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Abstract: Different methods of subjection to smoke from experimental cigarettes are essential for understanding tobacco
smoke. The major toxicants found in tobacco are acetaldehyde, acetone, acrolein, acrylonitrile, ammonia, benzene,
cadmium, catechol, chromium, cyanide hydrogen, arsenic, nickel, nitric oxide, nicotine last but not least, mono-oxide
gases. While experts say, cigarette smoke contains more than 4000 different compounds. These are substantially toxic
and can destroy cells, and many of them are carcinogenic. Various smoke-exposure devices are used for in-vitro tobacco

smoke generation, dilution, and distribution.

Such devices are used widely by well-known manufacturers or can be tailor-made setups. We can set up different in-
vitro models to better treat smoke-related diseases using these subjection structures. The fundamental goal will be to
build a tobacco-free society of available subjection systems. Some have been identified and established as biological
endpoints in some published scientific literature. In the scientific field, many new technologies are coming out and showing
their presence. There are many systems of exposure to cigarette smoke in vitro which offer a more flexible approach to
the challenges of exposure to tobacco smoke. This review covers some topics such as the description of available new
subjection structures and reviews their work, setting up and application for Scenarios of in-vitro treatment. The benefits
and disadvantages of both subjection mechanisms and the similarities between the setups and the data extracted from
these structures. Measuring the smoke dose is also discussed here as an important field of research, particularly in the

preclinical phase.

Key words: Cigarette smoke, Cigarette Subjection Structures, Cigarette Subjection Mechanisms, Cigarette Subjection
Advantages, Cigarette Subjection Use, Cigarette Subjection Modern advancements.

|
Introduction

Most findings of respiratory disease relate specifically
to tobacco consumption. Comprehension of the complex
dynamics of tobacco smoke is fundamental, which can
allow the precursors and mechanisms responsible for ad-
verse health effects’. The smoke from tobacco kills up to
half its users. More than 8 million people are killed by ci-
garettes each year. About 7 million of those deaths result
from direct use of cigarettes, while about 1.2 million results
from second-hand smoke exposure by non-smokers'#€. To-
bacco causes severe injuries to the health because of ha-
zardous chemical compounds such as nicotine, cadmium,
lead, polonium-210, benzene, acrylonitrile, various aldehy-
des, aromatic amines, aromatic polycyclic hydrocarbons?®.
The compositions are related to COPD, lung toxicity, and
multiple cancers.

In-vitro tobacco smoke measurement is conducted
on the particulate process collected on a Cambridge filter
pad and eluted in DMSO or bubbled through the media or
PBS to cell culture®. The cell cultures are then exposed to
the particulate phase under submerged conditions. Sadly,
particulate-based exposures do not consider the period of
cigarette smoke vapor or the related interactions between
the level of particulate matter and vapor®#. Aquatic agricul-
tural environments and particulate-based concentrations
do not match the human lung's primary stream exposure
to tobacco smoke. Separating fractions of smoke in this

manner could also contribute to alterations®. The chemical
changes may not indicate the smoke aerosol as a whole.
Whole smoke exposure systems were developed to over-
come the problems®. Different whole-smoke exposure sys-
tems are available worldwide, and most of them in Germany
is very popular. There must be some drawbacks, but they
could play an important role and bridge the gap between
technologies, not only in calculating the actual cell dosage
but also in characterizing and validating these systems®’. A
review article covers recent advances in various subjection
systems for cigarettes, their mechanisms of action and their
application in different fields®”. These are very useful for un-
derstanding the processes of the cell damage and disease
mechanisms caused by tobacco®. This review describing
tobacco smoke and disease, elucidating disease proces-
ses and defining smoke toxicants responsible for adverse
health effects will be critical in-vitro approaches using dose
instruments will add strength to the in-vitro data resulting
from this®.

