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ABSTRACT Morinda citrifolia L. or Noni is widely used in many diseases. To determine whether noni juice can

modify renal function and catecholamine contents in doxorubicin induced nephrosis, rats were divided

into four groups; group 1, control; group 2 noni juice; group 3, doxorubicin (DOX) and group 4, DOX

+ noni juice. Noni juice was fed in group 2 and 4 daily. Group 3 and 4 were injected with 7.5 mg/kg DOX

i.p. at day 15. At day 28, blood chemistries, renal function and renal catecholamine contents were deter-

mined. The results showed that rats in group 2 had lower cholesterol and higher plasma albumin concen-

trations (P<0.05). The renal function and catecholamine contents were unaltered. In group 3 and 4,

glomerular filtration rate and packed cell volume decreased while blood urea nitrogen increased signifi-

cantly (P<0.05). Urinary sodium excretion decreased significantly (P<0.05) whereas protein excretion

increased (P<0.05). Renal dopamine and its metabolite, 3, 4-dihydroxyphenylacetic acid (DOPAC), in-

creased significantly (P<0.05) in group 3 and 4 compared with group 1. No change in renal norepineph-

rine and epinephrine were found. Giving noni juice to group 4 did not modify renal function and renal

catecholamine contents compared with group 3. It is concluded that noni juice caused a reduction in

plasma cholesterol. Rats receiving DOX had impaired renal function along with compensatory increase in

renal dopamine content. Giving noni juice to rats receiving DOX showed no beneficial effect on renal

function.
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peroxides, plasma urea and creatinine concentration3,4.
Moreover, DOX was reported to affect renal sympathetic
nerve activity.  Enhanced sympathetic activity was pro-
posed in this model due to increased cumulative sodium
(Na) balance after DOX injection5.  The effects were abol-
ished in renal denervated rats.  Thus, increased renal
sodium retention is dependent on increased efferent re-
nal sympathetic nerve activity in this model.  Reduction
in renal sympathetic nerve activity after volume expan-
sion or intravenous isotonic saline load was less in DOX-
treated animals6,7.  Therefore, the renal sympathetic nerve
activity was expected to be enhanced especially when GFR
is reduced immediately.  By studying the renal norepi-
nephrine (NE) spillover, resting norepinephrine spillover

INTRODUCTION
Doxorubicin (DOX) is widely used as an antine-

oplastic agent in small animal medicine.  In animal model,
DOX can induce nephrotoxicity and cardiotoxicity.  The
nephrotoxicity was associated with nephrotic syndrome
characterized as proteinuria, hypoalbuminemia, hyperc-
holesterolemia1,2.  Administration of DOX in rats resulted
in hyperlipidemia, proteinuria and increased lipid
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was high in DOX treated animals.  Thus, we proposed
that renal catecholamine contents (epinephrine (Epi), NE
and dopamine (DA)) may be enhanced along with renal
Na retention in this model.

The alternative and herbal medicine has been drawn
for attention for a last decade although they have been
long history of use for many century worldwide.  Morinda
citrifolia L.  or Noni plant was used for improving health
in many diseases such as cancer, infection, arthritis, dia-
betes, asthma, hypertension and pain8.  The benefits of
this plant involved various components including the
roots, stems, bark, leaves, flowers and fruits.  The fruit is
being used for health.  The anxiolytic effect with alter-
ation of catecholamine levels in brain was demonstrated
in rats receiving noni for 15 days9.  Noni may modulate
the autonomic function via decreased central sympathetic
outflow.  The hypotensive and diuretic activity of noni
may be due to many factors including the reduction in
Na+ reabsorption via reduced renal sympathetic or
dopaminergic nerve activation.  Thus, giving noni in
animal receiving DOX may alleviate renal sympathetic
activation resulting in less renal catecholamine content
and may prevent renal damage.

The objective of this study is to investigate the ef-
fect of Noni juice on blood chemistries, renal functions
and renal NE contents in normal rats and in rats with
doxorubicin-induced nephropathy.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats weighing between 250-

300 gm were obtained from National Laboratory Ani-
mal Center, Mahidol University, Salaya District,
Nakornpathom province.  All rats were housed under
standard conditions of 12 h of light and dark cycle with
free access of water and standard rat laboratory diet con-
taining 24 percent protein by weight.  The animals were
maintained in the facilities at Faculty of Veterinary
Science, Chulalongkorn University for at least 7 days to
acclimate to the environmental condition.

