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CHAPTER |

INTRODUCTION AND AIMS

Doxorubicin (DOX, adriamycin) has been widely used as an antineoplastic
agent in small animal medicine. It is useful in the treatment of a variety of carcinomas
and sarcomas in hoth dogs and cats. However, the clinical usefulness is limited by a
number of its side effects in cardiotoxicity, hematotoxicity and nephrotoxicity.
Recently, in experimental animal model, DOX was also suspected to be nephrotoxic
especially on glomerular epithelial cells. Doxorubicin was reported to induce changes in
glomerular capillary permeability causing nephrotic syndrome without hypertension and
without marked early renal functional loss (Bertani et al., 1986; Grond et al., 1988; Hall
etal., 1986).

Clinical signs associated with nephrotic syndrome were characterized by heavy
proteinuria, albuminuria, hypoalbuminemia and hyperlipidemia (Bertani et al., 1982
Milner et al., 1991) with progressive azotemia (Okasora et al., 1992). This experimental
nephropathy resembles histologically and clinically nephropathy associated with focal
and segmental glomerulosclerosis (Zima et al., 1997). There is an increasing evidence
for the enhancing effect of free radicals involved in the primary pathogenic mechanism
of DOX-induced nephropathy in rats (Bertani et al-; 1986).

The mechanisms in-'which DOX induced renal injury-are not clearly defined.
Several mechanisms have been- suggested. for the induction of DOX associated
nephrotic syndrome. The most possible mechanism for renal toxicity of DOX may be
alterations of the permeability of the glomerular capillary wall (Weening and Rennkle,
1983) or a consequence of oxidative stress, such as oxidation and cross-linking of
cellular thiols and membrane lipid peroxidation (Wu et al., 1990). In DOX induced
nephropathy, the glomerular cells produce reactive oxygen species (ROS) which caused
glomerular injury (Ginevri et al., 1990). ROS initiates free-radical which mediates
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chain reactions resulting in the conversion of membrance unsaturated fatty acid into
lipid peroxide and increased lipid peroxidase. In glomeruli, the generation of ROS
initiates a cascade of degenerative events including the oxidation cellular thiols. DOX
causes a reduction in renal content of antioxidant such as glutathione (GSH) and
catalase activity (Montilla et al., 1997).

DOX may also cause ATP depletion by inhibition of camitine
palmitoyltransferase at both mitochondrial outer and inner membrance (Kaslfi et al.,
1990). DOX causes a dose-dependent disruption of cardiac mitochondrial structure and
bioenergetic function and also implicates i mitochondrial dysfunction in the
pathogenesis of DOX induced cardiomyopathy. (Nicolay and De Kruijff, 1987,
Papadopoulou et al., 1996; Praet and Ruysschaert, 1993; Solem et al., 1994). It inhibits
both DNA and RNA synthesis and altering the function and structure of cellular and
intracellular membranes (Calendi et al., 1965).

L-carnitine (L-trimethyl-3-hydroxy-ammoniabutanoate) is a small, water soluble
molecule which is important in-mammalian fat metabolism. It is naturally occurring
compound that facilitates the transport of long-chain (>12 carbon molecules) fatty acids
into the mitochondria in skeletal muscle and cardiomyocytes, where they undergo beta-
oxidation (Brass, 1997). By this mechanism carnitine profoundly influences both
skeletal muscle and myocardial fatty acid oxidation. It promotes fatty acid oxidation
(Strohmeet al., 1982).

Administration of L-carnitine’ was associated with a linear dose-cependent
increase in myocardial ATP in rat-model of doxorubicin myocardial injury (Shug,
1987). Carnitinecan- protect against -doxorubicin-induced myocardial injury and
mortality (Sayed-Ahmed et al., 1999). Camitine may itself be an antioxidant. It appears
to have a strong inhibitory effect on free radical production (Ben, 1994). L-carnitine can
decrease severity of renal cortical proximal tubular necrosis and improve renal function
(Kopple et al., 2002).
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It seen that, some of the action of L-carnitine may antagonize the toxic effect of
doxorubicin in nephrotic syndrone. The objective of the present study Is
1. Tostudy the effects of L-carnitine on renal function in DOX-induced rats.
2. To study the effects of DOX on renal damages by increasing lipid peroxidation.
3. To study the effects of L-carnitine in reducing oxidative stress.

Hypothesis

1. L-carnitine can protect renal injury in rats with doxorubicin administration.
2. Renal damage caused by doxorubicin can be detected by increasing in lipid

peroxidation.
3. L-carnitine can reduce oxidative stress from doxorubicin administration.
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BACKGROUND INFORMATION

Pharmacological of doxorubicin

Doxorubicin (Adriamycin, DOX) is a glycoside and anthracycline antibiotic
which has antineoplastic activity. The drug contains quinine structure as shown in
figure 1. It can be isolated from cultures of Streptomyces peucetius var. caesius. DOX
has to be administered intravenously as it is not absorbed through the gastrointestinal
tract and is extremely irritate to tissue if administered Subcutaneously or
intramuscularly. It is rapidly and widely distributed in the body. High concentration of
DOX is found in liver, lymph nodes, muscle, bone marrow, fat, and skin. It does not
appreciably enter the cerebrospinal fluid (CSF). DOX is highly bound to tissues and
plasma proteins; it probably crosses the placenta and is distributed into milk.

Figure 1. Structure of doxorubicin (adriamycin)
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Doxorubicin is metabolized extensively by the liver and other tissues via aldo-
keto reductase to doxorubicinol, which is reactive. Other inactive metabolites are also
formed. Biliary excretion is a major excretory route whereas 40 to 50% is recovered in
bile in seven days. Urinary excretion accounts only 4 to 5 % of the total dose in five
days. Doxorubicin is eliminated in a triphasic manner. During the first phase (tL/2 =0.6
hours) doxorubicin is rapidly metabolized, followed by a second phase (t1/2=3.3
hours). The third phase has a much slower elimination half-life (17 hours for
doxorubicin and 32 hours for metabolites), presumably due to the slow release of the
drug from tissue proteins.

Clinical usage of doxorubicin

Doxorubicin has been used for treatment of a variety of malignancies. It has
been shown to be effective in the treatment of several types of solid tumors affecting
children and adults such as breast cancer, soft tissue sarcomas, endometrial cancer,
osteosarcomas, tumors arising in bile ducts, esophagus and liver and non-Hodgkin’s
lymphoma (O'Bryan et al., 1973; Tan et al., 1973; Benjamin et al., 1974; Blum et al.,
1974). In small animal, doxorubicin is widely used as an antineoplastic agent. It may be
useful in the treatment of a variety of carcinomas and sarcomas.

Nephrotic syndrome

Nephrotic syndrome is not a single disease but a family of disorders that are
characterized by increased glomerular permeability. The classical definition of
nephrotic syndrome is massive proteinuria, hypoalbuminemia, hypercholesterolemia
and peripheral edema. This syndrome may be present with or without azotemia but
commonly progresses to chronic renal failure over a variable time period. Since the
glomerular barrier is damaged with proteins leaking into the urine, the amount of
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proteins in the circulation will be reduced. Edema is generally considered to be due to
the decreased in plasma colloidal osmotic pressure, eventually leading to an enhanced
fluid flow into the interstitial space. However, it has also been suggested that
edematous is due to a generalized loss of permeability selectivity in the vascular beds.
Dogs with this syndrome can lose several grams of protein each day (dayl to day4).
Quantitation of urinary protein loss using a 24 hour urine collection is an essential
diagnostic procedure.

Effects of doxorubicin on nephrotic syndrome

Application of this drug In chemotherapy is limited because of its cardiotoxicity,
hepatotoxicity and nephrotoxicity. The Side effect of doxorubicin was associated with
nephrotic ~ syndrome -~ characterized = by  heavy proteinuria,  albuminuria,
hypoalbuminemia, hyperlipidemia and hypercholesterolemia (Manabe et al., 2001).
Bertani and coworkers (1982) reported that DOX induced nephrotic syndrome in rats.
Proteinuria started 4 to 5 days after a single intravenous injection of DOX (7.5 mg/kg
of body weight). A similar result with a single intravenous injection of DOX (7.5
mg/kg) showed proteinuria in a few days (5-15) and persisted for several months
(Weening and Rennke, 1983).

