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DEVELOPMENT OF IN-VIVO MOUSE MODEL FOR SMOKING-INDUCED 
CARDIOVASCULAR DISEASE 

Mohamed A. EL-MAHDY, Wesley Johnson, Craig Hemann, Arun Tewari, Hassan Talukder, and Jay L. Zweier
Center for Environmental and Smoking Induced Diseases, The Ohio State University, Columbus, OH-432101

Animal models for cigarette smoke associated diseases
are important for research studies of the mechanisms
involved in disease pathogenesis. We have developed an
exposure protocol that results in cardiovascular
dysfunction in the exposed mice. Male C57BL/6 mice, 8-9
weeks of age, were exposed to whole body mainstream
and side stream cigarette smoke generated from 3R4F
reference research cigarettes that deliver 9.4mg tar and
0.726mg nicotine per cigarette under the standard
Cambridge filter smoking condition. The smoking
machine was programmed to puff smoke over a period of
~24 min (240 puffs), followed by a break of fresh air for ~
20 min. The total exposure time was ~72 min per day 6
days per week for 8, 16, 32 or 48 weeks. Exposure
concentrations and durations, concentrations of NO,
NO2, O2, HCN, H2S, NH3, SO2, CO, and volatile organic
compounds were closely monitored to assure
reproducibility of daily exposure. We observed
significant changes in the arterial blood pressure and
vascular endothelial function as manifestations of
smoke-induced cardiovascular disease. Blood
carboxyhemoglobin concentration, as an exposure
marker, and CO dissociation kinetics were also
measured. Since cigarette smoke contains several gases
including NO, CO, and H2S that are known signaling
molecules and can protect against or modify disease, it
is important to measure their concentrations and
correlate these with the induction and severity of
disease.

Fig 1: Carboxyhemoglobin (COHb) levels. COHb 
levels were measured spectrophotometrically in 
whole blood samples immediately (A), or at ½ 
hr intervals after exposure (B). Data are 
presented as Mean ± SD; n=5-6.

Fig 4: Effect of Smoke Exposure on
Vascular Endothelial Function.
Experiments were done 8 weeks (A),
and 32 weeks (B) post exposure Data
are presented as Mean ± SD; n=5-10.

Fig 2: Time Course for Body Weight And Adipose Tissue
Volume Changes. Body weight (A), Visceral (B) and Non-
visceral (C) adipose tissue volumes. Data are presented as
Mean ± SE * p<0.05 Vs controls

Animals : Male C57BL/6J mice, 8-9 weeks of age (Harlan Sprague Dawley, USA), were housed at 23 ± 2 0C, 55% relative humidity, 12h
day-night cycle, and maintained on standard rodent chow and tap water ad libitum.
The Smoke Exposure Protocol: The TE-10 cigarette smoking machine (Teague Enterprises, California) was used to generate smoke
from 3R4F reference research cigarettes (University of Kentucky). The cigarettes deliver 9.4 mg tar/0.726 mg nicotine per cigarette
under the standard Cambridge filter smoking condition. The key smoke generation parameters are a puff volume of 35 ml, a 2-second
puff duration, and a puff frequency of one puff every one minute. The continuously generated cigarette smoke is mixed with air and
delivered into a ~2.5x2.5 ft exposure chamber aiming to yield a total particulate matter concentration of ~200 mg per cubic meter of air.
The smoking machine was programmed to give 3 sets of exposure. In each set, the machine puffs smoke from 30 cigarettes over a
period of ~24 min, followed by a break of fresh air for ~ 20 min. The total exposure time was ~72 min per day 6 days per week for 8, 16,
32 or 42 weeks.
Measurement of Carboxyhemoglobin (COHb) : Spectrophotometric measurement of COHb was done, as an indicator of degree of
smoking and CO exposure, according to Rodkey et al., 1979. The whole blood sample was used to measure the absorbance at
different wavelengths (419, 430 and 750 nm) and the relevant extinction coefficients at 419 nm and 430 nm were used to calculate the
% COHb value with the 750 nm value used for baseline correction.
Measurement of Volatile Organic Compounds (VOC) and Gases: VOC and NO, NO2, O2, HCN, H2S, NH3, SO2, CO, gases were closely
monitored, using DirectSense® TOX multi-gas monitors, to assure reproducibility of daily exposure.
Blood Pressure Measurements: Systolic, diastolic and mean blood pressure values were recorded for control and smoke-exposed
mice 3 days/week using the CODA non-invasive tail-cuff blood pressure unit.
Vessel Reactivity: Computerized myograph unit was used to measure the aortic ring’s responses to acetylcholine and phenylepherine.
Magnetic Resonance Imaging (MRI): Cardiac imaging using ECG triggered Bruker 11.7 NMR unit under light isoflurane anesthesia.
Leukocyte Activation and Free Radicals: Redox-sensitive fluorescent dyes for mononuclear and polymorphonuclear blood cell’s
reactive oxygen species