Experimental protocol
The experiment was divided into 2 periods, pre-

treatment (14 days) and post-treatment (14 days) pe-
riod.  The rats were divided into 4 groups (7 rats in each

group).  Group 1, control; group 2, noni; group 3, DOX
and group 4, DOX + noni.  On day 14 of experimental
period under general anesthesia with diethylether, rats
were subjected to intravenous administration of either
saline (group 1 and 2) or doxorubicin (DOX) at the dose
of 7.5 mg/kg (group 3 and 4).  Noni was starting on
day 1 of experimental period (14 days before drug ad-
ministration), while group 1 and 3 received 1 ml-regular
drinking water fed orally via feeding tube daily, group 2
and 4 were orally fed with noni juice (99 %) at the dose
of 1 ml throughout the experimental period.

A 24 hr urine specimen was collected while they
were in metabolic cages, 1 day before experimental pe-
riod (day 0) and at the end of the experiment (day 28).
Urine specimens were stored at -20oC for determination
of protein, creatinine and electrolyte concentrations (Na+,
K+) and osmolarity.  On the first day of the experiment
following 24 hour urine collection, 0.3 ml blood was
collected in heparinized tube by cutting the tip of rat’s
tail vein for measurement of plasma creatinine concen-
tration.  At the end of the experiment (day 28) after re-
moving the rat from metabolic cage, the rat was anes-
thetized with diethylether.  Two ml of blood was drawn
from cardiac puncture for measurement of creatinine and
electrolyte concentrations, osmolarity, blood urea nitro-
gen (BUN), albumin, triglyceride and cholesterol.  The
rats were euthanized by high dose of ether and the ab-
dominal incision was performed.  The right kidney was
removed for measurement of renal content of catechola-
mine (NE, E and DA) and its metabolite, 3, 4-
dihydroxyphenylacetic acid (DOPAC).

Kidney catecholamine concentrations were deter-
mined using high-performance liquid chromatography
with electrochemical detector after alumina-batch extrac-
tion method10,11.  In brief, the outer cortex was cut off,
and fragments weighing (200 mg) were homogenized
in 2 ml of ice-chilled 0.4 M HClO4 containing 1.1 mg/
ml reduced glutathione (Merck), 1.7 mg/ml ethylene
glycol-bis (β-aminoethyl ether)-N, N, N’, N’-tetraacetic
acid (EGTA; Sigma), 30 µl of 10 mM Na2S2O5 and 120
µl of 3,4-dihydroxybenzyl-amine hydrobromide (DHBA;
0.05 ng ml-1).  After centrifugation for 15 min at 5,000
rpm at 4oC, 1 ml of supernatant was added to 25 mg of
acid-washed Al2O3 (Sigma), and the pH of the sample
was adjusted to pH 8.6 by addition of 1 M Tris with 1%
Na2-EDTA.  After three washed with distilled water, the
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adsorbed catecholamines were eluted from the alumina
with 120 µl of 0.2 M HClO4 with 0.1 mM Na2S2O5.

An HPLC system with an electrochemical detector
with glassy carbon working electrode and amperometric
control (Bioanalytical systems, West Lafayette, IN,
U.S.A.) was used to measure the concentration of E, NE,
DA, DOPAC and DHBA.  A Shimadzu Model LC-10
AD pump (Kyoto, Japan) was connected to a Rheodyne
(Cotati, CA, U.S.A.) injector equipped with a 20 µl fixed
loop, and a 15-cm Phenomenex column packed with
5-µm particles.  The mobile phase solution was com-
posed of 1 mM heptane sulfonate, 100 mM NaH2PO4,
1 mM Na2EDTA, and 5% methanol; adjusted to pH 4.1
with saturated citric acid.  Mobile phase was filtered
through 0.22-µm filter, degassed by ultrasonic agitation
and pumped at a flow-rate of 1 ml min-1. The
amperometer was set at a positive potential of 0.700 V
with respect to the Ag/AgCl reference electrode, with a
sensitivity of 2 nA.  The eluate (40 µl) was injected into
the HPLC-EC system to separate NE, E, DA, DOPAC
and DHBA.  Data were collected and analyzed by Delta
5.0 software (Digital Solutions, Margate, QLD, Austra-
lia).