The various doses of doxorubicin were studied extensively. A single injection of
DOX (20 mg/kg. 1.p.) in rats resulted in hyperlipidemia and high grade proteinuria and
marked increases in serum lipoperoxides, urea,and creatining at 7 days after
administration of -DOX ‘(Montilla etal., 1997). A single-intravenous injection of
doxorubicin (6 mg/kg) induced a severe nephrotic syndrome (after 5 weeks) associated
with hypoalbuminemia, hypoproteinemia, elevated serum urea, hyperlipidemia and a
high urinary excretion of protein and albumin (Badary et al., 2000). However, injection
of with 5 mg/kg DOX, albuminuria was observed as early as on day 7 (Galli et al.,
2001). The creatinine clearance was significantly reduced (Milner etal., 1991).
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In long term administration of doxorubicin, rats injected with doxorubicin (2
mg/kg, i.v.) twice at a 20 day interval showed massive proteinuria, hypoalbuminemia,
and hyperlipidemia at 4 weeks after the last doxorubicin injection. Both BUN and
serum creatinine began to increase at 16 weeks of treatment and reached the uremic
level at 28 weeks of treatment (Okuda et al., 1986).

Effects of doxorubicin on renal hemodynamics

A single dose of doxorubicin (7.5 mgfkg, 1.v.) caused significant decrease in
glomerular filtration rate (GFR) and renal plasma flow (RPF) in rats by 20% and 15%,
respectively while the filtration fraction was unchanged (Weening and Rannke, 1983).

The progressive loss of renal function is associated with an altered hemodynamic
pattern with glomerular capillary hypertension being frequently present. The
experiment by Ballbi et al (1998) designed to analyze the impact of diminished renal
perfusion pressure by renal clipping on the rat model of doxorubicin induced
nephropathy. Male wistar rats divided into four groups: control(C), doxorubicin 3
mg/kg (DOX), saline with the left renal artery clipped (Rv) and doxorubicin with renal
artery clipping (DOXRv). After 24 weeks, mean arterial pressure (MAP) was similar
between Rv and DOXRy, but higher than the C and DOX groups. Inulin clearance
(ml/min/100g) in DOX (0.2£0,05) was smaller than in C (0.53£0.17) and Rv
(0.4£0.01), and was at an intermediate level in DOXRv(0.33£0.2). The level of PAH
(ml/min/100g) was normal at 1.76 in-C and diminished more in DOX (0.58) than in Rv
(1.06) and DOXRv (1.18). Both DOX and the DOXRv had the ‘higher degree of
glomerulosclerosis (33% and 25%), compared with C and Rv (both 0%). The data
suggests that diminished perfusion pressure of the clipped kidney, by decreasing the
intraglomerular pressure protects the glomerulus and attenuates doxorubicin induced
nephropathy.



Effects of doxorubicin on renal histopathology

Histopathologic results in doxorubicin treated rats showed enlarged kidneys
with granular surface and pale color. Doxorubicin induced nephropathy characterized
by early glomerular and late onset tubular lesion in rats. Doxorubicin rats had
glomeruli with expanded mesangial area and capillary aneurysm (Manabe et al.,2001).
The histologic pattern resembles that of focal and segmental glomerulosclerosis in
human and the mechanisms influencing the progression of this nephropathy are still
unknowns (Bertani et al., 1982; Bertani et al., 1986 and Okuda et al., 1986). The loss of
glomerular polyanion, focal fusion of foot processes with swelling and vacuolation of
epitherial cells were reported in rats treated with doxorubicin for short term
experiments (Weening and Rennke, 1983). In long term studies, severe renal damages,
extensive glomerular lesions, tubular difatation and stromal fibrosis were also observed
(Okuda et al., 1986).

Bertani et al (1982) reported that single intravenous injection of DOX (7.5 mg/kg
of hody weight) in rats was associated with many pathological changes which were
developed 13 to 15 days later. Light microscopy Showed minimal alterations with
negative immunofluorescence and few focal fusion of foot processes by electron
microscopy in the early phase after injection (28 hours). On day 13, loss of foot process
architecture, and replacement by-flattened epithelial cytoplasm was invariably found.
The study of Bertani et al (1986) in rats induced neprotoxicity by injected doxorubicin
7.5 mg/kg showed that at 14 days of treatments, glomerular visceral epithelial cells had
profound swelling of cytoplasm with increased number of reabsorptive vacuoles and
lysosomes as well as segmental detachment of epitherial cells from the basement
membrane. In the cytoplasm of many proximal tubules, many protein droplets were
seen suggesting the intense reabsorption activity of proximal tubular cells consequent
to a large scale proteinuria. Sixty days after DOX injecton, 5% of glomeruli with
limited areas of focal glomerulosclerosis were found.
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Bakker et al (1987) studied ATP-ase activity using the cerium-based method in
kidneys from DOX-treated rats versus control. They found that ATP-ase activity was
reduced in the endothelial cell membranes and in the glomerular basement membrane
(GBM) of kidneys from DOX-treated rats.

Mechanisms of action of doxorubicin induced renal injury

The mechanisms responsible for the pathogenesis of DOX-induced renal injury are
not clearly defined. Several mechanisms have been suggested for the induction of
DOX-associated nephrotic syndrome.

1

Doxorubicin inhibited enzymes, decreased protein synthesis and disrupted
extracellular matrix (Fukuda et al., 1992). Doxorubicin can derive quinine-
semiquinane redox cycling. This semi-quinone can be taken up directly
into the nucleus and react with DNA in the cell to cause damage (Gewirtz,
1999). This damage is preferred in the case of cancer cells but can cause
damage to glomerular cells.

Doxorubicin caused mitochondria DNA  (mtDNA) damage and
dysfunction. Report of Lebrecht and coworker (2004) in rats treated with
Intravenous doxorubicin injection (1 mg/kg/wk) for 7 weeks (short-term)
or 30 weeks (long-term) showed that the long-term group had significant
depressed activities of ‘mtDNA-encoded' NADH dehydrogenase and
cytochrome-c-oxidase. (COX).and.increased citrate Synthase activity. In
addition, expression of the mtDNA-encoded COX subunit | was reduced.
Kidneys from the ‘long-term” group showed more mtDNA deletions than
In ‘short-term’ animals.

The glomerular cells from doxorubicin induced nephropathy produced
reactive oxygen species which cause glomerular injury (Ginevri et al,
1990).
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Effects of doxorubicin on oxidative stress

Redox cycling of the quinine moiety of doxorubicin has been widely proposed as
the key factor which mediates doxorubicin nephrotoxicity (Fukuda et al., 1992).The
Doxorubicin semi-quinone also reduced O, to produce O™, Superoxide dismutase
(SOD) will then dismute the superoxide radicals (O™,) to hydrogen peroxide (H,0,).
The doxorubicin semi-quinone can also react to reduce ferric iron complexes in a
radical-driven Fenton reaction (Kalyanaraman et al., 1991). Doxorubicin semi-quinone
reacts with H,0, to produce hydroxyl radicals (OH') in the presence of chelators. This
suggests that iron is important to the doxorubicin semi-quinone catalyzed reduction of
H,0,.These reaction of doxorubicin semi-guinone is showed in figure 2. Both iron and
oxygen of these substances are found in body and easily accessible to the doxorubicin.
These reactions are what lead to the toxic effect on cardiac cells and renal cells.
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Figure 2. Doxorubicin semi-quinone driven radical reaction.

The hydroxyl free radical can react with polyunsaturated fatty acids initiating a
lipid-radical chain reaction and oxidative damage to cell membrane. Increased levels of
oxygen species due to doxorubicin have been detected directly by electron spin
resonance spectroscopy and indirectly by increase in tissue malonedialdehyde (MDA)
which is a breakdown product of lipid peroxidation (Singal et al., 1987; Myers et al.,
1977).