Whole Smoke Exposure Systems

Traditional techniques of exposure to smoke are based
on the particulate phase of cigarette smoke and omit any
subsequent analysis of the vapor and semi-volatile phase.
Whole smoke exposure systems allow evaluating all stages
of smoke together or separately, depending on the experi-
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mental setups®”'°. This has enabled researchers to conduct
their experiments to investigate tobacco smoke phases,
yielding valuable information. Some of the systems on the
market include Bespoke'", Borgwaldt'?, Burghart'®, Vitroce-
14, and Cultex'™. Among these is the more advanced Vitro-
cell system. A summary of different whole smoke exposure
systems can be found in table 1.

Vitrocell Systems

Abrief detailing with advancements of Vitrocell systems
where now a days this is the advanced in-vitro exposure
systems. The system's goal is to assist in attaining the re-
search goal by working hand in hand with the researchers.
This integral commitment to one’s research means one can

count on the system to propose optimally tailored compo-
nents*°, provide the latest installations*', an international
training and a world-class service precisely to the require-
ments of the researchers.

Vitrocell Inhalational Toxicology

They advanced device systems for in vitro characteri-
zation of airborne substances at the air / liquid interface,
such as gases, complex mixtures, nanoparticles and fibers.
The device design considers the type of aerosol, the insert
sizes of the cell culture, the mammalian cell system and the
dosimetry. The details of this type are illustrated in table 2,
table 3 and table 4, respectively*>4.

Classification of Vitrocell systems 4+
Vitrocell system

'

Inhalational toxicology

Skin exposure

3 v

Auxiliary equipment

a) Vitrocell skin module
b) Skin max module

¢) Cloud skin

d) Skin autosampler

CIGARETTE SMOKE SUBJECTION STRUCTURE

Different methods of subjection to smoke from cigarettes are pivotal to
comprehend tobacco smoke!

WHOLE SMOKE
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DOSIMETRY SMOKE
EXPOSURE SYSTEM

BESPOKE
SYSTEM

BORGWALDT
SYSTEM

VITROCELL
BURGHART SYSTEM

INHALATION
TOXICOLOGY
EQUIPMENT

SKIN EXPOSURE

FLUROMETRIC ANALYSIS

LIGHT SCATTERING
PHOTOMETER

SYSTEM
AUXILIARY
TYPE
VAPOUR
PHASE N

QUARTZ
CRYSTAL MICRO
BALANCE

Figure 1. Graphical abstract on various cigarette smoke subjection structures.



2.1 Bespoke System

2.2 Borgwaldt System
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2.3 Burghart
System

2.4 Cultex System

Another -
Name
Parts of the | a) Hermetic chamber
System b) Two large ventilation holes
c) Cell culture plate
d) A small fan °.
Mechanism | Exposure of cells to smoke for
two days followed by
assessment of cell supernatant
by enzyme linked
immunosorbent assay. Then
comparison of results 2.
Uses -
Advantages | a)Non-expensive
b)Easy maintenance
c)Sumple structure
d)Sophisticated design
€) Unique nature of smoke
generation, dilution and
exposure characteristics >,
Advancement

Set up maintaming 3D
arrangement of the human
mucosa and allow a quasi-
replication model of the
inhalation/exhalation cycle .

Borgwaldt RM 208 1®

The Burghart Mimic Smoker MSB-01

(Borgwaldt KC Gmbtt, Hamburg, (Burghart Tabaktechnik, Wedel., Germany) 7
Germany.

a)8 syringes a)Integrated multi format

b)Cigarette smoke generator b)96 micro well format

c)A syninge based dilution system c)Smmplistic chamber

d)Additional 4 syringe unit d) An independent exposure module *.

e)Anflow controller

f)Cell culture media

g)Chamber house

h)Smoke diluter **°

Smoke generation by syringe Doses of cigarettes will be assessed by independent
followed by a puff of filtered air for | syringes. followed by the dilution capability up to
dilution. Exposure of diluted smoke | 1:150. A consistent exposure is provided across the
into the chamber followed by multiwall plate. At last, the disclosures of cigarette
dilution of smoke and cellular puffs are taken for approx 6s 3

exposure between 12 and 24s

depending on solution ¥

a)Product assessments =

b)Fundamental research 2

a) Rotary style structure a)High throughput in-vitro experimentation **.
b)Capable of smoking up to 8

cigarettes simultaneously

c) No cross cigarette contamination
]

The wterchangeable system, an
essential system of m-vitro
development and machme
characterization papers 7.