The packed cell volume (PCV) was determined by
microcentrifugation.  The creatinine concentration in the
plasma and urine was analyzed by Jaffeés reaction.  The
blood urea nitrogen was measured by Humalyzer (Hu-
man GmbH, Wiesbaden, Germany).  Urinary protein
was determined using sulfosalicylate.  Kidney protein was
measured by Lowry et al., (1951)12.  Sodium and potas-
sium in both plasma and urine were measured by flame
photometry (410 C, Ciba Corning Diasnostic Instru-
ments, Halstead, UK).  The osmolarity of plasma and
urine was determined using osmometer (Osmometer
3D3, Advance Instruments Inc., Norwood, MA, USA).
Plasma total protein, albumin, triglyceride and choles-
terol were measured by colorimetry.

The glomerular function was calculated using stan-
dard clearance of endogenous creatinine clearance.  The
urinary creatinine was obtained from urine collected in
metabolic cage while the plasma creatinine concentra-
tion was obtained from blood collected on the next day
on day 1 and day 28.  The urinary excretion of Na+ and
K+ was determined by the product of urine volume and
concentration of Na+ and K+ in the urine.  The fractional
excretion of Na+ and K+ at the end of each experiment

was calculated by ratio between clearance of electrolytes
and GFR.  The urinary excretion was expressed in termed
of urinary protein creatinine ratio.

Statistical analysis
Data were expressed as mean ± SEM.  Statistics were

performed using program Sigma stat.  Data between
groups were compared with one way ANOVA and
Kruskal-Wallis one way ANOVA on Rank.  Comparisons
between each paired were performed using Student-
Newman-Keuls.  Difference between data was consid-
ered at P < 0.05.

RESULTS
Percent increase in body weight was similar in group

1 and 2.  Rats in group 3 and group 4 which received
DOX showed a significant reduction in body weight com-
pared with both group 1 and 2.  The decrease in body
weight was started on day 17 until the end of the experi-
ment.  The differences were not detected between rats
in group 3 and group 4 which received noni with DOX.
Noni had no effect on feed intake.  After DOX injection
in group 3 and 4, feed intake dropped dramatically start-
ing on day 15 (1 day after DOX injection) compared
with both group 1 and group 2.  In which feed intake
was maintained.  Noni seemed to decrease feed intake in
rats.  Water intake was less in group 3 and 4 compared
with group 1 and 2 between day 16 to 23.  DOX-rats
received noni (group 3) had water intake slightly less
than DOX-rats without noni.

Effects of noni and DOX on plasma chemistries
and packed cell volume

The results of plasma chemistries were shown in
Table I.  No difference was found in rats feeding with
and without noni.  For lipid profiles, triglyceride con-
centrations increased nearly 9 folds in group 3 and 4 in
which they received DOX (P<0.05).  Feeding noni caused
no differences in triglyceride level (between group 1 vs 2
and 3 vs 4).  Plasma cholesterol in group 2 rats which
received noni was significantly lower than control group
1 (P<0.05).  Injection of DOX caused elevation of cho-
lesterol by 6 folds which was higher significantly from
both group 1 and group 2 (P<0.05).  DOX-rats receiv-
ing noni had high cholesterol level similar to rats with
DOX injection alone.
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Plasma total protein concentrations were not sig-
nificantly differences among groups.  However, the al-
bumin concentrations in rats of group 3 and 4 were sig-
nificantly lower than control group 1 (P<0.05).  Albu-
min was not difference between group 1 and 2 but it
was higher in group 4 compared with group 3 (P<0.05).
Plasma Na+ concentrations were not differences among
groups.  However, plasma K+ concentration in rats re-
ceiving DOX both with and without noni were signifi-
cantly higher (P<0.05) than groups 1 and 2 rats which
were not injected with DOX.  Giving noni had no effect
on plasma K+ concentrations.  Plasma osmolarities were
not differences among rat groups.

The packed cell volume was decreased significantly
in group 3 and group 4 compared with group 1 and 2
(P<0.05).  There were no differences in PCV among
normal rats and DOX-rats supplemented with and with-
out noni.  At 14 days after DOX injection, BUN con-
centrations were higher significantly (P<0.05) in group
3 and 4 rats which received DOX compared with group
1 and 2 without DOX.  There was no difference in BUN
level in rats receiving noni (group 2) compared with con-
trol group 1 as well as between DOX.  DOX-rat receiv-
ing noni (group 4) compared with DOX- rats feed water
(group 3).  Slightly higher plasma creatinine concentra-
tions was also found in group 3 and 4 rats with DOX
injection.