Nomally, .cell developes process to-prevent reactive oxygen species formation in
order to limit cell damage. Three antioxidant enzymes (superoxide dismutase (SOD),
glutathione peroxidase (GSHPX) and catalase) and antioxidant substrates (ascorhate,
tocopherols, reduced glutathione etc.) play an important role in free radical-induced cell
injury. In the kidney, single administration of DOX (7.5 mglkg 1.v.) increased
lipoperoxides by significantly decreases the reduced glutathione (GSH) and catalase
(CAT) (Montilla et al., 1997). DOX (6 mg/kg) also induced a significant increase of
lipid peroxice but decrease the catalase (CAT) activity (Badary et al., 2000). At a lower
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dose, DOX (5 mg/kg, 1.v.) stimulated free radical production with a significant decrease
in renal cortical glutathione content within 24 hours. (Milner et al., 1991)

A redox cycling of doxorubicin may cause cytotoxicity for renal injury. Morgan
and coworkers (1998) compared the extent of the oxidative stress and cytotoxicity
induced by doxorubicin and menadione (a model for redox cycling quiong) in freshly
isolated rat glomeruli. Doxorubicin and menadione decreased de novo protein
synthesis. Doxorubicin and menadione increased ROS (reacting oxygen Species)
formation by 260 and 156% from controls after 30 min. Oxidative stress was assessed
by measuring the intracellular level of reduced glutathione (GSH) and the decrease of
the NADPH/NADP® ratio which stimulates the pentose phosphate pathway (PPP).
Menadione reduced glomerular GSH approximately 10-20% from controls while
doxorubicin had no effect. Menadione (10uM) increased PPP activity 6-fold while
doxorubicin (125 1M) had only 2-fold effect. Although doxorubicin and menadione
generate extensive ROS and decrease protein synthesis, there was no correlation
between the extent of oxidative stress and cytotoxicity in glomeruli exposed to
doxorubicin. These results suggest that oxidative stress may not be the primary
mechanism by which doxorubicin induced selective glomerular toxicity.

L-carnitine

L-carniting ‘s -found in foods from animal, but not from plant. Carnitine is
synthesized.endogenously from lysine, methionine, hiacin, vitamin B6 and vitamin C.
It is a small, water soluble molecule  important in mammalian fat metabolism. L-
carnitine is eliminated from the body mainly via urinary excretion. It is an important
element in beta-oxidation of fatty acids. In human, L-carnitine decreased triglyceride
and camitine palmitoyl transferase activity in red bood cell. It reduced several
complications seen in uremic patients (Bellinghieri et al., 2003).
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Effects of L-carnitine on renal functions

Studies of L-carnitine given to rats with renal disease to improved renal function
were demonstrated. In nephrectomized rats, L-camnitine (200 mg/kg) was administered
daily for 3 days prior to 2/3 nephrectomy and given for 25 days thereafter. At the end
of the experiment, plasma creatinine was lower in camiting-treated rats. Plasma
triglycerides and VLDL which were increased by nephrectomy were prevented by
carniting treatment. Thus, carnitine might protect against the development of renal
failure in this experimental model (Palomba et al., 1996).

Effect of L-carnitine on cisplatin-induced renal injury was also studied. Cisplatin
caused proximal tubular cell damage. Vacuolization, desquamation, degeneration,
necrosis of proximal tubule cells and cast formation within tubules were apparent.
Renal dysfunction induced by cisplatin was inhibited by carnitine almost completely.
L-carnitine normalized plasma levels of BUN and creatinine in cisplatin-treated rats.
Thus, L-carnitine improved renal dysfunction caused by cisplatin (Chang et al., 2002).
In rats of ischemia/reperfusion model, histological study showed very mild post-
ischemic lesion in kidney exposed to propionyl-L-carnitine as compared to untreated
ischemic kidney (Mister et al., 2002). A major product of lipid peroxidation was very
low in kidney infused with propionyl-L-carniting as compared to untreated ischemic
kidney. These data indicate that propionyl-L-carnitine is of value in preventing decline
of renal function that occurred during ischemia-reperfusion.

Moreover, administration of L-camitine ameliorates gentamicin-induced renal
injury in rats. At-day 12, the rats-given gentamicin 80 mg/kg and L-carnitine 200
mg/kg/day, compared with rats given gentamicin 80 mg/kg and no carnitine, displayed
lower serum urea and creatinine concentrations, and higher creatinine clearances. Rats
given gentamicin 80 mg/kg/day and camitine 200 mg/kg/day had less proximal tubular
necrosis and greater mild proximal tubular necrosis compared with rats receiving L-
carnitine 40 mg/kg/day or no carnitine. Thus, L-carnitine 200 mg/kg/day prevented



14

renal lesion and improved renal function in rats with gentamicin-induced renal injury
(Kopple etal., 2002).

Effects of L-carnitine on oxidative stress

Carnitine may itself be an antioxidant. It appears to have a strong inhibitory effect
on free radical. While cisplstin can induce mitochondrial dysfunction, DNA injury,
lipid peroxidation and apoptosis of epithelial cells in the rat kidney (Chang et al,
2002). These impairments can be alleviated by L-carnitine. In streptozotocin-diabetic
rats, treatment with L-carniting (0.6g/kg/day, 1.p.) 8 weeks after the induction of
diabetes and continued for 2 weeks completely normalized plasma cholesterol,
triglyceride and thiobarbituric acid reactive substance (TBARS) levels. In diabetic
aorta, catalase (CAT) activity was increased but glutathione peroxidase (GSH-Px)
activity was unchanged. These results suggested that L-carnitine partially improved
antioxidant property and reduced plasma lipid (Irat et al, 2003). In
hypercholesterolemia rabbits, daily administration of L-carnitine (250mg/kg/day) for
28 days completely prevented the progression of atherosclerotic lesion, reduced
glutathione (GSH) levels and decreased malonedialdehyde (MDA) (Sayed-Ahmed et
al., 2001)

Effects of L-carnitine on doxorubicin

There is no study on the on-protective effect of L-carniting in rats induced
nephrotic syndrome with DOX. However, there was report of L-camitine on
doxorubicin induced cardiotoxicity, elevated lipid peroxidation and increased
triglyceride and cholesterol. DOX inhibited the camitine palmitoyltransferase system
(CPTL) and consequently the transport of long chain fatty acids across mitochondrial
membranes. L-camitine decrease triglyceride and cholesterol in plasma on doxorubicin
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rats. Hong et al (2002) studied effects of L-carniting (200 mg/kg) in rats injected with
DOX (5 mglkg, 1.p.) twice a week over a period of 2 week. Serum lipids (total
cholesterol, triglyceride, HDL cholesterol, and LDL cholesterol) and fatty acid levels
were determined on the 1, 8, and 15 day after injection of DOX. They increased in
doxorubicin group compared with the control group. Striking reduction in these
substances was observed when L-carnitine was added.

Luo et al (1999) studied the effect of L-carnitine on doxorubicin induced lipid
peroxidation in rats. DOX was administered intraperitoneally in rats at a dose of 2.5
mg/kg doses over a 2 week period with and without L-camnitine (500 mg/kg, 5 week).
The results indicated that free radical-mediated lipid peroxidation occurred early after
DOX administration. The data also revealed that aldehyde production occurred in a
cumulative fashion, parallel to the dose of DOX induced cardiotoxicity. The changes
included increases of some of the most toxic aldehydes such as hexanal, HNE and
MDA, which may be important mediators of DOX induced cardiac toxicity.
Furthermore, the data provide direct evidence that exogenous L-carnitine can attenuate
the extent of DOX induced lipid peroxidation.



CHAPTERII

MATERIALS AND METHODS

Experimental Animal

The experiment was performed in accordance with the institutional guidelines
and conformed to the graduate school, Chufalongkorn University. Male Sprague-
Dawley rats, weighing between 250-350 g were obtained from NLAC, Mahidol
University and placed in Salaya District, Nakornpathom province. The animals were
housed under standard condition of light and dark cycle (L:D = 12:12) with free access
to food and water. The animals were adapted to the laboratory condition before use for
seven days.

Experimental protocol

One day before drug injection, the animals were kept in metabolic cage with free
access to water only for the measurements of urine volume, urinary protein
concentration, electrolyte concentration (Na", K*, CI), osmolarity and malondialdehyde
(MDA). Plasma (P0) was collected by clipping the rat’s tail-for the measurement of
plasma urea nitrogen (PUN) and creatinine. Animals were divided into four groups,
each group contained eight animals.

Group 1 - Control group (n=8), rats received intravenous injection of isotonic
saline (0.1 ml/100g hody weight). Another injection of isotonic saline was given
intraperitoneally at the dose of (0.1 ml/100g body weight) to replace L-carniting and
daily thereafter throughout the study (14 days).
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Goup 2 - Doxorubicin group (n=8), rats received intravenous injection of
DOX (7.5 mg/kg body weight) on day 1. The intraperitoneal injection of isotonic saline
(0.1 ml/100g body weight) was given 1 hr before the first DOX injection and daily
thereafter throughout the study (14 days).

