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Abstract: Several studies have shown that cadmium (Cd) induces nephrotoxicity and many plant foods
phytochemicals have been found useful but their possible mechanism of action still remains unexplored.
Hence, this study aimed to investigate the nephroprotective effect of essential oils from Nigeria ginger and
turmeric rhizomes in cadmium-treated rats by examining their effect on renal function biomarkers
(creatinine, urea and BUN), inflammatory cytokines (IL-6, IL-10 and TNF-Alpha) and renal adenosine
deaminase (ADA) activity. The result revealed that essential oils from ginger and turmeric rhizomes exert
anti-inflammatory effect by preventing alterations of renal function markers and cytokines (IL-6, IL-10 and
TNF-Alpha) levels in Cd-treated rats. In addition, the essential oils inhibited renal ADA activity in Cd-
treated rats. In conclusion, inhibition of ADA activity and modulation of inflammatory cytokines could be
suggested as the possible mechanism of action by which essential oils from ginger and turmeric rhizomes

exert their nephroprotective activities.
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1 Introduction

Cadmium (Cd)is a widespread environmental pollutant
that poses a significant health risk to humans. It has been
found that Cd*" can produce both acute and chronic tissue
injury and can damage various organs including the lung,
liver, kidney, bone, testis, and placenta, depending on the
dose, route and duration of exposure1'2>. Cd intoxication is
associated with several adverse health effects such as car-
cinogenesis, hepatotoxicity, renal impairment as well as
disruption of normal endocrine and reproductive func-
tion”.

Nephropathy is one of the most extensively recognized
disorders caused by Cd intoxication”. It has been proposed
that Cd mediates its toxicity via several mechanisms in-
cluding induction of apoptosis, ischemia, inflammation, oxi-
dative stress, displacement of divalent metals ions from

their binding site, mimic the action of essential metal ions
which are required for normal functioning of key enzymes
and several biological activities' o,

Several studies have investigated a number of agents
which have potentials to counteract cadmium-mediated
toxicity. Some of these agents including functional foods
and nutraceuticals have been shown to be effective in pre-
venting cadmium toxicity.

Ginger, the rhizome of Zingiber officinale Roscoe, is
one of the most widely used spices, belonging to the family
Zingiberaceae”. It is a common condiment in various foods
and beverages and mainly used to impart aroma and
flavour”. It has been reported that ginger presents some
pharmacological activities including anti-inflammation, an-
ti-tumour and antioxidant propertiesgf“]). Essential oil
from ginger can be obtained by steam distillation of the
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rhizome, a product that possesses the aroma and flavour of
the spice. Until recently, essential oils have been studied
mostly for their flavour and fragrance. Essential oils and
their components are now gaining worldwide interest
because of their potential multipurpose functional use'”.
Essential oils and some of their components are also used
as food preservers and for nutraceutical applications. A
number of studies have been reported on the pharmaco-
logical properties of ginger essential oil> '”’.

Another notable member of the family of Zingiberaceae
is turmeric (Curcuma longa Linn). It is mainly used as
spices and valued as a functional food because of its health-
promoting potentialsu). It is comprised of a group of three
curcuminoids: curcumin (diferuloylmethane) , demethoxyc-
urcumin, and bisdemethoxycurcumin, as well as volatile
oils (tumerone, atlantone, and zingiberone), sugars, pro-
teins, and resins'?. Essential oil from turmeric consists of a
unique set of sesquiterpenoids considered to have signifi-
cant biological activities including antifungal, insect repel-
lent, antibacterial, antimutagenic, anticarcinogenic, antioxi-
dant, anti-inflammatory and antinociceptive properties' ),

Hence, the present study sought to investigate the effect
of essential oil from ginger and turmeric rhizomes on renal
biomarkers, inflammatory cytokines and renal adenosine
deaminase activity in cadmium-induced nephrotoxicity in
rats in order to provide some possible mechanism of action
for their nephroprotective potential.

2 Materials and methods
2.1 Chemicals

Cadmium sulfate was obtained from Oxford Laboratory,
Mumbai, India and solubilized in normal saline. Adenosine,
bovine serum albumin, Dimethyl sulfoxide (DMSO)and
Tris-HCl were purchased from Sigma-Aldrich, St. Louis,
MO, USA. All other reagents were of analytical grade and
the water was glass distilled.

