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Abstract
Cigarette smoking is a devastating risk factor for cardiovascular diseases and nicotine is believed
the main toxin component responsible for the toxic myocardial effects of smoking. Nonetheless,
neither the precise mechanism of nicotine -induced cardiac dysfunction nor effective treatment is
elucidated. The aim of this study was to evaluate the impact of cardiac-specific overexpression of
heavy metal scavenger metallothionein on myocardial geometry and mechanical function
following nicotine exposure. Adult male FVB wild-type and metallothionein mice were injected
with nicotine (2 mg/kg/d) intraperitoneally for 10 days. Mechanical and intracellular Ca2+

properties were examined. Myocardial histology (cross-sectional area and fibrosis) was evaluated
by H&E and Masson trichrome staining, respectively. Oxidative stress and apoptosis were
measured by CM-H2DCFDA fluorescence and caspase-3 activity, respectively. Nicotine exposure
failed to affect the protein abundance of metallothionein. Our data revealed reduced
echocardiographic contractile capacity (fractional shortening), altered cardiomyocyte contractile
and intracellular Ca2+ properties including depressed peak shortening amplitude, maximal velocity
of shortening/ relengthening, resting and electrically-stimulated rise in intracellular Ca2+, as well
as prolonged duration of relengthening and intracellular Ca2+ clearance in hearts from nicotine-
treated FVB mice, the effect of which was ameliorated by metallothionein. Biochemical and
histological findings depicted overt accumulation of ROS, apoptosis and myocardial fibrosis
without any change in myocardial cross-sectional area following nicotine treatment, which was
mitigated by metallothionein. Taken together, our findings suggest the antioxidant metallothionein
may reconcile short-term nicotine exposure-induced myocardial contractile dysfunction and
fibrosis possibly through inhibition of ROS accumulation and apoptosis.
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INTRODUCTION
Cigarette smoking is an important risk factor in the development of oxidative stress and
cardiovascular disease, a leading cause of morbidity and mortality. A growing body of
evidence has consolidated that notion that cigarette smoking unfavorably affects the
structure and function of cardiovascular system (Goette et al., 2007; Zhou et al., 2010). As
one of the major toxins in cigarette smoke and smokeless tobacco, nicotine contributes to
severe oxidative stress and oxidative damage in various organs and tissues from humans
(Argentin and Cicchetti, 2004; Argentin and Cicchetti, 2006). Consistently, experimental
evidence in rodents also confirmed the development of oxidative tissue injury following
chronic nicotine administration (Ceconi et al., 2003; Miyauchi et al., 2005). Earlier findings
from our laboratory as well as others described the depressor and bradycardic properties in
the hearts in response to nicotine exposure (Aberger et al., 2001; Aberle et al., 2003).
Nonetheless, there is limited knowledge available with regards to the underlying
mechanisms of action behind nicotine-induced oxidative stress and organ damage so that
effective therapeutic remedy may be developed to counteract cardiovascular dysfunction
resulted from cigarette smoking and nicotine exposure.

Oxidant balance plays a rather pivotal role in the maintenance of cardiac structure and
performance (Goldhaber and Qayyum, 2000). Compelling evidence from our laboratory and
others has suggested that oxidative damage and/or loss of antioxidant defense may
contribute to cardiac contractile and intracellular Ca2+ handling defect (Goldhaber and
Qayyum, 2000; Fang et al., 2006; Yang et al., 2006; Dong et al., 2007; Ren et al., 2008).
However, little information is available with regards to the impact of enhanced antioxidant
defense on cigarette smoke-induced heart injury, if any. Therefore the aim of this study was
to examine the effect of cardiac-specific overexpression of the heavy metal scavenging
antioxidant metallothionein on nicotine exposure-induced myocardial contractile
dysfunction and intracellular Ca2+ mishandling. Metallothionein is a heavy metal
antioxidant scavenger capable of displacing free radicals and regulating redox and apoptotic
states (Kang et al., 1997; McAleer and Tuan, 2004). Generation of reactive oxygen species
(ROS), apoptosis and myocardial histology were also monitored in an effort to better
understand the mechanism of action involved in metallothionein-elicited myocardial
response against short-term nicotine exposure.