Group 3 - Doxorubicin + L-carniting (low dose) group (n=8), rats received
the same dose of DOX group with an intraperitoneal injection of L-carnitine (40 mg/kg
bodyweight) 1 hr before the first DOX injection and daily thereafter throughout the
study (14 days).

Group 4 - Doxorubicin + L-carnitine (high dose) group (n=8), rats received
the same dose of DOX group with an intraperitoneal injection of L-carnitine (200
mg/kg bodyweight) 1 hr before the first DOX injection and daily thereafter throughout
the study (14 days).

Body weight and food intake were recorded everyday throughout the
experimental period. At day 5, 10 and 15 days urine sample were collected from rats
for 24 hr in metabolic cages (Us, Uy, U,:) with free access to water for measurement of
urine volume, urinary protein concentration, electrolyte (Na', K*, CI"), osmolarity and
MDA. Renal clearance study was performed in 6 rats in each group on day 16. Each rat
was anesthetized with pentobarbital (60 mg/kg b.w., 1.p.). Before renal clearance study,
blood was collected in heparinized tube. The plasma (Ph) was separated and kept at -20
C for measurements of total protein and albumin. Bovine serum albumin (6%) was
administered after blood collection at the same volume to replace blood losses. Renal
clearance was studied thereafter.

At the end of renal clearance study, 4 ml of blood (Pa) was collected to measure
total cholesterol, creatinine, triglycerde, PUN, malondialdehyde (MDA), osmolality
and eletrolyte (Na', K*, CI"). Both kidneys were removed immediately. The cortex of
kidney was homogenated and stored at -70 C for the determinations of MDA, reduced
glutathione (GSH) and catalase (CAT) activities. In each group, two rats were not
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performed the renal clearance but were anesthetized with pentobarbitone sodium and

renal tissue was fixed in situ for histological studies.
1. Group 1 (control)

Uy ~ NSS U Uy U

L | | |

01 5 10 15 16days
| NSS |

Lo |

> Renal clearance (n=6)

° Kidney (n=2)

2. Group 2 (DOX)

Ulo DTX Uf UT Uy

0 5 10 5 16days

|| 5 %

-

Py Renal clearance (n=6)
7 Kidney (n=2

3. Group 3 (DOX+40 mg/kg L-carnitine) Y =)

U, DOX U, Uy Uy

0 ? 5 10 ?5 16 days

l | L-carnitine 40 mg/kg | l

Py Renal clearance (n=6)

4. Group 4 (DOX+200 mgfkg L-carnitine) Kidney (n=2)

U, DOX Uy Uy Us

0 } 5 10 }5 16 days

l | L-carnitine 200 mg/kg | l

Py

Renal clearance (n=6)
Kidney (n=2)



19

U, Us Uy, and Uys: Total protein, electrolyte (Na*, K*, CI') Osmolarity and MDA
P, PUN and creatitine
Kidney: kidneys from renal clearance —» MDA, GSH and CAT

2 rat kidneys __, histopatology

Operative procedure of renal clearance study

For renal clearance study, each rat was anesthetized with pentobarbitone
sodium at a dose of 60 mg/kg bodyweignt via an intraperitoneal injection. Tracheotomy
was carried out and a short piece of PE 240 catheter was inserted into the trachea for
aspirating secretion and use as an artificial airway. The right femoral artery and vein
were cannulated with PESO catheters. The right femoral artery was used to monitor
arterial blood pressure by connecting to a pressure transducer with a Glass polygraph
recorder and also for blood collection. A polyethylene catheter was cannulated into the
right femoral vein for infusion of inulin and para-aminohippurate (PAH) solution. The
abdominal midline incision was performed and urinary bladder was located while the
PE 250 catheter was inserted for urine collection. Urine samples were collected into a
pre-weighed eppendorf.

Renal clearance study

Clearance study was started by infusing.a mixture of 1% inulin, 0.1%PAH, 6%
mannitol n normal saline at the rate of 1 ml/h per 200 g bodyweight continuously for
45 minutes to stabilize plasma inulin and PAH concentration. After equilibration
period, three times of urine collections (U1, U2, U3) along with arterial blood sampling
at midpoint of urine collections (P1, P2, P3) were performed. Bovine serum albumin
(6%) was administered after blood collection at the same volume to replace blood
losses. Each urine collection period was 20 minutes. Urine volume was measured from
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the weight changes of pre-weighed eppendorf. Blood sample was collected for
determinations of packed cell volume (PCV). Blood was separated and plasma and
urine were kept at 4" C for analyses of inulin and PAH concentrations within 48 hr.
Plasma samples for determinations of hiochemical data were kept at -20" C for further
analysis.

in[use (Inulin+PAH+mannitol) P1 lP2 f3

0 45 5% 65 75 8 9% 105 [min
T Ui 02 U3

P, P,

P1+P2+P3; inulin, PAH, PCV

U1+U2+U3: inulin, PAH

P, Total protein and albumin

P, cholesterol, triglyceride, creatining, PUN, and MDA

Analytical procedures for determinations of blood, urine and kidney
samples

The inulin concentration was determined by the Antrone method as described
by Young and Raisz (1952). The PAH concentration was determined by the method of
Brun (1951). Sodium and potassium was measured by flame photometer (Flame
photometer 410C;. Ciba Corning-Inc.,-USA). Chloride was measured by chlorimeter
(Chloride analyzer 925, Ciba Coming Inc., USA). Osmolality was measured by
osmometer (Osmometer 3D3, Advance Instrument Inc., USA). The creatinine
concentration was analyzed by picric acid. Plasma urea nitrogen concentration was
measured by Urea Lipuicolor of Human Diagnostics. Total protein concentration and
albumin concentration in plasma were measured by colorimetric method. Urine protein
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concentration was measured by precipitating with sulfosalicylic while kidney protein
concentration was measured according to Lowry et al (1951). Plasma cholesterol and
plasma triglyceride were measured by colorimetric method. MDA from Plasma, urine
and kidney were determined by method as descried by Ohkawa et al (1979). Kidney
GSH content was measured by a modification of the method of Beutler et al (1963).
Kidney catalase activity was determined following the method of Aebi et al (1983).

Determination of kidney urine and plasma MDA

The renal cortex were removed and immediately placed in iced phosphate
buffered saline. Scar and surrounding capsule and fascia was excised, and the
remaining tissue was homogenized with a polytron for 15 s in 3 ml 100 mM
containing KCl plus 0.003M EDTA. The homagenized tissue was centrifuged at 600 g
for 10 min. Supernatant (400ul) was added to a reaction mixture consisting of 0.2 ml
8.1% sodium dodecyl sulfate (SDS), 1.5 ml 20% acetic acid,1.5 ml 0.8%
thiobarbituric acid, and 6.6 ml water. This solution was placed in a water bath kept at
95°C for 60 min. After removal from the water bath 1 ml water and 5 ml n-butanol-
pyridine was added and samples was agitated and subsequently centrifuged at 2,000 g
for 15 min. The upper organic layer was pipetted off and absorbance of this fraction
was read at 532 nm in-spectrophotometer. Malondialdehyde tetraethylactal was
employed as the standard. MDA values will be expressed per.milligram protein which
was determined using Lowry method.

To determine urine' MDA concentration, 500 I of urine was employed with
MDA assay describes above. Plasma MDA was obtained using 250 pl samples of
plasma.
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Determination of Kidney GSH

Renal GSH content was measured by a modification of Beutler et al. (1979).
Renal cortex tissue (0.5 g) was suspended in 4.5 ml of 100 mM KCI plus 0.003 M
EDTA and homogenized as described for the determination of MDA above. The
homogenates was centrifuged at 600 ¢ for 10 min. The 1 ml of supernatant was added
to 1.5 ml methaphosphoric acid, and particulate debris was removed by centrifugation
at 3,000 g for 10 min. Reduced GSH was measured by adding 500 pl of supernatantto
2.0ml of 0.2M phosphate buffer and 0.25 ml 0.04% 5,5'dithio-bis 2-nitrobenzoic
acid. Absorbance was read at 410 nm. GSH (Sigma) was used as the external standard.
GSH content was expressed asnanomoles of GSH per milligram homogenate protein.

