and 5-FU, the present
study is the first comprehensive in vivo study reveal-
ing drastic abnormalities of these drugs both at cellu-
lar and ultrastructural levels. Rats treated with the
anticancer drugs showed a significant decrease in
body weight gain, suggesting that hepatotoxicity
might have contributed to this loss as previously re-
ported (19). Dissection of these animals indicated that
the loss of the body weights were due to loss of
skeletal muscles and adipose tissue as previously
suggested by Devlin et al (20). Moreover, the reduc-
tion in body weight of the animals in this study cor-
relate with the decreased food intake observed during
the experimental period.

The present investigation showed many histo-
pathological and ultrastructural abnormalities in the
liver including inflammatory infiltration, hyperplasia,
periportal fibrosis, marked disruption of hepatic cords
and dilated blood sinusoids. Many hepatocytes
showed karyomegaly and pyknotic nuclei indicating
apoptosis. The liver is known to accumulate signifi-

cant amounts of cisplatin, second only to the kidney
(21), thus hepatotoxicity can be associated with cis-
platin treatment (22). Clinical evidence of cis-
platin-induced liver injury has been demonstrated by
elevated activities of serum enzymes and bilirubin
levels, and the development of jaundice (23). Cell
death can result from naturally occurring apoptosis
(physiological apoptosis) or from irreparable cell in-
jury (pathological apoptosis) as described by Farber
(1994) (24). Apoptosis is a common feature of hepa-
totoxicity induced by many chemicals; it may precede
necrosis, as in the hepatotoxicity induced by thio-
acetamide (25), or it may occur concurrently with ne-
crosis as in hepatotoxicity associated with aceta-
minophen (26). Cisplatin is thought to kill cells pri-
marily by forming DNA adducts, causing Gy arrest in
the cell cycle, triggering apoptosis (27).

Doxorubicin is firmly established as a major
therapeutic agent in the treatment of a wide variety of
tumors. Although the precise mode of antitumor ac-
tion of this drug is not well established, it is thought to
involve the interference with the synthesis of macro-
molecules, covalent DNA binding and DNA
cross-linking, inhibition of topoisomerase 1I, arrest of
tumor cell cycle progression in G, phase, induction of
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apoptosis and generation of reactive oxygen radicals
(28). Two of the listed phenomena require enzymatic
activation, including covalent modification of mac-
romolecules and redox cycling with reactive oxygen
species and both these effects can cause cytotoxicity
(29). A number of studies indicate that enzyme acti-
vation of doxorubicin begins with the drug conver-
sion to a semiquinone free radical via one-electron
reduction, and such a reaction is catalyzed by several
enzymes, including P-450 reductase (30). In the pre-
sent study inflammatory cells forming granulomatous
lesions and periportal fibrosis were detected after
doxorubicin administration. Doxorubicin has been
shown to induce accumulation of inflammatory cells
(31), associated with increased activities of tissue
aminotransferases, LDH and ALP, indicating hepatic
damage (32).

5-fluorouracil has been used in the treatment of
breast cancer, head and neck cancer, and gastrointes-
tinal cancers. When given intravenously, it is metabo-
lized in tissues to its active form,
5-fluoro-deoxyuridine-monophosphate, which inhib-
its thymidylate synthase. The drug is also catabolized
primarily in the liver, as dihydrouracil, and the re-
duced  compound is then cleaved to
a-fluoro-p-alanine, ammonia, urea, and carbon diox-
ide. Both the toxicity and antitumor effect are poten-
tiated if the catabolism is blocked by inhibiting dihy-
drouracil dehydrogenase. Although the liver plays a
key role in its catabolism, 5-FU has not been reported
to cause liver damage when given orally, and few
reports have indicated its hepatotoxicity when given
intravenously (33). Our study showed many histopa-
thological and ultrastructural abnormalities in the
liver after intraperitoneal administration of 5-FU in-
cluding apoptotic cell death, appearance of numerous
areas of inflammatory cells, and the cytoplasmic or-
ganelles were markedly affected with collagenous
fibrils in a number of necrotic cells. 5-FU was found to
produce liver toxicity associated with a number of
abnormalities (34).

In conclusion chemotherapeutic agents such as
cisplatin, doxorubicin, and 5-FU cause direct hepatic
toxicity. Appropriate protective measures must be
applied with anticancer treatment for improving liver
function. Our results provide in vivo evidence, at light
microscopic and ultrastructural levels, of direct che-
motherapeutic hepatotoxicity caused by cisplatin,
doxorubicin and 5-FU. Furthermore, this study iden-
tified pathological features at both structural and ul-
trastructural levels, which could be used as the basis
for determining the appropriate dose of these drugs to
reduce their hepatotoxic effects.

Conflict of Interest

The authors have declared that no conflict of in-
terest exists.