MATERIALS AND METHODS
Experimental animals and nicotine exposure

The animal procedures described in this study were approved by the University of Wyoming
Institutional Animal Use and Care Committee. In brief, 8-10 month-old adult male mice
with a ten-fold cardiac-specific transgenic overexpression of the heavy metal scavenger
metallothionein (MT) driven by the mouse α-MHC promoter (Kang et al., 1997) and wild-
type friend virus B (FVB) mice were used. Both FVB and metallothionein mice were
injected intraperitoneally with nicotine (2 mg/kg/d) for 10 days (Marks et al., 1991). All
mice were maintained at 22°C with a 12/12-light/dark cycle and received lab chow and
water ad libitum.
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Western blot analysis of metallothionein
Total protein was prepared as described (Ceylan-Isik et al., 2010). In brief, samples were
homogenized in a lysis buffer containing 20 mM Tris (pH 7.4), 150 mM NaCl, 1 mM
EDTA, 1 Mm EGTA, 1% Triton, 0.1% SDS and 1% protease inhibitor cocktail. Samples
were sonicated for 15 sec and centrifuged at 12,000 × g for 20 min at 4°C. The protein
concentration of the supernatant was evaluated using Protein Assay Reagent (Bio-Rad,
Hercules, CA, USA). Equal amounts (50 μg protein/lane) of the protein and prestained
molecular weight markers (Gibco-BRL, Gaithersburg, MD, USA) were separated on 15%
SDS-polyacrylamide gels in a minigel apparatus (Mini-PROTEAN II, Bio-Rad Laboratories,
Inc, Hercules, CA, USA) before being transferred to nitrocellulose membranes (0.2 μm pore
size, Bio-Rad). Membranes were incubated for 1 hr in a blocking solution containing 5%
milk in TBS-T buffer, and incubated with anti-mouse metallothionein (1:500) and anti-
GAPDH (loading control, 1:1000) antibodies at 4°C overnight. Metallothionein antibody
was purchased from Stressgen Bidreagents Corp (Assay Designs, Ann Arbor, MI, USA) and
GAPDH antibody was obtained from Cell Signaling Technology (Beverly, MA, USA).
After washing blots to remove excess primary antibody binding, blots were incubated for 1
hr with horseradish peroxidase (HRP)–conjugated secondary antibody (1:5000). Antibody
binding was detected using enhanced chemiluminescence and film was scanned and the
intensity of immunoblot bands was detected with a Bio-Rad Calibrated Densitometer
(Model: GS-800).

Echocardiographic assessment
Cardiac geometry and function were evaluated in anesthetized (Avertin 2.5%, 10 μl/g body
wt, ip) mice using 2-D guided M-mode echocardiography (Sonos 5500) equipped with a
15-6 MHz linear transducer. Left ventricular (LV) anterior and posterior wall dimensions
during diastole and systole were recorded from three consecutive cycles in M mode using
methods adopted by the American Society of Echocardiography (Gardin et al., 1995).
Fractional shortening was calculated from LV end-diastolic (EDD) and end-systolic (ESD)
diameters using the equation (EDD − ESD)/EDD.

Isolation of cardiomyocytes
Murine cardiomyocytes were isolated as described (Ren et al., 2008). After ketamine/
xylazine sedation, hearts were removed and perfused with Ca2+-free Tyrode's solution
containing (in mM): NaCl 135, KCl 4.0, MgCl2 1.0, HEPES 10, NaH2PO4 0.33, glucose 10,
butanedione monoxime 10, and the solution was gassed with 5% CO2/95% O2. Hearts were
digested with Liberase Blendzyme 4 (Hoffmann-La Roche Inc., Indianapolis, IN, USA) for
20 min. Left ventricles were removed and minced before being filtered. Tissue pieces were
gently agitated and pellet of cells was resuspended. Extracellular Ca2+ was added
incrementally back to 1.20 mM over a period of 30 min. Isolated myocytes were used within
8 hrs of isolation. Normally, a yield of 50–60% viable rod-shaped cardiomyocytes with clear
sarcomere striations was achieved. Only rod-shaped myocytes with clear edges were
selected for mechanical study.