Determination of Kidney catalase Activity

Catalase activity was determined using the method of Aebi et al. (1983). Slice
of renal cortex tissue (0.5 g) was transferred to tubes containing 1%Triton X100
following homogenization. The 100 pl of the supernatant was added to 1.9 ml of
phosphate buffer. One ml of 30 mM H,0, was added tostart the reaction. The change
in absorbance was read-at 240nm every 30-sec for 1-2 min using UV-VIS
spectrophotometer. The rate constant of a first-order reaction (k) was used: k = (1/a
t) x In (AL/A2), where at was a measure interval (305) and AL and A2 were the
absorbances at initial and final measurement, respectively. Catalase activity was
expressed as sec™ per milligram homogenate protein,
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Structural studies

Two rats from each group were perfusing fixed in situ. Perfusion started with
normal saling, followed by 18% glutaraldehyde in 0.02 M cacodylate buffer (pH=7.2)
and 2% glutaraldehyde in 0.1 M cacodylate buffer (pH=7.2), afterward. Kidneys were
collected and prepared for renal structural alteration studies at light microscopic level
by fixing in 10% buffered formalin and processed for histological evaluation. Paraffin
sections (3-4 um) were stained with hematoxilin and eosin (H&E). Some sections
were treated with periodic Acid Schiff reagent (PAS).

Severities of the lesions were graded as 0 to 4 according to 25, 50, 75 and 100

percent of tubular change in 10 visual fields at 10X.

Calculation
Mean arterial blood pressure (MAP) = DP+13(PP)
Glomerular filtration rate (GFR) = UiV
Pin
Effective renal plasma flow (ERPF) =AU,V
Pea
Effective renal blood flow-(ERBF) = ERPFx100
(L00-PCV)
Filtration fraction (FF) = . GFRx100
ERPF
Renal vascular resistance (RVR) = MAP
ERBF
Urinary excretion of substance (x) = UV
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Fraction excretion of electrolyte (FEe) = UeV/Pex 100
GFR
Cosm = UosmV
Posm
CH20 = V-Cosm

Statistical analysis

Data were present as mean£SE. One way ANOVA with repeated measures
design was used to-compare data in the same group whereas the data between
groups were compared with one-way ANOVA and post hoc analysis with student-
Newman-keuls method were used to compare the data in all pairwise. Data of
BUN and Creatinine before and after treatment (at day 16) were compared using
paired-t-test. Non-parametric method was used to compare same data between
groups in which normality- failed by one way ANOVA on ranks. Differences
between mean were considered significant at P<0.05. The Sigma-stat program was
used for statistical analysis.



CHAPTER IV

RESULTS

Body weight and kidney weight

The body weight before and after treatment in eight rats of each group were
showed in figure 3. Mean weight were similar before treatment. The average body
weight of control (group 1), doxorubicin plus normal saline (group 2), doxorubicin plus
low dose L-carnitine (group 3) and doxorubicin plus high dose L-carnitine (group 4)
were 297.2 £ 4.6, 2888 £ 5.7, 277.2 £ 7.7 and 281.3 £ 8.1 g, respectively. After 16
days of treatment, the body weight of group 2 was lower than groupl rats, but no
significantly differed from group 3 or group 4 rats (table 1).
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Figure 3. Daily mean values for body weight in four groups of rats throughout the
experimental period.
&b Means with different superscripts differ significantly (p<0.05) (at 16 days).

The shade area showed rats in metabolic cage.
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Table 1. Body weight and kidney weight at 16 days of treatment in eight rats of each
group.

Body weight (g) Kidney weight (g)
group 1 344185 2.51 +0.05*
group 2 3075455" 3.95+0.15°
group 3 304.1£6.0" 3.75+0.16"
group 4 3147482 3.52+0.18°

The data were show as meanzSE; n=8

%D Means with different superscripts differ significantly (p<0.05)
group 1 = control group; group 2= doxorubicin plus normal saline
group 3 = doxorubicin plus L-carnitine 40 mg/kg/day

group 4= doxorubicin plus L-carnitine 200 mg/kg/day

At 16 days of treatment, the kidney weight obtained from both kidneys of rats
in all group were presented in table 1. The kidney weights of group 2, 3 and 4 rats were
increased significantly as compared with group 1 rats.

Food intake

Food intake before and after treatment in eight rats of each group were
presented in figure 4. Mean food intake were similar to that before treatment. The
average food intake of group L, group 2, group 3 and group 4 were 17.40+2.33,
20.8310.80, 21.330.74 and 20.06£0.97g, respectively. After injected doxorubicin,
food intake of group 2, 3 and 4 were decreased and gradually increased in day 5 of
treatment. At 15 days of treatment, the average food intake of group 1, group 2, group
3 and group 4 were 23.38£0.59, 20.21+0.90, 21.00+1.10 and 20.24+0.40g,
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respectively. Food intake of group 1 was highest. Group 2, 3 and 4 were no
significantly different among each other
—&— groupl

- O-- group2
—v— group3
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Figure 4. Daily mean values for food intaﬂ%yin four groups of rats throughout the
experimental period.

%5 Means with different superscripts differ significantly (p<0.05) (at 16 days).

The shade area showed rats in metabolic cage.

Plasma creatinine and plasma urea nitrogen concentrations

Plasma creatinine and plasma urea nitrogen-(PUN) before and after treatments
In each group of rats were presented in-table 2 and figure 5. Plasma creatinine and
plasma urea nitrogen concentration in all groups were similar before treatment (day 0).
After 16 days of treatment, the plasma creatinine concentrations were not significant
difference although were slightly higher in group 2. The plasma urea nitrogen was
higher in group 2 which received doxorubicin alone. However, group 3 and 4 had PUN
less than group 2 and were not significant different from group 1 (control). In group 2,
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plasma creatining and PUN at day 16 after DOX treatment were higher significantly
from before treatment (P<0.05).
Table2. Creatinine and PUN hefore and after treatment in each group.

Creatinine (mgl%) PUN (mgb%)
day0 day16 day 0 day16
groupl 040000  045:0.02 18.23+1.28 16.56+0.90°
group2  0.43t0.03  0.6040.10 18.28+0.59 33424400
group3 0402003  0.47£0.03 19.17+1.49 21.582,04°
group4 0432003  0.43£0.03 17.62+1.24 18.26+1.30°

The data were shown as mean £ SE, n=6
%D Means with different superscripts differ significantly (p<0.05)
*=P<0.05Significantly compared with before treatment using paired t-test (p<0.05)
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Figure 5. Mean values for PUN in four groups before and after treatment.

The data were show as meanzSE; n=6

&b Means with different superscripts differ significantly between group (p<0.05).
*=P<0.05 significant different from PUN before treatment using paired t-test,
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Effects of L-carnitine and doxorubicin on concentrations of total protein,
albumin, triglyceride and cholesterol

Total protein, albumin, triglyceride and cholesterol in plasma at 16 day of
treatment in each group of rats were presented in table 3. After 16 days of treatments,
total protein concentrations in all groups were similar. Comparing albumin of all
groups, concentration in group 2, 3 and 4 decreased significantly compared with
control group 1. The lowest albumin concentration was found in group 2.

Triglyceride and cholesterol in group 2, 3 and 4 were higher than control
group significantly (Table 3 and figure 6). There was no difference for triglyceride and
cholesterol among groups 2, 3 and 4. However, the highest triglyceride and cholesterol
concentrations were found in group 2.

Table 3. Total plasma protein, albumin, triglyceride and cholesterol at 16 days of
treatment.

Total protein Albumin Triglyceride Cholesterol
(mg%) (mg%) (mg%) (mg¥%)
group 1 4.9510.10 2.6610.14° 32.378.34° 57.7347.64*
group 2 5.00£0.29 185+0.10°  247.25450.73" 258.725152°
group 3 4.98:0.10 223+0.13" - 228.10450.82° 174.1535.60°
group 4 5.270.15 2.17+0.15 -~ 161.20437.04" 167.16£22.71°

The data were shown as mean+SE:; n=6

&b Means with different superscripts differ significantly (p<0.05)

A Significant difference in non-parametric method (P<0.05)
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Figure 6. Mean values of triglyceride and cholesterol in four groups.

