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Abstract The present study was designed to compare the
potential of turmeric and its active principle curcumin on
T;-induced oxidative stress and hyperplasia. Adult male
Wistar strain rats were rendered hyperthyroid by Tj treat-
ment (10 pg - 100 g~ - day~' intraperitoneal for 15 days
in 0.1 mM NaOH) to induce renal hyperplasia. Another
two groups were treated similarly with T5 along with either
turmeric or curcumin (30 mg kg~ body weight day '
orally for 15 days). The results indicate that T; induces
both hypertrophy and hyperplasia in rat kidney as evi-
denced by increase in cell number per unit area, increased
protein content, tubular dilation and interstitial edema.
These changes were accompanied by increased mitochon-
drial lipid peroxidation and superoxide dismutase activity
without any change in catalase activity and glutathione
content suggesting an oxidative predominance. Both tur-
meric and curcumin were able to restore the level of
mitochondrial lipid peroxidation and superoxide dismutase
activity in the present dose schedule. Ts-induced histo-
pathological changes were restored with turmeric treatment
whereas curcumin administration caused hypoplasia. This
may be due to lower concentration of curcumin in the
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whole turmeric. Thus it is hypothesized that regulation of
cell cycle in rat kidney by Tj; is via reactive oxygen species
and curcumin reveres the changes by scavenging them.
Although the response trends are comparable for both
turmeric and curcumin, the magnitude of alteration is more
in the later. Turmeric in the current dose schedule is a safer
bet than curcumin in normalizing the Ts-induced hyper-
plasia may be due to the lower concentration of the active
principle in the whole spice.

Keywords Oxidative stress - Kidney - Curcumin -
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Introduction

Turmeric powder is traditionally used in India as a coloring
and flavoring spice in food as well as for medicinal pur-
poses. Turmeric (Curcuma longa L.) exhibits antitumor,
anti-inflammatory and anti-infectious activities with low
toxicity [1, 2]. The antioxidant or reactive oxygen scav-
enging properties have been associated with turmeric
powder by itself and its individual lipid soluble component
curcumin and the aqueous extract turmerin [3].

One of the most important effects of thyroid hormones
(T5 and Ty) is the elevation of mitochondrial respiration,
producing a hyper-metabolic state with excess generation
of free radicals [4]. It has been shown that tissues in
hyperthyroid rats exhibit low antioxidant capacity and high
susceptibility to oxidative challenge [5, 6]. Oxidative stress
from superoxide (O57) and other reactive oxygen species
(ROS) contributes to the development of renal insuffi-
ciency and in the pathogenesis of renal diseases, producing
vascular, glomerular, tubular and interstitial injury [7].
Thyroxine has been reported to induce renal hypertrophy
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with a rise in the DNA content [8, 9]. However, there is a
paucity of information on Ts-induced oxidative damage to
mammalian kidney in general and with respect to antiox-
idant treatment in particular. With this background the
present investigation is designed to compare the effec-
tiveness of turmeric and it active principle curcumin on
T3-induced oxidative stress and hyperplasia in rat kidney.

Materials and Methods
Animals and Treatment

Two months old, young, healthy and sexually mature
Wistar strain female rats (180-250 g) procured from
National Facility for Laboratory Animals, National Insti-
tute of Nutrition (ICMR), Hyderabad, India were used in
the present study. Animals were acclimatized to the labo-
ratory conditions prior to experimentation. They were
maintained in polypropylene cages under normal labora-
tory conditions with 12:12 h light:dark cycle and had free
access to fresh food and tap water ad libitum [10].

Rats were randomly divided into five groups of 4 ani-
mals each according to the following treatment schedule,
Group-I: (Control-I) No treatment, Group-1I: (Control-II)
administered 0.1 mM NaOH by intra-peritoneal injection
(vehicle solution for Tj), Group-IIl: (hyperthyroid)
administered T; at the rate of 10 pug x 100 g~' body
weight day ™" in 0.1 mM NaOH solution by intra-peritoneal
injection for 15 days [11], Group-IV: administered with Ty
as per above along with oral treatment of 30 mg turmeric
powder kg~' body weight in distilled water, Group-V:
administered with T3 as per above along with oral treat-
ment of 30 mg curcumin kg~ in olive oil. Induction of
hyperthyroidism was indicated by a loss in body weight by
15-30% [11]. Curcumin and T3 were purchased from
Sigma Chemical Co, St Luise M.O., USA while turmeric
rhizomes were collected from tribal farmers of Kandhamal
district of Odisha (Eastern India), shed dried, pulverized
and sieved before use.

Animal experiments were performed after approval of
Institutional Ethical Committee in accordance with the
ethical standards provided by the Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Government of India.