Effects of noni and DOX on renal function and
urinary excretion of electrolytes and protein

There was no difference in creatinine clearance
(CCr) between group on day 0.  After 28 days of experi-
ment, CCr in group 3 and group 4 were less than group
1 and 2 rats although not significant (Table II).  When
compared with day 0, group 1 and 2 had no changes in
CCr.  However, rats receiving DOX both without and
with noni had dramatic reduction in CCr by 47% and
41%, respectively.  The osmolar clearance measured on
day 28 did not different among groups although a small
reduction was found in group 3.  The free water clear-
ance in group 3 decreased significantly from other groups.
Fractional urinary excretions of Na+ and K+ did not dif-
fer among groups.

From metabolic cage study, urine flow rates were
not significant different among group in all periods of
experimental study (Table II).

However, on 28 days of treatment, urine flow rate
was decreased dramatically by 45% and 41%, respectively
in group 3 and 4 rats which received DOX without and
with noni compared with day 0.

The urinary osmolar excretion measured in meta-
bolic cages in group 3 was less than group 1 and 2 sig-
nificantly (P<0.05).  Giving noni in DOX-rats (group 4)
slightly increased osmolar clearance although it was still
lower than rats without DOX (group 1 and 2).  At day

Table 1 Effects of noni and DOX on blood chemistries in 4 groups of rats

Group 1 Group 2 Group 3 Group 4

Triglyceride (mg/dl) 64.71 ± 7.57a 62.37 ± 5.04a 541.81 ±36.79b 518.11 ±43.43b

Cholesterol (mg/dl) 81.56 ± 5.09a 64.01 ± 1.05b 360.56 ±15.53c 372.29 ±31.99c

Total protein (g/dl) 5.76 ± 0.30 5.26 ± 0.14 5.19 ± 0.07 5.03 ± 0.14

Albumin (g/dl) 3.56 ± 0.12A 3.04 ± 0.09AC 1.71 ± 0.08B 2.43 ± 0.39C

P
Na

 (mEq/L) 142.4 ± 1.4 139.9 ± 0.8 141.6 ± 0.9 140.3 ± 0.9

PK (mEq/L) 3.99 ± 0.11a 4.17 ± 0.07a 4.61 ± 0.22b 4.60 ± 0.10b

Posm (mOsm/L) 306.3 ± 2.0 304.1 ± 1.9 316.1 ± 2.2 311.3 ± 3.2

PCV (%) 50.43 ± 1.56A 50.14 ± 0.88A 36.50 ± 0.59B 35.86 ± 0.60B

BUN (mg/dl) 21.20 ± 1.01a 19.90 ± 0.87a 49.97 ± 6.23b 39.16 ± 3.98b

Creatinine (mg/dl) 0.486 ± 0.026 0.443 ± 0.020 0.514 ± 0.026 0.543 ± 0.075

Data are present in X ±±±±± SEM; Different superscripts indicate significant differences with P<0.05.
A,B,C compared data in the same row using one way ANOVA; a,b,c compared data in the same row using Kruskal -Wallis one way ANOVA on rank.
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28, the urinary Na excretion in group 3 and 4 was sig-
nificantly less than group 1 and 2 (P<0.05).  In contrast
to Na excretion, the urinary excretion of K was not dif-
ferent among group.  Rats receiving DOX with and with-
out noni had significantly higher protein in the urine
compared with group 1 and 2 (P<0.05).  There were no
differences in protein excretion in DOX-rats without and
with noni (group 3 vs group 4).

Effects of noni on renal catecholamine contents
The renal catecholamine (NE, Epi and DA) and

catecholamine metabolite (DOPAC) were shown in table
III.  Renal NE concentrations were unaltered between
groups of treatment.  However, rats injected with DOX
with noni showed slightly higher Epi content.  The DA
increased significantly in group 3 rats and it was still high

in group 4.  The DOPAC showed significantly higher
values in groups 3 and 4 which receiving DOX with and
without noni.

DISCUSSION
Rats received DOX lose weight more dramatically

compared with control rats in which body weights were
maintained.  The decreased body weight was correspond
to progressive reduction in food intake and water con-
sumption immediately after treating with DOX.  The re-
sults were similar to our previous report in rats treating
with the same dose of DOX4.  Reduction in weight was
due to depressed food intake and may in part due to
increased protein lipase in DOX treated rats13.  Noni had
no effect on body weight.  Daily weight gain in DOX-
rats receiving noni was depressed similar to rats received