The data were shown as mean £ SE: n=6

&b Means with different superscripts differ significantly (p<0.05)
A Significant difference in non-parametric method (P<0.05)

Effects on renal hemodynamics
Effects of L-carnitine and doxorubicin on mean arterial pressure (MAP), packed
cell volume (PCV), heart rate (HR) and urine flow rate.
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Mean arterial pressure, packed cell volume, heart rate (collected hefore renal
clearance study) and urine flow rate at 16 days of treatment in each group of rats were
presented in table 4. After 16 days of treatments, there were no significant changes in

MAP-and HR in all groups. Groups 2,-3.and 4 which were injected doxorubicin; PCV

was lower significantly than control group. The lowest urine flow rate was found in
group 2 and was significantly less than group 1, 3 and 4.
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Table 4. Mean arterial pressure, packed cell volume, heart rate and urine flow rate at

16 days of treatment.
MAP (mmHg) PCV (%) HR (beat/min)  urine flow rate (ml/kg/min)
group 1 1424 5021 1.0° 230£0.54 0.21£0.02*
group 2 1395 448413 23240.08 0.15+0.01°
group 3 1324 46312 23610.00 0.1810.01°
group 4 147+7 45019 2384007 0.19£0.02°

The data were shown as mean+SE; n=6
%D Means with different superscripts differ significantly (p<0.05)

Effects of L-carnitine and doxorubicin on glomerular filtration rate (GFR),
effective renal plasma flow (ERPF), effective renal blood flow (ERBF), renal
vascular resistance (RVR) and filtration fraction (FF).

Glomerular filtration rate (GFR), effective renal plasma flow (ERPF), effective
renal blood flow (ERBF), renal vascular resistance (RVR) and filtration fraction (FF) in
each group of rats were Showed in table 5 and figure 7. Glomerular filtration rates
(GFR) were decreased significantly in doxorubicin injection rats alone (Group 2) and
DOX with low dose L-camnitine (group 3). Group 4 which received high dose L-
carniting, GFR was reversed nearly to the control group.



32

Table 5. Glomerular filtration rate (GFR), effective renal plasma flow (ERPF),
effective renal blood flow (ERBF) and renal vascular resistance (RVR) and filtration
fraction (FF) in all group.

GFR ERPF ERBF RVR FF

(Ul/g/min) (Wl/g/min) (W/g/min) — (mmHg/ul.g*.min?) (%)
groupl  5.6310.23°  2551+159° 46.58+3.73 2.98+0.18° 22.31£1.05
group2 3674038  16.01+1.85" 25.66+2.59" 5.6240.47° 24,32+3.56
goup3 380037 2L.7242.24® 37.20+3.80° 3.73+0.40° 18.97£3.49
goupd 4990428 20.53£2.03% 34.49+4.80° 4,30£0.47" 24.7411.57

The data were show as mean£SE: n=6
&b Means with different superscripts differ significantly (p<0.05)

There was no significant difference among the FF from all groups of rats.
Group 3 (low dose L-carnitine) tended to have lower FF compared to other groups. The
ERBF and ERPF were decreased significantly in group 2 which received doxorubicin
alone. Group 3 and group 4 which treated (L-carnitine treated rats) tended to have
higher ERPF and ERBF than group 2.

The RVR of group 2 appeared to be highest among all groups. The RVR of
group 4 had tendency to increase, but it was not significant difference from those of the
other groups (figure 7).
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Figure 7. Mean values of glomerular filtration rate (GFR), effective renal plasma flow
(ERPF), effective renal blood flow (ERBF), renal vascular resistance (RVR) and
filtration fraction (FF) in four group.

The data were shown as mean £ SE; n=6

&b Means with different superscripts differ significantly (p<0.05)

Plasma electrolyte concentrations and fractional electrolyte excretions.

The plasma electrolyte concentrations (Na', K*, CI-) and osmolarity at 16 day after
treatment were presented in table 6. No difference was found in plasma Na', K*, CI-
and osmolarity in all groups.



34

Table 6. The plasma electrolyte concentrations in all groups at 16 days of treatment

Plasma Na (mEq/l) K (mEg/l) Cl (mEg/l) Osm (mOsm/l)
group 1 108.7+18 2.95¢0.14 120.0£1.7 317516.3
group 2 108.2£ 1.7 34810.16 120.82.1 350.7£10.2
group 3 1105 3.7 3371016 120.7£1.6 33274111
group 4 110.2£1.2 3.35¢0.19 123717 3220477

The data were show as mean£SE; n=6
%D Means in the same colume with different superscripts differ significantly (p<0.05)

Fractional excretion (Na', K, CI), osmolarity clearance (Cosm) and free water
clearance (CH,0) were presented in table 7. FEK™ and FECI-, Cosm and CH,0 were no
significantly different among all groups. The fractional sodium excretion in group 2
was higher when compared to group 1 and group 3. In group 4 treated with high dose
L-camitine, FENa had a tendency to decrease without a difference from group 2.

Table 7. Fractional excretions (Na’, K", CI-), asmolarity clearance (Cosm) and free
water clearance (CH,0)

Parameter group 1 group 2 group 3 group 4

FE Na (%) 150012 356:07F  L160£036  2.18+0.40°
FEK (%) 16474104 — 31674557  L4T7+118  2L13:421
FE CI (%) 1264014 2642057 0.9940.31 1964061
Cosm(mliday) 48024585 4906650 35044504 G)G5867
CH2O (mliday) ' 26.93¢369 31414133 M43 4704508

The data were shown as meanSE; n=6
&b Means in the same row with different superscripts differ significantly (p<0.05)
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Effects of L-carnitine and doxorubicin on urinary excretion
Effects of L-carnitine and doxorubicin on urinary protein excretion

Protein in uring at 0, 5, 10 and 15 days of treatment in each group of rats were
presented in table 8 and figure 8. Protein excretion started to increase on day 5 after
DOX injection. At days 10 and 15, protein excretion was significantly increased in rats
injected with doxorubicin (group 2, 3, and 4) compared with day 0. When comparing
among groups, groups 2, 3-and 4 had higher protein excretion at day 10 and 15
compared with control group 1. On day 15, increased in protein excretion was more
than 30 fold in group 2 compared with group 1. On day 15, group 3 and 4 rats which
were received camitine with DOX had slightly lower protein excretion compared with
rats received only DOX.

Table 8. Urinary protein excretion (mg%/day) at 0, 5, 10 and 15 days of treatment in
four groups.

group 1 group 2 group 3 group 4

Day0  14.23:1.80 23.69+44.41" 15.05+1.08" 15.872.50"
Dayd  26.695.90 63.72+23.14" 35.79£71.53" 24.48+6.69"
Dayl0 22.39+4.32° 401.7469.3" 428.0487.2% 335.2430.00%
Dayld 24.44+2.96° 781:31£62.4% 524.5£100.9"  620.9+78.89"

The data were show asmean£SE; n=8
%D Means in the same row with different superscripts differ significantly (p<0.05)
%Y Means in the same column with different significantly (p<0.05)
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Figure 8. Mean values of urinary protein excretions in 8 rats on day 0, day 5, day 10
and day15 of treatment.
The data were show as mean£SE; n=8

Effects of L-carnitine and doxorubicin on urinary electrolyte excretion

Electrolytes in uring at 0 5, 10 and 15 days of treatment in each group of rats
were presented.in table 9. The urinary.excretion of K* was significantly lower in rats
received both low and high dose of L-carnitine plus DOX (group 3 and 4) compared
with group 1 only on day 5. In group 4, urinary excretions of both Na™ and K" were
significantly higher than on day 15 compared to day 0 and 5.



Table 9. Urinary excretion of the electrolytes, sodium, potassium, chloride of four groups.
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Day group 1 (mEg/day) group 2 (mEq/day) group 3 (mEg/day) group 4 (mEg/day)

UNa*V UK¥  UCRV UNa*V UK*V UC*V  UNa*V UK*V UCI*V  UNa*V UK*V UCI*V
0 3211038 082012 2724025 3.16+025 104+021 = 275:022 2741021  0.71:0.04 2101008  285:0.24* 06910100  21310.5
5 3924029  L118#0.13% 3558033  324+050  093£015° 2731027 2532042  0.6420.10° 2158041 2.88:0.28" 0.70+0.10""  2.81+0.45
10 350:048 1124020 2.94+028 3291056 0.98£0.18 3284037  358+058 0881013 275040 362t005% 102:015%  3.30:0.41
15 300:037 1184002  353:032 4624073 136+025  439+107  355:067  08910.11 229t056 438057  129:0.18"  4.19+107

The data were show as meantSE; n=8

%D Means in the same row with different superscripts differ significantly (p<0.05)
*¥" Means in the same column with different superscripts differ significantly (p<0.05)
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Effects of L-carnitine and doxorubicin on urinary malondialdehyde (MDA)
excretion

MDA excretion in urine at day 0,5,10 and 15 after treatment in each group of
rat were presented in table 10 and figure 9. Urinary malondialdehyde excretion of all
group showed no significance in every periods of experiment.