References

1. Bonadonna G, Valagussa P, Moliterni A, Zambetti M, Brambilla
C. Adjuvant cyclophosphamide, methotrexate, and fluorouracil
in node-positive breast cancer: the results of 20 years of fol-
low-up. N Engl ] Med. 1995; 332:901-906.

2. de Graaf H, Willemse PH, Bong SB, Piersma H, Tjabbes T, van
Veelen H, Coenen JL, de Vries EG. Dose intensity of standard
adjuvant CSF with granulocyte colony-stimulating factor for
premenopausal patients with node-positive breast cancer. On-
cology. 1996; 53:289-294

3. Yuan]N, Chao Y, Lee WP, Li CP, Lee RC, Chang FY, Yen SH,
Lee SD, Whang-Peng J]. Chemotherapy with etoposide,
doxorubicin, cisplatin, 5-fluorouracil, and leucovorin for pa-
tients with advanced hepatocellular carcinoma. Med Oncol.
2008; 25:201-6.

4. Lin CC, Hsu CH, Huang CY, Cheng AL, Chen ], Vogelzang NJ,
Pu YS. Weekly cisplatin plus infusional high-dose
5-fluorouracil and leucovorin (P-HDFL) for metastatic urothe-
lial carcinoma: an effective regimen with low toxicity. Cancer.
2006; 106:1269-75.

5. Yeo W, Mok TS, Zee B, Leung TW, Lai PB, Lau WY, Koh ], Mo
FK, Yu SC, Chan AT, Hui P, Ma B, Lam KC, Ho WM, Wong HT,
Tang A, Johnson PJ. A randomized phase III study of doxoru-
bicin versus cisplatin/interferon al-
pha-2b/doxorubicin/fluorouracil (PIAF) combination chemo-
therapy for unresectable hepatocellular carcinoma. J Natl Can-
cer Inst. 2005; 97:1532-8.

6. Ajani JA. Optimizing docetaxel chemotherapy in patients with
cancer of the gastric and gastroesophageal junction: evolution
of the docetaxel, cisplatin, and 5-fluorouracil regimen. Cancer.
2008; 113:945-55.

7. Dank M, Zaluski ], Barone C, Valvere V, Yalcin S, Peschel C,
Wenczl M, Goker E, Cisar L, Wang K, Bugat R. Randomized
phase III study comparing irinotecan combined with
5-fluorouracil and folinic acid to cisplatin combined with
5-fluorouracil in chemotherapy naive patients with advanced
adenocarcinoma of the stomach or esophagogastric junction.
Ann Oncol. 2008; 19:1450-7.

8. Alvarez-Cabellos R, Garcia-Carbonero R, Garcia-Lacalle C,
Gomez P, Tercero A, Sanchez D, Paz-Ares L. Fluorouracil-based
chemotherapy in patients with gastrointestinal malignancies:
influence of nutritional folate status on toxicity. ] Chemother.
2007; 19:744-9.

9. Pal S, Sengupta Sadhu A, Patra S, Mukherjea KK. Histological
vis - a - vis biochemical assessment on the toxic level and anti-
neoplastic efficacy of a synthetic drug Pt - ATP on experimental
animal models. ] Exp Clin Cancer Res. 2008; 27:68.

10. Kim S.H., Hong K.O., Chung W., Hwang J.K & Park K. Abro-
gation of cisplatin-induced hepatotoxicity in mice by xanthor-
rhizol is related to its effect on the regulation of gene transcrip-
tion. Toxicology and Applied Pharmacology; 2004; 196:346-355.

11. Kim KS, Joseph B, Inada M, Gupta S. Regulation of hepatocyte
engraftment and proliferation after cytotoxic drug-induced
perturbation of the rat liver. Transplantation. 2005; 80:653-9.

12. Bessler H, Straussberg R, Alexandrova S, Beilin B, Djaldetti M,
Hart J. Effect of oral chemotherapy on the mitochondrial size of
mouse intestinal cells. Cancer Chemother Pharmacol. 1996;
38:35-8.

13. Venkatesan PN, Rajendran P, Ekambaram G, Sakthisekaran D.
Combination therapeutic effect of cisplatin along with Solanum

http://www.biolsci.org



Int. J. Biol. Sci. 2009, 5

473

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

trilobatum on benzo(a)pyrene induced experimental lung car-
cinogenesis. Nat Prod Res. 2008; 22:1094-106.

Yilmaz HR, Sogut S, Ozyurt B, Ozugurlu F, Sahin S, Isik B, Uz
E, Ozyurt H. The activities of liver adenosine deaminase, xan-
thine oxidase, catalase, superoxide dismutase enzymes and the
levels of malondialdehyde and nitric oxide after cisplatin toxic-
ity in rats: protective effect of caffeic acid phenethyl ester.
Toxicol Ind Health. 2005; 21:67-73.