Table 2 Effects of noni and DOX on renal functions in 4 groups of rats

Group 1 Group 2 Group 3 Group 4

CCr (ul/day/g) 3.072 ± 0.257 3.134 ± 0.343 2.363 ± 0.404 2.627 ± 0.534

Cosm (ul/day/g) 0.065 ± 0.007 0.063 ± 0.005 0.045 ± 0.004 0.060 ± 0.008

CH2O (ul/day/g) -0.034 ± 0.004a -0.037 ± 0.006a -0.026 ± 0.003b -0.120 ± 0.080a

FENa (%) 0.289 ± 0.022 0.246 ± 0.039 0.259 ± 0.099 0.146 ± 0.036

FEK (%) 17.37 ± 1.31 16.26 ± 2.90 26.23 ± 6.21 21.03 ± 2.57

V (ml/day) 18.79 ± 2.95 14.89 ± 2.44 9.87 ± 1.54 10.53 ± 1.09

UosmV (mosm/day) 12.08 ± 1.27A 10.83 ± 0.91A 7.09 ± 0.68B 8.93 ± 1.08AB

UNaV (uEq/day) 776.9 ±109.0a 551.2 ±43.5a 295.6 ±58.5b 202.7 ±28.5b

UKV (uEq/L) 1257.7 ±108.2 1091.6 ±117.2 1086.9 ±94.7 1074.2 ±105.0

UprotV (mg/day) 25.49 ± 4.28a 23.91 ± 7.83a 491.58 ±38.79b 510.48 ±58.85b

Data are present in X ±±±±± SEM; Different superscripts indicate significant differences with P<0.05.
A,B compared data in the same row using one way ANOVA; a,b compared data in the same row using Kruskal -Wallis one way ANOVA on rank.

Table 3 Effects of noni and DOX on catecholamine contents

Group 1 Group 2 Group 3 Group 4

NE (pmol/mg prot.) 4.962 ± 0.547 5.104 ± 0.457 5.078 ± 0.506 4.501 ± 0.326

Epi (pmol/mg prot.) 0.126 ± 0.059 0.060 ± 0.010 0.096 ± 0.033 0.261 ± 0.182

DA (pmol/mg prot.) 0.198 ± 0.021A 0.260 ± 0.041AB 0.363 ± 0.040B 0.324 ± 0.053AB

DOPAC (pmol/mg prot.) 0.268 ± 0.050A 0.202 ± 0.016A 0.437 ± 0.062B 0.399 ± 0.033B

Data are present in X ± SEM

Different superscripts indicate significant differences with P<0.05.
A,B compared data in the same row using one way ANOVA
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DOX alone.  However, water intake in normal (group
2) and DOX-rats feeding noni (group 4) was slightly less
than group 1 and group 3 without noni, respectively.
However, study in rats receiving noni juice from 0.25 -4
ml/kg once daily for 7-30 days had no effect on body
weight, food intake and water intake9,14 but increased
plasma CCK levels14).

DOX caused nephrotoxicity characteristic of neph-
rotic syndrome(1,15,16,2,17,18,13,4).  These were char-
acterized by heavy proteinuria, hypoalbuminemia, hy-
percholesterolemia and increased triglyceride levels.  In-
creased plasma lipids was due to inhibition of carnitine
palmitoyltransferase system (CPT1) and lower cyto-
chrome P450 which in turn suppress cholesterol 7 α hy-
droxylase activity, enzyme in conversion of cholesterol
to bile acids19.

Giving noni in DOX-rats had no preventive effect
on plasma lipid profiles.  However, giving noni could
lower plasma cholesterol in normal rats.  Moreover,
chemical constituents of noni fruits inhibit copper-in-
duced low-density lipoprotein oxidation which plays an
important role in the genesis of atherosclerosis20.  This
may be a beneficial effect of this plant in lowering blood
pressure in human21 and dogs22-24.  The hypotensive ac-
tivity was predominantly found using noni root.  The
fruit juice has been demonstrated to have immuno-
modulatory polysaccharide-rich substance with antitu-
mor activity.  Improved survival time and curative effects
occurred when noni was combined with sub-optimal
doses of the standard chemotherapeutic agents such as
DOX, cisplatin, 5-fluorouracil, mytomycin-C, blemycin,
etoposide, camptothecin and vincristine25.

The plasma albumin in DOX-rats receiving noni
was slightly elevated compared with rats receiving DOX
alone that may reflect the protective effect on antitumor
drug.  Although there was a report of hyperkalemia in
human consumed noni juice26, no hyperkalemia was
found in normal rats receiving noni9.  The increased
plasma K+ concentration was found in both groups of
rat treating with DOX and the increase was in the same
extent whether with and without noni.  These increased
plasma K+ may be due to renal K+ retention.  The packed
cell volume decreased dramatically in group 3 and 4 which
receiving DOX suggesting the effect on erythropoietin
production from the impaired kidneys.