Cell shortening/relengthening
Mechanical properties of cardiomyocytes were assessed using a SoftEdge MyoCam system
(IonOptix, Milton, MA, USA). In brief, cells were placed in a Warner chamber mounted on
the stage of an inverted microscope (Olympus IX-70) and superfused (~1 ml/min at 25°C)
with a buffer containing (in mM) 131 NaCl, 4 KCl, 1 CaCl2, 1 MgCl2, 10 glucose, and 10
HEPES at pH 7.4. The cells were field stimulated with suprathreshold voltage at a frequency
of 0.5 Hz using a pair of platinum wires placed on opposite sides of the chamber connected
to a FHC stimulator (Brunswick, NE, USA). The myocyte being studied was displayed on
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the computer monitor using an IonOptix MyoCam camera. An IonOptix SoftEdge software
was used to capture changes in cell length during shortening and relengthening. Cell
shortening and relengthening were assessed using the following indices: resting cell length,
peak shortening (PS), time-to-PS (TPS), time-to-90% relengthening (TR90), and maximal
velocity of shortening/relengthening (± dL/dt) (Ren et al., 2008).

Intracellular Ca2+ transients
A cohort of myocytes was loaded with fura-2/AM ( 0.5 mol/l ) for 10 min, and fluorescence
intensity was recorded with a dual-excitation fluorescence photomultiplier system
(IonOptix). Myocytes were placed onto an Olympus IX-70 inverted microscope and imaged
through a Fluor 40 oil objective. Cells were exposed to light emitted by a 75W lamp and
passed through either a 360 or a 380 nm filter, while being stimulated to contract at 0.5 Hz.
Fluorescence emissions were detected between 480 and 520 nm, and qualitative change in
fura-2 fluorescence intensity (FFI) was inferred from the FFI ratio at the two wavelengths
(360/380). Fluorescence decay time (single or bi-exponential decay) was calculated as an
indicator of intracellular Ca2+ clearing (Fang et al., 2006).

Histological examination
Following anesthesia, hearts were excised and immediately placed in 10% neutral-buffered
formalin at room temperature for 24 hrs after a brief rinse with PBS. The specimen were
embedded in paraffin, cut in 5 μm sections and stained with hematoxylin and eosin (H&E).
Cardiomyocyte cross-sectional areas were calculated on a digital microscope (×400) using
the Image J (version1.34S) software. The Masson's trichrome staining was used to detect
fibrosis in heart sections. The percentage of fibrosis was calculated using the histogram
function of the Photoshop software. Briefly, 12 random fields at 400× magnification from
each section were assessed for fibrosis. The fraction of the light blue stained area normalized
to the total area was used as an indicator of myocardial fibrosis while omitting fibrosis of the
perivascular, epicardial and endocardial areas from the study (Doser et al., 2009).

Detection of intracellular ROS
ROS were detected in isolated cardiomyocytes by analyzing the fluorescence intensity of the
intracellular fluoroprobe 5-(6)-chloromethyl-2′, 7′-dichlorodihydrofluorescein diacetate
(CM-H2DCFDA). In brief, cardiomyocytes were loaded with 10 μM non-fluorescent dye 2,
7-dichlorodihydrofluorescein diacetate (H2DCFDA, Molecular Probes, Eugene, OR, USA)
at 37°C for 30 min. After rinsing with the Krebs-Henseleit buffer (KHB), the fluorescent
intensity was measured using a fluorescent microplate reader at an excitation wavelength of
480 nm and an emission wavelength of 530 nm. Untreated cells showed no fluorescence and
were used to determine the background fluorescence. The final fluorescent intensity was
normalized to the protein content in each group (Privratsky et al., 2003).

Caspase-3 assay
The caspase-3 activity was determined according to our previously published method (Li et
al., 2004). Briefly, 1 ml of PBS was added to heart tissues. Tissues were homogenized and
centrifuged at 10,000 × g at 4°C for 10 min. The supernatant was discarded, and pellets were
lysed in 100 μl of ice-cold lysis buffer [50 mM HEPES, pH 7.4, 0.1% CHAPS, 1 mM
dithiothreitol (DTT), 0.1 mM EDTA, 0.1% NP40]. The assay for caspase-3 activity was
carried out in a 96-well plate. Each well contained 30 μl of lysate, 70 μl of assay buffer (50
mM HEPES, pH 7.4, 0.1% CHAPS, 100 mM NaCl, 10 mM DTT, and 1 mM EDTA) and 20
μl of caspase-3 colorimetric substrate Ac-DEVD-pNA (Sigma Chemicals, St. Louis, MO).
The 96-well plate was incubated at 37°C for 2 hrs, during which time capase in the sample
was allowed to cleave the chromospheres p-NA from the substrate molecule. Absorbance
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readings were obtained at 405 nm with the caspase-3 activity being directly proportional to
the colorimetric reaction. Protein content was determined using the Bradford method
(Bradford, 1976).