Fig 5: Left Ventricular (LV) Wall Thickness 
(MRI). Experiments were done 32 weeks 
post exposure. Data are presented as 
Mean ± SD; n=4.

Fig 7: NO Decay Rate in Diluted Blood
Samples. Experiments were done 32
weeks post exposure. Data are
presented as Mean ± SD; n=8.
* p<0.05 Vs controls.
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Studies have shown exposure to cigarette smoke 
increases the risk for cardiopulmonary disease through, 
in part, oxidant stress and the activation of inflammation. 

Chronic exposure to cigarette smoke increases  the risk 
of coronary heart disease by ~60%, when other factors 
are controlled. Interestingly, even regular second-hand 
smokers are ~30% more likely to develop disease.

Cigarette smoking has been shown to be associated with 
impairment of endothelium-dependent vasodilatation in 
healthy adults. 

The mechanisms and time course of smoking-induced 
cardiovascular diseases are not well defined partly due 
to the lack of adequate in vivo animal models.

The development of an animal smoking disease model 
has been a primary goal for the Center for Environmental 
and Smoking Induced Diseases in order to help better 
understand the effects of cigarette smoke exposure on 
the biological processes of the human body.

Therefore, the present study was designed to generate 
and characterize a mouse model of cigarette smoke-
induced diseases with morphological, physiological, 
biochemical, cellular and molecular end points.

C

Fig 6: Left Ventricular (LV) Mass and
Heart Weight. LV 32 weeks post
exposure (A), body weight/heart
weight ratio (B). Data are presented
as Mean ± SD; n=5.
* p<0.05 Vs controls.
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Fig 3: Time Course of Mean Arterial
Blood Pressure in Control and
Smoking-exposed C57BL/6 Mice. Data
are presented as Mean ± SD; n=6.
* p<0.05 Vs controls

A B

Fig 8: ROS Generation in Blood Cells.
Experiments were done 32 weeks post
exposure. Data are presented as Mean
± SD; n=3. * p<0.05 Vs controls

Chronic cigarette smoke exposures caused increase in the blood pressure and 
decrease in the body weight in C57BL/6 mice.

Visceral and non-visceral adipose tissue volume significantly decrease in 
smoking mice, when it was normalized for body weight.

At 32 weeks of Cigarette Smoke Exposure:
Acetylcholine-induced vascular response was impaired 
LV thickness and mass were larger in smoke-exposed mice 
Nitric oxide decay in whole blood was faster in smoke-exposed mice compared to 

control mice 
White blood cells in smoke-exposed mice demonstrated significantly higher cell-

specific ROS generation 

Thus, cigarette smoke exposure 
induces significant alterations in 
cardiovascular morphology and 
physiology with cellular oxidative 
stress. 

This work is supported by a gift 
from Lorillard Tobacco Company.

CONCLUSIONS AND 
DISCLOSURE
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