Table 1. Comparison between different types of whole smoke subjection structures.

Cultex Laboratories (Hannover,
Germany) 1#

a)Hyp-hydraulic press
b)Cultex dust generator
¢) Integrated elutriator *22.

a)Particle deposition assessment by
fluorescence spectrophotometer

b) This module 1s useful in response
to mainstream cigarette smoke and
deducing a possible mechanism for
losing tight junction stability in the
respiratory epithelium in smokers
3334

a)In-vitro toxicological substances
of air-bone substances

b)Research related inhalational
toxicology

c) Access a nultitude of smoke-
related research ¥57°.

a)Precisely control system
b)Provide homogeneous
distnbution

c)Trumpet technology facilitates
aerosol delivery directly onto the
cell monolayer

d) Very useful for Ames test *7.
a)Easily understand a disease
mechanism

b)Useful tool to assess therapeutic
efficacies in-vitro

c) Latest development is the radical
flow system 3

Method Exposure system Aerosol Aerosol generator Smoking machine Dilution Humidification Dose monitoring
and gas
supply
a)Modules for 6 well inserts a)Aerosol | 1)Bioaerosol nebulizing | 1)VCI type a)Gas distribution | a)Humudification a)Microbalance sensor
-_‘\ﬂ'm‘l“ld b)Modules for 12 well inserts generator | generator 2)VCIS type system station and software
inferface c)Medules for 24 well inserts 2)VAGF nebulizing 3VCL7 b)Only dilution b)yWashing bottle b)Photometer and
d)Modules for 35mm Petri- b)SIEfnk-‘Hg generator 4)VC10 system software
dishes mAchime | 3y AGK nebulizing 5VC10'S type ©HD distribution | ¢/Inlne humdifiers ¢)Filter housing
e)Modules for suspension cells generator 6)Chem control feature system d)Co-monitoring
f)Modules for 96 well inserts 7)Human puff profiles . e)Vitrocell FT-IR
g)Vitrocell cloud system 4)VRGB generator ) d)Sidestream f)Vitrocell photon ion
h)Vitrocell powder chamber 8)Vitrocell vapestrater chamber
1JAutomated exposure system
Table 2. Details of vitrocell inhalational toxicology system.
Bio-aerosol nebulizing generator VAGF nebulizing generator VAGK nebulizing generator VRGF generator

Nebulizes clean liquids, solutions and
suspensions.

Ideal for proteins, bacteria and micro-
organisms.

Available and reproducible particle size (<2 micron)
by cyclone.

Nebulizes clean liquids, suspensions and solutions.

Nebulizes clean liquids and different
concentrated solutions.

Long dosing time

Dispersion of non-cohesive
powders and dusts of particle sizes
<0.1 mcron to 100 micron.

Optional cyclone for particle sizes

<5 micron.
Approx. particle diameter is 0.7 to 2.5nm. o o
Low flow rate with optional precision pump. Long dosing time. HD distribution system designed for Very constant output and good
Vitrocell modules. reproducibility.
Distribution system designed for vitrocell modules. ] Variable mass flow and HD
distribution system designed for

Vitrocell modules.
Table 3. Some features of the aerosol generator systems used in Vitrocell systems?*349,

Vitrocell Skin Exposure Systems

High tech equipment solutions for the exposure of skin
tissue to solid, liquid or gaseous substances. VITROCE-
LL Skin modules are a powerful alternative to glass-made
Franz cells as they offer improved handling, higher throu-
ghput and options for automation3%.