Statistical analysis
Data were presented as mean ± SEM. Statistical significance (p < 0.05) for each variable
was estimated by a one-way analysis of variance (ANOVA) followed by a Turkey's post hoc
analysis.

RESULTS
General features and echocardiographic properties of FVB and MT mice following nicotine
exposure

Neither nicotine nor metallothionein transgenic overexpression, alone or in combination,
significantly affected body, heart, liver and kidney weights as well as the size of the heart
(heart-to-body weight ratio) (Table 1). Hearts from metallothionein transgenic mice
displayed a significantly greater abundance of metallothionein, as expected. Nicotine
exposure did not affect the protein expression of metallothionein in either FVB or
metallothionein mice (Fig. 1). Echocardiographic examination revealed comparable left
ventricular end systolic diameter (LVESD), LV end diastolic diameter (LVEDD) and LV
wall thickness among four mouse groups. However, short-term nicotine exposure
significantly lessened fractional shortening in hearts from FVB mice, the effect of which
was abrogated by metallothionein. Metallothionein overexpression itself failed to affect
fractional shortening (Fig. 2).

Effect of nicotine exposure on mechanical and intracellular Ca2+ properties in
cardiomyocytes

Short-term nicotine exposure did not affect cell phenotype (data not shown). The resting cell
length was comparable between FVB and metallothionein groups regardless of nicotine
exposure. Cardiomyocytes from the nicotine-treated FVB mice displayed significantly
depressed PS, reduced ± dL/dt and prolonged TR90 associated with normal TPS.
Interestingly, cardiac-specific overexpression of metallothionein significantly attenuated or
abrogated nicotine-induced mechanical alterations without eliciting any notable effect itself
(Fig. 3). To further understand the possible mechanism of action behind nicotine and/or
metallothionein-induced myocardial mechanical responses, intracellular Ca2+ property was
evaluated in cardiomyocytes using the intracellular Ca2+ fluorescent dye Fura-2. Data shown
in Fig. 4 displayed that nicotine injection significantly depressed baseline and electrically-
stimulated rise in fura-2 fluorescence intensity (resting FFI and ΔFFI) as well as prolonged
intracellular Ca2+ clearance rate (either single or bi-exponential decay). Although
metallothionein transgene itself did not affect these intracellular Ca2+ properties, it
significantly attenuated or abolished nicotine-induced decrease in resting FFI, ΔFFI and
prolongation of intracellular Ca2+ decay.

Effects of nicotine treatment on myocardial histology
To assess the impact nicotine and/or metallothionein on cardiomyocyte cross-sectional area
and interstitial fibrosis, myocardial histology was examined using H&E and Mason
Trichrome staining. Neither did nicotine nor metallothionein affected cardiomyocyte
transverse cross-sectional area. Our further study using the Masson trichrome staining
revealed the presence of overt myocardial fibrosis following nicotine exposure, the effect of
which was significantly ablated by the metallothionein transgene (Fig. 5).
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Effect of nicotine on ROS accumulation and apoptosis
Our further studies depicted that nicotine exposure notably increased ROS production in
cardiomyocytes and facilitated myocardial apoptosis as evidenced by caspase-3 assay, the
effects of which were nullified by metallothionein. Metallothionein itself did not elicit any
significant effect on ROS generation nor apoptosis (Fig. 6).

DISCUSSION
Data from our present study revealed that short-term nicotine exposure elicits cardiac
contractile and intracellular Ca2+ dysfunction (reduced fractional shortening, depressed peak
shortening, maximal velocity of shortening/relengthening, prolonged duration of
relengthening and impaired intracellular Ca2+ handling shown as decreased basal and
electrically-stimulated rise in intracellular Ca2+ levels as well as slowed intracellular Ca2+

clearance). Intriguingly, these nicotine-associated alterations in cardiac contractile and
intracellular Ca2+ properties were significantly attenuated or nullified by the heavy metal
scavenger metallothionein. Furthermore, the compromised myocardial and cardiomyocyte
contractile function and intracellular Ca2+ handling following nicotine exposure were
accompanied with overt interstitial fibrosis, enhanced ROS accumulation and apoptosis.
Although metallothionein itself did not affect any of the biochemical or histological
parameters tested, the antioxidant protected against nicotine-induced interstitial fibrosis,
ROS accumulation and apoptosis, suggesting a possible role of oxidative stress and
interstitial fibrosis in the metallothionein-elicited beneficial effect against nicotine exposure.