Tissue Processing and Isolation of Mitochondria

Rats were killed by decapitation. Kidneys were dissected
out quickly and were cleaned in ice-cold normal saline
(0.9%, w/v) and pat dried on filter paper. The tissues were
weighed and stored at —80°C until further processing. A
20% (w/v) homogenate of the kidney was prepared in
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phosphate buffer (50 mM pH 7.4) containing 0.25 M
sucrose with the help of a motor driven glass Teflon
homogenizer. The crude homogenate was filtered through
two layers of cheesecloth and then the filtrate obtained was
centrifuged at 600x g for 10 min at 4°C to precipitate nuclei
and cellular debris. The supernatant was then centrifuged at
10,000 x g for 20 min at 4°C to separate mitochondrial pel-
let. The mitochondrial pellet obtained was washed three
times in 1.15% KCI at 10,000 g for 5 min each at 4°C and
dissolved in the same solution. The supernatant (postmito-
chondrial fraction) was taken directly for assay of catalase
activity whereas after passing through Sephadex G-25 col-
umn it was used for assay of superoxide dismutase (SOD)
activity. The mitochondrial fraction was used to measure
lipid peroxidation (LPX). Protein content of all fractions was
estimated by the method of Lowry et al. [12].

Assay of LPX

Lipid peroxidation was measured as thiobarbituric acid
reactive substance (TBARS) according to the method of
Ohkawa et al. [13].

Assay of SOD and Catalase Activity

Superoxide dismutase activity was measured in the column
passed supernatant according to the method of Das et al.
[14]. Catalase activity was measured in the PMF by the
method of Aebi [15] after treating with 0.17 M ethanol and
0.1% Triton X-100 for inhibition of complex-II formation
and release of catalase from the peroxisomes [16]. Reduced
glutathione (GSH) content was measured by Ellman’s
reagent [17].

Histopathology

Thin slices of kidney tissue with cortex and medulla were
fixed by immersion in sublimate formol (9 part formalde-
hyde:1 part saturated solution of mercury chloride), dehy-
drated in ascending series of ethanol, cleared in xylene and
embedded in paraffin. Sections (5 pm) were stained with
hematoxylin and eosin. A minimum of 10 fields for each
kidney slide were examined and assigned for severity of
changes by an observer blinded to the treatments of the
animals. Severity of changes were scored using the signs,
namely none (+), mild (++) and severe (4+++).

Statistical Analysis

Results are expressed as mean £ SD. The inter-group
variation was measured by one way analysis of variance
(ANOVA) followed by Duncan’s New Multiple Test.
Statistical significance was considered at P < 0.05.
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Fig. 1 Representative images
of T.S. of rat kidney (x400)
stained with hematoxylene and
eosine showing the effects of
T3, turmeric and curcumin.

a Control-1I, b T5 treated,

¢ T3 + Turmeric,

d T5; + Curcumin. Control-II is
not given since no difference
was observed between Control-I
and II. C-I Control-I (normal),
C-1I Control-II (vehicle treated)

Results and Discussion

The results of the present investigation clearly suggest that
hyperthyroidism condition induced by 15 days exposure of
rats to T; resulted in marked hypertrophy and hyperplasia
in rat kidney (Table 2 and Fig. 1) as reported previously [8,
9, 18] with a rise in the mitochondrial and cytosolic protein
content (Table 1). In fact, Bradley et al. [19] reported a rise
in the renal mitotic index and Stephan et al. [8] reported an
elevation in the DNA content of the kidney in response to
thyroxin-induced renal hypertrophy. Similarly, Ohmura
et al. [9] have demonstrated through BrdUrd immunohis-
tochemistry that T5 activates cell proliferation in proximal
tubular epithelial cells of the kidney, but not the glomeruli
and opined that T; evokes this response through genes that
regulate cell proliferation in target cells through receptor-
mediated path ways and initiate cellular DNA synthesis.
Therefore, hyperthyroidism-induced renal hypertrophy is
not only due to interstitial edema or tubular dilation but
also due to the increase in number of tubular cells and
glomeruli. The high level of LPX in kidney mitochondrial
fraction of hyperthyroid rats (Table 1) clearly suggests
induction of oxidative stress. This may be due to increase
in respiration rate of the tissue. Thyroid hormones are
known to play a pivotal role in mitochondrial respiration of
cells. Increased rate of mitochondrial respiration as a
consequence of hyperthyroidism may alter the mitochon-
drial respiratory chain activity and thereby, elevate the
generation of superoxide radicals as a consequence of
increase in cellular metabolism [20]. Superoxide dismutase
dismutates superoxide radicals to hydrogen peroxides,

which is further, neutralized by catalase and glutathione
peroxidase (GPx) enzymes of cells [21]. Therefore, the
augmentation in superoxide release may be the causative
factor for increased SOD activity in response to Tj treat-
ment. However, our results are not in conformity with the
previous report by Moreno et al. [22] who reported a
decrease in the enzyme activity in response to T4-induced
hyperthyroidism. The discrepancy in the results might be
due to the nature of the hormone used for induction of
hyperthyroidism. Increased SOD activity without induction
of catalase in kidney in response to hyperthyroidism
(Table 1) may account for the accumulation of hydrogen
peroxide in the kidney which is capable of generating
highly reactive hydroxyl radical (¢OH), an initiator of LPX
via Fenton reaction [21]. Although the activity of GPx is
not measured in the present study, the unaltered level of its
principal substrate GSH indirectly suggest that probably
this enzyme is not induced in response to T treatment,
thus, further eliminating the chance of neutralization of
hydrogen peroxide and other organic peroxides.