Table 10. Urinary malondialdehyde excretion (nmol/day) at day 0,5,10 and 15
after treatment.

group 1 group 2 group 3 group 4
day0 120.8£10.9 156.0£22.8 13571147 168.7+49.9
day5 194.6£20.2 224.2+40.9 16741259  150.7217.9
day10 155.7+28.4 2034185 1709£309  204.6£34.7
day15 198.3£20.5 266.4£55.0 190.1£188  1855t136

The data were show as meantSE, n=8
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Figure 9. Mean values of urinary MDA excretion at day 0, 5, 10 and 15
The data were show as meanSE, n=8
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Effects of L-carnitine and doxorubicin on malondialdehyde (MDA),
reduced glutathione (GSH), catalase (CAT) in kidney and MDA In
plasma.

There were no significant changes of GSH, MDA in kidney and MDA in
plasma in four groups. However, group 2, 3 and 4 which received doxorubicin with
and without carniting produced increase in MDA of both kidney and plasma, compared
with group L. The highest values of plasma MDA were found in group 2 (table 11.).
Catalase (CAT) activities collected from kidney in all groups were significantly
different from each other. The CAT activity was lowest in group 2 and highest in
group 4 (table 11. and figure 10.).

Table 11. Reduced glutathione, catalase activity, malondialdehyde in kidney and
malondialdehyde in plasma at 16 days of treatment

Kidney Plasma

MDA GSH CAT MDA
(nmol/mg protein) (nmol/mgprotein) (S*/mg protein) (nmol/ml)
groupl 500090 4605 63.0 0.74£0.03" 6.92+1.16
group2  6.27+1.08 4682+ 48.9 0.35£0.03° 16.81 £ 6.50
group3  6.74+1.05 528.0+ 58,9 0.56+0.03° 11.32£3.25
groupd  5.30+058 0139+ 22.6 1.24+0.14° 10.26 £2.43

The data were show as meanSE, n=6
ABLD Significant difference in non-parametric method (P<0.05)
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Figure10. Mean values of CAT activity in kidney.
The data were show as meanzSE, n=6
ABCD- Significant difference in non-parametric method (P<0.05)

Structural alteration

The kidney in doxorubicin group was enlarged and swollen, so as those in low
and high dose L-carnitine groups. However, the kidney: in doxorubicin (group 2) was
very pale and enlarged.

e Glomerular alterations

After-16 days of treatment, glomerulus from the control group was generally
normal (figure 11). Glomerular changes were observed in the kidney of the
doxorubicin group. Hyaline droplets were found in the glomerular tuft and urinary
space (figure 12 & 13). Furthermore, small hyaline droplets were scattered in the
proximal tubular epithelium as well (figure 12). Thickening of the Bowman's capsule
basement membrane (figure 14) can be readily observed with the PAS staining. Some
of the glomerular capillary of the doxorubicin group developed severe dilation (figure
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15). Shrinkage of glomeruli and widening of glomerular spaces were also observed
(figure 16)

Figure 12. Rat kidney (doxorubicin). Glomerulushad hyaling droplets in the visceral
epithelium (arrow) and proximal tubules (thick arrow). PAS, 100X
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%

Figure 14. Rat kidney (doxorubicin). Glomerulus with thickening of Bowman’s
capsule. PAS, 40X
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Figure 15. Rat kidney (Wﬁ). Gloggerulus with hyaline droplets in the urinary
space (arrow) and severe capillan dilatation (Star). PAS, 40X

- 4
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glomerular spaces (G) with numerous hyaline droplets (arrow). H&E, 20X

The kidney in doxorubicin plus low dose L-camiting group had modulate hyaline
droplets in the glomerular space. Capillary dilation was also observed (Figure 17).
Most of the glomeruli in the doxorubicin plus high dose L-carnitine group showed
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mild alterations with capillary dilation with abundant hyaline cast was found in the
tubular space. Shrinkage of glomeruli and widening of glomerular space were also
observed (figure 18).

Figure 17. Rat kidney (doxgrUbicinpl;us Iow;dé)s@ L-carniting). Glomeruli showed

hyaline droplets (arrow) and capillary dilatio ck arrow). H&E, 10X

et

.
b )
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Figure 18, Rat kidey (doxorubicin plus highdose L-carnitine). Shrinkage of
glomeruli and widening of glomerular spaces were in the picture (G) H&E, 10X
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e Tubular and interstitial alterations

Tubular epithelial from the control group appeared normal (figure 19).

Figure 19. Control gro y tular.epltheliﬁy] showed no alteratlon H&E 10X

T e -F .‘ «
‘.a‘ SOSSeY, .f‘

2V generally localized in
the kidney treatec jrth doxorublcm (figure 20). Pr&xlmal tubular epithelium
contained numerous yaIme droplets while some epithelial cells were in mitotic
figures (flgure 21} Severe interstial swelling: wﬂh"ldeveld of tubular structure was
eminent in some areas (figure 22). IntErstltlaI Ieukocytlc infiltration | Was evident in

the doxorubicin group (ﬂgure 23) Desquamated tubular eplthehal were found in
the lumen (figue2d).
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Figure 20 Rat kidey ( ). The | idney tubules were dilated with voluminous

hyaline cast inside. The interstitium appeared edematous. H&E, 10X

y N ... \
Figure 21. Rat Kidney (doxorubicin). Proximal tubular cell with mitotic figure (arrow)
and hyaline droplets in the cytoplasm (thick arrow). PAS, 100X




Figure 23:Rat kidney (doxorubicin). Tubular dilatation with interstitial leukocytic
infiltration. PAS, 10X

47
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Figure 24. Rat kid‘ney (dox*orubiéin). Tubules were distendsd with hyaline cast and
cellular debris. H&E, 20X

The kidney of the doxorubicin plus low dose L-carnitine had moderate tubular
dilation with hyaline cast in the lumen. Epithelial desquamation was also prominent
(figure 25). The kidneys of the doxorubicin plus high dose L-camiting showed mild
alteration with modulate tubular dilation and hyaline cast in some tubules. Protein
droplets in the proximal tubular epithelium were still observed with desquamated
cellular debris in the tubular lumen (figure 26). Kidneys treated with doxorubicin plus
low L-carnitine or high L-carnitine had comparable degree of edema (figures 25&26).
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Figure 25.-Kidney (doxorubici plus Iqwoscharnltme) Modulatetubulardllatlon

hyaline cast in tubule and ?A( dbnsmlgmen H&E, 10X

Figure 26 Kldney (doxorumln plus hlghdose L- carnltme) Modulate tubular dilation,
few hyaline cast in the tubule or lumen with protein droplets in the proximal tubular
cell (arrow) were observed. Interstitial edematous were scattered. PAS, 10X
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In summary, renal structural changes in the DOX groups were the most severe.
The prominent alterations in the DOX group were glomerular capillary dilation with
hyaline droplets were founded in the glomerular visceral epithelium and proximal
tubular cells. In addition, numerous hyaline droplets were founded in the glomerular
space. Glomerular alterations of the low dose L-carnitine were similar to those in the
high dose L-camitine. However, lesions of the glomeruli were more pronounce in the
low dose group. Tubular and interstitial changes in the DOX group were severe.
Kidneys from group 2, 3, 4 developed tubular dilation and epithelial desquamation.
Interstitial alterations of the kidney groups 2, 3 and 4 displayed inflammatory cells
infiltration with edematous swelling. L-carnitine treatment, both low and high doses
refluxed a decrease in tubular and interstitial alterations (table12).

Table 12. Semiquantitative assessment of structural changes.
Hyaline droplet Tubular cast** Tubular**  interstitial**

in glomerular space* dilation changes
Groupl
Group2 ++ ++4 +++ ++4
Group3 + ++ ++ ++
Groupd + + ++ ++

* Counts from 500 glomeruli per groups
** 10 visual fields at low power (10X)
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DISCUSSION

Anticancer therapy usually demolishes the physiological homogostasis during
treatment of cancer in many organs. Effective anticancer therapy with anthracyclings is
limited by toxicity to various organs including kidneys (Hertzan-levy et al., 2000).