Yiice A, Atessahin A, Ceribasi AO, Aksakal M. Ellagic acid
prevents cisplatin-induced oxidative stress in liver and heart
tissue of rats. Basic Clin Pharmacol Toxicol. 2007; 101:345-9.
Valls-Belles V, Torres Mdel C, Boix L, Muniz P, Gon-
zalez-Sanjose ML, Codofier-Franch P. alpha-Tocopherol,
MDA-HNE and 8-OHdG levels in liver and heart mitochondria
of adriamycin-treated rats fed with alcohol-free beer. Toxicol-
ogy. 2008; 249:97-101.

Ray S, Roy K, Sengupta C. In vitro evaluation of protective
effects of ascorbic acid and water extract of Spirulina plantesis
(blue green algae) on 5-fluorouracil-induced lipid peroxidation.
Acta Pol Pharm. 2007; 64:335-44.

Burmeister BH, Walpole ET, D'Arcy N, Burmeister EA, Cox S,
Thomson DB, Harvey JA, Smithers BM. A phase II trial of
chemoradiation therapy with weekly oxaliplatin and protracted
infusion of 5-fluorouracil for esophageal cancer. Invest New
Drugs. 2008; [Epub ahead of print]

King PD, Perry MC. Hepatotoxicity of chemotherapy.
Oncologist 2001; 6:162-76.

Devlin TM. Text book of biochemistry: with clinical correlation,
4t ed. New York: John Wiley and Sons Inc; 1997:553.

Stewart D], Benjamin RS, Luna M.: Human tissue distribution
of platinum after cis-diamminedichloroplatinum. Cancer
Chemother Pharmacol 1982; 10:51-54.

Liao Y, Lu X, Lu C, Li G, Jin Y, Tang H. Selection of agents for
prevention of cisplatin-induced hepatotoxicity. Pharmacol Res
2008; 57:125-31.

Moriya A, Hyodo I, Nishina T, Imaoka H, Imagawa A, Doi T,
Endo H, Tanimizu M, Tajiri H. Extensive liver metastasis of
gastric cancer effectively treated by hepatic arterial infusion of
5-fluorouracil/ cisplatin. Gastric Cancer 2000; 3:110-115.

Farber E. Programmed cell death: Necrosis versus apoptosis.
Mod Pathol 1994;7:605-609.

Ledda-Columbano GM, Coni P, Curto M, Giacomini L, Faa G,
Oliverio S, Piacentini M, Columbano A. Induction of two dif-
ferent modes of cell death, apoptosis and necrosis, in rat liver
after a single dose of thioacetamide. Am ] Pathol 1991;
139:1099-1109.

Knight TR, Fariss MW, Farhood A, Jaeschke H. Role of lipid
peroxidation as a mechanism of liver injury after acetamino-
phen overdose in mice. Toxicol Sci. 2003; 76:229-36.

Kishimoto S, Miyazawa K, Terakawa Y, Ashikari H, Ohtani A,
Fukushima S, Takeuchi Y. Cytotoxicity of
cis-[((1R,2R)-1,2-cyclohexanediamine-N,N')bis(myristato)]-plati
num (II) suspended in Lipiodol in a newly established cis-
platin-resistant rat hepatoma cell line. Jpn ] Cancer Res 2000;
91:1326-32.

Lubgan D, Marczak A, Walczak M, Distel L, J6zwiak Z. Phar-
macological mechanisms of Doxorubicin activity (DOX) - cur-
rent state of knowledge]. Przegl Lek 2006; 63:782-8.

Lai PS, Lou PJ, Peng CL, Pai CL, Yen WN, Huang MY, Young
TH, Shieh M]. Doxorubicin delivery by polyamidoamine den-
drimer conjugation and photochemical internalization for can-
cer therapy. ] Control Release 2007; 122:39-46.

Bartoszek A. Metabolic activation of adriamycin by
NADPH-cytochrome P450 reductase; overview of its biological
and biochemical effects. Acta Biochim Pol 2002; 49:323-31.

31.

32.

33.

34.

Saad SY, Najja TA, Al-Rikabi AC. The preventive role of de-
feroxamine against acute doxorubicin-induced cardiac, renal
and hepatic toxicity in rats. Pharmacol Res 2001; 43:211-218.
Deepa PR, Varalakshmi P. Protective effect of low molecular
weight heparin on oxidative injury and cellular abnormalities
in adriamycin-induced cardiac and hepatic toxicity.
Chemico-Biological Interactions 2003; 146:201-210.

King PD, Perry MC. Hepatotoxicity of chemotherapy. Oncolo-
gist 2001; 6:162-76.

Zorzi D, Laurent A, Pawlik TM, Lauwers GY, Vauthey N,
Abdalla EK. Chemotherapy-associated hepatotoxicity and sur-
gery for colorectal liver metastases. Br ] Surg 2007; 94:274-86.

http://www.biolsci.org