2.2 Plant materials

Fresh ginger (Zingiber officinale Roscoe)and turmeric
(Curcuma longa Linn)rhizomes were purchased from the
local market of Ado-EKkiti, Nigeria. The rhizomes were
identified and a voucher specimen was deposited with the
Herbarium at the Department of Plant Science Laboratory,
Faculty of science, Ekiti State University, Ado-EKiti,
Nigeria.

2.3 Extraction of essential oils

Fresh ginger and turmeric rhizomes (100 g of each) were
subjected to hydrodistillation in a Clevenger apparatus for
3 h. The obtained oils were dried over anhydrous sodium
sulfate. The oils were stored at 4C in a refrigerator. The
extraction yields obtained were 5.8 and 7% for ginger and
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turmeric rhizomes respectively.

2.4 Animals

Forty-eight adult male albino rats of twelve weeks old
were obtained from the animal breeding unit at College of
Medicine, Afe Babalola University, Nigeria and were housed
in cages, at room temperature 25-28C , relative humidity
60-70%, and 12 h light/dark cycle. Food (pellet rat chow)
and water were available ad l#bitum. Animals were cared
according to US National Institute of Health (NIH) ethical
guidelines. The treatment protocol was in accordance with
the ethical requirement of the Animal Use and Care Com-
mittee of Afe Babalola University, Ado - EXkiti, Nigeria.

2.5 Experimental design

After two weeks of acclimatization, animals were divided
randomly into six groups of 8 animals each.

+ Group 1 — serve as the control and received daily in-
jections of saline (1 mL/kg)i.p. plus vehicle (0.3%
DMSO)

- Group 2 - received daily injections of saline (1 mL/kg)
i.p. plus oral administration of essential oil from
turmeric (50 mg/kg)

- Group 3 - received daily injections of saline (1 mL/kg)
i.p. plus oral administration of essential oil from ginger
(50 mg/kg),

- Group 4 — received daily injections of cadmium (1.0
mg/kg)i.p. plus vehicle (0.3% DMSO)

- Group 5 — received daily injections of cadmium (1.0
mg/kg)i.p. plus essential oil from turmeric (50 mg/kg)
and

- Group 6 — received daily injections of cadmium (1.0
mg/kg)i.p. plus essential oil from ginger (50 mg/kg) .

The Cd dosage for the bioassay was according to'” where
it induces toxicity in rats. The choice of the essential oil
dosage (50 mg/kg) was made based on a preliminary acute
toxicity study where we obtained beneficial results of this
compound in the kidney of rats (Data not showed). Cd and
essential oil were administered daily and the solutions
were freshly prepared. The essential oil was prepared in
DMSO0 (0.3%)and administered orally 30 min before Cd in-
jection i.p.

At the end of the experiment (15" day), animals were
euthanized by decapitation under ketamine-xylazine an-
aesthesia according to the approved protocol. Blood was
collected for serum preparation while the kidney was
quickly isolated and homogenized in 0.1 M Tris-HCI buffer,
pH 7.4. The homogenates were centrifuged at 14,000 X g
for 10 min at 4C, and the supernatant was used for the
subsequent analysis.
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3 Determination of renal function markers

The levels of serum urea and creatinine were measured
according to supplier’s directions from commercial kits
(RANDOX Laboratories Ltd, Crumlin, County Antrim, UK).
Blood urea nitrogen (BUN)was determined by calculation
(where BUN = Urea/2.14).

3.1 Quantification of cytokine levels

Serum cytokine (TNF-q, IL-6 and IL-10)levels were de-
termined by ELISA using Quantikine Immunoassay kits
(R&D systems)according to the manufacturer's instruc-
tions. Briefly, 96-well microplates were sensitized with
primary antibody at room temperature for 30 min. Then,
the sample was added and incubated for another 30 min
and wash. After washing, secondary antibody conjugated
with peroxidase was added and incubated. Thereafter, the
cytokine concentration was measured by the intensity of
the colour determined by spectrometry in an ELISA plate
reader.

3.2 Adenosine deaminase (ADA) activity assay

ADA activity determination was performed as described
bymwhich is based on the direct measurement of the for-
mation of ammonia, produced when adenosine deaminase
acts in excess of adenosine. In brief, 50 pL of tissue ho-
mogenate, followed by 50 pL of 21 mM of adenosine, pH
6.5, and was incubated at 37C for 60 min. Absorbance was
measured at 630 nm using a Microplate Spectrophotometer
(Molecular Devices, Sunnyvale, CA). Enzyme activity was
calculated in units per litre (U/L). One unit(1 U)of ADA is
defined as the amount of enzyme required to release 1
mmol of ammonia per minute from adenosine at standard
assay conditions.