Vitrocell Auxiliary Equipment

A range of durable components for a successful and
long-lasting operation of our exposure systems. Own equip-
ment solutions were developed when commercial solutions
are not available. VITROCELL approved auxiliary equip-
ment fits perfectly into our turnkey installations®.
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Name of the Section Types Uses
Aerosol and gas supply Aerosol generator For liquids, suspensions, solutions and drv powders
Smoking machine Well surted for e-cigarettes
Smoking machine VC 1 type For conventional and electronic cigarettes with high technical features
VC 15 type For manual smoking
VC 1/7 type For linter smoking
VC 10 type For fully automated smoking robot
VC 10 5 type For high end smoking robot
Chem control feature For fully automated smoke lung robot
Human puff profiles Option for Vitrocell smoking machine
Vitrocell Vapestarter Innovative solution for the button activation of e-cigarettes
Dilution Gas distribution system For clean air and gases
Only dilution systems For dilution of gases, muxtures and conventional exhaust
HD distribution systems For testing and dilution of atmospheric substances
Side stream chamber
Humidification Washing bottle For stmple solution of mitial tests
Inline humidifiers For humidification of the test atmosphere directly before exposure

Microbalance sensor and software
Photometer and software
Filter housings
Co-monitoring
Vitrocell FT-IR
Vitrocell photon 1on

Dose Monitoring

For high precision mass determination in ng resolution

For mline assessment of particle concentration without aerosol loss
For gravimetric methods

For momtoring of Co m the gas phase.

For online gas analysis of e-cigarettes

For fast online measuring system of chemical gas analysis

Table 4. Different parts and their uses of Vitrocell Inhalational Toxicology®°->2.

Sr No. Type Parts of the Machine Features
1 Vitrocell skin module a)Base module with the cover unit and 1)Durable and long-lasting design
exposure top 1) Unique tissue holder
b)Controller for magnetic stirrer 111)Permanent or static medium supply
¢)Skin module illustration iv)Integrated water bath heating circuit
d)Tissue holder with an extraction tool v)Suitable for diverse tissue thicknesses up to 2000um
e)Holder compartments vi)Exposure top for the analysis of volatile compounds
2 Vitrocell skin max module | 2)Skin max module compartment 1)Durable and long lasting system with integrated water bath heating
b)Skin max module cover fixation bracket circuit
i1)Suitable for the tissue diameter of 50mm
1) Tissue exposure surface diameter is 25mm
3 Vitrocell cloud skin a)Tissue holder with extraction tool 1)Exposure system for liquid aerosol
b)Full set of holder counter parts i1)High droplet output rate with cloud dynamics
11)No external air flow required
1v)No humidity control required
v)Easy handling of unique tissue holder
vi)Small residual volume in nebulizer reservoir
4 Vitrocell skin auto sampler a)8 chamber capacitors 1)Ideal tool for toxicokinetic study

b)Water bath heating circuit
c)Magnetic stirrer

d)8-stopper motor controlled individual syringes

e)Magazines

11)High reproducibility results

111)Programmable sample volume of 0.1 to 1.0ml

iv)Bubble free automated delivery of fresh receptor fluid with high
reproducibility

v)Possibility to integrate impedance measurements

Table 5. The various types, their parts and some essential features.

Dosimetry for smoke exposure systems

This system is essential for understanding exactly
which components of smoke are exposed to the culture of
cells. Tobacco smoke has two phases that can cause injury
to the lung and damage to cells®. The dosimetry system is
thus helpful in understanding the characteristics and inte-
ractions of both steps®'. The different tools are used for par-
ticle deposition assessment under dosimetry are-fluorome-
tric analysis®, light scattering photometers®®, quartz crystal
microbalance®, and vapor phase®.