DOX caused impaired renal function with insig-

nificant reduction of CCr in group 3 and 4.  Impaired
renal function could be detected by significantly increased
blood urea nitrogen (BUN) and slightly elevated plasma
creatinine concentration.  Our previous study showed a
significant reduction of both glomerular filtration rate
(GFR) and renal blood flow (RBF) with significantly in-
creased BUN and plasma creatinine concentrations after
DOX injection at the same dose for 16 days4.

Giving noni in normal rats showed no effects on
renal function and solute excretion although root of
Morinda citrifolia had diuretic effects27.  Urine flow rate
was unchanged similar to the previous study which re-
ceived noni up to 4 ml/kg once daily for 7 days14.  In
DOX treated rats, pretreatment with noni caused no
beneficial effects on GFR and no changes were found in
urine flow rate, protein excretion and blood urea nitro-
gen compare with group 3 receiving DOX alone.  In
patients with stage 5 chronic kidney disease, drinking
noni was not recommended due to high potassium con-
tents28.  However, plasma potassium in DOX rats was
not further elevated by noni.  Noni fruit juice which con-
tained polysaccharide-rich substance (noni-ppt) com-
bined with sub-optimal doses of standard chemothera-
peutic agents including DOX improved survival time of
inbred syngeneric LLC tumour bearing mice29.  Noni
ppt showed synergistic or additive beneficial effects when
combined with DOX for therapeutic potentials against
the immunomodulator sensitive sarcoma 180 tumour
system25.  These effects were preferred for tumor treat-
ment.  However, dose of DOX induced renal injury may
be high and pretreatment of noni showed no preventive
effects.

Noni juice had no effects on solute excretion in-
cluding Na+ excretion in DOX rats.  These data sug-
gested that renal sympathetic activity may be unaltered
by the effect of noni.  In group 3 and 4 which received
DOX, urine flow rate decreased by half.  Increased pro-
tein excretion was found on 14 days after DOX adminis-
tration.  By determining osmolar excretion in metabolic
cages, it decreased significantly in both group 3 and 4.
Solute excretions were decreased corresponding to de-
creased Na+ excretion but not K+.  These increases in
Na+ reabsorption may be due to the effect of DOX on
renal sympathetic nerve activity.  Administration of DOX
3.5 mg/kg, iv.  in Sprague Dawley rats resulted in less
reduction in renal sympathetic nerve activity after vol-
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ume expansion7 or intravenous isotonic saline load6.
Bilateral renal denervation in DOX treated rats decreased
cumulative Na+ balance5.  Moreover, the baroreflex re-
nal norepinephrine spillover was shift during develop-
ment of heart failure due to DOX30,31.  Therefore, the
renal sympathetic nerve activity was expected to be en-
hanced especially when CCr is reduced immediately due
to nephrotoxic agents and certain toxins.  However, we
found no changes in renal norepinephrine and epineph-
rine contents from this study.

In rats receiving DOX, no alteration of NE and Epi
was found but DA and its metabolite including DOPAC
were higher.  These data suggest that dopaminergic ac-
tivity was activated after DOX treatment.  Renal DA is
mainly synthesized in proximal tubules and independent
from innervation, and exerts its effect in an autocrine/
paracrine manner through D1 receptor.  The activation
of D1-like receptors on renal (pre-capillary) vessels causes
vasodilation, while the receptors at the tubular cells causes
natriuresis by directly inhibition of Na+-K+-ATPase and
Na+, H+-exchanger32.  The role of kidney DA is to main-
tain Na+ homeostasis, the DA metabolism was found to
be increased in response to increased Na+ intake32.  Fur-
ther, the interaction of DA and angiotensin receptor has
been documented, the vasoconstrictor effects of angio-
tensin II are counteracted by the vasodilator effects of
DA.  Similarly, these two systems also counteract each
other in the paracrine regulation of renal sodium trans-
port33.  Therefore, in the current study kidney damage
following DOX treatment could lead to increase in an-
giotensin II activity and the increase in DA activity in
these two groups (DOX, DOX + noni) was to counter-
act angiotensin effect.

In conclusion, we found that rats treated with DOX
for 14 days had nephrotic syndrome with reduced CCr,
loss of urinary protein, hypoalbuminemia and hyperc-
holesterolemia.  Although noni juice can reduced plasma
triglyceride in normal rats, it cannot modify both renal
deterioration caused by DOX and renal catecholamine
contents.
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