3.3 Gas chromatography-mass spectrometry (GC/MS)
analysis

The samples were analyzed for volatile compounds using
7820A gas chromatograph coupled to 5975C inert mass
spectrometer (with triple axis detector)with electron-im-
pact source (Agilent Technologies). The stationary phase
of separation of the compounds was HP-5 capillary column
coated with 5% Phenyl Methyl Siloxane (30 m length x 0.32
mm diameter X 0.25 um film thickness) (Agilent Technolo-
gies). The carrier gas was Helium (He)used at constant
flow rate of 1.6 mL/min at an initial nominal pressure of
2.84 psi and average velocity of 46 cm/sec. 1 uL. of the
samples were injected in split less mode at an injection
temperature of 260C . Purge flow was 21.5 mL/min at 0.50
min with a total flow of 25.8 mL/min; gas saver mode was
switched on. Oven was initially programmed at 60 (1
min) then ramped at 4C/min to 110C (3 min) then 8°C /min
to 260C (5 min)and 10C/min to 300C (12 min). Run time
was 56.25 min with a 3 min solvent delay. The mass spec-
trometer was operated in electron-impact ionization mode

at 70 eV with ion source temperature of 230°C, quadrupole
temperature of 150C and transfer line temperature of
280T.

The identification of the compounds was achieved on the
basis of retention time, Kovats Index, literature reported
retention index using a homologous series of n-alkanes
(C8-C25 hydrocarbons, Polyscience Corp., Niles, IL), co-
injection with standards (Sigma Aldrich, St. Louis, MO),
mass spectra library search (NIST, Wiley, and Nbs), and by
comparing with the mass spectral literature data.

3.4 Protein concentration
Protein content was determined by the Coomassie blue
method according tolS)using serum albumin as standard.

3.5 Statistical analysis

All the results were represented as mean =SEM per-
formed in triplicate. Statistical analysis used was software
of GraphPad Prism 4.0 (GraphPad Software, Inc., San
Diego, CA). One-way analysis of variance (ANOVA), fol-
lowed by Duncan's multiple range tests was used and a
probability of p<0.05 was considered to be statistically
significant.

4 Results
4.1 Renal function biomarkers

The effects of essential oil from ginger and turmeric rhi-
zomes on some serum renal biomarkers (urea, creatinine
and BUN)in cadmium-treated rats were examined. As pre-
sented in Table 1, cadmium administration caused a signifi-
cant (p <0.05)increase in urea, creatinine and BUN level
when compared to control. However, co-treatment with es-
sential oil from ginger and turmeric rhizome prevent altera-
tion in the level of these renal biomarkers by preventing an
increase in urea, creatinine and BUN when compared with
Cd untreated group (Table 1).

4.2 Inflammatory cytokine level

Furthermore, the effect of essential oil from ginger and
turmeric rhizomes on some serum inflammatory cytokines
[interleukin 1 (IL-10), interleukin 6 (IL-6), and tumour ne-
crosis factor alpha (TNF-o) Jin cadmium-treated rats were
examined. The result revealed that cadmium administra-
tion caused a significant (p<0.05)reduction in IL-10 level
with a concomitant increase in IL-6 and TNF-a level when
compared to control. However, co-treatment with essential
oil from ginger and turmeric rhizome modulates the level
of these inflammatory cytokines by preventing a decrease
in IL-10 and causing a reduction in IL-6 and TNF-a levels
when compared with Cd untreated group (Table 2).
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Table 1 Effect of essential oil from ginger (Zingiber officinale)and turmeric
(Curcuma longa)on some renal function biomarkers in cadmium
treated rats.

Group Urea Creatinine Blood urea nitrogen (BUN)
(mg/dL) (mg/dL) (mg/dL)
Control 20.9+1.0° 0.95+0.08" 9.76 £0.024"
Tur Oil only 233+1.8° 1.06 +0.05° 10.89+0.010°
Ging Oil only 244+1.6 1.03+0.07° 11.40£0.001°
Cd alone 82.1=4.1° 3.33+0.91° 38.36+0.18"
Tur Oil + Cd 20.6+2.1° 1.64+0.34° 9.62+0.018"
Ging Oil + Cd 22.7+1.5° 1.78+£0.56" 10.61 £0.36

Values represent the mean = SEM (n=8). Values with different superscript letters in the
same column are statistically significance at p < 0.05

Key:

Control: received normal saline + vehicle

Tur Oil only: received normal saline + turmeric essential oil (50 mg/kg)