Recent findings on different issues of the whole smoke
exposure system

These subjection structures may be too unique in their
evolution to be widely used for a consistent approach. No
commercially available or otherwise available exposure sys-

tem has yet been fully characterized or validated, and each
system offers unique advantages and inconveniences'’.
Interestingly, an assessment by the Cooperation Authority
for Scientific Research Relative to Tobacco (CORESTA)
on various whole smoke exposure technologies — a tobac-
co-related task force in vitro, found remarkably consistent
results, indicating the similar performance of these systems
(CORESTA air-liquid interface report). Entire smoke expo-
sure systems are an important development for producing
an in vitro physiologically relevant test smoke aerosol™. In
support of this, the Committee on Mutagenicity in the UK
reviewed the field of 'chemicals in food, consumer goods,
and the environment' in June 2009 and commented that the
implementation of whole-smoke exposure protocols was
likely to provide more specific data on tobacco smoke's
mutagenic effect, but noted that none of the test systems
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Sr. No. Equipment parts Components
Vacuum flow calibration, Mass flow meter. Mass flow
I Flow measurement and control ¥ | cgniroller
Pressure regulator, Pre-filters with condensate trapping,
Im) Clean air purification station *® | Membrane dryer, Activated control filter. Fine filter
‘Water bath, High-performance water bath
1)) Temperature control *
Iv) Vacuum pump -
) Precision pump system -
vI) Vitrocell epithelix nanopress -
VII) Aero list -
Table 6. The details of the equipment are given below.
Sr No. Name Mechanism Uses Advantages
31 Fluorometric analysis Pre-wet cell cultures are kept within the exposure chamber followed Quantification of a)Simplistic approach
(Wet chemistry by the whele main stream smoke. Then deposited particulate particulate deposition b)Used 1n a variety of studies
technique)®® materials are exerted by HPLC and analyzed with fluorescence c)It can be applied to any subjection

detection along with graph generation
(Fig-2a)

32 Light scattering
photometers ¥ light scattering optical sensor

(Fig-2b)

33 Quartz crystal

microbalance %% mass in the nanogram range

34 Vapour phase ™
can be quantified inline or remotely.

Inline measurement of the particle droplet suspended in the gas via a

Works via prezoelectric effect and measures and detects changes

Vapour phase quantification by infrared gas analyzers. The markers

structure format
d)Results are relatively consistent

Useful for in-vitro and in- | a)Measurement of optical density at low

vivo studies flow rates
b)No loss of particle mass
c)Acts as a real time monitoring tool
d)Results are always consistent and
reproducible
Investigates deposition a)It can control exposure based on
data from a variety of particulate dose
cigarettes b)Modem technique consists of a
gravimetric unit of deposited mass per
surface area for more accuracy
Analysis of vapor phase It can quantify carbonyls in tobacco smoke

components using easily but has many lumitations.
chemistry trapping setups

that measures phase

dilution

Table 7. Several dosage tools available for particulates and vapors are explored in more detail.

had been 'successfully validated'?. Validation remains a
prominent area for improvement in this research field, and
no one has yet carried out a multi-laboratory or multi-sys-
tem study. Several models, techniques, findings, limitations,
and further suggestions are explored in more detail in Table
8. Quartz crystal microbalance takes advantage of the pie-
zoelectric character of quartz to characterize the formation
and structural properties of thin films in real-time. This is
done by simultaneously measuring the changes in the reso-
nant frequency related to the mass/thickness of the film in
contact with the surface and energy dissipation associated
with the rheological properties of the adsorbed film, induced
by adsorption/desorption processes or by structural chan-
ges produced within the thin film®. The 4-sensor chambers
of the Q-Sense E4 enable the performance of four simulta-
neous measurements under controlled experimental condi-
tions (temperature, flow rate), increasing reproducibility and
decreasing experiment duration®. Also, different coatings
(gold, silicon dioxide, titanium, hydroxyapatite) can be used,
broadening the application field of the technique.