It is known that doxorubicin causes weight loss (Dorek et al., 1998). In the
present study, a single dose of doxorubicin (7.5 mg/kg, 1.v.) did affect the growth of
rats. After doxorubicin injection, significant reductions in daily food intake and body
weight with or without L-carnitine as compared to the control group were found. The
decrease in body weight gain may be due to mobilization and utilization of fat deposits
for the synthesis of glucose (Malarkodi and Varalakshmi, 2003). Venkatesan et al
(2000) observed similar results in rats administered doxorubicin. The effect on growth
rate may also be due to inhibition of Krebs’ cycle and other enzyme systems by
doxorubicin (Malarkodi and Varalakshmi, 2003).

In the present study, doxorubicin induced nephrotoxicity manifested by
increased in kidney weight with significant increase In plasma concentrations of
creatining and urea nitrogen. L-carnitine (40, 200 mg/kg, i.p.) given 1 hr before
doxorubicin administration and for 15 days thereafter may protect the kidney from
damages caused by'doxorubicin. This protection was clearly reflected by decreases
significant of plasma concentrations of creatinine and urea nitrogen.

Doxorubicin' induced nephrotic syndrome in rats characterized by heavy
proteinuria, hypoalbuminemia, hypercholesterolemia and increased triglyceride
(Montilla et al., 1997).In the present experiment, DOX significantly increased
triglycerice and cholesterol but decreased albumin. Both glomerular and tubular injury
occurred 5 days after DOX injection as evidenced by proteinuria. At the end of the
experiment, losing protein in urine was so severe in consistent with the results from
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histopathology in which hyaline cast was present in the glomerlar space and tubular
lumen. The most possible mechanisms for protein losing by of doxorubicin may be
alterations of the permeability of the glomerular capillary wall (Weening and Rennkle,
1983).

Doxorubicin induced cholesterolemia and triglyceremia in group 2 rats.
Doxorubicin inhibited carnitine palmitoloytransferase system (CPT 1) (Hong et al.,
2002). Doxorubicin may lower the level of cytochrome P450 which may in tum
depress cholesterol 7ce hydroxylase activities, the key enzyme in conversion of
cholesterol to bile acids (Malarkodi and Varalakshmi, 2003). Administration of L-
carniting (group 3 and 4) rats caused reduction of plasma cholesterol and triglyceride.
L-camitine inhibits the effect of doxorubicin on CPT 1. Camitine function is to carry
long chain fatty acid into the mitochondria (Hong et al., 2002).

The renal function, as determined by GFR and ERPF decreased after
doxorubicin injection. The GFR and ERPF significantly decreased by 35% and 37%
respectively leaving filtration fraction unchanged. The results were in agreement with a
study in rats after injection of doxorubicin (7.5 mg/kg, i.v.) in which GFR and ERPF
decreased by 20 and 15%, respectively while filtration fraction was unchanged
(Weening and Rennke, 1983).

Decreased GFR was due to either systemic changes or directly affect kidney
circulation. Bristow and coworker (1979) reported that intravenous doxorubicin caused
cardiac and peripheral vascular hemodynamic abnormalities associated with increased
histamine and catecholamine released into the circulation. Giving histamine antagonists
and adrenergic blockers could prevent the renal lesion. Since, RVR increased, thus,
DOX affected the renal arteriolar resistance hoth efferent and afferent arteriole. Using
the micropuncture technique in doxorubicin treated rats resulting in the decrease of
GFR, RPF and ultrafiltration coefficients, however, an increase in glomerular capillary
pressure (GCP) accompanying the augmented afferent arteriolar resistance was
reported (Ballbi et al.,1998).
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In low dose L-carnitine rats (group 3), GFR was similar to those received
doxorubicin alone (group 2). However, renal plasma flow was slightly higher than
group 2 causing lower filtration fraction. Renal vascular resistance was only slightly
higher than the control group after DOX administration. The results indicate that
vasoconstriction may play a role in the kidney of group 3 rats.

In high dose L-carnitine GFR was higher than group 2 and 3. The degree of
increase in GFR was much greater than ERPF compared with doxorubicin alone
causing increase in filtration fraction. The renal vascular resistance was also less than
doxorubicin group, improved renal function may partly due to effect of L-caritine on
cardiac function since L-carnitine improved both cardiac and renal function, as in the
previous study showed that L-carnitine improved cardiac failure caused by doxorubicin
(Luoetal., 1999)

Administration of doxorubicin alone caused decrease in urine flow rate but
increase in fractional excretion of sodium. The urinary sodium excretion (detected from
metabolic cage) was also elevated. This result showed that doxorubicin impaired renal
tubular reabsorption of sodium.

Group 3 and 4 rats had lower FENa compared to group 2 indicating the
improvement of tubular reabsorption of Na". Higher urine flow was also found. In
group 4, 15 days after DOX treatment with high dose L-carnitine caused the higher
increase of urinary sodium excretion from day 0 compared with the rate of increase in
group 2. These results may stggest the evidence of hyperfiltration. In nephrectomized
rats which L-carnitine 200 mg/kg were administered daily for 3-days prior to 2/3
nephrectomized and for 25 days thereafter, urinary sodium excretion was high in
carniting treated rats suggesting stage of renal hyperfilltration (Palomba et al., 1996).

In the present study, doxorubicin caused severe nephrotic syndrome. These
changes were associated with a marked change in the antioxidant defense system
measured from plasma and kidney. An increase in lipid peroxides and a significant
decrease in CAT activity in kidney occurred. These changes may reflect the
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involvement of oxidative stress and renal dysfunction. The characteristic features of an
increased lipid peroxidation by doxorubicin were similar to those previously reported
by other investigation (Desassis et al., 1997; Montilla et al., 1997; Venkatesan et al.,
1997: Zima et al., 1997) The mechanism related to renal injury may be a consequence
of oxidative stress, such as oxidation and cross-linking of cellular thiols and membrane
lipid peroxidation (Wu et al., 1990)

Although GSH in renal tissue was unchanged following DOX treatment, many
studies showed variable results. The change may occur early by decreased (4 and 8 h
after doxorubicin), then increased within 24 h, while GSSG levels were reduced at Lh,
and significantly elevated 4-24 h after doxorubicin treatment, suggesting an early
depletion of GSH and later over compensation (Luo et al., 1997)

On basis present study, we were hypothesized that L-carnitine might play an
important role as an antioxidant agent in DOX model of nephrosis. Treatment with L-
carnitine produces a significant reduction in doxorubicin induced loss of renal function
and oxidative stress.

It was demonstrated that L-carnitine treatment improved cardiac energy
metabolism and reduced lipid peroxidation in doxorubicin rats (Luo et al., 1999).

In addition to antioxidant effects of L-carnitine, L-camitine was effective in
attenuating cisplatin induced nephrotoxicity by metabolic effect. Six hours after
administration of 200 mg/kg of carnitine, its level in kidney increased by 1.5 fold
(Chang et al., 2002). Thus, the administered L-carniting preferentially accumulates in
the kidney and facilitates the B-oxidation to generate ATP, thereby minimizing the
toxic effects of free form of long-chain fatty acids in and around the mitochondria. In
fact, mitochondrial dysfunction caused by free fatty acid could be inhibited by
camitine.

Finally, kidney structural alterations indicated a protective effect of L-carnitine.
Rats given doxorubicin without carnitine had abundant hyaline cast (3+) in tubular
lumen with tubular dilation occurred which was consistent with the high protein
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excretion. However, L-camiting at the dosages of 40 and 200 mg/kg showed the
protective effect against the kidney lesion caused by doxorubicin. Rats given low and
high dose L-carnitine developed less (+1 to +2) hyaline cast and tubular dilation in the
renal tubule. There was no significant difference between rats given low and high L-
carnitine doses.

In conclusion, the present study demonstrates that 7.5 mg/kg single injection of
DOX in Sprague Dawley rats caused renal injury by reducing GFR and ERPF with
glomerular and tubular lesion at 16 days of treatment. The oxidative stress was
enhanced by detectable higher MDA and significantly lower catalase activity in the
kidney. Administration of L-carnitine markedly attenuated DOX induced nephrotic
syndrome by the improved GFR, reduced plasma lipids level, reduced oxidative stress
and alleviated glomerular and tubular structural alterations. However, the protective
effects of L-canitine on DOX induced renal injury were more dramatic in high dose L-
carnitine group.
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