Ging Oil only: received normal saline + ginger essential oil (50 mg/kg)

Cd alone: received Cd + vehicle

Tur Oil + Cd: received Cd + turmeric essential oil (50 mg/kg)

Ging Oil + Cd: received Cd + ginger essential oil (50 mg/kg)

Table 2 Effect of essential oil from ginger (Zingiber .. 0.157
officinale)and turmeric (Curcuma longa)on 3
some inflammatory cytokines in cadmium é .
treated rats. z % 0.10-
Grou IL-10 IL-6 TNF-a £
o
P (pg/ml)  (pg/ml)  (pg/ml) $o
Control 494+26" 18.6*1.0° 453+22° o g 0.05-
TurOilonly ~ 42.1%24° 21.1%16  551%3.1° K . - T L
c =
Ging Oilonly  41.2+24" 22.1+14° 47.6=*1.6" 3
b b b <
Cd alone 19.3%1.0 74.1£2.8 152.1+6.7 0.00 T Y T f T
: a a c o\ \* \“\ (J C)b ob
Tur Oil + Cd 442=*1.7 18.7%2.0 71.5%2.1 & & o & x x
. . . ‘ *C & & N &
GingOil+Cd  36.1=1.4 23.7*4.1 61.9%1.9 ) <o &
&\} 0\ A C’\Q
Values represent the mean + SEM (n=8)
Values with different superscript letters in the same column Groups
are statistically significance at p < 0.05 Fig.1 Effect of essential oil from ginger(Zingiber
Key: _ . _ officinale)and turmeric (Curcuma longa)on
Control: received normal saline + vehicle kidney adenosine deaminase (ADA) activity in
Tur Oil only: received normal saline + turmeric essential oil cadmium treated rats. Data represent the mean =
(50 mg/kg) SEM of a group of eight rats (¥p<0.05 vs control).
Ging Oil only: received normal saline + ginger essential oil (50 Key:
mg/kg) Control: received normal saline + vehicle

Cd alone: received Cd + vehicle
Tur Oil + Cd: received Cd + turmeric essential oil (50 mg/kg)
Ging Oil + Cd: received Cd + ginger essential oil (50 mg/kg)
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Tur Oil only: received normal saline + turmeric essential oil (50
mg/kg)

Ging Oil only: received normal saline + ginger essential oil (50
mg/kg)

Cd alone: received Cd + vehicle

Tur Oil + Cd: received Cd + turmeric essential oil (50 mg/kg)
Ging Oil + Cd: received Cd + ginger essential oil (50 mg/kg)
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Table 3 Chemical composition found in the essential oils from Nigeria ginger and turmeric

rhizomes.

Ginger

Turmeric

Compound name Retention time

Percent total of

Retention time

Percent total of

(min) compound (%) (min) compound (%)
exo-Norborneol 3.663 0.27 - -
Eucalyptol 5.194 2.75 5.200 76.46
Linaloloxide 6.511 0.06 - -
endo-Borneol 8.589 1.31 - -
Furfural 9.135 1.76 - -
a-Terpineol 9.343 1.35 9.331 0.62
Limonene 12.625 1.21 - -
p-Cymene - - 13.061 1.31
y-Terpinene - - 14.350 3.32
Oxirane 18.358 0.45 - -
Citral 18.869 0.56 - -
o-Terpinene - - 19.151 4.41
cis-Verbenol 23.368 0.12 - -
Thunbergol 23.961 0.84 - -
Squalene 25.220 0.02 - -
Caryophyllene oxide 25.504 0.42 - -
Nerolidol 28.205 0.31 - -
o-Zingiberene 43.08 17.4 - -
B-Sesquiphellandrene 44.85 3.10 - -
Other components - 100% - 100%

4.3 Adenosine deaminase (ADA) activity

As presented in Fig. 1, cadmium administration caused a
significant (p <0.05)increase in renal ADA activity when
compared to control. However, co-treatment with essential
oil from ginger and turmeric rhizome respectively prevents
an increase in ADA activity when compared with Cd un-
treated group (Fig. 1).