Data from our present study revealed substantial myocardial contractile dysfunctions
following nicotine exposure as manifested by depressed fractional shortening and
compromised cardiomyocyte contractile capacity. These findings were similar to the cardiac
depressor effect of nicotine with either in vitro exposure or microinjection into the caudal
ventrolateral medullary depressor area (Aberger et al., 2001; Aberle et al., 2003). The
impaired intracellular Ca2+ handling manifested as lowered resting intracellular Ca2+ levels,
slowed intracellular Ca2+ clearance, and dampened intracellular Ca2+ rise (ΔFFI) in
cardiomyocytes from nicotine-exposed FVB mice is likely responsible for prolonged
relaxation, reduced peak shortening, and fractional shortening amplitude in hearts or
cardiomyocytes from these mice. The fact that metallothionein corrected nicotine-induced
intracellular Ca2+ mishandling along with cardiac contractile defect denotes a role of
intracellular Ca2+ homeostasis in metallothionein-offered protection against nicotine
exposure-induced myocardial contractile dysfunction. Given that oxidative damage may
lead to cardiac intracellular Ca2+ handling defect (Goldhaber and Qayyum, 2000; Fang et
al., 2006; Yang et al., 2006; Dong et al., 2007; Ren et al., 2008), the beneficial effect of
metallothionein on intracellular Ca2+ homeostasis following nicotine exposure is likely
mediated through its antioxidant property. Nicotine promotes cardiomyocyte apoptosis
through oxidative stress and disruption of apoptosis-related gene expression (Zhou et al.,
2010). ROS is considered a powerful mediator for apoptosis and cardiac remodeling. ROS
generation has been shown in a number of pathologic processes in the hearts such as cardiac
hypertrophy, ischemia-reperfusion injury, myocardial stunning, and heart failure (Sorescu
and Griendling, 2002). Our observations of elevated ROS generation and apoptosis in hearts
from the nicotine-exposed mice support the notion of ROS generation and apoptosis in
nicotine exposure-triggered cardiac anomalies. However, no sign of cardiac remodeling was
noted following nicotine exposure in our hands using the H&E staining and
echocardiography. The relatively short nature of nicotine exposure (10 days) may be deemed
as one of the key factors for the lack of geometric findings. Our present study revealed that
metallothionein exerts protective effects against nicotine-induced ROS accumulation and
apoptosis in a manner similar to that of mechanical and intracellular Ca2+ response, thus
favoring a unique role of reduced ROS and apoptosis in metallothionein-induced beneficial
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cardiac effect against nicotine exposure. Moreover, our data revealed that expression of
metallothionein was unaffected by nicotine in either FVB or MT mice, not favoring a direct
metallothionein level-dependent response following nicotine exposure in either mouse
model. Finally, the low-molecular weight, sulfhydryl-rich metallothionein may exert its
redox regulatory effect through binding with heavy metals such as zinc and cadmium.
Binding with heavy metal ions is believed to contribute to the regulatory mechanisms of
metallothionein in oxidoreductive cellular metabolism, cellular heavy metal ion distribution/
homeostasis, energy production, and protection against oxidative stress and
neurodegenerative diseases (Bell and Vallee, 2009; Liu et al., 2009). Although it is beyond
the scope of our current investigation, possible involvement of metallothionein-associated
heavy metal homeostasis in nicotine-induced anomalies should not be ruled out at this time.

Cigarette smoking has been shown to promote myocardial fibrosis via nicotine (Goette et
al., 2007), consistent with our finding of enhanced myocardial fibrosis in hearts exposed to
nicotine. It is likely that ROS generated in response to nicotine exposure promotes not only
mechanical dysfunction but also fibroblast proliferation in the heart en route to the ultimate
development and progression of heart failure (Sorescu and Griendling, 2002). Our data that
metallothionein mitigated nicotine exposure-induced interstitial fibrosis indicate a possible
role of lessened myocardial fibrosis in metallothionein-offered protection against nicotine
exposure.