The scientific literature covering whole smoke structu-
res in vitro has provided a variety of related biological en-
dpoints, illness, and toxicology. For instance, in vitro tobac-

co smoke has been shown to induce various cellular effects
potentially associated with disease processes, including the
up-regulation of a series of factors related to lung damage
and inflammation®. It has also been shown that tobacco
smoke produces high levels of reactive oxygen species and
oxidative stress that may cause cellular damage to lipids,
proteins and DNA Moreover; it has been shown that cigare-
tte smoking has several effects on gene expression in the
human airways. Studies of bronchial epithelial cells obtai-
ned by bronchial brushing from smokers 'and non-smokers'
airways have shown that cigarette smoke induces metabo-
lizing and redox genes, tumor suppressor genes, and onco-
genes alongside inflammatory process control®.

|
Discussion

Different smoke exposure systems have already been
published in various investigative journals. With respiratory
conditions such as asthma and COPD symptoms increa-
sing worldwide, many new up-gradations associated with
these subjection structures are launching in the commercial
markets. Such severe respiratory diseases caused by in-
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Figure 2. (a) Fluorometric analysis (Wet chemistry technique): A susceptible instrument, the wet-chemistry-based fluori-
meter, is a reproducible instrument used for all fluorometric applications. The key advantages are precision and versati-
lity®*—four fluorescent channels in common nucleic acids and protein assays. Fluorimeters based on wet chemistry can
ultimately personalize the measuring applications®. This instrument has powerful software and full network integration
to handle the data seamlessly. This figure is obtained from MRC Laboratory-Instruments, (Available: https://www.mrclab.
com/portable-fluorometer-uv-blue-channels); (b) Light scattering photometers: Light scattering photometer is essential to
determine absolute molar masses from cigarette ignition. (Molar mass range-200 to million g/mole and 10nm to 50nm
roots means square radii). It is an excellent method for characterizing polymer and protein in different inquiries, or product
quality controls®”. This figure is obtained from Holmarc Opto-Mechatronics PVT Ltd, Available: https://www.holmarc.com/
scattering_photometer_-_single_channel_light_detection.php).

halable pollutants, such as tobacco smoke, diesel exhaust,
or other sources of pollution”’!. Therefore, a substantial
effect on national health systems is expected, indicating
the long-term treatment, with routine tests accompanied by
high costs*™'. In this context, in vitro approaches can help
develop more efficient protocols, such as evaluating new
compounds' toxicity during the research and development
process®®. This research will aim to better select substan-
ces suited to further development and a final reduction in
the number of animal experiments®. Hence, researchers
have developed an in vitro exposure device that allows the
examination of inhalable compounds for their pharmacolo-
gical and toxicological effects. There are various options for
using the different smoke exposure systems to produce a
steady supply of cigarette smoke with slight variations over
an extended period™. A unique feature of the smoking sys-
tems is the conditioning and mixing chamber, which sets
the primary concentration and provides a steady amount
of "feed smoke" for the exposure components. Measuring
and monitoring the flow rates to the exposure chambers
is essential for controlling smoke levels. Any process or a
mixture of measurements in the exposure portion is highly
desirable for the continuous smoke concentration measure-
ment’!. Carbon monoxide measurement can be an anchor
measurement and can be reported as a record of exposure
concentration over time. During treatment, measurement
of different concentrations of smoke components should
be carried out on a regular schedule™. In an experiment
involving the generation of smoke over prolonged periods,
well-defined and documented exposure must be created.
Smoke exposures are manpower-intensive and require
continuous monitoring throughout the exposure cycle to
maintain a steady supply of smoke™.