4.4 \Volatile compounds analysis

In order to justify the efficacy of the essential oils, we
characterized the oils for volatile/essential oil components
using gas chromatography analysis according to their re-
tention indices (RI) on a HP-5MS column and the observed
results are listed in Table 3. The result revealed that the
major essential oils from turmeric rhizomes are Eucalyptol
(76.46% ), a-Terpinene (4.41%), y-Terpinene (3.32%),
p-Cymene (1.31%)and o-Terpineol (0.62% ) whereas
a-Zingiberene (17.43%), p-Sesquiphellandrene (3.10% ),
Eucalyptol(2.75%), Furfaral(1.76% ), oa-Terpineol
(1.35%), endo-Borneol (1.31%), Limonene (1.21%),
Thunbergol (0.84% ), Citral(0.56%), Oxirane(0.45%),
Caryophyllene oxide (0.42% ), Nerolidol (0.31%), exo-Nor-

borneol(0.27%), cis-Verbenol(0.12%), Linaloloxide
(0.06% )and Squalene (0.02% ) are the major essential oil
compounds detected in ginger rhizomes.

5 Discussion

The kidneys have been identified as the major focus in
many studies due to their importance in the body, their
role as a target organ for toxic substances, the detrimental
effects of toxic substances on the kidneys and changes in
renal function'®*”. In this study, cadmium (Cd) administra-
tion caused a significant increase in some renal function
biomarkers (urea, creatinine and BUN). The significant ele-
vation in renal function biomarkers observed in our study
(Table 1)reaffirms the nephrotoxicity of Cd. The signifi-
cant alterations in the renal function parameters of Cd-ex-
posed animals (Table 1) are in line with the renal toxicity of
Cd* V. It has been proposed that Cd-induced renal
damage is associated with degeneration and hypertrophy
of epithelial cells and dialation of glomeruli and massive

local haemorrhage of the renal tissues in kidney tubules™ )
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In the present study, treatment with essential oil from
ginger and turmeric rhizome prevent alteration in the level
of these renal biomarkers by preventing an increase in
urea, creatinine and BUN when compared with Cd group
(Table 1). This is an indication the essential oils exert
nephroprotective potential in Cd-treated rats. Previous
studies have established the nephroprotective potential of
ginger and turmeric rhizomes® % However, the mecha-
nism of action against nephrotoxicity remains unclear.

In attempt to suggest possible mechanism of action of
the oils as renoprotective agent against Cd induced neph-
rotoxicity, their effect on inflammatory cytokine and ade-
nosine deaminase (ADA) activity were evaluated.

As observed from our result, Cd administration induces
inflammatory mediated response via a reduction in IL-10
with a concomitant increase in IL-6 and TNF-a level when
compared to control. The previous study by Min et al’re-
ported that Cd-induced inflammatory response is associat-
ed with its nephrotoxicity. It is interesting to note that ad-
ministration of pharmacological doses of essential oil from
ginger and turmeric rhizomes appears to increase the en-
dogenous release of anti-inflammatory cytokine IL-10.
Thus, the nephroprotective effect of the oils could be
linked to suppression of the inflammation mediated toler-
ance to Cd. This activity could be attributed to the volatile
compounds present that have been extensively studied for
their anti-inflammatory properties and their ability to
inhibit inflammatory mediators™ ***" ) The bioactive vola-
tile compounds such as terpenes act by inhibiting the
release of histamine or reducing the production of inflam-
mation mediators. In addition, the anti-inflammatory activi-
ty of essential oils have been attributed to their interac-
tions with signaling cascades involving cytokines and
regulatory transcription factors, and on the expression of
pro-inflammatory genes™ .

Furthermore, our result revealed that administration of
Cd activates renal adenosine deaminase (ADA)activity.
ADA represents a critical checkpoint in the regulation of
extracellular adenosine levels and, thus implicated to play
a vital role in the modulation of purinergic responses to
several pathophysiological events®” U This enzyme has
been implicated in renal function such that an alteration
has been linked to several kidney diseases™ Y The ade-
nosine pathway has been suggested as an important mech-
anism that plays a vital role in the modulation of inflamma-
tory responses and protection of renal injuries® .
Adenosine exerts its modulatory effects via interaction
with G protein-coupled receptors, designated as Al, A2A,
A2B and A3™ %Y. However, treatment with essential oil
from ginger and turmeric rhizome respectively prevents an
increase in ADA activity when compared with Cd untreated
group (Fig. 1). This action may lead to an increased extra-
cellular adenosine level and offers renoprotection during
Cd induce renal damage.
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6 Conclusion

In the current study, oral administration of essential oil
from ginger and turmeric rhizomes exerts nephroprotec-
tive activity in Cd-treated rats. According to our findings,
the inhibition of ADA activity and modulation of inflamma-
tory cytokine by the oils could be suggested as a possible
mechanism of action for their nephroprotective activity.
However, the observed effect could be due to the volatile
compounds identified.
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