It has been opined that ROS production in cells leads to
an intracellular tyrosine phosphorylation cascade by two
district protein families—the Mitogen Activated Protein
Kinase (MAPK) and the redox sensitive kinases [23]. The
MAPK signaling pathways modulate gene expression,
mitosis, proliferation, motility, metabolism, and pro-
grammed cell death [24]. Furthermore, curcumin is repor-
ted to inhibit proliferation and induce apoptosis in T
lymphocytes and Jurkat cells [25, 26]. Since in the present
study, T3 administration had shown a 37% augmentation in
mitochondrial LPX level indicating ROS predominance
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Table 1 Effect of turmeric and curcumin on Ts-induced alterations in biochemical parameters of rat kidney

Parameters Control-I Control-IT Ts T3 + Turmeric T3 + Curcumin
Protein

Mito 9.50 £ 0.71* 9.86 + 3.25° 15.62 + 1.51° 12.58 + 1.10*° 9.30 £+ 1.99*

PMF 92.70 + 6.43" 92.64 + 3.29* 125.12 & 7.83° 111.36 + 7.96° 94.32 + 4.13*
LPX 1.38 £ 0.15* 1.32 + 0.18* 1.89 & 0.09° 1.33 + 0.38* 1.26 £ 0.31*
SOD 10.56 + 0.61* 10.35 £+ 0.52°* 15.10 &+ 1.71° 9.37 + 0.56* 8.84 £+ 0.66*
CAT 1.44 £ 0.23 1.30 £ 0.16 1.38 +£ 0.23 1.29 £ 0.25 1.23 £ 0.21
GSH 0.74 + 0.07 0.69 £+ 0.09 0.76 £+ 0.11 0.69 + 0.08 0.65 £+ 0.05

Mito Mitochrondrial fraction, PMF Post-1 mitochondrial fraction, LPX Lipid peroxidation (nmol mg protein), SOD Superoxide dismutase
(Units.mg protein '), CAT Catalase (pkat mg protein™"), GSH Reduced glutathione (umol g tissue™")

Data are expressed as mean £+ SD (n = 4) taken in duplicates; *Significantly different from controls; "Significantly different from T;

over antioxidants (Table 1), it is hypothesized that the
increased ROS level as a consequence of Tj-induced
hyper-thyroidism may be responsible for the increased cell
proliferation probably via MAPK and/or redox active
kinases signaling pathways. Nevertheless, the trend rever-
sal by extraneous administration of antioxidant (here cur-
cumin and turmeric) administration implies the role of
ROS in cell proliferation by T;. Further study on this sig-
naling cascade may confirm the pathway.

Curcumin has been reported to show antioxidant prop-
erties by one or more of the following interactions: Scav-
enging or neutralizing free radicals by oxygen quenching
and making it less available for oxidative reaction and/or
inhibition of oxidative enzymes like cytochrome P450,
interacting with oxidative cascade and preventing its out-
come and chelating and disarming oxidative properties of
metal ions such as iron [27-29]. Dietary curcumin is
reported to inhibit superoxide anion generation and
hydroxyl radical generation through preventing the oxida-
tion of Fe>" in Fenton’s reaction, which generates «OH
radicals [30]. Therefore, the decrease in ROS threshold in
the curcumin treated hyperthyroid animals could be the
causative factor for reduction of Tz-induced hyperplasia to
below normal level by induction of apoptosis (Table 2)
whereas, turmeric which is a mixture of many different

Table 2 Effect of turmeric and curcumin on Ts-induced alterations
in histological parameters in rat kidney

Parameters C-1 CII Ts Ts + Turmeric T3 + Curcumin
No. of tubules + + +++ + —
Tubular dilation + +  +4++ +/++ —
Interstitial + 4+ 4+ A+ _
oedema

Data are expressed as mean £ SD (n = 4) taken in duplicates. Score:
Changes with respect to control: none (4), mild increase (4++),
severe increase (+++), decrease (—). C-I Control-I (normal), C-II
Control-II (vehicle treated)
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compounds have lower concentration of curcuminoids
which in turn, has a reduced apoptotic potential. Recently
Gilani et al. [31] have reported that curcumin does not
share all effects of turmeric in gastrointestinal and respi-
ratory disorders. In conclusion it is suggested that turmeric
and curcumin probably regulate cell proliferation and cell
death by modulating cellular oxidant/antioxidant status
induced by T;. And the profound effect observed in cur-
cumin treated hyperthyroid rats in comparison to turmeric
treated counterparts may be due to lower concentration of
curcumin since in both the cases the response of the studied
parameters followed similar pattern. Thus, use of turmeric
as a regular food coloring and flavoring spice in food is
safer than its pure active principle curcumin.
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