Cleaning them regularly also is essential to prevent
tar buildup. The smoking machine crashes and gets out of
balance when pieces of tobacco and paper hit the sliding
parts, and tar builds up™. The efficiency will improve consi-
derably as the user becomes more familiar with aligning and
keeping the system clean. If carried out correctly, an expe-
riment with a known exposure level will be conducted with

good documentation of the smoke level, which is monitored
very well from day®’. A great deal of advanced subjection
structure for tobacco smoke is now used for a few days.
Scientific knowledge has been published in various jour-
nals on these systems, and biological endpoints have been
described. They are new to the research field and continue
developing their presence®°.

|
Conclusions

Subjection structures for in vitro smoke occupy a role
in fundamental and mechanical science. Various scientific
literature showed the wealth of associated biological en-
dpoints, disease, and toxicological data. Using such structu-
res, multiple advances in vitro test methods are a promising
sign and suggest that these devices can support and su-
pplement several potential exposure scenarios. Depending
on the equipment used, the ratio of smoke to air, the flow
rate of mixing air added to the smoke diluter, and the frac-
tion of smoke, in-vitro exposure systems can be viewed in
many ways. Dosimetry is the most common and influential
of all the methods for evaluating in-vitro tobacco smoke. The
dosimetry method can bridge the gap and play an essential
role in calculating and validating the actual cellular dosage.
Different in-vitro models were developed based on exposu-
re systems useful for evaluating tobacco smoke's biological
activity. To understand tobacco smoke and disease and the
mechanisms of disease and classify smoke toxicants res-
ponsible for severe medical conditions, in-vitro approaches
will be necessary, ensuring the related exposure system is
appropriately characterized.
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Serial No System Author/Year | Model Name Technique Used Key Findings Limitations Suggested by Further Works Suggested by the
Name the Author Author
1) a. St.Laurent et | Isolated rat “Harmetic” chamber | LMCP-1 release was VEGF showed no difference | Different models can mfluence the
Bespoke al.(2009). | bronchial used to inhibited 1 preduction data and modulated bronchial
system epithelial cell accommodate cell ILIL-10 production was thelial cell med production
model culture plate reduced. differently
following by the
assessment of Precautions required for choosing the
ELISA technique models
The keratin protem(K14)
1) b 3D In-Fitro set | 3D arrangement of Only In-Fitro work 15 done
Gualerzi et up human mucosa and | Was over expressed as here so In-Fivo work is
al (2012) quast replication early as after smoke needed
process of the exposure
mnhalation/exhalation
cycle
2) a. Phillips et al., | Bronchial Cells exposed to Study demonstrates -
Borgwaldt | (2005) epithelial NCI- | cigarette smoke cytotoxicity, particulate
system H292 cell using RM20S and | deposition m-RNA and
model BAT exposure protein expression in
chamber response to tobacco
smoke
2) b Maunders et Bronchial Affymetrix and The down-regulated British American Tobacco has used
al., (2007). epithelium cell Microarray responses i cell adhesion the method primarily making clear
model technology Gene expression changes may provide a possible comparisons with other studies
mechanism for the difficult.
permeability induced by
smoke and may entail the
development of various
diseases caused by tobacco
smoke.
Adamson et
3 Burghart al, (2011b). High 96-micro well Checking of cellular At the air-liquid interface, This 1s simplistic cellular study so
system throughput In- format of high wiabilities and smoke loss |  the cells are not supported higher research related studies are
Vitro throughput measurement and some mmplication 1s set required
experimentation screening .
Scian et al__ up. such as smoke collection
(2009) chamber, mixing bag etc.
4 Vitrocell Oluwa et al | Chinese Induction of micro- Okuwa and colleagues Vitrocell 10 has several -
system (2010). hamster lung nucle1 in hamster noted differences vanables that can be altered
model lung followmg mucronucler 1 smoking to establish the correct
exposure to induction schemes as exposure setup and this is
maimnstream cigarette | well as differences in the | changing a recent study has
smoke using particulate and vapor evaluated these variables in
multiple smoking phases of mainstream the exposure module on
Tegimens. cigarette smoke and particle deposition. An
found robust and increased module flow rate
repeatable data in the exposure module had
an inverse effect on
particulate deposition
5 Cultex Aufderhlide Human “Trumpet™ Cytotoxic responses were - -
system etal, (2011). bronchial technology where noticed here
epithehal the human cells are
16HBE cell exposed to cigarette
model smoke

Table 8. Models with techniques, findings, limitations, and further suggestions.
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