In conclusion, our study revealed that the heavy metal scavenger metallothionein rescues
nicotine exposure-induced cardiac contractile dysfunction, intracellular Ca2+ mishandling
and interstitial fibrosis, possibly through alleviation of ROS/oxidative stress, and apoptosis.
Although more mechanistic scenario remains to be explored, it is becoming apparent that
oxidative stress may be the main regulatory machinery for cardiac contractile and
intracellular Ca2+ defects under smoking. Nonetheless, the interplay between nicotine
exposure and oxidative stress or further downstream target organelle such as mitochondria
remains to be determined. These approaches should be useful in better understanding the
value of antioxidants in the management of nicotine-associated cardiac dysfunction.
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Fig. 1.
Expression of metallothionein in myocardium from FVB and MT mice treated with or
without nicotine (2 mg/kg/d for 10 days, i.p.). Panel A: Representative gel blots of
metallothionein and GAPDH (loading control) in FVB and MT myocardium with or without
nicotine treatment; Panel B: Pooled data of myocardial metallothionein expression; Mean ±
SEM, n = 3–4 mice per group, * p < 0.05 vs. FVB group.
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Fig. 2.
M-mode echocardiographic parameters showing effect of nicotine (2 mg/kg/d for 10 days,
i.p.) on cardiac geometric and functional properties in FVB and MT mice. Panel A: Left
ventricular end systolic diameter (LVESD); Panel B: Left ventricular end diastolic diameter
(LVEDD); Panel C: End diastolic wall thickness; and Panel D: LV Fractional shortening.
Mean ± SEM, n = 6 - 7 mice per group, *p < 0.05 vs. FVB group, # p < 0.05 vs. FVB+NIC
group.
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Fig. 3.
Effect of nicotine (2 mg/kg/d for 10 days, i.p.) on cardiomyocyte mechanical properties in
FVB and MT mice. Panel A: Resting cell length; Panel B: Peak shortening amplitude (% of
cell length); Panel C: Maximal velocity of shortening (+ dL/dt); Panel D: Maximal velocity
of relengthening (− dL/dt); Panel E: Time-to-peak shortening (TPS); and Panel F: Time-
to-90% relengthening (TR90). Mean ± SEM, n = 72 - 80 cells per group, *p < 0.05 vs. FVB
group, # p < 0.05 vs. FVB+NIC group.
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Fig. 4.
Effect of nicotine (2 mg/kg/d for 10 days, i.p.) on intracellular Ca2+ property in
cardiomyocytes from FVB and MT mice. Panel A: Baseline fura-2 fluorescence intensity
(FFI); Panel B: Change in FFI (ΔFFI) in response to electrical stimuli; Panel C: Single
exponential fluorescence decay rate; and Panel D: Bi-exponential fluorescence decay rate.
Mean ± SEM, n = 81 - 84 cells per group, *p < 0.05 vs. FVB group, # p < 0.05 vs. FVB
+NIC group.
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Fig. 5.
H&E and Masson trichrome stained photomicrographs exhibiting cardiomyocyte area and
myocardial fibrosis, respectively, in myocardium from FVB and MT mice treated with or
without nicotine (2 mg/kg/d for 10 days, i.p.). Panel A: H&E staining in FVB and MT
groups with or without nicotine treatment; Panel B: Pooled data of cardiomyocyte cross-
sectional area; Panel C: Masson trichrome staining exhibiting myocardial fibrosis; and Panel
D: Pooled data of myocardial fibrosis. Mean ± SEM, n = 10–15 fields from three mice per
group, * p < 0.05 vs. FVB group, # p < 0.05 vs. FVB+NIC group.
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Fig. 6.
Effect of nicotine (2 mg/kg/d for 10 days, i.p.) on ROS production and apoptosis in
cardiomyocytes from FVB and MT mice. Panel A: ROS levels measured using ELISA; and
Panel B: Myocardial apoptosis evaluated using caspase-3 activity. Mean ± SEM, n = 4 – 6
mice per group, * p < 0.05 vs. FVB group, # p < 0.05 vs. FVB+NIC group.
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Table 1

General characteristics of FVB and MT mice with or without nicotine treatment

FVB FVB+NIC MT FVB+NIC

Body Weight (g) 32.9 ± 1.1 30.8 ± 1.0 30.7 ± 0.5 31.6 ± 1.1

Heart Weight (mg) 137 ± 3 133 ± 3 135 ± 4 136 ± 3

Heart/Body Weight (mg/g) 4.20 ± 0.17 4.31 ± 0.14 4.39 ± 0.17 4.33 ± 0.23

Liver Weight (g) 1.25 ± 0.05 1.35 ± 0.04 1.27 ± 0.04 1.31 ± 1.15

Kidney Weight (g) 0.35 ± 0.02 0.32 ± 0.02 0.35 ± 0.01 0.35 ± 0.02

Mean ± SEM, n = 6 - 7 mice per group, p > 0.05 for all indices among groups.
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